Proposed Amendments to NIST Handbook 133 1, Section 3.14. “Firewood”
and NIST Handbook 130 2, Uniform Method of Sale of Commodities
Regulation, Section 2.4. “Fireplace and Stove Wood”
Subject: The National Institute of Standards and Technology (NIST) Handbook 133, “Checking the Net Contents of
Packaged Goods,” – Section 3.14. “Firewood (Volumetric Test Procedure for Packaged Firewood with a Labeled
Volume of 113 L [4 ft3] or Less)” and Section 2.4. “Fireplace and Stove Wood” in the Method of Sale of Commodities
Regulation in NIST Handbook 130 “Uniform Laws and Regulations in the Areas of Legal Metrology and Engine Fuel
Quality”).
History: The volumetric test procedures for firewood in NIST Handbook 133, Section 3.14. were adopted at the 83rd
National Conference on Weights and Measures (NCWM) Annual Meeting in 1998. The historical record
accompanying the proposal provides limited guidance on how the test procedures are to be applied in the field. “The
Report of the 83rd National Conference on Weights and Measures” for the 1998 Annual Meeting is published in NIST
Special Publication (SP) 932 (1998) on pages L&R 19 and in Appendix B on page L&R 31.
Proposals: Proposed revisions to Section 2.4. “Fireplace and Stove Wood” in the Method of Sale of Commodities
Regulation (MOS) of NIST Handbook 130 are presented in Part 1 beginning on page 5. Proposed revisions to the
firewood test procedures in NIST Handbook 133, Section 3.14. are presented in Part 2 beginning on page 7. Included
in Appendix A, on page 27, is a draft revision of Section 3.14. for consideration by the Laws and Regulations
Committee.

Executive Summary
Sales of firewood have increased in recent years. 3 According to the National Firewood Association sales of firewood
exceeds $2 billion a year. 4 Recent inspections of packaged firewood by weights and measures officials in different
states and at least one court case recently uncovered a lack of uniformity in the procedures used to test packaged
firewood. Section 3.14. of NIST Handbook 133 is written ambiguously such that if the same bundle of firewood were
tested by different states, the test results would be substantially different. Any test procedure written as vaguely as
Section 3.14. would likely be found to violate due process. The problems described below were uncovered through
limited testing and research. However, after reviewing historic information and test data, it is apparent there is a need
to clarify the procedures and improve the accuracy of the measurement procedures so the volume of wood in bags,
bundles, and boxes are determined accurately and consistently. Improving the test procedures will help ensure
consumers can make value comparisons and reduce unfair competition.
During this study, it was revealed that much of the packaged firewood sold in packages less than one cubic foot is
labeled in fractions of a cubic foot instead of cubic inches as required in Section 2.4. in NIST Handbook 130, Method
of Sale of Commodities Regulation. Additionally, some of the ambiguous wording in this regulation may conflict
with the Uniform Packaging and Labeling Regulation (UPLR). Included below are proposals to revise the method of
sale to recognize traditional industry labeling practice and eliminate language that appears to conflict with the
requirements of the packaging and labeling regulation. Proposals to address these issues are included below. The
following information and recommendations are based in part on comments and suggestions from weights and
measures officials who participated in a “Training Summit” held at NIST in April 2015. During the meeting,
participants evaluated the current NIST Handbook 133 firewood testing procedures. Participants developed several
1

NIST Handbook 133 “Checking the Net Contents of Packaged Goods” (2015) -www.nist.gov/pml/wmd/pubs/hb133.cfm

2

NIST Handbook 130 “Uniform Laws and Regulations in the Areas of Legal Metrology and Engine Fuel Quality” (2015) –
www.nist.gov/pml/wmd/pubs/hb130.cfm
3

www.eia.gov/todayinenergy/detail.cfm?id=15431#

4

nationalfirewoodassociation.org/nfa-press-release-mar-21-2013/
1

Rev. 12/01/2015

Proposed Amendments to NIST Handbook 133, Section 3.14. Firewood and
NIST Handbook 130, Section 2.4. Fireplace and Stove Wood

suggested improvements to the procedures for determining length and area. Recommendations were also received
from several firewood packers. Because few states are testing packaged firewood, and those that do are finding
shortages across the industry, increased oversight of this product is recommended.
Background: In NIST Handbook 130, in the “Uniform Method of Sale of Commodities Regulation (MOS)” 5 a cord
is defined in Section 2.4. “Fireplace and Stove Wood.” The MOS describes how a cord must be compactly stacked
and includes other requirements regulating the sale of fire and stove wood. (See Appendix C [page 49].) States that
adopt the method of sale for firewood use the procedures in NIST Handbook 133 to verify the declared volume of
wood.
2.4.1.

Definitions.

2.4.1.1. Fireplace and Stove Wood. – Any kindling, logs, boards, timbers, or other wood, natural
or processed, split or not split, advertised, offered for sale, or sold for use as fuel.

2.4.1.2. Cord. – The amount of wood that is contained in a space of 128 ft3 when the wood is
ranked and well stowed. For the purpose of this regulation, “ranked and well stowed” shall be
construed to mean that pieces of wood are placed in a line or row, with individual pieces touching
and parallel to each other, and stacked in a compact manner.
A cord includes in the total volume the wood, bark, and air between the pieces. The requirements that firewood be
“ranked and well stowed” and “stacked in a compact manner” are intended to prevent deceptive sales practices used
by unscrupulous wood sellers who use crisscross stacking or deceptive terms such as the “face-cord” or “green” cord
(i.e., the volume of the wood before it is split). A cord of wood sold unsplit will have less volume once it is split. For
this reason it is important that sellers and consumers understand the basis of the sale to avoid complaints. Under most
state laws, the amount of wood delivered to the consumer, regardless of whether it is split or unsplit, with bark on or
off, unseasoned or seasoned, must equal at least 128 ft3 when stacked as specified in Section 2.4.1.2. “Cord.” Under
the MOS, Section 2.4.3. “Quantity,” item (a) “Packaged natural wood” packaged firewood in volumes less than
1
/8 cord must be labeled in liters, cubic feet, or cubic inches (in packages under 1 ft3) and fractional parts of those
units. There are variations in the laws and regulations of other states, but most state regulations are similar to the
requirements presented in NIST Handbook 130.
Estimated Impact of Measurement Errors on Package Volume (see Notes a. and b. below)
In a limited study of firewood packages conducted at NIST, the current length measurement procedures, which require
that length measurements be made along the centerline of the five pieces having the greatest girth, did not (for the
samples collected from four packers) result in an average length that accurately represented the average length of all
of the pieces in the package. Similarly, the current procedure for using one-inch square graph paper to determine the
areas of the bundle ends resulted in large variations in the area of the ends (results for the same bundle area varied as
much as 7 in2 among different inspectors who carried out the measurements). Even small variations in measurement
can result in significant errors in the volume of a package. Implementing new measurement procedures and equipment
to improve the accuracy of the measurements taken in the wood test procedures will benefit consumers and packers
alike.
For example:
A one-inch error made in the average length determination of the wood pieces in a package will result in an error of
about 75 in3 in volume (or about 19 in3 for each ¼ in).
A 5 in2 error in the average area determination of the bundle ends will result in a volume error of about 80 in3 (about
16 in3 for each 1 in2 and 4 in3 for a ¼ in2).

5 NIST Handbook 133 does not define a Cord of wood. Instead, it provides test procedures used to enforce the packaging and
labeling requirements in NIST Handbook 130, Uniform Packaging and Labeling Regulation,.Section 12. “Variations to be
Allowed.”
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Notes:
a. The volume formula for bundled firewood in NIST Handbook 133, Section 3.14.c. Bundles and Bags of
Firewood is similar to the Smalian Cubic Volume Rule published in the National Forest Log Scaling
Handbook (FSH 2409.11a) on Cubic Scaling. The scaling handbook is published by the USDA Forest
Service at www.fs.fed.us/fmsc/measure/handbooks/index.shtml. The Smalian Cubic Volume Rule uses the
formula for finding the volume of the frustum (e.g., a cone like shape with the tip removed) and was
developed to determine the cubic foot volume of a single log. A simple version of the formula is shown as
V = (A + a) ÷ 2 × L, which is similar to the NIST Handbook 133 formula. This is where: V = Volume in
Cubic Feet; A = Large-End Cross-Section Area (ft2); a = Small-End Cross Section Area (ft2); and L = Length
of pieces in the bundle.
b.

The estimated errors mentioned above were calculated using the NIST Handbook 133 modified version of
the Smalian rule (using inches instead of feet) to develop the following tables:

Bundle Volume Calculations – Impact of Length Variations on Volume
Average Area of Ends (in2)

Average Length of Pieces (inch)

Volume in3

75

16.00

1200

75

16.25

1219

75

16.50

1238

75

16.75

1256

75

17.00

1275

Bundle Volume Calculations – Impact of Area Variations on Volume
Average Area of Ends (in2)

Average Length of Pieces (inch)

Volume in3

75

16.00

1200

76

16.00

1216

77

16.00

1232

78

16.00

1248

79

16.00

1264

80

16.00

1280
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Recommendations for Consideration
by the NCWM Laws and Regulations Committee
Part 1. NIST Handbook 130 – Uniform Methods of Sale of Commodities - Section 2.4.
Fireplace and Stove Wood
The following recommendations attempt to clarify the method of sale for firewood in Section 2.4. Fireplace and
Stove Wood.
Determine how “Cooking Woods,” “BBQ Wood” and Flavoring “Chunks” are to be sold.
There is a sector of the firewood industry which sells chunks and split firewood from many types of trees for use
in restaurants and homes for smoking and flavoring foods. Currently Section 2.4.3.(c) Quantity, requires “stove
wood pellets or chips” no larger than 15 cm (6 in) to be sold by net weight, but the wording specifically excludes
flavoring chips. (See Figures 1a and 1b.)
(c)

Stove wood pellets or chips. – Pellets or chips not greater than 15 cm (6 in) in any dimension shall be
sold by weight. This requirement does not apply to flavoring chips.
(Amended 1976 and 1991)

The types of “chunk” wood may include apple, cherry, mesquite, pecan, oak, chunks of “BBQ wood” and used
whisky barrels. Some online sellers offer packages of these varied products for sale by net weight and
“approximate” net weight but others sell by volume. Some sites also offer split logs by volume and “wood
chunks” by net weight. The variations in the sizes and shapes of the wood being sold for flavoring and cooking
are significant (in some advertisements the chunk sizes range from 2 in to 4.5 in) so that may be why some sellers
have switched to net weight, perhaps believing they fall under Section 2.4.3.(c). It must be determined if, under
Section 2.4. Fireplace and Stove Wood, “cooking wood” and “chunks” are included under the terms “flavoring
chips” and if the method of sale for those products, which, according to Section 2.4.3.(d) must be sold by volume
is appropriate, or if they fall under Section 2.4.3.(c) which permits sales by net weight. If the latter is preferred,
then the subsection should be amended to allow flavoring “chunks” to be sold by net weight.

Figure 1a. Chunks Sold by Volume in Bags

Figure 1b. Chunks Sold by Weight

(Photo provided by Cooking Woods of Seattle, Washington.)

(Photo provided by Firewood.Com of Minnesota.)

5

Proposed Amendments to NIST Handbook 133, Section 3.14. Firewood and
NIST Handbook 130, Section 2.4. Fireplace and Stove Wood
Recommendations for Consideration by the NCWM Laws and Regulations Committee

URLs for sites selling “Cooking Wood”
-

www.cookingwoods.com
firewood.com
www.wileyscookingwoods.com
Amend Current Method of Sale for Packaged Firewood.

Amend the current method of sale to recognize the traditional practice of offering packaged firewood for sale in
quantities less than 1 cubic foot by fractions of the cubic foot instead of by cubic inches as required in Section
2.4.3.(a)(2). Harmonize the packaging requirements of the Uniform Packaging and Labeling Regulation (UPLR)
with the Method of Sale for Packaged Firewood to reduce the possibility of confusion.
Based on information from several industry sources and weights and measures officials, the current labeling on
packaged firewood has the quantity declared in fractions of a cubic foot (e.g., 0.6 ft3, 0.7 ft3 and 0.75 ft3) and by
cubic decimeters (dm3). The use of these units on these package sizes does not comply with the method of sale
requirements in Section 2.4.3. “Quantity.”
1.

