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TECHNICAL ABSTRACT 

Fairbanks Weight Scales are used at the Waste Receiving and Processing (WRAP) facility to determine the 
weight of waste drums as they are received, processed, and shipped. Due to recent problems, discovered 
during calibration, the WRAP Engineering Department has completed this document which outlines both 
the investigation of the infeed conveyor scale failure in September of 1999 and recommendations for 
calibration procedure modifications designed to correct deficiencies in the current procedures. 
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PART I-CALIBRATION FAILURE (OVERVIEW) FOR THE INFEED CONVEYOR SCALE 

On September 9, 1999, an annual calibration procedure was performed on the infeed conveyor scale (101- 
CV-05-103A) at the WRAP Facility shipping and receiving area. Performance of that procedure indicated 
that the "as found scale response was outside specified calibration tolerances. Drum measurement data 
analysis indicated that measurements taken for drums weighing between 113.4 kg and 453.6 kg should be 
questioned. 15 of the 379 drums measured during the previous year fell into this category. Statistical 
analysis shows that 14 ofthe drums have the potential to be over tolerance by as much as 3.436 Ibs.* or 
under tolerance by as much as 1.806 Ibs.. The measurement for the remaining drum has the potential of 
being over tolerance by as much as 13.89 Ibs.* or under tolerance by as much as 10.15 Ibs. The 
Engineering Department recommends re-calculation of drum data to correct for the identified error. 
Calculation results must be evaluated to ensure that the assigned TRUiLLW classification of each drum is 
accurate. 

* (NOTE: these numbers revised in PART 3 as part of a follow up evaluation ) 

Background: 

During performance of the calibration procedure the scale response was verified using three (known value) 
test weights; 250 Ibs. (1 13.4 kg), 5001bs. (226.8 kg), and 1000 Ibs. (453.6 kg). The scale was found 
within calibration at the 250 Ib. (1 13.4 kg) level and out of calibration at the 500 Ib. (226.8 kg) and 1000 Ib. 
(453.6 kg) levels, as shown below: 

Test Weight: As found : Tolerance (+ 0.1% full scale): 

250 1bs.i 113.4 kg 249.6 / 113.2 Ibs. /kg (249 to 251 Ibs.) 

500 Ibs./226.8 kg 501.1 /227.3 Ibs./kg (499 to 501 Ibs.) 

1000 Ibs./ 453.6 kg 1002.9 / 454.9 Ibs. /kg (999 to 1001 Ibs.) 

Immediate actions: 

The scale was taken out of service and evaluated to determine the problem. An unbalance condition was 
discovered on the scale load cells. The load cell mounting hardware was shimmed to correct the problem 
and the unit was re-calibrated. 
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6 
7 
8 

Follow up actions: 

The scale is calibrated on an annual basis. All Waste Container Data Sheets generated the previous year 
were reviewed to determine the impact on waste drum measurements. Each data sheet includes a "test 
weight" measurement to ensure that the scale is properly calibrated prior to operations. The test weight is 
either a 113.4 kg or a 22.68 kg weight and varies from day to day. All test weight measurements taken 
during operations were within calibration at both the 113.4 kg and 22.68 kg levels, likewise the scale 
checked within calibration at the 113.4 kg level during the calibration procedure. The scale calibration 
becomes questionable only at higher weights. Only 15 of the 379 drums measured between September 30, 
1998 and September 9, 1999, weighed 113.4 kg or more. The following are the container ID #s for the 15 
drums measuring over 113.4 kg: 

9700807' 282.05 
9601581 116.9 
996000008 202.4 

(Table I)  

* indicates drum that also measure over 226.8 kg 

9 
IO 
I I  
12 
13 
14 
15 

996000009 205.1 
9406601 163.3 
9406618 141.65 
9513608 1 I7 
9517481 132.4 
9517461 135 
9401105 150.3 

-____ 
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Statistical Analysis: 

The test weight data from the Waste Container Data Sheets was used to determine typical scale response. 
Using that response data an estimate of scale accuracy has been formulated for the drums weighing over 
113.4 kg. A 95% confidence interval for the scale response was calculated using the test weight data. This 
data along with the "as-found" calibration test weight data allows us to determine a maximum upper and 
lower error interval for the measured drums. The error intervals at 226.8 kg (5001bs.) and 453.6 kg (1000 
Ibs.) are largely due to the limited amount of measurement data available at these ranges. 

