











































































































































































































The Forest Ant, manufactured in Sweden, was
designed for gathering and forwarding small
softwood loads to the main skid trails. The
machine is an articulated tractor with a
12-horsepower, air-cooled engine. It was equipped
with a clam bunk and knuckleboom loader with
jaw-type grapple. The tractor steering and speed
were controlled by a tiller bar in front. The
machine had no cab and the operator walked at a
comfortable speed with the machine following.
There was a "dead man" control on the end of the
tiller handle which stopped the machine when the
tiller bar was released (fig. 5).

CHARACTERISTICS OF THE STUDY SITES

The study areas for the Massey-Ferguson and
Same tractors were on low-quality hardwood stands
marked for firewocod production. The stand had
shallow soils on moderately steep southeast
aspect. Skidding ranged from 4 to 6 percent on
primary skid trails and 2 to 22 percent on
secondary short trails. The stands were
predominantly mixed northern hardwoods with small
pockets of red spruce. Table 1 shows the
characteristics of each study site.

The study area for the Holder, Pasquali and
Forest Ant was on the Harvard Black Rock Forest,
in Cornwall, New York. The two test sites were
similar and locally were called Aleck Meadows and
Bugs Bunny. The topography was uneven on slopes
of 0 to 14 percent, with scattered outcrops of
rock ledges. Table 1 shows the general
characteristics of the study sites.

Figure 5--The Forest Ant equipped with clam bunk
and knuckleboom loader.

SKIDDING CYCLE TIME AND PRODUCTION RESULTS

The average time per skidding cycle for each
turn element is summarized in table 2. The sum of
the outhaul, inhaul, hookup, and unhook time is
the production time for each tractor. Hookup,
unhook, and delay time is the fixed portion of the
total time since the tractor is not moving during
these elements. Inhaul, outhaul and deck time are
the variable time elements, or the travel time.
The sum of the productive time and delay time
represents the total skid time and can be
considered as the scheduled machine time.

The fixed time of hookup, unhook, and delay
time for each of the tractors ranged from 63.5
percent to 83,8 percent of the total cycle time,
and the variable time of inhaul, outhaul, and deck
time accounts for the remaining 16 to 36 percent
of total time. The hookup time included
maneuvering and winching of stems into position to
complete a load. Trees were directionally felled,
either away from or toward the assumed tractor
position, so that the choker could be set at
either the butt or top end of the stem. Since
winching angles were not to exceed 30 percent, the
tractors were generally positioned in line with
the direction of pull. Three to five chokers were
used in most cases. The Forest Ant has a
different hookup procedure from the other tractors
and required more time. Its limited reach
required that it be positioned very close to the
log to be loaded. Also, the Forest Ant could not
deck logs at the landing.




Table l--Characteristics of the study sites.

Study Average R . Loaded
- e Basal area Skidroad slope : .
Tractor type s;;f ngg: Precut Postcut Primary Secondary diizézion Type of cut
Inches ftz per acre Percent
Massey-Ferguson 1 9.4 109 80 4 22 Downhill Selection
Massey-Ferguson 2 10.3 90 0 6 17 Uphill Regeneration
clearcut
Massey-Ferguson 3 10.3 90 0 6 2 Uphill Regeneration
clearcut
Same 4 11.0 110 85 5 15 Downhill Selection
Pasquali 4 8.6 116 76 0 14 Uphill Low thinning
Holder b 8.6 116 76 0 14 Uphill Low thinning
Forest Ant 5 8.4 96 71 0 12 Uphill Low_thinning
Table 2--Summary of cycle-time elements.
Tractor Cycle time elements
(Number of Statistics Productive Delay Total
observations) Outhaul Hookup Inhaul  Unhook -~ Deck time time tice
Average time 4,68 4 8 ¢ 5
_ a " (min.) 5.30 11.15 . 5.7 -~ 26.8 7.2 34.14
”as(ﬁg)"e"s“““ Std. dev. 2.02 11.58 2.15 2.8 -- 12.86 9.09  15.54
Percent of b
total time 13.40 41.60 11.88  14.57 — 78.73 21.27  100.00
Average time
Same® (min.) 11.58 13.69  10.73 7.39 -~ 43.40 17.74 61.14
(32) Std. dev. 5.63 9.28 4.73 3.33 - 14.58 31.25 31.12
Percent of b
total - time 18.94  22.39 17.55  12.09 o 70.98 _29.02__ 100.00
Average time
Holder® (min.) 2.50 10.30 2.50 4.20 0.30 19.80 3.90 23.60
(45) Std. dev. 0.57 2.45 0.65 1.20 0.59 -~ h .96 5.95
Percent of b
total time 10.60 43.60 10.60  17.40 1.30 83.50 16.50 _ 100.00
Average time
Pasquali® {min.) 2.70 9.60 2.70 1.70 .20 16.90 8.3 25.20
‘(‘65) std. dev. 1.08 3.71 . .64 .66 - 20.52 21.22
Percent of b
v total time 10.70 38.20 _ 10.70 6.70 .80 67.10 32.90 _}Q0.00
Average time '

a (min.) 2.50 13.50 2.00 1.00 - 19.00 9.10 28.10
F°""("§g)““ Std. dev. 1.03 B2 1.00 .58 -- -- 12.27  13.91
Percent of b

total time 8.90 48.20 1.10 3.50 -- 67.70 32.30 __100.00

8ean skid distance of 878, 2,183, 627, 402. and 237 feet, respectively.

b

Machine utilization rate.
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Table 3 shows the mean production data for each
tractor studied. For the Massey-Fergusom, each
turn produced 3.78 stems with a mean volume of
0.59 cord, Production averaged 1.32 cords per
productive hour or 1.04 cords per scheduled hour
(without delay time). The machine utilization
rate was 78.7 percent.

The Same Minitaurus produced an average of 3.98
stems with a mean volume of 0.83 cord per turn.
The daily production averaged 1.12 cords per
productive hour or 0.80 cord per scheduled hour

(without ‘delay time). The machine utilization
rata was 71.0 percent.

The Holder produced an average of 5.67 stems on
each turn with a mean volume of 0.61 cord. The
production averaged 1.85 cords per productive hour
or 1.54 cords per scheduled hour (without delay

time). The machine utilization rate was 83.5
percent.

The Pasquali produced an average of 3.94 stems
per turn with a mean hitch volume of 0.29 cord.
The production averaged 1.0l cords per productive
hour or 0.68 cord per scheduled hour (without

delay time). The machine utilization rate was
67.1 percent.

The Forest Ant produced an average of 7.10
stems per turn with a mean volume of 0.44 cord.
The production rate averaged 1.39 cords per
productive hour or 0.94 cord per scheduled hour
(without delay time). The machine utilization
rate for the Forest Ant was 67.7 percent.

CONSIDERATIONS FOR MANAGERS

The information and results should be valuable
to forest managers and plamners, and to loggers in
evaluating the potential of small tractors
operating in low-volume, small-diameter hardwood
stands. Although this manuseript only summarizes
cycle time and preliminary production results,
research i{s under way to develop detailed
comparable cycle time and production estimators
for the data set described. Further, research is

Table 3--Mean production data for each tractor.

progressing to incorporate this and additional
simulation results into a generalized
stump-to-mill logging cost, estimating computer
package.

The cycle time and production estimators will
be developed so that similar variables such as
slope yarding distance, volume per turn, logs per
turn, and volume per log are included by machine
in each cycle-time estimator. The similarity in
production variables eases comparison of machine
time and production. Having similar variables in
each cycle-time estimator also simplifies the
simulation efforts.

The cycle time and production estimators shown
by machine, along with a range of stand and forest
conditions, would be used as input to select
various simulation models. The simulators would
be run rapeatedly over the range of comditions of
interest. The resulting cost or production data
points by machine and forest condition would be
summarized in mathematical equation form suitable
for imcorporation into generalized stump-to-mill
models. Computarized stump-to-mill methods could
be used for estimating costs and production that
would help managers, planners, and loggers to
determine where specific machines are applicable.

Forest landowners and users are placing
increased demands on the forest for a wide variety
of uges, Often, the silvicultural treatment
needed to bring the woodlot or forest to the.
desired state will require payment of the
agsgociated logging and harvesting costs incurred.
Generally, the revenues to offset these costs
derive from the value of the wood harvested. It
is not intended that the results presemted in this
paper, or the additional research mentiomed, will
provide all the answers on the best management of
the woodlot or forest. But these results
summarized with the results of research in
progress should provide managers, planners,
loggers, and landowners with detailed and accurate
logging cost estimators. The estimators could be
used to evaluate and quantify the trade-offs posed
by different foraest usas and also allow for
equipment comparison and selection.

Machine Cord volume Cord volume
Tractor Nmt;:: :ﬁ‘:‘m 9:31& utﬂrt::tion per pmation per ::ﬁt;gule'd
0 Cods  Percem o
Massey-Ferguscn 3.78 ‘ 36.9 .59 78.7 1.32 1.08
Same 3.98 6.2 .83 71.0 1.12 .80
Holder 5.67 48.4 .61 83.5 1.85 1.54%
Pasquali 3.94 2.8 .2 67.1 1.01 .68
Forest Ant 7.10 3%.9 .44 67.1 1.39 .94

81 thout delay time.



Mechanized Harvesting Research At Oregon State
University'

Loren Kellogg?

ABSTRACT

The mechanized harvesting research project at Oregon
State University is providing information to help determine
what mechanized logging equipment and new methods of
operation are needed and most beneficial in the Pacific
Northwest from an economic, long term site productivity,
and human resources perspective. A long term planning
strategy provides the framework for conducting studies and
move from our present level of knowledge and technology
toward identified goals. This strategy along with completed
projects, current research studies and future directions are
highlighted.

Significant changes are occurring in the Pacific
Northwest logging environment. One important reason for
change in the logging practices is an increase in the
proportion of smaller trees from second growth forests. In
addition, small tree sizes occur in localized areas from
clearcutting of stagnated stands, lodgepole pine, and
hardwoods. There is an inherent difference between large
old growth and stands with smaller trees. With smaller and
more nearly uniform stem sizes, opportunities for logging
mechanization have increased significantly. For every step
of the logging process, a great number of machines exist or
they are being developed. Equipment and system
performance in terms of economics, utilization, logging
impacts on site productivity, worker safety and training are
critical issues in the forest industry today that will affect the
future of mechanized harvesting in the Pacific Northwest.
The aim of this research project is to provide information
that answers questions concerning these critical issues for
mechanized harvesting within the Pacific Northwest logging
environment.

RESEARCH PLANNING STRATEGY

Our Mechanized Harvesting Research Project is
organized to address critical issues beyond the steep slopes
of western Oregon. A long term research plan has been
designed to help provide organization and clarity toward
reaching identified goals. There are three main sections in
the research plan: (1) project goals, (2) an assessment of the
current situation with an identification of the main driving
forces affecting future mechanized logging methods, and (3)
the link between sections one and two with a structure of
research projects and study topics. ‘ The plan is flexible
enough to be modified and updated as new information and
needs arise. Mechanized harvesting research work
integrates with portions of other research projects in the
Forest Engineering Department.

1 Presented at the 12th Annual Council on Forest
?ggnceﬁng Meeting, Coeur D’ Alene, Idaho, August 27-30,

2 Assistant Professor, Forest Engineering Department,
Oregon State University, Corvallis, OR.
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In addition to a shift toward harvesting smaller trees, the
labor force and safety issues are other important driving
forces affecting future mechanized logging methods in the
Pacific Northwest region. Skilled workers interested in
logging are becoming more scarce. Garland (1989), predicts
that new loggers will come from urban areas, be better
educated, possess fewer practical skills, and want better
work environments than in the past. Logging continues to
be one of the nation’s most dangerous occupations with
many accidents occurring to persons working on the ground
performing activities such as manual felling, limbing,
bucking and chokersetting. Mechanization will not
eliminate safety concerns but it can put a person in a better
work environment, and with proper production and safety
training, reduce the risk of accidents in the woods.
Worker’s Compensation insurance rates are a large portion
of current logging costs on non mechanized operations.
Other states in the southern US have been able to
significantly lower Worker’s Compensation rates for
mechanized logging operations and there are similar
opportunities in the Pacific Northwest region.

“To help formulate project goals and identify specific
study areas, an industry survey (questionnaires, telephone
interviews, and on-site visits) on mechanized harvesting
operations in the western US was completed in 1985 (Schuh
and Kellogg, 1988). The survey located more than 140
timber companies and logging contractors using varying
levels of mechanized systems, These were defined to
include at least one single or multifunction manufacturing
(felling, delimbing, or bucking) machine, or primary
transportation with either forwarders or clambunk skidders.
The operations ranged from small contractors owning a
single feller-buncher to completely mechanized firms
operating delimbers, debarkers, chippers and felling
machines. One of the survey objectives was to identify
problems that might be addressed in our long term research
plan. The most frequent problems identified were
equipment breakdown, factors contributing to low
equipment utilization, and loss of production on steep
terrain, In addition, we found that few contractors provide
formal training for their equipment operators, a factor that
may increase the frequency, duration and severity of
equipment downtime.

Research Project Goals

A main research project goal is to provide equipment
and system performance information that is useful in forest
management decisions, harvest planning, organization of
logging operations, and equipment development. The
:3mpment and system performance information focuses on

vantages, limitations, economics, influence of stand and

site variables, logging methods, impacts on site productivity
and system vements. Data from these studies also
provide input for further simulation analysis. In addition, a

lium of summarized information from other relevant
mechanized harvesting studies is being compiled. The focus
is on information dealing with equipment production,
economics, logging systems and identifying data gaps for
Pacific Northwest conditions.



Many of the questions that need to be answered about
mechanized logging methods can best be addressed with a
simulation analysis approach. Therefore another main
research project goal is to develop and validate a tree to mill
logging simulation model that is relevant to Pacific
Northwest operating conditions. A simulation model,
LOGging SIMulator (LOGSIM) for the timber harvesting
grocess has been developed (Wiese et al, 1988) using

LAM, Simulation Language (Pritsker, 1986). The
simulation model is programmed for an IBM PC/XT/AT or
compatible. Work is currently being planned for model
validation and enhancements. Additional simulation
analysis has been completed in cooperation with the
University of Idaho using SAPLOS - Simulation Applied to
Logging Systems (Johnson 1984) and SAPFB - a feller
buncher module (Noble, 1987) compatible with SAPLOS.

R  Project A 1 Study Topi

To reach the identified goals, research work is currently
organized into eight project areas: Felling and Processing,
Ground Based Skidding, Steep Terrain Cable Yarding,
Mechanized Harvesting on Long Term Site
Productivity, Wood for Energy, In-Woods Chipping,
Equipment Breakdowns, and Human Resources. In each
project area, there is a mixture of both operational studies
and hypothesis testing studies that are being conducted in
cooperation with many different logging contractors and
forest landowners. It is not possible to conduct studies
simultaneously in all eight project areas because of
manpower limitations. - The work emphasis therefore varies
from year to year. Study topics completed to date with brief
highlights are summarized below: '

» Red Alder Logging in Coastal Oregon: Two Case
Studies ‘

Cable yarding was cheaper than helicopter yarding,

- however the helicopter was used in an
environmentally sensitive area. The two operations
supplied a variety of wood markets ranging from
chipping in the woods to delivering sawlogs to the
mill. (Schuh and Kellogg, 1989)

« Evaluation of a Grapple Processor

Two Steyr KP-40 whole tree processors were
monitored to determine long term productivity and
mechanical availability in Lodgepole pine and
mixed coniferous harvesting operations. -
Mechanical availability was relatively low, however
delimbing quality was good and the Steyr’s
production costs were similar to other whole tree
processing equipment. (Kellogg et al. 1987;
Pilkerton and Kellogg, 1989) =~

« Chain-Flail Delimber-Debarkers: Technology for
Pulp-Grade Inwoods Chipping Operations

Three prototype systems were studied and found
capable of turning small, low quality stems into
marketable pulp quality chips. Chip bark content
ranged from 0.5% t0 1.5%. Delimber-debarker
equipment is changing the cost structure of
roundwood harvesting and processing operations
thus improving the profitability of some intensive
stand management practices. (Schuh et al. 1987;
Bassler 1987)

+ Cable Landing Organization for Mechanized

Processing with a Swing Boom Yarder

Stroke-boom delimbers were safely used on small
cable landings in steep terrain. However, relatively
low yarding production rates compared to the
delimbers production capability limit utilization and
productivity of the delimber and thus the whole
system. Also, landing size and equipment
arrangement on the landing can affect delimber
utilization and productivity, (Schuh and Kellogg,
1988; Kellogg and Robe, 1989)

+ Soil Compaction on a Mechanized Timber Harvest

Operation in Eastern Oregon

Soil compaction impacts from tracked
feller-bunchers and rubber-tired grapple skidders
were measured. In this study, main skid trails were
also feller-buncher trails. Regression analysis
showed that slash significantly reduced comgg:sﬁon
tiglésge)d by feller-bunchers and skidders. (Zaborske,

+ Intermountain Mechanized Harvesting Operatipns

Operating conditions for mechanized harvesting in
the Intermountain Region were obtained along with
production and cost rates for feller bunchers, whole
tree chippers, stroke boom delimbers and wheeled
skidders. (Johnson, 1988)

Currently, research studies are being conducted in the
following areas:

« Mechanized Harvesting Equipment Downtime and

Maintenance Practices Assessment

Equipment downtime is most frequently cited as a
critical problem in mechanized harvesting:
operations. The goal of this study is to characterize
the equipment downtime problem and identify ways
to reduce this problem within the structure of the
Pacific Northwest contract logging workforce.

