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OPERATING EXPERIENCE

Fol·lowing..the inital .testing,program·::of. measuring..each canister
on the SAMS then the SGSAS the current measurement program was insti-
tuted.  Every tenth canister is measured on both systems and every
canister that measures 20 grams of more on SAMS is also measured on

SGSAS.  Table 3 contains a summary of eight months data.  The
results indicate a small bias between the two systems which we are
working to resolve.

In March 1977 the 133Ba source was relocated to increase the
count rate and imQrove the counting statistics on the SGSAS live time
correction.  Thel,5Se source was replaced to increase the count rate
on the transmission measurement.  The SGSAS was then recalibrated.  The
above changes resulted from an evaluation of our control charts which
indicated a change in dector efficiency of 10 percent during the first
year of operation of the equipment.

New electronics have been ordered for the SAMS unit, an Am
stabil ized 'detector -and ··amplifi·er-  to  'reduce  the"·need "for ·the frequent
manual gain adjustments caused by the wide range of temperatures
experienced in the mine building.

Table 3

No of Total Average Difference
Month Canister SAMS SGSAS Difference per can

January 149. 1651 .4 1693.6 ( 42.2) - .3

February     46 982.0 1008.5 ( 26.5) - .6
March* 174 4572.1 4848.2 (276.1) -1.6

April        53 554.1 558.1 ( 4.0) - .08
May          86 1639.5 1711.1 ( 71.6) - .8
June 138 3562.7 3563.5 ( .8) - .006
July         90 1484.9 1479.6 5.3 + .06
August       53 677.6 640.6 37.0 + .7

8 month
Total 789 15124.3 15503.2 (378.9) -0.48

Excluding
March 615 10552.2 10655.0 (102.8) - .17

*In March the SGSAS was recalibrated following a change of Se source
and repositioning of the Ba source.
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EQUIPMENT

Two gamma-ray measurement systems are being used for measurement
of plutonium in the Z-9 soil canisters: (a) a Sodium-Iodide detector
based system located in the mining building and designated the Soil
Assay 'Moni·tor   System    ('SAMS,)',-· «and·- (b)=-a -sophi,sticated»Germa i,nium-
Lithium detector based system located in the 234-5Z Building and
known as the Segmented Gamma Scan Assay System (SGSAS).

Soil Assay Monitor System

The SAMS was developed and fabricated by the Development Engineer-
ing Department, Atlantic Richfield Hanford Company, to provide a

rapid and precise measurement of the plutonium content in a canister
of soil.  This is done by counting a selected gamma energy span (375 
440 keV) for a preset time period.  The count is then compared to a
cal ibration table determined from standard canisters.    The  SAMS  in-
corporates the following features to insure valid measurement data:

1.  A canister.is placed within,.a 1.ead..shielded ,monitor assembly
during Counting to reduce background count to a very low
level.

2.  The canister is rotated on a turntable during counting to
reduce differences caused by uneven mixing of plutonium in
the soil.

3.  The canister is weighed by a load cell.

Segmented Gamma-Scan Assay System

The SGSAS was fabricated by Canberra Industries and is based on
design work originally performed at the Los Alamos Scientific Laboratory.
The SGSAS has the following componentes:

1.  A Ge(Li) detector is used because of its superior resolution
(e:g.,   at  41.4,.keV...a ..Ge(Lii-)...Wi,11.:ha.ve.:a.,nesolu:tion.,near..1.:4
keV FWHM as compared to a NaI with 40 keV FWHM).

2.  A gamma-ray transmission source, with emission energy close
to that of the peak of interest, is located directly across
from the detector and is attenuated by the presence of ab-
sorbing materials in the sample.  For the assay of plutonium
at 414 keV, a 75Se source (401 keV) is employed.

3.  The sample is rotated to reduce count rate variation due to
inhomogeneity in the radial location of the plutonium.



4.  The detector is vertically collimated with lead bricks to
view only a small, well-defined "slice" of the sample at
any time.  Each segment is treated as a separate counting
sample and all segments are summed to obtain the total assay.