Value was (Value corrected (-0.2213 kg*) (-0.0475 kg*) 
corrected Revl+Rev 2 ) (Value corrected (Value corrected 
Rev I /Rev 2 Rev 1 +Rev 2 ) Rev 1 +Rev 2 ) 

Conclusions: 

Of the 15 drums that measured over 113.4 kg, only I measured over 226.8 kg. Therefore, 14 drums may 
be over tolerance by 3.436 Ibs.* or under tolerance by 1.806 Ibs.. The remaining drum may be over 
tolerance by up to 13.90 Ibs.* or under tolerance by 10.15 Ibs. 

* (NOTE: these numbers revised in PART 3 as part of a follow up evaluation ) 

Recommendations: 

1 .  The Engineering Department recommends re-calculation of the drum data for the drums listed in 
Table 1 .  The calculation results must be reviewed for impact on TRUiLLW drum classification. 

The weight scale calibration should be performed at a higher frequency on the WlPP impacting scales 
(i.e. quarterly rather than annually ) to reduce programmatic impacts should scales be found out of 
calibration in the future. 

2. 

6 
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3. During evaluation of the scale, information regarding scale set-up parameters and scale performance 
was discovered that suggests re-evaluation of set up criteria and tolerance limits is needed. The 
Engineering Department performed a follow up evaluation for scale set-up and calibration. The results 
of that evaluation are outlined in part 2 of this document. 

Following the scale set-up and calibration evaluation, both infeed and discharge scales will require re- 
calibration to implement the recommendations of the evaluation. 

In the fimre, contrOl charts should be maintained on the testkheck weight measurements taken prior to 
daily operation. This tool will help us recognize scale response problems early, before they 
significantly impact operations data. 

4. 

5 .  
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PART 2-EVALUATION OF THE WRAP CALIBRATION PROCEDURE SET-UP PERAMETERS 

This section serves as a follow up to PART 1 of this document performed on the infeed conveyor scale 
(101-CV-05-103A) at the Waste Receiving And Processing (WRAP) facility shipping and receiving area. 
Recommendation # 3 of PART 1 was to re-evaluate the set-up parameters for the infeed conveyor drum 
scale used to measure Waste Isolation Pilot Project (WIPP) related containers at the WRAP facility. This 
document outlines the Engineering Departments recommendations for changes to the scale settings at the 
WRAP facility and explains the reasoning behind those recommendations. 

Background: 

The Fairbanks weight scales used at WRAP are designed to operate in either one of two modes: general 
use mode (security level 0); or, commercial rated mode (Security levels 1 & 2). The scales operate by 
dividing their maximum capacity weight rating by the desired graduation size to determine the number of 
divisions required to calibrate the scale, it then assigns a number of digital counts to each division. In 
security level 0, that number of counts is 1 per division. In security levels I &  2 that number is 3 counts per 
division. In security levels I& 2 the scale uses the three counts to verify the measurement is at the weight 
indicated on the display. In security level 0 the scale uses only one count to measur6 the weight and does 
not verify the measurement. The scales have only a limited number of counts available when calibrating 
(36000 total); so, selection of the higher security levels (1  or 2) limits the graduation resolution available ( 
i.e. in security level 0 the scale might allow a graduation size of .05 kg but in security level I & 2 the scale 
will only allow a graduation size of .I kg). Another feature of the security level selection is a password 
protect function. When in security level lor 2 the scales "set-up" parameters are protected by a control 
panel password, preventing unauthorized changes to the calibration of the scale. In security level 0 no 
password protection is provided and the scale parameters may be changed from the control panel by any 
user. 
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Issues: 

It was previously believed that the scales at WRAP were calibrated in the commercial mode because 
security level 2 was selected in the scale set-up sequence as one of the final steps of the calibration 
procedure, this belief was in error. The security level must be selected before calibrating the scale in order 
to establish the commercial or general use mode. While changing the security level switch after calibration 
did provide password protection, the scale measurement fimction was still operating in the general use 
=de. During re-calibration efforts for the infeed conveyor scale, following the out of calibration 
condition found on September 9,1999, it was discovered that the scale was actually functioning in the 
general use mode rather than the commercial rated mode as was previously believed. After corrective 
maintenance on a loose load cell mounting pin the scale was re-calibrated in the commercial mode. This 
required that the graduation size of the scale be increased from 0.1 Ibs.(0.05kg) to 0.51bs.(0.2kg) do to the 
limited number of counts available in commercial mode. The scale was tested and returned to service. This 
new set-up configuration may create problems during future calibration attempts as the scales graduation 
size is now 0.5 Ibs. and the tolerance range for the scale is only f 1.0 Ib.. An error of only 3 graduations 
will now result in an out of tolerance condition and observed error (as the scale returns to zero) has often 
been f 1 .O Ib. leaving no error tolerance for the actual measurement. 

