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PREFACE

The primary purpose of this paper is to compare,
ohvé financial basis, the portable sawmill with
the customary type of stationary sawmill; Thié
comparison has been workedﬁdut by‘applyingvaétual

cost figures to a hypothetical forest property.

Cost figures used hgrebhave been asgenmbled from -
various sources and'are n&t supposedvto be typi-
cal of ény single forest property; rather, they
are average figures susceptible to much Qider
application than.any epecific@?égurea for a single

forest property might be.

The second part of the paper deals with the
problem of portable mill moving. It attempts
to analyze the economic primcipléa which should
form the basis for determiningvthe frequency of

mill moving in any given case..
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PART I

A Comparison of Costs and Profits under

a Stationary and a Portable Mill Plan

INTRODUCTION

The Eastern Texas Land Cbmpany* owns a total of 129,280
acres of loblolly-shortleaf pine land Eearing the following forest
stands:

Area, acres

Virgin timber 26,880

Culled areas 11,520

Second growth areas,
25 % restocked 38,912

Second growth areas,
less than 25% restocked 26,368

0ld field merchantable stands 14,848

01d field nénemerchantable . 10,752

Total 129,280

A map of the total holdings and distribution of the types

is shown on page 4.

* Hypothetical; basic data from D. M. Matthews, unpublished.
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~ Land Company o
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The Company proposes to exploit these lands under a sustained
yield plan of management since the wide diétfibution‘of age classes
and types seems to make this procgdure practicable. ‘A cruise has been
made of the area and the information obtained in this way is ts be
used as the basis fér a preliminary management plan for the entire
property.

The question.then.arises as to what is the most profitable
method of millingithe output. It is possible to infiroduce a number
of portable sawmili units to work in the woo%? together with a éog—
centration yérd which is located at the village which is to bg the
headquarters of the Company. These sawmills and the accessorg equip-
ment will be of such design that the lumber produced will be of the
same quality as that produced be a stationary mill. Alternatively, a
large stationary mill can be located in the above-mentioned village.
Log transpor£ation,ie to be by truck.

The valuation of the forest property under the management
plan finally adopted and the milling plan which seems most profitable
will form the basis of the éprporate organization which is proposed

for the handling of the property.



THE SILVICULTURAL BASIS OF THE FOREST MANAGEMENT PLAN

Composition and character of the stands. Loblolly and short-—

leaf pine often meke up the entire forest stand,in‘eastern,Texas,
shortleaf predominating on the drier sites aﬁdvloblolly on the moist

sites. Minor asgociates, when present, include hawthorn, pérsimmon,
black gum, post oek, red oak, and red gum. The forests exist as un-
evén-aged stands. In competing with eaéh other neither of the pine
species has & distinct adventage, since loblolly grows fast in youth
but decréases in rapidity of growth as it grows older, whereas short-
leaf increases but slowly in rate of growth but maintaine its maximum
growth rate to an old_ager The compoaitién of the forest, with regard
to these two principé&‘species, will therqfore not change without human
interferance. Under.management, however, lobloily will be favored,
since it puts on the.mbst rapid growth at an early age.  For our pur-
poses the hardwoods may be diaregarded, since they are few and of low
quality; they will be éut for what they are worth, in the hope of
eliminating them eventually. | |

Gfbwth. Loblolly ahd shortleaf pineiin the South are known

to be fasgt-growing species adapted to eus£&ih§d yield forest_ménage- '
ment. Growth deta presented here for bhe area under consideration
are for stands whichbare understocked; the growth rates are, however,
not thought to be excessive. According ﬁo Reynolds* mature trees up
to 24 inches in diameter can be grown in 70 yearsbon good sites. Our )
data, presented in table 1, indicate thatAshértleaf pine up to 14 inches

. in diameter and loblolly wup to 20 inchesvcan'be grown in 70 years.

R. Reynolds, unpublished.



Age Average diameter growth : ;.\.ct,ua'lw diamﬁer, inches,
in 10-year period, inches - at 10-year intervals
Loblolly  Shortleaf o | Loblolly Shortleaf
10 2.54 1.70 | 3.3 2.7
20 o 2.97 1.84 © 5.84 - 4.4
30 3.00 1.97 8.81 6.24
40 2.93 2.06 11.81 8.21
50 2.70 2.18 14.74 10.27
60 2.40 2.20 17 .44 12.45
70 2.08 2.20 19.84 14.65
80 1.76 2.20 21.92 16.85
90 1.48 2.20 23.68 19.05
100 1.22 2.20 25.16 21.25
110 1.02 T 2.20 26.38 23.45
120 - - 27.40 25.65

Table 1. Growth rates of loblolly and shortleaf pine at various

ages, ‘collected on the Company property.

Figure 2 is»a graphic presentation of the data shown in
table 1 and serves to correlate{ growth in a ten year period with
diameter instead of with age.

 The actuel rate of growth in the forest ecan be maintained
at any desired level by regulating the deﬁsity of the stands. We
shall seek to maintain the growth rate as given in table 1 by keeping

the basal area at about 100 square feet per acre. Studies by Paul (6)
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indicate that this moderate rate of growth ff sustained over a period
of years will produce unlformly gralned wood with & maximum annunh
of summerwood. This produces wood of high quality.

Tolerance. In any forest, the character of the management
plan will be profoundly influenced by«thg‘reAatlve to;ergnces‘of the
various species composihg the forest staﬁd. ‘Ohﬁpman'a (1) Vﬁtudy
:,oﬁ the récovery and growth of loblolly pine after suppression shows
that suppreessed trees will quiékly recover and.put on diameter growth
at a rapid rate, although height growth is retarded. 'Trees'#;-inchea
in diameter, suppressed 63 years, grew faster in dlameter when releaaed
than trees never suppressed. In height growth they progreesed only
one half as fast as younger trees. Chapman concluded that diameter
growth after release depends on the relative length of the surviving
crown. Shortleaf pine is considérably moré tolerant than 1oblolfy.

In growth predictioms, therefofe, it ie'possiblé to deal
with trees of :zgifspecies as though they had not been suppressed.
This will be necéssary in our problem with trees six inches and over
in dismeter, since we must try to bring them through the rotation as
crop trees, or at least as thinning materlal because of the present

’ Suppressed
understocked condition of the stands. /erees four inchee and less,
. however, are not regarded in the growth'predictions,‘since faster

growing young trees will undoubtedly replace them &g crop trees within

the present-rotationu

Regeneration. Shortleaf pine is the most abundant reprodu-
cer in mixed stands, since it has unusual ability to grow under se-

 vere competition. Advanced reproduction of loblolly is likely tofbe
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confined to openings created in the stand. It,becbmes'neceseary,
therefore, to make cuttings in auch a way as to remofe_groups large
enough to favor the 1ob1011y pine. - |

Under ordinary management the procurlng of reproductlon
need not be a problem. Both 1oblolly and shcrt&eaf-are good seed
producers and both are not exacting tn'their,éeedbed requirenente,
although loblolly requires moister conditions than shortleaf. Be;
cause of thelr ablllty to copplce following a fire shortleaf and the
hardwoods predominate after a flre.

Fire Protection. A system of fire protection will be part

of the management plan of the forest. The problem;is not great.

Slash decomposes rapidly and preaehta.no fire dangér #fter three or

four yeafe.‘ Lopping and scattering will réduce this by a year, but
is not essential.

Other Injury. Both loblolly and short leaf pines hame deep

taproots and are not subject to windfali. Diseases and insects are
also not serious. Rot is presént almost solelj in trees damaggd by |
fire and can therefore be eliminated. ' The southern pine beetlé'and
the Nantucket tip moth are the only insects which will probably be
- encountered, both on loblolly and slash. Neither of £hem‘kills“£he_
trees,and need not cause great alarm. (5)> |
Mortality. Mortality due to all causes is taken together

as an average figure and applied to tis growth predlctlons. However,
it is assumed that the mortality flgure will be greatly reduced or
even entlrely ellminated from the stands after the flrst dﬁ aelective
. cutting hga begn nade. For this reason growth predictions after

cutting do not contain a deduction for mortality.
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‘Table 2 shows the mortality percentages in a single year
and for a ten year period. It is based on 555 plots taken in avergge

shortleaf-loblolly stands.

Table 2. Mortality per cent in average shortleaf-loblolly pine standa"f

Mortality %
Diameter Mortality % for 1O-year
Class in 1 year period
2 «40 3.7
4 C W34 3.0
6 30 2.8
8 .27 2.6
10 ‘ T .26 2.8
12 .28 5.3
14 34 4.1
16 43 5.0
18 .56 6.4
20 72 8.2
22 092 10.0
24 1.12. 11.7
26 1.34 13.7
28 1.56 15.8
50 1080 -

VOLUME TABLES

Volume tables were mdde for the property for each of the two
pine species, and afe of two types: for virgin stands; and for second-
growth étanda. The volumes giveh in the basic déta were curved as
ghown in figure 3. Volumes were then reassembled into tabular form
and are given‘in table 5. The International Rule was used.

In applying the volume table; weighted values were used
where both species had been thrown together iﬁ the growth prediétions.
Virgin stands, after the first selective éutting, were treated as

second growth.

~*  Sourck: D. M. Matthews.
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Table 3. Volume tables for- the ‘property; Intemtioml Rule. &:sf

Volumes 1n board feet

Diameter

~ Loblolly - - Shortleaf .
Virgin Second Gr. Virgin =~ Second Gr.
10 T4 , 62 100 73
12 160 125 176 148
1 275 217 S 265 - » 234
16 . s 3271 374 323
18 569 452 500 415
20 731 564 ’ 623 515
22 912 685 792 ' 1625
24 1078 1050 1050 754
26 1248 1244 ' 1245 907
28 1437 1455 vlhOO 1055

30 - 1538 11600 1230

DETERMINATION OF THE PROFITABLEYROTATION

The probable most profitable diametef gutting limit, ér'the"
diameter which determines the rotation age, is derived by means of the
catculation shown in table 3@. This is an attempt to apply approximate
vglue'figures to the stands under conéiderationvin-order to determine
the value growth percent for the various diameters. |

Columns 1 and two show pfééent diameters and diametefs in
10 years, after applying growth figures.v ‘Présent'and futu#e_vélumes

_ (the latter obtained from flgure 3) are ghown in columns 3 and 5.
Values shown in columns 4 and 6 are taken from U. 3. D. A?Eigalietlh 3
375, table 10, column 1, These values w111 naturally not apply
directly to our operatioﬁ, but will show relatlve trenda and can
iherefore be used to compare values at various diaméﬁers;

Values in column 6, minus'véluea in éolumn 4, ‘di§ided_by
10, glve the value growth per year, as shown in column 7 Value growth

percent is then simply calculated by dividing the value growth (col 7)
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Table 3. Prellmlnary calculatlon dhOW1ng approx1mate growth percent used in'
: decldlng the probable most profitable cutting diameter limit * . - o S

Present
Diameter

B B He

, 10
Years

:Hence B

_ ,,§ ‘:‘
Preseft
| Volume
per tree

= }$ ,“

Present |

Value

|per tree

Future'

| Volume
per tree

6
Future

Value
per tree

':.'? R

Value -

Growth -
per year

S
Value
Growth
per’ cent

Loblolly Plnétw

.‘14 VT”

0
5 ;25;7h'_
};_25;44 o |
1o

n22

,:'26 o

-1676‘
_;18 56 .

 15'T.'f,v2o 545 :

27.08.

22. 063”“

4s2 3

1564 f£ .

..

1050

50 ?}»
| 6§0Aﬁim
e

-;?iséaév |
 ‘1‘8;6_.(_)  N

1575

'f7 2f51 ‘} :
. 3;79,2‘Q
.5.511 

11.00

'7;29f3

;217 _ 
s b3
._ .5.755 . V
”‘.280 _jffw

169

202

.2
1. 4'ﬁ
6. 5"

5.2

2.2

2. Shortleaf

Pine

91’5

14
16
18.”
22
24
26

R V:Alé.m

18.20
20.20
22.20
24.20

26.20

28.20

234

325

55
515
-625
754
907

..';67
1.75
3.07
4,68
6.62
9.05

11.92

330
420
525
630
760
920

1065

1.83
3.15
478
6.70
9.10

12.15"

- 15.10

116

| AIﬁOV‘

L2020

.

,510A"“

318

17 ED
8.0
g 5?6 
 }:475.
37
5.4

g

*  The stand data used in this table are for the second growth, more than 25 % I

restocked, areas (p-26).
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by the p¥esent value per tree; +this figure is given in colwm 8, and
represents the value groW@h percent per year, which will be maintained
for %;é ten year period. The figures show, for example, that if we
leave anj/18*inch loblolly pine we shall obtain an average value growth
of 6.5% over the following ten-year period; while if we leave a 20~
inch loblolly we shall obtain a growth of only 4.3%. | It is likely,
then, that with a ten-year cutting cycle we shall not want to leave
trees over 18 inches, since the actual return from leaving them is
low.

By referring to table 1 we see that loblolly grows to
19.84 inches in 70 years, shortleaf to 14.65 inches. Theréfore we

choose a 7O-year rotation, with a ten-year cutting cycle.

STAND PREDIZCTION

Reynold's Method” of applying growth data in the prediction
of future stands was used. In all cases predictions were made by ten-
year periods. Two-inch diambter classes were used throughout in the
calculations. Stands were classified according to the basal area

control method into ten-year age classes, on a 70-year rotation.(5)

R. Reynolds, unpublished.



- 16 -
THE FOREST STANDS AND THE PRESENT AND FUTURE CUIS

Virgin stands cover an area of 26,880 acres, located at

some distance from the Milltéwn. Since these_ﬁiands carry thé gréatesﬁ-
merchantable volume they must support the main cutting operations for
the first cutting cycle. On ali other etands the‘merchantable volumg
is at’pfesent-so-lcw that cutting operations would not be justified.
Furthermore, the// virgin staﬁda have é‘high fepresentation of short-
leaf pine and hardwobds;: rapidly running over this area during the

first cutting cyecle would meke it possible to improve the condition

of the stands and increase tﬁe>repreaeﬁtation of 1obiolly at once.

If the virgin stands arevto support the entire mill ouiput

for the first ten yéars of operation the cut mst be faifly heaQy.

If the stand is classified by the basal area control wethod, on the
basis of a 70-year rotation and a 1l0-year cutting cycle, the cut‘rée
ceived by taking the oldest age class will not be gufficient. 1f,
however, the two oldest age classes are taken, the cut will go down

o0 16 inches (téble 4). This will leave trees 14 inches and ué on
the ground; +the plan then is io return to this aréa,in fwenﬁy yeafs
instead of ten for the second cut.b |

The present cut per acre under this plén is as follows:

Loblolly pine, 16" - 28" .

. . 4257 bd. £t
Shortleaf pine, 16" - 28" . . . .5660 bd. ft.

TOLAL - e e e e e e e e . 7917 bd. f£t.
Reduced 10 % for defect . . .. ; . .‘.7£%§?bd. .

This cut will cover annuelly an area of 2, 688 acres and will there-
19,152
fore yield an annual total cut of %85 M bd. ft. for the period.

The cut is shown in detail in table 5.
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7Tab1é'4} Stand table, average acre, shortleaf-loblolly virgin stand.

Longleaf Pine

Diameter | Loblolly Pine Shortleaf Pine |Hardwood |pead
~_Clags  [Main [Sup. | Totalliain |Sup. |Eotal |Main |Sup. |Pine[ Nain [ Bup.
| stand [stand|Voluus [Stand |stand|Voluue |Stand|Stand Stand | Stand
"2 | 145 2.00 5.45 4.36 7.45 13.45 .18 .73
4 18 .55 491 3.7 6.73 8.36 73 1.82
6 73 .91 6.91 3.09 4.36 5.27 .18
8 .55 6.18 .73 7.09 1.45 .18 .18
0 1.09 81 7.6k 764 3.82
12 1.45 232 - 7.09 1248 1.45 ,36
14 2)91 ; 800  2.91 74 1 .64
16 2.36 979 2.55 . .18 954 .91 .18
18 1.27: 725 1.64 s 1.09
20 55 2 .75 Syl Lo
s 8 164 .36 510 .18
ol 73 786 .55 58 18
% '.5_5_" 686 ;‘18:" oo .8
28 - 36 57 .18 262 18
Total  14.36 5.6 70 47!28"11.65 6446 - 36.35 2B.7L 36 L5 273

' Rotal Pine Volume, 11,816 Bd. ft, reduced 10% = 10,634 bd. £t.

Asgessed valﬁe,l #50 per‘acre.

‘Total area,

26,880 acres .

Total assessed value,. $806,400
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Eablé 5{ Stand 1, virgin timber. Table showing the average cut per acre during the
N first ten years of operation. ‘

: Diam;  | Nambor of trees to be cut | Total | Volume, bd. ft., ot per acre

_Inches - '} Lobl. [Shortl., Total 1 B. A. Lobl. Shortl.‘ Total
16 236 255 hol 6:89 or9 9%k 1933
TR 1.64A 2.91 5.15 725 8k 1564
A_aéd.."_ .55 .73, 1.28 2.79 402 491 893
_22"15}.’ .18 .36 .54 1.42 164 310 - 474
o3 .5 1.8 ho2 786 58 1364

26 _;.. .55 . -.18v .73 2.69 686 224 - 910
28  | _ | ;56 § .18 | .54 3.31 517 262 779
. Toﬁélll - 6.00 6.19. 12.19 26.27  *??ZZ R _36601 ,'17917

. Toﬂél-évefage cut per acre, 7917 ft., - 10% for defect-: 7125fbd..ftﬁ
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The effect of meking a heavy cut in'the virgin stands will
‘be seen after tbe stand has been predicted forward twenty ye&ré, as
shdwn in<table‘3. In this prediction longleaf pine is thrown tOge-I
ther with loblolly, since the two have similar growth habits. The
growthvrate'ueed istz?gt for a twenty year period,‘figured by inter-
polation from tAZ::;rves in figure 2. The growth rates for the two
main species of t?ees were then weighted according to the representation.
of each. | |
We find that even though we have cut to & diameter of 14
inches we again have 20-inch trees after zo‘years. Thé stand can then
be classified, as in table P, in order to determine the oldest age
class on the 70-10 plan. Of a total volume of 10,810 bd. ft. per acre
we can cut the oldest age class, or 5,050 bd. ft. |
The cut is as followé:
4.13 trees 18" in diam. ...... 1760 bd. ft.
2.3% trees 20" in diam.. ..... 1290 bd. ft.
Total cut per acre « « ¢« + « o« « 5050 bd. ft.
Minus 10 % fot defect . . . . . . 2745 bd. ft.
On 2,688 acres the annual cut from the twentieth year and on will
therefore be 7,573 M. bd. ft. This cut is assumed to go on forever}
- although it ig a conservative es@imate, since the volume will in-

crease as the @ndition of the stands improvéa.#){,! and defect is

eliminated.



