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Application of DOE 5400.5 requirements for release and control of property containing 
residual radioactive material. 

SUBJECT: 

TO. Distribution 

Field and program offices have requested additional clarification on several issues that 
relate to Order DOE 5400.5 requirements for control of residual radioactive material 
(Section 11.5 and Chapter IV). The issues in question have to varying degrees been 
clarified in the proposed 10 CFR Part 834 ("Radiation Protection of the Public and 
Environment") and in an implementation guide on residual radioactive material being 
prepared for that rule. However, due to the delay in the final promulgation of that Part 
834, the Office of Environment is providing the attached guidance which clarifies the 
issues identified. The attached interim guidance: 

1) Describes the relationship of DOE standards for release of property containing 
residual radioactive material to Nuclear Regulatory Commission and State 
requirements for control of such material. 

2) Provides an update on EH expectations about the use of surface contamination 
guidelines from DOE 5400.5 and associated guidance reports for release of 
property. Particular concern was expressed in regard to the limits for transuranics.. 

3) Provides guidance and clarification about requirements for tritium in property 
being released or reused. 

If you have questions regarding the attached material please contact Mr. Andrew Wallo, 
EH-4 12 (202-586-4996, email "andrew.wallo@hq.doe.gov"). 

Attachment 

/?* Raymond F. Pelletier ' Director 
Office of Environmental Policy and Assistance 
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Response to Questions and Clarification of Requirements and Processes: 
DOE 5400.5, Section 11.5 and Chapter IV Implementation 
(Requirements Relating to Residual Radioactive Material) 

November 17, 1995 
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Office of the Assistant Secretary for Environment, Safety and Health 

Office of Environment 
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Response to questions and guidance regarding implementation of 
DOE 54005 Section I15 and Chapter N. 

DOE Radioloeical Release Criteria: 

Order DOE 5400.5 chapters Il and IV contain the Department's requirements for controlling 
and releasing property containing residual radioactive material. This guidance addresses 
release of non-real property and supplements information on release of structures. 

The requirements for releasing real property, in lands and structures, are specifically 
documented in Chapter IV of DOE 5400.5 and additional guidance for applying the process is 
included in the "Manual for Implementing Residual Radioactive Material Guidelines Using 
RESRAD, Version 5.0," ANL/EAD/LD-2, September 1993 and related materials (see 
reference list). It is the responsibility of DOE field and, as appropriate, program offices to 
review and, where appropriate, approve measurement procedures and methodology and 
authorized limits for soil (lands) which meet DOE requirements for restricted or unrestricted 
use as specified in the Order and associated guidance. The information that follows relates 
primarily to the release non-real property including non-hazardous wastes, small items and 
equipment. The discussion relating to the use of DOE-approved surface contamination 
guidelines is also applicable to the release of structures. 

DOE Reauirements and Related Commercial Reauirements: 

Sfutement of Issue. Under the Atomic Energy Act of 1954 as amended, DOE has a 
responsibility to regulate the activities of its contractors and operations in a manner that 
protects the public and environment from radiation hazards assqciated with its operations. 
The Nuclear Regulatory Commission (NRC) and its Agreement States have similar authorities 
and responsibilities with regard to the commercial sector. In general, DOE requirements with 
regard to public and environmental protection are consistent with, and similarly protective as, 
those of the Nuclear Regulatory Commission and hence, are compatible with mpmercial 
standards. These include discharge limits as well as release limits. However, the residual 
radioactive material release limits for property are somewhat more complicated than effluent 
releases in that the property is likely being released to members of the general public. 

Section 61.3 of 10 CFR Part 61 states that: 

"(a) No person may receive, possess, and dispose of radioactive waste containing source, 
special nuclear or by-product material at a land disposal facility unless authorized by a license 
issued by the Commission pursuant to this part, or unless exemption has been granted by the 
Commission under $61.6 of this Part." 

Many of the states' have enacted legislation that specifically preclude the disposal of any 
radioactive material, or formerly regulated radioactive material, except in disposal facilities 
designed and licensed for radioactive waste. The words "formally regulated" have apparently 
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been included to preclude the disposal of "Below Regulatory Concern" materials according to 
a draft policy that at one time had been published by the Nuclear Regulatory Commission. 

The DOE field elements have asked EH to explain the releationship between DOE release 
criteria and policy and the requirements established for the commercial sector and non-DOE 
materials. 

Analysis and response: The discussion and analysis to follow is limited to radiological 
protection. All DOE facilities and operations must conform to applicable external regulatory 
requirements. There are three'general situations for which the DOE radiological criteria may 
be used. They are: 

1) Application of DOE-derived and -approved radiological release criteria for disposal of 
material and property in a DOE-operated onsite landfill. 

2) Application of DOE-derived and -approved radiological release criteria for disposal of 
material and property in a public or offsite landfill. 

3) Application of DOE-derived and -approved radiological release criteria for sale or transfer 
of property to members of the public. 

DOE On-site Landfill: 

In situation 1) the Department has the responsibility and authority to establish limits for 
protection of the public .and environment either in the form of radionuclide release criteria or 
waste acceptance criteria for disposal of materials in a DOE onsite landfill. Disposal of such 
material must conform to the requirements of Order DOE 5400.5 (and, when promulgated, as 
final rule 10 CFR Part 834) and applicable portions of Order DOE 5820.2A. DOE must 
establish limits such that doses to the public will be as far below the dose limits in DOE 
5400.5 (or 10 CFR Part 834, as appropriate) as is practicable. This is determined on the basis 
of the ALARA Process (As Low As Reasonable Achievable process, see DOE March 1991 
environmental ALARA guidance). The criteria should be such that it is not likely that 
disposal of materials into the landfill will result in a future requirement for remediation of the 
landfill subject to Chapter IV of DOE 5400.5. In making this determination, consideration 
should also be given to radionuclide limits established in CERCLA and RCRA corrective 
action Records of Decisions in neighboring areas of the site. To assure that these 
requirements and goals are achieved, authorized radiological limits for material sent to a DOE 
landfill (which is not an authorized low-level waste disposal facility) must be approved by 
DOE and should be: 

o Selected (and approved by DOE) on the basis of an assessment under the ALARA 
process to optimize the balance between risks and benefits including costs and 
collective doses and selected to ensure that individual doses to the public are less than 
25 mrem in a year with a goal of a few millirem in a year or less. . 
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o Evaluated to ensure ground water will be protected in a manner consistent with the 
objectives of the site's Ground-Water Protection Program objectives (DOE 5400.1 ) 
andor applicable Federal or State requirements. 

o Evaluated to verify that release of the landfill property would not be expected to 
require remediation under DOE 5400.5 requirements for release of property containing 
residual radioactive material giving due consideration to experience gained from past 
or on going CERCLA or RCRA cleanup actions. 

The ALARA process should consider factors such as estimated concentrations in waste, total 
activity (source term) being or likely to be disposed in the landfill, fraction of total waste 
containing residual radioactivity, estimated individual doses from expected or likely use 
scenarios, an estimate or assessment of collective doses in relation to other alternatives and 
potential impacts on natural resources such as ground water. In considering and assessing 
dose factors such as land use plans and site maintenance, benchmark cleanup standards, 
special waste form characteristics, and so forth may be considered in the development of 
authorized limits and acceptance criteria The detail and complexity of the analysis should be 
commensurate with potential risks and costs, i.e., if potential individual and collective doses 
are very low a semi-quantitative or screening analysis may be acceptable (see DOE 
environmental ALARA guidance). However, other factors may also be important in 
determining the level of detail needed to approve such limits. For example, although 
screening analyses (conservative bounding estimates) of activity and potential doses that 
demonstrate low risk potential may be adequate to show that ALARA has been implemented, 
they are likely to significantly overestimate residual activity. The use of bounding estimates 
without adequate documentation of uncertainties or likely doses or quantities of material may 
result in misleading documentation that in turn could lead to costly and unnecessary 
investigations in the future. Therefore, it is recommended that procedures be established to 
document source term estimates as realistically as practicable or that bounding estimates be 
qualified with a discussion of uncertainty or estimates of expected quantities of residual 
radioactive material. Documentation supporting the authorized limits or acceptqnce criteria 
and disposal records should be sufficient to ensure that the site will not have to be remediated 
in the future or even unnecessarily surveyed to document its radiological condition. 

