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PART | INTRODUCTION

A. OBJECTIVE OF THE HANDBOOK

The objective of this handbook is to provide members of the forest industry with a guide for locating, designing
or modifying a dryland sortyard. It provides comprehensive, factual information that can be foliowed in a
step-by-step fashion. It can be used in part or in whole. It stresses sortyard system analysis and design rather
than construction details. However, information will be given on common construction methods and their
application.

B. READERS GUIDE

Anoverview of the objectives, sorting methods, equipment, productivity and performance factors of sortyards
on the B.C. coast is provided in Part Il of this handbook. It poses important questions whose answers will
clearly establish the need for and objectives of the proposed yard. It outlines the functions performed within a
sortyard and describes the major equipment used to accomplish the work.

An explanation of the financial analysis required for a sortyard project is contained in Part Ill. It is intended for
the use of non-financial people so that they may understand the process and information needed for a
sortyard proposal.

The main body of the handbook is contained in Parts IV to IX which detail methods of project organization, site
selection, yard layout, sorting systems, design, construction, organization and operation of a sortyard.
Included are exampies and illustrations of methods currently in use within the industry.

The final section, Part X, provides information on new developments in sortyard design, equipment and
operation.

C. INTRODUCTION

The handbook is based on the experience of the authors and Forest Engineering Research institute of
Canada (FERIC) studies of B.C. coastal yards. These sortyards are similar to ones in coastal Oregon and
Washington, with the exception that more American yards are located next to mills. B.C. coastal yards differ
from the B.C. interior and other Canadian yards in that the coastal yards:

- make more log sorts;

- receive incoming logs at a more uniform rate;
- are not normally adjacent to conversion mills;
- store fewer logs;

- do less delimbing and bucking; and

- scale more logs by volume than by weight.

Although the handbook may appear to be of use only to B.C. coastal operators, the principles of analysis,
design and the step-by-step procedures outlined apply equally well to the design and management of
sortyards in any geographic location.

D. BACKGROUND AND SOURCES OF INFORMATION

In the past four years FERIC has been asked, on an increasing number of occasions, to assist member
companies in the design or re-design of dryland sortyards. During this work it became evident that a handbook
would be of value to the logging industry.

In 1980, FERIC became part of a sortyard design project team of a cooperating member company. This study
provided case study data for the handbook. Other work and experience that adds to the foundations for the
handbook include:

- a survey conducted by FERIC in 1980 for the Estuary, Foreshore and Water Log Handling and
Transportation Study, a joint industry/government report in which costs, manpower, machinery and
areas were documented and analyzed at twenty-six sorting operations;
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collection of data in 1981 on the productivity of different truck unloading techniques and on the lighting
problems associated with double-shift yards;

a 1982 productivity study of five different sorting systems common to B.C. coastal sortyards;

direct involvement in the Iocation, design, construction and start-up of a large coastal sortyard;

field trips to B.C. and Washington log sortyards;

experience gained through assisting member companies with the design and operational aspects of
both conventional and unique sorting systems; and

research work on methods to solve the disposal problems of log sortyard debris.

A list of books is given in the Bibliography that are helpful in sortyard design.

E. DEFINITION OF TERMS

Five terms commonly used when discussing log sorting are described here.

1. Water Sorting Ground (Sorting Ground)

A water sorting ground receives unsorted logs by land or water and sorts the logs into specific grades with the
aid of boomboats or floating log loaders. The sorted logs are then assembled into booms (flat rafts or bundle
booms) or loaded onto barges for water transportation to mill or market. The logs are usually scaled after
sorting and before bundling.

Figure I-1 is a typical water sorting ground. The figure shows how the different functions in the sorting ground
are separated by strings of logs chained together, commonly referred to as a standing boom.

Figure I-1. Typical B.C. Coastal Water Sorting Ground.

Sorting grounds have been in use on the B.C. coast since the early 1900’s. Powerful boats and float-mounted
logloaders have replaced the men with pike-poles (Figure 1-2) who used to move and sort the logs. Sortingin
the water has become relatively machine intensive but the trend is to replace sorting grounds with sortyards.
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Figure I-2. Sorting with Pike Poles.

2. Dryland Sortyard (Sortyard, Yard)

All the processes present in a water sorting ground are present in a dryland sortyard (Figure 1-3). Most land
sorted logs on the B.C. coast are still assembled in the water for transportation to the mill or market.

Figure 1-3. Typical B.C. Coastal Dryland Sortyard.

Sortyards utilizing log stackers were first introduced into the California redwood forest region in the 1950's.
They have been built on the coast of B.C. since the early 1960’s. Some of these replaced sorting grounds and
others were built when new timber areas were developed. Ideas and techniques have been exchapged
between the U.S. Northwest and B.C. and many similarities in sorting systems can be seen.



The sortyard's popularity on the coast of B.C. is primarily owing to the reduced log loss that results when logs
are bundled before entering the water. Other benefits are the potential for more accurate grading, scaling and
sorting, fewer shutdowns during storms, the opportunity for log upgrading, a reduced requirement for water
areas and less impact on the marine environment. Sortyards cost more to build and equip than sorting
grounds and, contrary to expectation, there is little reduction in manpower requirements.

3. Booming Ground (Boom)

Booming grounds are used to assemble sorted or unsorted logs for transportation by log boom or barge to mill
or market. They are always part of a water sorting ground and are part of most coastal dryland sortyards. The
name booming ground is also applied to the area for assembling unsorted logs from a log dump (Figure I-4).

Figure I-4. Typical B.C. Coastal Booming Ground.

In the past, the booming grounds produced primarily flat rafts of individual logs but today most booms or rafts
consist of bundles of logs. The log transport method will depend on the water conditions on the route, the
distance to the mill, the potential for log sinkage, log storage conditions and log receiving equipment at the
mill. Typically, log bundie booms are used in protected waters and log barges or ships are used in the exposed
waters found north and west of Vancouver Island.

4. Water Storage Ground (Storage Ground)

Water storage grounds provide space for an inventory of log booms at points throughout the water transporta-
tion network. Wherever possible they are located in deep water safe from storms and marine borers. A typical
storage ground located at the outfeed of a sorting and booming operation is shown in Figure I-5.

The majority of the coastal mills are located near large population centers. As a result, there is a potential
conflict among foreshore users. In most cases, land for log storage near mills is unavailable, prohibitively
expensive or deemed a source of unacceptable noise and dust pollution. Therefore, mills must store logs in
the water and attempt to minimize the environmental impact.



Figure I-5. Typical Coastal B.C. Water Storage Ground.

5. Land Storage Yard (Storage Yard)

Most coastal sortyards do not store sorted logs on land. However, if the booming ground has a limited usable
water area, then sorted logs have to be accumulated on land (Figure I-6) until there are enough to make up a

complete boom.

Figure I-6. Land Storage of Logs in a Sortyard.

Some sortyards store unsorted logs to balance daily and seasonal surges in log production. This may reduce
investment in equipment and overtime costs and increase the working year of the crew but it may also reduce
efficiency, increase investment in land and subject the logs to increased ambrosia beetle damage.
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PART I SORTYARDS - AN OVERVIEW

A. SORTYARD OBJECTIVES

In this portion of the handbook, the intention is to stress the importance of establishing the reasons for building
a sortyard, to examine all the alternatives and to highlight the potential conflicts between objectives. This type
of analysis must precede construction of a sortyard and should be done with the same intensity and
enthusiasm as is put into designing and building a new sortyard.

1. Why Build a Sortyard?

When a sortyard is first being considered, the questions to ask are: “Why?" and “What problems will the
sortyard solve?"” These are important because there may be other better solutions.

Dryland sortyards cost more to build and operate than sorting grounds (Table II-1). In addition, there are
problems associated with the construction, start-up and operation of the yard. Consequently, it is vital to
establish the reasons why the yard is to be built before construction starts.

Table lI-1. Comparison of an Average B.C. Coastal Sorting Ground and a Sortyard.*

Average Average
Sorting Dryland
Ground Sortyard

Annual Volume Sorted (m3) 595 800 517 200

Number of Men 241 24.2
Pieces per Manday 62.1 61.2
Total Cost/Piece $3.68 $5.73
Total Capital Invested/m3 $2.69 $6.89

*Evaluation and Economic Analysis of Twenty-Six
Log-Sorting Operations on the Coast of British
Columbia - FERIC TN-39, December 1980.

The following is a list of the more common reasons for building a sortyard and other ways to obtain the same
results:

a) Reductionin Log Loss

Bundlingreduces log loss. A dryland sortyard is not needed to bundie logs. Some companies dump bundled
truckloads of logs into the water, open the bundles over a submersible grid, sort, scale and rebundle logs and
then raise the submersible grid and recover the sinkers. This system works where the percentage of sinkers is
low but does not work where the volume of sinkers is high. Timber stands which have a large percentage of
sinkers should be sorted in a yard.

b) Improved Grading, Scaling and Sorting

More of the log is visible when it is on land than when it is in the water and thus the potential is greater for more
accurate grading, scaling and sorting. However, if the logs are to be sold, it is questionable whether the
company receives more money because of this. Log traders negotiate a value based on the amount of
material that can be recovered from the log in the mill. Tighter, more accurate measurements do not change
the real value of the boom of logs, but do make it easier to sell. On the other hand, if the logs are to be used
within the company it is important that the logs are graded and sorted accurately so that they go to the correct
mill.

Another aspect is the timing of scaling. In most sortyards the logs are scaled before sorting, whereas the
reverse is true in sorting grounds. Thus, there is greater potential for scaling and sorting errors in log booms
from a sortyard than from a sorting ground.
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c) Improved Log Values Through Remanufacturing

Remanufacturing’or bucking to grade can be done in the water as well as on land. However, in both cases, the
log market must be watched closely to ensure that bucking to grade is increasing the value of the log. For
example, in some market conditions pulp logs and sawlogs will have the same value and bucking the sawlog
content out of the pulp logs will not increase value but only add to costs.

d) Environmental Impacts

Sorting and booming operators working near the mouth of rivers or in shellfish areas often experience
difficulty in obtaining permits to dredge bark deposits. They may decide to build a dryland sortyard to solve the
problem. However, changing the location of the existing log dump and sorting ground may solve the protilem
with less capital investment. In any case, the new dryland sortyard will need a log dump and bark may still
needto be dredged. In addition, the sortyard may solve a marine problem but create a debris disposal problem
on land.

e) Sorting and Booming Ground Bottleneck

As the log size diminished, many sorting operations became bottlenecks and limited total production from a
logging operation. Sortyards have solved bottleneck problems, but did the designers examine methods to
improve the sorting ground with as much effort as they spent in designing the new sortyard? An improved
sorting ground may have solved the bottleneck more economically.

The foregoing should not be interpreted negatively but as a critical examination so that the most economical
solution is not overlooked. In 1981, at least two potential dryland sortyard projects on the B.C. coast were
cancelled after a critical analysis of existing facilities.

2. What Problems Will the Sortyard Solve?

Once the need for the sortyard has been established, the objectives of the yard mustbe set. These may be the
solution to financial or operational problems, or both.

Evaluation of an intended improvement in performance is only possible when the objectives are clear and
financial and operational priorities have been established.

In most companies, a proposed sortyard must be justified on a financial basis and at some point the yard
designers will commit the future operators to investment in land, buildings and equipment to reduce annual
operating costs. Thus, from the financial point of view, the yard objective is to save money.

The operational objective will be to improve the productivity and quality of sorting. However, it may be
unrealistic to achieve high productivity and also a better sort without adding more equipment and men than
planned. This may compromise the financial objective because if the yard costs more than pianned, it must
also save more.

Thereis animplicit responsibility for the operators to achieve the financial objectives of the yard and, normally,
senior management will require the savings to be measured and reported. If the major economic justification
for the yard was a reduction of log sinkage, then the yard operators are obligated to ensure that log bundles
are well built and that the bundle will survive the dump into the water and the tow to the miill. If the savings are
real, the mills should require fewer logs to produce the same amount of product. in another case, the yard may
have been financially justified on the basis of savings resulting from better grading, scaling and sorting. While
it is very difficult to document these savings, the mills should recognize an improvement in the logs. The
supervisors are obligated to ensure the savings are realized by checking that the graders are indicating the
correct sorts, the scalers are accurately determining grade and volume and that the machine operators are
putting the logs into the sort indicated. Trying to achieve the financial pro forma rates and costs can cause
conflicts because it is easy to lose control over scaling and grading quality while concentrating on increasing
log production through the yard. On one hand, the operating costs and production rates are being achieved
but on the other, the company is losing revenue through inaccurate grading and scaling.

The objectives of the sortyard may also conflict with the objectives of the logging division. The division
manager will want the yard to process the logs atbudgeted costs andrateswithoutadversely affectingthe rest
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of the system. He will make rules, such as “logging trucks must be unloaded in less than ten minutes”,
because longer turnaround will result in a buildup of logs in the landing and loss in yarder productivity. In order
to achieve the ten-minute turnaround, the yard should not increase log breakage or decrease the quality of
other work. It is important to rank all the objectives in order of priority to minimize future conflict.

The ideal objective for a sortyard is to maximize the return of the investment consistent with safe operation
and minimal impact on the environment. In practice, this is difficuit to achieve and measure. Logging divisions
are traditionally measured on quantity of production, not on quality; on the basis of cost rather than revenue;
and on the basis of the volume, not the number of logs processed. The engineering and financial plans for the
yard must anticipate these problems and choose measurement units which will truly reflect the final
performance.

3. Alternatives to a Dryland Sortyard

a) Sorting Grounds

In some cases, water sites along the coast between the logging operation and the mill provide an alternative
place suitable for scaling, sorting and bundling logs. Water sites are cheaper to develop (Table [I-2) and are
easier to relocate than dryland sortyards.

Table II-2. Ownership Cost Comparison - Dryland Sortyard
Versus Sorting and Booming Grounds.*

Size Class (m3/yr)

0 169900 456 000 739 200
to to to to
169900 456000 739200 1416000
Total Capital Invested
per m3 of Logs Sorted Annually

Sorting Grounds — $3.14 $2.25 $2.74
Dryland Sortyard $5.20 $8.85 $7.70 $6.11

*Report to the Council of Forest Industries’
Subcommittee on Foreshore and Estuary Use - May 1980.

Existing sorting grounds may be modified to overcome some of their present shortcomings. Crown Zellerbach
Canada has improved and mechanized their sorting grounds. In their latest design, bundies of unsorted logs
are broken down over a submersible grid (reduction of sinker loss) and the logs are tiered and pushed into a
raceway. There the logs are graded and scaled and then sorted by a floating log loader into submersible log
bunks.

Finally, completed bundles are strapped and dumped into the water for shipment to the mills. Floating log
loaders are more productive than boomboats and the log bundles are secure and well built. In one installation
of this type, sorted log production is weight scaled and only a portion of the logs are stick scaled to maintain
statistical accuracy of the volume-weight ratio. The system works well and sinker loss is minimized (Table

1-3).
b) Sorting in Landing

Another alternative to the sortyard is sorting in the landing. The Tahsis Company has successfully sorted the
majority of their log production in the logging landings for over ten years and in terrain where landing
construction is difficult and expensive. They make four different sorts: pulpmill logs, cedar logs, hemlock/
balsam sawmill logs and logs for resorting. Table II-4 gives a comparison of the estimated costs of sorting and
booming landing-sorted bundles versus dryland sorting and booming of the same wood.
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Table II-3. Comparison of a Mechanized Sorting Ground
and an Average Large Sortyard.*

Mechanized Average

Sorting Large

Ground Sortyard
Annual Volume Processed (m3) 909 920 1 136 580
Pieces/Manday 58.5 71.2
Pieces/Sorting Machine Hour 213 39.2
Operating Cost/m3 $2.33 $2.42
Total Cost/m3 $3.02 $3.31
Capital Invested/m3 Sorted $4.10 $6.11

*Evaluation and Economic Analysis of Twenty-Six Log-Sorting
Operations on the Coast of British Columbia - FERIC TN-39, December 1980.

Table lI-4. Cost Comparison of Landing-Sorted Logs
Versus Dryland Sorting.*

Sorting Dryland
& Booming Sortyard
(Landing Sort)

Annual Volume Processed (m3) 361100 322 800
Operating Cost/Piece $2.81 $3.54
\ Ownership Cost/Piece $0.39 $0.85
Total Cost/Piece $3.20 $4.39
Total Capital Invested/Piece $2.87 $4.93

*Evaluation and Economic Analysis of Twenty-Six Log-Sorting
Operations on the Coast of British Columbia - FERIC TN-39, December 1980.

A variation is to sort the logs in the landing for end destination rather than mill requirements. The logs can be
final sorted near the mill and transferred between different mills if they are at the same location. There would
be additional costs at the mill for equipment and people but there would be similar savings at the logging
operations. In addition, mill personnel would be doing the final sorting for their mill and a better sort may result.

Also, as the mills on the coast are clustered, trading of logs between companies would be facilitated and
trades could be made in smaller packages.

B. SORTING METHODS AND EQUIPMENT

This section wilt discuss the functions performed that are common to all sortyards and the types of equipment
that are available to perform these functions. In addition, yard size and its relationship to equipment selection
will be examined. It is the intent of the authors to provide the reader with thumbnail sketches of sorting
methods and equipment which will be enlarged and refined in subsequent sections of the handbook.

1. Functions Performed
These functions are performed in all sortyards but not necessarily in the order shown below.

a) Unload or Receive

Most small and medium sized sortyards are located adjacent to a booming ground and the unsorted logs
arrive by truck or rail car. Usually the logs are secured by binders which must be removed from the load. At this
point the load of logs is either pushed or lifted from the vehicle so that the logs may be processed in the yard.
Loads may vary from 20 to 100 tonnes in weight and, depending on the equipment used, may be unloaded in
single or multi passes.
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Figure II-1. Lift Unloading.

Large sortyards are either located in similar locations to medium and small yards or are located away from
logging camps and receive barge loads or bundle booms of unsorted logs from several sources. In the former
case, the logs are usually unloaded in a single or two-pass system using large mobile equipment. In the latter
case, there is usually specialized equipment, such as a marine railway or an overhead crane, to dewater
bundles or loose logs in preparation for processing in the yard.

Figure 1I-2. Dewatering Bundles with Overhead Crane.
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b) Transport

In every sortyard there is a need to move or transport logs between processes. Often the sequence is as
shown in Figure II-3.

UNLOAD OR RECEIVE

+ TRANSPORT

GRADE OR SCALE

TRANSPORT

SORT
TRANSPORT

BUNDLE
* TRANSPORT

DUMP OR RELOAD

Figure 1I-3. Transport Sequence.

Depending on the size and capacity of the sortyard and the equipment available, logs may be transported
singly, several at a time or in large bundles. The design of a successful sortyard hinges to a great extent on
matching the transport equipment to the size, capacity and other characteristics of the yard.

c) Grade & Scale

Grading or marking a log to designate it for a particular end use is an essential process of any sortyard (Figure
lI-4). It should immediately precede sorting the log. The process is sometimes performed by the sorting
machine operator but it is preferable that this essential task be done by a qualified and competent grader. For
the grader to work efficiently, the logs are spread so that all the logs may be examined (Figure II-5).

Figure 11-4. Marked Logs.
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Figure ll-5. Grading a Deck of Spread Logs.

Scaling or estimating the volume and quality of a log may be performed at several stages in the sorting
process. For example, it can be before unloading, after grading or after sortirlg. There are two scaling methods
commonly used: stick scaling - where all iogs are measured and recorded, and weight scaling - where groups
of logs are weighed and the volume calculated by sample scaling a percentage of the total volume. Stick
scaling is usually performed when the logs are spread for grading or, in some cases, after sorting. Weight
scaling is usually done prior to grading the logs but can be done when the logs are sorted, bundled and ready
to leave the yard.

d) Sort

This is the primary function of the yard and can be performed with the greatest accuracy if the logs are graded
and marked prior to sorting. The sorting function involves taking individual logs and aggregating them with the
logs of the same end-use sort. In general, logs are sorted by species and end-use sort, such as pulp, small
sawlogs, medium sawlogs, large sawlogs, and higher grade logs. Small yards make as few as 5 sorts,
whereas large yards make up to 20 sorts. The average is 12 for B.C. coast sortyards. The number of sorts, log
size and daily throughput all influence the type and number of sorting machines required in the sortyard.

e) Bundle

After the logs are sorted, most yards on the coast of B.C. bundle the logs prior to leaving the yard. This is done
to decrease booming and transport costs and to reduce sinker loss. The loose, sorted logs are placed in
bunks (Figure 1I-6) where they are bundled with wire rope or steel banding. The size and number of straps
depends on the weight of the bundle, impact on dumping, water transportation method (barge or raft) and the
exposure of the bundle raft to adverse weather conditions. Normally, bundles delivered by rafts crossing
Georgia Strait or by barge require the strongest bundling material.

f)  Dump or Reload

Once the logs are bundled, they are ready to be dumped into the booming ground which is adjacent to most
sorting yards. In situations where the yard is not on the waterfront, the logs are reloaded onto trucks or rail cars
for the trip to the booming ground or mill. Most sortyards use a dump ramp (Figure 11-7) to put the bundles of
logs into the water. Some large sortyards use marine railways, stiff-leg derricks or overhead cranes to place
logs in the water.
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Figure II-6. Bundling Bunks.

Figure 11-7. Typical Dump Ramp.

2. Major Equipment Used
a) Front-end Loaders

A typical front-end loader is shown in Figure 11-8 and, depending on size, costs from $235 000 to $490 000
(1983 $). It has a lifting capacity of from 11.0 to 19.0 tonnes. The machine can be used for unloading,
transporting and sorting but is not as efficient as specialty machines in performing any of these functions. It is
best used for unloading limited numbers of trucks, sorting large logs and transporting logs short distances.
Because the front-end loader can do several functions and is an ideal back-up machine, it is found in most
yards, large or small.
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Figure II-8. Front-end Loader.

b) Log Stackers

These machines were developed for use in sortyards and mill log storage yards where large ioads need to be
unloaded or transported medium to long distances (Figure 1I-9). The lifting capacity of the log stackers varies
from 40.8 to 54.4 tonnes and the capital cost varies from $510 000 to $635 000 (1983 $). They are capable of
offloading highway size trucks in a single pass but the largest stacker is not able to remove the load from large
off-highway trucks in one pass. They efficiently spread logs in preparation for the scaling and grading function
and are able to stow and retrieve logs from large storage piles. These machines are used in large and medium
sized sortyards.

Figure 1I-9. Log Stacker.

¢) Hydraulic Log Loaders

Log loaders are used primarily for sorting logs but on occasions or in emergencies may be used to unload
trucks, build high storage piles or reload outgoing trucks. The typical log loader, as shown in Figure 1I-10, is a
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diesel-powered, hydraulically-operated, crawler-mounted machine with a capital cost of from $470 000 to
$680 000 (1983 $). Stationary loaders may also be used to sort logs. In this case, itis fed logs by a stacker or
front-end loader and sorts them into bunks. (The logs are later removed by a stacker or front-end loader.) An
alternative system is for the log loader to be mobile and work its way along the deck of spread logs, bunching
logs of the same sort. The bunches of logs are then recovered and usually transported to bunks for bundling.
Log loaders are capable of sorting 700 to 900 logs per shift.

