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ABSTRACT

Some logs of different wood species harvested finenvolta Lake were assessed for their sawing daristics.
These species included Manilkara multinervis (Bandékim), Erythrophyleum guinense (Potrodpm)ospyros
mespiliformis (Savanna Ebony) and Cylicodiscus gebsis (Denya/Okan). The physical characteristidhe logs
before milling were assessed and the average demoéteach of the four species were estimated am484cm,
57cm and 56¢cm for Manilkara multinervis, Erythrofguym guinense, Diospyros mespiliformis and Cylisogts
gabunensis in that order. The estimated total velwhthe logs was 6.32nThe logs were processed into lumber
with a ‘Forestor’ swivel saw machine using throuahd-through sawing method. The observations madiagiu
and after the processing of the logs, lumber yielpioduction and fuel consumption rates are preseént
Cylicodiscus gabunensis was the most easily sawodwehile Diospyros mespiliformis and Erythrophyleum
guinense exhibited some difficulty during millingoi lumber. All the species were hard and heavy #ris
generally resulted in slight to moderate bluntinffeet on the saws used. Generally most of the lurplezes
generated were rated as Grade 1. The results itdittaat milling of the timber logs harvested frdme ¥olta Lake
into lumber is feasible.

Keywords: Fuel consumption rate, grading, lumber recovemgduction rate, sawing quality,

INTRODUCTION

Lake Volta, which is located at 6°B00°0’'E / 6.5N O°E, is the largest reservoir by surface area invthed, and
the fourth largest one by water volume. It is lecatompletely within Ghana, as shown in Figure ith & surface
area of about 8,502 KmLake Volta lies along the Greenwich Meridian, gmst six degrees of latitude north of the
Equator. The lake's northmost point is near Yagued, its southmost extreme is at the Akosombo Damgiwis 520
kilometers downstream from Yapei [1, 6, 13].

Akosombo Dam holds back both the Black and Whit&ta/overs, which formerly converged where the nhéddf
the reservoir now lies, to form the single Voltav@&i The present Volta River flows from the outlefg¢he dam's
powerhouse and spillways to the Atlantic Ocearoimtlsmost Ghana [3, 6, 7, 17].
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Figure 1: Lake Voltain Ghana (arrowed)
Source: [8]

The lake, which was originally conceived by the Iggist, Albert Ernest Kitson in 1916, is formed lbiye
Akosombo Dam. The construction of the Dam stanedi962 and was completed in 1965 by Impregilo,taliah
Civil Engineering Firm, under the supervision oflMoRiver Authority of Ghana at the costf#0 million. [9, 12,
14, 16]. They have reported that the formation ake. Volta caused the relocation of about 80,00(plgetp 52
newly-created townships on the lake's higher baaksg with 200,000 animals belonging to them. Ok800 kni
of territory was flooded, of whichbout 120 buildings were destroyed, excluding smeslidences. The Volta Lake,
which is one of the largest man-made reservoihéworld, has a storage capacity of 153,000,000¢000c meters
of water. It is about 400 km long and covers 8,5@are km, making 3.6 percent of Ghana’s areaceSif74 the
lowest and highest levels of the Akosombo Dam medrare 71.6m for 2007 and 84.6m for 2010 [6, 7, 8]

Figure2a: Lake Volta generates hydroelectric power
Sources: [10, 18]

As seen from Figures 2a and 2b, the lake supplidsokelectric power, provides irregation water farmfiers, serves

as fish habitat supporting commercial fishermeml tansport for people and goods that need to rfrave remote
inland villages to markets closer to Ghana’s caasit back.
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Figure 2b: Commercial fishermen in a fishing boat
Source]2]

Construction of the Dam resulted in a flood in 19&6ich submerged a large tract of forest and tiatisands of
hardwood trees were left standing (Figures 3a & Bb)such cases the trees die but the wood spacesften

preserved.

