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ABSTRACT 

The hardware, software, and a protocol have been developed for the screening of lead bricks 
being considered for free release or recycle from the Idaho National Engineering Laboratory. 
The procedure for measuring the background from a sampling of "clean" lead bricks and for 
deducing the decision limits (in pCi/g) have been developed. At the decision limit, a radioactive 
lead brick would be detected with 95% confidence if it were present. The total and peak 
efficiencies of a 2.54-cm diameter x 2.54-cm high NaI(Tl) scintillation detector for the counting 
geometry of the present study were measured with a mixed radionuclide standard and calculated 
with a Monte Carlo program, CYLTRAN. The deduced decision limit for the counting 
conditions of the present study were 0.0588 pCi/g by analyzing the entire spectrum and 
0.256 pCi/g by analyzing the 661-keV peak region for a 900-second count 
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Volumetric Radioassay of Lead Bricks 
Being Considered for Unrestricted Release 

1. INTRODUCTION 

Due to a DOE-imposed Hazardous Waste Shipping Moratorium1 and the radiological criteria 
listed in the DOE Radiological Controls Manual,2 hazardous materials such as lead must not 
contain volumetric contamination if they are to be unconditionally released. This report presents 
a proposed radioassay system and analysis method for verifying that lead is not volume 
contaminated, and provides results of associated testing and modeling of that system. 

A Draft Company Standard Procedure,3 "Hazardous Material Controls In Radioactive 
Material Management Areas," has been developed by EG&G Idaho, which details acceptable 
analysis techniques and methods for establishing a background envelope in support of the no-rad-
added standard. This report adapts the approved analysis techniques specifically to lead bricks by 
defining a background envelope, and a hardware and software configuration, and demonstrates 
that the proposed radioassay system and procedure can achieve the required sensitivity. 
Reference 3 has been reproduced in Appendix A for the convenience of the user of this protocol. 

The criteria and definitions for this procedure are derived from the "Performance Objective 
for Certification of Nonradioactive Hazardous Waste."1 Only materials that were received as 
nonradioactive and have had no radioactivity added by operations at the Idaho National 
Engineering Laboratory (INEL) can be recycled or disposed as hazardous waste. Any exposure of 
materials and equipment to radiation or radioactive contamination that has occurred while at the 
INEL is documented by the use of Form EG&G-1075; this form is used for all hazardous items 
that are eligible for eventual shipment to a commercial treatment, storage, or disposal facility or 
recycling facility prior to shipment to the Idaho Hazardous Waste Storage Facility. 

Any item that cannot be certified by process knowledge as "not radiologically contaminated" 
must be analyzed using an approved analysis process, appropriate for the radionuclides of concern 
as identified on the EG&G-1075 form, which is included in Reference 3 (Appendix A of this 
report). Analysis techniques that have been approved as part of the conditions for lifting the 
Hazardous Waste Shipping Moratorium are listed in Appendix IH of Appendix A. These 
approved procedures do not presently include a specific analysis for lead bricks. 

The investigation reported herein demonstrates the applicability of the proposed experimental 
equipment and analysis method to the assay of lead bricks and reports achievement of a sensitivity 
below 1 pCi per gram of lead. This demonstrates the sufficiency of the experimental 
configuration and radioassay method for screening lead bricks for unrestricted release and recycle. 
The present method is based upon acceptable analysis techniques specified in Appendix IV of 
Reference 2 that are applied for the efficient assay of lead bricks for volumetric radioactive 
contamination. The present study is a follow-up on the work presented in Engineering Design 
File (EDF) WROC-EDF-237, which proposes free release criteria for INEL lead.4 
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2. BACKGROUND 
Most lead obtained for use at the INEL had no radiological profiles specified nor were any 

radiological measurements performed upon receipt of the lead. Hence, no baseline information is 
available. Based upon the study reported in EDF WROC-EDF-237,4 the lead at the INEL can 
be considered similar to what is called "secondary" lead (i.e., recycled at least once). 

To establish a statistically significant radiological distribution profile, 20 samples of secondary 
lead were obtained from RSR Corporation. This company operated the DOE Lead Bank during 
most of the time a lead contract was in place and provided lead samples from 20 different recycle 
lots for the study reported in Reference 4. These samples are from approximately 5,600,000 lb of 
lead extending over a period of 3 to 4 years. The samples received from RSR Corporation were 
disk-shaped and measured 6.35 cm in diameter by 1.27 cm in thickness. The INEL Central 
Facilities Area Machine Shop produced —100 mL of shavings from each lead disk to serve as a 
sample for radiological analysis. 

High-resolution a, p, and y radiological analyses were performed on these 20 samples of lead 
from the secondary lead market. No measurable radioactivity at a lower limit of detection of 
—10 pCi/g was found except for the presence of 2 1 0 Pb, a naturally occurring radionuclide with a 
22.3-year half-life that p decays and emits a 46-keV y ray. Hence, for the purposes of developing 
a safe radiological free-release activity concentration, lead can be considered to be a pristine 
material down to at least ~10 pCi/g of 2 1 0 Pb, with essentially no detectable radiological content 
with the detector system used in the present study since its sensitivity for p particles and low-
energy y rays is poor. Therefore, any radiation detected from within the lead brick itself will be 
regarded as "rad added" and eliminated from unrestricted release for recycle/reuse. 
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3. EXPERIMENTAL DESCRIPTION 

3.1 Sample Preparation and Experimental Arrangement 

Ten "clean" lead bricks were machined to have bottom holes (3.334 cm in diameter by 
3.810 cm deep) that permit monitoring of a portion of the interior of the brick. The size and 
depth of the hole was chosen so that no potential surface contamination could be directly 
observed when a small (2.54 cm in diameter by 2.54 cm high) NaI(Tl) scintillation detector was 
placed within the hole. Any surface radiation would be attenuated by at least 1.27 cm of lead. A 
machined lead shield covered the scintillation detector to reduce exposure of the detector to the 
ambient background. Figure 1 is a picture of the experimental arrangement with the shielded 
NaI(Tl) scintillation detector in the hole of the lead brick. The additional shielding provided by 
the upright bricks on each side of the brick to be counted were not used during the 
measurements acquired for the present study but may be desirable to further reduce the 
background when operating in a facility with a higher ambient background. Figure 2 is a drawing 
of the lead brick in its shielding configuration with the NaI(Tl) detector in the counting position. 

Detailed procedures were developed for operation of a Nomad8 Nal(Tl) scintillation 
spectrometer; these included initial setup, calibration of the Nal(Tl) spectrometer, counting the 
machined lead bricks, and analyzing and archiving the spectral data. The high-voltage setting for 
the NaI(Tl) spectrometer recommended by the manufacturer was used for all of the 
measurements. A plateau curve was measured to confirm the manufacturer's measured curve and 
to determine the optimum bias. The plateau curve measured in this study is shown in Figure 3. 
The high-voltage bias should be set approximately 50 V above the knee of the curve as shown. 
The threshold is set just above the electronic noise. 

The ten machined lead bricks were sequentially counted for 900 seconds; then each brick was 
removed and replaced by another until 100 counts (10 counts of each brick) were acquired. The 
900-second count times-were chosen as a tradeoff between sensitivity and maximum acceptable 
time to count one brick. From the analyzed data, this choice of count time achieved a decision 
limit sensitivity of < 1.0 pCi/g for potential volumetric radioactive contamination. The procedures 
used are listed in Appendix C of this report. 

To verify that the gain and zero was stable and that the detector was always operating at the 
same position on the plateau curve, a (10.2 ± 0.5) nCi 1 3 7Cs source 4 mm in diameter was 
mounted on a stainless steel disk 2.54 cm in diameter by 0.051 cm thick. This source was counted 
after every fifth brick count for a 900-second live time. A spectrum is shown in Figure 4. The 
stroug lowest-energy peak is from the Ba K x-rays (32 keV) emitted in the decay of 1 3 7 Cs 
(actually emitted in the decay of 2.55 minutes 1 3 7 m Ba). The next low-energy peak is from the K 
x-rays of lead (75 keV) due to the x-ray fluorescence of the lead brick. The channels in the 
region of interest selected for the 661-keV peak were checked by the calibration count to ensure 
that the entire 661-keV peak was being integrated for gross and net counts, and that the number 
of counts in the gross area of the 661-keV peak remained the same, within statistical fluctuations. 
The gross and net areas provided a check on the detector total and peak efficiency, respectively. 

a. Nomad is a registered trademark of EG&G Ortec. 
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Figure 1. Experimental arrangement showing the lead-brick configuration with the brick to be counted marked with a piece of white tape. 
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Figure 2. Drawing of the lead brick under test with the lead shielding surrounding it and the 
NaI(Tl) detector. Dimensions are in centimeters. 
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Repeatability of the position of the 661-keV peak also provided a check that the high-voltage bias 
on the scintillation detector was stable. 

A spectrum of an uncontaminated lead brick counted for 900 seconds is shown in Figure 5. A 
departure from this uninteresting and featureless spectrum is an indication that either a brick is 
radioactively contaminated or that the noise level has exceeded the lower-level discriminator (see 
lowest spectral channels for exponentially decreasing counts due to noise). All spectra were 
labeled and stored on disk. At the end of each day or a series of measurements, the spectra were 
archived by coping them to a floppy disk. 

To establish the adequacy of the experimental arrangement shown in Figure 1, an additional 
lead brick was set upright on each side of the experimental arrangement where the lead thickness 
is the least, as shown in Figures 1 and 6. Additional measurements with this arrangement 
demonstrated a small decrease (—5%) in the total spectral background. This decrease in 
background count rate did not justify the movement of additional bricks during the measurements 
taken for this report. However, these additional bricks, and maybe others, may be justified when 
data are being acquired in an area with a higher ambient background than encountered in these 
measurements (~1 s"1). 

3.2 Data Acquisition and Analysis 

The data were accumulated with a Nomad multichannel analyzer configured with a 1,024-
channel conversion gain. Each spectrum was saved and analyzed using the EG&G Ortec analysis 
program, MAESTRO.5 The total spectrum was integrated by summing the counts, Q, in 
channel i over a region of interest extending from —10 keV to —2,850 keV as indicated by 
Equation (1). The 661-keV peak region was integrated by using the region-of-interest capability 
of MAESTRO and by recording the gross, Ag, and net, A„, counts in the peak areas. The 
uncertainty in the gross integrated spectral counts, s , is simply the square root of the integrated 
counts as indicated by Equation (2). The formulas used by MAESTRO to calculate the gross 
area and its uncertainties are: 

A g = £ C , (1) 

i=L 

sg = ftZcT) (2) 

The net peak area, A„p, as calculated by the MAESTRO software, and its uncertainty, s are: 

A / f q - B < H - L - 5 > (3) 
^ P i £ s ! (H-L + l ) 

L+2 H 
B = ( £ c i + ^ c ^ i l ^ H ) (4) 

i-L i=H-2 O 
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Figure 6. Drawing of the lead brick under test with an additional brick added to each side to 
further reduce the background. Dimensions are in centimeters. 
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s, np 
'ff q + (Hzkl) (HzL ĵ B (5) 

\ i-L+3 O H - L + l 

where 

B = background area 

C; = number of counts in channel i 

L = region-of-interest lower limit 

H = region-of-interest upper limit. 
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4. RESULTS AND STATISTICAL ANALYSIS 

After 100 counts were obtained, each of the 10 lead bricks were counted 10 times, an average 
was taken of the integrated spectral counts, A(t) , (from 11 keV to 2861 keV), and the integrated 
counts were obtained in the 661-keV region, A(p)g. The averages with their standard deviation 
are A(t) = 966 ± 36 counts, and A(p)g = 70 ± 10 counts, respectively. The individual 
measurements and their averages of the integrated spectral counts for each brick are given in 
Table 1 to demonstrate that each numbered brick gave results that were statistically the same as 
those from all bricks [A(t) above]. The purpose of these measurements is to deduce a decision 
limit, as defined by L. A. Currie,6 and specified in Appendix IV of Reference 3 (see Appendix A 
of this report). The deduced decision limit applies strictly for detecting 1 3 7 Cs contamination in 
the interior of a lead brick but may be extended within limits to other y-ray emitting radionuclides 
as discussed in Section 6. 