Figure 1I-10. Log Loader.
d) Overhead Cranes

This type of machine is capable of unloading or receiving log bundles from water, transporting logs within the
yard, storing logs in high decks and reloading trucks or placing bundled logs into the water or onto the decks of
barges (Figure ll-11). They perform equivalent functions to the log stackers but canalsoreceive and return log

Figure 1I-11. Overhead Portal Crane.
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bundles to the water without the need for a marine railway or dump ramp. They have higher capital costs,
lower operating costs, and are far less flexible than log stackers. At this time, overhead cranes have not
gained wide acceptance on the B.C. coast.

e) Tables and Linear Systems

These systems are presently not used extensively on the coast of B.C. although popularin Scandinavia, parts
of the B.C. Interior and Pacific Northwest (Figure I-12). These systems have a high production potential if the
logs are relatively small and of uniform size. As more second growth stands are logged, these systems may
be adopted on the coast.

Figure I1-12. Linear Sorting System.

f)  Delimbing and Bucking Machines

These portable machines shown in Figure 1i-13 are now in use in small and medium sized sortyards where
tree-length second-growth logs are trucked into the yard. The machines have a capital cost of $230 000 and
will process 500 to 900 trees per shift. The logs produced are clean and bucked to the correctlength. After the
logs are delimbed and bucked, they are sorted and bundled with conventional equipment.
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Figure 1I-13. Tree Length Delimber and Bucker.

3. Yard Size and Equipment Selection

Sortyard size, in terms of physical size and the number of pieces per day to process, has a significant
influence on the type of equipment used in a yard. Based on the equipment characteristics outlined in the
preceeding section, Table II-5 summarizes the equipment selection available for small, medium and large
sized sortyards. This table is only intended as an introductory guide and the steps outlined in Parts IV to VHI

should be followed when designing and equipping a sortyard.

Table II-5. Yard Size and Equipment Selection.

Function

Unload

Transport

Sort

EQUIPMENT
Front-
Yard* end Log Log
Size Loader Stacker Loader
Large P
Medium S S
Small P
Large S P
Medium S S
Small P
Large P
Medium P
Small P S
P — Preferred Equipment
S — Suitable Equipment
*small = 0- 200 000 m3/year

medium = 200 000 - 500 000 m3/year
large = 500 000 - 1 500 000 m3/year
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C. SORTYARD PRODUCTIVITY FACTORS

The productivity factors and conclusions shown in this section are based on a study of twenty-six different
operations on the coast of B.C. done by FERIC for the Council of Forest Industries in 1979-80. More detailed
information relating to this study is contained in later sections of this handbook.

1. Pieces Versus Volume

The most reliable measures of productivity in sortyards are pieces per machine hour and pieces per
manday. The number of pieces to be handled determines the machinery and men that will be needed in the
sortyard. However, accounting records and statements usually record volume or cubic metres/manday. The
only real effect of volume relates to weight and whether the equipment has the capacity to lift the heavy
pieces or bundles. The comparison of costs by volume versus piece is shown in Table [l-6. As can be seen,
when yard A is compared to yard B on a cubic metre basis, yard A appears more efficient. However, on a per
piece orlog basis, yard B is more efficient. It takes the same time to grade, scale and sort a little log as a big log
so pieces control productivity.

Table II-6. Comparison of Cost - Volume Versus Piece.
Yard A Yard B

Cost/m3 $4.00 $5.00
m3/Manday 110 100
m3/Shift 1100 900
m3/Piece 1.6 1.1
Cost/Piece $6.40 $5.50
Pieces/Manday 68 91
Pieces/Shift 687 818

2. Cost Versus Value of Product

Measurement of productivity and costs should emphasize the principle that the effort expended on a product
should be in proportion to the value of the product. When a pulp log that sells for $6.00 is costing $6.50 to sort,
then something is wrong and the sorting system must be re-examined. This is particularly true of the lower
grades of logs. [t is questionable why so much time is spent scaling and sorting pulp logs rather than rough
grading, sorting in bulk and weighing. Measuring costs and productivity by the piece, rather than by volume,
will highlight the principle of marginal returns.

3. Weight Scaling and Stick Scaling

Replacing stick scaling with weight scaling will increase the productivity and reduce the costs of a sortyard.
Also, it reduces the involvement of government employed scalers in the production process. However, few
sortyards on the coast of B.C. are using only weight scaling. Stick scaling is preferred by log traders for
determining the value of the logs in a boom. Some companies weight scale logs that are consumed within the
company and stick scale logs that are traded or sold. This system increases productivity and reduces costs in
proportion to the amount of weight scaling. Yards that use weight scaling have higher manday productivities
than yards that use stick scaling.

4. Presorting Versus Camp-run

A truckload of logs of predominantly one species or grade is much easier to sort than a mixed truckload, and
presorting increases yard productivity. However, many companies will not consider sorting logs in logging
landings because larger landings are needed and landing costs increase. One operation tried sorting in the
landing and reported a 30 percent decrease in woods productivity. Sorting logs in the landing should only be
considered when there is a significant proportion (60 percent plus) of the logs in one or two species. Thus, if a
company's log production has 60 percent of the logs in cedar and hemlock, then they should seriously
consider making a hemlock/cedar and “other” sort in the landing. Presorting in the landing does not
preclude further sorting in the sortyard.
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Presorting gives the yard a batch of logs where fewer sorts are needed. Thus, machine travel, less area and
fewer grading, scaling and sorting decisions are needed and the productivity is increased.

5. Effect of Number of Log Sorts

Increasing the number of log sorts made in the sortyard decreases the productivity, increases the cost and
increases the volume of logs in inventory. The added costs must be offset by the added benefits received from
the additional sorts and be reflected in improved profitability of the sortyard or the company. The number of
sorts also has an effect on the best sorting system to use. Obviously, a stationary log loader which can
effectively make 4 major and 4 minor sorts cannot be used where 10 major and 10 minor sorts are needed.

6. Effect of Number of Handling Operations

Every time an operation requiring extra handling is added to the sortyard, the productivity decreases and the
cost increases. This will be stressed throughout the handbook. A primary reason for added handling steps is
safety. Reasonable space must be allowed between people and machines. if men and machines are working
too close together, then one must wait or the logs must be moved to an area where there is less interference.
Another common justification for an additional material handling step is that the benefits gained outweigh the
cost. Moving logs to a bucking area for upgrading into higher value logs will increase handling costs but may
be justified by the added revenue.

7. Effect of Storage

Putting logs into storage reduces productivity, increases costs and increases the chance of log damage.
However, in some cases, there is no alternative to log storage and without it, productivity would be lower and
costs higher. Yards with extreme swings in log input, inadequate space in the booming ground or teredo
infested storage grounds require log storage. Yards with large log storage areas have lower productivity than
yards with less storage area.

8. Productivity and Sortyard Size

Smaller yards which have fewer sorts and minimal log storage have high machine productivity, the lowest
capitalinvestment per cubic metre and lower than average total costs per cubic metre and piece. Large yards
which have the most sorts and little log storage have the highest machine productivity, higher than average
manday productivity, the lowesttotal cost per cubic metre andpiece, and lower than average investment costs
per cubic metre. The largest yards achieve some economies of scale. Medium sized yards are less productive
than small or large yards.

9. Productivity and Area Utilization

Area utilization is usually not considered when measuring a yard’s productivity. However, the capital invested
in developing and building the sortyard site can easily exceed the investment in equipment. The ownership
cost of the site forms a significant part of the total cost of sorting. Area utilization, measured by pieces sorted
per shift per hectare, indicates how effectively the site and the investment in it is being used. However, not
enough area resulits in congestion and machine idle time.
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PART Il FINANCIAL ANALYSIS*

This section of the handbook is for people who do not have a financial or accounting background but need to
understand the process and information required to do a financial analysis. It will show how to evaluate
various projects taking into account: capital cost allowance and tax effects, the time value of money, constant
doliars versus inflated dollars, methods of discounting cash flows, and examples of these methods. In
addition, non-financial factors which take precedence over financial factors will be discussed.

A. PROJECT EVALUATION

The main economic justification for using a dryland sortyard is that the required investment provides the best
cash flows relative to the other alternatives for sorting logs. If the sortyard replaces an existing water sorting
ground, senior management will need to know the financial return on the investment. Also, several different
projects may be competing for capital funds and the sortyard project will be compared with these. It may
happen that, although replacing the sorting ground with a sortyard is financially attractive, it is not as attractive
as other capital projects in the company. The financial analysis of a project must accurately represent the
costs and benefits and permit fair comparison between proposals.

A new project is usually compared against the status quo. A new project requires an investment of capital
whereas the status quo alternative usually requires no new investment. If the status quo alternative does
require some maintenance investment, now orin the future, it should be included in the analysis. The financial
evaluation must determine the net investment necessary to complete the new project. The economic analysis
must determine the differences in operating costs between the new project and the status quo. The new
project must have cost savings or produce higher sales revenue (both improve cash flow) or the investmentis
not economical. The project team must isolate and document these benefits which might include: improved
sorting and scaling, remanufacture of logs, reduced sinker loss, improved transportation cost, reduced log
inventories and changes in operating costs.

Projects will normally be evaluated and compared on an after-tax, discounted cash flow basis. Other
measures, such as payback, average rate of return and financial exposure are not now commonly used.

B. CAPITAL COST ALLOWANCE AND TAX EFFECTS

Economic evaluation is usually done on an after-tax basis to reflect the impact on the company’s income
statement and real cash flow. Capital cost allowance (CCA) as well as operating expenses are deducted from
income to arrive at taxable income. The principle behind capital cost allowances is that the earnings protected
from taxes will be reinvested in the company to replace worn out or obsolete equipment. There is no capital
cost allowance on land.

The capital cost allowances currently permitted for the logging industry are 30 percent of the declining
balance regardless of tax class. This includes mobile equipment, boats, buildings, facilities, improvements to
land, roads, etc. Also, new equipment, with the exception of light vehicles, is allowed 7.5 percent of the original
cost as a direct tax reduction. However, the capital cost allowances are then started at 92.5 percent of the
original cost. Table Ill-1 shows the effect of capital cost allowance on the company’s cash flow.

As can be seen, the effect of capital cost allowance is to increase the cash flow to the company by reducing
taxes. Inperiods when the company is losing money, the capital cost allowance has no effect on after-tax cash
flow; however, the company can carry the allowances forward until the company becomes profitable (within
certain time limits).

For the purposes of calculating capital cost allowances, assets of the same class are normally pooled
together. Thus, on a project that replaces older assets with new ones, the allowances are based on the net
investment. For example, the new asset purchased for $100 000 goes into the pool at $100 000 and the old
asset sold for $10 000 (its current market value) comes out of the pool, so the net amount is $30 000.

*See Bibliography for reference material.
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Table lli-1. Effect of Capital Cost Allowance on Cash Flow.
NoCCA CCA

Cash Flow 9 (%)
Income After Operating Expenses 1.00 1.00
Less: Capital Cost Allowance o 0.40
Taxable Income 1.00 0.60
Less: Income Taxes @ 50% 0.50 0.30
Income After Tax 0.50 0.30
Add: Capital Cost Allowance — 0.40
After-tax Cash Flow 0.50 0.70

C. DISCOUNTED CASH FLOW
1. Time Value of Money

The time value of money refers to the fact that a dollar received now is worth more than a dollar received at
some time in the future. Cash received today can be reinvested to earn a return and is, therefore, more
valuable than the same amount received sometime in the future. The various discounted cash-flow methods
of financial analysis all recognize the time value of money and place heavy emphasis on early results. The
impact of future costs or benefits which accrue has a lesser effect for each year into the future and is negligible
at over 20 years.

In order to determine the “present value” of a dollar received or spent in the future it must be discounted.

2. Constant Dollars Versus Inflated Dollars

Given the changes that occur with inflation rates, it is important to establish whether projected cash flows for
new investments should reflect fully the anticipated price-level changes or whether such forecasts should be
made in constant dollars. The cost of raising funds in the capital markets tends to parallel the inflation rate,
since investors strive for a real return of 3 to 6 percent over and above the rate of general price level changes.
Therefore, to be consistent, projected cash flows should reflect anticipated price level changes if current rates
of return are used. However, if projected cash flows are made in constant dollars, then the discount rate to be
applied must be a non-inflationary one.

3. Discounting Methods

Each discounting system has implicit assumptions or characteristics. The company chooses the system
which best matches its corporate financial goals. The various discount methods include:

a) Net Present Value

Net present value is the discounted value of the after-tax cash flows less the present value of the investment.
Usually, the company’s cost of capital (as a percentage rate) or opportunity cost is used to discount the future
cash inflows and outflows. If the present value of the inflows is greater than the outflows or the net present
value is greater than zero, then the project is financially attractive. However, a rate is needed in order to
discount and some companies find it difficult to estimate a realistic rate. Another problem with net present
value is that to compare different projects they must have the same project lives. This is rarely the case, so
usually several replacement cycles of the project must be analyzed in order to achieve comparability and it
may not be valid to assume the company will go through these replacement cycles.

28



b) Internal Rate of Return

This method overcomes the problems of obtaining a discount rate and the unequal project lives. The method
involves applying various discount rates until one is found that makes the present value of the cash inflows
equal the present value of the outflows. This is the rate that the inflows will return on the investment as well as
pay off the investment. Differences in project life do not affect the comparison between projects. The method
makes the implicit assumption that the company can reinvest the cash coming off of the project at the same
interest rate that the project is returning and this may not be valid. This method assumes the company's
objective is to maximize the rate of return which also may not be valid. However, itis a method that allows you
to say that if X dollars are invested in this project, then the project savings will generate a rate of return of Y
percent as well as pay off the initial investment.

c) Equivalent Annual Cost or Worth

This is calculated by converting the net present value to a series of equal annual payments. Whether costs or
savings are used will depend on whether it is decided to look at the status quo and new project separately or
on a net basis. If the two are examined separately, then the one with the lowest equivalent annual cost is
chosen. If the projects are examined on a net basis, then the equivalent annual worth is calculated and can be
compared to other competing projects to decide which one is more attractive. This method overcomes the
problem of unequal project lives that is inherent in the net present value method.

d) Other Methods

There are other methods available to determine the economic attractiveness based on discounted after-tax
cash flow. Sometimes, these systems come as a package and involve tables, graphs and rules. As a result,
they have an advantage in larger companies where the method will be followed uniformly. However, some
people may follow the method without understanding it. Some of the systems take into account the amount of
investmentin a project. This is significant when capital is rationed. It is possible for one large project with a high
rate of return to use up all the company’s capital and prevent several smaller projects with slightly lower rates
of return from being built. If the large project costs more to build or to operate than planned, the company may
have been better advised to invest in the smaller projects and spread the risk. Also, these methods stress
return on investment rather than interest rate. One system ranks competing projects on the basis of the
highest to lowest equivalent annual worth ratio which is obtained by dividing the equivalent annual worth into
the investment.

4. Sensitivity Analysis
When a financial analysis of a sortyard project is being prepared, factors should be considered that test the
sensitivity of the project to changes in the assumptions about future conditions. Sensitivity analysis is, in
essence, contingency planning concerned with “what if"" questions. For example:
- How do the economics change if the construction costs are greater than estimated?
- How are the annual savings affected if the manday productivity in the yard is lower than planned?
- Can the new sorting system be implemented by the existing personnel from the sorting ground?
Why are other existing sortyards not as productive as estimates for the proposed yard?
- Will the sorting and scaling improve as forecasted?
- Is the estimate of change in sinker loss accurate?

- What improvements could be made in the existing sorting ground to reduce the potential cost savings
of the proposed sortyard?

Many more similar questions should be asked and the revised forecasts should be substituted into the
financial analysis to determine what deviation from the original estimated value can be tolerated without
jeopardizing the project.
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D. PROJECT EXAMPLE

A company is planning to replace an existing sorting ground with a sortyard. The annual production volume is
150 000 cubic metres. The net investment, net operating savings, capital cost allowance, and after-tax cash
flows will be calculated for an eight-year period. Using this information, the present net value and internal rate
of return will be calculated and compared.

1. Net Investment

The company estimates the investment in the sortyard will be $2 000 000 before the yard starts operating,
and an additional $900 000 for replacement equipment in the fifth year of operation. If the sortyard is built,
$500 000 of equipment in the sorting ground will be sold because it is no longer required. If the sorting ground
continues to operate, replacement equipment costing $400 000 will be needed in year five. The net
investment is shown in Table I1I-2.

Table lll-2. Net Investment.

1 2
Time Investment in Investment in Net Investment
(Years) Sortyard Sorting Ground (1 minus 2)
($) $) ($)
0 2 000 000 500 000 1 500 000
1 — - -
2 e - =
3 e = o
4 — — _
5 900 000 400 000 500 000
6 — - —
7 — — s
8 — — s

2. Net Operating Savings

To obtain net operating savings it is necessary to calculate the costs and benefits for both the sorting ground
and the proposed sortyard for each year of the project life or discount period. The difference is the net
operating savings per year.

Inflation makes it difficult to use historic costs as a base for estimating future costs of the status quo
alternative. The annual labour costs for the company are estimated by multiplying the number of men in each
job class by the current rates (plus on-charges) and by budgeting operating hours. Budgeted or historical
overtime percentages are included. The cost of maintaining and operating the facilities is estimated by using
the latest costs plus an inflationary factor. The cost of operating and repairing equipment is calculated by
using the expected average operating and repair cost over the life of the boomboats or other type of
equipment. To arrive at the sortyard costs, the company uses the same estimating process. Estimates are
built up from the basics, such as number of machines and men, the number of operating hours planned, the
number of bundle wires to be used, the anticipated fuel consumption, etc. These estimates are checked
where possible with the costs at operating sortyards.

Based on an annual production volume of 150 000 cubic metres, the operating costs of the sorting ground and
sortyard are estimated at $395 700 and $448 527 per year, respectively. If a sortyard is built, then annual
operating costs will increase by $52 827. The annual operating savings that result from improved sorting and
scaling, reduction in sinker loss and reduced towing costs are estimated to be $642 750 in this example. The
towing savings result from a bigger bundle and the sinker loss savings result from more bundling and no loss
in the sorting process. The net operating savings per year are $642 750 minus $52 827 or $589 923.
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Combining the net investment with the net operating savings over the eight-year period results in a positive

cash flow of:
($589 923 x 8) - ($1 500 000 + $500 000) = $2 719 384
This is shown in the cash flow profile in Figure Ill-1.

POSITIVE CASH FLOW

3011 T2 Ts T4 4s L T7 Ts

NEGATIVE CASH FLOW

Figure lll-1. Cash Flow Profile.

3. Capital Cost Allowance

TIME (YEAR)

To determine the real effect on the company’s income statement and balance sheet, the cash flows should be
done on an after-tax basis. To do this, the capital cost allowances resuliting from the project have to be applied
to the net operating savings and then the income tax deducted. Table llI-3illustrates the process of calculating

the capital cost allowance.

Table lil-3. Calculation of Capital Cost.

Year Net Investment Balance

% %)

1 500 000 1 500 000
— 1 050 000

— 735 000

- 514 500

- 360 150
500 000 752 105
- 526 474

-~ 368 532

- 257 972

CCA 30% declining balance

ONO O WN—=O
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®)

450 000
315 000
220 500
154 350
108 045
225 632
157 942
110 560



4. After-tax Cash Flow

Table 1lI-4 shows the method for calculating the after-tax cash flow which is positive in all years except year

0 and year 5.

(1) Net Operating Savings ($)
(2) Capital Cost Allowance ($)
(3) Savings - CCA ($) (1-2)

(4) Taxes @ 50% ($) (0.5 x 3)
(5) After-tax Savings ($) (3-4)
(6) Add Back CCA ($) (2+5)
(7) Investment Flow ($)

(8) After-tax Cash Flow ($) (6+7)

5. Net Present Value

Table lil-4. After-tax Cash Flow.

o

1 2

589923 589 923
450000 315000
139923 274 923
69962 137 462
69961 137 461
- 519961 452 461

(1 500 000) — -
(1500000) 519961 452461

PERIOD (YEAR)

3 4 5 6
589923 589923 589923 589 923
220500 154350 108045 225632
369423 435573 481878 364 291
184712 217787 240939 182 146
184711 217786 240939 182 145
405211 372136 348 984 407 777

- - (500 000) -
405211 372136 (151 016) 407 777

After-tax Cash Flow = 1/2 (Savings + CCA) - Investment

POSITIVE CASH FLOW

TIME (YEAR]

Lot b b b b

NEGATIVE CASH FLOW

7

589 923
157 942
431 981
215 991
215990
373 832

373 932

8

589 923
110 560
479 363
239 682
239 681
350 241

350 241

The net present value of the cash flows shown in Table 111-3 may be calculated using tables which give the
present value factors for various interest rates by year. In this example, itis assumed that the company wishes
to receive an after-tax rate of return of 15 percent (30 percent before-tax rate of return). The net present value
calculation is shown in Table llI-5. The net present value is $129 729 and, therefore, the project should be
built. If the project is built and all estimates are correct, then the overall rate of return for the company of 15
percent will be increased by this project. The project can withstand some cost overruns in construction or
slight increases in operating costs before it becomes uneconomic.

Year

o~NOOOPhWN—-O

Table lll-5. Net Present Value of Project.

After-tax Present Value
Cash Flows Factor @ 15%

&)

(1 500 000) 1
519 961
452 461
405 211
372 136
(151 016)
407 777
373 932
350 241

.0000
.8696
.7561
.6575
.5718
4972
4323
3759
.3269

Present Value
of Cash Flows

Net Present Value
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(1 500 000)
452 158
342 106
266 426
212787

(75 085)
176 282
140 561
114 494

129 729



6. Internal Rate of Return

Calculating the internal rate of return is similar to the net present value method except you are searching for
the discount rate that makes the present value of the inflows just equal to the present value of the outflows.
This calculation is shown in Table ll-6 using the after-tax cash flow from Table III-4. It is evident that the
after-tax internal rate of return is slightly less than 18 percent because that interest rate will make the present
value of the cash inflows equal to the cash outflows. If the company has a hurdle rate of 15 percent, then the
sortyard is an attractive investment.

Table llI-6. Internal Rate of Return of Project.

After-tax PV Factor NPV PV Factor NPV
Year Cash Flow @ 17% @ 17% @ 18% @ 18%
(%) (%) ($)
0 (1 500 000) 1.0000 (1 500 000) 1.0000 (1 500 000)
1 519 961 .8547 444 411 .8475 440 667
2 452 461 .7305 330 523 7182 324 957
3 405 211 .6244 253 014 .6086 246 611
4 372 136 .5337 198 609 .5158 191 948
5 (151 016) .4561 (68 878) 4371 (66 009)
6 407 777 .3898 158 951 3704 151 041
7 373 932 .3332 124 594 .3139 117 377
8 350 241 .2848 99 749 .2660 93 164
40973 (244)

E. NON-FINANCIAL FACTORS

Discounted cash-flow criteria provide measures of economic worth, but if the company has objectives of a
non-monetary nature, these will not be measured in the financial analysis. An example of this would be a
debris settling pond in a sortyard, which adds to capital and operating costs, but is essential for the project to
receive government agency approval. In general, where environmental, safety, or public relations concerns
have priority, financial measures will be overruled. However, if two or more sorting systems meet the needs of
the non-financial factors, the one having the best financial return should be chosen.
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PARTV SORTYARD SITE SELECTION

This section on the selection of a sortyard site will examine the present and future log flow system, constraints
in the system, possible sites and how they match the total log flow, financial analysis, qualitative site factors
and recommendation. In short, this part of the handbook will detail the analysis that should be done by the
total system project team.

