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Awards for the 1985 Field Notes
Articles

Well it was close right to the end but the
following three articles crossed the finish line

just seconds ahead of the pack

Title Author

Cross-Country Ski Trail Roger Pekuri
Planning Development Civil Engineer
and Operation Ottawa National Forest

Region 9

Removing Protruding Rocks Larry Leland
From Roadbeds and Ditch Supervisory Civil
Lines Engineer

Monongahela National
Forest

Region 9

GPS Satellite Control Vic Hedman
for Photogrammetric Land Surveyor
Cadastral Surveys Regional Office

Region 9

Congratulations to the winners and thanks to all
the other folks who took the time to write and
submit articles. We realize youre all pressed for
time and appreciate your efforts all the more for
that reason.

Thanks also to our readers who submitted rating
sheets. For those of you who submitted neither an
article nor a rating sheet well be looking for you
this year.

EFN
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Mel Teigen-Forest Service Engineer
of the Year

III

On February 19 Mel Teigen Forest Engineer at
Gifford Pinchot National Forest in Region 6
received the Forest Service Engineer of the Year
Award at the 7th Annual NSPE Federal Engineer of the
Year Awards ceremony in Arlington Virginia. During
the ceremony NSPE President-elect Joseph H. Kuranz
P.E. and Forest Service Deputy Chief for Programs
and Legislation Jeff Sirmon P.E. presented Mel with
a plaque distinguishing him.

Following is a brief statement of Mels recent
achievements.

MELROY H. TEIGEN P.E.--U.S. Forest Service.
Forest Engineer Supervisor Civil Engineer
Gifford Pinchot National Forest. BSCE North
Dakota State University. Following thedevas-tatingMount St. Helens eruption and amid
extremely dangerous volcanic conditions Teigen
initiated and coordinated a $31000000emer-gencyprogram with FHWA and other agencies for
reconstructing 200 miles of roads and 12 bridges
and removing 600 million board feet of timber
while managing his ongoing $10 million program
without diminishing quality or an increase in

permanent staff. His annual program 180 miles
of road construction/reconstruction 4500 miles
of road maintenance operation and maintenance
of 244 buildings--all in a harsh environment on
the Gifford Pinchot National Forest now
includes managing all engineering improvements
related to the National Volcanic Monument.

The awards ceremony was the highlight of this years
National Engineers Week which was celebrated
from February 16 through February 22. Forty
Engineers of the Year represented their respective
agencies at the ceremony. Sophia Kokkinos Ashley
P.E. of the Naval Facilities Engineering Command
was named Federal Engineer of the Year. Ms. Ashley
is internationally recognized as a leader in the
aerodynamics of buildings wind tunnels and
structures.
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During Mels visit to the Washington Office he was
the guest of honor at the Washington OfficeEngineer-ingEngineers Week social he met with Associate
Deputy Chief Gary Cargill he attended congressional
hearings on Forest Service-related issues and he
climbed Capitol Hill--where he met with Senator
Daniel J. Evans R from Washington State. In spite
of D.C.s foggy February weather Mel flew home with
a clearer picture we hope of just what goes on
around the Washington Office.

Our sincere congratulations to Mel on receiving this
well-deserved and prestigious award.
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Figure 1.--NSPE President-elect JosephH. Kuranz P.E. and Forest
Service Deputy Chief Jeff Sirmonpresent Mel Teigen with plaquedis-tinguishinghim as Forest Service Engineer of the Year.
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The following four articles were prepared by Forest
Service employees enrolled in a 2-year masters
program at Oregon State University OSU

Modeling and Testing Two-Stump Anchor Systems
for Skyline Yarders

A Computer Simulation Program To Estimate the
Speed and Productivity of Tracked Skidders

Gradeability and Cost Considerations in
Vehicle Operations on Steep Roads

Modeling Running Skyline Performance Based on
Mechanical Capability of the Yarder

The Washington Office Timber Management and
Engineering Staffs have sponsored this graduate
level training at OSU for several years. Enrollees
have the option of specializing in transportation
for resource management or logging engineering.
Each student must complete a masters project before
being awarded a masters degree. For years the
papers from these projects have had very little
circulation. This year however we asked-each
student to submit a paper for publication in
Engineering Field Notes so others could become more
aware of the benefits the Forest Service derives
from sponsoring the program.
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Modeling Testing Two-Stump Anchor
Systemsfor Skyline Yarders

Richard Toupin
Logging Engineer
Siskiyou National Forest
Region 6

INTRODUCTION Stump anchor failure in a cable logging system can
be catastrophic. If the load applied to a stump
exceeds its maximum pull-out resistance then it
will fail by being pulled out of the ground. This
might occur in harvesting small diameter stands or
in shallow soils or poorly drained areas where the
structural development of root systems is limited in
depth.

If a single stump is not expected to providesuffi-cientpull-out resistance then an option is to use
a multiple-stump anchor. What is the behavior of
the various multiple-stump anchor rigging systems
under applied load To answer this question
research on anchor systems was conducted at Oregon
State University 5. As a part of the research a

model was developed to describe the behavior of
these anchor systems. The multiple-stump model was
structured to model the behavior of four systems of
two-stump anchors in young growth Douglas-fir
figure 1. Field load test data were compared with
published guidelines on load transfer inmultiple-stumpanchors and with model calculations.

PREVIOUS WORK Published information on multiple-stump anchors
includes work presented by Kimbell 1. Information
on single-stump anchors published in the United
States includes guidelines presented by Studier and
Binkley 4 as well as research findings presented
by Stoupa. 3. Research in New Zealand has been
documented by Liley 2.
Kimbell conducted work on two-stump Douglas-fir
anchors and found that the linkage tension was
between one-half and one-twelfth the incoming line
tension. Studier and Binkley state that stump
holding power varies with the square of the stump
diameter for single stumps and that the linkage
tension in a two-stump tailhold system is
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Figure 1.--Multiple-anchor rigging configurations.
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approximately one-third of the skyline tension.

Stoupa developed empirical equations for the ultimate
load and load-deformation relationship for single
Douglas-fir stumps. These equations were used in the

multiple-stump model. Stoupa and Liley found that
maximum tension is proportional to the square of the

stump diameter which agrees with Studier and

Binkleys report.

MULTIPLE-STUMP The modeled rigging systems illustrated in figure 1

SYSTEMS MODEL are described as follows

1 Series Multiple System. The skyline is used to
link the two stumps together. The skyline is
wrapped around the first stump in a notch
passed to the second stump and wrapped around
it in a notch and secured.

2 Tieback System. The skyline is wrapped around
the first stump in a notch and secured. Haywire
is used for the tieback line. It is wrapped
around the two stumps several times and
tensioned by twisting the wraps with a stick.
This type of tieback is commonly called a

twister.

3 Elevated Tieback System. This system is similar
to the regular tieback except the twister is
attached higher on the first stump than the

skyline.

4 Equalizer Block System. The equalizer line is

tied off to the first stump passed through the

block and tied off to the second stump. The

skyline is attached to the block.

To select the best multiple-stump anchor system for
cable yarding it is necessary to know how the anchor
rigging systems respond to applied load. The model
produces load-deformation curves for the four rigging
systems. In the model the computed deformation or
movement--and the direction of applied load--are
parallel to the ground surface. The loads range
from zero to a maximum value based on Stoupasempir-icalequations. The focus of the model was to
determine how the load-deformation behavior of the
individual stumps could be combined to describe the

behavior of a two-stump system. The present model
considers the linkage between the stumps to be rigid.
The next stage in multiple-stump anchor modeling is
to include an. inclined load and the response of the

linkage to applied load.
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RESULTS A comparison of the four rigging systems was made by
using model results for varying stump capacities and
diameters. The tieback configuration results also
included the effect of varying tieback pretension.
The ability to pretension the linkage was built into
the model to simulate the commonly used twisters.
Figure 2 shows the load-deformation curves for a

weak first stump and a strong second stump. The
eaualizer block curve is significantly lower than
the curves for the other systems. This means that
the eaualizer block system has a lower maximum
capacity and that it will reach its maximum at a

smaller deformation than the other systems. The
results with a strong first stump and a weak second
stump would be nearly the same as those shown in
figure 2 for the series multiple tieback and
eaualizer block systems. The elevated tieback would
have nearly the same maximum load but wouldexper-ienceabout 20 percent more deformation at a given
load if the second stump is the weak stump.

Based on other model computations the seriesmul-tipletieback and eaualizer block systems have
identical load-deformation curves if both stumps
have the same maximum capacity. Up to its maximum
capacity the load-deformation curve for the

125000-100000-0

75000-
0

f0

J
50000 Series Multiple

Tieback

25000
Elevated Tieback

Equalizer Tieback

0.5 1 1.5 2 2.5

Disp. 1 ft Inches
Figure 2.--Model load-deformation curves for four riggingconfigura-tions.The curves end at the load where system failure occurs.
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elevated tieback system was consistently above the
other systems but its maximum was slightly lower
than the regular tieback and the series multiple
systems. In addition tieback pretension does not
greatly affect the model results.

In general the model predictions compared favorably
with the field measurements. At the highest load
measured for each test the average field-measured
load ranged from 38 to 101 percent of themodel-predictedload. While this range is suite large it
is within the prediction limits of the model. The
general shape and the order of the fieldload-deformationcurves for the four rigging systems
agreed with the model prediction.

As part of the field testing phase of the project
eauipment and rigging are illustrated in figure 3
the load transferred to the second stump was

Guyline
Guyline

Guyl i ne

20-KIP

Displacement Load Cell
100-KIP

Transducers Block
Load Cell

Turnbuckle

Second First
Data Recording

Equipment

Figure 3.--Side view of the data-collection rigging configuration for
the series multiple system.

9



determined. The results shown in figure 4 indicate
the frequency of load transfer from the skyline to

the second stump. The variation is a function of

the individual stump strengths. It is reasonable to

expect that the behavior of the linkage influences
the load transfer.