« Cable Yarding Log Bunches: A Short Term

Evaluation of a Feller-Buncher and Running Skyline
System o

Yarding mechanically felled and bunched wood
could increase the wood flow to the landing and
provide a better production balance with the
mechanical processing operation on the landing.
Yet the success depends on how well the felled and
bunched wood is arranged for cable yanding. This
study is examining the critical variables affecting
system production with a track mounted
swing-boom feller buncher, mobile yarder and
stroke boom delimber.

¢ Cable Landing Organization for Mechanized

Processing with a Large Tower

Much of the steep terrain conditions in the Pacific
Northwest requires the use of a large tower for
yarding, often long distances and over riparian
management leave areas. The goal of this study is
to evaluate the fcasi}:ility of mechanically
processing trees on large tower landing operations.
Equipment interactions on the landing, utilization



rates and layout requirements will be determined
similar to the previous work with swing boom
yarders.

In the future, we will continue collecting new
mechanized equipment and system performance information
within the framework of our long term planning strategy. In
addition, we are considering appropriate ways to better
integrate logging production studies with harvesting impact
studies related to long term site productivity. Answers to
questions in both areas are needed to help guide future
smallwood resources management decisions. Also we plan
to do more work on topics not limited to steep terrain
conditions. A current example is the equipment
maintenance and downtime study.

CONCLUSIONS

Mechanized harvesting systems are being used to a
larger extent in some other regions of the U.S. and different
countries compared with the Pacific Northwest. However,
certain characteristics of timber stands, site conditions or the
logging organizational structure are typically different than
the Pacific Northwest. There are definite opportunities in
the Pacific Northwest for more productive and safer logging
operations with some level of new mechanized logging
equipment and methods that are appropriate for smaller tree
sizes of the future. Yet there will also continue to be a need
for conventional logging systems - especially with big trees
and very steep terrain.

The aim of our Mechanized Harvesting Research Project
at Oregon State University is to help determine what
mechanized logging equipment and new methods of
operation are needed and most beneficial from an economic,
long term site productivity, and human resources viewpoint.
The long term planning framework identifies a general
structure, with appropriate flexibility, for conducting studies
that fit within the mission of the College of Forestry and that
attempts to address the critical future issues in the forest
industry.
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Tackling Productivity in Mechanized Logging!
Mark Béaulieu, Eldon Olsen, John Garland and Jeff Hino?

Abstract: "Tackling Productivity in Mechanized Logging"
is a new video-based training package developed by forest
engineers at Oregon State University College of Forestry.
The package contains a 19- minute video program, Discus-
sion Guide, and ten "Mechanized Harvesting Productivity
Cards.”

Keywords: Training, video

Audience

This videotape can be used with logging crews involved
with mechanized harvesting operations, or with anyone
interested in an overview of these operations. Logging
crews would view the video with the intent of applying the
ideas directly and immediately to their jobs, while others
would use it to gain a general impression of the equipment,
process and sequence of events in a mechanical logging
operation.

Qverview

This program demonstrates realistic conditions and
shows the physical and mental environment of loggers
involved in mechanized operations. It illustrates the com-
plex interactions that occur during a mechanized logging
operation, and identifies five major causes of delays:
bottlenecks, buffers, breakdowns, and blunders (the 5 B’s).
It suggests that these "time bandits” can be identified and
eliminated by the crew members.

Key concepts in making productivity improvements are
teamwork, communication, and cross-training. A football
theme is used for continuity and interest. Crews are
encouraged to increase a measurable goal: TD’s (Truck-
loads Delivered).

Mechanical harvesting systems are always changing.
This dynamic behavior is caused by changing timber types,
weather conditions, terrain, equipment performance, opera-
tor performance, changing operating procedures, schedules,
and new mill demands. Each time a change occurs, the
system must be readjusted to get maximum productivity.
These adjustments are often best initiated by crew mem-
bers.

This video restricts itself to changes that lie within the
control of the logging crew. Other important factors that
influence productivity, such as equipment selection, unit
layout, operator training, and scheduling are the main
responsibility of supervisors, engineers, and owners, and
are not considered in the program. It also avoids discussion
of the logging costs; rather it focuses on reducing unpro-
ductive delays.

1 Presented at the Annual Council on Forest Engineering
Meeting, Coeur d’ Alene, Idaho.

2 Graduate Research Assistant; Associate Professor; Tim-
ber Harvesting Extension Specialist, Forest Engineering
Department; Media Production Specialist, Forestry Media
Center, College of Forestry
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What will it do for you?

_Loggers face a new challenge as they switch to mecha-
nized systems. These high investment operations require
new skills in making each piece of equipment mesh with
the rest of the harvesting system. Using examples from
actual logging operations, this training package demon-
strates such critical concepts as

« machine interaction

« smooth flow

* balanced production

+ maintenance responsibilities
+ downtime

* cross-training

When used as part of a plénned effort to increase productiv-
ity, the package will help:

* Motivate employees to use teamwork and communica-
tion on the job

* Train crews in the skills needed for self-supervision
* Influence crews to improve productivity
* Teach problem solving on the job.

The video blends real-world logging operations, current
trends in mechanized harvesting, and the job environment

for logging crews in a lively presentation designed to get
your crew talking productivity.

The plastic-coated training cards help take the ideas from
t.hcle) video and put them where they count the most: on the
job.

Who should use it?

New employees

Incentive crews

Contract administrators

Forest Industry trainers

Students interested in logging as a career

Even families and friends will enjoy the opportunity to
see a mechanized harvest operation in action!



Cable Thinnlng Unit Layout 1
Using Historical Aerial Photography

Stephen E. Reutebuch and Edwin S. Mlya*az

Abstract: Planning @ cable logging thinning unit
in steep terraln requires highly accurate profiles
of the terrain. In many cases, historical aerial
photos are available that were taken shortly after
t+he unit was clearcut and that show t+he terrain
without heavy vegetative cover. In these cases,
the historical aerfal photographs can provide XYZ
coordinate data for planning cable logging corri-
dors. Using a PC-based sterecplotter, skyline

def lectlons, chord slopes, and spans can be easlly
measured from historical aerfal photos. Road
grades can be measured, and new roads can be accu-
rately projected onto the photos. Azimuths,
slopes, and distances to points of interest can be
measured to assist In fleld layout of the logging
plan. Photo overlays can be produced for zerlal
photos taken at dlffering scales and times. Map
overlays of the logging plan at any desired scale
can be automatically generated.

Keywords: cable thinning, logging planning,
photogrammetry, serlal photos )

For many years It has been recognized that
production thinning of young stands [n the moun-
talnous western states would be nceded to meet.
projected timber demand (Aulerich 1975 and Lysons
1977). Much of the volume that Is projected for
commercial thinning production In western states
Is on steep slopes that are unsuitable for harvest
with tracked or rubber-tired vehicles. In these
areas, cable logging systems are generally em-
ployed. There have been dozens of reports on
cable logging systems for commerclal thinning.
Some systems have worked well whlle others have
not for a multitude of reasons. Most people,
however, who have attempted cable thinning
operations agree that the level of planning,
design, and layout of cable thinning units s much
higher than for units that sre to be clearcut.

There are several reasons for this. In a cable
thinning operation, with the exception of the
monocable system (Miyata and others 1986), the
cable corridor must be cut through standing
timber. The corrlidor must be along a stralght
1ine between the landing and the tailtree to avold
excesslve damage to the residual trees. Suffi-
clently large talltrees, landings, and any
necessary cable anchor trees must be located In 3

presented at the 12th Annual Council on
Forest Englneering Meeting, Coeur d'Alene, ID,
August 27-30, 1989.

zassearch Forester and\Industrial Engineer,
respectively, Paclfic Northwest Research Station,
Forest Service, U.S. Department of Agriculture,
Seattle, WA.
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dense stand prior to felling any trees. The cor-
ridor must be surveyed and marked carefully on the
ground. In areas of |Imited deflection, the pro-
file of corridors must be plotted and checked for
adequate payload capaclity. |f there Is not suffi-
clent 11ft, corridors must be chenged or Interme-
dlate supports must be [ocated and marked in the
fleld for a multispan operation. The area to be
yarded to each corridor must be carefully marked
on the ground so that the felllng crew can see
which direction to fell the trees for ease of
yarding and to minimize damage to the residual
stand during yarding.

In most areas to be thinned, the existing road
system was deslgned and buillt when the area was
originally clearcut with large cable systems.
These large cable systems generally had tall spar
trees (100+ feet), large cables, and powerful,
large-capecity winches to handle the old-growth
timber size. Distances between truck roads were
often 1000 = 2000 feet or more. - Smaller cable
thinning systems have shorter towers (20 - 50
foet), smaller cables, and lower horsepower
winches. In difficult terrain with |imited de-
flectlion, these shorter towers and smaitler winches
cannot be rigged In a single span to reach the
full distances between widely spaced roads. In
these sltuations, either additional roads must be
bullt or a multispan cable system with Inter~
mediate supports must be rigged to thin the entire
area. In many areas, the cost of additional
roading exceeds the value of the timber recovered
from +he thinning, making the operation uneco-
nomical. Multispan operations require even more
careful planning than single span thinning units
(Winniger 1983).

As stated above, when the monocable system Is
used, the corrlidor along which the cable will be
rigged need not be marked or surveyed In the field
prior to felling. There Is, however, a consider-
ebte smount of planning that must take place for
the thinning operation to work efficlently. Al-
though the monocable system can be rigged over
large distances and Is not limited by deflectlon,
there are |imits on how much welght can be loaded
onto the system at a glven time and limits on the
plece size the choker setters can manual ly move
and hook to the cable. The planner must determine
how many landing sites are needed and where there
are sultable sites for landings as well as the
expected amount of cable and blocks that will be
needed to reach the entire area. The planner must
also estimate the range of the plece sizes that
are expected and check to see If they exceed the
welght 1imit that choker setters can manually
handle.

FIELD SURVEY METHODS FOR CABLE THINNINGVLAYOUT

Although many authors point out the need for
Intensive design and layout of cable thinning
operations, few suthors glve more than a cursory
description of the process of preparing a thinning
unit. Bruno (1979), however, glves a comprehen-
sive description of design and fleld layout tech-
niques used for cable thinning units. He reccm-
mends that cable corridors be surveyed with a
staff compess, clinometer, and cloth tape. For
each corridor, the tailtree and landing must be



selected prior to surveying the final corridor.

To do this, Bruno suggests that the layout crew
identify a wide area along which the landing can
be located. The crew then runs a straight compass
line from the middle of the suitable landing area
out toward the edge of the thinning unit. The
compass |ine should be approximately perpendicuiar
+o the contour of the land. When the edge of the
unit 1s reached, the crew searches the area for
the nearest sulteble talltree. . The crew then

ad justs the compass bearing to take into account
the distance the tailtree is offset from thelr
initlal line. They then survey and mark a corri-
dor profile line back to the selected landing
site. With caere, the return survey |ine should
Intersect the suitable landing area. When corri-
dors are widely spaced or there Is heavy brush, a
1 Ine hal fway between each corridor should also be
flagged to help fallers determine the correct
direction to fell trees. Using thls method, Bruno
states that "two or three 800-f+ roads [cable
corridors] per day can be surveyed with an exper-
lenced two-man crew, providing potential tallholds
have been identified."

The requirement to have talltrees and anchor
trees marked before thinning and the need to have
straight corrlidor |ines marked on the ground re-
sults In much more fleld survey work than that
required for clearcut operations. After corridor
prof lles have been surveyed, the planner must plot
the profiles and compute the payload capacity of
the cable system. If the corrldor proves Inoper-
able, the survey crew must return to the field and
find new lendings, talltrees, or Intermedlate
supports.

HISTORICAL AERIAL PHOTOS

In most forested areas of the country, aerlal
photos have been taken every few years for the
tast 4 to 5 decades. These historical aerlal
photos provide @ visual Image of the condlition of
the forest estate at different points In time.
Photos- that were taken shortly after an area was
clearcut provide a view of the shape of the ground
unobscured by heavy vegetative cover. Such photos
can be very helpful In the design and layout of
cable thinning units where the shepe of the ground

controls the type and size of cable system needed
to harvest the area.

1f the stand to be thinned was planted or nat-
ural ly regenerated In a clearcut that was har-
vested In the last 40 years, there are most |lkely
historical serlal photos that were taken within a
few years of the clearcutting. Although photos
may not be available for the exact year of the
clearcutting, photos taken 5 to 10 years later

stil! provide good views of the underlying ground
shape. '

There are many sources for historical aerial
photos. The first place to loock Is In the fliles
of the offlce that administers the forested land.
Often old photos are stored with current photo
coverage or archived with other old maps and docu-
ments. If old photos are not availeble locally,
there are three national |tbrarles of aerfal pho-
tography that can provide historlical photose.
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The Ilibrarles are:

U.S. Department of Agriculture
Agricultural Stabilization and
Conservation Service

Aerlal Photography Field Office
2222 West, 2300 South

P.0. Box 30010

Salt Lake City, Utah 84130 - 0010
Phone: (801) 524-5856

U.S. Department of Interior
Geological Survey

EROS Data Center

Sioux Falls, South Dakota 57198
Phone: (605) 594-6151

Natlonal Archives - NNSC
Washington, DC 20408
Phone: (703) 756-6700"

The Rerlal Photography Field Office (AFFO)
malntains a |ibrary of all U.S. Department of
Agriculture standard aerlal photography. This
includes most of the aerial photos taken after
1950 for the Agricultural Stabilization and Con~
servation Service, the Soll Conservation Service,
and the Forest Service. APFO also has some NASA
photography that was teken specifically for the
U.S. Department of Agriculture. USDA photos taken
prior to 1950 have been deposited with the
Natlonal Archives.

EROS Data Center malntains a |Ibrary of photos
from all federal agencles except the U.S. Depart-
mont of Agricuiture. EROS services about 20 dif-
ferent agencles including the U.S. Geological
Survey, the Department of Defense, the Bureau of
Land Management, Fish and Wildlife Service, the
Bureau of Indian Affalrs, the Environmental Pro-
tectlon Agency, NASA, and the Army Corp of Engi-

neers. The EROS |lbrary includes photos back to
the early 1940's. '

The Natlonal Archives malntalns a |ibrary of
aer {al photos that includes older USDA and Defense
Department photos back to 1936,

To find out what photogrephy (s avallable for a
glven area, the planner can outlIne the area of
Interest on a USGS 7.5' or 15' quadrangle map and
send the map to each of the addresses listed
above. In about a month, each photo |ibrary will
send a Iist of all avallable photos that cover the
area of Interest. The I|Ist will Include the date,
scale, and flim type (bleck and white, natural
color, or color infrared) of the avallable pho-
tos. The planner can then select and order coples
of photos with the scales and dates that best fit
planning needs.

