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Chapter IV:  Instrumentation
Section 1 - 5
Section I

Calculate the 10% acceptable range for each of the following:
1.
(1.34 mCi)(0.10) =  13.4 mCi 


134 mCi  + 13.4 mCi = 120.6 – 147.4
2.
(195 μCi)(0.10) = 19.5 μCi


195 μCi + 19.5 μCi = 175.5 – 214.5 μCi
3.
(62.6 μCi)(0.10) = 6.26 μCi

62.6 μCi  +   6.26 μCi  = 56.34 -68.86 μCi 


4.
(81.3 μCi )(0.10) = 8.13 μCi 


81.3 μCi + 6.13 μCi = 73.17 – 87.43 μCi 

Calculate the 5% acceptable range.

5.
(260 μCi ) ( 0.05 )  = 13 μCi 


260 μCi + 13 μCi = 247 – 273 μCi 
6.
(148 μCi)(0.05) = 7.4 μCi


148 μ Ci + 7.4 μCi = 140.6 – 155.4 μCi
7.
(90.4 μCi)(0.05) = 4.52 μCi


90.4 μ Ci +  4.52 μCi = 85.88 – 94.92 μCi 
8.
(76.2 μCi ) ( 0.05 ) = 3.81 μCi 


76.2 + 3.81 μCi = 72.39 – 80 μCi 

9.
If a source contained 153 μCi of Ba 133 on June 1, 1995, what would be the 10 % acceptable activity range if the source is used for a dose calibrator accuracy test on June 1, 1997?


Tp  = 10.66 yr.

A = 153 μCi e -.693 x 2 yr / 10.66 yr = 134.34 μCi


(134.34)(0.10) = 13.43 μCi

134.34 μCi  + 13.43 μ Ci = 121 – 148 μCi
10. 
A Co57 source contained 76.01 μCi on May 1.  What is the acceptable range when the source is used for a dose calibrator precision test on May 31?  Tp  = 270 days

A1 = ( 76.01 μCi ) (-.693 x 30days ) =  70.4 μCi 




270 days

( 70.4 μCi ) (0.05) = 3.5 μCi 

70.4 μCi + 3.5 μCi = 66.88 – 73.9 μCi 

11.
On March 1, 1988, a Cs137 source was calibrated to contain 63.8 μCi.  What is the 10 % acceptable activity range when the source is used for dose calibrator accuracy testing on March 1, 1996?  Tp = 30.0 yr.


A1 =  63.8 μCi e -.693 x 8 yr / 30 yr = 53 μCi


(53 μCi)(0.10) =  5.3 μCi


53 μCi +  5.3 μCi = 47.7  - 58.3 μCi
12.
A Co57 source is being used for dose calibrator accuracy.  It is 90 days since it was certified to contain 122 μCi.  Will a reading of 90.2 μCi fall within the 10% acceptable range?  Tp = 270days.


A1 =  ( 122 μCi ) ( -.693 x 90 days ) = 96.8 μCi 
 



270 days

( 96.8 μCi )( 0.10 ) = 9.68 μCi


96.8 μCi + = 87 – 106 μCi; 90.2 μCi is acceptable
13.
A Ba 133 source had a certified activity of 96.2 μCi 8 years ago.  Will an accuracy test reading 
of  49.9 μCi fall within the acceptable range as required by the NRC?  T ½ = 10.66 yr


( 96.2 μCi ) ( -.693 x 8 years) =  57.2 μCi 





10.66 years

( 57.2 μCi ) ( 0.10 ) = 5.72 μCi 


57.2 + 5.72 =  51.48 – 62.92 μCi , no 49.9 μCi is not acceptable
Section 2. – Percent error for dose calibrator accuracy and constancy
1.
The expected value of a dose calibrator accuracy source is 198 μCi and the actual reading is 


187 μCi.  Does the actual value fall within the 10 % acceptable range



198 μCi – 187 μCi  x 100 % = 5.6 %, yes it is within the 10 % acceptable range


        198 μCi
2.
If a source reads 1.03 mCi in a dose calibrator when the expected activity is 0.96 mCi, can the instrument be used according to NRC standards?



0.96 mCi – 1.03 mCi  x 100 % = 7.3%, yes it is within the 10% limit
 
        

0.96 mCi 
3.
A dose calibrator source is expected to contain 52.3 μci.  The actual reading is 47.1 μCi when the precision test is performed.  Is this acceptable according to the NRC regulations?


52.3 μCi – 47.1 μCi x 100 % =  9.9 %, yes it is within the 10 % limit

     52.3 μCi

4.
A facility’s license sets a maximum error of 5 % for dose calibrator precision.  If the expected 
activity is 77.3 μCi and the actual reading is 79.6 μCi , is the precision acceptable?

77.3 μCi  - 79.6 μCi  x 100 % = 3 %, yes


77.3 μCi 

5.
Do the results of a dose calibrator accuracy test conform to NRC regulations if the actual reading for a 1.36 mCi source is 1.21 mCi?


1.36 mCi – 1.21 mCi x 100 % = 11 %, no it does not conform to NRC regulations

     1.36 mCi
6.
If 5% precision is required, would a dose calibrator meet the requirement with the following results.

