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PREFACE 

This report summarizes the Minutes of the Workshop on O f f - S i t e  R e l e a s e  
CriLeri-a f o r  Contaminated Mater ia l s  held May 2 - 3 ,  1 9 8 9 ,  at the Pollard 
Auditorium in Oak Ridge, Tennessee. The views expressed in the minutes 
are those of the speakers and the technical reporters and do not 
necessarily reflect the positions of the United States Department of 
Energy or Martin Marietta Energy Systems, Inc. 

Since the preparation of  the draft report on the workshop he1.d on 
May 3 1 ,  1989,  several activities have occurred (as a result of  the 
workshop) leading to the initi-ation of the development of  the release 
criteria for contaminated materials. These activities are summarized by 
E. S .  McDougald and are given in the foreword to the report. The timing 
and the potential impact of  the post-workshop events on the development 
o f  the release criteria necessitated that they be incl-uded in the 
workshop minutes. 
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FOREWORD 

E .  S .  McDougald 

Martin Marietta Energy Systems, Inc. 

As a direct fallout of the Workshop on Off-Site Release Criteria for 
Contaminated Materials, E. S .  (Beth) McDougald from Martin Marietta 
Energy Systems, Inc., and W. E. (Bill) Kennedy from Pacific Northwest 
Laboratory had a meeting with the Department of Energy-Headquarters 
(DOE/HQ) on August 1, 1989 in Washington, DC, to present a synopsis of 
the workshop. A prkcis of the meeting is given below. 

The meeting was held to apprise DOE/HQ staff of  the collective concerns 
expressed at the workshop by the staff of  the DOE sites regarding the 
lack of guidance €or the unrestricted release of  materials with very l o w  
levels of radioactive contamination and t o  formulate an action plan to 
address these concerns. The other attendees at the meeting included 
Cynthia Anderson (DOE/Savannah River Plant), Bob Baker (Energetics), 
Dick Bidel (DOE), Tom Frangos (DOE), Kathy Gibney (PNL - special 
assignment to DOE), Stan Noiter (PNL),  and Andy Wallo (DOE/UMTRAP). 
John Tseng (DOE/HQ), who had actually requested the input from the 
workshop, was unfortunately unable to attend. However, he was 
represented by Ray Pelletier (DOE/HQ). 

The meeting opened with a recount of  the workshop proceedings which 
included the following topics: 

A review of the complexity o f  specific situatLons concerning 
the release of materials which are slightly contaminated (or 
suspected of  being slightly contaminated) with radioactive 
components. 

The concerns related to the potential releases including 
uncertainty with regard to internal and bulk contamination, 
long-term liability issues, the disposition of D&D byproducts, 
treatment of mixed wastes, and the impact of land disposal 
restrictions on the disposal of the above wastes. 

A review of the current practices for determining the final 
disposition of the materials of concern. The reviews included 
a summary of the obsolete and inappropriate regulatory 
guidelines used to justify certain decisions and resulting 
activities, This review was performed to demonstrate the 
variety and lack of consistency used in making disposal 
decisions DOE-wide regarding the disposition of radioactively 
contaminated materials. 

The root problems were perceived to be costs, lack of de 
minimus or BRC values, absence o f  guidelines for bulk/mass 
contamination, limited instrument detection capabilities, and 
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the lack of consistency in determining statistically 
significant volumes for sampling. 

A list of  action items was then presented. 
suggesti-ons from the workshop participants. 
should take the lead and, working with the DOE sites, develop the 
criteria for the off-site release of  radioactively contaminated 
materials Erom the sites. The steps envisaged in achieving this 
objective are as follows: 

These were based on the 
It was felt that DOE/HQ 

Inventory the DOE wastes and target radioisotopes not addressed 
under Regulatory Guide 1 I 8 6 .  

Establish BRC values for various radionuclides for other than 
surface contamination. 

Establish and justify a risk/dose-based release standard. 

Kesearch commercially available radiation detection 
instrumentation that meets DOE’S needs. 

Develop an inventory of  release criteria models in current use .  

Define all pragmatic scenarios f o r  the disposition of 
radioactive contaminated materials. 

Review modeling methodology for translating primary dose 
guidance for unrestricted release to bulk and surface 
contarnination concentration limits. 

Identify a modeling method for application to specific 
scenarios. 

Obtain peer review o f  methodology, models, and the release 
criteria from A N S I ,  ASTM, or other recognized standard-setting 
body. 

Develop sampling protocols and measuring and monitoring 
techniques for the radioactive contaminants. 

Subject the entire technical package to external review and 
acceptance by regulatory agencies such as EPA and NRC.  

Kevise and issue DOE Order 5400.XX based on the results of the 
above analysis and review. 

T h e  general tone of  the response by DOE/HQ representatives was one 
The problems presented were seen not so much as different of surprise. 

aspects of one major and critical need for information, but rather as 
independent issues, some of  which, it was suspected, had already been 
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addressed i n  documented decisions ( e . g . ,  cleanup c r i t e r i a ) .  Concern w a s  
expressed t h a t  there  are probably no funds i d e n t i f i e d  i n  the  DOE Five- 
Year Plan f o r  dealing with these i ssues .  On the whole, there  seemed t o  
be recogni t ion t h a t  DOE cannot a f ford  t o  wait  f o r  o ther  f ede ra l  agencies 
t o  develop and promulgate acceptable c r i t e r i a  f o r  DOE'S use.  Questions 
asked by DOE/HQ included the following: 

1. How many sets of c r i t e r i a  a re  needed? 

2 .  What a r e  the p r i o r i t i e s ?  

3 .  What a r e  the technical  issues  and needs? 

DOE expressed an i n t e r e s t  i n  seeing a "strawman" proposal t o  address the  
i ssues ,  bu t  concluded t h a t  discussion was needed t o  determine j u s t  w h a t  
should be included and what deadline should be appl ied.  The warning was 
issued t h a t  there  was no guarantee t h a t  DOE through i ts  rulemaking 
process would take any l e s s  time than EPA o r  NRC i n  the  o f f i c i a l  
adoption o f  r e l ease  l i m i t s .  However, it was admitted t h a t  the  
development of a comprehensive technical  package could influence the 
decisions made by e i t h e r  regulatory body. 

The meeting ended with the agreement t h a t  more discussions needed t o  be 
held between DOE/HQ, Martin Marietta Energy Systems, I n c . ,  and Pac i f ic  
Northwest Laboratory t o  develop the ac t ion  plan.  

Anyway one looks a t  i t ,  the establishment of r a t i o n a l  r e l ease  c r i t e r i a  
f o r  contaminated mater ia ls  appears t o  be a long, arduous process t h a t  
requi res  the sustained e f f o r t s  o f  a l l  a f f ec t ed  p a r t i e s  (DOE s i t e s  and 
support cont rac tors )  under the leadership o f  DOE/HQ. 

The workshop described i n  t h i s  repor t  proved t o  be the  necessary f i r s t  
s t ep  i n  focusing on t h i s  i s sue .  

x i  



EXECUTIVE SUMNAEtY 

A one and one-half-day workshop was convened on May 2-3, 1989,at the 
Pollard Auditorium in Oak Ridge, Tennessee, to discuss the subject of  
off-site release criteria for contaminated materials. Seventy-two 
people attended the workshop. The attendees were mainly from the 1J .S .  
Department of Energy (DOE) facilities faced with managing contaminated 
materials, but also included experts from industry and the regulatory 
agencies. 
development of reasonable release criteria for slightly radioactively 
contaminated materials for disposal off-site. Some but not all o f  these 
materials are currently being generated and stored at DOE sites as a 
result of decommissioning and decontamination (D&D) operations. 