Off-site Landfills: 

In situation 2) DOE establishes and approves authorized limits and associated survey and 
release protocol for material that will be disposed in a non-DOE landfill. The recommended 
criteria forssuch a situation are similar to those established for release of property except that 
there is an additional consideration. Many local landfills have waste acceptance criteria or are 
subject to State requirements for radioactive material. In addition to meeting DOE 
requirements to establish authorized limits and survey, review and documentation protocols 
that ensure doses are as far below the primary dose limit as is practicable, authorized limits 
and release protocol must meet acceptance criteria and State requirements for the subject 
landfills. To ensure that these requirements and goals are achieved, authorized limits for 
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material sent to a non-DOE landfill (which is not an authorized low-level waste disposal 
facility) should be: J 

0 

. o  

0 

0 

Selected (and approved by DOE) on the basis of an assessment under the ALARA 
process to optimize the balance between risks and benefits including costs and 
collective doses and to ensure that individual doses to the public are less than 25 
mrem in a year with a goal of a few millirem in a year or less. 

Evaluated to ensure that ground water will be protected in a manner consistent with 
the objectives of the applicable State regulations and guidelines. 

Assessed to ensure that release of the landfill property would not be expected to 
require remediation under DOE 5400.5 or other applicable requirements for release of 
property containing residual radioactive material as a result of DOE disposals. 

Coordinated with and acceptable to the landfill operator implementing the acceptance 
criteria and State representatives responsible for implementing solid waste regulations 
to ensure that DOE releases do not violate landfill-specific radiological protection 
requirements. 

Equipment and Personal Property: 

Under situation 3) the Department transfers ownership (either by sale or other means) to 
members of the public or releases personal property from DOE radiological control. Although 
DOE and DOE contractors are exempt from 10 CFR Part 61 and 10 CFR Part 20, individuals 
receiving the subject material are not. The Department will not transfer licensable materials 
to members of the public who are not licensed to receive them. Therefore, as part of the 
process for developing authorized limits for residual radioactive material and the associated 
survey and review protocol to ensure that release material and property are acceptable for 
public use, the Department must ensure that such property and material do not contain 
licensable amounts or concentrations of radionuclides. Therefore, the following criteria 
should be implemented to comply with DOE 5400.5 residual radioactive material 
requirements: 

o Authorized limits for property must ensure that doses to the public from all sources are 
less than the primary dose limit for all sources (100 mrem in a year). 

o Authorized limits for the property must be developed and approved by DOE consistent 
with the ALARA process. Appropriate protocols for survey and review of the release 
of such property must accompany the approval of the authorized limits. These limits 
shall be based on a documented finding that they are as low a,s practicable as 
determined through the ALARA process with a goal being to maintain individual 
doses low in comparison to background (e.g., a few millirem in a year or less). In any 



. a 

J I 

case, the limits must be a fraction (e.g., 1/4 or less of the primary dose limit for the 
public). ALARA analysis should be consistent with the March 1991 DOE 
environmental ALARA guidance. 

o To ensure that DOE releases do not violate NRC licensing requirements, authorized . 
limits for the release of property from DOE control should be coordinated with, and 
found acceptable to, appropriate Agreement State representatives or, where appropriate, 
NRC. 

The all source criterion may be assumed satisfied if the ALARA criterion and its associated 
dose constraint and goals are adequately addressed. Generally, the use of the surface 
contamination guidelines discussed below will not require a quantitative dose assessment or 
detailed ALARA analysis; however, a qualitative review should be done and documented to 
determine if it is practicable to set authorized limits for surface's lower than the guideline 
values. 

DOE Approval of Authorized Limits and Measurement Protocols for Release: 

While application, implementation and approval of authorized limits for property subject to 
surface contamination (consistent with guidelines described below) are the responsibility of 
DOE field and program elements, DOE 5400.5 requires EH-1 approval of authorized limits 
for residual radioactive material in mass or volume. 
protocol for residual radioactive material in mass or volume or surface contamination limits in 
lieu of Table 1 may be derived and approved by DOE field office managers without EH-1 
written approval if: 

1) The applicable criteria above are appropriately addressed; 

2) Based on a realistic but reasonably conservative assessment of potential doses, it is 
demonstrated to the satisfaction of the responsible field office manager, that: 

However, authorized limits and survey 

' .  

, 
o the release or releases of the subject material will not cause a maximum individual 

dose to a member of the pub1ic.h excess of 1 mrem in a year or a collective dose of 
more than 10 person-rem in a year; 

o a procedure is in place to maintain records of the releases consistent with DOE 5400.5 
requirements and that survey or measurement results are reported consistent with the 
data reporting guidelines in the DOE November 1992 radiological survey guidance and 
DOEEH- 173T; and 

3) A copy of the authorized limits, measurementkurvey protocols and procedures, supporting 
documentation including a statement that the ALAR4 process requirements have been 
achieved, and appropriate material documenting any necessary coordination with the state(s) 
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or NRC are provided to the Office of Environment, EH-4, at least 40 working days prior to 
the authorized limits becoming effective. 

o 

o 

EH-4 will provide written notificationto the field office of the receipt of the material 
and 
notify the field, if the authorized limits or supporting material are not acceptable, 
within 20 days of receipt, otherwise the authorized limits (including any conditions or 
limitations set forth by the approving DOE field elements) may be considered 
approved without written EH- 1 approval. 

Field office elements may request technical assistance in the review or development of such 
authorized limits; however, such assistance should be requested as early as possible in the 
process but at least 90 working days before the desired implementation date for the authorized 
limits. Nothing in this guidance should be construed to override or replace the need for field 
elements to coordinate or consult with DOE program offices having jurisdiction over actions 
or portions of the actions covered by the authorized limits. Authorized limits for residual 
radioactive material in mass or volume that do not meet the field approval criteria stated 
above must be approved by EH-1. It is recommended that the DOE elements responsible for 
requesting EH approval, coordinate the analyses with EH-412, the Air, Water and Radiation 
Division prior to submitting the request to EH-1. 

Guidelines for Propertv: 

Surface Contamination Guidelines: 

Statement of issue: DOE guidelines for release of residual radioactive material on surfaces 
are incomplete; the values for transuranics and alpha emitters are not included. EH-41 was 
requested to clari5 existing guidance for the use of these guidelines. 

Response: DOE 5400.5 Figure IV-1 includes surface guidelines for radionuclides other than 
transuranics and alpha emitters (Row 1 of Figure IV-1') and tritium. The only DOE-approved 
guidelines for release of property and material having residual surface concentrations of 
transuranics and the row 1 alpha emitters are contained in DOE/CW8901 , June 1989, see 
DOE 5400.5 Section IV.2, and were first approved for DOE-wide application in 1984 
(memorandum from J. R. Maher to distribution, March 15, 1984). These values are consistent 
with NRC guidance ("Guidelines for Decontamination of Facilities and Equipment Prior to 
Release for Unrestricted Use or Termination of Licenses for Byproduct, Source and Special 
Nuclear Material," July 1992 and "Termination of Operating' Licenses for Nuclear Reactors," 
Regulatory Guide 1.86, June 1964). The Surface Concentration Guidelines are restated in 
Table 1. 

'Transuranics, 1-125. 1-129, Ra-226, Ac-227, Ra-228, Th-228, Th-230. Pa-23 1. 
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Field offices may approve authorized limits and survey protocol that meet these requirements. 
ALARA process requirements apply in addition to the guidelines restated in Table 1; 
however, in most cases, the ALARA requirements can be satisfied with a semi-quantitative or 
qualitative assessment.' Although full optimization studies are likely to be unnecessary 
because use of the surface guidelines generally ensure individual and collective doses will be 
low, it is desirable, where practicable, to estimate or bound potential individual doses and 
collective doses to the public associated with the release or annual releases (if the authorized 
limit will be applied to operational releases) and include the estimates in the documentation 
supporting the authorized limits. This may be important when the authorized limits are 
developed as part of a process for releasing non-real property on a regular basis over a long 
operational period. The level of detail should be commensurate to the potential doses. 
Qualitative screening estimates are adequate if they project collective doses to be less than 10 
person-rem in total or annually. The attached reference list includes several reports and dose 
assessment tools which may be useful in computing or bounding doses. 