As stated in Appendix IV of Reference 3, criteria for establishing a decision limit are satisfied 
"...if the measurement standard deviation, sm, for the nuclide combination of interest is less than 
0.6 of the background envelope Eg (discussed in Appendix V of Reference 3), where Eg is a set 
of survey specific values proportional to activity that bound those present in virgin material.b 

The decision level L d , c which shall be taken as the larger of E B and 1.65sm, will then be E B . 
From the studies reported in Reference 3, E B is essentially zero (i.e., the counts recorded are not 
from radiation emitted by the brick). Therefore, the decision limit is determined from the 
measurement uncertainty. Thus, the confidence of not declaring a radioactive item clean 
(generating a false negative) is 5% at A = L d - 1.65sm (nearly zero), 50% at A = L d (the 
background envelope), and 95% at A = L d + 1.65sm (less than twice the background envelope)." 

The decision limits in units of 1 3 7 Cs activity for the present experimental configuration and 
method was calculated for a NaI(Tl) detector 2.54 cm in diameter by 2.54 cm high and a lead 
brick sample using a total efficiency and a 661-keV peak efficiency modeled with the Monte 
Carlo y and electron transport code, CYLTRAN.7 This was done to demonstrate that the 
equipment in the experimental arrangement provided meets a concentration-based sensitivity 
requirement4 The calculated decision limits for 95% confidence for the integrated spectrum are: 

Ld(Bq) = [1.65i/A(t)g]/(T)(et)(Py) = 8.41 Bq (227.4 pCi) (6) 

where 

v'A(t) = s = 7966 for the gross spectral counts. 

b. The background envelope value, E B , shall be established as the product of the geometric mean 
and the geometric standard deviation s g of the distribution of activities in samples of the virgin 
material raised to the 1.65 power. Thus, the confidence of not declaring a virgin item radioactive 
(generating a false positive) assuming a measurement without uncertainty is about 95%. 

c. The decision limit is the level at which a true signal can be detected with 95% confidence. 
However, L. A. Currie uses the symbol L c to define the decision limit and L d to define lower limit 
of detection. In this report, the lower limit of detection will be represented by the symbol Lp. 
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Table 1. Individual averages of total and peak counts for the 10 counts taken of each lead brick. 
The grand average and its standard deviation for all 100 counts (10 counts of each of the 10 
bricks) is 966 ± 36. 

Brick 1 Brick 2 Brick 3 Brick 4 Brick 5 Brick 6 Brick 7 Brick 8 Brick 9 Brick 10 

1,035 1,041 1,010 1,026 961 955 928 945 955 962 
1,024 941 907 962 933 941 964 910 951 970 
976 1,013 939 994 948 969 896, . 955 966 1,020 
992 1,013 1,049 960 982 938 945 935 998 997 

1,001 945 974 1,017 998 965 944 1,012 966 931 
1,019 1,006 964 919 953 882 951 949 959 979 
999 932 910 947 973 890 952 967 942 978 

1,058 986 928 932 985 944 999 930 1,003 973 
961 971 992 956 915 911 1,014 1,016 974 954 
977 971 1,001 952 945 971 955 926 928 958 

Average: Average: Average: Average: Average: Average: Average: Average: Average: Average: 
1,004 ±30 982 ± 36 967 ±47 966 ± 35 959 ±26 937 ± 32 955 ± 33 954 ±35 964 ± 23 972 ± 24 

The calculated decision limits for 95% confidence for the peak area are: 

Ld(Bq) = [1.65snp]/(T)(6p)(PY) = 33.02 Bq (892.5 pCi) (7) 

where 

A(t) g = average of the 100 gross integrated spectral counts 

o n p = measurement uncertainty in the peak area 

P y = y-tay emission probability 

e t = 0.797% = total efficiency 

e p = 0.145% = peak efficiency. 

The measurement uncertainty, s n p , for the peak area can be simplified from Equation (5) 
above by assuming that the Cj's are approximately equal. This yields: 

s n n = 22.2 counts/1 

d. For the present measurements of the 661-keV peak H-L = 52, and the average counts in 
channel i is Cj = 1.23 in the peak and background regions. 
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These equations assume that 2:70 counts have been collected in the energy region of interest.6 

The determination of the total and peak efficiencies is described in Section 5 with details of the 
calculation given in Appendix B. 

To determine the decision limit as an activity concentration, Lc(Bq/g), the activity decision 
limit is divided by the mass of the lead included in the Monte Carlo model. From the modeled 
geometry shown in Figure 7 and the density of lead (11.9 g/cm3), the mass of the lead in the 
modeled geometry is calculated to be 4,505.7 g. 

A second method, advocated by T. L. Rucker,8 was used to deduce the decision limit with 
95% confidence for the total 1 3 7 Cs spectrum and for its 661-keV peak area. Since the counting 
uncertainty may only be a portion of the total random uncertainty for many radiological analyses, 
the best way to obtain an estimate of o 0 (global standard deviation) is to analyze a number of 
blanks and determine the sample's standard deviation, s0. For the present case, s g = 36 counts 
= s 0 for standard deviation of the mean for the integrated spectral counts, A(t)g, and s = 10 
counts = s 0 for the standard deviation of the mean of the gross counts in the 661-keV peak 
region, A(p)g. If these estimates of o 0 are to be used, then a t factor from the "Student's t Table" 
(included as Appendix D) should be used in place of the k factor used by Currie. Note: The t 
factor is found in the table in Appendix D at the intersection of the degrees of freedom, n, and 
the desired probability of making a correct decision (95%). The degrees of freedom value is 
equal to one less than the number of counts acquired of the "clean" bricks. If the statistical 
uncertainty in the counts is the only random uncertainty, the Rucker and Currie methods should 
yield the same result. A larger Rucker decision limit value indicates additional sources of 
uncertainty. The Rucker method uses the counts and its uncertainty with the background 
subtracted: 

LD = t 2 + 2ts0 or L d = L c = ts 0 (8) 

where 

LQ = lower limit of detection 

L d = decision limit as defined herein 

L c = decision limit as defined by Currie. 

The decision limit for the 661-keV peak area is: 

Ld = [(t)(So)]/(T)(6p)(Py) = 42.7 Bq (1155 pCi). (9) 

The decision limit for the total spectral counts is: 

Ld = [(t)(s0)]/(T)(6t)(P y ) = 9.8 Bq (265 pCi) (10) 

where 

t = 1.66 (from table in Appendix D) for 100 sample counts (i.e., 99 degrees of freedom). 
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Figure 7. Lead brick modified for CYLTRAN modelling of the efficiency of this geometry for a 
homogeneously distributed source of 1 3 7 Cs. 
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For the total spectrum using Currie's method, the decision limit expressed as an activity 
concentration is: 

Ld(Bq/g) = Ld(Bq)/M! = 0.00187 Bq/g (0.0505 pCi/g). (11) 

Using Rucker's method, the decision limit expressed as an activity concentration is: 

Ld(Bq/g) = Ld(Bq)/M! = 0.00218 Bq/g (0.0588 pCi/g). (12) 

For the peak area using Currie's method, the decision limit expressed as an activity 
concentration is: 

LdCBq/g) = Ld(Bq)/M, = 0.00733 Bq/g (0.198 pCi/g). (13) 

Using Rucker's method, the decision limit expressed as an activity concentration is: 

Ld(Bq/g) = Ld(Bq)/M, = 0.00948 Bq/g (0.256 pCi/g). (14) 

As can be seen, these two methods give comparable decision limits. 

Aware that these decision limits assume that the present background count rate can be 
maintained, a decision limit goal of 1 pCi/g is easily achievable with a generous margin of safety 
with the present system and counting protocol. If the background rate in the field is comparable 
to that of the present study, the count time could be scaled back up to a factor of two (i.e., 450 
seconds) and still maintain a decision limit of £ 1 pCi/g. However, it appears prudent to assume 
that background count rates could easily double or triple when this system is in use in the field 
and especially in an area where contaminated materials may be stored. Under these 
circumstances, the decision limit should be remeasured using the more conservative Rucker 
method presented in this report. 
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5. MONTE CARLO CALCULATION OF DETECTOR EFFICIENCIES 

The y and electron transport code CYLTRAN7 was used to model the detector efficiency 
associated with the counting geometry used in these measurements. CYLTRAN uses cylindrical 
geometry. Therefore, the two ends of the lead brick were excluded in the modeling process so 
that the modified brick geometry was a cylinder 10 cm in diameter with a centered 
3.33-cm-diameter hole drilled partially through (3.8 cm deep) from the top as shown in Figure 7. 
CYLTRAN does not allow making the entire machined lead brick uniformly radioactive, but 
rather it requires the representation of this geometry by a series of disk-shaped, infinitely thin 
sources. For this reason, the radioactivity distribution was simulated by a series of 21 disks. In 
the region where the source disk passes through the NaI(Tl) detector, two disks were modeled, 
one the diameter of the drilled hole and one the diameter of the lead brick as shown in Figure 8. 
The efficiencies obtained from these disks were then combined to give a total and a peak 
efficiency for only the ring portion of the slice (see Appendix B for calculational details). Each 
ring efficiency represented an average efficiency of a washer-shaped section 0.25 cm thick. These 
ring efficiencies were averaged along with the solid, 5-cm-radius disks below the hole by weighting 
each section by its associated mass to yield overall total and peak efficiencies, respectively. The 
total and peak efficiencies at 661 keV for a source consisting of uniformly distributed 1 3 7 Cs 
contamination throughout the brick interior are 0.797% and 0.145%, respectively. 

To validate the accuracy of these CYLTRAN calculations, the total efficiency for a "point" (a 
4-mm-diameter source was modeled) 1 3 7 Cs source was modelled for a source-to-detector distance 
of 0.02 cm from the front face of the NaI(Tl) crystal and found to be 12.4%. This calculated 
efficiency compares with a measured total efficiency of 13.7% obtained with a 10.2-nCi, 
4-mm-diameter source of 1 3 7 Cs that was prepared for this purpose. The 661-keV peak efficiency 
was calculated to be 2.88% versus the measured efficiency of 2.4%. The difference in calculated 
values to measured values is believed to be due to the uncertainty in the source-to-detector 
distance and to the uncertainty in the measured peak. Secondary effects resulting from inefficient 
light and charge collection and from counts lost from or added to the peak area due to limited 
accuracy in the peak integration contributed to the difference between the measured and 
calculated peak efficiency. 
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Figure 8. Modified lead test brick divided into slices, typically 0.25 cm apart, to determine the 
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6. DISCUSSION 

From the measurements and calculations performed by the present investigation, the 
experimental equipment, configuration, and counting procedure have been found to meet (and 
exceed) the sensitivity requirement of 1 pCi/g for the release of lead bricks for recycle and 
unrestricted use. However, it is important to reiterate that the deduced decision limits for a 
uniformly contaminated brick are only applicable for the experimental conditions of the present 
investigation and as listed below: 

a. These decision limits strictly apply only for 1 3 7 Cs contamination evenly distributed 
throughout the lead brick even though extension to other y ray energies and associated 
radionuclides may be justified. 

b. The total efficiency for a 2.54-cm by 2.54-cm diameter NaI(Tl) detector and point source 
decreases approximately a factor of two from 450 keV to 2 MeV as shown in Table 2. 9 

Therefore, within a factor of two, a radionuclide emitting one or more y rays, whose sum 
of emission probabilities are comparable to 1 3 7 Cs (P = 0.85 y per disintegration) and for 
y rays greater than ~450 keV, should have a decision-level sensitivity within a factor of 
two of the 1 3 7 Cs decision level. 

c. Any changes in the background counting rate due to changes in the radioactive 
environment including the room and cosmic contributions will require a reestablishment of 
the background and the decision level (see Section 4 for this procedure). 