A. DOCUMENTATION OF THE PRESENT AND FUTURE LOG FLOW SYSTEM

The new dryland sortyard must fit the present and future log flow system of the company. The log flow system
is a dynamic, interrelated series of functions which is probably operating reasonably well at present.
Interjecting one or several sortyards may result in a less efficient system. To minimize this, it is necessary to
understand and document the existing system in detail.

At the minimum, the team should strive for a documentation that includes the supply and demand for logs,
location of camps and mills, species distribution, major sort identification, log size distribution, costs and
flexibility of the system. While the documentation must measure and record the present log flow in detail, it
must not ignore future company plans which may have an effect. Many companies have 20-year forest
management plans and five-year logging plans. These must be examined for any major shift in log supply.
Forest management plans may show significant changes in log sizes or species distribution. In addition, most
companies have long range development plans which may indicate changes in demand for logs.

A hypothetical forest products company is used to illustrate the documentation procedure. The company has
logging and mill operations on the B.C. mainland coast and Vancouver Island.
1. Supply of Logs

Where do they enter the system? What volumes of logs are processed at each location annually? This
information describes the resource on which the system operates and also defines the size or production
level of the system. A documentation of the sources and volume of all logs may allow concentration of effort
and analysis in a few specific areas because they generate the majority of the log volumes.

The log supply base for the hypothetical forest products company is shown in Table V-1.

Table V-1. Log Supply by Source - Present and Future (Hypothetical Company).

Present Future (5 Years)

Supply Pieces % m3 % Pieces % m3 %
Company Production 1 468 000 91 1700000 ~ 89 2132 000 89 1900 000 86
Outside Purchases 141 000 9 200 000 11 254 000 11 300 000 14
Total 1 609 000 100 1900 000 100 2386 000 100 2200 000 100
Source of Supply
Company Production

Mid Island 1 025 000 64 1128 000 59 1266 000 53 1128 000 51

South Mainland 290 000 18 345 000 18 252 000 11 250 000 1

North Mainland # 1 153 000 10 227 000 12 434 000 18 322000 15

North Mainland #2 — — - - 180 000 8 200 000 9
Outside Purchases

Howe Sound 110 000 7 150 000 8 214 000 9 250 000 11

Fraser River-Lower 31000 2 50 000 3 40 000 2 50 000 2
Total 1 609 000 100 1 900 000 100 2 386 000 100 2200 000 100

In this hypothetical company, only 9 percent of the logs currently handled are outside purchases and they are
bought relatively close to the mills. In most cases, purchased logs are already sorted and have a small
influence on the company's log flow system and the selection of a sortyard site. The lower half of the Island
and Mainland contribute 90 percent of the logs to the sortyard.
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PART IV PROJECT ORGANIZATION

At some pointin time a company may realize there is a need to add to, change in part, or change totally the log
sorting system. At this time it is advisable for the management to consider the organization of the project.

A. PROJECT SCOPE

Atan early stage itis important to decide whether the project s large or small, and what effect it has on the log
supply system. If the project is far reaching, the organization and people involved in the planning process will
vary considerably from those involved in a project which has local effects that do not impact on other functions
within the log flow system.

1. Total Log Flow System

If the project is such that the whole log flow system is under review or the change contemplated will affect
other groups or functions, the project team must have contact with and fit within this large organizational
structure. The concerns of logging management, marine transportation, log supply and mill management
must be listened to and reconciled if the project is to be a financial and operational success. The conceptual
plan should be accepted by these groups and the project team should be positioned in the organization so that
acceptance is likely.

2. Specific Sortyard

If the project is confined to a single sortyard which does not alter any of the parameters for marine
transportation, log supply, or mill management, the project team will be effective if it fits within the local
management group.

In many cases, a large project encompassing the total log flow may be broken down into several single
sortyard projects after the initial conceptual plan is approved. In this way, the general location and design of
the sortyard gets the overall approval of the company and site specific problems are dealt with by a local
management group. It is advisable to have one or more of the conceptual design group on the specific
sortyard team to provide continuity.

B. PROJECT TEAM

To plan, design and construct a single, or several sortyards, takes many skills which are not likely to be found
in one person. For a plan to be perfected and delineated requires constant attention and focus. For these
reasons, successful sortyard projects are generally designed and constructed by project teams.

1. Team Members

Usually a three to five person group is best, inviting others with a particular expertise onto the team on an
as-required basis. The core team should include people with a good background in forest engineering,
sortyard design, sortyard operations and accounting. One member of the team should be designated the
team leader or manager.

If the purpose of the project team is to examine the overall log flow, the team should include generalists with a
sound background of the overall coastal industry. In particular, knowledge of, or skills in, long range log
supply, logging, log scaling and sorting, water transportation, mill requirements and financial accounting are
important. The team members should have a capability to conceptualize and think in broad terms.

If the project team is to be responsible for the design and construction of a particular sortyard, their
background should be similar but with a better knowledge of detail. Forexample, aknowledge of construction,
equipment performance, space requirements, productivity, crewing, yard operation and cost accounting are
necessary. This team must have the capability to work with specifics and detail. At this stage, personnel who
will eventually operate the yard should be team members or involved in the detailed planning and estimating
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process. As mentioned before, it works well to have one or more members of this sortyard project team from
the total system group.

2. Responsibilities
a) Total System Project Team
The team’s responsibilities include:
- determining the present and future log flow system;

- analyzing constraints in the system;

geographic site selection;

financial analysis of the options;

considering non-financial factors; and

recommending a system.
These duties are detailed in Part V of this handbook.
b) Specific Sortyard Project Team
The project team and its specific responsibilities may include:
Logging Engineer
- Subsurface drilling program if dredging or filling required
- Soil analysis of potential sources of fill and aggregate material
- Survey of site to determine cut and fill volumes
- Sources of rip rap material
- Location of spoil sites
- Location of water supply
- Analysis and selection of construction method for site preparation

- Analysis, design and recommendation of final designs for booming grounds, floats, buildings, settling
ponds, fire suppression system, sewage system, potable water system, spill containment, night
lighting, security fencing, dump ramp, marine railway

- Design of running surface, asphalt mix design, compaction standards, concrete mix design
- Preparation of documents for solicitation of bids
- Solicitation, analysis and recommendations on quotations for all construction projects

- Application for necessary permits for sewage, water supply, electrical, building, etc., discussions with
regulatory agencies

- Accumulation and presentation of cost estimates for individual construction projects

Designer

- Design, analysis and recommendation of sorting system, area requirements, layout of reloading,
spreading, sorting, bundling, dumping and storage areas

Assistance in design and location of booming ground facility, marine railway, dump ramp, yard surface
profile

Determination of manpower and equipment requirements

Establishment of sorting and booming cost
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Analysis and recommendation of grading, scaling and bucking systems

Analysis and design of sorting bunks, bundling systems, log accounting system, boomstick boring
method

Solicitation of quotations on machinery, equipment and supplies

Preparation and presentation of costs of sorting equipment, personnel and supplies

Job description and job priorities for machine operators

Accountant

Assemble cost information from engineer and designer and prepare rate of return calculation for
project

Set up project cost accounting and reporting system

Set up variance analysis reporting

Set up purchase order preparation and approval system

Set up asset receipt, payment and control system

Perform normal accounting functions for project

Operations Man

Act as operations advisor to designer and engineer

Advise on feasibility and practicality of designer’s estimates of manpower and machine productivities,
etc.

Set up crew retraining and/or training program

Become completely knowledgeable about reasons for design and construction features and objec-
tives of sorting system

3. Reporting Structure

The project team and, in particular, the project leader should report to and work for a single group or individual.
The total system project team should be controlled by the general manager or vice-president in charge of
forestry, logging and the supply of logs to the converting plants. The specific sortyard project team should
include or report to the appropriate logging manager or individual responsible for the function or geographic
area where the yard is located.

Also at this stage, funds should be supplied to the group and a project proposal deadline established. Further,
a formal scheduling system should be drawn up to show individual responsibilities, due dates and how all the
various sub-projects tie together.
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PARTV SORTYARD SITE SELECTION

This section on the selection of a sortyard site will examine the present and future log flow system, constraints
in the system, possible sites and how they match the total log flow, financial analysis, qualitative site factors
and recommendation. In short, this part of the handbook will detail the analysis that should be done by the
total system project team.

A. DOCUMENTATION OF THE PRESENT AND FUTURE LOG FLOW SYSTEM

The new dryland sortyard must fit the present and future log flow system of the company. The log flow system
is a dynamic, interrelated series of functions which is probably operating reasonably well at present.
Interjecting one or several sortyards may result in a less efficient system. To minimize this, it is necessary to
understand and document the existing system in detail.

At the minimum, the team should strive for a documentation that includes the supply and demand for logs,
location of camps and mills, species distribution, major sort identification, log size distribution, costs and
flexibility of the system. While the documentation must measure and record the present log flow in detail, it
must not ignore future company plans which may have an effect. Many companies have 20-year forest
management plans and five-year logging plans. These must be examined for any major shift in log supply.
Forest management plans may show significant changes in log sizes or species distribution. In addition, most
companies have long range development plans which may indicate changes in demand for logs.

A hypothetical forest products company is used to illustrate the documentation procedure. The company has
logging and mill operations on the B.C. mainland coast and Vancouver Island.
1. Supply of Logs

Where do they enter the system? What volumes of logs are processed at each location annually? This
information describes the resource on which the system operates and also defines the size or production
level of the system. A documentation of the sources and volume of all logs may allow concentration of effort
and analysis in a few specific areas because they generate the majority of the log volumes.

The log supply base for the hypothetical forest products company is shown in Table V-1.

Table V-1. Log Supply by Source - Present and Future (Hypothetical Company).

Present Future (5 Years)

Supply Pieces % m3 % Pieces % m3 %
Company Production 1 468 000 91 1700000 ~ 89 2132 000 89 1900 000 86
Outside Purchases 141 000 9 200 000 11 254 000 11 300 000 14
Total 1 609 000 100 1900 000 100 2386 000 100 2200 000 100
Source of Supply
Company Production

Mid Island 1 025 000 64 1128 000 59 1266 000 53 1128 000 51

South Mainland 290 000 18 345 000 18 252 000 11 250 000 1

North Mainland # 1 153 000 10 227 000 12 434 000 18 322000 15

North Mainland #2 — — - - 180 000 8 200 000 9
Outside Purchases

Howe Sound 110 000 7 150 000 8 214 000 9 250 000 11

Fraser River-Lower 31000 2 50 000 3 40 000 2 50 000 2
Total 1 609 000 100 1 900 000 100 2 386 000 100 2200 000 100

In this hypothetical company, only 9 percent of the logs currently handled are outside purchases and they are
bought relatively close to the mills. In most cases, purchased logs are already sorted and have a small
influence on the company's log flow system and the selection of a sortyard site. The lower half of the Island
and Mainland contribute 90 percent of the logs to the sortyard.
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Within 5 years, the company plans to increase its log volume from 1 900 000 cubic metres to 2 200 000 cubic
metres or 10 percent. The north Mainland production will increase 130 percent and log purchases will
increase 50 percent. While the log volume from the camps will increase 12 percent, the piece count will
increase 45 percent. The sortyard design must make allowance for this significant increase in the number of
pieces.

2. Demand for Logs

Where do the logs go? Where are the log consumers located? These questions are answered in Table V-2.

Table V-2. Log Demand by Location - Present and Future (Hypothetical Company).

Present Future (5 Years)

Demand Pieces % m3 % Pleces % m3 %
Company Mills 1169 000 73 1135 000 60 1789 000 75 1870 000 85
Outside Sales 440 000 27 765 000 40 597 000 25 330 000 15
Total 1 609 000 100 1900 000 100 2386 000 100 2200 000 100
Location of Demand
Lower Fraser River 625 000 39 603 000 32 953 000 40 880 000 40
New Westminster 385 000 24 259 000 14 430 000 18 550 000 25
Victoria Mill 199 000 12 273 000 14 — — — -
Howe Sound Mill — - — — 406 000 17 440 000 20
Howe Sound Sales 440 000 27 765 000 40 597 000 25 330 000 15
Total 1 609 000 100 1900 000 100 2386 000 100 2200 000 100

Table V-2 indicates that 63 percent of the logs are consumed on the Fraser River, with an additional 27 percent
sold in the Howe Sound area, so consumption is concentrated in the Vancouver area. The table also indicates
that the company utilizes primarily its smaller-sized logs and sells its larger-sized logs.

It can be seen that the company is not only planning to increase overali usage from 1 900 000 cubic metres to
2 200 000 cubic metres but also to increase internal consumption from 1 135 000 cubic metres to 1 870 000
cubic metres or 65 percent. In addition, the Victoria mill will be closed so that all logs will flow into the
Vancouver/Howe Sound area. The company will increase the range of log sizes it uses within the company
mills.

3. Volume-Distance Relationship

From the locations and volumes of log source and demand, it is possible to establish the volume-distance
relationship. This relationship is presented pictorially in Figure V-1 and gives an insight into the operation of

*me NORTH MAINLAND

59% —3> b

+ HOWE SOUND

VANCOUVER 1SLAND

Figure V-1. Volume-Distance Relationship (Hypothetical Company).
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the company. It indicates potential areas where (or where not) to locate a dryland sortyard. For example, it
would be worthwhile investigating the potential of buiiding a large central sortyard at the major intersection of
the three log flows midway down Vancouver Island. On the other hand, the company may want all wood sorted
and bundled before it enters the water and so may want sortyards in each operation.

Figure V-2 is a schematic of the volume-distance relationship shown in Figure V-1 with the addition of the
future flows.
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Figure V-2. Schematic of Volume-Distance Relationship - Present and Future.
The volume-distance diagram shows that over the next five years more logs will be entering the northernmost

end of the pipeline and more will be exiting the southernmost end. There will be no log flow to Vancouver
Island and the flow into and out of Howe Sound will stay the same.

45



4. Species Distribution

The documentation must include the distribution of the log species to give the raw material mix to be sorted. It
may also identify concentrations of species that can be presorted before the logs arrive at the sortyard. The
species distribution can be reasonably estimated by using either the previous year’s scale records or the
current year's logging plan.

The future species and size distribution is taken from the five-year plan. The foresters and engineers should
review this to ensure that their forecast of future log sizes is realistic. Table V-3 shows a comparison of present
and future species and log sorts.

Table V-3. Comparison of Present and Future Species and Log Sorts (Hypothetical Company).

Present Future
Log Sorts Pieces % m3 % Pieces % m3 %

Fir

Peeler 68 660 5 184 470 11 66 400 3 162 000 7

Sawlog 71 060 5 66 760 4 97 700 4 83 400 4

Pulp 36 680 2 37770 2 55 900 2 48 200 2
Subtotal 176 200 12 289 000 17 220 000 9 293 600 13
Hembal

Sawlogs

15.2-35.6 cm 322130 22 185 180 11 691 900 29 330 200 15

35.6-58.4 cm 197 130 13 326 550 19 266 400 11 400 200 18

> 584cm 31810 2 118 040 7 40 100 2 135 300 6

Pulp 396 090 27 262 220 15 638 400 27 353 200 17
Subtotal 947 160 64 891 990 52 1 636 800 69 1218 900 56
Cedar

Lumber/Shingle 95210 6 232 880 14 139 600 6 310 400 14

Merch 106 180 7 96 260 5 209 100 9 172 300 8

Pulp 18 810 2 10 860 1 52 600 2 25 300 1
Subtotal 220 200 15 340 000 20 401 300 17 508 000 23
Cypress

Sawlogs 65710 4 76 900 5 74 500 3 87 100 4

Pulp 7 690 1 8100 — 9900 — 10 400 -
Subtotal 73 400 5 85 000 5 84 400 3 97 500 4
Balsam

Peeler 51040 4 94 010 6 44 500 2 82 000 4
Subtotal 51 040 4 94 010 6 44 500 2 82 000 4

As shown, 78 percent of the present log volume is hemlock/balsam/cedar and 52 percent of the pieces are
in hembal sorts. Consideration should be given to sorting logs in the landing into three sorts — hembal, cedar
and other — as a method to increase the productivity of the sortyard. Also, it can be seen that the fir and cedar
logs are large and the hembal logs are basically small. The species and log size mix are significant in selecting
the type and size of material handling equipment and systems.

In five years, the company will have shifted to more cedar and hemlock/balsam. The predominant shift in
grade will be into more of the hembal peewee (15.2-35.6 cm) sort. Five years hence, 76 percent of the pieces
will be in four sorts (hembal peewee, gang, pulp and cedar merch). From a dryland sorting viewpoint, this is an
advantage because these sorts could be processed continuously through the sortyard and boomed into rafts.
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5. Log Size Distribution

Size distribution, as well as average piece size, is important to determine the type of sorting system and the
required equipment size and speed. This information can be obtained from the previous year’s scale records
or operational logging plan information (see Table V-4).

Table V-4. Size Distribution (Hypothetical Company).

Size Distribution

(Butt Diameter) Pieces % m3 %
(cm)
12.7-17.8 202 600 13.8 39100 2.3
17.9-30.5 512 300 34.9 238 000 14.0
30.6-43.2 367 000 25.0 282 500 16.6
43.3-55.9 231 900 15.8 425 000 25.0
56.0 - 68.6 98 400 6.7 374 000 22.0
> 68.7 55 800 3.8 341 400 20.1
Total 1468 000 100.0 1 700 000 100.0

In Table V-4, almost 74 percent of the logs are less than 43.2 cm (17”) at the butt. However, they account for
only 33 percent of the volume. The sortyard will have to process a relatively large number of small logs in order
to achieve production volume goals. The piece average is 1.16 cubic metres.

6. Variations in Average Piece Production Rate

In most logging operations, the daily production varies significantly from month to month as the logging areas
are changed through the year. Traditionally, piece production rates are greater in the summer when smalier,
high elevation timber is being logged and lower in the winter when larger, old growth, low elevation stands are
logged. However, this rmay change if some of the low elevation stands are second growth.

Table V-5 lists the months when the variation from the average daily piece rate is greatest.

Table V-5. Variation in Daily Piece Production (Hypothetical Company).

Present Future
% of Average % of Average
Daily Piece Daily Piece
Month Production Rate Production Rate
June 97% 94%
JUly 91% 90%
August 106% 107%
September 121% 133%
October 103% 110%
Average Daily Piece
Production Rate 5125 6 320

As can be seen, the September piece rate is 21 percent higher than the average and will be 33 percent higher
than the average in the future. The material handling system and yard layout should have the flexibility to
handle these surges.

7. Logging Costs

In order to put the production system in perspective, it is valuable to document the costs of the system by
function. In this way, the more costly functions can be indicated. The range and average of logging costs for
the three logging divisions of the hypothetical company are given in Table V-6.
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Table V-6. Range of Logging Costs (Estimated 1982).

Range Average
Function Total Cost/m3 Total Cost/m3
(%) (%)
Falling & Bucking 3.00- 4.50 3.75
Yarding 7.00-11.00 9.00
Loading 2.00- 3.00 2.50
Truck Haul 2.00- 7.50 4.75
Sorting & Booming 6.00- 9.00 7.50
Road Maintenance 0.50- 2.00 1.25
Road Amortization 0.50- 5.00 2.75
Camp Indirect 8.00 - 15.00 11.50
Stumpage & Royalty 3.50 - 10.00 6.75
Towing & Marketing 4.00- 6.00 5.00
Total Cost 54.75

Total Cost = Operating Cost & Ownership Cost

Sorting, booming, towing and log selling expenses account for a cost of $12.50 per cubic metre or 23 percent
of the total logging costs. In addition, a portion of camp indirect costs should also be allocated to these costs.
The final result is that sorting, booming, towing and log selling expenses probably account for over 25 percent
of total cost of getting the logs from the stump to the mill. If several million dollars are to be invested in dryland
sortyards and sorting, then these functions need more attention than they have been given traditionally.

8. Location of Bottleneck

Every system has a bottleneck which limits production. If it is relieved, the overall cost is reduced.

Using a combination of production statistics and observations of the logging system, it is possible to locate the
bottleneck. In most cases, the loggers will know its location and collecting the data will document their
conclusions. In the case of the larger logging division in the hypothetical forest products company, the data
that was collected to identify the bottleneck is given in Table V-7.

Table V-7. Bottleneck Analysis (Hypothetical Company).

Planned Actual

Operating Hrs/ Operating Hrs/ Actual Op Hrs/

Function Machine/Year Machine/Year Planned Op Hrs
Yarding 1695 1440 0.85
Loading 1690 1724 1.02
Truck Haul 1695 1744 1.03
Dumping 2120 2631 1.24
Sorting & Booming 1 690 2 031 1.20

The bottleneck occurs at the operation that has to work the most additional hours relative to planned hours. In
the case of this logging division, the bottleneck to production is the log dump and sorting and booming ground.
Afteritis relieved, the bottleneck will probably shift to either the loading or truck haul phases. The construction
of a dryland sort at the existing sorting ground could relieve the bottleneck. If the dryland sortyard is
centralized and not located at this logging division, then the capacity of the log dump should be increased. By
first locating the bottleneck in the logging system, it is possible to forecast the likely effect of introducing a
dryland sortyard to the system.
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9. System Flexibility

The demand for wood products varies and this is eventually transferred back to the logging division. How
quickly can the logging divisions respond? Can the dryland sortyard be located and designed to improve
flexibility? Table V-8 gives the system flexibility from a strategic or planning viewpoint and Table V-9 gives the
flexibility from an operational viewpoint.

Table V-8. System Flexibility - Strategic.

Function Time Function Performed
Planning Now

Operational Cruising 1 year from now
Engineering 2 years from now

Road Building 2-3years fromnow
Logging 4 years from now
Slashburning 5-6 years from now
Reforestation 5-6 years from now

Table V-9. System Flexibility - Operational.

Function Delay Time
Falling to Dump 18 weeks
Booming & Storage at Camp 3 weeks
Towing & Storage to Howe Sound 3 weeks
Towing & Storage to Mills 8 weeks
Milipond Handling 1 week
TOTAL 33 weeks

From Table V-8, it is evident that under normal circumstances the planning required to log a particular area
starts four years before logging. If the logging plan was completely inflexible, then any change would require
four years to get through the system. Of course, the planners design flexibility into the logging plan so that
options are available for changes. Thus, it becomes the operational restrictions which limit flexibility (Table
V-9).

The average log in this company takes 33 weeks to get from the stump to the mill. This is too much time to take
advantage of log market fluctuations. If the planners have allowed enough fiexibility in the plan, then it may be
possible to switch the fallers into a developed setting in order to get a desired species to the mill quicker. Also,
if a desired species is already in the system, it may be possible to get it to the mill faster by shortening the
storage times or by shipping directly to the mill. it may be possible to buy or trade for a desired species but
most likely other companies will also be wanting that species and a premium will be paid. The log sortyard can
supply more or less of a grade within a species by emptying storage or by temporarily changing the sorting
standards and bucking rules. However, if there is not enough of the desired species in the system, then
nothing can be done at the sortyard to improve the situation.

