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Cut tree data (by DBH)
Harvest system

Machine model, age, price
Machine hp, years owned
Wage rates, benefits
Mobilization distance
Existing market(s)

Log market specifications
Distance to market
Desired profit margin

Harvest Cost & Revenue Estimator

\
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Log generator (ccf, bf)
Merchantable/sub-merchantable
Production rates by machine type
Machine O&M costs

Mobilization costs
Transportation, handling costs
Revenue potential of raw material
Cost-to-revenue comparison
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HCR Estimator

Stand-level estimator of revenue

Timber sale staff
\ Project appraisal
Contract review
Small diameter
ponderosa pine

> Regional Office

Stumpage values

n the Diameter cap restrictions
Southwest
Contractors
/ Detailed harvest costs

" Market assessment




Input Detalls
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HCR Estimator - Southwest PIPO

Cutting Activity
DBH Class
Project Description {in)
Friect Mame 1
Mumber of acres
Awerage ground slope (%)
Species Composition
Existing (tpa)
Details

Contract Specifics
Bid rate for merchantable volumes
Sioct $7.61
Service contract hid
$facre $371.00
Thinning sub-merchanatable? TRUE
indirect costs (estimate % of total costs)
Office overhead 10.00°%
Road woark, seeding, water barring, misc. 2.62%
Desired profit 10.00%
Brush & Slash Specification
acattered & Loped? FALSE
hachine piling piles in woods? TRUE
Femove to landing? FALSE




What size of ponderosa pine tree,
In DBH, do you need to
produce the following log?

Market 1: 6-in small-end diameter,
16’ft length

Market 2: 4-in small-end diameter,
12-ft length




Market 1: 6-in SED, 16-ft length

Butt tree-log Length Tree vol
Log wow. dia totop totop Wiable length ending Merc  Scrib Merc  Merc
DEH Class Cut Ht  BAdtreelend dib taper b b log? forvol dia  wol | log  Logs | wol vl
(In) TPA (ft) (ft) (i) (infft) (/] cftree  (free)  (ft)  (in) ctlog Bftreeperac bffac  cffac
126 888 001 102 00555 000 000 O 0 000 000 0 000 0.00
B9 1451 00Z( 200 00856 000 000 O 0.00  0.00 0 000 0.00
B9 1980 005 257 00757 000 000 O 0.00  0.00 0.00 0.00
109 2476 004 354 00853 000 000 O 0.00  0.00 0.00 0.00
1.7 28417 014 451 0095 000 000 O 0.00  0.00 0.00 0.00
5.1 3377 020 588 0106 000 000 O 0.00  0.00 0.00 0.00
101 3786 027 B85 01161 736 1B O 0.00  0.00 0.00 0.00
154 #1170 035 783 01262 1447 380 O 0.00  0.00 0.00 0 000
154 4531 044 880 01363 20563 B20 1 BO0 620 15640 246 5554
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105 4ab9 055 977 01464 2575 GE0 b.OO  8.50 10,50 2100 553,45
121 5186 06| 1074 01865 3050 11.89 b.OO 11.559 1210 205 143.88
8.1 5483 079 1171 0166 34350 1516 B.OO 1518 8.10 216 122598
97 45763 05 12689 01767 37684 1876 B.OO 1878 870 205 18219
8.4 6024 107 1366 01868 4059 22E9 b.O0 L2R5 8.50 27 19288
49 6270 123 14b3 01969 4385 2651 1
0 000 000 o.00 0 000 000
0.4 B717 1868 1657 02171 4870 36.31
0 000 000 0.00 0 000 000 0.00 000 0.00 0 000
0 000 000 0.00 0 000 000 0.00  0.00 0.00 0 000