Customary Units
Currently Section 2.4.3. “Quantity,” requires that packages of firewood and flavoring chips less than 1 ft3 to
be sold by cubic inches and liters. Sale of packaged natural wood by the cubic foot instead of the required
cubic inches appears to be a nationwide, traditional sales practice. The labeling by the cubic foot appears to
provide consumers with quantity information in a unit of measure they understand, and they can use in
making value comparisons against firewood offered for sale by the cord or fractions of a cord. The Office
of Weights and Measures (OWM) recommends that the method of sale be revised to require natural wood to
be sold by the cubic foot or fractions thereof in order to recognize traditional industry sales practice. No
change to the method of sale for flavoring chips and kindling is proposed at this time except to request the
interpretation regarding cooking wood and flavoring chunks discussed above.

2.

Metric Units
In 1994 the requirement that packages subject to the UPLR include metric units in their quantity declarations
was adopted. At that time, the consensus of the NCWM working group, which developed the metric revisions
to the UPLR, was due to consumers being familiar with the term liter (l or L) rather than the term cubic
decimeter (dm3) even though the quantities are exactly the same. At that time, the methods of sale for peat
moss, pine bark mulch, and other products were revised to require the use of the liter instead of cubic
decimeter to facilitate consumer understanding of metric units and quantities by requiring a more familiar
metric unit to appear on a wide range of packages and quantities. Today, 21 years after the mandatory use
of the liter was first implemented, consumer acceptance and understanding of what a liter is and the amount
of product it represents is greater than it was in 1994, so the requirement that metric volumes must appear on
labels in terms of the liter should not be changed.
Packages subject solely to the UPLR (i.e., they are not subject to the federal Fair Packaging and Labeling
Act) may be offered for sale only in metric units (customary units may also appear on the principal display
panel at the option of the packer). As currently written in the Method of Sale, Section 2.4.3., subsections
(a)(1) and (d)(1) require packages be labeled in “liters, to include fractions of liters; or” which may confuse
readers by making it appear that liters are only one option for how quantities must be shown. That wording
is inconsistent with the declaration of quantity requirement in the UPLR, Section 6.1. “General” that requires
all packages to bear a declaration of quantity in both metric and customary units (an exemption in
Section 11.33. of the UPLR makes customary units optional). An editorial change must be made to
Section 2.4.3. for both natural wood and flavoring chips to clarify that a packer must provide a declaration
of quantity in metric units in terms of the liter and that customary units may appear on the package, but they
are optional.

6

Proposed Amendments to NIST Handbook 133, Section 3.14. Firewood and
NIST Handbook 130, Section 2.4. Fireplace and Stove Wood
Recommendations for Consideration by the NCWM Laws and Regulations Committee

3.

Implementation Period
If adopted, the amendment to allow sales of packaged natural firewood by the cubic foot will go into effect
on January 1 of the year following NCWM adoption. However, since it will take time for packers to learn
of the changes and to add metric units to their packaging or change cubic decimeter to liters, a period of three
years from the effective date of the revised regulation should be allowed for the changeover.

4.

Proposed Revision
2.4.3. Quantity. – Fireplace and stove wood shall be advertised, offered for sale, and sold only by
measure using the term “cord” and fractional parts of a cord or the cubic meter, except that:
(a)

Packaged natural wood. – Natural wood offered for sale in packaged form in quantities less
than 0.45 m3 (1/8 cord or 16 ft3) shall display the quantity in terms of:
(1)

liters, to include fractions of liters; and may also include a declaration of quantity in
terms of: or

(2)

cubic inches, if less than one cubic foot; or

(3) i. cubic foot, feet, if one cubic foot or greater, to include fractions of a cubic foot; or
ii. cubic feet to include fractions of a cubic foot.
Note: Implementation for the requirement for use of the liter in (1): packages may continue to
show the dm3 instead of the liter (L) for three years after the effective date of this regulation to
allow for the use of current packaging inventories.
Note: The amended language regarding the liter in (1) must also be added to (d) Flavoring chips.

Part 2. NIST Handbook 133, Checking the Net Contents of Packaged Goods,
Section 3.14. Firewood
The following recommendations attempt to clarify the test procedures in Section 3.14. Firewood. Refer to Appendix A
for a complete version of the proposed test procedures.
Adopt a Maximum Allowable Variation (MAV) for Packaged Firewood.
A limit on negative errors is not currently applied to inspections of packaged firewood. Adding a MAV
requirement for packaged firewood would protect consumers in cases where plus errors in some packages results
in the sample passing the average requirement but one or more packages are found to have large minus errors.
For example:
In an inspection of a lot of 83 – 0.75 ft3 firewood bundles, an inspector finds 10 packages in a 12 package sample
have errors that fall within + 51 to + 86 in3. Then two packages are found to have minus errors of − 345 in3 and
− 380 in3. After calculating the average error, the sample passes and all 12 packages remain on sale but at least
two customers may purchase packages that are under filled by more than 25 %.
According to NIST Handbook 133, Appendix A., Table 2-10 “Exceptions to the Maximum Allowable Variations
(MAV),” no limit is placed on negative errors in packages of firewood (e.g., several bundles, bags, or boxes in
the sample could be nearly empty and no action would be taken on the sample except on the basis of the Average
Requirement). There is no information in the adoption history for this item to indicate why the individual package
(MAV) requirement is not applied. The MAV requirement provides important protection for consumers and
helps ensure fair competition. Applying an MAV is reasonable since measurements are generally rounded in

7

Proposed Amendments to NIST Handbook 133, Section 3.14. Firewood and
NIST Handbook 130, Section 2.4. Fireplace and Stove Wood
Recommendations for Consideration by the NCWM Laws and Regulations Committee

favor of the packer and because other difficult to measure products, such as mayonnaise (which is also tested with
a headspace procedure), mulch, and animal bedding are required to meet an MAV requirement. A specific MAV
also guides packers in their packaging and quantity control programs in setting control limits to ensure that the
lot, shipment, or delivery meets the labeled quantity, and it meets the Average Requirement. From the consumers’
perspective, it is reasonable to expect to receive a package that has at least 75 % or more of its declared contents
(most packages covered by NIST Handbook 133 MAVs are required to contain at least 98 % or more of the
product). Based on a review of limited test data having no limit on minus errors does not appear to be reasonable.
It is recommended that a 25 % MAV value be adopted for the limit on minus errors pending further study unless
packers provide an alternative value based on current quantity control data. This value could be modified by the
NCWM in the future if test data collected by weights and measures officials and packers using the proposed test
procedures indicates that a different MAV value is justified.
Recommendation: Eliminate the exemption for packaged firewood labeled by volume from the individual
package requirement. Adopt a MAV (e.g., 25 %) to prevent excessively under filled packages from being offered
for sale. Most packaged firewood has a labeled volume of 21.2 L [0.75 ft3] (1296 in3) so the 25 % MAV would
equal 5.3 L or 324 in3. (See excerpt from Table 2-10 below.)
Table 2-10. Exceptions to the Maximum Allowable Variations for Textiles, Polyethylene Sheeting and Film,
Mulch and Soil Labeled by Volume, Packaged Firewood and Stove Wood Labeled by Volume, and
Packages Labeled by Count with 50 Items or Fewer, and Specific Agricultural Seeds Labeled by Count.
Maximum Allowable Variations (MAVs)
25 % of labeled quantity
Packaged Firewood and Stove wood
Labeled by Volume

Note: Use Table 2-5. “Maximum Allowable Variations for Packages
Labeled by Weight” for packaged artificial and compressed fireplace
logs and stove wood pellets and chips labeled by weight.

Current Exemption to MAV Applies Only to Packages Labeled by Volume:
In the original 1998 proposal to the NCWM, an exemption from the MAV for packaged wood sold by volume in
boxes, bags, bundles, and stacks was included. As a result, there is no limit on negative errors in packages and
stacks of firewood sold by the cord or subdivisions (i.e., a box or bag could be 75 % empty and no action could
be taken based on individual package errors). Accordingly, NIST Handbook133, Appendix A, Table 2-10
“Exceptions to the Maximum Allowable Variations (MAV)” was revised to include an exemption for “Packaged
Firewood” but wording to limit the restriction to packages or stacks sold by volume was inadvertently omitted.
Because wood pellets and some cooking wood and flavoring chips are sold by weight, it is possible that an
inspector might apply the exemption to packages sold by weight, when it was originally intended only to apply
to packages labeled by volume. To correct this oversight, NIST will editorially revise NIST Handbook133,
Appendix A, Table 2-10 in the next edition of Handbook 133 to indicate that the exemption only applies to
packages sold by volume as shown above. (See firewood.com/index.cfm/pageid/21 and hjnfirewood.com/#!shopnow/ckj2).
Recommendation: Editorially revise NIST Handbook 133, Appendix A., Table 2-10. to read “Packaged
Firewood and Stove Wood labeled in Terms of Volume” and add the following note to Table 2-10:
Note: Use Table 2-5 “Maximum Allowable Variations for Packages Labeled by Weight” for packaged artificial
and compressed fireplace logs and stove wood pellets and chips labeled by weight.
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Clarify Section 3.14.1 Test Equipment, Improve Accuracy, and Reduce Rounding Errors
1. The words “Linear Measure” should not be part of the title. This is a printing error and will be corrected
in the next edition.
2. The instruction to “round up” measurements is not clear about which values are to be rounded and also
conflicts with the guidance to “Round measurements down to the nearest …” in the headspace test method
used in Section 3.14.2.a. Boxed Firewood procedure.
Recommendation: Amend this sentence by adding the phrase “Measurements shall be read to the smallest
graduation on the ruler or tape. Round any value that falls between two graduations up to the higher value except
when making headspace depth measurements where a value falling between two graduations is rounded down to
the lower value.” This wording will clarify when rounding is to take place and will also eliminate the conflicting
instruction.
When this procedure was added to NIST Handbook 133, the specifications of the maximum graduation sizes for
the measurements were converted and rounded to a rational metric size, which may confuse users. First, the
maximum ruler increments 0.5 cm (3/16 in or 0.1875 in) are not equivalent (0.5 cm = 0.1968 in). Second, while
there are rulers and tapes available graduated in 0.5 cm and 1/16 in there are none with 3/16 in graduations. The
current approach for specifying measurement units is confusing but can be corrected by providing separate
maximum graduations for measuring instruments in metric units and inches.
In the volume calculations for firewood bundles a change of 3/16 in (0.1875 in) in the average length will result in
a 14 in3 change in the volume of the package. To improve measurement accuracy and reduce rounding errors, it
is recommended that a ruler or tape with 1/16 in graduation be used to make measurements. The current
recommend 0.5 cm graduation should be reduced because a 2 mm difference in the measurement will result in a
6 in3 change in package volume. For metric units, a ruler or tape with 1 mm graduations is recommended. These
changes are recommended to increase the accuracy of linear measurements and reduce measurement uncertainty.
This is significant because several measurements are taken in verifying a single package of wood and many
readings will fall between graduations and must then be rounded.
Proposed Revision:
3.14.1. Test Equipment
Linear Measurement: The maximum value of graduations on a ruler or tape shall be equal to or less
than:
For SI Units – 1 millimeter (1 mm)
For U.S. Customary Units – 1/16 inch (1/16 in)
Measurements shall be read to the smallest graduation on the ruler or tape. Round any value that falls
between two graduations up to the higher value except when making headspace depth measurements
where a value falling between two graduations is rounded down to the lower value.
Address Conflicting Instructions in Section 3.14.2. Test Procedures for Boxed Firewood
1.

Conflicting Instructions in Height and Width Measurement Procedures: The instructions in the
first and last part of Step 2 describe the procedure for determining the height of the stack of wood in the
box through a headspace procedure. That is, the depth of the headspace is deducted from the inside
height of the package. The instructions in Step 2 intentionally exclude the package height from being
used to calculate the height of the wood. This differs from the procedure for measuring width described
in Step 4 below.
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This is the current wording in Step 2:
2.

“Open the box to determine the average height of wood within the box; measure the internal
height of the box. Take three measurements (record as “d1, d2. . .etc.”) along each end of the
stack. Measure from the bottom of a straightedge placed across the top of the box to the highest
point on the two outermost top pieces of wood and the center-most top piece of wood.”

