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Abstract 
 
Overstocked, overmature stands of lodgepole pine (Pinus contorta var. latifolia Engl.) occupy as much as 
50% of BC’s commercial forest landbase. These stands are characterized by an over abundance of stems 
that are less than 10 cm in diameter at breast height, which is an unsuitable feedstock for the lumber 
production. Four sites in southern B.C., two in the Cranbrook TSA and two in the Kamloops TSA, that 
are characterized as overstocked, small diameter lodgepole pine were surveyed and the trees on those sites 
characterized and quantified. It was found that a significant proportion of the stems on these sites were of 
merchantable sizes. Subsequent pulping studies showed that, while wood from these sites may not be 
suitable for thermomechanical pulping; it was of acceptable quality for kraft pulping. Harvesting and 
processing these small diameter stems is costly. In this report we suggest several ways that credits for 
carbon sequestration could be used to offset some of these costs. 
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Characterization of Overstocked Overmature 
Lodgepole Pine Stands 
 
The criteria used to select sites for sampling were that the sites must be overstocked (3000stems per ha.) 
with, predominantly, lodgepole pine (Pinus contorta) that are mature (60-100 yrs) to overmature (110-
130 yrs), and that tended to have DBHs (diameter at breast height) of 10 cm or less. Four sites in two 
different forest regions of British Columbia that appeared to meet these criteria were sampled between 
December 2nd 2002 and January 17th, 2003. These stands were classified as “small diameter, overstocked 
lodgepole pine stands” by local foresters enlisted to assist with this project. Two sites are located in the 
Nelson forest region. The other two other sites are in the Kamloops forest region. (Figure 1).  
 
The first two sites, Hogg Creek and Hosmer, are located near the town of Cranbrook, BC in the 
Cranbrook timber supply area. The Hogg site is located at 49°35’25’’ north latitude and 114°57’07’’ west 
longitude. This site is located on the Hogg creek forest service road, which is accessed about 5 kilometres 
south west of Cranbrook along highway 3. The site sits at 1030 meters above sea level. The Hosmer site 
is located at 49°35’25’’ north latitude and 114°57’07’’ west longitude. This site is located on the Hosmer 
forest service road, which is accessed about 100 kilometres east of Cranbrook or 8 kilometres east of 
Fernie, BC. The site sits at 1040 metres above sea level. 
 
The other sites are located near Kamloops, BC in the Kamloops timber supply area. Both sites are located 
on the Surrey-Sussex forest service road which is located about 35 kilometres south of Kamloops on 
highway 5. Surrey A is located at 50°25’10’’ north latitude and 120°38’45’’ east longitude. This site is 
located at approximately 6 kilometres on the Surrey-Sussex road and at 1500 metres above sea level. 
Surrey B is located at 50°27’20’’ north latitude and 120°38’05’’ west longitude. This site is located at 
about 2 kilometres on the Surrey-Sussex forest service road and at 1370 metres above sea level.  
 
All sites were sampled in the following manner. Three variable radius subplots were established at each 
site. In each subplot, stand density (stems per hectare) as well as the DBH of 100 stems were measured. 
An ecological classification was completed at the third subplot for each site according to the 
biogeoclimatic ecosystem classification system (BEC). Snow coverage in the Kamloops area was 
significant and this made site classification difficult. Twenty-five harvest trees were then chosen at the 
third subplot of each site based on the diameter distribution of the subplots. These trees were cut at least 
two tree lengths from any road or other edge to reduce edge effect. Other factors such as presence and 
abundance of pathogens were also considered when choosing harvest trees. The trees were felled and cut 
to manageable lengths so that they could be transported back to Paprican. Lengths were measured and 
recorded for each tree and a number of tree disks were cut from each stem during harvesting for further 
analysis. 
 
One requirement of the study was that each site should represent a different ecosystem supporting similar 
stand types (i.e., high-density, small diameter, old, monoculture Lodgepole pine stands). Each site was in 
a different biogeoclimatic zone except in one case where sites were differentiated by biogeoclimatic 
subzone (Table I). Biogeoclimatic zone, subzone and variant were identified by mapping and then were 
confirmed in the field. Site factors, vegetation complexes and soil characteristics were considered when 
determining site series. Site index for lodgepole pine was determined based on the site series designation. 
 
After all site and stand data were collected, all harvested trees were identified, and cookies were cut at 
specific lengths from each stem. These were used to accurately estimate wood and bark volumes as well 
as wood densities (via water displacement). The wood was then shipped to Mission, BC were the logs 
were processed in a portable drum debarker. Bark residue was collected, quantified, and bark densities 
were also determined. The debarker was an “in-woods” debarking system and represents the type of 
system that would likely be used during a commercial operation utilizing these types of stands. Bark and 
broken whitewood lost during the debarking process was collected for subsequent studies on debarking 
efficiency, total bark content and overall carbon content. The wood was then shipped to Paprican for 
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chipping and pulping as part of the pulp quality and fibre quality analysis section of this study. The wood 
was chipped using a CM&E 10 knife disc chipper. The chips were well mixed, subsampled and stored 
frozen until required for analysis and pulping. The characteristics of the four sites sampled for this study 
are summarized in Table I. 
 
Table I.  
Biogeoclimatic classification and site index for each site in Overstocked Overmature Lodgepole pine 
study. 

Site  Location BGC 
zone 

Subzone/ 
variant 

Site Index Stand Density 
(stems per ha.) 

% of stems per 
ha. represented 

by 300 stems  
Hogg 
Creek 

Cranbrook MS dk 18 3650 8.2% 

Hosmer Cranbrook ICH mk1 21 3700 8.1% 
SurreyA Kamloops MS xk 18 4100 7.3% 
SurreyB Kamloops IDF dk1 18 6000 5.0% 

 
 

 
 
Figure 1. Map of southern British Columbia showing the location of the four sites. 
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Table II. 
The DBH distributions of the three plots from each of the sites were compared via the Kruskal-Wallis test 
Bold face text indicates that at least one of the means of the 3 plots differed significantly from one of the 
others at the 95% confidence level. 

 Mean  DBH  
(Std. Dev.) 

Probability that two plot 
means differ significantly 

(K-W Test) 

Range of 
plot means 

Comment 

Hogg Creek 10.4 cm    (2.8) 0.047 1.07 cm Between plot variance 
minor, all plot means 
considered  equal 

Hosmer 12.1 cm    (3.5) 0.000 3.32 cm Plot A had a significantly 
lower mean than Plots 

B,C. 
SurreyA 11.5 cm    (3.4) 0.014 1.48 cm Between plot variance 

minor, all plot means 
considered  equal 

SurreyB 7.9   cm    (2.8) 0.227 0.62 cm No significant difference 
between plot means 

 
The results presented in Table II illustrate the diversity in tree dimensions, as indicated by DBH, within a 
given stand. In only one stand were the average DBHs of the three plots equal (SurreyB). In two of the 
sites (Hogg Creek, SurreyA), where the average DBHs of the three within-site plots differed significantly, 
the range in DBHs was less than 1.5 cm which was considered minor. Upon closer examination of the 
within-site variance in the DBHs of the Hosmer site, it was found that most of the variance was attributed 
to 1 of three plots. This may be due to localized environmental effects that may adversely influence tree 
growth. This data shows the variance in DBH and, by inference, the variance that can be expected in other 
tree properties in stands of overstocked, overmature lodgepole pine. The within-site variability in DBH 
was not considered large enough to affect the conclusions of this study and, therefore, will the overall 
DBH distribution of each site will be used for further comparisons. The complete DBH dataset for the 300 
stems from each of the four sites is presented in Appendix 1. 
 
The DBH distribution of the 300 stems from each site were compared with those of the corresponding 25 
harvested stems from each site via the Kruckal-Wallis one-way analysis of variance protocols (Table III). 
In addition the mean DBHs were compared via t-test – separate variance. The results presented in Table 
III confirm that the 25 harvested trees are a representative subsample of the 300 stems from each site, as 
based on a comparison of their DBHs. Key properties of the 25 harvested stems are summarized in Table 
IV and the entire datasets for the stems harvested from each site are presented in Appendix 2. As the 25 
stems harvested from each site were deemed to be representative subsamples of the 300 stems from that 
site, and the 300 stems were deemed to be representative of the overall stand, the properties of the 25 
harvested stems were used to extrapolate the overall properties of the stands under investigation. In this 
way, stand properties such as white wood volume and mass, per hectare, were calculated and are 
presented in Table IV. 
 



Page 5 

 
Table III. 
Comparisons of the mean DBHs (t-test-separated variances) and DBH distributions (K-W one-way 
analysis of variance) of the 300 stems measured and the 25 stems harvested from each site. 

 DBH of 300 stems DBH of 25 harvested stems Probability* 
 Mean Std. Dev. Mean Std. Dev. K-W 

test 
t-test 

Hogg Creek 10.4 cm 2.8 10.4 cm 2.1 0.207 1.000 
Hosmer 12.1 cm 3.5 11.5 cm 2.0 0.191 0.436 
SurreyA 11.5 cm 3.4 11.3 cm 2.5 0.171 1.000 
SurreyB 7.9 cm 2.8 8.2 cm 2.0 0.595 0.501 

* if the probability is less than 0.050, then the distributions of the two sample sizes differ significantly 
(K-W test) and/or their means differ significantly (t-test). 
 
Table IV.  
Mean tree age and height as well as estimated white wood volume and mass for the 25 harvested trees from each 
site as well as the per hectare for each site. Standard deviations are given in brackets. 

Site Mean age of 
25 stems (yr) 

Mean height 
of 25  

stems (m) 

Wood volume 
of 25  

stems (m3)* 

Stand density 
(stems/Ha) 

Wood 
volume  
(m3 /Ha) 

Wood 
density 
(Kg/m3) 

Wood 
Mass  

(t /Ha) 
Hogg 79  (8) 13.4  (1.3) 2.06 3650 301 389 117 
Hosmer 83 (7) 15.4  (1.3) 2.47 3700 366 411 150 
Surrey A 57 (5) 14.3  (2.2) 2.43 4100 399 400 159 
Surrey B 56 (6) 11.6  (1.5) 1.16 6000 278 391 109 
*Calculated from height and diameter at breast height (DBH) data using Newton’s equation for cubic volume (V) 
determination:  V = 0.00001309(D2

0 + 4D2
1/2 + D2

1)L, where, D0 is diameter at large end, D1/2 is middle diameter 
and D1 is diameter at small end (cm) and L is length (m).  Wood volume calculated on the basis of bark removal. 
 