If condition (a) is not met, the above deduced sensitivity does not apply and the L d may be 
higher or lower. For example, sensitivity for a contaminated particle right at the bottom of the 
machined hole will be much higher than for a contaminated particle at the outer edge of the lead 
brick. 

If condition (b) is not met, measured sensitivities could be in error by more than a factor of 
two and even by more than an order of magnitude. This screening method may, however, be 
extended to many y-ray-emitting radionuclides emitting y rays above ~450 keV.e For example, if 
the measured decision limit for 1 3 7 Cs for spectral integration (i.e., gross counts from ~ 10 to 3 
MeV) is <0.06 pCi/g, the decision limit for these other radionuclides or combinations of them 
should be <;0.12 pCi/g. The following radionuclides meet these criteria: 5 4Mn, 5 8Co, ^Co, 1 0 6 Ru-
1 0 6 Rh, 1 1 0 m Ag, ^ E u , and 1 5 4 Eu. However, for radionuclides emitting only a or p radiation, y 
radiation with energies below 450 keV, or radionuclides emitting y rays whose sum of emission 
probabilities is lower than that of 1 3 7 Cs (i.e., <0.85 y per disintegration), the sensitivity of 1 pCi/g 
is not achievable, and this protocol does not apply. 

e. The total efficiency from ~500 keV to 2,000 keV for a point source with no intervening 
attenuating material drops approximately a factor of two for the scintillation crystal of the size 
used in the present measurements. At the same time as the y-ray energy increases, its 
attenuation in passing through the lead in its path toward the detector decreases. This causes the 
total efficiency curve for lead brick geometry, as a function of energy, to be slowly varying. 

19 



Table 2. Table of calculated total efficiencies for a 2.54-cm diameter by 2.54-cm high Nal(TJ) 
sodium iodide detector for point source geometry and several source to detector distances. 
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In any case, it is important to know the radionuclide inventory that could be responsible for 
contamination. For example, if the bricks have not been in use for a period of 1 year, only 
radionuclides with long half-lives (e.g., >100 days) should be present; if the bricks are from a 
reactor facility, essentially all radionuclides will be activation or fission products. 

Condition (c) requires a constant and known background count rate for the measured decision 
and lower limit of detection to be valid. Changes in the background count rate will result in a 
change in the measurement uncertainty and therefore cause a change in the decision limit. For 
the total spectral count, recalculation of a new decision limit is straight-forward, assuming that at 
least ~70 counts are in the integrated spectrum. The decision limit for the total spectral count is 
proportional to the square root of the factor by which the background increases relative to the 
measurements in the present report (e.g., an increase of a factor of two raises the decision limit a 
factor of V2). This means that the assays should be performed in a facility where the background 
is constant to avoid frequent redetermination of the decision limit 
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7. SUMMARY 

The results presented in this report demonstrate the sufficiency of the experimental method 
and demonstrate that an accurate and documented radioassay method has been developed for the 
volumetric assay of lead bricks for unrestricted release and recycle. This method is strictly 
applicable to ^ C s but can be extended to a number of other radionuclides emitting y rays above 
450 keV (see partial list in Section 6). This method is based upon acceptable analysis techniques 
specified in Appendix IV of Reference 3 (see Appendix A of this report) for efficiently assaying 
lead bricks for volumetric radioactive contamination. The present study is a follow-on of the work 
presented in EDF WROC-EDF-237,4 which proposes free release criteria for INEL lead. 
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EG&G IDAHO, INC. 
COMPANY 
PROCEDURES MANUAL 

TITLE: HAZARDOUS MATERIALS CONTROLS IN RADIOACTIVE 
MATERIAL MANAGEMENT AREAS (RMMA) 

NUMBER: 8.16 DATE: 

APPROVED: 
kWrKCTlVE DATE: 06/0O/$4 

HAZARDOUS MATERIALS CONTROLS IN RADIOACTIVE MATERIAL 
MANAGEMENT AREAS (RMMA) 

1. PURPOSE AND SCOPE 

1.1 This is the EG&G Idaho standard procedure to assure that hazardous/toxic wastes 
shipped from EG&G Idaho to a commercial treatment, storage, disposal (TSD) or 
recycling facility that is not licensed to handle radioactivity have no volume 
radioactive contamination added and no surface contamination above values in 
DOE 5400.5 as a result of DOE-ID operations. Only those materials that were 
received as nonradioactive and have had no radioactivity added by INEL 
operations can be recycled or disposed of as hazardous waste. 

1.2 This procedure outlines the system to control, minimize, and document the use of 
hazardous materials in Radioactive Materials Management Areas (RMMA). It 
describes the hazardous materials tracking process necessary to ensure knowledge 
of the status after a material has entered an RMMA. The system provides 
information that can be used for the certification of hazardous waste- as either 
radioactive or nonradioactive; based on process knowledge, radiological surface 
survey, and/or sampling and analysis (radioassay). The criteria and definitions for 
this procedure are derived from the "Performance Objective for Certification of 
Nonradioactive Hazardous Waste" (Ref 4.1). 

1.3 This procedure applies to all materials that have a hazardous component that once 
generated as a solid waste (Ref. 4.2) is regulated under either the Resource 
Conservation and Recovery Act (RCRA) or the Toxic Substances Control Act 
(TSCA) (Ref. 4.3). Hereafter, these materials, will be called hazardous materials, 
and the waste, after generation, will be referred to in this procedure as hazardous 
wastes. 

1.4 This procedure also provides instructions for use of Form EG&G-1075, "No 
Radioactivity Added Certification" (Appendix I). The purpose of the form is to 
provide nonradioactive certification of individual hazardous waste items and their 
containers, and to provide radiological data for dose calculations that may be 
required. This form must be completed for ail hazardous waste that is eligible for 
eventual shipment to a commercial TSD facility or recycling facility prior to 
shipment to the EG&G Idaho Hazardous Waste Storage Facility (HWSF). To 
complete this form, the waste generator must either certify by process knowledge 
that the waste has had no radioactivity added or provide information about the 
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potential sources of radioactive contamination present in the RMMA. "Potentially 
contaminated" hazardous waste must be certified nonradioactive by the analyst 
prior to shipment. The surfaces of the hazardous waste containers must be 
certified clean by a Radiological Control Technician (RCT). 

1.5 The measurement techniques and criteria to be used to evaluate whether or not 
hazardous waste has been volumetrically contaminated with radioactivity by Idaho 
National Engineering Laboratory (TNEL) activities are detailed in Section 2.7 and 
the Appendices of this procedure. These criteria do not consider whether the 
radiation hazard is minimal but only if detectable radioactivity has been added. 

1.6 All hazardous materials received at the INEL are transferred to the requester for 
use and are ultimately disposed of at the end of use. A logic diagram outlining 
the general process for controlling and classifying hazardous material/waste from 
the time it enters a Controlled Area until it is ready for disposal or recycle is 
shown in Appendix II. The features of this process and the flow chart are 
discussed in the following subsections. * a 

Procedure 

2.1 Before a hazardous nonradioactive material can enter an RMMA, the following 
requirements must be met: 

a. The material and its intended use must be evaluated to determine if any 
waste that will be generated will be. hazardous according to 40 CFR 261, 
"Identification and Listing of Hazardous Waste." 

b. Any waste that will be generated must be expected to meet the INEL 
Reusable Property, Recyclable Material, and Waste Acceptance Criteria 
(RRWAC) (Ref. 4.4). 

2.2 A background radioactivity level must he determined to support certification that 
no radioactivity has been added by INEL operations. This can be done by a) 
treating the background activity as zero, b) by referencing existing information for 
natural radiation background levels for the material in question and filing the 
background level for reference, or c) by direct analysis of the virgin (non-
contaminated) material. If the material is already in an RMMA option c) will not 
be possible in which case similar materials may be.sampled or one of the other 
options chosen. 
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If c) is chosen, a sample of the virgin material must be taken using an appropriate 
procedure from the Environmental Monitoring Unit Standard Operating Procedure 
for Special Requests (SOP-EM-SR) (Ref. 4.6), a chain of custody form prepared, 
and a seal applied as described in CP 10.15 "Chain of Custody for Radiological 
Samples", and the sample archived to document the naturally occurring level of 
radioactivity in the material. 

2.3 To minimize the amount of potentially contaminated material, whenever feasible, 
the primary container of any material should reside outside of the RMMA. Only 
the amount of the material required for immediate use should be transferred into 
the RMMA. For all hazardous material containers entering the RMMA, the 
container must be sealed using techniques suggested in CP 10.15 prior to entry 
and labeled with the correct hazard codes. 

2.4 To determine if a hazardous material or waste contains added radioactive 
contamination as a result of INEL operations, the following steps must be taken 
each time the material leaves an RMMA: 

a. The waste generator must complete Parts 1 to 3 and 5 of Form EG&G-1075 
and submit it, along with the "material, to an RCT for a surface survey. 

b. The exterior of the closed container must be surveyed for surface 
contamination by an RCT as described in CP 10.11 Subsection 2.3 using 
the criteria in DOE Order 5400.5, Figure TV-l, and the values in the EG&G 
Haho Radiological Control Manual (RCM) Article 422.2a for transurahics, 
etc. (removable 20-, average 100-, and maximum 300- dpm/100 cm2). 

c. If surface contamination above these limits is detected, the surface must be 
decontaminated and surveyed again until the requirements are met. 

d. If the waste generator knows by process knowledge the types and levels of 
radionuclides present in the wastes then it must be managed as mixed 
waste. 

e. It must be determined whether or not the material could be radioactive 
because of activation by neutrons. The lower dose equivalent limit capable 
of producing such activation is considered to be 5 mrem/hr of neutrons, 
which is the lower level of neutron radiation necessary for a Radiation 
Area. If the material may be activated, the material must be processed as 
discussed in Section 2.4.g. 
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f. If the material is in a sealed container that was never opened in the RMMA, 
the material can be certified as nonradioactive by process knowledge. 

& g. If the material has been opened in an RMMA or exposed to neutrons, 
capable of causing activation, it will be considered potentially contaminated 
and the waste generator must complete Parts 4.b) and 5 of Form EG&G-
1075. 

2.5 When a batch of material is determined to be waste, all of the Forms EG&G 1075 
which were completed when the material was removed from RMMAs must be 
found. 

a. If none are found and the history of the material is short enough that this 
process would have generated forms whenever the material was in a 
RMMA, it can be concluded that the material was never in a RMMA. 

If a nonradioactive hazardous material never entered a Controlled Area and 
can not otherwise become contaminated by INEL operations, the waste 
generated may be classified as nonradioactive by process knowledge, and a 
surface survey is not required. If a nonradioactive material enters a 
Controlled Area but never enters an RMMA and cannot otherwise become 
contaminated by INEL operations, the waste generated may also be 
classified as nonradioactive, by process knowledge, however, a surface 
survey is required prior to leaving the Controlled Area. If the surface 
survey shows radioactive contamination added by INEL operations, then the 
waste must be treated as if.it entered an RMMA. 