Many of them lurk just below the water surface vehdrey snag the nets of fishermen and are a aoiligeril for
the long wooden kayaks and other boats that trahgpods and people. At least 2 million have dieshf boating
mishaps, which were related to the underwater kiszatence the lake is described as a killer. Agaiost of the
wood species that were transported streams and tiv¢he sea for export or mill for processing sgk [2, 4].

Figure 3: Some hardwood treesin the Volta Lake
Sources: [2, 8, 9]

For years, the Government of Ghana and Volta RAhghority (VRA) have been seeking solutions to remo
standing trees that create safety hazards resdultingpating accidents on the lake, and at the same, the
government has been searching for strategies taneelthe socio-economic development of the area.

The Government of Ghana in 2007 completed an agreewith Clark Sustainable Resource DevelopmenR@)S

to harvest, process, and market all the timbeistieehe Volta Lake, which were posing a dangeth®transport
system on the lake and develop an integrated tifm@erresting, processing, and marketing industi@lana [2, 4].

Meanwhile the logs of the various species to bedsied could be used to feed the country’s timbeustry. The

quality of the submerged timber species is assasethe woods, which are completely submerged habe@n

exposed to oxygen hence are in pristine condifidrese watery woods, which have been preserved loyveater

and protected from rot and insect infestation teswin high-quality timber, is highly sought aftdrl]. A report by

[2] indicates that the number of trees submergesigisificant by which to alleviate stresses on wifljying forests

for some years to come. This will increase the uss® base of the timber industry for its sustailitgbiBut the

sawing properties of such logs are not known héineie efficient utilization will not be realized.hEre is therefore
the need to determine the properties of the logstarascribe uses for them. This will enhance tiilezation and

promotion of the logs to be logged from the undeewéorest, which are non-renewable.
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According to [2], the untapped timber resourcessneated around US$2.8 billion, and that the exivacof the
submerged logs would benefit the country througlction of direct foreign investment, an estimasedount of
about US$100 million worth of investment would breumght into Ghana, in addition to payment of cogtertaxes
to the government and that the industry would ergaths and generate revenue for Volta Lake comnasnétnd the
country. The venture, among others, is expectdtelp fight global climate change by sparing thénlivtrees that
are needed to absorb carbon. Another key benefith@mna would be lake transportation safety withitaeresting
of submerged trees, which have caused fatal baateats on the Volta Lake in the past.

As at now the CSRD has assessed the timber respoteetial in the Volta Lake and the best harvestmocessing
and marketing techniques determined. Again, theveglt environmental and social interventions, faig

arrangements required to develop the underwatginggndustry, and associated value added actvitiecGhana
have been determined. The important questions mewisit possible to process the logs to be haedetom the
underwater forest in Ghana? What are the posshafenges to be encountered during processing? W4t can
be ascribed for the species to be extracted? Tosfiutions to these questions, a study had tondentaken with
the objectives being to determine the log and lumlelds, lumber production rate, fuel consumptiate and
assess the quality of the lumber to be generated fome of the species logged from the Afram ArrthefVolta
Lake using portable milling machine.

MATERIALSAND METHODS

Collection of samplesand mensuration

Some coded timber logs that had been harvestedtfierivolta Lake by Clark Sustainable Resource Dmyalent
(CSRD) were collected for study into their sawiiipese timber species were identified\Manilkara multinervis
(Monghinza/Berekankum), Erythrophyleum guinense(Tali/Potrodom), Diospyros mespiliformis (African
Ebony/Savannah Ebony) am@licodiscus gabunensi®©kan/Denya) in the order of scientific, tradedboaames
respectively. Figure 4 shows two logs that wereaeted from the Volta Lake. Physical observatiohthe logs by
considering the shape, bark, holes, knots, hetetnd taper were undertaken and recorded (TablEhly.was done
to match their features with the milling resultam@nsions of each log (length and diameters at batls) were
taken and volumes estimated (Table 2). To be ablaaximize the lumber recovery, because of somectiethat
were observed on the extracted logs, they weresa@uosinto shorter lengths of 2.5 meters. This was of the
standard lengths of lumber at the local timber rearkhe dimensions of these shorter logs were t@ken to
determine the yields of the logs with respect todhtracted logs as well as the lumber yields &mhespecies.

