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A great deal of research has taken place in an effort
to find more economically efficient yarding systems for
commercial thinnings. Almost all of this research has
centered on tractors or small yarders with limited
capabilities in terms of long yarding distances. The
purpose of this study is_to determine whether using
helicopters can be an economical alternative for commercial
thinning in steep, mountainous terrain. The study area
consists of a second-growth stand of Douglas-fir and mixed
true fir species. The stand was thinned using a Lama SA-
315B helicopter (exterhal lifting capacity of 2500 lbs.) to
yard a total of 383 mbf (800.5 cunits) over a period of 3
weeks. Average yarding distance was approximately 2500 feet
and the average SIOpe was 40%. The diameter of the trees
removed averaged 15 inches and the average piece size was

approximately 87 board feet (.182 cunits).



Gross production data were kept by the project manager
for the logging company. This information is used to
compare costs actually experienced during the operation with
costs that might have occurred had the stand been cable
yarded. The stand had originally been planned for uphill
cable yarding using intermediate supports. A Thunderbird
TMY 50 yarder is used as the hypothetical comparison
operation.

A detailed time study was conducted and the results are
used to evaluate the effects of turn weights and yarding
distance on the helicopter operation. Regression equations
were developed and used to predict hook time, haul time, and
total turn time for specific conditions.

A damage survey was conducted after yarding to assess
the condition of the residual stand. Results of this survey
are compared wifh the amount of damage predicted for a cable
system using a regression formula developed by Caccavano
(1982).

The results of the study indicate that using the Lama
helicopter can be an economically feasible alternative for
commercial thinning. An average yarding cost per thousand
board feet of $179.21 was estimated for the helicopter
operation; the cable”éystem would have cost an estimated
$159.73 per mbf for yarding, with an additional $55.21 per
mbf for necessary road and landing construction. The

helicopter yarding resulted in no damage to the residual



stand. An estimated 44.6 sq. ft. of scar area per acre

would have resulted had the stand been cable yarded.
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THE USE OF SMALL HELICOPTERS FOR COMMERCIAL

THINNING IN STEEP, MOUNTAINOUS TERRAIN

1.0 INTRODUCTION

The importance of second growth management to the
timber industry of the Pacific Northwest will grow
dramatically within the next several decades. Harvest of
trees from the 11 inch to the 15 inch diameter classes will
become a major percentage of the annual cut in the region
(Aulerich, 1975; Tedder, 1979). Much of this volume will
need to come from commercial thinning of young stands.

| Because of the steep, mountainous terrain of much of
the Pacific Northwest, many stands were initially clearcut
harvested using large yarders. These yarders typically have
towers 90 feet in height or taller and line capacities which
enable them to yard distances welilover 2000 feet. As a |
result, road systems which were developed during this
initial harvest commonly have road spacing of 2000 feet or
greater.

Much research héé been done to evaluate the most cost
effective means of small wood harvesting, and particularly
thinning (Aulerich, 1975; Kellogg, 1980). Nearly all of
this research has centered on ground vehicles or small cable

systems. A compendium of the currently available production



studies for cable systems by Aubuchon (1982) indicates no
commercial thinning study where maximum external yarding
distances exceeded 1200 feet. Most thinning studies in
fact, had average yarding distances considerably less than
500 feet. Other conditions which are conspicuously lacking
in current research are thinnings which involved downhill
-yarding or intermediate support configurations.

An important consideration when thinning in steep
terrain is the possibility of residual tree damage due to
the logging operation. Several studies have shown that both
steeper slopes and larger machine size may contribute to the
amountvof damage to the residual stand when thinning
(Caccavano, 1982). Levels as high as 25 to 50 percent of
the residual stand with some degree of damage are not
uncommon. Downhill thinning in particular can result in
substantial damage. In one study, damage levels as high as
74% of the residual stand were reported (Burditt, 1981).
According to Caccavano, another important factor
contributing to greater stand damage is the presence of thin
barked, true fir species in the residual stand. The areas
where these species are most likely found (high elevation)
are unfortunately also the areas which usually have the
steepest slopes and a road spacing which requires larger
machines. 4

The economic implications of residual stand damage

caused by thinning has not been well researched. Damage



studies are typically only a side issue attached to
production studies. Froehlich (1976) noted that very little
loss in wood production results when wounds remain
uninfected. However, in some cases the percentage of wounds
whichrbecome infected can be quite high. The perception
that residual stand damage is negating the possible benefits
of thinning is causing some silviculturists within Region 6
(Washington and Oregon) of the U.S.D.A. Forest Service to
avoid thinnings (Mann, unpublished 1988).

Whap type of harvesting systems are currently available
for thinning in those areas where road spacing precludes the
use ofvsmall or medium sized yarders? Are downhill yarding
and intermediate support configurations simply too costly to
consider in a second-growth harvest operation? Several
studies indicate production rates for downhill thinning to
be 25 - 50% less than for uphill systems. Several obvious
alternatives are available to the land manager. The use of
large yarders for commercial thinning is most likely
uneconomical and may result in substantial damage to the
residual stand. Building midslope roads so that smaller,
lower cost yarders éan‘be used is perhaps a better option.
Or, if road costs aréxﬁoo high, foregoing commercial
thinning entirely may be the most economic alternative.

The purpose of this’study is: 1) to determine whether
-using small helicopters (in particular the Lama SA 315b) can

be an economic alternative for commercial thinning in steep,



mountainous terrain, and 2) to determine what factors
contribute to or detract from the productivity of the
helicopter system.

In order to satisfy the first objective the results of
a completed thinning operation using a Lama helicopter are
compared to hypothetical cable yarding results. Yarding
costs, road building requirements, and protection of the
residual stand during yarding are considefed. Costs are
then weighed against the likely revenues to determine
whether the hélicopter 1ogging system is economically
feasible.

The second objective is met by an analysis of the
results from a detailed time study. Statistical methods are
used to determine which factors most affect both hook and

inhaul times.
2.0 HELICOPTER DESCRIPTION

Helicopters were first used for logging during the
early 1970’s (Binkley, 1973). Since then, the helicopters
typically used for logging have included the Sikorsky S-64,
S-61, and S-58, the Boeing Vertol 107-II, and the Bell 214
and 212 (USDA Forest Service, 1986). These craft represent
- a wide rénge of lifting capabilities with external payload
ratings from 4,200 to 25,000 pounds. The Lama SA 315B in

comparison has a external payload capacity of only 2,500



pounds (see table 1). A larger payload capacity usually
requires a larger and more powerful helicopter. The hourly
costs of operating a larger craft are significantly greater.
Both larger support crew requirements and higher hourly fuel
consumption add to the already expensive ownership costs of
the larger helicopters. As a result, operating costs for
large helicopters can be extremely high relative to other
logging equipment (yarders).

In order for larger helicopters to be competitive with
less expensive cable systems, their hourly production must
be significantly higher. In old-growth timber, involving
clearcut settings, or shelterwood cuts with widely spaced
residual trees, helicopter systems can at times be
competitive. The ability to piece together optimal turn
sizes is crucial in making the operation economically
feasible. The difficulty in achieving profitable turn sizes
in partial cut settings, and at the same time protecting the
residual stand, has been the primary reason why larger
helicopters have not been used for commercial thinnings.

In a study by Dykstra, et. al., (1978) a medium lift
Puma helicopter (6700 1lb. lifting capacity) was used to thin
a 21 acre unit on the-Siuslaw National Forest in Oregon.
Horses were used to prébunch the logs in an effort to make
more efficient use of the helicopter. The authors had
anticipated the difficulties in achieving profitable turn

sizes in a thinning. The combination of a smaller



helicopter and prebunching was used in an effort to
alleviate this problem. Unfortunately, everyone involved in
the helicopter operation was inexperienced and the study was
conducted over a short time period (two days). The
resulting total logging cost (1978 dollars) was $265 per mbf
which was considered to be excessive at that time.

Rocky Mountain Helicopters, Inc. logged the stand which
is the subject of this study. They began.using Lama
‘helicopters for logging in 1984 and are currently using 3 of
the craft for.logging in the Pacific Northwest. The Lama SA
315B is manufactured by Aerospatiale Helicopter Corporation
(see table 2 for specifications). It is a small helicopter
with relatively low hourly costs and a payload capacity
which is well suited for logging small piece sizes. For
this reason, it has been used primarily for logging stands
consisting of smaller second-growth material. While
primarily used for clearcut and salvage logging over the
past several years they have also been used to log

thinnings.



sUO IOt J1o8dg usjdoor B 40 uostuedso] Y — | BS[gel

96l ‘uorjesrignd sierjedsousy wouy =T YOIYM UOTJEWIOJUT ewe ] U0y Jdeoxe
9861 ‘UOTIFEDT I, BOIAUBS JSBUO4 "H 0 SN WOdy us>ei
o1 -] | c1 e1 21 +1 (=T 4 IYbBrey [teseag
s 15 28 £l ;] 19 69 (s40304 yjtm) yijbueq preusag
9¢ ag -1% 29 og (s ] 22 Jdejswel( 4030y ulely
¥c 6¢ 2+ 19 =19 (=18 0l Yyjbue ] sbeiesny
2¢ "33 JSOUEBU) SUuOISUBWI(
lllll - AwO)On eSS B 4TI [SULABIX®)
009°2 000°‘s 00Z°‘s oos‘s 000°‘s 00+ ‘2 000 ‘0 peoifieg “xouddy
00% ‘4 000°sY 0oz 11 000°61 000°‘61 000°91 000 2+ IYbBrepM ssoug
:¢°=sql1)y sjybrey
ese o016 006 008°‘1 osE‘y oc6‘2 00S ‘s asrodesaoy “xepy
1 Z 1 z z 1 z ABquNNy
: seourbuy
09 o1y —_— 0S1 oot 002z g6s ¢4y s 1eb) uorjdwnsuoj jengy
ozt 000 ‘St 00+ ‘21 009‘zZ1 00001 oos‘t1 000°01 C°33> Burrre; ®orAleg
o1 ogt FA} | 0g1 291 =38 | 221 (ydw) peedg -xeyy
H UUCUELOK Lanu
ouwe-) 89-S 212 19-S 11-201 asriz $9-5 SARLS WLLELFTlg]

aojdooy o JO oxeyy

# Buirbbo a0y pesn Rjuowwor

suejdony sy 0 sSOTJSIUSORIRY) OIseg



LAMA  SA 31358

110,14 —

(

42.35

A

Y

SA 315B Lama Profile

Standard Configuration Empty Weight including

Engine Oil,1lbS....cciieccteecceccnccscccascccnascsocas 2,266
Useful Load, 1bS..ccsccccecccccccrscsccsscccccssssss 2,034
Maximum Gross Weight,lbS.....ccccceteecccceccccsccas 4,300

PERFORMANCE ~ Sea Level, Standard Conditions at
Maximum Gross Weight

Maximum Speed (Vne), Mph....ceceeeeceseccaacans 130
Maximum Cruise Speed, mMph.....ccccececcsccsscss 119
Economical Cruise Speed, mph...cceeeeeceacasess 119
Range with Standard Fuel, No Reserve........... 320
Hover Ceiling, IGE, ft....ccieeecceccccsccnccns 16,565
Hover Ceiling, OGE, ft.....cicieicteeecenncancas 15,100
Maximum Rate of Climb, ft/min.....ccoeceeecosen 1,083
Service Ceiling, ft....ceeceeececcccsccnnnancs 17,720

Maximum External ILocad @ 5,071 lb. External . ‘
Gross Weight, 1lbS....cciieececccceccnncaacns 2,500

Table 2 - Performance Specifications of the Lama 31SB



3.0 BSTAND DESCRIPTION

The study area consisted of a single 67 acre
(estimated) thinning unit which was part of the Ridge Timber
Sale on the Rigdon Ranger District of the Willamette
National Forest (figure 1 for general vicinity map). Cut
trees were marked by the Forest Service. The stand, which
was essentially even-aged and approximateiy 70 years old,
had apparently originated as the result of natural
regeneration following wildfire. Average slope within the

unit was 40% and ranged from 35% to 60%.

Portland

Oregon

) Bend

X
Ridge Timber Sale

Figure 1 - General Vicinity Map
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Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco) was
the primary species making up roughly 2/3 of the volume on

the site. Other major species included grand fir (Abies

grandis (Dougl.) Lindl.), Pacific silver fir (Abies amabilis
(Dougl.) Forbes), white fir (Abies concolor (Gord. and
Glend.) Lindl.), and noble fir (Abies procera (Rehd.)). The
unit was located at an elevation of 5000 to 6000 feet and
was generally south facing.

According to an initial stand exam and a subsequent
cruise, merchéntable volume per acre averaged approximately
33 mbf or 69 cunits!. The volume designated for removal was
approximately 9.8 mbf (21 cunits) per acre. Nearly the
entire stand was of merchantable size. About 52 trees per
acre were marked for removal from a total of approximately
190 trees per acre. The average diameter at breast height
was 14.9 inches for cut trees and 17 inches for leave trees.
The average height of_the residual stand was estimated to be
approximately 100—110 feet. Total stand defect was
estimated at about 5.8%.

