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Simulation Of A Helicopter Yarding System

In Old Growth Forest Stands

I. INTRODUCTION

The helicopter is one of the most versatile forms of timber

transport With its unlimited maneuvering ability and its indepen-

dence of roads, it has access to all forested lands; including the

most rugged slopes and terrain. The helicopter's independence of

roads and terrain types, fused with iLs ability to transport tim-

ber aerially has made helicopter logging an important new forestry

tool available to the resource manager.

The removal of logs from timbered areas by means of heli-

copters was considered as early as the late 1950's and early 1960's

(Forest Industries, 1971). Walbridge (1960) considered the possi-

bility of timber transport by means of helicopter in the Tennessee

Valley area only to conclude that helicopters were economically out

of the question at that time. Two years later, O'Leary (1962), in

cooperation with the Forest Service, investigated the feasibility

of helicopter logging in the Pacific Northwest and Alaska O'Leary

found that helicopter manufacturers were expressing interest in this

new approach to logging. Other countries were not sitting idle; in

196Lt, Samset in Norway was also studying the feasibility of logging

with a Bell 201.i--B Samset (l96L.) concluded that the operation would

have to be well organized to fully justify the use of such an ex-

pensive machine.



It was not until the Plumas National Forest (Region V) adver-

tised a sale in their Lights Creek area to be logged by skyline that

helicopter logging came into commercial existence. After careful ev-

aluation, it became evident that it would be more feasible to log the

sale by helicopter because of the extremely steep terrain and highly

erosive soils. The sale was logged employing a Sikorsky S61-A heli-

copter owned by Columbia-Construction Helicopters of Portland,

Oregon, in agreement with Erickson Lumber Company of Marysville,

California (Ellis, 1971). This operation is believed to have pio-

neared commercial helicopter logging. Since that time, much

interest has been generated in favor of using this "infinitely

mobile" yarder to remove severed timber from the stump to the

landing.

The Forest Service has taken a strong interest jn this new

tool. The following figures illustrate the fact that helicopter

logging is playing a role in timber management. Region VI offered

100 million board feet on it's National Forests to be yaraed by

helicopter in 1971. Casey (1972) claims, in his discussions with

Forest Service personnel, that the Pacific Northwest Region in-

cluded some 200 million additional board feet to be offered for

helicopter sales in 1972 and 1973.

Helicopter logging has progressed at such a rapid rate

that little is known of the efficiency, environmental impact, and

economical application of helicopter logging.



Timber harvesting operations have been challenged by in-

creasing demands for wood products (Ellis, 1971) along with in-

creasing demands from environmental interests (American Pulpwood

Association, 1972) This has forced the logging industry to seek

alternatives to conventional systems (Binkley, 1971) and attempt

to improve on existing logging systems

In reply to the abovementioned challenge, the 1acific

Northwest Forest and Range Experiment Station, USDA Forest Service,

and Oregon State University's Department of Forest Engineering have

intiated a cooperative research project to explore "advanced"

logging systems (e g , balloons, suspended skylines, and heli-

copters) (Dykstra, 1973) This project has so far providei an

un4erstanding of some of the factors that influence yarding ef-

ficiency along with a comparative analysis of production rates

and costs

Other than the above study, little has been done in

attempting to quantify variables and their relationships as they

affect helicopter yarding systems The research described in this

paper was conducted for the purpose of quantifying variables and

their relationships as they affect helicopter yarding efficiency



II. OBJECTIVES

My study takes a portion of Dykstra's data (the helicopter

portion) and further analyzes it, employing regression techniques

and simulation principles to:

Identify and isolate variables that significantly

influence helicopter yarding efficiency.

Develop a simulation model that will simulate the

response of the helicopter yarding ape

changes in these variables.

To achieve these objectives, I used the method of contn-

uous timing to observe a helicopter clear-cut yarding operation

I evaluated the yarding system with multiple regression analysis

and constructed a computer model in FORTRAN to simulate the heli-

copter yarding system.

ation to



III, PROCEDURES

Area and Unit Layout

Data was gathered during the period of July 30, 1973, through

August 16, 1973. The total period of observation was eleven days

(see Table 1 for a detailed listing of individual daily statistics)

A Boeing-Vertol 107

th .hove period. A total

recorded. The vehicle was

copters based in Portland

Cameisback Timber sale set

Engines

Take off power (TOP)
Maximum continuous

power (MCP)
Rated rotorspeed
Maximum forward air-

speed at MCP

Average cruise speed
Fuel consumption

'Boeing, 1967.

Model II helicopter was observed during

of 934 observations (complete turns) were

the property of Columbia-Construction Heli-

Oregon. The operation took place on the

aside by the Mt. Hood National Forest. The

sale was located in Township 6 South, Range 5 East, Section 14, Wil-

lamette Meridian. A map of the unit aiid the observed flight paths

can be found in Appendix A.

Yarding System and Description

The Boeing-Vertol is classified as a medium-lift helicopter

with the following charauteristics 1

General Electric CT58-llO-2 gas
turbine (2)
1,250 shaft hp (each engine)

1,050 shaft hp (each engine)
265 rpm

148 knots (170 mph) at sea Level
134 knots (154 mph) at sea level
180 gal/hr (JP-4 aircraft turbine
fuel)



Tagline Chord
Date of Total Outhaul Hook Inhaul* Unhook Length Sydist Slope Bfvol/Nlog
Observation Turns (mm.) (mm,) (mm.) (mm.) (feet) (feet) (%) Niogs (fbm/log)

July 30, 1973 27 1.48 .78 1.35 .029 150 4567 8.3 1.74 396.55

July 31, 1973 59 1.33 .61 1.17 .010 150 4641 7.3 2.20 313.20

August 1, 1973 97 1.33 .63 1.13 .026 200 4209 7.6 1.56 440.33

August 2, 1973 99 1.42 .56 1.23 .019 200 4218 5.1 1.71 401.86

August 3, 1973 51 1.36 .57 1.15 .031 200 4439 4.9 2.27 403,43

August 7, 1973 25 52 45 34 060 150 507 47 9 2 00 346 00

August 8, 1973 75 1.50 .79 1.27 .008 150 433 13.9 2.50 275.33

August 9, 1973 93 1 35 62 1.18 .025 150

August 15, 1973 125 .71

Averages

.65

.80 .58

85 1.11 .62

August16, 1973 166

Table. 1. Comparison of Observed D ]y Statistics

80

.97 .029

*Both outhaul and inhaul times include acceleration and deceleration.

1470 11.0 1.79 384.95

3061 21 0 1 90 14149 70

14189 15.8 2.38 289.06

1890 50.3 1.64 451.95August 14, 1973 117 .93 .58 .82 .035 175



2Casey (1072).

3At sea level, with atmospheric temperature of 590 F., barometric

pressure of 29 92 inches of mercury

This model helicopter has a net load lift capacity calculated

as follows:

Maximum gross lifting
capacity3 22,000 lbs.

Less:

Weight of vehicle
(empty) 9,530 lbs.

30 minutes' (Average)
fuel supply
(90 gal @ 6 2
lbs/gal) 550 lbs

Pilot and co-pilot
@ 200 lbs L.00 lbs.

Tagline, Hook Assembly
and chokerb 250 lbs

Net External Load 11,270 lbs

Typical helicopter yarding activities include a helicopter

Lfting off from the landing, then flying to a hook-up point The

hooker inserts the choker eyes into the electrically controlled hook

(Figure 1) The hooker retreats to a safe position and gives the

pilot the signal to lift the load The load is lifted clear of the

ground and flown to the landing and the logs are released by the pilot

with an electrical mechanism

Forward rate of climb
at (MCP)

Vertical rate of climb
at (TOP)

1,700 ft/mm at sea level

1,2L0 ft/mm at se level

Fuselage length i' 7"
Fuselage width 7* 3tt

Length overall
(includes rotors). 83' L.

Height 16' 10"
Rotor diameter 50' 0"
Wheel base 24' 11"



mergency
Release
Mechanism

Tagline

Electrically
Controlled
Hook

Chokers

Figure 1. Yarding Configuration

1)iagram courtesy of Dennis Dykstra (1974).



Crew Size and Location

A two-man crew gathered the data. To facilitate the data

collection, one man was positioned at the landing and the other man

was positioned near the hooker Ths enabled the two men to fully

observe and record all phases of the yarding system

Timing Method

The method of continuous timing was used in which the stop

watches aie started at the beginning of the timing period and run

continuously until the timing period ends (this usually involved

the entire day) the cumulative time corresponding to the event

occurrence was recorded upon beginning of that event, Individual

times for each element were later cdlculated by subtraction Times

were recorded to the nearest 1/10 minute.

Elements of The Yarding Cycle

The cycle elements are defined as

OUTHAUL - Time required to move the helicopter from the landing

to the hook-up point. Outhaul time was recorded as be-

ginning when the logs from the previous turn were re-

leased from the hook at the landing and ending when the

hooker first had contact with the hook or when the hook

was in position for the hooker to grasp. Outhaul time

would include any maneuvering of the vehicle involved

in delivering the hook to the hooker.
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HOOK - Time required for the hooker to insert the eyes of the

chokers into the hook mechanism. Hook time would also

include any time required for the hooker to move to a

safe position before the turn was lifted. Hook time

was recorded as beginning when the hooker had contact

with the hook for the first time or when the hook was

in position to be grasped, and ending wher the logs left

the ground for the inhaul.

INHAUL- Time required to transport the load of logs from the hook-

up point to the landing. Inhaul time was recorded as be-

ginning when the logs left the ground for the first time

and ending when the logs touched the ground for the first

time at the landing.

UNHOOK- Time required to unhook the logs at the landing Unhook

time was recorded as beginning when the first log touched

the ground and ending when the choker eyes were released

from the hook.

Although the elements vertical-in and vertical-out did not

exist in this study, they would become two more elements to consider

when yarding from a partial cut and could be defined as follows

VERTICAL-IN - Time required to lower the hook through the existing

canopy to the hooker.

VERTICAL-OUT- Time required to lift the load of log(s) from the

hook-up point through the existing canopy before

proceeding toward the landing.



DELAYS

The above series of elements assumes normal yarding; that

is--that no delays occur to interrupt or terminate the cycle. Figure

2 shows a brief description of each factor or delay that may occur

during or prior to the respective cycle element.

For example, the hook might hang up as the load is lifted out

during the vertical-out element, resulting in a time loss Or, as

the loaded helicopter proceeds toward the landing, the pilot may have

to wait for the loader operator to remove logs from the releasing

point.

The following delays were the only delays with sufficient

observations for meaningful analysis.

ABORT - An abort delay occurred whenever the hooker's choice

(log(s) hooked) for that turn was beyond the lifting

capacity of the ship The pilot would then wait until

the hooker was in a safe position before aborting (re-

leasing the turn) and proceeding to hook another turn.