5.  A computer is employed to control the mechanical scan

apparatus, to collect and evaluate all count data from the
assay and transmission peaks, to calculate attenuation cor-

rection factors, assay results, and error terms, and to
prepare the assay report. 2

CALIBRATION

Simulated soil calibration standards were prepared by the CMB-1
group (Analytical Chemistry) of the Los Alamos Scientific Laboratory,
using specifications provided by Atlantic Richfield Hanford Company
and based on Research and Development Department analysis of 216-Z-9
covered trench soil samples.  The following itandards were prepared
using-Atl.antic.Richf.iel.d..Hanford*Company.-:furnished  .sand.,:plastic. bags,
and metal containers.             -

Table 1 - Plutonium Contents of NDA Standards

Standard Pu Content *
234-N-1-6 1.002  f.002
234-N-2-6 1.997 .004
234-N-4-6 3.976  .009
234-N-11-6 10.57 .023
234-N-40-6 40.18 · .088
234-N-160-6 160.2 .35

* Americium content of the plutonium adjusted
to 2200 ppm as of August 4, 1975.  Pu-240
atom percent calculated to be 5.95 + .05    1
as of July 24, 1915.   All f values given at i

,·the„2a   level ··and   incl:ude ·.bo,th =sys,tematic            1
and random errors.



CALIBRATION AND INSTRUMENT CONTROLS

SAMS

,;[b-e :ga.·in..i.s,„adj,us:ted..,;into  .a- ·prese,l'ected ..range«,of .,pesponses
to a "pulser standard".  This standard is used on a routine basis
to varify that no shift has occured.  The LASL standards were used to
calibrate the system by making a background count, then a count
of the pulser standard then counting one of the LASL standards then
a background and repeating the above steps until all six of the
standards had been counted five times.  The LASL standards were selected
in a random order for this program.  The resulting data was fit to a
line using a least squares calculation and a calibration table wasthen written for direct conversion of counts per sample to grams Pu.

SGSAS

..    A standard from another program was used to provide a plutoniumspectra for initialization of the system, and an emptycanister was·used -to-set the -background»-transmission value.   The EASL stand riswere then analysed.  Five measurements on each of the six standards
were used for the inital calibration.  Again the standards were mea-sured in a random order.  The calibration factor is undergoing a dailyupdate as a result of the instrument control program. 3  Each day
one of three standards is analysed.  If the standard is within limitsthe old calibration factor is combined with the new results on a
weighted basis for the days work.  If the standard is outside theset limits a second standard-is analysed, then a third.  If two ofthe three standards are out of their preselected range the instrument
is taken from service until it is recalibrated. If two of the three
are in, the results of those two standards are used to determine the
new factor and work progresses.  All measurements are recorded into adata base to evaluate the limits placed on the standards.

COMPENSATION FOR SAMPLE DENSITY

Following the first 16 mined canisters a 25 percent bias betweentbe two systems was noted.  It was predicted in the beginning of theproject that a bias in the systems would be found if there was a signi-
ficant difference in density between the standards and the samples.This is to be expected since the SGSAS has means to compensate forvarious sample densities but the SAMS does not. 5

As a result of the discovery of a bias, the following system forcorrecting the SAMS measurement for the denlity difference between
the standards and samples was developed:

A



T, or transmission, is the fraction of gamma-rays from a source
which pass through the sample with no change in energy or direction.
With the proper choice of gamma source (i.e., 75Se at 401 keV) the

transmission measurement is a good estimate of the matrix attenuation
of the plutonium gamma rays being emitted and can be used to develop
correction factors for assay purposes,   using   €ha  fol«lowing   form:

CF = k ln T where k is a geometrical constant
Tk-1 of value  0.82 for cylindrical objects

Transmission measurements are not performed on canisters of Z-9 soil
at the mining site itself, therefore it was necessary to develop a

correction factor utilizing a physical property of the sample package
which could be easily measured in the field.  The transmission property
of a package can be predicted if the following information is avail-
able, or can be measured:

o mass attenuation coefficient, 0, of the
material

o.:dens'ity,·.p
o diameter of package, D

T is then calculated using the relationship T=e -P.P.D or ln T=V.P.D

D, the diameter, is a constant and was measured at 19.69 centimeters.