" g I R A e R
Figure4: Ghana executivedirector of Clark Sustainable Resource
Developments, stands beside a mahogany tree that was pulled from Volta Lake
Source: [2]

Milling of logs

A forestor swivel saw machine with engine type G206/-twin; HONDA 20HP, 14.9 Kw and 614 cc/éwas used
in milling the logs into lumber (Figure 5). A cidem saw with 20 teeth and of diameter 45cm was rremlion the
swivel machine. It is a portable circular saw, wheuts horizontally during forward movement andticetly when

returning. All the cross-cut logs were processed lumber using through and through sawing metAda: saw
was sharpened twice before milling of the logs w@spleted. For each log that was processed, ttialiand final

fuel levels in the container were measured. The tior milling each log was recorded and dimensiohgach

lumber (thickness, width & length), using a measgisteel tape, were also taken (Figure 6). These reeorded to
estimate the total volume of fuel consumed, lungreduction time and the total volumes of lumber lpgrand on
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species basis. Physical observations were also rmdadag and after milling of each log to identifprse
characteristics, if any, of the species and theaefgenerated on the lumber (Table 3). Using Ghanber grading
rules, the lumber for the four (4) timber speciesevwevaluated and graded.

Figure5: Milling of Cylicodiscus gabunensfieft) and Manilkara multinervigright)
logswith a Forestor swivel saw machine

Figure: Lumber dimensions being taken by a Scientist
RESULTSAND DISCUSSIONS

Physical observation of logs
Table 1 gives the results of the physical obseowatihat were made before cross-cutting of theaeted logs into
shorter lengths of 2.5m.

Table 1: Physical assessment of logsfrom the Volta L ake

Treecode Physical observation
Manilkara Almost all the logs had no bark; 30 bird holes widemntified on one of the logs; some had a cylicalrbole; a knot was
multinervis identified with a hole at 5cm to the top on onéhaf logs; another log had a big knot at 1m fromttipe One of the logs

had a small buttress and dead knots identifiedeattiddle of the log while about a half of the l#ngf the log from the
top was covered with bark.

Erythrophyleum All the logs were crooked and had no bark; one bals with double heart (pith) at the top portiad & bird holes were
guinense identified on one of the logs

Diospyros One of the logs was big with a hole of length 2anrthe butt diameter, but decreased in size tosweltop; 2 of the
mespiliformis logs had big knots at the center of the log and bales were observed but had no bark
Cylicodiscus The boles were cylindrical throughout, logs wergwith no bark, knots or bed holes
gabunensis
146
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Dimensions of logs

Table 2 shows the average dimensions of the erttdogs with their degree of taper and the tot&imes for both
the extracted and cross-cut logs for the four tingpecies. Mean average diameters for the extrdotgdranged
between 0.44mHErythrophyleum guinenydo 0.57m Diospyros mespiliformjswhile the average lengths varied
from 2.9m Erythrophyleum guinensen) to 5.62m Cylicodiscus gabunengisThese show that the sizes of
Erythrophyleum guinensgere minimal as compared Biospyros mespiliformiand Cylicodiscus gabunensi§he
average log taper (slope) per species also rangsdvebn 0.014 Qylicodiscus gabunengisand 0.025
(Erythrophyleum guinen}éndicating that the logs dEylicodiscus gabunensigere slightly uniform in shape than
the rest withErythrophyleum guinendeeing the poorest. The total volume of the exéddbgs, on species basis as
indicated in Table 2, was higher withanilkara multinervis(3.395 m3) and the lowest wB$ospyros mespiliformis
(0.802 m3). The percentage losses in volume aftesecutting the extracted logs into shorter oneevinigher with
the Diospyros mespiliformi§24%), which was due to the defectiveness ofalys (rotten heart and tapered — Tables
1 & 2). From Figure 8, the highest percentage lieddywas recorded bkrythrophyleum guinens@00%), as the
length of the logs was maintained without crossiegt This was followed byanilkara multinervis(94%) and
Cylicodiscus gabunens{88%) whileDiospyros mespiliformisecorded 76%. These were mostly due to the degree
of the defects that were observed on the logs befooss-cutting. The average log yield for all gpecies put
together was estimated as 92%. These values drerhipart fronDiospyros mespiliformighan those obtained for
Piptadeniastrum africanunDahoma) — 75% anblesogordonia papaveriferéDanta) — 81% that were extracted
from the natural forest [15].