DISCUSSION- The model computations indicate that the series
WHICH SYSTEM multiple system and tieback systems are so similar
IS BEST in behavior that it is not reasonable to recommend

one over the others. However the equalizer block

system appears to have a much lower load-deformation

curve and a lower maximum capacity under some
situations making it less desirable than the
others. In general the maximum capacity of the

series multiple or tieback systems approaches the

sum of the capacities of the individual stumps. The

maximum capacity of the equalizer system appears to

be about twice the capacity of the weaker of the two

stumps. The angle between the two sides of the

equalizer line will further reduce this.

Frequency of Occurrence
10

8

6

01

4

2

0

0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80

Percent Load Transfer to Second Stump

Figure 4.--Frequency of load transfer--skyline to second stump.

10



Since the load-deformation characteristics for the
series multiple and the two tieback systems are
similar the preferable system is the one that is
easiest to rig. The series multiple system requires
less hardware to rig because the skyline rather
than a twister is used as the link between the two
stumps. Consequently the series multiple system
appears to be the preferred system while the

equalizer block system appears to be the least

preferred system because it is likely to fail at a

lower system load than the other systems.

A few words of caution are necessary at this stage.
The research described here only considered

pull-failure whereas stumps may fail through other

ways such as being sheared by the wire rope lines.
In addition the model was constructed with the

assumption that the linkage between the two stumps
was rigid meaning that the distance between them
remains constant during load application. In a real
logging situation this linkage distance does
change. More research is needed to determine the
influence of linkage behavior on anchor capacity
however it is believed that the equalizer block

system would still be less resistant to pull-out
forces than the other systems.

This research was conducted on Douglas-fir in

relatively dry soil. While it is expected that the
results for different soil moisture conditions would

vary from those presented by Toupin the modeling
technique should still apply. The model needs to be
expanded to include other species and different
timber growing sites.

EFN
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A ComputerSimulation Program To
Estimate the Speed Productivity of
Tracked Skidders

Karl H. Gleason
South Zone Logging Engineer
Clearwater National Forest
Region 1

INTRODUCTION The two currently popular methods of predicting
tracked skidder speed and productivity are1 regression eauations and 2 vehiclemanufac-turershandbooks or pamphlets which are merely
regression eauations in tabular or graphic form. A
third method which has not yet seen widespread
development is a mobility simulation model. Such a

model is the R-A-F-T-S user-interactive computer
program which is written in the HP-BASIC computer
language for the HP-9020 and can be adapted for use
on other minicomputers or microcomputers.

There is an important fundamental difference between
regression equations and the R-A-F-T-S mobility
model. Regression equations are based on a small
number of field observations thereby allowing for
only a narrow range of usefulness. R-A-F-T-S
however uses mobility equations that are based on a

combination of soil mechanics principles and hundreds
of field observations. Therefore R-A-F-T-S is
applicable to a much wider range of conditions.

When the R-A-F-T-S computer program is executed it

prompts the user to supply information on the
skidder the log load being skidded and the soil
and terrain. While the skidders center of gravity
must be obtained from the vehicle manufacturers
engineering division most of the required skidder
data can be found in vehicle brochures that can be
obtained from retail dealers. Required soil
information includes the rating cone index if the
soil is fine-grained and the cone index if the soil
is coarse-grained. The equipment and procedure for
obtaining these measurements are described by
Gleason 4. Terrain information required is the
slope and length of the skid trail. Where the
rating cone index the cone index or the slope of
the skid trail change appreciably the skid trail
should be divided into separate sections.

13



R-A-F-T-S then calculates the following forces that
act upon the skidder

1 The resistance from the log load. R-A-F-T-S
contains three log skidding force models a

tree-length model from Perumpral 9 and
Gibbons 3 a log-length model from Lysne and
Burditt 7 and a skidding-without-an-arch
model from Herrick 6 and Fiske and Fridley
2.

2 The motion resistance acting on the tracks.
This is the sum of the soils compaction
resistance and the friction resistance of the
tracks parts. The motion resistance is
calculated using mobility equations from the
U.S. Army Engineer Waterways Experiment Station5 and from Wong 11.

3 The resistance or assistance caused by the

slope of the skid trail.

Next R-A-F-T-S compares the vectorial sum of these
forces to the following

1 The power limitation of the vehicle.

2 The maximum tractive force available from the
soil. This is the maximum amount of soil shear
force available parallel to the soils surface
and it is calculated with mobility equations
from the Waterways Experiment Station 5.

If either of the two forces listed above is less
than the sum of the resistances acting upon the
vehicle then the vehicle is immobilized. If the
vehicles power and the soil strength are both
sufficient to overcome the resistances then the
skidders theoretical velocity is determined by
R-A-F-T-S from the vehicles drawbar pull versus the
speed curves. Next the slip of the tracks on the
soil--required to build up sufficient tractive shear
force to overcome the resistances acting on the
vehicle--is calculated. The slip reduces thetheo-reticalvelocity previously calculated resulting
in a slower actual velocity.

Va Vt 1 - slip

where

slip a decimal 1

14



Vt the theoretical velocity

Va the actual velocity.

The travel time is determined next by R-A-F-T-S
based on the actual velocity. The totalround-triptravel time is found by summing the round-trip
travel times calculated for each separate section of
the travel path. The nontravel time required for
the hooking unhooking and decking of the log load
is found by using a regression equation taken from
Ohmstede 8 it is then added to the round-trip
travel time. This results in a harvest-cycle time
which is used to calculate productivity in terms of
timber volume per hour and cost per volume.

R-A-F-T-S also calculates the maximum ground
pressure occurring under the tracks. The ground
pressure is modeled as being nonuniform varying from
one end of the tracks to the other depending on the
weight and geometry of the log load being skidded
the slope of the skid trail the location of the
vehicles center of gravity and the soils exponent
of deformation N. The value of N relates the amount
of track sinkage to the pressure on the ground 1.
R-A-F-T-S has built-in values of N but the user may
enter different values if such values are known.

LIMITATIONS The R-A-F-T-S model cannot be used to analyze the
following conditions vehicles operating in reverse
gear towed vehicles rubber-tire vehicles grapple
skidding organic soils for example muskeg or
peat travel on frozen soils or snow and theskid-dingof whole trees. In addition R-A-F-T-S does
not consider the effects of vehicle acceleration or
the operators level of skill.

FIELD VERIFICA- Actual travel times recorded in a time study by
TION of the MODEL Seifert were compared to travel times calculated by

R-A-F-T-S 1982 for identical conditions. The
portion of Seiferts data used to verify R-A-F-T-S
consists of the following

1 Type of vehicles. Caterpillar D6D andInter-nationalHarvester TD-8E crawler tractors.

2 Harvesting system. Skidding of tree-length logs
without an arch over designated skid trails.

3 Two operators per vehicle.
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Table 1 shows the results of the comparison.
R-A-F-T-S overestimated the vehicles speeds by the
percentages shown in the table. In this particular
case the difference between the calculated and
measured travel times is greater when a log load is
being skidded than when the crawler is not skidding
a log load. Further field study is needed to
determine if this is generally true. If it is then
the log force models in R-A-F-T-S will have to be
revised to calculate a higher resistance force.
Another factor that affects the accuracy of
R-A-F-T-S is the vehicle operators degree of
skill. In the case of the International Harvester
TD-8E operator 1 is operating the vehicle at a
speed closer to the maximum than operator 2. Thus
the actual and calculated travel times are closer
for operator 1.

Table 1.--Percent differences between R-A-F-T-S calculated travel times and actual measured
travel times.

Percent Difference i n

Travel Times

Inbound to

Operator Number of Outbound From Landing Skidding
Vehicle 1 or 2 Turns Landing Empty a Log Payload

Caterpillar 1 62 11.09 39.54
D6D

Caterpillar 2 48 14.38 35.51
D6D

International
Harvester TD-8E 1 44 15.48 31.55

International
Harvester TD-8E 2 106 34.48 49.05

Weighted Average 21.98 41.32
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CONCLUSION The R-A-F-T-S mobility model is an important first
step in developing a comprehensive computer
simulation model for tracked skidders. It can be
useful for comparing the relative productivities of
different tracked skidders for a given set of
conditions thereby assisting in equipment selection
and in timber sale layout. Moreover the programs
ability to calculate the maximum ground pressure may
be useful in assessing the impact of tracked
skidders on soil compaction.

EiN
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Gradeability Cost Considerations in
Vehicle Operations on Steep Roads

Paul Anderson John Sessions
Logging Engineer Associate Professor
Corvallis Oregon Department of Forest

Engineering
Oregon State University

INTRODUCTION Road grades steeper than 20 percent are becoming
increasingly common in the Pacific Northwest and
elsewhere around the Pacific Rim. Blackman 1
reports a logging operator in the Oregon Cascades
hauling on adverse 32 percent grades with tractor
assist while Fraser 3 reports a logging firm in
Indonesia hauling on adverse 28 percent grades with
6x6 log trucks. The objective of this paper is to
discuss gradeability and cost for vehicle operations
on steep roads. This research is part of a study by
Oregon State University on the design construction
maintenance and operation of steep roads in the
Oregon Coast Range.

The topography and geology of the Oregon Coast Range
limit options for road construction. Steep 40 to
120 percent slopes and long ridge systems with
numerous side ridges are common. The fine-grained
sandstone soils are often unstable because of steep
slopes and abundant moisture. Until about 1972
building sidecast roads on sidehills was common
practice but sidehill road construction has become
much more expensive primarily because of a shift to
full-bench end-haul construction on slopes steeper
than 40 to 50 percent.

Steep grades often provide an economical alternative
to the construction of expensive sidehill roads.
Construction costs are estimated to be $50000 to
$70000 per kilometer for ridgetop road construction
and $150000 to $375000 per kilometer for sidehill
road construction and end-haul construction. Because
of this cost difference road construction is often
restricted to ridgetops. Running the ridgetops
minimizes earthwork but may result in steeper road
grades.
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CONSTRUCTION Any comparison between road alternatives must
HAUL COSTS consider construction maintenance and user costs.