Unfortunately, the mass attenuation coefficient, which is energy-
specific, is also specific for the average Z of the material to be
measured.  The composition of Z-9 sand is too varied with respect to
material composition to make more than a rough guess as to what the
mass attenuation coefficient should be. It has been assumed however,
to be constant throughout the crib soil.

Transmission measurements were performed on the first sixteen
canisters of mined soil and the soil volume was fixed at 9.08 liters
by specifying the fill height of soil in each canister.  Weighing
the canister during the SAMS measurement provided the final datum
necessary to calculate 'the average  -soil »density  in' each  can.

Of tbe above terms, the transmission and the density would be
expected to vary from canister to canister and u.D is the  slope of
the line relating the two.  A plot of -ln T versus density was

constructed using the initial sixteen data points and a least-squares
slope and intercept were calculated.  The linear correlation coefficient
was 0.94, indicating a reasonably good fit to the line by the experi-
mental points.

This least-squares relationship could now be used to predict the
average transmission (and hence, the correction factor) for a
canister of Z-9 soil from a measurement of its density.  Futhermore,
the transmission could be predicted from the canister net weight
since the volume of soil was held constant.  Attenuation correction
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factors were calculated for all experimental canisters, using the weight
and volume measurements to calculate T, and then using this T to calcu-

late CF.  Density, transmission, and CF values were also calculated for
the--40 gram simul·ated -soi'1.-·standard.

Since the original calibration chart prepared for the SAMS was

constructed using measurements of the simulated soil stnadards, it
is obvious that a certain amount of correction factor is "built-in".
Therefore, it was only necessary to determine the ratio of correction
factors between the mined soil and the simulated soil standard.  A
table of such ratio-factors was constructed to cover the full range of
expected canister weights (i.e., densities) and they range from 0.62
to 1.02.

Table 2  is an illustration of the effect-of the correction factor
applied to a range of canisters.

Table 2

COMPARATIVE ASSAY   RESULTS:  'ORIGINAL -AND CORRECTED
SAMS -VS- SGSAS

SAMS
SAMS Corrected SGSAS Difference

Sample gms PU FACTOR gms Pu gms Pu gms Pu

1        59 .724 42.7 42.1 + 0.6
3        68 .640 43.5 45.3 - 1.8
4        88 .633 55.7 59.6 - 3.9
5        72 .718 51.7 51.2 + 0.5
6        49 .763 37.4 39-0 - 1.6
7        35 .731 25.6 23.4 + 2.2
8        79 .659 52.1 51.9 + 0.2
9        54 .724 39.1 38.3 + 0.8

10        53 .727 38.5 35.8 4 2.7

11        48 .7.20
-

34.6 33.2 + 1.4
12 31.5 .849 26.7 22.5 * 4.2

13        43 .731 31.4 30.5 + 0.9
14 25.5 .798 20.3 18.5 + 1.8
15        23 .845 19.4 18.4 + 1.0
16        54 .672 36-3 36.6 - 0.3

17        44 .686 30.2 32.0 - 1.8
Total                · 585.2 578.3 + 6.9

18** 25.5 .769 19.6 21.3 - 1.7
19

-
6.1 .874 5-3 4.5 + 0.8

20        21 . .823 17.3 16.1 + 1.2
21 1.8 .769 1.4 2.3 - 0.9
22        31 .798 24.7 24.5 + 0.2
23 15.2 .841 12.8 12.8          0

Total 81-.1 81.5 - 0.4
*  Rock canister: material not passing through  1 " screen
** Samples 18-23: Canisters measured after correction factor table

in use
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OPERATING EXPERIENCE

Fol·l.ewing  the ·i,nital test,i·ng program:of -measuri:ng ·-each -canister
on the SAMS then the SGSAS the current measurement program was insti-

tuted.  Every tenth canister is measured on both systems and every
canister that measures 20 grams of more on SAMS is also measured on

SGSAS.  Table 3 contains a summary of eight months data.  The
results indicate a small bias between the two systems which we are
working to resolve.