Table 2: Average dimensionsand total volume of logs of the 4 timber speciesextracted

Volume m*
Species Butt diameter (m) Top diameter (m) Length (m) extracted cross-cut Averagelog taper
logs logs
Manilkara multinervis 0.52 0.38 4.79 3.395 3.201 0.015
Erythrophyleum guinense 0.51 0.37 2.9 0.939 0.939 0.025
Diospyros mespiliform 0.6 0.51 3.1¢ 0.802 0.6( 0.01¢
Cylicodiscus gabunensis 0.64 0.48 5.62 1.378 1.215 0.014

Physical observation during and after sawing

The lumber pieces generated were of different tiéskes (30mm — 74mm) and widths (4.6cm — 44.6cpgrdéng
upon the ease of cut. Table 3 gives the resulthefphysical observations that were made during aftet the
sawing of the logs into lumbefylicodiscus gabunensispecies whose logs were easily sawn generated good
quality lumber whileDiospyros mespiliformiandErythrophyleum guinensspecies codes posed slightly difficult in
milling because of the hole and crooked natureneflogs of the species respectively as indicateBainle 1. The
effect of saw blunting was from slighErfythrophyleum guinens& Cylicodiscus gabunengiso moderate
(Diospyros mespiliformig Manilkara multinervi$. All the species were hard and heavy. Peppergdent) smell
was felt wherManilkara multinervisogs were being milled. The colours of the lumbkthe various species were
distinct especially betwedniospyros mespiliformignd the other three species. After a period oé tias shown in
Figure 7, the colours betwedtrythrophyleum guinensgerythrophyleum guinense top right) andCylicodiscus
gabunensigDenya / Okan — bottom left) became difficult fasual identification. This might be due to colour
pigment that might have been lost during air dryafithe species. The heartwood and sapwood codmuidentified
from the lumber pieces of the various speciesratizated in Table 3.

Table 3: Observations made during and after milling of the logs

Species Observation

Manilkara multinervis | Difficult to saw, moderate blunting effect, intatrant lighting, centre splits and checks on lumisenooth milling.
Heartwood, Reddish-brown. and Sapwood, Pale red

Erythrophyleum Very difficult to saw, moderate blunting effect. &tavood, Yellowish-brown and Sapwood, Light yellow

guinense
Diospyros Very difficult to saw, Cracking noise, saw bluntimgs moderate. Heartwood, Dark brown and Sapwoledip&olour
mesgpliformis
Cylicodiscus Moderately easy to saw, slight blunting effect, ¢jgoality lumber generated. Heartwood, Yellow tédga brown and
gabunensis Sapwood, Pale pink
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Diospvyro: Erythrophyleun