Abort durations observed ranged from 1 minutes to

4-.O minutes.

CHOKER

HOOK UP - A choker hook up delay occurred whenever the ship in-

terrupted its flight momentarily to hover over the chasers
a

while they hooked bundled chokers for return to the rigging

crew. As chokers arrived and accumulated at the landing,

they were wrapped and bundled (20 to 30 per bundle) for re-

turn to the choker setters.



Communication
failure
Mechanical
problems

CYCLE ELEMENTS

Outhaul

Vertical
Out

Inhaul

Unhook K

Figure 2. Delays affecting cycle elements

Add tagline
Send cokers out
Wait for chokersetters

Hook hangs up in trees
Hook hangs in brush
Poor visibility of hooker

Abort the load
Rehook the log(s)
Deliver chokers
Hook failure
Log(s) roll down hill
Approach wrong hooker
Wait for hooker in clearing

Log(s) hang up in trees

Wait for loader
Wait for visitor
Landing jammed
Wait for landing watering

Refuel
Change pilots
Hook failure
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Vertical
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Hook
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Wait for hooker



Choker hook up delay durations observed ranged from

.1 minutes to 1.2 minutes.

13



CHOKER
DELIVERY - Each occurrence of a choker hook up event would auto-

matically trigger a choker delivery delay. After hook-

ing the bundied chokers, the ship would enter the outhaul

event. Upon arrival at the hook-up point, the pilot would

proceed to deliver the bundled chokers to the rigging crew

(which at times was situated a good distance from the hook-

er). The chokers were delivered and a member of the rig-

ging crew would hook a turn or the ship would return to the

hooker for a turn. Choker delivery durations observed

ranged from 1 minutes to 2 0 minutes

REHOOK - A rehook delay occurred whenever the turn (two logs or more)

was beyond the lifting capacity of the ship

However, I chose at the time of data collection to define a

rehook delay as occurring only if the turn (two logs or

more) could not be lifted by the ship At this point, the

pilot would not abort the load, he would simply lower the

turn allowing the hooker to release one or more logs

hook durations observed ranged from 1- minutes to 3 0

minutes

REFULLING- This delay involved the aircraft landing and taking on e-

nough fuel for the next cycle Refueling event occurrence

observed ranged from 13 turns to 43 turns

The two delays listed on the left side of the flowchart (Fig-

ure 2) could occur at any element execution and would usua'ly result



in a termination of the cycle until the problem was located and

taken care of. The majority of the listed factors and deiays would

result in a time loss of a similar sort.

Field Measurements

To understand the efficiency of this system, I chose element

time or the time required to complete each event as the dependent var-

iable. The independent variables measured are listed below.

Board Foot
Volume (BFVOL) - Gross board foot volume per turn, including any

unmerchantable material The small end diameter

and length of each log were supplied by Columbia

Construction landing crews and the values were

later approximated by }ouf's Rule4

Board Foot
Volume per Log
(BFVOL/NLOGs) - Gross board foot volume per log.

Chordslope
(CHORDSLP) - Slope (%) of a line segment connecting the landing

and the hook-up point CHORDSLP is equal to the

difference in elevation between the two points di-

vided by the horizontal distance between the two

points multiplied by one hundred to convert to per-

cent. This value was recorded as a positive value

when yarding downhill and a negativevalue when

yarding uphill

4As explained in Dilworth, J.R., Log Scaling and Timber Cruising, Rev.
ed Corvallis, Oregon State University Bookstore, 1962, p 18

15



Slope Yarding
Distance (SYDIST) - Yarding distance recorded along the slope, in

feet. The hook-up point was recorded for each

turn on a contour map (contour interval of 80

feet). The horizontal distance to the landing

was measured from the map and slope distance

was calculated using the difference in eleva-

tion between the two points.

Tagline Length
(TAGLINE) - Length of tagline in feet.

Number of Logs
(NLOGS) - Number of logs yarded for each turn.

The crewman at the designated point recorded the items listed

in Table 2.

Table 2. Position of Recorded Variables

Cycle Time Where Recorded
:Landing : Rigging

xOuthaul start time
Outhaul end time
Hook start time X
Hook end time X
Inhaul start time X
Inhaul end time
Unhook start time
Unhook end time
Abort time
Rehook time
Choker hook-up time
Choker delivery time
Refuel time
Pieces per turn
Volume measurements
Length of tagline

16



IV. DATA ANALYSIS

Regression Analysis

The yarding system was analyzed with regression techniques

and simulation principles. Use of these two techniques in combina-

tion enabled a more complete look at the interaction of significant

variables.

Since the opportunity of selecting a second sample did not

exist) I chose to randomly dichotomize the original 93 observa-

tions in order to create two samples from the same population. Sam-

ple I contained 456 observations, while Sample II contained Lf78 ob-

servations The respective equations listed below were constructed

utilizing the observations in Sample II Sample I was used to test

the equations.

Outhaul = .52873

- .000595% (TAGLINE)

+ .00022581 (SYDIST)

Each variab'e that was expected to influence outhaul time

was introduced into the equations, first alone and then in the pre-

sence of other variables Slope yarding distance (SYDIST) and the

Levels of significance
* = .20

= .05

.01

17



length of the tagline (TAGLINE) explained 54 percent of the varia-

tion in outhaul times. Slope yarding distance (SYDIST) increased

outhaul times as the ship traveled further from the landing. This

variable behaves as one would expect and confirms findings by Wood

(1962). The effect of a longer tagline is to decrease outhaul time.

One possible explanation may be that a shorter tagline would result

in a considerable propeller down-wash (compacted air traveling at

high speeds pushed down by the rotor blades) making it difficult to

place the hook in a position to be grasped by the hooker. This com-

pacted air traveling at high speeds would also restrict the hooker

in movement Further study may be directed at this problem

Hook = 57396 015

+ .041716 (NLoGs)* S2 .132

- .000070954 (BFVOL)*

Hook time underwent similar treatment in entering alone,

and in combination, factors that could possibly influence hook time

Number of logs (NLOGS) and Board foot volume (BFvOL) combined proved

to be significant The above combination, although significant in

nature, explained only little over one percent of the variatiori in

hook times Since the coefficient of determination was only 015,

I, therefore, chose not to use a regression equation for hook time

The amount 01 variition observed in hooking times was not signifi-

cant as shown in Table 1 Samset (1964) also found that very little

variation in hooking time existed in his study An explanation might

be that since the hooker is properly selecting the pre-marked turn

18



to be hooked (or giving some thought as to what is to be hooked),

the variation in hooking times may be reduced.

Inhaul = .7'1904

+ .00015991 (SYDIST).* .617

- .0037517 (cHoRDSLP)*** S2

+ .019075 (NL0GS)**

- .0014931 (TAGLINE)***

+ .000072418 (BFVOL/NLOGS)

A look at the respective coefficients indicates that in-

haul time is dependeu-t upon Slope yarding distance (SYDIST), Chord-

slope (CHORDSLP), Number of logs (NLOGS), Tagline length (TAGLINE),

nd Board foot volume (IBFvOL/NL0GS) Sixty-one percent of the var-

iation in inhaul time was explained by the above cominaion of

factors. The further the vehicle traveled from the landing, the

longer it took to transport the load to the landing as would be

expected.

Increase in Chordslope (CH0RDsLP) seemed to reduce inhaul

time. The relationship of Chordslope (CFIORDSLP) to inhaul time

should be viewed cautiously A very steep Chordslope (CI-IORDSLP)

would serve to increase inhaul time (Dykstra, 1974) Therefore,

the behavior of Chordslope (CHORDSLP) should be analyzed further.

Increasing tagline length aided in reducing inhaul time. The

effect of the length of tagline (TAGLINE) may possibly be ex-

plained by the fact that upon approaching the landing, the pilot

would have to lower the ship considerably further with a short

19
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tagline as compared to a longer tagline. A longer tagline would also

mean that since he did not have to lower the ship the additional dis-

tance, the vehicle would not have to again rise that distance to enter

the flight path before returning for another turn. The effect of Num-

ber of logs (NLOGS) and the Board foot volume per log (Bf'VOL/NLOGS)

was less pronounced than the variables Slope yarding distance (SYDIST),

Tagline length (TAGLINE), Chordslope (CHORDSLP), as shown by their re-

spective coefficients. Increasing both Number of logs (NLOGS) and

Board foot volume per log (BFVOL/NLOGS) increased inhaul times, as

would be expected. Since Number of logs (NLOGS) and Board foot vol-

ume per log (BFvoL/NLoGs) contributedsuch a small amount to the

haul time, I chose to omit them in further analysis.

At this point, it would be meaningful to again review Table

1, Notice that on any given day, the vehicle took less time to trans-

port the load as compared to the time required to move the empty veh-

icle to the hook-up point This may seem the exact opposite of what

one would expect, since the ship is traveling the same distance both

ways But a further look at the definitions of the cycle elements

will clarify this point Lnhaul time requires little, if any, posi-

tioning of the ship, while outhaul time includes not only the time

required to travel that distance, but also the time required in de-

livering the hook to the hooker See Appendix B

Unhook time was subject to such small variation (Table 1

that no attempt was made to construct a model to predict unhook

times Any variation in unhook times could be explained by the
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fact that when a greater than one log turn came into the landing,

the pilot would, at times, lower the logs until all log ends

touched the ground surface before activating the release mechanism

located in the pilots cabin. Again a look at Table 1 will show

that unhook time for all practical purposes was zero.

To further dramatize the effects of the significant var-

iables, I chose to bold Number of Logs (NLOGS) and Board foot Volume

per Log (BFVOL/NLOGS) constant varying Chordslope (CFJORDSLP) and Tag-

line Length (TACLINE) to produce Figure 3. This illustrates the fact

that the longer the tagline, the more efficient the yarding process

Increasing Chordslope (CFfORDSLP) also serves to decrease yarding

times. The effect of Slope yarding distance (SYDIST) is well pro-

nounced in each treatment. For a brief comparison, look at the dif-

ferences between using a 100-foot tagline and a 300-foot tagline at

a given Chordslope (CHORDSLOPE) and a given Slope yarding distance

(SYDIST) of '500 feet A 100-foot tagline takes 3 6 minutes, while

a 300-foot tagline, at the same distance, takes 3 1 minutes This

is a measurable time difference.

Test of the Equations

Treating the 93L observations as two random samples from

the same population, one half of the observations were used to con-

struct the outhaul and inhaul equations. The remaining half of the
A

data served to test, HO Y = Y (hypothesis that the chosen model

describes the data) against the alternate hypothesis HA



A
Y (that the chosen model is inadequate).
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Selecting one turn at a time from the remaining data and

substituting the observed significant independent variables into

A
the constructed models, a value was generated (Y - predicted value).