The data presented in Table IV allows an assessment of the stand characteristics to determine whether 
they meet the criteria for overstocked, overmature lodgepole pine stands as defined at the beginning of 
this section. As a review, these criteria were that the sites must be overstocked (more than 3000 stems per 
ha.) with, predominantly, lodgepole pine (Pinus contorta) that are mature (60-100 yrs) to overmature 
(110-130 yrs), and that tended to have DBHs (diameter at breast height) of 10 cm or less.  In the four 
sites, lodgepole pine was virtually the only tree species present and the stand densities of all four sites 
were greater than 3000 stems per hectare. Therefore, these two criteria were met.  
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Figure 2. Age distribution of the 25 harvested stems from each site. 
 
The mean ages of the 25 stems harvested from each of the sites is presented in Table IV. The variation in 
average tree age of the four sites was small, less than 10% of the mean, indicating that the stands were of 
near uniform age. Two of the sites (Hogg Creek and Hosmer), had average ages that were within the 
“mature” age class. The two Kamloops sites were slightly younger than the minimum 60 yrs designated 
as “mature”. Closer scrutiny of the age distributions of the stands (Figure 3) shows that for the two 
Kamloops sites, over 85% of the stems harvested were between 50-80 years. Of these, over 60% were 58 
years or older. Overall, most of the individual trees in these two stands were within two years of the 60 
year designation of a mature stand. Therefore, the two sites from the Cranbrook district met the age 
criterion for a mature stand, and more than half of the stems in the Kamloops sites were within two years 
of the age criterion. This is considered acceptable for the goals of this project, when practical constraints 
are taken into consideration. 
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Figure 3.  The frequency distribution of the DBHs of the 300 stems for each of the sites. 
 
A large proportion of the stems measured at each site have DBHs larger than the 10 cm that is considered 
the minimum for economically sustainable lumber recovery (Figure 3). In one site (SurreyB), more than 
64% of the stems were smaller than 10 cm at breast height. In the other three sites, over 60% of their 
stems were larger than 10 cm at breast height, indicating that there was some merchantable lumber value 
in these larger trees. One site (Hosmer) even had a small, albeit significant, proportion of stems that had 
DBHs that were greater than 20 cm. Very similar DBH distributions were evident in the 300 stems 
surveyed for each site. Therefore, some of the stands examined in this study did not meet the DBH 
criterion of 10 cm or less. However, as a significant proportion of the stems within these stands do meet 
this criterion, these sites are deemed to be acceptable for the purposes of this study. 
 
These results indicate that there may be significant volumes of lumber quality logs in these types of 
overstocked, overmature lodgepole pine stands. The cost of harvesting and sorting larger stems from the 
smaller ones may preclude their conversion into lumber, however if technologies and harvesting strategies 
can be developed that expedite this task in an industrially applicable manner, it may be possible to capture 
the value in these larger logs. The DBHs of the trees in the four sites examined were considered 
acceptable for the goals of this study, specifically the assessment of the suitability of such stands as a 
fibre source for the pulp and paper industry.   
 
Table V. 
Estimated bark volume and mass per hectare for each site. 
Site Bark Volume 

of 25 stems 
(m3 ) 

Bark Mass 
of 25 stems 

(kg) 

Stand 
density 

(stems/Ha) 

Bark denity 
(Kg/m3) 

Bark Mass 
(tonnes/Ha) 

Hogg Creek 0.36 112 3650 312 16.4 
Hosmer 0.53 121 3700 228 17.9 
SurreyA 0.34 118 4100 347 19.4 
SurreyB 0.20 50 6000 252 12.0 
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From Tables IV and V, it was estimated that 12-14% of the mass of each harvested stem was bark. There 
were no significant differences in these mass proportions between sites, but bark densities did differ 
between sites. It was estimated that trees of merchantable diameters (18 cm in DBH, 20 m in height) with 
similar bark properties would produce 13% less bark than the smaller diameter trees harvested in this 
study because of their lower surface area for a given wood volume. This serves to highlight one of the 
issues associated with processing small diameter trees, namely that more waste, in the form of bark, is 
generated.  
 
 
Summary 
 
In this section, four stands overstocked with mature, small diameter lodgepole pine were thoroughly 
characterized. Wood volumes and masses were estimated, as were those of bark, and the proportion of 
non-merchantable logs were quantified. This data will be needed to quantify the amount of fibre that can 
be expected from these types of stands.  
 
In the Kamloops timber supply area (TSA), as much as 165,000 hectares of “poor quality conifers” are 
available [1]. Some of this timber may have been reclassified as sawlogs but significant volumes of this 
type of timber are still available. In the Cranbrook TSA about 21,000 hectares of stands, described as “too 
dense”, have been identified [1]. This study has shown that there are significant volumes of timber on 
these sites that are of merchantable quality (Figure 2). If these sites are considered typical of the type of 
stands in their respective TSAs, then the Kamloops TSA could supply between 14,600,000 and 
16,600,000 tonnes, and the Cranbrook TSA between 1,600,000 and 1,900,000 tonnes, of wood for the 
B.C pulping industry. These estimates take into consideration 50% chip recovery from the merchantable 
timber on these sites.  
 
The wood in the overstocked represents a potentially huge fibre source for the provincial pulp and paper 
industry. But before this can be realized two questions must be addressed. The first addresses cost. The 
harvesting and processing of small diameter stems is costly when compared to that of large diameter 
timber where lumber recovery is the main goal. This question will be addressed in an accompanying 
report that compares different harvesting, transport and processing strategies for small diameter stems. 
The second question that needs to be addressed is whether the fibre in these overstocked stands is suitable 
for pulping. Quality is of the utmost importance to the B.C. pulp industry and must be maintained or 
improved if markets are to be kept or expanded. In light of this, the industry is very sensitive to anything 
that can adversely affect pulp quality. In the next section of this report, the wood from the sites under 
investigation are assessed for their pulping and pulp properties for both the kraft and thermomechanical 
pulping processes. 
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Pulping of Small Diameter Lodgepole Pine from 
Overstocked, OverMature Stands 
 
In this section, the small diameter lodgepole pine stems harvested from the four sites are assessed for their 
pulping and pulp properties for both kraft and thermomechanical pulping processes. 
 
Chip Preparation, Classification and Density Determination 
 
The 25 trees randomly harvested from each of the four sites transported to a site in mission, B.C. where 
they were debarked using an in-woods debarker specifically developed for this type of operation (Bob 
Bowden, Jones construction, personal communication). Debarked logs were transported to Paprican’s 
Vancouver laboratory where residual bark was removed by hand, and the cleaned logs were weighed prior 
to chipping. The logs were chipped by a 36´´ 10-knife disc chipper. Chips from each sample were well 
mixed, air-dried to about 90% solid content and classified by size according to the Hatton [2]. Accept 
chips (2-6 mm thickness) were well mixed before representative samples were taken for determining chip 
density, chip-packing density and for pulping. Loose chip packing density was determined by method 
described by Hatton [2]. Chip densities were determined by a modified PAPTA C method A.1H.   
 
Debarking and chipping Efficiency 
 
Table VI. 
Total bark mass from the 25 representative stems from each site and the amount of bark 
removed by the debarker expressed as a mass and as a percentage of the total bark 
present.  

 Total Bark 
mass (kg) 

Bark density 
(kg/M3) 

Debarker 
Refuse (kg) 

Bark Removed 

Hogg Creek 112 312 56 50% 
Hosmer 119 228 65 55% 
SurreyA 118 347 84 71% 
SurreyB 50 252 30 60% 

 
The representative stems were debarked in an in-wood debarker specifically developed for this type of 
operation. It should be stressed that, due to the relatively low volumes of wood this debarker was not 
operating at its maximum efficiency. That said, the overall debarking efficiency was deemed to be low, 
with 30-50% of the original bark remaining on the logs (Table VI). If the logs from this study were 
chipped with this amount of residual bark, it is estimated that the bark content would be excessively high 
(~5%) and that this would confound the ensuing pulping data. To avoid this, and to get a true 
representation of the pulping and pulp properties of the white wood, excess residual bark was removed by 
hand prior to chipping. In current industrial operations, residual bark contents of 1% or less are typical 
and would be expected from any chip source. Therefore, debarking must be thorough if this wood is to be 
considered as a feedstock for the pulping industry. 
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Table VII.  
Properties of chips obtained from the harvested stems from each of the four sites. 
 Hogg Creek Hosmer Surrey A  Surrey B  
45 mm round hole (overlarge), % 0.1 0.0 0.2 0.0 
10 mm slot (overthick), % 5.3 5.8 6.8 7.1 
7 mm round hole (accept), % 86.7 86.4 86.0 85.9 
3 mm round hole (pins), % 6.5 6.6 5.8 5.6 
Pan (fines), %  1.4 1.3 1.3 1.4 
Chip Packing Density, kg/m3 203 210 209 207 
Chip Basic Density, kg/m3 389 411 400 391 
Solids content (% wet wt basis) 53.1 53.8 49.0 48.6 

 
The results presented in Table VII show that chips with acceptable size distributions can be produced 
from the small diameter logs used in this study. Chip recovery was 97-99% which suggests that the stems 
were straight, albeit small, and that the wood quality was suitable for this process. Furthermore, the very 
low level of the overlarge (45 mm round hole) fractions further suggesting that the logs were straight and 
had few knots. While chip quality is as much a function of chipper operation and maintenance as it is of 
wood quality, the results obtained in this study indicate that the logs from these sites were suitable for 
whole log chipping.  
 