In addition to these federal sources, many
stete and local agencies maintain iibraries of
aerlal photos, as do most private ¥+imber compa-
nles. |f photos of an appropriate scale and date
are not avallable from federal sources, the plan-
ner can contact state land management agencies and



local county planning offlces. Many aerial photo
contractors have extensive librarles of aerial
photos from which coplies can be purchased.

When order ing copies of @erial photos, a copy
of the camera callbration report for the camera
that was used to take the photos shouid be re-
quested. Modern aerial mapping cameras are calli-
brated by the U.S. Geological Survey to determine
+the exact focal length of the camera lens. This
calibrated focal length (CFL) Is used in determin-
Ing the scale of aerial photos taken with the
camera, For most photos taken In the last 25
years, the calibration report or at least the
calibrated focal length of the camera used to take
the photos is avallable. Many older photos were
t+aken with cameras that were not cal ibrated and
therefore only nominal lens focal lengths are
available. For the type of relative distance
measurements used in thinning layout, the nominal
focal length can be used for orienting the photos
in a stereoplotter when the callbrated focal
tength is unavallable. The nominal focal length
of an serial mapping camera Is usually within 1
percent of the calibrated focal length.

PHOTOGRAMMETRIC SURVEY METHODS

Aerlal photos have been used in instruments
called stereoplotters to accurately measure
terrain for the last 50 years (Loving 1980).
Stereoplotters al low the user to accurately
measure the XYZ coordinates of any Image seen
within the overlapping area of a stereo palr of
photos. Traditionally, stereoplotters have been
used to produce topographic maps that provide a
2-dimensional representation of the 3-dimensional
images viewed In the stereoplotter. Nearly all
mocdern topographic maps are made In this way.
These topographic maps are often used as a
starting point for the design of harvest units
(Twito and others 1987); however, It is widely
recognized that these maps may have large errors
in elevation in areas that were covered with heavy
timber at the time of mapping. If heavy timber
obscures the ground surface on the photos used to
make the map, the stereoplotter operator cannot
see the ground and therefore can only estimate
where the ground surface would most |ikely be
under the tree canopy. Often errors In elevation
of 50 or even 100 feet occur In closed canopy,
old-growth forests in mountalnous terralin (flg.
1). Because of these elevation errors, planners
cannot rely on profiles digitized from topogrephic
maps for thinning layout. In additlon, topo-
graphic maps generally have contour [ntervals of
20, 40, or even 80 feet. For thinning layocut and
design, elevation changes of 5 or 10 feet can be
critical.

I+ is important to recognize that the aerlal
survey method itself Is not the source of error In
the contour data. Indeed, [f the ground Is clear-
ly visible, the ground elevation can be measured
to within a few feet with photo scales of 1:12,000
to 1:30,000. Topographic maps with 10- or even
5-foot contours can be generated using modern
stereoplotters and 1:12,000 photos with bare
ground conditions. The expense, however, of
producing such detailed maps Is usually
prohibitively high for large areas.
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Figure 1-=-Map versus ground surveyed proflle In
heavy, old growth timber.

By using old photos taken shortly after clear-
cutting, the problem of heavy canopy Is overcome.
The stereoplotter operator can clearly see the
ground surface on the photos. However, rather
than producing a highly detalled contour map of
the area and then measuring the thinning corridor
profiles from the map, it is much more efficient
to measure the profiles directiy from the phoios.

Valentine (1986) used a highly accurate and
expensive analytical stereoplotter for measuring
skyline proflles from aerlal photos. Mann and
Reutebuch (1988) proposed using a simpler, less
expensive PC-based analytical stereoplotter to aid
harvest planners. PC-based stereoplotters can be
located In local forestry offices and used by
local harvest planners. Reutebuch (1987) states
that local steff can be trained to operate a
PC-based stereoplotter in approximately 1 week.

CONTROLLING AERIAL PHOTOS

Before ground measurements can be made from
photos using a stereoplotter, the photos must
first be fitted to some ground coordinate system.
This process requlres that several points that
have known XYZ ground coordinates be identifiabie
on the photos. Often such ground control is not
available and the photos must be controlled using
existing meps. This '"map control" process In-
velves finding control points, such as road Inter-
sections, bulldings, peak tops, etc., that are
clearly Indentifiabie on both the photos and @ map
or orthophoto of the area. XY coordinates are
obtalned by placing the map on a Z-axis graphics
tablet and digitizing each control point. If a Z
coordinate for a control point is not listed on
t+he map, an elevation for the point Is Interpolat-
ed from the map contour Ilnes. After carrying out
this map control process, quite accurate 3-dimen-
slonal distance measurements between points can be
made. Reutebuch and Shea (1988) found that
distances between stumps In clearcuts could be
measured to within 2 feet of the true ground dis-



tance from 1:12,000 aerial photos that were
controlled with XYZ coordinates digitized from
1:24,000 USGS quadrangle maps. |t Is important to
note that this 2-foot error Is Independent of the
distance between the stumps. In other words, one
would expect to be within 2 feet of the true
distance between +wo stumps that were 10 feet
apart and two stumps that were 10,000 feet apart!

The map control process Is somewhat complex and
Is best left to trained photogrammetrists. Fortu-
nately, in many areas data for controlling aerlal
photos are becoming more avallable, eliminating
the need to do map control locally (Mann and
Reutebuch 1988). Control deta are routinely
produced by aerial triangulation programs when
mapping organizations produce topographic maps and
orthophotos. These data can be read Into some
PC-based stereoplotters, greatly Increasing the
" ease and efficiency of local stereoplotter use.
Once one set of photos Is controlled for an area,
control can easlly be passed or "bridged" to other
sets of photos that cover the same area--XYZ
coordinates of easily identifiable Image points
are digitfzed from the control led set of photos
and then assigned to the same Image points on the
uncontrol led set of photos.

PROF | LE ‘MEASUREMENTS FROM HISTORICAL AERIAL PHOTOS
WITH A PC-BASED STEREOPLOTTER

When planning a ceble thinning unit, the plan-
ner uses current aerlal photos In conjunction with
older historical aerlal photos to survey proposed
cable corridors. The current photos provide the
planner with a view of the present conditions In
the area to be thinned--the size and distribution
of trees, the location and condition of roads, and
the condltion of adjacent stands. The historical
photos, taken shortly after clearcutting, provide
a view of the terrain shape beneath the present
tree canopy.

The current photos are mounted In the stereo-
plotter and controlled. The pianner examines the
photos and dellineates the area that Is to be
thinned. Using the stereoplotter, sampie tree
helghts can be made where openings occur in the
stand. The thinning unit boundary is digitized
from the photos In terms of the XYZ coordinate
system used to control the photos. The planner
also digitizes |ikely landing and talltree loca~
tions, noting the presence or lack of sultably
sized trees for anchors. Any new roads that do
not- appear on the older photos are also digltized
so that their location can later be plotted on the
older photos.

Bofore removing the current photos from the
stereoplotter, the planner locates several points
on the current photos that are identifiable on the
older, historical photos. These points are marked
on the older photos and thelr XYZ. coordinates are
digitized from the current photos. These polnts
are used later as control polnts for the older
photos.

The current photos are then removed from the
stereoplotter and the older photos are set up and
control led using the control polints digltized from
the newer photos. Overlays that €I+ the older
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photos are then plotted from the boundary, iand-
ing, talltree, and roed data digitized from the
newer photos. These overlays are placed over the
older photos so that the thinning corridors can be
easlly lIdentified.

Once the corridors are located on the old pho-
tos, the planner can digitize the ground profile
along each corridor. The stereoplotter displays
the azimuth, distance, and grade between points as
lines are digitized. As each profile is digl-
tized, the planner should take note of the azi-
muth, slope, and length of the |ine between the
landing and the talltree and the azimuths, slopes,
and distances between adjacent corridors. These
azlmuths, slopes, and distances can later be used
to ald with fleld layout of the corridor. The
PC-based stereoplotter also can simulate the cable
yarder and directly measure the amount of deflec-

tion ‘along a proposed corridor (Mann and Reutebuch
1988) . ’ :

1f additional roads must be bullt to connect

landings, the ground profile and azimuths, slopes,
and distances along the proposed road can also be
measured. [n areas where the planner noted a lack
of suitabie frees for anchors on the newer photos,
the planner can use the stereoplotter to look on
the old photos for any large stumps that may still
be Intact and usable for anchors.

After corridor ground profiies have been digi-
tlzed, a skyllne analysis program, such as
LOGGERPC (availeble from the Depariment of Forest
Engineering at Oregon State University,
Corvallls), can be used to analyze thelr opera-
bllitys Corridors that appear Inoperable should
be modified and thelr new location digitized.

Before the older photos are removed from the
stereoplotter, the planner should carefully ex-
amine the entire area to be thinned and digitize
any good landing sites or difficult terrain bresks
that may not have been spparent on the newer pho-
tos. When such features are found, the planner
can measure the azimuth and distance from each
feature to some other point that is easlly located
In the fleld. When the unit Is lald out In the
fleld, these azimuths and distances can be used to
locate the features, even though they are hidden
under the tree canopy on the newer photos.

After a set of workable corrlidors has been
located and verified on the old photos, overlays
that fit the current photos are plotted +o ald In
fleld layout. The planner also has the distance,
slope, and azimuth from one landing to the next
and from the landing to the talltree of esch cor-
ridor. A map of the unit can also be plotted at
any scele from the digitized data. Field layout
Is much simplifled with this information and the
overlays for the old and new photos.

PHOTO MEASUREMENTS FOR THE MONOCABLE SYSTEM

As stated above, the monocable or zigzag system
does not require long, straight corridors to
operate In a thinning unit. Instead, the cable
system Is lald out In a zlgzag pattern with blocks
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Figure 2--Plan view of typlcal zligzag cable
thinning operation (Mlyata and others 1986).

hung from trees in the residual stand (fig. 2).
The process of planning for a monocable operation
Is similar to planning for a traditional cable
system. The main difference |Is that the ground
profiles of straight line corridors are not
required. Instead, the planner selects |ikely
landing sites on the current photos and then uses
the old photos to measure the distance, direction,
and slope of the path along which the monocable
will be rigged. Logs are manually rolled and
attached to the cableway with the zigzag system.
The planner must take care to locate the cableway
on the downhill side of logs so that they do not
need to be carried uphill by the choker setters.
The old photos provide the planner with a view of
the micro-topography through which the cable
system will be routed. The slope and depth of
small gullies and ridges are measured, and routes
for rigging the cable through or around them are
selected and digitized. The overal!l length of a
cable path for a landing is measured and an
estimate Is made of the number of blocks needed to
suspend the cable.

After photo planning is compiete, photo and map
over lays showing the approximate locatlon of the
cable paths are produced to aid with field lay-
out.

CONCLUSIONS

When planning a cable thinning operation In
stands planted during the last 40 years, historl-
cal aerlal photos can sometimes be used to get a
view of the ground surface that Is obscured by the
tree canopy in newer photos. In most areas,
aerlal photos going back into the late 1930's or
early 1940's are avallable from 3 federal Iibrar-
les and from state and county agencies. Old
photos are often avallable In archive files In
local forestry offlices. |f photos are not
available locally, the planner should al low
several weeks for coples of photos to be made and
delivered. Using these old photos In conjunction
with more recent photos, cable corridors can be
located and ground profiles can be measured to
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within a few feet of the true ground distances
with modern stereopiotters. By viewing the ground
surface on the old photos and the present tree
crop on the current photos, the planner can save a
considerable amount of time In the field layout of
cable corridors.

Using traditional ground survey methods, 2 or 3
corridors can be surveyed per day with a 2-person
crew, whereas 20 - 30 corrlidors can be measured in
a day with a stereoplotter from old photos In
which the ground surfece Is visibie. Profiles can
then be qulckly analyzed to determine in which
areas the cable system will or will not function
well. The planner does not waste field time sur-
veying profiles In areas that later prove to be
Inoperable, and azimuths, slopes, and distances
measured from photos increase the efficiency of
subsequent fleld layout.
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Low Water Fords: An Altemnative to Culverts on Forest
Roads'

Terry Warhol and Marvin R. Pyles?

Abstract: Low-water fords are a cost effective way of
providing stream crossings for many forest roads. Itis
expected that low-water fords will require less maintenance,
and are less likely to experience wash-out failure than a
culvert installation. A list of design considerations is

resented, along with the results of a survey of low-water ford
installations from the Cascade mountains of Oregon. Fords
have recently been constructed on watersheds from a few
acres to over 4 square miles in area throughout an elevation
range that includes both rainfall and snowmelt dominated
runoff regimes. About 30 percent of the surveyed fords had
experienced some erosion damage, but most damage appeared
related to poor construction or inadequate design.

Keywords: stream-crossing, low volume road, watershed

INTRODUCTION

The Pacific Northwest Region (Oregon and Washington) of
the U.S.D.A. Forest Service manages over 91,000 miles of
road. These roads provide access to an array of resources
including range, recreation, watershed, wildlife, and timber.
Forest Service roads cross thousands of streams utilizing a
number of types of streamn crossings. These include bridges,
culverts, and low-water fords; culverts are the most common
type of stream crossing.

Stream crossing maintenance represents a large share of the
Forest Service road budget every year. In the last few years, a
steady decline in maintenance budgets coupled with
increasing miles of road to maintain has created the need for
structures that are more reliable in passing peak flows while
requiring less maintenance. In an effort to reduce the cost of
selected stream crossings, some national forests in the Pacific
Northwest region are constructing low-water fords as an
alternative to culverts. Low-water fords are designed to pass
water over the road either continually or only during peak
flow periods, depending on the structure. This type of
structure is not usually passable during high flows.

Low-water fords are an attractive stream crossing
alternative because they can usually be constructed of readily
available materials that are often part of required excavation
along the road route, making their initial installation cost very
competitive with conventional structures. Further, a properly
designed and constructed low-water ford usually results in
little required maintenance, and the physical service life of the
structure is limited only be the durability of the material used
in construction.

This paper will present a description of the types of
low-water fords, a review of design considerations for
low-water fords, and present the results of a survey of existing
low-water fords in the Mt. Hood, Willamette, and Umpqua
National Forests.

1 Presented at the 12th Annual Council on Forest Engineering
Meeting, Coeur d’ Alene, ID. August 27-30, 1989.

2 The authors are Transportation Engineer, Umatilla National
Forest, and Associate Professor of Forest Engineering,
Oregon State University.

TYPES OF LOW-WATER FORDS

A low-water ford, also called a low-water stream crossing
(LWSC), dip, or drainage dip is defined as a structure that
passes low flows under the road, or over the road at shallow
depths, and is designed to be overtopped at impassable depths
during periodic high flows (Coghlan and Davis, 1979). A
low-water ford has a design discharge, above which damage
to the ford should be expected, but the damage will be in the
form of erosion of the ford material which is often the same as
the stream bed material, making the environmental impact of
even complete failuré modest. In contrast, conventional
structures such as bridges and culverts are designed to pass
even periodic high flows up to the design discharge without
the water reaching the road surface. At flows above the
design discharge, culverts or bridges may be expected to

. experience significant damage or even complete wash-out

77

failure. Complete wash-out of a bridge or culvert usually
results in adverse impact to the stream for some distance
down channel. Further, we should expect that most visitors to
the forest will view washed-out bridge and culvert sections
scattered downstream from a repaired crossing as visually
undesirable.

There are three basic types of low-water fords in use. They
are unvented fords, vented fords, and low-water bridges. This
paper deals strictly with unvented and vented fords - no
low-water bridges were found in the survey.

Unvented fords, also commonly known as dips or fords, are
structures that pass all water over the ford surface. The
surface of the ford is at or near the level of the stream bed.
Unvented fords are commonly used on intermittent streams,
or perennial streams with low flows. The standard design
geometry of an unvented ford does not allow for fish passage
therefore only streams for which fish passage is not a
consideration are good candidates for an unvented ford
crossing.