In March 1977 the 1338a source was relocated to increase the
count rate and imerove the counting statistics on the SGSAS live time
correction.  Thel/5Se source was replaced to increase,the count rate
on the transmission measurement. The SGSAS was then recalibrated. The
above changes resulted from an evaluation of our control charts which
indicated a change in dector efficiency of 10 percent during the first

year of operation of the equipment.
New electronics have been ordered for the SAMS unit, an Am

stabil'ized- 'detector  -and 'ampl·ifi·er   to   reduce'the   need   for the -frequent
manual gain adjustments caused by the wide range of temperatures
experienced in the mine building.

Tabl e  3

No of Total Average Difference
Month Canister SAMS SGSAS Difference per can

January 149 1651.4 1693.6 ( 42.2) - .3

February 46 982.0 1008.5 ( 26.5) - .6
March* 174 4572.1 4848.2 (276.1) -1.6

April         53 554.1 558.1 ( 4.0) -·  . 08

May          86 1639.5 1711.1 ( 71.6) - .8
June 138 3562.7 3563.5 ( .8) - .006
July         90 1484.9 1479.6 5.3 + .06
August       53 677.6 640.6 37.0 + .7

8 month
Total 789 15124.3 15503.2 (378.9) -0.48

Excluding
March .615 10552.2 10655.0 (102.8) - .17

*In March the SGSAS was recalibrated following a change of Se source
and repositioning of the Ba source.
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NONDESTRUCTIVE ANALYSIS OF
PLUTONIUM CONTAMINATED SOIL
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ABSTRACT

·Plutonium  "contami.nated.,soil  .fs. currently.be,ing·,removed.-·from
a covered liquid waste disposal trench near the Pu Processing facility
on the Hanford Project.  This soil with the plutonium is being mined
using remote techniques and equipment.  The mined soil is being pack-
aged for placement into retrievable storage, pending possible recovery.

To meet the requirements of criticality safety and materials

accountability, a nondestructive analysis program has been developed
to determine the quantity of plutonium in each packing-storage
container.  This paper describes the total measurement program;

equipment systems, calibration techniques, matrix assumption, instru-
ment control program and a review of laboratory operating experience.

INTRODUCTION

During the period July, 1955 to June, 1962, plutonium-contaminated
liquid wastes, generated during the recovery of plutonium from scrap
materi'als,' were di scharged 'to "the '21'64=9«Enc-1 osed 'Trench'.   -'Best
estimates indicated that the plutonium content of the trench soil
was in the range of 26 to 69 kilograms, virtually all present in
the top 25 centimeters of soil.

Plans to mine the top 25 centimeters of trench soil were
initiated in ·1972. A design criteria for the facilities and equipment
necessary to mine this plutonium contaminated soil, package it for
containment, andlnondestructively assay for plutonium content was
provided in 1973.

-



EQUIPMENT

Two gamma-ray measurement systems are being used for measurement
of plutonium in the Z-9 soil canisters: (a) a Sodium-Iodide detector
based system located in the mining building and designated the Soil

»Assay Moni,tor System<.('SAMS), :and·  (ab) -a  sophisticated ·Germai,ni·um-
Lithium detector based system located in the 234-5Z Building and
known as the Segmented Gamma Scan Assay System (SGSAS).

Soil Assay Monitor System

The SAMS was developed and fabricated by the Development Engineer-
ing Department, Atlantic Richfield Hanford Company, to provide a

rapid and precise measurement of the plutonium content in a canister
of soil.  This is done by counting a selected gamma energy span (375-
440 keV) for a preset time period.  The count is then compared to a
calibration table determined from standard canisters.  The SAMS in-
corporates the following features to insure valid measurement data:

1.  A canister is plo,qed within a l,ead shielded monitor assembly
during counting to reduce background count to a very low
level.

2.  The canister is rotated on a turntable during counting to
reduce differences caused by uneven mixing of plptonium in
the soil.

3.  The canister is weighed by a load cell.,

Segmented Gamma-Scan Assay System

The SGSAS was fabricated by Canberra Industries and is based on
design work originally performed at the Los Alamos Scientific Laboratory.
The SGSAS has the following componentes:

1.  A Ge(Li) detector is used because of its superior resolution.
(e.,g..., .at .4,1.4 .keV..a .Ge(Li ) wi 1.1. ha,ve -a -reso],u.tiont.near 1..4
keV FWHM as compared to a NaI with 40 keV FWHM).