This is the current wording in Step 4:
4

Determine the average width of the stack of wood in the box by taking measurements at three
places along the top of the stack. Measure the inside distance from one side of the box to the
other on both ends and in the middle of the box. Calculate the average width.
Average Width = (W1 + W2 + W3) ÷ 3

In Step 4, the first sentence reads “determine the average width of the stack of wood,” but the
measurement instruction reads “measure the inside distance from one side of the box to the other.” This
instruction can be read to mean that the measurement is of the width of the box and not the wood it
contains. Also, there is no deduction for the gap between the wood and sidewall of the box as in the
headspace procedure in Step 2. This instruction appears to differ from other dimensional test procedures
in NIST Handbook 133 (e.g., the thickness of the wrapper is deducted from dimensions of a package of
peat moss) and does not follow common legal metrology measurement practice. As Step 4 is now
written, the volume formula for boxed firewood is:
Volume of Wood = Height of Wood × Interior Width of Package
Recommendation: Revise Step 4 to require that the width of the wood be used in volume determinations.
Currently a minimum of three measurements is required. Because the shape of firewood varies, using this small
sample will result in the average value having greater variability than in the case where five or more measurements
are taken. The average width of the wood should be determined using direct measurement of the stack at five or
more points along the length of the stack which are then averaged. If the recommended amendments are made,
the formula for firewood would be:
Volume of Wood = Average Height of Wood Stack × Average Width of Wood Stack
Example:
4.

Width of Wood Stack
a.

Open the box and measure the width of the wood stack. Take at least five
measurements at intervals spaced along the length of the stack. Average these values
to obtain an Average Width of Wood Stack.

Average Width of Wood Stack = (W1 + W2 + W3 + W4 + W5) ÷ 5
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Figure 1. Determining the average with of
wood stack.

2.

Rounding Clarifications: It is currently recommended to round measurements up in favor of the packer.
This is incompatible with a headspace procedure where the depth measurements must be rounded down to
favor the wood packer. See proposed revision for Section 3.14.1. “Test Equipment” above for language
clarification to eliminate the conflict. For added clarification, all directions regarding rounding should
include a statement “or less” to indicate that rulers with increments less than those specified may be used.
For example, a ruler with 1 mm graduations may also be used.

This is the current wording in Step 2:
Round measurements down to the nearest 0.5 cm (1/8 in).
Recommendation: Amend the guidance to read:
Round measurements down to the nearest 1 mm (1/16 in) or less.
3.

Improving the Accuracy of Height Measurements: The height of the stack of wood varies from box to
box. This is due to the cutting or trimming of the wood that takes place in order for it to fit into the box and
natural variations in the shape of the wood. Sometimes gaps large enough to hold an extra piece of wood are
found in boxes, which are later found to contain the declared volume. According to inspectors experienced
in using the current procedure, an optional step, based on the judgement of the inspector, allows the inspector
to make additional measurements if he or she “suspects” that a piece of wood was inadvertently left out of
the box or that it fell out during shipment. Since this language is vague and subject to individual judgement,
it does not add to the accuracy of the test. The NCWM should consider removing this language from the
procedure and instead require a minimum of five measurements be taken at as many points across the top of
the firewood in every test. Taking additional measurements always reduces the variability in the average and
increases accuracy. Thus, increasing the minimum number of measurements and number of points across
the top of the box will improve the height determination in every test rather than for just those tests where
the inspector suspects a piece is missing.

This is the current wording in Step 2:
If pieces are obviously missing from the top layer of wood, take additional height measurements at
the highest point of the uppermost pieces of wood located at the midpoints between the three
measurements on each end of the stack. Calculate the average height of the stack by averaging
these measurements and subtracting from the internal height of the box according to the following
formula.
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Recommendation: Revise Step 2 to delete optional step beginning “if pieces are obviously…”) and require
additional measurements at a minimum of five locations to reduce variability in the average height:
a.

open the box to determine the average height of the stack of wood;

b.

measure the internal height of the box; and

c.

take at least five measurements spaced at intervals along each end and center of the wood stack (record as
“d1, d2. . .etc.; take at least 15 measurements.”). (See Figure 3 for an illustration of where the measurements
may be taken.) Measure from the bottom of a straightedge placed across the top of the box to the highest
point on the wood (round the measurements down to the nearest 0.5 cm [1/8 in] or less). Calculate the average
height of the stack by averaging these measurements and subtracting the result from the internal height of the
box using the following formula:
Average Height of Wood Stack =
(Internal Height of Box) − (Sum of Depth Measurements) ÷ (Number of Measurements)

Figure 3. Top View of Box –
Measurements taken at cross bars.

4.

Modify procedures in NIST Handbook 133, Section 3.14. for Measuring the Average Length: All three
procedures in NIST Handbook 133, Section 3.14. provide instruction to measure the length of the five pieces
of wood with the “greatest girth.” There is no explanation in the adoption history to explain this requirement.
Since there is no direct relationship between girth and length, it is likely only a way to provide guidance in
picking which pieces to measure. Most boxes and bundles of firewood include from 5 to 12 pieces while
bags and boxes of smaller pieces can include dozens. Some stacks of firewood can include a hundred or
more pieces depending on the diameter of the wood or shape. Typically, for both packaged and stacked
firewood, the pieces are cut to specific lengths (e.g., 406 mm [16 in] or 457 mm [18 in] or longer) so they fit
most fireplaces and are easily handled.
The way to improve an “average” value is to increase the number of measurements. It is likely, a sample of
only five pieces of wood from most packages or stacks does not result in the determination of an average
length that represents the actual average length of all of the pieces in the package or stack from which it is
taken. To improve measurement accuracy, it is recommended that a larger number of samples be measured
to reduce the variability in the average piece length used in the volume determination. Increasing the sample
size can be done without imposing tedious and often time consuming random sampling procedures if the
assumption is made that the length of any piece selected for measuring is generally (but not exactly)
representative of the other pieces that the packer cut or selected for inclusion in the package under inspection.
Even though this recommendation increases the number of measurements the inspector is required to take,
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the trade-off is improved measurement accuracy and more reliable test results. In addition, the proposed
change would eliminate reference to the girth of the wood.
Recommendation: Remove the instruction to “select the five pieces with the greatest girth” and instead specify
a minimum number of pieces must be selected and measured, which increases with the volume of the wood
measured. This table is based on, but is not identical to, the firewood test procedures of the California Division
of Measurement Standards.
Table A.
Volume
1.

Minimum Sample of Pieces to be Measured for
Length*

Packaged Firewood 453 L
(16 ft3 [1/8 cord]) or less

a.

For packages with 12 pieces or less

All

b.

For packages with 13 to 50 pieces

At least 12 pieces

c.

For packages with more than 50 pieces

At least 24 pieces

Stacked Wood

At least 12 pieces for each ½ Cord or fraction
thereof

2.

*Note: While the packages of firewood to be included in the sample must be selected using the random
sampling techniques described in HB 133, Section 2.3.4. “Random Sample Selection” those techniques are
not used in selecting the individual pieces for measurement for length. Since the packages were selected at
random, the assumption is made that the length of any piece selected for measuring is generally representative
of the other pieces that the packer cut or selected for inclusion in the package under inspection. When
selecting pieces of wood for measurement, take them from different locations in the package or stack so that
they are representative of the other pieces available for measurement.

a.

How to Measure the Length of a Piece of Wood: There are different instructions on the method to be
used to determine the length of the wood pieces in the boxed, crosshatched and bundled firewood
procedures.

The boxed firewood procedure reads as follows:
“To determine the average length of the pieces of wood, remove the wood from the box and select
the five pieces with the greatest girth. Measure the length of each of the five pieces from center to
center. Calculate the average length of the five pieces.”
Average Length = (L1 + L2 + L3 + L4 + L5) ÷ 5
The procedures in Handbook 133, Section 3.14.2.b. “Crosshatched Firewood” and c. “Bundles and Bags of
Firewood” do not include the instruction to measure “center to center.”
“Average length of the pieces of wood – select the five pieces with the greatest girth and measure
the length of the pieces. Calculate the average length of the pieces of wood”
Background: The instructions to measure the length of the pieces of wood from “center to center” conflicts with
other length measurement procedures in NIST Handbook 133 and good measurement practice in general. While
with firewood, the pieces are typically cut and split to predetermined approximate lengths (e.g., 406 mm [16 in]
or 457 mm [18 in] or longer), the angles of the end cuts, shapes of the pieces, and actual lengths vary significantly
(e.g., up to 50 mm [2 in] in samples tested at NIST) within the same package. Variations in the lengths of
individual pieces can also be significant depending where (i.e., point to point) the measurements of the piece
length are taken. Figure 4 shows six pieces of wood from the same bundle with irregular lengths and Figure 5
shows a bundle with pieces with substantial variations in length.
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Figure 4. Irregular Lengths from a Bundle.

Figure 5. Other Examples of Irregular Lengths
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The “length” of a piece of wood is affected by its shape and the angle or irregularity of the cuts of its ends. Some
interpret the instruction to measure “center to center” as meaning the measurements are to be taken along the
centerline of the piece of wood (see Figure 6). Others read it as meaning the centerline between the two most
distant points on the piece of wood. As Figure 6 shows, this could result in a significant difference in the length
of a piece. One plausible explanation for the adoption of the “center-to-center” instruction is that it was one quick
way to obtain the “average” length on pieces with the ends cut at sharp angle but there is no historical explanation.
Figure 6. “Center-to-Center” Measurement.

At a recent training event nine experienced inspectors measured six pieces of wood according to the “center-tocenter” measurement instructions using a rigid ruler with 1 mm graduations. The range of measurement results
are shown in Table 1. “Variations in the Measurement of Six Pieces of Wood from a Bundle ‘Center to Center’
in Millimeters” below. The variations in the length measurements for the same pieces (i.e., A and B) were from
4 mm (0.15 in) to 14 mm (0.55 in). It is probable that no two pieces of firewood are identical in shape, end cut
or length. In practical terms then, this small exercise shows that the current instruction does not provide
sufficient guidance on measuring irregular pieces of wood so that their “length” can be accurately determined
for use in a volume calculation.
Table 1. Variations in the Measurement of Six Pieces of Wood from a Bundle
“Center to Center” in Millimeters
Wood
Piece

Inspector

Range
in mm

Range
in
inches

1

2

3

4

5

6

7

8

9

A

502.0

497.0

511.0

502.5

504.5

509.0

502.0

502.0

505.0

14.0

0.55

B

527.0

*

528.0

529.0

525.5

527.0

526.0

527.0

525.0

4.0

0.15

C

*

*

551.0

*

549.5

551.0

543.0

548.0

550.0

8.0

0.30

D

348.0

344.0

345.0

341.5

344.0

345.5

345.0

340.0

350.0

10.0

0.39

E

445.0

449.0

445.0

445.5

445.0

442.5

450.0

442.0

438.0

12.0

0.47

F

360.0

360.0

359.0

358.0

365.5

358.0

363.0

362.0

361.9

7.5

0.29

*measurement omitted.
The taking of just one measurement on an irregularly shaped piece of wood to determine its length contrasts
sharply with the test procedures for other products such as polyethylene sheeting and paper towels sold by length,
width, and thickness. For these products, NIST Handbook 133 requires at least three measurements along each
dimension. The significant difference between the products is that in polyethylene sheeting and paper products,
the variations are industrially controlled to be within a few micrometers or mils (0.001 in).
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Recommendation: The length of a uniformly cut piece of wood can be determined with just one measurement
along the centerline of its longitudinal axis. Examples of the recommended procedure for determining the length
of a uniformly shaped piece of wood are shown in Table 2a. “Determining Piece Length – Uniform Shapes.” This
table will be included in Appendix A. “Proposed Revisions to the Firewood Test Procedures in Section 3.14.”
Table 2a. Determining Piece Length – Uniform Shapes
Uniform Shapes
Errors in the length measurement can result in a significant volume errors especially with the small quantities
typical of packaged wood. When the pieces are generally cut in a uniform manner a single measurement along the
centerline of the logitudinal axis is used to determine piece length. Take the measurement along a straight line
between two points over solid wood.

(i) Most wood pieces are cut perpendicular to their longitudinal axis so one measurement taken from the
face of one end to the face of the other end will provide an accurate length determination.

(ii) On pieces of wood with “reverse bias” and “bias” end cuts estimate where the centerline of the piece is
and then measure to these points as shown below. The intent of this measurement is to determine an
“average” length that is assumed to fall along the centerline of the piece. The top piece is an example of
a “reverse” bias cut.

The bottom piece is an example of a bias cut

For pieces of wood with irregular ends or shapes, determine the length of the wood using an averaging procedure
based on at least three point-to-point measurements. The three measurements may be taken along one or more
surfaces of the piece of wood (e.g., split pieces may have multiple sides) between two points that visually cross
solid wood at the (1) shortest, (2) the longest, and (3) along the centerline of the piece. Additional measurements
may be taken at other positions along the same axis as the original measurements to obtain values that are
representative of the variations in the length of the piece.
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Examples of the recommended procedure for determining the length of an irregularly shaped piece of wood are
shown in Table 2b. “Determining Piece Length – Irregular Shapes.” This table will be included in Appendix A.
“Proposed Revisions to the Firewood Test Procedures in Section 3.14.”
Table 2b. Determining Piece Length – Irregular Shapes
Irregular Shapes
When the pieces have irregular shapes, cuts, or shattered ends, it is necessary to take at least three measurements
and average the results to obtain the length of the piece. Take the measurements along a straight line between two
points that cover solid wood and appear to be the shortest and longest dimensions and a third measurrement at or
near the centerline of the piece.