The silvicultural prescription for this area had called
for a single thinning, followed by a regeneration harvest
cut in 20 to 30 years. The thinning was meant to reduce
stocking and result in increased growthron fewer trees.

Trees to be removed were marked from the dead, dying,

1 2.09 cunits per mbf based on cruise data
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suppressed, and intermediate tree classes except in those
cases where codominants were marked in an effort to release

several other codominant trees.

4.0 YARDING SYSTEMS
4.1 Helicopter Operation
4.1.1 study ?rocedure

The unit was logged during the month of October, 1988.
Gross production data were kept on site by the company’s
project manager over the entire harvest period. Appendix A
contains a sample sheet showing the type of data collected
by the project manager and a summary of the data. The
entire-volume on the unit was cold-decked on site until
yarding was nearly complete. Scaling was done during
hauling by a third party scaling bureau.

During yarding, on three separate days, detailed time
study data were collected by the researcher. A separate
section of this paper discusses data collection methods.
Also, results and imﬁiications of the data/are discussed.

Upon completion of Yarding, a damage survey was
conducted which utilized twelve 1/2 acre plots. A hand
compass and pacing were used to locate plot centers which

were laid out on a grid basis. Distance from plot center to
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plot center was approximately 330 feet. This resulted in
all areas of the unit being adequately represented in the
sample. Any damage to residual trees which could not be
clearly attributed to an activity other than yarding (e.qg.

falling) was noted.
4.1.2 Yarding Distances and Road Building Requirements

The unit was downhill logged to an existing road (see
figure 2). Another roéd, which had been built to provide
access for a cable yarder to the top of the unit, was used
only fbr service vehicles and was not considered essential
to the operation. Logs were flown to a landihg which had
been constructed for another cable unit and was not part of
this sale. No additional widening or construction was
required for the helicopter’s use.

Average yarding distance was approximately 2500 feet.
External yarding distance was about 3100 feet and the
closest yarding distance was apprqximately 1900 feet. The
unit and road configurations made it impossible for the
landing to be situatéd any closer to the base of the unit.
Elevation at the landing was approximately 4800 feet.
Elevation at the top of the unit was approximately 6000

feet.



Bu 16607 a91doDt 1®H 404 uolleunb)Juoc) 1lun - 2 9.nbl4g

N—

LELC# 'PH

. 008t uUoclI1IRAD| S
Buipue Bo u931dodl | oH

-/ ®

LELCH ' Pd

SO W
/L 0

——

2le2>g - Xo.uddy

BOEE-vLC# "PH

7/
Cee=="7 77T GLEE-bLB# " PH llﬂ//

; _ . 026G UOI1BA3|D

Pulpue eo1Ad9g Jo31doD | |aH




14

4.1.3 Equipment

In addition to the Lama SA 315B helicopter described
earlier, other equipment included a fuel truck, a fuel tank
trailer, a mechanics truck with spare parts and tools, and a
Caterpillar 966 front end loader.

The fuel tank trailer was utilized in this particular
case because the long distance to the neafest source of
aviation fuel made it impractical to refill the fuel truck
on a regular basis. Other equipment expenses included
radios, chokers, fire equipment, and pickups for crew

transportation.
4.1.4 Crew

The support crew for the helicopter consisted of 6 to
10 people. All personnel had substantial experience working
at their positions. A single pilot and a mechanic were used
to fly and service the helicopter. Two people (chasers)
worked at the landing bumping knots, wrapping chokers, and
taking chokers off of incoming turns. The number of choker
setters in the woods varied from two to three people, except
for the last day when 4 people set chokers. A project
manager supervised the operation and would at times also set
chokers if the crew was short for reasons of sickness, etc.

The project manager was also responsible for supervision of -
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the falling operations. An additional person was needed to
operate a Caterpillar 966 front end loader which was used to
remove logs from the landing after the helicopter had
completed a turn.

The calculations of crew costs for the operation are
first based on a standard crew size used for the operation:
1 project manager, 2 chasers, 3 choker setters, 1 front-end
loader operator, 1 mechanic, and 1 pilot.r The actual hours
and number of people working while the unit was logged are

then used to determine a cost which includes delays.
4.2 HYpothetical Cable System
4.2.1 study Procedure - And Background

The unit was originally planned for cable yarding. The
Forest Service Timber Sale Contract required uphill cable
yarding with a systemicapable of intermediate supports.

Road construction to the top of the unit was required by the
contract in order to provide access for the cable machine.

The helicopter system was approved for use after the
timber purchaser had sollc1ted bids for logging the unit.
.The bid process had resulted in the helicopter bld being 2/3
the cost of the closest cable logging bid. A contract
change was requested by the purchaser and approved, with

conditions, by the District.
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As part of the Forest Service contract preparation, a
cable yarding cost appraisal was completed. This
hypothetical cable system with updated costs is used as the
basis for comparison with the helicopter system. As part of
the appraisal process the Forest Service personnel had
estimated a production rate. The estimate was based
primarily on personal experience of the local equipment and
crews and their capabilities and was not analytically
derived. This study will use a regression equation
developed by Hochrein (1986) to predict what level of
production could be achieved by the hypothetical cable
system;

An estimate of potential residual tree damage from
cable yarding is derived using a regression edquation

developed by Caccavano (1982).
4.2.2 Yarding Distances and Road Building Requirements

Road consfruction along the top of the unit had been
required as part of the Forest Service contract for
anticipated uphill cable logging. The length of this road
(see figure 3 , road 3315) was .62 miles. This road was
constructed by the purchaser prior to the decision  -to use a
helicopter, which made the road unnecessary. The Forest
Service had also anticipated additional small spur roads and

landing construction to be necessary for yarder access.
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External cable yarding distance for the unit was 2300
feet. Average cable yarding distance was approximately 756
feet. Profile analysis determined that several skyline
corridors would require intermediate supports, and several
of these corridors needed more than one intermediate

support.
4.2.3 Equipment

A Thunderbird TMY 50, SPRM (self propelled, rubber
mounted) yarder with a 50 foot tower was the appraised
yarder.for the unit. The carriage provided for in the
.appraisal was a Danebo MSP heavy duty carriage with support
adapter. Other special equipment required for the
intermediate supports was also included.

A landing tractor (a used D6) was the only other
Significant piece of equipment provided for ih the cable
yarding appraisal. The tractor was needed in order to keep
the landing clear during yarding. Wire rope, chokers,
blocks, radios, etc., are also included as expenses in the

appraisal.
4.2.4 Crew

The anticipated crew for cable logging operations

consisted of six people: 1 hook tender, 1 rigging slinger, 2
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choker setters, 1 landing chaser, and a yarder engineer.
The landing tractor would be operated by the landing chaser

because low production is assumed with the cable yarder.
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5.0 RESULTS
5.1 cOst'Evalﬂation

A hourly cost summary for both yarding systems can be
found in table 32. The detailed cost analysis for the
helicopter and cable systems can be found in Appendices B

and C, respectively.

Helicopter Cable

Cost Item ' System * System **
ownership Cost  134.05  70.01
Operating Cost 281.07 40.79
Labor Cost 196.52 124.00
Total Hourly  ell.e4a  234.80
Hourly Cost w/ delays 648,75 **=*

* based on flight hours and including helicopter & crew,
966, crew & mechanics vehicles

*% includes yarder & crew, landing cat, crew & mechanics
vehicles

*** this figure is adjusted for actual crew hours worked

Table 3 - Hourly Cost Comparison

2 311 costs are in 1988 dollars
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The total cost per flight hour for the helicopter
operation using a normal crew size was $611.64. When the
cost per flight hour includes the cost of the delays
experienced during yarding, the hourly cost equaled
$648.75°. Average wage figures for typical logging
positions in the State of Oregon were used in the
calculations (Association of Oregon Loggers, 1988; USDA
Forest Service, 1987). Machine cost for the helicopter was
calculated using a procedure provided by Aerospatiale for
determining héurly costs for the Lama helicopter. This
figure includes all costs for a mechanic, including an
averagé cost for unanticipated or unscheduled repair work.

A total anticipated hourly cost of $234.80 for the
cable system was calculated. This cost is based on average

equipment and crew costs (USDA Forest Service, 1987).
$.1.1 Cost of Delays

The cost of delays is handled differently for the cable
system and the helicopter operation. When using the hourly
cost for the cable system in conjunction with a production
estimate a more standgfd approach would be used. An
effective hour determination would be made which would
reduce the efficiency of the operation.- In this way the

added costs of delays can be accounted for.

3 - all equipment costs include an opportunity cost @ 12.5%
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It is more common for aircraft ownership, operating,
and labor costs to be tied directly to actual flight hours.
When the helicopter is on the ground it is assumed that no
costs are incurred other then the labor costs of the crew as
they wait. Data from the gross production study was used to
determine the actual crew costs per flight hour and are the
basis for the additional cost of delays. On short days,
crew time was charged only for the hours actually worked, a
common practice for helicopter operations.

The hourly cost with delays for the helicopter
operation takes into account delays for refueling,
maintehance, and travel time. If this cost is ﬁsed with a
production estimate no reduction in efficiency would be

needed, i.e. the effective hour equals 60 minutes.
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5.2 Production
5.2.1 Helicopter

The helicopter system yarded an average of 3.62 MBF*
per flight hour (7.57 cunits/hour) during actual operations.
This figure is based on the total flight hours (106 hours)
for the helicopter and the scale information provided by the

Rigdon Ranger District office.
5.2.2 Cable System

A regression equation developed by Hochrein (1986)
predicts that the cable system will have a production rate
of 1.47 mbf/hour (3.10 cunits/hour), net scale. Appendix E
shows how this figure was derived.

As stated previously a review of currently available
production studies for cable thinnihg systems indicated none
with an average yarding distance of greater thaﬁ 600 feet.
In addition, very few had adequately sampled a system with
intermediate supports. For Hochrein’s study the average
yarding distance was Siﬁ feet and only a single span system
was used. Except for these differences and somewhat smaller
timber the study conditions used to derive Hochrein’s

equation are reasonably close to those for the Ridge

4 net scale - net to gross ratio of .944
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thinning unit. Although some of the differences may
contribute to either an overestimate or underestimate of
production, for the purposes of this report it is assumed
that the equation provides a reasonable estimate of
production. Appendix E provides a chart with a comparison
of the conditions for both studies and further discussion on

the use of the equation.
5.3 Comparison of Cost/mbf for Each System

The analysis indicates that the helicopter logging
systemvwas able to yard the unit for an average of
$179.21/mbf or $85.74/cunit. It is estimated that the cable
system would have cost $159.73/mbf or $75.74/cunit for the
yarding. The total cost for the road and landing
construction required for the cable system was estimated at
$21,147. Because the road does not provide access to other
units within the area, £he entire cost must be amortized
over the volume removed from this unit. This would have
“resulted in an additional $55.21/mbf or $26.42/cunit (383
mbf total volume removed) in costs for cable logging.

Since the produééion capability of the cable system is
only an estimate, back-calculation can be used to determine
what level of production is necessary for the cable system
to equal the cost of the helicopter system. The necessary

cable production for the Yarding systems to have equal cost
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is 1.31 mbf/hour (2.74 cunits/hour), or a 11% decrease in
the predicted production. If road and landing costs are
taken into account, the cable system would have to produce
1.89 mbf/hour (3.95 cunits/hour), or a 29% increase over the

predicted production.
$.4 Residual stand Damage
5.4.1 Helicopter system

As mentioned previously, a post yarding survey was
taken ﬁsing twelve 1/2 acre plots to determine the amount of
- damage to the residual stand. The survey indicated no
damage to the residual stand which could be attributed to
the yarding operations. Only five trees had minor damage,
and this damage was clearly the result of felling
operations. It should also be mentioned that the only
damage observed outside of the sample plots were a couple of
tops which were broken out and some limbs that had been

broken.
$5.4.2 Cable system
Current research (Burditt, 1982; Caccavano, 1982) has

indicated several variables which can increase damage to the

residual stand during thinning operations. Stand
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characteristics which increase susceptibility to damage
include steeper slopes, presence of true fir or hemlock, and
higher volumes for both cut and leave trees. The use of
larger yarders (the T-bird TMY 50 is considered a larée
thinning yarder) may also result in higher amounts of damage
to residual stands.

Predicting the actual stand damage that would have
occurred if the stand had been cable yarded is difficult.

In a study conducted by Caccavano (1982), a regression
equation was developed which predicts the square feet of
scar area per acre resulting from cable thinning operations.
The eqﬁation and the resulting prediction for stand damage
using the stand characteristics for this study area are
shown in figure 4.

