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With the damming of the Nechako River basin for power genera-
tion 20 years ago, and the building of further dams in other areas of
B.C., large quantities of timber have been flooded. At present, efforts
are being made to salvage timber from Ootsa Lake, a large lake with
1000 miles of shoreline located 130 miles west of Prince George.
Further studies are being proposed by the B. C. Forest Service to deter-
mine the economics of similar projects on other man-made lakes.

Problems of the underwater harvesting of submerged timber have
been overcome to the point where harvesting is now practical. How-
ever, the commercial drying of the lumber with its unusually high mois-
ture content (mc) and other unknown effects of long-time submergence
remains a difficult task.

Although the logs as harvested have 100 to 215% mc, they are
decked for 1 to 2 years to partially air dry before milling. As a result,
the lumber produced has an average mc of about 77 to 120%, compared
with 50 to 60% for fresh forest-grown timber (1). The objective of this
study is to develop a schedule for drying this wet Lumber.

Materials and Methods

The material was received as nominal 2 x 4-inch, 8-ft. rough lum-
ber in the proportion 80% lodgepole pine [ Pinus contorta var. latifolia
Engelm.] and 20% white spruce [Picea  glauca (Moench) Voss] . It was
prepared for drying by cutting to Length, weighing, grading and de-
termining initial mc from oven-dried samples. On the basis of 20 pine
and 8 spruce samples subdivided into sapwood, transitional heartwood
and inner heartwood, average initial mc of the three zones was 72.3,
107.3 and 77.7% for lodgepole pine and 76.4, 88.4 and 98.9% for spruce.

Two experimental kilns, one humidity controlled and the other gas
fired using combustion gases with no humidity added, were used to dry a
total of six charges. As examples, the mildest and the severest sched-
ule tried are shown in Table 1.

Results and Discussion of Kiln Drying

Average final mc ranged from 11.6 to 17. 3%, depending on the kiln
charge, with zero to 25% of pieces remaining over 19% mc. The kiln-
dried lumber from all charges was seriously degraded due mainly to
ringshake in the lodgepole pine and collapse and honeycomb in the spruce.
While there were some differences in the amount of degrade among the
various schedules used, the portion of degrade in the mildest schedule
was 20% for lodgepole pine and 56% for spruce and in the severest, 26%
for lodgepole pine and 100% for spruce. The results indicate quite con-
vincingly that the problem is not a conventional one in kiln schedule
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development. It appears rather that the physical properties of the woods
have been modified by prolonged submersion in water.

Table 1. The mildest and severest kiln schedule applied to lodgepole
pine and spruce studs.

Hours DB°F WB°F RI-I% EMC%

24 160 145 67 9.4
23 180 160 62 7.6
89 190 165 56 6.4

136 hours - Total

30 170 122- 24 3.2
112

12 130 95 29 4.9
39 180 115 26 3. 3

81 hours - Total

Other Studies 

Parallel with drying experiments, mc determinations were made
on 8 log cross sections of each species just removed from the lake.
Within each section, mcs were determined for spawood, transitional
heartwood and inner heartwood. For lodgepole pine, the mcs of both
the sapwood and the transitional heartwood averaged 162%, compared
with 97% in the inner heartwood (see Fig. 1). Corresponding values for
spruce were 180, 200 and 100% mc.

The mc of the pine studs milled from logs decked for about 1 1/2
years was not distributed uniformly. Fig. 2 and 3 show three cross
sections each, with one sub-divided to show the mc of sapwood, trans-
itional heartwood and inner heartwood regions before drying. These
mcs represent the range found in lodgepole pine. The other two sections
in the figures are oven-dried and kiln-dried sections of the same boards,
showing ring shakes in both cases.

Freshly harvested lodgepole pine exhibited heavy bacterial attack
in the sapwood ray parenchyma. Here unlignified cell walls were re-
moved, in contrast to the lignified ray cells of heartwood which were not
attacked. Some bacteria were present in spruce sapwood, but no cell-
wall degradation was evident. Figure 4 is an electron micrograph of an
intertracheid pit of lodgepole pine in both sectional and surface view.
Bacteria are found both on the pit membrane and torus, and a gap in the
torus is indicated. These observations suggest that pine sapwood may
have improved permeability and thus be capable of faster drying.

The high incidence of shake noted in pine may be due to stresses
imposed by shrinking sapwood, causing a shear-type failure to develop
along the interface between low mc, permeable sapwood, which also may
have been weakened by bacterial attack, and high mc, less permeable
transitional heartwood. This is substantiated by Fig. 1 which shows a
typical radial check through the sapwood only, and a ring-shake failure
in the transition zone.
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Figure 1. Lodgepole pine disc, cut in the green condition
and dried indoors, shows shear-type shake. The
rrics for sapwood. transitional heartwood and
inner heartwood are noted.

Figure 2. Lodgepole pine stud cross sections, all showing
shear-type ring separation (shake). Section No.
1 - kiln dried: Section No. 2 - three bands noted
with green rncs; Section No. 3 - oven dried.



Figure 3. Lodgepole pine stud cross sections, all showing
shear-type ring separation (shakes). Secti.on No.
1 - kiln dried; Section No. 2 - oven dried; Sec-
tion No. 3 - three bands noted with green mcs.

Figure 4. Entertracheici pit in cross section and corres-
ponding frontal view. Bacterial attack of torus
and pit membrane has occurred. (Photo by Mrs.
A. Bramhall)
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Figure 5. Six kiln-dried cross-sections from spruce.
Various degrees of collapse and honeycomb

Figure 6, Cross section of collapsed spruce after kiln
drying,



Figure 5 shows six cross sections of spruce. Upon kiln drying,
honeycomb and collapse developed to different extents. Figure 6 shows
a cross section of a kiln-dried spruce stud in the rough and surfaced
condition. In both cases, the heavy collapse makes the board unaccept-
able for the VPS-20-70 Standard. The incidence of collapse in spruce
may be related to its mc distribution, such that some cell lumens are
completely filled with water prior to drying.

Conclusion 

It appears that the stresses developed in normal kiln drying are
too high for this peculiar material. Even schedules requiring 136 hours
were not satisfactory in that both drying defects and mc were excessive.

The next approach will be to try air drying prior to final kiln
drying to reduce differential stresses due to abnormal mc distribution
in pine and to reduce high mc of spruce, thereby eliminating the condi-
tion most conducive to collapse.
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