(i) This piece has a bias cut end on the left and an irregular end on the right. The measurements are taken at
the longest and shortest points where the line crosses over solid wood. The lowest measurement (dotted
line over the air space) is not used because it does not cross wood. Only the three upper measurements
are used to calculate the average length for this piece unless additional measurements across solid wood
are taken.

(ii) This is a piece with a bias cut on the left and an irregular end on the right. Note how the measurements
are taken at the longest and shortest points where the line crosses over solid wood. The lowest
measurement (the dotted line) would not be used because it does not cross over wood.

(iii) This piece of wood has a “shattered end.” Shattering occurs when wood is stressed beyond its breaking
point and the end is not trimmed. The inspector should take additonal measurements to account for the
shortest point of the voids and longest points at the extensions. In this example, five measurements were
taken and averaged to account for the voids and extensions.
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To calculate the volume of the package, an Average Piece Length (APL) representing all of the pieces in the
package is determined. To obtain the APL, the individual pieces are measured, and their average lengths are
determined using the average of three measurements as illustrated below. Those average values are summed and
divided by the number of pieces in the package.
The first step in determining the Average Piece Length is to determine the Individual Piece Length:
1.

Individual Piece Length. – Remove the wood from the package and measure the length of each piece
of wood (see Table A on page 13 for the number of pieces to measure.) Determine the length of a piece
of wood by taking at least three point-to-point measurements. Take at least three measurements along a
straight line between two points crossing solid wood that appear to be the shortest and longest dimensions
and a third at or near the centerline of the piece. Calculate the average of the measurements to obtain
the Average Individual Piece Length.
Average Individual Piece Length (AIPL) = (L 1 + L2 + L3) ÷ 3

The arrows in Figure 7. “Three Point Measurement” illustrate where the measurements were taken on the pictured
piece. The actual dimensions of the piece are shown in the table shown below the figure in Table 2b.
“Determining Piece Length – Irregular Shape."
Figure 7. "Three-Point" Measurement.

Centerline

Piece

L1

L2

L3

Average Individual Piece Length

Figure 7

350 mm

378 mm

395 mm

374.3 mm

The next step is to measure the remaining pieces of wood, sum the results, and then divide by the number of
pieces in the sample.
2.

Average Piece Length. – After the Average Individual Piece Lengths are determined, sum the values,
and divide by the number of pieces measured to obtain the Average Piece Length for the package.
Average Piece Length = (AIPL1 + AIPL2 + AIPL3) ÷ 3

If the recommended changes in Table A are adopted, all of the pieces of wood in a box or bundle will typically
be measured; providing increased accuracy over the current procedure.
Example: The three pieces of firewood in Figure 8. “Three Pieces Measured from One Bundle” represent those
recently found in a package of firewood sold locally. Each piece is measured using the Individual Piece Procedure
in Step 1. “Individual Piece Length.” Those lengths are then summed and divided by three to obtain the Average
Piece Length for use in determining the volume of wood in the package.
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Note: L2 would be the length used under the current measurement method.
Figure 8. Three Pieces Measured from One Bundle.

Piece

L1

L2

L3

Average Individual Piece Length

A

410 mm

450 mm

458 mm

439

B

350 mm

378 mm

395 mm

374

C

542 mm

547 mm

550 mm

546

Total Piece Length
Average Piece Length
3.

1359
453 mm

Clarify Area Measurements for Bundles and Bags – The current procedure in Section D. “Address
Conflicting Instructions in Height and Width Measurement Procedures” for determining the volume of the
firewood in bundles and bags is shown below with comments:
1.

Average Area of Ends. – Secure a strap around each end of the bundle or bag of wood to prevent
movement during testing and to provide a definite perimeter. Use two or more straps to secure the wood.

Comment: The first sentence has been misinterpreted and two completely different approaches to measuring the
area of the ends of the bundle of wood have been used. At least one court case has taken place where its meaning
has been extensively argued.
One interpretation of the first sentence is that a “definite” perimeter around the wood is created by securing the
strap around the bundle to hold the pieces firmly in place. Using this interpretation, the area of each end is
determined by tracing the outline created by the wood onto graph paper (e.g., 1 in squares) and this tracing
excludes accessible air gaps between the pieces. The area of each end of the bundle within the perimeter line is
then determined by counting the whole squares and rounding the partial squares to the nearest ¼ in2. Those two
values are averaged and multiplied times the average length of the five biggest pieces to calculate the volume of
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wood in the package. At least three states, which actively test firewood, report they apply this interpretation in
their testing.
The second interpretation of the first sentence is that the “definite” perimeter of the bundle is defined by tracing
the outside of the straps which are to be placed at the extreme end of the bundle so that the accessible air gaps are
included in the area. The graphic in Figure 9 show the areas of a bundle traced on quarter-inch graph paper using
both interpretations. The cross-lines (+) indicate the air gaps as defined by drawing the line around the outside
perimeter of the strapping. For this example, the strapping used was fiber packing tape with a thickness of 0.006
inch.
Figure 9. Illustration of the Areas of the Ends of a Bundle of Firewood Using Both Methods.

A – End of Bundle

B – End of Bundle

Defining the Perimeter
Straps for Securing the Wood and Defining Perimeter
The original submitter of the proposal for the firewood procedures, currently in NIST Handbook 133, recently
confirmed that they use the perimeter of the bundle defined by tracing a line around the outside perimeter of the strap
(the second interpretation) to verify the volume of wood in a bundle, and that was the original intent of the proposal
submitted to the NCWM.
One cause of these conflicting interpretations appears to be that the test
procedure lacks detailed instructions and background information,
which would explain the purpose of the straps and provide specific
instructions on where they are to be placed on the bundle. In reading
the test procedure, the purpose of using the straps appears to be solely
to hold the wood securely in place so its shape can be traced. There is
nothing to indicate that their outside perimeter is to be used. The
graphic accompanying the current text, where the strapping is towards
the center of the bundles, further confuses the reader.
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Bags
In verifying the volume contained in bags, it is difficult to obtain the accurate area measurements of the ends of the
packaging or piece length because of the interference of the bag. (See Figure 10.) For these reasons, the proposed
test procedure requires bagged firewood be removed from the packaging and formed into a bundle for testing.
Figure 10. Bagged Firewood 0.75 ft3 (21 L).

Strap Thickness
If the outside perimeter of the strap is used to define area, the thickness of the straps increases the area measurement.
If it is determined the outside perimeter of the strap is to be used for the determination of the area of the end of a
bundle, a thickness specification must be added to the procedure to ensure that packers use the same strap thickness
as inspectors to avoid disputes.
Here are some examples to illustrate potential measurement error introduced by the use of the straps, (assuming the
bundle has a 10 in diameter) 6. If the perimeter is drawn around the outside of a 1/16 in thick strap, it will add 1.9 in3
to the package volume. A ¼ in strap would add up to 7.8 in3 to the package volume. The error increases if the method
to secure the strap requires overlapping along some length of the perimeter.
Some limited testing was done using very thin Velcro strapping and duct tape. The problem with the Velcro strapping
is that it typically must be doubled over to secure it resulting in expanding the perimeter artificially, thus, increasing
the measured area. Duct tape deformed too easily over the air gaps and would not hold the wood securely. The
substitute used in this testing was fiber reinforced packing tape (thickness 0.006 in). It performed better than duct
tape in securing the wood; it did not deflect when the tracing was done over the air gaps. No deduction was made for
the volume error due to the thickness of the fiber tape, which was calculated to be about 0.18 in3.6
Using Shrink Wrap Packaging to Define the Perimeter is Unreliable
Another suggested approach for defining the perimeter of firewood, has been to use the perimeter as defined by the
shrink wrapping on the packages. This packaging, which sometimes wraps around the ends of bundles, was on the
6 The volume of a strap is determined using the formula: Volume = L × W × Thickness. The circumference is determined using
the formula: Circumference = 2 × π × r. Assuming a bundle has the diameter of 10 in, its radius will be 5 in. Using the formula
2 × 3.1415 × 5 the circumference of the bundle is 31.4 in. Assume the width of the strap is 1 in. For instance, if the thickness is
0.006 in then 31.4 × 1 × 0.006 = 0.18 in.. If the thickness is 1/16 in, then 31.4 × 1 × 0.0625 = 1.9 in3. If thickness is 1/8 in, then 31.4
× 1 × 0.125 = 3.9 in3. If the strap thickness is 1/4 in, then 31.4 × 1 × 0.25 = 7.8 in3.
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bundles tested in this study; the least accurate method for defining the perimeter. On most of the bundles tested in
this study, the wrapping is too loose to hold a distinct shape or the heating process melted the plastic and created thick
masses that would increase the perimeter measurement artificially. All bundles of firewood should be subject to the
same test procedure, and their perimeters should be defined consistently so one type of packaging does not give the
packer an advantage over another.
Variations in Area Determinations
The difference in the average area obtained between the two interpretations results in substantive differences in the
calculated volume of the wood.
In limited testing with four bundles (see Figure 11) of wood, each from a different packer, it was found that using the
outside perimeter defined by the strap (here the 0.006 in fiber tape was used to trace this perimeter), by including the
air gaps, increased the area of a bundle from 4 in2 to 7 in2 over the perimeter defined by the wood.
Figure 11. Test Bundles.

An alternative method of area determination using the circumference of the bundle to obtain the area of the bundle
ends was submitted by a firewood packer (see Appendix D. “Industry Proposal” on page 51) as a possible alternative
to using graph paper in determining the area of the bundle ends (the proposal is called the circumference method). 7
Limited testing found the circumference method overestimated the area of the bundle ends up to 18 in2 over the area
determined using the perimeter defined by the wood, and overestimated the area up to 10 in2 over the area determined
using the perimeter defined by the outside of the strap.
For comparison purposes, three approaches were used to determine the volume of each of the bundles. Minor changes
in the test procedure were made to carry out these tests. The first approach was to use graph paper with quarter-inch
squares instead of one-inch squares. This reduced rounding errors and provided a more precise determination of area.
The second approach was to use fiber reinforced packing tape as strapping to define the perimeter using that method.

7

Circumference Method.– Measure the circumference of both ends of the firewood bundle and average the result. The area is
calculated using the formula Area = πR2 where R = C/2π and π = 3.1415 and C = Average Circumference. The volume of the
bundle is determined by multiplying Area by the average length of the pieces of wood in the package. Here, to control variations
caused by length deviations all comparisons were done using a uniform piece length of 16 in.
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Bundle

Table 1. Area Determinations
Average Area
Perimeter Around Wood

Average Area
Perimeter Around Outside of Strap

Average Area
Circumference

1

71.87 in2

79.21 in2

89.3 in2

2

65.56 in2

69.03 in2

80.9 in2

3

61.49 in2

68.56 in2

78.4 in2

4

55.81 in2

61.75 in2

72.2 in2

The cause of the differences in area between the two perimeter determination methods is obvious since most of the air
gaps are excluded when the perimeter is defined by the wood; whereas, when the perimeter is defined by the outside
of the strapping, they are not. The significant increase in area found using the circumference method is also
understandable. The overestimation of the areas by the circumference method is that Pi is used in calculating the area.
Pi, by definition, means the exact ratio of the circumference of a circle to its diameter. Most of the bundles of firewood
tested had irregularly shaped ends loosely closer to resembling polygons or rectangles than circles so the ratio between
circumference and diameter is not exact. Because the formula used in the circumference method is accurate only
when the circumference of the bundle is a true geometric shape (i.e., circle), it should not be accepted as a replacement
for the original test procedure (see Figure 12 for examples).
Could it be used as a Field Auditing Tool?
Even though the circumference method is not a suitable replacement for the current test method, it could serve as a
screening procedure (the circumference procedure takes only a few minutes to complete for each bundle and the
calculations are easy to complete), which could be used in the field to screen lots of packaged firewood to identify
potentially short measure packages. Information on the potential difference between the two methods would have to
be collected, but it appears that it could be a worthwhile endeavor. It would require the collection of test data
comparing the results of the two methods. If developed and used in the field, an inspector could identify a lot and
collect a random sample and use the circumference method to estimate their volume. Based on those tentative results,
he or she could decide to treat the check as an audit or go on to perform a full test on the sample using the reference
test method. An “audit” test based on dimensional testing and calculation is described in NIST Handbook 133, Section
3.7. “Volumetric Procedure for Paint…” for use in auditing containers of paint to determine if they should be tested
volumetrically. The compliance test procedure for paint, like packaged firewood, is also destructive and time
consuming. In the proposed revision of the test procedure presented in Appendix A, the circumference method for
area determination is included for use as an auditing tool to save inspection resources. Before it is used extensively,
additional comparisons against the reference method for volume must be made.
Reference Test Procedure
The current test procedure using graph paper to determine area, though time consuming, provides accurate and
repeatable results. It should be considered as the reference procedure once it is determined how the perimeter of the
bundle is to be defined.
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Figure 12. Circles Show calculated Areas are larger than Actual Areas because Calculations are Based on Pi.