Table 6. Prediction of the virgin stand, 20 years efter cut

.Diemeter | Original Number of Trees Weighted{ Number | B. A. Volume .
Class Loblolly|Shortleaf | Total | Growth |in 20 yrs| sq. ft. | bd. ft.

& Longl. -'~Rape‘ | “|in 20 yrsf in 20 yre

2 1.66 5.5 7.08 2.0 NO DATA =
4 .91 4.91 5.82 -'»_2.00  . NO DATA f:" :°_f
6 73 691 T.66 2.5 6.87 96 -
8 73 £.18 6.91' 2,20 6.03 a 1,65_ =
10 109 7.64  8.73 2.29 649 3.5 600
12 1.81 7.09 8.0 2.32 6.68 5.7 1010
14 2.91 2.91 5.82 2.0 7.8 8.11 1850
16 . B - 8.5 12.02 3080
18 o | 6.34 1121' 3010
20 ‘ - a3 s09 120
Totals 9.81  41.09  50.90 T 0.0 - 47.85 »: 10810

Table 7. Classification of stand from table 6.. - -
B: A.. % '~ Actual B. A.| Diameter | Volume,

 Age group Distribution§ Sq. Ft. | Range, inches Bd. Ft.
0 - 30 N 0 D ATfA_,, o |
51 - 4o 3.5 1.2k 6-14 2535
41 - %0 25.0 11.96 o lh--16 f ’2,650 »:
51 - 60 25.6. B ok 16 - B 2,775

61 - 70 25,9 1241 18-20 3,00

 Totals . 100%  47.88 10,810
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- Culled stends cover an area of 11,520 acres; they are located A

near the virgin stands and will be cut immediaﬁely after the first
ten-year cutting period in the virgin timber is completed. The
present stand is shown in +table 8. The stand is predicted forward
for ten years, as shown in table 9, and clasgified as in table 10.
The oldest age group shown in table 10 will be cut atvthis time. The
residual stand.ia then again predicted forward ten years‘in table 11,
and classified in table 12. The cut taken frém;the.oldest age group
in table 12 is assumed to go on forever, beginning in 20 years.

The cut beginning in‘ten years will take 2.45 trees from the
18 inch diameter class, table 9, and all trees above thié diameter, and
will yield a total volume of 3,704 bd. ft. per acre; allowing 10 % for
defect the net yield is 3334 bd. ft., cut annually on 1,152 acres,
.giving an average anﬁual cut of 3,840 M bd. ft. for ten years.

The cut beginning in twenty years takes 4.85 trees from the
18 inch class, table 11, and all trees above this diameter, and yields .
5,702 bd. ft. per acre. Without deducting'for defect. since we hope
to. have éliminated.a great part of it by this time, we get an average

annual yield of 4,270 M.bd. ft. from the area.



‘Table 8. Stand teble, average acre of culled shortleaf-loblolly stands.

s B i

~ ‘Diaieter| _ Loblolly Pine Shortleaf Pine | Hardwood .| Dead

P — - - . - -

Class | Main | Sup. | _Volqme” Mein  |Sup. | . Volume | Main .| Sup.. | ;P‘inel

V, — —— - - - o

> 3.6 889 578 19.5 1244

| 4 i;;.sﬁ'l‘ ?;é§:’ rs;od:~ ;5ﬁ55; 24;56;  7,11}
w v5gi‘ 4.89 . ‘ﬁo{ééi,/5éii  is;;r7f'§.11f_f,89'"
o 5 sqe L hah e
| 10[;}g;é;615? 1% 622 A: j;622{"’»;6;22"
ffisz f;1;7é7' 85 578 017 koo
14 s 56 9 3% otk 2.2
6 89 369 2.6 o9 13
R .89 Cust
o R a6

R | o

o | L4 462  ‘.

26 | 4 84

Total 22.24 1.33 1831 .55 14.66 5548  77.76 25.10 . .89

Total pine volume, 7179, reduced 10% for defect, = 6461 bd. ft.

Assessed value, $18 per acre.
Total area, 11,520 acres.
Total value of stands, as assessed: $207,360
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Table 9. . Culled 8tands, composition in 10 years.
Diam. Present Number| Mamber in 10 years * | B. A. | Valume'in 10 yéars
Lobl. | Short.| Lobl. |short. |Total | Sq. Ft| Lobl. |Short. [Total
2 3.56  8.89  2.30 1.5 3.87 e
E 1.33°  8.00 2.06 7.79 9.85 ~;89
6 489 13.33 .85  7.23  8.06 1.13
8 3.5 6.22 2.91  12.70 15.61 4,11 |
10 2.67 6.22 = 4.05 5.9 9.99  6.59 f3oo  9h ‘896'f’
12 178 5.78  3.07 5.69 8.76 6.92 A9l 1000 149l
14 3.5  3.56 222 5.52  7.74  8.28 614 1452, 2066
16 .89 2.6? é.87 3.59  6.46  9.04 1191 1342 ,‘.2555"3
18 89 1.92 236 428 7.5 . 1092 1180 2072
20 Wk .24 101 1.25 2.72 180 &0 8w
22 B9 b9 1.29 388 388
2l A .c%bA- oh 13 h2 k2
26 4 g0 o LAy 498 hoB
28 A3 3 1.8k G2 602
30 o4 .0k .20 b 6
Total 20,24  56.88 22,47 5480 77.27 52.27 11662

* After deducting mortality

3870 7792

Téble g 10. Classified stand per acre, culled‘areas in 10 years.

Actual

Age B. A. % Number | Diam. - Volume
Group Distrib. | B. A. of Trees Range, In. | Bd. Ft.
0 - 20 N 0 D A T A

21 - 30 17.5 9.15 41.85 ._ 2'- 10 -

31 - 40 19.4 10.13 15.75  10-12 . 300

41 - 50 20.6 10.77 9.77 12-16 12Ao

51 - 60 21.1 1.5 6.82  16-18 6418

_ 61 - 70 21.4 11.19 5.10 18 -3 3704

Total 100 52.27 - | 11662

7727
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Table 11. Culled Stands, composition in 20 yeara_’
. Diamster | Number of | Basal Area| Volume | Total
Class Trees ?n. .’Sq..Ft. _pe?vTree '.Volume
2 .70 |
4 3.7 .30
6 ,9.85 1.38
8 _7.66 2.07 |
10 14,45 7.95 68 541
12 9.16 T.24 10 1282
14 9.66 10.%4 228 2205’1'
16 7.66 10.87. 525 2520
18 6.77 11.99 430 2905
20 2573 5.95 550 1448
22 .26 .69 650 169
o .
Total 72.17 58.78 11070

Table 12. Classified stahd per acre, culled areas in 20.yéars

Age B. A. %| Actual ﬁumber' 'g Diameter Volﬁme' '
Group Distrib. B. A. of Trees % Range Bdf Ft.
: - 0-30 B D A T A
31 - ko 23.5 13.81 38.51 ‘2.; 12 915
41 - 50 5.0 14.69 1542 12 - 2908
51 - 60 25.6 15.06 1050 1h-18 355
61-70  25.9 15.22 7.84  18-22 3702
Total 100 % 58.78  72.17 11070
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Second growth stands are treated in two groups, those with a sto-

" cking of 25 % or over, and those with lése thanéaﬁ% stocking.

Second growth areas with a stqckingi;? 25 % or oVér covefvan area
A of 58,912‘acres; Their composition is shown in table 13. At present

the total merchantable‘volume per acre is 6674 bd. ft. Since this is,
however, scattered among areas which are 1eés:heavily étocked, it;£; not
practibable to log the area at thevpreseﬁt time. The stand is'ﬁherefore
predicted forward 10 years in table IA,Iand & total merchantable volume of
16,225 bd. ft. per acre is obtained at that time. The oldest age class

as shown in table 15 will yield a cut of 5,495 bd. ft. per acre beginning
in ten years; minus 10 % for defect leaves a net cut of 4,946 bd. ft.

In table 16 the residual stand is predicted forward énother ten
years, and the cut to be obtained for the éyclé beginning in twenty years
is shown in the tlagsified stand table, table 17, to be 11&5 bd. ft. In
this case there will be no deduction for defect. |

The total cut from the area will therefore be:

for the cycle beginning in ten years: 4,946 £t. x 3,891 acres :
| | 19,245 M bd. ft. per year
for the cycle beginningkin twenty yearsﬁ 7145 £t. x 3891 acres :

27,801 M bd. ft. per year
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Total pine volume,

Agsegsed value,.

. "Potal Ared,

'$15 per.écfet
38,912 ‘acres.
Total agaessed value for auands,

$585,680

7416 bd. ft L reduced 10 % for- defect, =.
6674 bd. ft.

.:Tébie 13. Stand table, Average acre of shortleaf-loblolly second growth,
' ’ more than 25 % stocking.
Dismeter | _ Shortleaf Pine | _ Loblolly Pine Hardwood Dead
- Class |Main | Sup. Total | Hain Sup. - Total | Main | Sup. Pine
s Stand Sﬁand Volume] Stand Stand | Volume Stand | Stand '
2, 0.90 12.00 | 2.71 -25.10 T " 11.87  21.94
b ka9 12.77 10.19 . 7.74 3.48  9.h2 .39
6 11.74 8.9 - 16.77 5.03 10.45  5.94 .26
8 12.06 1.03 11.61 1.42 | 6.58 .65 .26
iio 8.13 .26 626 11.74 65 728 b2 .13 .26
12 5.16 764 11.87 484 2.71 13
14 1.03 238  6.19 1343 l.42 15
16 .39 126 2.58 844 - .52
fla 39 162 .90 107 77 .13
0 13 61 39 . 220 .39 |
22 13 89 .26
: 24 26
26 | .15  118» SLA
28 15
; 30 .13 200 13
.'iéﬁéi;} 44;59,.54.96 2 2101 75. 21 {."57,94A‘_;5§15‘ 45 49 58 o1  1.86
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‘Second growth, 25 % and over stocking, iO-yegr prediction.
Diam. (| Present No. | No. after 10 jearé B.:A.: ﬁolumévin 1Q§§earsjp‘
Lobl.} Sh Lobl.} Sh. |Total ysq. ft§ Lobl.j§ Sh. jTotal
2 271 0.9 16 a6 o -
L1019 439 1.65 1.16 2.81 .25
6 21.80 20.64 7.38 4.17 11.55 1.62
8 13.05 13.05 13.42 15.%0 é8.92 7.80 o
10 - 12.39 8.39 15.30 12.10 27.40 15.08 950 880 1830
12 11.87 5.16 12.20 7.65 19.85 15.70 1525 1130 2655
14 6.19 1.05 12.00 5.09 17.09 18.30 2725 1189 3914
16 2.58 39 7.75 1.39 10.14 14.20 2860 449 3309
18 ' .0 .39 3.95 b2 437 7.75 1785 17k 1959
0 39 .13 134 .36 1.70 3.1 756 186 ok
22 .13 50 .k .6 1.69 3k 875 1217
ol .10 .01 .11 .35 105 8 113
26 13 |
28 10 .10 3 105 105
30 .13 A1 .01 .12 .59  169 12 181
Total 82.31 54.58 76.70 48.26 124.96 87.47 11217 5008 16225 o
Taﬁle 15. Claésified stand table for table 14.
Agé B. A. | Actual | Number | Diameter [Volume -
CGroup | % Distrf B A. |of Trees| Range |Bd. Ft.
0 - 20 N 0 D A T A&
21 -30 17.5  15.30 55.66_ 2-10 680
1ok 19.4 1697 2670 10 - 12, 2h25
4 -5 2.6 18.02 19.52 12 - 14 "5569 .
51-60 2.1  18.46  15.06 14 - 16  los6
61-70 214 18.72 10.04 16 -30 5495
Total 100 % 87.47  124.96 . 16225
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‘Table §6. Second growth, # 25 % and over stocking, 20-year prediction

Diameter | Number of B. A. Volume per Total
Inches Trees in 20 | 8q. Ft. | Tree, weighted | Voluime
Years : S ’
2 .03

4 13 .01

6 2.25 31

8 8.06 2.18
10 125.73 4.7 65 1670
12 26.42 20.90 o135 3575
14 21.12 22.60 225 4750
16 18.92 25.50 325 6150
18 0.7 18.52 450 0
2 179 3.01 564 109
Total 114.92 - 108.10 21945

Table 17. Classified stand table for table 16

Age | B. A. % | Actual Nﬁmber Diameter Voiume
Group | Distrib. | B. A. of Trees - Range | Bd. Ft.
0 - 30 N o0 D A T A
31 - 40 23.5 25.4 41.22 2-12 3165

B -5 250 2.0  20.25  12-1 510
51-6 . 25.6 277 2207  14-16 65

61 - 70 25.9 28.0 16.40 ‘16 - 20 '7145»

Total 100 % 108.1  114.92 21945
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Second growth stands with a stocking of less then 25 % cover

i# gives the composition of the stands and

an area of 26,368 acres. Table
shows that the merchantable volume amounts to'only 2967 bd. ft; per acre,
mést of this being concentrated in trees of 1§w'diametera Af#ér ten

years, howévqr, the stand advances as shown in téhle 19 to abtmtal.vol- '

ume of 6303 bd. ft per acre. After classifying the stand iﬁ table 20

~we find that the volume to be taken in thevoldesﬁ age'class‘amounts*ﬁo‘
2078 bd. fﬁ.; deducting 4% 10 % f&r defect we get 1870 bd..ft.’mér--
chantable volume per acre. The annual‘cut_cQVera 2637‘acfes, s0 ihat

the total average annual volume cut frémvthese stands’wiil be

4,931 M bd. ft.

Table 21 éhows the residual stand after it has been‘predicted
forward another ten.years- When this stand is classified in table 22 we
obtain an average cut, in the oldest age class, of 3131 bd. f£t. per acre.
6n 2,637 acres this amounts to a total of 8,250 M Bd. hig average'annﬁai

cut beginning in twenty years.



=30 -

Tf -Téble_lS; Stand table, average acre of shortleaf-loblolly second growth,
R less than 25 % stocking.

A

_ Diameter. Loblolly Pine _ Shortleaf Pine " Hardwoods Dead
- Class | Main |Sup. Total Main | Sup. Total Main | Supr. Pine .

= IStand | Stand | Volume |[Stand | Stand Volume 4+ Stand | Stand |-

2 9.8 12.74 6.2 731 16.00 16.54 .44
b 736 3.60 5.1 1.78 . 3.5 405 .10
f»;6 - 9.09 " 1.33 425 | 1.43 10.96 ~2.62 .05

8 4.9k .35 3.11 .35 5.98 .89 .10

10 4.25 .05 264  2.81 .10 216 4.54 .25
12 5.4 6he 232 345 415 .35 .10
W 237 514 .74 171 2.62 .20 .10
16 '1.25 " | 402 .10 | ' 32 1.65 = .15
18 .79 . 357 .25 104 1.19 .05
0 ko 26 05 2% .5
22 05
24 .25
2% 10
| 28
.‘3{)" 10 -

Total 45.55 18.07 3405 25.01 10.97 892  55.97  25.10 .89

Total pine voiume, 3297 bd. ft., reduced 10 % for .
‘defect = 2967 bd. ft. ' '

Assessed value per acre, $8.
Total area, 26,368 acres -
Total assessed value = $210,944
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Table 19. Second'growth stands, Ieés than 25 % stocking.
Composition in ten years. , '

Diam. |Present No. |No. after 10 Years | B. A] Volum in 10 Years
. Inches | Lobl.| sh. | Lobl.] Sh. [Total | | Lobl. | Sh. |Total -
2 9.98 6.2 111 .11 .02
L 7.36 3.11 6.5 5.26 11.76 1.06
6 10.42 5.6 7.59 2.84 10.45 1.46
8 5.20 3.46 T7.76 5.42 15.18 3.56 B
10 4.30 2.91 7.45 3.%0 '10}75 5.91 452 200 692
12 5.14 2.32 4.67 2.62 T7.29 5.75 584 388 ‘9721
14 2.37 g4 4.8 2.22'_ 7.03 ‘7.55_ 1045 520 1565
16 1.25 .10 3.61 .09 3.70 5.18 1180 = 32 1212
18 .79 .25  1.66 .15 1.Bi - 3.20 750 62  8l2
20 .40 .05 .oh .22 1.6 2.5 50 113 64
22 37 .06 ' .45 115 256 37 201 :'
2 .11 a1 35 116 .16
Total 47.28 24.89 45.47' 23.29 68.76 37.68 | 4911 . 1392 6303
Table 20 Second growth stands, less thén 25 % stocking.
Classified stand table for stand in 10 years.
Age B. A. % |Actual | Number of | Diameter | Volume
Group Distrib.| B. A. [ Trees . Range  { Bd. Ft.
0-20 | | o : L H o
21 - 30 17.5 6.5  37.57 ,2 +A1o IR
31 - 40 9.4 731 12,26 "alove‘lz o
4 - 50 20.6 7.76 8.5 12-14 . 1463
51 - 60 21.1 7195 6.48 -6 - 1751
61 - 70 21.4  8.07 A2 16 - 2l 2078
Total 100 % 37.68  68.76 - 6303
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Second growth, less then 25 % stocking, composition

Table 21. .
after predicting 20 years forward.
Diameter Number of B. A. Volume per Total
Inches Trees, 20 yrs.| Sq. Pt. | Tree, weighted =~ | Volume
2 .20 : |
4 91 0.08
6 10.41 1.46
8 8.64 2.33

10 12.36 6.80 65 804

12 10.41 8.22 130 1355
14 - 9.40 10.07 220 2070'

16 7.11 9.95 325 2510

18 4.33 7.65 430 1945

20 .87 1.90 564 491

Total 6h.64 48.46 8975
Table 22. Second growth, less than 25 % stocking,'claasified
stand table after predicting 20 years forward.