An unvented ford may have a number of design provisions
(Figure 1a) depending on the local requirements, but many
unvented fords are nothing more than non-engineered stream
crossings (Berger et al., 1987). The unvented fords found in
the survey have four main components. These are: 1) a core
or subgrade reinforcement, 2) base or surface course, 3)
splash apron (foreslope), and 4) geotextile or filter medium.
Cutoff walls upstream and/or downstream may also be
appropriate in some circumstances. Upstream cutoff walls are
used to control under-seepage in cases where that is
important, and downstream cutoff walls serve to protect the

base of the splash apron from erosion.
Channel Bod ‘Splash y
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Figure 1. Typical sections, unvented and vented low-water
fords.



Table 1. Low-Water Ford Design Considerations -- In addition to standard culvert considerations

Consideration : Item

Length of ford along the road.

 Base flow level { .
: Venting requirement.

Lo

ford must be passable).

Required passability (headwater that can safely be negotiated by the design vehicle, and the time during which the

Peak flow events Length of ford along the road.

Capacity of vent if mcluded.
Road and forestope surfacing.

Allowable headwater level (local flooding)

Fish Migration

Generally, low-water fords are not the best alternative for streams where fish migration is a consideration,
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Maintenance
for lower clearance vehicles).

Road passability during low flows (dcbris may be deposited during high flows; road grade may become too rough

. Economics 1. Life of the installation,

apron material).

a. Vented fords (The physical service life of the vent pipe can be interpreted as the life of the crossing).
b. -~ Unvented fords (Physical service life will be limited only be degradation of the road surface and splash

2. Original installation and annual maintenance cost (these are important when comparing vented and unvented fords,
or when comparing a ford with a standard culvert installation).

Legal Requiremeats 1.

Peak flow capacity (often mandated by Forest Practice Regulations).
2. Signing of roads open to the public may be necessary.

Vented fords are constructed with single or multiple
culverts that pass low flows. Flood flows are intended to
overtop the structure. They are commonly used in low to
moderate flow perennial streams, or where the normal flow
would exceed a fordable depth. A vented ford provides an
economical alternative to a regular culvert installation in cases
where large approach fills would otherwise be required.
Vented fords have the same design provisions as unvented
fords except for the inclusion of a pipe (or pipes) (Figure 1b).
By proper sizing and placement of the pipe, a vented ford may
be designed to provide for fish passage.

DESIGN CONSIDERATIONS AND CRITERIA

Currently there are no hard and fast criteria for the design
of low-water fords. Each installation is a custom structure
requiring it be fit to the site. The bulk of the design
considerations for a low-water ford crossing are the same as
those listed for a stream crossing culvert installation presented
in a companion paper by Pyles et al. (1989).' The design
considerations for low-water fords that are significantly
different than for culverts are detailed below.

The single most important factor in designing a low-water
ford is protection against erosion during high flows. Careful
consideration of flood size and frequency, site selection,
material selection, ford geometry and construction control is
essential to eliminating potential prablems. Table 1 details a
list of general design considerations and criteria. The
discussion that follows will expand on some of the factors. -

The design base flow is the maximum flow at which the
ford is to be passable by the design vehicle (usually a medium
clearance vehicle such as a pick-up truck). For some roads
this may be a summer season flow, while in other cases, it
may be a wintertime base flow. Depth of flow can be
controlled by length of the vertical curve, grades, length of
ford, fill height, and the number and size of vents. Any or all
of these factors may be adjusted to match the base flow depth
with the design vehicle

Design Procedure

There are a number of approaches that can be taken in
designing a low-water ford. We will detail one such
procedure here that should be sufficient to illustrate the
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process. The procedure is adapted from Ring (1987), and
She_ladxa Associates (1982a, 1982b). A number of options are
available for surfacing a ford, but the procedure given below
will focus on the use of riprap surfacing because it is the most
common, and is likely to be the least expensive in most cases.

1. Select design vehicle and estimate design base flow --

The difficult aspect of this step is the hydrologic
analysis required to estimate the design base flow,
First, the period of the year during which the ford
should be passable must be selected, and second, the
likely stream flows during that period must be
estimated. One approach for estimating stream flows is
to analyze a scaled stream gauge record from a nearby
watershed of similar size. The scaling should be done
on the basis of watershed area. '

2 gclect the design flood return interval and estimate peak
ow -- '

The design flood return interval defines the peak stream
flow above which the ford will begin to fail by erosion.
On the average, the longer the retum interval used for
design, the longer will be the useful life of the structure.
Design flood return interval is a largely a matter of
choice, but legal requirements do establish a minimum
value (e.g. Oregon Forest Practice Rules require
passage of the 25 year peak flow, Washington requires
passage of the 50 year peak flow). T

3. Select a trial apron riprap material --

Riprap is generally described by an average size and
size distribution or some criteria about the maximum
and minimum rock size (e.g. Federal Highway
Administration, 1967). This procedure will deal only
with the average rock size. From a cost ctive, the
most attractive choice for a riprap matenal is rock that
can be obtained from required excavation.along the road
right-of-way near the ford.

4. Select ford surface and apron geometry and determine
flow conditions --

The width and depth of the ford must be sufficient to
pass the base flow at the design depth and keep the
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design peak flow within the limits of the ford.
Depending on whether the ford surface is at stream bed
level or elevated, an open channel flow equation (e.g.
Manning’s equation) or a wier equation should be used
to determine the ford surface geometry required to pass
the design peak flow. The apron geometry required to
pass the peak flow should be determined using an open
channel flow equation.

5. Check the velocity of flow against the allowable
velocity of flow for the trial riprap size --

This may be done using the allowable velocity graphs
available from Sheladia Associates (1982b) or the
Federal Highway Administration (1967). If the flow
velocity is greater than the allowable velocity, either
larger riprap to accommodate the velocity, ora

geometry change to reduce the velocity will be required.

The forth and fifth steps listed above require some
additional discussion. Since the splash apron will usually be
much steeper than the ford surface, we should expect that the
controlling water velocity will be on the splash apron. Within
an open channel flow equation, Manning’s equation for
example, the apron material, apron geometry, and apron slope
all influence the computed velocity. Estimates of Manning’s
"“n" or roughness for the riprap material will have a profound
effect on the computed velocity, yet these estimates are very
uncertain. Tables of Manning’s "n" values typically give a
range of from 0.05 to 0.09 for bed conditions that correspond
to riprap - material.- Further, Manning’s equation applies to
channels of relatively flat slope (less than 10%) making the
application of the equation to the apron doubtful. The net
result is that very high (but erroneous) flow velocities can be
computed that would indicate that even large riprap material
(24-36 in.) would not be stable, when in fact this large riprap
would be stable. Further, the riprap stability charts that give
allowable flow velocities are for full submergence of the
riprap material. This may not be the case for large riprap
material.on rather small. streams.

If open channel flow computations made with conservative
estimates of bed roughness give velocities that are less that
the allowable velocity for the riprap material, then a
successful design'is virtually insured. If computed velocities
are not less than the allowable velocity, then the best
alternative may be to adopt an observational construction plan
that allows for repair of damage with larger riprap material if
erosional damage to the splash apron occurs.

Vented versus Unvented Fords

The choice of using an unvented ford versus a vented ford
is not always obvicus. Many land managers simply do not
want traffic driving through streams. Some transient increase
in wrbidity should be expected when vehicles drive through a
stream. The extent of this as a problem will be a function of
the period and frequency of use of the ford. Depth of flow
across an unvented ford may prohibit some or all traffic.
Whether a stream is intermittent or perennial and the intended
season of use are often used as the determining factors in
selecting between vented and unvented fords.

The vent in a ford (simply a culvert pipe) can become
plugged with debris, therefore a vented ford requires routine
maintenance similar to a standard culvert installation. Failure
to maintain a fully open vent may bring about excessive flow
across the ford surface resulting in damage to the ford, and
even to the stream channel. Culverts usually require a
maintenance inspection annually, so vented fords should be
expected to require the same. An unvented ford can be
designed with the intent of requiring no maintenance, but the
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ford survey detailed below indicates that damage does occur
periodically. A statistically sound estimate of the frequency
of maintenance for an unvented ford cannot be made at
present, but maintenance will undoubtedly be less frequent
that for culverts.

Cost

A comparative cost analysis of a standard culvert stream
crossing and a ford stream crossing should be done prior to
selecting the ford alternative. As more information on the
performance of fords becomes available, such cost
comparisons will be fairly straightforward, but for the present,
without uncertain estimates of maintenance cost and service
life, it is difficult to compare more that the capital cost.
However, by determining the total discounted expected cost
for the culvert alternative, and deducting from this, the capital
cost of the low-water ford the break-even discounted cost of
maintenance and expected failure is obtained. It should be
possible to judge if the actual discounted cost of maintenance
and expected failure will be less than this amount for many
cases.

Safety

Traffic control in the form of waming signs, or barriers may
ben on some low-water fords (Carstens and Woo,
1981). Restricting traffic or closing the road during periods
of high runoff is another alternative. On the type of logging
roads found in this study, work would normally be
discontinued during peak flows large enough to make the
fords impassable,

LOW-WATER FORD SURVEY

A survey of existing low-water fords was conducted to
determine (1) the range of watersheds and stream conditions
where they have been used, (2) the range in types of fords and
materials that have been used and, (3) what design provisions
result in a successful low-water ford. The study area selected
(Figure 2) included the Mt. Hood, Willamette, and Umpqua
National Forests in Western Oregon. These forests generally
follow the Cascade Mountain range which extends in a
north-south direction through Oregon. Average annual
precipitation in the study area ranges from 40 to 110 inches
per year with heavy snow packs above 4000 ft.

Within the Mt. Hood and Willamette National Forests,
relatively few low-water fords have been developed, so all
known low-water fords were evaluated. In contrast,
numerous low-water fords have been constructed within the
Umpqua National Forest. Since many of these are located
either on very small watersheds, or are actually cross drains, a

Figure 2. Low-water Ford Study Area.



set of fords on larger watersheds was selected for evaluated.
A listing of the entire population of fords on the Umpqua
National Forest was not available, so it was not possible to
randomly select the fords for the survey. 51 low-water fords
were surveyed to determine design type, materials used, and
the current condition as an indication of performance. In
addition, a subset of 13 low-water fords were surveyed,
plotted and their peak discharge capacity was calculated.

The distribution of watershed areas on which low-water
fords were found is shown in Figure 3a. Small watersheds
dominated the distribution, but about 15% of the ford were
found on watersheds larger than 1 square mile, indicating that
fords can be an important component of the forest road
network drainage system even for the larger more costly
stream crossings. To some extent, watershed area will
correlate with whether a stream is perennial or intermittent.
We did not attempt to do an exacting classification of the
streams as perennial or intermittent, but by conducting the
survey in August of a very dry year (1988), it is reasonable to
expect that streams flowing water at the time of the survey
can be classified perennial. The fords were about evenly
distributed between perennial (55 percent) and intermittent
(45 percent) streams.

Fords were found at elevations ranging from 1680 to 5560
feet (Figure 3b). In the Cascade mountains, this elevation
range spans three stream runoff regimes. Up to about 2500
feet, peak stream flow is driven by rainfall from large frontal
system storms that come in from the Pacific Ocean. From
2500 to about 3500 feet in the transient snow zone, many
stream flow peaks are rainfall driven, but the largest peak
flows are often the result of rain on snow storm sequences.
Above about 3500 feet, spring snow melt probably dominates
the stream flow regime. Of course, the elevations that divide
these zones vary locally and from north to south through the
Cascade Range, but the fact that low-water fords have been
constructed at elevations that span all the zones indicates their
broad applicability.
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Figure 3. Watershed area and clevation of Low-Water Fords.

Ford Type, Geometry, and Materials

Only 7 of the 51 low-water fords surveyed were vented
fords. This percentage is reasonable given that vented fords
will have maintenance requirements similar to a culvernt
stream crossing, eliminating one of the advantages of a
low-water ford. The remaining advantage of a ford is
generally a lower construction cost. An excellent example of
this was found in a case where a large stream with a broad
flood plane was crossed using a multiple pipe-arch vented
ford. If a standard culvert stream crossing had been used.
much larger pipes would have been required, and thousands
of cubic yards of fill would have been required for the
approach fills.

As indicated above, part of the objective in using a
low-water ford is to keep the fill height to a minimum. This
saves on road and structure materials necessary to build the
ford whether the ford is vented or unvented. One of the
simplest methods of reducing fill heights is to steepen the
grades into and out of the ford. Gradeability of the road then
becomes a concern.

Road grade changes can drastically affect the ability of
equipment to use the road. Grade changes are measured in
terms of the algebraic difference between the grade into and
out of the vertical curve that defines the ford. Low-water
fords should have a definite grade break (achieved with the
vertical curve), centered over the top of the structure. This
grade break serves to define the overflow channel, thereby
confining the water that overtops the structure. A wide range
of grade changes are being used (Figure 5). All of the fords
were navigable by a standard logging truck. One extreme
example had a grade change of 37 percent (18 percent into the
ford and 19 percent out of the ford) through a 60 foot radius
vertical curve on a 50 foot radius horizontal curve.

The core of a low-water ford (Figure 1) is protected by the
base, filter, and splash apron, therefore common excavated
material from along the road alignment can be used in the
core. However, the core of a majority of the low-water fords
surveyed (75 percent) consisted of riprap material the same as
that used for the base and splash apron. If common material
was used for the core, then a base and surface of riprap or
asphalt concrete (AC) was used to protect the core. In two
exceptions, Portland cement concrete (PCC) was use for the
core material.

Riprap was the most widely used base material. In
addition, 82 percent of the fords were surfaced with rock,
usually a 1.5 or 3 inch minus crushed aggregate. 12 percent
of the fords were surfaced with AC, and the remaining 6
percent were covered with PCC. Crushed aggregate is usually
readily available and least expensive. One concern with
unvented fords is truck traffic carrying sediment from along
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the road into the water, causing an increase in turbidity.
Surfacing the ford and some length of road on either side of
the ford with PCC or AC helps minimize this.

Riprap as also the most common material used for the
splash apron. 90 percent of the fords had riprap splash
aprons, 8 percent were PCC, and the remaining 2 percent (1
ford) was AC. An important capability of riprap splash apron
material is its ability to respond to minor local erosion by
movement of the individual stones as water flows over the
ford. This is particularly true where the splash apron meets
the natural stream bed at the downstream end. PCC and AC
do not have this capability, hence greater care must be taken
to terminate the apron into stable swream bed material. A
cutoff wall can serve this purpose.

Performance

Approximately 30 percent of the fords surveyed showed
erosion damage, the principle form of damage that a
low-water ford can experience. The damage consisted
primarily of splash apron erosion which in some cases led to
base course erosion. We believe that the splash apron failure
in these cases is directly attributable to poor matching of the
base and splash apron, and to undersized riprap. Itis
extremely important that the base and splash apron match
properly and there are no voids for the base or surfacing to be
eroded through (Figure 5) Poor matching of base and splash
apron is easily observed, but judging the riprap to be
undersized is a more subjective judgement since, as noted
above, hydraulic calculations can be questionable. Qur
judgement was based on the performance of similar fords in
the survey that had larger riprap than those that showed
damage.

The cross section data obtained for the 13 fords that were
measured in greater detail allowed us to estimate the
maximum flow that the ford could pass. These flows were
then compared to estimates of the 25, 50, and 100 year peak
flows for those ford obtained from peak flow equations
presented by Campbell et al. (1982). All the fords would pass
the 25 year peak flow, and 10 of the 13 would pass the 100
year peak flow. These estimates are clouded by the same
hydraulic calculation uncertainty discussed above, but they
are most likely reliable enough to reflect design that exceeds
the requirement of the Oregon Forest Practice Rules (25 year
peak flow).