So before examining the technical aspects ofgrade-abilitywe will compare costs for two hypothetical
spur-road alternatives.

Alternative 1 is a 1.67-kilometer road of 24 percent
adverse grade that will not permit haul byunas-sistedlog trucks. Alternative 2 is a 2.5-kilometer
road of 16 percent grade that will permit unassisted
haul. In figure 1 the 24-percent road has an
assumed construction cost of $100000 and around-triptime of 28 minutes for each load. The
16-percent road costs $250000 to build and the
haul time for unassisted trucks is 20 minutes 2.
The downward-sloping lines represent construction
costs per cubic meter and the horizontal lines
represent haul cost per cubic meter for various
volumes. Assuming that the cost of the unassisted
truck is $1.00 per minute and that the cost of the
assist vehicle is $1.06 per cubic meter the haul
costs would be $2.19 per cubic meter for the
24-percent road and $0.81 per cubic meter for the
16-percent road.

The cost advantage for low-volume roads depends
heavily upon the volume to be hauled figure 2. For
example at volumes less than 110000 cubic meters
the 24-percent road has a lower combinedconstruc-tionand haul cost. Using the assumptions in
figures 1 and 2 hauling a volume of 50000 cubic
meters would give a cost advantage of about $1.60 per
cubic meter to the steeper road. For a volume of
25000 cubic meters the cost advantage would be
about $4.60 per cubic meter. This example does not
consider maintenance costs. If the road accesses
25000 cubic meters it will reauire a yarder to
make one round trip for every 1000 truck trips.
Any difference in costs for moving equipment in and
out also should be considered.

GRADEABILITY Effects on Uphill Gradeability. Uphill gradeability
CONSIDERATIONS of- vehicles is ultimately limited by traction. To

determine the gradeability of a vehicle or vehicle
combination it is necessary to know the coefficient
of traction vehicle weights and percentage of load
upon the driving tires or tracks.

Gradeability is particularly sensitive to thecoef-ficientof traction. Unassisted gradeability for
loaded log trucks ranges from 23 percent for a
coefficient of traction of 0.55 to 28.3 percent for
a coefficient of traction of 0.65.
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How well do these coefficients relate to current
practice Unassisted truck haul on an unsurfaced
road of 26.4 percent grade has been observed the
trucks therefore were generating a coefficient of
traction of 0.61. Practical grade limits forunas-sistedlog trucks on unsurfaced dirt roads and under
favorable conditions appear to be in the 20- to

25-percent range.

On crushed rock surfaces traction problems begin
appearing at about an 18-percent grade depending
upon the quality and gradation of the rock and the
condition of the road. One National Forest in Oregon
makes allowances for assist vehicles on logging roads
that have adverse hauls steeper than 16 percent.
However log haul on road grades as steep as
20 percent often does not require assistance. In
cases where there is insufficient traction an assist
vehicle such as a crawler tractor or rubber-tired
skidder can be used.

Consider a loaded log truck weighing 35000 kilograms
being assisted up an adverse grade. In figure 3
the additional thrust required from an assist
vehicle is plotted against the grade with the
downward-sloping lines representing the thrust that
could be developed by an assist vehicle weighing
25000 kilograms. In this example the gradeability
for the log truck and assist vehicle combination
would range from about 37.5 to 40 percent. Practical
limits for adverse haul under good conditions for
log trucks with tractor assist appear to be in the
30- to 40-percent range.

Occasionally it is necessary to move unpowered
vehicles up adverse grades. Figure 4 estimates the
assist required to move an unpowered vehicle up
various grades and the potential thrust of the
assist vehicles for a given normal force and
coefficient of traction. For this example the

unpowered vehicle has a rolling resistance of
3 percent of vehicle weight. The assist vehicle is
given a weight of 25000 kilograms and a traction
coefficient of 0.65.

Figure 4 shows the required thrust versus grade for
various vehicle weights. The point where the line
of the assist vehicle intersects the line of a

particular vehicle weight is where the combination
of deadweight and assist vehicle would betraction-limited.For example moving an unpowered
68000-kilogram vehicle up a 20-percent grade would
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require assistance from a crawler tractor larger
than 25000 kilograms assuming that the only thrust
is that supplied by the assist vehicle. The

assumption that the crawler tractor can develop a

traction coefficient of 0.65 is usually conservative
on unsurfaced roads while the coefficient may be as
low as 0.35 on gravel roads.

Improvement of Uphill Gradeability. What else can
be done to improve uphill grades ility Typical log
truck specifications for haul on steep roads are
6x4 power trains overall gear reductions of 901
to 1301 and engines that generate from 223 to
353 kilowatts. Gradeability is not power-limited
but traction-limited. However traction can be
improved by increasing the weight on the drivers or
by improving the traction between the surface and
the tires. Sometimes it is possible to load the
front bunks more heavily. Another option is to add
front-wheel drive which costs about $10000 for
on-highway trucks.

Figure 5 shows the increase in gradeability gained
by adding power to the front wheels. Forcoeffi-cientsof traction between 0.4 and 0.6 powering the
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Figure 5.--Gradeability increase from powering the. front wheels.
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front wheels adds 4 to 4.5 percent gradeability.
However log trucks with 6x6 power trains are
uncommon in the Oregon Coast Range because of their
higher initial cost and maintenance costs.

Effects on Downhill Gradeability. Steep favorable
grades present a different gradeability problem for
trucks. Uphill gradeability reauires that the drive
wheels develop as high a coefficient of traction as

possible. Tire slip is increased until the maximum
coefficient of traction is reached. Tire slip for

uphill gradeability is not necessarily a safety
hazard.

For downhill travel tire slip is more critical.

Usually the maximum coefficient of traction is

achieved at about the 15- to 20-percent slip level.
Because slip occurs on all braked wheels for
safetys sake it is usually kept below the point
where the maximum coefficient of traction can be
obtained. In the Oregon Coast Range the operators
surveyed reported that the maximum grade they would
be willing to descend unassisted on drywell-maintainedsurfaces ranged from 20 to 25 percent.

As grades become steeper will brakes be able to
handle the increased load The horizontal line in

figure 6 represents the amount of energy a typical
engine brake can dissipate. Energy that cannot be

dissipated by the engine brake must go into the

service brakes. Tests by Kenworth and Rockwell on
trucks with braking systems similar to those used on
log trucks showed that the tractor-tandem brakes
work relatively more than the other brakes. Newcomb
and Spurr 4 present a method of calculating the
temperature at the interface between the brake drum
and shoe. Figure 7 shows the expected temperature
rise in tractor-tandem brakes in a typical truck
calculated by this method. The operatingtempera-tureof brakes is about 100 C 4 and a critical
temperature for brake fade is 345 C therefore a

temperature rise of 245 C must be avoided. At low

speeds-this is possible but the problem of brake
overheating becomes more critical when speeds are
higher than those normally encountered on very steep
logging roads.

CONCLUSION Steep roads are often a viable alternative for land

management their advantage being greatest where
limited volumes need to be transported and haul can
be done during the dry season. In designing steep
roads the gradeability and braking of log trucks
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and assist vehicles are important considerations.
Models such as those discussed here are useful in

predicting the theoretical limits of such equipment.
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Modeling Running Skyline Performance
Based on Mechanical Capability of the
Yarder

Samuel J. Wilbanks John Sessions
Logging Engineer Associate Professor
Klamath National Forest Department of
Region 5 Forest Engineering

Oregon State University

INTRODUCTION During the timber sale planning process the Forest
Engineer must determine the type of yarding system
that can most efficiently harvest the area. In the
case of steep environmentally sensitive terrain
the running skyline system is often an alternative.

Currently skyline analysis programs are available
for desk-top computers and handheld calculators.
These programs are used to determine the maximum
payload that can be supported at various points
along the skyline corridor. Often the tensions are
assumed to be the safe working load of the line
rather than the tensioning capability of the yarder.
This assumption may not be valid and can result in
predicted payloads being unattainable. In addition
the yarder may be unable to deliver the powerneces-saryto achieve the predicted production rates.
Consequently actual production could fallsignifi-cantlybelow that originally estimated.

This article introduces a method that combines the
mechanical characteristics of the yarder withconven-tionalprofile analysis to model running skyline
performance. The method can be readily implemented
on microcomputers. A program has been written in
HP-BASIC for the HP-9020 and Microsoft BASIC for the
IBM PC.

POWER FLOW Power flow is a major factor affecting yarder
performance. Running skylines can be divided into
three categories nonregenerative brake mechanical
interlock and variable ratio hydraulic interlock.
The power flow between the yarder the lines and
the load is different for each design.

Nonregenerative Power first flows from the engine to the mainline
Brake drum. The mainline drum then transmits the power to

the mainline. At the carriage some power flows to
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the load to do the work required to yard the turn
while the rest is transferred to the haulback line.

Finally the power leaves the haulback line at the

large water-cooled brake which is used to maintain
tension in the system figure 1.

Mechanical Interlock Power flow in the mechanical interlock design is the
same as the nonregenerative design except that a

portion of the power at the haulback drum is
recycled back to the mainline drum figure 2. This
is accomplished by placing a clutch between the
haulback and mainline drum gears. This regenerative
clutch substantially reduces the torque required
from the engine.

To transfer power from the haulback drum to the
mainline drum the angular speed of the haulback
side of the clutch must always be greater than the
mainline side of the clutch. This is accomplished
by selecting intermediate gearing which allows the
rotational speed of the clutch faces to be equal
when the carriage is at the tailhold of the longest
possible span. At this carriage position known as
the lock-point there is no slip across the
clutch. As inhaul progresses the haulback drum
begins to speed up relative to the mainline drum.
The differential speed is greatest when the carriage
nears the landing.