Age B. A. % | Actual Fumber of | Diameter Yolume
Group Distribut.| B. A. Trees Range Bd. .
e - 30 .

31 - 40 23.5 11.39 33 .43 2-12 | 919 
41 - 50 25.0 12.12 13 .85 12-14 2195
51 - 60 25.6.  12.40 10.02 1 - 16 2730
61 - 70 25.9 12.55 734 16-20 313
100%  48.46 8975

Total -

64064
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' : merchantable
Old fleld stands exist in two age groups, the old fleld /

| standa and the unmerchantable stands. The old fleld merchantable
lstanda, the comp091tion of whldh is shown in talle 25, cover an érea
.,Q£  1L,848 acres; the unmerchantable stands, of which there exist
 10,752 acres, have a coﬁpositibn as ghown in tab1e 50; lost of the
'irees_in the unmerchahtable‘classes age less than six inches in dia-
"ﬁétér,.hence ohly about 20 years old (table 1). Therefore theyrwill
:hdt.reaéh the statuskof crop trees for another 50 years. They are |
_therefore disregardediin the growth predictiéna, which do not go be-
-édnd foAyears. ’
| In\the:fpllqwing yreatment of the merchantable stands the
ftféés'are predictéd ahead on & per acre basis as given in thé original
‘field data;‘buﬁ’%ggtlater:;rbrated over the entire area_of old field
Msténds,»since they exist in a scattered condition throughdut the area,
'andiall improvements, such ﬁs roadé, must»paéé through aréas,of ﬁn—
'ﬁercﬁaﬁtable as well &s rerchantable timber.

In table 24 the old field merchantable atanda, as shown in
fthe prev1ous table, are predicted fbrward ten yeara, after whlch tlme‘
-the oldest age claas, as shown in the cla831f1ed stand table, table 25,,
‘will be cut The volume tobe cut in this class is 5 958 ‘bd. ft., wh1ch
after deductlag 10 % for ‘defect glves a net yleld of 5 562 bd._ Thls
"volume is cut from 1485 acres annually for a perlod of ten yeara, hence'
:‘the total annual yield Wlll ba T, 962 K-bd. ft for uhls area ﬁhen |
,-thls volume is in turn prorated over. the entlre area of 25 600 acrea

-;of old fleld stands, the average yleld per acre is only 3,110 bd ft



- 34 ;

'Tabléazﬁ. stand table, average acre of old fieid stands.

. D. B. ]
- Class

‘Loblolly Pine

Shortleaf Pine

Hardwood

Main.
‘Btand

Sup. :Total
Stand | Volume

Main
Stand

Supr.
Stand

Total

Volume

Main
Stand

Supr.
Stand

Dead
Pine

: 10;_
12
V 14,
16
8

® o & N

.67

'ﬂ'20¢00‘

-38.00

~17.00

i; 1.67

.67

28.67 -

.53

. 1.67

8.35

-;15$55'

2,00
M35 1778
2125

1881

546
303

2.3
10.33
12.33
6.53
233
53

186

ook

, 4.00
© 4,33

7.06 '

1.67
33

4.87

545
76

53
1.53
2.00
2.33

.67

33

5.00
3,67
3.00

33

.67
33
33

‘Total

117.01

s o

3.8 15 98

6.99

12.00

133

‘Total pire volume, 7951 bd. ft.,
defect, = 7156 bd. f.

Aésaéséd vélﬁé;f.$20 per“éCre
Total area, 14,848 acres =
Total assessed value,  $296,960 -

~reduced 10% for
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Table 24. OLf field merchentable stands, composition in ten years.

.gQDiama'f'Pfééent No. | _No. after tenm years{ B. A.| Bolume in ten years.
- Inches|Lobl. | Sh. fLobl. [ Sh. |Total f Lobl.}§ Sh. § Total

67 2.33 _ RS A |
1.00 13.85 - .46 3.29 3.75 .3k
*:27.67' 13.66 .85 12.28 13.11 1.84

39.00 6,50' 14,35 13.01. 27.36 7.38
10 26.83 2.35:'31.80 6.19 37.99 20.90 1970 450 2420
_vié ,17,06' 35 33.15  2.19 35.34 27.90 4150 324 L47h
4 8.6 22.60 47 25.07 2k.65 4900 110 5010
16A‘.1,671A 1238 .05 12. i7.ho 4os0 - 30 4080
R S 421 7.45 1905 1905
'2O‘i77.35_4> .95 .5 207 5 5
'22éf‘ 3% T R A2 1.1 288 >', - 288
o 50 30 .5 315 315
o 150277

4

| Totel 125.84 39.00 121.45 37.87 159.32 111.97 18113 9l

" Table 25.  Old field merchantable stands in ten years, classified.

1ﬁﬁg§“;  1 iB; A; %."Actua1‘ . ,Numberfof'f‘Diametef.;v'_3biume?';
~Growp | Distrib.| B. A. ,.'Treesﬂ: _ Range | Bd. Ft. - .

’éi‘-;5é::' ;’i7é5 .:f. 19ﬂ5§f€5:; 6é-89 ;j_  >2 ;'10 Lf*:*il66;¢ ,
-l w4 27U 3200 0-12 ek

141'f;5° -“ .56;54;','525167v ;, :27's2;‘. ” 12i;fi4;:'T. %¢§92  { ff
;511;'651'  - ?1?1¥“iv féi,éé,ef' ;25;955 7;f14";516- ;'ﬁ{4§45’1'; -

61 - 70 ,>‘.'2;;4£-vi7f2§,97 .  14;75'f,j '16.;f24 R
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At thls p01nt we run 1nto our flrst problem of maklng
'”?thlnnlnos 1n.order to Veep the stands at a reasonably ranld rate of
"igrQWth; In table 25 we see that the merchantable stands have accu-

| uﬁg_iate‘d a fairly high bacal area of 111.97 ft. OFf this 23.07 £t. is
3 fémoVéd in cubting the crop trees, leaving 88.0.ft. on the ground.
: fIf¢tﬁé 99pposgd ratekof growth would be o ntinued in stands of this
‘5;&ensi£j we.couidbeXpeét{ after ten years, a total basal area of 14@.45
f# per acre. waever,.we know that the>growth rate would be considerably
i ;étapded in stands of this density, and that it is therefore necessary
t o.:_,mé"ke th"ir’mings .

| "Aftef‘we ghall have predicted the stand ahead a second ten

‘g years oﬁr da a will contain only trees in the four oldest age ‘classes.
’We aeaume that_ﬁf‘we have a basal area of about 90 ft. in these four
7;ciéeses'we-Shaii'bé'éble'fd get *he'deéiréd growth. A simpleuproportion -
; ¥wi11 therefore give us. the desired. basal area flgure to whlch we must _
;-thln our shand before the final predlctlon. Present actual basal area  f:
::?18 to - the future baaal area 88 x (the present basal area after thlnnlng))k
ffls to the ﬁiéééﬁﬂ future basal area d331red, or

88  ;..x S .
140 90 s _7 and x 19 56 5 ft. of basal area.~

Table 26 showa the calculatlon necvssary to apply thla flgure.

F;In the thlrd column the deelred basal area of 56 5 ft. 19 dlstrlbuted 
:accordlng to the welghted percentages of basal area to be obtalned 1n‘
 »eacb age class 1n order to have a perfect dlatrlbuxlonAof treea- __héi

f number of trees requlred to nake up thls basal area ie then deter~;b

;“mined, as glven 1n the fourth column. Thls number,‘wben subtracted

-i from the actual number of trees 1n eacn claes as shown in: tablc 25,

--_glvés thé nﬁmber of'brees to be taken fn:m each class.ln thznnlngs. .

f:In table o7 these trees are dlstrlbuted by dlameters.
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Table 26. Number of trees to be ta&en in thlnnlngs, olf fleld
merchantable atands, after first ten—year predlctlon
: Age B oA % Desired B. A. No. of Trees No. of Trees
- Group Dlstrlbuthn Actual Sq. Ft. | DeBired, to remove in
: :' Total Thinnings
0~ N0 D A T A
-3 2.2 12.5 4.1 22.79
31 - 0 24.6 13.9 21.1 11.80
- 261 14.8 17.4 10.42
| 51 - €0 7.1 15.3 - 136 7.36
61 -70 REMNOYVED 48 CROP T REZS
i Tablé‘27 Dlamaﬁer distrlbutlon of the trees to be taken in thlnnlngs;
: old ;1e1d merchantable etands, &fter first ten-year predlctlon.'
Q:leameter Number Number - Volume Number
s before ~ | taken in taken in - after
o Thinning Thinning Thinning :Thinning_
2 om0 .15 .26
ko ,_'5“.7,5“‘. 1;’56 239
6 1511 - A5 ’: 836
8 @36 90 17.46
10 3799 13 o 996 2h.28
_ 12 355 13.02 1950 | 2232 '
w7 0o.48 2220 - ’-‘13 59
16 sk s 54_ |
Crw 2 57 46 T e T

’:mostly of shortleaf Dlne.

*_be 1mproved and the rate of growth, 1n general, 1mproved

Naturally the trees to be ta&en in thlnnlngs Wlll con51st

By removal of these treea the stands w111

The volume'li

removed in thlnnlngs, 5146, is an 1mpre531ve flgure, yet the trees

fftaking up thls volume are all 1n the low dlameter classes,

1t is

 1mprobab1e, therefore, that the revenue recelved froqﬂtnem w111 be
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‘ve‘ry' great. In our future calculations we shall diéregard this
_-VOl‘_i;%, on the assumption thet the thinnings will just about pay
‘gﬁc‘a‘i’:_own way, or that if any excesé revenue is received from them
it will be used in other stand improvement work. This method of
handling ihé' thinning pi‘oblem is considered to be conaervative., for
the ekpéhse of takémg __the_se trees at the time when the crop irees
.a,‘ré‘ removed will notz'gé great, yet the improvement in the quality
‘and q;tantity c‘>f> t;he grbwt.h resulting from the operation will tend to
make Ifalfl mtu%'e incomes from this area rise.
| Thé residual Btand after thinning is predicted forward
anotherieri years iﬁ table 28, and classified in table 29. The volume
: ‘tﬁkeni in crép "t;ree‘a during the cutting period starting in twenty years
‘wiA.‘ll be 5,919 b&; f’c. per acre. There will be no deduction for defect
in tﬁegé tree_e be.caﬁse of the stand iﬁprové_ixbn‘_bﬁork.ﬂ On'1485kacre's,
b“f.he" aphuai cut will be 8,790 M bd. ft.
A_thinni_ng opexja"c.ién.wi-l'.l again ac(.;,.ox.né'anyuthe re_movgl of

the crop trees.
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 Dian.
"~ Inches

| Mumber op

Trees

B. A.
Sq. th.

Vblﬁﬁe per:‘
Tree

Total

Volume .

10
12
W
16 |
18

Total

.05

R

‘2.59
6

12.57

19.56
- 24.18

18.47
7.7
.99

.02
34

. 1.69

6.91

15.28

| 26.15

25.85
13.63

2.16

‘tﬁ"§é165

62
125
217
327

| 452
564

778
2420
5240
6040
3485

558

18521

| Table 29.

Old:fieid merchan£ablé-gténda; in‘QO_yeare,'claasified;

““{iAge‘
~ “Group

B, A %

Actual

R Nuﬁbér,of 

 Diameter .

- Trees

Range . |
o

~Volume

‘}31 --40,

51 - 60

. Total

e e e g e

“Distrib.
ow

s

B *25;6'3 

25,9

oo %

e
' 23.60' |
e
'1é5582.fm¢j

eeal

p A T

'18-l5’f:’

éé;écf}

srse2-lz
| ,f;g -Eth
14 - 16

P
| ;é?&;f;
:ﬁ'5534 ‘
'5919?,

Bd. Ft. -

e




Table 30
/1171717

Assessdd value, $3.00 per acre.
Total area, 10,752 acres
Total assessed vglue, $32,256
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SUIARY OF GUITING YIELDS FOR THE VARIOUS CYOLES

Since this report does not attempt to be a detailed manage-
~ ment, plan, but zather a simplified statement of the probable future
7tinﬁer‘and financialvyieid available from‘the property, a simple'summary
‘;ﬁill of the average composition and yield per acre for each of the ten-year
s is considered sufficieht.
;,cuttlng cycles# During the first ten years of operatlon we shall be
‘>work1ng only in the virgin stends, which are treated earlier in this
_‘report, and aummarlzed in table 5, page 18
| Durlng the second ten years of operatlon we shall not be
.:operatlng in the virgln area, but shall cover all other areas in our
| 1ogg1ng operatione. The old-fleld unmerchantable stande, although
‘fyleldlng nio volume, must. be included in the area to be covered, since
'ithey are acattered emong merchantable timber. The total acreage‘to ’
f,be covered annually w111 therefore be 10 240 acrea. The averege standi
fper acre, for the entire area to be covered, is. shown 1n table 51
?The table flrst shoum the actual average number of trees per acre 15
o - “taken From previous tables,v : :
*the varlous etande to be covere@ﬁ\ then theee numhers are welghted 1n -
i»accordence w1th the percentage of total area occupled by each of the'::
}vforeet types.» The total of thls 1aat set of flguree, for the varloue.
E'dlametere, givea the total number of trees, ae an average for the
‘:entlre area to be covered durlng the‘second cycle." Table 52 then
 summar1zed the average annual cut from each of the etanda durlng the
 cyc1e, and glves the total annual cut, Whlch amounts to 55 978 M,bd._r
V» ; When this figure is d1vided by the total acreage covered annuallyf
:the average cut per ecre ie determlned to be 5514 5 bd.,f% The d18~i

»tributlon of thla volume through the varlous dlameter claeeea is glven.

lin tab}e‘55,
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‘Table 31.  Composition of the average cut per acre for total acreagef
. covered during the second cutting cyclg. e .

© Diameter class, inch.' 16 18 20 22 24 26 28 30 Total

jZNumbe::qf.trees per acre, summarized from previous tables:

 fcuiiéd’$taﬁds e 2.45 1.25 .49 .0k .0 .45 .04 5.10

Second growth, 25 % - o | ’

v;‘Secohd g:owth;_Ieaa' .
' than 25 % restocked .61 1.81 1.16 .43 .11 - -- -- 4.2

 0ld field mercht.  8.87 4.21 .95 .42 .30  -=  -= == 14.75

f'bid fieidiunmerchﬂ, : — - - -- - m= e em -

'}Weightedeﬁercentage of'number'of trees given above:

Cculled, 115 - .28 A4 .06  w- .05 .05 .01 .59

';.Second gr., 25 resto- I ‘ , B . - o
",cked, 57 9% 11‘4' .14 1.66 .64 .24 .04 -- .04 .05 3.81

':Second gr., 1ess than | : o : _ ST T R

ol fleld merch.,14 5% 1. 29 CL61 b .06 LOh = === 2.1k

014 field mon- S e e
mercht., 10 5% B R e P I

u'TOtal average number ' Gl e o o
' per acre - ©2.59 3.01 1.22 .47 o .11..05 .09 .06 T7.60

'Table 52.. Average total volume cut per year from each stand durlng the
e Sﬁténd cutting cycle. : o

' *'Culled stands ,-.?’- . . e e g-.;.:»[3,840.M bd. ft.
Becond growth, 25 % restocked. . + . . . . . 19,245
 Second: growth, less than 25 % restocked ... 4,951 .
01d f1e1d merchantable e e e e e e 0 s ._.‘:’- 7 962,?

Avergge cut per acrer : R o
55 978 000 ¢ 10 , 240 acres = 5514.5.bd.‘ftf’*
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‘.Téble“55 Composltion of the average cut per acre for total: acreagev
' - coverdd durmg the third cu’otmg cycle and beyond o

?<gbiameﬁe: clase, inches I 16 18 20 22 Total

3 Number of treea per acre, sunnarized from previous tables

Virgln stand o ; R 4.13° 233 Ui 6.46
:>Cu11ed stand T -~ ks 2.73 26 7.84
‘fCSecond growth, 25 7 restocked  4.14 10.47 1.79 - 16 .40

’-Second growth, less than : L '
: 25 % restocked - 2.14  4.33 87 . - 7.34

:fgo;a field:mexchantable; : 5.74  7.71 -99' - bk

;ledffielafunmerchantable - o -- - o

1eweighted'§ercentage.ef the numbers of trees given above.

5}virgin}:20;8'% L .86 8 - oLk
':Culled, 8.9 % S = s 02 .70
 eSecond gr., 25 7'restock., 30 1% 1. 25 v5f15 .5k ';1;55_. .,4.94.‘

“fSecond;grﬁ,-less thgn E e 1f_ - co T

TJOId field mercht. 11 5 % ;':'._ .66 ,..;§89e.',"?11‘ - 166

’i01ﬁ fleld unmercht., 8 3 % "}fe.;‘e‘j-_ 7 f._;,j ,;;;_:3f -

fTotal average mmber T
. per acre_‘ 235 - 6.20 0 1.56 .02 10.14i,: .
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_During fhé5third fén;year cuﬁtiﬁg'gydlé and‘pfééﬁmably'fbr all
-cutting cycles thereafter the average cut per acre will be as shown in _
lﬁthe lowér line in ;ablelsi. This table is derived in a similar‘ménner
‘as tablé.jl. Tbe #verage annual cut from each of the stands is given
..inftébig_Bh. The total annual cut amounts to 56,484 M bd. ft. At
:#his.tiﬁe théAentire.foreet property will be covered g4 once during
 ¢§éry tén—yeaf cycle; hence the average area covered annually is
12,9ééﬂa¢iee,fand the‘average cut per acte is 4,379 bd. ft. The dis-
lﬂribuﬁion of this volume through the various diameter classes is
, givéﬁ in ta61é»55.’