[ oncoason [ vrnare |

Figure7: Display of samples of the four speciesfrom the Volta L ake

Lumber generated

Figure 8 shows the lumber volume yield from therfepecies, which varies from 53.1% to 58.9%. Thyhést yield
was recorded bgylicodiscus gabunensighich was due to the shape of the logs in corsparwith the other three
speciesManilkara multinervisrecorded the lowest because most of the logs defective (had bird holes and dead
knots). The percentage lumber volume yield of 38rDiospyros mespiliformigs encouraging because one of the
logs was hollow, and the volume of the rotten portof the wood (heart rot) was estimated to be®r® Milling

of the logs ofDiospyros mespiliformisvas difficult, some cracking noise was heard drel@nvironment became
dusty, which might be due to the hollow naturetaf tefective log. The average lumber volume yielddl the
four species put together was estimated as 54.38tir@-8), which is higher than that recorded by lészale
sawmills (40%) and comparable with those of medagale and large-scale sawmills in Ghana as repbstd8].
The average lumber volume yield with respect to ektracted logs for the species was 49.8% (FigureTBe
lumber value yield ranged from 39% (forospyros mespiliformjsto 47% Cylicodiscus gabunengis

(=]

4
100.01 . 5

80.07 -7

60.0 ) I 53.2 4 49.

40.0

Percentage yield

20.0

0.0

Manikara Erythrophyleum Diospyros Cylicodiscus Ave for all Ave with long
species logs

Timber species

O log Yield O Lumberyield

Figure 8: Log and lumber yields of four wood species from the Volta L ake
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The time spent in milling the logs of each spe¢wdy when the machine was in operation) variednf@56hr (for

Diospyros mespiliform)sto 3.39hrs (forManilkara multinervi$ with cross-cut logs of 0.607and 3.201rh

respectively. So the total machine time for proicegsall the logs was 6.94 hrs. The rate at whighdfoss-cut logs
of each species were milled into lumber, as shawfigure 9, also varied from 0.345/hr (for Erythrophyleum
guinensgto 0.574 riyhr (for Diospyros mespiliformjs This resulted in an average production rate.468 ni/hr at

a standard deviation of 0.168. [15] have reportedtiee production rates fdPiptadeniastrum africanunand

Nesogordonia papaveriferas 1.49 rithr and 1.25 riihr respectively, using a Wood-Mizer of model LT. 3he

difference may be due to the large saw kerf foestor swivel machine (circular saw) that was usenhilling the

logs from the Volta Lake as that of the Wood-Migearrow band saw) is known to be comparatively mnal

0.574
0.600- 0.502

0471 0468

0.500+

0.345
0.400+

0.300+

0.200+

0.100+

Lumber production rate m3/hr

0.000

Manikara Erythrophyleum  Diospyros Cylicodiscus Ave for all
species

Timber species

Figure 9: Therate of lumber generation from four wood species from the Volta Lake

The total quantity of petrol that was used in pesoeg all the logs was about 29 litres, of whica donsumption
rate per species, as shown in Figure 10, rangeudeket 7.165 lit/m (for Cylicodiscus gabunensiso 10.748 lit/mi
(for Diospyros mespiliform)s These indicate that the fuel used in millingdag generate 1#of lumber was lower
with Cylicodiscus gabunens{§.12 litres) than the rest of the three speciéss might be due to the shape of the
log, other defects were comparatively less ancettee of milling. This was followed bytanilkaramultinervis(8.1
litres) andErythrophyleum guineng@.98 litres) with 10.75 litres recorded Byospyros mespiliformigFigure 10).
The high fuel consumption could be attributed te #ome major log defects (big knots, big hole vdtst)
exhibited by the logs. The average petrol conswnpiate for the four timber species was 8.819 fit/Atcording
to [15], the fuel consumption rates fBiptadeniastrum africanurandNsogordonia papaverifer&com the natural
forest, when a Wood-Mizer was used in milling wérgé8 and 7.1 respectively. These lower consumptdes, in
comparison with those obtained from the study, @¢dad due to the differences in the milling machingsd and the
anatomical properties of the species.