SUMMARY

Stream crossings often present a challenge to the forest road
manager. The capital cost and annual maintenance

Figure 5. Detail cross section of joint between surface, base,
and splash apron.
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requirements of culvert installations on small watersheds will
likely be significantly higher than a low-water stream crossing
(ford). Fords, by no means a new type of structure, are
re-emerging as an important component of the forest road
system. Design of these types of structures will often require
an observational approach, but with local experience, can be
done with reasonable certainty. Vented and unvented fords
offer options that should accomodate a wide array local
stream crossing requirements.
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Culvert Design and Performance on Forest Roads'
Marvin R. Pyles, Ame E. Skaugset, and Terry Warhol®

Abstract: Culvert design requires consideration of
hydraulics, hydrology, fisheries, economics, and legal
requirements. Surveys of culvert installations in the Coast
and Cascade Ranges of Oregon show that a majority of
culvert installations have adequate capacity to meet legal
and reasonable design standards. However, no common
design standard was apparent, and 15 to 25 percent of the
culvert installations surveyed appeared unable to meet
Oregon Forest Practice Regulations as they were designed.
Further, reduced capacity due to inlet damage or partial
plugging affected about half of the culverts surveyed. Care
in design should be taken in the future to insure that culverts
remain an available alternative for stream crossings.

Keywords: stream-crossing, low volume road, watershed

The recent increase in focus on riparian values on forest
land is resulting in significant modifications of management
practices and harvesting techniques in and around riparian
zones. Forest road construction and maintenance in riparian
zones must be viewed as an integral part of the health and
prudent management of these zones. Stream crossings on
forest roads, which number in the tens of thousands in the
Pacific Northwest and hundreds of thousands nationwide,
are a necessary component of forest road systems. They
also possess the potential to damage riparian zones if they
are poorly designed and/or maintained. Inadequate design
and maintenance of stream crossing culvert installations is
also costly to landowners which makes sound culvert design
and maintenance a prudent management practice for
economic as well as environmental reasons.

This paper will present a review of design considerations
for stream crossing culvert installations and the results of
two recent culvert installation surveys. Also included is an
assessment of the peak flow capacity of the surveyed
culverts and comments on culvert design methods.

DESIGN CONSIDERATION AND DESIGN CRITERIA

Design criteria for a culvert installation is unique to a
given installation. Therefore, it is pointless to write a
universal set of design criteria for stream crossing culverts.
However, under the rubric of "Design Considerations”, a list
of items that should be considered for a culvert installation
can be developed realizing that some of the items will not
pertain to every installation. The list in Table 1 is written in
general terms to give the flavor of design considerations for
stream crossing culverts. Depending on local conditions or
requirements, greater detail or additional items may be
warranted.

1 Presented at the 12th Annual Council on Forest Engineering
Meeting, Coeur d"Alene, ID. August 27-30, 1989.

2 The authors are Associate Professor of Forest Engineering,
College of Forestry, Oregon State University; Forest Hydrologist,
Adaptive COPE, College of Forestry, Orcgon State University:
and Transportation Engincer, Umatilla National Forest, Pendleton,
Oregon, respectively.

For each of the design considerations that is appropriate to
a given culvert installation, there are design criteria which
are the standards against which trial designs are judged.
Some standards may pertain to a single condition such as a
peak flow which may occur only once during the physical
service life of the culvert, Other standards may pertain to
the day to day or year to year performance of the installation
such as fish passage or annual maintenance cost.

_ The selection of design criteria for a particular culvert
installation is a function of many interacting factors:

) '_I'he flovy capacity and characteristics of a culvert
installation which are controlled by culvert
hydraulics,

(2) The hydraulic demand placed on the culvert which is

a function of the watershed hydrology above the
culvert.

(3) The forest practice rules which set some minimum
gesxgn criteria, particularly with respect to peak
ows.

(4) Land management objectives which determine those
aspects of design criteria that vary with road design
standard (e.g. temporary versus permanent roads).

(5) Business risk objectives which determine the degree
to which design criteria will consider the probability
of culvert installation failure resulting in replacement
costs and off-site damage.

Design criteria derived from the first three factors listed
above should be approximately equal regardless of the land
owner or organization doing culvert installation design. The
forth factor will result in different design criteria because
land management objectives are not the same. The fifth
factor will result in different design criteria and therefore
different designs between land owners depending on
gusmcss objectives and the local potential for off-site

amage.

CULVERT INSTALLATION SURVEY

The actual performance of existing culvert installations
relative to design considerations will be assessed using data
from two culvert surveys. The surveys were conducted in
the central Coast Range of Oregon in 1984 and 1985 (Piehl,
Pyles, and Beschta, 1988) and the Oregon Cascades in 1988
(Warhol, 1989) (Figure 1). In the Coast Range, culvert
mstallanons_ were surveyed on forest land managed by the
Forest Service, Bureau of Land Management, State of
Oregon, and Private Industry, while in the Cascades,
culverts were surveyed only on Forest Service land

Figure 1. Coast Range and Cascade Range culvert surveys.



Table 1. Stream Crossing Culvent Design Considerations.

Catcgory Item

Pcak flow events
Freeboard

Pipe size, slope, and entrance type
 Allowable headwater level (local flooding)

Fish migration

Migration period (range of flows during the migration period).
Water velocity and depth (a function of pipe size, and placement).
Pipe outlet geometry (jump required for fish to enter pipe).

Maintenance
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Floatable and non-floatable-large (relative to the pipe) organic debris carried by the
stream (effects pipe size decision).

Stability of outlet pool (effects fish migration)}

Bed load of stream (extreme bed load transport can require culvert cleaning).
Maintenance funding. ,

Current maintenance cycle being used.

Economics

Life of the installation.

a Permanent or temporary installation.

b. Physical service life of pipe.

Original installation cost.

Annual maintenance cost.

Replacement cost and potential cost of damage from failure.

Legal requirements

N—hwN

Peak flow capacity (often mandated by forest practice regulations).
tt;.'onsg}u:ti)on timing and practices (environmental sensitivity, and physical
easibility).

(the Mount Hood, Willamette, and Umpqua National
Forests). The culvert survey results reported in this paper
focus on the design of stream crossing culvert installations
for peak flow capacity. Peak flow capacity is embodied in
the first three factors listed above and is a primary design
consideration for stream crossing culvert installations. The
performance of culvert installations for design requirements
to accommodate fish passage at low to moderate flows are
not considered in this paper primarily because these
requirements were beyond the scope of the culvert surveys.
The culvert surveys did not consider moderate to low flow
design requirements for two reasons. First of all, there is an
overriding interest in the peak flow capacity issue and
secondly, the geographically based random selection of
culvert installations used in the surveys results in a large
percentage of the installations being on small streams for
which fish passage is not a consideration. A separate study
of the fish passage issue is needed, but a carefully stratified
sample is required to-obtain a representative sample of the
pertinent culvert installations.

During the culvert surveys, information was recorded
regarding the current condition of the culvert installations
that was not specific to peak flow capacity. This
information was used to give some impression about the
quality of the construction and maintenance of the culvert
installations as well as the physical service life of the
culverts. The surveys included a record of culvert diameter,
length, material, inlet type, slope, cover, and freeboard
(freeboard may be less than pipe cover if the culvert
installation is on a grade).

HW: . [E.. Clv I ".

The actual performance of existing culvert installations is
difficult to determine because the ability of a culvert to pass

a given peak flow is only tested when that peak flow occurs.

Without a continuous recording of flow through a culvert
there is no way of knowing what flows the culvert has
successfully passed. Further, given the probabilistic nature
of streamflow, it is possible for a given culvert installation
designed for a particular peak flow to never experience that
design peak flow or to experience it a number of times
during the life of the installation. In any case, the only
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characteristics of a culvert installation that can be easily
observed are its physical dimensions and the fact that it
exists which implies that the currently installed culvert has

not experienced a complete washout failure since
installation.

The physical dimensions of an installed culvert provide
some information that allows the culvert installation to be
compared with design standards. Comparing existing
installations with design standards is not equivalent to
assessing actual field performance, however, it is a
reasonable surrogate and will indicate whether existing
stream crossing culverts were designed with adequate and
consistent design standards.

The culvert installations in the surveys were randomly
selected on a geographic basis. The culvert installations for
the Coast Range survey were selected without regard for
contributing watershed area which resulted in contributing
watersheds as small as two acres being included. The
culvert installations selected for the Cascade survey were
selected from those culvert installations with a contributing
watershed area that was identifiable on a USGS 15 minute
quadrangle which resulted in a distribution of larger
watersheds. Summary data for the culvert installations from
both surveys are shown in Figures 2 and 3. Although pipe
arches are increasingly being used on forest roads, they did
not show up as a significant percentage of the randomly
selected culvert installations and, for this reason, they are
not included in these results.

The two major factors that effect the peak flow capacity of
a culvert installation are the slope and inlet type of the
installed culvert, The summary data for culvert slope and
inlet type from the culvert surveys are shown in Figures 4
and 5. Culvert slopes reflected the stream gradients of
headwater streams in the Coast and Cascade ranges which
are generally quite steep. A projecting inlet, in which the
pipe projects out from the road fill, was the most common
injet type. In the larger culvert sizes, there was a trend
toward mitered inlets in which the culvert inlet is mitered to
the slope of the road fill (Figure 5) thus improving its
hydraulic performance.
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Hydrology of Small Forested Watersheds

The streamflow that a culvert installation experiences is a
function of the watershed above the installation and its
precipitation regime. There are a number of methods used
to estimate the expected streamflow at a culvert installation
site (Campbell, et.al., 1982; Fedora, 1988). A complete
discussion of all available methods is beyond the scope of
this paper. The most easily applied method is the use of
regional peak flow equations developed from statistical
analysis of stream gauge records for small forest watersheds
(e.g. for Oregon, Campbell, et.al., 1982).

The peak flow equations give an estimate of the
instantaneous maximum discharge for a given return interval
in terms of watershed area and other variables found to be
statistically correlated with the peak flows in that region.
For example, equations presented by Campbell et.al (1982)
for the Oregon Coast Region are given in Table 2,

Depending on design criteria, these equations may be
sufficient to estimate design peak flows for a culvert
installation. For example, the Oregon State Forest Practice
Regulations require culvert installations to pass the 25 year
return interval peak flow. Given other design criteria,
different peak flow return intervals or even entire peak flow
distributions may be desired. Peak flows for return intervals
not given directly by the equations can be obtained by linear
interpolation between the equations. The function is
non-linear, but using linear interpolation will introduce only
a small error.
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The simplicity of the peak flow equations does not come
without a price. As indicated in Table 2, the standard
deviation of the ratio of the estimated to actual peak flows
for the streams from which the peak flow equations were
developed is quite large. This means that actual peak flows
for a given return interval may be significantly larger than
the estimated values. For example, to be 95 percent
confident that an estimated design peak flow will not be less
than the actual peak flow for a 25 year return interval, the
estimated peak flow from the equation would have to be
increased by approximately 50 percent. Peak flow ratios for
90 percent, 95 percent, and 99 percent confidence levels are
given in Table 2.

The large variability in peak flow data, that is evident by
the standard deviations listed in Table 2, is the result of both
natural variability and the fact that the peak flow equations
are based on a small data set of short duration. Other peak
flow estimation methods include the same natural variability
and therefore are not superior to the peak flow equations
obtained by Campbell et. al. (1982). For this reason, the
performance of culvert installations for both the Coast and
Cascade surveys was assessed using peak flow estimates
obtained from Campbell’s equations. The culvert surveys
included watersheds from the Oregon Coast, Willamette,
Cascade, and Rogue-Umpqua Regions.

Culvert Hydraulics

Water flowing through a culvert must overcome resistance
from three components; (1) flow restriction at the culvert
inlet, (2) pipe barrel friction, and (3) backwater from the
tailwater pool. To overcome this resistance, the water level
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Figure 5. Culvert inlet type distribution.
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Table 2. Campbell’s Equations for Pcak Flow in the Coast Region of Oregon

Retum Mean Peak “Std. Dev, of Upper one-tailed limits

Interval Estimating Equation R | Sample | Flow Ratio,' Peak Flow Ratio* of Peak Flow Ratio™"
"n" Qe 90% 95% 99%
O limit* limit limit

station ) ’

10 Qo=587A'ME® 831 20 = 1.0 0.28 1.36 146 1.65
25 0y - 631 AMES J9¢1 0 20 = 1.0 0.31 1.40 1.51 1.72
50 0p=1T1A"E® .79 20 =10 0.33 143 | 154 1.77
100 Qo= 8.40 AVE® 78 20 =1.0 0.34 143 1.55 1.78

* Interpreted from Campbell’s data by the authors.

® The use of prediction limits on the discharge ratio is not the standard way of representing the likely variability in a
population described by a regression equation, but it is far simpler to understand and use, and it is as rigorous as prediction
limits transformed from logarithmic space where the regression was done. ‘

¢ In other words, 90%, 95%, and 99% respectively of the peak flows for a given retum interval will have a discharge ratio

less than or equal to the given values.

at the culvert inlet (headwater) must rise, increasing the
water pressure at the inlet which, in tum, forces the water
through the culvert. Since the gradient of headwater streams
is usually steep, and the stream crossing culverts installed in
these streams are usually placed on fairly steep slopes
(greater than 3 percent, see Figure 4), only the first of the
three resistance factors is important in determining culvert
installation capacity. The performance of a culvert
installation should be expressed as the headwater depth
needed to pass a design discharge because, typically, culvert
installations have an operational limit on headwater depth.

This can be illustrated by examining the performance of a
hypothetical culvert installation (Figure 6). For a headwater
depth that goes from zero up to the level of the road surface,
the discharge through the culvert is controlled by the
hydraulic properties of the inlet. As the water level rises
above the road surface, the discharge includes flow over the
road. If the culvert installation has not been designed and
constructed to withstand water flowing over the road, when
the water level is even with the road surface the maximum
capacity of the culvert installation is attained (Figure 6).
The headwater level at the road surface represents an
extreme limiting case of culvert installation capacity because
for a headwater level above the road surface a washout
failure of the installation is likely.

However, the capacity of a culvert installation can be
defined in different ways. An altemnative is to define the
capacity of a culvert installation as the instantaneous
discharge at a lower headwater level. This is often the case
for culverts installed on forest roads where there is a high
likelihood that debris will partially block culvert inlets
during high flows. The definition of culvert capacity ata
headwater level lower than the road surface provides a
buffer allowing the desired peak flows to pass even though
the culvert is partially blocked. Although this principle is
commonly suggested, it is largely a matter of judgement
since no formal data on the probability of culvert blockages
during high flows exists. Culvert capacity from the two
culvert surveys was examined with respect to two
definitions; (1) the extreme limiting case of the headwater
level at the road surface, and (2) the more common case of
the headwater level at the crown of the culvert inlet.

The capacity of a culvert installation has little meaning
expressed in terms of discharge alone. It is the hydraulic
capacity, based on culvert hydraulics, compared to the
hydraulic demand, based on watershed hydrology, that is
meaningful. When the demand placed on a culvert
installation is considered, the capacity of the installation is
often stated in terms of the return interval of the flow that
the installation was designed to pass. For the culvert
installations in the surveys, peak flow return intervals were
obtained by interpolating between the values estimated by
the peak flow equations.

When the return interval was outside the range of the
equations (from 10 years to 100 years), a return interval was
extrapolated. The extrapolation was limited to return
intervals not less than two years or not more than 250 years.
These limits are arbitrary, but they do identify the points that
are well outside the 10 to 100 year range estimated by the
equations.

The estimated peak flow return intervals for the two
headwater cases for all the culvert installations surveyed are
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Figure 7. Peak flow return interval for the condition of
headwater at the road surface (Maximum allowable
headwater).

plotted against watershed area in Figures 7 and 8. Both
Figures show a wide scattering of peak flow return intervals
throughout the range of watershed areas. The scattering of
return intervals should be expected for two reasons. First of
all, different designers will use different peak flow
estimation methods which will result in a scattering of
design peak flows for similar installations. When these
installations are compared using a common peak flow
estimation method, the differences in design appear as
differences in peak flow return interval. Secondly, even if
all designers used a common peak flow estimation method,
the presence of local factors, such as large quantities of
debris, downstream property values, mainline versus spur
road installation, and other factors, would result in a
scattering of peak flow return intervals because some
instailations would have larger culverts to accommodate the
varying local conditions. However, the scattering of -
estimated peak flow return intervals is expected to be above
some minimum standard value. This is not the case for
either the Coast Range or Cascade Range culvert survey.
Therefore, the conclusion must be made that a common peak
flow design standard was not used for the surveyed culvert
installations.