Variations in Volume Determinations
To ensure the volumes were not affected by the variation in lengths of the pieces, all volume calculations were made
with the fixed length of 16 in using the average area determined for each bundle. This isolated the area determination
procedure for comparison purposes.
Comparison of Volume Test Results
The primary reason for this review was to develop information to assist with the interpretation of the procedure used
in NIST Handbook 133, Section 3.14.2.c. Bundles and Bags of Firewood, and specifically to determine the average
area of the ends of a package under test. When the area is determined using the perimeter of the wood to define the
area, a lower volume is obtained than when the strap is used to define the perimeter. However, as the data shows, the
difference between the two methods of determining perimeter ranges from 69 in3 to 121 in3. The circumference
method consistently overestimated the volume of both of the perimeter methods by 150 in3 to 250 in3 or more. The
recommendation from NIST is that the NCWM Laws and Regulations Committee utilize this limited test data along
with a display of firewood bundles showing how the two perimeter methods are used to determine the areas so an
informed decision is made about which approach should be adopted for use in NIST Handbook 133.
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Bundle

Volumes in Cubic Inches

Labeled
Volume

A. Volume
Wood Area

B. Volume
Strap Area

B−A=

C. Volume
Circumference
Area

C−A=

C−B=

In Cubic Inches – (1728 in3 = 1 ft3 or 0.75 ft3 = 1296 in3 or 0.7 ft3 = 1209.6 ft3
1

0.70 cu ft

1140

1261

121

1434

294

173

2

0.75 cu ft

1037

1106

69

1296

259

190

3

0.75 cu ft

985

1089

104

1261

276

172

4

0.75 cu ft

881

985

104

1158

277

173

The results obtained using all three test procedures are shown in the table below:

Bundle

Volumes in Cubic Feet

Labeled Volume

Volume
Wood Area

Volume
Strap Area

Volume Circumference
Area

1

0.7 cu ft

0.66 cu ft

0.73 cu ft

0.83 cu ft

2

0.75 cu ft

0.60 cu ft

0.64 cu ft

0.75 cu ft

3

0.75 cu ft

0.57 cu ft

0.63 cu ft

0.73 cu ft

4

0.75 cu ft

0.51 cu ft

0.57 cu ft

0.67 u ft

Stacked “Cross hatched” Firewood
The current test procedure in NIST Handbook 133, Section 3.14.2.b. for “crosshatched wood” (the term “stacked
firewood” would provide a more accurate description) includes the minimum amount of guidance on how to
determine the volume of stacked firewood. The California Division of Measurement Standards test procedures
include explanatory graphics and additional instructions that, if added to NIST Handbook 133, would improve
the accuracy and repeatability of the procedure.
The only significant technical change needed is in the procedure for determining the width of the stack where it
calls on the inspector to select just five pieces with the “greatest girth” to be measured for length. Most inspectors
who test firewood deliveries report that they usually measure 20 or more pieces in a stack to obtain a representative
sample of length.
Additional steps and other recommendations to improve the “stacked” wood test procedure are presented in
Appendix A.
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Appendix A.
Proposed Changes to NIST Handbook 133 (2015), Section 3.14. Firewood
Strikethroughs and underlining are not used because the procedures have been extensively revised. This
proposal should be read in its entirety and considered as a possible replacement for the current text in NIST
Handbook 133, “Check the Net Contents of Packaged Goods.”

3.14.

Firewood – Volumetric Test Procedure for Packaged Firewood with a Labeled Volume of
113 L [4 ft3] or Less and Stacked Firewood sold by the Cord or Fractions of a Cord.

Unless otherwise indicated, take all measurements without rearranging the wood or removing it from the package.
However, if the layers of wood are crosshatched or not ranked in discrete sections in the package, remove the wood
from the package, re-stack, and measure according to the procedures described in this section. For boxed firewood,
it is the volume of the wood in the box that is determined and not the volume of the box.
3.14.1.

Test Equipment

•

Linear Measurement: The maximum value of graduations on a ruler or tape shall be equal to or less than:

•

For testing packaged firewood: SI Units - 1 mm or for U.S. Customary Units – 1/16 in (0.0625 in)

•

For testing stacked firewood: SI Units – 0.5 cm or for U.S. Customary Units – 1/8 in (0.125 in)

Other Equipment:
Except where a long tape measure is needed for measuring stacks of wood and unless otherwise noted below,
a precision tempered steel ruler should be used for linear measurements. Current calibration certificates issued
by a NIST recognized or accredited laboratory should be available for all measuring devices.
•

To test boxes of firewood, use a straightedge and a 150 mm (6 in) tempered steel pocket ruler to measure
the box headspace. A rigid 610 mm (24 in) tempered steel ruler is required to measure piece length and
the dimensions of the box.

•

To test bundles of firewood, use a rigid 610 mm (24 in) tempered steel ruler to measure typical piece
length. If the circumference based auditing method is to be conducted, a precision 610 mm (24 in) diameter
(pi) tape or flexible steel tape with 1 mm (1/16 in) graduations may be used to approximate the package
volume for screening and audit purposes.

For testing stacks of firewood, a precision tape or long tape measure are used. For testing bundles and bags of
firewood, the following equipment and materials are used in addition to the linear measures listed above:
•

Binding Straps – Straps with ratchet type closures are easily tightened to secure the wood tightly. The
binding straps are used to hold wood bundles together if the bundles need to be removed from the
package/wrapping material.

•

Graph Paper – 279.4 mm × 431.8 mm (11 in × 17 in) with 0.5 centimeter or ¼ inch squares and a 300 mm
(12 in) ruler. This paper is used for tracing and calculating the areas of the ends of a bundle of firewood.
Prior to using any graph paper use a calibrated ruler to verify the dimensions of squares at several random
points across the page.

•

Ruler – 300 mm (12 in) with 0.5 cm (1/4 in). This ruler is used with the graph paper to calculate the area
of the bundle ends.
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•

If the strapping method is adopted to define the perimeter of a bundle, the following item must be included
in the equipment list.


Fiber reinforced packing tape or equivalent (typical dimensions: width – 25.4 mm [1 in]; thickness
152 μm [0.006 in]; length 54.8 m [60 yd]). This tape is wrapped around each end of a bundle of
firewood for use in defining the perimeter of the bundle. It is securely tightened around the wood
and a line is traced along the outside of the tape. Thicker tape should not be used as it will increase
the area that is outlined around the bundle unless the volume of the strap or tape (see note) is
calculated and deducted from the volume of the bundle.

Note: The volume of a strap or length of tape is calculated using the formula from Section 4.5 “Polyethylene
Sheeting.” That section which also provides information on the equipment and test procedure for determining
thickness using deadweight dial micrometer if the thickness of the strap is unknown:
Volume = (Length × Width × Thickness)
3.14.2.

Test Procedures

General Instructions
1.

When testing packaged firewood follow Section 2.3.1. “Define the Inspection Lot.” Use a “Category
A” sampling plan in the inspection; and select a random sample.

2.

Measurements shall be read to the smallest graduation on the ruler or tape. Round any value that falls
between two graduations up to the higher value except when making headspace depth measurements in
the test procedure for boxes where a value falling between two graduations is rounded down.

3.

Samples for Length – Use Table 3-5. “Minimum Number of Pieces to be Measured for Length” to
determine the minimum number of pieces to measure to determine the average length of the firewood
pieces in a package or stack.
Table 3-5.
Minimum Number of Pieces to be Measured for Length
Volume
Minimum Number of Pieces to be
Measured for Length*

1.

Packaged Firewood 453 L (16 cu ft)
[1/8 Cord] or less

a.

For packages with 12 pieces or less

All

b.

For packages with 13 to 50 pieces

At least 12 pieces

c.

For packages with more than 50 pieces

At least 24 pieces

2.

Stacked Wood

At least 12 pieces for each ½ Cord or
fraction thereof

*Note: While the packages of firewood to be included in the sample must be selected using the random
sampling techniques described in NIST Handbook133, Section 2.3.4. “Random Sample Selection” those
techniques are not used in selecting the individual pieces for measurement of length. Since the packages
were selected at random the assumption is made that the length of any piece selected for measuring is
generally representative of the other pieces that the packer cut or selected for inclusion in the package
under inspection. When selecting pieces of wood for measurement, take them from different locations in
the package or stack so they are representative of the total amount of wood under test.
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4.

Measuring Procedures for Length. – Use the instructions and graphics in Table 3-6a. “Determining Piece
Length Uniform Shapes” and Table 3-6b. “Determining Piece Length Irregular Shapes” when
measuring the length of pieces to determine the average length of a piece of firewood based on its shape
in a package or stack. If a piece of wood does not appear to fall within the examples shown, measure it
as if it were an irregular shape, take three or more measurements, and average them.
Table 3-6a.
Determining Piece Length – Uniform Shapes

Uniform Shapes
Errors in the length measurement can result in a significant volume errors especially with the small quantities
typical of packaged wood. When the pieces are generally cut in a uniform manner a single measurement along the
centerline of the logitudinal axis is used to determine piece length. Take the measurement along a straight line
between two points over solid wood.
(i) Most wood pieces are cut perpendicular to their longitudinal axis so one measurement taken from the face
of one end to the face of the other end will provide an accurate length determination.

(ii) On pieces of wood with “reverse bias” and “bias” end cuts estimate where the centerline of the piece is
and then measure to these points as shown below. The intent of this measurement is determine an
“average” length that is assumed to fall along the centerline of the piece. The top piece is an example of
a “reverse” bias cut.

The bottom piece is an example of a bias cut
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Table 3-6b.
Determining Piece Length – Irregular Shapes
Irregular Shapes
When the pieces have irregular shapes, cuts or shattered ends it is necessary to take at least three measurements
and average the results to obtain the length of the piece. Take the measurements along a straight line between two
points that cover solid wood and appear to be the shortest and longest dimensions and a third measurrement at or
near the centerline of the piece.
(i)

This is piece has a bias cut end on the left and an irregular end on the right. The measurements are taken
at at the longest and shortest points where the line crosses over solid wood. The lowest measurement
(dotted line over the air space) is not used because it does not cross wood. Only the three upper
measurements are used to calculate the average length for this piece unless additional measurements
across solid wood are taken.

(ii)

This is a piece with a bias cut on the left and irregular end on the right. Note how the measurements are
taken at the longest and shortest points where the line crosses over solid wood. The lowest measurement
(the dotted line) would not be used because it does not crossover wood.

(iii) This piece of wood has a “shattered end.” Shattering occurs when wood is stressed beyond its breaking
point and the end is not trimmed. The inspector will take additonal measurements to account at the
shortest point of the voids and longest points at the extensions. In this example, five measurements were
taken and averaged to account for the voids and extensions.
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a.

Boxed Firewood

Note: A packer may place wrapped bundles of firewood in boxes for ease of handling as well as for display
on retail store shelves. When a box contains a bundle of wrapped firewood the volume of the bundle is
verified using the test procedure in c. for bundles and bags.
1.

Follow Section 2.3.1. “Define the Inspection Lot.” Use a “Category A” sampling plan in the inspection;
and select a random sample.

2.

Open the box to determine the average height of the stack of wood.

3.

Measure the internal height of the box.

Figure 1. Measuring the Inside Height of
Box.



Take at least five measurements spaced at intervals along each end and center of the wood stack
(record as “d1, d2. . .etc. Take at least 15 measurements). (See Figure 1. “Measuring the Inside
Height of Box” for an illustration as to where the measurements may be taken.) Measure from
the bottom of a straightedge placed across the top of the box to the highest point on the wood
(round the measurements down to the nearest 0.5 cm [1/8 in] or less). Calculate the average
height of the stack by averaging these measurements and subtracting the result from the internal
height of the box using the following formula:
Average Height of Wood Stack =
(Internal Height of Box) − (Sum of Depth Measurements ÷ Number of Measurements)
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Figure 2a. Top View of Box – Measure
at cross bars.