If the material was never in an RMMA or Forms 1075 are found which all 
indicate that the seal was intact ("No" circled in Part 5. under "Internal 
Contamination?"), then process knowledge that no DOE radioactivity has 
been added to the material is established. 

The generator shall combine information from the existing Forms 1075 onto 
Parts 1 to 3 and 5 and sign the certification statements Part 4. a) of a Form 
1075 indicating that the waste has not been exposed to unconfined 
radioactive material or neutrons. An RCT shall survey the external 
container for surface activity as noted in section 2.4.b and complete Part 6. 
The waste can then be managed as hazardous waste following EG&G 
Company Procedures (CP) 8.1, 8.2, and 8.3. The waste generator shall 
ensure that the proper tagging of the material is affixed to the container. 
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If Forms 1075 are found which indicate the material may be contaminated 
or the material history is long enough and the generators information weak 
enough that the process knowledge certification cannot be comfortably 
signed, the generator shall combine information from the existing Forms 
1075 onto Parts 1 to 3 and that from Parts 5 onto Part 4.b. and the material 
must be analyzed for those nuclides to which it was exposed. The analyst 
will complete the Form 1075 and determine whether an item can be treated 
as nonradioactive or must be treated as mixed waste using section 2.7. 

• ' o 

2.6 When sufficient hazardous waste has accumulated in the generator's Temporary 
Accumulation Area (TAA) or Satellite Accumulation Area (SAA), the waste is to 
be shipped to the FfWSF using CP 8.1 subsection 4. This onsite shipment 
requires completion of a "Shipment Request and Certification", Form ID F-669A. 
The generator shall attach a copy of each of the Forms EG&G 1075 and any 
sample analysis results to the Form ID F-669A. The completed forms shall be 
maintained by personnel associated with the operations of the HWSF. The Form 
EG&G-1075 and any sample analysis results shall be maintained on file by the 
WROC organization for indefinite retention. 

2.7 For characterizing waste as radioactive or having no radioactivity added by DOE 
operations, it is important to know if there was a potential for radioactive 
contamination of the waste by DOE operations. If process knowledge is 
sufficient to certify that the waste is radioactive or has no radioactivity added by 
DOE operations, there is no requirement for analyzing the waste to make a 
radioactive/no radioactivity added determination. However, if there is a question 
of whether the waste had radioactivity added by DOE operations or not, then the 
waste must be sampled and analyzed to determine if radioactivity was added. 

a. The generator is responsible to ensure mat a representative sample of the 
waste is obtained'for analysis. Sampling shall be performed in accordance 
with an approved sampling and analysis plan (SAP). This SAP shall be 
developed by individuals who are qualified and experienced in sampling 

' methods. The generator shall contact the Environmental Monitoring Unit of 
the Environmental Support Group to aid in the development of me SAP. 
The SAP shall, at a minimum^ specif}; the sample locations, number and 
size of samples, precautions necessary to avoid sample contamination, 
sample preservation methods and analysis required. Statistical processes to 
be employed for determining sample design and rationale shall be 
documented in the SAP. The SAP is to be reviewed by the generator and 
the Environmental Monitoring Unit. It shall be approved by the generator 
and concurred with by the generator's management. SAPs are to be 
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maintained on file by the waste generator management. 

b. Because of the wide variety of waste sampling problems at the INEL 
specific sampling techniques for representative sampling of waste will be 
developed on a case-by-case basis. Examples of statistical processes that 
may be used include, but is not limited to, grid sampling based on a 
random number generator, and systematic grid sampling. 

c. A sample must be taken using the approved procedure in the SAP, sealed, 
and submitted to a laboratory for a radiological analysis along with the 
sample of the virgin material obtained as described in Section 2.4. 
Complete the appropriate forms for requesting the analysis service. The 
container exterior shall be surveyed to discover whether contamination was 
transferred to the exterior of the container when sampling was done. 
Decontaminate the exterior as necessary. 

Note: If a waste cannot be satisfactorily sampled and analyzed for 
-radioactivity it can only be judged on process knowledge. If there is any 

• question whether radioactivity was added by INEL operations then the 
waste shall be considered radioactive. 

d. The sample must be analyzed using an approved analysis process, 
appropriate for the nuclides of concern in the item as identified on the 
EG&G-1075 form. The analysis techniques described in Appendix III, 
which have been approved as part of the conditions for lifting the 
Hazardous Waste Shipping Moratorium, should be given preference if they 
are applicable. Appendix IV describes the process for developing and 
approving an analysis protocol for situations not amenable to the standard 
protocols. 

e. Hazardous waste- shall be treated as mixed waste if a measurement shows 
that a quantity A -̂ related to activity is greater than a survey-nuclide 
specific decision level, L d. The decision level is the larger of the 
background envelope E B es* -hashed for the material or 1.65 times the 
standard deviation am of the particular measurement. The hazardous 
material, when disposed, shall be considered hazardous waste if the 
measurement result is smaller than the decision level and mixed waste if the 
result is larger than that value. If the measurement result is within a factor 
of 2 of the decision level, it may be redone to determine whether the high 
value is due to a statistical variation and the lower value used in this 
determination. 
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o 

The background envelope EB is a set of survey-nuclide specific values, 
proportional to activity, intended to bound 95% of those values present in 
the virgin material. Because different measurement techniques are sensitive 
to different radiations, the value will depend on the measurement technique 
used and the suspected .nuclides. The process for determination of the 
background envelope is provided in Appendix V. 

Once analysis results are available, but before release of the material and 
container, the analyst must complete Parts 7 through 10 of Form EG&G-
1075 and sign the certification statement in Part 10. Analysis results shall 
be attached to the form and returned to the customer. 

g. If, the analysis result is less than the decision criterion, the material inside 
the container can be discarded as nonradioactive hazardous waste following 
2.6 above. If the analysis result is greater than the decision criteria, the 
material must be considered to be radioactive hazardous waste (mixed 
waste). 

Definitions 

Background Envelope EB - a set of survey specific values proportional to activity which 
bound 95 % of those present in the virgin material. The basis for determination of the 
background envelope is provided in Appendix V. 

Certification - The action of determining, verifying, and attesting in writing to the' 
qualities of a material or the qualifications of personnel. 

Controlled Area - Any area to which access is controlled in order to protect personnel 
from exposure to radiation and radioactive materials. 

Hazardous Material - Any material that can become a hazardous waste when discarded 
(See hazardous Waste.). For this procedure hazardous material also includes TSCA 
material. 

Hazardous Waste - Any waste defined, as hazardous in 40 CFR Part 261. -The 
radionuclides of source material, special nuclear material, and byproduct material as 
defined by the Atomic Energy Act (AEA) of 1954, as amended, are specifically 
excluded from the term hazardous waste. The hazardous components of waste mixed 
with the radionuclides of source, special nuclear, or byproduct material are not excluded 
from the term hazardous waste. For this procedure hazardous waste also includes 
TSCA waste (40 CFR761). 
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Mixed Waste - Any waste containing both radioactive and hazardous components 
regulated by the AEA and RCRA, respectively. The term "radioactive component" 
refers only to the actual radionuclides dispersed or suspended in the waste substance. 

Process Knowledge - Knowledge of the process or materials involved in the generation 
of the waste. An individual who is cognizant of the activities, conditions, and 
procedures resulting in and governing the waste, and is qualified to make the decision 
as to whether the waste is nonradioactive, potentially contaminated, or radioactive may 
make a process knowledge decision. 

Radioactive Materials Management Area (RMMA) - An area where the potential for 
radioactive contamination exists due to the presence of unencapsulated or unconfined 
radioactive material or because of the presence of sufficient levels of neutrons to 
produce activation. Naturally-occurring radioactive materials (NORM) are exempt from 
this determination unless DOE operations have caused the NORM to be concentrated. 
RMMAs are posted by a RCT following CP 10.10. 

Radioactive Waste - Any waste managed' for its radioactive content, which is not 
otherwise regulated for that radioactive content (e.g., regulated by the Clean Air Act 
(CAA), Clean Water Act (CWA) etc.). If a material was received as nonradioactive, 
any resulting waste is not a radioactive waste if it meets the following conditions: 

a. Contains no measurable increase in radioactivity (at a statistically defined 
confidence interval) above background in volume or bulk resulting from DOE 
Operations- except for wastes specifically exempted by EPA, DOE, or NRC ' 
regulations (e.g., 10 CFR 20.2005); and, 

b. Contains no surface radioactivity above limits established in the EG&G Idaho 
Radiological Control Manual, Table 2-2 and DOE Order 5400.5, Figure IV-1. 

4. REFERENCES 

4.1 "Performance Objective for Certification of Non-Radioactive Hazardous Waste," 
Approved by J. E. Lytie, Associate Director, EM-30, November 15, 1991, • 
Document is dated October 16, 1991. 

4.2 40 CFR 261, Identification and Listing of Hazardous Waste. 

4.3 40 CFR 761, Toxic Substances Control Act. 

• 4.4 HNEL Reusable Property, Recyclable Materials, and Waste Acceptance Criteria 
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(RRWAC). DOE/TD-10381, Rev. 1 February 1994. 

4.5 EG&G Idaho Company Procedures Manual, Sections 8.1, 8.2, 8.3, 8.6, 10.10, 
10.11, 10.15, and 11.2. 

4.6 Environmental Monitoring Unit Standard Operating Procedure for Special 
Requests (SOP-EM-SR) 

4.7 Form EG&G 1075, "No Radioactivity Added Certification" Appendix I. 

4.8 EG&G Idaho Radiological Control Manual. 

4.9 Form ID F-669A, "Shipment Request and Certification" 

4.10 Form EG&G 669, "Generator's Hazardous Waste Material Profile Sheet." 

4.11 DOE Order 5400.3, Hazardous and Radioactive Mixed Waste Program. 

4.12 DOE Order 5400.5, Radiation Protection of the Public and the Environment 

4.13 DOE Order 5820.2A, Radioactive Waste Management. 
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NO RADIOACTIVITY ADDED CERTIFICATION 

Purpose: This farm provides certification that no radioactivity was added by EG&G operations to individual waste or materials and their 
containers that are eligible for unrestricted release offsite. This form will be maintained by the Waste Heduction Operation Complex organization 
for potential review by auditors. 

1. Waste Name: 

2. Container Identifier:. 

3. Document No: 

Generator Process Knowledge Certification 

4. Sign one of the following. 

a) Based on my knowledge of the history of this material and the information in Section S below, I certify, by process knowledge, that 
this material has not been exposed, as a result of EG&G operations, to unconfined radioactive material or to sources of activating flux. 

Generator Name: (Primad). Signature: Oate / 
b) Based on the information in Section 5 below, this material may possibly be contaminated and thus needs to be certified by analysis. 

Analysis concern j3/y pure p a 

Generator Name: (Pnmad) Signature: Date / / 

5. Did the material enter an area where it could have been contaminated with radioactivity? 
(If the answer is Yes, complete the characterization below) 

Yes No 

Exit Date Internal Contamination? 
Circle One 

Contaminant Likely 
Circle ail applicable ones 

Maybe 

Maybe 

Maybe 

No 

No 

No 

pv r 

Pry 

pure j3 

pure {3 

pureS 

a 

a 

a 

Surface Survey Certification 

6. I certify based upon results of approved surface survey methods, that the external surfaces of this material meet the release levels in 
the EG&G Idaho Radiological Controls Manual for removable and total surface contamination. 