12+

10+

7.165

Fuel consumption rate Lit/m3
(2]

Manikara Erythrophyleum Diospyros Cylicodiscus Awe for all
species

Timber species

Figure 10: Fuel used for milling four wood speciesfrom the Volta Lake
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Graded lumber

Lumber grading is the process whereby lumber piace<lassified according to their surface qualityis is based
on the quantity and degree of the defects on timbéw surfaces. The lumber pieces obtained fronmilig of the
logs from the Volta Lake were assessed and grougedfour (4) grades on species basis as shownalrleT4.
Ghana lumber grading rules, which are used byithleer industry in grading lumber in Ghana, weredusgrade 1
and grade 4 products were the best and poor résggctThe highest percentage lumber of grade 1 seased by
Cylicodiscus gabunensi@4%) followed byErythrophyleum guinens€’0%) andManilkara multinervis(55%)
while Diospyros mespiliformisecorded the least percentage of 46. The logseoftte two species that recorded the
best lumber gradeClylicodiscus gabunengislid not have bird holes, heart rot and dead kaatsErythrophyleum
guinensehad only three bird holes as compared to the dtherspecies (Table 1). The Percentage grade 2dumb
varied from 11% Cylicodiscus gabunengiso 25% Diospyros mespiliform)swhile grade 3 ranged between 5%
(Cylicodiscus gabunengisand 18% Manilkara multinerviy. Consistently, as shown in Table 4, the percentag
lumber grades fo€ylicodiscus gabunensandErythrophyleum guinensgecreased towards the poor quality grade
(grade 4). This is an indication that the logsh# tvood species were of good quality and hencedefective as
compare tdManilkara multinervisandDiospyros mespiliformisvho had some of the lumber graded 4 (as 12% and
18% grade 4 respectively). Again, the estimatedbleinvalue yield varied from 399%®{ospyros mespiliformjsto
47% (Cylicodiscus gabunensi3hese results indicate that there is high paaewnti generating high quality lumber
from the species extracted from the Volta Lake,clwhiill yield high values.

Table 4: Percentage lumber graded on species basis

Species Gradel | Grade2 | Grade3 | Grade4
Manilkara multinervis 55 15 18 12
Erythrophyleum guinense 70 21 9 0
Diospyros mespiliformis 46 25 11 18
Cylicodiscus gabunensis| 84 11 5 0

CONCLUSIONS

The results of the study have shown that the spaxe be sawn, sawing is moderately easy to véfigudi and
also cause slight to moderate blunting effect of.sa

Notwithstanding these, there are indications fromresults that the wood species in the Volta Lake:

Can be milled using Forestor swivel machine

The efficiency ratios are comparable to those fratural forest milled with Wood-Mizer

Defects observed on the logs did not cause anyfisigmt effect on the lumber recoveries of the tambpecies
The lumber value yield for the four timber speci@sged between 39% and 47%

The fuel consumption rates were quite okay evemgdhditerature results generated from a Wood-Mizere
comparatively quite lower. But the production raaebieved are quite lower as compared to thater@liure

» Lumber generated were aesthetically good

» Percentage grade 1 lumber for each of the spe@ssigher than the other grades.

» Sawing quality was satisfactory

» Cylicodiscus gabunensiecorded the highest number of quality lumberofeitd byErythrophyleum guinense
Manilkara multinervisandDiospyros mespiliformis

» Lack of bark minimized the volumes of residues gatesl

The results of the study as compared to literahareée revealed some differences which are due tdifferent

wood milling machines that were used and the anatdoharacteristics of the different species ithbeases. In
considering portable machines for milling the wotading cognizance of the fact that: Wood-Mizer bamller saw
kerf as compared to circular saw for Forestor slvivachine and the results of the milling charastas of wood,
using Wood-Mizer, comparatively gave better restilts therefore recommended that Wood-Mizer caalkb be
considered in processing timber logs that will kizaeted from the Volta Lake. Again. It is recomrded that other
working properties of the four species studied #rad for those “new” species to be extracted frbva sea should
be investigated for their efficient utilization.
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