B. CONSTRAINTS IN THE SYSTEM
In addition to documenting the present and estimating future trends, it is also important to determine the
constraints placed on the sortyard. These constraints likely will be:

1.  Number of Log Sorts

The logging manager, log trader and mill manager will all have different points of view regarding the number
and type of log sorts required. The logger may want to ship everything unsorted. The log traders may want
logs sorted by species, grade and diameter classes. Finally, the mill manager may want the logs sorted into
rough grades that can be blended together at the mill. Whatever their viewpoints, itis important to get the three
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parties to agree upon the present and future sorts before the yard is designed. The sortyard designer and yard
operators should try to accommodate the needs of the log traders and mill personnel but must remember that
it is the yard which will bear the cost of additional log sorts. In small camps, it may not be practical to make all
the required sorts because of the low volume. It may be more economic to accumulate these sorts from
several operations and re-sort them nearer the mills. Whatever the case, the overall benefit to the company
should exceed the cost.

2. Maximum Log Handling Capabilities

The yard must not only handle the average production but must accomodate the peaks. From the sources and
volumes of logs, it is possible to estimate the maximum short term requirements at each of the potential
sortyards. The capabilities should include present and future variations as well as the averages. This is given
in Table V-10.

Table V-10. Present & Future Log Handling Capabilities (Pieces/Day) (Hypothetical Company).

Present Future
Average Maximum Average Maximum
North Maintand # 1 850 1065 2410 3015
North Mainland #2 — - 1000 1250
South Mainland 1815 2360 1575 2050
Mid Island 4 880 5 905 6 030 8 020
Mid Island Central 5870 7 340 8 530 11 090

The averages and variations should refiect the historical operating days for each camp and the historical
monthly variation in piece production as well as estimates of the future variations. The large central yard has
an advantage in that it can operate 250 days or more per year. The smaller yards associated with logging
divisions are constrained to work about the same number of days as that division. Historically, this has been in
the 180-200 days/year range.

3. Mill Requirements or Restrictions

Some of the company mills or log customers may have special sorting or bundling requirements. The two
main restrictions on the B.C. coast are the maximum weight of a log bundle and the maximum width of the log
bundle when unrestrained. Other less frequent restrictions are straightness of log, type of bundling material
and preference for long logs. The requirements must be accommodated in the design of the yard.

4. Environmental Constraints

There is a procedure to follow during the design and construction phases in obtaining the necessary
environmental approvals and permits (see Appendix I). Each location will have restrictions, depending upon
the site. However, there are basic environmental constraints that apply to all yards. If these constraints are not
met, then there is very little chance of gaining approval and other sites should be investigated. These
constraints include:

- protecting fish habitat near streams;

- minimizing earth fill in inter-tidal areas;

- avoiding shallow water in estuaries;

- minimizing bark removal during dumping;

- minimizing the discharge of debris, oil and chemicals into the water;
- minimizing smoke, dirt and noise; and

- being prepared for specialized or time-limited construction techniques at sites with potential environ-
mental problems.
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More information is given in Appendix Il, which includes sections from “A Handbook for Fish Habitat
Protection on Forest Lands in British Columbia”, D.A A. TOEWS, M.J. BROWNLEE, Department of Fisheries
and Oceans and “Estuary, Foreshore and Water Log Handling and Transportation Study”, Summary Report
of the Steering Committee - July, 1981.

The initial design of the location, layout and size of a dryland sortyard can avoid potential conflicts and will
increase the chance for approval. However, there will be times when the cost of the constraint versus the
benefitto the environment will be questioned and the team must be able to substantiate its cost estimates.

The proposed sortyard must fit into the system with a minimum of disturbance and have enough flexibility to
accommodate variations and restrictions. The team must fully understand and document the system and the
constraints before it proceeds to the next section on site location.

C. SITE SELECTION

in this section, we will outline the method 1o evaluaie potential sortyard sites, to choose the best site and to
begin to prepare the project proposal. The example of the hypothetical forest products company will be used
to emphasize the importance of considering the total log flow system.

1. List of Available Sites

All potential sites which meet the basic requirements of deep water, protection from wind, minimal tide
influence and reasonable construction costs should be listed. This will include sites near the present log
dumps and booming grounds and those near a confluence of log flows.

It is essential for team members to visit and examine each site and to solicit comments from the local
management, operating people, long term residents and regulatory agencies.
2. Advantages and Disadvantages of Available Sites
ltems to consider when establishing the suitability of a site include:
- operating costs;
- the ownership of the land and foreshore leases;
- the cost of purchasing the land and obtaining the foreshore leases;
- potential environmental conflicts;
- ease of construction;
- suitability for booming and water storage (i.e. exposure to wind, ice, high water, low water, etc.);
- compatability or disruption to existing operations;
- access for crew and services; and
- likelihood of obtaining regulatory agency approval.

When comparing sites, it is useful to use a one-to-ten (bad to favourable) ranking system. Although itdoes not
weight the importance of the various characteristics, it serves at this stage as a rough guide and can reduce
the list for closer examination of the better sites. For the hypothetical company, the potential sites are listed
below and ranked in Table V-11. Sites located near the Fraser River and Victoria mills are excluded because of
high land costs and the need for a backflow of logs to Howe Sound. The potential sites are:

(a) three tidewater sites at the Northern Mainland camp (i,ii,iii);
) existing sorting ground site at Northern Mainland camp;

) Northern Mainland new site at confluence of flow;

) three tidewater sites at mid Vancouver Island camp (i,i,iii);
)

existing sorting ground site at South Mainland camp;
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(f confluence of all logging camp flows; and
(@) Howe Sound area.

Table V-11. Ranking of Potential Sites.

ltems Sites

a a a b ¢ d d d e f g

i i i i i il
Operating Cost 7 7 7 8 8 10 10 10 6 9 9
Ownership 10 9 6 10 6 10 9 7 10 9 9
Cost of Ownership i0 9 6 10 6 10 9 7 10 9 9
Foreshore & Leases 10 9 8 10 6 10 9 7 10 9 9
Cost of Foreshore & Leases i0 9 8 10 6 10 9 7 10 9 9
Environmental Conflict 2 9 10 10 10 3 8 7 7 8 9
Ease of Construction 1 9 8 6 6 5 8 4 5 8 6
Potential Disruption 5 10 10 5 10 5 10 6 5 10 10
Isolated Camp 2 2 2 2 2 8 8 8 8 8 8
Regulatory Agencies 2 9 7 10 w0 3 7 8 7 7 6
TOTAL 59 82 72 81 70 74 87 71 78 86 84

From the ranking, it would appear that the sites with a total greater than 80 are worthy of a closer look and
others eliminated.

3. Matching the Site to the Total Log Flow

The ranking in Table V-11 poses the question whether to have a series of sortyards at the camps or a
centralized sortyard at one of two locations. However, the alternative of a combination of satellite yards and a
centralized yard should not be overlooked.

Locating a sortyard at each of the camps or in the two centralized areas would not result in backflows (see
Figure V-1). The two centralized sites would require the logs to be lifted out of and put back into the water
which will add to costs. However, if one of the centralized sortyards was next to the new Howe Sound mill, then
only part of the logs would be handled twice.

Location of a sortyard at the mid Vancouver Island operation or at either of the centralized sites would remove
the bottleneck presently occuring at the mid Vancouver Island sorting and booming ground. The other camps
do not have bottlenecks at their sorting grounds. The logs from the Northern Mainland camp are presently
transported by barge to Howe Sound where they are dumped and sorted at a custom sorting and booming
ground. If a dryland sortyard was built at either of the Northern camps, then the sorted logs would still be
brought from there by barge. This could cause some inefficiency because 10 to 20 percent of the bundles
which break during barge dumping would have to be resorted. It could also cause serious scaling and
accounting problems.

Centralized log sortyards have the potential to increase the speed of delivery from logging operation to mill
and reduce the log inventory because everything flows through one location and is easier to control. Also,
lower volume sorts can be accumulated quicker and booms produced sooner. Furthermore, it is easier to
introduce changes in bucking and sorting standards at one location rather than several.

D. FINANCIAL ANALYSIS OF THE OPTIONS
1. Capital and Operating Costs of Competitive Sites

It is necessary to establish the costs of operating and building each of the dryland sort alternatives in order to
complete the ranking of the sites. To make this a fair comparison, the same sorting system should be
considered for each site. However, once a site is selected, every effort should be made to design a sorting
system that is the most efficient and cost effective.
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The sorting system proposed for each of the dryland sortyards at these logging operations is:

truck untoaded with stacker or front-end loader;

logs spread on asphalt surface;

logs graded, marked and scaled;

logs sorted and bunched with a mobile log loader;

bunches forwarded by front-end loader to bunks for bundling;

bundles dumped into water; and

bundles made up into booms.

The sorting system at the centralized sortyards would differ slightly in that bundles of unsorted logs would
arrive by water. They would be dewatered by a marine railway where the bundle wires would be removed.

At this stage, the estimates of construction and operating costs do not have to be as accurate as needed for
the final request for funds. Construction companies can offer advice but should not be expected to provide
quotations. Equipment distributors are usually willing to give budget-purpose quotations on their equipment
and an estimate of repair, maintenance and operating costs. It is advisable to visit several existing dryland
sortyards to become familiar with staffing levels, sorting systems and operational problems. On these visits, it
is important to allow ample time to observe how the yard operates and to preplan what questions to ask and
what to look for. It is wise to assign each member of the group a list of questions and to discuss the answers
after the field visit. Personnel who will operate the yard should be involved in the planning and estimation
process at this stage.

Unit costs can be used for the construction cost evaluation. They can be obtained from local experience and
other dryland sortyard operators. The following is a checklist that can be used in the development of the
capital and operating cost estimate.

a) Construction at Site

i)  Engineering - twenty percent of total construction costs - includes soil testing, surveying, drafting,
volume estimation, quality control, layout.

i)  Site Preparation - primarily unit costing
- drilling and blasting - X dollars/m3 (yard)
- dredging - mobilization and demobilization costs plus X dollars/m3 (yard) for dredging

stripping site - X dollars/m3 (yard) or Y dollars/hour/machine

preparation of waste disposal sites - Y dollars/hour/machine

hauling waste material - Y dollars/hour/machine
iii)  Site Construction - primarily unit costing but with some job costing
- pit run fill - X dollars/m3 (yard)
- clearing and preparation of material supply sites - Y dollars/hour/machine
- compaction of fill - Y dollars/hour/machine
- crushed base - X dollars/m3 (yard)
- asphalt base - X dollars/m3 (yard)
- rip rap - X dollars/m3 (yard)
- settling ponds - Y dollars/hour/machine
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services - drainage, sewer, electricity, yard lighting, fire suppression, dust suppression system,
telephone lines, ambrosia beetle control

buildings, shops, parking areas, fencing, oil spill containment

- log dump

floats, boathouse
- sorting and booming ground, storage grounds
b) Equipment and Supplies - primarily from supplier's estimates
- sorting machines
- boomboats, tugs
- bundling equipment
- boomstick boring equipment
- sorting bunks
- lights, poles
- trailer reload, truck watering and fueling station
- unloading ramps
- crew transportation vehicles, service vehicles
- supervisors’ vehicles
- shop equipment and supplies
- office equipment
- fire fighting equipment
c) Operating Costs - primarily standard costing
- labour - operators and crew
- supervision
- repair and maintenance parts and labour - percent of initial purchase price
- tires, fuels, lubricant, wear parts
- sorting and booming ground maintenance
- debris disposal costs
- wire rope or steel banding for bundling
- boomgear - chains, swifter wires
- dump machine maintenance
- electricity, water
- supplies
- chainsaws
- safety supplies
- scaling and log marking supplies

Using the foregoing checklists and suggestions, the following estimates of costs for the dryland sort sites for
the hypothetical forest products company were made (Table V-12).
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Table V-12. Estimated Sortyard Cost.

Average Operating Capital

Annual Cost/m3 Investment
Site Volume (m3) (%) ($ million)
North Mainland #1 322 000 4.05 3.7
North Mainland #2 200 000 3.85 3.4
Mid Vancouver Island 1128 000 2.80 9.1
South Mainland 250 000 4.70 4.0
Subtotal 1 900 000 3.37 20.2
Confluence Site 1 900 000 3.65 13.9
Howe Sound Site 1900 000 3.65 14.9

As can be seen, if the company develops dryland sortyards at each logging operation, the total capital
investment will be $20.2 million. The total annual cost of sorting and booming the logs at each operation would
be $6.4 million. However, if unsorted logs were towed to centralized sortyards, the capital investment would be
$13.9 to $14.9 million and the total annual cost of sorting and booming would be $6.9 million. In this case,
booming operations would still have to be operated at the camps so the total cost of operating the centralized
sortyards would be increased by $700 000 to $7.6 million. There would be no difference in towing costs with
either system. From a purely economic point of view, the question is whether to decentralize and spend an
additional $6.3 million to save $1.2 million dollars annually. If the company’s desired internal rate of return is
15 percent or higher, it should build a centralized sortyard rather than a series of four satellite yards.

The company may also want to consider building the mid Island yard and a smaller centralized yard for the
smaller three camps but that alternative will not be discussed in this example.

2. Savings and Return on Investment

In addition to the capital and operating costs of the sortyard, the savings resulting from the sortyard musf also
be estimated. The savings usually associated with the sortyards include:

a) Reduction in Sinker Loss

Depending upon the proportion of hemiock/balsam being logged, the length of time that loose logs are in the
water and whether or not a sinker recovery system is in use, the sinker loss varies from 0 to 8 percent.

b) Better Grading and Sorting

Usually this saving is calculated by assuming that a certain percentage of pulp grade will become peewee
sawlog grade, or peewee sawlog grade will become sawlog grade, or sawlog grade will become peeler grade,
etc. An examination of scale bills will give an idea of the potential improvement.

c) Labour and Operating Cost Savings
The sortyard design may resultin labour and operating cost savings but historically this has not been the case.
d) No Mark Visible, No Paint Visible

The sortyard should result in this charge being eliminated completely. If weight scaling is used, then it is not
necessary to timber mark the logs and there may be a labour saving in the logging landings.

e) Log Remanufacturing

if the sortyard includes bucking, then there will be a savings potential from remanufactured logs. Examination
of historical scaling records will show where bucking out higher grade portions of the log would have
increased revenue to the company.

In our example, the most expensive centralized dryland sortyard alternative is at Howe Sound and will cost an
estimated $14.9million tobuildand $7.6 million to operate. To determine the savings, find what the costwould
be if the company continued with the present sorting grounds, the estimated costs if it builds the new dryland
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sortyard and then net the two costs to give the savings. The result is a differential cash flow (see Table V-13).
Some companies require that this cash flow have capital cost allowances applied, taxes applied to the
savings and then the after-tax cash flow discounted to determine a present value or a rate of return. However,
from the designer’s point of view, the validity or accuracy of the costs and savings estimates of the new
sortyard are more important than the financial ranking system.

Table V-13. Differential Cash Flow (Hypothetical Company).

Annual Costs & Benefits
Status Quo Sortyard Difference

($ million) ($ million) ($ million)
Sorting & Booming Cost 6.0 6.9 (0.9)
Log Loss @ 5% 5.2 5.2
Log Remanufacture Benefit 0.6 0.6
Improved Grade,
Scale & Sort Benefit 14 1.4
Net Savings 6.3

The annual before-tax saving on an investment of $14.9 million is estimated at $6.3 million. For this project,
the present value of the after-tax flow discounted at 15 percent exceeds the investment. If the company’s
hurdle rate for projects of this type is 15 percent, then the project should be recommended and presented to
management for their approval.

E. QUALITATIVE SITE FACTORS

The selection process has eliminated sites which are physically or environmentally unattractive and has
recommended attractive sites which meet the financial requirements of the company. The final choice
depends on corporate policy and qualitative factors such as:

- Does the company want the individual logging operation to grade and scale their own log production or
should it be done by others at a large central location?

- How important is it to the company to rapidly change the sorting specifications?

- How will the company's public image be affected by locating a dryland sortyard in an area with
recreational values instead of in a more remote, logging-oriented area?

- How serious are the problems of dumping barges of sorted logs?

- What are the strategic implications of sorting all log production at one location versus sorting parts at
several locations?

- What is the quality and quantity of the labour pool at the various sites?
- Which dryland sort locations will best attract and keep workers?

The qualitative factors can determine whether the estimated economic gains or operational costs are
achieved. For example, a dryland sort located in a remote site with high labour turnover may never be as
productive as estimated. The importance of the qualitative factors in determining site location must not be
underestimated. They should be given as much consideration as the quantitative factors.

F. RECOMMENDATION

The financial analysis of the options indicate that the two central sortyard options were more attractive than
the decentralized yards because the investment was less for the central yard and the internal rate of return
was also better. The costs and benefits shown in the differential cash flow between the status quo and the
central yards showed an after-tax discounted cash flow of well over 15 percent. The difference between the
two central sites is marginal in financial terms.
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The two qualitative factors — ability to rapidly change sorting specifications and potential problems of
dumping barges of sorted logs — reinforce the financial decision to construct a central sorting yard. The
choice between central sortyard locations is dependent of qualitative factors. The company decides on the
site at Howe Sound rather than a site at the confluence of flows because of the quality and quantity of labour,
attractiveness of the site to new workers and proximity to head office, mill and market area.

To gain approval in principle, the material in this part of the handbook should be submitted in the form of a
proposal. If accepted, a detailed proposal should be submitted based on an in-depth study as formulated in
succeeding parts of this handbook.

57






PART VI

SORTING SYSTEM

A. SORTYARD LAYOUT

1.
2.

5.

Application of Plant Layout Theory to the Sortyard

Common Sortyard Layouts

a) Lower Volume Yards

b)  Higher Volume Yards

Material Handling Concepts

Log Storage and Inventory Theory

a) Surge Leveler or Buffer

b)  Decouple Production Phases

c) Smooth Out Seasonal Fluctuations
d) Accumulate for Lot Sizes

Queuing Theory and Sortyards

B. SORTING SYSTEMS

1.
2.

Basic Systems

Flow Diagrams

a) Diagram the Sorting System

b)  Question the System

c) Modify the System and Yard Layout
d) Evaluate the Systems and Layouts
e) Costs of the Alternatives

Simulation

a) Information Required

b)  Procedures to Follow

59

SELECTION OF YARD LAYOUT AND

61
61
63
63
66
69
72
72
72
73
73
74

78
78
81
81
81
85
85
86
86
87
87






PART VI SELECTION OF YARD LAYOUT AND SORTING
SYSTEM

After the decision has been made to build a sortyard and the site chosen, the project team must plan the layout
and sorting system. These processes are interdependent and must proceed together from the general to the
specific by a series of trial proposals. We have chosen to discuss layout first and then sorting systems.

The basic concepts or rules of management science* can be used to advantage in discussing the system and
layout of the sortyard. If these concepts are used initially, then the flow will be smooth, bottlenecks will be
eliminated and later changes minimized.

Management science stresses a systematic approach to solving a problem. It starts with the questions What?
How? Where? When? and Why? Once these questions are answered, the management scientist applies
theory to the problem, analyses the alternatives and then recommends the optimal solution.

A. SORTYARD LAYOUT
1. Application of Plant Layout Theory to the Sortyard

Time spent analyzing different layouts of functions, machines and areas for the sortyard is well worth the effort
if it avoids costly re-arrangements later. Moving scaled-down shapes around a plan is much easier than
moving permanent installations after the yard is built.

The plant layout process moves from general to specific. Initially, an overall layout is agreed upon, then
detailed layouts are made of each subarea. The overall layout starts with assembling the log volume
information in groups that are meaningful to the process. As number of sorts and pieces are two major
determinants of yard productivity, the log volume information is grouped into these catagories and can be
shown as a graph (Figure VI-1).

In almost all aspects of production, there is a disproportionate relationship between the quantity of product
and the type of product. This relationship is commonly referred to as the 80-20 or 70-30 rule. That is, 70
percent of the products processed involve only 30 percent of the types of products or 30 percent of the items in
an inventory account for 70 percent of the turnover.

Figure VI-1 shows that 30 percent of the sorts account for 69 percent of the pieces to be sorted. This
distribution favours mass production methods for four sorts and batch methods for nine sorts. However,
because of area restrictions, this may be impossible and a layout based upon both mass production and batch
production is used. As a general rule, if the quantity-type curve is steep (Figure VI-2), then two separate
layouts (mass-production and batch-production) should be used. Therefore, most of the volume, which is at
the two extremes, is handled efficiently. Where the quantity-type curve is gradual (Figure VI-3), it is better to
design a general layout that uses multi-purpose machines. As most of the production is in the middle of the
curve, the layout is made to handle these types of products most efficiently.

The quantity-type curve based on pieces and sorts is important for selecting layouts for sorting machines.
However, a log value and sorts grouping is important for scalers and graders (Figure VI-4). It will emphasize
that the effort expended on a log should be related to the log value. This influences the layout and material
handling process for grading and scaling.

In Figure VI-4, with the exception of the three low value, low volume sorts of cedar, fir and cypress pulp, the
normal 70-30 relationship is true and a significant portion of the pieces will fall into low value sorts. A split
layout, where low value logs are graded and weight scaled, and high value logs graded, then transported to a
separate area where they are regraded, bucked, stick scaled and sorted, may get the maximum value from
the logs at the least cost.

*See Bibliography for reference material.
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ANNUAL PIECES PROCESSED (x1000)

X ®

0 . SORT PRESENT FUTURE
NUMBER PRODUCTION PRODUCTION
1 Hembal Pulp Hembal Peewee
° 2 Hembal Peewee Hembal Pulp
3 Hembal Sawlog Hembal Sawleg
600 4 Cedar Merch Cedar Merch
5 Cedar Lumber/Shingle Cedar Lumber/Shingle
6 Fir Sawlog Fir Sawlog
7 Fir Peeler Cypress Sawlog
8 Cypress Sawlog Fir Peeler
500 9 Balsam Peeler Fir Pulp
10 Fir Pulp Cedar Pulp
1 Hembal Large Sawlog  Balsam Peeler
30% LINE 12 Cedar Pulp Hembal Large Sowlog
13 Cypress Pulp Cypress Pulp

S
[=]
o
1
x

3004

200+

SORT NUMBER

Figure VI-1. Quantity Versus Type Graph for Hypothetical Forest Products Company.
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Figure VI-2. Steep Quantity-Type Curve. Figure VI-3. Gradual Quantity-Type Curve.

Product, position and process are the three basic plant iayouts for production processes. In product layout,
the typical production line, the raw material is moved directly from one operation to the next. The processing
machines are set adjacent to each other and in sequence of the operations to be performed on the raw
material. In aposition layout, the location of the raw material is fixed and the processing machines move to it.
In process layout, the raw material is moved and processed in a series of separate areas or departments.

Production lines are usually synonymous with layouts by product. Batch or job lot processes are usually laid
out by position or process. Sortyards in B.C. are normally operated on a batch basis with a process layout.
However, when there is a characteristic that allows a 70-30 or 80-20 split, then a combination of layouts
should be considered to increase efficiency.

Production line processes or layout by product will not be efficient unless there are one or two features that
significantly dominate the raw material. The Swedes have been able to achieve production line processes in
log sorting and manufacturing because of a small range in log diameter. One attempt in B.C. to operate a
production line sorting system was unsuccessful because the diameter range and number of species were too

great.