Volirnie and Mass Contamination and Alternate Strr$ace Limits: DOE has no DOE-wide 
approved guidelines for release of non-real property or structures containing residual 
radioactive material in mass or volume. Authorized limits for property subject to 
contamination in mass or volume must be derived consistent with the ALARA process and 
approved by DOE headquarters (EH-1) consistent with DOE 5400.5, Section II.5.c and this 
guidance (see "DOE Approval of Authorized Limits" above). Similarly, authorized limits for 
surface contamination different than those previously discussed may be approved by DOE on 
a case-by-case basis using the ALARA process. Authorized limits for the release of non-real 
property such as equipment or a number of similar items may be developed and approved by 
the Department. Guidance for the development of necessary protocols is also contained in the 
"Environmental Implementation Guide for Radiological Survey Procedures," Section 4.5, 
which was released for comment and use on November 30, 1992. 

Tritium: 

Statement of Issue: DOE surface guidelines in DOE 5400.5 do not specifically,address 
tritium f3H). EH was requested to indicate whether the guidelines for beta emitters apply io 
tritium or if other values are applicable. 

Response: Because tritium typically penetrates material it contacts, the surface guidelines in 
Figure IV-1 are not directly applicable to tritium contamination. Furthermore, the 
measurement of "fixed" tritium on surfaces at these levels is problematic. As a result, the 

* While DOE has reviewed the surface contamination guidelines in the table and determined that they 
are protective, the level of protection is not necessarily uniform and hence, although the ALARA assessmcnt 
may be qualitative or at most semi-quantitative, the level of detail should be commensurate with the potential 
maximum dose associated with the release. Radionuclides such as Th-232, Ra-226, and natural uranium have 

' potential maximum doses up to a few mrembear while 1-129, Th-230, and Sr-90 have potential maximum doses 
of much less than 0.1 mremlyear. Release of property that meet the guidelines for the latter radionuclides 
justify very minimal ALARA consideration. 
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beta emitter'values were not specifically recommended for tritium. The Department has 
reviewed the analysis conducted by the DOE Tritium Surface Contamination Limits 
Committee in the report, "Recommended Tritium Surface Contamination Release Guides", 
February 1991, and have assessed potential doses associated with the release of property 
containing residual tritium. The Department recommends the use of 10,000 dpm/100 cm2 as 
an interim guideline for removable tritium. This guideline for removable surface 
contamination ensures that non-removable fractions and contamination in mass will not cause 
unacceptable exposures. The measurements should be conducted by a standard smear 
measuremen? but using a wet swipe or piece of Styrofoam. If the property has been recently 
contaminated or recently decontaminated, followup measurements (smears) should be 
conducted at regular time intervals to ensure that there is not a build-up of contamination over 
time. 

\ 

General Issues and Coordination: 

The Department is presently conducting analyses, developing methodologies and working with 
EPA and NRC to develop more risk-based values that will ultimately replace (or confirm) the 
values in Figure IV-1, DOE/CH-8901, and the interim tritium limit discussed above. 
However, in the interim, the Department has determined that although the current levels are 
not internally consistent they are protective of the public and environment and can, therefore, 
continue to be used in the establishment of authorized limits for release at DOE facilities. 

The Department also permits case-by-case determination of other limits where they are based- 
on an ALARA process assessment and ensure that doses to the public will be as far below the 
DOE dose limits and constraints as is practicable. The derivation and DOE approval of such 
authorized limits should be consistent with the criteria discussed above. EH and EM have 
provide various tools (models, codes and handbooks) to support these analyses. They are 
listed in the references. 

While risk-based standards are being developed NRC and its Agreement States are continuing 
to conduct site specific reviews arid approvals consistent with the Commission's existing 
guidance (see attached October 25, 1995, letter Weber, NRC, to Wallo, DOE, commenting on 
this guidance). However, in coordinating with Agreement States or NRC, it may be useful 
for DOE elements to be aware of NRC's proposed 15 mremlyear dose constraint. Although 
this is only a proposed stkdard, the Commission has issued several draft guidance documents 
which may provide useful information in developing DOE survey protocols (see references). 
NUREG-I500 and NUREG-5512 may also be useful in benchmarking DOE dose assessments. 

See Section 4.2, Page 4.12, "Environmental lmplemcntation Guidc for Radiological Survey 
Procedures," November 1992, distributed for usc and comment to Distribution for Raymond F. Pelletier, Office 
of Environmental Guidance, November 30, 1992. 
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Table 1. Surface Activity Guidelines 
Allowable Total Rcsidual Surface Activity (dpd100 cm3' 

Radionuclides' Averagew 

Group 1 - Transuranics, 1-125, 1-129, Ac-227, 
Ra -226. Ra-228. Th-228. Th-230. Pa-23 1 

I 
~~ ~ ~ 

Group 2 -.Th-natural, Sr-90,1-126, 1-131, 1-133, Ra-223, 
Ra-224. U-232. Th-232 

1000 

Group 3 - U-natural, U-235. U-238, and associated decay 
Drohicts. a l ~ h a  emitters 

Group 4 - Beta-gamma emitters (radionuclides with decay 
modes other than alpha ,emission or spontaneous" fission) 
except Sr-90 and others noted above 

Tritium (applicable to surface and subsurface)" ' I NIA '. 

300 

3000 . 

15000 

. I 5000 

20 ' 

200 

1000 . 

1000 - 
10000 NIA 

. .  

J I 

. .  

'"As used in this table, dpm'(disinteptions per minute) means the rate of emission by radioactive material as'd&mined by counts per . 

minke measured by an appropriate detedor for background, eficiency, and geometric factors associated with the instrumentation. . .  . .  

' Where surface contamination by both alpha: and'beta-gammaemitting radionuclides exist\ thc limits established for alpha- and beta- 
gammamitting radionuclides should apply independently. 

. .  
. .  

. .  

. .  ' Measurements 'of average contamination should not he averaged over an area of more than 1 m*. For objects of smaller surface area, 
'the average should be derived for each,such object, 

' The average and maximum dose rates acswiated with surface contamination resulting fmm beta-gamma emitters should not exceed 0.2 
' . mrad/h and 1.0 mrad/h, respectively, at 1 cm. . , 

' The maximum contamination level applies to an area of not more than 100 cm'. . 
, ' The amount of removable material per 100 em* of surface area should be determined hy wiping an area of that size with dry filter or 

sofl absorhent paper. applying moderate pressure. and measuring the amount of radioactive material on the wipmg 
instrument of known efficiency. When removable contamination on objects of surface area less than 100 cm2 is determined, the activity per 
unit m a  ihould be based on the actual area and the entire surface should be wiped. It is not necessary to use wipmg techniques to measure 
removahle contamination levels if direct scan surveys indicate that the total residual surface contamination levels are within the limits for 
removable contamination 

an ;Ippropriate 

lo This categoty of radionuclides includes mixed fLssion pmducts, including the Sr-90 which is present.in them. It does not apply to Sr- 
90 which has been separated from the other fission products or mixtures where the Sr-90 has been enriched. 

'' Property recenlly exposed or decontaminated, should have melisuqments (sneak) at regular time intervals to ensure that there is not 
a build-up of contamination over time. Because tritium typically penehtes materjal it contacts. the surface guidelines in group 4 are not 
applicable to tritium. The Depsrtment has reviewed the analysis conducted by' the DOE Tritium Surface Contamination Limits Committee 
("Recommended Tritium Surface Contamination Release Guides," Fehruary 1991), and has assessed potential dmes associated with the 
release of property containing residual tritium. The D e p e e n t  recommends the use of the staied guideline as an mterim vdue for 
removable tritium. Measurements d e m o n e t k g  compliance of the removable fraction of tritium on surfaces with thk guideline are 
acceptable to ensure that non-remcyable fractions and residual tritium in mass will not cause exposures (hat exceed W E  dose limits and 
constraints. 

. .  
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Appendix I 
Background and Summary Information 

t 

This guidance was prepared in response to ssveral memorandum and phone 
requests from the field. Ultimately, EH will be responding to these as part of the 
promulgation of 10 CFR Part 834, "Radiation Protection for the Public and Environment.". 
However, due to the delay in issuing the final rule, we are issuing this interim guidance for 
continued implementation of DOE 5400.5 until the rule becomes effective. 