The goal of the workshop was to develop strategy for the 

The workshop agenda is given in Table 1. 
opening presentations germane to the subject, and a brief panel 
discussion followed. 
afternoon oE the first day to allow the participants to examine the 
issues in depth. The four topical sessions were entitled: (1) Problem 
Scope, (2) Regulatory Issues, ( 3 )  Decontamination Technologies, and ( 4 )  
Strategic Options. A summary session was held the next morning to allow 
the participants to assimilate the various components of the workshop. 
At the summary session, the chairperson for the four topical sessions 
summarized the discussions at their sessions, and then the floor was 
opened to the participants to further debate the issues. 

The workshop consisted of six 

Four topical sessions were held during the 

The workshop adjourned with the unanimous agreement that there i.s an 
urgent need to develop reasonable release criteria, and a plan was 
developed for DOE to undertake the development oE these criteria working 
with other regulatory and standards-setting bodies such as the Nuclear 
Regulatory Commission (NRC), the Environmental Protection Agency (EPA), 
the American National Standards Institute ( A N S I ) ,  the National Council 
o f  Radiation Protection (NCRP), and the American Society for Testing and 
Materials (ASTM). 

The author is grateful to many connected with the workshop. 
includes all the speakers, the chairpersons and t:he technical reporters 
f o r  the topical sessions, the workshop sponsors, and the participants. 
They all took the time to participate in the workshop and to focus on 
the issue of developing reasonable release criteria for the off-site 
release of contaminated materials. This is an area of ever-increasing 
importance to DOE as old nuclear processing facilities are retired and 
the scrap materials have to be disposed cost effectively, yet in 
compliance with all environmental protection regulations. 

This 

Last, but not least, the author is indebted to all those involved with 
the administrative details of arranging and conducting the Workshop. A 
partial list of these people include Carol Proaps, Bonnie Reesor and her 
staff, Debbie Brown, Lisa Hunt, Jerry King, and Marier Piper. Witillout 
their unstinting assistance, the workshop would not have turned out as 
well as it did. 
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MINUTES OF THE 

FOR CONTAMINATED MATERIALS 
WORKSHOP ON OFF-SITE RELEASE CRITERIA 

Suman P .  N. Singh 
Waste Management Technology Center 

Oak Ridge National Laboratory 
Oak Ridge, Tennessee 37831-7357 

ABSTRACT 

A one and one-half-day workshop was held May 2 - 3 ,  1989,at the 
Pollard Auditorium in Oak Ridge, Tennessee, with the objective of 
formulating a strategy for developing reasonable and uniform cri.teria 
for releasing radioactively contaminated materials from the U . S .  
Department of  Energy (DOE) sites. This report contains the minutes of  
the workshop. 

At the conclusion of the workshop, a plan was formulated to 
facilitate the development of the above-mentioned off-site release 
criteria. 

1 a INTRODUCTION 

The one and one-half-day workshop on the Off-Site Release Criteria 

for Contaminated Materials was held May 2-3, 1989, at the Pollard 

Auditorium in Oak Ridge, Tennessee. The objective of  the workshop was 

to formulate a strategy for developing reasonable and uniform criteria 

for releasing radioactively contaminated materials from the United 

States Department of Energy (DOE) sites. The subject materials include 

slightly contaminated excess equipment, scrap metals, oils, and solvents 

that are no longer required at the DOE sites and need to be disposed. 

The workshop was attended by 72 representatives, most o f  whom w e r e  

from the DOE sites faced with managing the contaminated materials, along 

with experts from industry and the regulatory agencies. The workshop 

agenda is given i n  Table 1, and the list of attendees is given in 

Appendix A. 
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The workshop was organized by the Oak Ridge National Laboratory's 

Waste Management Technology Center (WMTC) for the Environmental and 

Safety Activities Division, Martin Marietta Energy Systems, Inc., 

(Energy Systems). The DOE Oak Ridge Operations Office (DOE/ORO), and 

the DOE Waste Operating Contractors Committee sponsored the workshop. 

A summary of the workshop proceedings is given in the fol.I.owing 

sections. 

2. OPENING PRESENTATIONS 

2.1 WELCOMING REMARKS BY L. J. (LANCE) MEZGA, 
MARTIN MARIETTA ENERGY SYSTEMS, INC. 

o Lance Mezga did not use slides or viewgraphs for his talk. 

o He called the meeting to order and welcomed the workshop 

attendees. 

o Lance stated the following items: 

- reason for having the workshop, namely, DOE has problems 

managing the aforementioned materials; 

need to know what criteria are presently used f o r  disposal 

of hazardous wastes that are designated as mixed wastes 

because of detectable levels of radioactive contamination; 

- 

- the theme for the workshop; and 

- the proposed agenda for the workshop. 

o He served as the chairperson for the workshop and introduced 

the speakers. 

2.2 NATURE AND MAGNITUDE OF THE PROBLEM BY W. K. (WAYNE) HANSEN, 
LOS ALAMOS NATIONAL LABORATORY 

o A copy o f  the viewgraphs used by Wayne Hansen for his talk is 

given in Appendix B. 

o Wayne's talk focused on the following issues: 

- the need €or establishing criteria for releasing materials 

for recycle or disposal t3at contain radioactive components, 

such as scrap metals and organics; and 
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Table 1. Agenda for the Off-Site Release Criteria for 
Contaminated Materials Workshop 

Tuesday, May 2, 1989 

Registration 

Welcoming Remarks 

Nature and Magnitude of Problems 

Regulatory Issues 

DOE Order 5400.XX Impact 

Break 

Current Industry Practices 

Chemical Wastes Acceptance Criteria 

Modeling Studies to Develop Release Crlteria 

Panel Session 

Lunch 

WMTC Staff 

L. J. Mezga 

W. R. Hansen 

R. E. Alexander 

J .  C. Tseng 

P. K. Jackson 

J. B. Buckley 

W. E. Kennedy, Jr. 

TOPICAL SESSIONS 
Problem Scope W. R. Hansena/E. S. McDougaldb 
Regulatory Issues R. E .  Alexander/R. J. Keeling 
Decontamination Technologies P. K. Jackson/J. M. Kennerly 
Strategic Options W. E. Kennedy/R. L. Jolley 

Break 

Topical Sessions - continued 

Wednesday, May 3 .  1989 

Workshop Reconvenes 

Summary Session 

Workshop Adjourns 

aSession Chairperson. 
bTechnical Reporter” 



- a brief description of  how the DOE programs that have 

contaminated materials are impacted by the lack o€ sui t-able 

release criteria, and examples of  how some of the DOE 

programs have dealt with the release of the contaminated 

materials. 

o A summary of  Wayne's talk can be gleaned from his viewgraphs 

given in Appendix B .  

2.3 REGULATORY ISSUES BY R. E. (BOB) ALEXANDER, 
NUCLEAR REGULATORY COMMISSION (KETIREDL 

o Bob Alexander used several slides and viewgraphs in his talk; 

however, paper copies were not available for inclusion in the 

mi-nutes. 