2. Common Sortyard Layouts

A frequent question in sortyard design is, “What is the best yard layout?” The answer, of course, is contingent
on physical restrictions at the site, the volume of logs to be processed and the capital available for the material
handling system.

a) Lower Volume Yards

The lower volume yards tend to be located at the head of remote inlets and usually next to a tidal plain with a
stream in the middle. Environmental impact, high construction costs and low log volume dictate that these
yards be as simple and small as possible and fit the local geography. Typically, in the yards that process less
than 1 100 m3/day, the area for the sorting will be less than 2 ha and in some of the smaller yards (300
m3/day) the sorting area will be 0.2 ha. Log storage on land is limited to accumulating enough logs to make
bundles (not booms) and truck trailers are reloaded at the unloading site to minimize the area needed to turn
around. Two typical layouts are given in Figure VI-5 and VI-6.

As can be seen from the two figures, land is used economically. Also, there are few people on the ground so
the sorting equipment and logging trucks can move safely within the yard. Consequently, travel corridors do
not have to be defined and subareas can serve muiti-purposes.
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ANNUAL PIECES PROCESSED (x1000)
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. cosT SORT PIECES {%)
($/MFBM) Present  Future
500 Cypress Sawlog 4 3
350 Hembal >58.4 cm. 2 2
350 Cedar Lumber/ Shingle 6 6
295 Fir Peeler 5 3
265 Fir Sawlog 5 4
260 Ceder Merch 7 9
240 Balsam Peeler 4 2
235 Hembal 35.6-58.4 cm. 13 11 70% of
180 Hembal 15.2-35.6 cm. 22 29 Pieces
70 Hembal Pulp 27 27 ¥

Low Volume, Low Value Sorts
CcOsT SORT PIECES (%)

Present  Future
Ceder Pulp 2 2
Cypress Pulp 1 =
Fir Pulp 2 2
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SORT VALUE ($/MFBM)

Figure VI-4. Quantity Versus Value Graph.
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Figure VI-5. Typical Layout for 300 m3/day Sortyard.
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Figure VI-6. Typical Layout for 700 m3/day Sortyard.
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b) High Volume Yards

In the higher volume yards, the designer has more options for layout. Other than physical site restrictions and
environmental impact, the main consideration will be the truck unloading method and the amount of log
storage required. Differences in sorting and scaling methods have less impact on layout. The controlling
factor is the need to spread the logs on the ground for grading, bucking, scaling and, possibly, sorting.
Conceptually, logs are handied first as loads, then as individual logs and then again as loads or bundles.
Without log storage, when push or pull unloading is used with several unloading ramps, a triangular shape
(Figure VI-7) will evolve. The unloading ramps are at the base, sorting section in the centre and dump ramp at
the apex. Where lift unloading is confined to one small area, the pear shape develops (Figure VI-8). The bulge
is caused by the grading, scaling and sorting functions.

N T T - - Tt "7
\ /
\ /
\ /
\ ED% TRUCK BAY /
\\ //
\\ //

/
\\ \ \ / /
\ PUSH OR PULL UNLOADING RAMPS //
\\ /
\ /
\ //
\ GRADING, /
\ SCALING /
\ 3 /
\ SORTING /
\ BAYS /
\ /
\ /
\ /
\ /
\ /
\ /
\ /
\ /
\ /
\ /
\ //
\\\ /
\ / WATER
\\ /
\ /
\ /
\ /
N,
DUMP RAMP

Figure VI-7. Triangular Shape.
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/ GRADING,
/ SCALING \
& \
SORTING
BAYS

DUMP RAMP
Figure VI-8. Pear Shape.

For ease of construction, lighting and paving, these forms may be revised to form rectangles or squares but
basically a triangular or pear shape is all that is needed.

Sorting systems come into play in determining layout shape, but primarily because of the type of unloading
machines. If stackers are not used and conventional size bundles are made then several dump ramps will be
needed. The result will be a rectangular-shaped layout, particularly if push unloading is used.

The type of scaling system affects yard layout only because of the requirement for a sample scaling area
when weight scaling. The logs have to be laid out for grading and bucking regardless of the scaling method.

If sorted and/or unsorted log storage is needed, area can be provided by squaring up the triangular or pear
shapes or attaching additional area. Because logs are relatively straight, the most efficient storage areas are
perpendicular to other features in the yard. Figure VI-9 shows inefficient and efficient use of storage area.
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3. Material Handling Concepts

A sortyard involves material handling with inspection, operation and inventory functions. Every material
handling move involves a pick up, a transport and a put down.

Materials, moves and methods are always involved in material handling analysis. In terms of materials, the
key input data are:

- What is the product?

How much of the product is there?

Where does the product have to be routed or what has to be done to it?

When will the product be there and for how long (timing)?

Obviously, in dryland sortyards the product is logs but more must be known about the characteristics of the
logs. This would include maximum, minimum and average diameter; maximum, minimum and average
length; maximum weight, size and weight of loads and bundles; risk and cost of damage to logs; and shape
and condition of logs. This information is needed to determine the size of material handling equipment, width
of travel corridors, width and length of grading and scaling bays, size of sorting bunks, size and type of
grapples, etc.

How much product? It is not enough to know just the daily log volume. The daily number of pieces, the types,
sizes, weights and volumes of the various packages of logs, and the daily variation in volume of pieces should
also be established.

Product routing in the case of sortyards on the coast is usually through the process and into the water as
directly as possible. However, if booming ground capacity is limited, log storage may be necessary. In some
yards, routing could also include mill infeed, sorted log storage, and outbound logging trucks or railway cars.
Product routing, travel distance, and conditions at the end of the route are important in selecting the size and
type of material handling equipment and in designing the size and running surface of the route. For example,
one would not select a small front-end loader to move a large volume of logs over a long route but instead,
would choose a large stacker or overhead crane.

Establishing the timing of arrival of the product and the time available to unload are critical elements. Average
arrival rates or average number of loads per day are only useful to the extent of determining if there is enough
equipment to handle the average. We must also establish the likely frequency and timing of the loads
throughout the day. This, combined with information on the physical characteristics of the logs or loads, can
be used to determine the number, type and size of unloading equipment, the amount of surge inventory
storage needed, the amount of space for scaling and grading bays, the likely turnaround time on the logging
trucks, the number of sorting machines, etc.

Once the designer has established the four types of key input data, he can apply the basic concepts in
material handling. If data is not available, then educated estimates based on the specific yard design should
be used rather than “gut feel” or rule of thumb.

The next step is to assume a basic layout. The basic layout chosen will depend, to some extent, on the type
of material to be handled. For logs which are diversified in quality and size and are relatively small, the yard is
laid out by process. That is, specific functions are performed in separate areas of the yard and the logs are
transported to and from the processing areas. In some cases, if the size or species of the logs are uniform, itis
more efficient to lay out by fixed position. In this layout, the logs are taken to a stationary processor and
transportation is reduced. Layout by product is usually not feasible in B.C. coastal yards unless there is
presorting.

After the most efficient layout is chosen, the flow pattern is determined. The basic flow patterns are straight
through, U-shaped or L-shaped. Most yards are designed on a straight through pattern because they are the
simplest. U-shaped and L-shaped patterns are found or are necessary where external site features control
entry and exit points. A sortyard with water on one side and steep banks on two sides may dictate an L-shaped
pattern.
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From the basic layout, the designer can determine:

- routes normally used for each move;

- functions performed in each area.

A simple layout plan will depict this information and will give the distance required for each move and the
conditions of the move. The conditions would include running surface, slope, congestion, obstructions and
straightness. The previous input data gives rate of flow of logs over each of the routes. As well as the flow rate,
the following must also be established: the size of log packages to be moved, whether or not particular types

of logs have to be moved together, and the urgency of the moves.

The most common method used for analysis of the material handling moves is flow processing, although route
analysis and area analysis may also be used. An example of flow processing of a simple sortyard design is

given in Figure VI-10.

space available at the start, middle and finish of each move; and

the location of the start and finish of each pick up and put down operation;

PRODUCT ACTIVITY | DESCRIPTION | WEIGHT| TRIPS/| DIS- | NOTES
SYMBOL (kg) DAY TANCE
(m)
Log Loads O Unload
Log Loads D Transport to | 45 500 30 80 60 Ton
Grade, Scale Stacker
& Sort Area
Logs D Grade & Mark
Logs [:] Scale
Logs O Sort & Bunch| 1 360| 1 000 5 Small
Front-End
l Loader
Bunches D Forward to | 4 080 333 | 30 | Medium
Bunks | Front-End
] Loader
Bundles O Put on Steel
Bands
Bundles O Unload
Bundles ) Transport to| 45 400 30 60 60 Ton
Dump Stacker
Bundles O Dump in
Water
175

O = Operation
D = Transportation
v = Storage

Q = Handling
D = Delay

D = Inspection

Figure VI-10. Flow Processing.
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With the flow process chart and other information, the routes can be analyzed to see if, for example, the
route’s slope, surface condition, and congestion are compatible with the loads, the intensity and the machine
size and type. Also, the layout should be examined to see whether the distances of moves can be shortened
and whether lighter loads can be combined to make a heavier load.

There are two prime rules in material handling. The shorter the distance the cheaper the cost, and the greater
the weight per move the cheaper the cost per unit. Thus, the cheapest move is a heavy weight moved a short
distance and the most expensive is a light weight moved a long distance. Every effort in material layouts
should be directed to loading up the machines and moving the loads short distances. If it is impossible to
change distances and the loads are light, then an effort should be made to combine loads. Also, if light ioads
and long distances are unavoidable then they should be on the lowest intensity routes.

Material handling machinery can be divided into transport and sorting functions. In sortyards, log loaders are
used primarily for sorting, and stackers and large front-end loaders for transport. Small front-end loaders are
used for both transport and sorting. It is important not to use transport equipment for sorting tasks.
Unfortunately, it is not uncommon to see large front-end loaders sorting small logs. Sorting equipment can be
used to sort logs and also to bunch sorted logs for the transport equipment. Similarly, lower-capacity transport
equipment can deposit bunches of logs into holding bunks until they accumulate into large bundles for
transport by higher-capacity machines. Wherever possible, logs should be grouped together before they are
moved. There is nothing that frustrates a designer or efficient foreman more than a 60-tonne stacker carrying
three logs from one end of a sortyard to the other or the same stacker trying to pick up a log 2 metres long by 10
cm in diameter.

The initial layout for the sortyard should be evaluated and analyzed. Alternatives should be developed and
compared. Different types and sizes of handling and transport equipment should be examined. The advan-
tages and disadvantages of the different types should be weighed. For example, a small front-end loader can
be used to unload a logging truck as well as a stacker and the loader is less expensive. However, the small
loader takes more time to unload the truck and cannot be used to move bundles of logs. Hopefully, several
alternative layouts with different types of material handling and transport equipment are compared and
discussed. Oniy in this way will an economical, efficient layout and material handling system result.

The final layout must meet the constraints of the organization and the site. Although it should provide for
efficient material handling, the layout should not use equipment which is too highly specialized. It should also
provide an interesting place to work.

In summary, the principles of material handling are to:
- reduce or eliminate unneccessary movements and combine movements;
- increase the size, weight or quantity of material moved wherever possible;
- utilize gravity, if it can assist;
- standardize types and sizes of equipment;
- use equipment that can perform a variety of tasks unless specialized equipment is needed;
- select equipment to match all aspects of the material and flow in the system;
- minimize the ratio of dead weight to total weight on all moves;
- minimize the distance moved, particularly for light loads;
- maximize the load and minimize the distance on high intensity moves;
- make low intensity moves, if long distances must be covered;
- try to serve other functions along the route when a long distance is travelled; and
- pick up or put down the whole load.
For sortyards, these rules translate into:
- use of log loaders to sort and bunch logs;
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- use of front-end loaders to transport bunches of logs; and

- use of log stackers or overhead cranes to transport bundles or loads of logs.

4. Log Storage and Inventory Theory

Large inventories in log sortyards are of concern to accountants and financial people in the forest products
companies. Accountants have difficulty keeping track of the pieces and volume. Financial people don't like
inventories because of the carrying cost. In contrast, production personnel like inventories. Inventories
decouple the operations and allow surges in production to smooth out. The balance is where the costs of
holding inventory equal the savings in production. Management scientists have been examining inventory
behaviour and developing mathematical models to describe it since the early 1900's.

Inventories perform four functions to improve the efficiency of a sortyard. They are: surge leveler or buffer,
decouple production phases, smooth seasonal fluctuation, and accumulate for lot sizes.

a) Surge Leveler or Buffer

A small amount of storage space at the unloading area can serve to level the surges in logging truck arrival
rates. In most yards, there are two to four periods during the day when trucks are waiting to be unioaded. If
there is no provision for surge inventories and all logs have to go to the grading area, then there will be
excessive waiting times. In addition, the yard itself will become a stop-and-go type of operation with busy and
slack periods. This has a negative effect on grading, scaling and sorting quality and can result in excessive log
damage.

To determine the amount of volume needed in surge storage to prevent excessive truck waiting time, the
processing rate is compared with the input rate as shown in the example (Figure VI-11). If from 7:00-8:00 a.m.,
trucks are arriving at 8 loads per hour and the yard can process 5 loads per hour, then 3 loads shouid go to
surge inventory to be recovered from 8:00 - 9:30 a.m. when trucks are arriving at the rate of 3 loads per hour.
Surge storage is most efficient if the loads are held intact in bunks for recovery. If the loads are putinto storage
loose, then the stackers cannot recover a full load.
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Figure VI-11. Production Rate Versus Time (Example).

Surge storage is necessary but should be minimal. Construction costs are expensive and using storage
increases material handling.

b) Decouple Production Phases

When yard processes move from batch type to continuous, decoupling inventories are needed. This is readily
apparent between the scaling area and sorting area when stationary log loaders are used. In order to protect
the scalers from the yard machinery, whole bays of logs are scaled at once. If only one bay was aliowed for
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scaling, then the scalers and sorting machine would operate on a stop-and-go basis. Consequently, at ieast
two and usually three bays are used. Even with three scaling bays it is not uncommon to find scalers idle 40
percent of the time and the sorting machines idle 15 percent of the time. This idle time could be reduced if
more scaling bays were used but would increase construction costs and travel distances for the machines.
Other decoupling inventories are the unsorted log pile in front of the sorting machines and the bunks used to
hold logs before they are bundled.

c) Smooth Out Seasonal Fluctuations

As described earlier, it is not uncommon to have seasonal variations in log production of 20 or 30 percent. The
designer is faced with the problem of whether to design the yard for the average production rate or the peak
seasonal rate. Designing for the peak seasonal rate will mean more men, land and equipment and result in
off-peak layoffs for the crew, idle equipment and under-utilized investment. Designing for the average
production rate will mean congestion, sacrificing quality for production and overtime work. The best solution
may be to design for a production rate slightly greater than the average and allow for unsorted log storage.
During the peak periods, the excess can go into storage to be recovered in the slack periods. Figure Vi-12
shows a common production pattern and compares it with the processing rate.

1200
1000 -
PROCESSING
% 800+ — _ _ RATE
8 AVERAGE
8 600 INPUT RATE
o
o 400J
I INPUT
200 RATE
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Figure VI-12. Pieces per Day Versus Months (Example).

As can be seen, if the production excess in August, September and October is put into storage, then it can be
processed in January, February and March and a constant processing rate results. To decide the best
alternative, the inventory associated costs of added land, material handling and log breakage will have to be
compared with the costs of processing without inventory (overtime, loss in production efficiency, and the loss
of scaling and sorting accuracy).

d) Accumulate for Lot Sizes

Another type of inventory is used on the output of the sortyard to accumulate logs for transport to market.
Shipments usually contain only one log sort or are for one destination. As a result, lower volume sorts are
stored until there is enough volume to make up the smallest acceptable shipment. How much area is needed
for this storage? How long will it take to accumulate enough volume? The designer can estimate this by using
the log production plans for the logging camp and the historical shipment averages from the sorting ground.
This information can also be used to determine optimal size for the booming ground and storage area. Log
storage between the sortyard and the booming ground is impossible to avoid. The costs that have to be
balanced in order to determine the most economic amount of storage are: the inventory-related costs of
storage area, interest on working capital, extra handling and log breakage, and the operational costs of
extra booming, handling, towing and lower sales value.

This section has discussed ways that inventory can be used to assist the sortyard operator and how the
inventory costs should be balanced with the benefits. Some inventories are unavoidable but they should not
be allowed to build up and should be controlled.
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5. Queuing Theory and Sortyards

An economic problem occurs when something has to be serviced and the demand for that service is irregular.
If an inadequate service is provided, then waiting lines develop. If service is provided for peak periods, then
idle time results.

To make an economic balance, estimate the amount of avoidable idle time on both sides of the equation and
the cost of the time. it should be noted that not all idle time is avoidable. Obviously, when a truck is being
unloaded, it is idle but the idle time is unavoidable. Truck unloading receives the most attention from yard
operators but there are many other waiting lines occurring in the system that should not be overlooked.

The amount of waiting time depends on the probability of the need for service and the probability that the
servicing facility is busy with other work. In order to determine the waiting time it is necessary to know the

following:

- the number of functions requiring service and the machine time available to provide service. For
example, which is preferable, one stacker full time for all trucks or two stackers on demand for all
trucks?

- the priority system for providing service. For example, do we unload a truck as soon as possible or
unload a truck when time is available?

- the distribution of service calls. For example, what is the distribution of logging truck arrival times?

- the distribution of service time to perform a task. For example, what is the variation in truck unloading
time when using a stacker?

Arrival rates can generally be described by the bell-type curve shown in Figure VI-13.
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Figure VI-13. Distribution of Arrival Rates (Example).

The curve shows that for a certain percentage of the day the servicing machines will be idle and at other times
they cannot keep up. The trick is to have other work for the servicing machines when they would normally be
idle and also minimize the waiting time for the machines needing service.

The time required to perform a service can generally be described by the curve in Figure VI-14. The curve
intuitively seems correct in that a few machines take a very long time to service and the majority take an
average time.
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The effect of varying arrival rates and servicing rates is shown in Figure VI-15. As can be seen from Figure
VI-15, as the mean arrival rate approaches the mean service rate, the number of machines waiting for service
increases rapidly. In practice, the mean service rate must always exceed the mean arrival rate or there will

never be a stable system.
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Figure VI-15. Effect of Varying Arrival to Service Rate Ratio (Example).

For a production system or sortyard with a large number (greater than 100) of functions to be serviced, such as
a front-end loader performing multi-functional tasks, the following equations can be solved for estimates of
waiting times, etc.

Lg = mean number of units in the waiting line

Lg= a2
u(u-a)

where:
u = mean service rate

a = mean arrival rate
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L = mean number of units in the system, including the one being served
L=_a =lg+a

u-a u
Wq = mean waiting time
Wg= a =Llg

u(u-a) a

W = mean time in the system, including servicing
W= _1 =Wq+1=L

u-a u a

in waiting line or queuing analysis, there are standard structures. The previous equations refer to a single
channel, single phase case. Figure VI-16 indicates the four standard structures. The single channel, single
phase case is seen in a sortyard with one unloading machine. The single channel, multiple phase case can be
seen in smaller sortyards where one machine unloads, spreads, reclaims, sorts, forwards and dumps the

logs.

(a) Single Channel, Single Phase

-0 00

Waiting Line Service Facility

T

(b) Multiple Channel, Single Phase

~0 00 e

Waiting Line Service Facility

PPy

(c) Single Channel, Multiple Phase

-0 000 ({0

Waiting Line Service Facility

(d) Multiple Channel, Multiple Phase

— e =
~-00 00 = 50

Waiting Line Service Facility

Figure VI-16. Four Standard Structures in Queuing Analysis.

76



When the number of channels is increased, there are disproportionate reductions in waiting times. This is
mainly because the effective service rate is the product of the number of channels and the mean service rate.
For example, the utilization factor, which is the ratio of the mean arrival rate to the mean servicing rate, is
halved when a second channel is added. Figure VI-17 shows the effect.
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Figure VI-17. Effect of Number of Channels on Waiting Line.

As can be seen in the figure, after the utilization factor gets beyond 0.8, the number of units in the queue
increases very rapidly and the addition of a second channel may reduce costs. However, the economics
should be checked to see if total idle time cost is reduced. If it is not, then a single servicing channel or
machine should continue to be used.

For a production system with a small number of units to be serviced (less than 100), such as simple truck
unloading or forwarding bundles, then machinery handbooks have tables that give values to use in estimating
waiting time and machine availability (Buffa, Modern Production Management). The equations for larger
populations assume that the arrival of one unit does not affect the likelihood of the arrival of another unit. This
assumption cannot be made in the case of smaller populations.

Regardiess of whether the population to be serviced is large or small, the designer can use the concepts of
queuing to decide how many servicing machines are necessary. Time studies can give a distribution of
servicing time and arrival rates on existing systems.

In some cases, the way to shorten a waiting line may appear to be to add another service machine. However,
through reassigning functions of other machines, changing the layout, improving the method, modifying
priorities or adding decoupling inventories, it may be possible to increase the servicing time available. The key
objective should be to minimize the cost of avoidable idle time, not the length of the waiting line.
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B. SORTING SYSTEMS
1. Basic Systems

There are several basic sorting systems. Small yards handling less than 1 100 m3/day use front-end loaders
to perform all the machine functions. Above 1 100 m3/day, stackers, front-end loaders and log loaders in
various combinations are used and are often assigned to specific job functions.

Figure VI-18 shows typical small yard systems and Figure VI-19 shows large yard systems.

a) b) c) d)
PUSH OFF- PUSH OFF- MULTI-PASS MULTI-PASS
LOAD, STICK LOAD, WEIGH LIFT OFFLOAD, LIFT OFFLOAD,
SCALING SCALING STICK SCALING WEIGH SCALING

PUSH LOAD [ PUSH LOAD LIFT OFF LIFT OFF
ONTO RAMP J ONTO RAMP PART-LOAD PART-LOAD
= r
GRADE GRADE J TRANSPORT TRANSPORT
. e
SCALE SORT GRADE GRADE J
L | —
i 3
- —Y [_L Y
| SORT TRANSPOlﬂ SCALE SORT
L 7? L
4 ¥ ) 1 - _L_\
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f
STORAGE » BUNDLE SORT | STORAGE +—— BUNDLE
1 BUNKS ,Hjj L— | BUNKS

=¥
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| STORAGE L BUNDLE ‘é’gﬁg | SAMPLE TRANSPORT ‘é’gigg SAMPLE
L | |Bunks SCALE ' SCALE

7 s = / |

/ Y

DUMP DUMP STORAGE |—»| BUNDLE DUMP
BUNKS

DUMP

Figure VI-18. Sorting Systems in Small Yards (less than 1 100 m3/day).

The flow diagrams in Figure VI-18 and VI-19 were simplified to illustrate a general flow of logs. A more detailed
flow diagram is given in Figure V1-20 which shows all the operations that happen in System (c) in Figure VI-18.

A variation to System (a), shown in Figure VI-18, is where the logs are scaled after, not before, sorting. This
requires more room and an extra material handling move but it is a way of checking the sorting.