This conclusion, by itself, is not particularly alarming, but
what is alarming is that so many culvert installations do not
even meet the minimum return interval standard required by
Oregon Forest Practice Rules (Figure 9). Furthermore, these
installations do not appear to be designed with a very high
probability of even surviving the physical service life of the
culverts. The physical service life of a culvert can vary
depending on local corrosion rates, but it is rare that a
culvert does not last at least 25 years and special treatment,

:'t:.ch as asphalt-coating, can increase culvert life well beyond
is.

Before solidifying this conclusion, an appropriate question
to ask is, if a different method of peak flow estimation had
been used would an appropriate minimum design standard
have been indicated by the estimated peak flow return
intervals? The two most likely alternative peak flow
estimation methods are the Rational Formula and Talbot’s
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Figure 8. Peak flow return intervals for the condition of
headwater at the crown of the pipe (Headwater to diameter
ratio equal to 1).

equation. Comparisons of the Rational Formula with stream
flow records show that it over-predicts peak flows (Heimstra
and Reich, 1972). If this result holds for the Coast and
Cascade streams, then using the Rational Formula would
result in even lower estimated peak flow return intervals
than Campbell’s equations generate. Furthermore, both
methods require runoff coefficients calibrated to local forest
watershed conditions. Published coefficients for the
Rational Formula or Talbot’s equations are not generally
available meaning that there is room for doubt that either
method would produce more consistent results for the
surveyed culvert installations than those reported in this
paper. However, to check this, peak flow return intervals for
all the culvert installations from the surveys were estimated
using Talbot’s equation with locally calibrated runoff
coefficients for a headwater to diameter ratio of 1.0 (e.g.
Beschta, 1984) and varying return intervals. These
equations are similar to Campbell’s equations for the
Willamette region except they have an exponent for
watershed area of 0.5 instead of the value obtained from
regression. Most of the peak flow return intervals estimated
by Talbot’s equations were different from those obtained
using Campbell’s equations, but there was no less scatter in
the peak flow return intervals and there was no minimum
standard evident.
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The results of the culvert surveys certainly indicate, to
some degree, the results of past practices and they should
not be considered a true reflection of current practices.
However, the results do indicate a need to review culvert
installation design standards so that the continued
installation of cost effective stream crossings is insured.
This is particularly important as older culverts are replaced
either because they wear out or fail at sometime in the
future.

c Conditions of Culvert Installa

- The current condition of culvert installations is of interest
from the perspective of the physical service life of the
culverts and the degree to which the installations retain the
hydraulic provisions that allow for fish passage. These
factors were beyond the scope of the two surveys reported
here, however current culvert condition is of interest because
it affects peak flow capacity. The peak flow capacity
analysis presented in this paper used the original geometry
of the culvert installations. The culvert installation surveys
indicated that many of the culverts have reduced capacities
due to inlet damage or partial blackage of the culvert inlet
and/or barrel.

Approximately 50 percent of the culverts from both the
Coast and Cascade surveys had the cross sectional area of
the culvert inlet or barrels reduced (Figure 10). These
reductions were primarily due to inlet denting, organic
debris at the inlet, or sediment at the inlet and in the culvert
barrel. If these conditions persist throughout the life of the
culvert, then a design allowance must be made to account
for the lost culvert capacity.

Without unusual maintenance, a dented inlet will most
likely stay dented. However, organic debris should be
removed through normal maintenance activities taking care
not to dent the culvert inlet during maintenance thus creating
one problem in the solution of the other. Sediment
accumulations in culvert barrels present.an uncertain
situation. If the sediment is fine, then high flows may wash
it from the pipe and restore some of the lost capacity of the
culvert. However, this should be viewed as a rather tenuous
process, at best. Sediment transport out of a culvert barrel
requires time, yet peak flows sufficient to transport sediment
are a transient phenomena. If high flows prior to a peak
flow are of too short a duration to completely flush the
sediment from the culvert, then a partially plugged condition
will persist. - In any case it seems prudent to consider
reductions in effective pipe size during design. The culvert
surveys indicate that the majority of the culverts with
reduced inlet or barrel cross sectional area have between 80
percent and 100 percent of their original cross sectional area.
One pipe size would seem sufficient to accommodate the
majority of the reduction concemns. Design standards could
be adopted that would require one culvert size larger than
nominally required.

SUMMARY

In this paper, design considerations for stream crossing
culvert installations on forest roads have been presented
along with analysis of the performance of culvert
installations with regard to peak flow capacity. Design
considerations for a culvert installation are based on criteria
that are unique for each particular installation site. But, in
general, design standards should be set for peak flow
capacity, moderate to low flow characteristics for fish
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passage, maintenance, and potential for off-site damage in
the event of a failure. Design standards between similar
culvert installations should vary depending on the land
management objectives of the land owner and their business
risk philosophy.

The performance of culvert installations were assessed
with regard to only peak flow capacity. The assessment is
the result of two recent culvert installation surveys in the
Oregon Coast Range and the Cascade Range. The peak flow
capacity of culvert installations was reported in terms of the
peak flow return interval of the installation with the
headwater level at first, the road surface and then, the crown
of the pipe. The hydraulic capacity of the culvert
installations was computed using culvert hydraulics and the
geometry of the existing installations. Peak flow return
interval was estimated by linking hydraulic capacity with
hydraulic demand by interpolating or extrapolating from
Campbell’s equations. The results show that there appears
to be no minimum acceptable standard for peak flow
capacity in terms of return interval for existing culvert
installations. This result was verified using Talbot’s
equations as alternative peak flow return interval estimators
with no noticeable change in the outcome. These results
indicate that the design standards for peak flow capacity in
terms of return interval need to be reviewed to insure the
continued installation of cost effective stream crossing
culverts on forest roads. :
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Log Trucks Pulling Mud onto Public Roads:
Possible Solutions to the Problem

Robert M. Shaffer and James M. Keesee?

Abstract: The transfer of mud from soil-based
logging roads to paved public roads by log
trucks operating during muddy comditions is a
major problem for southern logging contractors.
Safety, liability, fines, and leoss of production
are major concerns resulting from this problem.
Possible solutions include ceasing operations
during muddy conditioms, logging road
construction and surfacing techniques to
minimize mud, and methods of removing the mud
from the log truck prior to entering the
highway. Four potential devices for removing
mud from log truck tires are described.

Mud is a problem much of the year for loggers
operating in the South. Extended periods of
rainfall typically occur from December through
April, followed by frequent heavy afternoon
thunderstorms during the summer months. This
abundant moisture, combined with the clay soils
found over much of the region, creates muddy
logging conditions that cause numerous operating
problems for logging contractors. Perhaps the
most serious problems is the transfer of mud
from soil-based logging roads to paved public
roads by log trucks operating during muddy
conditions.

Sticky clay-based mud tends to pack into the
space between the dual tires and stick to the
tire tread as log trucks move slowly along
unsurfaced haul roads. As they exit the woods
and pull onto the paved road, they typically
pull large volumes of mud onto the highway.

This mud often accumulates in large amounts
at the logging road entrance point and can
sometimes be seen for up to a mile down the
paved road as the truck gets "up to speed"” and
slings the mud out of the dual tires.

Mud transfer causes several problems for the
southern logger. 1t poses a serious safety
hazard for motorists, who may lose control of
their vehicle when they suddenly encounter an
unexpected "mud slick" on the highway. Several
civil lawsuits have resulted from accidents
caused by mud from a logging operation. Pulling
mud on the highway is a direct violation of the
law in some jurisdictions. Many county
supervisors or road commissioners will quickly
obtain court injunctions to stop logging if they
become aware of log trucks pulling mud on the
roads or receive complaints from citizens.

lpresented at the 12th Annual Council on
Forest Engineering Meeting, Coeur d’Alene, ID,
August 27-30, 1989.

2pssociate Professor of Industrial Forestry
and Extension Specialist - Timber Harvesting;
and Graduate Research Assistant, Department of
Forestry, Virginia Tech, Blacksburg, VA 24061.
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Expensive fines are commonly assessed to
violators in several southern states.

Mud transfer can be eliminated in a number of
ways. Perhaps the most obvious is to simply
stop logging during muddy conditions. However,
given the production-based payment system
commonly used by the forest industry in the
South and the high fixed expenses of most
logging contractors, few could afford to cease
operating 2-3 months out of the year.

Improved logging road location and
construction could eliminate much of the mud
transfer problem. If loggers would always
construct well-drained haul roads on stable
soils and use crushed rock, wooden or metal
mats, and/or geotextile for surface
stabilization where needed, log trucks would not
encounter much mud from the woods landing to the
highway. Unfortunately, economics often makes
this solution unrealistic. Much of the timber
logged in the South comes from small private
landholdings of less than 100 acres. Typically,
a logging contractor will complete a job and
move to a new tract every 2 to 4 weeks. Logging
roads are usually temporary and are “retired”
immediately after logging is completed. Thus,
it is often difficult to economically justify
extensive road-building costs for each tract.
The operating strategy used by many independent
logging contractors in the South is to simply
"brush out" enough branch road with a small
dozer to get the timber removed. These branch
roads typically are not much more than
single-lane trails with the surface organic
material scraped off and a few water turn-outs
installed at key points. Sometimes a few loads
of crushed rock may be spread at obvious "soft”
spots in the road, or at the last 50 to 100 feet
where the logging road enters the highway. As
you may expect, rain quickly turns the top 2 to
3 inches of many of these soil branch roads into
mud, and some of that mud often ends up on the
highway.

Most loggers operating in the mud will take
time to try to clean the highway to some extent
at the end of the day using hand shovels or the
skidder blade. A few even lease portable
high-pressure water systems to periodically wash
the mud off the road at the entrance point.

Assuming that, for economic as well as
operational reasons, southern loggers will
continue to drive log trucks over muddy haul
roads, members of the Industrial Forestry
Operations Research Cooperative at Virginia Tech
challenged Graduate Student Jim Keesee and
Associate Professor Bob Shaffer to design a
device that, when attached to a log truck or
trailer, would effectively clean the mud from
the dual tires, leaving it in the woods rather
than transferring it onto the highway.
Cooperative members Randy Starling (Procter and
Gamble Cellulose), John Ramage (Bowater, Inc.),
Richard Green (Inland-Rome, Inc.), and Jim
Willis (Chesapeake Corp.) determined that for
such a device to be successfully adopted by
logging contractors, it must work well, be
simple in design, be inexpensive to construct
and mount, be something that a logger can build
in his shop, and be easy to use.



Working within these constraints, the study
team conducted a literature review, made several
trips to the field to examine and evaluate
possible techniques, and hit the drawing board.
After much deliberation and trial and error,
four devices were determined to have the most
potential. In order from the simplest to the
most complex, these were:

1. A heavy nylon rope connected around the
spacers between the dual tires on the
trailer tandem (Figure 1). As the wheels
turn, it was believed that the rope would
force the mud out from between the duals,
keeping them from filling up. This was the
simplest, least expensive and easiest to use
device, since it could remain in place at
all times. A nylon rope-was chosen over a
steel cable since it was believed the rope
would present less risk of damage to the
tires’ inner sidewalls.

Figure 2. The bar.

3. A steel bar similar to (2), with a
heavy-duty rubber scraper blade mounted on
an adjustable steel sleeve (Figure 3). With
the bar properly positioned between the dual
tires, the rubber scraper is lowered into
position until it rests firmly against the
tire tread, then locked into place with
thumbscrews. As the wheels turn, the bar
forces the mud out from between the duals
and the scraper "peels" that mud as well as
the mud sticking to the tire tread away from
the tires. As with (2), this "bar and
scraper" is mounted on a hinge pin that
allows it to be easily swung up and out of
the way for highway travel. The rubber
scraper for the prototype device is made
from 1-inch-thick heavy rubber "cow mat,"
commonly used as a durable floor covering in
the stalls of dairy barms.

Figure 1. The rope.

2. A round steel bar or pipe, mounted
vertically from the trailer frame, that
extends the depth of a tire into the space
between the dual tires (Figure 2). The bar,
positioned just behind the spacers, should
force the mud out from between the duals as
the wheels turn. The bar is mounted on a
hinge pin, so that is can be raised away
from the tires during highway travel. The
diameter of the bar or pipe is approximately
0.5 inches less than the width of the space
between the dual tires.

Figure 3. The bar and scraper.
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4. A pneumatically operated steel "mud flap"
(for the rear set of dual tires) linked with
a "bar and scraper" (same as #3, for the
front set of duals) (Figure 4). The mud
flap is constructed from a sheet of

" 0.25-inch steel, is approximately the same
width as a normal highway mud flap, and is
about 6 inches longer. A triangular shaped
piece of 1.0-inch-thick heavy gauge
fiberglass plate is attached vertically and
perpendicular to the mud flap. A rubber
scraper is attached horizontally and
perpendicular to the mud flap at the base of
the fiberglass plate. When the mud flap is
pulled into position by a pneumatic
eylinder, the fiberglass plate extends into
the space between the duals and the rubber
scraper fits snugly against the tire treads.
A steel rod links the mud flap with a "bar
and scraper" mounted at the front set of
duals, while a second linkage rod connects
both devices to a pneumatic cylinder mounted
on the trailer frame. The pneumatic
cylinder is connected to the tractor/
trailer’'s air supply and can be operated
from the cab. When reversed, the pneumatic

cylinder pushes the devices away from the
tires for highway travel.

o B S ol A e NONLTNG

Figure 4. The mud flap assembly.
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In March 1989, these devices were temporarily
attached to a University-owned dump truck and
underwent brief preliminary testing at Virginia
Tech. It was observed that the rope (1) did not
appear to work very well, that the bar (2)
removed a substantial portion of mud, and the
bar and scraper (3) and mud flap assembly (4)
appeared to be highly effective. 1In June, the
study team acquired a double-bunk, rigid frame,
40-foot log trailer for the project. Thorough
field testing of the devices is planned that
will allow vigorous statistical analysis of the
differences in mean transferred mud weights
between a control (no device) and the four
devices. The results of these tests will be
published in a future report.



DOES NETWORK ANALYSIS PAY?!
Jack Cullen and John Sessions2

Abstract: ‘The Washixll\%gon State Department of
Natural Resources {(DNR) in carrying out its
mandate to efficiently manage trust lands under
its Lurisdiction is implementing network analysis
techniques as part of an overall harvest planning
system. Results of completed projects indicate
high potential savings. In moving toward field
implementation, DNR has adopted a four part
training process which takes personnel from
theory to practical problem solving. A central part
of the training is demonstrating the importance of
generating alternatives.

Key words: Harvest planning, network analysis

DEPARTMENT OF NATURAL RESOURCES

The Washington State Department of Natural
Resources (DNR) is developing an integrated
harvest planning system. No system has been
found that integrates all necessary tools together
into one package. However, many of these tools
are currently available as separate com[_)l%nents.
One of these tools is network analysis. The DNR
is beginning to put network analysis to work as a
harvest planning tool. This paper reviews the
process DNR is using to introduce network
analysis techniques into its organization
including hardware, software, training
requirements, and an evaluation of its cost
effectiveness.

DNR Forest Management

DNR manages 1.7 million acres of state land as
commercial forest land. About 900 million board
feet is harvested from this land annually. Sale of
this timber yields 130 to 170 million dollars a
gear. This revenue supports several public trust

eneficiaries. including school construction and
DNR forest management operations. To manage
this forest land, DNR annually adds 130 to 1
miles of road to its existing 12,000 mile system at
a cost of 7 to 9 million dollars.

DNR's central goal in forest land management is
to "conserve and enhance the natural resources
of state forest lands while attaining the highest
long-term income from these lands.” (Wash. St.
Dept. Nat. Res. 1988)

1 presented at the 12th Annual Council on Forest
Engineering Meeting, Coeur D'Alene, Idaho,
August 27-30, 1989.

2 Jack Cullen is a Harvest Systems Engineer
with the Engineering Division, Department of
Natural Resources, Olympia, WA. 98504

John Sessions is Professor of Forest Engineering,
Oregon State University. Corvallis, OR. 97331
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This revenue oriented goal and the complexity of
the DNR road system suggested the use of
network analysis for both enhancing revenue and
reducing long-term system construction and
maintenance costs. The DNR has chosen to use
the network analysis program, NETWORK,
(Sessions 1985) because it is readily available
and relatively user friendly. NETWORK is not a
complete integrated harvest planning system. It
accepts the harvest schedule as given and is
concerned with choosing between harvesting
systems, road locations, road standards, and mill
or market destinations over multiple time
periocds. The use of NETWORK in the short run
is expected to improve management decision
making over current methods. In the long run,
fully integrated harvest planning is anticipated to
siigmﬁcanﬂy improve the DNR revenue and cost
picture.