Total 162.2 ave merttree of | 14.09 B3 B

b.ab 2b.31 490 186 12590
0.00  0.00 0.00 0 000
7B7 o434 0.40 13 13.74

69.6 logs/acre or 1.005 truckloads/acre




Market 2: 4-in SED, 12-ft length

Butt tree-log Length
Log wew. dia totop Wiable length ending Merc | Scrib Merc | Merc
DBEH Class Cut Ht  BAfreelend dib taper 4 log? forwol dia  wol | log  Logs vl w0l
() TRA, (ft) (ft) (in)  (inft) ity (ftree) (i) (i) cflog Bfftreeperac bffac  cffac
126 8858 001 102 00555 000 0 0 000 00d 0 000 0.00
B9 1451 0D0Zf 200 00656  0.00 0oo 0o 0.00 0.00
FY 1980 005 2597 00757 0.00 0oo 0o 0.00 0.00
109 2476 009 3594 00353 0.00 0oo 0o 0.00 0.00
M7 29417 014] 491 00953 S50 0.00 000 0.00 0 0.00
8.1 3377 0200 583 0106 1777 400 239 8.10 B 19.40
101 3786 02| B85 01161 2455 400 404 10.10 10 4082
154 M70 035 783 01262 3032 400  A53 15.40 19 S217
154 45317 044 880 01363 3521 400 523 15.40 L2126
105 4869 055 977 01464 3947 400 1079 10.50 17 11327
121 5186 0OkBB| 1074 01565 43.08 433 1346 1210 20 162 .86
8.1 &483 079 11.71 01666 46.30 488 1627 g.10 13 131.78
57 &/B3 052 1269 01767 4916 544 15355 5970 16 187 67
85 6024 107 1366 01868 51.70 .00 2253 8.50 14 19289
49 B270 123 1463 01968 5398 400 2832 .80 21 277 52
0 o000 o0of 000 0 0.00 0oo 0o 0.00 0 0.00
04 B717 158 1657 02171 5791 400 57 A8 0.80 23007
0 000 000 000 0 0.00 0.00 000 0.00 0 0.00
0 000 000f 000 0  0.00 000 000 0.00 0 0.00
Tatal 1522 ave mer tree cf 109 1566 1375
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108.5 logs/acre or 1.303 truckloads/acre




Biomass Resource

Define submerchantable (&biomass) trees and corresponding bone dry weight {(Brown, Snell, Bunnell 1977)
Dry (1.] (2. Bone dry
Butt Wood Bark Crown | Whaole  Gross Dty Dity  Clean
DBH  Log Cut Ht end dib Bole Wt Wit Wit Tree W Tree BD chips green BD chips
(i) Test | TPA (i) (in)  {lbsftree] (lbsftree) (lbsftree) (lbsfree] (lbsfacre) (tons) | (tons)  (tons)
FALSE 12Bb 888 1.02 0.63 0.13 1.27 203 25k4 0.40 0.40 0.00
FALZE BS 1451 200 3.94 0.52 5588 1033 71.30 1.11 1.1 0.00
FALSE B9 1980 297 11.87 248 1326 Z7.B1 189048 297 297 0.00
FALSE 109 2476 394 2615 547 2451 56.13  B11.87 5.55 5.585 0.00
FALSE 11.7 2941 49 45.28 1008 3949 9786 1144.91 17.88 17.68 0.00
TRUE 0 000 583 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TRUE 000 k.85 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TRUE 000 V.83 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TRUE 000 880 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TRUE ooo 977 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TRUE 000 1074 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TRUE 000 11.71 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TRUE 000 1269 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TRUE 0.00 1366 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TRUE 000 1463 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
16 FALSE 0.00 1560 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
17 TRLE 000 16.57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
18 FALSE 000 17.54 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
19 FALSE 000 18.52 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 49 204415 31.82 0.00
Average dbh of submerchantable trees cut 4,39
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Transportation = f(logs)

Log Praduct 1
Description
Cne-way distance to mill {miles)
Tatal number of loads for project
Transporation Costs
Awerage speed loaded (mph)
Back haul average speed (mph)
Time to kill {hr)
Back haul time (hr)
Hook time in woaods thr)
Drop time at mill {hr)
Froduct 1 transportation costs

Log Product 1
Description
Cine-way distance to mill {miles)
Total number of loads for project
Transporation Costs
Awerage speed loaded (mph)
Back haul average speed (mph)
Time to Mill thr)
Back haul time (hr)
Hoak time in woods (hr)
Dirap tirme at mill {hr)
Froduct 1 transportation costs

1

pallets
150
37.35

N

/5

2.50

2.00

0.50

0.50
$10,116.38

1

pallets
150
5276

N

fiks

250

2.00

.50

0.50

$14 23003

6-in SED, 16-ft

®load  $270.53

4-in SED, 12-ft

Fload  $2Y0.88




Define Harvest System

Grapple Skidding
Logs or Trees
Machine 1
Engine rating (hp): valid far 115-260hp
Mumber of years owned
Wheel ar Track
Machine 2
Engine rating (hp): valid far 105-260hp
Mumber of years owned
Wheel ar Track
Delimber
Machine 1
Engine rating (hp): valid to Z25hp
Mumber of years owned
Machine 2
Engine rating (hp)
Mumber of years owned
Loader
Machine 1