Variations to the systems in Figure VI-19 include using sorting tables rather than grading and scaling bays or
pulling a sorting trailer behind the mobile log loader. The systems can be further classified into sub-systems
according to the scaling method (stick or weight scaling). For example, in Figure VI-19, System (a) would have
scaling after sorting by the log loader rather than before sorting by the log loader if weight scaling was used.
However, regardless of the level of detail, there are three basic systems used to sort logs in the larger
sortyards.
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a) b) c)

LIFT OFFLOAD, LIFT OFFLOAD, LIFT OFFLOAD,
FIXED LOG LOADERS MOBILE LOG LOADERS FRONT-END LOADERS
SORTING SORTING & FRONT-END SORTING & FORWARDING

LOADERS FORWARDING

* * *
LIFT OFF TRUCK LOAD LIFT OFF TRUCK LOAD LIFT OFF TRUCK LOAD
i
TRANSPORT TRANSPORT TRANSPORT
] [
SPREAD LOGS SPREAD LOGS SPREAD LOGS
i \ 1
GRADE LOGS GRADE LOGS GRADE LOGS
BUCK LOGS BUCK LOGS BUCK LOGS
\ ]
SCALE LOGS SCALE LOGS SCALE LOGS
] Y
RECLAIM & TRANSPORT SORT & BUNCH LOGS SORT & FORWARD [*
LOGS TO LOADER LOGS LOGS TO BUNKS
] |
* *
SORT LOGS INTO BUNKS FORWARD BUNCHES TO PUT ON BUNDLE WIRES
BUNKS OR STEEL STRAPS
[ 1
RECLAIM BUNDLES & PUT ON BUNDLE WIRES RECLAIM BUNDLES &
TRANSPORT TO BUNDLE OR STEEL STRAPS TRANSPORT TO DUMP
BUNKS RAMP
PUT ON BUNDLE WIRES RECLAIM BUNDLES & DUMP BUNDLES INTO | *
OR STEEL STRAPS TRANSPORT TO DUMP WATER
RAMP
V
RECLAIM BUNDLES & DUMP BUNDLES INTO|*
TRANSPORT TO DUMP WATER
RAMP
DUMP BUNDLES INTO|* *Optional Weigh Scaling
WATER

Figure VI-19. Sorting Systems in Large Yards (above 1 100 m3/day).
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Figure VI-20. Detail of Multi-Pass Lift Offload, Stick Scaling (less than 1 100 m3/day).
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2. Flow Diagrams

Flow diagrams of proposed sorting systems can be used to analyze the system'’s efficiency and sequence.
The level of detail required varies with the intensity of analysis but, for sortyard design purposes at least, each
material handling operation shouid be included. The flow diagram can be used to focus the project team’s
attention on the sorting system and to question the need for each operation and the proper sequence of that
operation relative to others.

The procedure usually followed when carrying out flow diagram analysis is detailed below:
a) Diagram the Sorting System

First, lay out a process flow diagram of the sorting system. Input from quantity-type analysis, material flow or
processing, support service requirements, queuing theory, inventory analysis, sortyard location, etc. deter-
mine a preliminary sequence of operations and activity locations. A process flow chart can, therefore, be
drawn. The process flow chart for a simple yard layout is shown in Figure VI-21.

b) Question the System

Question why each operation in the flow process chart is performed, what other ways it can be performed,
where it should be performed and how much area is needed to perform it. The following asks these questions
of the flow chart in Figure VI-21.

Weight scale - what are pros and cons of weight scaling? Is a weight scale needed? What type of scale
(pit or platform)? Length and width of scale deck? Capacity of scale deck? Location and size of scale shack?
What are agency regulations with respect to scale and scale shack?

@Does truck need binders? What protection needed for drivers? What type of binder rack? What height
and length of binder rack? Where should binder rack be located?

: What distance from binder rack to truck unload area? What type of road surface? How wide should road
e?

o

What type of unloading system? How much room to allow for unloading? What length and width for
unloading area? What is length, turning radius, tail swing of unloading machine? What is normally the longest
log to be unloaded? Any unigue load sizes or shapes?

: Are trucks self-loaders or do trailers have to be reloaded with another machine? Reload trailers with an
unloading machine or with a trailer reload? What size for trailer reload?

@Will trucks need water and fuel? Should station be next to trailer reload or at yard repair shop? Should all
three facilities be together, paired or independent? Supply of water and electricity? Area required for station?

\_/ Can the truck drive straight out of yard or will it have to turn around? Wil trailer be up or down as truck
leaves yard? What area to allow for turnaround?

a Where is storage? Surge or seasonal storage? Storage area gravel surfaced, asphalt surfaced or
gravel/asphalt strip? How much storage needed? How long, high and wide are piles? Logs stored on yard
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Figure VI-21. Process Chart of Sorting System.
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surface or on top of brow logs? What type of storage configuration? How far is storage from truck unloading
and grade and scale areas? How often do loads go to storage?

@Storing loose logs or bundles of logs? Are storage back-stops going to be used? Are log butts always
going to be on one end or are the logs going to be stored butt and top?

" How long in storage? What is fire fighting system? Where is water source? Can area be accessed with
fire fighting equipment? Porta Tanks? What about ambrosia beetie control systems? What about water
drainage?

@Nhat machines are going to be used for log recovery? How are Jack-Strawed logs going to be
reclaimed? How much log breakage? What is log recovery pattern - random, daily, or seasonal?

@Where is grade and scale area? How far from truck unloading and log storage area? How many bays?
What length and width of bays? What distance between bays? What is surface in area? Where is the scaler
and grader shack? Where are paint, supplies, log tags, chainsaws, oil and gas stored? Where does the crew
eat? How many people working in the area?

@Nhat is spreading technique? How much area should be allowed for spreading? Can unload machine

operator see what he is doing when spreading? Spread logs on the ground or on brow logs? How and when is
area cleaned of log debris? How many loads spread per bay? Will scalers be working near machine when it is
spreading logs? What are safety conditions?

14

What are grading rules? How many graders? What configuration should logs be in for the graders? How
is grade going to be indicated on log - tags, paint or tog crayon? How long will graders take to grade a bay?
What training and experience needed for graders?

@uck logs before or after grading? Who decides where log bucked? How many additional pieces are
created by bucking? What is minimum-sized piece the machines can handle?

16

What type of scaling? How many scalers? Should logs be scaled and sorted or sorted and scaled? How
fast can scalers scale a bay? What conditions do scalers need to work safely?

: What machine will be used to recover logs? How long will it take to recover a bay of logs? How many logs
can it reclaim at a time?

'E Where is sorting machine with respect to grading and scaling bay? How many logs per hour does sorting
machine need to keep busy? Should logs go to sorting machine or to decoupling storage?

qmow big a pile of logs can be put in front of sorter? How should logs be aligned in front of sorter? Can
sorting machine operator still see sorting marks on the logs after recovery and transport from grading and
scaling bay?
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How many bunks located around the sorter? What size of bunks? How much area allowed per bunk?
How much area needed for bundle recovery from bunks? How much area for unsorted log pile? What is cycle
time of sorter? What is maximum swing radius of sorter with a log in its grapple? What area for low-volume,
sorted log bunches?

®

How much room is needed for manoeuvring and backing-up of bunk unloading machine? Will logs be
loose in bunks or bundled? How will unloader know a bunk has to be unloaded? How many bunks to be
unloaded per hour? How long to unload a bunk? How easily can bunks be moved? How are small bunches of
logs moved - same machine as bunk unloading machine?

]

Where are bundling bunks? Are separate bundling bunks needed? How many bundling bunks? What
idth and length needed for bundling bunks?

3

0

hat size and shape bundling bunks - same size and shape as sorting bunks? What area needed for
machine entry and manoeuvre at bunks? How many people in the area?

®

ire rope or steel bands? Where are wires or bands stored? Need a shack for crew and gear? Need
lectricity and compressed air? Safety of workers?

]

®

How many people? Where are supplies stored? How are records kept? How do people get up and on to
bundle - do they need to?

®

hat room needed for machine manoeuvre, back-up and tail swing? How does operator know when
undle ready for pick-up?

o

<&

Where is storage? How many cycles to storage per hour? Bundles stored by sort or what? What is
surface in storage?

How high are bundles stored? How are bundles piled?

<t/

How long in storage for each sort? What provisions for fire protection, ambrosia beetle control, drainage,
etc.? What are lighting levels?

®

at technique for bundle recovery? What is breakage in recovery? How are loose logs from broken
bundles handled? Is there a facility for rebundling loose logs? How much room needed for turning and tail
swing?

<

How many log dumps? What is distance from dump to storage and bundling bunks? What type of dump?
How many bundles per hour at dump? What room needed for approach, manoeuvre, back-up and swing for
stacker? What area needed for dump?
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@-iow are bundies placed on dump? How is log debris cleaned from dump area? What is surface slope at
dump area?

c) Modify the System and Yard Layout

Answering the foregoing questions and balancing the flow diagram, activity relationships and other non-flow
relationships should result in a basic layout. Once a basic layout has been achieved it should be drawn up to
scale on a location plan. The plan should include underground and overhead lines, buildings, shops, scaie
pits, etc. If there are some basic decisions to make that the designer feels uncomfortable making by himself,
then alternative layouts should be made with the various undecided options included. The layout plans should
be discussed and criticized by the rest of the people involved in planning, building and operating the sortyard.
There are numerous considerations that probably will lead to modification of the yard layout. They include:

- alternative handling methods;

- amount and type of inventories;

- site conditions and conditions in the area surrounding the site;
- alternative material or process flows;

- safety considerations;

- location of personnel facilities and buildings and type of facilities and buildings;
- location and availability of utilities and services;

- organizational structure, controls and procedures;

- form or shape of layout of specific processing areas;

- flexibility;

- ease of construction; and

- ability to expand in the future.

After the modifications have been made to the layouts the alternatives probably will have been reduced to two
or three systems. At this stage, the people who will build, operate, service and receive logs from the sortyard
should again be canvassed for comments on the layout. If they can be encouraged to ask “check” type
questions it will be of great benefit. Although “check’ questions can be frustrating to the designer, they are
invaluable for ensuring that every move, every step, every possibility has been examined and justified. The
“what if...?", “what would happen...?”, “why not...?"”, “did you think of...?" type checks will help to ensure an
efficient system is chosen.

d) Evaluate the Systems and Layouts

Once the two or three alternative systems have been scrutinized by the people who will build, operate and
service the sortyard it is necessary for the designer to rank the layouts and make a recommendation. The
ranking can be based on a simple list of advantages and disadvantages, a weighted factor analysis or a
weighted factor analysis and cost comparison. Considering the amount of capital involved in building and
equipping the yard, the last ranking system should be used. A simple advantage/disadvantage list will not
convince senior management of the best layout on a project such as this. A list of factors that should be
considered for use in ranking the alternative layouts include:

- capability of expanding in future;

layout can be easily changed;
- layout is flexible;

- log flow is efficient;

equipment handles logs efficiently;
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- storage areas used efficiently;

- available space is utilized effectively;

- supporting services are part of the layout and integrated efficiently in it;
- working conditions for the employees are good;

- the operation is safe and can be kept clean;

- impact on the environment is minimal;

- the mobile equipment is well utilized;

- grading, scaling and sorting quality is maximized and log damage is minimized;
- mobile equipment has adequate service facilities, parts and personnel;
- can be effectively supervised and controlled;

- can meet production requirements;

- secure from vandalism and pilferage; and

- enhances company’s public image.

The designer should get direction from senior management on the weight that should be attached to each
factor. Weights from 1 to 10 should be attached to the foregoing factors. Each factor should then be evaluated,
for example, from 4 to 0 where:

4 = excellent

3 = good
2 = average
1 = fair

0 = problem, shortcoming, poor

The weights and evaluations for each factor should then be multiplied and the results totalled for each layout.
As the designer probably has a preference for one design, the best way to eliminate bias is to evaluate factors
by layout rather than layouts by factors.

e) Costs of the Alternatives

This involves determining the initial investment in site construction, building and structures, mobile equip-
ment, parts and supplies, inventory, land acquisition and the annual operating and repair and maintenance
costs. Any savings one layout has relative to another that resuit from efficiencies upstream or downstream
from the sortyard should be included. The capital and net operating costs of the alternatives should be
compared, combined with the weighted factor analysis and a recommendation made to management on what
layout to choose.

Before project approval has been given, the designer should consider drafting the layouts and including them
in the proposal for funds for the sortyard. Although senior management may not be interested in the details of
the operation of the sortyard, they will want an idea of what it will look like, how big it is, how it fits into the
surrounding area, etc. Acetate overlays on aerial photographs of the site are particularly effective.

3. Simulation

Computer simulation involves building a mathematical model that closely approximates a real situation. The
computer is then used to solve the mathematical model to predict what would happen if the real situation was'
operational. Rather complex mathematical equations are involved and because of the large number of
variables, a computer is used to activate and operate the mathematical model. A simulation model can be built
and solved for existing and potential dryland sortyards. It is possible to predict how a yard will operate without
building a yard. Depending on the type of model, it is possible for the user to interrupt and override the model
or make changes in the decision rules within the model to predict the impact of the changes. For example, the
effect on the logging truck queue of changing the decision rule for the stacker from unloading priority to
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keeping the sorting machines 90 percent utilized can be predicted. However, applications of simulation to
sortyard analysis have been limited and usually are only found as classroom projects at universities. The
reasons for this are that the setup time and expertise for building a simulation model are usually not available
on a dryland sortyard project.

Manual simulation will also permit the project team to predict the performance of various dryland sortyard
system proposals. A manual simulation is tedious and can not answer all the questions a computer simulation
will but it will indicate whether a proposed system can or cannot process the volume of logs required. Once
several of the proposals have been put through manual simulation analysis and it is proven that they can
process the required volume of logs then capital, operating and maintenance costs can be attached to the
proposals. The proposals can then be ranked on an economic basis prior to selection. If, in addition to
practising good layout, material handling, queuing and inventory concepts, sortyard designers used manual
simulation in the design of sortyards, then fewer under or over capacity yards would be built.

The information needed and the procedure to follow in making a manual simulation is:
a) Information Required

- Layout of yard

- Material handling flow system of yard

- Number of machines and men

- Cycle time for men and machines for various job functions

- Arrival rate and frequency of incoming log loads

- Species and grade distribution of incoming logs
b) Procedures to Follow

Using a roll of graph paper with a 10 squares to the inch grid, lay out a time scale on the y-axis and the material
handling functions on the x-axis (Figure VI-22).

Initiate the simulation by assuming there are no logs in the yard and the first load of logs arrives. Indicate the
unload time under the “unload trucks” function (Figure VI-22) by marking the length of time on the grid. If the
next function is to travel to the grading and scaling bays and spread the logs, then mark the line across
horizontally to that function. Next, mark down the grid under that function for a length equal to the time to travel
and spread the logs.

If the graders and scalers work under the rule that a bay is not graded or scaled until itis full, then the grading
and scaling function cannot start in the simulation until the bay is full. The simulation will indicate some idie
time until the next load of logs arrives. When the load of logs arrives a horizontal line is shown from the spread
function back to the unload function. The process is repeated until a bay of logs is full and the graders and
scalers can go to work.

After abay is full of logs, run a horizontal line across to that function and down it for a length equal to the time to
complete the function. The unloading machine, if free and if scheduled to do this in the material handiing plan,
can reclaim the logs and forward them to the sorting machine. This function is indicated by a horizontal line to
that function on the graph paper and then down that function for a length equal to the time to forward the logs to
the sorting machine. If a truck load has arrived in the interim and unloading trucks is a priority, then this
decision rule applies and the unioading machine will have to go back to the truck unloading area and there will
be idle time at the grading and scaling area. This is indicated by a horizontal line from the grading and scaling
function to the unloading function, a vertical line at the unloading function and a blank space on the grading
and sorting function (Figure VI-23).

The foregoing process is repeated over and over again as more truckloads of logs arrive and the yard begins
to fill up and all machines and men become active. At the sorter, an assumption is made that the logs arrive as
indicated by the species and grade information and the various bunks fill up accordingly. At certain times in the
simulation, there will be cases where one of the machines can go to several jobs. At these times, decision
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rules have to be applied and they should reflect what would happen in practice. Eventually, the machines and
men either will or will not go into a rythmn or steady state condition. If a steady state condition does not happen
then more manpower, equipment or storage will have to be added to the material flow plan or the material flow
plan will have to be modified. Once the steady state condition is reached, the productivity of the yard can be
calculated by measuring the time (y-axis) required to process a given volume of wood.

Manual simulation has its limitations relative to computer simulation in that it cannot easily examine several
alternatives or scenarios. However, it is easy to set up and examine a few alternatives and it can tell you
whether the system can or cannot process the amount of logs required. To be most effective, it requires a well-
planned layout, material handling flow and machinery and manpower level. If this has not been done first, then
time will be wasted revising the sorting system until it works.
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PART VI CURRENT PERFORMANCE OF SORTYARDS

This section of the handbook documents the existing sorting systems, the costs, the productivities, the area
requirements, the machine types, the manpower needs, and the advantages and disadvantages of different
sorting techniques. While identical sorting systems usually cannot be applied in different locations, parts of
them can. Awareness of what other people are doing successfully in their sortyards is an advantage when one
is designing a new sortyard or contemplating changes to an existing one.

A. PRODUCTIVITY - SORTYARD

In a study for the Council of Forest Industries in 1979-80, FERIC documented the manpower, machinery, area
and production in twenty-six different operations* on the coast of B.C. These data indicate the effect of yard
size and sorted log storage on yard productivity.

1. Yard Size

The sortyards studied were grouped into four classifications based on the annual volume sorted. These data
are shown in Table VII-1.

Table VII-1. Industry Averages - By Size Class.

0- 170000- 453 000- 736 000 -
Size Class (m3/year) 170 000 453 000 736 000 1416 000
Number of Yards 6 6 3 3
Average Number of Log Sorts 6.8 13 12.3 18
Average Annual Volume Processed (m3) 96 760 319 070 516 367 1136 575
Operating Shifts/Year 199 225 252 398
Piece Average (m3/Piece) 1.44 1.30 1.93 1.50
Average m3/Shift 486 1418 2 049 2 856
Average Pieces/Shift 338 1 090 1 062 1904
Total Land Area Used (ha) 1.57 7.98 8.93 7.95
Total Sorting Area Used (ha) 0.60 2.35 2.55 5.27
Number of Men 4.4 18.1 29.7 44 .4
Manhours/Year 6782 29814 52 079 85112
Pieces/Manday 79.02 65.72 41.04 7117
Number of Sorting Machines 1.3 3.6 4.7 6
Pieces/Sorting Machine Hour 31.3 33.5 26.4 39.2
*Total Cost/m3 ($) 3.55 4.33 410 3.31
*Total Cost/Piece ($) 5.12 5.64 7.89 497
*Total Capital Invested/m3 ($) 5.20 8.85 7.70 6.11

*In terms of 1980 dollars.

It is evident that the smaller yards which do less sorting, have minimal log storage and use weight scaling
more, often have the highest machine productivity, the lowest capital investment per cubic metre, lower than
average total costs per cubic metre and piece, but lower than average manday productivities. The largest
yards which do the most sorting, use stick scaling and have little sorted log storage, have the highest machine
productivity, higher than average manday productivity, the lowest total costs per cubic metre and piece, and
lower than average investment costs per cubic metre. The largest yards seem to achieve some economies of
scale. The medium size yards may need more volume per shift, different sorting systems or less equipment
and crew for the volume sorted in order to improve their productivity and costs.

*18 sortyards, 8 sorting and booming grounds
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In determining these statistics, all personnel associated with the operation were included with the exception of
mechanics, rehaul logging truck drivers, maintenance supervisors, debris disposal contractors, custom
sorting crews, outside tugboat crews and clerical staff. All sorting equipment was included with the exception
of contract debris disposal equipment, tugboat crews and clerical staff.

2. Sorted Log Storage

The 1979-80 study for the Council of Forest Industries showed that sortyards without sorted log storage were
more productive than yards that included this function.

Table VII-2 shows two very similar yards with the exception that Yard A had sorted log storage and in Yard B
the sorted logs were dumped directly into the water. As indicated, the manday and machine productivity in
Yard A is lower because of the additional material handling steps required to put logs into storage and recover
them rather than dumping them directly into the water.

Table VII-2. Effect of Sorted Log Storage.

Yard A Yard B

With Storage No Storage
Average Annual Volume (m3) 343 620 298 780
Average Annual No. of Logs 269 100 257 750
No. of Sorts less than 15 lessthan 15
Scaling Method Stick Stick
Average Annual Shifts (8 hr) 235 237
Storage Area (ha) 7.2 1.2
Pieces Throughput/Storage Hectare/Year 37 375 214790
Average Sorting Area (ha) 2.57 2.33
Pieces Throughput/Sorting Hectare/Year 104 710 110 620
Pieces/Manday 62.0 75.6
Pieces/Machine Operating Hr. 36.2 39.3

B. LAND AREAS
1. Overall Statement

The area required for sorting logs (the unloading, grading, scaling, sorting, bundling and dumping areas)
increases with the volume sorted, the number of sorts and the pieces processed per shift. Figures VII-1, 2 and
3 show the results of a comparison of these variables with sorting area.

Figure VII-3 has particular significance to coastal sortyard operators. Area requirements increase by a factor
of about 0.3 for an increase in the number of pieces. Piece size is diminishing as more second growth stands
are harvested and more area or more operating hours will be needed to sort the same volume.

2. Unloading Area

If the truckloads are pushed off onto ramps, then a 10-metre wide strip should be allowed in front of the ramps
for the truck and front-end loader (Figure V1I-4).

Another 10 metres should be allowed for the ramps and still another 10-metre wide strip at the end of the
ramps for spillover of the logs. Thus a 30-metre wide strip is required and about 25 metres of length should be
allowed for each ramp. If a log stacker lifts off the loads, then a 38-metre wide strip should be allowed for the
truck and the backup and turn of the stacker. The strip extends across the grading and scaling bays. If
front-end loaders lift off the loads, then only 28 metres of width is necessary because of the smaller turning
radius but the same length is required. If trucks are lift unloaded at varying locations within the yard, the same
area will be required but will not be specifically allocated. Unless the trailer is reloaded by the unloading
machine, then about 38 metres of width will be needed for turning the truck and trailer around.
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3. Weight Scales

The length of the area needed for the weight scales will be determined by the length of the logging truck and
load. The width of the area needed will be determined by the length of the longest log, plus an allowance, that
a front-end loader or stacker may carry onto the scale. Thus about 23 metres of width should be allowed.
Allowances should also be made for the weighmaster’s office and parking of personnel vehicles. If the scale
pit is open on one side for cleaning, the down ramp may require an extra width allowance.

4. Grading and Scaling Bays

If logs are sorted in the bay after scaling, then a strip 38 metres wide should be allowed for the logs and travel
corridors. If the logs are not sorted in the bay then a 30-metre wide strip is adequate. To estimate the length of
the strip, multiply the number of logs by 0.76 metres. The number of logs can be determined by dividing the
volume of the loads to be spread in each bay by the average piece size of the logs. Grading and scaling bays
should be used as a decoupling inventory between the sorting machines and the logging trucks. The number
of bays required depends upon the number of sorts, pieces and system.

5. Forwarding and Travel Corridors

Corridor layout requires a balance between economizing area and minimizing cycle times. If the corridors are
narrow, twisty, or have sharp turns, the machines cannot operate as efficiently as if they are wide and straight
with gentle turns. The width of a corridor is determined by the length of the logs (plus a 3-metre safety
allowance) and whether or not there will be one way or two way loaded traffic. For one way loaded traffic,
corridors should be about 23 metres wide. If the machines turn in the travel corridors, then turning radius has
to be added to the log length.

6. Stationary Log Loader

Stationary log loaders usually have six or nine sets of bunks arranged around three quadrants of a circle. If
large bundles are made (50 m3) it may be difficult to arrange nine bunks around the loader. The fourth
quadrant is used for the unsorted log pile (Figure VII-5).