DNR Operations

DNR is organized in seven administrative Regions
with a central support staff in Olympia. Each of
the seven Regions covers a defined geographic
area with five to the west of the Cascades and two
to the east. Each Region is subdivided into "local
units”. There are about 60 local units statewide.
Typical local units administer 10,000-40,000
acres of state land. Each Reglonal headquarters
has a staff that supports field operations. Nearly
all actual field work is done by local unit staff,
who literally work out of their pickup trucks. A
small engineering staff of one to seven forest
engineers is included in each Regional
headquarters staff. The Regional engineering
staffs provide technical engineering consulting
services to Local Unit Foresters in areas of forest
roads, logging systems and sale unit layout.
Nearly all computer assisted harvest planning
analysis is done by these engineering staffs as a
service to the field.

NETWORK IN DNR

Harvest Planning

Harvest planning tools that are available include
computer programs devel%ped by the Forest
Service such as SKYLINE for fredicﬁng cable
yarding pairloads (Nickerson 1980) and PLANS for
?redlctmg ogging costs as well as payload
easibility (Twito et al. 1987}. Others, such as the
DNR geographic information system (DNRGIS)
gx":ovi e environmental and inventory data.
onomic feasibility and investment strategies

are currently evaluated using in-house developed
programs and spreadsheet templates.

For transportation analysis, several programs are
available including NETWORK, SNAP (Sessions
1988) and IRPM by et al. 1980). NETWORK
and SNAP are network-based. IRPM is a mixed
integer linear programming model developed by
the Forest Service. NETWORK is the simplest and
least comprehensive model, IRPM allows full
integration of harvest scheduling and
gansportation, and SNAP falls somewhere in
etween.



IRPM and SNAP require considerable training
and experience to use. They also have :
specialized hardware requirements that cannot
be met with equipment presently available to
DNR. While NETWORK has limitations in solving
the forest harvest problem that may be overcome
with the more complex models, it also has the
advantage of being relatively easy to use. And, it
- can be run IBM-PC compatible microcomj:uters.
DNR has several hundred of these machine
throughout its operations. :

History of NETWORK in DNR

From 1984 to 1986 DNR purchased Hewlett-
Packard HP9836 computer systems for six of
their Regional etr;ﬁlneerln operations. A seventh
system was installed in Olympia for system
support. An early Forest Service version of
ORK was converted for these systems. No
NETWORK training was provided on these
tems. Individual DNR engineers were left to
g:cover what they could about it on their own.
It should come as no surprise that NETWORK on
the HP9836 was used only a few times with
spotty success. _
Durin, %thls period, much of DNR's contact with
NETWORK came through annual University of
Washington Forest En%lneerln Senior Field
Studies on DNR forest lands. These studies
Produced Io%(glng lans that included several
arge network analyses. It became evident from
the benefit of these analyses that DNR should
implement NETWORK in its operations. In 1987
DNR management decided to provide NETWORK
training to all 25 of their forest engineers.

NETWORK Trainin

The first NETWORK training was an 8 hour
session in 1987 that included both network
analysis theory and hands-on time. A small
scale, IBM compatible version of NETWORK was
distributed to each Region at that training

' session.

There was an implicit assumption that if
potential users understood the theory of network
construction, had some hands-on practice with
the program and were given some simple
examples that they would begin to discover -
applications for it in the field. This assumption
proved to be incorrect. Only one Region
extensively used the program. A few others had
limited success with it. Engineers in Olgngic
Region, after a year of experimentation, had the
greatest degree of success. They also developed
some spreadsheets which allowed relatively
straight forward collection and calculation of road
construction, road maintenance, haul and
harvest costs for use in NETWORK.  These
achievements were discussed at DNR's annual
engineering training in Spring, 1988.

In spite of this apparent lack of implementation
success, at this point benefits of limited
NETWORK application significantly outweighed
training and experimentation costs.
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To achieve an acceptable level of implemention, a
more intensive training program was instituted in
Spring, 1989. This program is currently
underway.

Three people from each Region were selected for
training. Two came from the engineering staff
and would become NETWORK technical experts.
The third was a field ﬁénrager who would help
relate the benefits of ORK analysis to other
field managers and thus serve as an advocate or
NETWORK "champion". Volunteers are sought
who were risk takers, innovators, and interested
in use of analytical planning tools.

The training was organized in four parts:

1) NETWORK theory with exercises, 8 hours.

2) Data collection on real field problems, 2-5
days over 3-5 weeks.

3) Debuggln% analysis and solution of field
problem, 8 hours.

4) Evaluation and follow-up. Publication of
successes.

Part one was a group session with all 21 trainees.
Parameters were defined for the field problem at
this session. The exercise would not be effective
if the area under analysis was either too complex
or too simple. The suggested problem was to
have about 100 links (representing harvestin
choices or road segments) and 10-15 sales.
Region was to bring one real problem. An
objective was that the cost saving generated by
the problems solved in the training cover the cost
of the training itself.

ch

Part three was accomplished through three small
gou%:essions. The groups were scheduled so

at Regions with more NETWORK experience
were with less experienced Regional groups.
These classes were taught by Dr. Peter Schiess of
the University of Washington.

DNR is now in the evaluation and followup stage.
Several of the analyses started in class are still'in
progress. In some cases additional data was
needed to correctly complete an analysis. At this
writing the value of cost reductions from
completed exercises are estimated to exceed the
cost of the training by over $100,000.

Once the initial core group of trainees has
successfully implemented NETWORK, it is likely
DNR will train more people. In addition to the
?g_lv%it benefits of ORK analyses,

NVORK use will pave the way for a broader
understanding and acceptance of analytical
planning techniques.

DOES NETWORK ANALYSIS PAY?

NETWORK use in the Olympic Region has had a

high return on time invested. Results of several
of Olympic's analyses are shown in Table 1. The
majority of the cost for these analyses was in
labor time. The projects involve either planning of
single sales or comprehensive logging plans
involving several sales.



TABLE 1. A comparison of planning cost to project savings using NETWORK
for six projects in the Olympic Region. All costs and savings are
discounted.

PROJECT PROJECT SIZE - PLANNING SELECTED B/C

TYPE ACRES LINKS COST SAVINGS RATIO

Shuwah Logging Plan 1800 150 $2,200 $116,000 52.7

Cut Off Single Sale 80 35 $800 $15.000 18.8

Murphy Logging Plan 340 104 $1.850 $120,000 64.9

Ridge Single Sale 120 40 $1.100 $16,000 14.5

Matheny  Single Sale 40 23 $80 $17,600 220.0

Canyon Single Sale 242 56 $400 $26,000 65.0

Total $6,430 $310,600 48.3

In each of the cases shown, routing and sale
sequencing decisions had been made prior to the
NETWORK analysis by typical current practice
(generally "seat-of-the-;l)ants"] taking into account
as many factors possible by manual methods.
This established a base line to compute analysis
benefits or costs. In some cases the "selected
savinﬁs" shown were not the maximum savings
calculated by NETWORK because the maximum
savings option was precluded by other
management considerations. In those cases the
cost of applying those considerations was known
because a NETWORK analysis had been done.

Typical cost savings or revenue enhancements
run from 5 to 10 percent of total project values.
In all cases potential gains far exceeded the cost
of the analyses.

The term potential is used because DNR timber
sales are bid in public auction. The cost savings
calculated using NETWORK will be realized if
purchasers factor reduce operating costs into
their bids. Although it is recognized that many
demand and supply factors affect bid price. an
hypothesis is that rational bidders consider
harvest and transport costs. DNR will attempt to
devise a method to test this assumption. Cost
reductions can also accrue directly, if analysis
shows that an excessive amount of capital’is
being tied up in long term structures such as
road systems.

NETWORK Use: Lessons Learned

During implementation, DNR engineers learned a
number of things about NETWO Perhaps the
most important thing was how to draw the
picture of the network. In other words, how are
alternatives generated? If no alternatives are
defined. there is no potential for improvement.
Create as many physically possible road locations
or harvesting choices (links) when drawing the
network. These should be drawn without regard
to cost. With some erience an analyst can
second guess infeasible routes somewhat but
generally our experience has shown that
attempting to shortcut by second guessindg or
anticipating the results of analysis should be
avoided. Including too few alternatives in the
initial network was a common error observed in
program use. There was a tendency to reject link
options by using "intuition” and use road
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locations that one would have used in developing
a plan manually, especially if the link cost is
high. This second guessing can result in
expensive errors. In one case such an
assumption would have cost over $50,000 and
was not obvious by simple inspection.

Second, harvest planning always involves a lot of
data. Results from NETWORK should always be
checked carefully to see if data entry has been
clean. This is a task with few shortcuts. Although
NETWORK provides sorting options and statistics
on the input data, some hard work is involved. A
good check is to (eiyeball the haul routes from
each sale. Often data entry errors tend to
produce strange looking haul routes. Currently
this has to be done manually, since the IBM
version does not have plotting capability.

And finally, since NETWORK is a heuristic, that
is, a set of rules to provide good, feasible
solutions, the optimal solution (lowest cost or
hl%hest net value) is not guarenteed. Each
solution is feasible and computationally correct.
Sensitivity analysis should always be done. This
is where intuition is useful. You should ask "why
Is timber going this way?". If upon cutting the
link to prevent NETWORK from using the route
elds a better solution, then you have found a
etter solution!
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Exports: Thls is a timely and excitlng
addition to the northeast. The export market 1s
in the early stages of growth and shows signs of
continued growth if fostered properly. Presently,
the export log market 1s helping to stabllize
log production and log values. A partial list
of the export products are: Sugar maple (Acer
saccharum) logs, Spruce (Picea rubens, Picea
glauca) logs, Hemlock(Tsuga canadensis) logs,
and mixed hard wood chips. Presently, the
Pacific rim is the most active export market.

land sales: Major tracts of land (1,000 -
200,000 acres) have been sold, traded, and some
broken into small fragments. At this time, there
has been little effect on timber accessibillty
due to sales. Land sales have given the law
makers an added subject to deal with, This 1s
particularly true in areas around ponds, lakes,
and watersheds. ' The problem has escalated due to
large tracts being broken up into 40-acre lots.
An example of this is an 8,400-acre tract com-
pletely divided into 40-acre lots for develop-
ment. This could have a future impact on
timber supply.

Environment: Through the cooperatlion of State
Government, local towns, foresters, and logging
contractors, many watersheds have been harvested
with exceptlonally good results. This demon~
strates that with good engineering, the proper
equiprent, and the right people, we can change
the public perception regarding harvesting of
sensitive areas. The Army Corp of Engineers
has begun to take an active role in all matters
concerning wetlands and waterways. We have
begun to feel their limpact regarding roads in
sone areas.

Legislation: There 1s a conslderable amount
of diverse leglslative activity in the northeast.
The hottest tople regarding forestry 1s in Malne,
A forestry practlices act was recently passed.
The law is not completely formulated, and is
subject to many changes at this time. The
bilggest lapact could be related to what kind of
equipment can be used on a glven piece:of'lend.
There could be a 1imit on mechanized harvesting,
such as I have seen on the last three State of
Maine public lot bids. All three bids noted no
mechanlcal harvesters could be used. All of the
bids could be harvested mechanieally and still
produce a high-quality Jjob.
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Productlon: Fulpwood demand is good and
appears to be stable for the near future.
Digensional lumber demand has slowed thls year,
The one bright spot in the dimensional market
has been hemlock logs. The hemlock studwood
market has helped considerably in balancing
production. Chipwood, particularly for fuel,
has shown & slow but steady increase in pro-
duction.



Southern Regional Report1

Bob Rummer?

This has been a year of progress and
development for the forest industry in the
Southern United States. There is a good demand
for forest products, mill capacity is expanding,
and new opportunities for more efficient forest
operations are being explored.

Market Demand

Pulp and paper and hardwood chip markets have
been strong this year, leading to industrial
expansion around the South. New mills and
additions are under construction and in the
planning stages. The dimension Tumber market is
slower, reflecting the drop in general
construction.

Increasing demand for hardwood pulpwood is
both a driving force and a product of industrial
expansion. Competition for hardwood pulpwood is
increasing due to growing demand in domestic and
export markets. A relatively sudden shift in
export markets has occurred as Pacific Rim
countries began purchasing hardwood chips from
the Southern region. Chip exports are increasing
at both Gulf and Atlantic ports. The chip export
market is promoting industrial development along
the Tennessee-Tombigbee Waterway in the Miss-Ala
region with the construction of chipyards and
chip-handling facilities. The development of the
hardwood chip export market is occurring at the
same time as rising domestic demand fueled by an
increasing use of hardwood in the pulp mix.

There is also an increasing demand for hardwood
grade 1ogs on the Atlantic coast for the export
market. Again, most of the consumption is in the
Pacific Rim.

As hardwood demand increases, pressures mount
for environmentally sound, cost-efficient
harvesting systems for wetlands and upland
hardwood sites. Pine management is also changing
in response to the hardwood demand, with the
objective of developing multi-preduct pine stands
rather than just pulpwood. This is creating more
interest in thinning systems and merchandising
during the final harvest. Increasing competition
for the hardwood resource is leading to longer
hauls. Forest engineering is faced with the
challenge of developing new systems for the
changing utilization of pine as well as improved
systems for harvesting and transporting hardwood.

The southern United States is currently
enjoying its position in the international
hardwood market, but it is important to recognize

1 Presented at the 12th Annual Council on Forest
Engineering Meeting, Coeur d'Alene, 1D, August
27-29, 1989.

2 gesearch Engineer, USDA Forest Service, Auburn,
AL. :
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and address international competition Cost-
effective harvesting and transportatioq will be
necessary to maintain our market position

Harvesting Systems

The most recent Pulpwood Logging Contracter
Survey shows a trend toward more productive
mechanized operations in the South. Over 45
percent of the contractors surveyed produce more
than 100 cds/week. These highly productive
operations account for 90 percent of the volume
produced. Feller/bunchers are used by 30 percent
of the contractors and grapple skidders now
outnumber cable skidders. Average crew size has
almost doubled since 1980. As crews are shifting
to higher output levels, transporation systems
have changed. The majority of the wood produced
is now hauled by tractor-trailer rigs. Most of
this change is occurring through the attrition of
smaller, less-efficient and less-productive
producers.

New interest is developing in
forwarder/processor systems that enhance sorting
and merchandising wood to tighter specifications.
The need to obtain maximum value from the raw
material is also generating interest in improved
in-woods chipping systems. Flail
delimber/debarkers are increasing across the
South to provide quality, clean chips for the
pulp and paper industry One new pulp mill has
announced plans to purchase 60 percent of its
input volume in chip form. Currently there are
approximately 20 flail debarkers operating in the
South. This number should at least double in the
next year. The use of sawheads is still on the
rise in the South, although product. development
seems to have stabilized. The challenges for
forest engineering are to develop and improve
more productive harvesting systems for southern
conditions as well as to innovate new methods of
extracting more value from each tree.

Safety

Logging in the South, as in other regions. is
a dangerous occupation which is reflected in the
Workmen's Compensation Insurance (WCI) rates for
the region. The average manual rate for pulpwood
logging is about $50/$100 of payroll. In
Mississippi, the manual rate for general pulpwood
logging is $97.82. Some progress, however, is
being made in addressing WCI costs. Mississippi
has initiated a new WCI classification for
mechanized logging operations. Logging systems
with mechanized felling qualify for the new
rates which are 15 percent below the standard
manual rates. The development of this new WCI
class was a product of legislative effort
initiated by Mississippi loggers. The measure
was passed with the support of the State
Insurance Commissioner and state legislators.
Florida and South Carolina are also working on
logging WCI bills to reduce insurance costs. A
similar national effort to define a mechanized
logging classification is underway, sponsored by
the American Pulpwood Association. As WCI rates
begin to reflect the inherent safety of



mechanized systems, there will be a greater
effort to mechanize.