Recommendations: 

The Engineering Department recommends re-calibrating &I WRAP scales in the general use mode 
(security level 0) to allow the uses of a smaller (.05kg) graduation size. Test data shows that scale 
repeatability is excellent even when in the general use mode and selecting the smaller graduation size 
results in less "return to zero" error on the scales. After the re-calibration of the scales the security level 
can be returned to the level 2 setting to password protect the settings. The WRAP Authorization Basis 
documents take no credit for a commercial rating on these scales; so, no changes are needed to the 
current facility documents. 

The current calibration procedure for the infeed scale lists an acceptance tolerance of f 1 .O Ib. for all 
measurements, this tolerance is calculated by taking 0.1% ofthe full scale reading (based on a scale 
capacity of 1000 Ibs.). The actual scale capacity for the infeed conveyor scale is approximately 2200- 
2400 Ibs. and although WRAP has no plans to weigh drums over 1000 Ibs. the scale tolerance must be 
calculated using the actual capacity of the scale not on the maximum expected weight of a drum at the 
WRAP facility. The existing tolerance of f 1.0 Ib. is not realistic for this scale and should be re- 
established based on the actual rating of the scale. The Engineering Department recommends using 
1000 kg (2204.6 Ibs.) as the scale's maximum capacity when calculating the tolerance for future 
calibration procedures. This will result in a tolerance o f f  1 .O kg (or 2.2 Ibs.) for each measurement. 
This recommendation also applies to the discharge conveyor scale and the calibration procedures for 
both should be revised to incorporate the new tolerance. 

Lift table scales in the process area are not needed for WIPP certification of drums and the primary 
function of the scales is to measure drum pressure against the bottom of the glove box ports. It is not 
necessary for these scales to be as accurate as the WIPP certification scales. Present calibration 
procedures require that lift table scales be calibrated to the same tolerance as the infeed and discharge 
conveyor scales, this practice is not necessary and may result in costly corrective maintenance to bring 
the scales into tolerance. The Engineering Department recommends relaxing the tolerance on these 
scales to f 1.0% or f lOkg ( 22.04 Ibs.). 

The Engineering Department also recommends reducing the number of WIPP related scales at WRAP. 
Only the infeed conveyor, discharge conveyor, and NDE box scales are needed for WIPP certification 
at WRAP. Calibration of airlock scales is not necessary. As a cost saving measure the Engineering 
Department recommends discontinuing calibration of the airlock scales. 

9 
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5 .  During present calibration of the scales only one "as left" measurement (with each test weight) is 
recorded to establish calibration of each scale. The Engineering Department recommends increasing 
the number of '"as left" measurements to verify repeatability of the measurements and to provide 
additional measurement sample data for problem analysis in the future. 

Additional check weight measurements are recommended (at higher weight values) to help determine 
scale response. A 453.6 kg (1000 Ib.) and 226.8 kg (500 Ih.) periodic check weight measurement 
would provide the data needed ( Le. measurements may he taken only on days when heavy drums are 
processed). 

The Engineering Department recommends that scale calibration procedure WRP-18004 be revised and 
that the recommendations listed in this evaluation be incorporated. 

6 .  

7. 

REFERENCES: 

Fairbanks Scales Service Manual, Digital Indicator Model H90-5200 
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PART 3-EVALUATION OF "SCALE OUT OF CALIBRATION" CONDITION ON DRUM DATA 

This section serves as a follow up to PART 1 of HNF-5408 (Rev 0) Weight Scale Analysis, Fairbanks 
Weight Scale Evaluation Results completed for the infeed conveyor scale (101-CV-05-103A) at the Waste 
Receiving And Processing (WRAP) facility shipping and receiving area. Recommendation # 1 of PART 1 
was to evaluate the impacts to drum data caused by the scale "out of calibration" condition. Listed below 
are the results of the Engineering Department's drum data evaluation. 

Background: The 15 drums identified in Part 1 ofthis document were re-evaluated by the 
WRAP Non-Destructive Assay (NDA) group to determine if the infeed 
conveyor scale "out of calibration" condition resulted in a change of 
classification (LLW to TRU waste) for any drums (based on the potential error 
introduced by the scale). The calculated error listed in Part 1 of this document 
was re-calculated to include both type A and type B error. The results of these 
calculations were used as the basis to determine the drum impact. The 
calculations are attached on pages CI-C4 for reference. 