The differential speed is

An nm rm Hv - nh/ni 1
11rh My nm/ni

where

nm the angular speed of the mainline drum

rm/rh the radius ratio between the two drums

H
V
IM

v
the line speed ratio

nh/ni the gear speed ratio of the haulback
drum to the intermediate shaft

n
m/ni

the gear speed ratio of the mainline
drum to the intermediate shaft.

Variable-Ratio One type of variable ratio interlock utilizes a

Hydraulic Interlock hydrostatic drive to continually vary the speed
ratio between haulbackand mainline drums as

necessary to control their relative speeds. The two
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Figure 1.--Power flow in a running skyline with a nonregenerative
brake.
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Figure 2.--Power flow in a running skyline with a mechanical interlock.

drums are interlocked by placing a hydraulic vane
motor between them. The haulback drive pinion is
attached to the motor housing and the intermediate
shaft is splined to the rotor. The mainline drum is

geared to the intermediate shaft. See figure 3.
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Figure 3.--Drum set of a running skyline with a variable-ratio
hydraulic interlock.

Unlike the mechanical interlock the gear speed
ratio between the mainline and haulback drums is

selected so that the lock-point occurs near the

midpoint of the longest possible span. Assuming
equal line speeds the theoretical angular velocity
of the haulback is less than that of the mainline
drum from the tailhold to the lock-point where the
rotational speeds match. From the lock-point to the

landing the haulback drum will begin to turn
progressively faster relative to the mainline drum..
When the haulback drum must turn slower than the
mainline drum speed must be added through the
interlock. This requires a positive flow of power
from the engine through the hydrostatic drive to the
drums. If the haulback drum is required to rotate
faster than the mainline drum power must be
absorbed by the hydraulic motor and transmitted back

through the pump to the output shaft of the engine.
This negative power flow reduces the amount of

torque the engine must supply to meet tensioning
requirements of the mainline drum. See figure 4.
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Figure 4.--Power flow in a running skyline with a variable-ratio
hydraulic interlock.

MODELING YARDER To estimate performance each component of the yarder
COMPONENTS must be modeled. These include the engine torque

converter gearbox and drum set.

Engine The engine is modeled using piecewise linearregres-sionof the manufacturers published data. The
result is an equation or group of equations that
predict engine output torque as a function of engine
speed.

Torque Converter The torque converter modifies the power received
from the engine producing more torque andcorre-spondinglyless speed. The magnitude of speedreduc-tionand torque multiplication is defined by the

speed ratio and the torque ratio. The speed ratio is
the ratio of output speed to input speed. The torque
ratio is the ratio of output torque to input torque.
The torque ratio and speed ratio which result from a

particular combination of input power and loadcondi-tionsdefine the operating condition of the torque
converter. The converter capacity factor Kc is a

convenient way of expressing the power input to the
converter. The capacity factor is defined as
follows

K
c

ne 2
A _

e4

where

n the engine speed
e

M
e

the engine torque input to the converter.

33



Regression analysis is used to develop relationships
for speed ratio as a function of the capacity factor
and for torque ratio as a function of speed ratio.

An iterative approach is used to model the torque
converter. The problem is to determine the input
torque and input speed that yields the required
output torque Mout The output torque is the

torque necessary at the output shaft of theconver-terto achieve the desired line tension at a given
carriage position. Calculating output torque varies
with drum set design.

The iterative solution begins by selecting anini-tialoperating condition for the engine. Theconver-tercapacity factor is then calculated. Next speed
ratio and torque ratio are determined using the

regression relationships previously developed. If
the proper input power has been chosen the torque
ratio as defined by the converter operatingcondi-tionTrc must equal the ratio of output torque
to input torque Tr. If this is not the case
input power must be adjusted until these twovari-ablesbalance. A binary search technique is used to

converge on the operating point that satisfies the
condition that Trc Tr. A flowchart of the

torque converter modeling procedure is shown in

figure 5. Once the operating condition of the

engine/torque converter is known the output speed
is calculated by multiplying the engine speed by the
converter speed ratio.

Gearbox The gearbox is defined by the respective speed
ratios of each gear. Proper gear selection allows
the engine and torque converter to operate in an
efficient range.

To model the gearbox the highest gear is initially
selected. After determining the converter operating
condition checks are made to determine if thecon-verteris in a desirable operating range. If not a

lower gear is selected and the process is repeated
until a feasible combination is found.

Drum Set The design of the drum set directly influences the

torque requirements placed on the power unit during
yarding. Two factors that vary with design and have
the largest impact are effective radius and drum
torque.
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Effective Radius. The effective radius is measured
from the center of the drum to the center of the
outermost layer of wire rope. Assuming that the
torque delivered to the drum is constant theten-sioningcapacity will vary inversely with the amount
of line or wraps spooled on the drum.

Drum Torque. Torque available at a given drum
controls the amount of tension that can be generated.
Torque is applied to the mainline drum from the
engine and drive train through a pulling clutch.
In many yarders this clutch is rated so as not to
limit the torque that can be delivered to the drum.
However in the case of high tension requirements
close to the landing this clutch may limit mainline
tension.

Haulback tension is limited by the amount ofresist-ingtorque available in the haulback drum. The
torque that can be transmitted by clutches or brakes
is the product of bearing pressure and torque rating.
The torque that can be transmitted by a hydrostatic
drive is the product of hydraulic pressuredifferen-tialand torque rating. The torque ratings for all
of these devices are available from themanufac-turers.

MODELING the Payload capability is often determined by calculating
LOAD PATH maximum load carrying capability for a given haulback

tension and deflection 1. For the purpose of

yarder modeling an alternative method determines
deflection and ultimately a load path for a given
load and tension. Calculation of the load path
provides

1 Mainline tension necessary for a static force
balance at the carriage.

2 The line speed ratio necessary for the carriage
to travel along the load path.

3 Deflection of the skyline and whether the load
is fully or partially suspended.

Full Suspension Analysis of the fully suspended load path was

developed by Carson and Mann 2. For each terrain
point an iterative procedure the secant method is

ý used to determine the value for deflection that
provides the desired payload. Once the deflection
is known the skyline clearance is calculated and
checked to verify if full suspension is possible.
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Partial Suspension For partial suspension the secant method is used

to find the deflection necessary to support the load

as a function of the log-to-ground angle.

Once the load path is established mainline tensions

at each terrain point are known. These tensions

are used with mainline effective radius to determine
the torque requirement at the mainline drum. The

line speed ratio is calculated to determine the

amount of power delivered to the haulback drum during
inhaul. The line speed ratio is expressed as the

change in length of the haulback divided by the

change in length of the mainline. The change in the

length of each line is determined using information
obtained during the load path calculations.

ESTIMATING Once the load path is known the line speeds at each

LINE SPEEDS terrain point may be calculated.

Nonregenerative All of the power in the haulback line is dissipated
Brake through the haulback brake. The engine and torque

converter merely have to respond to the required
mainline tension at each terrain point. Once the

converter operating condition is found the mainline

speed Mv is calculated using the following
formula

Mv nowt R 27rrm 3
where

pout converter output speed

R the total reduction from output shaft
to mainline drum

rm the effective radius of the mainline
drum.

Mechanical Interlock Modeling the mechanical interlock yarder differs

from the nonregenerative yarder in the calculation
of torque required at the converter output shaft.

The formula for calculating output torque is as

follows

M
Mml Mhb nh/nm1 R 4

out
E

where

Mml the total torque required at the
mainline drum
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Mhb the torque available at the
regenerative clutch

E overall efficiency.
11

Once the algorithm converges on the torque converter
operating point the line speeds are calculated.

Variable-Ratio Converter output torque for the variable-ratio
Hydraulic Interlock hydraulic interlock is calculated using the following

formula

M
Mml

- Mh niInm1 R 5
out

E

where

M torque at the hydraulic motor
h

n./n the speed ratio of the intermediate
i m

shaft to the mainline drum.

The torque converter operating condition must now he
determined. To calculate the converter capacity
factor the input torque to the converter is found by
subtracting the amount of torque added or absorbed
by the pump from the engine torque. Therefore the
capacity factor can be written

Kc e 6
Me MP

where

M
P

the pump torque.

Pump torque will be positive when the hydrostatic
drive is adding power to the drums and negative
when it is absorbing power from the drums.

Pump torque is a function of displacement and

pressure differential. The pressure differential is
held constant. Pump displacement is varied so that

pump flow equals motor flow. Motor flow is the

product of differential speed and displacement. Pump
speed is constant in relation to engine speed. Once
the necessary pump displacement is known pump torque
is calculated.
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The direct solution for pump torque involves the
simultaneous solution of six equations and six
unknowns. An iterative approach for the calculation
of pump torque is used. Initially pump torque is

assumed to be zero. Converter capacity factor
speed ratio mainline speed differential speed and

pump displacement are then computed. Based on these
values an improved value for pump torque iscalcu-latedthen this value is compared to the previous
value. If they are not within some acceptable
tolerance the calculations are repeated using the
improved value for pump torque until the difference
between the new value and previous value for pump
torque is acceptable. See figure 7.

Once the pump torque is determined the torque
converter operating condition is calculated. This
entire procedure is repeated until the operating
condition is determined.

At this point mainline speed is calculated in the
same manner as the other yarder designs.

Pump Torque Converter
M 0 Capacity Speed Ratio Angular Speed

po Factor
of Main Drum

Current Value

For Pump Torque
Differential

Equals Improved
Speed Across

Value
Interlock

N

Use Capacity Improved
Factor as Y Value for Required
Trial Value

Mpo- Mpn Pump Torque Pump
in Engine-T.C. M Displacement

Procedure p
n

Figure 7.--Flowchart of procedure for determining pump torque.
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RESULTS Figure 8a shows relative efficiencies for three
machines yarding over the same profile. Relative
efficiency is the ratio of power used to do useful
work on the load to the total power input during
yarding.