Sources

- Northern Arizona studies

- Various FERIC studies

- Drews et al. 2001

- Hartsough et al. 1997,
1998, 2000

- McNeel & Rutherford 1994

- Thompson 2003

Engine rating (thp)
Mumber of years owned
Wyheel, Track, or Truck
Machine 2
Engine rating (thp)
Mumber of years owned
Wyheel, Track, or Truck
Tracked Dozer
Machine 1
Engine rating (hp): valid far 30-130hp
Blade capacity (yd"3)

TRLIE

130

5.78

Hll:llser III'II:Ef;:lEE InDetaiIsl Logs 4 SubMerch 4 Price 4 Mac

Input Details




Treatment Costs

Direct Costs due to Harvesting Merchantable
Hand Felling
Subcontract to independent crews?
Mumber of sawyers, n
Delimbing and bucking? 1
Frod time for n sawyers (hrsfac) .61
sawyer utilization 57 B3%
Total time for n sawyers (hrafac) 1.06
Total project time for n sawyers (hours) 39.06
Costs of own crew
oawyer labor costs for project $0.00
oawyer equipment costs for project $0.00
Total costs of own crew s0.00
Subcontractor costs
Total loads/project 8276

b/load F125.00
Subcontractor costs 6 594 38
Felling Operation Costs $5 594,35
LT Harvesting a
Frocessing Time per machine {hrafacre) 0.00
Hamestar Efficiency 0.80
[otal for processing per machine (hrsfacre) 0.00

Hurnber of machines, n 0

User InDUtS [otal project tirme for n processor (hours) 0.0o

- Number of machines roject Harvesting Costs
Labor costs $0.00

- Equipment set Equipment costs

- Number of operators Operational costs 50.00
Controlling project ownership time (hrs) 0.00

- De“mblng Ownership costs $0.00
- Type of activities preformed [Tt osts $0.00

- . ohe-Tree Hanesting by Feller-Bunchear a
(e-g-1 slash plllng, road3|de) Frocessing Time per machine (hrsfacre) a.00
] arvestor Efficiency 0.65

ERE R HllLlser InteFace. InDekails ' .Lnsl :Sul:nl"-ﬂern:h 4 Price 4 MachineR.a




Production Rates

Feller-Buncher for Merchantable & Sub Merch
For F/B: Examined Hartsough et al 2001, Thompson (2003, Hartsough et al (1998), and Ha
as the base equation but modified by Hartsough et al (1997 to estimate #trees/cycle and Ha
The #rees/cylce eqn, however, was scaled to Thompson's average #ree/cycle per average tre
Merchantable Trees F/BE Production
Treevol Treewol Rate  Rate

DEH Log BA Cut  totop totip  #rees F/B FiB

(in) Test (e TPA  cfftree cftree er cycli(sec/tree) (sec/ac)
FALSE o1 o 0.00 0.00 000 24799359 0
FALSE 0.02 0.00 0.00 000 2479155 0
FALSE 0.05 0.00 000 000 27785 0
FALSE 0.0% 0.00 0.00 000 247 k022 0
FALSE 0.14 1.03 000 000 273672 0
TRLUE 0.20 238 309 ZB4 191852 1554
TRLIE 0.7 4.04 402 LA7 19.07 19261
TRLUE 0.35 5.95 b4 249 15.85961 291
TRLIE 0.44 8.3 g.b7/  Z4Y 18.BB57 26745
TRLIE 0.55 1079 1119 235 18.380 192599
TRLUE 0.66 1366 1404 2285 158.0399 25825
TRLIE 0.7 & b4 1721 221 1764553 142593
TRLIE 052 9 2035 2072 214 171985 1BB.G3
TRLUE 1.07 8. 2417 2454 208 166378 141.93
TRLIE 123 4. 2832 8700 201 161441
16 FALSE 0.00 0.00 oo ooo de02
17 TRUE 155 0. 3758 3799 1487 148781
18 FALSE 0.00 0.00 oo ooo de02
19 FALSE oo ooo de02