Figure 2b. Examples of the Headspace Measurement.

4.

Width of Wood Stack. – Open the box and measure the width of the wood stack. Take at least five
measurements at intervals spaced along the length of the stack. Average these values to obtain an
Average Width of Wood Stack.
Average Width of Wood Stack = (W1 + W2 + W3 + W4 + W5) ÷ 5
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Figure 3a. Top View of Box –
Measure at Crosslines.

Figure 3b. Measuring the Width
of the Firewood in a Box.

5.

Individual Piece Length. – Remove the wood from the package and measure the length of each piece of
wood. (See Table 3-5. “Minimum Number of Pieces to be Measured for Length.”) If the piece of wood
is uniform in shape, take at least one point-to-point measurement along the centerline of the longitudinal
axis (see Table 2. “Determining Piece Length – (a) Uniform Shapes” for examples) and record the value.
If the wood is irregularly shaped (see Table 3-6b. “Determining Piece Length – Irregular Shapes”), for
examples, take at least three measurements along a straight line between two points crossing solid wood
that appear to be the shortest and longest dimensions, and a third at or near the centerline of the piece.
Calculate the average of the measurements to obtain the Average Individual Piece Length and record the
length of the piece.
To determine Average Individual Piece Length (AIPL) of irregularly shaped pieces:
AIPL = (L 1 + L2 + L3) ÷ 3
After all pieces are measured, total the lengths and divide that total by the number of samples to obtain
the Average Piece Length for the package.
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To determine Average Piece Length (APL) for the package:
APL = (L 1 + L2 + L3 + … Ln) ÷ (Number of Pieces in Sample)
6.

Use the average values for height, width, and length to calculate the volume of wood in the box.
Volume in liters = (height in mm × width in mm × length in mm) ÷ 1,000,000
Volume in cubic feet = (height in inches × width in inches × length in inches) ÷ 1728

7.

For boxes of wood that are packed with the wood ranked in two discrete sections perpendicular to each
other, calculate the volume of wood in the box as follows: (1) determine the average height, width, and
length as in Steps 1, 2, and 3 above for each discrete section, compute the total volume, and (2) total the
calculated volumes of the two sections. Take the width measurement for Volume2 (V2) from the inside
edge of the box adjacent to V2 to the plane separating VR1 and V2. Compute total volume by adding V1
and V2 according to the following formula.
Total Volume = V1 + V2

Note: 1 Cubic Foot = 1728 Cubic Inches
b.

Stacked Firewood

Bulk deliveries of firewood are typically required by law or regulation to be on the basis of cord measurement.
The “cord” is defined as the amount of wood contained in a space of 128 ft3 when the wood is ranked and
well stowed. The standard dimensions for a cord of wood are 4 ft × 4 ft × 8 ft but wood may be stacked and
measured any configuration. See Figure 4. for an illustration of how a cord may be stacked.

Figure 4. A Cord is 4 ft (Height) × 4 ft (Width) × 8 ft (Length).



Wood delivered to a consumer: if a delivery ticket or sales receipt is available (these are often
required by state regulation) review the delivery ticket or sales receipt and determine the quantity
delivered. Identify the wood to be measured and verify that the wood delivered was not mixed with
wood that was already present at the location. Also, determine if the delivery was partial or complete
(i.e., no additional deliveries are expected) and if any of the delivered wood has been used.



If necessary stack the firewood in a ranked and well-stowed geometrical shape that facilitates
volume calculations (i.e., rectangular). Any voids that will accommodate a piece of wood in the
stack shall be deducted from the measured volume.

Note: The length measurements of the individual pieces may be made during the stacking process.


1.

Determine the average measurements of the stack: the number of measurements for each dimension
given below is the minimum that should be taken.
Height of Stack: A height measurement is the vertical distance between the top edge of a piece of wood
in the top row and the bottom edge of a piece of wood on the bottom row. Start at one end of the front
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of the stack; measure the height of the stack at five equally spaced intervals (e.g., approximately 18 in
to 24 in) along the length of stack. If the length of the stack is over 10 ft, take additional height
measurements at equally spaced intervals along its length. If the height of the stack varies significantly
(e.g., the pieces are stacked in peaks along the length of the stack) take additional height measurements.
Calculate and record the average height for the front of the stack. Repeat the same height measurement
procedure along the back of the stack and then calculate and record the average height for the back of
the stack. Calculate the average height of the stack by averaging the two results. If the wood to be
measured is stacked on a slope, take the height measurements at right angles to the slope.
Average HeightFront = (h1 + h2 + h3 +h4 + h5) ÷ 5
Average HeightBack = (h1 + h2 + h3 +h4 + h5) ÷ 5
Average Height of Stack = Average HeightFront + Average HeightBack ÷ 2

Figure 5. Average Height Measurement (front and back).

2.

Length of Stack: A length measurement is the horizontal distance between the left edge of a piece of
wood on the left side of the stack and the right edge of a piece of wood on the opposite side of the stack.
Start at either side of the stack; Measure the length of the stack in five equal intervals. Calculate and
record the average length. If the length of the stack varies significantly (e.g., the ends of the stack bulge
out along the height of the stack), take additional measurements.
Figure 6. Average Length Measurement (front and back).
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Calculate and record the average length for the front of the stack. Repeat the length measurement
procedure along the back of the stack and then calculate and record the average length for the stack.
Average Stack LengthFront = (l1 + l2 + l3 + l4 + l5) ÷ 5
Average Stack LengthBack = (l1 + l2 + l3 + l4 + l5) ÷ 5
Average Stack Length = (Average LengthFront + Average LengthBack ) ÷ 2
3.

Stack Width is Equal to the Average Length of Pieces that Make up the Width of the Stack. Refer to
Table 1. “Minimum Number of Pieces to be Measured for Length” to determine how many pieces are
to be measured. This dimension is calculated by averaging the length of individual pieces of wood in the
stack. The wood can be stacked in a single or multiple rows. If the wood is stacked in several rows deep
select a representative random sample from each row. If the wood needs to be stacked, measure the
pieces prior to stacking. If the wood is already stacked, select the pieces at random by moving up and
down and across the stack. If it is necessary to remove the wood from a stack to measure the individual
piece lengths, always complete the height and length measurements before disturbing the stacked wood.


Individual Piece Length: Table 3-5. “Minimum Number of Pieces to be Measured for Length”
requires that at least 12 pieces of wood be measured for every half cord estimated to be in the
stack.
-

If the wood is uniform in shape, take at least one point-to-point measurement along the
centerline of the longitudinal axis. (See Table 3-6a. “Determining Piece Length – Uniform
Shape” for examples) and record the value.)

-

If the wood is irregularly shaped, take at least three measurements along a straight line between
two points crossing solid wood that appear to be the shortest and longest dimensions, and a
third at or near the centerline of the piece. (See Table 3-6b. “Determining Piece Length –
Irregular Shape” for examples.) Calculate the average of the measurements to determine
Average Individual Piece Length (AIPL) of irregularly shaped pieces:
AIPL = (L1 + L2 + L3) ÷ 3
After all pieces are measured total the lengths and divide the total by the number of samples to
obtain the Average Piece Length for the stack. To determine Average Piece Length (APL) for
the package:
APL = (L1 + L2 + L3 + Ln) ÷ (Number of Pieces in Sample)

4.

Calculate Volume:
Volume in liters = (Avg. Height [cm] × Avg. Width [cm] × Average Piece Length [cm]) ÷ 1000
Volume in cubic feet = (Avg. Height [in] × Avg. Width [in] × Average Piece Length [in]) ÷ 1728

5.

Supplemental Information on the Measurement of Stacked Wood.


Volume of a Triangle Stack of Wood – To calculate the volume of a triangular stack take at least
two measurements (one each side) of the height and length, and five measurements of the width of
the stack and average each result. Use this formula to calculate the volume. (See
Figure 7. “Triangular Stack.”)
Volume of Triangular Stack = (Avg. Height × Avg. Length of Base × Avg. Width) ÷ 2



The volume of the triangular stack may be added to the volume of other stacks.
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Figure 7. Triangular Stack.

c.
1.

Bundles and Bags

Follow Section 2.3.1. “Define the Inspection Lot.” Use a “Category A” sampling plan in the
inspection; and select a random sample.

Figure 8. Firewood Bundle and Bag.

Test Note: To test a bag of firewood remove the wood from the bag and form a compact bundle and strap it as
shown in Figure 9. “ Bundle with Straps Placed `10 cm (4 in)”and follow the procedures for measuring a
bundle.
2.

Average Area of Bundle Ends: Place a cargo strap around each end of the bundle (or bag of wood) to
prevent movement of the pieces during test. Place the straps approximately 10 cm (4 in) from the ends
(See Figure 9. Bundle with Straps Placed 10 cm (4 in)” and tighten them securely.
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Figure 9. Bundle with Straps Placed 10
cm (4 in).

NOTICE: The NCWM must choose one of the following approaches for use in defining the perimeter of a
bundle for area determinations.

Approach 1. Tape Defines the Perimeter
Notice: Do not use shrink wrap or packaging to define the perimeter because it can result in inaccurate measurements.
If necessary trim the shrink wrap back from the ends to allow for the application of the tape which will be used to
define the perimeter.
3.

Affix packing tape (i.e., fiber reinforced) or other suitable strap around the perimeter of bundle at the
extreme of each end (making sure that it is tautly stretched over all air spaces and that there is minimal
deflection.) so that the tape or straps define the perimeters.

Figure 10. Bundles with Fiber Reinforced Packing
Tape around the Perimeter of the Ends.
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4.

Set one end of the bundle or bag on graph paper large enough to cover the end completely. Draw a
line around the outside of the perimeter of the tape on the graph paper using a sharp point marking pen.
(See Figure 11.)

Figure 11. Tracing Perimeter of Bundle Outside the Tape.

Approach 2. Wood Defines the Perimeter
NOTICE: Do not use shrink wrap or packaging to define the perimeter because it can result in inaccurate
measurements. If necessary, trim the shrink wrap back from the ends to allow for the bundle to sit flat on the
graph paper.
3.

Set one end of the bundle or bag on graph paper large enough to cover the end completely. Draw a line
around the outside of the wood perimeter on the graph paper using a sharp point marking pen (See
Figure 12).

Figure 12. Tracing Perimeter of the Wood.

4.

Set one end of the bundle or bag on graph paper large enough to cover the end completely. Draw a
line around the outside of the wood perimeter on the graph paper using a sharp point marking pen.

For either proposal, follow the remaining steps to determine compliance.
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5.

Count the number of square centimeters or square inches that are enclosed within the perimeter line.
Estimate portions of square centimeters or square inches not completely within the perimeter line to
the nearest one-quarter square inch. Repeat this process on the opposite end of the bundle or bag.

Examples:
1. Using ¼ in2 graph paper and a ruler with ¼ in graduations, large blocks of the area within the
perimeter are quickly measured. This is done by using the ruler to determine the length and then
width of the area that are each multiplied by 0.25 in (¼ in) to obtain the number of blocks in that
dimension. The two values are multiplied to obtain the total number of blocks enclosed in the area.
The areas in the partially covered blocks are rounded up or down to the nearest ¼ in by enclosing
the whole square and placing an x in the partial spaces which are included in the blocks where the
area has been rounded up. One reason for squaring the blocks is to simplify the counting.
Use a ruler to count blocks: The rulers in Figure 13. “Perimeter of a Bundle Defined by the Wood”
indicate the dimensions of the square are 71/4 in× 73/4 in. To obtain the number of blocks divide
7.25 by 0.25 to obtain the number of blocks along the left hand line (7.25 ÷ 0.25 = 29). The bottom
line measures 73/4 in so 7.75 ÷ 0.25 = 31. Multiple the two values to obtain the total number of
squares within the area which is 29 × 31 = 899. To obtain square inches divide 899 by 16 (the
number of ¼ inch blocks in a square inch) or 899 ÷ 16 = for area of 56.19 in2 for this area of the
bundle.
Continue to divide the area into blocks to make counting easier and then count the blocks in the
remaining areas and sum these values to obtain the total. See the example in Figure 13. The total
number of blocks was calculated by adding:
46 + 145 + 899 + 25 + 8 + 54 = 1177 squares ÷ 16 = 73.56 in2 for this end of the bundle.

Figure 13. Perimeter of a Bundle Defined by the
Wood.

2.

