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WEIGHT CALIBRATION REPORT

THE WEIGHTS (MASSES) DESCRIBED BELOW HAVE BEEN EXAMINED AND CALIBRATED IN ICL'S METROLOGY LABORATORY
AGAINST NIST TRACEABLE REFERENCE WEIGHTS, IN ACCORDANCE WITH ICL’S ISO/IEC 17025 CALIBRATION PROCEDURE
REFERENCED BELOW. THIS CALIBRATION MEETS THE REQUIREMENTS OF ISO/AEC 17025, ANSI/NCSL Z540-1-1994, MIL-STD
45662A, AND THE ISO 9000 AND QS 9000 SERIES OF QUALITY STANDARDS.

CUSTOMER INFORMATION

SAMPLE CUSTOMER
STREET ADDRESS

CITY STATE ZIP

PURCHASE ORDER NUMBER:

SUBMITTED BY: SAMPLE COMPANY

DATE RECEIVED FOR CALIBRATION: 05-16-2011
WEIGHT INFORMATION

SERIAL NO OF SET: XXXX

DESCRIPTION: 10 mg THROUGH 100 g WEIGHT SET

MANUFACTURER OR BRAND: DENVER INSTRUMENT

ASTM/OIML/NIST ACCURACY CLASS: See table on Page 2.

NUMBER OF WEIGHTS SUBMITTED FOR CALIBRATION: 17

NUMBER OF WEIGHTS FOUND TO BE OUT-OF-TOLERANCE: 0

NUMBER OF WEIGHTS REPLACED DUE TO OUT-OF-TOLERANCE CONDITION: 0
TOTAL NUMBER OF WEIGHTS ON THIS REPORT: 17

MATERIAL(S) OF CONSTRUCTION: SEE TABLE ON PAGE 5

CALIBRATION PROCEDURE USED: iCL Procedure 16 (which incorporates NIST SOP-5: 3-1 Weighing Design).
Also incorporated in this procedure are elements of NIST GLP-1, GLP-9, GMP-5 and GMP10, all from NIST Handbook 145.

RESULTS OF PHYSICAL EXAMINATION

AN EXAMINATION OF THE WEIGHTS SHOWED NO VISUALLY APPARENT FLAWS, AND THEY WERE JUDGED TO BE IN GOOD CONDITION.
COMMENTS

The technician did not record any concerns as to the condition of the weights.

CLEANING OF WEIGHTS

THE WEIGHTS WERE CLEANED AND DRIED IN ACCORDANCE WITH NIST GMP NO. 5 AND PERMITTED TO COME TO TEMPERATURE
EQUILIBRIUM IN THE MASS LABORATORY PRIOR TO BEGINNING CALIBRATION.

REPLACEMENT OF OUT-OF-TOLERANCE WEIGHTS

AT THE SPECIFIC INSTRUCTION OF THIS CUSTOMER, ANY OUT-OF-TOLERANCE WEIGHTS DISCOVERED DURING THE PERFORMANCE
OF THIS CALIBRATION WILL BE REPLACED WITH NEW WEIGHTS.
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RESULTS OF CALIBRATION
CONVENTIONAL MASS
(Mass in air versus reference density of 8.0 g/ecm3)
NOMINAL ASTM or ID/MARKS AS FOUND DEVIATION ACCEPT LMT* P/M/F UNCERTAINTY, k=2
MASS OIML CLS AS LEFT (+ OR -)

100.000 g 1 99.999923 g -0.077 mg 0.237 mg PASS +/- 0.083 mg
50.000 g 1 49.999943 g -0.057 mg 0.114 mg PASS +/- 0.040 mg
20.000 g 1 = 20.000018 g 0.018 mg 0.070 mg PASS +/- 0.025 mg
20.000 g 1 20.000008 g 0.008 mg 0.070 mg PASS +/- 0.025 mg
10.000 g 1 10.000013 g 0.013 mg 0.047 mg PASS +/- 0.017 mg