A
Using (Y) the predicted value and (Y) the observed value, we can

employ the Student's t-test (Peterson, 1973) to detect whether or

not the mean difference is significant. Table 3 lists the chosen

equations along with pertinent statistics. The hypothesis,
A

HO: Y = Y (the model describes the data) was accepted in both cases

at the .01 level.
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Table 3

Outhaul = .52873

- .00059546 (TACLINE): R2 = .545

1- .00022581 (sYDIsT);; S2 = .077

Paired t-test

sample size '456

observed mean 1.0866

predicted mean 1.0912

mean difference -.0046

standard error of the difference .OL236

t- statistic -.03782

t- table value at (.99) 2.5758

accept HO: Y = Y

Inhaul = .74904

2
1- .00015991 (sYDIsT)**;. R = .617

- .0037517 (CH0RDSLP)
2

=

± .019075 (NLOGS)'

- .0014931 (TAGLINE);;

.000072418 (BFvoL/NLoGs)'.

Paired t-test

sample size 322

observed mean .91335

predicted mean .91416

mean difference -. 000812

standard error of the difference .011995
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t- statistic -.06765

t- table value at (.99) 2.5758

A
accept HO: Y = Y



Frequency Distributions

Outhaul and inhaul were the only element functions for which

I was able to construct an equation successfully. The remaining ele-

ment functions and observed delays were either not statistically

significant or did not occur often enough to allow correlation be-

tween factors forcing occurrences and frequency of occurrence. With

this jn mind, I chose to use the frequency distributions of those

elements and delays in further analyses. The respective frequency

distributIons are found on pages 29 through page 32.

The method of recording the data resulted in discrete dis-

tributions. Since the d'stributions in a discrete form serve only

to represent the conditions observed, I chose to construct contin-

uous empirical distributions as follows (Gordon, 1969):

Where, 1 = x axis, time

= y axis, frequency

A. = slope of X with

respect to Y.

A mixed congruential random nuither generator was employed

to generate a random variate to be used along with the above cal-

culated slope in the following function:

27
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X. X. 1- A (R. - Y.) Where, X. = desired time computed
j

1 1
j 1 3

A1 slope of X with re-
spect to Y

F. = random number

= cumulative frequency
value for that desired
event

For example, selecting the respective random number and

selecting the discr&te frequency distribution, we convert the dis-

tribution of volumes per 4 log turns (100 BF) from a discrete dis-

tribution to a continuous distribution as illustra.ted in Fig-

ure 22. This conversion took place in the FORTRAN program for

the respective distribution.
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V. SIMULATION MODEL

I was interested not only in the effect of the observed

relationships of variables on the yarding system, but also the

effects of the unobserved relationships. It was my desire to go

beyond the Universe of Observation5. One of the better methods

that allows the above is to construct a model that will duplicate

as nearly as possible the real situation and then change variables

within the model to predict and observe behavior (Levin and Kirk-

patrick, 1971). Simulation is a tool that allows me to accomplish

this.

Simulation can be used to study response patterns of a

given system under a variety of treatments. This technique, along

with the use of computers, allows evaluation of many alternative

actions in a short time horizon.

The computer simulation model consists of flowing through

the changes in the events as they are executed. Delays, hook, and

unhook are introduced through probability functions while the ele-

ments outhaul and inhaul are estimated by the regression equations.

Flowchart of Simu'ation Model

The flowchart on pages 38_LO shows the flow of the simul-

ation model. Flowchart symbols are defined according to their

functions as they appear in the FORTRAN program as follows:

A - Assign tagline length, slope yarding distance, and

Chord slope values for each simulated run.

5Observed ranges of data.
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B - Check if chokers need to be hooked up for delivery to

the rigging crew. A random number is generated and this

value is used in subroutine (XTURNS1) to determine the

number of turns that can be yarded (NXTURNS) before

chokers need to be sent to the rigging crew. If this

value, NXTURNS, is greater than or equal to the present

number of yarded turns, the chokers will be hooked up

and sent to the rigging crew. NXTURNS will change each

time the choker bundles are sent out.

C - Compute the time required for the choker hook-up event.

This is done by randomly selecting a time value from a

continuous empirical distribution of observed choker

hook-up times.

D - Compute outhaul time (TIME 8) determined in part by a

given slope yarding distance and a given tagline length.

The regression equation for outhaul is used.

E - Check if chokers need to be delivered to the rigging

crew. This check insures that if the chokers were hook-

ed for transport to the rigging crew, then they must he

delivered to the rigging crew; otherwise proceed toward

the hook-up point.

F - Compute the time required to deliver the choker bundles

to the rigging crew. This is accomplished by randomly

selecting a time value from a continuous empirical dis-

tribution of observed choker delivery times.
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C - Compute the hook time required to hook each turn. This

is done by randomly selecting a time value from a con-

tinuous empirical distribution of observed hooking times.

H - Check if the load can be lifted. The number of logs

hooked per turn is again a random selection. It will,

therefore, be a random selection of volume for that

turn based on the number of randomly selected logs hook-

ed. Assuming a log density of 7.33 lbs/bd ft, a check

will be made to insure that the vehicle can lift the

load. Otherwise, the pilot w11 be forced to abort

the load and proceed to hook another turn and again

check the lifting process.

I - If the ship aborts the load, it becomes necessary to

compute a time (delay) loss. This is done by randomly

selecting a time value from the continuous distribution

of observed abort times.

J - The rehook time is computed at this point (randomly).

K - Compute inhaul time by means of the inhaul regression

equation.

L - Compute unhook time by randomly selecting a time value

from the contInuous distribution of observed unhook

times.

H - Compute total turn time for each turn by summing the

above times.
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N - Write out a summary of the cycle element times for the

turn just executed.

O - Check whether the ship requires refueling. If the ve-

hicle requires refueling, it will proceed toward the

landing. The vehicle will return for another turn if

it does not require refueling.

P - Compute refuel tijne. This is done by randomly selec-

ting a time value from a continuous empirical distri-

bution of observed refueling times.

Q - Write out the following statistics for a day's yarding:

1 mean total turn time

2 standard deviation

3 maximum total turn time

4 minimum total turn time

R - Check to insure that 4 cycles have been yarded. If 4

cycles have not been completed, the ship will continue

to yard until 4 cycles are completed then stop. A

cycle includes the number of turns yarded between re-

fueling events.

A detailed listing of the entire FORTRAN program and its execu-

cution flow can be found in Appendix C.
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FLOWCHA T OF STMIIIATION MODEL 38

START

NEED
CHOKER
HOOK
UP?

NO

NO

C

ARE
CHOKERS

DELIVERED

COMPUTE
HOOK
TIME

YES

YES

COMPUTE
CHOKER HOOK
UP TIME

COMPUTE
CHOKER
DELIVERY
T Mf

D COMPUTE

) OUTHAUL
TIME

if
ASSIGN VALUES
FOR SYDIST,

A TACLINE,
C HO RD S LP



COMPUTE
ABORT
TI ME

COMPUTE
RE HOOK

TIME

NO

K
COMPUTE
INHAUL
TI ME

COMPUTE
UNHOOK
TI ME

YE S

39
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COMPUTE
TOTAL TURN

TIME



NO

YES

WRITE
N TIME/TURN

REFUEL

WRITE
DAY' S

STATISTICS

YES

NO

COMPUTE

REFUEL
TIME

LO



Simulation Results

I simulated yarding from a clear-cut unit consisting pri-

marily of old growth timber. I assumed no interruptions to the

yarding system other than aborts, choker hookup, choker delivery,

rehook, and refuel during a given cycle. Other assumptions are

as follows:

1 That a day consists of four cycle(a cycle consists of

13 - 143 turns generated randomly).

2 That the ship will always yard for the duration of a

given day.

Table 14 lists one day's production rates and element times.

The detailed event by event statistics for any given day give a

meaningful evaluation of production rates, delays, and element times.

It becomes obvious at a glance that to evaluate each day on a turn

by turn basis would be both expensive and tedious.

In an attempt to summarize relationship behavior as it

influenced total turns time under varying conditions, I chose to

construct a table of simulated daily times (Table 5) under the

following varying conditions:

1 TAGLINE (Tagline Length) varies from 100 feet to 350 feet

in increments of 50 feet.

2 SYDIST (Slope Yarding Distance) varies from 500 feet to

5000 feet in increments of 500 feet.

3 CHORDSLP (Chordslope) 10 percent (%).
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For each treatment (days time), the mean turn time, the

standard deviation, maximum and minimum values were computed and

listed vertically in placement of occurrences on the table. For

example, for a tagline length of 100 feet, a SYDIST (Slope yarding

distance) of 2500 feet, and a CHORDSLP (Chordslope) of 10 percent,

a MEAN daily total turn time of 2.69 minutes with a STANDARD DEV-

IATION of .Ll6 minutes was realized. The MAXIMUM value of total

turn time was J94 minutes with a MINIMUM value of 2.16 minutes.

The previous statistics allow a good estimate of the vehicle's

efficiency on a given day under given conditions.

The same set of conditions as above was simulated once

again introducing the observed delays. Table 6 lists the heli-

copter's efficiency statistics as affected by the introduction of

delays. Table 7 lists a comparison of simulated turn times (delays

included and delays omitted).

Although the percent delay time observed in Table 7 seems

a small percentage, it is important to remember that this small

percentage is a percentage of the mean total turn time. Viewed in

this light, delay time becomes an important factor.
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COMPARISON OF, SIMULATED DAILY TOTAL TURN TIMES

SLOPE YARDING DISTANCE (Feet)

CHORDSLOPE = 10%

Table 7. Comparison of total turn times, delays included and delays
omitted (simulated times).

Tagline
(feet)

Delays
Included

3000

%

Delay Time
Delays
included

5000

Time
Delays
omitted

Delays %

omitted Delay

100

300

11ean

Standard dev.
Maximum
Minimum

2.87
.31

3.95
2.1+0

2.82
.23

3.54
2.'40

1.74. 3714

.71

7.95
3.14

3.59
.1+6

6.26
3.14

4.01

Mean
Standard dev.
Maximum
Minimum

2.53

.50

4.15
1.95

2.45
.42

4.15
.1.95

3.16 3.33

.50

5.15

2.85

3.22

.36

4.80
2.85

3.30



VI. SUMMARY AND CONCLUSIONS

I analyzed the yarding system of a Boeing-Vertol 107 Model

II helicopter. Operations were observed under a wide range of con-

dtions. Using data that was gathered during the summer of 1973,

I employed regression techniques and simulation principles. The

yarding system was broken down into the following components:

Outhaul Time

Hook Time

Inhaul Time

Unhook Time

The delays for which enough data was gathered were defined

as:

Abort Time

Rehook Time

Choker 1-look-up Time

Choker Delivery Time

Regression equations were derived to estimate productive

times for the cycle elements, outhaul and irhaul. For the other

elements and delays, frequency distributions were used as estimates

of probability density functions. A paired t-test of the equations

established their ability to predict the element times. The equa-

tions, along with the frequency distributions, were used to simulate

total time for this yarding system.
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The entire analysis is based on a single helicopter yard-

ing system. To further test the data, other studies should be con-

ducted both in old growth and second growth stands to better under-

stand the variables and their relationships as they affect the yard-

ing system. Further studies should include other variables. Weight

per turn is a variable that should be considered in much detail. In-

dividual pilot performance, along with individual hooker performance,

should also be considered. Finally, a detailed study of the delay

types and their occurrence would be very meaningful in further analy-

zing this yarding system.