The Department's current requirements call for the establishment of DOE approved 
authorized limits for release of property containing residual radioactive material. The 
principal DOE 5400.5 requirements for the establishment of release limits are that the 
releases subject to the authorized limits not cause members of the public to receive doses 
in excess of the dose limits provided in the Order and that any doses be maintained as low 
as practicable as determined by the As Low As Reasonably Achievable (ALARA) process. 
These authorized limits must also be appropriately coordinated with the Nuclear Regulatory 
Commission (NRC) and Agreement States to ensure they are consistent with commercial 
standards. 

The order established a procedure fpr  developing authorized limits for soil and guidelines . 

for surface contamination. However, because the Department had no procedures or specific 
criteria for property having contamination in mass, Order DOE 5400.5 required EH-1 approval 
of any authorized limits established for radionuclide contamination in mass. This was done to 
ensure DOE-wide consistency and to ensure processes resulted in protective requirements. 
Since 1990, EH in coordination with EM have developed tools and criteria to assist the field 
in developing such limits. Working together, EH and the field have gained considerable 
experience in implementing the process. As a result, this guidance permits the field to 
approve authorized limits and releases that meet DOE 5400.5 requirements without written 
EH-I concurrence if the following conditions are also met: 

1) Based on a realistic but reasonably conservative assessment of potential doses, it is 
demonstrated to the satisfaction of the responsible field office manager or the program office, 
that: 

o the release or releases of the subject material will not cause a maximum individual 
dose to a member of the public in excess of 1 mrem in a year or a collective dose 
of more than 10 person-rem in a year; 
the releases and authorized limits will be appropriately documented; and o 

2) A copy of the authorized limits, measurement/survey protocols and procedures, 
supporting documentation including a statement that the ALARA process requirements 
have been achieved, and appropriate material documenting any necessary coordination with 
the State(s) or NRC are provided to the Office of Environment, EH-4, at least 40 working 
days prior to the authorized limits becoming effective. . 

12 
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EH has worked with the field on several efforts to establish authorized limits for release of 
recyclable property and the disposal of slightly contaminated material in DOE on-site 
landfills. These activities have provided a high degree of public protection and produced 
significant cost savings. Examples include: 

0 Recycle of LBL Copper - Maximum dose to 0.15 mrem (less than 0.05% of the 
typical background dose and likely individual doses would be much less), collective 
dose 72 person-mrem, savings - $247,000 plus a reduction in environmental impacts 
resulting from recycling. 

I .  

0 Authorized limits for commercial reuse of explosives from DOE Pantex facility - 
Maximum dose 0.005 mrem, collective dose ~2x1 0-3 person-mrem, savings 
$1,000,000 annually plus reduction in annual emissions associated with alternative 
disposal process. 

Disposal of roofing material in Hanford Central Landfill - Maximum dose to the 
public 0.001 mrem per year, qualitative estimate of collective dose was a few person- 
mrem per a few hundred years - savings $345,000. 

0 

This process does not establish a de minimis for radioactivity in that the release of these 
materials will continue to be controlled by DOE field ef ice  personnel and will require 
their approval. It ensures protective and consistent application of the requirements by 
permitting the field offices authority to approve releases at very low doses. It provides EH 
time to intervene if a problem is identified. It permits establishment of a tracking system 
to allow EH to distribute useful information throughout the DOE complex and to provide 
better comments on related EPA efforts to developed national standards while reducing the 
review burden on the complex. It does not prohibit releases at protective but more cost- 
beneficial levels that are above the levels that the field may approve which are but instead, 
requires a greater level of review for such approvals. The process and requirements are 
consistent with Nuclear Regulatory Commission requirements and will be appropriately 
coordinated with external regulators. 
Department and reserve EH resources for only potentially higher risk issues. 

In addition to the resources and cost savings associated with the revised process, a clear 
structured approach to control and release of material will result in improved environmental 
protection. The lack of adequate guidance and a clear process has been a root cause of 
previous incidents where DOE facilities have inappropriately released radioactive material. 
When consistent, clear and logical processes are not implemented, some facilities have 
developed their own procedures and policies that have resulted in inconsistent and 
undocumented releases. The guidance in this memorandum will further DOE efforts to . 

resolve these problems and ensure that public protection is integrated into facility operations 
rather than addressed as an after thought. 

It will help streamline the regulatory funption of the 
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UNITED STATES 

NUCLEAR REGULATORY COMMISSION 
WASHINGTON, D.C. 205550001 

October 25, 1995 

Dr. Andrew Wallo 
U.S. Department of Energy , 
Forrestal Bui 1 ding 

Washington, DC 20545 
EH-09 

Dear Dr . Wal'lo: 
In response to your facsimile request, we have performed a review of the 
Department of Energy's (DOE) guidance to its field offices on the 
implementation of DOE release criteria set forth in Order 5400.5. As you 
know, the re1 ease of any contaminated materi a1 to an unl i censed party involves 
technical and policy concerns that are not completely addressed by existing 
Nuclear Regulatory Commission guidance. 

Recognizing the incomplete nature of existing regulations and guidance, we 
agree that DOE field offices should coordinate with the Agreement States or 
NRC, as well as other applicable regulatory authorities (e.g., State 
permitting agencies) to ensure that the site specific release limits and the 
survey and review protocol s are appropriate and acceptable. We a1 so bel ieve 
your application of the A U R A  process is reasonable for establishing 
authorized limits for material either sent to a non-DOE landfill or 
transferred to the public. However, as you know, a 15 mrem/yr dose constraint 
is currently included within our proposed rule on radiological criteria for 
decommissioning. Your upper bound constraint level of 25 mrem/yr for release 
of property to a landfill or the public could be viewed as being inconsistent 
with this proposed value, even though we recognize that the calculated 
radi ol ogi cal impacts from actual re1 eases are typically we1 1 bel ow this Val ue. 
With regard to the collective dose constraint imposed on the release of 
surface-contaminated property, we were not able to make a judgement, without 
further information on assessment methods, on the appropriateness of using the 
10 person-rem as a threshold value, below which only qualitative screening 
would be required. - 

The case-by-case decisions that NRC has made in releasing land and structures 
for unrestricted public use have been typically related to NRC's Site 
Decommissioning Management Plan sites. Release criteria have been those in' 
the "Action Plan to Ensure Timely Cleanup of Site Decommissioning Management 
Plan Sites" (57 
with these criteria (See SECY-94-145 enclosed). These criteria include 
surface contamination guidelines in Regulatory Guide 1.86. 
instances where radioactive material has been or is being considered for 
transfer to unlicensed entities on a case-by-case basis, impact analyses have 
been performed and accepted by appropriate approval authorities. 
analyses generally indicate extremely small (i .e., less than 1 mrem/year) 
annual individual exposures and minimal collective exposures. 

13389-13392) or have been justified as being consistent 

In the few 

These 
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As you know, the c r i t e r i a  i n  NRC’s proposed decommissioning rule, .when 
f inal ized,  will  replace the above guidance, b u t  only fo r  release of  lands and 
structures. 
will be developed. 

Both EPA and NRC have then indicated tha t  a proposed recycle ru le  ’ 

As with the “decommissioning” rule, the applicable dose c r i t e r i a  will be the 
subject of considerable debate. 
decommissioning ru le  could influence the selection o f  c r i t e r i a  for  this 
recycl e rul e. 

I hope t h i s  response has been responsive t o  your request. 

I t  i s  l ike ly  tha t  the c r i t e r i a  i n  the 

Michael F. Weber‘, Chief 
Low-Level Waste and Decommissioning 

Division o f  Waste Management 
Office of Nuclear Material Safety 

Projects Branch 

and Safeguards 
I 

. .  . .  
. .  
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May 27, 1994 

FOR: 

m: 
- 

SUBJECT: 

POLICY ISSUE 
( I  n f or matio n) SECY-94-145 

The Commissioners 

James M. Taylor 
Executive Director for Operations 

SURFACE CONTAMINATION AT SHOREHAM AND FORT ST. VRAIN 
INCREASE OF TRITIUM Af4D IRON-55 UNRESTRICTED USE LIMITS FGR 

PURPOSE: 

- TO inform the Commission of the staff's decision to increase certain 
unrestricted use 1 imits for surface contamination on buildings, structures, 
and equipment for the decommissioning projects at Fort St. Vrain Nuclear 
Station (FSV) and Shoreham Nuclear Power Station (Shoreham). This increase 
applies only to fixed contamination from iron-55 (Fe-55) and tritium (H-3), 
and is a modification to one of the clean-up criteria that the Commission 
directed the staff to consider in the "Action Plan to Ensure Timely Cleanup of 
Site Decommissioning Plan Sites" (Action Plan) (i-e., Table 1 of Regulatory 
Guide 1.86 (RG 1.86)) 

SUMMARY : 

Shoreham and FSV are currently decommissioning their facilities with the goal 
o f  releasing the buildings, equipment, and grounds for unrestricted use in the 
short term (i.e., the DECON option). 
contaminated structures and systems during the characterization of these 
facilities >*is cobalt-60 (Co-60). 
facilities, both licensees identified concrete containing unexpectedly high 
concentrations o f  H-3 and Fe-55 in areas subjected to neutron radiation during 
operations. 
bioshield concrete. The total (fixed plus removable) surface contamination 

. 