RCT Name: (Primed) Signature:. 0ate_ 

7. Material 

Analysis Certification 

Analysis technique 

8. Use one of the following. 

a. Virgin exact sample Ag <jB L^ » A a * 1.65 (og 2 +• o M

2 ) ' " 

b. Background envelope Eg Basis Oocumen'. L^ »the larger of Eg or 1 -65au 

9. Measurement result AM o M Decision Level L^ 

Mark A or B A._ A M > L<j B. A M < l^ 

10. Material has no radioactivity radioactivity added by EG&G operations based on these analysis results. 

Analyst Name: (Primed) Signature: ; Date /_ 
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POm* SC«(J.I073 b e * 

Definition: Radioactive Material - Any material that is determined to be contaminated, or suspected of being contaminated, with 
radioactivity. NOHM is exempt from this radioactivity determination if it is not present in concentrations greater than the levels normally 
found in the environment. Radioactive materiai also includes activated materiai, sealed and unsealed sources, and material that emits 
radiation. 

INSTRUCTIONS 

Entry on Form Form Initiator 

1. Enter the common name of the material that is included in this container. Example: motor oil 

2. Enter the unique Identifier of the container that this form is addressing. 

3. Enter the document No. that will be used for shipping this material to a location where it can be released offsite for 
unrestricted use. This entry is optional, and will be used at the discretion of the form generator. 

Nate: Complete 4.a. or4Jb. as appropriate. 

4.a. Enter the name of the person certifying that the material has not been exposed to radioactive material as a result of INEL 
operations. (Print and sign) Enter date that the certification was made. This certification is based on negative answers to #5. 

4.b. Enter the name of the person indicating that the materiai may have been exposed to radioactivity and thus requires analysis. 
(Print and sign) Enter data of signature. Identify the analysis concern after considering the information in item #5. 

5. Enter the date that the material was taken from an area where it could have been contaminated by radioactivity, in a format 
that follows month, day, year. (Example: 03-14-91) 

Indicate by circling either Maybe or No if internal contamination was possible while in an area where it could have been 
contaminated with radioactivity. 

If Maybe has been circled, identify the class of contaminant that was likely to have been encountered by drding that 
contaminant This information should be available from the RMMA posting or the Radiological Control Technician (RCTJ 
familiar with the area of concern. 

S. Enter the name of the HCT that is certifying that the Surface Survey is acceptable. (Print and sign) Enter date that the RCT 
signed the certification. 

Note: Items 7-tO must be completed by the person (Trained and certified an that analysis technique) who conducts the analysis. 

7. Material: Identify the dass of materials this belongs to. This will be used in grouping and recovering information for the 
background envelope. 

Analysis Technique: The response here must be appropriate for detecting the analysis concern identified on item 4.b. 
Moreover it must be a technique approved as per the protocol in the CPM Section 8.16, Appendix IV. Identify it by the name 
and number for the analysis approval. 

8. One of two choices must be usee'. Choice a) will be more restrictive and is used if an exact surrogate virgin sample is 
provided. Choice b) is used if the item does not have an exact surrogate or could have come from several samples or is a 
mixture of several substances. In both cases the formula for a decision level L̂  is sated which can be calculated from the 
other values of Ag_ ag_ E^ A,^ and a M . This value of L̂  should be entered in the blank in item # 9. 

If Choice b) is used, find the background envelope from the database of existing information and enter it an the form. 

9. Analyze the materials and any virgin samples. Rocord the measured activities and the assodated calculated standard 
deviation. 

Mark A or 3 depending an whether the measured activity is greater than or less than the dedsion level. 

10. If the measured activity is greater than the dedsion level, the materiai contains added radioactivity. If the measured activity 
is less than the dedsian level, no radioactivity was added and the materia! can be certified as nonradioactive by radiological 
analysis. 

Enter the name of the person that performed the radigioqiMi analysis and has therefore generated that data that 
determines whether radioactivity is present in the sarfipTff'.'JPnnt and sign) Enter date that the analyst signed the certification. 
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HAZARDOUS 1VLATERLAL/WASTE CONTROL SYSTEM LOGIC DLAGRAM 

ACTIVITIES 
A Hazardous waste or material 
B Will it enter a controlled area? 

(CP8.18, 2.5.a) 
C Will ft enter an RMMA? 

(CP8.16, 2.5.a) 
D Evaluate to determine if any waste generated 

will be hazardous and if it will meet the 
INELRRWAC. (CP 8.16, 2.1) 

E Obtain sample 
(CP 8.16, 2.2 & Z7.a, b and c) 

Fs Label and seal sample and prepare chain-of-
custody form (CP 10.15, 2.; CP 8.16, 2.2) 

Fc Label and seal container 
(CP 10.15, Z; CP 8.16, 2.3) 

G Use 
H Survey exterior surfaces 

(CP 10.11, 2.1.2; CP 8.16, 2.4.C-) 
| Does it meet EG&G requirements? 

(CP 10.11, 2.1.2; CP 8.16, 2.4.b &2.5.a) 
J Decontaminate- exterior surfaces 

(CP 10.11, 6.1.1 .a) 
K Remove from RMMA 

(CP 10.11, 2.; CP 8.16, Z4) 
L Was the seal broken? 

(CP8.16, Z4.f&g) 
M Could there be radioactivity because of 

activation of the waste (i.e. neutrons) 
(CP 8.16, 2.4.e) 

N Analyze (CP 8.16, 2.2, 2.5.b & Z7.d) 
O Document results (CP 8.16, Z7.f) 
P Has radiation been added? 
' (CP 8.16, Z7.e and g) 

R Manage as radioactive mixed waste 
(CP8.16, 2.7.e) 

S Certify as nonradioactive hazardous 
waste by radiological analysis 
"(CP 8.16, 2.7.f and g, EG&G-1075) 
Certify as nonradioactive hazardous 
waste by process knowledge 
(CP 8.16, Z5.a; EG&G-1075) 

A-14 



8.16B 9/27/94 Page 13 of 20 

EG&G IDAHO, INC. 
COMPANY 
PROCEDURES MANUAL 

TITLE: HAZARDOUS MATERIALS CONTROLS IN RADIOACTIVE 
MATERLAL MANAGEMENT AREAS (RMMA) 

NUMBER: 8.16 DATE: 

• APPENDIX EH (Page 1 of 3) 

APPROVED SCREENING METHODS TO DETERMINE THAT 
"NO RADIOACTIVITY WAS ADDED BY DOE OPERATIONS" 

The approved screening methods for certifiing that hazardous waste has not been 
contaminated in volume or bulk by radioactivity added by DOE operations are summarized 
below. Appendix IV describes the process for developing and obtaining approval for an 
analysis method for samples that are not compatible with these or other approved screening 
methods. 

The requester of the analysis must obtain an RMD Analyses Request Form (attached) and 
properly fill it out Prior to sending a sample to the lab for determination that no 
radioactivity was added, the likely type of radioactivity in the waste (p/y, pure J3, or a) must 
be determined. This information which should appear on the RMMA posting should have 
been entered on the EG&G-1075 form when the waste was removed from the RMMA. In 
"Block I - Type of Analysis Requested" check the appropriate "Screening Methods" required 
based on the determination of the likely radioactivity contaminating the sample. If a is 
circled on EG&G-1075, check "Alpha". If pure {3 is circled on EG&G-1075, check "Beta." 
If 0/y is circled on EG&G-1075, check "Gamma". 

Circle "Haz. Waste Form 1075" as the required "Report Type" to designate that the analysis is 
being made for a "no radiation added" determination. Be certain that a detailed description of 
the "Sample Type" is entered on the form. The lab will analyze the sample by the 
appropriate method depending on the type of analysis requested and the sample matrix. . 
The sample, Analyses Request Form, and EG&G-1075 form are then sent to the lab. The 
EG&G 1075 form must be sent to the lab with the sample because the analyst must fill out 
and sign the "Analysis Certification" section of the form when the analysis is complete. 

A summary of the screening methods that will be used to determine that-"no radioactivity was 
added" follow: 

Method 1- RAP 2, "Gross Alpha-Beta Determination of Aqueous Solutions" Alpha-Beta 
Proportional Counting of clear liquids that can be evaporated and only contain 
small quantities of dissolved solids or insoluble material. 

Sample size: 1 ml Counting Time: 100 minutes 

Comments: If elevated alpha activity is present, the SS plate should be counted in an alpha 
spectrometer to either identify the alpha emitter present or to determine if the "alpha" activity 
present (from the proportional measurement) was due to crosstalk from-the beta 

A-15 

"£' JH«V»*W»" 



S-ISB 9/27/9<t Pigs 14 of 20 

| EG&G IDAHO, INC. I TITLE: HAZARDOUS MATERLALS CONTROLS Ef RADIOACTIVE 
COMPANY MATERIAL MANAGEMENT .AREAS (RMMA) 
PROCEDURES MANUAL NUMBER: 8.16 DATE: 

APPENDIX LTI (Page 2 of 3) 

channel. If the beta activity from this screening analysis is statistically positive, the sample 
may be rerun using analytical methods specific for the nuclides of interest (i.e. Sr-90, Ni-63, 
Fe-55, etc.). The results of gross beta screening methods will not be interpreted in terms of 
activity. 

Method 2 Radiochemistry on all other sample types: siliceous, non-siliceous, organic, 
inorganic, etc. 

Sample Size: 0.5 to 1 g or ml Counting Time: 100 minutes 

Procedure: BAP 14, "Sequential Determination of me Actinides in Small Environmental 
Samples" using high resolution alpha spectrometry or RAP 8, "Strontium-89/90 
Determination of Soil and Other Solids"; RAP 10, "Yttrium-90 Determination" 
using proportional counting. 

Method 3 - Gamma-ray spectrometry (HPGe or GeLi) 

Counting Time: 20 minutes 

Procedure: RML-6, "RML Procedure for Counting and Analysis of Gamma-ray Emission of 
Radionuclides in Liquid Samples" for 540 ml. of liquid in a poly bottle with a 
small neck and a screw top lid. 

or RML-3, "RML Procedure for Counting and Analysis of Soil, Vegetation and 
Mammal Samples" for approximate sample sizes 500 cm3 (soil 600 g, veg. 170 g) 
and 120 cm3 (Soil 140 g). 
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RADIATION MEASUREMENTS AND' DEVELOPMENT ANALYSES REQUEST FORM 

SAMPLE COORDINATOR: JODIE DC-KEnTY (PKONE 5254153) MS 7111 

PROJECT NAME 
REQUESTING GROUP 
TOTAL # SAMPLES 
HP SURVEYED? 
SUEMriTED SY 

SOW/TOS S 
CHARGE $ 

CONTACT jTiFJtrr, SME\R (sznds cznstisr)_ 
EXT 

dan/I QGcri2 

TECHNICAL CONTACT 
SEND RESULTS TO' EXT 

M/S 
M/S~ 
M/S 

("Induds (Sssftudcn Sst far rssuis in cemmsnt sscfen if scdJcshle) 
SAMPLE DISPOSAL CONTACT ^ EXT " M/S 
REPORT TYPE (drda): [INT. TECH. RPT. / LETTER / HAZ. WASTE FORM 1073J 
ACTIVITY UNITS (uG. pCt, sic) VOLUME UNITS (otL L q, sic) 
SAMPLE TYPE (Provide deizEed dsstfpHon plus prccsss knewiedgs snd kncm hszsrds):{ 

SAMPLE ID # (If>2 £sr an chsin atcjstccy) SAMPLE COLLECTION OATE/TIME 
• / 

3iacs r - Tr?2 a? AHSirsrs a; 
CXma. fo~tI77/41S21 A1PHA. fo-9Q31/OSQSl 

Tac&l Saec^-- ja«cr lc Aiafca 
S a e c i i i c i,— ---••J a< 

A1PHA. fo-9Q31/OSQSl 
Tac&l Saec^-- ja«cr lc Aiafca 
S a e c i i i c i,— ---••J a< 

A1PHA. fo-9Q31/OSQSl 
Tac&l Saec^-- ja«cr lc Aiafca 
S a e c i i i c i,— ---••J a< 

3ZT3. (S-302Z) 
5 - - a 9 / 9 a „ , 
3ZT3. (S-302Z) 
5 - - a 9 / 9 a „ , 

SCliiit^ifC iSTiiCCS 3ZT3. (S-302Z) 
5 - - a 9 / 9 a „ , 

Ai=ha S--9U Ai=ha 
S - Tacal , Sees. 