5.000 g 1 5.0000070 g 0.0070 mg 0.0323 mg PASS +/- 0.011 mg
2.000g 1 1.9999938 g -0.0063 mg 0.0323 mg PASS +/- 0.0113 mg
2.000g 1 1.9999954 g -0.0046 mg 0.0323 mg PASS +/- 0.0113 mg
1.000g 1 0.9999994 g -0.0006 mg ©0.0323 mg PASS +/- 0.0113 mg
0.500 g 1 0.4999978 g -0.0022 mg 0.0095 mg PASS +/- 0.0033 mg
0.200 g 1 . 0.2000047 g 0.0047 mg 0.0095 mg PASS +/- 0.0033 mg
0.200g 1 0.2000017 g 0.0017 mg 0.0095 mg PASS +/- 0.0033 mg
0.100 g 1 0.1000031 g 0.0031 mg 0.0095 mg PASS +/- 0.0033 mg
0.050 g 1 0.0499937 g -0.0063 mg 0.0095 mg PASS +/- 0.0033 mg
0.020 g a : = 0.0200008 g 0.0008 mg 0.0095 mg PASS +/- 0.0033 mg
0.020 g 1 0.0199975 g -0.0025 mg 0.0095 mg PASS +/- 0.0033 mg
0.010 g | 0.0100012 g 0.0012 mg 0.0095 mg PASS +/- 0.0033 mg

".” denotes weight is marked with a dot °.." denotes weight is marked with 2 dots
X’ denotes weight was found Out-of- To!erance ‘N*’ denotes new weight

New weight(s) supplied, if any, are manufactured by Rice Lake, Troemner or Denver Instrument.
LABORATORY ENVIRONMENTAL CONDITIONS

Temperature: between 20 and 23 degrees Celsius; rate of change not to exceed 1.0C per hour. Relative humidity: from 40 to 65%. These
conditions satisfy NIST Echelon Il requirements, which are required for this weighing design.

Temperature (inside the mass comparator’s weighing chamber), humidity, and atmospheric pressure are precisely measured, and resultant air
density calculated, for the approximately 8 minute time interval during which each weight is intercompared against the standard, a

calibrated sensitivity weight, and a check standard (a total of 12 weighings). These values, as well as all observations, calculations, statistics,
and check standard results, are recorded and archived with the results of each weight’s calibration. This detailed data is available from us
upon request.

GUARD BANDING (acceptance criteria)

*ACCEPT LMT(s) The acceptance limit(s) shown above represent a statistical evaluation of the weight’s tolerance relative to the
uncertainty of the measurement. If required, the acceptance limit is set to a value smaller than the tolerance. The difference between

the tolerance and the acceptance limit is the "guard band’. The guard band is imposed to reduce the probability of a false acceptance (PFA)
or a false failure to 2% or less.

P/M/F Accordingly, there are three possible calibration outcomes:

1. PASS The calibration result falls within the interval described by the nominal mass + or - (the tolerance MINUS the guard band).

2. MARGinal The calibration result is ‘borderline”, or indeterminate; it is statistically and metrologically imprudent to declare that the weight
is definitively either ‘in-tolerance’ or ‘out-of-tolerance’.

3. FAIL The calibration result falls outside the interval described by the nominal mass + or - (the tolerance PLUS the guard band).

The methodology and equations used for determination of guard bands and acceptance limits comply with the requirements of
ANSI/NCSL Z540.3
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EQUIPMENT AND TRACEABILITY INFORMATION

THIS CALIBRATION IS TRACEABLE TO NIST THROUGH A DIRECT CHAIN OF COMPARISONS. MEASUREMENT UNCERTAINTY
IS CALCULATED AND DOCUMENTED AT EACH STEP IN THE CHAIN.

THE CLIENT’'S WEIGHTS WERE COMPARED AGAINST THE CALIBRATED WEIGHTS REFERENCED BELOW.