2.  A gamma-ray transmission source, with emission energy close
to that of the peak of interest, is located directly across

from the detector and is attenuated by the presence of ab-
sorbing materials in the sample.  For the assay of plutonium
at 414 keV, a 75Se source (401 keV) is employed.

3.  The sample is rotated to reduce count rate variation due to
inhomogeneity in the radial location of the plutonium.



4.  The detector·is vertically collimated with lead bricks to
view only a small, well-defined "slice" of the sample at
any time.  Each segment is treated as a separate counting
sample and all segments are summed to obtain the total assay.

5.  A computer is employed to control the mechanical scan

apparatus, to collect and evaluate all count data from the
assay and transmission peaks, to calculate attenuation cor-

rection factors, assay results, and error terms, and to
prepare the assay report. 2

CALIBRATION

-                     Simulated soil calibration standards were prepared by the CMB-1

group (Analytical Chemistry) of the Los Alamos Scientific Laboratory,

using specifications provided by Atlantic Richfield Hanford Company

and based on Research and Development Department analysis of 216-Z-9

covered trench soil samples.  The following Standards were prepared

.using -Atlantic  Richfield,Hanford.:Companyz·furnished.,sand,,.plasti:c  bags,
and metal containers.

Table 1 - Plutonium Contents of NDA Standards

Standard Pu Content *
234-N-1-6 1.002 i.002
234-N-2-6 1.997 .004
234-N-4-6 3.976 .009

234-N-11-6 10.57 .023
234-N-40-6 40.18 · .088
234-N-160-6 160.2 .35

* Americium content of the plutonium adjusted I
to 2200 ppm as of August 4, 1975.  Pu-240

atom percent calculated to be 5.95 i .05
as of July 24, 1915.   All f values given at I
the 2a level and-«include-both systemati·c       I
and random errors.



CALIBRATION AND INSTRUMENT CONTROLS

SAMS

The :gain .i.s .adj.usted into..a ..preselected -nange..of.,nesponses
to a "pulser standard".  This standard is used on a routine basis
to varify that no shift has occured.  The LASL standards were used to
calibrate the system by making a background count, then a count
of the pulser standard then counting one of the LASL standards then
a background and repeating the above steps until all six of the
standards had been counted five times.  The LASL standards were selected
in a random order for this program.  The resulting data was fit to a
line using a least squares calculation and a calibration table wasthen written for direct conversion of counts per sample to grams Pu.

SGSAS

..    A standard from another program was used to provide a plutonium
spectra for initialization of the system, and an empty canister wasused +to"set "the 'backgrou·nd transmi-s-sion value.    The  LASL  s"tandards
were then analysed.  Five measurements on each of the six standards
were used for the inital calibration.  Again the standards were mea-
sured in a random order.  The calibration factor is undergoing a dailyupdate as a result of the instrument control program. 3  Each day
one of three standards is analysed.  If the standard is within limitsthe old calibration factor is combined with the new results on a
weighted basis for the days work.  If the standard is outside the
set limits a second standard-is analysed, then a third.  If two ofthe three standards are out of their preselected range the instrument
is taken from service until it is recalibrated.  If two of the three
are in, the results of those two standards are used to determine the
new factor and work progresses.  All measurements are recorded into a
data base to evaluate the limits placed on the standards.

COMPENSATION FOR SAMPLE DENSITY

Foll'owi'ng the first 16 mined canisters a 25 percent bias betweenthe two systems was noted.  It was predicted in the beginning of the
project that a bias in the systems would be found if there was a signi-
ficant difference in density between the standards and the samples.This is to be expected since the SGSAS has means to compensate forvarious sample densities but the SAMS does not. 5

As a result of the discovery of a bias, the following system forcorrecting the SAMS measurement for the denlity difference between
the standards and samples was developed:

4



T, or transmission, is the fraction of gamma-rays from a source
which pass through the sample with no change in energy or direction.
With the proper choice of gamma source (i.e., 75Se at 401 keV) the

transmission measurement is a good estimate of the matrix attenuation
of the plutonium .gamma rays being emitted ahd can be used to develop
correction factorsfor assay purposes, using  the  fdllowing form: 5

CF = k ln T where k is a geometrical constant
Tk-1 of value  0.82 for cylindrical objects

Transmission measurements are not performed on canisters of Z-9 soil
at the mining site itself, therefore it was necessary to develop a

correction factor utilizing a physical property of the sample package
which could be easily measured in the field.  The transmission property
of a package can be predicted if the following information is avail-
able, or can be measured:

o mass attenuation coefficient, U, of the
material

·o·.density, .p
o diameter of package, D

T is then calculated using the relationship T=e -P or ln T=W.P.D.P.D

D, the diameter, is a constant and was measured at 19.69 centimeters.