Chip basic density, or average wood density, for the four sites are comparable to those reported by Hatton 
[7] for mature/topwood and would be expected for whole tree chips. In general, the wood densities 
measured for these samples were in the lower end of the range of densities reported for B.C. grown 
lodgepole pines [3]. Chips made from trees harvested from the Hosmer site tended to have basic densities 
that were higher than those from the other sites. This is most likely due to local environmental factors as 
determined by the BGCZ. However, BGCZ may not be the sole determinant of density. For example, 
Hogg Creek and SurreyB, both situated in relatively dry sub zones (Table I), had very different solids 
contents (Table VII). Therefore, other factors most certainly contribute to wood properties. All factors 
considered, the wood densities did not differ significantly between sites. 
 
The results presented in this section clearly indicate that the chips produced from logs obtained from the 
four overstocked sites would be acceptable for pulping. However, in order to truly assess the suitability of 
the wood from these sites for this purpose, pilot scale pulping trials, both kraft and thermomechanical, 
must be done and the quality of the ensuing pulps determined. 
 
Kraft Pulping and Pulp Properties 
 
Three representative aliquots of accept chips (2 – 6mm) from each of the four samples were kraft cooked 
in bombs (50 gram, oven-dried charge) within a B-K micro-digester assembly [5]. 
 
The cooking conditions were as follows: 
 
Time to maximum temperature    : 135 min 
Maximum cooking temperature    : 170°C 
Effective alkali, % oven dried weight of wood  : 16 
% Sulphidity      : 25 
Liquid to wood ratio     : 4.5:1 
H - factor       : 900 - 1500 
 
All the pulps produced were washed, oven dried and weighed to determine pulp yield. Pulp kappa number 
and black liquor residual effective alkali were determined by standard procedures. From these results the 
optimum cooking conditions required to produce kraft pulps at 30 kappa number were estimated by fitting 
regression lines through each set of data (r2 > 0.95). Large quantities of kraft pulp were subsequently 
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produced in a 28L Weverk laboratory digester. The pulps produced were disintegrated, washed, and 
screened through an 8-cut screen plate. The fibre properties of kraft pulps at 30-kappa number were 
analyzed using a Fibre Quality Analyzer (FQA) instrument. 
 
All kraft pulps were tested in the following manner. Four point beating curves were constructed using PFI 
mill runs of 0, 3,000, 6,000 and 12,000 revolutions according to PAPTAC standard C7. Canadian 
standard freeness was determined for each point according to PAPTAC standard C1. Handsheets were 
formed and tested for physical and optical properties using PAPTAC standard methods. 
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Figure 4.  Effect of H-factor on pulping of chips from the four different sites. 
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Figure 5. Kappa number vs. Unscreened Pulp Yield for chips from the four different sites. 
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Site effects on wood quality had no noticeable effect on the rate of kraft pulping of the four different chip 
samples as is evident from the similar relationships between Kappa number and H-factor (Figures 4 and 
5). In comparison with other pulping studies done with lodgepole pine from a range of sites (Figure 6), 
we see that the chips from the four sites used in this study tended to be easier to pulp, as indicated by the 
lower H-factor required to achieve a given kappa number, and had pulp yields that were mid-way 
between those of juvenile wood and mature wood. This is expected for whole tree chips, such as these 
harvested stems, which contain both juvenile and mature woods. 
 
The fibre properties (fibre length and coarseness) of the kraft pulps made from these chips are presented 
in Figure 7. The results indicate that pulps made from the SurreyB chips tended to have shorter, finer 
fibres, than those of the pulps that originated from the other sites. The Hosmer pulps tended to have the 
longest, coarsest fibres of the four types. In comparison with other lodgepole pine pulps, those produced 
in this study tended to be shorter and finer than that reported in the literature [5]. However, it should be 
noted that the fibre properties reported in this study are within the expected ranges for this species.  
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Figure 6. Comparison of % unscreened pulp yield at 35 kappa number with H-factor for lodgepole pine chips 
obtained from the four sites examined in this study and four other sites in BC and Alberta. 
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Figure 7. Length-weighted fibre lengths (LwFL) and fibre coarsenesses of the kraft pulps made from the 
chips that originated from the four sites surveyed in this study. 
 
Handsheet properties for the pulps made from wood that originated from the four sites surveyed in this 
study are presented in Appendix 3. Selected relationships between site and handsheet properties are 
discussed and, for the sake of perspective, are compared with similar datasets from other lodgepole pine 
studies.  
 
Pulp properties were developed by beating and progressed in a manner typical for these types of pulps. Of 
specific interest in this study is the development of tear/tensile strength as some of the pulps examined in 
this study tended to have shorter fibre lengths than expected for mature lodgepole pines (see Figure 7). 
The reasons for this are not evident. The trees from the Hogg Creek and Hosmer sites are significantly 
older than those from the SurreyA and SurreyB sites (Table IV, Figure 2). This suggests that the trees 
from the two Cranbrook TSA sites have a higher proportion of mature wood than the wood from the 
Kamloops TSA sites. Fibres from mature wood tend to be longer than those of juvenile wood, therefore, 
the proportion of these two types of wood within a stem can have a major impact on fibre length as well 
as other properties. However, environmental factors, as indicated by site index and BGCZ, are known to 
affect fibre properties such as length. While no significant environmental effects on fibre quality were 
noted in this study, the range of discrete sites examined was too small to assess the effects of BGCZ or 
site index on these  
 
The tear/tensile relationship of the four pulps are presented in Figure 8. While the tear indexes of the two 
Surrey pulps tended to be lower, at a given tensile index, than that of the two Cranbrook pulps, all the 
pulps generated during the course of this study had strength properties that were comparable to a range of 
pulps made from both mature and juvenile lodgepole pine woods from different sites (Figure 8). 
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Figure 8. Tear Index vs. Tensile Index for the four pulps generated in this study (solid red symbols). For 
comparison, data for similar lodgepole pine kraft pulps made from juvenile wood (open diamond symbols) 
and mature wood (open square symbols) are also presented.  
 

60

110

160

210

260

310

360

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150

Tensile Index (N*m/g)

Sc
at

te
rin

g 
C

oe
ffi

ci
en

t (
cm

2/
g)

Site 1: Hogg - Cranbrook

Site 2: Hosmer - Cranbrook

Site 3: Surrey A - Kamloops

Site 4: Surrey A - Kamloops

Juvenile Wood - Loon Lake,BC 

Mature Wood - Loon Lake,BC 

Juvenile Wood -Sulpher Springs,BC 

Mature Wood - Sulpher Springs,BC 

Juvenile Wood - Simonette,Alta

Mature Wood - Simonette,Alta

Juvenile Wood - Marlbolo,Alta 

Mature Wood - Marlbolo,Alta 

 
Figure 9. Scattering Coefficient vs. Tensile Index for the four pulps generated in this study (solid red 
symbols). For comparison, data for similar lodgepole pine kraft pulps made from juvenile wood (open 
diamond symbols) and mature wood (open square symbols) are also presented.  
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Further comparisons show that handsheets made from pulps that originated from the overmature stands 
had similar scattering coefficients at a given tensile index to those of the pulps originating from other sites 
(Figure 9). This implies that sheet formation is very similar for all the pulps examined.  
 
The overall results indicate that lodgepole pine from the overstocked, overmature stands sampled kraft 
pulp in a similar manner to other lodgepole pine wood samples. Furthermore, the strength and formation 
properties of the pulps made from the wood harvested from these stands were very similar to that 
observed for other lodgepole pine pulps. Any differences in fibre lengths noted for the various pulps did 
not appear to be large enough to affect the handsheet properties of the various kraft pulps. Therefore, the 
wood harvested from the four overstocked lodgepole pine stands did not appear to have any adverse 
effects on the kraft pulping process or the properties of the ensuing kraft pulps. 
 
 
Thermomechanical Pulping and Pulp Properties 
 
In this section the suitability of wood from the overstocked, overmature lodgepole pine stands used in this 
study for thermomechanical pulping will be assessed.  
 
For thermomechanical pulping green chips (Table 7) from each of the four sites were well homogenized 
and screened on a Burnaby Machinery and Mill Equipment Ltd. two-deck laboratory chip classifier to 
remove oversize (>31 mm) and the fine (<8 mm) material and used for thermomechanical pulping . In 
first-stage refining a Sunds Defibrator TMP 300 single-disc laboratory refiner was used. A Labview PC 
system was used to control and/or monitor the refining variables. Other pertinent refining conditions for 
the first-pass refining are shown below. 
 

 
Plates     Rotor, No. 3809 modified 
     Stator, No. 3804 modified 
Preheater pressure    152 kPa 
Refiner housing pressure   183 kPa 
Refiner housing temperature  135°C 
Chip presteaming time   10 min (atmospheric pressure) 
Preheater residence time   10 min 
Pulp consistency   27 to 32% od pulp (cyclone exit) 
Prex compression ratio    3:1 

 
 
A high freeness pulp sample from each of the four primary TMP pulps was given two to four further 
passes in a 30.5 cm Sprout Waldron open-discharge laboratory refiner equipped with type D2A507 plates. 
Each sample was refined at three energy levels to give 12 TMP pulps in the freeness range from 83 to 202 
mL CSF. 
 
Other pertinent open-discharge refining conditions are shown below. 
 

 
Plates      D2A507 
Number of passes    2 - 4 
Nominal plate gap    0.05 to 0.20 mm  
Refining consistency    19 to 25% od pulp 

 
 
After latency removal, each pulp was screened on a 6-cut laboratory flat screen and screen rejects 
determined.  Bauer-McNett fibre classifications were determined on screen pulps. Fibre lengths of each of 
the 12 TMP pulps were also determined on a FQA instrument. Handsheets were prepared with white 



Page 16 

water recirculation to minimize the loss of fine and tested for bulk, physical and optical properties using 
PAPTAC standard methods. Handsheet roughness was measured by a Sheffield instrument and values 
expressed in Sheffield Units (SU). 
 