NOMINAL MASS STANDARD NEXT DUE CHK STD NEXT DUE MASS COMPARATOR USED
100.000 g MTE-315 10/14/11 MTE-082 02/03/13 Sartorius CCE-111 s/n 25802803
50.000 g MTE-315 10/14/11 MTE-082 02/03/13 Sartorius CCE-111 s/n 25802803
20.000 g MTE-315 10/14/11 MTE-082 02/03/13 Sartorius CCE-111 s/n 25802803
20.000 g MTE-315 10/14/11 MTE-082 02/03/13 Sartorius CCE-111 s/n 25802803
10.000 g MTE-315 10/14/11 MTE-082 02/03/13 Sartorius CCE-111 s/n 25802803
5.000 g MTE-315 10/14/11 MTE-082 02/03/13 Mettler UMX-6 s/n 1122173504
2.000 g MTE-315 10/14/11 MTE-082 02/03/13 Mettler UMX-6 s/n 1122173504
2.000 g MTE-315 10/14/11 MTE-082 02/03/13 Mettler UMX-6 s/n 1122173504
1.000 g MTE-315 10/14/11 MTE-082 02/03/13 Mettler UMX-6 s/n 1122173504
0.500 g MTE-315 10/14/11 MTE-082 02/03/13 Mettler UMX-6 s/n 1122173504
0.200 g MTE-315 10/14/11 MTE-082 02/03/13 Mettler UMX-6 s/n 1122173504
0.200 g MTE-315 10/14/11 MTE-082 02/03/13 Mettler UMX-6 s/n 1122173504
0.100 g MTE-315 10/14/11 MTE-082 02/03/13 Mettler UMX-6 s/n 1122173504
0.050 g MTE-315 10/14/11 MTE-082 02/03/13 Mettler UMX-6 s/n 1122173504
0.020 g MTE-315 10/14/11 MTE-082 02/03/13 Mettler UMX-6 s/n 1122173504
0.020 g MTE-315 10/14/11 MTE-082 02/03/13 Mettler UMX-6 s/n 1122173504
0.010 g MTE-315 10/14/11 MTE-082 02/03/13 Mettler UMX-6 s/n 1122173504

OUR CHECK STANDARD WEIGHTS ARE CALIBRATED BY RICE LAKE WEIGHING SYSTEMS (NVLAP). THESE CHECK STANDARD
WEIGHTS ARE USED IN EVERY SOP-5 (3-1) WEIGHING TO ASSURE THE VALIDITY OF THE CALIBRATION RESULT. THE
RESULT OF EACH MEASUREMENT IS PLOTTED ON A CONTROL CHART, AND THE CHARTS ARE MONITORED CONTINUALLY TO
ASSURE THE PRECISION OF THE CALIBRATION PROCESS.

TEMPERATURE IS MEASURED INSIDE THE WEIGHING CHAMBER OF EACH MASS COMPARATOR BY A HART SCIENTIFIC THERMISTOR
SENSOR, AND READ ON A HART MODEL 1560 'BLACK STACK" THERMOMETER READOUT. THESE SENSORS ARE CALIBRATED
ANNUALLY AGAINST OUR NIST SPRTI(s).

RELATIVE HUMIDITY IS MEASURED ON A HART SCIENTIFIC 'DEWK® HUMIDITY & TEMPERATURE INDICATOR, WHICH IS CALIBRATED
ANNUALLY BY ICL IN OUR THUNDER SCIENTIFIC MODEL 2500 HUMIDITY GENERATOR.

ATMOSPHERIC PRESSURE IS MEASURED EITHER ON A DRUCK PRESSURE CALIBRATOR, S/N 6103224206, WHICH IS CALIBRATED
ANNUALLY BY AN ISO/IEC 17025 ACCREDITED LABORATORY, OR ON A NATIONAL WEATHER SERVICE TYPE MERCURY BAROMETER,
WHICH IS VERIFIED BY COMPARISON AGAINST THE DRUCK STANDARD AT REGULAR INTERVALS.

THE EQUATIONS USED IN THIS WEIGHING DESIGN AND THE COMPUTATION OF CONVENTIONAL MASS (MASS IN AIR VERSUS
REFERENCE DENSITY OF 8 g/cm3) ARE FROM NIST HANDBOOK 145, SOP-4 OR SOP-5 (see Procedure on page 1 of this report).

THE EQUATIONS USED FOR COMPUTATION OF AIR DENSITY ARE THOSE RECOMMENDED BY THE CIPM 81/91.