Of the 68 skyline corridors that Caccavano examined in
his study (taken from 10 different thinning units), only
three corridors had damage levels higher than the 44.6
square feet of scar area per acre predicted for this study
area. The corridor with the most damage in Caccavano’s
study had 64.4 square feet of scar area per acre. It was
his conclusion that this level of damage would probably have
a significant detriméﬁtal effect on future stand value.

Most of the thinned stands from which Caccavano derived
his equation had conditions which would result in lower
damage (e.g. gentler slopes, lower amounts of true fir

species, and smaller yarders). The potentially dramatic
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effect of time of year on damage levels is also not taken
into account by the equation. Because of this, the actual
amount of damage which would have occurred for this study
area may have been substantially different than the amount

predicted by the regression equation.

Regression Equation
Scar Area = -23.6120 + 0.659223*WH + 0.0221402*VOLREM

-7.84103*S

Independent Variables

Scar Area = square feet per acre

WH = % western hemlock or non-Douglas fir spec1es in the
stand

VOLREM = volume removed in cubic feet per acre

S = type of system, 0 if conventional, 1 if prebunched &
swung

Results for this Study

Predicted Scar Area = 44.6 ft?/acre

where WH = 33% VOLREM = 2098 S =20

Figure 4 - Regression Analysis of Potential Residual Damage
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5.5 Detailed Time Study
5.5.1 Study Procedure

A detailed time study was conducted over a period of
roughly 11 hours of operations and 296 turns using a
continuous timing method with a stopwatch (see Appendix D
for more detail). Both productive and non-productive times
were taken during the study.

Elements.of the yarding cycle which were timed include
outhaul, hook, inhaul, unhook, and time spent picking up
chokeré. A description of these turn time elements is
included in Appendix D. Time picking up chokers was the
only in-flight delay which could be clearly identified. It
was found to be insignificant and was dropped from the
analysis. Delays for fueling and maintenance are taken into
account by the cost per flight hour as explained in section
5.1.1. Independent variables which were measured include
the number of logs per turn and the weight of each turn. It
was also noted whether chokers were being delivered during
the turn cycle. Choker delivery was necessary when a choker
setter had sent in aIi_of his chokers with turns and
required a resupply. This activity would take added time
because  the pilot had to position the new chokers in the

next area to be yarded. The approximate location of the
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origin of each turn within the unit was estimated. A

contour map was later used to estimate yarding distances.
5.5.2 8tatistics
Times

Five different choker setting locations were sampled
during the time study. The weighted average yarding
distance for fhese sampled locations was equal to 2653 feet
(not the unit average of 2500 feet). The unit was
homogenous enough so that average hook and unhook times
based on these data probably closely reflect the averages
for the unit.

A statistical summary of the times for outhaul, hook,
inhaul, and unhook can be found in Table 4. A coﬁponent
chart showing the relative amounts of each element and the
source of variability for total turn times is shown in

Figure 5.



huvuung £213ST0YS - | B[qe]

008 0002 2 12 et a1 22 091 22 sbucy
001€ 0062 £ 192 b2 12 2 081 b unu ey
00£2 006 1 06 9 ¢ St 02 91 MM TUTY
€01 22 b0°0 29°1 18°0 2170 62°0 "29°1 1£°0 40448 pacpueys
0s2 bbb 09°0 2e°b2 022 £9°2 180 28°b2 89°b *A®p paepueys
26225 £261 9g°0 257166 22768 £6°9 9e°02 11°919 68°12 ®oue Lie)
0022 0021 1 811 bS 6 82 bS 52 ue 1pey
£592 0821 b1 29621 11°GS 80°6 6562 09°09 65792 sbeassy
ob2 692 ob2 522 622 se2 22 9c2 1£2 ez1s oydues
IS (sq  sedeyy L utpies  djooyun  UTp4es  OOH INopaeA e [qe 1ae)
Butpaes  Jybrey o304 sInop.ey

ss[qetaeq Juspusdepugy

(SPUODBE) SIUBHBTI BHT] uany

fipmys aut) perieysg Butang usye) eyeg 30 fieuuns (eDIISIICLS



TIME (seconds)

300

250

200

150

Component Chart of Turn Time Elements

shows the relative amount of time spent

in each

activity and the source of time variability

|

S —

I:l HOOK TIME
- YARD OUT TIME

YARD IN TIME

m UNHOOK TIME

Figure 5 - Component Chart of Turn Time Elements




32

Independent Variables

Logs per Turn

The average turn consisted of 1.43 logs with a standard
deviation of .60. The largest turn was only 3 logs in size.

Figure 6 shows the relative distribution of turn sizes based

on logs per turn.

"Total Turns Measured = 240

Single Log - 150
E Two Logs - 76
/) Three Logs - 14

Figure 6 - Number of Légs per Turn

Weight per Turn

The helicopter has a device for measuring the weight of
external loads. The average weight per turn was 1780 pounds
(71% of lifting capacity) with a standard deviation of 444

lbs. The smallest turn size was 900 pounds and the largest
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turn size was 2900 pounds. Figure 7 shows the relative

distribution of turn sizes based on weight.

As Measured From the Helicopter

32

28

24

Number ot Turns (out of a total ot 269)

&
IIIIIIIIIIITIIITI]lllIlllIlllIll

Tuern ¥eight (hundreds of pounds)

Figure 7 - Distribution of Turn Weights

5.5.3 Hook Time Regression

Multiple linear regression was used to find a
relationship between turn weight, choker delivery (a
zero/one variable), and hook time for the turns. The
resulting regression equation had a R-squared value of 22%.
Both variables and the constant were significant at the .001

level. The equation is as follows:
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Hook time = 21.393274 + 2.052894 Wght + 22.658839 Chokers

Hook time (seconds) = see Appendix D for description
Wght = weight of turn in hundreds of pounds
Chokers = are chokers being delivered during the turn

cycle, 1 = yes, 0 = no.

Valid over the following range of values:

Weight - from 900 to 2900 pounds

Chokers were delivered an average of 1 in 10 turns.
As mentioned, the average weight of the turns was 1780
pounds. The'large number of single log turns points out the
fact that most piece éizes did not allow for the choker
setters to vary the turn weights. The ability to optimize
total turn productivity depends both on the ability to
manipulate turn size and turn speed by selectively choosing
log combinations. If the choker setters had been able to
average 2,000 pounds during the study, the equation predicts
that this would have added 3.6% to the total turn time from
longer hook times (increase in hook time/average total turn
time). However, the increase in production because of
increased average turn sizes would have been 12.3%
(2000/1780). The end result would have been a net increase

in production of 8.7%.
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The ability to optimize the size of each turn may be
affected in several ways. Better bucking strategies can
provide a broader mix of log sizes making an optimal turn
size possible. Hooking techniques should take advantage of
the log sizes available to optimize turn size and improve
production. In either case it is necessary for the cutters
and choker setters to know ahead of time what constitutes an
optimal turn size. If bucking practices are pre-determined
by market considerations the structure of the stand will be
the primary factor controlling average turn size. Stands
with more variation in the size of cut trees may have a
positive effect on the overall productivity of the

helicopter operation.
5.5.4 Turn Time Regression
5.5.4.1 Predicting Production Based on Yarding Distance

The time study data were used to determine a
relationship between yarding distance and total haul time
(inhaul plus outhaul). The resulting equation (haultime
(sec) = 10.264 + .0168951*distance (ft)) had a R-squared
value of 26% and both the constant and variable were
significant at a level of .05. The range of values over

which the equation is valid is 2300’ - 3100’. Appendix D
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gives further information on the regression analysis used to
derive this relationship.

A relationship between yarding distance and total turn
time can be derived by adding to this equation the average
times (seconds) for hooking and unhooking the turns. Hourly
production can then be estimated based on the average turn
size (see Appendix D for the method used to adjust turn
weights to board foot measurements).

Figure 8 shows the predicted production rates per hour
based on yarding distance. As can be seen, the predicted
rate for the unit average yarding distance (2500’) is
approximately 3.68 mbf/flight-hour which closely matches the
actual experienced average production of 3.62 mbf/flight-
hour (using gross log scale, the actual production for the
helicopter was 3.83 mbf/hour).

Unfortunately, the range of yarding distances sampled
by this study is quite narrow (2300 to 3100 feet). Any
attempt to extrapolate the results of the equation outside
of the sampled range may result in unacceptable error.
Predicting values outside of the sampled range would also be

contrary to normally accepted statistical methods.
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Figure 8 - Predicted Hourly Production

5.5.4.2 Composite Total Turn Time Equation

By combining the two separate regression equations for
hook time and haultime, and adding to them the average
unhook time, a composite regression equation for total turn

time can be obtained. The resulting equation is as follows:

Total Turn Time = 40.737274 + 0.0168951 * Distance +

2.052894 * Weight + 22.658839 * Chokers
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Total Turn Time = delay free turn time in seconds
Distance = slope Yarding Distance in feet
Weight = turn weight in hundreds of pounds
Chokers = are chokers being delivered during the turn

cycle, 1 = yes, 0 = no

Valid over the following range of values:
Distance - from 2300’ to 3100’

Weight - from 900 to 2900 pounds

The values for total turn time as predicted by this
equation were checked against the actual values. A R-
squared value of 26% was calculated using the formula, 1 -
SSResid/SSTo (see Appendix D). This figure, 26%, indicates
that only a small percentage of the total variability of
total turn times is accounted for by this equation. I would
not recommend that this equation be used to predict turn
times for other logging sites. The equation is presented

here only as a topic for discussion and review.
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6.0 DISCUSSION OF RESULTS
6.1 Evaluation of the Overall Economic Feasibility
6.1.1 8ingle Entry Logging Costs

An estimate of the total logging costs which were incurred
during the removal of this timber can be found in Table 5.
The cost for felling and bucking is based on the actual
contracted cost incurred by Rocky Mountain Helicopters for
this sale. The costs for loading and hauling are estimates
based on additional cost evaluations. The cost for yarding
is based on the gross production data for the helicopter
operation discussed pfeviously and includes delays, travel

time, and move-in costs.

Production Ownership Operating Labor Total Cost

(mbf/hr) ($/mbf) ($/mbf) ($/mbf) ($/mbf)
FALL # 1.00 S 0.18 $ 0.41 $ 26.40 $ 27.00
SKID # 3.62 $ 37.03 $ 77.64 $ 64.53 $ 179.21
LOAD # 4.20 S 8.36 S 6.25 S 4.80 S 19.41
TRAN # 1.56 $ 12.11 S 9.51 $ 10.41 $ 32.03
ROAD S 0.00 S 0.00 S 0.00 S 0.00
Totals S 56.68 S 93.81 $ 106.14 $§ 257.65

Table S - Total Logging Cost Summary
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Pond values for smaller diameter logs at the time of
this study generally range from $300/mbf for true fir to
$370/mbf for Douglas fir (Garver, 1989). The average log
value, taking species mix into account, would then be
$345.88/mbf (66% Douglas fir and 34% true fir). This leaves
approximately $88.23/mbf of margin for additional costs,
e.g. stumpage or sale preparation, and for profit.

In general, the cost to prepare a thinning sale is
greater than the costs for clearcut harvest operations.
Depending on the landowner’s requirements, varying amounts
of preparation including stand exams, marking, and cruising
are necessary. The costs associated with hauling, and
felling and bucking vary according to sale location and the
local job market. In addition, pond values may be more or
less depending on the location of a given sale and current

market conditions.
6.1.2 Other Cable Production and Cost Estimates

It should be mentioned that the Forest Service
production estimate for the cable system was .75 mbf/hour
(1.57 cunits/hour). “Phis would have resulted in a cost of
$313/mbf ($150/cunit). Prior to acceptance of the bid from
Rocky Mountain Helicopters the timber purchaser had also
received two bids from skyline loggers. The nearest cable

bid was 50% greater than the bid for helicopter yarding.
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These significantly greater cost estimates may indicate
that local skyline loggers are experiencing reduced
productivity when implementing complex multispan systems.
Hochrein’s equation was based on a relatively short, single
span system. The use of his equation is only valid if
skyline loggers can be found that can implement a complex

multispan system without reducing production.

6.2 Implications for Final Harvest Entry

6.2.1 Future Stand Value and Growth

Previous research (Tappeiner, 1982; Reukeﬁa, 1977) has
shown that commercial thinnings can provide greater overall
revenue and an increase in total wood volume. Damaging the
residual stand makes the economics of thinning much less
clear since it can result in a stand with lower growth and
future value. The helicopter system appears to produce
essentially no stand damage. Cable thinning can»produce
substantial damage and in the case of this stand could have

resulted in an negative economic impact for the long term.
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6.2.2 Value of Postponing Road Construction Costs

This study area would have been particularly difficult
to cable yard because of the need for intermediate supports,
the long skidding distances, and the amount of volume both
removed and left. 1In a cable thinning operation with
shorter skidding distances the anticipated production would
have been greater. This could have resulted in the overall
cost of cable yarding and roading being lower than the
helicopter yarding costs.