The major radionuclide identified in 

However, during the dismantling of the 

Shoreham also identified Fe-55 in steel used as a liner for the 

Contact: David N. Fauver, NMSS 
415-6625 

\"\ 

S ECY NOTE : 
TO BE MADE PUBLICLY AVAILABLE IN 10 WORKIKG DAYS FROM THE DATE OF THIS PAPER. 

. Enclosure 
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levels of H-3 and Fe-55 on the concrete and steel exceed the current 
unrestricted use 1 imi ts. Small er concentrafions of europi um-152 (Eu-152) and 
Co-60 have also been identified on the activated material. 
that compliance with the current surface contamination limits for the H-3 and 
Fe-55 in the activated material will require the shipmen; of up to 73 
additional cubic meters (2600 cubic feet) of slightly contaminated concrete 
and steel, above that required to comply with the Co-60 and Eu-152 surface 
contamination limits alone, to a licensed low-level waste facility at a cost 
of up to $1 million. 
surface contamination limits would require the removal and shipment of up to 
260 additional cubic meters (9300 cubic feet) of activated concrete, at a cost 
of up to $4.5 million. Both licensees submitted requests to increase the 
unrestricted use limits for H-3 and Fe-55 surface contamination based on their 
conclusions that the risks from H-3 and Fe-55 are very small, at the current 
limits, and that application of the current limits to the activated material 
at their facilities is not in accordance with the as low as is reasonably 
achievable (ALARA) principle. 

The staff evaluated the risk f a n  H-3 and Fe-55 surface contamination relative 
to the other radionuclides listed in RG 1.86. The risks from Fe-55 and H-3 
surface contamination at their respective RG 1.86 limits were found to be 
lower than the average risk from the other nuclides by at least a factor of 
400. The risks are lower because Fe-55 emits only low-energy X-rays and H-3 
emits only low-energy beta radiation. A detailed discussion of the relative 
risks, and additional background information, is contained in the enclosure. 

Shoreham estimates 

FSV has estimated that compliance with the current 

, .. 
Based on the magnitude of the disparities between risks, the staff concluded 
that it-would be ALARA to increase the surface contamination limits for H-3 
and Fe-55 at FSV and Shoreham, and that the magnitude of the increase could be 
limited to ensure that the risks from H-3 and Fe-55 remain consistent with the 
risks from the other nuclides in RG 1.86. The staff contemplated raising the 
total .average surface contamination limits for 8-3 and Fe-55 from the current 
5,000 dpm/100 cm limit to 2,900,000 dpm/100 cm . At this level; the risk 
from Fe-55 would be equal to the average risk from the other nuclides in RG 
1.86, and the risk from H-3 would be less than the ?yerage. owever, in 
consideration of ALARA, the staff selected 200,000 dpm/100 2 as the new 
total average surface contamination limit for H-3 and Fe-55 at FSV and 
Shoreham. 

RG 1.86 also contains maximum limits that are 3 times the average limit. 
Accordingly, the maximum 1 imit for total H-3 and Se-55 surface contamination 
was raised by a factor of 3 to 600,000 dpm/100 cm . 
The existing limits for removable H-3 and Fe-55 surface contamination were 
also evaluated. 
considered ALARA, since standard remediation techniques are capable of 
lowering removable contamination to levels below the current 1 imit. 
Therefore, the removablezlimits for H-3 and Fe-55 will remain at the current 
level of 1000 dpm/100 cm . 

Increasing the removable contamination limits is not 
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The primary bases for the staff’s decision to increase the surface 
contamination limits for H-3 and Fe-55 were 1) that the risk from the 
increased limits are consistent with the risk from other nuclides, and 2) 
ALARA. However, to provide additional information, dose assessments were 
performed assuming that. contamination i s  present at the increased 1 imits 

At 200,000 dpm/100 cm2, the estimated doses from H-3 and Fe-55 surface 
contamination are 0.01 and 1.1 E-03 mSv (1.0 and 0.11 mrem)/y, respectively. 
These potential doses will decline as Fe-55 and H-3 decay with half-lives of 
2.6 years and 12.2 years, respectively. 

The above calculations assume that the dose from the activated ‘concrete is 
from the inhalation and ingestion of material resuspended or removed from 
contaminated surfaces, whicil are considered the most probable exposure 
pathways. 
potential dose assuming that the activated concrete is removed from the 
buildings and disposed without restrictions. For this case, the groundwater 
pathway, and the other exposure pathways in the residential farmer scenario, 
were evaluated. The resulting potential doses from the unrestricted disposal 
of the material at Shoreham and FSV were estimated as 0.012 mSv/y (1.2 mrem/y) 
and 0.019 mSv/y (1.9 rnremly), respectively. These modeled doses decline 
rapidly with time following the maximum due to the conservative assumption 
that all of the H-3 is leached in the first year. For example, the fourth and 
sixth year doses at both facilities are less than 5E-03 and 2E-04 mSv/y (0.5 
and 0.02 mrem/y), respectively. 

a 

Although considered unlikely, the staff also estimated the 

The modified Fe-55 and H-3 limits discussed in this paper are based on ALARA 
considerations specific to the FSV and Shoreham decommissioning projects. 
However, volumetric contamination of activated materials at decommissioning 
power reactors is a generic issue and the staff anticipates that other 
decommissioning reactors will make simila;. requests for exceptions to RG 1.86 
for H-3 and Fe-55, and that such requests would likely be approved. This 
issue should be addressed generically in the guidance developed to implement 
the rulemaking on Radiological Criteria for Decommissioning. This guidance 
would supersede or modify RG 1.86. The staff expects to notify Shoreham and 
FSV that the limits have been increased no later than June 3, 1994. 
early date is associated with the time required to remove and ship low-level 
waste, if necessary, to Barnwell prior to the June 30, 1994, deadline. A . 
meeting with the Commission assistants to discuss this matter would be useful. 

COORDINATION: 

The Office o f  the General Counsel has reviewed this paper and has no legal 
object i on. 

. 

This 

+Fjg; ecutiv Director 

1 for Operations 
Enclosure: 
As stated 
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ENCLOSURE 

ADD IT I ONAL BACKGROUND AND TECHNICAL INFORMATION 

In the Action Plan, the Commissicjn directed the staff to consider existing 
guidance, and ALARA, when determining a site's suitability for unrestricted use 
pending the final rule on "Radiological Criteria for Decommissioning." Table 1 
of RG 1.86, which contains surface contamination limits for buildings, 
structures, and equipment, was listed in the Action Plan as one of the existing 
criteria to consider. Accordingly, the staff approved the limits i n  RG 1.86 as 
the unrestricted use criteria for surface contamination at FSV and Shoreham. 

The experience, to date, in applying the RG 1.86 szrface Contamination limits as 
unrestricted use criteria has been positive. In general, the limits are 
practical and ALARA, and have been applied by Nuclear Regulatory Commissicn 
1 icensees undertaking decommissioning. However, on December 23, 1993, the Pub1 is 
Service Company of Colorado (PSC) requested that NRC increase the surface 
contamination limits for Fe-55 and H-3 at FSV. The Fe-55 and H-3 contamination 
identified at FSV resulted from neutron activation and is primarily located in 
the concrete comprising the former prestressed concrete reactor vessel. QSC 
contends that the surface contamination limits for these two nuclides should be 
increased since: 1) the potential health and safety risk from these nuclides is 
very low; 2) the relative risk from these nuclides is very low compared to the 
other nuclides of concern. at FSV, predominantly Co-60 and Eu-152; and 3) 
compliance with existing limits for these nuclides would cost an additional $4.5  
million above the cost required to comply with the surface contamination limits 
for Co-60 and Eu-152. 

