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LEGAL DISCLAIMER 
Tn s report was prepared as an account of work sponsored by 
an agency of the ,n ted States Government hether tne 
United States Government nor any agency thereof, nor any of 
their employees, nor any of their contractors, subcontractors or 
their employees, makes any warranty, express or implied, 01 
assumes any legal liability or responsibillty for the accuracy, 
completeness, or any third party's use or the results of such 
use of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial 
product, process, or sewice by trade name, trademark, 
manufacturer, or otherwise, does not necessarily constitute or 
imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof or its 
contractors or subcontractors. The views and opinions of 
authors expressed herein do not necessarily state or reflect 
those of the United States Government or any agency thereof. 
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TECHNICAL JUSTIFICATION FOR RADIATION CONTROLS 
AT AN ENVIRONMENTAL LABORATORY 

Nancy P. Kimer 
Kirner Consulting, Inc. 
6108 Nahane West NE 
Tacoma, WA 98422-4225 
(253) 927-3663 

ABSTRACT 

This paper describes the technical approach used to 
establish radiation protection controls over incoming 
radioactive materials to an environmental measurements 
laboratory at the Hanford Site Conditions that would 
trigger internal dosimetry, posting, and direct surveillance 
were identified. Limits were established that would allow 
work on samples to continue with a graded approach to 
radiation protection. Samples were screened according to 
incoming concentrations. By establishing these limiting 
conditions and hypothesizing likely events during 
handling of the samples, the Laboratory had a technical 
basis for its graded approach to radiological controls. 
This approach provided the technical basis for eliminating 
unneceswy radiological control m n i n g  paperwork, 
internal dosimetry, and posting as potentiaUy 
contaminated areas, allowing surveillance to be properly 
imposed on higher-hamrd environmental samples and 
reducing overhead costs for the laboratory. 

I. INTRODUCTION 

The Waste Sampling and Charaaenza ’ tion Facility 
(WSCF) accepts samples provided external exposure rates 
and concentrations of alpha-emitting material meet the 
criteria established in its safety documentation. 
Experience has shown that the external exposure rate 
depends as much on the type of container used to hold the 
sample (e.g., glass or plastic) or the sample matrix (e.g., 
soil or liquid), as on the inherent hazard of the sample. 
Additionally, there was a need to demonstrate that the 
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Meet acceptably low background criteria 
essential to the mission of this environmental 
laboratory, 
Meet environmental criteria for airhrne 
releases, 
Meet regulatory criteria for posting and routine 
surveillance, 
Provide appropriate types and frequencies of 
internal and external dosimetry, 
Provide air monitoring, as required, 
Exempt large portions of the facility from 
frequent radiological surveys 
Reduce the paperwork required to conduct 
routine operations, and 
Assist in reducing unnecessary costs by 
minimizing contamination areas, airborne 
radioactivity areas, and internal dosimetry. 

11. BACKGROUND 

A review of numerical limits that are or have been 
imposed on incoming materials to WSCF since 1996 
shows that the limits were initially set within the safety 
basis of the facility. WSCF is identified as a “less than 
Category 3 Facility” and a “radiological facility” using 
the definitions of DOE-STD-1027-92, as long as samples 
do not exceed 10 mre& beta-gamma or 10 nCi/g alpha 
emitting material and the total facility inventory remains 
below specified values. Administrative levels of 5 
mrem/hr and 5 nCi/g alpha-emitting materials have been 
set to ensure compliance with the safety basis. 

Below these upper limits, samples had been 
categorized based on the need for internal dosimetry. 

laboratory &io~og i~a l  controls were appropriate to the 
potential hazard of the sample. 

These bioassay-driven criteria were developed by 
assuming that the quantity of material requiring internal 
dosimetw. as mified in Tables H5-1 and H5-2 of the 

Therefore, a method of screening samples as they 
arrive at the laboratory was needed that would satisfy the 
~ . .  . 
followng criteria: Hanford-Site Rkliological Control Manual,’ were present 

in 1 L or loo0 g of sample. Modifying factors of at least 
100 were then applied for the purposes of maintaining 
exposures as low as reasonably achievable (ALARA). 

Operate the laboratory within its safety basis 
documentation, 
Receive as many samples as possible within the 
mission of this environmental laboratory, 

a Now criteria are specified in HNF-5173, Pmject 
Hanford Radiological Control Manual. 