On another -legislative front, the new QSHA
logging safety standard was issued for public
comment this spring. The primary modifications
in the standard are: (1) extended coverage to all
loaging operations, (2) required safety equipment
for chainsaw operations, and (3) mandatory
operations. safety, and first aid training.

While the impact on southern logging will be
determined by the final form of the standard and
its enforcement, the logging industry is taking
note. The American Pulpwood Association is
supporting the draft standard. Hopefully,
successful implementation will improve the safety
record of logging. The challenge for industry,
however, is to develop effective training
programs for loggers. :

Concern about trucking safety has fueled
interest in truck driver training workshops. As
many as 5.000 logging truck drivers may have
completed ‘the combined safety and maintenance
course that is being offered across the South by
state associations and the American Pulpwood
Association.

Environmental Concerns

The spotted owl problem has come to the South
in the guise of the red-cockaded woodpecker.
Environmentalist litigation in Texas has resulted
in court-ordered forest management for the
woodpecker on Forest Service lands in Texas. The
court decision requires an 1100-acre area around
each colony tree to be managed for the bird. At
the present time, the Forest Service is drafting
management guidelines to implement the judicial
edict in most of the southern region. Although
the details are not known at this time, the
management guidelines will probably dictate
longer rotations and some form of selective
cutting in woodpecker management areas to
generate the older stands the bird prefers.
issue will not stop at the Forest Service
boundary. Already, actions are being brought for
woodpecker management on a military reservation
in Georgia. State land management agencies are
keeping an eye on these developments. In
addition to woodpecker areas, pressure is being

This
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brought on the Forest Service in the South to
stop clearcutting. This is creating interest in
single-tree and group selection harvesting.
Restrictive harvesting guidelines will present
forest engineering challenges to develop cost-
effective, environmentally sound harvesting
systems for these special areas.

Environmental interests are also evident in
the development of regulations for timber
harvesting at the state and county levels. Of
particular concern are guidelines for harvesting
sensitive sites such as wetlands. Most of the
southern states have voluntary Best Management
Practices (BMPs), but Virginia now requires a
compliance inspection of all logging operations.
If the logging industry fails to meet
environmental guidelines based on a review of the
compliance inspections, regulatory BMP's will be
instituted. Florida is at a similar point, with
2-year audits of BMP compliance. The Chesapeake
Bay area is an example of even more stringent
local regulations. To minimize sedimentation of
the Bay, areas which are in the Chesapeake
watershed have strict timber harvesting
guidelines which specify requirements such as
buffer strips. The environmental impacts of
timber harvesting in. the South are being
scrutinized and the possibility of enforced
logging practices is on the horizon. The
challenge for forest engineering in the South is
the development of environmentally sound, cost-
efficient harvesting systems for sensitive sites.

Southern Regional COFE

Another significant development in the
southern region this year was the formation of a
Southern Regional COFE group. A meeting was held
in Auburn, Alabama in May The one-and-a-half
day meeting consisted of three technical sessions
with papers from industry, government
researchers, and academia. Over 90 people
attended the conference. The Southern Regional
COFE was formally organized at a business meeting
following the technical sessions.

1989--a year of success and growth as well as
a year of new challenges for forest engineering
in the South,



Pacific Northwest Regional Updatel

Stephen P. Aulerich, P.E.2

TIMBER SUPPLY
Owls

The U.S. Fish and Wildlife Service (FWS)
publighed in the Federal Register June 23, 1989 a
proposal to list the northern spotted owl as
"threatened” under the Endangered Species Act
(USDA Forest Service 1989a). Until September 21,
1989 the FWS is asking for scientific information
and public comments regarding the listing. The
FWS will review and analyze the information and
determine whether to list the owl as threatened
by Junme 23, 1990. A six-month extension is also
allowed.

When a species is proposed for listing,
federal agencies must check with the FWS on any
activities that may affect the continued
existence of the species. The FWS has to review
all timber sales that might affect owl habitat
and provide recommendatiomns.

On March 17, 1989 Seattle District Court Judge
Dwyer granted a temporary restraining order on
140 Forest Service timber sales in spotted owl
habitat (USDA Forest Service 1989b). On March
23, 1989 the court enjoined 140 sales, pending a
hearing scheduled for June 13, 1989. The
injunction effectively halted the sale of over
half of Forest Service 1989 timber sales, or 2.5
billion board feet (Northwest Forest Resource
Council 1989). On May 26, 1989 Judge Dwyer
granted a Forest Service motion to stay all
proceedings in the case, leaving the March 23rd
injunction in place.

On March 29, 1989 Portland District Court
Judge Frye granted a preliminary injunction
halting old-growth timber sales within 2.1 miles
of known spotted owl habitat sites on Bureau of
Land Management lands (Corn 1989). A hearing is
scheduled for August 17, 1989 (USDA Forest
Service 1989b). The injunction remains in effect
at the time of this writing (Renthal 1989)3., 1t
effectively ties up 0.5 billion board feet
(Northwest Forest Resource Council 1989).

lpresented at the 12th Annual Council On
Forest Engineering Meeting, Coeur d'Alene, ID,
August 27-30, 1989,

2Vice-President, Forest Engineering
Incorporated, Corvallis, OR.

3personal communication from Jim Renthal,
Bureau of Land Management, Medford, OR, August
11, 1989.
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Timber Summit

A timber summit called by Oregon Governor Neil
Goldschmidt was held Jume 24 in Salem, Oregon.
Industry representatives, federal agency
officials, and preservationists met with Oregon's
legislative delegation to discuss the complex
issues relating to the current timber supply
problem. A compromise proposal was introduced by
the Oregon/Washington congressional delegation
and was reluctantly accepted by industry, but
rejected by the preservationists. The two-year
compromise would have opened up some sales
blocked by federal court injunctions and also
would have exempted agreed-upon timber sales from
lawsuits or administrative appeals.

Log Exports

The log export market continues to be strong.
The Bush Administration has proposed lifting the
ban on exporting logs from federal timberlands in
order to increase federal revenues. Republican
Senator Bob Packwood of Oregon has introduced
legislation making the ban on exporting logs on
federal timberlands permanent.

Log exports from state owned timberlands are
presently allowed. Current legislation before
Congress would permit states to restrict exports
from state-owned lands. In June, Oregon passed
Measure 2, which called for the ban of raw log
exports from state-owned lands, but only if
Congress permits.

Bid Prices

For the first three months of 1989 bid prices
are exceeding the value of finished products, as
mills are competing for available timber sales
(Northwest Forest Resource Council 1989). The
current supply situation has sent some sales
above $600/MBF (Shelton 1989)%,

Yellow Ribbons

Yellow ribbons are flying across the northwest
to show support for the timber industry.
Numerous rallies and log truck parades have been
held to make the public and elected officials
aware of the concerns of timber-dependent
communities.

Tongass

On July 13, 1989 the U.S. House of
Representatives passed legislation which would
reduce the allowable sale quantity of the Tomgass
National Forest to less than half of its current
management plan of 4.5 billion board feet per

4personal communication from Pam Shelton, USDA
Forest Service, Willamette National Forest,
Eugene, OR, August 14, 1989,



decade (Alaska Loggers Association 1989). The
legislation mandates a 100-foot "no harvest zone"
on all salmon streams and their tributaries;
designates an additional 1.8 million acres of
wilderness; and amends the Alaska National
Interest Lands Conservation Act, which provided
for an intensive management program on
submarginal timber stands. The legislation also
cancels the two existing long-term timber sale
contracts established by Congress in the Tongass
Timber Act of 1947,

NEW EQUIPMENT

Harvesting

Kootenay Manufacturing (Nelson, B.C.) has
acquired the North American rights to manufacture
and market the FMC models FT180 and 220 class
tracked skidders.

Ross Corporation (Eugene, OR) introduced their
Thunderbird hydraulic log loaders designed for
loading logs or shovel logging at the 1989 Oregon
Logging Counference.

Christy Manufacturing (Orofino, ID) recently
introduced a radio-controlled clamping.carriage.
Eagle Truck § Machine (La Grande, OR) has added
the "Golden Eagle" skycar to their line of
motorized slack-pulling carriages (Baker 1989)3,
Raven Carriage Corp. has developed a radio-

controlled slack-pulling carriage, which is
powered by two 12-volt batteries (Davis 1989)6,

Chippin

Peterson Pacific Corp. (Pleasant Hill, OR)
introduced their Model DDC 5000, which combines
four functions in one machine (Peterson Pacific
Corp. 1989). The machine loads itself, debarks,
delimbs, and then chips whole trees.

Site Prep

Prescribed burning of slash continues to get
public attention. With the ever-increasing
pressures to reduce slash burns, D & M Machine
Division (Montesano, WA) has introduced the
"slashbuster,” a brush-clearing attachment for
excavators. It is currently clearing slash
mechanically for planting sites on terrain
negot%able with an hydraulic excavator (Marshall
1989)7,

5Personal communication from Scotty Baker,
Eagle Truck & Machine Co., La Grande, OR, July 6,
1989,

6 personal communication from Tom Davis, Raven
Carriage Corp., Philomath, OR, February 2, 1989.

7 Personal communication from William Marshall,
D & M Machinery Inc., Montesano, WA, August 9,
1989,

WESTERN REGIONAL COFE

"S0il Compaction and Mechanized Harvesting"
was the topic of a two-day meeting held Jume 22-
23, 1989 in Redmond, Oregon, by the Western
Regional subdivision of COFE, Approximately 80
people attended from federal, state, and private
organizations.

Talks presented on the first day included the
scientific basis for concern about compactionm,
the characteristics of soil types found in
central Oregon, techniques and machines currently
being used in mechanized harvesting, -and concerns
from timber sale purchasers on harvesting
restrictions related to soil compaction.

The field trip on the second day visited areas
to be logged as well as ones in the process of
being logged. The field trip focused on specific
problems and proposed solutions.

Bill Atkinsond summarizes the meeting as
follows: "This session sparked a number of
dialogues and debates among participants and
indicated that we have a long way to go before
everyone is happy about response to the
compaction problem. Different timber-selling
organizations respond to potential compaction in
different ways, and even within organizations
there is great variation. A good deal of
confusion and misinformation exists onm all sides.
All in all, the sessions served to highlight
areas of common concern and made an excellent
start on the process of communication."
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Sierra Cascade Regional Reportl
Bruce R. Hartsough?2

Abstract: California's forest industry is undergoing
several transitions. Urban influences and smaller
trees present difficult challenges, while an
increasing number of biomass-fueled electric plants
and interest in hardwoods and short rotation
plantations for pulp provide new opportunities.

In spite of tales of it's imminent demise, the
forest products industry is very much alive in
California. The state still produces more lumber
than any other except Oregon. Although the
number of mills declined by 40 percent between
1976 and 1985, the remaining plants are larger and
total employment is almost the same as it was a
decade ago (Howard and Ward 1988).

Changes are taking place, and the industry does
face several challenges, many of which engineers
can help address.

THE URBAN-FORESTRY INTERFACE

California has the toughest Forest Practices Act
in the country. In 1977, very few California timber
harvest plans were protested by the public. In 1984,
5 percent of the plans on private land were appealed
and this percentage appears to be increasing (Anon.
1988). Most of the protests are not from
environmental groups, but from owners of lands
adjacent to the proposed harvest units (Fortmann et
al. 1986). Many of these landowners have migrated
to the rural forested areas from urban settings.

Loggers in Santa Cruz County, close to the San
Francisco Bay area, have successfully employed
smaller equipment in carefully managed operations
which appear to be more accepted at the urban
interface. Similar operations or new, more

1Presented at the 12th Annual Council on Forest
Engineering Meeting, Coeur d'Alene, ID, August
27-30, 1989.

2 Assistant Professor of Forest Engineering,
Agricultural Engineering Department, University
of California, Davis, CA.
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acceptable methods will probably have to be
adopted for harvesting in other parts of California.

Tighter restrictions on the use of herbicides and
pesticides are in part related to the urban influence.
The recently passed Proposition 65 will reduce the
number of chemicals which can be applied, and
public pressure is likely to limit when, where and
how they can be used. To provide an altemative to
chemical vegetation management, John Miles at
U.C. Davis is studying mechanical methods to
uproot brush in young plantations.

SMALL TREES

California has enjoyed the luxury of an
abundance of old growth; until 1985 more than half
of the volume of logs consumed in the state was cut
from trees older than 100 years (Howard and Ward
1988). Now, however, the industry is feeling the
effects of the transition to small logs. A survey a
few years ago found almost no mechanized
harvesting in the state. Today, 20 to 30 contractors
employ feller/bunchers, delimbers and/or
mechanical debarkers, and the number is growing.
Much of the state's "flat" ground is relatively
rugged, so steep terrain feller/bunchers are
popular. In second-growth redwood, the close
spacing of the coppice regeneration and extreme
height of the trees has made feller/bunchers
impractical. Some loggers are felling and bucking
with chainsaws, then prebunching for grapple
skidders with small loaders on crawler chassis.

On cable ground, more mobile yarders with two
or three guylines are in use and anchor stumps are
smaller, resulting in a high incidence of yarder
overturns. A guyline tension monitor developed at
U.C. Davis in cooperation with Oregon State
University has been demonstrated in the woods, and
several loggers have requested tests on their
equipment. A non-contact tension sensor for
running lines is also under development at Davis.

WOOD-FUELED POWER PLANTS

The number of wood-fueled electric generation
facilities has increased drastically over the last
decade, and total generation capacity may double to
400 MW between now and 1991, then level off
(Anon. 1988; Edwards and Heinz 1985). The
increases are results of the Public Utilities
Regulatory Policy Act of 1978, as implemented in
California. Prices for wood fuels are on the rise
due to the expanding number of plants competing



for the material. Delivered prices range as high as
$30 to $50 per bone dry ton. Even with these
figures, most forest residues are still too expensive
to recover, but some materials are being chipped at
roadside. Approximately fifteen woods contractors
produced fuel chips during the past year (Hartsough
1989). Most operations use feller/bunchers,
rubber-tired skidders and chippers. Chipping of
whole trees is most common. Some integrated
sawlog-fuel chip operations are at work, as are a
few second-pass systems. One contractor, using a
Llamma helicopter in combination with a chipper,
has been removing 20 tons per acre in a second pass
operation on a fire salvage sale.

Although several contractors have attempted to
process tops and limbs, most have abandoned these
efforts due to high costs. John Miles and others at
U.C. Davis are developing a device to produce
modules (large bales) of tops and limbs left by
mechanical delimbers at log landings. Modules
would be dried at the landing, then transported to
the electric plant. The machine will be tested later
this year.

Because of the artificially high prices for
electricity, the demand for wood fuel in California
will increase and remain high for the next decade.
As a result, several new contractors are expected to
enter the forest residue business this year. Fuel
facilities are having difficulty meeting their needs at
reasonable costs from sources within the State. One
company. has shipped mill residues by rail from
Washington to Northern California, and another
plans to barge material down the Pacific Coast to
plants in Central California.

One company is considering hauling whole trees
to their mill and using the tops, limbs and bark in
their existing cogeneration plant. Although partly
driven by fuel value, this pollcy would also avoid
the increasing costs and restrictions placed on slash
burning in the woods.

PULP, HARDWOODS AND SHORT ROTATION
PLANTATIONS

Paper mills have never been major players in the
California forest products industry, and essentially
all their supply has come from sawmill softwood
residues. Some mills are adding hardwood to their
furnish, and more harvesting of the underutilized
native hardwood resource is underway. Several
fixed woodroom installations incorporating drum
debarkers are installed or planned.
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Eucalyptus, a fast-growing exotic, produces high
quality fiber, so one company is planting 10,000
acres of drip-irrigated, fertilized stands on low site
agricultural pasturelands. Other major companies
have expressed interest. These plantations present

challenges in establishment, cultural operations and
harvesting.

. Many small landowners have also planted
eucalyptus, but their primary objective is firewood
production. They may also be interested in
producing pulp chips and/or selling residues to
energy plants, but small tract size results in high
move-in costs for conventional harvesting
equipment. Lower cost methods are needed.
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