C a = . . 
• ? e - 5 5 , ASS 7 = . : Z 2 S : f c c = I e C « 3 I o o c ZTJ 

Grass i l p h i / i e C i . -Ki-S3 
ASS 7 = . : Z 2 S : f c c = I e C « 3 I o o c ZTJ 
Grass i l p h i / i e C i . 

(* Sac *3a2J.csJDl* c s soils) C a = c 

3LOCS XT3. 1253. T?rrcrwi—~rr»r CTTVT 

3T2/r=-3 AM f i = r ^ r P-?TS«) ?ar ics.' -s« csivi 
5TLT? -* a ^ (£=.= », cz.=e) 

1/ -3 f = - ' i > » - s ? . ! a : i , _„. # OF CLM<7 1 / -3 f = - ' i > » - s ? . ! a : i , _„. 
s r ^ c s -=rnv t<=-^\ 

C - - , . 3wr. rn rrr.Tr^ =r.nw (<-*-*> C - - , . 3wr. rn 

FH.T53. ^LXCTTQN ZZZX f t ) . .. 

RECSVED SY DATErTiME-
CHAIN OF CUSTOOY NUMSEn(S)_ 
REPORT DUE DATE COMMENTS 
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Acceptable Analysis Techniques 

The Performance Objective (p 7-8) (Ref. 4.1) provides guidance for acceptable survey 
-techniques to certify that the material does not need to be controlled as radioactive or mixed 
waste. In part, it says: 

"All procedures shall be appropriate for the radionuclides to be detected. The 
radionuclides of concern shall be part of the decision process for selecting the 
appropriate detection techniques and instruments. Radioassay techniques can only be 
used for determining a waste is not radioactive if they are capable of measuring the 
natural background in a virgin sample of the material being assayed." 

"Survey and radioassay techniques and instrumentation shall be representative of 
up-to-date technologies reasonably available. Extraordinary techniques, such as 
counting samples in a radiation detector for unreasonably extended periods, are not 
required, as long as appropriate and necessary detection limits are achieved." 

For EG&G Idaho, this will be considered satisfied if: 

1. The measurement standard deviation crm for the nuclide combination of interest is less 
than 0.6 of the background envelope Eg (discussed in Appendix V). The decision level 
L d shall be taken as the larger of EB or 1.65 am. Thus the confidence of not declaring 
a radioactive item clean (generating a false negative) is 5% at A = L d - 1.65 am (nearly 
zero), 50% at A = L d (the background envelope), and 95% at A = L d + 1.65 crm (less 
than twice the background envelope). 

2. If attaining this standard deviation is not possible using "survey and radioassay 
techniques and instrumentation . . . representative of up-to-date technologies", men the 
standard deviations associated with "up-to-date technologies" shall be acceptable. 

3. If the background envelope is based on measurements with the proposed system, 
absolute accuracy [i.e. National Institute of Standards and Technology (NIST) 
traceability] of the measurement is not required. If it is based on other measurement 
systems, the relative accuracy of the screening measurements shall support die 
accuracies required for the Go/No Go decisions being made. Quality control 

• measurements to show that detector performance is not degrading must be routinely 
performed as stated in a laboratory procedure. 
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The analyses described in Appendix HI have been approved as part of the conditions for 
lifting the Hazardous Waste Shipping Moratorium. Preference should be given to using these 
procedures if they are applicable. For materials which do not fit the approved analyses 
protocols, special protocols may be proposed. 

Other protocols and measurements to satisfy the above requirements shall be identified by 
waste generators or analysis laboratories. These protocols may be used after they are 
approved by the EG&G Radiation Protection Cognizant Professional and submitted to the 
DOE-ID Manager of the Waste Management Operations Branch for comment. Lack of 
comment in 2 weeks shall be interpreted as concurrence. 

A draft of the package shall be submitted to the Radiological Engineering Unit, which is to 
provide additional guidance on the format When ready for consideration for approval, 5 
copies of the package shall be provided for review and recommendation to the EG&G Idaho 
Radiation Protection Cognizant Professional for approval. 

The submittal should consist of attachments and a narrative description of the protocol which: 
•Identifies the class of radionuclides for which the procedure is applicable, 

•Identifies and discuss the measurement technique, 

•Describes training and/or certification of analysts, 

•Addresses the'quality control program for the facility and calibration techniques of the 
instruments (quality control shall include, as a minimnm, measurements of background 
and response to appropriate check sources at prescribed intervals), and 

•Walks the reader through the relevant procedures supplied as attachments. 

The attachments shall include a table of contents for the facility procedures manual, and 
the relevant procedures which guide the analysts through: 

The critical aspects of the analysis, 

The decision process as to whether DOE-added radioactivity has been found in 
the sample, and 

Completion of the EG&G-1075 form. 
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Establishing the Background Envelope for a Material 

Inherent m the process of showing that no DOE activities have added any radioactivity 
to waste is establishing an amount of radioactivity that may be found in virgin material. 

Virgin materials will typically contain various amounts of radioactivity. The specific 
activity A (pCi/g) of the virgin material will not be a single value and is. often described by a 
log-normal distribution f(A) with a geometric mean A„ and a geometric standard deviation sg. 

fiA) —J—e 2^ <5<W"/ ( 1 ) 

Thus, occasional samples will have much larger activity than the average. This distribution 
has been demonstrated for fallout strontium in bone1 and nuclides in soil where the activity 
has a relative geometric standard deviation of 1.16} The average geometric standard 
deviation for 15 different distributions was 1.59, the value which will be used at the TNEL. 

We define the background envelope EB as a set of survey specific values proportional to 
activity that bound those present in the virgin material. The background envelope value shall 
be established as the product of the geometric mean and the geometric standard deviation s g of 
the distribution of activities in samples of the virgin material raised to the 1.65 power. Thus 
the confidence of not declaring a virgin item radioactive (generating a false positive) assuming 
a measurement without uncertainty is about 95%. . 

The basis of the background envelope used for different materials shall be documented 
with an Engineering Design File (EDF) or Company Procedure (CP). The background 
envelope used to determine if a sample of hazardous waste is radioactive shall be identified 
on the EG&G-1075 form and referenced accordingly. 

To determine the background envelope, the following procedure shall be followed. 

See Fig 6.2-7 and p 280 - 286 of "CRC Handbook of Radiation Measurement and 
Protection, Volume n, Biological and Mathematical Information." A Brodsky, Ed. (1982) 
for more information. 

"1976 Environmental Monitoring Program Report for Idaho National Engineering 
Laboratory Site." May 1977 IDO-12082 (76), and Appendix VL 
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1. Virgin samples of materials will be used to establish a non-zero background envelope. 
One or more samples will be counted using a measurement standard deviation smaller 
than 0.6 of the measurement or 1 pCi/gm for_137Cs for gamma spectrometry 
measurements or the nuclide of interest for other measurements. The background 
envelope shall be initially defined at 2.15 times the measured activity. This initial 
choice based on one measurement assumes that the one value is at the geometric mean 
and that the activity in the material has a relative geometric standard deviation of 1.59 
(Note that 1.59L65 = 2.15). 

2. This envelope may be refined by counting four additional samples using a measurement 
standard deviation no larger than one-third of the witisl measurement value. These 
results shall be used to evaluate a geometric mean and standard deviation. The 
envelope shall be reestablished at 2.15 times that mean. 

3. If it is necessary to further refine the background envelope, measurements of five 
additional samples of virgin material3 of that class would be taken using a measurement 
standard deviation no larger than one-third of the standard deviation of the samples 
counted in step 2. These results shall be used to evaluate a geometric mean and a 
geometric standard deviation. The envelope shall be reestablished as the product of the 
new measured geometric mean and the measured geometric standard deviation of the 
sample activities raised to the 1.65 power. 

Appendix VI presents information on background- activity in soils local to the INEL and 
establishes the associated activity background envelope for soil-like materials. 

3 The term sample does not refer to on aliquot of the same container of virgin material, but 
rather refers to samples of similar material of different origins. It will be extremely easy 
to obtain samples from materials from the same source, and if done they will probably have 
a variation smaller than the actual variation of similar materials. 
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Appendix VI 

Background Envelope for Soil 

Table 1 presents measured activities in soil local to INEL. From one reference, a range of 
measured values is specified for a limited number of samples. The footnote from the other 
reference describes the variability for a much larger group of measurements. The background 
envelope in column 6 represents the upper end of the distribution of background activities for 
soil and is 2.15 times the average value (usually keeping only one significant digit). This 
table may be extended by EG&G Idaho to other nuclides using credible sources (e.g., 
UNSCEAR, NCRP, INEL Environmental Monitoring reports) or documented measurements. 

Table 1 : Activities in soil local to INEL. 
Isotope Mean 

pCi/g 
Range 
pCi/g 

Number Ref. Envelope 
Samples pCi/g 

Cs-137 1.0 0.66-2.05 10 t 2 
Sr-90 0.6 0.20-1.0 10 ] L 1.3 
K-40 15. 11.1-20.0 10 ] t 30 
Pu-238 0.0015 0-0.004 10 1 t 0.003 
Pu-23 9/240 0.020 0.008-0.041 10 ] 0.04 
Th-232 # 1.35 0.76-1.86 10 1 
Th-232 # 1.34 
Th series # (6 a, 4 0) 13 
U-238 # 1.52 
U series # (8 a, 6 (3) 21 
Total a 
Total (3 

* 
* 

* 

114 

116 

2 
2 
2 
2 

18 a, 12 p 
j 

26 a, 20 {3 
44 
70 

* Reference 2 states (p 24) "Soil sample data even from undisturbed locations are highly 
variable. For instance, for 95% of all offsite soil concentrations of Cs-137, the highest 
concentration was nine times the lowest. (Two standard geometric deviations of individuals 
was 3.1.) The other radionuclides have similar concentration ranges." 
# Secular equilibrium assumed without account 'c . radon diffusion. 

References: 
1. Richard.L. Dickson. "Radiation Exposure Rates and Radionuclide Concentrations in Soil 
around the Argonne National Laboratory-West Site." March 1986. DOE/ID-12106. 

2. "1976 Environmental Monitoring Program Report for Idaho National Engineering 
Laboratory Site." May 1977 IDO-12082 (76) " 
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Appendix B 

Calculation of Total and Peak Area Efficiency Using the 
Monte Carlo Electron and Photon Transport Code CYLTRAN 

R. G. Helmer and R. J. Gehrke 

The program CYLTRAN (see Reference 7 of text) was used to model the counting efficiency 
for the geometry shown in Figure 7 of the text Since the CYLTRAN code was written to 
address cylindrical geometries, the lead brick, as shown in Figure 7, was simulated by a cylinder in 
order to use the CYLTRAN code. Further, the source must be represented as input to 
CYLTRAN as an infinitely thin disk. These CYLTRAN requirements suggested removing a 
portion of the ends of the lead brick where attenuation is significant due to its distance from the 
detector so that cylindrical geometry could be achieved without serious impact to the modeled 
problem. For example, the 661-keV y ray emitted from a 1 3 7 Cs point source located 7.62 cm 
(3 in.) from the center of the brick and 6.35 cm (2.5 in.) from the outer edge of the NaI(Tl) 
crystal will be attenuated by 99.975% before reaching the crystal. In other words, the detector is 
insensitive to any 1 3 7 Cs activity located in the end portions of the lead brick. 