ALL TEMPERATURES GIVEN IN THIS REPORT ARE THOSE DEFINED BY THE INTERNATIONAL TEMPERATURE SCALE OF
71990 (ITS-90).
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MEASUREMENT UNCERTAINTY

THE UNCERTAINTIES PRESENTED IN THIS REPORT HAVE BEEN CALCULATED IN ACCORDANCE WITH THE RECOMMENDATIONS AND
EQUATIONS PROVIDED IN NIST SOP-5. THIS METHODOLOGY IS CONSISTENT WITH ANSI/NCSL Z540-2, ‘GUIDE TO THE EXPRESSION OF
UNCERTAINTY IN MEASUREMENT’, COMMONLY REFERRED TO AS THE 'GUM'. A COVERAGE FACTOR OF 2 SIGMA (K=2) HAS BEEN APPLIED
TO THE STANDARD UNCERTAINTY IN ORDER TO EXPRESS THE EXPANDED UNCERTAINTY AT APPROXIMATELY A 95% CONFIDENCE LEVEL.
THE EXPANDED UNCERTAINTIES (K=2) REPORTED HEREIN DO NOT CONTAIN ESTIMATES FOR ANY EFFECTS THAT MAY BE

INTRODUCED BY TRANSPORTATION OF THE WEIGHTS BETWEEN ICL AND THE USER’S LABORATORY OR ANY MEASUREMENT
UNCERTAINTIES INTRODUCED BY THE USER.

TECHNICIAN PERFORMING CALIBRATION

THIS CALIBRATION WAS PERFORMED BY: Lawrence Nieland

RESPECTFULLY SUBMITTED,

ICL CALIBRATION LABORATORIES, INC.

An ISO/IEC 17025 and ANSI/NCSL Z-540-1 accredited laboratory - A2LA Certificate #526.01

J. Jeff Kelly, Technical Director
Deborah M. Weber, Quality Deputy

This document was prepared by Lori Parr and reviewed by Karen Mangold.
Date report issued: 04-20-2011 Recalibration due: April 20, 2012

IMPORTANT: The "Recalibration due’ date shown above has been specified to us by this client.
ICL Calibration Laboratories, Inc. takes no position with regard to the suitability or appropriateness of this interval.

This calibration report may not be reproduced, except in full, without the express written permission of ICL Calbration Laboratories, Inc.

This report applies only to the item(s) calibrated. This calibration report shall not be used to claim product endorsement by the A2LA.
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REFERENCE INFORMA TION
TRUE MASS (MASS IN VACUUM)
NOMINAL MASS AS FOUND/AS LEFT DEVIATION DENSITY* MATERIAL MEASUREMENT

- -VALUE- - ID/MARKS FROM NOMINAL OF WEIGHT *x UNCERTAINTY, K=2
100.000 g 100.000209 g 0.209 mg 7.85 g/cm3 ss +/- 0.083 mg
50.000 g 50.000086 g 0.086 mg 7.85 g/cm3 ss +/- 0.040 mg
20.000 g . 20.000075 g 0.075 mg 7.85 g/cm3 ss +/- 0.025 mg
20.000 g 20.000065 g 0.065 mg 7.85 g/cm3 ss +/- 0.025 mg
10.000 g 10.000042 g 0.042 mg 7.85 g/cm3 ss +/- 0.017 mg
5.000 g 5.0000214 g 0.0214 mg 7.85 g/cm3 ss +/- 0.011 mg
2.000 g . 1.9999995 g -0.0005 mg 7.85 g/cm3 Ss +/- 0.0113 mg
2.000 g 2.0000012 g 0.0012 mg 7.85 g/cm3 ss +/- 0.0113 mg
1.000 g 1.0000023 g 0.0023 mg 7.85 g/cm3 ss +/- 0.0113 mg
0.500 g 0.4999993 g -0.0007 mg 7.85 g/cm3 ss +/- 0.0033 mg
0.200 g . 0.2000053 g 0.0053 mg 7.85 g/cm3 ss +/- 0.0033 mg
0.200 g 0.2000023 g 0.0023 mg 7.85 g/cm3 ss +/- 0.0033 mg
0.100 g 0.1000034 g 0.0034 mg 7.85 g/cm3 ss +/- 0.0033 mg
0.050 g 0.0499939 g -0.0061 mg 7.85 g/cm3 ss +/- 0.0033 mg
0.020 g 0.0200008 g 0.0008 mg 7.85 g/cm3 ss +/- 0.0033 mg
0.020 g 0.0199976 g -0.0024 mg 7.85 g/cm3 ss +/- 0.0033 mg
0.010 g 0.0100012 g 0.0012 mg 7.85 g/cm3 ss +/- 0.0033 mg