Bob gave an overview talk and touched on the followi.ng issues: 

- the high costs of cleaning contaminated materials to meet 

o 

currently accepted residual radioactivity criteria; 

- the distinctions between Below Regulatory Concern (BRC), de 

minimus, As Low A s  Reasonably Achievable (ALARA), and 

unacceptab1.e risk level release criteria; 

- current procedures used by federal agencies for developing 

regulatory standards and federal guidance f o r  release of  

contaminated materials; 

- risks from low-level radioactivity and the perception of 

this risk by 1-egislators, the public, news media, and t:he 

regulators; 

standards making and the Nuclear Regulatory Commission's 

(NKC's) petition process and DOE adoption of NRC standards; 

and 

- 

- historical perspective o f  the biotoxicity of residual 

radioactivity relative to workers, e.g., radium dial 

painters and uranium mine workers. 

o Rob exhorted the attendees to plan and act toward developing 

reasonable release criteria €or contaminated materials. 
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2 . 4  IMPACT OF DOE ORDER 5400.XX BY J. C .  ( J O H N )  TSENG, 
U . S .  DEPARTMENT OF ENERGY. OFFICE OF ENVIRONMENT, SAFETY, AND 
HEALTH 

o John Tseng did not use slides or viewgraphs for his talk. 

o His talk focused on DOE Order 5400.XX, entitled "Radiation 

Protection of the Public and the Environment," related to the 

release criteria for contaminated materials. He covered the 

following topics: 

- DOE's position on establishing radiation protection 

standards for public exposure (DOE Order 5400.XX),  based on 

recommendations from international and national standard- 

setting organizations or standards and guidance established 

by the NRC and EPA; 

- DOE/Office of Environment, Safety, and Health's rationale 

for choosing che release criteria given in draft: DOE Order 

5 4 0 0 . Z ;  

- Office of Environment, Safety, and Health's position on 

finalizing Order 5400.XX as proposed; and 

- DOE's interactions with NRC and U.S. Environmental 

Protection Agency (EPA) on developing criteria for residual 

radioactivity. 

o DOE/HQ is seeking staff to work with EPA and NRC to develop 

acceptable release criteria for contaminated materials. 

2.5 CURRENT INDUSTRY PRACTICES BY P. K. (KEN) JACKSON, 
BECHTEL NATIONAL. INC. 

o A copy of Ken Jackson's viewgraphs is given in Appendix C .  

o Ken gave brief descriptions and potential applications of 

current technologies f o r  cleaning radioactively contaminated 

materials. The technologies discussed include the following 

- high pressure water, 

- ultra-high pressure water, 

- abrasive blast, 

- liquid abrasive blast, 

- freon cleaning, 
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- chemical methods, and 

- melt t:echnology. 

o Ken indicated that there is no established release criteria and 

there is an urgent need to develop these criteria for releasing 

contaminated materials. 

A summary of Ken's talk can be gleaned from the copy of his 

viewgraphs in Appendix C. 

o 

2.6 CHEMICAL WASTES ACCEPTANCE CRITERIA BY J. 3. (JIM) RUCKLEY, 
CHEMICAL WASTE MANAGEMENT. T N C .  

o Jim Buckley used slides of  the Chemical Waste Management's 

(CWM's) facility at Emelle, Alabama, in his talk. In addition, 

he had a handout titled "The EPA Hazardous Waste Code List and 

RestricLions, 40 CFR Part 261, Subparts C and D." A copy of 

the handout is given in Appendix D. 

Jim's talk primarily consisted of  an  overview of the hazardous 

waste treatment, storage, and disposal faciliti-es at Chemical 

Waste Management's Emelle, Alabama, site. In addition, he 

discussed the following items: 

- CWM's Emelle facility does not accept radioactively 

o 

contaminated wastes. 

- CWM is a subsidiary of Waste Management, Inc., which has 

other organizations and facilities, such as Chem-Nuclear in 

Barnwell., South Carolina, for handling radioactively 

contaminated wastes. 

- Emelle uses U . S .  Department of Transportation (DOT) 

regulation 49 CFR 1 7 3 . 4 0 3  to define radioactively 

contaminated wastes. This criterion states that if the 

wastes have a specific activity >0.002 pCi/g, they are 

considered radioactively contami.nated. This limit is 

employed f o r  the purpose of characterizing the waste. 

However, CWM's corporate p0l.i.c~ dictates that any material 

submitted f o r  disposal at Emelle that exhibits radioactivity 

above background levels must be reviewed by CWM and Chem- 

Nuclear before acceptance for disposal. 
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- At Emelle, CWM has facilities for transporting, treating, 

and disposing of hazardous and toxic wastes, but they do not 

have an incinerator. 

2.7 MODELING STUDIES TO DEVELOP RELEASE CRITERIA, 
BY W. E. (BILL) KENNEDY, JR, 
BATTELLE PACIFIC NORTHWEST LABORATORY 

o Copies of the viewgraphs used by Bill Kennedy are given in 

Appendix E. 

Bill gave a brief overview of the modeling studies conducted by 

various organizations such as NRC, International Atomic Energy 

Agency (IAEA), and others to arrive at radiological release 

criteria fo r  contaminated materials. 

o 

o The gist of Bill's talk can be obtained from the viewgraphs he 

used. A copy is given in Appendix E. 

o Bill concluded that it is desirable to have a consistent, 

international approach to developing radiological release 

criteria for contaminated materials. However, he believed that 

release criteria derived through modeling efforts alone may 

prove to be impractical for radiation detection or f o r  cost 

reasons. He suggested that DOE: 

- approach NRC to set guidance f o r  unrestricted release of 

contaminated materials, and 

develop a review of the modeling methods for deriving the 

release criteria. 

- 

3 .  PANEL SESSION 

The panel session was abbreviated because of the addition of  John 

Tseng's (DOE/HQ) talk and because the speakers used more than their 

allocated time. 

The panel session was rather sedate. The workshop audience asked 

the speakers a few questions on the information they had presented in 

their talks. Bob Alexander asked most of  the questions during the panel 

session. He asked Jim Buckley about the waste acceptance criteria used 

at CWM's Emelle facility, and he asked Ken Jackson about melt technology 



for removal of radioactive contaminants. Bill Kennedy was asked to 

clarify some results he had shown during his presentation. 

then adjourned for lunch. 

The meeting 

4 .  TOPICAL SESSIONS 

4.1 PROBLEM SCOPE 

o The session was chaired by Wayne Hansen, and E. S. (Beth) 

McDougald was the technical reporter. 

o The participants included Alec Guilliams and John Flake f r o m  

Savannah River Site and Karen Balo from Los Alamos National 

Laboratory. 

o The session focused on the nature and the magnitude of the 

disposal problems at DOE sites. The major issues examined 

included : 

- detection limits given in DOE Order 5400.XX; 

- release criteria used by various federal agencies, such as 

DOT and the establishment of de facto de rninimus values; 

- difficulty of monitoring internal contamination o f  soiiie 

types of equipment, such as pipes and o f  variable surfaces; 

- instrument detection capabilities; 

- waste management and liability issues; 

- decontamination treatment limits; 

- costs/benefits analyses for decontamination activities; 

- cross contamination of "cold" (as opposed to Ilhot'l) items; 

and 

- other drivers for setting release criteria such as DOE Order 

5820.2A, waste minimization, and waste recycle. 

o The group came to the following conclusions: 

- DOE/HQ should fund development of  new instrumentation to 

permit accurate measurement of  radioactive contamination, 

- there is a need to establish BRC values for various 

radionuclides for other than surface contamination, 
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- a study should be performed to determine what 

instrumentation is commercially available for beta- and 

gamma-radiation detection and see if it meets DOE needs. 