-Table 54 Average total volume cut per year from each stand during the
thlrd and all consequent cycle.

CVirgin stBnd o . 4 4 4 i 4 e 0 e e e e 0 s s e s 75373 M bd. £t.

"Culled stand « o v v v e e v . e e e e e 0e s . 4,270 '
‘Second growth stand, 25 % restocked . . . . ... . 27,801

 Second growth stand, less than 25 % restocked . . 8,250
014 field merchantable stand B B TSP - 790 .

'JTotal - ;jff.'i'.f,s.'. e TR, 485 Ml bd. ft.

Avera e cut per acre';- : o '
56, 84,000 bd.vft. + 12 928 acres = 4579 bd. ft
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o Table 3,5. Summary of the distributions of the volumes through the
o various diameter classes for each cutting cycle.
"Briam First cigtting cycle Second cutting cycle Third cycle, and
Class - . beyond ‘
o Number| Volume| % of |Number |Volume % of |Number |Volume | % of
of - |total " of total of total
Trees volume | Trees Volume | Trees Volume
16| 491 1933 244 | 2.59  8h4 oh0 | 235 7660 17.5
18| 291 1564 19.7 | 3.00 1200 36.7 | 6.21 2739  62.6
20| 1.28 89 11.3 ] 1.22 680 19.4 | 1.56 860  19.6
22| 4 wms 60| 7 30 8.8 | .02 w3
oh | 1.28 1364 17.3 .11 110 3.1
26 73 910  11.5 .05 60 1.7
28| .4 779 9.8 .09 130 3.7
CTotal | 12,19 7917 100 | 7.60 100 [10.14 479 100

3514




AVERAGE ANNUAL DEPREGTATION AND THE FIXKED INVESTMENT

Depreciation on all items of fixed investment is figured by the
str&ight-line method. A separate calculation is required for each of
' ithé first three_ten—year cutting cycles, since the volume of timber

'_cut.riéesAfrom about 20,000 M f£t. per year for the first cycle to
' 56,§oo M during the second cycle and to 56,000 M during the third
| cycle and suﬁposedly beyond.

Items such as the stationary sawmill, which as a matter of policy
aré depreciated over a period of twenty years, will naturally appear in
tﬁo'suéceééiﬁe ténryear depreciation sheets. The depfeciation, however,
'remains constant over the entire twenty-peer perlod, instead of allow1ng
. a resldual value of one—half the orlglnal value at the end of the firat
“_ten yea:a'and then charging this into the second sheet. |

The etatiohary mill plan. The stationary aawmilllto be built in

""ihe mmm at the present time is to be eapablehf handling 70 M bd.

zft.per day, at three hundred days a year the annual output w111 there-
fore be 21, OOO M'bd ft The eatimated coat of a plant to handle thls

tlmberlls aa*follows: LT

Sawmill $175,000

© Planing mill 30,000
Dry kiln 24,000
Rip mill 12,000

Buildings and town 110,000

. Totel $351,000 -
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" During the second cutting-cycle the mill capacity must ‘be expan-~
) ded 80 a8 to accomodate 120 M £t. per day, or 36,000 M per year. It is A
_,estima.tied that, the cost involved in increasing the mill capacity will

mean an increase of about 75 % over the original fixed investment, or

S $263,250
an expendlture of 8&%990 This will bring the total expenditure for
' $614,000.

theae items 1o date up to $485-000.
The'expanslon required at the beginning of the third cycle will
‘bring the mill capacity up to 56,000 M per year; this will entail another

;1nvestment sinﬁiar/téﬁﬁatfnﬁéé .gﬁ%ﬁkﬁ’hegiming of the second cycle,
423,250,

) B hence %#E-‘Q@Q, bringing the total 1nvestment made during the three

$877,500.

cycles up to m

The cost o:f‘ the truck and traller units to be used in hauling

“ logs to the mill is estlmated to be $850, this allows $650. per truck
fyhand $2OO for the traller. The trucks are estimated to have a life of
a four yeare, haullng 225 days a year | | | o
E The comparatlvely short haullng season is made necessary by the
?fweather condltlone in. the southern pine reglon. For the wet seaaon
~{of three or fbur months haulinv W111 probably not be p0391ble in spite h
of the excellent road syatem planned for +the property. Furthermore,

' ,trucka w111 be requlred to go dlrectly into the woods to plck up '
1cgs at points where they are bunched by mules, aoch woodsohaullng '
‘will not be p0331b1e during the wet season. It 1s.possible‘that the'
»trucka can be kept busy durlng part of thls perlod in. haullng logs o
. whlch are near enough to the road 80 that they can be bunched eco-~.f
-lknomically directly at the road 1nstead of in the woods.v However,
thls W111 depend upon 1oca1 conditions and w;ll not enter:oor !

‘calculations.



The'normélicdpaciﬁy of a truck and trailer.uQitbhauling 16 inch ‘

'vvlog:elav is about 800 bd. £t. (R. Reynolds; N. C. Brown). 'Durin‘g'the |
 first cycle the average haul from the virgin timber to the mill will
fe aﬁbgt ten mileé. It is estimated that trucks will be able to make
six round tripé a day. ©Dne truck and trailer uﬁit'will therefore haul
}5800 x 6 or,4,800 bd. £t a aay; in a year of 225 days it will haul
1,080 ft}'.Tozhaul 20,000 M ft. a year a fleet of 19 truck and trailer
units will therefore be required. The initial cost of these trucks
will amount to $161%0.

| Depfeciatiqn on these trucks does not appear in the investment
'sheet,-aincevit is éharged in later as & variable production cost. The
' reaéoh for this is that it is a variable cost required in calculating
the average foad spacing. Interest on the investment, however, is to
be charged at this point.

'\During the second‘cycle the average hauling distance ¥ill be
'fébbut 7 miles; trucke will be able to make abéut 8-r§und—tri§s a day.
 'The average truck will tnerefore haul 6, 400 £t. a day or 1,440 M ft.
,‘per year. ‘Since the annual cut during thls cycle is 36,000 M ft.
t25-truck'un1ts will be requ1red, at.a cost of §21,2%0..

| Durihg‘thé.thiid’éuttihg cycle, with>an a#erage hauling'digtahce’
of about 6 miiea;'tén tfips a day per<£ruck will bebpossible. The
,'averawe truck w1ll therefore haul 8,000 ft a day. or 1 800 M ft.=a year,
and 32 trucks will be required. Thg.cost,of these,mnits will pe

" | $27 ,200.



‘ ,uelng the formula
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Roads, as & matter of general pollcy, are 1ncluded as a charge
;'per thousand board feet and Wlll apuear later under the productlon |
o eost;calculaulons. Since the roads planned under this system are
..:estiﬁated to cost $750 per mile, it will be possible to build a very
j godd'read eystem without an extra charge for "main line" roads. At
_:fthefstert of the logfing operations, however, it is necessary to build
v-la'tep‘road nine miles in length from the mill to the virgin timber area.
'At'$750 a mile thieAroad will cost $6,750, and appears at this figure
'.Vin the:investmentwsheet. This read'is not depreciated byt will be
used'throughout the life of the cpmpapy. As a fixed investrent it is
‘:jeherged-with interest. |
| ’d-Other roads apéearing later as a cherge per thousand bd. 'ft..ére
venct charged with 1ntereat, even though it is hoped that they will be
.'used agaln durlng 1ater cutting cycles, they do not appear in the
:~1nyeejtment ,sheet. |
Dﬁring the second cutting cycle it may also be necessary to build
“a certaln amount of tap—llne roads in crder to reach certaln forest |
i stands before' othere. It is estlmated that the nuleage of these roade.
Cwill not exceed 15 mllee, “hence at $750 per mlle the sumﬁ of $Il 250 |
1v13 allowed for thls item,ﬁ”thla gumy hewever,[will not be expended in
a 51ng1e year, but over a perlod of ten yeare. At 5 % 1ntereat,‘and '
. L.0p” 4-v’1 ',
® o e
dftheﬁiniiial-ehargedforlthia road;“ae appearing'in the‘fixedgihveetmenff

for the second cutbting cycle, is Sp=mpm. $8,686.



At the.timéﬁof”thg‘third‘cuttingjcyclé it will nbt be necéqsa?y'
- t§ build any further tap-line roads. Interest, however, will continue
lén the 25 miles of road built previously at $750 per mile, or on
$18,750; hence this figure appeafs under the fixed investment for the
third‘and cohéequent cycles.

lb‘Table 36, 37, and 38 show the average annuai depreciation and the

rfixed investment for the various cut ting cycles. Figures appearing

.'ih‘these tables, other than those explained above, are self-explanatory.

“Tabief56.' Stationary mill, average annual depreciation and fixed in-
S vestment for the first ten-year cycle.

T - | mnitial | Years | Residusl |Aver. An.| Fixed
 ?_Item, o | Cost in use | Value | Deprec. |Investn.

Séwmiil, planing"ﬁillv N e ' - . '
© kiln, etc.. ‘ . 35%,000 - 20. - 17,5%0 ~184,275‘-
;jruék_and trailer | - S S - , o  '"-- 3
_units, 19 . 16,15 © 4 - L - 8,968.75 - -
Tap-line road ~ . 6,750 indefinitely . - . 6750

Mule teams, 10 - 4,000 - 5 - s 800 2,400
 Saws;vaxea, etei, . R o : R
 $650 twice annually -~ 1,300 1 - ~ 1,300 - 6%0
 Tractor and gradéf'f‘ 3,000 5 600 .   480v f,: 2,050
Office fixtures and T I

~ supplies = 2,500 o - 20 L35

Total k00 §20,380  $206,4%8.75



Table 37.. Stationary mill, avergge annual depreciation and fixed
. ' ~ investment for the second ten-year cycle.

ffichtai ,;fzi' v..$510;986

10

Ttem -~ |Initial | Years | Residuallave. An'1| Fixed
- ' : Charge in use Value Deprec. | Investm.

Investment in,sawﬁill, :

_etc., carried over - - - 17,550 184,275
Cost of increasing :
mill, etc., capacity 263,250 20 - 13,162.50 138,206.25
Truck units, 25 21,250 4 s - 13,281.25
Tap-llne road,
~ first nine miles - - -- - 6,750
‘Tap-line rodd,

‘new, 15 miles - 8,686 - - -- 8,686

.’mule 't‘eama,' 18 7,200 5 22 1,40 4,320
Sawsg, axes, etc.; ‘ . . -

$1500 twice annually 2,600 1 - 2,600 : :1,500

‘Tractor and grader 3,000 5 600 600 2,040

:Offlce Fixtures ' ' »l o ;
.,_and}supplies_' - 5,000 -— 500 2,750

57,732.50 361,608.50




Table 38. Stationary mill, average annual deprecistion and fixed
: - investment for the third and subsequent ten-year cycles.

supplies

".{ ‘ To£a1 ‘ -*i; A %516,050»

-10

Ttem Initiel | years |Residual |Av. An'l | Fixed
' Charge in use Value Deprect |Investm.
Investment in sawmill,
etc., carried over - - - 13,162.50 138,206.25
- Cost of increasing
_mill, etc.,capacity 263,250 20 - 13,162.50 138,206.25
- Truck units, 28 32 27,200 4 - -- 17,000
Tap-line road \ _
system, 24 miles | - - - - 17 ,900
© Mule teams, 28 11,200 5 -- 2,240 6,720
Saws, axes, etd., . . o
$1,9%0 twice annually 3,900 1 -- 5,900 1,990
Tractor and grader 3,000 5 600 40 2,040
  foiée"fixtures and ' ' S
' 7,500 e= - 7950 4,125

o -'._5_3:,'6_9__5, 526,;24_7‘._50"
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‘,Uhder the portable-miil plan of'Operétion a'doncentration yard

';-vill.be neceséary gt the milltown to handle the raw product delivered from
- the sawmills in‘the woods. The number of portable mill units will vary

fro@.qne tén—year cutting cycle to the next, depending upon the volume

l Sf'timber to be cut; the fixed investment required for work in the

ﬁooda‘is'therefofe figured on the basis of the sawuill unit. This is

 done in table 39

| Sawmill costs were obtained from a reliable source in itemized
"Vfofm." The sawmill used will be of the semi-portable bandmill type,

':: capéble of‘cutting lumber equal in quality to that produced at a sta-
 tionery mill. The output per mill por 10-hour dey is 16 M £t. The ini-

" tial cost of such & mill is as follows:

Power unit ‘ 42,700
Initial installation charge : 500
'SawA S | ' . 480
Mandrel, carriage, feed | 4,250
‘Oonyéyors,:bélting . 1,000
:Deck-equipment - | N .500 o
}LumSer;dollies-: vi 3;20 -
,"Toélg__." o “ . -zd;'
VWater tanks o 50
Pump and line " lv 2QO
Total | _$9,5,201“ '

The useful 11fe of thla portable mlll is lO yeara, and the r931dual
value 10 %. The 1n1t1al 1nata11a ion charge for thls mill unit 15_

- $1,100. null mov1ng will, however, cost only $800. Since mlll moving i



| -ﬁill bé‘treated as & production cost per M ft., $800 must'be,aubtracﬁéd-'
| fpom'the iﬁitiﬁl $1,100;>léaving‘t§e $300 for iﬁstallationAas shown in
" the above itemized list.

A ‘,'Hauling logs to the mill will be acéomplished by mules and trucks.
It is éstluﬂxed that one truck and trailer unit, costlng %850, will ke
i‘able to aupply 16 M ft. of logs per day to a mill 1ocated in the woods;
'~1oga—w111 first be bunched in the woods by two rmle teams. Saws, cant

»hooks,.eté., are ailowed for at the same rate as in the stationary mill
t investmeﬁt; thé investment, howevér, is divided between five ﬁill units

(as will be shown later), and will therefore be only $300 per mill.

'Table 39. Portable‘mill, average annualvdepreciation and fixed in-
'~ vestment per mill unit for a ten year period. ‘

Ttem  |Initial 't Years |[Residual | Av. Anl.) Fixed
» -f ' : “Lpha;ge - §n use .Value »Depeec. Inveatm.
- M;ll-and'éguipmnnt 9,320 0 92 858,80  5,545.40
"ffrﬁck_and trailer  8%0 4 | N o - ,531.25 :-
  '2 mule'teamé'uff . 800 -5 " _‘?6 o 160 | 480
JSaws, axee, etc.; ‘. o : -A , o o o ‘:-'.'
$150 tW1ce annually 2300 1 .- 0 300 1%
E Camn outfit ”"  o 25>>';" 1“ ;g"T 0A. . 5 :“25
Total N $11295 : -,._”$1}3‘2'5.a’80,f'.$6,'731-,5$ ’

To allow for weather not sultable to WOods worh, we aaaume a wor-
.. year
klng ddyf of only 250 days . for each portable mill’ unit. . The annual
. 4,000 M o L
output per mill will therefore be /////7/ bd.»ft. ‘The number of mlll i

,'unlts requlred during each cuttlng cycle and the average annual depreclation

"and fixed 1nveatment for theae unlts is shpwn in table 40.~



_,Table 40 Number of m;ll units required, average annual depreciation;::and
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fixed investument for each cutting cycle.

R N First I i

~ Second Third cycle
| . cycle cycle and thereafter
~ Average annual output, M £t 20,000 36,000 56,000
' Output per w114 unit 4,000 4,000 4,000
- Fumber of mill units required 5 9 14
| .Iniﬁiel cost | $56,475 101,655 158,130
-TlAverage'annnalvdéprecietion $6,619 11,914.20 18,533.20
gFixéd'invegtﬁenc' $33,658.25 60,584.85 ok,243.10

Concentration Yard.

All‘inyeetment charges which have not been included as items di-
'reotly related to the portable mill unit as shown above, are 1ncluded 1n
the concentratlon y&rd 1nvestment.

A problem Whlch generally faces every owner of a portable mlll is
;that the lumber produced ig of low quallty._ Furthermore, the output is
perlodlc, the gradlng of 1umber 1s poor;‘and thevvarlety,of products 13-,
lor~‘ the treatment which the 1umber recelves after belng eawn 19 gener-
ally not comparable to that recelved by the statlonary mill output.

The first of" these problems can: be overcome by planning on.u91ng only

a hlgh-grade bandm111 Whlch can turn out lumber equal 1n quallty to

‘that produced by a etatlonary mlll.- The 1ntroduct10n of the concenr’
'tratlon.yard to handle the output of many portable mllls w111 over-'
-come the other difflcultles Here the lumber can be graded and sorted,

by handllng the output of many mills through the concentration ‘yard

narket demands can be met efflclently and regularly



'Invthe cqnééntrétion yerd»plﬁnﬁed fpf this_ppopefty’the inyeét* :
ment in plening mill, kiln, rip mill, building and town, etc., will
bé equal to that provided for the stationary mill. The lumber produced
ét this élant will therefore be inferior in no‘way to that produced at
a statlonary mill, and will bring comparable prices.

The 1nvestment in stationary improvements for the first ten-year

period is as follows (compare page 46):

Planing mill $30,000
Kiln 24,000
Rip mill 12,000
Buildings and town | 110,000
Filing room ‘ - 1,000

Total $177 ,000

The invéétment required to expand the capacity of the plant from
20,000 M ft. per yegr to 36,000 M ft. per year in the tenth year is
'figured-in the same way as that réquired'fpr the stationary A mill;
n%ﬁely}“by'allcwihg 15 % of the original cost,for $i§agzse; for éxnéﬁ;
.*:sioﬁ. At the beglnnlng of the thlrd cycle in the twentieth year of f
“operatlon a similar 1nvestment will be made to expand uhe capaclty of
the plant 50 as to handle 56,000 M ft. per year- |
' Trucks which w111 haul the boards from the sawmllla to the con-
centratlon yard are 1ncluded in the concentratlon yard 1nvestment.- |
: fThe average load for a Ikdton truck costlng $650 is 3, 500 ft. ‘of lumber.
,1Dur1ng the flrst ten year period, W1th the average haul of ten males
“as‘also in the cage'of the atat;onary m;ll,.31x round trlpa‘per daygw;ll’

* be possible. When hauling 225 days & year each truck will therefore
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»deiivéf’4,7zo'm bd. ft., and & tobal of four trucks will be required.