The raw data for the thermomechanical (TMP) pulp properties for each of the four sites are shown in 
Appendix 4. All of the TMP pulps made from the wood harvested from the four overstocked sites showed 
the inverse relationship between pulp freeness and specific refining energy typical of thermomechanical 
pulps (Figure 10). The rejects contents of the pulps were very low, most below the detection limits.  
 
In general, appropriate baseline values of pulp freeness and specific refining energy are the two 
parameters commonly used to monitor the physical and optical properties of mechanical pulps. Thus, to 
facilitate data analysis and discussion, the raw data from Appendix 4 were standardized by interpolation 
or extrapolation to a freeness of 100 ml CSF (Table VIII), and a specific refining energy of 10.0 MJ/kg 
(Table IX). Before specifically discussing the results, it is useful to put the thermomechanical pulp 
properties data of overstocked lodgepole pine into perspective. We had previously undertaken two studies 
of thermomechanical pulping of lodgepole pine from sites located in the University of B.C. Alex Fraser 
Research Forest at Williams Lake, using the same 30 cm Sunds Defibrator TMP refiner. From the first 
study [S. Johal, B. Yuen, and P. Watson, Thermomechanical Pulps from White Spruce/Lodgepole 
Pine/Subalpine Fir Chip Mixtures: Part II. (PRR in press)], standardized data at a given freeness of 100 
mL CSF and a specific energy of 10.0 MJ/kg from mature wood (MW) lodgepole pine are shown in 
Tables VIII and IX, respectively. Whereas, from the second study [B. Yuen, A. Hussein, S. Johal, W., 
Gee, and P. Watson, The Pulping Properties of Mountain Pine Beetle-Killed Lodgepole Pine (PRR in 
press)], standardized data from current beetle-infested lodgepole pine TMP pulps prepared from whole 
tree are also shown in Tables VIII and IX. These two comparison pulps were from stands not considered 
overstocked and the trees used were of dimensions suitable for lumber recovery.  
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Figure 10. Unscreened Canadian Standard Freeness (mL) vs. Specific Energy (MJ/kg). 
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Table VIII.  
Properties of thermomechanical pulps of overstocked, overmature lodgepole pine at a constant freeness of 100 mL Csf . Two other lodgepole pine TMP
pulps are included for comparison. 

Site 

Specific 
Refining 

Energy(MJ/kg) 
R – 48 

Fraction(%) 
Fines (P-
200) (%) 

Length 
Weighted Fibre 

Length(mm) 
Apparent Sheet 
Density(kg/m3)

Tensile 
Index 

(N•m/g) 
Tear Index 
(mN•m2/g)

Sheffield 
Roughness(SU)

Scattering 
Coefficient 

(cm2/g) 

ISO 
Opacity 

(%) 
Hogg Creek 13.2 57.5 26.6 1.52 359 43 7.5 190 592 96.1 
           
Hosmer 12.8 57.0 25.6 1.53 345 41 7.6 205 570 96.4 
           
Surrey A 12.8 47.8 24.5 1.17 362 35 6.2 181 592 96.0 
           
SurreyB 13.1 48.0 24.5 1.18 364 36 6.5 175 556 95.4 
                      
           
Williams 9.6 60.0 26.6 1.90 328 45 9.9 234 619 95.4 
Lake  a 10.4 59.7 27.6 1.93 337 45 9.9 231 617 95.5 
           
Williams 11.3 57.8 28.2 1.84 337 43 8.9 239 634 96.3 
Lake  b           
(year 0, Beetle killed) 
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Table IX. 
Properties of thermomechanical pulps of overstocked, overmature lodgepole pine at a constant specific energy of 10 Mg/kg. Two other lodgepole
pine TMP pulps are included for comparison. 

Site 
Screened CSF 

(mL) 
Length Weighted 

Fibre Length (mm) 
Apparent Sheet 
Density (kg/m3)

Tensile Index 
(N•m/g) 

Tear Index 
(mN•m2/g) 

Sheffield 
Roughness(SU) 

Scattering 
Coefficient (cm2/g)

Hogg Creek 180 1.60 309 33 8.2 262 548 
        
Hosmer 175 1.63 311 31 8.2 265 538 
        
Surrey A 155 1.23 314 27 6.4 265 550 
        
SurreyB 170 1.23 321 30 6.5 263 538 
        
Williams 92 1.93 325 43 10.1 246 620 
Lake  a 110 1.93 327 42 10.1 250 613 
        
Williams 145 1.92 313 38 9.3 249 601 
Lake  b        
(year 0, Beetle killed)             
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The results presented in Table VIII indicate that the woods harvested from the overstocked lodegepole 
pine sites required, on average, about 20% more energy to reach a target Canadian Standard freeness of 
100 mL. This is a significant increase in energy consumption that would make the thermomechanical 
pulping of these woods more expensive than the pulping of the other woods harvested from the William’s 
Lake area. Optimization of the TMP process to accommodate these types of wood furnishes could reduce 
the energy required to obtain a target freeness. 
 
Handsheets made from TMP pulps that originated from the overstocked sites tended to be denser and 
smoother than those of the pulps made from the larger diameter woods (Table VIII). However, the TMP 
pulps made from overstocked lodgepole pine had significantly lower strength properties than those made 
from the larger diameter trees. In the extreme cases, the TMP pulps made from the trees harvested from 
the two Kamloops sites had an average tensile index that was 20% lower and an average tear index that 
was over 35 % lower the corresponding values for the TMP pulps made from the large diameter wood. 
The TMP pulps made from wood harvested from the two Cranbrook sites had higher tensile indexes but 
were still tear deficient when contrasted against the pulps made from the larger trees harvested from the 
Williams Lake area.  
 
Thermomechanical pulps made from mixtures of overstocked and larger diameter lodgepole pine chips 
would be expected to have handsheet strength properties that averaged between the two listed in 
Table IX. If so, then the overstocked lodgepole pine component of a TMP mill’s furnish would lower the 
overall strength of the mill’s pulp to a degree that would depend on its proportion of the overall furnish. 
Therefore, TMP mills that are having problems maintaining pulp strength would not want to include chips 
made from overstocked, overmature lodgepole pine stands in their furnish. 
 
The relatively poor TMP strength of the overstocked furnishes, particularly those from the Kamloops 
area, can be linked to the much shorter fibres that were evident in the wood from these stands (Tables 
VIII and IX). The fibre lengths of the pulps made from these furnishes were 35% shorter than those of the 
large diameter trees harvested from the William’s Lake area. The fibre lengths of the TMPs from the 
Cranbrook sites were also shorter than the TMPs made from the wood harvested William’s Lake area. 
The fines content of all the pulps were similar (24%-28%) and varied by only 10%. Curiously, the 
proportion of the R48 fractions of the TMP pulps made from the stems harvested from the overstocked 
Kamloops sites were notably lower than those of the other pulps. Whether this is due to a more thorough 
refining or to increased fibre damage is unclear. However, the lower strength properties of the pulps is the 
concern.  
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Figure 11. % ISO Brightness of handsheets made from 90 mL TMP pulps. 
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Initial pulp brightness is also of importance to ensure that bleaching chemical consumption is kept to a 
minimum. Handsheets made from three of the TMP pulps had comparatively high initial brightnesses that 
ranged between 55 and 56 brightness points (Figure 11). These initial brightnesses are considered typical 
for these types of pulps. However, the TMP pulps made from wood harvested from the Hosmer site had 
an initial brightness that was more than 2.5 brightness points lower than that of the other pulps. While no 
bleaching was done on these pulps, the 2.5 point lower brightness would mean that the TMP pulps made 
from the Hosmer wood would consume significantly more bleaching chemicals to reach a target 
brightness than the pulps made from the woods harvested from the other sites.  
 
 
Pulping lodgepole pine from overstocked, overmature stands 
 
The results of this study indicate that woods from overmature lodgepole pines stands kraft pulp in a 
similar manner to lodgepole pine grown under less crowded conditions. The properties of the ensuing 
pulps were very similar to those of lodgepole pines grown in other parts of western Canada. While the 
overmature lodgepole pines tended to have lower fibre lengths, this may be due to the relatively young 
age of some of the overstocked stands examined in the study. This would result in a smaller proportion of 
mature wood in these younger stands and, therefore, shorter overall fibres. The localized environment of 
the site where the trees were grown may also be influential. The effects of the shorter fibres are not 
readily noticeable in the quality of kraft pulps produced from small diameter lodgepole pines. The 
handsheet strength of pulps made from these stems were similar to those of pulps that were made from 
larger diameter trees.  
 
In contrast, the differences in fibre properties were very evident with the TMP pulps where the shorter 
fibred wood from the overstocked, overmature sites produced pulps that were both tear and tensile 
deficient when compared to TMP pulps made from larger diameter stems. In addition, while three of the 
sites generated TMP pulps with initial brightnesses that were typical of lodgepole pines, the woods from 
one site (Hosmer) produced TMP pulps that had initial brightnesses that were 5% lower than those 
observed with the other pulps. This could represent a substantial increase in bleaching costs. 
 
These results suggest that small diameter wood from overcrowded stands, while acceptable for kraft 
pulping, may not be desirable in thermomechanical pulping operations where pulp strengths need to be 
maximized. While the results of this study do not preclude the use of  small diameter lodgepole pine from 
TMP operations, it would be prudent for a TMP mill to assess the fibre quality of wood form such stands 
prior to incorporating this wood into their furnish. In addition bleaching trials should be conducted to 
ensure that chemical costs are kept to a minimum. 
 