A justification for proceeding with the cable system in
spite of the higher total cost for roading and yarding might
be that the road facility would pay for itself in the future
when the unit is eventually clearcut harvested using a large
cable system. However, it should be recognized that there
is an opportunity cost associated with needlessly spending
dollars on road construction at this time.

Obviously, in other areas the costs for cable yarding,
helicopter yarding, and road building could all be quite
different. Where road costs are low, or no construction is
needed, it appears that skyline logging would in most
instances be the moséﬁeconomical. The road which was built
for cable logging this study area was a minimum standard,
native surface road, with a per mile cost of only $25,323.
In cases where road costs are much higher than this the mostv

economical option for a land manager may be to forego road



43
building until final harvest and commercial thin by

helicopter.
6.3 Implications for Multiple Entries

By choosing to utilize a helicopter system for thinning
at this time the land manager would not be limiting future
options for management of the stand. In fact, the opposite
is true. As mentioned, the road building requirements for
final harvest could be accomplished at the time of final
harvest if at that time the economics still justified
removal by cable system. The subsequent thinnings could be
accomplished by whatever yarding system is the most
economical at the time.

By building the road at this time, the manager has
actually taken away his option of leaving the area uﬁroaded.
While in many cases having road access to an area is
desirable for fire management, etc. there are also negative
aspects to road building. Taking land out of production and
providing unwanted access into sensitive wildlife areas
would be a couple of examples of possible negative
consequences associated with road building. Rehabilitation
of a road bed is expensive and road closures to protect
wildlife can be ineffective. The land manager may therefore

have to live with these consequences for quite some time.
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6.4 Production and Cost at Shorter Yarding Distances

Making predictions for productivity or cost outside the
range of sampled yarding distances (2300/-3100’) is not
usually considered an acceptable practice. However, several
arguments can be made why the relationship between total
haul time and yarding distance may hold well below the
sampled range for this type of system. The confidence
limits for mean values of haul time within the sampling
range were very narrow, partially because of the large
number of turns sampled. Also, the linear relationship
between yarding distance and haul time should not change
until the turn around times decreased to the point that the
choker setters would be unable to keep up. The cost of
adding an additional choker setter to help alleviate this
problem would add less than $4 to the total cost per mbf.

It was also observed that the helicopter generally reaches
full speed within seconds of leaving the landing or the hook
site and will vary that speed little during the trip to and
from the landing.

Figure 9 shows projected yarding costs for yarding
distances outside of'ﬁhe range sampled. If the relationship
between yarding distance and haul time holds for these
shorter distances it appears that the cost per mbf could be
as low as $132 at a yarding distance of 500 feet. The

projected costs are presented here for discussion only and
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should not be used as a method for predicting costs or

production.
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Figure 9 - Hypothetical Costs per MBF

7.0 CONCLUSIONS

This was a particularly difficult logging situation for

the helicopter system. The height and density of the

residual stand require&;extensive maneuvering by the pilot

resulting in some very long hook times. In addition, the

size of the logs made it difficult for the choker setters to

adjust turn weights in order to decrease hook times or

optimize average turn weight. Average yarding distance was
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extremely long since the local road system did not allow for
a landing at the base of the unit. Despite these
difficulties the Lama was apparently able to yard the unit
at a price which would allow for a reasonable profit in
today’s market.

The hypothetical cable system used for comparison would
also have been a difficult logging situation. It is
however, not unlike many situations which might face forest
land managers in coming years. The helicopter appears to be
a reasonably good alternative in areas where the cost of
skyline logging is unusually high or expensive roads are
needed for access.

The complete lack of damage to the residual stand
during this study was particularly encouraging for several
reasons. The study area had nearly all of the
characteristics which tend to increase the chances for
residual stand damage. Both Forest Service personnel and
the timber purchaser involved in the project mentioned that
substantial damage would have resulted if a cable system had
been used. In older stands, such as this one, where the
economic benefits of thinning may be questionable, land
managers may choose ngforgo thinning if substantial damage
could result. The helicopter provides an alternative method
which protects the residual stand and helps to maximize the

potential silvicultural benefits of thinning.
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Appendix A
Gross Production Records

The following pages give more detailed information
regarding the information gathered during the gross
production portion of this study. The project manager for
Rocky Mountain Helicopters kept daily records of times,
estimated production, and yarding conditions, on forms which
were provided for his use. Figure Al shows the form which
was used. Table Al gives a summary of the information which
was collected.

The scale information was obtained from Forest Service
statements showing the results of a third party scaling of
the timber removed from the unit. A summary of this
information is provided in table A2.



HELICOPTER PRODUCTION STUDY

RIDGE TIMBER SALE RIGDON RANGER DISTRICT  WILLAMETTE N.F.
OPERATOR: ROCKY MTN. HELICOPTERS PURCHASER: STARFIRE LMBR.

DATE: SIGNATURE:

WEATHER INFORMATION YARDING CREW

TEMP. # MEN  HRS
50-70 _— HOOKTENDER

60-80 _— CHOKER SETTER

80 + _— CHASERS

WIND SPD PILOTS

WIND DIR. _____ MECHANICS

RAIN? - OTHERS

FOG?

COMMENT ON YARDING CONDITIONS

PRODUCTION APPROX. # OF TRUCK LOADS YARDED
# OF REFUELING CYCLES # OF TURNS _—

LOCATION OF CHOKER SETTERS
SHOW APPROX. LOCATION ON MAP

HOW MANY LOCATIONS AT ONE TIME?

TIME RECORD (TC THE NEAREST 1/4 HR.)
START OF SHIFT END OF SHIFT

TOTAL FLIGHT HOURS — REFUELING HOURS

UNSCHEDULED MAINTENANCE HOURS SCHED. MAINT, —

DELAYS DUE TO OTHER THAN HELICOPTER ____ HRS.
EXPLAIN

Figure A1 — Example of the Gross Production Form
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Table A2 - Summary of Scale Records
.

Summary of Scale Records

Species # of logs Gross Vol. Net
Vol. .

Doug. fir 3008 250.86
3165 262.03

Grand fir 470 39.46
495 41.39

Pacific silver fir 274 13.43
292 14.02

White fir 339 40.81
357 43.43

Noble fir 237 30.30
261 35.61

Hemlock & Others 78 ' 7.92
78 8.94

Totals 46438 405.42 382.78

(gross)

note: the difference in # of logs for each species
represents the number of cull logs hauled and scaled.



Appendix B
Detailed Cost Analysis - Helicopter System

Table Bl shows the cost summary from PACE for the
helicopter, pilot, mechanic, and standard crew.

Table Bl - Cost Summary for Helicopter, pilot, mechanic, and
crew

#% Lama SA 315B Helicopter w/pilot, mech. and crew incl. ##

Ownership
Depreciable value: S 376.715.00
Equipment depreciation: $ 53,816.43 /| Year
Interest expense: S 55,885.72 / Year
Taxes, lic., insur. & storage: $ 63,683.73 / Year
Annual ownership cost: S 173,385.88 / Year
Ownership cost (Subtotal): S 108.37 / Hour
Machine operating
Repairs and maintenance: S 167.67 / Hour
Fuel and oil: ] 92.70 / Hour
Lines and rigging: S 0.53 / Hour
Tires or tracks: S 0.00 / Hour
Equip. oper. cost (Subtotal): $ 260.91 / Hour
Labor
Direct labor cost: $ 151.28 / Hour
Supervision and overhead: $ 22.69 / Hour
Labor cost (Subtotal): S 173.98 / Hour
OWNERSHIP COST $ 108.37 / Hour
OPERATING COST $ 260.91 / Hour
LABOR COST S 173.98 / Hour
Machine rate (Owner.+ Oper.+ Labor) $ 543.25 / Hour

Ownership Costs

The ownership cost is based on three items:
depreciation, interest expense, and a category for taxes,
license, insurance, and storage. The number of hours worked
per year determines how the hourly costs will be calculated
given the annual costs. I assumed that this helicopter is
used an average of 1600 hours per year. This is a higher
figure than that used in other helicopter logging studies
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(Dykstra, 1976). I used this figure based on my personal
observations of the company's use of these helicopters over
a period of 3 years. Also, these helicopters tend to be
used for a wider range of applications than some of the
larger craft. Often times there is no "down season" because
during winter in the Northwest they will sometimes move to
the south and log in the swamps of Louisiana.

Depreciation

An aircraft is different than other types of equipment
in that it is never allowed to deteriorate significantly
during its useful life. For safety reasons almost every
part of the Lama helicopter is replaced after a set number
of hours. The helicopter used in this study was 11 years
old and yet was probably every bit as reliable as when it
was new. For this reason a depreciation expense might not
be appropriate. However, in order to be more consistent
with past work and appraisal methods I have included a
depreciation expense. The cost calculation is fairly
standard for large equipment (7 year life to a salvage value
of 20%). The initial cost used in this depreciation
($470,894) is the hull value of the craft ($680,000) minus
the cost of the engine, rotors, tail-rotors, and "A" frame
assembly. These items, because of their large expense and
short lives relative to the useful life of the helicopter,
are depreciated as a direct hourly cost (see Aerospatiale
direct operating cost summary).

Interest ExXpense

This cost is essentially the financing cost or
opportunity cost associated with owning the aircraft. I
used the entire $680,000 hull value to calculate a mean
annual investment from which this cost is determined. An
interest rate of 12.5% was used. .This figure is in the
middle of the range commonly used for logging equipment of
similar value.

Taxes, License, Insurance, and Storage

The major cost item here is insurance. From a phone
conversation with the owner of the craft it was determined
that insurance cost 8%.of the hull value ($680,000)
annually. This may or may not be an average figure for the
industry. The other items in this category were considered
to cost 3% of the hull value annually.

Table B2 gives the cost calculations for ownership cost
of the helicopter.
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Table B2 - Equipment Ownership Cost for Helicopter
. U

{ Equipment Ownership Costs}=
Total Hull Value (used for int. exp.) $ 680,000.00
Minus limited life parts $ 209,106.00
Beginning Value to be Used for Deprec. $ 470,894.00
Minus residual (salvage) value $ 94,179.00
Life of equipment (Years) # 7.00
Number of days worked per year # 200.00
Number of hours worked per day # 8.00
Interest Expense % 12.50

Percent of average annual investment for:
Taxes, License, Insurance, and Storage % 11.00
Depreciable value: $ 376,715.00
Equipment depreciation: $ 53,816.43
Average annual investment: $ 309,444.72
Interest expense: $ 55,885.72
Taxes, license, insurance and storage: $ 63,683.73
Annual ownership cost: $ 173,385.88
Annual utilization (Hours per year): # 1,600.00
Ownership cost (Dollars per hour): $ 108.37

Equipment Operating Costs

The direct operating costs for the helicopter were
taken from the Aerospatiale Helicopter Corporation's "Direct
Operating Cost Summary"”. The figures are based on an
average observed cost for operating Lama helicopters. The
data was collected from Aerospatiale operators, service
stations, and overhaul facilities. Obviously, the costs
incurred for an individual type of use may vary from these
averages. The only adjustment I made was for an increased
fuel use over the average figure. Rocky Mountain
Helicopters personnel informed me that fuel use averaged 60
gallons per hour for their logging operations which is 10
gallons more than the figure given in the cost summary
guide.

Table B3 gives the cost calculation for direct
operating costs for the helicopter.’
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Table B3 - Direct Operating Costs for the Helicopter
.

A

= Equipment Operating Costs =
Hourly cost to operate based on summary 167.67
Fuel amount (Gallons per hour) # 60.00
Fuel cost (Per gallon) $ 1.50
Percent of fuel consump. for lubricants % 3.00
Cost of o0il and lubricants (Per gallon) $ 1.50
Cost of lines $ 820.00
Estimated life of lines (Hours) # 2,000.00
Cost of rigging $ 1,000.00
Estimated life of rigging (Hours) # 8,000.00
Repairs and maintenance: $ 167.67
Fuel: $ 90.00
0il and lubricants: S 2.70
Lines: S 0.41
Rigging: $ 0.13
Equipment operating cost (Subtotal): S 260.91

Labor Costs

The same appraisal guide was used for determining the
labor costs for both the helicopter and the cable operation.
The Siuslaw National Forest's Appraisal Handbook was used.
This handbook uses average regional costs for logging
positions. The positions of chaser, choker setter, and
hooktender were used for the helicopter support crew costs.
The pilot's cost is an estimate based on information
provided by Rocky Mtn. Helicopters. The cost for a mechanic
is included in the direct operating costs provided by the
Aerospatiale Cost Summary and are not separated out in this
labor cost portion.