A 38-metre diameter circle should be allowed for the log loader and sorting bunks. In addition, a free area is
required for the stackers to deliver and remove logs. The net result will be an 84-metre diameter circle.
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7. Sorting Bunks

A sorting bunk with working space requires a rectangular area 15 metres by 6 metres. Specialty bundles of
poles and boomsticks may require extra space. Figures VII-6, 7 and 8 show some different designs of sorting

bunks.

A
4
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B
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3

Figure VII-6. Sorting Bunks.
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Figure VII-7. Sorting Bunks.

Figure VII-8. Sorting Bunks.

8. Bundling Areas

If a mobile bundling machine is used, the only area necessary is a place to store materials. At a stationary
location, in addition to the 15 by 6 metre area for the bunks, space will be needed for supplies and tools
adjacent to the bunks. If bundle wires are used, an additional area of 11 or 12 metres should be allowed for
unrolling wires. Provision should be made for a small building for the personnel near the bundling station.
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9. Dump Ramp

The area allowance for the dump ramp will depend on whether the logs are bundled at the dump. If so, in
addition to a travel corridor, a rectangular area of 6 by 15 metres will be needed for the bundling bunks as well
as an area for bundling supplies. The travel corridor need only be 14 metres wide as only one loaded machine
will use the ramp at a time. The length of the corridor will depend on yard layout but the minimum should be
enough for the stacker to back up and turn around (15 metres).

10. Storage Areas

The volume of wood that can be stored in a given area varies with pile height, layout of the piles, log size and
length of the pile. For storage decks (as shown in Figure VII-9) where pile height is 4.6 metres, the logs are
sorted and bundled, and the pile length is greater than 60 metres, a storage density of 7 700 m3/ha can be
achieved. For loose logs, unsorted logs and shorter pile length the density will be lower. Incoming log storage
usually is of this type and the density is of the order of 4 200 m3/ha. In the log storage area, space between
the decks must be allowed for men and equipment to gain access in case of a fire. The total volume that can be
stored in a log pile will be only 60 percent of the space occupied.

Figure VII-9. Storage Decks.

To ensure that the potential storage is achieved, it is important for operators to pile the logs carefully.
Recovering the logs from poorly piled storage will be less efficient and may cause log damage.

11. Boomstick Boring

Some dryland sortyards bore their boomsticks on land. Usually, it is done in a corner of the yard where it does
not interfere with the other operations. As the boring machine must have access to both ends of the 20 metre
boomsticks, an area 30 metres wide should be provided. The total depth of the boomstick area will depend on
a variety of factors but 1.1 metres of depth should be allowed for each boomstick.

12. Miscellaneous Areas

In addition to allowing areas for the functions that are directly related to sorting, area also has to be allowed for
activities or services that are indirectly related to sorting. These include maintenance shops, lunchrooms,
offices, employee parking, fuel storage, trailer reload, repair parts inventory, tire storage, boom gear storage,
etc. Space must be allowed for these items in the planning phase because they are essential to the smooth
and efficient operation of the yard.
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C. WATER AREA REQUIREMENTS
1. Booming Ground Design

The new dryland sortyard will require a new booming ground or modification to the old sorting and booming
ground. Booming grounds have been built for years but the introduction of log bundles has introduced some
changes in equipment and design.

Location of the booming ground, the sortyard and the dump ramp are interdependent. Ideally, the booming
ground should be located in deep water so that environmental impacts are minimized and operations can be
conducted at all tide levels. Also, it should be located so that water currents and the prevailing winds assist
booming.

After allowance for a bullpen, the distance from the dump ramp to the booming pockets should be minimized in
order to reduce the time spent pushing the bundles into the pockets. The layout of the booming ground should
be centred around the dump ramp. A typical layout for a booming ground at a medium to large sized sortyard is
shown in Figure VII-10.

Figure VII-10. Typical Booming Ground Layout.

If there is a river or stream entering near the booming ground, this can be used to advantage because the fresh
water wash will reduce the incidence of marine borer infestation.* Any booming ground on the coast of B.C.
should include a barge ramp for unloading and loading heavy equipment and a float and boathouse for boat
tie-up, fueling and minor repairs. Fuel tanks must be enclosed inside concrete cribbing to prevent fuel
entering the water.

The type of boorning ground built will depend mainly on the water depth. In shallow locations (less than 3
metres of water at 0 tide), piling and dolphins are normally used to contain the standing boom (Figure VII-11).
In deeper water, either a system of skylines and deadmen (Figure VII-12) or counterweighted lines and
deadmen (Figure VII-13) will be used to secure the booming ground.

The best way to tell which of the latter two systems is being used is to look for the bobbers or floats. If floats are
seen, then itis an inverted skyline type booming ground. There is disagreement as to which is the best type of
system. The skyline proponents say that their system is easier to repair in case of failure, whereas the
counterweight proponents say that their system is also easy to repair and the initial construction cost is much
less. The counterweight system proponents also say their system maintains its alignment better and that
when completed booms are pulled out of the pockets they have less tendency to hang up on the standing
boom.

*See Bibliography for reference material on marine borers.
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There have been some developments that have changed the design and operation of booming grounds. One
change occurred when the boomboat manufacturers began mounting the swifter winch on the boomboat.
Previously, the swifter machine was mounted on floats (Figure VII-14) and the unit moved up and down the
outside of the pockets in alleyways.

Figure VII-14. Swifter Machine.

With the boat mounted swifter winch, these alleyways are not necessary because the machine can get
between the standing boom and boomsticks of the boom. Thus the booming ground can now fit into a smaller
area. Another change has occurred with the introduction of a larger boomboat designed to push bundles
rather than logs. One booming ground was able to replace six of the smaller boats with two of the bigger boats.
A further change was made in order to overcome problems caused by tides. This change involved placing two
counterweighted boomsticks at the stowing end of the pockets. The sticks act like swinging doors. Once a
bundle is pushed through them, it is impossible for the bundle to get out of the pocket. Consequently, when the
tide changes, the bundles no longer float out of the pockets into the bullpen. A recent change has been the
introduction of reinforced concrete standing boomsticks (Figure VII-15). Wooden boomsticks are becoming
more difficult to obtain and their cost is increasing. In teredo infested areas, a boomstick’s life can be less than
six months. The concrete boomstick makes sense economically where there is a teredo problem and
boomsticks are in short supply.

2. Bullpen

The bullpen area of a booming ground is the area from the shoreline to the pockets used for assembling the
boom. In sorting grounds it is the area where the truckloads of logs are sorted but in booming grounds it is
mainly a dumping area for the sortyard. If it is not going to be used as an inventory area to decouple the
sortyard production rate from the booming ground production rate, then area requirements will be minimal.
The length will be determined by the room needed for manoeuvring the bundies from the dump area to the
booming pockets. The width will be determined by the number of booming pockets (Figure VII-16).

If the bullpen is used to decouple the yard from the grounds, then allowances will have to be made for
temporarily storing the bundles. The average number of bundles to be held can be calculated by determining
the difference in production rates of the sortyard and the booming ground, or if the number of pockets does not
equal the number of sorts, then the number of bundles needed to make a boom in the lower volume sorts.
Bundles that are floating free in the bullpen will occupy about 185 m?2 of space, although their actual physical
dimensions are only about 85 m2.
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3. Pockets

The booming ground pockets are used to restrain the boomsticks as the bundles are being pushed in to make
up the boom. The length of a pocket is determined by the number of sections in the boom plus one. Booms on
the B.C. coast are normally four to nine sections long. Twenty-two metres of length should be allowed for each
section and 22 metres of width when calculating area requirements. At least one alleyway will be needed for
boats to get through the booming ground from the bulipen to open water. Normally, an alleyway will be 6
metres wide. If a swifter winch on a float is going to be used for pulling swifter wires, then an alleyway every
second pocket will be needed. Common layouts for booming ground pockets are given in Figures VII-17 and
18.
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Figure VII-17. Common Booming Ground Layout.
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Figure VII-18. Common Booming Ground Layout.

The booming ground in Figure ViI-17 is more common where exposure to tides and winds is a problem. Itdoes
not extend out far and thus is less exposed to winds and tides. The booming ground in Figure VII-18 is
common where there is shallow water, and it extends further out from shore.

4. Storage Grounds

Storage grounds are always needed. They allow enough booms to accumulate to make up a tow, allow one
destination mill towing, avoid towing during periods of bad weather and provide storage during poor market
conditions. If possible, they should be located out of the path of storms, strong tides and prevailing winds. If
they can be located near a fresh water wash, then the effect of marine borers is minimized.
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As with the pockets, an area 22 metres wide by 22 metres long should be allowed for every section of boom
that has to be stored. There is no area allowance for alleyways. In a study conducted by FERIC on area
utilization, it was found that the section average for bundle booms was 260 m3/section and an average 4 770
m3 of bundled logs could be stored in a hectare of water storage grounds. Species, log size and bundle size
cause variations of up to plus or minus 15 percent.

5. Miscellaneous Area Requirements

The booming ground area should include space for a barge ramp for shipping and receiving heavy equipment,
a small repair shop for marine equipment and a wharf for boats. In addition, floats should be used for storing
and transporting boom gear such as swifter lines and boomchains.

D. PRODUCTIVITY - TRUCK UNLOADING
1. Unloading Methods - Small Yards (< 1 100 m3/day)

In small yards front-end loaders do all the functions. One front-end loader can process about 500 m3/day
where 10-12 sorts are made and the logs are stick scaled. Fewer sorts and weight scaling will increase this
productivity. The machine size preferred is a 3.8 m3 capacity (980-size) front-end loader. However, when two
loaders are required, a 3.1 m3 machine (966-size) may be used for sorting and bunching and a 3.8 m3
machine for forwarding and unloading.

The truck unloading methods used are simple but require skilled operators. The push unloading method
(Figure VII-19) is the quickest of the two methods but requires the unloading ramp to be carefully matched to
the height of the truck bunks. It also requires good coordination between the truck driver and the machine
operator when the truck stakes are tripped. The multi-pass lift unloading method (Figure VII-20) is safer than
the push unloading method because no one has to be near the load when it is removed from the truck.
However, unless the area where the logs are spread is relatively close to the truck, it can be time consuming
as it can take 5 or 6 cycles to unload an off-highway logging truck. Consequently, it is necessary to bring the
loaded trucks into the middle of the yard which adds to yard congestion.

Figure VII-19. Push Unloading Method.
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Figure VII-20. Multi-Pass Lift Unloading Method.

Most of the small sortyards are contractor operated. The relatively low volume of log throughput prohibits the
use of log stackers and asphalt surfaces. Lack of an asphalt surface reduces productivity and increases
machine operating and repair costs. Most contractors operate their yards on a straight-through basis to
minimize material handling and log storage. They are paid for volume sorted so their yards are designed to
operate at a minimum cost.

2. Unloading Methods - Large Yards (> 1 100 m3/day)

At a production level of about 1 100 m3/day, stackers are introduced into the yards for unloading trucks,
forwarding and dumping bundles into the water, and sorting bunks are used. The production level at which it
becomes economic to use stackers depends on the material flow, yard layout, towing method, amount of log
storage, transport distances, etc. Above 1 500 m3/day log throughput, a second log stacker may be used,
particularly if logs are stored on land.

There are exceptions. One yard processes over 2 000 m3/day and uses one 5.4 m3 capacity (988-size)
front-end loader for multi-pass unloading of the trucks and a mobile log loader for loading sorted logs back
onto the logging trucks for the trip to the booming ground. In another yard an existing mobile A-frame was
overhauled to avoid the purchase of a 54.4 tonne stacker. The disadvantages are that more front-end loader
capacity is required, the logs are handled more with increased chance of log damage, log bundle size is
limited to about 11 cubic metres and the chance of logging truck queues is increased because of the lack of
mobility of the A-frame unloading machine. However, if these disadvantages do not outweigh the added cost
of a log stacker, then it is the correct system for the yard.

The size of the incoming off-highway truckloads often exceeds the capacity of the stackers. In many
operations, load weights average 70 tonnes but may be as high as 90 tonnes. This did not cause a probiem
when A-frames were used but it does to a 54.4 tonne capacity log stacker. Consequently, unless maodifications
are made, the stacker cannot unload the trucks in one cycle. One such stacker modification is shown in Figure
VII-21. The stacker grapple is enlarged and although the stacker cannot lift any more, it can enclose a larger
load and pullit onto a ramp. The result is that the truck is unloaded in one cycle. Without stacker modifications
the quickest unloading method is to enclose as much of the load as possible and pull it off the truck (Figure
VII-22). The stakes on the logging truck must be modified so that they swing down as the load is pulled
through and then return automatically to the upright position. The slower but most common method is to
pierce part of the load, close the grapple and then lift it over the stakes (Figure VII-23).
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Figure VII-22. Pull Unloading Method.

Lift unloading requires skilled operators to prevent log damage. Because even a 54.4 tonne stacker cannot lift
the entire load, some operations purchase 40.8 tonne capacity stackers to reduce their capital investment.
However, this alternative sometimes limits the size of sorted log bundies and may result in higher than
necessary booming and towing costs.

Most of the large yards are operated by the integrated forest companies. They are usually asphalt surfaced
and use log stackers to unload trucks.
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Figure VII-23. Lift Unloading.

3. Truck Unloading Time

Table VII-3 shows the truck in-yard time for the different unloading systems, machines and truck sizes.

Table VII-3. Truck Unloading - In-yard Time (FERIC Technical Note TN-70).

SYSTEM*
A B C D E F G
Number of Truck Cycles 38 37 39 36 42 51 31
Time (Minutes)
Remove Load Binders 1.1 0.7 0.6 1.4 1.6 0.8 0.2
Unload Truck 0.9 3.8 1.8 1.1 0.3 3.1 3.3
Reload Trailer 3.5 1.2 4.3 2.9 2.7 4.5 6.5
Wait Unloader 0.7 0.2 04 2.8 1.2 0.7 1.8
Wait in Queue 0.2 1.1 0.7 2.6 1.1 2.0 2.5
Water Truck 1.5 1.3 10 — 1.7 - —
Weight Scale — e — 04 03 — —
Yard Travel 2.5 1.3 2.0 2.2 1.2 1.9 2.6
Other Delays 25 07 28 18 01 — 5.7
TOTAL 13.0 103 136 153 103 13.0 226

*System A - Push unload with Cat 988. Highway size logging trucks. Cat 988

also sorts, forwards and dumps logs.

System B - Multi-pass, lift unload with Cat 966 & 980. Highway logging trucks.
Cat 980 & 966 also sort, forward and load out logs.

System C - Push unload with Cat D8. Highway and off-highway size trucks
with various size trailers.

System D - Single and multi-pass, lift unload with 54.4 tonne LeTourneau
stacker. Highway and off-highway trucks with various sized trailers.
Stacker also forwards and loads out logs.

System E - Single-pass, lift unload with 45.4 tonne LeTourneau stacker.
Highway size trucks. Stacker also forwards and loads out logs.
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System F - Single and multi-pass, lift and pull unloading with 45.4 tonne and
54.4 tonne LeTourneau stackers. Highway and off-highway size
trucks with various size trailers. Stackers also forward and load
out logs.

System G - Single and multi-pass, lift and puli unloading with 54.4 tonne Raygo
stacker. Highway and off-highway size trucks with various size
trailers. Stackers also forward and remove logs from storage.

As can be seen from Table VII-3, the unloading time for the truck is a small portion of the total in-yard time for
the truck. Reloading the trailer either by the unloading machine or with a stationary trailer reloader (Figure
VII-24) is usually the greatest single element of the trucks in-yard time. Most yard operators strive for a truck
in-yard time of less than 10 minutes.

Figure VII-24. Stationary Trailer Reload.

Although the truck unloading time will vary with unload machine type, load size, yard layout, etc., some results
of a truck unloading study done in 1981 by B.A. McMorland of FERIC are presented here (Tables VII-4 & 5) for
reference purposes.

Table VII-4. Average Unloading Cycle Times in Yards Studied.

Time
Function (min.) %
Wait in line 4.4 26
Reload trailer 3.9 23
Unload truck 3.1 18
Yard travel (truck) 2.1 13
Remove binders 1.0 6
Water-up 0.5 3
Weigh in/out 0.4 2
Other delays 1.6 9

16.9 100
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The study included all sizes of logging trucks found on the B.C. coast. It concluded that on an average basis,
the longest time element was wait-in-line but on a yard-by-yard basis the longest time element was reload
trailer. While it may not reduce the truck unload cycle time, the use of a trailer reload rather than the unloading
machine to reload the trailer may reduce the cycle time of the unloading machine.

McMorland also classified his data by truck size and unloading method (Table VII-5).

Table VII-5. Average Truck In-Yard Time for Each Operation.

Average Truck

Truck Unload Cycle Time Unload

Size Method {min.) Equipment

mixed single pass — lift 7.6 A-frame
single pass — push 10.8 Cat D8

highway multi-pass — lift 9.6 966 FEL

only single pass — lift 10.2 54.4 tonne stacker
single pass — push 10.5 980 FEL

mixed single & multi-pass — lift 11.3 40.8 tonne stacker
single & multi-pass — pull 13.0 40.8 & 54.4 tonne stacker
single & multi-pass — lift 13.5 54.4 tonne stacker

off-highway single & multi-pass — pull 16.9 54.4 tonne stacker

only multi-pass — lift 23.5 40.8 & 54.4 tonne stacker
multi-pass — lift 28.9 988 FEL

In the majority of cases, truck in-yard time increased with truck size but, within a truck size class, the unload
method, yard layout and unload machine affected truck in-yard time. The exception to the rule that increased
truck size means increased in-yard time was the single-pass unloading systems. In single-pass unloading
systems, the unload method is the prime factor in determining truck in-yard time.

It was mentioned earlier that selection of the unloading method and machine affects other areas of the sorting
system as well as truck unloading time. This is illustrated in Table VII-6 which shows the time distribution of a
54.4 tonne capacity log stacker that is primarily used for truck unloading using the single pass, lift unloading
method.

Table VII-6. Time Distribution of 54.4 Tonne Capacity Truck Unloading Stacker
(FERIC Technical Note TN-64).

Events

Function Observed %
Travelling - empty 49 14.9
Unloading trucks 42 12.8
In log storage area 36 10.9
Travelling - loaded 30 9.1
Spreading logs for grading 28 8.5
Reclaiming graded logs 27 8.2
Loading trucks for rehaul 14 4.3
Emptying sort bunks 3 0.9
Other 13 4.0
Idle - no wood 72 21.9
Idle - coffee/lunch 7 2.1
Idle - other 8 24
TOTAL 329 100.0
Total Elapsed Time 16 hours 22 mins.
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As can be seen from Table VII-6, the stacker was only in the truck unloading area 12.8 percent of the time.
Location of the grading and scaling area with respect to the truck unioading area, frequency of truck arrivals,
log unloading machine and method, log input volume versus log processing capacity, sorting system, etc.
have a great impact on the time distribution of the unloading machine.

Tables VII-7 to VII-9 show the effect of truck size and the unload method on the truck unloading time. The data

are from B.A. McMorland'’s time studies.

Table VII-7. Effect of Truck Size on Unloading Time.

Unload Method
Unload Machine

Truck Bunk Size (m)

Cycles Observed
Average Unload Time (min)
Average Passes to Unload

Unload Method
Unload Machine

Truck Bunk Size (m)

Cycles Observed
Average Unload Time (min)
Average Passes to Unload

Multi-pass, lift unloading

CAT 988B
3.0-3.7 40 43
30 9 3
5.6 6.3 94
5.8 57 8.0

Multi-pass, lift unloading
40.8 tonne Raygo

3.0-3.7 40 43

13 6 4
3.7 52 5.2
2.1 27 25

As the bunk width increases, the unload time increases, particularly if the unioading method changes from a

single pass to multi-pass (Table VII-8).

Table VIi-8. Effect of Changing Unloading Method on Unloading Time.

Truck Bunk Size (m)

Unload Machine
Unload Method

Cycles Observed
Average Unload Time (min)
Average Passes to Unload

3.0-3.7

54.4 tonne LeTourneau

Muiti-pass Lift ~ Single pass Lift

7 25
2.7 0.7
2.0 1.0

Table VH-9 compares unloading times for similar size trucks with different unload methods.

Table VII-9. Effect of Unload Method on Unloading Time.

Truck Bunk Size

Unload Method Multi-pass Lift
Unload Machine 988B
Cycles Observed 9
Average Unload Time (min) 6.3
Average Passes to Unioad 5.7

40m
Multi-pass Lift Multi-pass Pull
40.8tonne Stacker 54.4 tonne Stacker
6 14
5.2 4.0
2.7 2.2

As Table VII-9 illustrates, a muliti-pass pull system is quicker than a multi-pass lift. The time studies showed
conclusively that truck unloading time was minimized when the load was removed in one pass.
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4. Unloading Machine Time Distribution

The distribution of the unloading machine’s time varies significantly with yard layout, material flow and other
equipment (Table VII-10).

Table VII-10. Distribution of Unloading Machines’ Time.

Unloading Machine

453t 54.4 t 5441t 544t 988B 9888B
Stacker Stacker Stacker Stacker
Yard A B C D E F
Observed Time (h) 14.2 13.7 15.1 11.5 9.9 17.9
Time Distribution (%)
Unloading 29 59 31 32 67 13
Sorting 36 — 5 — 9 49
Forwarding 19 13 29 38 11 7
Other 3 3 5 — 6 15
Delay/Idle 13 25 30 30 7 16

As Table VI1I-10 shows, time distributions vary widely between yards for the unloading machines. However, in
a yard with one stacker, the time distribution generally will be 30 percent unloading, 30 percent dumping and
40 percent forwarding and other. If two stackers are used, then the unloading stacker time is usually 60
percent unloading and 40 percent forwarding and other. Similar relationships hold in yards with one or two
front-end loaders.

E. PRODUCTIVITY - SORTING MACHINES

Front-end loaders and both mobile and stationary log loaders are used for sorting.

1. Mobile Log Loaders

Mobile log loaders which sort and bunch in the yard are usually crawler mounted. Rubber tired machines
move faster but require outboard jacks for stability during lifting. Setting the jacks offsets the time saved.

The log loader may sort and bunch all logs in the deck area and behind itself in the travel corridor (Figure
VII-25) or it may leave one sort unbunched, in the deck (Figure VII-26).

After the deck has been sorted, front-end loaders will push the remaining logs to the sorting bunks and load
them into the sorting bunks. The system used will depend on the log size, number of sorts, and the time
available for forwarding. In some yards, the mobile log loaders are used for decking logs. Log loaders can
deck to a height of 8 to 10 metres whereas front-end loaders are limited to 3 to 4 metres and log stackers to 5 to
6 metres. The mobile log loaders may also load trucks if other machines are busy. If trucks are frequently
loaded from storage rather than from the sorting area, then rubber-tired log loaders should be considered.

The size and type (not make) of log loader to select is important because of the high duty cycle and because
the machine is moving much of the time. It may be sorting all the production from a logging division, whereas
the loaders in the woods handle only a portion. The swing, lift and travel components must be able to
withstand continuous operation with minimal breakdown. In yards which process relatively small logs, the
question arises whether they should use a smaller loader. The answer is only yes if the machine has swing
and travel capabilities and components to withstand the duty cycle. Small logs reduce the lift capacity
requirement but may increase the requirement for swing and travel.