4 . 2  REGULATORY ISSUES 

o The session was chaired by Bob Alexander, and Rick Keeling was 

the technical reporter. 

o A summary of the topical session prepared by Rick Keeling 

follows : 

Two questions were posed to Bob Alexander before the session: 

1. What regulations presently affect off-site release of 

contaminated materials? 

Bob responded that basically all that is currently used is 

AEC Regulatory Guide 1.86, "Termination of  Operating 

Licenses for Nuclear Reactors," fox surface contamination 

limits and an NRC technical paper (SECY-81-576) on 

contaminated soils. Neither document is specific for DOE 

facilities, but these are all that currently exist. 

2. If these regulations are applied to DOE facilities, are they 

applicable to DOE waste streams, are the criteria r e a l i s t i c ,  

and do they ultimately ensure protection of human health and 

environment? 

After mixed discussion with the audience, no clear answers 

were defined. 

Bob approached the session with the format of general 

history in relation to his personal experience with the 

regulations and how the regulations are implemented on the 

state, federal, and international levels. Representatives 

from the Tennessee Department of  Health and Environment 

commented on the use of Regulatory Guide 1 .86  for surface 

contamination. They also questioned the applicability o f  

using Regulatory Guide 1 . 8 6  for off-site release at non- 

reactor sites. 

On the federal level, DOE raised the same concerns, p l u s  the 

ability to manage the material, which is now regarded as 
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bei.ng contaminated based on Regulatory Guide 1.86. DFsposal 

of contaminated scrap metal is a problem, and current 

disposal. space at facilities is dwindling quickly. It does 

not seem feasible to continue managing all "suspect" 

Contaminated waste as contaminated. 

In the international arena, debate between Europe and the 

United States continues on what dose levels need to be s e t  

for Below Regulatory Concern (BRC). Based on IAEA guidance 

given in Safety Series No. 89,  entitled "Principles f o r  the 

Exemption of Radiation Sources and Practices from Regulatory 

Control," Europe and several other nations have adopted 

1 mrem/year, while the United States is generally supporting 

4 to 10 mrem/year. Issues on how to factor costs and 

benefits i n t o  the development of an acceptable level were 

also raised. 

4 . 3  DECONTAMINATION TECHNOLOGIES 

o The session was chaired by Ken Jackson, and John Kennerly was 

the technical reporter. 

o The list of participants in this session is given in Table 2. 

o Given below is a summary of the session prepared by Ken Jackson 

and John Kennerly. 

Of the available technologies, the greatest interest was shown in 

melt technology for metals release. This is understandable, in view of  

the large quantities involved in the scrap metal program and future 

decontamination and decommissioning (D&D) projects at various DOE 

facilities. It should be noted that the group came to the agreement 

that melt processes are decontamination rather than dilution operations. 

A l o n g  that line, it was also recognized that to melt surface- 

contxminated materials could aggravate the situation. Therefore, one 

should do a surface decontamination before the melt. 

Experience has shown that in some instances, for example, in the 

case of nickel melts, the contamination penetrates the liners. The 

induction process has not experienced this specific problem; however, 
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the presence of fluxes can cause it. 

metals must be separate evolutions, a careful initial characterization 

is necessary for both the base metals and the contaminants present. 

Because melting of various base 

Table 2. List of Participants Attending the Decontamination 
Technologies Topical Session 

I____ 

Name Affiliation 

John M. Kennerly 
W. N. Whinnery 
Trent Griffin 
Larry Barnett 
Julius Foster 
B . V . Woj towicz 
Bill Strunk 
D. S .  Pesce 
Jennings Cline 
Sam Senatore 
Charley Yu 
Jas Devgun 
Ken Jackson 

WMTC/I"IFIES 
Paducah Gaseous Diffusion Plant 
Paducah Gaseous Diffusion Plant 
ETE Consulting Engineers 
Consulting engineer - HScR Technical 
ORGDP/MMES 
MMES 
H&R Technical Associates 

Theta Technologies Consultant 
Argonne National Laboratory 
Argonne National Laboratory 
Bechtel National, Inc. 

Y- 12/MMES 

When analyzing the post-melt materials, coring and compositing have been 

used. A protocol should be established for ingot sampling and analysis. 

Again, samples to date indicate homogeneous mix throughout the ingot. 

However, some trend for contaminants t o  migrate toward the surface in 

cooling has been noted. When thinking of analyses and release, we 

should bear in mind that reasonable criteria are essential. A case in 

point is the question of  why the criteria for the DOE scrap metal 

program conducted at K-25 in 1985 and 1986 was in the 1- to 2-ppb 

uranium range, when off-the-shelf aluminum wrap contains up to 9 ppm 

uranium. The above-mentioned range is related to rates acceptable in 

Europe for the scrap material and is based on technetium for which 

1- to 2-ppb equates roughly with 18 pCi/g. Note that no comparable 

criteria exist in the United States. 

If one thinks of the different metals to be decontaminated, it is 

seen that not all readily lend themselves to melting for release. 
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Surface contaminants could, perhaps, better be removed by surface 

decontamination techniques. Further, it may well be that not all the 

metal needs to be decontaminated, and careful characterization could 

easily result in release (without processing) of significant quantities 

of  metals. 

For structure and equipment decontamination, an in situ 

decontamination approach is often better and more cost effective. In 

some instances, verification surveys would be a problem. For piping 

systems, hi-gh-pressure water decontamination with self-traveling "mole" 

nozzle is quite effective. If contaminants are more tightly adherent, 

chemical use may be warranted. 

described in the morning session would damage materials like transite 

rather than decontaminate them. 

Most surface decontamination techniques 

For decontamination of concrete surfaces, as would be necessary for 

the K - 2 5  D&D program, an ultra-high pressure spray unit with attached 

vacuum shrouds overhead is ideal. This minimizes potential airborne 

contamination. Industry experience with this arrangement has been that 

one can operate without respiracors i.n this configuration. Generally, 

contaminants only slightly penetrate surfaces, and removal of that 

surface layer permits release of the remaining materials. Again, the 

need for characterization accuracy is evident. 

The feasibility of modifying existing equipment for unique 

applications was discussed. It was noted that the evolution of  

equipment followed just that process. The addition of vacuum shrouds 

would mini-mize or eliminate airborne contamination during 

decontamination operations. The use of robotics and remote technology 

also can improve efficiency, as well as reduce risks to operati-ng 

personnel. Addition of effectors, i.e., spray nozzles, would speed 

operations. 

A major preparatory step for decontamination operations is thorough 

training of  operators and careful selection of proper safety equipment. 

Most decontamination processes have considerable potential hazards 

associated, and it is very important for worker safety to be addressed 

throughout planning and operations in D&D programs. 
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In the planning phase, one should also be aware of  the dependence 

of most technologies on material/equipment shape and system 

configurations. Irregularly shaped items are very difficult to 

decontaminate. 

The use of  a Freon decontamination system is relatively common in 

the commercial industry. It is especially good on rubbers, hose, arid 

insulation. 

without adversely affecting it. This technique is normally applied in 

closed glove box-like assemblies. Contaminants are taken up by the 

freon and released during the distillation process. 