. 

In addition, on April 22, 1994, Shoreham requested that NRC consider revising the 
release criteria for Fe-55 and H-3 because of the recent identification of 
concrete and steel, from the biological shield, that contains elevated levels of 
H-3 and Fe-55 as a result of neutron activation. Shoreham asserts that applying 
the current unrestricted release criteria for Fe-55 and H-3 would cost up to $1 
million without appreciable decrease in potential risk to public health and 
safety, and that Fe-55 and H-3 pose significantly lower risk than other nuclides 
in RG 1.86. 

In response to the FSV and Shoreham requests, the staff reviewed the technical 
bases for Table 1 of RG 1.86 to determine if the limits for H-3 and Fe-55 are 
inconsistent with the other nuclides in Table 1. The RG 1.86 limits were 
developed using a semi-quantitative .evaluation of relative risk based on the 
maximum permissible concentrations (MPC) for air and water listed in 10 CFR Part 
20. The starting assumption in developing the limits was that licensees should 
not be expected to lower surface contamination below the existing environmental 
background levels caused by fallout from the atmospheric testing of nuclear 
devices. The predominant radionuclide found in the environment as a result of 
atmospheric testing i? strontium-90 (Sr-90); the background level of Sr-90 was 
about 1000 dpm/100 cm in 1974, when RG 1.86 was published. 
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The surface conlamination limits in Table 1 of RG 1.86 were selected using the 
1000 dpm/lOC cm environmental background level fc!r Sr-90 as the baseline. Using 
the ratio of Sr-90 MPC’s to the MPC’s for the various nuclides ai a measure of 
relative risk, the RG 1.86 surface contamination limits were generally set at one 
o f  three levels, i .e., 100, 1000, or 5000 dpm/lOO cm2. The upper 1 imit of 5000 
dpm/100cm was set, in part, to limit direct radiation and, in part, as a level 
that seemed readily attainable. Note that the direct radiation exposure from 
both Fe-55 and H-3 is essentially zero. The ability to measure the contamination 
using standard industry .instrumentation and methods was also considered in 
setting the RG 1.86 limits. 

The developers of RG 1.86 were aware that disparities existed between the risks 
from the various nuclides at their respective RG 1.86 limits, but issued the 
guide as a matter of practicality, realizing that a method for more closely 
estimating the risk from surface contamination would not be accepted as a 
consensus in the near term. Before the FSV and Shoreham cases, 
there has not been a compelling reason to evaluate more closely the magnitude of 
the disparities. Note that the inconsistencies in RG 1.86 are being addressed 
generically in the rulemaking on “Radiological Criteria for Decommissioning.” 

To determine if the RG 1.86 limits for ti-3 and Fe-55, i.e., 5000 dpm/100 cm2, 
pose relative risks that are significantly lower than other nuclides, the staff 
evaluated the risk from each of the nuclides specifically listed i n  
RG 1.86, as well as Co-60, Cs-137, Eu-152, C-14, Ni-59, Ni-63, H-3, and Fe-55. 
The risk from each nuclide was estimated by multiplying the RG 1.86 limit by the 
nuclide specific dose factors for surface contamination developed for the 
building occupancy scenario in NUREG/CR-5512, “Residl*al Radioactive Contamination 
from Decommissioning,” October 1992. 
NUREG/CR-5512 dose factor for 2r-90 surface Contamination is 1.51E-05 mSv/y 
(1.51E-03 mremjy) per dpT/100 cm and the RG 1.86 surface contamination limit for 
Sr-90 is 1000 dpm/100cm . Multiplying these two values results in a dose of 
1.51E-02 mSv(l.51 mrem)/y. Note that the NUREG/CR-5512 dose factors are 
currently the staff’s best estimate of dose fron! surface contamination. These 
dose factors were developed to support the ongoing rulemaking on “Radiological 
Criteria for Decommissioning.“ 

The estimated doses for the 24 nuclides evaluated range from about 0.8 mSv/y 
(80 mrem)/y for uranium to about 2E-05 mSv (2E-03 mrem)/y for 1-133. The 
resulting doses for CO-60, Fe-55, and H-3 are 0.14, 2.5E-04, 2.8E-05 mSv f14, 
,2.5E-02, and 2.8E-03 mrem)/y, respectively. The average dose for.the 24 liucl ides 
evaluated was about 0.1 mSv (10 mrem)/y. 

Comparing the relative risks from Co-60 to both Fe-55 and H-3, it is seen that 
the risk from Co-60, at the RG 1.86 limit, is 5000 times greater than the risk 
from H-3 and 560 times greater than the risk from Fe-55. Because of the 
magnitude o f  these differences, and the estimated cost of compliance with the 
existing limits at FSV and Shorehsm, the staff believes that it is appropriate 
to consider the surface contamination 1 ir.iits for H-3 and Fe-55 separately. 

For example, the 

. 

- 

To determine the total surface, contamination limits, the staff considered the 
average dose from the 24 nuclides at their respective RG 1.86 limits, and ALARA. 
In addition, to maintain simplicity in implementation, the limits f o r  both H-3 
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and Fe-55 were both set. a t  equivalent levels,  using the dose from 
Fe-55 as the basis. This resu l t s  i n  a more conservative dose f o r  H-3. The 
estimated awrage dose from nucl ides a t  the RG 1 86 l i m i t s ,  as evaluated above, 
i s  0.1 mSv (10 mremyy, which t ranslates t o  a l i m i t  o f  
2,000,000 dpm/100 cm . I n  consideration o f  ALARA, the l i m i t  f i n a l l y  selected for 
t o t a l  surface c o n t p i p a t i o n  f r o m  Fe-55 and H-3 a t  FSV and Shoreham was 
200,000 dpm/100 cm . 
H-3 doses are 0.01 and 1.1 E-03 mSv (1 .O and 0.11 mrern)/y, respect ive ly .  These 
p o t e n t i a l  doses w i l l  dec l ine as Fe-55 and H-3 decay with h a l f - l i v e s  o f  2.6 years 
and 12.2 years, respect ive ly  . 
The 200,000 dpm/100 cm2 l i m i t  discussed above applies t o  average contamination 
leve ls .  
l i m i t .  Accordingly, the maximum l i m i t  f o 5  H-3 and Fe-55 t o t a l  surface 
contamination was ra ised t o  600,000 dprn/100 cm. 

The e x i s t i n g  l i m i t s  f o r  removable H-3 and Fe-55 Surface contamination were also 
evaluated. Increasing the  removabie contamination 1 i m i t s  i s  no t  considered A U R A  
s ince standard remediation techniques are capable o f  lowering removable 
contamination t o  l eve l s  below the current 1 i m i t .  Therefore, t he  removabJe 1 i m i  t s  
fo r  H-3 and Fe-55 w i l l  remain a t  the current leve l  o f  1000 dpm/100 cm . 
The above dose ca lcu la t ions  assume tha t  the exposure from the  act ivated concrete 
i s  through the i nha la t i on  and ingest ion o f  m a t e r i a l  resuspended o r  removed f r o m  
contaminated surfaces, which a r e  considered the most probable dose pathways. 
However, a1 though considered un l i ke ly ,  the s t a f f  a lso evaluated the po ten t ia l  
dose assuming t h a t  the act ivated concrete i s  removed from the  bui ld ings and 
disposed wi thout  r e s t r i c t i o n s .  The pot.trltia1 dose was estimated using the RESRAD 
environmenta I pathway and dose assessment code (ANL/EAD/LD-2). The resu l t i ng  
dose i s  considered conservative since, l j  the a c t i v i t y  i n  the  concrete and steel 
was assumed t o  be immediately avai lab le f o r  uptake by p lan ts  and animals, and 2) 
a l l  o f  the  H-3 i s  assumed t o  leach front the concrete i n  t h e . f i r s t  year and 
migrate t o  groundwater. The r e s u l t i n g  maximum potent ia l  doses from groundwater, 
p lus  the  other  exposure pathways i n  the res ident ia l  farmer scenario, a t  Shoreham 
and FSV arc! 0.012 mSv/y (1.2 mremly) and 0.019 mSv/y (1.9 mrem/y), respect ively.  
The modeled dose decl ines r a p i d l y  w i th  t i m e  fo l lowing the  maximum due t o  the 
conservat ive assumption t h a t  a l l  o f  the H-3 i s  leached i n  t h e  f i r s t  year. For 
example, the  f o u r t h  and s i x t h  year doses a t  both f a c i l i t i e s  are less  than 5E-03 

A t  200,000 dpm/100 c d ,  the estimated Fe-55 and 

RG 1.86 a lso contains maximum l i m i t s  tha t  are 3 t imes the average 

I 

. 