Expected reading   97.9 μCi 


Actual reading       92.1 μCi 


97.9 μCi  – 92.1 μCi  x 100 % = 5.9 %, no

        97.9 μCi 
7.  
A Cs137 source was calibrated to contain 126 μCi on June 3, 1993.  Is a dose calibrator operating with acceptable precision if the activity reading for the source is 116.3 μCi on June 5, 1997?  Tp = 30.0 yr


A= 126 μCi e-.693 x 4 yr / 30 yr = 114.9 μCi


114.9 μCi – 116.3 μCi x 100 % = 1.2 %, yes 



      114.9 μCi

8.
Determine if a dose calibrator precision test meets NRC regulations using the following data. 


A Ba133 source is being used.  The half-life of Ba133 is 10.66 years.


Calibration date 9-10-80; activity at calibration: 154 μCi; current date:  9-6-95; 


current reading 54.8 μCi 


( 154 μCi ) ( -0.693 x 14.99 years )  =  58 μCi 



10.66 years


58 μCi – 54.8 μCi  x 100 % = 5.5 %, yes it is acceptable

         58 μCi 
9.
A dose calibrator was to be tested for accuracy on June 1, 1993.  A Co60 source was used.  It was calibrated on March 5, 1991 to contain 80.2 μCi.  Did the instrument meet NRC standards if the current reading was 53.2 μci (Tp = 5.26 yrs)


A = 80.2 μCi e -.693 x 2.25 yrs / 5.26 yrs  = 59.6 μCi


59.6 μCi – 53.2 μCi x 100 % = 10.7 %, no it is not acceptable

      59.6 μCi
10.
A Cs137 (Tp = 30.0 years) source is used to evaluate dose calibrator accuracy.  If the source contained 85.2 μCi on April 15, 1976, and gave a reading of 58.2 μCi on October 14, 1994, did the dose calibrator’s performance meet NRC regulations?

( 85.2 μCi ) ( -.693 x 18.36 years ) 
= 55.8 μCi 




             30.0 years          

 


55.8 μCi – 58.2 μCi x 100 % =  4.3 %, yes 


       55.8 μCi 

Section 3- Dose calibrator geometry and percent error for syringes.

1.
Calculate the percent error due to geometry for a 3 cc syringe

Original activity in vial

94.5 mCi


Remaining activity in vial

71.7 mCi

Actual syringe activity

21.6 mCi

22.8 mCi – 21.6 mCi x 100 % = 5.3 %
    22.8 mCi
2.
Would a correction factor be needed for a 5 cc syringe if the following data were obtained during geometry testing?


Vial before dose: 52.3 mCi; vial after dose: 41.9 mCi; syringe activity:  9.7 mCi.


Expected reading:  52.3 mCi – 41.9 mCi = 10.4 mCi 


% error = 10.4 mCi – 9.7 mCi   = 6.7 % , no



10.4 mCi 


3.
Determine if a correction factor is needed for a 3 cc syringe based on the results of a geometry test.


Vial before dose

67.1 mCi


Vial activity after dose
44.9 mCi


Syringe activity

19.3 mCi


22.2mCi – 19.3 mCi x 100 % = 13 %, correction factor required

         22.2 mCi
4.
Use the following geometry test data to determine if a correction factor is needed.


Vial before dose:  33.8 mCi;  vial after dose:  24.3 mCi; syringe activity: 10.6 mCi.


Expected reading:  33.8 mCi – 24.3 mCi = 9.5 mCi 


% error = 9.5 mCi – 10.6 mCi   x 100 % =  11.5%, correction factor is needed



9.5 mCi 

5.
A dose calibrator is being tested for dependence on geometry.  Would a certain correction factor be needed if a syringe measured 5.5 mCi;  the vial measured 57.6 mCi before the dose was withdrawn and measured 52.3 mCi afterwards?

5.3 mCi – 5.5 mCi x 100 % = 3.8 % no correction factor required


5.3 mCi
6.  
Determine if a correction factor is needed for a 5 cc syringe based on the results of a geometry test.


Vial before dose:  112.3 mCi; vial after dose:  66.7 mCi;  syringe activity:  44.9 mCi


Expected reading:  112.3 mCi – 66.7 mCi  =  45.6 mCi

% error =  45.6 mCi – 44.9 mCi x 100 % = 1.53 %,  no correction is required



45.6 mCi 

Section 4:  Dose calibrator geometry and percent error for volumes
1.
The 4 ml volume is being used as the reference (expected value) for a dose calibrator geometry test.  If the 20 ml volume gives a reading of 2.34 and the 4 ml volume gives a reading of 2.63 mCi, is a correction factor needed when a 20 ml volume is used?



2.63 mCi – 2.34 mCi x 100 % = 11 %, yes 



2.63 mCi
2.
During a dose calibrator geometry test, the 8 ml reference produced a reading of 1.94 mCi and the  6 ml volume produced a reading of 1.89 mCi.  What is the percent error?  Is a correction factor needed?


