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ABSTRACT 
The INEL Lead Management Project (LMP) performed an investigation 
of the origin of lead used as shielding at the INEL and developed 
radiological profile information that was then used to establish a 
baseline for the DOE "no-rad-addedH standard. Primary findings of 
the investigation include the following: (a) Much of the lead at 
the INEL was obtained from a DOE lead bank; (b) Lead inventory at 
the DOE lead bank was derived primarily from recycled sources and 
was most likely in the form of pure lead; (c) Secondary lead (lead 
from recycled sources), available in today's market, is expected 
to have radiological characteristics similar to those of the DOE 
lead bank; (d) Highly sensitive radiological testing of 20 samples 
of lead from secondary sources revealed the lead to be radiologi-
cally pristine. Beta-, gamma-, and alpha-emitting radionuclide 
concentrations were all found to be less than detectable, except 
for a very small quantity of lead-210 (an alpha emitter), which is 
a naturally occurring isotope of lead. 

Based on the pristine nature of lead, a proposed free release 
criterion for lead was developed based on a statistical null 
hypothesis approach. The free release criterion compares the 
natural background count of a clean lead standard with the natural 
background count of a sample. When the sample background count 
cannot be distinguished as different from the standard background 
count at the 95% confidence level, then the sample is considered 
radiologically clean. 

INTRODUCTION 

The INEL LMP is currently responsible for the safe storage and ultimate 
disposition of approximately 1,000 tons of radioactively contaminated lead, 
over 150 tons of which is lead brick. An objective of the LMP is to 
decontaminate and release for recycling as much lead as possible. However, 
acceptable free release criteria must be developed and approved in order to 
meet this objective. This paper presents recent work performed by the LMP in 
an attempt to develop radiological release criteria for decontaminated lead. 
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The INEL LMP has successfully recycled significant quantities of lead 
and lead-bearing wastes. To date, recycled lead has consisted exclusively of 
lead that has never been radiologically contaminated. Process knowledge, 
combined with "clean" surface surveys, have been used to validate release. 

As stated, the INEL also owns significant quantities of lead that are 
known to be radiologically contaminated. The majority of this lead is surface 
contaminated with mixed fission products. It is believed that the lead is not 
volume contaminated nor activated by a neutron field. The LMP advocates that 
commercially available decontamination methods can be used to remove the 
surface contamination, thus enabling the lead to be recycled. 

This paper presents the INEL LMP's proposed volume release criteria 
applied specifically to the case of INEL lead. The LMP believes the approach 
to be highly conservative. A radiological concentration-based release 
standard, tied to a plausible exposure pathway, would likely result in a more 
reasonable standard in terms of real exposure risk to the public. However, 
the proposed release criterion is believed to meet both the letter and intent 
of the no-rad-added standard. 

REPRESENTATIVE CLEAN LEAD SUPPLY 

Implicit in any interpretation of a no-rad-added release standard is 
that baseline information exists on the radiological characteristics of a 
material. Baseline radiological characteristics become the benchmark from 
which it can be determined if radioactivity has been added as a result of 
activities within the DOE system (in this case, DOE research, development, and 
operations activities at the INEL). Unfortunately, baseline radiological 
profiles of clean lead were not performed on lead when it was procured for use 
at the INEL. 

Limited literature exists on radiological properties of certain types of 
lead.2"6 The literature is generally directed toward identifying lead 
resources that can be used for highly specific needs such as exceedingly low-
level background shielding. The literature does not address lead resources 
thought to be representative of the INEL lead supply. Therefore, the LMP 
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attempted to reconstruct a radiological baseline using presently available 
information for lead that was purchased 10 to 30 years ago. 

A study was performed to identify the specifications for shielding lead 
that were used when lead was being purchased in large quantities at the INEL. 
Purchasing records and contracts were reviewed in an attempt to identify 
specific procurements of large quantities of shielding lead. The intent was 
to determine what lead specifications, in regard to purity and radiological 
characteristics, were required at the time of purchase. Limited information 
was found on purity requirements, and virtually no information was found on 
radiological requirements. However, much was learned about how lead was 
procured and managed. 