This approach was fust codified in procedure WMH-310, 
Section 7.4, “Radioactive Material Identification and 
Classification Program at WSCF, Rev, 0.” This approach 
worked to control both the need for internal dosimetry 
and airborne monitoring, since the criteria for internal 
dosimetq appear to be roughly based on the potential for 
airborne release of radioactive materials. 

WSCF had been operating since 1996 under this 
bioassay-based classification scheme and had not posted 
work areas as “Contamination Areas.” Although there 
were no contamination incidents under this bioassay- 
based classification scheme, the need remained for a 
technical justification regarding when an area needed to 
be posted as having the potential for being a 
contamination area. An area is not required to be 
managed and posted as a Contamination Area (CA) if the 
radioactivity is below the limits of 10 CFR 835, Appendix 
D. Most of the WSCF laboratory areas fall within this 
criterion, as they are considered to be only controlled 
areas, radiological butrer area (RBA), and/or radioactive 
materials areas (RMA). A Contamination Area may 
contain up to 100 times the limits specified in 10 CFR 
835, Appendix D before it must be posted and controlled 
as a High Contamination Area (HCA). In addition, total 
contamination may be as much as 3 times the Table 2-2 
values in any area of 100 cm’, provided that, when 
averaged over one square meter, the overall average 
meets these values. Consequently, under extreme 
conditions, the maximum amount of contamination that 
may be present based on regulatory criteria is shown in 
Table I.b The maximum amounts that may be present in 
an unposted area or RBA are shown under the heading 
“Clean Area Limits.” Similarly, the maximum amounts 
that may be present in a Contamination Area are shown 
under the heading “Contamination Area Limits.” Beyond 
those limits, an area would qual@ as an HCA. 

DOE G441.1-10 states that posting should be based 
on “actual or likely radiological conditions. Actual 
conditions are determined through area monitoring. 
Likely conditions should be identifed based on 
professional judgment or experience regarding the 
probability that a radiological condition will exist” 
Monitoring data at WSCF have demonstrated that actual 
work conditions do not require posting work areas as 
CAS. However, as more samples may be received with 
potentially higher concentrations of radioactivity, “likely 
conditions” need to be assessed in order to develop 
criteria that would avoid posting of most work areas as 
CAS, yet allow the laboratory to accept as many samples 
as possible. 

It is not recommended that an area be managed to these 
values, since contamination levels are required by 
regulation to be maintained at levels that are ALARA. 

111. CONTAMINATION CONTROL CRITERIA 

Laboratory and Radiological Control (RadCon) 
management prefers to maintain contamination levels 
ALARA with work areas posted as RBAS or W s ,  but 
management is willing to tolerate infrequent and 
temporary situations that could involve posting as a CA. 
The potential for an HCA within WSCF is considered to 
be an wimptable condition, as it can jeopardize the low- 
background mission of the laboratory. Therefore, 
acceptance criteria should be established that allow for 
non-radiological work (Category I), radiological work in 
RBAs requiring no additional posting (Category II), work 
requiring additional radiological coverage and controls 
(Category III), and work under exceptional circumstances 
to the limits of the safety basis documentation (Category 
IV). To classify incoming samples into these four 
categories, scenarios involving postulated spill events 
were evaluated. 

Experience has shown that spills are extremely rare at 
this EPA-accredited quantitative environmental 
laboratory. However, when spills do occur, they can be 
considered as “recognized” or “unrecognized.” When a 
spill of radioactive material is recognized, it usually 
involves less than 1 mL or 1 mg of sample. Recognized 
spills would require notification of RadCon and the spill 
would be cleaned up, potentially resulting in the creation 
of a temporary CA during cleanup. Therefore, a 
hypothetical spill of as much as 1 mL over an area of 
100 an’ was postulated to determine the limit for higher 
level samples. 

Unrecogtuzed spills, however, represent the primary 
source of uncontrolled contamination. These spills would 
be so small that the quantitative chemists or RadCon 
personnel at WSCF would not notice them. In order to 
answer the question, “Would this spill be recognized?” 
dirrering volumes of aqueous liquid were purposely 
“spilled” onto the surface of a typical laboratory tray. 
The evaluation was qualitatively made by a group of three 
persons familiar with laboratory work. It was generally 
agreed among the thres that spills greater than 0.01 mL 
would be easily recognized. At 0.01 mL it was arguable 
whether the spill would be recognized or noticed. A 
photo of the differing size “spiUs” is provided as Figure 1. 
For the purposes of this report, a spill of 0.01 mL was 
chosen as the limiting quantity for routine work that could 
be overlooked and not cleaned up. 