In conclusion, the group determined that: 

It can also do a very good job on electrical equipment 

1. 

2 .  

3 .  

4 .  

5 .  

6 .  

New, more reasonable release criteria of  programs are needed. 

They should more accurately reflect natural constituents in 

materials available as ‘Inonradioactive” common-use items. 

Official adoption of BRC/de minimus would be helpful. 

A release criteria for homogeneous materials, based on mass, 

must be developed soon to permit effective implementation o f  

D&D programs, i.e., a “bulk” related release criteria. 

Current decontamination technologies can achieve most g o a l s  and 

can be modified for increased effectiveness and worker safety. 

A careful evaluation of options is required for D&D efforts, t o  

select and utilize the best approach and sequence to ensure 

successful completion o f  the project. 

Pre-work characterization is essential. Careful efforts in 

this area will save problems throughout a D&D program. It w i l l  

greatly reduce the amount of time and money spent by not having 

been able to select the correct sequence of events/operations. 

Protocol must be established for monitoring on a “bulk” 

standard, i.e., surveys for release of internally contaminated 

items. 

4 . 4  STRATEGIC OPTIONS 

o The session w a s  chaired by Bill Kennedy, and Bob Jolley w a s  the 

technical reporter. 
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o The list o f  participants attending this session is given in 

Table 3 .  

o The goal of this session was to identify and discuss 

alternative strategies for developing surface and bulk activity 

standards with a view o f  providing input to future DQE/EPA/NRC 

discussions leading to the development o f  reasoned off-site 

rei-ease criteria. 

o The plan for this session was to review the current status, 

develop and review alternative strategies, and prepare 

recommendations from the group for the larger workshop 

audience. 

o The recommendations from this topical session are as follows: 

- DOE should approach NRC to set guidance for unrestricted 

release to the public of  radioactively contaminated 

materials in the suggested range of  1 t o  10 mrem/year. 

- DOE should approach a national standards coinmittee (e.g., 

ASTM, ANSI)  t o  approve the  modeling methods for deriving the 

secondary standards for unrestricted release t o  the puhlic 

in terms of bulk and surface activity concentration limits 

for various practices. 

- DOE should develop a review of modeling methodology f o r  

translating primary unrestricted release dose guidance to 

bulk and surface concentration limits for various practiczs. 
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. Table 3 .  List of Participants Attending the Strategic Options 
Topical Session 

Robert L. Jolley 
E. Walker 
Angel L. Rivera 
D. W. Lee 
J. C. Bailey 
W. R. McDonnell 
M. V. Davis 
L. T. Cole 
F. R. O’Donnell 
C .  D. Massey 
J .  M. Williford 
G .  A. Whitney 
J. P. Gonsky 
Ken Lamer 
Darrell L. Daugherty 
M. I. Morris 
Charley Y u  
Jas Devgun 
J i m  Berger 
Mark A .  Smith 
Debra G .  Shults 
W. E. Kennedy, J r .  

WMTC/MMES 
Bechtel National, Inc. 
Oak Ridge National Laboratory 
Oak Ridge National Laboratory 
Norway Associates, Inc. 
Westinghouse-Savannah River 
EG&G, Idaho 
EG&G, Idaho 
Oak Ridge National Laboratory 
Oak Ridge National Laboratory 
Chemrad Corp. 
Westinghouse-Hanford 
Westinghouse-Hanford 
DOE-Weldon Springs Site 

WMTC/MMES 
Argonne National Laboratory 
Argonne National Laboratory 
Oak Ridge Assoc. Universities 
Oak Ridge National Laboratory 
TDHE/DRH 
Pacific Northwest Laboratory 

Y - l2/MMES 
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5 .  SUMMARY SESSION 

o The summary session was chaired by Lance Mezga. 

o Lance made the following opening remarks: 

- He hoped that the summary session would help develop a sense 

of the workshop. 

- H e  believed that the workshop had been beneficial and that 

the resulting recommendations would help in determining the 

steps toward the development of acceptable release criteria 

for contaminated materials; 

- The session would consist of brief summaries to be given by 

the chairpersons of  each session, followed by an open 

discussion among the workshop participants. 

He asked Wayne Hansen to present a summary o f  the Problem 

Scope topical session. 

- 

5 . 1  SUMMARY OF PROBLEM SCOPE SESSION BY WAYNE HANSEN 

o Wayne Hansen made the following remarks: 

- Participants believed that they knew the scope o f  the 

problem, and they wanted solutions. Unfortunately, there 

are no ready answers. 

- The two main issues were: instrumentation detection 

capabilities and mixed wastes. 

- The instrumentation capabilities discussion consi-sted of 

reviewing capabilities for detecting surface and internal 

contarnination, confidence 1.imits with respect to instrument 

capabilities, the need for developing new (hopefully, 

portable) i.nstruments, especially for monitoring alpha 

emitters, the question of health physics concerns with 

respect to suspect materials, and the application of the 

limits to DOE Order 5 8 2 0 . 2 A .  

- The mixed wastes discussion focused on concerns about 

materials being sent off-site, liability issues, concerns 

related to using DOT limits as de facto de minimus release 
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limits, the need to develop BRC values for uranium, lead, 

etc., that occur in trace quantities in solvents and oils, 

and concerns about the influence of RCRA land bans on the 

volumes of mixed wastes and available storage capacity. 

o Wayne stated that the group had the following recommenclations: 

- DOE may have to consider funding instrument development, 

especially with regard to alpha emitters and to problems 

unique to the DOE facilities. 

- DOE needs to develop guidance/procedures on statistical 

methods and setting confidence limits. 

- There is an urgent need for developing BRC limits f o r  

radionuclides. 

- DOE needs to develop guidance similar to 51nOO.XX (the group 

called it 5400.W)  for the release of chemicals. 

5 . 2  SUMMARY OF REGULATORY ISSUES SESSION BY BOB ALEXANDER 

o Bob Alexander made the following remarks: 

- The session looked at the need for radiological release 

criteria from the state, federal, and international 

viewpoints. 

- We (the United States) do not have complete radiological 

release criteria. However, EPA has accepted the challenge 

to establish such criteria in connection with the new 

federal guidance for protection of the public. The new 

criteria will likely be in terms of annual dose limits only, 

and it will be many years before these criteria will appear. 

- There is an urgent need for interim criteria (namely, the 

annual dose and associated contamination levels) until the 

above-mentioned guidance appears. 

- DOE appears to be the only organization that can fund the 

development of  these criteria, 

o Bob indicated potential routes for developing the release 

criteria, such as the National Consensus Standards process ,  

asking NCRP to develop the guidance, and using the NRC "fast- 

track" petition process. He favors using the petition process 
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as the best way to get the criteria developed. 

o Bob also said that the workshop is a good starting point for 

developing the needed release criteria. 

5.3 SUMMAKY OF DECONTAMINATION TECHNOLOGIES SESSION BY KEN JACKSON 

o Ken Jackson said that in his topical session, the group 

reviewed at length the capabilities and the limitations of 

today's decontamination technologies and the problems 

encountered in meeting current cl-eanup requirements. 

o He said that the group arrived at the following conclusions: 

- There is an urgent need for establishing more reasonable 

fixed criteria for the release of radioactively contaminaLed 

materials. 

- The release criteria for contaminated materials are much 

lower than are permitted in cormnon use materials such as 

aluminum foil. 