Page 21 

 

Carbon Sequestering 
 
The Kyoto Protocol (KP) on climate change seeks to encourage its signatory countries to decrease their 
emission levels of greenhouse gases (GHG), particularly CO2, and to increase their net uptake of carbon 
(C) from the atmosphere in terrestrial systems such as forests and agricultural lands. Critically for the 
forest industry in general, the KP allows for the establishment of new forests on previously non-forested 
lands as a means for reduction of net emissions of GHG – article 3.3 [8]. This is due to the fact that a 
growing forest takes up C from the atmosphere and stores it in woody biomass, giving a net effect on 
atmospheric C similar to a reduction in C emissions. Indeed, according to the Integrated Terrestrial 
Carbon Cycle Model (InTEC), Canada’s forests already sequester 50 megatons (Mt) of atmospheric 
carbon per annum [9]. On a species level, for example, it has been estimated that the aspen forests of 
Saskatchewan absorb somewhere between 0.5 – 3.0 tonnes of C per hectare per year. A new plantation is 
eligible for a “carbon credit” as a C sink (a reflection of a net uptake of C from the atmosphere) if it 
originated through human activity since 1990, on land that was not in forest use prior to 1990. The system 
of carbon credits and debits is important as the Government of Canada has proposed a Domestic 
Emissions Trading (DET) system which would enable large industrial emitters of atmospheric C (e.g. 
energy and manufacturing concerns) to purchase credit offsets generated by forestry companies in order 
to meet their mandated emission reduction targets [8]. 
 
Carbon credits are issued on the basis of the net change of C levels in several ecosystem pools – above-
ground biomass (tree whitewood, bark, branches and foliage), below-ground biomass (roots) and 
associated C stocks such as dead wood, litter, surrounding shrubs and plants and soil organic C. In 2002, 
a large project to determine the economic feasibility of C sequestration programs was approved in 
Saskatchewan under the auspices of the Greenhouse Gas Emission Trading Pilot (GERT) [10]. The 50 
year project will consist of the sale of C sequestration credits to the industrial emitter Saskatchewan 
Power Corporation by Saskatchewan Environment. The credit will ensue from the establishment of white 
spruce plantations on 3300 ha (net sequestration estimated to be 0.05 Mt of C) and the creation of 206,000 
ha of Forest Carbon Reserves (1.54 Mt of C). 
 
This present study has used plantation biomass data, site index data, silvicultural practices and other allied 
forestry tools to estimate the C sequestered within the mercantile volume of existing lodgepole pine 
stands and the C sequestering potential of regenerated material on non-forested sites. Table X below 
presents information on summarised biomass data for the 25 representative stems grown at each of the 
four growth sites in the study. 
 
Table X. 
Wood volume, weight and carbon mass data for 25 representative stems from the 4 sites. 

Site Total 
volume 
(m3)* 

Total wood 
volume 
(m3)* 

Total wet 
weight (kg) – 
calculated** 

Total wet 
weight (kg) - 

actual 

Total dry 
weight 

(kg) 

Average 
bark 

density 
(g/cm3) 

Total 
mass of 

bark 
(kg) 

Total 
mass of 
Carbon 

(kg)+ 
Hogg 2.42 2.06 1167.03 1107.30 619.69 0.312 110 309.9 
Hosmer 2.99 2.47 1520.52 1494.60 818.04 0.228 119 409.1 
Surrey A 2.77 2.43 1304.93 1315.70 626.36 0.347 118 313.2 
Surrey B 1.36 1.16 657.11 659.90 312.79 0.252 50 156.5 
*Calculated from height and diameter at breast height (DBH) data using Newton’s equation for cubic volume (V) 
determination:  V = 0.00001309(D2

0 + 4D2
1/2 + D2

1)L, where, D0 is diameter at large end, D1/2 is middle diameter 
and D1 is diameter at small end (cm) and L is length (m). Wood volume calculated on the basis of bark removal. 
**Calculated using volume data for each log and dry weight density of basal disc.  Moisture contents were 
determined from oven dry weights of chips. 
+Mass of carbon (including bark) calculated on the generally accepted approximate elemental composition of wood:  
carbon (50%), hydrogen (6%), oxygen (44%), trace metal ions. 
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If the data for the 25 representative stems for each of the four growth sites is extrapolated to describe the 
performance of the sites, an estimate for the total carbon sequestered in woody biomass at each site can be 
obtained (Table XI). 
 
Table XI. 
Stand-level carbon sequestration based on extrapolation of data in Table X. 
Site Stand Density 

(stems / ha) 
Total wood volume 

(m3) 
Total carbon sequestered 

(kg/ha) 
Hogg 3650 300.76 45,245 
Hosmer 3700 365.56 60,547 
Surrey A 4100 398.52 51,365 
Surrey B 6000 278.40 37,560 
 
Using the information collated above and mean annual increment data estimated from basal discs, a 
simulation was performed to estimate the yield of each of the above stands were they to be regenerated in 
the same fashion to a rotation age of 50 years. The program used for the simulation was the forest eco-
system and wood product carbon sequestration simulator CO2FIX V2.0 [11]. Using only the biomass 
module, and ignoring allied carbon sources/sinks in the ecosystem to focus specifically upon whitewood 
sequestration potential, the output of the analysis is presented in Table XII. Mean annual increments were 
calculated according to [12] and yields estimated according to the model developed by Pienaar and 
Rheney for slash pine [13]. Average stand age and wood density values were assumed. 
 
Table XII. 
estimated stand yields and carbon sequestered for each site using the CO2FIX V2.0 model. 
Site Average stem 

age (yr) 
Total whitewood 

volume (m3) 
Mean annual 

increment 
(m3/ha/yr) 

Estimated stand 
yield at age 50 

yr (m3) – 
CO2FIX V2.0 

Estimated 
Carbon 

sequestered 
at age 50 yr 

(kg/ha) 
Hogg 79 301 4.6 257 38,631 
Hosmer 83 366 5.3 309 51,117 
Surrey A 57 399 7.9 371 47,760 
Surrey B 56 278 5.4 244 32,966 
 
Table XIII. 
Estimated carbon sequestration at 50 yr based on 2000 stems per hectare planting density for different 
site indices. 

Site Index Stand Density 
(stems/ha) 

Total wood 
volume (m3) 

Dry weight (kg) Carbon 
sequestered (kg) 

18 2000 113 47,620 23,810 
21 2000 180 75,890 37,950 

 
Table XIII takes the analysis one step further, using the winTIPSY suite to predict site parameters for a 
stand of 2000 trees / ha and then the CO2FIX program to estimate the potential for carbon sequestration 
after 50 years of growth. The analysis suggests that, in plantations of this type, the carbon sequestered 
would be between 60-75% of that sequestered in the original stands, but the added advantage is that the 
trees produced at this planting density (average DBH 16.2 cm, 18.5 cm at site index 18, 21 respectively) 
would be sufficiently large for mercantile use. The implications of this, from a carbon sequestering 
perspective, are that if a given volume of wood is kraft pulped then at least 55% of the available carbon is 
released into the atmosphere during the recovery cycle. This translates into18-28t of atmospheric carbon 
using the stand data presented in Table XII. If stems are of a merchantable volume, then approximately 
half of the wood (carbon) will be “fixed” as structural material (as lumber for housing, furniture, etc.) and 
half will be converted to chips and kraft pulped. Therefore, only 25% of the sequestered carbon will be 
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released into the atmosphere during kraft pulping. Under this scenario, only 6-9.5t of sequestered carbon 
would be released. Whether the Kyoto Protocols allow for this carbon to be claimed as a credit remains to 
be determined.  
 
Using the stand data obtained from this study in concert with a statistical model system such as CO2FIX, 
it is possible to estimate the volume yield and carbon sequestration potential of lodgepole pine plantations 
of this type. It should be noted, however, that simple stand regeneration in this fashion will not be eligible 
for carbon accreditation under the strictures of the Kyoto protocol as it currently stands. Accreditation in 
this manner will only accrue if such plantations are established upon land not forested or in forest use 
prior to 1990 [8]. 
 
The carbon sequestration model used in this simulation study, CO2FIX V2.0, is only one of a number of 
such programs currently available. It may behove the industry to examine each of these programs 
thoroughly for their potential implementation for the direction of future carbon sequestration studies. For 
the simulation attempted herein, only the biomass module of the program has been utilised to model 
yields from the whitewood in each stand. No attempt has been made to take account of such variables as 
other carbon sources/sinks (e.g. soils, dead wood, litter, branches and foliage), management practices (e.g. 
thinning) and end-uses (solid wood, pulp and paper) which will profoundly affect the carbon sequestering 
potential of the stands. At present, this is justifiable, as even a cursory survey of the current 
methodologies for carbon sequestration estimation reveals that this area is presently in its infancy and it 
may be some time before reliable methods exist to track carbon fluxes throughout the life cycle of 
renewable ecosystems. 
 
 
Biomass utilisation for energy 
 
Another potential utility for the biomass generated in such overstocked, overmature stands of lodgepole 
pine is as a source of recoverable heat energy.  The fuel value of wood alters on the basis of the amount of 
heat energy that is recoverable, which varies according to the chemical composition of the wood and its 
moisture content. An indicator parameter for this fuel value can be provided by the “higher heating value” 
of the wood – a measure of its oven dry heat of combustion [13]. For lodgepole pine, this parameter has 
been estimated at 9382 Btu/oven dry lb [14]. Using this value, the amount of heat recovered from 
combustion of the biomass generated in the stands examined in this study is estimated in Table XIV. It 
must be noted, however, that the higher heating values presented here overestimate the amount of heat 
actually recovered due to fuel moisture content and numerous process-related heat losses. While it is 
beyond the scope of this study to evaluate the technical and economic factors needed to assess the 
feasibility of using small diameter wood, such as the overstocked stands in questions, as a fuel source for 
a dedicated co-generation plant, this study does quantify the biomass available on these sites and this will 
be of use to those that are charge with the task of assessing the value of this biomass as a fuel. To this 
end, our estimates of the maximum amount of energy that could be captured by using the wood on these 
sites as fuel is presented in Table XIV. 
 