Affected areas of the various spill sizes were also 
estimated, with a 0.01 mL spill occupying an area of 
about 0.5 cm’. In performing this spill demonstration, it 
was noticed that a 0.01 mL or smaller spill would often 
evaporate to dryness before it could he either cleaned up 
or spread. 
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To develop the classification scheme, the posting 
breakpoints were identilied for noticed spills. The 
contamination limits were those that triggered a change in 
posting from an RBA to a CA, and those that triggered a 
change in posting beyond a CA, according to HNF-5173. 
Using those limits, a maximum sample concentration 
could be calculated that, when spilled, would be at the 
limits for an RBA and a CA. For example, one can 
calculate the maximum concentration of radioactive 
material that can be handled before an area would reach 
levels defined as a CA by taking the values in Table 1 and 
dividing by the maximum reasonable volume of a noticed 
spill (1  mL). For removable contamination, it was 
assumed that 20 percent of the material present would be 
transferred to a technical smear. This assumption is 
conservative compared with the assumed default removal 
factor of IO percent reported by Frame and Abelquist, 
1999. The results of this calculation are shown under the 
heading “Clean Area Limits’’ in Table 2. Similarly, the 
maximum concentrations that can be handled in a CA are 
shown under the beading “Contamination Area Limits” in 
Table 2. 

If an unnoticed spill c< 0.01 mL) were to occur and 
was not cleaned up at the maximum concentrations 
identilied in Table 2, levels of contamination shown in 
Table 3 would result. In making this assessment, the 
more limiting concen!mtions for removable 
con tamination were used, except for tritium where total 
con tamination was the limiting condition As previously 
discussed, it was assumed that a technical smear would 
remove an average of 20 percent of the material present in 
a 100 cmz area Table 3 also provides the Hanford 
contamination limits for comparison. According to 
footnote 3 of Table 2-2 of HNF-5173, total contamination 
may exceed 3 times the value, provided it is less than 
10,000 dpm when averaged over 1 m2. When averaged 
over this larger area, the contamination resulting from an 
inadvertent tritium spill would be 360 dpm and is within 
acceptable limits. Therefore, unrecognized spills below 
the concentrations proposed in Table 3 would not result in 
the need to post the work are as a CA. 

Comparing these contamination-based Limits to the 
defined risk levels in Table 1 of Section 3.8 of ASP-200, 
“Enhanced Work Planning,” shows that, as long as 
“Contamination Area Limiting Concen!mtions” are used 
in a fume hood, the above limits are within the work 
scope identified as “Low Risk.” Sample concenbations 
equal to or greater than Contamination Area Limiting 
Concentrations are defined as “Medium Risk” work. To 
ensure that materials greater than “Clean Area Limiting 
Concentrations” are used appropriately, RadCon should 
provide direct job coverage. The presence of RadCon 
personnel during the work evolution should also ensure 
that spills, if they occur, are noticed and cleaned up 

promptly, thus precluding the need for Contamination 
Area posting during use. 

Although the limits of Table 2-2 of HNF-5173 are 
based on health considerations, there may be situations 
where the criteria of PNL-MA-552 (internal dosimetry) 
may be more stringent. To ensure that samples are 
categorized according to the most stringent of applicable 
criteria, sample concentrations based on internal 
dosimetry limitations were compared with sample 
concentrations based on contamination. The more 
limiting of the bioassay-based or contamination-based 
criteria were chosen. Table 4 presents the results of this 
comparison. 

The classification scheme of Table 4 is implemented 
through a combination of direct measurements, aliquots of 
large volume samples and screening analyses using liquid 
scintillation spectrometry, process knowledge, and 
historical experience with similar samples. Radiation 
Work Permits (RWPs) are written to reflect the various 
categories of sample and tailor the controls to the hazard. 

SUMMARY 

This classification methodology provides a technical 
basis for a graded approach to radiological controls at 
WSCF. For example, work on Categoly I1 samples may 
be performed on benchtops without the general need for 
internal dosimetry, air monitoring, special RadCon 
coverage, or specific work screening approvals. Since 
historical trends have demonstrated that more than 80 
percent of the samples received at WSCF are Category I1 
samples, programmatic emphasis is focused on samples 
posing greater hazard. However, just because a 
paperwork review and approval process has been 
streamlined, does not relieve any person from performing 
work in a manner that keeps exposures and releases 
ALARA. 