The geometry being modeled is shown in Figure 8. The detector is located within the bottom 
hole, and the radioactive contamination is distributed homogeneously in the lead surrounding the 
detector. The efficiency is deduced from a number of thin washer-shaped source calculations. 
The efficiency for each washer shaped slice is deduced by subtracting the effect of the smaller 
hole-sized slice (2.859 cm in diameter) from that of the larger-sized circle (5.08 cm in diameter), 
extending to the edge of the brick. In this case, the source planes pass through the detector. 
The efficiency for each washer-shaped disk is calculated by the following method. 

For a given slice, the CYLTRAN code computes the average efficiency for the slice. Hence, 

eh = the average efficiency for the small circular source, 

and 

e a = the average efficiency for the large circular source 

where 

s = parameter associated with the small geometry 

1 = parameter associated with the large geometry 

r = parameter associated with the ring geometry. 

The subscript i represents the slice position (i.e., 1, 2,.. .). The efficiency e^ for a washer-
shaped source is calculated from the total histories H = Hj, the total histories with y rays 
originating from anywhere within the area of the large circular source, H,., the histories with Y'S 
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originating from the area corresponding to the smaller circular source, P(t), the counts recorded 
in the total spectrum, and P(p), the counts recorded in the 661-keV peak. The Hj histories are 
related to the Hj histories by the relative areas of the small to large source circles: 

Ek « B ^ / A a ) = HjCRfc/Ri,)2-

since A .̂ = JJR^ 2 , and Ay = TJ Rjt2 f ° r a circular source at position i. 

The histories recorded in the washer-shaped source are: 

^ = Hj, - Ek = H - HQVRn) 2 = H[l - (R^/Ru)2]. 

Further, 

?u = O^TO/lOO, 

and 

Pis = (^(H^/lOO = ^ ( ^ ( R ^ / R ^ / l O O 

where the subscripts follow the same nomenclature as specified above (e.g., P a(t) are the number 
of counts in the total spectrum for a large circular source at position i). 

P^ = P a - Pj3 = (€a)(H)/100 - (^(HXRfc/R^/lOO 

?ir = Pii - Pis = (H)/100[£il - c ^ R ^ , ) 2 ] • 

Then, 

6 i r = (P^Cioo)^ 

Hence, 

<4r = fci - eis(Ris/Ru)2]/[l - (Ris/Ru)2] for ^ g m position i. 

To calculate the efficiency, ep for the entire lead brick with bottom hole, the average of the 
efficiencies, e a, associated with the large circular areas beneath the bottom hole are averaged, and 
the TIciencies, e i r, associated with the ring areas are averaged. These averages are combined by 
a weighted average with the relative masses of these two regions used as the weights. The 
efficiencies for lead brick geometry (activity uniformly distributed throughout the brick) for the 
total spectrum, e(t), and for the 661-keV peak region, e_, are calculated in this manner to be 
0.797% and 0.145%, respectively. After the modeling process, it was learned that a 0.125-in. 
spacer of foam lies between the teflon reflector adjacent to the flat end of the Nal(Tl) and the 
aluminum cover. However, this spacer has negligible effect upon the efficiency values, e(t) and 
e(p), for a radioactive source of 1 3 7 Cs uniformly distributed throughout the lead brick. 
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To validate the Monte Carlo calculations, the efficiency values, e(t) and e(p), were modeled 
for a geometry that could be checked with a measured value. The geometry chosen was for a 0.4-
cm source of 1 3 7 Cs against the end of the NaI(Tl) detector surrounded by lead. For this 
geometry, it is important that all of the physical components comprising the detector are known 
and that their physical dimensions are accurately known. Therefore, it was necessary to model 
and calculate the 1 3 7 Cs efficiency for point source geometry with the source against the end case 
of the NaI(Tl) detector (the foam spacer between the aluminum window and the front face of the 
NaI(Tl) crystal was included in the model). The efficiencies obtained from the Monte Carlo 
calculation were: 

e(t) = 12.4% 

and 

e(p) = 2.9% 

compared to the measured values of 

e(t) = 13.7% 

and 

€(p) = 2.4%. 
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Appendix C 

Instructions for the Operation of the Volumetric 
Lead Brick Contamination Assay Spectrometer 

C.1 Energize the Assay System from a Cold Start 

1. Make sure that all electrical connections, including the computer interface, are securely 
connected. Set up the lead shielding as shown in Figures 1 and 2. 

2. Make sure that the high-voltage bias potentiometer is set to zero. 

3. Turn on the power to the NOMAD. 

WARNING: The NOMAD must be powered on before you turn on the PC so that the PC is 
aware of the NOMAD's presence. 

4. Turn on the power to the PC. 

5. Ensure that the positive high-voltage bias light on the NOMAD console is on. 

6. Use the PC mouse arrow to double click on the MAESTRO icon (WINDOWS). 

7. Use the PC mouse arrow to click on the Acquire "pull-down" menu. 

8. Use the PC mouse to click on the 92X Control. This causes a new display for setting the 
high-voltage bias, gain, pole zero, and the time constant. 

9. Set the gain at 40X and the fine gain at 0.9 (effective gain = 36). 

10. Set the time constant to "short" 

11. Verify that the high-voltage potentiometer is at zero volts. 

12. Click the box that turns on the high voltage. (Move mouse away from this position.) 

13. Increase the voltage by turning the potentiometer slowly to the operating voltage required by 
the NaI(Tl)/PMT (see display - only nearest 100 volts displayed). Prior to measuring the 
plateau curve, use the manufacturer's recommended high-voltage bias. Afterwards, use the 
setting determined from the plateau curve. 

WARNING: The high voltage should be increased gradually from zero volts. 

14. Lock the potentiometer in place. 
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15. Click on the "esc" box. 

Allow approximately 15 minutes for the system to warm up and equilibrate to avoid electronic 
drift. 

C.2 Measure Plateau Curve 
1. Follow the instructions for energizing the assay system from a cold start. Set the voltage in 

step 13 to 200 volts. Allow the system to warm up and equilibrate. 

2. Disassemble lead shielding, being careful not to drop or otherwise damage the NaI(Tl)/PMT. 
Use protective gloves to avoid contamination of hands with lead or lead oxide. 

Warning: Do not set a brick on its edge (2-in. by 4-in. side) near the edge of the table or 
counter. 

3. Place the 10.2-nCi 1 3 7 Cs calibration source that is on a stainless steel disk into the bottom of 
the well in the lead brick. Center the source as well as possible with the string side down. 
(The string is taped to the back side of the source to facilitate its removal from the hole.) 

4. Place the NaI(Tl)/PMT in place over the 1 3 7 Cs source and enclose the NaI(Tl)/PMT in the 
machined lead bricks. Align the machined circular groove in the upright brick that holds the 
detector with the hole in the bottom horizontal brick. 

NOTE: The 1 3 7 Cs source and lead bricks should not be moved until all data for the plateau 
curve have been collected. 

5. Acquire a spectrum, for 300 seconds by clicking on the Acquire "pull-down" menu, entering 
300 for the live time, and clicking on "ok." 

a. Press Alt-2 to stop a previous spectrum from acquiring data. 
b. Press Alt-3 to clear any previously acquired spectrum. 
c. Press Alt-1 to initiate acquisition of a new spectrum. 

The spectrum being acquired can be observed on the PC monitor when the counts are 
displayed in the log scale (see display pull-down menu). 

6. Upon completion of the spectral acquisition, press Alt-5 to transfer the spectrum to the 
buffer. If a spectrum is already in the buffer, the computer will ask whether or not to save 
the buffer spectrum prior to transferring the spectrum in the MCB. Do not save the 
spectrum in the buffer. 

7. Click on the buffer in the top right-hand corner of the display under "Display." 
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The following instructions (#8 through #19) measure the total spectral counts in the Cs 
spectrum: 

8. Move the line marker to channel 4 of the spectrum. 

9. Click on the region-of-interest (ROI) "pull-down" menu (Alt-R may also access the ROI "pull
down" menu). 

10. Click on Clear All (C on the keyboard will also work). 

11. Click on the ROI "pull-down" menu. 

12. Click on Mark (M on the keyboard will also work). 

13. Click on the ROI "pull-down" menu. 

14. Click on Begin (B on the keyboard will also work). 

15. Move the line marker to channel 1,012 of the spectrum. 

16. Click on the ROI "pull-down" menu. 

17. Click on End (E on the keyboard will also work). 

18. Click on the Calculate "pull-down" menu (Alt-C may also access the Calculate "pull-down 
menu). 

19. Click on Sum (M on the keyboard will also work). 

20. Record the sum in the lead brick volumetric contamination log book. 

The following instructions (#21 through #26) will save a spectrum as a file in the LEADC 
directory as a .CHN type file (raw data): 

21. Click on the File "pull-down" menu (Alt-F will also access file). 

22. Click on Save (S on the keyboard will also work). 

23. Click on "[..]" to bring up the LEADC directory. 

24. Click on the LEADC directory. 

25. Move cursor to the file box, delete file, and replace with file name including the extension 
".CHN". A spectrum ID protocol has been developed. "SMMDDYxx" is an eight-digit alpha
numeric character consisting of system number (S), month (MM), date (DD), year (Y), and 
sequence number (xx). 
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26. Type answers to the questions asked, including the file number and a brief title and brick ID-
number. The file will be stored in the LEADC directory. 

27. Record the file name in the lead brick volumetric contamination log book. 

28. Click on "Full" in the top right-hand corner of the display under "Display." 

29. Use the PC mouse arrow to click on the Acquire "pull-down" menu. 

30. Unlock the potentiometer and slowly increase the voltage 25 volts. Lock the potentiometer in 
place. 

31. Repeat steps 4 through 21 until the voltage reaches a point 50 volts above the knee. Refer to 
Figure 3. DO NOT exceed 1,000 volts. 

32. On completion of acquisition of the plateau curve data, plot the counts as a function of high-
voltage bias on linear graph paper as shown in Figure 3. Identify the knee of the plateau and 
select the high-voltage bias, at which sequential counts should be made. 

C.3 Perform Energy Calibration of Assay System 

1. Disassemble lead shielding, being careful not to drop or otherwise damage the NaI(Tl)/PMT. 
Use protective gloves when handling lead brick to avoid contamination of hands with lead or 
lead oxide. 

Warning: Do not set a brick on its edge (the 2-in. by 4-in. side) near the edge of the table or 
counter. 

2. Place the 10-nCi 1 3 7 Cs source that is on a stainless steel disk into the bottom of the well in 
the lead brick. Center as well as possible with the string side down. (The string is taped to 
the back side of the source to facilitate its removal from the hole.) 

3. Place the NaI(Tl)/PMT in place over the 1 3 7 Cs source and enclose the NaI(Tl)/PMT in the 
machined lead bricks. Align the machined circular groove in the upright brick that holds the 
detector with the hole in the bottom horizontal brick. 

4. Acquire a spectrum for 900 seconds by clicking on the Acquire "pull-down" menu, entering 
900 for the live time, and clicking on "ok." 

a. Press Alt-2 to stop a previous spectrum from acquiring data. 
b. Press Alt-3 to clear any previously acquired spectrum. 
c. Press Alt-1 to initiate acquisition of a new spectrum. 

The spectrum being acquired can be observed on the PC monitor when the counts are 
displayed in the log scale (see display pull-down menu). 
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5. Upon completion of the spectral acquisition, press Alt-5 to transfer the spectrum to the 
buffer. If a spectrum is already in the buffer, the computer will ask whether or not to save 
the buffer spectrum prior to transferring the spectrum in the MCB. Do not save the 
spectrum in the buffer. 