On the coast of B.C. several similar makes of log loaders of 1 m3 capacity are used. No one brand seems to
dominate. The differences occur mainly with the attachments. Machines with live heels, rather than heel racks
on the boom, are popular because of their speed but they have more hydraulic circuitry and moving parts and,
therefore, require more maintenance. Scissor-type grapples are preferred to the grapples with closing
cylinders exposed to damage.
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Figure VII-25. Sorting and Bunching in the Deck.

Figure VII-26. Sorting and Bunching.

2. Front-end Loaders

There are three distinct sizes of front-end loaders in use in sortyards on the coast of B.C. The most common
has a capacity of 3.8 m3 and others 5.4 m3 and 3.1 m3. The comparison of the machines is given in Table
VII-11.

The 3.1 m3 machine is good for sorting because of its physical size, speed and the capacity of its log grapple.
Its load capacity limits it for forwarding. The 5.4 m3 machine is best for forwarding bunches of logs, truck
unloading and loading. Its grapple is too big for sorting small logs. The 3.8 m3 machine is in-between and
sorts, forwards, loads and unloads.
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Table VII-11. Comparison of Characteristics of Front-end Loaders.
3.1m3 3.8ms3 5.4m3

Size Class (966) (980) (988)
Lift Capacity (kg) 4700 7 000 9600
Speeds (km/h)
1st Forward 6.8 6.5 6.4
2nd Forward 12.2 114 11.5
1st Reverse 8.2 7.4 7.4
2nd Reverse 14.7 13.0 13.2
Clearance Circle {m) 13.5 15.6 17.0
Hydraulic Cycle Time (s) 11.6 12.7 16.9
Overall Length (m) 6.8 8.6 10.4

When front-end loaders are sorting, there are two systems in common use. In one system, the front-end
loader works from the end of the grading and scaling bay and sorts the logs into piles (Figure VII-27). In order
to reduce congestion, logs in low volume sorts or large logs are usually taken directly to sorting bunks. Gnce
the deck has been sorted the remaining bunches are forwarded to the sorting bunks. In a second system, the
front-end loader moves along the side of the deck and pulls out the logs (Figure VII-28). Usually the operators
will pick the high volume sorts first. After these have been bunched and forwarded, the process is repeated
until the bay is emptied. This system is used when, because of yard layout, the log flow has to be from right to
left (Figure VII-28) rather than top to bottom.

Figure VII-27. Front-end Loader Sorting.
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Figure VII-28. Front-end Loader Sorting.

3. Stationary Log Loaders

The stationary log loaders used are the same types and sizes as the mobile loaders. The difference in
material flow is that the graded and scaled logs are brought to the loader for sorting. All loaders used in this
application are crawler mounted. Pedestal mounts fix the loader to one location and reduce the flexibility of the
yard. With crawler mounted loaders it is easier to substitute another machine in cases of extended
breakdowns.

The standard layout for a stationary log loader sorting system is shown in Figure VII-29. As can be seen from
the figure, unsorted logs are laid out in front of the loader and then sorted into six bunks located around the
loader. If there are more than six sorts, the lower volume sorts are bunched for removal by a front-end loader.

Figure VII-29. Stationary Log Loader Sorting System.
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This system has worked best where the average log size is relatively large (1.6 m3/piece or greater) and the
number of major sorts is relatively small (6). Some operations converted from this system to the mobile log
loader system because of lack of forwarding capacity. The key to the success of this system is getting the logs
to, and the bundles away from, the log loader as quickly as possible. In the operations where the stationary
loaders are serviced adequately, relatively high sorting rates have been achieved (1 670 pieces/shift actual,
2 700 pieces/shift potential).

Two variations of the stationary log loader system are in operation. One locates the loader next to a
mechanically operated grading deck which moves the logs to the loader (Figure VII-30). The loader makes
four sorts into bunks and bunches the remainder of the sorts for forwarding to other bunks by a front-end
loader. It has had an observed production rate of 1 200 pieces/shift with an estimated potential of 1 660
pieces/shift. Another system involves supplying logs and removing bundles with a portal crane (Figure
VII-31). Use of the overhead crane has allowed ten, rather than six, bunks to be located around the loader.
Both these systems are still sensitive to iogs being delivered and bundles being removed quickly or production
is restricted.

Figure VII-30. Stationary Log Loader and Mechanicélly—Operated Grading Deck.

Stationary log loader systems require one more transport step than the mobile log loader systems. This factor
must be considered when evaluating sorting systems because it will require additional transport time. When
choosing a stationary system, the designer is usually obligating the sortyard owner to purchase a log stacker.
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Figure VII-31. Stationary Log Loader Serviced by Portal Crane.

4. Sorting Machine Productivity

Detailed timing studies were made on machines in different sorting systems by FERIC. The sorting systems
chosen for study were ones where the front-end loaders or log loaders were primarily used for the sorting
functions. The results are summmarized in Table Vil-12.

Table VII-12. Summary of Sorting Machine Productive Capacity (FERIC TN-64).

Sorting System
System g::tf; of Total Pieces Total Study Observed Pieces Pr:?:gtive Productive
¥ Ma hinzs Sorted Time (PMH) Per Shift Total Time Capacity
¢ (Pieces/Shift)
A - Three front-end loaders 3 2 410 48.54 1 1921 0.79 1 5082
B - Two stationary log
loaders 2 5 048 48.48 1 666 0.62 2 698
C - Front-end loader and
mobile log loader with
trailer 2 2 385 43.16 884 0.57 1 542
D - Front-end loader and
mobile log loader 2 2 313 53.16 847 0.74 1 139
E - Front-end loader and
stationary log loader
at sorting table 2 2 314 31.00 1 194 0.72 1 662

2 410 %igces X B8 hr X 3 machines = 1 192 pieces/shift

1 192 pieces/shift + 0,79 = 1 508 pleces/shift
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Tables VII-13 to VII-17 give the time distributions of the machines in each of the five sorting systems.

Table VII-13. Time Distribution - System of Three Front-end Loaders (FERIC TN-64).

966C Loader 966C Loader 9808 Loader
Minutes % Minutes % Minutes %
1. Productive Time:
A. Sort & Forward 734.5 75.1 659.5 68.2 462.0 47.7
B. Reload Trucks 39.0 4.0 59.0 6.1 61.5 6.4
C. Debris Cleanup 56.5 5.8 55.0 5.7 156.0 16.1
D. Travel Empty 1.5 0.1 2.0 0.2 15.5 1.6
Productive Total 831.5 85.0 775.5 80.2 695.0 71.8
2. Non-Productive Time:
A. Idle (No Wood) 36.0 3.7 32.0 3.3 104.0 10.7
B. Idle (Coffee/Lunch) 88.0 9.0 133.0 13.8 124.0 12.8
C. Idle (Other) 22.5 2.3 26.0 2.7 45.0 4.6
Non-Productive Total 146.5 15.0 191.0 19.8 273.0 28.2
Grand Total 978.0 100.0 966.5 100.0 968.0 100.0

Table VII-14. Time Distribution - System of Two Stationary Log Loaders (FERIC TN-64).
Chapman 1825 Chapman 1825

Loader Loader
(#1) (#2)
Minutes % Minutes %
1. Productive Time
A. Sorting & Bunching 1097.5 70.8 692.5 51.0
B. Forwarding — — - —
C. Debris Cleanup 5.0 0.3 1.5 0.1
D. Travel Empty — — — —
Productive Total 1102.5 711 694.0 51.1
2. Non-Productive Time
A. Idle (No Wood) 262.0 16.9 240.5 17.7
B. Idle (Coffee/Lunch) 25 0.2 — —
C. Idle (Other) 184.0 11.9 423.5 31.2
Non-Productive Total 448.5 28.9 664.0 48.9
Grand Total 1551.0 100.0 1358.0 100.0
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(FERIC TN-64).

Travelling Log Loader
(5800 T.L. Linkbelt)

Table VII-15. Time Distribution - System of Front-end Loader and Mobile Log Loader with Trailer

988B Loader

Minutes % Minutes %
1. Productive Time:
A. Sort & Bunch 720.5 55.8 — —
B. Forward Bunches — — 5445 41.9
C. Forward Bundles —_ — 49.0 3.8
D. Travel 68.0 53 — —
E. Unload Trailer 6.0 0.5 — —
F. Debris Cleanup — — 96.0 7.4
Productive Total 794.5 61.5 689.5 53.1
. Non-Productive Time:

A. Idle (No Wood) 228.5 17.7 350.5 27.0
B. Idle (Coffee/Lunch) 237.0 18.4 223.5 17.2
C. Idle (Other) 31.0 2.4 35.0 2.7
Non-Productive Total 496.5 38.5 609.0 46.9
Grand Total 1291.0 100.0 12985 100.0

Table VII-16. Time Distribution - System of Front-end Loader and Mobile Log Loader (FERIC TN-64).
Barko 550 Loader 980 Loader
Minutes % Minutes %

1. Productive Time:
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A. Sort & Bunch 1065.0 72.6 — —

B. Forward — — 1207.0 70.1
C. Debris Cleanup — o 99.5 5.8
Productive Total 1065.0 72.6 1306.5 75.9

. Non-Productive Time:

A. Idle (No Wood) 188.5 17.8 188.5 109
B. Idle (Coffee/Lunch) 195.5 13.3 209.5 12.2
C. Idle (Other) 18.5 1.3 17.5 1.0
Non-Productive Total 402.5 27.4 415.5 241
Grand Total 14675 100.0 17220 100.0



Table VII-17. Time Distribution - System of Front-end Loader and Stationary Log Loader
at Sorting Table (FERIC TN-64).

980 Loader 245 Loader
Minutes % Minutes %

1. Productive Time:

A. Sort & Bunch — e 667.0 72

B. Forward 625.0 67 — —

C. Debris Cleanup 33.5 4 11.5 1

Productive Total 658.5 71 678.5 73
2. Non-Productive Time:

A. Idle (No Wood) 122.5 13 112.0 12

B. Idle (Coffee/Lunch) 149.0 16 139.5 15

C. Idle (Other) - — — -

Non-Productive Total 271.5 29 251.5 27

Grand Total 930.0 100 930.0 100

In the systems where the sorting machines also unload the trucks and dump sorted logs into the water, the
time spent sorting would be considerably less than the times shown in Tables VII-13 to VII-17. FERIC studied
some of these systems as part of the work on truck unloading times and the results are given in Tables VII-18
and VII-19.

Table VIi-18. Time Distribution - System of Two Front-end Loaders (No Stackers) - Load Out Trucks.

Cat 966C Cat 980B
Time (hr) % Time (hr) %
1. Productive Time:
A. Unloading Trucks 3.0 21 0.9 6
B. Sorting 42 29 3.9 27
C. Loading Trucks 1.8 13 5.8 40
D. Other 0.7 4 0.3 2
Productive Total 9.7 67 10.6 75
2. Non-Productive Time:
A. idle (No Wood) 2.7 19 1.8 12
B. Idle (Coffee/Lunch) 1.0 7 0.7 5
C. Idle (Other) 1.1 7 1.1 8
Non-Productive Total 4.8 33 3.6 25
Grand Total 14.5 100 14.2 100
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Table VII-19. Time Distribution - Two Front-end Loaders (No Stackers) - Dump Bundles into Water.

Cat 988B Cat 988B
Time (hr) % Time (hr) %

1. Productive Time

A. Unloading Trucks 24 13 2.2 13

B. Sorting 8.7 49 5.3 31

C. Forward Bundles to Storage or

Dump Ramps 1.2 7 2.0 12

D. Other 2.6 15 2.2 13

Productive Total 14.9 84 11.7 69
2. Non-Productive Time

A. ldle (No Wood) 0.5 3 0.8 5

B. Idle (Coffee/Lunch) 1.9 10 1.6 9

C. Idle (Other) 0.6 3 2.8 17

Non-Productive Total 3.0 16 5.2 31

Grand Total 17.9 100 16.9 100

The productive capacity makes no allowance for idle time so the actual productivity obtained will be somewhat
less than given in Table VII-20. In the study on the five sorting systems, the idle time varied from 21 to 43
percent, with an average of about 30 percent. With a normal amount of idle time (20 percent) and accounting
for the difference in the number of sorts, the sorting systems on the average will give the following
productivities (Table VII-20).

Table VII-20. Expected Average Productivities.

System Pieces/shift

(1) Three front-end loaders sorting and 1200
forwarding to bunks

2) Two front-end loaders sorting and 900
forwarding to bunks

(3) Two stationary log loaders sorting, 1900
stacker forwarding

(4) One front-end loader forwarding, 900

mobile log loader sorting and bunching

(5) One front-end loader forwarding, 1250
mobile log loader sorting, bunching
and bunking sorts

It should be remembered that the sorting systems that include front-end loaders have more flexibility because
the front-end loaders can be used for unloading, spreading, reclaiming, transporting and dumping as well as
sorting. In some of the smaller yards (less than 700 pieces per day) two front-end loaders will unload, spread,
sort and bunch, forward and load out all the logs. Because of the lack of mobility and multiple-piece carrying
capability, a front-end loader and mobile log loader combination could not achieve this. Log loaders can sort
smaller pieces and build a better bundle of logs than front-end loaders and have a valuable role to play in that
situation. Stationary log loaders achieve high sorting production rates, but more transporting equipment time
is needed relative to mobile log loaders because an extra material handling move is made. The mobile log
loader systems where sorted logs are put into trailer bunks require more area than the mobile log loader
systems that only sort and bunch logs.
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F. MACHINERY SELECTION

Selection of the correct size, type and make of machines for the sortyard has a significant impact on potential
productivity and costs. In addition, the sorting system will have a major influence on the type and size of
machines needed. Also, selection of one type of machine will affect the other machines in the yard.
Consequently, the machinery selection is an important but complex process. The Canadian Pulp and Paper
Association has published a report entitled “A Checklist for Logging Machine Concept, Performance, Design,
Maintainability and Support Services" (second Edition) which has a detailed list of factors to consider when
choosing a machine. It also has a ranking system which allows comparison amongst different makes of
machines.

1. General to Specific

The selection of a particular machine moves from general to specific. Initially, there will be several sortyard
designs with different machine sizes and types. Calculations will have to be made with each plan change to
ensure that the machines can still do the job expected of them. If not, more machines or different machines will
be needed. Eventually, the number of system layouts is reduced to two or three alternatives. At this stage, a
detailed analysis should be made of cycle times, travel routes, carrying capacities, etc. to ensure that the
number, type and size of machines are adequate to process the log volumes required. Finally, one alternative
is chosen. Throughout the process, salesmen will have described their equipment and field visits will have
been made to see the various machines in operation. However, now a decision must be made not only on size
and type, but also make. This decision is important and both operating and maintenance people must be
involved. Ideally, a spread sheet will be prepared which compares the operating, maintenance, support and
cost features of the various makes to provide specific details for a logical decision.

2. System Compatibility

Each sorting system and layout will demand certain machine performance levels for the various functions. For
example, a machine must be able to unload a logging truck, spread the logs and return to the truck in six
minutes or less. Or, a machine must be able to sort logs into an average of 12 sorts at a rate of 100 pieces per
hour for eight hours per day and 210 days per year.

Generally, the simplest way to determine if a machine will satisfy the demands is to visit existing sortyards.
The yard operators will provide the information necessary to establish productivities. It is important to ask
specific questions to establish the reliability of information. Proud people tend to remember the best days and
not the worst or average days. It is also important to establish that the system or phases of it are comparable to
those proposed. As an example, the phase of recovering logs from the scaling bay and forwarding them may
be comparable, but not the total system from unloading to dumping.

If the new sorting system or layout is unique, then it will be impossible to use productivities from existing
sortyards and they will have to be built up from basic time elements. Most machinery companies can supply
information on machine travel speeds and hydraulic cycle times as well as carrying capacity, tipping loads and
turning radius. Some companies publish handbooks that contain the following detailed information on
equipment performance:

- machine cycle times, turning radius, carrying capacity;
- detailed yard layout and travel distances;

- sorting system sequence;

- production volume in pieces;

- required sorts;

- load arrival frequency and rate; and

- required bundle size.
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With this information it is possible to assemble cycle times for the machines and to establish the number and
size of machines required. Allowances should be made for operator delays, equipment breakdown and
service time, and for idle time caused by discontinuity in log flow into and within the yard. Manual simulation
described in an earlier section can be used here.

3. Machine Maintenance

Maintainability, or the speed and ease with which machine parts and components can be serviced and
repaired, is often overlooked in machine selection. Too frequently we look at a machine from the viewpoint of
what it will do for us rather than what it will do to us. The maintenance staff must be involved in assessing the
maintainability of the machines recommended before the decision is made on size, type and make. Incorrect
selection of size and type, as well as make, can result in maintenance problems, high costs and downtimes,
and reduced crew morale.

To assess maintainability, break the machine into components or assemblies (e.g. driveline, engine, cooling
system, hydraulic system, etc.). The maintenance units should be subdivided until all troublesome areas are
identified. Some of the major characteristics of the maintenance units that should be evaluated are:

- accessibility;
- required tools, equipment and facilities;

ease of handling;

quality of fasteners and connectors;

troubleshooting aids; and

required maintenance skills and experience.

4. Reliability

Reliability is a high level of mechanical availability and a low level of repair time and cost. It results from a good
machine design, quality components and high manufacturing standards. It is necessary in a sortyard where
the machine duty cycle demands are heavy and the costs of downtime are high.

Reliability can be assessed in the same way as maintainability by breaking the machine down into compo-
nents or units. Again, both operating and maintenance personnel should be involved in the assessment.
Experience from other parts of the operation should be interpreted in reference to the severe duty application
likely in the sortyard. For example, dusty conditions in a sortyard may shorten the engine life relative to the
logging application. However, the basic question to answer in evaluating maintainability is,"ls the component
or part designed and buiit to have a reasonable life before failure?”

5. Total Cost

When comparing machines of the same type and size, the initial purchase price should be only one
consideration. The costs of repair parts, maintenance labour, and operating supplies must be established.
Equipment suppliers can give estimates of these costs which must be modified to the site or application. Other
yard operators can supply their historical costs but these costs should be questioned. For example: how
severe is the application? Is there evidence of operator abuse? What are the maintenance standards?
Another important factor to evaluate in determining the total cost of the machine is the likely life of the
machine. For example: will it operate 8 000 or 12 000 hours before repair costs and mechanical availability
justify replacing it with a new machine or undertaking a total overhaul? The total cost should be divided by the
life of the machine to determine the average cost per hour. The machines should then be ranked in order of
cost per hour.
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6. Standardization

Although not as important in equipment selection as the other factors, standardization should be considered.
It is much easier to find competent operators for a common machine in the industry. Similarly, it is easier for
mechanics to diagnose and repair breakdowns on familiar machines. Also, an equipment supplier is more
likely to have replacement parts for a machine where there are many units in use rather than one or two. The
same principles apply within a single operation.

7. Purchasing

Along with the operational and maintenance people, the Purchasing Department and equipment coordinators
should be involved early in the machine selection process. They can contribute by collecting quotations and
machinery specifications and by screening sales presentations. Usually, they have industry contacts that can
advise on experience with particular machines and suppliers. Also, when a decision has been made on a
machine, they are experts at preparing purchase orders that ensure that the machine and attachments
received are the ones purchased.

They can be used to negotiate consignment parts inventories and mechanic and operator training as part of
the purchase agreement. As well, they can establish the supply of spare parts needed for the machines. Once
the machine is in use, their experience in the selection and purchase process can be used when discussing
warranty problems. They understand the legalities of purchasing and can act as a buffer between the supplier
and the operators and can provide an independent viewpoint.

G. SCALING & GRADING
1. Scaling Systems

The two main scaling systems used on the coast are piece-by-piece stick measurement and weight scaling.
Sometimes, on lower grade sorts, the top or visible logs in the bundle will be stick scaled and the average
scale applied to the piece count for the bundle, or only a portion of the logs will be measured in the scaling
decks and an average applied to all pieces. Both stick scaling and weight scaling are used by the Ministry of
Forests and companies to determine log grade and volume for stumpage payments and marketing purposes.
In some yards, one scale serves both purposes while in others, each organization scales separately.

Weight scaling reduces the time needed for scaling as only a percentage of the logs must be scaled to
maintain the volume-weight ratios. From a material handling point of view, it is best. However, many people
purchasing or trading logs will not accept the weight scale. If a company uses weight scaling for marketing,
then the Forest Service must agree to weigh the logs (for stumpage charges) after sorting or the logs will have
to be weighed twice.

Platform, bunk or suspended scales are used for weight scaling. The platform scales require permanent
installation so their location has to be well planned. Bunk scales are most common in sortyards that do not
have log stackers. They are normally used as the bundling bunks and are located at the top of a dump ramp.
The Forest Service has detailed specifications on the weight scales, weight indicators and buildings and must
approve the installation.

Stick scaling determines the net volume after deductions for defect, and grade of the log. For marketing and
stumpage scaling, the scalers must have a licence. Normally, B.C. Ministry of Forests scalers will scale the
logs after they are graded and bucked but before they are sorted. If the company wishes to use the scale
information for marketing, then a boom cutoff or log tag system will be used. In the boom cutoff system, the
scalers either maintain separate scale sheets for each sort, or maintain a single scale sheet and enter the
information as the logs are scaled. When a boom of a particular sort has been completed the scale sheet is
“cutoff” or completed. The cutoff system assumes that all the logs between the scaler and boom have been
counted and that all the logs are in the correct sort. Check scales and inspections by log traders ensure that
gross errors do not occur. In many yards, the supervisors continually check the sorting accuracy and log
count.

In the log tag system, a pre-numbered tag is attached to the end of every log before scaling. The scaler enters
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the scale information alongside the tag number on his scaling sheet or into an electronic recorder. After the
logs have been sorted and bundied, the log tags are removed and bundie tags are attached. When the
bundles are put into a boom, the boat operators remove a tag from each bundle. Thus, with the bundle tags,
the log tags and the scale sheets, it is possible to tell the grade and scale of each log in each bundle and of
each log in the boom. Usually, all this information is entered into the computer and the computer sorts out and
calculates the volume and grades in the boom. This system is costly to operate but, with adequate care, is
more accurate than the boom cutoff system. Itis normally only used by sortyards processing high value logs or
selling on the open market.

2. Scaling Productivity

B.C. Ministry of Forests scalers will scale an average of 450 pieces per day when scaling all logs and 300
pieces when sample scaling. Contract or company scalers will average 600 pieces per day.

In some sortyards scalers will only scale a full bay of logs. Conseqguently, at the beginning or near the end of a
shift, there will be times when the machines cannot sort logs even though there are logs in the yard. Yard
operators can overcome this by overlapping schedules for scalers and machine operators.

3. Grading Systems

Grading systems vary with the size of the yard. In the smaller yards (400 m3/day) the sorting machine
operator may do the grading. In some cases, a handyman will indicate the sort only on the valuable logs or
those difficult to classify. In the larger yards, all logs will be inspected, graded and marked. In some yards, the
graders will indicate where a log should be cut to upgrade it.

The graders work in the grading and scaling bays with the scalers. The sort is usually indicated on the log with
spray paint. Specific marks have significance to the sorting machine operators. Some yards assign a specific
colour to each grader so that if errors are made, they can be traced back to him. Other marking systems
include coloured tags or crayon marks. Regardless of the system, the mark must be visible and remain on the
log until it reaches t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>