The computer simulation model was developed in FORTRAN. This

model can be used to study daily event-by-event behavior or a daily

day-by-day behavior to a given treatment (set of yarding conditions).

I constructed a table of simulated total turn time on a given day for

each of 60 different days. This table included all delays. A delay-

free simulated table was also constructed to study the effects of the

yarding delays. This comparison led to the following recommendations

of system modifications that might be implemented and tested.

A smaller model helicopter might be used to deliver the

chokers to the rigging crew instead of the larger yarding vehicle.

This should result in a time savings. This smaller vehicle might

also be used to yard smaller materials.

The hooker might, to a large degree, reduce the rehook

delay by insuring that the choker eye(s) are properly placed inside



the hook mechanism before giving the signal to lift off.

3) The abort delay might be eliminated by properly estima-

ting log weights to insure more uniform loads. This might be accom-

plished by sampling log weights in the units to be yarded and expres-

sing this weight value to some measurable form such as DBH and length.

The faller(s) could then tag or mark the logs in some form that would

enable the hooker to select a proper turn.

Construction of similar simulated tables would be of great

importance to an operator. The operator could (given the independent

variables characteristic of a unit to be logged) simulate similar

tables to predict production rates, efficiency and delay times.

The model would also prove valuable to the forest manager in

planning unit layouts. Managers could evaluate given units utilizing

the model as an aid in appraising timber sales for yarding costs, de-

lay allowances, and production rates.

If aerial logging is to become fully competitive with other

logging systems, much work remains to be done in isolating factors

and delays that result in time loss during the yarding cycle. Re-

moval of second-growth timber by helicopter requires a detailed look.

If helicopter logging is to be used as an efficient forestry tool,

the forester's knowledge of the influencing factors is one require-

ment.

L9



Footnotes

3a

Chaser - the individual responsible for removing the chokers
from the logs as they arrive at the landing, also
responsible for bundling the chokers.

Cycle - A cycle consists of the yarding time involved
between refueling events.
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57



OBSERVED POSITIONING OF THE HELICOPTER

Diagram 1 shows a flowchart of the ship traveling a hypothetical

flight path. At point number 3 the ship is being positioned directly

over the hook up point. The ship approaches the hook up point in the

indicated direction and then proceeds to hover over the desired point

(number 3 through 6) until the turn has been hooked and the hooker has

moved to a safe position. The ship yet remains to be turned around

facing the landing before the turn is lifted in proceeding toward the

landing (number 7). Much the same series of events occur at the land-

ing. The ship arrives at the landing (number 8) and proceeds to un-

hook. It is not until the turn has been released that the ship begins

to reposition itself before returning to the hook up point.

Although I have no quantitative data to support the flow indicated

in Diagram 2, it appears that this ship could begin to reposition it-

self as it approached the hook up point and the landing as shown by the

flowchart6. The positioning before arriving at the landing or hook uj

would serve two purposes. It might serve to reduce total turn time,

increasing production and aid in reducing fuel consumption. I believe

this is an area that needs more attention. Again, I have no quanti-

tive proof of this situation and recommend that this be investigated

further in another study.

6(Ahnstrom, 1968) The wind has little effect on this vehicle (the Verto]
has two horizontal rotors). This minimizes the wind effect while, for
example, the S64E helicopter has one large main horizontal rotor and a
small rear vertical rotor. This one vertical rotor would present posi-
tioning problems due to wind resistance on this rotor.
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C... FRCM A RGRLSSICN EQUATION UTILIZING SLCPE CC 072
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DIMLJ4SION ALL ARUYS AND THEIR SISTER ARRAYS THAT
CGITtiIt. AeScIsA VALUES (1IE5) CCbRESFONCINC TO
EACH CLPULATIv 1)LNSIIY FUNCTICr VALUE. OTHER
ARRAYS CO.F1IN tETAILEO ELL!Et.T ANO CYCLC. TIMES AND
FPUJUCTIOP.S '.ALS HHICF4 ARE LATER USEC IN CLMFUTING
STATISTICS FOR EACH EVENT.

00169
Co 190
00191
CO 192
0019:3
00 194
00195
0019
00 197
C0 19 8
00199
00200
00201
CO2C2
00203
00204
00205
00206
00207
00208
00209
00210
00211
00212
00213
00214
00215
00216
002*7
00218
00219
00220
00221
00222
00223
00224
00225
00 226
00227
00220
00229
002.30
00 23
002.32
00233
00234
00235
0C23
0023?
00230
00239
00240
00241
00242
00214 3
00244
00245
00246
00247
002148
00249
00250
00251
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C . .

DI1ENSJON CHLKQ(3),CHOKO1('),HCCK(2f) ,HUO<1(2)
I ,HCOLF(t.) ,CLTh,1JL1 (.5) ,O[L1vj.Y ,HOCK3 R5)

lIHAUL1,ijhIOK3(,),RFUEL3(.,5),LtiGS(),

1kEFU L (16) ,REFULL 16) ,1f( 11) , IA ( 11) , IC (11)
IVULtJNI (6, 102), vCLUMI (6, 102) ,FEFtJL( 16)

1XCELL (15 0) ,XMLr 3 ( 16) ,S106v3 (10) , XHIGh22( 10) ,XLC)W22( 10)
1SY0ISTU0,TGLjE(E)

C...
C... DATA STTEPLNTS 1)1<6 (JSEC IC lt'I1IOLIZE CU'ULflhIEC... DENSITY FLNCTIcI,S FCR EMFIR1CL aIsrRIUurIQNs.
C... AE3SCj5A VMLLtS 01<1 ALSC El.TFEC CO ESPODIl.G TO EAC)C... COF VALUE IN A SIJiR AFRAY.
C.,.

OATA( (CHOKO( I) , I 1,9) .0 191, .0575,. 2000,. 4 j9Q 7142,. 8666
I, 9333,. 9504,1 0)

1,I.0

1,3.2, 3.5)
DATA

1'., 8157, 9'.2 8,. 58 09, U, , 1 C)
DATA

1,2.0)

I. 3256, .'. 419, . 5116, .6511,. 813'4, .8367 ,. 8600 ,. 8233 9Q61.92'9, .9532, 5/b5,1.0)
11.5,1.6, 1,7, 1.5,2. 3,2. 7,3.6 ,L.. 0)
UATA( (1<hO3K (I) , I1, 8) . 166/ ,. 2530,. 3333, .'. 166 , .6666, .83'

1 6 , 'ii 66, 1 0)
oArA((1<LHcoK1cr),I1,8)z.4,.,.7,.s,l.o,l.3,l.o,3,Q)
OATA((LHCOI,I1,lo.616c,.c44,.9786,9a82cg,s9c146, 9957 ,. 0989, 1. 0)

OAIA( (FULL (I) ,I1, it) .1379,. 3104,.3 48.4 138
11 0)
DATA (EF65L I 1 ,r1,

16.4,6.7,7.3,7.5,1.5,9.4,12.7,13.5)

I I I ( 7 , , 8 9 5 2 , J 1. 7 , . 9 7 o 9 , 5 7 , 1. 0 , 1 0 , I 0 , 1 0

1 8 2 12, 16 , 95 1 2 , . i b 9 , . 9 7 1 , 8 3 8 , . 96 / 3 , . 9 S 19
11.0 ,. 01 ,, 3,.222, 4723,.6112,. 760
1 ,.3 18 , . , . 5.S5 , . , . 273,. t 1 8 , .5091, .95,
11 0 , 1 6, 1. U , 0 0 , I 0 , . 0 , 1 0 , I C, 3 3 33 , . 6b65 , I 0 ,
11.0,1.0,1.0, 1.U,1.Q,U.0,j. 0, 1.0,1.D,1.0,1.U,j.o,1.O,
11. 0, 1.0, 1. C, 1 .0,1.0, 1.0, 1. 6, 1.0, 1.0,1.0,1 .0, 1.0, 1.0,
11.0,1 C, I 0,1. C ,1.0)

00252
00253
0025'.
00255002
00257
00252
00259
00260
60261
00262
002.63
0026'.
00265
00266
00267
00268
00265
00270
C07 I
00272
00273
0027.
00275
00216
00277
00272
00279
002e0
002e1
00282
00283
0028'.
00225
00286
00287
00228
00229
00250
00251
00252
00293
00254.
00295
0029
0029?
00298
00299
06360
00301
00362
00303
00304.
00305
0030
00307
00308
00309
00 310
60311
00312
60313
0031'.
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1300., 0. , 5LJ0, ,60 (.. ,700. ,800. ,900., 1000., 1100., 1200.,
11700., C. .0. ,0. .0, ,200. ,300. 00. ,QC. ,00. p7cc.,
laCo. ,960. 1J , 1100. , 12 00. , 1300,, 1400. ,150 0., 16CC.,

11?Q0.,1oO0.0.,J00.,L,00.,(0.,6CO3,7OQ.,80C.,5OO,,
11C00.,1100.,1200.,1400.,1L,0fl,,1EQQ,,1Q0.,j5OQ.,
11500. ,0 0. ,'. 00. ,5 CC. ,660. , 70 C. ,e G. , 1CCO. ,11CO.