Unfortunately, the mass attenuation coefficient, which is energy-
specific, is also specific for the average Z of the material to be
measured.  The composition of Z-9 sand is too varied with respect to
material composition to make more than a rough guess as to what the
mass attenuation coefficient should be. It has been assumed however,
to be constant throughout the crib soil.

Transmission measurements were performed on the first sixteen
canisters of mined soil and the soil volume was fixed at 9.08 liters
by specifying the fill height of soil in each canister.  Weighing
the canister during the SAMS measurement provided the final datum
necessary to calcul'ate the' average soil .density  in.e-adh'™can.

Of the above tenms, the transmission and the density would be
expected to vary from canister to canister and V.D is the slope of
the line relating the two.  A plot of -ln T versus density was
constructed using the initial sixteen data points and a least-squares
slope and intercept were calculated.  The linear correlation coefficient
was 0.94, indicating a reasonably good fit to the line by the experi-
mental points.

This least-squares relationship could now be used to predict the
average transmission (and hence, the correction factor) for a
canister of Z-9 soil from a measurement of its density.  Futhermore,
the transmission could be predicted from the canister net weight
since the volume of soil was held constant.  Attenuation correction



.

factors were calculated for all experimental canisters, using the weight
and volume measurements to calculate T, and then using this T to calcu-
late CF.  Density, transmission, and CF values were also calculated for
the   40   gram'  simul,ated=soil--standard,.

Since the original calibration chart prepared for the SAMS was

constructed using measurements of the simulated soil stnadards, it
is obvious that a certain amount of correction factor is "built-in".
Therefore, it was only necessary to determine the ratio of correction
factors between the mined soil and the simulated soil standard.  A
table of such ratio-factors was constructed to cover the full range of
expected canister weights (i.e., densities) and they range from 0.62
to 1.02.

Table 2  is an illustration of the effect-of the correction factor
applied to a range of canisters.

Table 2
COMPARATIVE ASSAY -RESULTS: ORIGINAL AND -CORRECTED

SAMS -VS- SGSAS

SAMS
SAMS Corrected SGSAS Difference

Sample gms PU FACTOR gms Pu gms Pu gms Pu

1        59 .724 42.7 42.1 + 0.6
3        68 .640 43.5 45.3 - 1.8
4        88 .633 55.7 59.6 - 3.9 .

5        72 .718 51.7 51.2 + 0.5
6        49 .763 37.4 39.0 - 1.6
7        35 .731 25.6 23.4 + 2.2
8        79 .659 52.1 51.9 + 0.2
'9        54 .724 39.1 38.3 + 0.8
10        53 .727 38.5 35.8 4 2.7

11        48 .720
-

34.6 33.2 + 1.4
12 31.5 .849 '26.7 -22.5 + 4-2

13        43 .731 31.4 30.5 + 0.9
14 25-5 .798 20.3 18.5 + 1.8
15        23 .845 19.4 18.4 + 1.0
16        54 .672 36.3 36-6 - 0.3

17        44 .686 30.2 32.0 - 1.8
Total 585.2 578.3 + 6.9

18** 25.5 .769 19.6 21.3 - 1.7
19

-
6.1 .874 5.3 4.5 + 0.8

20        21 . .823 17.3 16.1 +1.2
21 1-8 .769 1.4 2.3 - 0.9
22        31 .798 24.7 24.5 + 0.2
23 15.2 .841 12.8 12.8           0

Total 81-.1 81.5 - 0.4
*  Rock canister: material not passing through  1 " screen
** Samples 18-23: Canisters measured after correction factor table

in use