For many years, DOE contracted with a private company to maintain a lead 
bank. The lead bank functioned as a clearing house for lead for the whole DOE 
system. Each DOE site requested lead from the lead bank when needed, or 
returned lead to the lead bank when it had excess. The lead bank contractor 
also accepted recyclable lead from DOE sites, reprocessed it, and credited the 
appropriate quantity to the DOE inventory. The lead bank contract was in 
place from about 1968 to 1991 and the RSR Corporation held the contract for 
most of that time. 

Lead obtained from the lead bank for use at the INEL was usually in the 
form of ingots or pigs. These forms were then cast and machined into lead 
bricks and sheets at a processing facility at the Central Facilities Area. 
Tracing existing lead bricks at the INEL back to delivery of ingots from the 
lead bank is impossible. 

Based on the study, INEL lead can be considered similar to what is 
called "secondary" lead in today's lead industry. INEL lead was derived from 
recycling sources, and today's secondary lead supplies are also derived from 
similar recycling activities. For clarity, "primary lead" is lead derived 
from freshly mined and smelted ore. Secondary lead is a large volume 
commodity in the United States; therefore, developing a release standard based 
on radiological characteristics of secondary lead is not perceived to pose a 
public risk associated with radiological hazards. 
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CLEAN LEAD SAMPLES 

After the LMP determined that secondary lead in today's lead market 
would most nearly represent the INEL lead supply, an attempt was made to 
identify sources of sample material for the INEL to perform radiological 
testing. It was determined that 20 samples of secondary lead would be 
required to develop a statistically significant radiological distribution 
profile. 

A number of suppliers of lead shielding were contacted, and it was 
determined that the two major players in the secondary market are Sanders Lead 
and the RSR Corporation. There are many other vendors that sell secondary 
market lead, but they are primarily casting and machining shops. These shops, 
in general, buy their lead from a major vendor. The shops may also recycle 
easily recyclable lead such as plumbing parts, cast parts, and printing lead. 
None of the vendors queried measured the radiological characteristics of their 
lead, either before or after recycling. 

A decision was made to obtain the lead samples for radiological testing 
from RSR Corporation because (a) RSR is the contractor that operated the DOE 
lead bank for much of the time, so it is likely that the recycling processes 
currently in use would be similar to those used for INEL lead; (b) They are a 
secondary supplier of lead, which is consistent with the type of lead 
available under the lead bank contract; (c) They have not measured the 
radiological characteristics of their lead, so they were not likely to send 
the INEL LHP a biased sample; (d) They were able to provide lead samples from 
20 different recycle lots. Each sample is representative of a 140-ton kettle 
of recycled lead; thus, the 20 samples represent approximately 5,600,000 lb of 
lead; and (e) They were able to provide lead samples from randomly selected 
recycle lots covering a production period of 3 to 4 years. 

The samples obtained from RSR were in the form of a sample disk. Each 
disk is 2.5 in. in diameter and approximately 0.5 in. thick. The sample disks 
are routinely obtained for process quality control purposes by RSR on each 
recycle kettle. 
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SAMPLE PREPARATION 

All sample disks obtained from RSR were delivered to the INEL Central 
Facilities Area Machine Shop where they were prepared for future radiological 
testing. Because of the self shielding properties of lead, it was determined 
that freshly exposed lead from the internal volume of the samples would be the 
best configuration for radiological testing. Based on similar soil sample 
analysis, it was also determined that the lead should be finely divided and 
have a large surface area. 

Two dry machining methods were used to prepare the lead samples. The 
first method of generating shavings used a 0.5-in. titanium-coated bit in a 
drill press. Best chip results were obtained when the drill was offset by 
0.125 in. from a previously drilled hole, allowing the shavings to fall 
through the hole. The spindle rotation was set at 140 rpm with a feed rate of 
0.0015 in./revolution. Lead samples 1 through 9 were prepared using this 
method. 