6. Click on the Buffer in the top right-hand corner of the display under "Display." 

The following instructions (#7 through #19) measure the total spectral counts in the 1 3 7 Cs 
spectrum: 

7. Move the line marker to channel 4 of the spectrum. 

8. Click on the ROI "pull-down" menu (Alt-R may also access the ROI "pull-down" menu). 

9. Click on Clear All (C on the keyboard will also work). 

10. Click on the ROI "pull-down" menu. 

11. Click on Mark (M on the keyboard will also work). 

12. Click on the ROI "pull-down" menu. 

13. Click on Begin (B on the keyboard will also work). 

14. Move the line marker to just below the highest channel (—channel 1,020). 

15. Click on the ROI "pull-down" menu. 

16. Click on End (E on the keyboard will also work). 

17. Click on the Calculate "pull-down" menu (Alt-C may also access the Calculate "pull-down 
menu). 

18. Click on Sum (M on the keyboard will also work). 

19. Record the sum in the lead brick volumetric contamination log book. 

The following instructions (#20 through #43) calibrate the energy scale in units of keV: 

20. Move the line marker to below channel 10 of the spectrum. • 

21. Click on Expand in the top right-hand corner of the display. 

22. Using Figure 4 as an aide, locate the 75-kev Pb K x ray (—channel 30) and the 661.6-kev y 
ray (—channel 235). Note: The lowest energy peak in the spectrum at 32-keV is the K x-ray 
peak from the 1 3 7 Cs decay. 
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23. Click on the ROI "pull-down" menu. 

24. Click on Clear All. 

25. Advance the line marker using the mouse to a suitable background position just below the 
75-keV peak. Allow for some drift in the gain, which at 661 keV may be a drift of 5 keV 
over the course of a day. 

26. Click on the ROI "pull-down" menu). 

27. Click on "Mark." 

28. Click on the ROI "pull-down" menu. 

29. Click on "Begin." 

30. Advance the line marker using the mouse to a suitable background position just above the 75-
keV peak. 

31. Click on the ROI "pull-down" menu. 

32. Click on "End." 

33. Move line marker to center of 75-keV peak. 

34. Click on the Calculate "pull-down" menu. 

35. Click on "Calibrate" (C on the keyboard will also work). 

36. Enter the energy of the Pb K x-ray (75 keV). 

37. Repeat steps 26 through 32 but with the 661-keV peak. Record the start and end channel 
positions in the count log for use in the analysis of lead bricks to be counted (e.g., 210, 262). 

38. Move the line marker to the center of the 661-keV peak. 

39. Click on the Calculate "pull-down" menu. 

40. Click on Calibrate. 

41. Enter the energy of the 1 3 7 Cs y ray (661.63 keV). 

42. Enter keV as the units for the energy scale. 

43. Verify the gain and zero by selecting peaks in the spectrum and moving the line marker to 
those positions. 

C-8 



The following instructions (#44 through #54) measure the gross and net counts in the 
661-keV peak: 

44. Set line marker to a channel known to be just below the 661-keV peak; see step 37 of most 
recent energy calibration count (channel 210). 

45. Click on the ROI "pull-down" menu. 

46. Click on Clear All. 

47. Click on the ROI "pull-down" menu. 

48. Click on Mark. 

49. Click on ROI "pull-down" menu. 

50. Click on Begin. 

51. Move the line marker to a channel known to be just above the 661-keV peak; see step 37 of 
most recent energy calibration count (channel 262). 

52. Click on the Calculate "pull-down" menu. 

53. Click on peak information (A on the keyboard will also work). 

54. Record the 661-keV peak channel position and the gross and net peak area in the lead brick 
volumetric contamination log book. 

The following instructions (#55 through #61) will save a spectrum as a file in the LEADC 
directory as a .CHN type file (raw data): 

55. Click on the File "pull-down" menu (Alt-F will also access file). 

56. Click on Save (S on the keyboard will also work). 

57. Click on "[..]" to bring up the LEADC directory. 

58. Click on the LEADC directory. 

59. Move cursor to the file box, delete file, and replace with file name including the extension 
".CHN". A spectrum ID protocol has been developed. "SMMDDYxx" is an eight-digit alpha
numeric character consisting of system number (S), month (MM), date (DD), year (Y), and 
sequence number (xx). 

60. Type the answers to the questions asked, including the file number and a brief title and brick 
ID. number. The file will be stored in the LEADC directory. 

61. Click on "Full" and "MCB" under "Display." 
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C.4 Assay of a Potentially Contaminated Lead Brick 

The following instructions (#1 through #4) acquire a spectrum of a sample lead brick: 

1. Remove one side of the lead shielding enclosing the NaI(Tl) detector, being careful not to 
drop or otherwise damage the NaI(Tl)/PMT. Slide the NaI(Tl) detector out of the hole and 
move it with its brick to the side. 

2. Remove the 1 3 7 Cs source, if present, from the bottom of the well in the lead brick to be 
assayed or insert lead brick to be assayed. 

Warning: Either turn the lead brick upside down to remove the source or remove it by using 
the string that is attached to i t 

3. Place the NaI(Tl)/PMT in the machined hole in the brick and enclose sides with the machined 
lead bricks. 

4. Acquire a spectrum for 900 seconds (or other selected count time). 

a. Press Alt-2 to stop a previous spectrum from acquiring data. 
b. Press Alt-3 to clear any previously acquired spectrum. 
c. Press Alt-1 to initiate acquisition of a new spectrum.. 

The following instruction transfers the spectrum to the buffer: 

5. Upon completion of the spectral acquisition, press Alt-5 to transfer the spectrum to the 
buffer. 

The following instructions (#6 through #19) measure the total spectral counts in a sample 
lead brick: 

6. Click on the Buffer in the top right-hand corner of the display under "Display." 

7. Set the line marker to channel 4. 

8. Click on the ROI "pull-down" menu. 

9. Click on Clear All. 

10. Click on the ROI "pull-down" menu. 

11. Click on Mark. 

12. Click on the ROI "pull-down" menu. 

13. Click on Begin. 
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14. Move the line marker to channel 1,012. 

15. Click on the ROI "pull-down" menu. 

16. Click on End. 

17. Click on the Calculate "pull-down" menu. 

18. Click on Sum. 

19. Record the sum in the lead brick volumetric contamination log book. 

The following instructions (#20 through #30) measure the gross and net counts in the 
661-keV region of a spectrum from a sample lead brick: 

20. Set the line marker to a channel known to be just below the 661-keV peak (channel 210). 

21. Click on the ROI "pull-down" menu. 

22. Click on Clear All. 

23. Click on the ROI "pull-down" menu. 

24. Click on Mark. • 

25. Click on ROI "pull-down" menu. 

26. Click on Begin. 

27. Move the line marker to a channel known to be just above the 661-keV peak (channel 262). 

28. Click on the Calculate "pull-down" menu. 

29. Click on peak information. 

30. Record the 661-keV peak channel position and the gross and net peak area in the lead brick 
volumetric contamination log book. 

The following instructions (#31 through #34) save a sample spectrum as a file in the LEADC 
directory as a .CHN file (raw data): 

31. Click on the File "pull-down" menu (Alt-F will also access the File "pull-down" menu). 

32. Click on Save. (You will be in the LEADC directory.) 

33. Move cursor to the file box, delete *, type in file name (including the extension .CHN), and 
press enter. 

C-ll 



34. Provide a brief title (brick ID number). 

35. Click on MCB and proceed to the analysis of the next brick. 

Note: An energy calibration count should be acquired after counting five bricks or if the 
spectrometer has sat idle for more than 2 hours. The new energy calibration count should be 
used to reestablish the ROIs surrounding the 661-keV peak. 

C.5 Quality Control Charts 

The following quality control charts are recommended to be kept by the operator whenever 
lead bricks are to be screened for contamination: 

1. The number of spectral counts in a known "blank" lead brick as a function of time and 
location of measurements. 

2. The high-voltage bias setting as a function of time and location for each electronic 
configuration [i.e., NaI(Tl), NOMAD system, amplifier setting, and lower-level discriminator]. 

C.6 System Shutdown 

1. Set Display to MCB. 

2. Click on Acquire "pull-down" menu. 

3. Click on the 92X Control. 

4. Unlock potentiometer and slowly decrease operating voltage to zero. 

5. Verify that the high-voltage bias potentiometer is at zero volts. 

6. Click the box that turns off the high voltage. 

7. Click on escape. 

8. Click on File "pull-down" menu. 

9. Click on Exit. 

10. Turn off power to the PC. 

11. Turn off power to the NOMAD. 
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Student t Table 

Student's t-Distribution 

PERCENTAGE POINTS..STUDENTS ^-DISTRIBUTION 

X .60 .75 .90 .95 .975 .99 .995 .9995 

1 .325 1.000 3.078 6.314 12.706 31.821 63.657 636.619 
2 .289 .816 1.886 2.920 4.303 6.965 9.925 31.598 
3 .277 .765 1.638 2.353 3.182 4.541 5.841 12.924 
4 .271 .741 1.533 2.132 2.776 3.747 4.604 8.610 
5 .267 .727 1.476 2.015 2.571 3.365 4.032 6.869 

6 .265 .718 1.440 1.943 2.447 3.143 3.707 5.959 
7 .263 .711 1.415 1.895 2.365 2.998 3.499 5.408 
8 .262 .706 1.397 1.860 2.306 2.896 3.355 5.041 
9 .261 .703 1.383 1.833 2.262 2.821 3.250 4.781 

10 .260 .700 1.372 1.812 2:228. 2.764 3.169 4.587 

11 . .260 .697 1.363 1.796 2.201 2.718 3.106 4.437 
12 .259 .695 1.356 1.782 2.179 2.681 3.055 4.318 
13 .259 .694 1.350 1.771 2.160 2.650 3.012 4.221 
14 .258 .692 1.345 1.761 2-. 145 2.624 2.977 4.140 
15 .258 .691 - 1.341 1.753 2.131 2.602 2.947 4.073 

16 .258 .690 1.337 1.746 2.120 2.583 2.921 4.015 
17 .257 .689 1.333 1.740 2.110 2.567 2.898 3.965 
18 .257 ' .688 1.330 1.734 2.101 2.552 2.878 3.922 
19 .257 .688 1.328 1.729 2.093 2.539 2.861 3.883 
20 .257 .687 1.325 1.725 2.086 2.528 2.845 3.850 

21 .257 .686 1.323 1.721 2.080 2.518 2.831 3.819 
22 .256 .686 1.321 1.717 2.074 2.508 2.819 3.792 
23 .256 .685 1.319 1.714 2.069 2.500 2.807 3.767 
24 .256 .685 1.318 1.711 2.064 2.492 2.797 3.745 
25 .256 .684 1.316 1.708 2.060 2.485 2.787 3.725 

26 .256 .684 1.315 1.706 2.056 2.479 2.779 3.707 
27 .256 .684 1.314 1.703 2.052 2.473 2.771 3.690 
28 .256 .683 1.313 1.701 2.048 2.467 2.763 3.674 
29 .256 .683 1.311 1.699 2.045 2.462 2.756 3.659 
30 .256 .683 1.310 1.697 2.042 2.457 2.750 3.646 

40 .255 .681 1.303 1.684 2.021 2.423 2.704 3.551 
60 .254 .679 1.296 1.671 2.000 2.390 2.660 3.460 

120 .254 .677 1.289 1.658 1.980 2.358 2.617 3.373 
00 .253 .674 1.282 1.645 1.960 2.326 2.576 3.291 
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