- Current decontamination technologi-es can remove the maj or 

fraction of the radioactive contamination. However, some 

problems exist in removing the last traces of radioactivity. 

- There is a need f o r  establishing well defined bulk release 

criteria. 

- It is very important that a thorough job be done in 

evaluating the decontamination problem and determining the 

best route for decontamination to avoid aggravating the 

original problem. 

- There is a need for worker safety and thorough training of 

the workers in operating the equipment properly and the 

potential hazards generated by the decontamination 

operations. 

- In situ decontamination is often the preferred approach for 

large equipment and structures. 

- The endpoint must be identified before undertaking 

decontamination operations; therefore, we realize the need 

for well-defined release criteria. 
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5 . 4  SUMMARY OF STRATEGIC OPTIONS SESSION BY BILL KENNEDY 

o Bill Kennedy prepared a few hand-drawn viewgraphs to summarize 

the proceedings of his topical session. A typed copy of these 

viewgraphs is given in Figs. 1 and 2.  

A review of the above-mentioned viewgraphs provides a summary 

of Bill Kennedy’s talk. 

o 

6. CONCLUDING REMARKS 

After Bill Kennedy finished his summary presentation, Lance Mezga 

opened the floor for discussion on what was presented by the 

topical session chairs and on the workshop as a whole. 

Bob Alexander asked Bill Kennedy about any experience he may have 

had in asking a consensus standard organization to approve a method 

or standard. Bill said that he did not have any direct experience. 

A brief discussion followed on this subject. The discussion 

concluded with Bill Kennedy indicating that the suggestion t o  ask a 

consensus standard organization to approve a method was made based 

on comments made by Ed Walker during the strategic options t o p i c a l  

session. 

J. C. Bailey (from the audience) made a motion to recommend to DOE 

that it undertake to complete five tasks, which are listed in 

Table 4 .  

Table 4 .  Proposed Recommendations to DOE by J. C. Bailey 

1. Institute a formal review of models for deriving limits. 

2. Choose a model for application (with appropriate peer review). 

3 .  Choose an applicable dose limit. 

4 .  Derive suggested limit. 

5. Petition NRC on fast-track basis to adopt the limits. 
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VIEWGRAPH 1 - STRATEGIC OPTIONS GROUP 

OBJECTIVE: To identify and discuss alternative strategies for 

developing surface/bulk unrestricted release limits. 

CURRENT STATUS: Regulatory Guide 1 . 8 6  provides surface (not 

bulk) limits - DOE sites have different methods/procedures. 

VIEWGRAPH 2 - STRATEGIC OPTIONS GROUP 
FACTORS/VALUES 

o Technical Credibility 

o Practicality/Cost/Detectability 

o Regulatory Compliance (Ease) 

o Public Opinion 

- The need to find an optimum approach that maximizes each! 

VIEWGRAPH 3 - STRATEGIC OPTIONS GROUP_ 
IS SUE 

ROLE OF BRC: BRC and associated limits (currently under review) are a 

subset of unrestricted use; concentrate on the development of 

unrestricted use criteria. 

Fig. 1. Viewgraphs Used by Bill Kennedy in Summarizing the 
Proceedings of the Strategic Options Topical Session. 
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. 
VIEWGRAPH 4 - STRATEGIC OPTIONS GROUP 

1. Continued use of Regulatory Guide 1.86 for Surfaces - Develop 
consistent bulk limits; and 

2. Establish a risk (dose) standard, 

identify modeling methods, and 

derive secondary standards for surface and bulk activity 

(screening or site-specific). 

VIEWGRAPH 5 - THE RECOMMENDATIONS OF THIS WORKSHOP 

1. DOE approach NRC to set guidance for unrestricted release, 

2. DOE develop a review of model methods for deriving limits 

(surface/bulk) , 
DOE approach ANSI or ASTM to approve modeling methods, and 

DOE apply models/methods and submit results for ANST/ASTM 

review/approval. 

3 .  

4 .  

F i g .  2. Additional Viewgraphs Used by Bill Kennedy in Summarizing 
the Proceedings of the Strategic Options Topical Session. 
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o Lance then outlined a plan of follow-up action after the workshop. 

The plan called for preparing a summary of the workshop 

proceedings, taking the summary to John Tseng at DOE/HQ, discussing 

with him the magnitude of the problem and the needs that had to be 

met both in the near future and the longer tern, and then outlining 

a plan of action similar to the five steps proposed by J. C. 

Bailey. Assuming the plan is acceptable to John Tseng, then an 

action plan of program implementation would be developed. 

o Lance believed that the issue of reasonable release criteria is 

important to John Tseng and that the timing for contacting John is 

excellent now, 

Bob Alexander indicated that an unusual window of opportunity i.s 

available now at NRC because the NRC Commissioners want 

to do something reasonable in this area. It was felt that we need 

to take advantage of t h i s  opportunity. 

A brief discussion among Bill Kennedy, a member o f  the audience, 

and Lance Mezga followed on the modeling methodology proposed by 

Bill, the release criteria, and the need to develop an inventory of 

the release criteria models used by the various DOE sites. 

o 

o 

o Bob Alexander then responded to a question/comment from the 

audience on EPA's interagency committee for developing guidance to 

federal agencies on the criteria for residual radioactivity. He 

believed that it would be several years before this guidance would 

become available. 

o Lance said that he agrees with a comment from the audience that we 

need to get moving on this, and that is his plan when he goes to 

Washington to talk with DOE/HQ. 

o Lance then thanked the audience and speakers for participating in 

the workshop, and the workshop was adjourned. 
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APPENDIX A. LIST OF ATTENDEES AT THE OFF-SITE RELEASE CRITERIA FOR 
CONTAMINATED MATERIALS WORKSHOP 
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OFF-SITE RELEASE CRITERIA WORKSHOP 
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Martin Marietta Energy Systems, Ine 
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Fairfax, VA 22033 

Cynthia V. Anderson 
Department of  Energy 
Savannah River Site 
Aiken, SC 29803 

Cheryl L. Baker 
Martin Marietta Energy Systems, Inc. 
P. 0. Box 2003 
Oak Ridge, TN 37831-7402 

J. C. Bailey 
Consultant, ORGDP 
102 Norway Lane 
Oak Ridge, TN 37830 

Karen Balo 
Los Alamos National Laboratory 

Los Alamos, NM 87545 
1'. 0. BOX 1663, MS-E516 

Larry Barne t t  
ETE Consulting 
P. 0. Box 3471 
Oak Ridge, TN 37831 

Ralph Beck 
Tennessee Valley Authority 
Browns Ferry Nuclear Plant 
Decatur, AL 35609-2000 

J i m  Berger 
ORAU 
Scarborough Facility 
Oak Ridge, TN 37830 

615-576-0225 
FTS 626-0225 

703-378-6720 

FTS 239-5967 

615-574-9531 
FTS 624-9531. 