11800. , 19 00., 19 00., 1900., 1900., 190G. , 1900. , 1900. p 1900,
1200. ,400. ,0 0. .500. p500. ,5 00., 50 0. , SOC. ,500.,

100. ,5CO. ,500. ,50C, ,e?0O. ,5 GO. .56 0. ,5C C. ,500.
1500. ,500 ,SGO. ,50C. ,560. ,500.)
OATA( ( 1 (I), I1, 11) 1376, 129745, Ef5O16,5OO 000, 8338s,87

1613, 5466 12,777777,645213, 666666 ,

13,2069,2069, 2085)
OATA((IO(I),t:j,11)=1772721,15877,1772721,615677,
11?7271,615d77,1772?2j,6615677,l77271,6615677,
11772721)
QATA( (CNCKI.(I) ,j=1,20):.019,.0568,.1372,. 2255,.3Q39,
1.,313,.5960,.7o'.2,.eC3b,.e332,.j721,.g116,.q319,
1.9506, ,9 604, .57 62, .SBUO, .569e, 1. 0)

OAtA(iCHOK15(I),I1,20)2.O,3.C,,.0,5.O,6.0,7.Q,8.Q,9,Q,
110.O,11.0,12.0,13.O,1ls.Q,1,C,j7.G,18.O,j.Q,2j.O,24.0,
135.0)
DATA( (F2 FUEL4 (I) I1, 1) 1666
t,2J33,.26, 3333,. 3C&6, 533,.E6,.5999,,6332,,
17332, 7995,. 8332, .86 ,. B999,. 9665, 1. 0)

DATA((FLcL5(I),Ij,16)13.O,14.C,16.0,
117.Q,i8.0,20.O,21.O,22,O,23.0,24.C,25.Q,26.0,34.0,
135. 0,4C. 0,43.0)
OATA( (SY 01ST (I) , 11, 10) 50 0. ,1000., 1500., 20 00., 2500

13000., 35 00. , 'CO 0. ,LsS0O. .5000
OATA((TAGLINE(I),Ij,6)1OO.,150.,20O,,25O.,300.,35Q,)

C . .

C... INITIALIZE TIMES FOR EXECUTION
C...

TURNS Q
NTUS0
TtIMi=o
ITIME2:0
TTIME30
TI IME4:0
TTIME6o
TTIME7:O
TTIMa80
TTIME90
III ME 10:0
ITI$IE 11 0

TTIME:0
I IME0
NC Y C:0

TNLOGSt)
NTURNS:0
lxv 0 LU 1 = 0

NTURNSI- 0
N A U U 0

C.,,
C.,
C.,, INITIALIZE CNCRCSIP TU 10 FLFCEtT M.0 lIOLO IllS VALL
C.,, CONTMJ CLING THi LNTIRL EXECUTI0t, THIS V8RIALE
C ,, AS ChCLt 10 eL NLLQ CCNSIAIT CUC TO ITS StLL CCNT-
C.,, RIIJUTICH TO TOTt.L IplE.
C.'.

00315
00310
00317
00318
00319
CQ2 C
00321
00322
00323
CO32.
00325
00326
0032?
0032e
00329
00330
00331
00332
00333
00331,
00335
00336
00337
00338
00339
000
00341
00342
00343
00344
00345
00346
00347
00.348

00349
CC 35£
00351
CO 35 2

00353
CO 354

00355
Co 35 e

00357
00350
00359
00360
00361
CO 3 2
00 36 :3

00364
00365
00366
00367
00368
00369
00370
0 0371

00372
00313
00374
00375
00376
00317
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68

C... 00431.
C.,. GENERATE A 1.4NCC NLMEEc IC N1LR THE TABLES. C0ss5C... 00436
6000 CALL RANCCP(IR,I4,Ic,L,l1) OD'37

TURN0 00438
C.,. 001.39
C.., AGAIN (iNC MAY WISH TO DLCTE THE FOLLOWING STAIEHENT 001+1.0

CIlORDSLP10.
NRIIE(E,?77)

777 FURMAT(;1)

0037t
00379
ooeo
ccei

C... 03382
C... WRITE -EACINGS FOR CETAILEC CYCLE ELEENT IIES AND 0033
C... PRODUCTION RATt, 00381.
C,.. CO354Lt FORMAT(1,7,SIIULATEQ OAILY-TCTAL TIPESTAtISTICSt) 0038

WRITE(, 1,45) coe7
1+1+5 FOR9AT(63,tSyOIST) 00388

WRITE(6,4Ls6)
1.çG FO1ATU4,113U'1)) 00390

WRITE (,887) (SYDIST (I),I1,1C) 00391
kRITE(E,i1.7) CO392

's.7 F0RMA1(11.),113(t)) 00393
C...
C... THIS NTAG - DO LOOP VARIES THE TAGLINE LENGTH FROM 100 00395
C... FEET IC 350 FE-El IN INCWEP'E1S CF 50 FEET.
C,.. 00397

DO 0tÔ' NTAG1,
00 888 hvDjSI1,1Q 00399

C,.. 00S4C0
C... THIS NSYCIT - DC LCOF ARIL IliE SYCIST FRO? 500 001.01
C... TO 5000 IN IHCREfr[N1S OF SCO FEET. AFTER EACH TAGLINE 001.02
C... LENGTH I ATED WITH OIST, IT WILL JUfrP CLI OF C0;C3
C... THIS LCOP AND CONTIUE EXECUTION LNTIL ALL TAGLINES HAVE 001.01.
C,.. EXPERIENCED THE SAME TREATPIEPT. 00405
C... 001.08

00 16 I1,2s C0C7
AUOkT3U)0 00408
PLHOOK3(I)0 00409
RIFUEL3( I)0 Lassie

lb COUTINLE 001.11
C... 001.12
C,.. WRITE HEADINGS FCR OETAILEO CYCLE ELEMENT TIMES C01,j3C... AND RCOLCTICN PATES. 001,11,
C.,. 001,15

00's16
801 FORMATjH1,s,iX,jT,GLINE ,F3.0,2,tSYOI5T ,F1..0,2X,

1*CHURCLP :,,F2.0)
001+17
001.18

WRITE(5, 8001 001+19
00 FURMAT (1 2X,tTURN HOt, 2X, tHCOKUFt,2x, OUJHAULt,2X, 001.20

00421
001.22

1tRCFtJtL 001.23
1.000 NtURHS10 0042f

CALL 00425
C... 001.26
C... THE USER SHOULC CLLETE THE FCLLCWING STATEMENT IF HE 001.27
C... DUES MGI NISH TC HAVE THE RANCCrI NUMBERS LISTED, 00428
C... 001+29

WRITE(7, 0U)U 00430
'3CC FOR4T(Ej.â) 00431

CALL XTuR.j (U,CFIOKT+,ChGKI5,NXTUWNS) 001+32
IF(TL.L1.xiL.tj)GC IC 3C00 C0s33



C... IF HE COE NCT Ib TO LISI lCR ANCCP Nt.HBERS.
C,..

WRITE (7, 9500)U

UPON EECLTION CF THIS RCUTItsE THE
flU1E WHICH DETEMIUS THE FRECLENCY OF PEFLELING
OCCURECES ILL BC aTU4PEC. IHIS NUMBER WILL CHANGE
EVERY TIME THE hELICOPTE1 FEFLELS.

CALL X1LRNS2 (U,kEFUEL ,5EFLLt ,A1LJNS3)
C . .

C... THIS STATENtT bILL WRITE CL1 1ht NLMEER OF IURNS THAT
C... MUST BE EXcCUTEO EEFOR THE S-IP HAS TO SENC
C... CHO)<Eb IC THE WIGGIfG CREW C REFUEL RESFECTIVIv.
C...
3B00 HRITE(7, 2000)Nx1LPNS,xTUhS3
2000 F0RMAr (13,F3.0)
QQ NTURNSTL.NS+1

NTURNS1: NTUSN$ 1+1

THIS STATEMENT CHUCKS IC SEE IF NIURNS1 THE
NUMBER CF TURNS YARGEO AGAINST
THE NU'3ER OF TU.NS THAT CAN OCCtJ BEFORE THE CHOKERS
ARE AGAIN kEAC IC NE ST IC I RIGGING CREW
( BUNQIED IN 20 10 30 FcR PUCLi.

IF(NTLHS1,G.xTuRS)Gc 1011.0

F ThE CHCKES RE kEACY IC EE HOCKED THIN A CHOKERS
HOOK UP EVENT WiLL OCCUR AND IT WILL TRAUSFE4 COMMAND
TO STATEMENT 150.

GO TO 150

GENERATE A RANDOM NUMaER.

CALL RANDOH(IR,IA,IC,u,j)

THIS SUE3400TINE WILL ACCESS THE CLNULATIVL OENSIT
FUNCTICN CF CIiCcCR HECKIF TIE At'O WILL RUTIRN A
VALUE THAT WILL DE THE DURATION OF THAT
OELA.

CALL CWOKO2(U,TIMF1 ,CHOKO,CHCKQ1)
TIIME 1:1 TIME 1+11 MEl
HOOKUP (NTN:Tj

THIS RCLTIkE WILL CCMPUTE THE CUT-AUL TIME RECUIPEQ F0
THI VEHICLE TO TRAVIL TH GIVEN 0ITAt'.CE. SYDIST
AND WITH A GIVEN TAGLIN LENGTH.

CALL Ct.THAUL(TAGLIN (NTAG),S'CJT(NEyCIST),TJ,.E2)
TTI2TTIME2+TIME
OUTHAULj(NTURNSfI2

THIS STATEMENT AGAIN CHECKS IC SE IF CHOKERS HAVE BEEN
PICKEC UP Al I1L LANOING ARE IC NG TPANPCTEC 10
THE PIGGING CREM. IF THEY iEO IC G DLIJEcEO A
TINE (TIHE3) WILL CE CCfrFLTEC EA50 CN THU RANDOM
NUMBER SUPPLIED IN THE PcLvIcU r400P NUM8E CALL.

IF(NTURNSI.GE.NXI&JRNS)GC 10 100
GO TO 00

C...
C...
C . .

C . .

C...
C...
C,..

C,..
C,..
C...
C...
C...

C...
C.,.
C,..

jl,fl

C.,.
C . .

C...
C...
C...
C...

C...
C,..
C...
C,..
C.,.

50
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CU',1. I

00443
0041.4

00445
001.4
001.47
oo1.4e

00449
001.50
0 Qs5 I

00452

00451.
001.55

0045
00457
001.5 e

00 59
00 0

004 j

0 04 3
004'.
0 04 S

00 46 6

00467
00 8

00470
C 047 1

00472
001.7 3

00474
00475
0047
001.7?

oo4le
00479
001.60

00481
001.62
00483
00484
00465
OO4e
00467
00468
00489
C01.S C

00491
004c2
00493
00491.

00495
00496
00497
00498
00499
0000
00501
00502
00503



TI I H TTIMcsT LME.
HOOK3 (I1UNS)TI)E4.

700 CONTINUE

GENERATE A RAIr)OM MJHOER.

C.LL RANUOM( H ,IA,IC ,U,',)

USING THE AEOV RANDOH ULR CCMFUTC THE NUMEE CF
LOGS To HCCK THAI FARTICLLAR uRN.

CALL LCGS2 (U,LCGS,LCGS,LCGS1)
TuLOGS1 LOGSNLOGS
LOGS3UTUSZrLCGS

GENERATE ANOTHER RAIYJOM NUHOER,

CALL RANDOM C IR ,IA, IC, U, 5
C,..
C...