Table XIV. 
Energy captured in the biomass produced at each of the growth sites. Higher 
heating values reported – see text for limitations of this estimation. 
Site Dry weight yield (kg) Heat recovered from 

combustion (MJ) 
Hogg 90474 1.99 x 106 
Hosmer 121069 2.66 x 106 
Surrey A 102723 2.26 x 106 
Surrey B 75069 1.65 x 106 
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Conclusions 
 
It has been estimated that as much as 50% of the net timber harvesting land base in British Columbia is 
stocked with non-merchantable timber that is either too small or too inaccessible for profitable harvesting 
and lumber recovery. The goal of this study was to assess whether this wood could serve as a fibre source 
for the pulp and paper industry. To summarize, the wood from the overcrowded, overstocked lodgepole 
pine stands examined in this study would be suitable for a kraft pulping operation but would be less 
desirable for a thermomechanical pulp mill. The reasons for this are that the shorter fibre lengths typical 
of the trees in these stands adversely affect the strength properties of thump pulps, the woods from 
overstocked stands appear to require more energy to pulp to target freeness, and at least one of the sites 
may require more aggressive bleaching to reach target brightness. It should be recognized that these 
conclusions may need further refinement as they are based on only four sites from across the province. 
Also, optimization of the mechanical pulping of small diameter wood could address some of the issues 
raised in this report. However, it does suggest that the use of these small diameter stands may be limited 
to certain types of pulping operations.  
 
B.C. has 17 kraft mills across the province and that could use this fibre source if certain conditions are 
met. Key to this is the quality of the chips produced and that of the ensuing pulps which must be either 
maintained or improved over current levels. The results of this study show that chips of high quality can 
be produced from small diameter stems if equipment is optimized to accommodate these types of stems. 
Furthermore, the quality of the kraft pulps produced from these chips fell within the range of pulp 
properties typical of lodgepole pine. Whether this is an incentive or a disincentive for the use of these 
stands as a fibre source for the kraft pulping industry is a function of supply and price.  
 
Stands of small diameter lodgepole pine are readily available through-out the province, but they are 
expensive to harvest and process. These costs could be offset if efforts are made to capture the value of 
the larger logs present in these stands. Within the scope of this study, this seems to be most feasible in the 
two Cranbrook sites (Hogg Creek and Hosmer) where 21,000 hectares have been described as “dense 
stands of small diameter lodgepole pine” [1]. The Kamloops district has as much as 165,000 hectares of 
these types of stands. Our survey has shown that between 11-30% of the stems in the Cranbrook stands 
have DBHs of 15 cm or higher, which represent a source of merchantable logs with a total volume of 
between 750,000-2,500,000 m3. While this may not completely cover the costs of harvesting and 
processing, it may off-set some of these expenditures. Similar estimates for the two Kamloops sites 
indicate that a maximum of only 450,000 m3 of merchantable stems are scattered in an area 8 times larger 
than the Cranbrook site. Clearly, recovery of merchantable stems in these sites would not be economically 
feasible in the Kamloops area. Other approaches to offsetting harvesting costs are needed. 
 
One way to offset the cost of harvesting these stems is by incorporating carbon credits into the economics 
of stand management. In the scenarios presented in this study, it has been estimated that 12-18t of carbon 
per hectare can be “fixed” when equal wood volumes are converted to lumber and pulp rather than pulp 
alone. If a value of $15 is placed on each tonne of fixed carbon, as currently recommended by the 
Canadian government, then converting stands from small diameter wood to larger diameter stems could 
be worth $180-$278 per hectare. This could be valued at between $29 million – $46 million in the 
Kamloops district. However, there are many hurdles to over come, not the least of which is the Kyoto 
Protocol rule that does not allow carbon credits to be applied to areas that were forested prior to 1990. 
This would require detailed investigation and active lobbying on the part of the forest industry and the 
province to account for this carbon.  
 
A third option could be to use these stands as fuel for energy cogeneration. A feasibility study of the 
installation of such a plant to consume the supply of small diameter wood currently available is beyond 
the scope of this study but the amount of energy captured in these types of stands has been estimated in 
this report. For the Kamloops district, this potential energy is estimated to range between 9.3 x1010 and 
1.3x 1011 MJ (assuming a 30% energy recovery). Presumably carbon credits claimed for the savings in 
fossil fuel consumption could also be applied to the economics of harvesting these stands. Re-stocking of 
the sites would be done in a manner that maximizes merchantable wood volumes. The further 
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investigation of this option is warranted by the preliminary data presented in this study. It is our hope that 
this data will serve as a starting point for the continuation of these efforts.  
 
In this report, we have shown that small diameter lodgepole pine stems grown on overstocked stands 
could be used as a fibre source for some sectors of the B.C. pulp and paper industry, without affecting 
pulp quality. The challenge is to harvest this material in a manner that ensures that B.C. pulps remain 
competitive in the open market. The Kyoto Protocol may be one avenue to offset harvesting costs so that 
these stands can be harvested and utilized, and so that the land that they currently occupy can be 
restocked under conditions that would result in a growing, productive forest. 
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Appendix 1  
 
Diameter at Breast Height (DBH) in cm for the 300 stems sampled from each site. 
 
    HOGG CREEK   HOSMER   SurreyA    SurreyB 
  Plot A Plot B Plot C Plot A Plot B Plot C Plot A Plot B Plot C Plot A Plot B Plot C 

1 10.4 9.0 13.6 11.5 6.7 12.4 11.6 12.2 9.7 7.2 6.2 7.1 
2 7.2 11.2 6.6 11.9 16.1 24.0 7.7 8.1 14.6 9.8 8.5 5.5 
3 10.2 17.5 9.3 11.1 12.6 13.3 13.6 9.3 9.2 5.7 10.5 11.8 
4 13.5 9.4 11.7 8.8 19.3 6.4 8.8 14.9 13.8 7.6 7.9 3.3 
5 13.3 15.0 9.2 14.5 10.7 13.3 17.4 10.9 12.5 5.5 6.9 8.4 
6 7.8 14.5 11.1 10.5 9.6 9.7 8.9 12.1 16.8 4.9 13.0 9.2 
7 9.3 10.8 11.7 7.1 17.2 12.0 8.5 16.4 12.0 7.1 5.1 5.4 
8 12.1 10.5 10.5 11.2 15.2 9.9 11.0 5.9 15.3 4.0 4.8 9.1 
9 10.1 9.4 11.9 9.7 15.9 10.9 13.8 8.0 14.0 7.7 5.5 3.7 

10 14.7 12.5 10.0 11.3 20.8 17.1 15.8 14.2 16.3 8.5 6.9 6.5 
11 7.9 8.3 7.4 11.4 16.6 8.6 10.4 11.6 11.3 4.0 11.9 7.2 
12 10.7 7.3 17.1 7.6 9.1 10.8 14.6 10.0 12.7 8.4 7.5 5.1 
13 9.5 13.2 13.0 7.8 14.9 10.9 15.7 10.9 9.0 8.5 9.5 9.3 
14 8.7 8.7 9.0 16.3 11.3 10.1 8.0 13.8 13.6 10.1 10.0 9.0 
15 8.6 8.2 9.2 12.8 14.5 11.8 10.0 14.4 8.0 8.6 6.5 4.5 
16 15.9 7.3 10.8 10.6 8.6 8.3 7.0 10.0 19.1 6.2 7.9 9.4 
17 7.3 15.3 8.0 13.5 16.1 7.6 7.1 8.5 5.3 10.2 6.5 6.6 
18 7.9 13.4 10.8 8.8 8.9 13.4 10.0 9.8 9.0 9.7 6.2 7.3 
19 8.1 13.0 6.6 8.5 18.9 12.3 12.6 15.0 16.1 7.0 6.7 12.9 
20 13.9 10.0 13.2 12.9 8.9 15.6 7.6 17.2 6.9 10.5 3.7 2.9 
21 10.4 10.2 7.8 10.4 12.7 16.3 13.0 8.6 13.0 9.0 3.0 5.8 
22 10.7 15.6 6.3 8.7 13.1 12.8 7.0 7.6 15.0 7.5 8.5 6.1 
23 14.0 9.6 9.0 9.4 16.0 12.1 7.2 8.0 11.6 6.6 10.2 4.2 
24 9.5 16.5 6.1 5.2 11.3 18.1 9.6 10.1 12.5 4.3 8.9 3.8 
25 9.2 16.1 13.4 5.7 16.1 11.0 16.4 11.9 7.8 6.8 8.5 3.3 
26 10.2 10.7 10.0 6.9 15.2 11.7 15.1 11.5 11.9 5.8 4.4 4.5 
27 11.5 6.6 8.8 5.3 8.5 18.9 13.1 9.1 12.1 7.5 8.2 6.3 
28 15.4 11.7 10.8 15.7 15.7 15.5 15.8 14.6 7.4 7.4 8.9 6.1 
29 9.5 14.7 12.2 6.8 12.3 10.3 12.3 7.4 17.8 10.6 10.6 4.5 
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    HOGG CREEK   HOSMER   SurreyA    SurreyB 
  Plot A Plot B Plot C Plot A Plot B Plot C Plot A Plot B Plot C Plot A Plot B Plot C 