615-482-2125 

505-667-7391 
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615-576-3305 
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Hartin Marietta Energy Systems, Inc. 
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Monte Davis 
EG&G 
P. 0. Box 1 6 2 5  
Idaho Falls, ID 83401 
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Argonne National Laboratory 
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Darrell L. Dougherty 
Martin Marietta Energy Systems, Inc. 
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FTS 5 8 3 - 9 5 2 6  

3 1 2 - 9 7 2 - 3 4 8 8  
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6 1 5 - 5 7 6 - 8 1 6 6  
FTS 6 2 6 - 8 1 6 6  
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APPENDIX C. VIEWGRAPHS USED BY P. K. JACKSON 
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DECONTAMINATION TECHNIQUES 

HIGH PRESSURE WATER 

e ULTRA-HIGH PRESSURE WATER 

ABRASIVE BLAST 

LIQUID ABRASIVE BLAST 

* FREON CLEANING 

a CHEMICAL 

MELT TECHNOLOGY 
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ULTRA-HIGH PRESSURE WATER 

12,000 TO 55,000 PSI 

* AMBIENT TEMPERATURE 

SURFACE AND NEAR-SURFACE 

ABRASIVES INCREASE EFFECTIVENESS 

* CUTTING CAPABILITY 

* LOW SOLID AND LIQUID WASTE 
20 TO 40  SQ FT PER HOUR 
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CHEMICAL 

VARIOUS SOLUTIONS (SOFT, HARD) 

AMBIENT TO 200 DEGREES 

SURFACE AND NEAR SURFACE 

LOW TO MODERATE SOLID WASTE 

* MODERATE TO HIGH LIQUID WASTE 

* MIXED WASTE POTENTIAL 

* VARIABLE RATE 
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APPENDIX D .  HANDOUT GIVEN BY J .  B .  BUCKLEY 
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APPENDIX E. VIEWGRAPHS USED BY W. E. KENNEDY, J R ,  



78 

a
 

w
 



OUTLINE 

OVERVIEW OF REG. GUIDE 1.86 APPROACH 

0 FEATURES OF MODELJNG STUDfES 

0 OTHER NRC STUDIES (O’Donnefl et ai.) 

0 IAEA EXEMPTION STUDIES 

0 OTHER INTERNATIONAL STUDIES 

DERIVED CRITERIA RANGES 

a SUMMARY 
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REG. GUIDE 1.86 - ANSI N13.12 PROBLEMS 

0 NO CONSISTENT DOSE OF RISK BASIS 

o LIMITED EXPOSURE PATHWAYS - NO EXTERNAL 
EXPOSURE COMPONENT, ICRP 2 

0 BROAD GROUPINGS HAVE 60C0 AND 99Tc IN 
THE SAME GROUP 

DETECTABILITY VARIES WIDELY UNDER COMPLEX 
FIELD CONDITIONS 

e FIXED VS. REMOVABLE IS HARD TO DETERMINE 
FOR LONG TERM 



TURES 

PERMIT USE OF CONSTANT DOSE/RISK, ICRP 30 

ESTABLISH SCENARIOS FOR ERS AND 
OF THE PUBLIC 

c ESTIMATE ~ ~ I ~ U ~  INDIVIDUAL ND COLLECT VE DOSE 

EXTERNAL EXPOSURE, I , INGESTION Fa 
TAILORED FOR DIFFERENT CASES 

DIFFERENT M BULK OR S 



OTHER NRC STUDIES 

NUREG/CR-0134: O’Donnell et al. - RECYCLE OF METALS FROM 
DECOMMISSIONING (1979) 

- GENERIC EVALUATION OF POTENTIAL DOSE FROM RECYCLE 
( MAXIMUM INDIVIDUAL ) 

m 

- RANKJNG OF RADIONUCLIDES ACCORDING TO POTENTIAL ul 

DOSE TO MAN 

- SIX SCENARJOS INVOLVING VARIOUS MATERIALS (COPPER, 
STEEL, IRON) 

- CONDOS COMPUTER CODE - EXTERNAL, INHALATION, AND 
INGESTION 

- LACKED SPECIFIC DOSE LIMITS 
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IAEA EXEMPTION STUDIES 

IAEA-TECDOC-401 (PART 1) (1987) REPLACED IN PART BY 
SAFETY SERIES 89 (1988) - ”PRINCIPLES FOR EXEMPTION 
OF RADIATION SOURCES AND PRACTICES FROM REGULATORY 
CONTROL” 00 

- ON THE ORDER OF IOASV (1 MREM) PER YEAR OF 
PRACTICE TO INDIVIDUALS 

- ABOUT 1 MAN - SV (100 MAN REM) COLLECTIVE DOSE 
COMMITMENT PER YEAR OF PRACTICE 
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IAEA DRAFT ON RECYCLE/REUSE 

0 16 RADIONUCLIDES IN SIX MAJOR GROUPINGS 

0 FOUR CATEGORIES OF MATERIALS: 1) STEEL RECYCLE, 
2) ALUMINUM RECYCLE, 3) REUSE/RECYCLE OF CONCRETE, 
4) REUSE OF TOOLS AN5 EQUIPMENT 

0 INDIVIDUAL AND COLLECTIVE DOSES 

m INDUSTRIAL WORKERS, DOWNWIND RESIDENTS, CONSUMERS 

EXTERNAL EXPOSURE, INGESTION, INHALATION WITH ICRP 30 
DOSE FACTORS 



TI 

i, CEC (NO 
\D 

$’ RADIO LO 0 

OF MATERIALS FROM THE DI 
INSTALLATIONS” 

a CEC CONCLUDED THAT DOSE LIMITS POSE PRACTIC 
S; THUS, THEY USE ODELING TO SET ”CLE NCE” 

LEVELS IN A CO 



I) 1 

OTHER INTERNATIONAL STUDIES 
RECOMMENDED CEC CLEARANCE LEVELS 

BETA-GAMMA Bq/G (30 PCI/G) OVER 
> IO BqfG (300 PCI/G) 

I KG; NO SINGLE ITEM 

ALPHA 

a 0.4 Bq/CM2 (10 PCI/CM2) REMOVABLE OVER 300 CM2 

a 0.04 Bq/CM2 (1 .O PCIJCM2) OVER 300 CM2 OF ANY PART 
OF SURFACE 
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DERIVED CRITERIA RANGES 

PROBLEM: MATERIAL RELEASED FOR RECYCLE OR REUSE WILL 
ULTIMATELY BE SENT TO A LANDFILL; MATERIAL 
SENT TO A LANDFILL MAY BE SALVAGED AND 
RECYCLED OR REUSED. 

SOLUTtON: DERIVE OVERALL EXEMPT QUANTiTlES ACCOUNTING 
FOR ALL TYPES OF EXEMPTION (LANDFILL OR 
INCINERATION, RECYCLE OR REUSE). 
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SUMMARY 

0 MODELING STUDIES 
RELEASE CRITERIA. 

CAN SUPPORT THE DERIVATION OF 

\o 
bl 

e INTERNATIONAL PROGRESS BEYOND REG. GUIBE 1.86. 

CRITERIA DERIVED THROUGH MODELING MAY PROVE TO BE 
IMPRACTICAL FOR RADIATION DETECTION OR COST REASONS. 

a 

a A CONSISTENT, INTERNATIONAL APPROACH IS DESIRABLE. 