* DENSITY IS ASSUMED
** MATERIAL KEY: SS-Stainless steel AL-Aluminum BR-Brass TA-Tantalum

“.” denotes weight is marked with a dot °.." denotes weight is marked with 2 dots
‘X" denotes weight was found Out-of-Tolerance ‘N*’ denotes new weight

LABORATORY ENVIRONMENTAL CONDITIONS

Temperature: between 20 and 23 degrees Celsius; rate of change not to exceed 1.0C per hour. Relative humidity: from 40 to 65%. These
conditions satisfy NIST Echelon Il requirements, which are required for this weighing design.

Temperature (inside the mass comparator’s weighing chamber), humidity, and atmospheric pressure are precisely measured, and resultant air
density calculated, for the approximately 8 minute time interval during which each weight is intercompared against the standard, a

calibrated sensitivity weight, and a check standard (a total of 12 weighings). These values, as well as all observations, calculations, statistics,
and check standard results, are recorded and archived with the results of each weight’s calibration. This detailed data is available from us
upon request.
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Understanding some terms used in this report:
Air Buoyancy
The buoyant effect of air on an object, acting against the attraction of gravity.

The air is always exerting a lifting effect on an object - on all objects. The magnitude of that lifting
effect is a direct function of the density of the air relative to the volume of the object under consideration.

"Normal” air under “perfect” conditions, that is, 20.00 degrees Celsuus atmospheric pressure of 760.5
mm of mercury, and humidity of 50%, has a density of 1.200 mg/cm”.

From a practical standpoint, everything we weigh is surrounded by air, so the convention for
expressing the weight, or the mass, of an object, has evolved to express that perceived weight as "mass
in air", or Conventional Mass.

Conventional Mass (Mass in air versus reference density of 8.0 g/cm°)

A hypothetical weighing of a mass in “perfect” air, that is, air of typical composition, at exactly 20.00
degrees C, atmospheric pressure of 760.5 mm of mercury, and a relative humidity of 50%. Under these
"perfect” conditions density of the air would be 1.2000 mg/cm®.

Since realization of these parameters is a practical impossibility, in a calibration lab the ambient
conditions are stabilized to the greatest extent possible, and the temperature, pressure and humidity are
carefully measured. From these values the density of the air is calculated, and the results of the
calibration are adjusted mathematically to present the result as though the calibration had been
conducted in "perfect” conditions.

No discussion of Conventional Mass would be complete without a mention of the 8.0 g/cm® standard.
Stainless steel is the "standard" material from which most high quality laboratory weights are fabricated.
Stainless steel has a density of approximately 8 glcm’, hence the reference. Years ago, brass was the
most common material for laboratory weights, and 8.4 g/cm® was the reference density.

In the real world, the ideal density of 8.0 g/lcm® is seldom seen on stainless steel weights. Most
stainless steel weights have densities of from 7.84 to 7.95 glcm although some of the new weights on
the market come very, very close to the ideal density of 8.0 g/cm

True Mass (Mass in vacuum)

Contrary to what the name implies, "Mass in Vacuum" is NOT what a weight would weigh in a perfect
vacuum, with no air buoyancy effect. The term is a misnomer, and causes confusion.

The concept of True Mass (Mass in Vacuum) might be appropriately described as ‘a theoretical
comparison of a mass against a reference standard mass (with a known value) on a "perfect” equal arm
balance inside a "perfect” vacuum chamber.’ Although this scenario is impossible to achieve, one can
easily understand that such an arrangement, were it possible, would remove any influence on the
weighing process from the buoyant effects of air.

To illustrate the concept of True Mass, consider the following hypothetical example: We have two
perfect kilogram weights, each having a Conventional Mass value of exactly 1000.000000 g. The first
mass is a calibrated reference mass, made from stainless steel, with an ideal density of 8.0 g/lcm™> The
second welght is a calibrated mass is also made from stainless steel, but has a commonly seen density of
7.95 glcm®