% error = 1.94 mCi – 1.89 mCi x 100 % = 2.6 %, no



1.94 mCi 

3.
If the 8 ml reference is read as 2.71 mCi and the 16 ml volume is read as 2.60 mCi, will a correction factor be needed when a 16 ml solution is measured in the dose calibrator/

% of error = 2.71 mCi – 2.60 mCi x 100 % = 4 %, no correction factor needed




2.71 mCi
4.
Determine if a 20 ml volume is affected by geometry when measured in the dose calibrator.


10 ml reference:  2.06 mCi;  20 ml solution:  1.84 mCi


% error = 2.06 mCi – 1.84 mCi x 100 =  10.7 %,  percent error is not acceptable




2.06 mCi 

5.
What is the percent error produced when a 2 ml sample is measured in a dose calibrator.  The 8 ml volume is used as the geometry test standard.


8 ml reference:  2.43 mCi

2 ml solution:  2.26 mCi


Percent error = 2.43 mCi – 2.26 mCi X 100% = 7 %, no correction factor required




2.43 mCi

6.
A 16 ml volume produces a reading of 1.69 mCi during a dose calibrator geometry test.  If the reference solution gives a reading of 1.73 mCi, will a correction factor be needed when a 16 ml volume is used?


% error = 1.73 mCi – 1.69 mCi x 100 % =  2.3 %, percent error is acceptable



1.73 mCi 

7.
What is the percent error caused by geometry when an 18 ml volume is measured in a dose calibrator?  The 18 ml volume provides a reading of 2.17 mCi and the 4 ml reference gives a reading of 2.38 mCi.  Is this an acceptable level according to NRC regulations?


Percent error = 2.38 mCi – 2.17 mCi x 100 % = 8.8 %, acceptable level according to NRC regulations




2.38 mCi
8. 
The following data were acquired during a dose calibrator geometry test.  Is a correction factor needed when a 4 ml solution is calibrated? 


8 ml reference:  2.17 mCi;  4 ml solution:  2.30 mCi 


% error = 2.17 mCi – 2.30 mCi x 100 % =  6 %, percent error is acceptable.




2.17 mCi 

Section 5:  Dose calibrator linearity of response and percent error
1.
A decayed source is expected to produce an activity of 37.2 mCi during a dose calibrator linearity test.   The actual reading is 37.6 mCi.  What is the percent error?


 Percent error = 37.2 mCi – 37.6 mCi x 100 % = 1.07 %




37.2 mCi 
2.
A linearity source is expected to produce a reading of 45.3 mCi, but reads 40.1 mCi instead.  What is the percent error?  Will a correction factor be needed?


% of error = 45.3 mCi – 40.1 mCi  x 100 % = 11.47 %, correction factor is needed




45.3 mCi 

3.
If the expected activity of a linearity source is 8.6 mCi and the actual reading is 8.0, what is the percent error?  Will a correction factor be needed?


Percent error = 8.6 mCi – 8.0 mCi  x 100 % = 7 %, no correction needed




8.6 mCi 

4.
Will a correction factor be needed if a linearity source reads 26.1 μCi  as opposed to the expected value of 29.2 μCi ?


% of error = 29.2 μCi  - 26.1 μCi  x  100 % =  10.6 %, correction factor is needed.




29.2 μCi 
5.
The original activity of a linearity source is 45.8 mCi.  What is the percent error of the dose calibrator reading if a reading of 2.74 mCi is obtained at 24 hours.


Expected reading :  2.86 mCi 

Percent error =  2.86 mCi – 2.74 mCi x 100 % =  4.2 % 




2.86 mCi 
6.
If the original acitivity was 53.2 mCi at 8:00 am on Monday and the reading at 8:00 am on Wednesday is 220 μCi, what is the percent error of the linearity reading?


Expected activity = 53.2 mCi e -.693 x 48 hrs/6 hrs = 0.20 mCi  = 208.05 μCi


Percent error of linearity reading = 208.05 μCi – 220 μCi  x 100 % =  5.7 %







208.05 μCi

7.
A linearity source should give a reading of 95.4 μci.  The actual reading is 96.8 μCi.  Is a correction factor needed?


Percent error of linearity reading =  95.4 μCi – 96.8 μci  x 100 % = 1.5 %, no correction factor 






   95.4 μci
8.
The original activity of a linearity source was 45.4 mCi on Tuesday at 10 am.  If the dose calibrator readout for the source is 62.6 μCi at 6 pm on Thursday, is a correction factor needed?


Expected activity = 45.4 mCi e-.693 x 56 hrs/ 6 hrs  = 0.070 mCi = 70.47 μCi

Percent error = 70.47 μCi – 62.6 μCi x 100 % = 11 %, yes a correction factor is needed




70.47 μCi
9.
Is a correction factor needed if a linearity source is 73.6 mCi when first measured on Monday at 9 am and 4.38 mCi on Tuesday at 9 am?

Expected activity = 73.6 mCi e-.693 x 24 hrs/6hrs = 4.6 mCi  


Percent error = 4.6 mCi – 4.38 mCi  x 100 % = 4.8 %, no correction required




4.6 mCi 