CALL VCLUME2 (U,NLOGS,VGLUMC VCLU9El,XVOLUE)

EHPLO'yJr4G THE ADOvE NOOM NLMBE9 AGAIN SELECT A
GIVEN CLLPE UEiEkMINEC IN PART 9'v THAT RANOCM
FIUMOEN AND THE NUMUER OF LOGS hU0 PREVIOUSLY FOR
THAT TUIU.

TX /QIUt-E TX V CL UME tX VOL UME

VOLUME3(4TLHNS) XOLUME

THIS S1A IEME1T CHECKS THE VOLCMt JUST COMFUTEC
AND CHECKS IT AGA1NT A VOLUME CF 1000 OOARD FELT
ROUGHLY 8,000 POLCS EIGH1 ) TO SEE IF TI SHIP

CAU LIFT THIS LCAO, IF iT CAN NUT LIFT THE LOAD IT
S FORCEO TO A3ORT.

C... IF AN A01 CCCLS CONTCL IS 1RAPSFERFO TO S(ATEEP.T
60 WHEPE THE CUMPUJATICt' CF THE GELAY CUKATICN IS MAUL.

IF(XVOLUME.GE,1000.) 001050

GO TO 60

C...
C'..
C.,.

C . .

C,..
C.,.

C . .

C,,.
C...
C,'.
C,,.
C...
C.,.

0050',
00505
COECt
00507
00508
00509
00510
00511
00512
00513
0051 i,

00 15
00516
00517
ousie
00519
00520
00521
00522
00523
0052'.
00525
00526
30527
30528
00525
00530
CCS31
00532
005
0053'.

00535
00536
00537
c053e
00539
0054.0

005'. 1

C 054 2

CO514 3

005'.'.

005(45

005(46
00547
0054.8

0051.5
00550
00551
00552
00553
0055'.
00555
00556
C 055 7

0O58
00559
00560
00561
005 2
005 3
005'.
00565
00566

70

C...
C . . IF THE CHOKERS 0) u0T ROGUHE AT fNTION THE SHIP WILL
C... FRCCLEC 1CiR0 TilE HCCE Er'AL'G HIM IC
C . . HOOK AOThR TURN.
C . .

100 CALL RANOONUIR,IA,IC!U,2)
CALL Ci-O$12(L, T1'E3,CHCKI,CHCKI1)
TTIME3TTIMd 3+TIg3
DELIVERY (TURNS)IIME3

C...
C... &il.RA1E ANOTHEi RANDOM NUM0
C .

600 CALL RANOOF(IR,I4,IC,tJ,3)
C * .

C...
CALL HCOK2 (U,TIME1.,HOOK ,HOLK1)

THE ASOVE ROUTItE COMPUTES 4 HCOK TIME DASED ON
THE AeCVE RANDOt NUMBER.



C .

60 CONTINUE
C... IF THE HELICOPTR CAN SL0C{SSFLLL LIFT THE LCAO, THEF
C.., STATEMENT bO HILL B EXECUTE( AND THE SHIP WILL. PROCEEO
C... TOWARU THE LANQNG,
C...
C...
C... WE MUST COMPUTE AN INMALL TIIE. INHALL TIME IS CCMFU1EC
C... AS DEPENDENT ON THE NLOGS,SYCIST,CHQRCSLP,TAGLINE,ANQ
C... XJOLLME.
C..,

CALL IM1ALL(NLGUS,SYOIST(NYCIS ,CHCRDSLF,TAGLINL(NTAG) ,X
VOLUME ,T IIEó

C...
TTIHTIIME'n.TIMC8
INHAUL it NTURNSI :T IME8
CALL RANOCP4tIR,IA,IC,U,8)
CALL UHOOK2 (U,TIEcj,uP.HCoK,LHooK1)

UNHOOK.3(NTCRNS) TIME9
TURNTLRN,1

C..
C... COMPUTE TOTAL TLRN TIE FCR EACH IURN.
C. .

TIME:TIMEj,TIiq
1+11 ME9
TTIMETT LME6TIHE
NA0DNA3Dt1
XCELL NACOTjplE

C...
C... IRITE CUT ALL OETAILEC ELEMENT TIES AND FROCLCTICN
C... RATES CN A PR TURN OASIS,
C...

WRITU,400)1URtI,TIt..1,TIME2,TIME3,TIME4,
,TIlEg,TIMEIo

REINITiALIZE TICS FOR FURTHER LECLTION.

TIMEIQ
tiME30
TIHE100
TI9E70
TIME6;0

C...
C... THIS STATEMENT CHECKS TE NUtEi1 CF TURNS YAFCEO
C... AGAINST THE NUMER OF TURNS FECUIFEO OEFOi THE

C...
C

C...

IMEC. .TIME*IIME7+Tt ME8

50 CALL RAtCCP(JR,IA,1C,U,6)
CALL ACORT2(u,TItlLb, A3ORT,AacpT1)

TTXMEQT
C . .

C... GEUEFATE A RANCCI'I NUt1ER ANC THEN PROCEED TO COMPUTE
C... A REHOCK TIME IF A FEHOOI< DELAY S TO OCCUR.
C . .

CALL RANDOM(IR,IA ,IC,U,7)
CALL REHCCK2 (U,TI7,REHCOK,IEHOQK1)
REHOOK3 (NTURS) TIME7

C . .

C... AT THIS POINT THE H[:LIcCPTrR WAS FORCED To A8CRT THE
C... LOAD. SItCE A lEb TU1F' IS 10 EE HCCEO 1FANSFER
C CONTROL IC SrATu1NT /00 WFIC IS OSCRI8L0 AI3OVE.
C... -

GO TO 700

71

00567
00568
00569
00570
C 05? 1

00572
00573
00574
00575
0057
8 057 7

0057e
00579
oou 0
ocse t
005e2
00583
oose's
00585
cosee
Dose?
oose
a05Uc
00550
00551
0055
cosc.

0059g.
00s55
00556
00557
tO558
00559
006CC
00CC 1
00602
80603
OUtCk
00 OS
o o 60

COC7
00608
00609
00 10
C 11
O 0612

00613
C01t
00615
0061
00617
0061 e

00619
00E20
00621
0C2
00623
0O2's
00625
0062
00627
00628
00629



72

C,.. SHIP HAS IC REFUL. IF I lAS TO REFUEL THEN THE 00630
C... SHIP '1LL HCCEEC TO PEFLIL, CALLING THL FFLEL2 C 06 31C... SUDOU11rE TI) CALCULATE TIFi10 EFUEL rIME. IF 00532
C... IHE ShiP COES bCT REFUEL IT Iii. CHECK TO INSCRE
C... THAI CJKL1S UI) NOT NEO DELiVERY TO 00634C... RIGGjiC CFt. iF THE Ci-CKERS CC NEED CELIVERINC IT WILL C 06 35C,.. PROCEEC 10 CELIvER TH:M, IF NOT IT WILL PRCCEED 00536
C.,. TOwARD ANOTHER TURN.
C... 00637

00638
IFTURN.GE.XTURNS3)CI) IC 80

C.,, (10539
C0'.0

IFNTURNS1.Gi.NXTURNS) CC TO 4000
C.

CC6 I

GO TO EDO
00642
0064380 CALL RANOCMIR,1A,IC,U) 00644CALL R[FUL2 (U,TI10,F.JLL,cpUfL1) 00645

EFUEL3(NTURtS)Tit1EjO 0064
TTIML10TT1ME1Q.T1M1Q

C,.. 00647
00 548

C.,. THIS STATEMENT CHECKS IC SEC IF CHOKERS ARE BEING HCOKC 00549C... DURING THE RFULING OPEkATIc. IF THEY CO NEED 00650
C.., TO 86 HCOK[O AT thIs TifrE T4E TIME ASSIGNED 10 00651
C... THIS IS ZERO CUE TO THE FACT THAT IT CID NOT ECUIREC... ADDITIct TIME.
C...

00652
C 0553

5L.

IF(NTUUSj.GE,NXtURNS)GO TO '30
WRITE (5, 1000>

1000 FORNAT(20X,112
C . .

00655
00556
00657
coseC.., AT THIS FCINI ThE TOTALS FOR THAT COMPLETED CYCLE ARE 00659C,.. WROTE CLI. THE CALL STATS S1ATMNTS BELO SERVE 00660

C... TO CONFUTE SOME SIMPLE SUTISTICS FCR EACH C06 IC.., DETAILED EVENT AND FOR fliE ENTIRE CYCLE.
C... 0066 2

006 3
WRITE (5, 90 0) TTI :j, LITHE?, TT 1'E3, TTIME4 TNLOGS 00664

lTX VOLUME ,1TIL6 , TTJ[7 , TI! MEY, TIlMEC, 11196 10 00665
900 FORMAT(5X,TOTAL1,9X,F7.,,1X,F7L+lXF7.4,6XF7oF3O 00666

F74)
.0Q

00667
00668
00669

CALL STATS (HOOKUF,NIURNS,TTIMEI, XfrEAN1,vAR1,HjGH1,XLOj
1, SO 1, C VP Cli)

C 057 0

0067 I
CALL STATS 00612
1XLO2,5C2,Ctpc)

C 0 67 1
CALL STATSDLIVLRY,NTLPJ,S, fT1M[3,XMEAN3,VAR3,H1GH3,XLOW3

1 ,SU3,CVPCI3)
o 0574

00 7 5
CALL STATS (HOOKi,NTURNS,TTIME4,XMEAWI,VARI4, IIIGH4,Xl_

1Ot. ,SO4, CvPC IL,)
00676
00677CALL SIA TS(LUOS3,NTLS,TrLCCS,XNEA,VA,,HIGH5XLCW5

1505, CVPCTS)
00 78
00679CALL SIATSVOL 3,NTURS,TXCLLME,XMEAN11, VARI1,HXGHTI,

IXLO N11,S Cii, C VPCT ii)
00660
00581

CALL STATS (ABOR I3,NTUIS,TAECRTS,>MEAN6,VA6,HIGH6, 00682
00683CALL STA TS(R1CUK3,NTLRNS,IT]7,MEAN7,VAW7,HIGH?,
00684

1 XLI) N?, 507 ,C PC 7) 00685CALL StATSUNhAeL1,Nruk,s,TrJlE .XMEANd,VAR8,HIGHO,
1XLOW8,5O,CPCT)
CALL STATS

IX LI) N 3, 50 9 ,C J POT (j)

0068
coei
0U88
00689

CALL STA IS (REFU.L , NTURNS, I NULEL, XtIEANIO ,VAR1O 00090
tHIGHT 0, X LCW1 0,5010, CVPCT 10)

C... 00691
00592



C... WRITE CUT FU STATISTjCS FOR EA&H EVENT FOR EACH
C... CYCLE. TIlls KILL FIRST RIT( CLT THU INDIVXCALL EANSC... AND THEN Th VARIAN(L,MAXIMUfr,MINLMUM,STANOARC ULVIATION,
C AND LAT T- COF1LILr CF vAFTATICN.
C...