Figure 8b shows the engine power relative to power
consumed by the load if all three yarders could
inhaul the same load at equal speeds. In practice
a noninterlocked yarder probably could not move a

given load as fast as an interlocked yarder because
of the extremely high power input and dissipation
requirements. These plots figure 8 were generated
using specifications from three actual yarders and
reflect the overall design of the machine.

For example near the tailhold the relativeeffi-ciencyof the mechanical interlock yarder drops off

markedly whereas the efficiency of thevariable-ratiointerlock yarder continues to increase to a
maximum in excess of 100 percent. The difference in

efficiency largely results from the different torque
converters and transmissions used in each yarder.
The mechanical interlock yarder in this case is

equipped with a torque converter and 2-speed gearbox
while the variable-ratio hydraulic interlock yarder
uses a different torque converter in combination with
a 4-speed gearbox. The drop in relative efficiency
shown for the mechanical interlock yarder isattrib-utableto low converter efficiency resulting from
the relatively light load of 22 Kn 5000 pounds
chosen for this illustration. The different torque
converter and 4-speed transmission allows the
variable-ratio interlock machine to operate more
efficiently over a wider range of loading conditions.
The high relative efficiency near the tailholddemon-stratesthe capability of an interlock to utilize the

potential energy given up by the log thus reducing
required input power. In fact the engine may need
to function as a brake in some cases.

This illustrates that yarders that can support the

same payload may have very different productive
potential. Forest Engineers can use the method of

analysis presented here to verify that production
estimate for a given yarder are reasonable.

Figure 9 shows the potential error involved when
predicting payloads using design tensions unrelated
to the tensioning capability of the yarder. If the
safe working load one-third of the breaking
strength of a 19.6-millimeter h-inch haulback
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line were used as the limiting haulback tension for
the mechanical interlock yarder the payload
capability would be overestimated by as much as
86 percent.

CONCLUSION An approach for determining running skyline
performance based on the mechanical characteristics
of the yarder has been suggested. This approach can
be applied to the three basic designs of running
skyline machines. Forest Engineers can utilize this

procedure on microcomputers to appraise the relative
performance of different machines and to assist in

making decisions about eauipment selection and sale
layout.

REFERENCES 1. Carson W. Determination of load carrying
capability with a programmable calculator. USDA
F.S. Research Paper PNW-205 1976.
2. Carson W. and C. Mann. An analysis of the
running skyline load path. USDA F.S. Research Paper
PNW-120 1971.
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Water Well Monumentation

Richard Wisehart
Geotechnical Engineer
Stanislaus National Forest
Region 5

In 1982 the Stanislaus National Forest began a

campground water supply improvement program that
called for replacing all surface-water supply sources
with ground-water sources. The purpose of this
effort was to reduce the high cost of water quality
monitoring and treatment in Forest Service
campgrounds served by surface water sources.Cali-forniaState regulations require testing all publicly
used surface water sources for turbidity daily but

testing ground-water sources only monthly. The
conversion to ground-water supplies uses bothverti-caland horizontal water wells. In the vertical
wells either hand pumps or electric submersible

pumps are installed. The Stanislaus National Forest
now owns and operates 35 vertical wells and 9hori-zontalwells.

To facilitate the operation and maintenance of each

well the SO Facilities Engineer maintains a record
of well construction and existing hydrogeologic
conditions. Each record references its well by
legal location and by a well number assigned at the

time of construction. In the field each well has
its well number and a summary of the most pertinent
construction and performance information permanently
affixed to it.

Affixing the information to the wells is useful to

District maintenance personnel when they service
wells--they do not need to retrieve information from
a filed record which over the years could be lost
or misplaced. Affixing information also serves to

identify wells in the field. When several wells are
close together legal descriptions are not adequate
to identify individual wells. The public also has
reacted positively to the information provided on
each well. Campers pumping water from a handpump
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seem to enjoy knowing the depth from which they are
pumping how much water the well can yield how deep
the well is and when it was drilled.

Figure 1 shows an example of the magnetic aluminum
survey monuments used to record and affix theinfor-mationto the well. The monuments are C-1 Berntsen
Markers cast with Logo 1008 descriptors. Berntsen
Inc. manufactures and offers them to the Government
through a G.S.A. contract for $5.31 each. The
address for Berntsen is P.O. Box 8666 Madison
Wisconsin 53708. The Forest Service requires that
data specific to each well be stamped onto the
monuments with standard metal number and letter dies.

4
11

Well No. 3-EV

Date Drilled 9/82

Drilled By McGANN

Well Depth 174 ft

Casing Depth 50 ft

Pump Depth 150 ft

Static Level 23 ft

Yield 18 gpm

411

341

Figure 1.--C-1 Berntsen marker.
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Solar-PoweredWater-Pumping
Systemsfor Remote Sites

Harry Kringler
East Zone Sanitary Engineer
Gallatin National Forest
Region 1

BACKGROUND Benchmark Guard Station is a small administrative
site located on the Lewis and Clark National Forest
near the.boundary of the Scapegoat Wilderness. One
person is stationed there full time during the field
season each year and other guards and crew also use
the facility. The cabin was plumbed for hot and
cold water and future plans include adding a shower
facility. Therefore maintaining a pressure water
system was desired and a 60-foot-deep well was
drilled near the cabin in 1982 to replace a surface
water source.

The site lacked gravity pressure from a spring and
alternatives for pumping water were limited because
commercial electricity was not available at this
remote location. Considering that the cost of solar
panels has been declining we decided that asolar-poweredwater-pumping system might satisfy our needs.

Preliminary investigation indicated that a solar
powered water-pumping system similar to onefabri-catedby Blue Sky Water Supply Company in Billings
Montana was a reasonable alternative. The pump
used in that system is a Robbins and Myers Model
2V12L progressive cavity pump. The gear box is
modified with a worm gear drive and is v-belt driven
by a 24-volt dc motor. The progressive cavity pump
can be described as a positive displacement screw
pump with a single-helix rotor that turnseccen-tricallyinside a double-helix elastomeric stator as
shown in figure 1. The rotor and stator are
installed below the water table for positive priming.
The vertical pump rod connects the rotor to the
output shaft of the gear drive.

DESIGN The design of the water system for the Benchmark
CONSTRUCTION Guard Station was based on the following projected

use pattern with an average daily water use of
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Figure 1.--Section of progressive cavity pump without modified geardrive for electric motor operation.
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50 gallons per capita per day which allows for the
addition of shower facilities at a later date

Number of Persons/ Estimated
Use Period Type of Use Gal/Week

6/15-11/15 One person full time 250

6/1.5-9/15 Two 4-person trail crews 400
1 day/week

6/15-9/1.5 Two wilderness guards 100

I day/week

3 weeks 8-person YCC crew 2000

Total Estimated Weekly Water Volume 2750

Storage batteries were sized to keep the system
operating for up to 7 sunless days. The progressive
cavity pump was sized to deliver 8 gallons per minute

against a total dynamic head of 100 feet of water.

Plans for the system called for controlling theoper-ationof the pump by using a conventional sealeddia-phragmhydro-pneumatic tank and pressure switch. An
insulated equipment enclosure would cover thewell-andhouse major components of the water system.head
A small gas heater also was included because the

Rocky Mountain District wanted to use the site in
the fall when below freezing temperatures are common.

GSA has several supply contracts with manufacturers
of photovoltaic or solar power systems. Most of

these contract suppliers will assist in the design
of a photovoltaic system based on the estimated
water demand furnished to them by the customer.
Some suppliers will furnish the complete system
including water-pumping equipment. The equipment
enclosure also was available under a GSA supply
contract. The photovoltaic system and the enclosure
were purchased by the Government and furnished to
the contractor. The gas heater also was furnished

by the Government to eliminate contractor delays in

waiting for mechanical equipment.

Construction of the water system started in June
1983. The project was not expected to take more
than 2 weeks to complete. The original contractor
was terminated for default in July 1984 after many
delays. The project was completed by another
contractor in the fall of 1984 just in time to shut

the system down for the winter.
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Total construction costs of the project excluding
contract administration costs are summarized below

Government furnished property FOB
Augusta RS
Fiberglass enclosure factory foam
insulated $1 743
Gas heater 285
70-watt solar-power system including
solar-power panels batteries
battery enclosure control unit and
all interconnecting cables 1680

Contract to complete water system.
Includes 240 feet of underground water
and propane lines concrete pad and
installation of all Government-furnished

property 4 015

Total construction cost $7723

OPERATING The system was turned on in late May of 1985. With
EXPERIENCE the exception of one incident requiring cleaning the

battery terminals in early June the system operated
problem-free for the entire 1985 field season. A
watermeter installed on July 22 recorded a total
volume of 1900 gallons of water used by the time
the system was shut down for the season. Average
water use between July 22 and August 19 was
40 gallons per day. Water use will increase after
the shower facility is completed.

Figure 2 shows the completed installation. The
steel battery enclosure is located to the left of
the equipment enclosure. The 4-inch vertical pipe
at the left rear of the equipment enclosure was
installed for the addition of more solar panels at a

later date. The Forest anticipates installing
several. dc-powered lighting fixtures in the cabin.

Major components of the wellhead installation are
enclosed in a fiber reinforced polyester enclosure
that is 54 inches wide by 48 inches deep by 60 inches
high. Figures 3 and 4 show the following components
inside the enclosure with the front and back doors
removed Well-X-Trol WX-251 sealed-diaphragm
hydro-pneumatic tank wellhead with dc motor and
v-belt-driven worm gear drive pressure switch
fused disconnect solar system power control unit
and gas heater.
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4.Figure 2.--Completed installation of solar-powered pumping system with
wellhead inside equipment enclosure. Note The heater flue is
vented directly over the battery enclosure which is a safety hazard
because hydrogen gas given off from the batteries is explosive. This
is a design error and will have to be corrected.

It appears that battery maintenance is the one item
that is going to govern how much time is reauired to
maintain the water system. If the terminals can be
cleaned just once in the spring when the system is

opened and then operate satisfactorily all season
then system maintenance should not be costly to the
District. Battery life is expected to be at least
5 years.