Figure 14, “Perimeter of a Bundle Defined by Tape or a Strap” provides another example of how
determining the area can be simplified by “blocking” the areas out and calculating the number of
blocks. For the example, in Figure 14 the total number of blocks was calculated by adding:
6 + 42 + 9 + 125 + 22 + 825 +15 + 82 + 150 + 21 = 1297 squares ÷ 16 = 81.06 in2
for this end of the bundle.
Calculate the Average Area: Average Area = (Area1 + Area2) ÷ 2

40

Proposed Amendments to NIST Handbook 133, Section 3.14. Firewood and
NIST Handbook 130, Section 2.4. Fireplace and Stove Wood
Appendix A. Proposed Changes to NIST Handbook 133, Section 3.14. Firewood

Figure 14. Perimeter of a Bundle Defined by Tape or a Strap.

6.

Average length of the pieces of wood: Individual Piece Length – Remove the wood from the package
and measure the length of each piece of wood. (See Table 3-5. “Minimum Number of Pieces to be
Measured for Length” for the number of pieces to be measured.) If the piece of wood is uniform in
shape, take at least one point-to-point measurement along the centerline of the longitudinal axis. (See
Table 2a. “Determining Piece Length -– Uniform Shapes” for examples.) and record the value.
If the wood is irregularly shaped, take at least three measurements along a straight line between two
points crossing solid wood that appear to be the shortest and longest dimensions, and a third
measurement on or near the centerline of the piece. (See Table 2b. “Determining Piece Length –
Irregular Shapes” for examples) Calculate the average of the measurements to obtain the Average
Individual Piece Length and record the length of the piece.
To determine Average Individual Piece Length (AIPL) of irregularly shaped pieces:
AIPL = (L1 + L2 + L3) ÷ 3

Note: If length measurements are made in millimeters divide the total by 10 to obtain centimeters.
After all pieces are measured, total the lengths and divide that total by the number of samples to obtain the
Average Piece Length for the package.
To determine Average Piece Length (APL) for the package:
APL = (L 1 + L2 + L3 + … Ln) ÷ (Number of Pieces in Sample)
7.

Use the average values for height, width, and length to calculate the volume of wood in the bundle or
bag.
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Calculate Volume:
Volume in liters = (Average Area [cm2] × Average Length [cm]) ÷ 1000
Volume in cubic feet = (Average Area [in2] × Average Length [in]) ÷ 1728

Note: 1 ft3 = 1728 in3
3.14.3.

Evaluation of Results

Follow Section 2.3.7. “Evaluate for Compliance” to determine lot conformance.
Note: Specified in Appendix A, Table 2-10. “Exceptions to the Maximum Allowable Variations for Textiles,
Polyethylene Sheeting and Film, Mulch and Soil Labeled by Volume, Packaged Firewood and Stove Wood
labeled by Volume, and Packages Labeled by Count with 50 Items or Fewer.”
Table 2-10.
Exceptions
to
the
Maximum
Allowable
Variations
for Textiles, Polyethylene Sheeting
and
Film,
Mulch
and
Soil
Labeled
by
Volume, Packaged Firewood and Stove Wood Labeled by Volume, and Packages Labeled by
Count with 50 Items or Fewer, and Specific Agricultural Seeds Labeled by Count.
Maximum Allowable Variations (MAVs)
25 % of labeled quantity
Packaged Firewood
and Stove Wood
Labeled by Volume

Note: Use Table 2-5 “Maximum Allowable Variations for Packages
Labeled by Weight” for packaged artificial and compressed fireplace
logs and stove wood pellets and chips labeled by weight.

Field Audit Procedure
A circumference method can be used for quickly identifying potentially short measure bundles. The procedure
is based on measuring the circumference of the package ends and calculating the areas without using graph paper.
While the circumference method is a quick way to determine the areas, it is also less accurate than the graph paper
method so it should not be used for official inspections. If this method is adopted, data will be collected for use
in developing additional guidance on the use of this procedure for auditing purposes. The data collected will,
among other factors, compare test results obtained using the reference procedure versus this auditing method.
Circumference Test Method
1.

After the bundle or bag is secured, use a flexible measuring tape to measure the circumference around
each end of the bundle or bag of firewood. Using one movement, extend the measuring tape around the
end of the bundle or bag to obtain its circumference. The tape must be pulled tight. If the wood at the
ends of a bag or bundle is not accessible due to plastic wrapping, the wrapping should be moved away
from the ends so the measuring tape can be placed tightly around the bundle so circumference
measurements can be taken.
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Figure 15. Strapping the End of a Bundle

At the Point of the Arrow the Circumference of the Bundle is 2 ft 10 in (34 in)
Note: The tape used has a blank end so the “0” line is visible immediately under the 10 in mark.
2.

Calculate the Average Circumference:
Average Circumference = (circumference1 + circumference2) ÷ 2
For example: If Circumference1 is 34 in and Circumference2 is 33.75 in, then:
Average Circumference: 34 + 33.75 ÷ 2 = 33.875 in

3.

Calculate the radius:

radius = Average Circumference ÷ 2π
Where: π = 3.1415

Example:
radius = 33.875 ÷ (2 × π or 6.283) = 5.39 in
4.

Calculate the Average Area:

Average Area = πr²

Example:
Average Area = 3.1415 × 5.392 (or 29.06) = 91.3 in2
5.

Calculate the Average Length of the Pieces:
Average length of the pieces of wood - Measure the length of several pieces of wood in the bundle or
bag. Measurements are to be taken from center to center at the end of each piece.
Then calculate the average:
Average length = sum of the length of all pieces ÷ number of pieces

6.

Calculate Volume:
Volume in liters = (Average area [cm²] x Average Length [cm]) ÷ 1000
Volume in cubic feet = (Average Area [in²] x Average Length [in]) ÷ 1728
Example:
Assume the average length of the pieces is 16 in and Average Area is 91.3 in2
Bundle Volume = 91.3 × 16 = 1460 in3 or 0.84 ft3

If results indicate that the sample fails conduct further testing using the reference test procedure for bundles and
bags. Do not take any legal action based solely on this audit procedure.
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Appendix B.
NIST Handbook 133 (2015) Current Firewood Test Procedures
3.14.

Firewood – Volumetric Test Procedure for Packaged Firewood with a Labeled Volume of 113 L
[4 ft3] or Less)

Unless otherwise indicated, take all measurements without rearranging the wood or removing it from the package. If
the layers of wood are crosshatched or not ranked in discrete sections in the package, remove the wood from the
package, re-stack, and measure accordingly.
3.14.1.

Test Equipment

•

Linear Measure. Take all measurements in increments of 0.5 cm (3/16 in) or less and round up.

•

Binding Straps. Binding straps are used to hold wood bundles together if the bundles need to be removed
from the package/wrapping material.

•

Tracing paper

•

Graduated template in square centimeters or square inches

3.14.2.

Test Procedures
a.

Boxed Firewood

1.

Follow Section 2.3.1. “Define the Inspection Lot.” Use a “Category A” sampling plan in the inspection;
and select a random sample.

2.

Open the box to determine the average height of wood within the box; measure the internal height of the
box. Take three measurements (record as “d1, d2. . .etc.”) along each end of the stack. Measure from the
bottom of a straightedge placed across the top of the box to the highest point on the two outermost top
pieces of wood and the center-most top piece of wood. Round measurements down to the nearest 0.5 cm
(1/8 in). If pieces are obviously missing from the top layer of wood, take additional height measurements
at the highest point of the uppermost pieces of wood located at the midpoints between the three
measurements on each end of the stack. Calculate the average height of the stack by averaging these
measurements and subtracting from the internal height of the box according to the following formula.
Average Height of Stack =
(Internal Height of Box) − (sum of measurements) ÷ (number of measurements)

3.

Determine the average width of the stack of wood in the box by taking measurements at three places along
the top of the stack. Measure the inside distance from one side of the box to the other on both ends and in
the middle of the box. Calculate the average width.
Average Width = (W1 + W2 + W3) ÷ (3)

4.

To determine the average length of the pieces of wood, remove the wood from the box and select the five
pieces with the greatest girth. Measure the length of each of the five pieces from center-to-center.
Calculate the average length of the five pieces.
Average Length = (L1 + L2 + L3 + L4 + L5) ÷ (5)
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5.

Calculate the volume of the wood within the box. Use dimensions for height, width, and length.
Volume in liters = (height in cm × width in cm × length in cm) ÷ (1000)
Volume in cubic feet = (height in inches × width in inches × length in inches) ÷ (1728)

6.

For boxes of wood that are packed with the wood ranked in two discrete sections perpendicular to each
other, calculate the volume of wood in the box as follows: (1) determine the average height, width, and
length as in 1, 2 and 3 above for each discrete section, compute total volume, and (2) total the calculated
volumes of the two sections. Take the width measurement for Volume 2 (V2) from the inside edge of the
box adjacent to V2 to the plane separating VR1 and V2. Compute total volume by adding Volume 1 (V1)
and V2 according to the following formula.
Total Volume = V1 + V2

b.

Crosshatched Firewood.

Figure 3-3. Stacked Firewood

1.

Follow Section 2.3.1. “Define the Inspection Lot.” Use a “Category A” sampling plan in the inspection;
and select a random sample.

2.

Stack the firewood in a ranked and well-stowed geometrical shape that facilitates volume calculations
(i.e., rectangular).

3.

Determine the average measurements of the stack:

Note: The number of measurements for each dimension given below is the minimum that should be taken.

4.



Height: Start at one end of the stack; measure the height of the stack on both sides at four equal
intervals. Calculate and record the average height.



Length: Start at the base of the stack; Measure the length of the stack in four equal intervals. Calculate
and record the average length.



Width: Select the five pieces with the greatest girth. Measure the length of the pieces, calculate and
record the average piece length.

Calculate Volume:
Volume in liters = (Avg. Height [cm] × Avg. Width [cm] × Avg. Length in [cm]) ÷ 1000
Volume in cubic feet = (Avg. Height [in] × Avg. Width [in] × Avg. Length [in]) ÷ 1728
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c.

Bundles and Bags of Firewood

Figure 3-4. Bundle of Firewood



Follow Section 2.3.1. “Define the Inspection Lot.” Use a “Category A” sampling plan in the
inspection; and select a random sample.



Average area of ends: secure a strap around each end of the bundle or bag of wood to prevent
movement during testing and to provide a definite perimeter. Use two or more straps to secure the
wood.



Set one end of the bundle or bag on tracing paper large enough to cover the end completely. Draw
a line around the perimeter of the bundle or bag on the tracing paper.



Transfer the tracing paper to a template graduated in square centimeters or square inches. Count
the number of square centimeters or square inches that are enclosed within the perimeter line.
Estimate portions of square centimeters or square inches not completely within the perimeter line
to the nearest one-quarter square inch.



Repeat this process on the opposite end of the bundle or bag.