The costs shown in table B4 are for a standard support
crew for the helicopter operation. The costs shown in table
B5 show the result of calculations using the actual hours
worked by the crew (includes delays). These actual hours
were taken from the gross data summary found in Appendix A.
In addition a travel time of 2 hours per day was included in
the gross labor cost calculations.
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7.1 Future Research Possibilities

It appears that the helicopter system could very
possibly compete with even smaller yarders in thinnings with
average yarding distances of 500 feet or greater. Although
the use of these craft for logging is limited (only 3 are
logging at this time) the production capability of a single
Lama yarding at average distances of 500 feet could be
several times that of more conventional cable systems.
Further research into the potential use of small helicopters
for thinning stands with shorter yarding distances, smaller
trees, and more open residual stands might very well
indicate that they are a economically viable method for many

small wood harvesting situations.
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Table B4 - Labor cost for a standard helicopter crew
k. ]

]

1

Labor Costf=

Base wage for 1lst crew position (Pilot) $ 35.00
Base wage for 2nd crew position (Chaser) $ 12.02
Base wage for 3rd crew position (Chaser) $ 12.02
Base wage for 4th position (Choker-set) $ 11.81
Base wage for 5th position (Choker-set) $ 11.81
Base wage for 6th position (Choker-set) $ 11.81
Base wage for 7th position (Hook-tend) $ 13.60
Fringe benefits % 40.00
Travel time per day (Hours) # 0.00
Operating time per day (Hours) # 8.00
Percent of direct cost for supervision % 15.00
Total number of workers: # 7.00
Total crew wage (Per hour): $ 108.06
Direct labor cost: $ 151.28
Supervision and overhead: $ 22.69
Labor cost (Subtotal): $ 173.98
Total operating cost (Operating+Labor): $ 434.88

ix

Table B5 - Summary of Labor Costs including delays

Labor Costsf

Travel time per day (Hours) # 2.00
Percent of direct cost for supervision % 15.00
Total crew wage (Per hour): $ 104.89
Direct labor cost: $ 183.56
Supervision and overhead: $ 27.53
Labor cost (Subtotal): S 211.09
Total operating cost (Operating+Labor): $ 472.00




Additional Support Equipment
Caterpillar 966 front-end loader

The cost summary for operating the Caterpillar 966
- loader is given in Table B6.

Table B6 - Cost Summary for the Caterpillar 966 Loader

—mmemccccccccccaaa- —————— summary---====-- e D et

*%#% Caterpillar 966 Front-end Loader with Operator ##=

Ownership
Depreciable value: $ 144,480.00
Equipment depreciation: $ 14,448.00 / Year
Interest expense: $ 14,688.00 / Year
Taxes, license, insur. & storage: $§ 2,350.08 / Year
Annual ownership cost: $ 31,486.08 / Year
Ownership cost (Subtotal): S 19.68 / Hour
Machine operating
Repairs and maintenance: $ 8.13 / Hour
Fuel and oil: S 9.36 / Hour
Lines and rigging: S 0.00 / Hour
Tires or tracks: $ 0.40 / Hour
Equip. operating cost (Subtotal): $ 17.89 / Hour
Labor
Direct labor cost: $ 19.60 / Hour
Supervision and overhead: S 2.94 / Hour
Labor cost (Subtotal): ] 22.54 |/ Hour
OWNERSHIP COST $ 19.68 / Hour
OPERATING COST S 17.89 / Hour
LABOR COST $ 22.54 / Hour
Machine rate (Owner. + Oper. + Labor) §$ 60.11 / Hour



Crew Vehicle

xi

A $20,000 crew rig was appraised for the use of the
helicopter crew. All the operating costs are estimated on a
helicopter flight-hour basis. A summary of the costs can be

found in Table B7.

Table B7 - Cost Summary for Crew Vehicle

——eeccccccce—- c—————— s=== SUMMATrY ======cc--ccccccccca- -——

* Crummy for Lama Support Crew - Cost based on Hel. hours *

Ownership
Depreciable value:
Equipment depreciation:
Interest expense:
Taxes, license, insur. & storage:
Annual ownership cost:
Ownership cost (Subtotal):
Machine operating
Repairs and maintenance:
Fuel and oil: 0.57
Lines and rigging: 0.00

$

$

$

$ 544.00

$

$

$

$

$
Tires or tracks: S 0.45

$

$

$

$

$

$

$

$

5,244.00
2.38

0.09

Equip. operating cost (Subtotal): 1.11
Labor
Direct labor cost:
Supervision and overhead:
Labor cost (Subtotal):

0.00
0.00
0.00

OWNERSHIP COST
OPERATING COST
LABOR COST

2.38
1.11
0.00

Machine rate (Owner. + Oper. + Labor) 3.50

~ NN NN N NN NN

Year
Year
Year
Year
Hour

Hour
Hour
Hour
Hour
Hour

Hour
Hour
Hour

Hour
Hour
Hour

Hour
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Mechanics Vehicle and Tools

A $30,000 mechanics vehicle was appraised for. This
would include the cost of the tools necessary to do routine
maintenance on the helicopter. All the operating costs are
estimated on a helicopter flight-hour basis. A summary of
the cost can be found in Table BS.

Table B8 - Summary of Costs for the Mechanic's Vehicle and
Tools

*%#* Mechanic's Vehicle and Tools ###

Ownership
Depreciable value: $ 23,000.00
Equipment depreciation: $ 4,600.00 / Year
Interest expense: S 2,550.00 / Year
Taxes, license, insur. & storage: $ 816.00 / Year
Annual ownership cost: $ 7,966.00 / Year
Ownership cost (Subtotal): S 3.62 / Hour
Machine operating
Repairs and maintenance: S 0.14 / Hour
Fuel and oil: S 0.57 / Hour
Lines and rigging: S 0.00 / Hour
Tires or tracks: S 0.45 / Hour
Equip. operating cost (Subtotal): $ 1.16 / Hour
Labor
Direct labor cost: S 0.00 / Hour
Supervision and overhead: $ 0.00 / Hour
Labor cost (Subtotal): S 0.00 / Hour
OWNERSHIP COST $ 3.62 / Hour
OPERATING COST $ 1.16 / Hour
LABOR COST S 0.00 / Hour
Machine rate (Owner. + Oper. + Labor) $ 4.78 / Hour
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Breakdown of Total Hourly Costs for Helicopter Operation

Table B9 shows the breakdown for the total hourly
costs for operation of the helicopter system.

Table B9 - Total Hourly Cost Summary - Helicopter
. _____________________________________|

Operating

Equipment Ownership
Lama & crew 108.37
cat 966 19.68
Crew rig 2.38
Mechanic's 3.62
Totals 134.05

Gross figures

233.63

648.75



Appendix C

Detailed Cost Analysis - Cable System

Xiv

A standard method for appraising the cost of logging

equipment was used to determine the hourly cost for the
Thunderbird TMY 50 yarder and support equipment.

Costs were

taken from the Siuslaw National Forest's Timber Appraisal
Handbook (1987). A summary of the total hourly cost for the
Thunderbird and crew can be found in Table Cl.

Table C1 - Summary of Total Hourly Costs for T-bird and crew

*Thunderbird TMY 50 Yarder w/ Danebo Carriage and Supports#*

ownership
Depreciable value:
Equipment depreciation:
Interest expense:

Taxes, license, insur. & storage:

Annual ownership cost:

Ownership cost (Subtotal):
Machine operating

Repairs and maintenance:

Fuel and oil:

Lines and rigging:

Tires or tracks:

Equip. operating cost (Subtotal):

Labor
Direct labor cost:
Supervision and overhead:
Labor cost (Subtotal):

OWNERSHIP COST
OPERATING COST
LABOR COST

Machine rate (0wner.'+_0per. + Labor)

$

S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
$

319,950.00
39,993.75
32,371.48

7,769.16
80,134.39
50.08

12.50
15.31
7.39
0.00
35.19

107.83
16.17
124.00

50.08
35.19
124.00

209.28

~. NN N NN R TN TN NN NN

Year
Year
Year
Year
Hour

Hour
Hour
Hour
Hour
Hour

Hour
Hour
Hour

Hour
Hour
Hour

Hour



Additional Support Equipment

Landing Cat

A used Caterpillar Dé bulldozer was part of the
appraised cable yarding system. The summary of its
operating costs can be found in Table C2.

Table C2 - Summary of Operating Costs for the Landing Cat

-------------------- -—amooea summary - - D D R - D R D R R R G R - -

#+%# D6 Cat = (used and util. 20% of time) ==«

Ownership
Depreciable value: $ 71,890.00
Equipment depreciation: $ 14.378.00 / Year
Interest expense: $ 6,379.25 |/ Year
Taxes, license, insur. & storage: $ 1,531.27 / Year
Annual ownership cost: S 22,288.27 |/ Year
Ownership cost (Subtotal): $ 13.93 / Hour
Machine operating
Repairs and maintenance: $ 1.80 / Hour
Fuel and oil: S 1.53 / Hour
Lines and rigging: $ 0.00 / Hour
Tires or tracks: S 0.00 / Hour
Equip. operating cost (Subtotal): $ 3.33 / Hour
Labor
Direct labor cost: $ 0.00 / Hour
Supervision and overhead: $ 0.00 / Hour
Labor cost (Subtotal): $ 0.00 / Hour
OWNERSHIP COST $ 13.93 / Hour
OPERATING COST $ 3.33 / Hour
LABOR COST $ 0.00 / Hour
Machine rate (Owner. + Oper. + Labor) § 17.26 / Hour
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Crew Rig and Mechanics Rig

Both the crew and mechanics vehicles were considered to
cost the same as those for the helicopter operation. See
Appendix B for information.

Breakdown of Total Hourly Costs for Cable Operation
Table C3 provides a breakdown of the hourly costs to

operate the cable system.

Table C3 - Breakdown of Total Hourly Costs

Equipment Ownership Operating Labor Total
T-bird  50.08  35.15  124.00  209.28
Dé - cat 13.93 3.33 0.00 17.26
Crew rig 2.38 1.11 0.00 3.49
Mechanic's 3.62 1.16 0.00 4.78
Totals 70.01 40.79 124.00 234.81
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Appendix D
Regression Analysis

Hook Times

Table D1 shows the results of a multiple regression
analysis to determine a relationship between weights, choker
delivery, and hook times. A total of 236 turns had a record
of hook time, weight, and choker delivery.

Table D1 - Summary of Regression Analysis for Hook Times

Independent

Variable coeff. stnd. error t-value sig.level
Constant 21.393274 5.774613 3.7047 0.0003
Weight 2.052894 0.311663 6.5869 0.0000
Chokers 22.658839 4.713811 4.8069 0.0000

R-squared = 0.2247

SE = 21.855235 (standard deviation of the error)
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Haul Times

Table D2 shows the results of a simple linear
regression analysis to determine a relationship between
yarding distance and haul times. A total of 228 turns had
complete records for haul time and distance.

Table D2 - Summary of Regression Analysis for Haul Time

Regression Analysis to Determine the Relationship
Between Haultime and Yarding Distance

Regression Analysis - Linear model: Y = a+bX

Dep. variable: HAULTIME Ind. variable: DISTANCE

Standard T Prob.
Parameter Estimate Error vValue Level
Intercept 10.264 4.98923 2.05724 .04081
Slope 0.0168951 1.87225E-3 9.02398 .00000

Mean Prob
Source Sum of Squares Df Square F-Ratio Level
Model 3564.5430 1 3564.5430 81.432 .00000
Error 9936.5050 227 43.7731

Total (Corr) 13501.048 228

Correlation Coefficient = 0.513828
R-squared = 26.40 percent
Stnd. Error of Est. = 6.61613 (est. stnd. dev. of error)
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Total Turn Time Analysis

The total turn time regression equation was obtained by
adding the regression equation for hook times, the
regression equation for haul times, and the average unhook
time (9.08 sec.). This approach was used after attempts to
use multiple regression analysis directly failed to find an
equation with reasonable R-squared values (the best was
approximately 11%). The R-square value for the composite
equation was calculated by using the equation to predict
total turn times and then comparing these values with the
actual that were measured. Using the standard equation for
R-square (1-SSRes/SSTo) the R-square value for the composite
equation was found to equal .26.

A complete list of the turns with all elements and
independent variables measured can be found in Table D3.

The Total Turn Time equation is also shown, along with the
resulting predicted values for turn time and R-square.

Determination of Average MBF/Log and Lb/BF

The relationships for both mbf per average log and
pounds per board feet were needed to estimate production
with the total turn time equation. Because the study area
was fairly homogeneous in terms of tree size the average log
size from the scale information provided by the District was
used. From the time study information it was known that the
average turn consisted of 1.43 logs and weighed 1780 pounds.
Given this information an estimate of pounds per board foot
could be derived and was equal to 14.27.

from scale:

4648

total logs (gross)

total gross scale 405.42 mbf
average bf/log = 405.42/4648 = 87.22 bf
from study: .
ave. turn wéight = 1780 1lbs.

ave. logs per turn = 1.43

ave. logs per turn * ave. log = 124.72 bf per turn

ave. weight / ave. bf. = 1780 / 124.72 = 14.27 lb/bf.