. and 2E-04 mSv/y (0.5 and 0.02 mrem/y), respect ively.  

. .  
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Supplemental Information and Examples: 

Summary of Esamples: 

This package contains examples of documentation and analyses supporting authorized limits and 
requests for release of material containing residual radioactivc material that have becn approved by the 
Office of Environment, Safety and Health. They arc provide with thc EH-41 November 17, 1995, 
guidance as examplcs of the type of analysis and documentation EH has found acceptable to justify 
authorized limits and releases. Under the November 17, 1995, guidance, each of tlicse example 
actions and authorized limits could be approved by the responsible field office. The documents should 
not necessarily be considered tcmplets but are provided to DOE field and program elcments to assist 
them in reviewing requcsts under their jurisdiction. The packages reprcsent three different situations 
and provide a general outline for issues that need to be considercd. Howevcr, for some site-specific 
actions, these analyses may be too detailed and for othcrs insufficient. 

Copper Recycle: 
The package contains the ALARA summary for the action, approval documentation and a fact sheet 
on the action. This action was supported by sm environmental assessment (EA) which is not attached 
because of its volume. The data in the ALARA summary was based on analyscs contained in the EA. 
The Fact Sheet summarizes the results of the EA. 

The copper is from the windings of a cyclotron and the most highly contaminated portions were 
removed and disposed prior to thc action to recycle the copper. As a result. the action was to 
determine if the remaining copper was acceptable for rccyclc rather than to establish authorized limits 
far the recycle of the copper. Had the more highly contaminated copper not bcen already disposed, 
the action would have required thc analysis to determine authorized limits to define the portion of 
copper that could be recycled. However, given the conccntration and quantity of residual 
radionuclides in the remaining copper that was not necessary. 

. Recycle of High Explosives: 
This example provides the ALARA finding and supporting documentation and approval documents for 
the establishment of authorized limits to recycle high explosives containing residual tritium. An 
ALARA assessment should normally investigate the impacts and bencfits of various authorized limits 
(e.g., 10,000 dpm/100 cm2, 1000 dpm/100 cm2 and 100 dpm/100 cmz). However, in this case, the 
individual and collective doses associated with the proposcd authorized limit were so low that there 
was no value in assessing the lower limits and it was qualitatively dctchiine that a higher limit would 
provide no significant cost savings. Hence, the ficld office reconinicndcd approval of thc proposed 
value without quantitative ALARA comparisons of altemativcs. 

Disposal of Roofing Material in an On-site Landfill: 
It is possible to establish waste acceptance criteria for matcrial containing low concentrations of 
residual radioactive material for a landfill (authorized limits for disposal) consistent with the 
requirements of DOE 5400.5 and DOE 5820.2A. However, thcre wcrc no sitc-wide criteria 
established for the landfill in this case. As a result, thc field chose to review the specific waste to 
determine if it could be disposed in the on-site landfill. The packagc contains thc approval documents 
and supporting analysis. EH had several commcnts (included in the packagc) rcgarding the 
conservatism of some of the assuniptions and the collective dose assessment. Howcver, given the low 
doses, and the results of indcpendent analyses conducted by EH, it was dctemiined that the changes 
would not impact the decisions and the action was approvcd. 



EXAMPLE - Copper Release 



. .  
United States Government Department of Energy 

memorandum I 

DATE: ' 

SUBJECT: 

To: 

August 2,' !994 
. .  

Office uf Environmental Guidance:Wallo:6-4996 

DOE Order 5400.5 Rev& and Apprbval of the Lawrence Berkeley Copper Recycle 
Action 

James F. Decker 
Deputy Director 
Office of Energy Research .. 

The Office of Environment has reviewed the documentation for the subject action, 
induding the attached As Low As Reasonably Achievable (ALARA) Summary 
Information and the supporting information contained in the Environmental 
Assessment and the finding of no significant impad. which I signed on June 20, 
1994. We find that the action complies .with the requirements set forth in Section 
11.5 (Release of Property Having Pesidual Radioactive Material) and with the 
AIARA process requirements of Section 112 of DOE Order 5400.5 and associated 
guidance. Accordingly, I approve your request for release of the subject material, 
consistent with Section 11.5.c(6) . of DOE Order 5400.5. . 

If you have any questions please contact Mr. Andrew Wallo, Office of Environmental 
Guidance, at 202-586-4996. 

. . 

. .  . .  . .  
. .  

. .  
: . \ .  . ..' . .  

. .  . .  - . .  Assistant Secretary . .  

. Environment, Safety and H e w  
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SUMMARY OF ALARA ANALYSIS FOR THE DISPOSlTION OF COPPER 
FROd LBL CYCLOTRON COIL WINDINGS 

BACKGROUND 

. 

Lawrence Berkeley Laboratory (LBL) has 140 metric tons of copper which had become slightly 
activated from use as windings of the 184-inch cyclotron. The copper has been stored in 32 wood 
crates outdoor at a leased -house for several years and DOE would like to dispose of i t  The 
amount of radioactive material is sufficiently low that the State of California, Department of 
Health has approved burial of the copper as ordinary waste, without regard the activity and found 
that the recycie of the material is acceptable under the practice of *-based regulations 
However, the copper is a valuable resource and could be sold for scrap for about $OSO/b 
(approximately $247,000 for the 140 metric-ton lot) and recycled. DOEihpUld like to make a 
final disposition of the copper and comply with thea- policy and requirements 

CONTAMIN- 

The high-purity (99.99%) copper has an average activity, principally CwjO (half-life 526 years, 
beta and gamma emitter), of 3 pCdg from activation and a maximum activity of 20 pWg. All of 
the copper with activity greater than 20 pCi/g has been disposed in Hanford. The total amount of 
cod0 in the remaining copper is about 0.42 mCi If the total amount of cod0 in the 140 metric 
tons of copper (0.42 mCi), could be concentrated into a single small unshielded source, the dose 
rate at 1 ft from the source would be about 55  mrem/hr. About 15 pCi/g of N-63 (half-life 92 
years, beta emitter) is also present, but it is of little radiological importance 

PROPOSED ACITON AND ALTERNATIVES 

DOE proposed to recycle the copper by selling it to a local scrap metal dealer. wed local 
dealers are interested and the nearest is located within 10 miles of the warehouse. Fm , 
alternative actions also were considered and evaluated: 
1. no action-- continue to store the copper at the warehouse [this would require 

implementation of DOE 58202,A for long-term storage of low-level waste-the co-60 ' 

&ty would be undetectable through decay in about 50 years]; 
recycle at the Scientific Ecology Group (SEG) hdity, located in Oak Ridge T'hI, for re- 
use at a DOE facility [the likely use would be as customized shielding block which 
eventually would be disposed as low-level waste]; 
recycle by selling or giving the copper to a foreign government [China is interested in 
using the copper in synchrotron acceleratorstransportation would be by common 

disposal at a local sanitary landfill [a local sanitary lahdfill is available but some additional 
testing would be required]; and 
disposal at the W o r d  Low-Level Waste Burial Facility [common carriers would be ked 
to transport the copper to Hanford, Washington]. 

2 

3. 

t carriers]; 
4. 

5. 

. .  29 



\ fl 

Alternative Maximum public Collective dose Cost [saving] of Net cost 
Action individual dose, public + worker alternative [s=%lc 

(kern) (person-mrem) ($l,ooOs) ($l,ooOs) 

unrestricted use 0.15 72 P47I [247le 

storage [SO yr] 0.015 0.115 50fi247lbd [ W e  

Recycle @ SEG a .  0.14 323 323 

DispJHanford 3x106 ' 0.0034 235 235 

Sale/@-foreign a 0.047 30 30 

sanitary fill a 0.0034 4 2  -42  

.- 

30 
. .  