“ﬁﬂging the second cycle the average trip will be 7 miles and the
number‘of.round trips will be 8 per day. Each truck will haul 6,300 M
ft. a year, and 6 trucks will be required to haul 36,000 M ft. a year.
During the third cycle and thereafter the average haul will be 6 miles
and ten rouﬁd trips a day will be possible, each truck therefore hauling
' 7,800 M ft. & year; seven trucks will therefore deliver the annual out-
put of 56,000 M ¥d. £t. Depreciation is again figured as a cost per mile.

Vbther items, namely the tractor, the charge for the tap-line road
éonstruction, and the office fixtures and supplies, are identical to
the‘dharges allowed in the stationary mill investment sheets.

Tables 4, 42; and 43 show the average annual depreciation and

the fixed investment for the ® ncentration yard during each cycle.

Table 41. Concentration yard, average annual depreciation and fiied'
‘ investment for the first ten-year cycle. ) '

A Initial’| Years |Residual| Av. Anl.| Fixed

i

Charge |in use | Velue | Deprec. | Investm.
Planing mill, kiln, I S
town, ete. ‘ ‘177,000 . 20 L 8?850_ 92,925
Trucks, 4, @ §650 2,600 4 - == 1,625
Tractor . 3,000 5 600 . 480 2,040
. Main or tep-line road 6,750  indefinitely = -- 6,750
Offime fixtureé‘and o ,” R S
supplies 2,500 10 - - 250 0 1,375

Total . $191,850 o  $9,580  $104,715




- Table Lo, Concentration yard, average anhuai depréciationﬂ and
L fixed investment for the second ten-year cycle.
- Item | initial | Years Residuai\ Av. Anl. Fixed.
' charge | in use Value Deprec. Investn.
Investment in planing |
mill, etc., carried - ,
Cost of doubling ,
© Six trucks @ $650 3,900 4 - - 2,437.50
Tractor and grader 3,000 5 600 480 2,040
First 9 miles of
_tap-line road - - - - 6,730
. Fifteen miles of
new tap-line road 8,686 - -— - 8,686
Officegfixtures.and, : }
~ supplies 5,000 10 - 500 2,750
| Tosal. $153,536 $16,467.50 $185,282.25
‘Table 43. Concentration yard, average annual depreciation and
o fixed investment for the third and subsequent cycles.
1 Initial Years" Residual| Av. Anl.} Fixed v.
: charge | in use Value | Deprec. | Investm.
' V?E§éstment'in planiné o
mill, etc., carried - o
~over - WOLTW - == 6,657.50° 69,695.25
| ‘Cdsﬁkof-exPanding. S ;Smﬁfw o  ‘ f S
7 trucks @ $650 4,550 Sy _— = 2,843.75
Practor and grader 3,000 5 600 - 480 . 2,040
~ Tap-line road; 24 mi. == - - = 18,000
 Office fixtures and L : L S
- supplies 7,500 10 - - 7%0 4,125
‘Total  $147,800 814,505  $166,395.25




INVESTHENT IN LAND AND TIMBER

The preéent assessed value of the land and timber is, in this
 problem, assumed to be idemtical to the initial cost or the profit-
bearing investment in land and timber. The values for the various stands
"are therefore taken from previous tables and summarized here, and will

again appear later under the total investment.

Virgin stand (table 4) 8806, 400
Culled stands (table 8) | 207 ,360
,Second‘grOWth,_r25% # stocking (table 13) 583,680
Second gfowth,.‘zﬁ% - stocking (table 18) 210,944
Old field merchantable stands (table 25) 296,960
014 field-uﬁme:chantable‘stands (tableviq) - 32,2%6
Total value o - $2 137, 600

vThlB value 15 not sub;ect to any depreclatlon, nor need a 81nk1ng
' fuﬁé be aet up to retlre it, since in every case a sustazned-yxeld
'operatlon 13 planned. It is p0331ble that the actual value will rise'
above thls flgure in fhe future becauae of the 1ncreaeed producthlty
, 0£ the forest atanda ande¥ prOper management
The probable 1ncrease in the tax rate which w111 result from the

exnected accretlon 1n value is taken. care of by the tax charge, page 64
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OPERATING GOSTS
AND WORKING CAPITAL

: Cperating costs include all those costs in the production of logs
and lumber which have not been cited tmder the heading of average annual
) depreciation and fixed investmerrb . For purpo-see of this study figures-
heve been_.asaembledvfrOm various sources and have been adjusted by ﬁxeans
af an»arb‘itrary, index so as to be on a comparable level. |
‘The chief sources of cost data have been: U. 8. D. A. Tech. Bul.
~375 (3) U S. D. A. Tech.Bul. 337 (Ll-), and an unpublished study
of aogging and milling costs in a portable sawmill operation in South
v"Ca_,Lrorlina, made by f.he u. S Forest Products Laboratory (2 ). The ias‘t-
' mer;tione’d etadjr wes made in 1934, when labor oosta and other prices were
at. é'rery low‘ leve1; whereas the two former studjes were made' during the_ .
peak years before the depressmn of 1929. To obtain‘ a sort of index to
eerve ae a baSIS for comparlng cost flgures, costs for snniihar opera't.lona'
vwere firet compared . It was found that the figures glven in the F. P. L
_st,udy_ _are, in general, only'140 % of those given in the two earlyvbu'lleting}.v- '
: Feliing and buoking .in_Bui. 375, for example, costa an average of 85 ,5
pe'r-M-'ft., \vﬂher'e’a’s‘“ in the F. P. 'L. study the cost for 'bhe same operatlonA
is only 595\, ‘or 46 % of ’che formsr. The' attempt ﬁ.a here made, ’oherefore, ‘
to str:.ke an average cost which will probably hold over long penoda 1n
the fu'bure by reduc:.ng flgures used in the 1929 publlcatlons to 70 % of
, thelr stated level and st.enplng up. the f:.gures in the F. P. L. study from“

'thelr Lo % level to the 70 % 1eve1



In thevailowihg tablee cOats'for.feliihg»aﬁe‘bﬁcking and for
 1ead;hg are taken from table Z4{ 7, page 24, U. S. D. A. Tech. Bul.
575;  reduced to 70‘% of their origtnal. Coete for "bunching" are the
- costs for brlnglng the logs together to points in the woods where they
can be loaded directly onto tne trucks which haul them to the mills; this
is done by mules; the figures are taken from the F. P. L. study, stepped
up from 40 to‘70 %. Cost for "pond, sawmill, greenchain" in the ease of
the stationary mill are from table 7, Bul. 375, adjusted. Costs for milling
in the case of the portable mill are from Table 6, U. S. D. A. Tech. Bul.
357; they are adjusted from the 100 % level to the 70 % level. These
costs were ehoeen in this particular case because they are.for a portable
| bandﬁill'cutting 9 M ft. a day; which is the nearest approach to the
‘bandmills cutting 16 M a day, used in this stady, which was‘avéilable.‘
The figures for the stationary and‘portable mills are thought bo be
e comparable after adgustlng, since, as shown in tables qlfand '45'they .
"run very cleee~together, the portable mlll being cheaper for 1ogs 26
einches and.under; and the statxonary m111 belng‘cheaper for 1ogs above»this'f
'gi.Ze. - | | | B | L
| For the marious truck haullng operations costs were obtalned from the r
F. P L. study, all costs are of course adJuated as before. o
o Truck haullng in the woods (w1thout roade) is flgured on the follow1ng'
| baeie~' trucys can haul 25 mlles a day; 200 days a year carrying a 1oad of
800 bd. ft. (loge) Total operating coste-for gaeoline,-011, ulres,.ref o
' palre, and license under these corultlens amount to 14 A per mile,: wages
per day for 1 62 ‘men amount o $4 25, or IT d per mile,' trucks and tralleree-;
Agcostlng $SEO are depreclated over. 800 days of 25 mllea each, or 4 { a:

' mlle, the total operatlng cost per mile therefore amounte to 55 é Slnce

' Atrudcs haul 800 bd.,ft.per load the cost per M ft. per mlle amount s to



~ Table 44. Stétionary_milivplah; Svariablé operation costs.

1  fDiameter: ~ Total 16" 18" 20" 22" 24" 6% 28" 30
| Fe11 and buex 56 WSk .53 .53 .55 .63 .53
Skid (bunching) 77 .68 .63 .65 .63 .65 .70
Load 32 .26 .22 .18 .15 .15 .15
|1 Pond, sawmill,
" to greenchain 2.12 1.97 1.85 1.76 1.66 1.57 1.54
Total - 7 3,77 3.45 3.235 3,10 2.97 2.90 2.92 2.95*

Coste distributed according to percentages of volume cut per diameter class

First cycle 3.32 .95 .68 .365 .186 .514 .334 .286
Second cycle  3.40 .905 1.267 .627 .273 .092 .049 .108 .077
Third cycle  3.46 .66 2.16 .63% .009

~dih-

 Table 45. Portable mill plan, variable operation costs.

Diameter ~ Total 16" 18" :wozo" 22" 24" 26" 28" 30"
. Fell and buck .56 ‘}f5§ : ;55;, 55 .55 5B .5
‘skid (bunching) .77 .68 .63 .63 .65 .65 .70
Milling  1.70 1.57 1.46 1.35 131 143 1.57
Total . 3.35 3.05 2.84 2.60 2.62 2.76 2.95 3.17*

>Costé»distriﬁuted,accdrding to percentagéé of voluﬁe cut per diambtef qlagsJ

A Firs‘b,CYclé - 3.01 .866 .'601 ..521‘;‘.162 .454 318 .289 |
[ secont eyere .05 05112 .om w257 .oB1 .oM 109 083 |
Third cyele  3.06 .586 1.91 .556 .008° o .

o E Figures'detérmined by curves.



- 61~

Ik £ ellowing foruﬁhe‘round tiip the.ectuel,hauiing cost is 8%%c?§erf
M ft. per mile, or 1.6 ;é per M per 100 £t. - o o
When hauling logs by road trucks werefound to meke an average of
130 ﬁiles a day, at an overating cost of 124 a mile; wages at $4.25 a
! day‘as before amount to 3 £ a mile; depreciation on $850 for 800 days of
130 miles each amounts to 1 £ a mile; the total hauling cost is there-
‘foreslé 4 a mile, or 32 £ per round trip. ‘With a load of 800 ft. the cost
ig 40 £ per M £t. per mile, or.76 £ per M ft. per 100 ft. of distance.
,IWhen hauling boards by road a truck costing $650 will carry 3500 ft.
- of lumber with an operating cost of 12 éva mile; +the wage for one man at
..$5.25 a day amounts to 2.74 per mile; depreciation'oﬁ $650 for 800 days
 _¢£'12¢'@1159 eech aﬁounte to 0.7 £ a mile; the total cost is therefore
15 d a mile, or 30 £ for the round trip. *his amdunts to 8.6 £ per M ft.
"per mlle. | | |
' The road systems for the two proposed methods of milling Wlll be

fthe same in both 1nstancee, for the reason exclalned in the second part
" of this study(pagelOI) The nost economic road spacing is figured by the |
'inethod developed by D. M. Matthewe* and w111 vary for each cuttlng cycle
because 6f the dlfferent volumes cut, naturally the road epaclng Wlll

: alao vary for each different et.and on the property, but for purposes of
oithie problem the average volumes cut durlng ‘the different cycles, as ‘

,éummarlzed in table 55, page 45, will be used to obtaln average spacings.
‘“ Depreciat1on -on trucks and the cost ef road bulldlng, Whlch are ordlnarlly
. claeseﬁ/%/ under the “average annual depreciatlon and flxed.lnvestment“
'icosts, are here treated under "operatlng coets“ per M ft cut because of-

“thempecullarltles of this method.

% D. H. Vatthews, to be published.
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. . The cost of building roads through the property is estimated to be
'about'$750 per mile. Truck hauling of logs on the road costs 0.7£ per
‘M;perJIOO £t., and woods hauling costs 1.6¢ per M per 100 ft. (page 61).
: _During the firetflO—&ear cycle, therefore, when the volume cut per acre
is 8 M ft., the average road spacing will be 4400 ft., and the cost of
road Ad1 building'will amourt to 17.6 4 per M, with the cost of woods

' haullng also 17.6 £ per M. During the next cycle the volume cut per
’acre is 3500 M £t. and the spaclng is 6650 ft.; road building therefore
‘coets 26.6 ccper M and woods hauling also costs 26.6 £ per M./ During
the third cutting cycle the average A{fAd cut is 4400 1 per acre, and
C the economic spacing is 5940 ft.; on this spacing the costs of road _
bullding and woods hauling would be equal at 23.8 £ per M. It is obvious,
'ﬁoWever, thet at thievtime_we'are covering the same ground which hed pre-
j'vlouely been cut over and which is therefore covered with a network of
'roade.‘ ln most cases the old road eystem.will probably be ueed again;"l
,;but occasionally it;will be more economical to‘vary-the old system be
'bulldlng extra roads. The charge allowed, therefore, either for-the:
bulldlng of extra roade or for the extra cost of woods haullng to more.
than the "economic distance" is estimmted ho be about one-quarter the
coet of building an entirely new road system. Therefore the cost ofvroad
"buildlng during the third cycle, and thereafter, beoomes 6 [ per Mft.
A'and the cost of woods hauling becomes 25 84 per '3 ft. ' |
~ The epacing of portable mills along the roada can be calculated by
?‘slmllar methods in order o get ‘the most economlcal total costs.  The

‘actual nethode employed here&~are developed in the eecond part of thls _7
’paper,vand accordlng to the formule presented on page 93 the most ‘econo-

mic dietanoee are: flret cycle, 7500 ft., eecond cycle, 92%0 ft., and
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 ‘thiﬂd'oyb1e;A8j2O ft. When the mills are set up'at:thoso ihterﬁ@la ﬁhe(

1ogs,kafter beingbhaoled through the woods to the roads, must be hauled

| ~along the roids“to the mills, and & corresponding charge for "road houling“
:Wiil Enter»tﬁe caloulations. Mill moving amoun#s to $800 perlset-up, asg
' éio1ained before‘(page 53); road hauling of logs costs 1.6£ per M per

100 ft. (page 61). The charges for these items, which appear under the

| opé:ating costs for the portable sawmills, theréfore amouot to the

-_foilowingz firstfcyclo: mill moving, 13.1 £ peiAM, road hauling, 13.1 £

o‘pé; M:;ﬁisecond cyclo,' mill movihg 16.2 £ per M, road hauling 16.2¢

f:por M; thirdvcycle and thereafter, mill moving, 15.3 £ per M, road
?haullng, 15. 5 é per M. | ’

"Under the statlonary mill plan loga mist be hauled by road, after

:;:oéing hauled through the wooda as explained above, toAthe mllltown.at a ‘f

'a;cost of hO £ per M ft per mlle(page 61). burihg'ihé first cycle, with .

::an average haullng dlstance of ten mlles (page 48), the coet of road |

. ;haullng will therefore be $4 00 per M durlng the second cycle, W1th a

haul of seven mllee, it w111 be $2 80, and durlng the thlrd and aubsequent

cycles, w1th a haullng dlstance of gix miles, it Wlll be $2.40 per M |

: Other operatlng costs will be the same for. the statlonary mill and
o;the portable mill. These costs are taken directly from table 7, U. 8. D. A.

and are not adjusted because they do not fluctuate greatly

 Tech. Bul. 375 LEMAH oY PR/ WA P They e

aupplies, repalrs ” $O 1
.General oxpense : - ,22
fYards; kilns 2.25
'Shippihg o 1.51

Planing mill - 1.60
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 Selling 141
Insurance,/ on plant .37
Texes on plant and timber ' .85
General expense ' 1.88
Insﬁrance on lumber | _ .20
Texes on lumber .09
‘Discount on sales 43

| Allowaﬁce and adjustments .13

Total overhead $11.05

This method of treating the operating costs, namely as a cost per
tﬁouSaﬁd board feet of output, agsumes that the charges for the items in-
volved will rise in direct proportddn to the output. Thus in the tenth
_ year of operatlon, when the output rises from 20,000 M ft. to 56,000 M ft.,

_the estlmbted overhead chargea will rise from &bout $250 000 per year to
:about $415,000 per year. Thls is admittedly gnly an approximation of the
actual chargea. Yet in the case of auch 1tema ag’ taxes on plant and tlnh
| ber the probable future chargea are 80 1ndef1n1te that thle method of
- allow1ng for them, whlch Wlll permlt a tax charge of almost. double 1ts
present amount as the value of the property 1ncreases under management,
- is Juetlfded |

Direct costa per M ft. of lumber are sumeri_ed in table 46
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~For treatment under the costs per M“ft;_ofllumber'produced.depre-
.diatibn under the two vpians of operation is summarized here from previous
tablée{‘ Tod determine the charge per M the total annual dep;eciation
-‘dﬁring éach cycle is aivided by the annual cut in each case; +this charge

per M is then added to the direct costs in table 46.

1. Stationary mill plan

Depreclatlon on investment in mill and other improvements;

first cycle (table 36): $20,380
Cherge per M ft. cut $1.063
ﬁepreciation duriﬁg second cycle (table 37) | 37,732.20
Chargé per M £t $1.05
»”Depreciationuduring third cycle (table 38) | 35,695
| Chérée per M ft ‘ ' $0.60

2. Portable mill plan

.»nebreéiation on sawmill units (table 40)  $6,619

';Depré¢iation’on chcénmration yard (+.41) 9,580 |

Totalvdeﬁreciation during first cycle - | $16,199 -
Charge per M o v ' 1 - o - ‘§0,845‘:.f

:Second cycle ‘: - N R

| Depreclatlon on eawm111 units (table 40) $i1,914.20_v.‘

ﬂDepreclation on concentrat1on yard (. 41) -16?467;56

_ Total depreciatlon durlng second cycle B .ii'  o  _v$28,§8i;70 -

Gharge per M . N h ;‘  41“:> |  .; :» | 30-79.