Detailed Time Study Form

An example of the form used to collect data during the
detailed time study is included in figure D1.

Description of Turn Time Elements

Yardout - the yardout element consisted of that time
between the unhook and hook elements. It represents the
time it took for the helicopter to travel from the landing
site to the point at which the next turn was attached.
Yardout would begin as soon as the helicopter was in full
acceleration towards the hook site. The researcher
considered this time to be when the helicopter's attitude
had changed from the nearly horizontal position during
unhook to a pronounced angle towards the unit. The end of
this element was considered to be that time when the
attitude of the helicopter again changed back to a more or
less horizontal position near the hook site.

Hook - the hook element consisted of that time between the
yardout and yardin elements. It represents the time it took
for the pilot to locate the choker setter, the choker setter
to successfully hook the turn, and for the pilot/helicopter
to maneuver up and out of the residual stand with the turn.
Hook would begin when the attitude of the helicopter had
changed from a pronounced forward pitch to a nearly
horizontal position. The end of this element was that point
in time when the helicopter would again change to a
pronounced forward pitch towards the landing. This element
contained a number of delays due to hung-up trees, weight
problems, etc. however the researcher could not locate close
enough to view them and keep track of them separately.



xxi

Yardin - the yardin element consisted of that time between
the hook and unhook elements. It represents the time it
took for the helicopter to travel from the hook site to the
landing with the turn of logs. The beginning and ending of
this element was determined in the same manner as for
yardout, i.e. attitude of the helicopter.

Unhook - the unhook element consisted of that time between
the yardin and yardout elements. It represents the time it
took for the helicopter to locate directly over the landing,
safely drop the turn of logs, and turn around so that it was
again heading back to the unit. The beginning and ending of
this element was determined as mentioned before.



HELICOPTER PRODUCTION STUDY

RIDGE TIMBER SALE RIGDON RANGER DISTRICT WILLAMETTE N.F.
QOPERATOR: ROCKY MTN. HELICOPTERS PURCHASER: STARFIRE LMBR.
DATE: SIGNATURE:

H — HOOK U — UNHOOK Yl —YARD IN YO — YARD OUT
CH — CHOKERS D — DELAY

ACT. TIME # PIECES LOC. i ACT. TIME # PIECES LOC.

Figure D1 — Example of the Detailed Time Study Form




uotsse.bey eut) Uan] - g0 ®1qv )

1£°008 62 €00 60°GItY b (~].3 0022 4 1] € [ ¥ ] <z 6E t£4 92
CO"E28 To" T £C°0b1 <9 [ 224 00ST 1] | 4 PAS € (114 T 69 [13 (~73
69°221 80°C6T £0° b3 09 144 00SZ 1] (1] | 4 (114 4 ot (43 o9 214 b2
60°bbBT CI°98bZ pI°0TT 28 (=74 00cZ 0 o ¥ T ¥ ] 22 {444 113 £
P 3 0g£° 627 1972071 0og . 149 00€Z o (1] 4 (A 4 4 21 22 »S €T T2
[*] S 43 96°0 £6°611 13- 61t 00SZ 0 (1] 4 -] 4 T -] ez 09 | 24 | X3
6E°69 62°02T 297211 26 444 00SZ 1] (1] | 4 23 Z 6 I€ 29 9T 0l
69°0FIT 92 ECTIT E£0°HT1 ov oct 00ST o 1] 4 114 € -] 9T t41) ¢ t44 69
€0°20 09" 1Ib 9b "0k 11+ bET 00SZ 4 o T :14 ¥ -] 11 92 (114 29
20°61EY O1 0% b 991 29 191 0022 o 4 € 14 ¥ b3 *1 009 £4 99
20°901 [ A Bl -{114 gz 121 19 (28 ¢ 0022 o o 4 21 Z [1) 4 62 1] £4 3 c9
£0°0¢C 24768 FE°ETT [: 1] 21t 0022 o o € (-1 T ] £4 [ 4°] 9T »9
22° 096 »2°092 cT 21t [ 37 101 0022 o o € et Z 9 (11 14 »Z £9
16°906¢ Ty CEE IE-€21 oS <ot 0022 (1] 1] € -]} ¥ 2 -4 -1 4 t 44 z9
60°18 9£°66T 66°01% £0 (114 0022 (1] o € E4 4 Z [1]4 6Z <9 »Z 59
C0°02CE 60°b26Z 9b 621 99 8T 0022 1] 1] € [ %4 4 2 be 1344 £4 3 09
A4 14 T9°ig T9°CEl 9C (1134 0022 [ [ € »Z | 4 9 £ 43 9 »Z [.1°]
c1°2%¢ b 01 TE"ETY 99 61t 0022 o 1] € at Z -] 0g [~ 4 o€ [+
20°90% CE 692 b 221 (14 (224 0022 o 1] € 114 4 -] 2T »S t£4 28
IG €6 60°91 66°01% 2S (184 0022 o 1] € £A4 4 4 9 (113 £4+] 2T 90
207991 8% "90Z 9£ €T b (249 0022 T 1] € 63 4 2 Ie 1,4 £b 1+
1 - 1] 690°221 60" 921 19 cIt 00SZ 1] 1] | 4 1 4 4 2 113 2 1§ [ 4]
£9°C9¢2 00°bZ9 [: 1.3 £41 [+1°] 26 00€Z 1] o 4 61 4 6 11 £€ ez £C
€6°ETC [:1 -l £ 4 £6°611 02 Z0t 00SZ 1] o 4 ot T 2 €€ [~24 28 (42
£€9°IEZC TE°EOIb TE°TEL z9 261 00SZ o 4 | 44 Z 6 [-14 9Z1 [ 43 1€
cC°ChZ pe-Z2 22°ENT 131 [-11] 4 00S2 o 1] 4 et Z 6 14 .1 | %4 [1)+]
60°222 9ZT°Z¥1 £6°611 99 [:11] 4 00cZ [1] o 4 ot € 6 22 £b 62 (14
IS €6 9Z°0 287218 [4°] cIt 00SZ 1] 1] | 4 23 Z 9 14 29 »Z ok
22°09¢ 8 b1t T2 11T [4 -] 10t 00T 1] 1] 4 [ Z ] 14 [ 1 [ 44 P14
c8°ChZ 2€°¢ T2°TIIT z9 60t 00€Z 4 1] | 4 b3 ¥ [ 28 1 *14 b
£0°ZCt 19°¢Z 98° Ik 9 281 0022 o 4 € 9T Z 6 6z 29 t4 4 ~1 4
€€°2901 (2E£°09¢ 66°01¢ [:1°] Z6 0022 o o € £A4 4 4 [ 4 t43 0g 9T (44
62°C . 62°th 9b " 621 [:1°] ezt 0022 o 1] € 1 4 4 ] (1] 9C ;14 (14
16°90¢€ €S°¢ 89°90t 09 <ot 0022 (1] 1] € [1) 4 Z 2 P14 [:1-3 €€ Zh
c2°9% 26° 200 b6° 001 [ 4°] (34 0022 o o 1 It Z 2 6z o9 *14 114
bbb | X 3 £6°611 59 14 00SZ 1] o 4 -] 4 Z [ be £0 22 ob
21°62 06" b 227 €1 09 91t 0082 1] (1] | 4 et 4 9 bE - 0SC k24 .13
g£T°%1¢ 28°0 19°201 99 20% 0092 1] o | 4 £4 4 T [ *1 28 1 £ -1
22°% £€1°02 2E°PET z9 9Tt 0062 1] 4 | 4 [ 24 Z 9 £e eg 6z 28
10°12 £6°0¢ 22° €L <9 (1141 00ST | 0 | ot | 14 113 bE cE 9¢
29°C6COT Ob"EET0T L0991 be | $-24 0022 0 4 € -1 4 4 2 *1 oot 6e 13
§2°90% 90° 62 PO EVE L X3 CET 0022 o 1] € [ 14 T [ 4 68 09 t4 4 €€
62°2 ZT°CO 22°E1% £9 [ %4 0092 1] 0. 4 et Z Zt ez ob *1 £4 3
k-0 65" 91 £6°611 99 [ 41 0092 o 1] 4 o1 Z [1) 4 0g [: 1 9¢€ 1 53
60°1¥ 9Z°9¢¢E 99°60% 09 144 (111114 ¥ 1] 4 4 4 Z [ 4 £e b9 22 0g
(1 0 2 J bbb 129 16°€bt 99 14 0022 (1] 4 € 23 ¥ *] 14 2 [:13 6T
£6°E1C 69°02¢% [t &4 9 Z0t% 0022 o 1] 1 2% Z [ 14 2% €€ :14
£€°091 14 2:1.13 60°9Z% 69 Zit 00SZ o o | 4 1 4 4 € ot oy 1 33 2T
19°12 14 2 Ji14 0L °bET b9 ozt 00€Z o 1] | 4 *14 4 -] ce o .24 9z
€T CHOYT 02°82Z 9" 0k 19 268 00SZ 1] 1] 4 14 ¥ 1 43 14:] ez *14
§IT°0 £€2°6CT £6°611 z9 >t A 002 (1] 0 4 1] ¥ *] oe [:]+] £4 3 »Z
ojg ptseyc 3Id>tpe.d sMIj INEY [E303 JISTIP D0 [HeU HOoyd Doy Iybter sesetd rooyun utpaeh xooy 3Inopash g uany

SAHOYIHEEHNQI"ZT + IYBIONMBLEOTLO°T ¢+ SOUITIAWICEO9T0"0 ¢ B222£2°0bMTL uan] (*3jo)