Mechanically the existing pump performed well for
one season but if we were looking at this project
today the recent introduction of the dc-powered
submersible pump without a dc/ac inverter probably
would change our final design. The dc-powered
submersible pump could be installed with aconven-tionalpitless adapter with the pressure tank and
controls in the interior of the existing cabin. The
solar panels could be installed on the roof of the
existing cabin with the battery enclosure anchored
on an exterior cabin wall. The equipment enclosure
and concrete pad would not be required eliminating
the need for a separate heater and propane line.
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SRI

Figure 3.--Front view of equipment enclosure
with door removed.

Figure 4.--Back view of equipment enclosure
with door removed.

CONCLUSION The number of potential applications for solar power
in the Forest Service is increasing yearly. It is
clear that solar-powered water-pumping systems can
be economically feasible at small Forest Service
sites. The potential for use at larger sites should
improve as the unit prices for photovoltaic panels
continue to decline as a result of improvedtech-nologyand projected increased demand.

EFb
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Evaluation of Microcomputer Hardware
Features for Engineering Applications

Fong Ou
Engineer Systems Analysis Development
Washington Office Engineering Staff

INTRODUCTION The Forest Service applies automated data processing
ADP in Engineering to deal with various aspects of
Engineering design problems. Relegating the burden
of computation to machines allows the Engineer more
time to evaluate alternatives and to assume a more
creative design and decisionmaking role. Although
the role of computers may vary from one level of the
organization to another the effect of computers on
Engineering performance has been significant.

The manner in which Engineering applications use
computers is not standardized and varies greatly.
The hardware includes HP-41 calculatorsmicrocom-putersminicomputers and mainframe computers.
Recent developments in microcomputer design have
resulted in microcomputers that have standalone
capabilities rivaling those of minicomputers and
mainframes and that also possess versatilecommunica-tionscapability. The microcomputer increasingly is
becoming a major tool for Engineering applications.

In the past the Regions purchased microcomputers
based on local needs. As shown in the Systems
Management Responsibility Improvement Program
SyMRIP report more than 30 types ofmicrocom-putersexist varying from IBM PC to Apple II. The
main disadvantage of the variety is the slow process
of technology transfer in sharing the software among
Regions.

In October 1985 the U.S. Department of Agriculture
awarded a $223 million 10-year contract toElec-tronicData Systems EDS of Dallas for office
automation equipment and services. Recently a

Computer Sciences and Telecommunications CST
6610 letter announced that EDS will become the
Departments mandatory source for microcomputer
acquisition during fiscal years 1986 1987 and
1988. Microcomputers supplied by EDS include ATT
PC 6300 ATT 3B2/300 and 3B2/400 systems.
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Undoubtedly the new directive for purchasing the
ATT PC 6300 will foster the transfer of software
among microcomputer users in the future. However
it also raises some concerns. Will the existing
software truly work in this new environment Will
the new equipment be able to interface with the
existing hardware According to a report in the
November 1985 issue of Engineering Systems
Communique the ATT PC 6300 is 95- to 99-percent
IBM PC compatible. That is

1 Data Base. 100-percent compatible.

2 Software. Runs with PC-DOS. Runs IBM basic

programs using GW BASIC. Runs simulator. Runs
Lotus 1-2-3 with selective drivers. Doesnt r
Symphony because this bypasses DOS and works
directly with the IBM ROM-BlOs.

3 Operation. It is 1.8 times faster than a

regular IBM PC. It is 1.3 times faster than a
IBM PC-XT. It is slower than an IBM PC-AT. I
has higher resolution for graphic display and
comparable color feature.

4 The Machine. The 64K sockets on the bottom of
the motherboard also will take 256K chip sets.
It takes the Burroughs terminal emulation boar
designed for the IBM PC.

The report was based on test results of the

Integrated Software Federal Users Group ISFUG.
These results were not verified by the Forest
Service. CST will perform further tests in a

proposed Intelligent Workstation Study. The purpose
of the CST study is to evalute user interface
software integration hardware interfacetelecom-municationcapabilities mass storage and data
security/integrity. The Engineering Systems
Communique will report the progress of the CST
study. The Engineering Systems Communique is a

means of communication between Systems Engineers in
the Washington Office and Regional Offices and is
issued monthly via the Data General electronic mail
system. For more information refer to Technology
Transfer Newsletter October 1985 page 1.

The objective of this paper is to report theeffi-ciencyof the ATT PC 6300 compared to the IBM PC
Zenith and Compaq and the effect of severalmicro-computehardware features on operation efficiency.
The comparison is based on the test results of two
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engineering systems developed by the Virginia
Highway Department. R. A. Love F. W. Barton and
W. T. Mekeel Jr. presented these results at the

annual meeting of the Transportation Research Board
in Washington D.C. in January 1986 1.

FACTORS Three hardware features that were evaluated are the
AFFECTING the central processing unit CPU 8087 math coprocessor
EFFICIENCY of and random access memory RAM disk. Thecharacter-MICROCOMPUTERSistics of these features are described below.

CPU. The hardware components of microcomputers
include a CPU keyboard and CRT. The current
generation of 16-bit microcomputers generally use
one of three types of central processors the

Intel 8086 Intel 8088 and Motorola 68000. The
Intel 8086 is a true 16-bit processor--it moves data

through a 16-bit data bus and processes 16 bits at a

time while the Intel 8088 moves data through an
8-bit bus and processes 16 bits at a time. The
Motorola 68000 CPU the most powerful of the three
handles data through a 16-bit data bus butpro-cesses32 bits at a time.

8087 Math Coprocessor. The 8087 math coprocessor
can increase hardware efficiency. However the
extent to which the coprocessor will decreaseexecu-tiontime depends largely on the math processing
requirements of the program of interest. The more
number crunching required the more benefit realized
from the 8087.

This feature has two shortcomings. First it draws
a significant percentage of the power supplied to
the system board of a microcomputer. Second the
8087 dissipates a significant amount of heat. These
shortcomings can cause erratic operation of the disk.

drives memory malfunctions periodic lockup of the

computer unsafe heat buildup inside the computer
cabinet and possible eventual burnout of the power
supply. So evaluate each individual microcomputer
system before adding the 8087 coprocessor feature.

RAM Disk. The two types of internal memory are
read-only memory ROM and random access memory
RAM. The ROM is factory installed and is read
when the computer is turned on. It is permanent and
cannot be altered by the computer operator. RAM is

a temporary memory and accessible to the user. It

gives microcomputers their real power since it
determines the size of applications that can be run
on them.
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A RAM disk is a type of mass storage created by
software that partitions unused RAM into what the

computer thinks is an additional disk drive. This
form of mass storage provides the fastest access
time because it involves no mechanical drive parts
such as read/write heads. However RAM disks are
limited in capacity to whatever RAM is not used
during the application.

HARDWARE Table 1 shows the four microcomputers used in the
tests. They are the Zenith Z-151 the Compaqport-ablethe IBM PC and the ATT PC 6300. These four
machines are 16-bit microcomputers and use MS-DOS
version 2.11 as the operating system.

The Zenith Z-151 Compaq portable and IBM PC all
use Intel 8088 as the processor while ATT PC 6300
uses Intel 8086 as the processor. The installed RAM

ranges from 256 kilobytes KB for the Compaqport-ableto 596 KB for the IBM PC. The mass storage for
the four machines is the same two 360-KBdouble-sided/double-densitydisk drives.

SOFTWARE The two programs used in the Virginia study were the
Prestressed Concrete I-Beam Design and Analysis
Program and the Steel Girder Design and Analysis
Program. The former is a fairly long program with
approximately 3000 FORTRAN statements in the source
file and executable run file size of 161480 bytes.
The latter has approximately 900 FORTRAN statements
in the source file and an executable file size of
90360 bytes.

RESULTS of The following four projects were used in the test
the TEST 1 Project A. Design of a standard AASHTO type 5

beam with standard HS-20 loading.

2 Project B. Design of a non-AASHTO beam for
HS-20 loading and additional concentrated dead
loads.

3 Project C. Complete analysis of an interior
bridge girder of composite construction.

4 Project D. Three separate complete designs of
interior composite bridge girders at web depths
of 48 inches 51 inches and 54 inchesrespec-tively.
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Table 1.--Microcomputers used in the Virginia study.

Word Operating Installed Mass

Computer length Processor system RAM Storage

Zenith Z-151 16-bit Intel 8088 MS-DOS 384 KB Two 360-KB

marketed by DS/DD disk

NBI drives

Compaq Port- 16-bit Intel 8088 MS-DOS 256 KB Two 360-KB
able Computer CP/M86 DS/DD disk

UCSD drives
P-System

IBM PC 16-bi t Intel 8088 PC-DOS 596 KB Two 360-KB
CP/M DS/DD disk
UCSD drives
P-System

ATT PC 16-bi t Intel 8086 MS-DOS 512 KB Two 360-KB
6300 DS/DD disk

drives

The test was performed with four differentcondi-tionsmachines without RAM disk and 8087 math

coprocessor machines with a RAM disk machines with
an 8087 math coprocessor and machines with both the
RAM and the 8087. The following are the results of
the test

Machines without RAM disk and 8087 Math Coprocessor.
Table 2 shows the test result for the four types of
machines without adding both RAM disk and the 8087.
The table indicates that the ATT PC is the most
efficient machine among the four microcomputers.
The execution time for both the Compaq portable and
the IBM PC is identical and the execution speed for
the Zenith Z-151 is much slower than the other three
machines.

The execution time of the ATT PC is approximately
30 percent faster than that of the Compaq portable
and IBM PC and 60 percent faster than that of the
Zenith Z-151. The Virginia test result issignifi-cantlydifferent from that reported by theInte-gratedSoftware Federal Users Group ISFUG. The
ISFUGs result shows that the ATT PC is 1.8 times
faster than the IBM PC. The discrepancy may be
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Table 2.--Execution time for four microcomputers.