. Thlrd cycle | o o - |

Depreclatlon on sawm111 unlte (table 40) $18,553.20;A_ 

b'Depreciatlfn on.concentratlon yard (t. 41) : 14,505

Tptal_depreclatlon durmng third cycle - : ) -i $55 058 20

Charge per M £6. S ~_- so 595
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Table 46-4 Total operating costs and depreciation per M ft. prbduced.

o Stationary }iill'Plan Portable Iill Plan
- ITtem ' First |Second [Third First [Second | Third
Cycle Cycle |Cycle Cycle | Cycle ]| Cycle

-
- Variable operating cost| 3.32 3.40 5.46 3.01 3.03 3.06

~ Woods hauling | .18 .27 e .18 .27 .2k
Av.ﬁaﬁiing logs on roads | 4.00 2.80 2.40 13 .16 .15
I:Hauiingvb;ards,onTrbaa - - - .86 .60 -52
Spur'road’building | ;ﬂB .é3 ‘.96 .18 .21 .06
forﬂabie ﬁill moving - - - 13 .16 .15
'Fixe& operating'coats' o : , —
‘and overhead 11.05 11.05 11.05 |11.05 11f05 -.11'05
‘Depreéiatiqn , 1.06  1.05 .60 .85 .79 .60
Total © ,j, 19,79 18.8% 17.81 |16.39 16.13  15.83

'Wdrkiﬁg,capital”can now be determined under the aasumptioh;ﬁhét’threé
ponthet product will at all times be tied up in the process of manufacture.
' ,Fdr_eaqhvof the ﬁotal’figﬁrea shown above in tébié»46 the &aiculétiohAis’
‘fas.fbilpws:, To£a1 oﬁerétiﬁg coaté aﬁd depr§cia£i§n Ax' totai annual-prb-.
Quctioh '!> %-&eaf} = tctalvaveragé ﬁorking»éapitai;" o
 Stationary ﬁiil.piaﬁ: | o
498,900

Pirst cycle: #19.79 x'zo,éoo MA"x'%
$169,470

1]

: Second‘cyélévﬁ. $18.8% x 56,000 x 1
Third cycler $I7.811x 56,00va x = $249,3h0

' Portable mill plan:

First cycle: 16.39 x 20,000 x ¥ = $81,950
Second cyele: 16.13 x 36,000 x + - $145,170
Third cycle: 15.85 x 56,000 x & = $221,620
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‘INGOME FROM LUMBER SALES

The first step in deterisining the income from lumber sales is to fix
'.#pon.spms averagé price of luwmber which mAy be expected to hold forAsome

| timb‘ih.the future. From é study by R. G. Richardsoﬂtj)showing lumber
g priées‘for.loblolly and mixed southern pines over a period of years, it

. 19 ?éenjthat ihé prices for 1936 are half-way between the'high pfices of
1929 and thebaveragé 16w‘of 1921. Ip this study we have taken average

. lumber pricés for 1936, based on the grades of lumber sawn from trees of
~various diameters, from table 5 of Richardson's paper (7). These are shown
| in_téble 47. For ﬁhe various cycles these prices are théen weighted in accor-
’ dégcgwwith the pefcentage of lmmber sawn from each 6f the diameter classes, |
£hén§e§ceﬁtageffigﬁ$és being taken from table 35. A weighted>average eelliné
N prlce for the lumber produced durlng each of the cutting cycles is thus ob- -
'C.talned 1n»tab1e 47 From this Qﬁesubtracted ‘the total operatlnw costa and
deprec&atlon obtalned in table 46, and tne r691dua1 flgure ahown the margln
‘per_M for 1ntereatvon'1nvestment, r;gkgland p:oflt in every qaaéﬁﬁ.ﬂﬂﬁﬁﬁﬁk;@f

Table 47, Value of 1umber obtaﬂned in each cuttlng cycle, and the margln .
remalnlng for interest on 1nvestment, rlsk, and Urofrt.<

‘Diameter ' 1956 value! Percentage,of‘Value obtained for lumber
~ Class i of lumber | ist cycle ] 2nd cycle - 5d cycle R
16 .98 . 5.85 ° ' 576 420
18 o oh.g7 - b9l 915 15.62
20 : 25.96¢ - 2.9 5.04. 5.08
S22 epe2h 165 . 20 .08
. '24‘a.v . f28-2#' ’ j~": 4. 99g,'l .88 ) »
26 297 . - 336 .50
28 29.91 2,95 . 1.1
30 L R 4
Total . 2650 25.65 2h.98

¥ Cbtaimed by & eurve- bb(Contmud)



-:Téble 47 (continued)

Value obtained from lumber salwes

First cycle Second cycle Third cycle
_ Gfoss'réturn from lumber 26.50 _Y 25.63 : 24.53
B Sﬂationary mill _
Operating costs and '
depreciation . 19.78 18.83% - 17.81
. Gross profit per M 6.72 6.80 7.17
' Total gross annual  128,701.44%  245,560.40 404,990. 28
 '* profit '
_ Portsble mill . -
~ Operating costs and ' '
depreciation 16.39 : . 16.13 . 15.83
 Gross profit per #  10.11 9.50 915

' ﬁH.T6£§1Agross annual

profit . 195,626.72  34L,791.00  516,828.60
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' POTAL RETURN ON INVESTMENT

Thé total gross annual profit for each plan of operation and for eﬁCh '
cqtting.cycle is summarized in table 47. This is the profit obtainable be-

: fore paying interest on the investment,and a return for profit and risk.
"_Téble'48 therefore.shbws the total fixed investment in land, timber, and
-i’mérovements ﬁnder the two pléné of operation for the various cutting
'cy¢leé.‘ The annual gross profit,.as an annual per-cent return on this
‘to£a1 investesmt, ié to be taken as an indication of which plan of operation
isvtﬁe.most profitable. Table 48 shows that for the stationary mill plan
a yetﬁfn of 5.26% on the total investment can be expected during the first
' #en yeare of operation; this will rise to 9.2% during the secﬁnd and - to
i4.9% during the third and subsequent cycles. Under the portable mill
pian the return would 5e 8.2% during the first fen years, 13.5% duringvtbq

'fSecOnd{cycle; and 19#7% during the third and subséquent cycles.
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‘Table 48. Totafluinvébst_menfo and the return for interest, zjisk‘;, and profit.

S,

' First Second Third
‘ Cycle Cycle Cycle
Stationary Mill Plan
: : Fixe,d iﬁvestment ) .

(tables 36, 37, 38) 206,458.75  361,608.50  326,247.50
Investment in land and -

Timber (page 58 a) 2,137,600.00 2,137,600.00 2,137,600.00
Working capital (p. 66) 98,900.00  169,470.00  249,340.00
Total investment 2,442,958.75 2,668,678.50 2,713,187.50

"‘Annual income for int?resz
" profit, and risk (t- 1) 128,701. 44 245,560 .40 404,990.28
,income as a per-cent )
return on investment 5.26 9.2 14.9
Portable mill plan.
" Fixed investment in

mills (table 40) 2%,658.25 60,584.85 94,243.10
Fixed investment in »

’ coneentr. yard o S
(tebles 41, 42, 43)  104,715.00  185,282.25  166.595.25
Investment in land and ‘ IR : _

© Timber (p. 58 8) °  2,137,600.00 2,137,600.00 2,137,600.00
" Working capital (p.66) 81,950.00  145,170.00  221,620.00
" Total investmemt - 2,357,925.25 2,528,637.10 2,619,858.35
* Annual viﬁcbme"fo.r interest, . ' ‘ < o
 profit, and risk (T.47)  193,626.72  341,791.00 = 516,828.60
~ Income as & pe'r-c':en"b: o o I
 return on investment 8.2 15.5 19.7 -
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CONCLUSIONSAND SUMMARY,‘ PART I

From the purelj f1nanc1a1 standp01nt we have sh\wn.by the preceding
‘ealculations that the portable sawmill plan is superior'te the stationary
mill plan for the particular property under consideration. So far we have
besed'eur conclusion entirely upon one final figure which represents the

average
return on the dhAfA) fixed investment. In concluding this study we shall
"therefore want to show just how the savings involved in the portable mill
b'.plan are effected' ‘we shall also need to consider other less tangible
| ‘advantages and disadvantages of the portable =ill plan, which did not
eﬁter the previous calculations.

Table 48 clearly ehows that in the portable mill plan the fixed in-
vestment is smaiier while the grose income is larger. The reasons for
ﬁheelangr income go back directly to the operating costs under the two
plans, as ebmpared in table 46. This table shows that with the portable
millsﬁe:save.from 30 to 40 cents per M en operating:costs, deﬁending
.upoh.the s8ize of the timber cut. The greetest'saving, however, is attrif'
"”ButabieAto hauiing‘cests;’ under the stationmary mill plan our total cost
‘:ffor ﬁauling logs ie $4;18; under the nortablevndllvplah the‘cdst'of-
"haullng logs is 5lé and the cost of hauling boards is 86¢, thus glv1ng
;e{a total haullng cost of $1. 17, here is & saving ng$5;Ql 1n:favor of th? =

1portab1e m111 durlng the f1r9u cuttlng cy&le %hie seving dfope to J
4,f$1 77 and %1 49 durzng subsequent cycles The charge for portable mlll
mov1ng varles from l) to 16 cents per M and 1s the only charge whlch
‘ exceeda a 31m11ar charge under‘ he . statlonarj m111 plan. Depreclatlon
is 1ower for the portable mlll by 21 centa durlng the flrst cycle, bub
| thls advanuage is 1ost durlng the thlrd and subsequent cycles after tae
"etatlonary mlll hae been deprec1ated entlrely The total sav1ng in

operatlng costs varles from #5 41 durlng the first cycle to $1. 98 durlng

the thlrd cycle
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: Other‘advantages'of theeporteble miil;plén. vTo’put:the'business
-75? a‘fUnnihg Baéie'we'shall fequife a certain investﬁehtietlﬁhe present

: tiﬁe. .The initial cost of a statiomary »ill and other imppovements is

' ,$584,7"oo, as shown in table 36. To this must be added the investment
7in'W6rking capital of $98,900, making & total amount of %$483,600 which
*,muat'be raiged at once. For the vortable mill plan the compargble costs
are;:ﬁortable'mill units, $56,475; concentration yard, $191,850; and
‘workingfcapitai, $81,950; giving & total of #557;275 which is required
for immediate investmsnt. Iven disregarding the return obtainable on
‘fhe invegtment there is a distinct{advantage in having to raise ebout $150,000
less in the case of the portable mill than under the stationary mill plan. |

‘Suppose, furthermere, that a period of depression should foree us

tolreatrict fhe mill capacity. Under the portable mill plan one or moge
vmiil'ﬁﬁits could shut down temporafily and the operating costs would fall
‘directl§§ un&er the statienary mill plan the entire sawmili:would have o
contlnue in operation under the reatrlcted output, and the operatlng costa
per M woudd undoubtedly rise. Depreclatlon charges whlch would go on
.rezardless of such a reetrlctlon would nevertheless be lower for the
A portable m1118 than for the statlonary mlll.e ‘ |
| N Another advantage of the nortable mlll whlch d1d not. entua thls |
‘eﬁudy because of the 1ack of data is that the-portable m111 could afford
to cut logs of poorer quallty than thoae cut by the statlonary mlll,

not only because operatlng costs are 1ower, but because a poor quality
log would have to be hauled only a short dlstance to a portable mlll,v
whereaa haullng 1t a iong distance: to a statlonary m111 mlght not be
'economlcal. Sllvicultural operations such as thinnlngs woudl be more
'_profltable under the portable m111 nlan.than under the statlonary mlll

'3p1§nfj
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~ Disadvantages of the portable sawmill. Certain disadvantages of

‘ the portable sawmill can be overconme under a plan such as that proposed
produce
rin this‘study. The portable mill need not A¥¥ lumber of poorer quality
than that produced by the stationary mill if the facilities for drying,
'}storlng, grading, and sorting lumber are available. Bhrough intro-
duction of the coneentration yvard the marketing difficulties experienced
By the average operator are overcome. As proposed in this plan, saws
can be filed by.an experﬁ_filer at the concentration yard at a cost not
'.above that for the stationary plan.

| Supervlsion of a number of mill units 1ocated>at odtlying points
is admittedly‘more difficult than she supervision of a stationary mill.
“Yet a capable superv1sory onlcer will nevertheless be required %o
f 1nspect the woods operations which go on in the prox1mity of the portable
-:mlll, and the supermlslon of the mill will not be too great a,burden to
him. . | |

vThe stetionary mlll requires*but one or two good sawyers as compered

vlto the five,‘eleven, or»fourteen sawyezrs requlred by the portable mills |
Whlch will be requlred under the proposed plan. Yet the cost of hirlng |
fthese sawyers is reflected in the operatlng costs for the mllls, and the
':sav1ngs effected by the portable mill are aufficient to overcome thls ,
dlsadvantage and st111 leave a balance in- favor of the portable mlll.‘.l

| , In this problem the portable mill is assumed to operate only 250
;days a year, to allow for adverse weather conditlons, whereas the sta-r
tlonary mill operates 300 days a year.' Yet tne cost_of depreclat;on;.;~
as shown in table 46, is nevertheless lower perfM ft.'than‘under‘the
- statlonary mill plan Therefore”this disadvsntaae ls~also overcome.

Inoview of all these conslderatlons it seems, therefore, that the"

ﬁportable nﬁll plan 1s superlor to the statlonary mlll plan for the pro~.

perty Whlch has been con31dered in this study
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PART I1I

Some Considerations in the Bconomie Location

of Portable Sawmills

INTRCDUCT ION

The problem of how often avportable sawmill should be mowed in order
A £¢ obtain the most economical distribution of costs is wvme which confronts
- every portable.mill'operator. What are the factors which influence the
;decisionewhich every operator must make, and how are these factors re-
1ated?‘ Econemists»have recognized the importance of choosing the proper
flocatlon for a newly proposed 1ndustry and have stressed the 1mportance
of bringlng production costs, especlally transportatlon costs, 1nto a
;proper equlllbrlum so.that‘the total of a11 costs w111 be a mlnlmum..e
Econom:.sts po:.n‘t ou‘b for example, that an :Lndus‘bry whlch drawsv
'sts‘raw materlals from one directlon and ships 1ts products to a market ‘
nlocated in the opposlte dlrectlon mlght well be sltuated half-way be-
,%tween.the source of the raw materials and the market, prov1ded the
ZQshipplng costs ‘are thusg brought into equlllbrlum and other factors have
’no ;nfluence. As soon, however, as. the cost of shlpnlng one of the factors
becbﬁss relatlvely larger than that of the bther,.the 1ndustry-ought to .
ushlft in tha dlrectlon of the more expensive factor in order to brlng

down the cost of‘ its dehvery. .
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In,fhe lumber industry we must often deal with costs of a particular
character not generally encountered in other industries. Hach lumbering
organization muet plan & miniature transvortationd system of its own, the
cost of which may make up a large proportiond of production costs. In
the process of moving a log from the stump to the mill the first step
is to move the log to a point on the major transportation system; it is

tramsperiand ¢ ¢
here that we encounter aneretivg costs which are not, like ordinary
costs, related to distance, but are rather related to area.

A simpde example might be that of skiddipg logs to a landing from
where they are hauled by trucks. The landing serves as the central point
of & large skidding area, and the cost of constructing it musﬁ there-
fore be prorated over area in order to obtain}zgst per M b. m. Therefore
as the average ski&ding distance increases, the cost of building the
landing per M decreases as the square of the distance, since it is re-
lated to area. The cost of skidding, however, naturally increases in
direct proportion to the skidding distance.

" In an instance like the one mentioned here it will be neceséary
to bring the cost of building the landing into equilibrium with the coet‘
of skidding in order to obtain minimum total costs per M. IMuch work
in the analysis of area coste has been done by D. M. Matthews. In the
following pages the attempt is made to apnly similar‘principles L4 of
¥ amalysis to portable mill operations, with the purpose of establishing
the proper relation between the cost of moving portgble sawmills, which
is a cost related to area, with the cost of bringing logs to the mills,

a cost which for our purposes can be considered a straight-ling cost

'varying directly with distance.
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THE MATHEMATICAL BASIS FOR THE MINIMUM COST ANALYSES

' In.this mathematical consideration of the cost relationships
;.ihyelved ;n portable mill moving we shall be dealing with costs which
vary inversely at different rates. In the instances to be considered
‘v:here.ene cost will be found to vary at & uniform or arithmetic rate,
Zaipce it is related to dietance, while the other cost will vary at a 

- geometric rate since it is related to area; graphically costs of the

" Pirst category will appear as straight lines and costs of the second

type~will‘appear as curves. Since they vary inversely, the curves

‘repreeentlng these two types of costs will generally cross; &a line

-.?representlng the total of the two costa can be superimposed upon the

utwo curves in @ graph, and will show the point at which the total
costs are at a minimum.
-The general rule to 5e felloWed‘in determining the minimumbpoint :
eofethe total of the two curves, when grephie ﬁetﬁode are net emplbyed,, 
ie‘asJ£¢110wé= 'ﬁhere the slopes of the twoAﬁnrereely related.curvés,-
';srfﬁhé rates of change expressed as the»differerees between'euceeeaive~
xéeintéﬁen the_tﬁo curves; are equal, ﬁhe'totel of_tﬁé twe:is at a-
' "mininmﬁl | - | . | |
The reagon for thla relatlonship can be expressed slmply w1thout
the aid of calculqs Suppose we are deallng w1th the two varzants
repreeented by the curves _shown in f‘lgure 4, Curve A 1ncreaaes di-
rectly aa'five tiﬁaa x, wherebx‘is the‘horizontal axls:v Vv = 5 x,'

- Curve B 1ncreases inversely as the square of the b4 axls, or,

IW\

V‘Y (10 - x? 'quve G'shows the'sum of the,two curves and can there-

‘fore bevrepresented by the formula y =5x /£ (10 - x)z,'
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100
% I~ “
' Curve C
8o = y=5x #(10 - x)? -
70 P~ -
60 = ~
-;-:50" - Curve B
< y = (10 - x)°
>
4o - -
50 [~ A
20r- -
Curve A
y=5%x
10 p— -
0 | | ] l 1 o | 3 . |
1 2 3 L 5 6 7 8 9 10
X AXIS
Figure 4. Graph illustrating the summation of two inversely

related variables. .
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Curve © strikes its minimm at a point between & and 9 on the
x axis. The following analysis will show that at this point the slopes
of the two component curves are equal. Slopes of the curves are ex-

f pressed as the difference between two successive figures.

x axis | Curve A | Slope of] Curve B | Slope of] Curve C
| Curve A Curve B
1 5 100 105
; 5 19
-2 10 81 91
i , : 5 : 17
> 15 64 79
X 5 15
§ 20 49 69
5 13 :
5 25 36 - 61
‘ v 5 11
6 30 ' 25 55
5 9
7 35 16 51
: : 5 o 7
'8 b ‘ 9 : bo.
5 5 -
9 b5 o 4 i 4o
10 50" : 1 51

ThlS tabulatlon ehows that between points 8 and 9, where the. slopes of
:v_curves A and B are equal the minlmum p01nt on the eummatlon curve,‘;

. curve c,» is at'balned. .