30 14.2 9.1 10.0 12.2 16.0 11.4 19.4 10.2 8.6 12.2 4.4 5.2 
31 19.2 12.5 10.1 10.1 12.5 12.6 10.2 11.8 13.9 11.2 6.5 2.7 
32 9.6 18.3 8.5 8.5 9.2 16.0 9.1 10.5 13.1 10.3 11.4 3.4 
33 8.2 10.6 9.0 14.6 14.8 12.9 9.0 17.2 14.8 6.8 3.8 2.5 
34 13.0 6.2 6.6 5.5 8.7 14.7 11.5 4.5 18.1 9.2 3.0 8.0 
35 10.7 13.6 10.7 8.5 20.3 13.2 18.4 10.1 8.9 10.7 15.0 6.3 
36 16.0 7.9 13.1 14.5 14.7 19.2 14.6 13.4 15.0 9.5 12.6 6.7 
37 7.3 8.7 7.7 12.1 14.2 11.5 8.0 14.0 11.3 12.5 4.7 11.0 
38 6.4 18.2 9.4 9.4 11.5 11.2 7.8 11.7 14.9 7.8 8.5 9.8 
39 9.0 13.9 5.9 7.0 9.8 14.6 10.4 9.0 11.5 10.8 8.0 13.1 
40 13.4 10.4 8.9 10.4 13.5 13.7 10.7 8.5 9.8 10.6 10.0 8.2 
41 12.4 9.1 8.0 10.0 11.2 14.0 15.1 12.9 9.8 8.0 5.7 3.1 
42 16.7 12.3 6.4 9.7 13.3 11.1 16.5 16.5 11.1 3.5 9.3 5.5 
43 9.7 17.7 13.3 6.8 19.7 11.9 7.5 8.9 6.9 9.0 7.2 13.2 
44 10.9 8.0 7.8 7.1 17.6 18.2 15.9 10.2 15.9 7.7 3.8 6.7 
45 8.3 8.0 10.9 14.4 13.4 17.5 11.5 11.0 16.1 7.4 6.2 7.7 
46 18.2 7.9 6.7 16.5 13.5 16.0 8.2 9.1 7.6 12.5 5.8 3.5 
47 9.6 10.3 8.3 6.5 6.5 10.3 7.6 7.0 11.2 5.9 4.2 8.9 
48 10.2 15.6 12.2 6.4 11.0 11.5 9.0 16.8 18.7 8.7 5.9 4.5 
49 12.1 8.2 8.9 8.9 13.7 11.4 15.0 14.9 8.1 7.3 5.0 8.7 
50 9.3 11.9 10.1 8.5 16.5 11.7 15.9 6.7 19.7 9.7 13.0 4.8 
51 13.4 9.1 7.3 11.7 10.5 14.4 7.0 7.0 13.0 5.9 8.0 5.1 
52 11.5 8.5 9.3 9.5 15.9 11.3 13.1 8.4 15.4 12.5 7.0 10.5 
53 9.5 6.8 6.7 6.9 18.7 10.7 12.5 9.9 13.1 6.2 7.6 6.7 
54 10.2 9.2 11.4 9.6 11.7 12.9 7.5 10.4 9.0 8.0 12.8 12.3 
55 13.7 11.2 13.0 7.3 12.2 17.6 9.8 11.0 11.7 11.0 12.9 6.4 
56 7.5 9.0 9.4 10.6 15.3 19.1 9.9 10.5 13.2 8.7 12.8 4.0 
57 5.9 9.3 5.1 11.5 12.2 9.7 10.2 14.9 9.4 7.4 6.0 13.3 
58 9.3 7.9 7.9 15.1 18.3 11.8 11.3 12.2 11.2 11.7 10.0 7.8 
59 10.5 14.1 14.0 8.0 20.5 15.9 7.7 5.9 17.0 7.1 6.7 6.2 
60 11.5 9.2 11.0 8.5 8.6 15.4 11.4 5.1 12.2 12.5 6.4 11.9 
61 6.5 8.0 6.6 6.8 12.5 13.3 11.0 10.5 9.0 8.4 10.3 11.2 
62 11.0 14.0 14.8 7.6 14.8 13.4 14.6 9.2 10.8 4.9 9.4 11.5 
63 10.0 8.2 7.7 8.6 19.2 17.3 14.2 10.3 18.2 7.3 8.7 5.4 
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    HOGG CREEK   HOSMER   SurreyA    SurreyB 
  Plot A Plot B Plot C Plot A Plot B Plot C Plot A Plot B Plot C Plot A Plot B Plot C 

64 12.0 13.2 9.5 11.5 10.8 10.4 9.4 8.9 11.9 5.5 9.5 9.5 
65 8.3 9.7 14.0 12.3 13.9 17.8 13.6 16.2 16.4 7.1 14.0 10.2 
66 12.1 8.3 10.0 10.0 7.4 9.8 12.5 7.2 18.1 7.0 4.2 13.2 
67 12.5 10.3 12.5 8.5 12.7 10.9 15.4 13.3 12.2 7.5 12.9 8.7 
68 9.8 9.5 9.2 8.5 9.6 20.2 11.8 8.7 17.0 3.9 6.0 7.2 
69 12.7 9.0 9.3 11.4 20.6 9.1 13.1 9.0 11.4 7.7 8.5 10.4 
70 8.0 6.3 10.5 7.5 10.0 11.7 13.6 11.3 13.7 7.7 12.8 2.9 
71 6.2 12.0 8.0 8.4 14.4 13.8 17.1 10.0 10.1 5.0 5.7 3.0 
72 7.8 9.4 8.6 10.6 16.5 9.7 9.7 8.2 7.0 9.7 7.3 8.5 
73 13.3 11.4 7.0 10.2 13.9 18.9 9.4 6.0 16.0 9.1 11.6 8.4 
74 7.0 10.4 8.6 14.4 10.0 12.7 9.0 9.9 14.6 8.2 7.9 6.2 
75 7.2 11.3 5.8 10.2 15.5 9.1 6.7 12.0 6.5 9.9 4.2 10.1 
76 6.6 8.5 5.7 12.2 14.6 8.5 15.3 10.4 10.4 10.2 8.5 7.0 
77 5.8 14.3 11.5 11.2 11.6 8.0 7.4 13.0 12.1 12.5 10.7 1.5 
78 11.8 7.8 9.7 9.3 12.2 10.6 12.4 16.5 19.0 5.0 12.9 3.3 
79 10.0 13.1 10.0 13.0 8.2 8.1 7.4 7.6 11.4 6.4 6.2 8.5 
80 11.9 17.8 15.8 8.2 12.6 11.7 15.5 11.4 10.4 9.7 2.5 12.2 
81 10.5 8.2 8.4 9.7 15.3 12.6 8.4 9.0 9.0 7.9 8.7 12.4 
82 10.6 6.5 9.5 9.8 8.2 9.0 6.7 7.8 18.3 10.5 6.2 9.0 
83 13.0 8.1 13.2 9.2 14.6 12.9 9.6 15.1 16.2 10.0 13.0 12.5 
84 12.9 10.2 12.9 11.6 7.4 13.3 8.8 11.9 16.7 9.5 8.5 8.3 
85 13.6 9.8 10.8 9.8 9.3 7.5 17.5 14.7 7.8 5.5 13.1 2.8 
86 5.8 9.3 7.5 8.2 12.5 12.4 8.6 7.2 9.9 7.9 8.2 13.0 
87 10.5 12.1 6.3 9.9 13.7 8.5 9.1 15.9 15.2 9.3 8.6 11.4 
88 6.9 12.8 9.8 7.9 20.8 20.9 9.4 11.2 11.9 9.5 5.2 10.5 
89 12.6 11.3 7.7 10.8 15.8 14.2 9.8 11.7 7.0 8.2 6.4 8.2 
90 10.0 11.2 10.4 11.6 9.2 9.8 15.5 9.2 6.4 7.9 13.2 6.3 
91 9.4 8.0 11.3 10.8 9.8 15.4 15.3 9.9 18.2 9.9 9.2 7.2 
92 13.5 10.9 7.9 7.6 10.0 15.9 6.4 12.0 8.3 10.0 8.3 10.9 
93 8.7 15.7 7.3 8.5 12.4 15.5 14.1 17.5 7.7 4.6 6.7 5.5 
94 10.9 10.6 11.1 7.1 15.5 12.0 12.7 14.5 18.0 5.2 3.5 8.3 
95 6.4 7.4 7.2 7.9 16.6 11.3 10.0 11.0 14.4 9.9 5.7 8.2 
96 18.5 8.1 10.0 8.9 7.8 10.7 8.9 9.2 9.2 6.4 7.2 2.9 
97 6.0 9.0 8.7 15.5 14.7 17.0 11.8 7.7 6.0 5.9. 12.9 12.9 
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    HOGG CREEK   HOSMER   SurreyA    SurreyB 
  Plot A Plot B Plot C Plot A Plot B Plot C Plot A Plot B Plot C Plot A Plot B Plot C 

98 12.1 10.2 10.6 10.6 15.1 10.7 6.8 9.4 15.5 8.6 4.7 9.3 
99 8.0 9.8 13.2 9.5 15.8 11.6 11.5 9.6 12.3 10.1 6.2 9.6 
100 8.3 11.4 12.5 17.6 8.9 8.6 8.3 12.7 7.9 3.6 8.9 8.0 

                          
Average 10.5 10.8 9.7 10.0 13.3 12.8 11.3 10.9 12.4 8.1 8.1 7.5
Std.Dev 2.9 3.0 2.5 2.7 3.6 3.3 3.3 3.0 3.6 2.2 2.9 3.1
Maximum 19.2 18.3 17.1 17.6 20.8 24.0 19.4 17.5 19.7 12.5 15.0 13.3
Minimum 5.8 6.2 5.1 5.2 6.5 6.4 6.4 4.5 5.3 3.5 2.5 1.5
Count 100 100 100 100 100 100 100 100 100 100 100 100
                     
 Grand                    
Average 10.4    12.1   11.5   7.9   
Std.Dev 2.8    3.5   3.4   2.8   
Count 300     300    300    300    
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Appendix 2 
 
Tree height (m), DBH (cm) and tree age (yrs) for each of the 25 representative stems harvested from each 
site. 
 