uoiyenby uoissebey eHt}] uin] (eT30)] Byl $0 uorjenieny



uorssesbey ent) uung - g0 *Iqe}

69°221 cTL6 bl 821 [ 14 -1 4 00ce 0 1] |4 t24 t ot »Z [ 4:] (24 €1
1€£°000 €T €TC 287211 or c6 00ce 0 1] | 4 21 | { -] °14 |14 [ £4 (114}
CO°€11 21°Z92 61°0€1 [ 4 d bt 0082 0 1} | ¢ €T | ¢ -] 9z <9 el 6Z1
29°992 1»-Cot bl 821 ch |14 0082 1] 0 | 4 (24 |4 ot »Z 90 | X4 : 244
£C°091 09°66 e6°12Zt (.14 (43 00cZ 0 o |4 61 4 6 2z 4] T PX4]
2r-£l 2276 28°211 €C 1zt 00ST 1] 1] ] 21 4 | 44 ez L&) cT 1 24
£9°C9¢2 »£°091 99°601 29 26 00se | 4 1] 4 €l ¥ 2 eT €€ 6z 14
60" 11 61 "£CT 16°€b1 26 :14 0022 1] | § € 21 (4 ot 6T 19 eT »Zt
1] 24 29°p0T 1€°¢21 (.14 601 0022 0 0 € el 4 |3 9z (.1 €T {24
er-etl Z9-011 TCTIEL [ 3] 1zt 0022 1] 1] € {24 | 14 9z 6G 14 (24
1871z 91 "+81 2C° €€ -1 4 (124 4 0022 1] 0 € | X4 4 (1] 4 | X4 9 P34 [ 4
2C°0bE 09°0CC 9k "621 :14] 901 0022 1] 1] € | X4 ¥ 1t £33 i€ 9z 124
2k €1 zZ°001 66°011 :1°] | £ 0022 1] 1] € (44 4 -} 9z cg t4 4 611
cT°090 662291 HO°EIL »S 141 0022 0 0 € €1 | ¢ e 114 £6é 9T -] 8
£0°2C1 cB 620 60°CI1 53] 2€1 0022 3 0 € [ 4] |} 6 [4 €2 14 211
c€Z°090 »2°0 96°9C1 €C »Cl 00ce 1] | ¢ | ¢ 14 | ¢ 14 2z 20 9z 911
19°1b9 Z1°9¢C 16°2h1 (44 11+ 00SZ 1] 0 4 6z 4 -] 133 06 Tz cit
£6°0C9 90" 6+8 »i-ezt -] 4 66 00cT 0 1] 4 (24 ¥ (114 9z 114 (44 [ 43
€C ChT 2€°¢2 T2t (.14 601 00cT 1] 1] 4 [ 4] 4 1 4 »Z (.14 ez (43
16°968¢ t 43 1:24 06121 eb <ot 00cZ 1] 1] 4 61 (4 ;4 »Z (.14 rZ it
2C° 0K 61 "CZ¢ £0°+Z1 18 901 00ST 1] 1] 4 124 4 9 og (-1 g | 4 133
1+ 24 66°CTT €0°pZ1 0S 601 00Se 1] 1] 4 (124 ¥ 9 9z €0 rZ ol
20°901 T£°09¢ 61 °0¢€1 [44 (33 00se 1] 1] 4 | X4 4 0 1€ 18 [ £4 601
12°901 Ce°9€1 1€° €21 z9 cel 0022 o 4] € ey ] 8 (4 o9 134 90%
16°98€ 00°2£6 T9°CEL t4°] cot 0022 1} 1] € »Z 4 1] 6Z 11 €T »01
6Z°11e 12°091 66°011 (1] :1] 0022 o 1] € (4 v 1t [24 i€ £ €01
CO°€IY 16°6 cy-ent 18 bt 0022 1] 1] € 1 4 ot 2z 3] »Z t41)
16°90€ ez°910 2C°¢€T »C <ot 0022 0 1] € | 24 4 6 (111 L4 4 »Z 108
1+ 24 €0°20% TC ILL 9¢ 601 0022 o 0 € {24 ¥ 2 t4 o »Z 0ot
£2°€Q €9 9k 621 14 t44 ] 0042 0 1] € | X4 4 L] eT 02 9z 66
2987991 Z£°909 T9 CET +1] (834 0022 4 1] € »e | 4 6 6z £ 4 9z [: 1)
£6°0C9 €9° 929 €0°b21 18 66 0082 0 0 4 124 4 9 2z t4 4 »Z 26
€17 2b "EbE (1] 4 Q9 zzy 00sZ 0 4 ¢ 21 4 6 1€ €Q 6Z 96
£2°21¢ 2£°0 19°201 ch 2018 00T 0 0 4 14 € 6 6z €Q 91 c6
2b-gl £9°CET cE-9¢1 <9 1zt 00€Z ] 1] | ¢ 9z 4 2 (4 4 . 6b | X4 »6
c1°2¢ t4 211 »Z- LT (4] 611 00€Z 0 1] | ¢ »Z 4 6 [ X4 ‘0% 14 €6
2k €1 é» b0 61 °0¢€1 cg 1zt (111124 1] 1] 1 €T 4 0 6Z eg 9z 6
2C°0pE 22°089 »pZ°ZE1 09 901 00cT 0 0 1 »Z 1 6 (4 28 o 16
€2°21¢€ 11°291 €6°611 t4-} 201 00€Z 0 1] |4 -1 4 |4 14 114 ’34 06
£2°21¢ 0z "2¢£9 »Z°ZE1L 99 201 00se 0 1] 4 »Z |4 t4 (111 6¢ 9z 60
Ir 0z (431 60°9Z1 09 (114 00se 1] 1] 4 | £4 4 6 ce 19 ez 88
11°0 et " 921 22°€11 ce gy 00€e 1] (1} | 4 14 | 4 144 1€ 69 »Z 28
£Z°220 29°€CT €6°611 (.14 »01 00cZ | ¢ 1] | ¢ et ¥ 6 2z o Tz 90
CI-C96T 62°6bZ1 C9°EET 19 - 691 0022 1] | 4 € (4 4 [1]4 (111 a6 [ 3 <9
£T-22h t4 2l 21 2C°E€T (4] >0l 0022 1] 1] € | 24 4 (1] 6Z L4 4 | 24 8
29°66EF TP EHBT 09°2F£1 -1 4 161 0042 0 0 € 14 | § €1 | 24 114 4 14 £0
20°981 62°2¢ sl -2l £€C 133 0022 0 0 € cy € 6 2T -1 4 9z T9
26 0FE cT°pel 0Z°611 19 901 0022 1] (1] € 91 4 -] (111 2€ [ £ 19
28°0bE 60°k2 66°011 99 901 0022 1] 0 € (4 | 4 -] 6Z (43 i€ .24
26°128 Tk 062 »O°£1T -] 96 0022 1] 1] € €1 | ¢ 2 6z 1€ 6z 22
ols P Ise)yG 3> M’.\-A. oMt} ey e303) ¥ w S0 (reu Roy> =L { af—mm.x ‘.U.MA& v—°°-.-.—: P—M”\-.ﬂ- ooy aq‘ov\-.ﬂ- g wuny

S40MOYIMEEEBCYP"ZT + IUD IOHMEE6OZCOT + SIUTISIONICEOPTO0 0 ¢ B2TLEL°0pMEL YNy TvHOL

uotyenby uoisseabey ent)| uan) (30| WY} jo uorzenieny



uorsse.ibey euty ungi - gg *Iqv]

gitet |eT 6+ [:1. 30 §4 1 4] [ 244 00T o o | § 6% £ 144 9T 29 cT 161
16°906¢ 1679 19°201 11+ <ot 00c2 (1] (1] | 4 zt Z ] 22 2y | X4 [11.14
IC°929T 0£°0291 E£0°bp21 t4 4 cot 0062 (1) (1] | 4 114 | 4 | 4 (114 tA 4 [44 [1:19
-] Sk 4 P2 A ¢ 20°21% [ 44 (144 00%2 | § o | § FA1 14 [ 44 | 44 cT et
2£°021 09°%9 16°EbT 1 4] 9¢t 0022 (1] | 4 € 2t Z zt [ &4 £ 2T 201
[ X444 CO"L8E 9 G2t o9 201 0022 (1) (1) € 61 S ot 1 £ 1 $°] -14 961
£6°E10 z6°12t b0 ETL cc 201 0022 0 0 £ 1 [ 4 1" 14 9¢ 2T cet
[ 1At A44 [ -1 4 66°0118 [1]] »0t 0022 (1] (1) € E4 4 | 4 zt 2T [A 4 | X4 [ 418
21 °G¢ £Z°0¢€t Tr-e2t -1 4 o1t 0022 (1] (1) € 114 4 [11¢ »Z g [ 24 (128
28°961 £1°c0t |- &4 P44 11t 0022 0 (1] 3 21 1 ol »Z »S [ X4 E4: 1
CO eIt 20°¢ 66°01¢ P4 [ 48 0022 (1) (1) € zt € ot 14 29 (44 tet
29°992 26°€911 e6e-90t ze (43¢ 0022 (1] (1) € ot Z 6 62 oe £T oet
1z2°61e [-1 A ] »O"ETL [ 4 4 o1t 002 1 [ 1) 3 £l 4 £A 4 (] ¢ [ 4°] "1 4 621
20°901 29°266 65°Tht o) (289 00%e (1] | 4 4 et S ot (44 1°] [ &4 et
[ 1 8rd 20° 2% 297218 P4 zzt 0062 (1) 0 T PA Z st 9z 09 | £4 221
6£° 69 £0°ECH LA 44 14 [ 34 4 0082 (1] 0 4 [ 44 Z 6 22 92 | %4 744
2Z2°09C £0°€91 22°ETL er tot 00¢e (1) (1) | 4 [+ Z (1 [*14 o» £T »et
20°9061 C6°0bt o) 62t [~ 2 Tt 0022 (1) (1) € [ £4 | 4 zt (24 »S [ X4 et
¢Z2°098 £6°902 Ir 22t €9 [ 41 0022 (1] (1) € (114 4 9 og cé €T [ 444
1G° €6 90°pCt Ip 221 er st 0022 (1] (1) € 114 | 4 1t [ 24 9C »Z £91
25°0bE [.1-M -1 PO ELIT [ 4°] 901t 0022 (1) (1) € {44 € ot -1 4 t4A 4 6T Tt
c6°9bCt 10°200C 0Z°611 [1]°] [ 244 0022 (1) (1] € 9t 1 ot cT Yot eT §9ot
16°96¢ TT°CEE IE"E21 cS cot 0022 (1) (1] € et 4 6 ce 144 (11 091t
61 "9L1 02°20C Tr 22t 90 [ 19 0022 (1] 0 € oT S ot 9T P44 og 65t
65" 69b [~ Sl 11114 sttt (1] €0t 0022 (1] (1] [ ct Z 6 cz [ 44 eT og1
cE°CoT 26°06 ok -621 £4°] (143 0022 0 (1] € | £4 4 114 8T 22 »Z 261
£2°ChOT CE-6b9 tA-20 €1 4 (.14 2CtT 002T | 4 0 € T 4 zt €T 96 9T 9cCt
Ch-EEPZ HO°906 65°Zht P4 bt 0062 (1) | 4 | S et 4 ot T PA 4 eT [+1-14
62°CEET ©60°CeZH 19°201 (14 g2t 00sZ (1] (1) | 4 Zt Z 9t [ 44 >t | %4 [4°1}
19°1b9 2£°T6E 61 0%t 28 [11-1 ¢ 00€2 (1) (1) T €T | 4 ] 2€ co (114 [ -1
61 "9t 92° €T 20°218 P14 [ 14 00€2 (1] (1) | 4 2t Z (A4 9z [ 4] | £ 4 TSt
gc-el1t zz"Oo19 (119 24 or [.1°1 0062 0 (1) | 4 eT | 4 ] (24 yot [ 24 1 4-13
€Z2°ShOt  TH°CIS (119 434 (:1 4 268 0062 (1] (1) | 4 cT | 4 e ez tot €T ost
[-3- 2 T4 [ 2 S 4] [1 ]9 24 ¢ £Q [ d4¢ 006 (1) (1] | 4 eT | 4 1] (113 26 eT (14}
EC E6ET 6£°CO0 »Z-281 09 Z9t 00€T (1] (1) | 4 »T Z 2 € .. §6 | X4 ekl
60°222 ct-o 19-201 14 ot 00ST (1] (1] | 4 zt Z 6 2T . eb »Z P14}
£6°E1IC Ze°6¢ 99°601 o Z0t 008 (1] (1] | 4 [ 4 1 3¢ | X4 -1 4 | X4 o3
29°992 00°bES 20°21% 28 et 00€2 | 4 0 | 4 2t € 14 e | £ 9z (144
10°CeT 26°002 18 29 1 §°] (114 ¢ 0022 (1) t € t 24 S et 9z 92 14 [ 4}
2G°0bE 60°bT 66°011 (.14 901 0022 (1] (1) € zt Z [ ] -14 8k »Z (143
61" 9¢£1 G691 »6°001 19 [ 139 0022 [ (1] € | 44 Z 2 -1 -1 4 | X4 Tkt
16 €6 £E£°0ZH Z9°Cel -1 4 [-14 0022 (1) (1) [ »T Z zt 9z 1] [ 44 112 ¢
£6°€1g 69°028 gz et (.14 zot 0022 (1] (1] € 2t |4 6 2T [ 4 (44 [ 113
c9°-0b6 80°"£ZT b6°601 o b6 0022 (1] (1) € | 44 Z 144 °14 28 | %4 1144
21°Ge 00°0prZ ZC°Iel 19 o1t 0022 (1) 0 € t44 | 4 ot [*t4 cr 143 281
EF-1200T OF 9169 FO°EMT (.14 22T 0022 (1) (1] € ;14 T ] 2T 1 714 t44 121
12°901 912 09° 281 t4-] CEl 0022 | 4 (1] € eT 4 2 6Z 92 | X4 CET
Co 0211 £6°91 T1°e9t 14} 681 00cZ (1] | § | § 14 | § ot (x4 (-1 »Z [ 216
£T°T1¢ [d Dl i dd [ 2824 6 201 00c2 (1) (1] | S T 4 zt 2T 9 [ 44 (14 ¢
66°011T 19°19C (119 24 (14 [:]-3 ¢ 00T o (1] | 4 cz | 4 | 4 ¢ t44 »Ot [ £4 2T
LY TS piseyg 3I>Ipead My INeY (ej303} ISP Do Heu 3oyd *s01 Fybren seaeid 3ooyun utpaeh ooy 3Jnopaeh g uany