The reason for thls relatlonshlé is as, follows the minimum of the
‘ .total of two component curves cannot be found at a polnt where one of
.the component curves is rislng or falllng faeter than the other component
curve. At p01nt S5 on the X ax1e, for example, curve A is rielng at a f' |
:rate of 5 unlts per unlt on the x axms, curve B 1e falllng, however,

at a rate of between 13 and 11 unlts per unit on the x axme, 1t is ,
'clear therefore that 1f we go farther to the rlght on the x ax1sv ,.

Vthe total of tne two curvee Will be lower than at thls p01nt, elnce

curve_B has then'had an opportunlty to drop faeter than_curve‘A hes risen.
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In dvery casa,'theieforé; wheré‘we»ére’dealing’with relationahips
of thls klnd the minimum of the todal of two curves ig found at a point
'where the slopes of the two component curves are equal. This relation-
_ship-ls helpful.in analysing various types of curves; it evenm allows
;he‘ihtrqduction of a constant in one or both of the curves, since the
Laddition of a constant does not change the slopeof a curve and heﬁce the
'miniﬁum‘poinpvfor the summation curve is not shifted.

o _4Where we are deaiing‘with specific types of curves other relation-
ships may occesionally be found, although the fundemental rale etill
holds. Hatthéﬁs hag found*, for example, that where one of thevcompo—
‘.nent curves is a straight line and the other a hyperbola the minimum
‘,point of their shear equation will have the same abscissa as the actual
fpéint of interaection of the two component curves; 1i. e., the slopes of
.vthese two curves are equal at their p01nt of intersection. This rela-
tlonshlp ‘holds only when there are no constant terma in elther of the

equatlons.

008TS AFFECTING THE FREQUENCY OF PORTABLE MILLMOVING

erry cost which m;ght posalbly be affected by the frequency of
v‘mlll mov1ng must be given coneideration 1n order to analyze 1ts effect
/ on the total of all costs. The costs whlch are. 1nv01ved in 1ogg1ng |

operatlons and whlch mlght be glven~con81deratlon here can be grouped
ias follows: l,vroad bulldlng, 2, felllng and bucklng, §, akidd;ng

~or bunchlng logs, 4 1oad1ng and scaling; 5, haullng logs to ﬁhe mill;‘.
;'6;fm;lg1ng, 7, hauling boards from the mill sn the concentratlon yard, -

and 8, mill mov;ng.

¥ D. M. latthews, to be published.
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In order to have all costs on a comparable basis we must express -

' them;as costs per thousand board feet Y of lumber handled. fhen we ex-

‘ press.eosﬁs on this basis We can see at once that certain of the above

gfoupsvof costs are not affected by the frequency of mill moving;

‘nemely, felling and Bucking, loading and scaling, and milling (not

: including the cost of mill moving). For our purposes we can also consi-

'ederithe"cost of hauling boards to the concentration yard constant, sinca
the:reiaﬁively small distance of moving the mill will have no effect

on the average cost of this hauling. This leaves the following costs

to be. brought into equilibrium in the attempt to obtain the minirum

topal»costs:» road building, skidding and bunching, hauling logs,

| .and nill-moning.'
LOGGING A SQUARE AREA FROM ONE MILL SET-UP

Let us dlsregard for the moment the questlon of road bulldlng and :‘
assnme that we are dealing with a portable mlll oneratlng on & . rallroad oo
' flatcar and moving on_the track, or that for otner reasons we donnot-wmsh
' to nse roads in'onf pfimary iogging'operaﬁions: As a matter of convenience
'»we shall then want to skid or haul logs directly through the woods from
all dlrectlons to the mill. Although a clrcle or hexagon mlght be the
' most econom1ca1 skiddlna or haullng area in this 1nstance, we neverthe—
less WOuld most 11ke1J w1sh to operate over an area aporox1mat1ng a
square if the country Were flat enough. The problem presenting 1tself
here is’ slmalar to that of bunching. 10gs or sklddlngl logs from a square
aree’ to a landing,, and the follow1ng analysis could therefore be auplledi

to suchloperatlons.s
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15vThe costs which have not as yet been eliminatedvfroﬁﬁ consideration
- nbﬁ‘fall into two inversely related groups: 1) cost of getting the logs
‘ tolthe mill,'and 2) the cost of mill moving prorated on the basis of
h aréﬁ’seryed from one mill set-up. The cost of bunching, being less directly
related to millvmo#ing than the cost of hauling logs, can now be dropved
frombéonsideration, since if neceésary it could be breated in a separate
?caicalatiOn. |

| : .Figufe 5 iliustrateé the area from waich logs would be hauled
' £6'the'éawmil1 which is set up in the center of the area. The cost of
mo§ing’the nill must be prorated over the entire area in order that it
‘may be expressed as a cost per thousand board feet. The cost of hauling
 logs can be figured per thousand bhoard feet as soon as>we devise some

method of oalculaﬁiﬁg the average hauling distance.

T — S

&d

/4

Y.

7 F 4
Yy

Figpre 5. The area Iogged to the portable sawmill
~ which is located in the center of the area.
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> The average hauling distanbe.

' To find the average of the distances from the mill to the edge

,_6f the logging square we can apply the principle of ithe isosceles
tiiangle. Tﬁe maximum distance from the center of the square to the
:edgé is that.from the center to one of the cérners, represented by the
~line x in figure 5. The minimum distance is that distance represented
by a ling running at right angles to one of the edges, from its middle
point-tb thé center of the square, as represented by line a. Since we
are dealing‘wiﬁh a square, line a is equal to the distance from the inter-
bsectioh_of the edge of the square with line a to the corner of the square,
- as represented.ﬁy line b, or & = b.

The average of the diatgnqas from the center of the square to its

_edge will be the‘avefage of lines & and x. In order to get this average

distance in teéerms of one variab1e; we apply the Pythagorean theorem:

af 4 v® - x°.

Since | v
a'=b, a* + a* - x'a./ _-GML-'
2(8F = x2; |

'ThéréfOre |

N' .
T

The éﬁérage diétancefffomﬁthe cenﬁer:to thevedgéAof the square is

. afdx

. Substituting a for x, we have the average distance in terms of &:

TS P
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' The above equation represent'é'the averavge' of ‘fhe rAxi mm gkidding
distancea. However, all logs do not come from the edge of the logging
'quuar'e., but are spread over the area. To find the average distance we
vrm‘zs;bi‘ag‘ain bas§ our calculations on the isosceles triangle used in the

“previous calcluations.

The isosceles triangle
uged in the calculations.
m g: mill location. :

Figure 6.

e s S AN 4R b e E AP S £ 1 s

It wiil be seen from figure 6 that as, we get farbher from ’c.‘he _
: m111, 1ocated at point m, - the number of 1ogs to ‘be hauled from the
- area 1ncreases at a geome'brn.c rate with the area. L:.ne 3—2 represen‘ha
‘a porblon of the edge of the logglng aquare} line n-g will relpreaent”

" hauling :
the average/dlstance from the area to pon.n’c. n,. when prorated accordmg
- 1o the num’ber of log's coml'ng f‘rom dlfferent‘por‘hiona of the area Thls
. line mll be the true average distance when the area mn-n- g_. equale .
,the.areari-o—p.-g_ |

“with

Since we are deallng/isosceies trlangles m—n n‘—g_‘, and m~0 = |

o-p- . The areas of ’chese two 'brmngles Wlll ‘cherefore be

(m 0) ' and (m n) .vThle’,_area Of the ‘triangl*-e. E‘.-" n-g Will equal

the area of f;h_e figure n - __g. - p - q vwhen the area of the triangle

m- o - P gty minus the area of the triangle m - n - g equals the .
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area of the triangle m - n = g« ”fHEﬁée fur o)™
(m 022 _ (m n22 _ (n n!z
2 2 - 2
and
2
(m o) - 5 (m n!a .
2 2
- Cancelling and transposing we have,
2
(m n)a _ = 'LEEEL
and ‘
(1 n) - mo)
~ Therefore
' ' (m o)
(m n) = 1.1

and, when (m o) equals unlty,

'(mAn) - = 0.707 .

1Toe retio i ? 0”707 expresses the relation between the'distance~
from.the center of the square to the edge. and the dlatance from‘bhe center_
to the 11ne whlch encloses half the aree of the square. It is therefore
‘a factor which can be applled to the formula developed on page 82, to
eoonvert the average maxxmum hauling di stance into. the true average dls--l
tance. Applylng this factor,'we have the folloW1ng formula to repreaent

.v'the average #héuling dletance for all the logs on the area- » 

ar‘@

Wheﬁ C 1s the cost of haullng logs, 1n centa per hundred feet of

- distance per M bd f%., and a is expressed in hundreds of feet the‘
average cost of haullng, in cents per M hd ft.,,ls found by multlplylng

the above formula by 2

o (a4 «zta)g ) "-707
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The cost of moving the mill must now be calculated as a cost per
thousand board feet. By éonstructioﬁ (see figure 5) one side of the
square logged to the mill is equal to 2 a ; the area of the square is
therefore Lg_gli. When_g_is expressed in hundreds of feet, the resulting
area will be expressed in units of 10,000 square feet. Since one acre
containsg Q§,560 square feet it will contain 4.356 units of 10,000 square

feet, and the area of the square, éxpressed in acres, is as follows:

§25a%2

To determine the total volume of timber cut from the square whose
area is féund by the above fdrmula, we need only multiply the area in
acres by the average volume in acres. If V is the volume of timber per
acre, in thousand board feet, the total volume on the area is:

(2)% ¥
4,356

In order to determine the cost.of mill moving per thousand board
feet, we now divide the total cost of mill moving, in cents, by the tosal
volume cut on the area, as expressed by the formula above. Whenwg is the
cost of mill moving in cents, the cost of mill moving in cents per thousand
board feet of timber cut therefore is:

M

(28)c ¥
4,356

which, simplified, hecomes:

M 4.356
(2 a)cv
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The balance of the costs  of hauling logs to the mill and moving

the mill is now attempted by setting the two above-mentioned formulae
opnosite each other in a simple break-even calculation. When all factors
save the size of the area to be logged are 4known, the equation thus ob-
tained willvbe useful in detefmining the size of the area to be logged

in order to have the cost of hauling logsA ver M equal to the cost of

mill mbdving per M. The equation is as follows:

c (af N2 (a)® ) 07 - 4356 W,
2 !

(2a)cs v
where:
| i = total cost of 'mill moving in cents,
a = half the distancjof the side of the logging square, in
hundreds off feet,
V = the volume per acre, in i bd. ft.,

C = the cost of hauling logs in cents per hundred feet of distance
per i bd. £t.

The equation can be simplified as follows, in order to isolate a :
Multiply both sides of the equation by 2,

and divide both sides by .707 C:

a £ Vo (a2 - 2uk.356

(2a)e Vv ¢ .707

Simplify the (2 8)° to 4 (2)2 and multiply both sides by (a)2 :

aQQ_ax m) = 2 M 4.356

L v ¢ .707
The left side of the equation can be simplified to become .:
&®(a £ 8 YB)
& 4 (2 \Z)
& (14 Y2)

Then:

o (1 £¥2) = 2 M 4356
4L v ¢ .707
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and

ad = 2 M 4.356

LV ¢ .707 (L ZNZ2)

Simplifying the right side of the equation:

2 - _ B8.J12 M
6.8268 Vv ¢

8.5< = 1. 276 M

—————emame

v ¢
a ;ﬁ??:;?Z-_ﬁ—
VO

With the equation developed here it is ;ossibie'té determine the
size of the square required in order to have the cost of mill moving and
the cost of hauliﬁg logs, both ver M, equal. The answer, however, will
be in terms of a, which is only half the length of one gside of the
square. If we wish to determine the size of the squafe in terms of
its side, we must therefore ﬁultiply the mnswer by two; in other

words, §'= 2@, where § is the length of the side ofithé square.

The equation then becomes:

s = 3/ L276 Wy 2
v

where
‘'S = the 3ength of the gide of the logging square, in 100 ft.,
H = the total cost of mill moving in cents,
V = +the volume per acre, in M bd. ft.;
C = the coét of hauling logs in cents per hundred feet of

distance, per M bd. ft.
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The equation developed on the previoué page is now ready for trial,
using actual figures in place of the symbols. Let us use the data pre-
sented in the first part of this study of the portable mill, and solve

for the size of the square to be logged. The data are as follows:

S or 2 a8 = the length of the side of the square to be logged,
in 100- feet, wunknown, to be solved,

M

the cost of moving the mill, in cents = 80,000 (page 53)

V = the volume to be cut per acke, in M bd. f£. =8
(the virgin stand, first cutting cycle, pege 18),
C = the cost of hauling logs through the woods, in cents per -

100 £t. distgnce per M bd. ft. = 1.6 (page 61).

Substituting in the formula, we have:

s = , 3/ 1.576 % 80,000
2 \/[ 8 x 1.6

s = 2 _§>/- 8,000

S = 40

This answer tells us that the A@%ﬁ%aﬂ%ﬂﬂw square to be logged if the
cost of hauling logs per M is to be equal to the cost of moving the mill
per M:is 4000 ft.square.

" Thia answer éan be tested to see where the total minimum cost
id obtained by actually calculating +the cost of hauling and the cost
of mill moving for squares of various sizes. These two items will then
be totalled and the size of they?nmst economical square to be logged
to one mill get-up will be determined.

Table 49 shows the result of'thesé test calculationé. The first

colums shows the length of the side of the square, in 100 ft., or S;
columm 2 shows the cost of mill moving per M, calculated by substuting

the above figures in the formula shown at the bottom of page 85; the
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third column shows the cost of hauling per I, obtained by substituting

the above figures in the formula at the bottom of pége 84. The fourth
column shows the total cost of hauling and mill moving, obtained by adding
thé figures in colums 2 and 3. (In these calculations § = 2 a, as

explained on page.87;f costs are in cents, distances in 100 feet.)

Table 49. (osts of mill moving and log hauling per M bd. ft. for
logging squares of different sizes.

Length of Cost of Cost of: {1 Total cost of:
Side of mill moving log hauling mill moving
Square per M Per ¥ & log hauling
10 135.6 6.8 4ho. 4
20 - 109 13.7 A 122.7
30 48.5 20 68.5
35 35.5 ‘ 2.8 59.3
40 27.2 ’ 27.2 5k 4
" 45 214 30.6 52.0
50 17.4 34.1 51.5
51 16.7 34.7 51.4
52 16.1 35.4 ~ 51.5
55 14.4 37.3 51.7
60 12.1 40.8 T 52.9
70 8.9 7.5 56.4

This tabular statement of costs can also be expressed in graghic
form, as shown in figure 7. Costs are shown on the ordingte, and the
size of the square,f expressed in terms of the length of its side, on

the abscissa.
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Cost
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Figure 7.

Length of side of square, in 100 feet

70

Costs of mill moving and log hauling per M b. m. for logging
squares of various sizes.
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This presentation of costs shows that when the logging area is
4000 feet square, as calculated on page 88, the costs of mill moving
per M equals the cost of log hauling per M. The cost of log hauling
.riges at an arithmetic rate as the sime of thé square,.hence the dis-
tance of the haul, becomes greater; the cost of mill moving falls
at a geometric rate as the size of the square increases.

The minimum point on the total cost curve does not, however,
fall at the point where the mill woving and log hauling cost curves
cross, since figure 7 readily showa.that at this point the slopes of
the two component curves afe(not equal. Ve are not, therefore, dealing
.with curves similar to those discussed on page 79, where the slopes
are equal at the point where their nuﬁsrical values are equal. Hance
the formla developed aboée to determine the size of the area to
bé logged from one mill-set-up will not hold without modification.

Examination of the curves én figure 7 will, however, show a
diffefent type of relatiénship. The slope of the curve representing
mill moving costs can be shown at ény point be drawing a line tangent
to thé curve at that point. A tangent to the mill moving cost cﬁrve
at the point where thé hauling cost curve crosses it clearly does not
have the same slope as the hauling cost curve. However, a tangent haéz;ng
a slope equal to the slope of the hauling cost curve strikes the'mill’
moving costzcurve at point 50;4 on the abscissa. This, therefore,
according to the relationship developed earlier in this paper, should
be the point where the curve representing the total of the two cost
curves ia at its minimum; examination of the total cost curve will

show this to be the case.
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Furthermoge, & curve drawn to represent one-half the hauling
‘costs also crosses thé'mill moving cost curve at 50.4 on the abscissa.
Therefore é:% have the following relation: the minimum total cost is
found at a point where the cost of hauling logs to the mill is one-
half the cost of moving the mill. On this basis we can therefore
'modify the break even formula which was used as the starting point
for these calculations, as shown at the top of page 86, by dividing
thetf# side of the equation which represents hauling costs by 2.