Several problems were encountered with the first machining method. The 
most important problem was that it took approximately 3 hours to generate 
enough sample chips to fill a 100-mL sample vial. Considerable heat was 
generated at the drill bit surface, which caused the lead to smear and form 
inconsistent chip sizes. Also, the malleable nature of the lead samples made 
it difficult to hold the samples steady in a vise while numerous holes were 
drilled in them. 

The second machining method developed used a metal lathe operated at 
extremely slow speed. The sample was positioned off-center in the lathe chuck 
and thin slices were cut from the sample disk. This method was much faster, 
but produced a larger and thicker shaving. Samples 10 through 20 were 
prepared using this method. 

RADIOLOGICAL TESTING 

All 20 lead samples were sent to the Radiation Measurements Laboratory 
(RML) at the INEL Test Reactor Area for radiological testing. Each sample was 
contained in a 100-mL "pill bottle" container supplied by the RML. Gamma 
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isotopic analysis, beta analysis for strontium, and total spectrometric alpha 
analysis were performed on each sample. Additionally, each sample was 
screened by a health physics professional using hand-held beta/gamma and alpha 
instrumentation. As expected, hand-held beta/gamma and alpha frisks, and 
smears of the samples showed no measurable activity. 

The lead samples were then screened for gamma radioactivity content 
using standardized high-resolution gamma-ray spectrometry techniques available 
at the RML. The count time for each sample was set at 2 hours. All gamma 
emitters in the range of 50 keV to 3,000 keV were included in the analysis. 
Instrument sensitivities for each species were in the low to sub pico-curie-
per-gram (pCi/g) region. Surprisingly, no true positive radionuclide 
activities were observed in any of the samples. 

The lead samples were also screened for alpha content by total spectro
metric alpha analysis. The wet chemistry methods used detect all actinides 
except protactinium. Using the advanced analytical methods, the detection 
limit for each species was approximately 0.04 pCi/g, which is 2 to 4% of the 
level normally detected in the earth's crust. No actinide concentrations 
above the detection limit were observed in any of the 20 samples. Naturally 
occurring Pb-210, an alpha emitter, and its associated daughter products were 
present in the samples at an approximate concentration of 10 pCi/g. 

In addition, a wet chemistry method was used to analyzed the lead 
samples for the beta emitter strontium-90. Again, no statistically 
significant radionuclide concentration was detected. 

RESULTS 

Based on the high-resolution alpha, beta, and gamma radiological testing 
of 20 samples of lead from the secondary lead market, there is, for all 
practical purposes, no detectable radiological profile except for the presence 
of lead-210, a natural alpha emitter. This result, in retrospect, should not 
come as a great surprise considering that lead has long been valued and used 
as a "clean" radiological shielding material. Sample results were shown to be 
consistent for the two independent sampling methods used to generate the 
shavings. For the purposes of developing a safe and plausible radiological 
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free release value, lead can be considered to be a pristine material with no 
detectable radiological content. 

STATISTICAL EVALUATION 

Much of the work on developing an argument for determining the no-rad-
added threshold (or decision level) for a material relies on defining the 
radiological "background envelope" of the clean material. The background 
envelope can generally be defined as the highest3 amount of the contaminant 
that would be found to naturally occur in the clean material. Statistical 
work performed by Currie7 and others identified that the limit of detection of 
a radiological contaminant in a material is a function of both the background 
envelope of the clean material and the resolution capability of the instrument 
being used to measure the radiological characteristic. Draft EG&G Idaho 
Company Procedure 8.16 has established that, for most materials, the decision 
level be calculated as: 

L. * E R + 1.65a. 
d o m 

where E B = background envelope for the clean material and am - measurement 
standard deviation. 