Ilser Inkeface InCet ils : SubMerch MachineR ates Mabilize
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Coconino National Forest — Flagstaff, AZ
A-1 Mountain, Unit #273

Cutting Activity
DBH Class  Cut

(in) TPA

1 12.6
6.9
6.9
10.9
11.7 O Residual
8.1
10.1
15.4
15.4
10.5
12.1
8.1
9.7
8.5
4.9
0.0
0.4 __
0.0 Condition Class 3
0.0

l Cut

2
3
4
5
6
7
8
9
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Existing Market: Pallet Lumber

User Input Market Specifications

Description pallets
Log small end dib (in) 4
Log large end dib (in)

Minimum log length shipped (ft) 12
Maximum log length shipped (ft) 41
One-way distance to mill (miles) 150
Average speed to mill (mph) 60
Estimated log %omc at shipping 116.00%
Delivered Price/Load or

Delivered Price/Green Ton or $28.00
Delivered Price/MBF




Cost-to-Revenue Summary

£:4 Microsoft Excel - Unit273April.xls

File Edit Wiew Insert Format Tools Dakta Window Help

O Iﬂﬂ|%@.|ﬁp@'|ﬂvnv T f %¢|ﬂ 100%,
L53 j =

A B C
Project Totals $/acre

Cost Summary
Direct Treatment Costs
Fohilization $1.017 17 F27 .49
Merchantable Direct Costs §14 400.44  $389.20
Sub-merchantable Direct Costs 53,7001 $100.16
Chipping & Debarking Direct Costs $0.00 $0.00
$19123. 62 $516.685
5432576 $116.91 [/ .
§1420003  $386.22 [l © Purchase price
$3572.16  $104.65 * Depreciation
* Interest
e Tax and Insurance

* O&M

« Profit Direct
= |ndirect

.Overhead i Trucking
* Roads

|| Stumpage
Total Cost for Project

Revenue Summary
Service contract $13727.00  $371.00
FHoads $2 063.00 $95.7h
$0.00

Biomass
Log Market 1
Log Market 2
Log Market 3
Total Revenue for Project

$0.00
ha8 405 65
$0.00
w0.00
$54,195.68

H0.00
$1,037.99
H0.00
w000
$1.,464.75

e Labor




Implementation Cost Summary

Stumpage .
9%

Direct
47%

Trucking |
34%

Indirect 10%
(profit, overhead, & roads)



Other Log Service

0% \{ 25%
Roads

— / 4%
AN

Biomass

Pallet 0%

Log Market
71%



£ Modeling is Estimating

;L-,-

7 Atal
25,00

“Remember that estimating Is not an exact
science. Experience, judgment, and care
should enable an estimator to prepare an
estimate that will reasonably approximate the
ultimate costs of the project.”

Source: Peurifoy, R.L. and G.D. Oberlender. 2002. Estimating
Construction Costs, 51" Ed. McGraw-Hill. New York, NY.



What's Next — Model Needs

 Biomass related activities, costs, and revenues

e Miscellaneous activities
- Taper equations for non-Coconino ponderosa pine
- Road costs
- Machine piling productivity

» User Interface
- Gathering input from potential users
- Adjust assumptions and set user-defaults
- Define needed output




What's Next — Outreach

 Model refinement and validation
- Working with USFS WO, RO, SOs, and Districts
- Adjust model based on contractor input
- Develop a field guide for planning and appraisal

* Technology transfer

- Field demonstrations and workshops
- Field workshops (Fall ‘04 — Spring ‘05)
- Finalize field guide and develop CD-ROM
- One-on-one contractor training and model validation

- Regional and national presentations



Future Applications

e Sensitivity studies
- Assessment of timber cruise data, equipment sets
- Comparison to other model estimators

« Expanded applications

- Expansion of use for appraisal and
contract evaluation

- Use for non-ponderosa pine species
and regions (taper equations required)

- Environmental policy (diameter cap limits, WUI cost
projections, economic subsidies)
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For more information contact:

Dennis R. Becker
USDA Forest Service
PNW Research Station
2500 S. Pine Knoll Drive
Flagstaff, AZ 86001

PH: (928) 556-2159
drbecker@fs.fed.us

(http://www.fs.fed.us/pnw/sev/esp/ESP-JFS.htm)
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