9
4

 

0
 

Q
 

0
 

6
 

- P
 

t 0
 

- n
 a
 

I - (B
 

I 0
 

b
 

I 0 

Q
 I 0
 



97 

L
- a- 
f, 





99 

ORNL/TM- 11303 

INTERNAL DISTRIBUTION 

1. R. B. Alderfer 
2. J. K. Bailey 
3 .  C. L. Baker 
4. L. D. Bates 
5. T. A. Bowers 
6 .  G. E. Butterworth, I11 
7. T. R. Butz 
8. R. M. Canon 
9. J. E. Cline 

10. W. D. Cottrell 
11. A .  G .  Croff 
12. D. L. Dougherty 
13. B. M. Eisenhower 
14. C. H. Estes, I11 
15. R. D. Foley 
16.  J. Foster 
17. C. E. Frye 
18. R. K. Genung 
19. R. W. Glass 
20. C. C. Hill 
21. V .  T. Hinkel 
22. R. L. Jolley 
23. J. L. Kasten 
2 4 .  C. M. Kendrick 
25. J. M. Kennerly 
26. D. A .  Kucsmas 
27. D. W. Lee 
28. T. F. Lomenick 
29. M. I. Lundin 

3 0 .  A. P. Malinauskas 
31. C. D. Massey 
3 2 .  R. C. Mason 
33. E. S. McDougald 
34. C. P. McGinnis 
35. L. E. McNeese 
36. L. J. Mezga 
37. M. E. Mitchell 
3 8 .  M. I. Morris 
39. T. E. Myrick 
40. F. R. O'Donnell 
41. B. S. Reesor 
42. A. L. Rivera 
4 3 .  T. H. Row 
44. D. W. Sheffey 

45-49. S. P. N. Singh 
50. R. C. Sleeman 
52. M. A. Smith 
53. W. D. Strunk 
5 4 .  R. E. Swaja 
55. J. E. Van Cleeve, Jr. 
56 .  H. D. Whitehead, Jr. 
57. J .  K. Williams 
58. B. J. Wojtowicz 
59. Central Research Library 

60-61. Document Reference Section 
62. Laboratory Records 
63.  Laboratory Records - RC 
64. ORNL Patent Office 

65. 
66. 
67. 
68 ,  

69.  
7 0 .  
7 1 .  
72. 
73. 
74. 

75. 
76. 
7 7 ,  

7 8 .  
7 9 .  

EXTERNAL DISTRIBUTION 

R. E, Alexander, 13131 Maltese Lane, Fairfax, VA 22033 
Cynthia V. Anderson, DOE, Savannah River Site, Aiken, SC 29803 
J .  C. Bailey, 102 Norway Lane, Oak Ridge, TN 37830 
Karen Balo, Los Alamos National Laboratory, Box 1663,  MS-E516, Los 
Alamos, NM 87545 
Larry Barnett, ETE Consulting, Box 3471, Oak Ridge, TN 37831 
Ralph Beck, TVA, Browns Ferry Nuclear Plant, Decatur, AL 35609-2000 
Jim Berger, ORAU, Scarborough Facility, Oak Ridge, TN 37830 
Richard Blauvelt, Mound Laboratory, Box 3 2 ,  Miamisburg, OH 45342 
C. W. Broughton, PGDP, Box 6 2 8 ,  MS-2347, Piketon, OH 45661 
J. B. Buckley, Chemical Waste Management, Inc., Box 55, Emelle, AL 
35459 
W. R .  Bibb, DOE/ORO, Box 2001, Oak Ridge, TN 37831 
R .  E. Blake, Portsmouth GDP, Box 6 2 8 ,  Piketon,OH 4 5 6 6 1  
J. E. Click, Westinghouse Materials Co. of Ohio, Box 398704, 
Cincinnati, OH 45239-8704 
Lance Cole, EGGrG, Box 1625, Idaho Falls, ID 83402 
K. E. Cowser, ASG, 800 Oak Ridge Tnpk., Oak Ridge, TN 37830 



100 

80. 
81.. 

82. 

83. 

84. 

85. 

86. 
87. 
88. 

89. 
90. 
91. 

92. 

93. 
94. 

95. 

96. 

97. 

98. 

99. 

100, 

101. 

102. 
1-03. 
104. 

105. 

106. 

107. 

108. 
109.  
110. 

Monte Davis, EG&G, Box 1.625, Idaho Falls, ID 83401 
Jas Devgun, Argonne National Laboratory, 9700 S .  Cass Ave., 
Argonne, IL 60439 
Don Dunning, Weston, 704 S .  Illinois Ave., Suite C-102, 
Oak Ridge, TN 37830 
John Flake, Westinghouse-Savannah River Co., Bldg. 247-F, 
Aiken, SC 29801 
Donald Gardiner, Argonne National Laboratory, 9700 S .  Cass Ave., 
EES/362-3D, Argonne, I L  60439 
John P. Gonsky, Westinghuouse-Hanford, Box 1970, MS-R3-20, 
Richland, WA 99352 
John Graves, TDHE, 150 9th Ave., North, Nashville, TN 37219 
D. T. Griffin, PGDP, Box 1410, Paducah, KY 42001 
Alex Guanlao, Environinental Protection Section, 
Savannah River Laboratory, Aiken, SC 29803 
M. R. Jugan, DOE/ORO, Box 2001, Oak Ridge, TN 37831 
R. J. Keeling, PGDP, Box 1410, Paducah, KY 42001 
Kenneth Lamer, DOE/Weldon S p r i n g s ,  Rt. 2, HWY 945, St. Charles 
City, MO 63303 
Margaret MacDonnell, Argonne National Laboratory, 9700 S .  Cass 
Ave., EES/362-3D, Argonne, IL 60439 
Richard I,. Mason, RMI Company, Box 579, Ashtabula, OH 44004-0579 
Wm. R. McDonnell, Savannah River Laboratory, E. I. DuPont 
deNemours & Co., Aiken, SC 29808 
Dominic Pesce, H&R Associates, 575 Oak Ridge Tnpk., Oak Ridge, 
TN 37830 
John M. Peterson, Argonne National Laboratory, 9700 S. Cnss Ave., 
Argonne, IL 60439 
S .  J. Senatore, THETA Technologies, Inc., 101 E. Tennessee Ave., 
Oak Ridge, TN 37830 
Debra G. Shults, TDHE/DRH, Terra Bldg., 150 9t:h Ave., North, 
Nashville, TN 37219-5404 
Lisa Stetar, Div. of Radiological Health, TDI-IE, 150 Ninth Ave., 
North, Nashville, TN 37219-5404 
John T. Tseng, DOE, 1000 Independence Ave., H-213, Washington, DC 
20545 
Edward Walker, Bechtel National, Inc., Box 350, Oak Ridge, TN 

W. N. Whinnery, PGDP, Box 1410, Paducah, KY 42001 
Gerry Whitney, Westinghouse-Hanfard, Box 1970, Richland, WA 99352 
Mike Wtlliford, Chem-Rad Corp,, 701 Scarborough, Suite 2030, 
Oak Ridge, TN 37830 
Charles Yu, Argoime National Laboratory, 9700 S .  Cass Ave., 
EES/362-3D, Argonne, IL 60439 
Yu Chien Yuan, Argonne National Laboratory, 9700 S .  Cass Ave., 
EES/362-3D, Argonne, IL 60439 
Wayne Hansen, Los Alamos Scientific Laboratory, Box 1663, Los  
Alamos, NM 87545 
J. R. Kannard, Bechtel, 601 Scarboro R d . ,  Oak Ridge, TN 37830 
P. K. Jackson, Bechtel, 601 Scarboro Rd., Oak Ridge, TN 37830 

37830-0350 

IJm. E. Kennedy, Battelle Northwest, Box 999, Richiand, WA 99352 

Oak Ridge, TN 37831 
111.-120. O f f i c e  of Scientific and Technical Information, P.Q. Box 62, 