Hogg Creek   Hosmer   
Tree Ht. (m) DBH (cm) Age Tree Ht. (m) DBH (cm) Age 

1 10.05 8.4 65 1 17.80 15.0 92 
2 15.39 13.6 86 2 17.11 14.4 91 
3 13.27 10.7 75 3 15.81 13.9 84 
4 13.08 10.4 74 4 15.84 11.5 81 
5 12.35 9.2 85 5 15.44 12.0 84 
6 12.59 9.2 85 6 15.61 11.0 76 
7 13.99 11.9 89 7 15.51 11.4 89 
8 13.45 12.5 87 8 15.16 10.2 92 
9 12.49 7.8 71 9 14.06 9.6 72 
10 11.28 6.5 82 10 15.92 15.1 84 
11 11.89 9.6 76 11 13.58 10.3 69 
12 13.15 6.6 68 12 14.85 11.6 81 
13 15.09 12.8 86 13 13.41 10.2 81 
14 11.67 10.6 71 14 15.34 10.8 92 
15 14.70 14.7 84 15 11.90 7.2 71 
16 15.28 12.1 78 16 13.42 10.4 83 
17 15.10 13.1 76 17 15.61 10.7 75 
18 14.09 11.4 86 18 16.25 13.1 91 
19 14.05 8.6 82 19 15.44 13.0 89 
20 13.36 9.4 86 20 13.94 9.5 92 
21 13.41 8.5 62 21 17.12 13.2 81 
22 13.12 10.7 84 22 14.44 9.8 77 
23 12.45 9.3 64 23 16.35 10.8 78 
24 14.44 10.6 80 24 14.79 9.2 78 
25 13.42 11.2 81 25 16.05 13.6 92 
Average 13.3 10.4 78.5 Average 15.2 11.5 83.0 
Std Dev. 1.3 2.1 8.0 Std Dev. 1.3 2.0 7.3 
Max 15.4 14.7 89.0 Max 17.8 15.1 92.0 
Min 10.1 6.5 62.0 Min 11.9 7.2 69.0 
 



Page 32 

 
SurreyA  SurreyB 

Tree Ht. (m) DBH (cm) Age  Tree Ht. (m) DBH (cm) Age 
1 16.10 16.4 63  1 12.94 8.6 62 
2 15.50 14.9 61  2 13.75 10.0 59 
3 14.86 11.0 59  3 12.81 9.1 56 
4 14.90 10.4 57  4 7.80 3.6 42 
5 14.16 10.6 55  5 9.92 7.4 50 
6 16.78 17.8 62  6 10.15 5.7 60 
7 14.28 8.8 50  7 9.85 6.8 53 
8 14.96 12.5 59  8 12.82 10.5 59 
9 7.80 10.2 52  9 13.56 11.2 63 
10 15.65 11.8 58  10 12.65 11.0 59 
11 15.46 10.4 62  11 12.24 10.0 55 
12 14.25 10.1 61  12 11.39 10.3 58 
13 14.95 11.5 50  13 11.36 7.9 60 
14 12.76 9.1 53  14 11.75 8.2 71 
15 12.94 9.7 57  15 11.84 7.5 57 
16 12.85 8.6 54  16 11.09 7.1 52 
17 14.92 9.7 64  17 11.81 9.4 58 
18 14.77 10.0 53  18 12.71 9.9 55 
19 16.27 13.7 62  19 9.36 4.8 45 
20 13.65 11.8 64  20 10.14 6.4 53 
21 18.26 9.3 47  21 10.36 5.7 59 
22 13.08 8.1 58  22 12.97 9.5 53 
23 13.96 14.3 58  23 11.56 7.1 56 
24 8.76 11.8 53  24 11.10 7.2 54 
25 14.88 9.3 61  25 12.96 10.2 58 
Average 14.3 11.3 57.3  Average 11.6 8.2 56.3
Std Dev. 2.2 2.5 4.8  Std Dev. 1.5 2.0 5.7 
Max 18.3 17.8 64.0  Max 13.8 11.2 71.0
Min 7.8 8.1 47.0  Min 7.8 3.6 42.0
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Appendix 3 
 

Physical and Optical Properties of  Kraft Pulps made from Overstocked Lodgepole Pine       
                            

PFI Mill  Csf Apparent Surface  Air  Tensile Stretch Breaking Zero-span Burst Tear Tear Scattering Opacity 
revs.,  Sheet Roughness resistance Index  Length Breaking  Index Index Index coefficient, b   
   Density      Length  (1 ply) (4 ply)    

(x103) (mL) (kg/m3)   (su)ª (s/100mL) (N*m/g) (%) (km) (km) (kPa*m2/g  ) (mN*m2/g) (mN*m2/g) (cm2/g) (%) 

                
Site 1: Hogg Creek- Cranbrook, BC 
                
0 700 536 272 0 90.8 1.97 9.3 18.2 6.4 14.6 16.3 277 96.9 
3 620 645 236 8 104.9 2.88 10.7 17.8 9.3 14.2 13.9 185 93.6 
6 516 656 204 16 114.6 3.04 11.7 17.7 10.7 12.0 12.3 166 91.6 
12 326 676 127 62 122.7 3.44 12.5 18.9 11.0 11.7 11.3 156 90.6 
                
Site 2: Hosmer - Cranbrook, BC 
                
 0 701 521 288 0 81.4 1.70 8.3 18.0 6.2 16.7 17.4 269 96.9 
3 634 626 265 5 106.2 2.69 10.8 18.0 9.1 14.5 13.7 186 93.4 
6 519 651 209 16 112.7 2.90 11.5 18.0 10.7 12.9 13.3 166 92.6 
12 316 675 121 69 116.0 3.27 11.8 17.5 10.8 12.5 11.9 156 91.9 
                
Site 3: Surrey A - Kamloops, BC 
                
0 666 575 213 6 84.1 1.72 8.6 17.2 7.1 12.7 13.5 253 97.2 
3 627 657 191 12 112.8 3.13 11.5 15.2 9.6 11.6 11.3 187 95.0 
6 545 678 177 20 117.3 3.19 12.0 15.6 10.4 11.5 10.8 163 93.1 
12 377 697 102 56 128.3 3.52 13.1 16.0 11.0 10.8 10.5 150 92.0 
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Physical and Optical Properties of  Kraft Pulps made from Overstocked Lodgepole Pine       
                            

PFI Mill  Csf Apparent Surface  Air  Tensile Stretch Breaking Zero-span Burst Tear Tear Scattering Opacity 
revs.,  Sheet Roughness resistance Index  Length Breaking  Index Index Index coefficient, b   
   Density      Length  (1 ply) (4 ply)    

(x103) (mL) (kg/m3)   (su)ª (s/100mL) (N*m/g) (%) (km) (km) (kPa*m2/g  ) (mN*m2/g) (mN*m2/g) (cm2/g) (%) 

                
Site 4: Surrey B - Kamloops, BC 
                
0 645 570 208 5 95.1 1.93 9.7 17.6 7.2 12.4 13.3 266 97.1 
3 617 658 183 12 111.6 2.75 11.4 16.6 10.0 10.8 11.1 195 94.8 
6 536 678 151 23 116.3 3.26 11.9 16.4 10.5 10.0 10.4 174 94.1 
12 388 697 105 51 131.4 3.31 13.4 17.1 11.4 10.1 9.6 156 92.4 
                
a su = sheffield units              
b Measured at 557nm              
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Appendix 4 
 
Properties of Thermomechanical Pulps of Overstocked Lodgepole Pine. 
 

      
Site 1 (Hogg, 
Cranbrook)     

Site 2 (Hosmer, 
Cranbrook)   

    717-1713-4 717-1713-3 717-1713-2 718-1712-4 718-1712-3 718-1712-2
Unscreened CSF (mL)  90 133 198 86 125 202 
Specific Energy (MJ/kg) 13.7 11.6 9.4 13.5 11.6 9.1 
Screened CSF (mL)  92 137 204 90 128 203 
Reject (% od pulp)  0.0  0.0  0.0  0.0  0.0  0.2  
Apparent Sheet Density (kg/m3) 366  331  302  351  329  301  
Burst Index (kPa•m2/g)  2.8  2.5  2.2  2.7  2.3  2.1  
Tensile Index (N•m/g)  44.9 37.4 31.8 41.9 36.9 29.2 
Stretch (%)  1.80  1.42  1.38  1.63  1.54  1.24  
Tear Index (mN•m2/g) (4 Ply) 7.5 7.6 8.6 7.4 8.0 8.3 
Brightness (%)  55  55  55  53  54  53  
ISO Opacity (%)  96.2  95.4  94.1  96.6  96.0  95.0  
Scattering Coeff. (cm2/g) 596  575  535  572  562  524  
Sheffield Roughness (SU) 182  223  279  199  223  287  
R - 48 Fraction (%)  56.8  59.8  62.8  56.1  59.0  62.8  
Fines (P-200) (%)  27.7  23.6  21.7  26.6  24.2  22.2  
W. Weighted  Average Fibre Length (mm) 1.98 2.04 2.09 2.01 2.04 2.15 
L. Weighted  Average Fibre Length (mm) 1.50 1.57 1.61 1.52 1.57 1.66 
Arithmetic Average Fibre Length (mm) 0.79 0.84 0.86 0.79 0.85 0.90 
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Site 3 (Surrey 
A, Kamloops)     

Site  4 (Surrey 
B, Kamloops)   

    715-1716-5 715-1716-3 715-1716-2 716-1715-5 716-1715-3 716-1715-2
               
Unscreened CSF (mL)  86 141 196 83 154 187 
Specific Energy (MJ/kg) 13.7 10.6 8.7 13.8 10.7 9.3 
Screened CSF (mL)  90 160 216 90 164 207 
Reject (% od pulp)  0.0  0.0  0.0  0.0  0.0  0.0  
Apparent Sheet Density (kg/m3) 370  323  294  368  333  307  
Burst Index (kPa•m2/g)  2.2  1.8  1.6  2.3  2.0  1.8  
Tensile Index (N•m/g)  36.8 27.9 26.0 36.6 32.4 27.8 
Stretch (%)  1.37  1.11  1.15  1.29  1.26  1.12  
Tear Index (mN•m2/g)  (4 Ply) 6.1 6.6 6.3 6.4 6.7 6.4 
Brightness (%)  56  57  57  56  56  56  
ISO Opacity (%)  96.2  94.7  93.4  95.5  94.4  93.9  
Scattering Coeff. (cm2/g) 598  560  532  556  546  528  
Sheffield Roughness (SU) 167  252  297  165  240  289  
R - 48 Fraction (%)  46.8  52.0  54.0  47.5  50.9  52.3  
Fines (P-200) (%)  25.7  22.0  20.8  24.6  23.0  21.6  
W. Weighted Average Fibre Length (mm) 1.61 1.66 1.72 1.57 1.62 1.66 
L. Weighted  Average Fibre Length (mm) 1.16 1.22 1.25 1.17 1.22 1.24 
Arithmetic Average Fibre Length (mm) 0.64 0.68 0.69 0.66 0.70 0.72 
 
 