Project Execution time seconds Ratio of Execution Time
Ze th Compaq IBM PC ATT PC Zeni t Compaq IBM

ATT PC ATT PC ATT PC

A 54 43 43 33 1.64 1.30 1.30

B 57 47 46 35 1.63 1.34 1.31

C 30 24 24 20 1.50 1.20 1.20

D 88 75 74 50 1.76 1.50 1.48

Average 1.63 1.34 1.32

caused by the size of the program and the problem
domain. The ISFUGs test used the spreadsheet
packages which are considered to be much smaller
than the two bridge design programs used in the
Virginia study.

Machines with a RAM Disk. As shown in table 3 a

RAM disk can improve the operation efficiency by as
much as two-thirds of execution time. However the
improvement varies from one project to another and
also differ among the machines. The reduction in
execution time for project D is relatively small
when compared with other projects. The improvement
of operation efficiency for ATT is consistent with
a range of 44 to 65 percent.

Machines with an 8087 Math Coprocessor. The test
for adding the 8087 feature was performed only for
the Compaq portable machine. Table 4 shows that the
8087 can improve the operation efficiency in terms
of execution time from 16 to 52 percent.

Machines with RAM Disk and 8087 Math Coprocessor.
Table 5 shows that adding both RAM disk and 8087 math
coprocessor features can reduce execution time by
two-thirds. The test used only the Compaa portable.
With these two features execution time for the
ATT PC. could improve 80 percent because the effect
of a RAM disk on the ATT PC is about 60 percent and
the expected effect of the 8087 is more than
20 percent.
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Table 3.--Reduction in execution time with RAM disk percent.

Project Zenith Compaq IBM PC ATT PC

Z-151 Portable

A --a -- 44 64

B -- -- 41 60

C 47 50 50 65

D 6 21 20 44

alnsufficient memory exists to simultaneously
create an emulated disk drive and run the program.

Table 4.--Reduction in execution time with 8087 math coprocessor
percent.

Project Compaq Portable

A 16

B 19

C 17

D 52

Table 5.--Reduction in execution time with RAM disk and 8087 percent.

Project Compaq Portable

C 63

D 71
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SUMMARY This paper has presented the results of a Virginia
CONCLUSIONS case study on the evaluation of microcomputer

hardware features by applying two bridge design
programs to four projects. The following are
specific findings of this real-world application

1 The execution time of the ATT PC 6300 is

approximately 30 percent faster than that of
the IBM PC and the Compaq portable and
60 percent less than that of the Zenith Z-151.

2 The efficiency of a hardware feature to amicro-computerdepends on the size of a program and
the problem domain.

3 With a RAM disk a microcomputers operation
efficiency can improve with a decrease of
execution time 6 to 65 percent. The effect of
RAM. disks on the ATT PC is about 60 percent.

4 Adding an 8087 math coprocessor could decrease
execution time by 16 to 52 percent.

5 With both a RAM disk and the 8087 theeffi-ciencyof a microcomputer can be improved from
60 to 80 percent.

This studys results show that it is important for
the Engineer to determine the type of application in
terms of the size of the program and the problem
domain before selecting a hardware feature for a

particular microcomputer.

REFERENCE 1. Love R. A. F. W. Barton and W. T. McKeel
Jr. Application of microcomputers in bridge
design. Paper presented at the annual meeting of
the Transportation Research Board. Washington PC
January 1986.
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Cadastral
Surveying-Photogrammetrically

Steven D. Johnson
Forest Land Surveyor
Wenatchee National Forest

Region 6

INTRODUCTION The science of photogrammetry generally isrecog-nizedas a successful tool for making groundmeasure-mentsfrom aerial photos. However most surveyors
will admit that they have encountered somediffi-cultywhen working with it. This paper discusses
the photogrammetric process used by the Wenatchee
National Forest Region 6 in a cadastral resurvey
of portions of Township 23 North Ranges 18 and
19 East. The project is titled Mission Creek.

BACKGROUND Geography. The Mission Creek drainage surrounded

by the Wenatchee National Forest is a peaceful
valley supporting numerous small orchards and
ranches. The city of Cashmere Washingtonpopula-tion2500 is located at the mouth of the valley.
This valley having a mean elevation of 1000 feet
is dwarfed by the surrounding rugged mountains of up
to 4000 feet. The mountains with their brown
sandstone cliffs and sparsely scattered pine and fir

stands provide a dramatic contrast to the green
valley bottom.

History. Life for the residents of Mission Creek
recently has been altered with the discovery that
Theres gold in them thar hills. A Canadian
exploratory firm discovered a gold deposit lying
within a neighboring sandstone formation having a

net value of approximately $100 million. The public
notice of this strike spawned a mass rush to stake
mining claims on every piece of available Federal
land nearly 10000 mining claims have been staked
thus far. Almost all of the mineral rights of the
several thousand acres of private land adjoining the
Federal land have been leased. In other words the

gold rush is on. However a flaw mars this rosy
picture. This flaw is nothing new for it affects
many lands in the Western States and is related to
the erroneous and quite often fraudulent General
Land Office GLO surveys performed by the Benson

Syndicate.
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In 1884 Charles Holcomb the original GLO surveyor
did just enough surveying to develop the topography
to set a few corners and to make his presence known.
The little work that Holcomb did was actually suite
good. His contract which included the survey of
the surrounding townships resulted in a fairly
normal relationship of one township with another.
Most of these surrounding townships were dependently
resurveyed by the GLO between 1915 and 1940.

Mission Creek is one of the few remainingnonresur-veyedareas. Settlement of the Mission Creek Valley
was based on a private survey performed in the
1920s that attempted to construct only a portion
of the missing original survey. This presented a

serious problem and for the last several years no

private surveyors were willing to work in the area.

As as result of the new claims filed and thefraudu-lentnature of the old surveys in 1982 we decided
that a resurvey in Mission Creek was necessary. The
objective of this resurvey was twofold first to
identify and segregate the National Forest lands
and second to preserve the harmony of the adjacent
privately owned lands.

Survey Authority. Before beginning the project the
choice of the authority for the resurvey wascare-fullyweighed. Three options were considered1 use Federal authority through the Bureau of Land
Management 2 use a Washington State licensed land
surveyor and 3 conduct a cooperative resurvey
using authority vested in the county commissioners.

The authority chosen was the Federal procedure with
the field work performed by the Forest Service under
the terms of the interagency Memorandum of Agreement
between the Bureau of Land Management and the Forest
Service. When this survey authority is used the
Bureau of Land Management is responsible for all
procedural and survey decisions. This reauires
close interagency coordination throughout the project
to ensure final acceptance and approval. This
method while the most beneficial to the Government
poses some risk for the private owners because the
Federal law authorizing resurvey of public lands
limits survey of the private lands. Thisrestric-tiongained significance when our investigation
revealed that the resurvey area portrayed as 2 miles
wide was actually 24 miles wide. If we were to
double proportion this excess the private lands
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would move as much as 8 mile from their present
location. Such a shift obviously would disrupt the
harmony of the valley.

The next item considered was the survey procedure.
Because of the amount of mixed ownership and the
numerous corners to be compared the photogrammetric
process was selected. This process consisted of
five steps each requiring an equal amount of care.

PH OTOG RAM- Design. The first element of the photogrammetric
METRIC PROCESS process is the initial design. This includes
for MISSION CREEK selecting the project photo scale the type of film

to be used and the flight and control plans. The
plan developed by our Regional Office Geometronics
Group in Portland Oregon consisted ofblack-and-whitephotography taken with an 84 focal length
camera and flown at a photo scale of 112000. The
flight plan consisted of four strips of photography
having 60 percent overlap and 30 percent sidelap.
The flights ran north and south and provided easy
ground orientation figure 1. From this design we
selected the size of our photo panels and the final
location for our photogrammetric control net. The
control format requested by the Regional Office
called for a control panel having known position in
the common overlap area of each third stereo model.
The photo panels were 18 inches wide by 16 feet long
and were placed in a cross configuration having
8-foot legs figure 2. This is the minimum size
possible with 112000 scale photography. After
obtaining the aerial photography we found that our
panels should have been a bit larger perhaps 2 feet
wide by 20 feet long. The larger panels would have
been easier to locate when we were identifying them
on the aerial photos.

Paneling Process. We experimented with two different
materials in making photo panels. We first used
butcher paper guessing at an expected life of about
1 year. We found however that many of these paper
panels tore apart within a few weeks and had to be

replaced. The second material used consisted of a

plastic similar to surveyors flagging white in
color and coming in two different thicknesses
3 mil and 6 mil. The lighter material lasted a
little more than 1 year but it had a tendency to
bleach out to ground color. The heavier material
lasted considerably longer--up to 3 years--and
provided a good distinctive image. The placement of
the panel consisted of driving a rebar at the
selected location and attaching an aluminum tag
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1811

Rebar

8 8

9 Wire

9 Wire

The illustration shows the type of panel set

for the Mission Creek project. The photo

panels were 18 inches wide and 16 feet long.
The legs were 8 feet long and approximately
at right angles to form a cross

configuration.

Figure 2.--Type of panel set for the Mission Creek project.

identifying that point with a successive numbering
system. We then folded the photo panel in half and
tore off the very center point making a small hole
that would center the panel over the rebar. Using9 wire we made large staples to fix the panel to
the ground taking care not to pierce the plastic.
Because of the rocky terrain of this area we were
not always able to get the wire staples firmly in
the ground. Using a little discretion we would then

place limbs sticks or rocks on top of the panel to
hold it in place. We worried this might detract
from the visibility of the panels but we found it
had no effect. Before going to the field all

panels were precut and packaged with the rebar
wire and staples rolled up inside. The total cost
of the heavier panels were about $3.00 each.