The basic equation:

c (2 £ Va(2)2 ) .707 Z k356 3
2 ' (2 a)c Vv

then becomes

¢ _(a %/2-2;)—5 ) 707 -~ _4.3%6 M,
4 (2 a)e v

and the simplified form developed from the equation becomes:

S . 2 3/ 2.552 W_ .
vV ¢

As on page 88 the proper figures can now be substituted in the

equation, and the solution is as follows:

§ <L 2 \7 2.552 x 80,000

s - 2~/ 15,980

S - 50.4
The proper size of the sqguare to be logged is therefore one which
is 5040 feet square. It has already been shown in table 49 and figure
7 that the minimum total costs are obtained when the area logged is of .

this size. The formula, therefore, is correct.



MILL MOVING WHEN A ROAD IS USED FOR HAULING LOGS

We have coﬁsidered the problems involved in mill moving when a
road was not used for hauling logs to the mill. Suppose, however, that
we wish to use & road system for getting the logs out of tﬁe woods.

The roads which will then be built will serve three purposes: 1) the
mill will be moved on them; 2) logs will be hauled to the mill over
them; and 3) boards will be hauled to the concentration yard on them.
The area to be logged to the point at which the portable mill is set up

would then resemble that shown in figure 8.

r y - v
u
Road ;-'" Road X
v " mt—
T Mill
/ :

Figure 8. Area which might be logged to the portable
mill set up in its center.

bThe road runs through the middle of the area and the mill is
set up at its center.

The costs which must be considered in determining the most economical
plan for moving the mill are: 1) cost of hauling logs through the woods;
2) cost of hauling logs on the road; 3) cost of road building; and
%) cost of mill moving. Again all costs mist be figured on a thousand
‘foot1basia for purposés of comp;rison; costs will be figured in cénts

and distances in 100 feet.



Ordinary methods of arithmetic do not enable us to condider four
variable costs in & single calculation. Therefore we must wéZ}k with
two variables at a time in the attempt to bring all ;osts into the pro-
per proportion so that their total will be a minimum.

The _relationship .k_e.w_eén, the costs of woods hauling and road hauling
will first be considered. Clearly these logs near the mill can most ec-
onomically be Rauled Ad#Y/¢/ directly through the woods to the mill. If,
however, hauling on the road costs less than hauling through the woods,
other logs which are at some diatanée from the mill can be hauled more
cheaply by moving them first directly to the rOad:Cihen hauling them
on the road to the mill. ‘

The relationshié betweeﬁ woods hauling and road hauling costs will
determine the proportionslof the rectangle to be logged, i. e., the
ratiof X t y in figure 8. For example, the cost of hauling a log from
v on the road at the edge of the rectangle to the mill should equal the
cost of hauling a log from u through the woods to the mill. If the cost
of hauling from v to the mill were to be greater than the cost of hauling
from u to the mill, then‘clearly the 4 operatdr could get his logs to the
mill cheaper by hauling logs through the woods from a point beyond u than
by hauling from v, and the rectangle would be out of~;roportion if
minimum costs were to be obtained. |

The ratio of woods hauling costa.to road hauling costs therefore
is as 1 : 1, and a simple break-even calculation will establish the
proper progrtions of x - y. If y is the length of the long side of the
rectangie and hence the length of the portion of the road within the

~area the average road hauling distance will be half the distance between

one end of y and the mill, or % y. Similarly the average woods hauling
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distance is é'x. If these distances are in 100 feet, and & represents
the cost of woods hauling per 100 ft. per M and b represents the cost of
road hauling on the road per 100 f£t. per M, the break even calculation

is as follows:

ax= Dby
X = by or y = 8ZX
a b

Either distance, x or y, can now be solved in terms of the other factor.
For example, if y is 6,000 féet and the cost of road hauling per 100 ft.

per M is 0.7 £ and the cost of woods hauling per 100 ft. per M is 1.6 £ :

x. - Ot7 i 60
1.6
X = 26.2

In other words, when y is 6,000 feet, x should be 2,620 feet in order
to obtain minimum costs for woods hauling and road hauling combined.

We shall nexit consider the relation between the cost of woods

hauling and road building. D. M. Matthewd has shown that when the cost
of dkidding to a road, or in this case of hauling to a road, equals the
cost of building the road per M the minimum total costs are obtained.

Using the following symbols:

C = cost of skidding (or woods hauling ) per M per 100
ft., in cents.

S = The economic spacing of roads, in 100 f%.

R = The cost of rbad building per mile, in cents.

V = The average volume per acre, in M b. m.

the average skidding cost, in cents per M b. m. is:

. c 8%

* D. M. Matthews, to be published.



the road building cost in cents per M b. m. is:

R/ 12.1 s

and the economic spacing of the roads, in 100 feet, is:

Again applying the same cost figures which we have used before,
nahely the costs which avply during the first cutting cycle of the

portable mill o»eratibn, we have:

C = 1.6 = cost of woods hauling in cents per 100 ft. per ¥ (- &)
R = 75,000 = cost of moad building in cents per mile
VYV = 8 - wvolume cut per acre, in M b. m.

and the formula for the economic spacing is:

L x 75,000 / 12.1
8 x 1.6

8

s 43.8

In other words, when the spacing of the roads is 4,880ifcet ‘.the costs of
road building and‘woods hauling will be egual and their total will be
a minimum. This can be .checked by using the above formulae, substituting
43.8 for 8.
The cost of woods hauling then becomes:
1.6 x 43.8 x % = 17.5}5 per M
and the cos£ "of road building is:

,_—%%Ogo }{ 1§'1 = 17.5 4 per M.
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}Mill moving versus road hauling.

There is still another cost relationship which can now be deter-
mined, on the assumption that roads will be spaced on the economic
distance of 4,380 feet: the cost of mill moving will be inversely re-
lated to the cost of hauling logs on the road. ®&iven & strip of timber
of a certain width, with a road running lengthwise through it, it is
clear that, without drastic changes in the plan, the cost of road
building per M and the average cost of hauling logs through the woods
to the road are fixed. However, we can vary the spacing of the mill
set-ups along the road. If we set up the mill at intervals of one mile
along the road, the $800 moving eharge will be spread over a strip of
‘timber one mile long; the aberage road hauling distance will then be
% mile. If we set up the mill every half mile the cost of mill moving
will effectively double, for it will amount to $1,600 per mile, whilev
the average road hauling distance becomes 1/8 mile or half of what it
was. There is.therefore & direct inverse relation between the costs of
mill moving and road hauling.

This is the same relationship which D. M. Matthews used as the
basis for the economic spacing of e/ road calculation shown on the pre-
vious page. The cost of mill moving per M is found by dividing the
total cost of mill moving by the area in acres (x y + 45,560) times
the volume pér acre; the cost of road hauling per M is found by
multiélying one-quarter of the length of the road within the area
by the cost of road hauling per M per unit distance.

The following symbols are used, and with them are given the cost
figures for the appropriate items, taken from the figures in the first

part of this paper:
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I=
1

- total cost of mill moving, in cents = 80,000

volume cut per acre, in M b. m. =8 (first cycle)

<t
[}

cost of road hauling in cents per M per 100 ft. = 0.7

fo
"

= width of the area in 100 ft. = 43.8

[k

length of the area in 100 ft., unknown.

The break-even calculation ae£ up to solve for the unknown distance

¥y is as follows:

Cost of mill moving .. Cost of road hauling
per M per M

4.356 M _ by

x y V I

This can be simplified by cross multiplication:
47256 M 4 = b x V y2
and further:
2

17.4 M
P x V

y = / 17.4 M
' b x V
When we now substitute thevfigurex given above for the symbols

we have:

y = 17.4 x 80,000
42,8 x 0.7 x 8

y = 15
Given conditions as stated above, with }oada 4,380 feetbapart, the
mill should‘be set up every 7500 feet in order to obtain‘the minimun
of road hauling and mill moving costs.
This proposition can be tested by a simple check such as is
gshown in table 50. The column headed Y gives various assumed distances
between successive mill set-ups along the road. The next column gives

- the cost of mill moving per M, figured by the formula shown at the top

of this page. The third column gives the cost of road hauling per M,
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also figured by the formula at the top of page 98. The last column
gives the total cost per M for mill moving and road hauling. The minimum
is found to occur when the spacing is 7,500 feet, for here mill nmoving

and road hauling costs are equal at 13 £..

Table 50. Cost of mill moving and road hauling for vearious
_ distances between mill set-ups. ’

A Cost of mill Cost of road | Total cost,
in 100 ft.| moving, cents | hauling, cents | cents

100 10 17% . 273

%0 . 11 16 . o7

80 12k 14 26%

75 15 13 26

70 14 12% 26z

60 165 105 27

50 20 9 29

General conclusions.

We have now determined variaus reletionshipe between the four
costs which come into consideration in this mill moving problem. We
have found that minimum total costs per M for the items involved are
found:when:

woods hauling

road hauling

road hauling

mill moving

woods hauling road building.
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Since, in order to obtdin minimum total costs, mill moving éhodld be
| equal to road hauling, and roéd building should be egual to woods
hauling, and woods hauling should equal road hauling, it follows
that minimum total costs for the four items taken togethsr are ob-
tained when each factor equals each of tﬁe otker three factors.

It will be practically impossible to obtain such an equitable
balance of costs { ngiiual field conditions. If we build‘a road at
a certain cost per mile and build it at the economic spacing, and
then use a mill which we move often enough so as to have the most
economical distance between mill set-ups, it does not follow that
the distance between mill- set-ups and the distance between roads will
be in the proper relation. We have found, for example, that when the
roads are spacéd economiéally’and the mills are.moved at proper intér—
vals so that the cost of mili moving per M equals the cost of road

hauling per l, the rectangle to be logged is 4,380 feet wide and 7,500

feet long, and the costs per M are as follows:

mill moving 13 £ per M
road hauling 13
woods hauling 17%
road building 17%
Total 61 £ per M

Ve see at once from these figures that the proposition étated on
page 95, that woods hauling costs must equal road hauling costs, does
now hold when we try to equalize other costs. The reason for this be-
comes clear when we apnly the siﬁple ratio

a x = by

explained on page 95. We find that when we apply this, the size of
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the rectangle to be logged would change considerably. With the costs as
stated above, an area which is 4,380 feet wide should be 10,000 feet long,
and inversely an area which is 7,500 fegt lopg should -be only 3%,500 feet
wide, in order that minimum costs for road hauiing and woods hauling

may be thained. Using the methods developed above let us see what happens

to0 our total costs when we are dealing with logging areas of these dimensions.
J2A geing

Dimensions ‘of area to be logged
4,380 x 10,000 3,300 x 7,500
Costs per M b, m.

111 moving 10 £ | 175 £

Road building 18 3%

Yoods hauling 17, ' 13

Roe.d hauling 17 1%
Totals 62 £ 67 £

Immediately when the costs ofyf woods hauling and road hauling become
equal the costs of mill moving and road building get out of propbrtion.
These figures serve to show that no set rule for finding minimum
costs can be applied when we are dealing with four variable costs. An
analveis such as that given above will, however, yield figures which can
be compared in the attempt to bring the to£a1 of all costs to a minimum.
In the particular instance dealt with here, it would seem that the most
‘economical area to log from & single mill set-up is & rectangle 4,380
feet by 7,500 feet. Yet to err on the side of making this area excessively
large would not appreciably increase total costs. Moving the mill too
often would be a more serious mistake, for the todal costs might then

rise sharply.
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In general we can say that the economic spacing'of the roads
‘should be adhered tod. If, upon analysing the costs of mill moving
and road hauling it is z&%ﬁﬁ found that the cost_of mill moving ex-
ceeds the cost of road hauling by a considerablé anmount, other methods
can be applied to bring this cost down; For example, the mill could
be set up half-way between to parallel roads; this would increase the
road hauling charge by only a small amount proportional to the dis-
tance between the two roads, while the mill moving charge would be
cut in half because the area adjacent to two roads could be loggéd

to one mill site. Such an area is shown in figzure 9.

Road

;'Mill

Road

Figure 9. Area to be logged to a single mill site
when the cost of mill moving is to be
reduced, in proportion to other costs.

If, on the other hand, the opposite extreme pre&ails, nanely ,
that the cost of mill moving is very low while the cost of building
roads is very high, the cost of mill moving would be entirely out of
balance with the cost of woods hauling, for the roads would have to
 be far apart. In such & case it might be wise to move the mill into
the woods to & point where it would not pay to build roads, and do
all the hauling directly through the woods to the mill, disregarding
the road as channel for hauling logs. In this case the formula to

find the economic size of a square area, developed in the first part

of this paper, would apply. The entire road system would then serve
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only for hauling boards and for bringing the mill into the area; and
woudll be only an incidental accessory to the logging operations.

Economic planning, with the aid of a few calculationaksuch as
“those above, will prévent a prospective portable mill operatof fronm
purchasing the type of equipment not adapted to the prevdiling con-
ditions in the region. This study seems to show that a large por-
table millfsuch a; the one used in this study, which costs $800 to
move, is adapted tb a flat region where roads can be built anywhere
at will. In rougher country where the cost of moving logs is high,

and therefore often

a mill which can be moved cheaply/will save the operator a great deal
of money in log hauling costs.

The most econqgical plan of operation will be one which has accom-
' plished a balance of all the iE?ms‘which affect woods costs: the volume

of timber cut per acre, the tipe of road, the cost of moving logs through

the woods, and the size or type of mill.
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SUMEARY , PART 1II

Thé problem of econdmically locating & portable sawmill is pri-
margly one of moving it at proper intervals in order to obtain the proper
balance of the costs related to the frequency of mill moving. In
détermining minimum costs we are generally dealing with sets of costs
which are inversely related and which rise or fall at definite rates
as conditions change.

When two inversely related costs are represented graphically the
following general rule may be applied in order to obtain the minimum
cost for the two related costs combined: where the slopes of two inversely
related curves, or the retes of change expresséd as the differences
between successive points on the two curves, are equal, the total of the
two is at a minimum.

When a portable mill is set up in such a way that logs will be
hauled directly through the woods to the mill, without the use of roads,
the area logged to a single mill-site will most likely be a square. In
this case the costs which are inversély.related, and which must be
brought into balance in order to obtain minimum total costs are:

1) the cost of hauling logs to the mill, per M b. m.; and 2) the
cost of moving the mill, per M b. n.

Certain formulae useful in the analyzation of costs involved in

portable mill moving ére developed. The symbols used in the formulae

are asg follows:

M = total cost of millf moving, per set-up, in cents;

V = -volume of timber cut per acre, in K b. m.;

C = cost of hauling 1ogé through the wdodé, in cents per 100
feet of distance per M b. m.;

a = one—half the length of the side of the logging square, in

100 feet;
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S = total length of the side of the logging square, in 100 feet.
The formulae used for the cost calculations when the area to be
logged to the mill-site is a square f£ are as follows:

Average cost of hauling logs through the woods to the mill:
in cents per M b. m.
¢ (af ¥2(@2) .707
2

Average cost of mill moving in cents per M b. m.:

M 4.356
(2 a)2 v
The length of the side of the square to be logged from one

mill site, when minimum costs are to be obtained; in 100 £t.:

s = 2 2/ 2.552 M
v ]

When roads enter the picture and are used for the purpose of
hauling logs, the area to be logged to & mill site which is located
along the road becomes a rectangle. Logs are then hauled directly
to the nearest point on the road and along the road to the mill.

The minimum total cost for all costs related to the frequency of mill
moving is obtained when the four following groups of costs are all
equal:

mill moving per Mb. m.,

road building per M b. m.,

‘woods hauling per M b. n.,

and road hauling pef Mb. nm.

The following symbols are used in formulae which can be applied
in analyzing the relationships between various groups of costs:

E

width of the rectangle to be logged, in 100 ft.;

length of the rectangle to be logged, in 100 ft.;

L
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cost of hauling logs through the woods in cents per
100 ft. distance per M b. m.;

e
1]

b = cost of hauling logs on | the road in cents per 100 ft.
distance per M b. m.; ( = C in the calculation for
economic road spacing);

S = economic spacing of roads in 100 ft.;

R = cost of road building in cents per mile;

¥ = volume cut per acre in M b. m.;
jﬁ = total cost of mill moving (per move) in cents.

¥hen either the length or'width of the area to be logged is known,

tﬂe following formula can be used in order to find the unknown term,
ﬂﬁ%ﬁ%@ﬁf{?%at the rectangle will be of such proportions that the average
road hauling cost equals the average woods hauling cost:

ax = by.

In figuring the economic spacing of roads, that is, that spacing
which is required in order that the cost of road building per M equals
the cost of mill moving per M and that their total is at a minimum,
the following fqrmulae apply:

Average woods hauling cost; per M: (in cents)

cC S %.
Average road building cost, in cents per M:

‘R / 12.1
s v

The economic road spacing, in 100 feet:

IR
'V ¢

When the road spacing is set and it is desired to figure the
economic spacing of the mill along the road in order that the cost
of mill moving per M equale the cost of road hauling per I, the

following formulae can be usged:



- 107 -

Cost of mill moving in cents per M b. m.:

_h356 M
x ¥ v

Cost of road hauling in cents per M b. m., average:

by
N

Economic spacing of the mill along the road in order to obtain

minimum total costs for mill moving and road hauling, in 100 feet:

y = 17.4 |

P x V

Simple arithmetic means are not sufficient in ordér to determine
Athé relati onships between the four variable costs involved in this pro-
blem. ‘The absolute minimum of total costs, attainable only when all
four variable comts are equeal, cannot be obtained when the type of foad
and thé tyve of mill are not adapted to each other. Under ordinary
cqnditions the size.of the rectangle dealt with here can vary somewhat
without having a seridus.effect on the total costs. |

In general it is best to build roads on the economic spacing and
then to choose mill sites at the most economical inté;ﬁals along the
roads. The principles underlying the choice of the most‘economical
mill éites.wili vary with the conditions and ﬁuét be analyzed‘for

each operatioh according to theAmethods proposed in this paper.
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