WRITE(, 300) X AN1,XHAN2, X'Ep)'M:A,XMcAN5,
1XMEAN11,XANb,XA7,XQ.CA9)EAUlO
WRITE CE, 11) VAI1,VAR?, V43, vAL ,VAR5,VAR11,VAR8 VAR9

1 VAR 10

NPdTE(5,
1 HIGH?, I-I OH i, HIGh 9, H IC HI 0

ITE(E.13)XLU1,XLCW2,*LO.3,XLO4.,XLCN5,XLCI,11,XLO?,
iXLUWb,)LC,xLO1O
WRITE(,l 5O1,SC2,UJ,c4,SC' 5011 SCa S09 C10
WRITE 1)C JPCTI,CV 012 ,CVFCT3,C4.PCJ4. C VFCT C VFCT1

1CVPCTd,C VFCT,CwFCTIQ
300 FORHAT5X,AN,10,F7.4.,1X,F7.4.,IX,F7L+6X

lFl.1,6, F3.U,2X,F7.O,2X,Fj.4.,IX,f7.4., 3x,F7 4. 9X F? 8X F?
1.4.)

11

F?.'.)
12 FORMAT (5X,:HGh,lOX,F?.., 1X,F7.4,1,F7.ls,6x,F7.4.,6x,

1FJ. 0, 2X, F7.0 ,2x F7.4. , 1X, F?.', ,3X,F 7.4., 3X,F7.4 6X F? I,)
13

1', FORMAT(5X,tSTA,. OtV.:,$XF7.4.,1,F7.4.,tX,F7.4,,6X,F74.

1ÔX,F3.0,2X,F7.Q,20x,r7.4.,qx,F7.l,,ex,F7.4.)
15 FORMAT (SX,tC.V. $,X,F7.2,1,F7.2,1x,F7.2,x,F7.2,X,

1F3 0,2,F7,Q,2Qx,F7 2,9X,F7 ,8X,F7.2)
O TO 190

93 TILE1ia
190 CONTINUE

REINITIALIZE THE TIPE AND CTI-E VALUES FR F1THER
EXECUTION.

UTURNS1: 13
NTURPS'0
TTIMEI0
III IE 20
TTIMt3:Q
TTI PE4.0
TTjME6Q
TTItiE70
TTIHEo
TIME 1DQ
TTIHE9O
TIXHE 10' 0
TTIMEI1=O
TIlL. CCS0

TX1QLUHF=0
NCYC,.CyC+j

THIS STATEMENT CHECKS TO INSIRE TAT CNLY FQL CYCLES
ARE FLCHN PER DAY,

IF(NCYC.GE.,)GQ TO 7000

THIS STATEMENI CHECKS To INSIRE THAT TI1 NUNEFR OFTURNS 'ARC.0 AE Nor THAT TiL IECUTRLO NLHLER CF
TU4.tS THAT CAN 13.. YROEtJ OEFCRF. II IEQUIRtS A REFUELING
C VENT.

00693

0 06 '3 5

00657
00C'8
00655
00700
C 076 1
00702
00703
C 0 70 4.

CC1C5
00706
00707
60708
00705
00710
00711
00712
C 0713

00714.
00715
00716
00717
607*8
CO? 19
00720
00121
00722
03723
00124.
00725
00726
0012?
00728
00729
00130
00131
00732
00733
00734.

00735
00736
00?37
00738
00739
0074.0
0074.1

0074.2

0074.3
0074.'.

0074.5
0074
0074.7

0074.8
0074.9
00750
00751
00752
00753
00754.

00755

73

C.
C . .
C.
C.,.

C..,
C...
C,.,
C..,
C...
C.
C,
C.,,,
C'.,
C.,.



IF F TLr. Lt. 3)00 TO C 000
C..,
C . .
C... IllS 531 t:iEr FASSLS TIL gy XCLLL- IIcH co.iis
C.,. UjO TUEr4 Ov ruth TIPE 0,0 UsES IT IL CO-UT
C.., ThE Ficuoy frETIChLL STATISTICS.
C . .

7000 CALL STATS (A0000 ,t.AUU, 31 1P1 , )F'EANI?, v4RU ,XhICH12, LIUs12 ,S
1012,CVFC 112)
NA0O0.
N U V C U

TTI hEC.
XMCANS(NSYQIST)_XMEAN12
ST0E3(NSyC1l)-5Ol2

XL0F22(NSy0I5T)-xLo12
C...
C.., 11115 STATEIIiNT TEh.h11NATLS THE FIRsT - NTAG - LOCP.
C..,

88 C0NtULE
C...
C.., ThIS WFITES OUT ThE MtAN ,tTNDtthC ()LJIATIOr, ,lAxIrL1,
C.., AN) MIbIMUM ALLLS FL ALh (F 5Ii 1LA1MFTS.
C .

WkI I E , 8 3)1 o; LI FE (ti c. , j j (1) , i: i , 10 ) , (S TUE vi (I) , I

11 10) , ( HI Oh (H , I - 1 1 U) , (x LC k.' (I) , I 1, 10)
3b FOR AT(iX,F,., (,(11x,F7.?(,j)))

8A7 FORrA r (1 X , 11 AuL I '( I , 1 U F X , F 7 C) I
C..,
C.,, TIlLS TEMIhA1LS flU NSYLI5I CC LOOP.
C...

89 CONTII1E
WRITE (6, .Y8)

1.1.9 F(,RtiAT (5 ,tC(iCD5t I jo;;)
C..,
C.,, TF1 SLERCLTIES IkE LISTEE 11ELCII
C.,,

STOP
END

C...
C . .
C.,,

SUHIFOUTINE 3UIT2U,TIMLb,L0CRT ,AEORTI)
C.,.
C.,, AEiO0T2 ENr[Hs TIt CCtlIj lJ3(j CL'ULATIVE DENSITY
C.., FIJNCIICtN ELF' FIlL LUrAF [ir CF AHCIJ I hAYS kill .4

C... UNLFOLY C1STI0Ujt h.5CM 1?IAIE lkOrl 'RAFD0H'
C.,, AND 1U1.t5 A ALLL uk THE cLAriLrd 3k At'. AEORT
C... OCLA't.
C . .

DIMENSION A9ÜFT (1), ih 11(1)
IF(D.CE.AECIT(t))1O TO jU
TIM.0.
RE FtJ<N

10 C0NtLHU
DO 130 1:2,13
IF(U.LT.A0Cj(I)QTU fl.0

I 0 CUNEINLE
I,U 3:1-1

A: (A00 11(I) -,\ OLRT 1(i)) / ( EC I (I) -A LO T Li))
TIMEC eOF'Jlu s'U-A::g T (1) 1)
F: C I OR N

I NO

00/ti
CC'S'
CU 7' 11

0 0 '3

CU/t C
CUlL I
C CIt 2
DO / t 3
0 Oft'.
Cu ft E
O 0 / t, I
CO/t/
03 ft
Quit S
001/0
CU//i
CC 1l
U3 1/3
CU/i'
Cu! /t
C U 1 it.
IC,,,
ociie
O 0 // 3
U U / C U

o ti t 0 1
ii p

CU/Ti
C U / ' I.

Cu''
LU lIt
CL/I/
30 118

CU l U

CO1 1

0 4) /'t

C073
3 0 / F'

0 U / 3

CU f' 1
03 ?'
CCf'S
30000
CCC I

00103
34)16',

00 i0t)
COld
00808
O C C '3

1 0 8 1 Ii

Coil
00112
CU,'l '
U 1] 8 1 '.

tIU it
ccei
00 oIl
UUI1

'ID



C...
00819C.,.
00820c...
00621

SUROLTflE RLHCOK2(u,tIME7 ,RCOt<,hcOI(l) 00822C.,.
00823C... REHOO2 ENrEs THE CONIINUotJS CUPILLATIVE CENSITY 00824C.., FUNC1jCp FOR THE DURATIt CF REHOCK £LAY5 NITH 00825

C... A UNIFCRMLY UISTRIDuTj) RNOCP VA11ATE FROM 0O26C.., RANCc ANC FE1URuS A VALUE FCR IRE CURATICN OF oou7C.., THE REHCCK DELAY.
00828C..,
00829DIIIENSICN EHCCK(j) ,RHCCK1(1)
00830IFU.G.REHoOK(1))GO 10 10
008311111E7=.4 C082RETURN
008310 CONTINUE

DO 138 I2,8
00835IF(U,LT.SEpsocg(j)) TO 110 0083130 CONTINUE
uoe110 JI-1
00838
008TIME? HOCK1(J)+(A(U..REHCOKJ)) 00840RETURN
00841ENO
00842c...
00843C...
00844C...
00845SUdROUTI NE UNHOOK2(U,TIME,UP.HOOp<,UNHOOKt)
00846C...
00847C... UNHOOK2 ENTERS THE CONTINUOUS CLr1LLATvE DENSITY 00848C... FUNCIC FOR THE DIThATICN OF LNHCCK TItlES WITH A 00849C... UNIFORPLy DLSTjHUTtQ RANUCH VAIAT FRON 'RArQO,1' 00850C... AND RETUFtS A Wt.LUE FCR 1h1 CURATICH CF THAT 00851C... UNHOCXING tVENT,
00852C...
00853DIMENSION LNROOKU,UNHOQX1(1)
00854

IF(U.GLLJNJiQOX(1)JGO TO 10 00855TIPIE9:0.
0085RETURN
0085710 CONTINUE
0085800 100 I2,1O
00859

IF(U.LT.iJNt400X(I))GO TO 50 0O8100 CONTINUE
008!50 J:I-1
0086
00883
00884RETURN
00865ERG
00866C...
00887C...
00868c...
00869SUOUIINE REFUEL U#TIME10,EIUEL,EFUEL1) 00870C...
C087C... REFLj EITERS THE CONTINUOUS CUPIt.LATTVE 00872C.., DENSITY FUNcrIor FO1 HE DURATION OF IEFUELIM 0087C... tIENTS HuH A UNIFORMLY CISTRIJT6U RANOUfr VSjATC 0087C... FROM RANOOM ANO RETURNS A 4ALUE FCR THE 0Ut4TICp 00875C... OF REFUELING LjNT.
00878C...
00877OIMENSIo REFUEL. (1.) ,RFLEL1 (1) 00878

TO 10 00879TIMEIO:3,4
00880RETURN
00881

75



C.

10 CONTI(4LE
CO 1L40 t2,1
IFLU.LJ.FiFUL(I))GU 1020

14s0 CONFIL
20 JIi

RETURN
END

C . .

C...
C..