Work with Categoly I11 samples should be conducted 
in fume hoods and require specific radiological hazard 
evaluation, including the potential for RadCon coverage. 
Because of the additional work coverage and streamlined 
work planning, there is greater potential that any spill will 
be noticed and cleaned up, thus precluding the need for 
posting Categoly I11 work areas as CAS. Work with 
Categoly IV samples requires specific approval from 
operational and RadCon managers, full ALARA work 
planning and approvals, mandatory RadCon coverage, in 
addition to the probable need for air sampling, internal 
dosimetry, and posting as a CA. 
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rable 1. Limiting; Quantities 

Nuclide 

U-nat, U-235, U-238, and 
associated decay products 
Transuranics, Ra-226, Ra- 
228. Th-230. Th-228. Pa- 
231: Ac-221,1-129 
Th-Mt Th-232, Sr-90, Ra- 
223, I&-224, U-232,1-125, I- 
126,I-131,1-133 
Beta-gamma emitters’ 

Tritium and tritiated 
compounds 

I Controlled Areas. 
Clean Area Limits 

(Fixed + 
Removable ) 

Contamination Area Limits 

(Fixed + 
Removable ) 

Includes nuclides with decay modes other than alpha emission or spontaneous fission, except Sr-90 and others noted above. 
Includes mixed fission products containing Sr-90. 



able 2. Concentrations re9 

10,000 

Nuclide 

10,000 

LT-nat, U-235, U-238, and 
wociated decay products 
r r d c s ,  Ra-226, Ra- 
228, Th-230, Th-228, Pa- 
231, Ac-227, 1-129 __ 
f i - ~ t ,  Th-232, Sr-90, Ra- 
223, Ra-224, U-232,1-125, I- 
126,I-131,1-133 
Beta-gamma emittersd 

rritium and tritiated 
:ompounds 

rable 3. Contamination fmn 

Nuclide 

U-nat, U-235, U-238, and 
associated decay products 
Transuranics, Ra-226, Ra- 
228, Th-230, Tb-228, Pa- 
231, Ac-227.1-129 
T h - ~ t ,  Th-232, Sr-90, Ra- 
223, Ra-224, U-232,1-125, I- 
126,I-131,I-133 
Beta-gamma emitted 

Tritium and tritiated 
compounds 

hg different posting if 1 mL sg 
Clean Area Limiting 

Concentrations 
Removable I Total 

(Fixed + 
Removable 

nnoticed spill compared to L ~ I  
Table 2-2 Limits 

Removable 
(Fixed - 

Removabl 

1,000 

1,000 5,000 

Contamination Area Limiting 
Concentrations 

Removable Y Removable ) 
(Fixed + 

Unnoticed SpiU 
Removable’ I Total 

(Fixed + 1 Removable) 

(dpd100 cm’) 1 (dpd l00  cm’) 

<6,000 <30,000 

Includes nuclides with decay modes other than alpha emission or spontaneous fission, except Sr-90 and others noted above. 
Includes mixed fission products containing Sr-90. 
’ HNF-5173 allows the levels to be averaged over 1 quare meter provided the maximum activity in any area of 100 cm2 is 
less than three times the values in Table 2-2. 
Removal factor of 20 percent was assumed. This is conservative compared with the assumed default removal factor of 10 

percent reporIed by Frame and Abelquist 1999. 
Includes nuclides with decay modes other than alpha emission or spontaneous fission, except SI-90 and others noted above. 

Includes mixed fission products containing SI-90, however. 
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Table 4. Contamination-md Bioassay-Driven Sample ClassifEation Scheme 
I I I I 

Plutonium, Americium-241, Plutonium mixtures 
with Americium 
Uranium, very soluble, Class D 

Uranium, moderate to insoluble, 

Nuclide 
(pCimL or g) (pCi/mL or g) 

l.OOE+Ol 1.00E+03 

2.03EH0 2.03EH2 
(3 mgn) (300 m@) 
1 .OOE+01 1.00E+03 

I Category II Category III 
(Benebtop) (Fume Hood) 

Class W or Y 
Mixed fissiodactivation products 
Sr-90, Insoluble, Class Y 
Radioiodides, half-life >1 day <1 yr 
Iodine-129 
Tritium (HTO and HT) (nucleotide precwsors) 

1.00E+03 2.25EH5 
4.50E+02 4.5OEH4 
2.25E+03 2.25BM.5 
4.50E+01 4.50E+03 
1.35E#4 1.35EM6 



Figure 1. Comparison of Various Spill Size8 
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