From the INEL LMP perspective, the background envelope for clean lead is 
so small (E8 « 0) that it is not practicable to measure (it would be cost-
prohibitive and provide no benefit). Therefore, determination of the no-rad-
added threshold reduces to a single issue: the resolution capability of the 
instrument used to measure the radiological characteristic. The LMP therefore 
proposes the decision level for lead as: 

L d- 1 e ad " 1 ' 5 5 ° m 

A graphical illustration of the decision level as defined by the above 
equation is presented in Figure 1. The illustration presents the case in 
which a very large sample of clean-lead objects are measured and compared with 

a. Highest can be statistically equated to the 95th percentile value of the 
distribution of contaminant amounts. 
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a "standard" clean-lead object. 50% of the time, a clean-lead object is 
measured to have a value less than the standard, and 50% of the time, a clean-
lead object is measured to have a value greater than the standard. This 
phenomenon is a result of statistical variations influencing the measurement 
of the standard and the clean lead object. The phenomenon is not a function 
of the "cleanness" of the clean lead standard or the clean lead objects. 

In Figure 1, the theoretical probability of observing a measured value 
is plotted as a function of how far the measured value deviates from the mean 
of all measured values in multiples of the standard deviation of the measure
ment. It is much more probable that an individual result will be near the 
mean than far from the mean. 95% of all measured values fall at or below the 
L, value. 5% of the measured values from the clean lead population exceed L H. 

Background Envelope Equals Zero 
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Figure 1. Activity measurement standard deviation of a clean lead population. 
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PROPOSED CLEAN LEAD FREE RELEASE CRITERIA 

Based on lead radiological background studies and the use of statistical 
analysis methods, the LMP has derived a proposed free release criterion for 
lead in which any lead object having a radiological measurement less than Ld_ 
lead ^ s considered radio!ogically clean. Any lead object having a radiological 
measurement greater than L d_ l e a d is considered contaminated. The LMP 
recognizes that this free release criterion will result in a certain fraction 
(5%) of clean bricks being deemed contaminated. The LMP accepts this level of 
false positive results as necessary to provide adequate assurance that 
contaminated bricks are not released. 

The LMP also recognizes that there is a small probability that a 
minutely contaminated lead brick will be deemed clean (a false negative 
measurement). To minimize the probability of a false negative test and any 
risk associated with release of material, the LMP proposes specification of a 
minimum sensitivity of the radiological measurement apparatus. The 
radiological measurement apparatus must be capable of detecting 1 pCi/g 
cesium-137 contamination in lead at the 95% confidence level. A false 
negative measurement, should it occur at this concentration level, would not 
pose any significant radiological hazard to the public or the environment. 
False negative measurements much above the 1 pCi/g level are highly unlikely. 

The LMP proposes use of a highly sensitive Nal(Tl) scintillation probe 
detector placed in a hole drilled in the suspect brick for volume 
contamination testing. The detector will provide a direct disintegration 
signal to a digital counting apparatus. At the same time, an identical 
detector measuring a known clean lead brick will provide a direct 
disintegration signal (the background signal), which will also be fed to the 
digital counting apparatus. Disintegration counts will be collected for an 
appropriate time to satisfy the 1 pCi/g sensitivity requirement. 

Each suspect brick is evaluated for contamination by comparing the count 
generated from the suspect brick X s u s . with the count generated from the 
clean brick X , . The measurement standard deviation is then calculated 

clean 
using the following formula: 
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/T — / Y _i_Y \ ' 
m ~ *• clean suspect' 

The decision level is then calculated: 

Ld- 1 ead • l - «5a . 

I f Xsus Pect " xciean 1 s 9 r e a t e r t n a n t n e calculated L d. l e a d value, then it is 
concluded that the suspect brick is contaminated. Otherwise, the suspect 
brick is assumed to be no more contaminated than the clean lead brick. 

RESULTS AND DISCUSSION 

The INEL LMP has performed an investigation of the origin of shielding 
lead and has developed radiological profile information on secondary lead, 
which is believed to be similar to INEL lead. It is proposed that the 
radiological profile of secondary lead be used to establish a baseline for the 
DOE no-rad-added standard. 

Based on the pristine nature of lead, a free release criterion for lead 
was developed for lead based on a statistical null hypothesis approach. The 
free release criterion compares the natural background count of a clean lead 
standard with the natural background count of a sample. When the sample 
background count cannot be distinguished as different from the standard 
background count at the 95% confidence level, then the sample is considered 
radiologically clean. 
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