S4OYINGEOOGCI 2T + IUBISHMMLEQTCO T ¢ SIURISIGNICEE9T0 0 ¢ BLTLIEL 0pMTL Uan] T*30d

uotyenby] uoisse.bey Suirg uangi (T30L By} o uoENteny



uotssesbey enuy| uang - ¢q *Iqe|

1Z°GIT 10°09 TP [ 24 (119 [100) § ¢ 0 [ 4 (44 | ¢ e £4 .14 TE [ 4 24
CE°C0T cT 0r6 b£°001 1 4] .14} 00T 0 0 ] [ 4] ] 9 6T £4:] TT | 124
18 1% T6°11 cC oIt 0g (114 [1111¢ 4 (1) 0 9 et ] 14 [+t 4 (1] ez t4 24
(.1 2 2 4 8z"Tt (]2 43 [+ ettt 00T | ¢ o L] 1 3 L] €€ €0 9T j{ 24
[~1: 48 T0°¢C 6C 11t 02 rit oote 0 0 *] [ ] | § ] [ 43 ot 9t orZ
| 4 2 14 £0°122 (.1 - 4 c9 (113 [110] 8 0 0 *] 9T | § 9 €E 69 TE 6£T
{2 ] 6E°6 $0°0€1 T9 4Tt 001e ¢ ] ] et 14 1t 11 [ <] 1 3 : 1 X4
ce-at 1 S § 90°0£1 9 (1A (1113 1] 1] 4 -] T 9 TE 6C TE ¢8T
20°901 c0- 991 16°€T1 [ 4] [ 223 (11018 0 (1] [ 4 [+ 1 e 9t oy 14 SET
£C°091 »8°09 08°611 49 zit oote L § 0 [ 4 [ 4 Z 9 cE 6€ TE CEeT
£6°09T 9£°09 €Z°+01 [ 2°] zit 00T 0 0 9 t4 4 ] e 1€ 1 €T bET
cT T . TOHTOF 6£°011 8g »0l O0ET 0 0 -] ol t4 ° | 2 (11 »T EET
10°GCET eTTET 9L T 18 orl 00T (1) 0 9 TT | § 14 eT bl €T TET
G BbE obr°C rb£°001 [ 4°] 901 00gT 0 9 [ 4] ] e ez -1 4 T 1 §°14
18°1% et °b9 10°8T1 [ 2 ozt [111] 3 3 0 0 -] 21 ¥ é 4 P14 1€ 0eT
11 2 14 bE-9IC Te-TEL 99 (1194 (11018 (1) 1 *] -1 Z e be 1] be 6TT
61 "9L1 T6°491 96°6Z1 Te [ 48 (11018 L § 0 -] o1 | § ] 9€ 9e 9t erT
6£°69 66 "€81 oG 9kl ‘96 14 [110] % 0 L § [ 4 - § ] 14 TT 9 9t eTT
1" [ 1% 3 21 °bET 89 ot (11018 0 (1) [ 4 oz ) § e €E oy cE oTT
(.1 2 2 (I} $0°0€1 c9 el 0ole 0 0 -] al 1 [ 4 1€ (.1 bE TTT
CE"G0T p8-LTT 16°€Z1 19 (.14 oole 0 0 [+ Sl Z ] oe 69 1 34 1§44
PP 00°0 96°CZ1 c9 ozt 0ole L § (1] [+] ot 3 -] [ 43 €S 1§ oTT
8- 901 (19 .1: 14 10°6Z1 c9 11t oole (1) 0 [ 4 PA 1 -] €E 14 TE (184
12°901 9L " bT 90°0£1 b9 [*14] 0ole 0 0 [ 4 3]} Z ot TE 19 (44 :1 %4
g€Z°TIE Th-6CE 96°CT1 [ ~1°] 201 00le L § 0 [ 4 ot | e °T [ 4 d 6T 21T
€L°€C Th°TC 92°pT1 6€ TEL 00T 0 0 9o TT Z e ot <o €T 91z
10°TOTY 10°009 oc°pit 1]+ [ 1.} 00€T 0 (1) 9 a1 1 6 6T 1€ 1z ciT
19°009 e b et -T0t (1) 0ot 00T 3 0 9 194 Z £4 4 9T - »T [ X4
18°1T 0C°"CE 96°6Z1 69 114 0ole 0 0 ] o1 Z e €E [ 4 4 9t |4 %4
G °8bE §19°0T¢ 16°€Z1 99 901 (11018 (1) (1) Q at | § -] TE TE [ 4 TIT
gl z¢ 04°9v»80 9L "THI 19 41t ootle ) § [ s »T T it T v €Ee 1324
£0°0¢C 08° 690 (] - 4 49 21t 0ole 0 (1) [ ] 9T | § 1) ¢ 24 0% 6T 1] £4
£6°9¥e 61 "99T T9-CEL .1 g zat 0022 0 0 € »T | § €1 cT (1] »T 60T
€0°COBE 16°009 [ ad! 90 291 0042 0 L § € T 1 ot TE [$4] »T e80T
ck°0 8r-0 IE"EZY 90 »Z1 002T 1] 0 3 ol z ] €T 64 £E 20T
6Z°LE8 PP O9IE 02°1h1 0g 961 004T 0 0 € T | § -] €T .okt T 90T
P12 4 06°1€» 82 1kl t4°] 1zt 00T 0 (1] € T | § 9 TT . &9 (1] coT
CO-gIt 249°90¢ TCUIEL -1 b1t 004T 0 (1] € TT 1 (114 €T (1] TT »0T
I1-"CECT TP-"LOIT ©2°Th1 11 4 gt 00T 0 0 € T 1 14 et [ 244 9T £0T
19°009 60°02% PO €11 [+ 4 00t 0042 0 0 € €1 | § ot TT [+ d 4 ToT
€0°0C c£"Z0t 99 °901 0Q 21t 004T 0 (1] € ot z ot 14 49 +14 10z
66°CEE 66°THT | L X4 ch {1 4] 00T 0 0 € oT € (114 TT ee €T 11114
132 {.] 60° 91 66°011 : 1 cit 004T 0 (1] € t4 | € 1) ¢ [ &4 é9 [ &4 661
c1°%¢ 08°GE b0 €11 1 1] (18 0022 ¢ 0 € 4 T 13 eT 8 €T 1.1
19°1Z ze°1g61 TE-TET [ 4°] ozt 00sT (1) L § L § |4 | § It T =1} PX4 261
16°9@Q¢ gT " ToE €0°»Z1 -1 4 eot 00LT (1) (1) 1 oT T 91 €T 14 4 sT 961
€6°091 80°0 TLI1L 144 t 14 00sT 0 (1] 3 [ 4} T 14 oT (134 1T cél
c6°08G9 bZ°9CE 20°211 -1 g 66 00cT 0 0 1 P] z ot TT [ 4 d €T [ .1
£€°290T 04°608E TL°11L 1 {4 14} 00eT 0 0 ] [ 4] ¢ 1t oz ob 1z g6l
[+3- 2o 2] b8 E€LIE TLttt (1 g [ 4.} 00aZ [1] ] | § et T 14 ¢ T [ 43 €T T6%
LTS piseyg 3Id>pead suIy INeY T30} ISP Do Heu Moyo *s01 IyBren sesetd xooyun utpaeh ooy 3Fnopaeh g uany

24910y INEEROCY " ZT ¢ IUBTOHNLEOTCO T ¢ SOUTISTONICE09I0°0 ¢ BLZTLEL°0bMTL YN (%304
uop3enby uogsseabey SHuI| usn] [TIOL Sy} o uoEN(ETny



PZ9E9Z°0 = OISS/PTISONGS - | = pedenbs_y

PAR 24 144 - ©]SS

CE"02C26P TEPNSS 29°621
26°bCh tARL A BN {4 26 9% 00€2 0 0 9 91 4 2 (1] Z0 (24 692
1e°iz 29°6»T £€Z°601 99 ozt 0082 | 4 1] 9 (4] 4 1 1€ £0 cT 99T
£6°902 16°%6 0E°"Zh1 02 4414 0o01s 0 0 g »Z 1 11 .1+ 12 | 1 292
69°221 99°061 16°821 12 oct [111] 34 o 0 - 81 4 z1 6E cg 4 992
g2 cr0l  ZTC°ON1 6k 9b1 99 281 001§ 1] 0 9 144 T 01 £33 1e 6z £9T
£9°06p 29°098% 10°02% c9 (14 001§ 0 1] > 21 ) ot 13 T oS »9T
[$48114 To- g0 10°ezy 02 cri 001¢ |} 0 1 4 a1 4 e 28 09 €€ £92
29°992 @6°ICET  E£T°bO1 19 114, 0082 0 0 9 4] (4 o .34 e 4 T9T
2C°106 ¢0°E11 26 °Ch1 €0 9ct 0082 1] 1 9 1z T ot ez . €6 -1 192
L1 o tA 81 1 20°96 0g (:13] 0082 0 0 9 6 4 é [14 .+ 68 €2 092
(3-8 &4 £€6°1 6£°011 .14 601 00£e 4 0 9 el 4 e 6T €€ (114 [.1-14
£0°0% TU 69¢ TT 9el £9 21 001§ 0 0 - | X4 T e 1 P14 ez [:1-14
20°0p ez-2t TT 9L} 49 €1 0018 0 0 e 134 4 o1 6T »9 ez 262
£0°¢20 ék°cl 90°0¢c} 19 bEt 001¢ 0 0 1 & - 4 Q 1 o9 ez +1-14
6T 11 60°129 16°€2% 69 e 001§ 0 0 L cl 1 4 cs (124 4 1 414
co°E1t 98°E6) TT 981 c9 »it 001§ | 4 0 1 & 1z 4 9 4 1 4 1€ £CT
16°E6 9z 1T 6E 01} 2b cIt 0062 0 0 9 -1 T (1. Px4 oc (124 (414
cZ°L%h sh-2c1 cC 911 19 »01 00EZ 0 0 9 o1 4 o1 (14 11 4 TT 162
16°90€ 68°0 £€2°001 09 1] 4 00§ T 0 9 (4 4 0 P14 (14 £T 0L
16°616 TT CE £6°091% z9 cel [111] $ 0 T Q9 TT 4 0 114 co (4 (144
20°901 kb E£98 90°0¢¥ £9 1 001§ 0 0 g -] 1 o1 9 - 08 T orT
28°021 CE°¢ 21 °bE1T z9 o€t 001§ | 4 0 e 0z 4 L] €€ £9 6T K2
61°69F1 00°22£1 96°CZ1 z9 €91 001E 0 1] > 91 4 e t4 b6 (11 oz
11 -3k~ 1114 c8° 62 90°0¢t 99 6t ootg o o L4 et t 21 9t 9g ot cvz
ojg ptseyg 3> tpead wMTy (hey [¥303 ISP So neu oyo *dot IYyBren sesetrd >ooyun utpuaeh ooy Fnopaeh g uuny

SABNOYINEERECI"ZT ¢+ IUBTOHNLEOZCO"Z ¢ BOUTISIANICEBII0"0 ¢ B2ZTLELTOBME] Usn] T*30])

uoryenby uoisseabey BMI| UMN] [*I0] By} JO uorITNiEny



xXix
Effective Hours

The Ridge unit had a total of 12 skyline roads planned.
Thirteen intermediate supports were required at heights up
to 50 feet and nearly every skyline road required the
rigging of a tail tree as high as 60 feet. Because of this
the rigging complexity of the TMY 50 system is much greater
than in Hochrein's study. By using the effective hours
estimate from Hochrein's study the cost of delays may be
underestimated. Kellogg (1980) has shown that road changing
times were not significantly increased using intermediate
supports when those supports could be "pre-rigged". It is
assumed that for the Ridge unit intermediate supports will
be "pre-rigged" and the estimate of effective hours
calculated by Hochrein will be a reasonably accurate
estimate.

Hochrein had two estimates for effective hours. One
estimate was based on delays during the time studies (.736),
the other was based on shift level data (.519). Both
estimates accounted for all types of delays including road
and landing changes. The shift level estimate will be used
for this study since it is based on a larger sample of delay
events and therefore probably more accurate. Using this
estimate the effective hour =.519 * 60 min. = 31.14 minutes.

Turn Size

Ave max. payload = 7000 lbs. (from profile analysis)

Load factor = .60 (estimate)

Ave. Max Payload * Load factor = Average Payload = 4200 lbs.
lbs/bf = 14.27 (calculated as shown in appendix D)

Board feet/turn = 4200 1lbs./14.27 lbs/b.f. = 294 bf/turn
Cubic feet/turn = 294 bf/4.76 bf/cf = 61.8 cf/turn
Pieces/turn = 294 bf/87.2 bf/piece = 3.4 pieces

Production

Turns/effective hour = (min./effective hour) / (min./turn)
= 31.14 min. / 5.88 min. = 5.30 turns
Volume/effective hour = (turns/effective hour) * (vol./turn)
= 5.30 turns * 294 b.f. = 1558 b.f./eff.hour (gross scale)
Net Scale Volume/effective hour = (gross/hour) * (net/gross)
= 1558 b.f./eff.hour * .944 net/gross = 1471 b.f./eff.hour
Net c.f./eff.hour = 1471/4.75 = 310 c.f./ eff.hour

Cost
$/mbf = $ 234.80/hr (appendix C) / 1.47 mbf = $ 159.73

$/cunit = $ 234.80 / 3.10 cunits = $ 75.74



Comparison of 8tudy Conditions

The following chart shows a comparison of study
conditions between Peter Hochrein's study and the
hypothetical cable system used for this study.

Table E1 - Comparison of Hochrein and Ridge Units
.|

Hochrein Ridge T.S.
ave. range ave. range
Tot Vol/ac mbf 21 33
Tot Vol/ac cun 50 69
Vol remove mbf 8.3 9.8
Vol remove cun 19.3 21
Total Trees/ac 350 190
Ccut Trees/ac 99 52
Average dbh 11.4 14.9
Slope 49 10-75 40 35-60
Ave piece b.f. 59.6 87.2
Ave piece c.f. 13.77 18.18

Yarder/span Madill7i single TMY 50 multispan
Yarding Dist. 516 75-1150 756 0-2200
Lat Yard Dist. 42 0~150 35 0-120
Pieces/turn#* 4.05 1-11 3.4

Turn vol b.f.* 242 294

Turn vol c.f.* 55.7 61.8

Choker setters 2.5 2=3

*# Turn info. for Ridge T.S. was estimated as shown in

previous section.