Calculate the Average Area:
Average Area = (Area 1 + Area 2) ÷ 2



Average length of the pieces of wood – select the five pieces with the greatest girth and measure
the length of the pieces. Calculate the average length of the pieces of wood:
Average Length = (L1 + L2 + L3 + L4 + L5) ÷ 5



Calculate Volume:
Volume in liters = (Average Area [cm2] × Average Length [cm]) ÷ 1000
Volume in cubic feet = (Average Area [in2] × Average Length [in]) ÷ 1728

1.14.3. Evaluation of Results.
Follow Section 2.3.7. “Evaluate for Compliance” to determine lot conformance.
Note: Specified in Appendix A, Table 2-10. “Exceptions to the Maximum Allowable Variations for
Textiles, Polyethylene Sheeting and Film, Mulch and Soil Labeled by Volume, Packaged Firewood, and
Packages Labeled by Count with 50 Items or Fewer.” – Maximum allowable variations for individual
packages are not applied to packages of firewood.
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Appendix C.
Current NIST Handbook 130 (2015) Uniform Method of Sale of
Commodities Regulation
Section 2.4. Fireplace and Stove Wood.
2.4. Fireplace and Stove Wood. – For the purpose of this regulation, this section shall apply to the sale of all
wood, natural and processed, for use as fuel or flavoring.
(Amended 1999)
2.4.1. Definitions.
2.4.1.1. Fireplace and Stove Wood. – Any kindling, logs, boards, timbers, or other wood, natural or
processed, split or not split, advertised, offered for sale, or sold for use as fuel.
(Amended 1991)
2.4.1.2. Cord –The amount of wood that is contained in a space of 128 ft3 when the wood is ranked and
well stowed. For the purpose of this regulation, “ranked and well stowed” shall be construed to mean
that pieces of wood are placed in a line or row, with individual pieces touching and parallel to each other,
and stacked in a compact manner.
2.4.1.3. Representation –This shall be construed to mean any advertisement, offering, invoice, or the
like that pertains to the sale of fireplace or stove wood.
2.4.1.4. Flavoring Chips. –Any kindling, logs boards, timbers, or other natural or processed, split or
unsplit wood that is advertised, offered for sale, or sold for flavoring smoked or barbequed foods.
(Added 1999)
2.4.2. Identity. – A representation may include a declaration of identity that indicates the species group (for
example, 50 % hickory, 50 % miscellaneous softwood). Such a representation shall indicate, within 10 %
accuracy, the percentages of each group.
2.4.3. Quantity. – Fireplace and stove wood shall be advertised, offered for sale, and sold only by
measure, using the term “cord” and fractional parts of a cord or the cubic meter, except that:
(a) Packaged natural wood. –Natural wood offered for sale in packaged form in quantities less than
0.45 m3 (1/8 cord or 16 ft3) shall display the quantity in terms of:
(1) liters, to include fractions of liters; or
(2) cubic inches, if less than one cubic foot; or
(3) cubic feet, if one cubic foot or greater, to include fractions of a cubic foot.
(Amended 2010)
(b) Artificial compressed or processed logs – A single fireplace log shall be sold by weight, and
packages of such individual logs shall be sold by weight plus count.
(c) Stove wood pellets or chips – Pellets or chips not greater than 15 cm (6 in) in any dimension shall
be sold by weight. This requirement does not apply to flavoring chips.
(Amended 1976 and 1991)
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(d) Flavoring chips. –Flavoring chips offered for sale in packaged form in quantities less than 0.45 m3
(1/8 cord or 16 ft3) shall display the quantity in terms of:
(1) liters, to include fractions of liters; or
(2) cubic inches, if less than one cubic foot; or
(3) cubic feet, if one cubic foot or greater, to include fractions of a cubic foot.
(Added 1998) (Amended 2010)
Note: In determining the appropriate Method of Sale, a clear distinction must be made as to whether the
wood is being sold primarily as fuel (some wood is sold as fuel but flavoring is a byproduct) or strictly
as a wood flavoring.
(Added 2010)
2.4.4. Prohibition of Terms – The terms “face cord,” “rack,” “pile,” “truckload,” or terms of similar import
shall not be used when advertising offering for sale, or selling wood for use as fuel.
2.4.5. Delivery Ticket or Sales Invoice. A delivery ticket or sales invoice shall be presented by the seller
to the purchaser whenever any non-packaged fireplace or stove wood is sold. The delivery ticket or sales
invoice shall contain at least the following information:
(a) the name and address of the vendor;
(b) the name and address of the purchaser;
(c) the date delivered;
(d) the quantity delivered and the quantity upon which the price is based, if this differs from the
delivered quantity;
(e) the price of the amount delivered; and
(f) the identity, in the most descriptive terms commercially practicable, including any quality
representation made in connection with the sale.
(Added 1975)
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Appendix D.
Proposed Test Procedure Submitted to NIST by California Hot Wood Inc.
For more information contact:

3.14.

Mark Anaforian
California Hotwood, Inc.
Corporate Office
5920 E. Live Oak Road
Lodi, CA 95240
mark@hotwood.com
(209) 333-5480

Firewood – Volumetric Test Procedure for Packaged Firewood with a Labeled Volume of 113 L
[4 ft3] or Less)

Unless otherwise indicated, take all measurements without rearranging the wood or removing it from the package.
If the layers of wood are crosshatched or not ranked in discrete sections in the package, remove the wood from the
package, re-stack, and measure accordingly.
3.14.1. Test Equipment:
a.

Boxed Firewood

•

Straight Edge

•

Linear Tape Measure

b.
•

Crosshatched Firewood
Measuring Tape

c.

Bundles and Bags of Firewood

•

Binding Straps – Two binding straps, 1 in to 2 in wide with connecting buckles and long enough to
easily encircle the Bundle or Bag to secure the wood during testing.

•

Flexible Measuring Tape

Test Equipment Linear Measure. Take all measurements in increments of 0.5 cm (3/16 in) or less and round
up.
• Binding Straps. Binding straps are used to hold wood bundles together if the bundles need to be
removed from the package/wrapping material.
•

Tracing paper

•

Graduated template in square centimeters or square inches

3.14.2. Test Procedures
a.
1.

Boxed Firewood

Follow Section 2.3.1. “Define the Inspection Lot.” Use a “Category A” sampling plan in the inspection;
and select a random sample.
Open the box and if the box contains a bundle or bag of firewood remove the bundle or bag
and calculate the volume in accordance with Section C (Bundles and Bags of Firewood).
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2.

Open the box to determine the average height of wood within the box; measure the internal height of the
box. Take three measurements (record as “d1, d2. . .etc.”) along each end of the stack. Measure from
the bottom of a straightedge placed across the top of the box to the highest point on the two outermost
top pieces of wood and the center-most top piece of wood. Round measurements down to the nearest
0.5 cm (1/8 in). If pieces are obviously missing from the top layer of wood, take additional height
measurements at the highest point of the uppermost pieces of wood located at the midpoints between the
three measurements on each end of the stack. Calculate the average height of the stack by averaging
these measurements and subtracting from the internal height of the box according to the following
formula.
Average Height of Stack =
(Internal Height of Box) − (sum of measurements) ÷ (number of measurements)

3.

Determine the average width of the stack of wood in the box by taking measurements at three places
along the top of the stack. Measure the inside distance from one side of the box to the other on both
ends and in the middle of the box. Calculate the average width.
Average Width = (W1 + W2 + W3) ÷ 3

4.

To determine the average length of the pieces of wood, remove the wood from the box and select the
five pieces with the greatest girth. Measure the length of each of the five pieces from center to center.
Calculate the average length of the five pieces.
Average Length = (L1 + L2 + L3 + L4 + L5) ÷ 5

5.

Calculate the volume of the wood within the box. Use dimensions for height, width, and length.
Volume in liters = (height in cm × width in cm × length in cm) ÷ 1000
Volume in cubic feet = (height in inches × width in inches × length in inches) ÷ 1728

6.

For boxes of wood that are packed with the wood ranked in two discrete sections perpendicular to each
other, calculate the volume of wood in the box as follows: (1) determine the average height, width, and
length as in 1, 2 and 3 above for each discrete section, compute total volume, and (2) total the calculated
volumes of the two sections. Take the width measurement for Volume 2 (V2) from the inside edge of
the box adjacent to V2 to the plane separating VR1 and V2. Compute total volume by adding
Volume 1 (V1) and V2 according to the following formula.
Total Volume = V1 + V2
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b.

Crosshatched Firewood
Figure 3-3. Stacked Firewood

1.

Follow Section 2.3.1. “Define the Inspection Lot.” Use a “Category A” sampling plan in the inspection;
and select a random sample.

2.

Stack the firewood in a ranked and well-stowed geometrical shape that facilitates volume calculations
(i.e., rectangular).

3.

Determine the average measurements of the stack:

Note: The number of measurements for each dimension given below is the minimum that should be
taken.

4.



Height: Start at one end of the stack; measure the height of the stack on both sides at four equal
intervals. Calculate and record the average height.



Length: Start at the base of the stack; Measure the length of the stack in four equal intervals.
Calculate and record the average length.



Width: Select the five pieces with the greatest girth. Measure the length of the pieces, calculate
and record the average piece length.

Calculate Volume:
Volume in liters = (Avg. Height [cm] × Avg. Width [cm] × Avg. Length in [cm]) ÷ 1000
Volume in cubic feet = (Avg. Height [in] × Avg. Width [in] × Avg. Length [in]) ÷ 1728
c.

Bundles and Bags of Firewood

Figure 3-4. Bundle of Firewood



Follow Section 2.3.1. “Define the Inspection Lot.” Use a “Category A” sampling plan in the
inspection; and select a random sample.



Average area of ends: secure a strap around each end of the bundle or bag of wood to prevent
movement during testing. Each strap is to be placed approximately 4 inches from each end of the
Bundle or Bag. See Diagram.

End

End

4 inches

4 inches

Strap

Strap
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and to provide a definite perimeter. Use two or more straps to secure the wood.


Set one end of the bundle or bag on tracing paper large enough to cover the end completely. Draw
a line around the perimeter of the bundle or bag on the tracing paper.



Transfer the tracing paper to a template graduated in square centimeters or square inches. Count
the number of square centimeters or square inches that are enclosed within the perimeter line.
Estimate portions of square centimeters or square inches not completely within the perimeter line
to the nearest one-quarter square inch.



Repeat this process on the opposite end of the bundle or bag.



Calculate the Average Area:
Average Area = (Area 1 + Area 2) ÷ 2



Average length of the pieces of wood – select the five pieces with the greatest girth and measure
the length of the pieces. Calculate the average length of the pieces of wood:
Average Length = (L1 + L2 + L3 + L4 + L5) ÷ 5



Calculate Volume:
Volume in liters = (Average Area [cm2] × Average Length [cm]) ÷ 1000
Volume in cubic feet = (Average Area [in2] × Average Length [in]) ÷ 1728

3.14.3. Evaluation of Results
Follow Section 2.3.7. “Evaluate for Compliance to determine lot conformance.
After the Bundle or Bag is secured and utilizing a flexible measuring tape, measure around each end of the bundle
or bag of firewood with one movement by extending the measuring tape around the entire end of the bundle or
bag in order to obtain a circumference. If the wood at the ends of a bag or bundle is not accessible due to plastic
wrapping, then the flexible measuring tape is placed tightly around the outside of the plastic wrapping and
circumference measurements are taken. See Diagram:
Place Tape Measure Here
C1

C2
Make Tape
Line Right at
End of Wood

Strap

Strap
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Calculate the average Circumference
Average Circumference = (circumference 1 + circumference 2) /2
Calculate the Average Area using the average circumference (from above)
AREA = πR²
R = C/2π
π = 3.1415
Calculate the Average Length
Average length of the pieces of wood - Measure the length of each piece of wood in the bundle or bag
Measurements are to be taken from center to center at the end of each piece. Then calculate their average:
Average length = sum of all pieces / number of pieces.
Calculate Volume:
Volume in liters = (Average area [cm²] × Average Length [cm]) / 1000
Volume in cubic feet = (Average Area [in²] × Average Length) / 1728
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Appendix E.
Resources on Wood Measurement
All Resources Accessed Online during April – July 2015
1.

“A Guide to Buying and Measuring Firewood”

www.novascotia.ca/natr/publications/energy/buyfirewood.pdf
2.

“A Cord of Wood” California News Station with Weights and Measures Officials

www.bing.com/videos/search?q=measuring+a+cord+of+firewood&FORM=VIRE4#view=detail&mid=B406FD46F
5EE762A5ECFB406FD46F5EE762A5ECF
3.

National Forest Log Scaling Handbook

www.fs.fed.us/fmsc/measure/handbooks/index.shtml

4. Firewood Test Procedures of the California Division of Measurement Standards:
www.cdfa.ca.gov/dms/programs/qc/QCFirewoodRegs.pdf

5. Figuring Firewood by the Cord, Anyway You Stack It
www.lakebarcroft.org/association/newsletters-reports/firewood-1
www.lakebarcroft.org/association/newsletters-reports/firewood-2
www.lakebarcroft.org/association/newsletters-reports/firewood-3

6. Criss-Cross Stacking
pinnaclefirewood.com/crissx.php

7. Maine Firewood Fact Sheet
www.maine.gov/tools/whatsnew/index.php?topic=Agriculture+News&id=4554&v=Article
8.

Minnesota Statute Defining a Cord

www.revisor.mn.gov/statutes/?id=239.33
9.

Minnesota – Buying Firewood

mn.gov/commerce/weights-and-measures/images/BuyingFirewood.pdf
10. National Firewood Association
nationalfirewoodassociation.org/
11. Oklahoma Cooperative Extension Service NREM-9440 – Firewood: How to Obtain, Measure, Season, and
Burn
pods.dasnr.okstate.edu/docushare/dsweb/Get/Document-2507/NREM-9440web.pdf
12. Idaho Log Scaling Manual
www.ibsp.idaho.gov/IdahoLogScalingManual-2008%20Edition%20(print).pdf
13. Nova Scotia Log Scaling Manual
novascotia.ca/natr/forestry/scaling/pdf/ScalingManual.pdf
14. British Columbia Log Scaling Manual – SI
www.for.gov.bc.ca/hva/manuals/scaling.htm
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15. WoodHeat.org
www.woodheat.org/index.php
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