Results: The attached spreadsheet (Page DI) shows the results of the re-evaluation. As 
shown on the spread sheet none of the listed drums, that had been through the 
WRAP NDA process, changed classification due to the scale measurement error. 
All hut one of the impacted drums were initially classified as TRU waste drums 
and no drums, including the one LLW drum, changed classification as a result of 
the scale error. 

Recommendations: As a result of the scale calibration problem a Corrective Action Report (CAR) 
TRU-WRP-99CAR-076 was issued. The Engineering Department recommends 
closure of the Corrective Action Report based on the findings of this drum 
evaluation, along with verification of the completion of all recommendations 
outlined in Parts 1 & 2 of this document (except item # 6 in Part 2 which 
operations cannot support. Additional repeatability measurements have been 
added to the calibration procedure and will provide the Engineering Department 
with sufficient weight measurement data, eliminating the need for 
implementation of this recommendation.) 



HNF-5408, Rev. 1 

rror IDeviationIruared 
-0.1 0.03437 0.001182 

-0 05 0.08437 0 0071 19 

II 

Statistical Analysis 
pm$5E 

22-Mar 
22-Mar 
23-Mar 
25-Mar 
26-Mar 
29-Mar 
30-Mar 
06-Apr 
14-Apr 
15-Apr 
19-Apr 
21-Apr 
19-May 
19-May 
02-Jun 

-0.05 
-0.2 
0.05 

-0.15 
0.2 

-0.15 
-0.35 
0.05 
-0.2 
-0.2 
-0.1 
-0.4 
-0.4 

’ight Data 
Measurements 

113.4kg 
113.3 

113.35 
113.35 
113.2 
11 3.45 
113.25 
113.6 

113.25 
113.05 
11 3.45 
113.2 
113.2 
113.3 
113 
113 

113.3 
1812.25 

113.265625 

0.08437 0.0071 19 Mean 
-0.06562 0.004307 Standard Error 
0.18438 0.033994 Median 

-0.01562 0.000244 Mode 
0.33437 0.1 11807 Standard Deviation 

-0.01562 0.000244 Sample Variance 
-0.21563 0.046494 Kurtosis 
0.18438 0.033994 Skewness 

-0.06562 0.004307 Range 
-0.06562 0.004307 Minimum 
0.03437 0.001182 Maximum 

-0.26562 0.070557 Sum 
-0.26562 0.070557 Count 

-0.08 
-0.08 
-0.13 
-0.28 
-0.28 
-0.03 

0.07037 0.004952 
0.07037 0.004952 
0.02037 0.000415 

-0.12963 0.016804 
-0.12963 0.016804 
0.12037 0.014489 

0.1 I 0.034371 0.0011821 Largest(1) d d  IISmallest(1) 

11 3.2656 
0.040753 

11 3.275 
113.3 

0.163012 
0.026573 
0.1 13816 
0.050654 

0.6 
113 

113.6 
1812.25 

16 
113.6 

113 013441 variance 1 0.026573 1 IIConfidence Leve1(95.0%) 0.08686311 

Uncertainty at 95% Confidence Level 
l-@= 2.13 

0 1630/Sqrtof 16 

Analysis Of 22.68 kg Test Weight Data (Rev2) 

Test 
Test 

Neight Date 
134pr 
20-Apr 
25-May 
30-Jun 
01-Jul 
02-Jul 
06-J~ l  

-1 
Measurements 

(Find Standard Deviation) 1) 
Method from HNF-3954 I 

41 -0.029631 0.0008781 
22.6 
22.6 

22.55 
22.4 
22.4 

22.65 
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-0.08 
-0.23 
-0.23 
-0.03 
-0.23 

-0.18 
-0.28 
-0.28 
-0.03 
-0.18 
-0.23 

-0.18 
-0.03 
-0.08 
-0.38 
-0.08 
-0.08 

-0.03 

-0.08 

12-Jul 
13-Jul 
15-Jul 
14-Jut 
15-Jut 
27-Jul 
30-Jul 
02-Aug 
02-Aug 
09-Aug 
12-Aug 
12-Aug 
11 Aug 
1 2-Aug 
16-Aug 
18-Aug 
19-Aug 
30-Aug 
1 0-Sep 
14-Sep 

0.07037 0.004952 
-0.07963 0.006341 
-0.07963 0.006341 
0.12037 0.014489 

-0.07963 0.006341 Statistical Analysis 

-0.02963 0.000878 Mean 22.52963 
-0.12963 0.016804 Standard Error 0.019293 
-0.12963 0.016804 Median 22.55 
0.12037 0.014489 Mode 22.6 

-0.02963 0.000878 Standard Deviation 0.100249 
-0.07963 0.006341 Sample Variance 0.01005 