The paneling process proceeded as follows. First
we developed a preliminary resurvey plan identifying
the general area where corners were to be set. This
was developed on a USGS 712-minute topographic map
figure 3. These corner locations were thentrans-ferredto existing photography using a KEK stereo
plotter. The field crew consisting of one or two
people then would field locate the area identified
on the aerial photos and place the panelsaccord-ingly.The paneling instructions called for either
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single or triple panels at all controlling corners
depending on their visibility. Readily visible
controlling corners were simply paneled.Control-lingcorners that were not visible were referenced
from panels placed in a visible area close by.
Corners to be set were all double paneled offering
two independent moves when completing monumentation.
The paneling process took approximately 2 months and
resulted in 270 panels being placed in the field.

This project taught several important points about

paneling Clear the ground free of weeds and brush
so spring growth wont disturb the panel select
sites which can later be occupied with an instrument
and set the panels with one leg horizontal on the
contour and the other leg perpendicular on the
fall line. The double panels were always placed
to be intervisible and about 200 feet apart. When
we received the photographs we wished we had been
more concerned about panel visibility. Several of
our panels either fell in shadows or were hidden
behind a tree in one of the stereo pairs. As a

result our photogrammetrist had difficulty giving
us accurate measurement on a few of these points
causing us to run several extra lines direct on
the ground. We noted that we should have taken
extra care on north- and west-facing slopes because
the tree shadows shaded much more ground than we
expected. Another important point is not to scrimp
on setting panels. An extra panel or two indiffi-cultareas could have saved us a lot of work later.

After completing the paneling and a day or two
before the aerial photography was flown we flew a

reconnaissance flight and checked the panels. We
discovered that in the 2 months of paneling several

panels had been damaged by wind and wildlife. This

gave us an opportunity to repair these damaged
panels and obtain photogrammetric measurement for
all but three panels that were hidden by trees.
During the paneling process our field crews also

developed field books showing the relationship of

one panel to the other with compass bearinghorizon-tadistance and the general topography of the

surrounding area figure 4. These field books were
an immense help in locating the panels on the aerial

photography and also provided a check during the
later calculations.

Control Survey. It is most important for thesur-veyorand the photogrammetrist to work together in
all phases of the project. Their cooperation in the
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Figure 4.--Field book.

design of the ground control net gave us theflexi-bilityto select intervisible locations for each of
the control points. This allowed the control
traverse to be completed when it was convenient. We
believe that the best approach in developing aerial
photo control is a continuous loop traverse. This
will allow you to determine the relative positional
accuracy of every control point by comparing your
misclosure. Photo control points that are side
shot stubbed in or even radial tied simply do not
have the known mathematical position that a point
has if it is part of a continuous loop.
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The traverse to control this photogrammetric project
was 27 miles long but it only consisted of 25 angle
points. The equipment used for the survey were a

Wild T-2 and Hewlett Packard 3808. The fieldproce-dureconsisted of turning four sets of horizontal

angles and two sets of vertical angles. Distances
were measured in both directions. The traverse was
run through tribrachs so neither the foresite nor
the backsite was disturbed. This survey procedure
resulted in a mathematical misclosure of 0.3 feet.
Our initial requirement called for an accuracy of

only 120000 however we feel this minimum closure
ratio concept is misleading. The critical element
to analyze when reducing field data is the distance
of the mathematical miss. A mathematical misclosure
of 2 feet in a traverse of this length would still

yield a closure of 170000. Yet with a 2-foot
mathematical miss there is probably a blunder
somewhere in the field. To better address this

positional accuracy requirement I developed the
following statement The mathematical misclosure
shall be no greater than the positional accuracy
being strived for. As an example a positional
accuracy of 0.5 foot should have a mathematical miss
no greater than 1.0 foot. This seems to be a more
accurate way of stating the accuracy requirement of

the control traverse than the usual closure ratio
statement.

There was debate over requiring conversion of our
control data to the State Plane Coordinate System.
We chose to leave our three-dimensional mathematical
values in our own local coordinate system. These
coordinate values were rotated to an azimuthdeter-minedby polaris and adjusted to ground elevations
from bench marks on each end of the project area.
The reason we did not convert to the State Plane
Coordinate System stems from my belief that this
mathematical manipulation in a project of this
size would not significantly increase theaccu-raciesstrived for and that we would eliminate an
area most surveyors have problems with when making
field moves. We compared the inverses of theaero-triangulationand our ground-check measurements and
found the aerotriangulation was well within the
0.5-foot accuracy we were striving for. This showed
that no accuracy was lost by not converting to the
State Plane Coordinate System. Computation of

longitudinal and latitudinal values and rotation of

grid bearings to true meridian was completed at the

close of the project.
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Photogrammetric Measurement. The photogrammetric
process requires faith in a series of mechanical
devices that the surveyor has no possibility of
checking. As an example a surveyor can easily
check a theodolites operation but has no way of
checking an aerial cameras calibration. The
surveyor must have confidence these devices will all
function correctly. During the photogrammetric
process the most common source of error is operator
reading errors which generally are undetectable.
Fo_ unlike the conventional ground survey with a
matý.hematical closure each position measured by the
photogrammetrist stands independent by itself. The
mathematical comparison in the bridge printout is
that of its fit to the ground control and the
fit between the photo pass points. To provide a

check for possible photogrammetric reading errors
the Mission Creek Project was bridged twice by two

separate operators on two different analytical
plotters. After the adjustment of the two bridges
the photogrammetrically derived coordinate values
were compared. Almost all points agreed within
tenths of a foot but there were a handful of points
having differences in coordinate values from 4 feet
to 70 feet. Our analysis showed that thesediscrep-anciesfell within two categories. First those
points having a large difference were caused by the
photogrammetrist misreading the photo panel. Second
those points having small differences of 4 or 5 feet
resulted from panels being either in a shadow or not
visible on one of the stereo pairs. Obviously this
second bridge eliminated the uncertainty of the
photogrammetric measurement and therefore eliminated
error in setting eight property corners. This second
bridge and rereading of all panels is a must for
cadastral projects. Surveyors live in a world of

checks--they double their angles close their
traverses and so forth. Without this secondmea-surementphotogrammetric cadastral surveys are
subject to error. I believe this is the source of
most problems surveyors have with these projects.

It is important to realize that actualphotogram-metricmeasurement takes very little time and
compared to the overall project is basicallyinex-pensive.This project consisted of 4 flight lines
and a total of 60 stereo models. Thephotogram-metristspent about 5 days preparing the project
accomplishing the aerotriangulation and producing
the final adjusted coordinate values.
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Again it is most important for the field surveyor
to visit with the photogrammetrist during the actual
aerotriangulation process. Questions concerning
target locations ground control and any of the

photogrammetric operations can be instantly resolved.
This meeting also leads to a better understanding of
the overall project by both the surveyor and the

photogrammetrist. If possible the photogrammetrist
also should visit the field during the monumentation

phase. This will give him firsthand experience in

using his own work.

Field Completion. After the photogrammetric process
was completed we moved to the next phase which
included final resurvey design and calculations of

proportionate positions for corners not recovered in
the initial work. The field procedure started with
another intensive search for the controlling corners.
If the corner was not recovered it was set at the

proportionate position. Several corners rock
post were found during this process. These corners
were monumented in place and tied to photo panels
with a short field traverse. Their position was
then computed and added to the storage bank for the
subdivisional calculations and final plat dimensions.

We tested three methods for field moves.

The first method which is by far the simplest is a

distance-distance intersection. This method can be
used only if the angular relationship of the double
panels and corner position is strong nearing
60 degrees each. The moves however should not
exceed 100 feet. This procedure was checked several
times through instrumentation and always met the

accuracy requirements.

The next procedure and the one most often used was
to occupy one photo panel with a field instrument
Wild T-1 backsight the opposite double panel
turn the calculated angle measure to the corner
point and set a stake. The instrument then would
be moved to the opposite photo panel and theproce-duredone again in reverse. The corner then would
be set at the mean of the two moves. This method
consistently met the accuracy requirements of this

project. However to avoid compounding ourposi-tionalerror this method was used only when the
move was not more than the distance between the

photo panels.

69



The third method involved establishing permanent
backsights at points in our original control
traverse. Two independent moves then would be made
from each of the double panels by backsighting the
control station. This procedure was used to check
the foregoing procedures and for those cases where
the length of the moves was more than the distance
between the photo panels. We used this procedure to
determine the position of a 6-corner having moves
of 600 feet. Because of the excessive length of
these moves a temporary stake was placed at the
6-corner position and the true line was run direct on
the ground. The position for the 6-cornerdeter-minedfrom field measurement fell 0.7 foot from the
photo moves. About one-third of the cornersestab-lishedthrough the photo move process were checked
by field measurement. All corners checked fell
within the 0.5-foot error circle. The field check
traverses also were used to mark and post the Forest
boundary accomplishing one objective of the project.

CONCLUSION The Mission Creek Project was closed with thesub-missionof field notes field books calculations
and diagrams to the Bureau of Land Management for
review and acceptance. Except those near residences
which were cleaned up the photo panels will be
allowed to deteriorate in the field. Rebars marking
the center point of the photo panels will be left in

place. Our experience has shown that after a couple
of years these rebars are extremely difficult to
locate. In the future we will paint the rebar so it
can be found easier when the field corners are moved.

The most frustrating part of a project like this is
the timespan. Primarily because of its complexity
this project took 3 years to complete. Quite often
this long timespan could be a serious problem. Just
the same it is equally important not to hurry too
much for projects with complexities such as this one
take a great deal of thought and design and blunders
are not easily corrected. Cadastral surveys leave a

profound impact on the land and the opportunity for
error must be minimized.

We also reviewed the cost of this project. We

slightly overran our estimate for the photogrammetric
approach mostly because of the experimenting and
extra ground checks. But even with this overrun we
computed a 15-percent savings against our estimate of
normal field methods. Photogrammetry really works
well. If you give it a lot of thought and design it

well I think you will have a lot of fun and be
pleased with the outcome.

EiN
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