SUDSOU1ItE VOLLfrE2 (U ,(LCGS , CLLfrE,ICLW1E1,XVCLUE)

V0LUh2 ENTERS THU CChTINLCU CLr1ui,1IvE CENSITY
FUNCT1C. ICR THL VOLtJMLS CESERVEC I1TH A
UNIFOL LISTIiLT(1) RhUC AIATE FROM RNCQi'
AND RETUiS A VALUE ICR THE CLUME OF EACH TLRN
BASED Ct TH COF VALUC kETURNEC FUM L0GS.

DIMENSION VULUiE (U,1),VOLut.tEl(6,1)
IF(U.GL.VCLLfrE(NLOG,1))GO IC 10

RETURN
10 CONTINLE

00 000 I2,102
IF(U.tJ. VCLLME (ILCGS,I) )OC IC 110

100 CONTIrLE
110 JIi

A(VOLIJHE1NLCGS,I)_LUE1(NLOGS,J))/(0LUP.(NLOGSI)
1OLUfrENLCCS,J))
XVOLLCLLEI(LOGS,J)4(A*(U..,IOLUE(NLOGSJ)))
RETURN
END

C . .

C. .

C..,

SUBRUUTINE OUTHAUL (TAGLTNE,SYOIST,11ME2)

OUTHAUL COMPUTES AN OUtHAUL TIME FRC A REGRESSION
ECUATICt.. UTILItIG TA(,LINE LEGTH ANC SLOPE ARCING
DISTANCt.

RL UR
END

C...
C.. *
C..,

SUDROUIINE INIIAUL (ULtJGS,SyOISr ,CCHOSLP,TAGLINE,XVOLUPE,TII ME 8)

C. .

C.'.
C . .

C.,.
C . .

C . .

C . .

INNAUL CCPFLTS AN INHALL IE FRCN A REGPtSSICp.
EQUATION UTILIZING LOf-C YLING CISTANCE
,CHOfC5LCFE,tLfcR CF LOGS PER TLN,TAGLIE
LENGTH,AC VULUM (LOG.

TIME .7,oJL, OQOl5O'J1'SyOJST_.CJ3f17C(lCROSLp.
I/FLOAT NLCG))

RETURN
END

00882

0088',
ooee
00886
00887
00888
00885
00890
00051
00852
C Ce 5 3

0085'i

00895
coec
00857
00858
00859
00900
00501
0050
0090!
0090',

C 09C

00907
00508
00505
00910
00511
00512
00513
0051'.

00911
0051
00517
00518
00915
C 0S2 0

00921
00522
00923
0052'.

00921

00927
Ooc2e
00525
00530
00531
00532
009 33

0053'.

00935
0053
0093?
00538
00 539

O 05'. 0

O0'3'. I

00943
O 05',

76



C,..
C...
C,.,

C . .

C4.,
C,.,
C..,
C..,
C . .

C...

C.,.
C... HOO ENTERj A CONTINUOUS cUfruLArIE OE'SITY FUNCTION
C... FOR ThE C&,8TI0, (F HECK TIfrV ITH A UNIFOcLY
C.. DISTRIEu lEO RANUOM VA,IATE FfCt hDcM' AND RETURNS
C... A 0LU FC ThE CURATION CF ThAT GCING EVENT.
C...

DIMENSION MOCK(1) ,HCOKI(1)
IF(U.GE.HOUK(j))GQ 1010
T1iE.1
RET UN

10 CONTINUE
00 130 I,2b
IF(kJ.Lt.HCCK(I))G( TO i'+Q

i:so C0N1INE
1(.0 J-'

A(ioo<1 (I)-oOKj(j) )/(hCOK(I)-HCCK(J))
RETURN
END

C...
C.,.

SUUOULINE RArbJc1(IR,I, IC,U,I)
C . ,

C... RANDOM COMPuTEs A PSEUDO RNCOM NL1EhE& EMFLCrIp4G
C.,. A MIxEC CLNCFUEr.1IAL RANCw LPEE GLbLRATOR TOC... DE USEL IN THE EESPECTIVE SUUFCUTINE.
C,..

DIMENSION ZR (a ,IAu ,IC (1)
Ifr(I AND N0(IA( I)'JR (I) ,EJe8c7)i- IC (I) ,838860fl

RETURN
END

SUOROLT INE CHOKO2(u, TIME1 ,CICCC ,CHCKC1)

CHOKO2 E NTLRS THF: CClil ItUOLS CLFu1ATI VE OENSI IY
FuhcrIcN FCR THE CuArfc, CF C-UK COKUF DELAYS
NITn A LNIFCRit CIST<IOuTE3 RAHIJCM VAkIATE FAOpi
RANCCF' ANC RETURNS A VALLE ICR IHI CURATION CF

EACH ChOsER hCCtjF CAy.

DIMENSION CHOKOU,CHUKO1(1)
IF(U.GE.CCK31,)UU 1010
TIN1E1U.
RETURN

10 coNrINu
00 100 1:2,9
IF(U.Li.CrCKQ(IGQ TO liii

100 CONTINUE
110 JI-i

A(CHCKOlI)_CHcKc1(J))/(choKc(I.cHcKo(J))
IIME1:CHOKC1(J)4(4.(U...ChOKO(J))
RETURN
ENO

C..,
C.,,
C...

SU8ROUTI NE HOOK2 (U, I IMEht ,H( OX, HCOX 1)

77

0U95
C09L6
00'347
cc9e

0090
00'3S 1

00952
0O93
aoqs
O 0955
00956
00957

00959
O00

I

00'32
C 09
0 09 4
0 09 5
U 09
009 7
Co e

U 09
00970
009? 1

00'3?2
0097

00915
0097
00977
00578
00979
C0'idO

00981
00982
00983
009e
00985
0058
00987
00988
00989
0059 C

00991
00992
00'J9

00994
00995
0096
0 0 '3 9 7

00998
00599
ci aco

010 Ci
01002
0100:!
01004
01005
C 100
01007



SWJRCL1IM LCCS! (U,.LOGS,LCG,LCG5.)
C...
C., 10652 FAHC0tLY SELECTS A GIvLt TUFN SIZE
C... (1 THCUGh b LOGS/TuRN) FROM A CISCeEfE CUMULATIVE
C.,. DNS1Ty FLCTION.
C..,

REAL LCGS, LCGS1
OIMENSION LCGS(1),LOGS1(1)
00 150 1:1,6
IF(U.LL.LCGS(I))GC TO 160

ISO CONTINUE
160 NLOGS:LOGS1(I)

RETURN
END

C . .

C.,.
C..,

SUORGUTINE ChCI<I2(u,TIfrE3,cHcJ ,CI-CKII)

DIMENSION ARRAY(1)
XVAR= 0
HI OH: - . E 303

XLOW:.308
XME AN: TO TA L/P.

00 10 1:1,N
1F ARRAY (If) GE H16zAfiAy Ci)
IF(Al(1.L.xLch)xLCAy(I)
XVA R: XVA P4 (A RA Y (I) - Xi N) (ARPt Y U) XPIEA P.)

10 CONTINUE
VAR:XVAR/FLOT (NI)
SOZSCPT( JAk)
IF(XMEAN.LE.O.)6O 1020
CVPCTO/.A,' 100

20 RETURN

61008
01 003
01010
01011
01012
01013
0101',

0 10 IS

oioie
01017
01018
01011
01020
01021
0(022
C1C23
610214

01 021

01026
61027
01028
01021
01030
01C31
0 1 0 32

61033
316.314

01631
01 C3
01037
01038
01631
010140
616141

010142

010143
0104,',

010145
0106
01014?

01014 e

010149
01 Cl C

010S1
01652
01013
610114
61055
01056
01017
01018
01051
010 U
01061
01062
01063
01 Dc14

01061
01066
01067
01068
01061
01070

78

C . .

C . . CHOKI2 ENTERS T1E CCu1ILCLS CI.uLATIC DENSITY
C... FUUCTICN FC 0U(1U. CE CHCKER DELIVERY TIMES
C * . A UNIFCLY [I5T.I&t;J(C RLNOCM VARIATE FC
C.,. RAND0' ANO RETu4S A ALLE FOF THE CUATION OF
C.,, THAI CHOKER CLL1py DELAY.
C. .

DIMENSION ChCKI(1),CHQ<11(l)
IF(U.GE.CI-OKj(I))GO 1010
TIME3zO.
RETURN

10 CONTINLE
00 110 1:2,11
IF(U.L1.CHCNI(Ico 10 120

11.0 CONTINUE
120 J:I1

A:(CHOIj(I)_CHC:I1(J)),(CFo(I)_CpCI(J))
TIHE3:CFICKI1(J)4(Ae(U_CNOKJ()))

TURN
END

SUIRUOTINE STATS (ARRAY,N,TUTAL,XMN, VAR,H1Gh,XLOd,S0,
1CVFCT)

STATS CCHFUTCS THU MEAr, VRIAbCE,STAN0ARC CEVIATICN,
COFF1CIENr OF vIAt1uN, MA1HUi AND MINIMUM VALUES FOR
AN ARRAY.



I no
01071C.,.
01072C.,.
01073C...
0107'

SUOROUTINE XTURNS1 (U,CHOKIL,,CI.4CxI,NxTURNc:) OIO7EC...
alanC.,, XTURNSi EtTEcS A CCNT1M.Cs CLILLATIvE FUt'CTICN FCR 01077C.,. THE NUtE3ER OF TURNS THAI tJST eF 'rA0EO OEFORE A 01078C.,. CHOKER HCCKLF EVEnT OCCURS. A UNTFCRLY CISTIeUTEc 01079C... RANDOM VAIATL FRCM IS USED TO 0ETERIpE THE 01080C.,, VALUE CF THE CHOKER HOOKUP DELAY. 01081C...
01082DIMENSION CHOKI(1),CHOgI5(1)
0108300112 t1,2Q
01084IF(U.LE.CHQKLL,(I))GO TO 200
01085112 CONTINUE
C168[200 NXTURNS:0h0K15(I)
01087RETURN
abetEND
aioeC...
aiccoC...
01091C...
01052SUBROUTINE XTURNS2 (U,REFUELL, ,REFUEL5, XTURNS3) 01093C..,
cbccC... XTURNS2 EtTERS THE CONTINUOUS CUMULATIVE CENSITY 01095C... FUNCTIt. FOR THL FRECUENCY OF REFIlLING VENTS WITH 0105C... A UNT.FCMLY 0IS1TBUTEO RAHOCM VARIATE FROM 01097C.,. RANCC' ANC RETURtS THE VALUE THAT WILL CETERMINE 01058C.,. THE FRLCUENCY CF FLFUELING EENTS. 01099c...
01100OIMENSION tEFUELL$(fl,REFtJEL5(1)
01101001501:1,16
01102IF(U.LE.RLEL4(I))GO TO 160
011031!0 CONTINUE
01104180 XTURNS3:REFtJEL3(I)
01105RETURN
0110END
01107C...
01108C...
01109
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