-0.02963 0.000878 Skewness -0.471201 
0.12037 0.014489 Range 0.35 
0.07037 0.004952 Minimum 22.3 

-0.22963 0.05273 Maximum 22.65 
0.07037 0.004952 Sum 608.3 
0.07037 0.004952 Count 27 

0.12037 0.014489 

0.07037 0.004952 Kurtosis -0.827448 

22.6 
22.45 
22.45 
22.65 
22.45 
22.65 
22.5 
22.4 
22.4 

22.65 
22.5 
22.45 
22.6 
22.5 

22.65 
22.6 
22.3 
22.6 
22.6 
22.6 

608.3 
22.52962963 

Uncertainty at 95% confidence Level 

0 100249/Sqn of 27 
Uncert @ 95%= - 0 15042 03965 kg 
Error upper 4 mit= 
Error lower limit= 

22 56 kg 
22 49 kg 
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Deviation Squared 
11-Aug-98 500.53 500 0.53 -0.285 0.081225 
09-AUg-99 501 . I  1.1 0.285 0.081225 

Analsis of Calibration Procedure Measurements at 500 LBS. (Rev2) 

I , 
II Date I reading 1 Test wt IError IError IDeviation 11 

1.63 sum 0.16245 
500 
sum 

Mean 
Standard Error 
Median 
Mode 
Standard Deviation 
Sample Variance 
Kurtosis 

Skewness 
Range 
Minimum 
Maximum 
Sum 
Count 
Largest(1) 

11 Avg I 0.815IVariance I 0.162451 

500.815 
0.285 

500.815 
#N/A 

0.403051 
0.16245 

#DIV/O! 

#DIV/O! 
0.57 

500.53 
501.1 

1001.63 
2 

501.1 

I Uncertainty at 95% Confidence Level I 

Date reading Test wt Error Error Deviation 

11-Aug-98 1000.85 1000 0.85 -1.025 1.050625 
09-AUg-99 1002.9 1000 2.9 1.025 1.050625 

sum 3.75 sum 2.10125 
Avg 1.875 Variance 2.10125 

Deviation Squared 
~ 

12.7 I 
0.4030/Sqrt of 2 

Uncert @ 95% = ,815 3.621 kg 
Error upper limit= 504.436 kg 
Error lower limit= 497.194 kg 

Statistical Analysis 

Mean 1001.875 
Standard Error 1.025 
Median 1001.875 
Mode #N/A 
Standard Deviation 1.449569 

Statistical Analysis 

~~~ ~~ 

IIConfidence Leve1(95.0%) 3.621253] 

I Analysis of Calibration Procedure Measurements at 1000 LBS. (Rev 2) 

Page A3 
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lnfeed Conveyor Scale # 101-CV-05-103A Calculated Uncertainty 
(During the period of 9/30/98 to 9/9/99) 
(Data accurate to 2 significant digits) 
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lnfeed Scale 22 68-1 13 4 kg (50-250 Ib ) Estimated Weight Uncertainty 
(KILOGRAMS) 

Error Source IlMeasurement IlMeasurement Squared 
Type A Error(From HNF-5408, Table 2) 

Bias (from HNF-5408) I -0 13441 0 01806336 kg 
Random (from HNF-5408) I 0 086863) 0 007545181 kg 

I I 
1 I I I 

Type B Error (From WHC-N-930, page 98, converted to kg) 
IIEstimate Squared 

Soundlvibration 

Confidence level ? 0.409315417 kg 
NOTE: To maintain consistancy with earlier estimates, the 50-250 Ib. estimate 
will be used as an estimate for the entire range of 0-250 Ibs. 

82 
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(KILOGRAMS) 

Type A Errar(Fram HNF-5408, Table 2) 
- Error Source IlMeasurement IlMeasurement Squared 

Ria+ (fmm HNF-54081 I 18751 3 515625 ko 

11 lnfeed Scale 113.4-226.8 ka (250-500 Ib.) Estimated Weiaht Uncertaintv 

- - - I  - - --, 
Random (from HNF-5408) 

I~ - 
(KILOGRAMS) 

Type A Error(From HNF-5408, Table 2) 

Error Source IMeasurement Squared 

Bias (from HNF-5408) I 0.8151 0.664225 kg 
Random (from HNF-5408) I 3 621 I 13.111641 kg 

I I 

il .. . .~  

13 0241 169 624576 kg 

I lnfeed Scale 226.8453.6 kg (500-1000 Ib.) Estimated Weight Uncertainty 1 
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D 
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