2 
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The collective dase is so small that the choice of alternatives would not change if %lO,OOO per 
person-rem were to be assumed (as was the case in the actual EA). A value of $l,oOO per 
person-rem has been used by the Nuclear Regulatory Commission- This value was chosen at a 
time when the risk coefficient for radiation was assumed to be about 200 fatal can- per 
l,OOO,OOO pemn-rem. Based on the risk coefficient presently used by the Departmeat ( S O  fatal 
cancers per 1,0oO,OOO person-rem) an increase in monetary equivalent unit dose value may or may 
not be warranted. However, from a healtheffect consideration, an assumption of $lO,OOO per 
person-rem appears to be an ~ocessive value for monetary equivalent unit dose unless other 
considerations are included. In any case, as noted above, the potential doses are so small the 
factor is not significant in the selection process. 

OTHER CONSIDERATIONS 

Additionai benefits of the proposed recycling action would include: 
1. environmental consequences, eg., air emissions, water quality, energy use, and traffic, 

associated with the mining and processing of copper ore to produce an equivalent quantity 
of copper would be we&, 
valuable; and expensive, low-level radioactive waste burial space for material that is 
amally classified as radioactive waste would.be preserved; ' 
valuable sanitary landfin space would be preserved; 
currently used storage space would be rel& 
compliance with the DOE waste minimi7ation and pollution prevention poky would be 
=him and 
copper, a valuable fesoufce, would be preserved. 

2 

3. 
4. 
5. 

6. 

In review of this action, potential impacts on special industries such as the electronicS or 
photographic industry were considered and determined to be nonexistent- The levels of 
radioactive materiaI in. the subject material are too low to be of any concern. Fwtbermore, the 
relatively short half-life of cod0 (5.2 years) ensures that there is no concern for buildup of this 
material in the metals POOL 

DISCUSSION AND CONCLUSIONS 

Clearly, the proposed recycle option is preferred &om ALARA considerations, not only on the 
basis of cost considerations, but ais0 in consideration of the "additional benefits," Iisted above, In 
this case, both the individual and colIeztive doses to the public and to workers are to6small to be 
a consideration in selecting any of the options. 

, 

,; 

. .  . .  

. .  
3 
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. .  EH-23 .Routing and Transmittal . .  

_ .  . .  

. . .  . .  
. .  

. ' -Date:,Aug. 1,1994 
L . .  J 

. Name . .  Initials' .. . ,  'Date 

. .  A'LV 3. . . . . . .  

. . 

/y i /  . .  
7Tor : 

" -' 

. .  

4)7R Pelletier, EH-23 , . . .- 

_. . . .  
2)RBer~be,:EH-20 ' 

f 

Room GA098 
Phone, 202-586-4996 

E-mail, andrew.wallo@hq.doe.gov 
FAX, 202-586-3915 

. .  

. .  

. .  

. .  

. .  
. I  

. .  

. .  

. . .  . .  

. .  _.:; . 
. ,  ... . .  

. .  

. 
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EH-1 signed the FONSI for this action on June 20,1994. On July 6,1994, ER sent a memo to 
EH-1 requesting EH approval req&ed by DOE 54005. Note: The ER package was lost in 
distribution and we did not receive it until the week of July 25,1994. 

We have d e w e d  the package and supporting material and find that all the requirements of 
DOE 54005 relevant to this action have been satisfied. In general, the ER and LBL staff have 
done an excellent job on this projed. We reviewed the initial proposai in 1993 and provided 
comments and suggestions. LBL staff implemented a program to make necessary measurements 
and collect the data we requested. It is rare that field and program offices respond so quickly and 
thoroughly. We intend to use this project as an example of an ALARA analysis in our next 
revision of the ALARA guidance for 10 CFR Part 834. 

Recommendation: Sign memorandum approving action. 
. .  . . .  ... . . .  . .  . .  . .  

. .  

. ../. 
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Recycling of Irradiated. Copper '3t Lawrcnce Berkdey Laboratory . . ' ' _ .  
. .  

. .  . .  . .  Fact.Sheet 
J ... ' 

The proposed action is to release 310,000 pounds (I40 metric .tons) of irradiated copper coil windings 
from the decontamination and decommissioning of a cyclotron 'at Law.rence Bcrkeley .Laboratory 
(LBL). 

The irradiation resuited in internal contamination, primarily cobalt40 (half-life S 5 3 ' y ~ r s ) .  

The most contaminated copper hair been separated &d, sent to disposal.. The only portions that 

. .  

, .  . 

remain (and are being phposed for recycle) a~ those ,that we& only slightly irradiated. . -  

. . .  
The average residual edioactivity level is 3 picocuries per gram. . . .  . .  

The proposal is to.releasc (sell) the copper to. the open market for unrestricted use, 

The .market value of %e copper is about S250,OOO; 

Alternatives considered include: ' . .  

- Continued storage. - Reqcle: . . .  

. .  . . . 
, ,  

I 
. .  

. .  

. .  ' .  
. .  

' : 'Ren&lization'(aq mixed metal) at  another DOE facility. 
Sale. . ,  

\ 

. .  

- 'Disposal: 
. .  

. .  Landfill. 
. DOE low-level was&. site. .. 

. I  

Maximum radiological health impacts (Note: these are extremely. low and hypothetick1 and of iittle 
national consequence): - Cumulative population over 30 years - 0.5 person-mrem (3x10" fatal cancers) (assuming use in 

home wiring) - for other uses range is from 0 to 72 person rem (e 4x10J fatal cancers). - Maximum individual lifetime - 0.15 mrem (8110~ risk). 
- Additional one-time population for transportation - 0.003 person rem (2x10-?. - Worker risk 2 ~ 1 0 ~  o r  less. 

Environmental benefits (Note: these benefits are hypothetical and of little national significance): 
AIR. 

Avert 90,000 Ibs of particulate emissions. 
Avert 38,000 Ibs of sulfur dioxide emissions. - 

i 

WATER. Avert theoretical contamination of water from copper prodaction (arsenic, lead, et&) 
ENERGY More than a 90% energy savings. 
LAND: Preserve disposal site space.' ' 

OTHER. Consistent with waste minimization policies. 

DOE'S requirements applicable for this releme are: - DOE 5440.1E: Appropriate level of NEPA documentation - in this case staff recommended that 
the EA/FONSI is appropriate. - DOE 5400.5: Conduct and document ALARA analysis to support specific authorized limits for 
release o r  reuse, obtain State(s) (and where appropriate EPA and NRC) agreement and obtain EH 
approval. - DOE 5820.2A: Includes disposal and storage requirements for radioactive waste. These have been 
met for the contaminated portions of the copper and if recycle is not approved will be 
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2' '. implemented for the rem&ing,fpwtions (140 metric tonsj.. 
- . .  

. . .  ' ,  

o The State is a w a k  of and : a g k  to proposed action: C .  

- 'The State. h e  conducted confirmatory measurements and confirmed the DOELBL analyses. 
-. The copper meets California Title 17 part 30104 requirements.and wiw declared exempt from 10 

. .  . .  
. .  

. .  
CFR part 61 requirements. ' . 

. .  , .  

o . Releaseis consistent with :NRC practice: - NRC requirements: NRC (or its 'agreement states) conducts' &&-by- &views' to ,determine if 
material -.be t+ased. LBL/DOE, through coordination with the,State, have met these - .  . 

. .  . .  . .  
... . . .  

. .  

. .  . .  
. .  

. requirements. 

o . R e l k  is consistent with international guidelines . . \ - IAEA Safety Series (0.01 mSv [l .mrem] in.a year and 1 person-Sv (I00 mrem] . .  - Complies with Draft (12/93) Clearan& levels for solid materials (0.3 Bqlg [S pCi/g]) - Individual country's have standards that. range from '03 Bq/g . .  to 74 Bq/g for . .  recycle. 
' 

. .  

. .  . .  . . . .  . . . .  . . . .  . . .  . . .  
. .  

. . . .  
. .  . .  

o .. :., Rationale. to approve proposed ,&tion: '. 
. ' 

. .  . . - Cost effective. '. . 
: .. - Technical analyris is sound and all current DOE requirements m e t '  LBL ha i  been.very' 

responsive to EH staff in preparing analyses. - Comparable to NRC releases. - Stateagreement. - Hypothetical health impacts low. - Hypothetical adverse environmental impacts averted. 
. 
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EFG (D7-go) 

United States Government Department of Energy 

memorandum 
. .  .t 

REPLY TO 
A m o F :  Energy Research 
SUBJECT: Approval for Re1 ease from Lawrence Berkeley Laboratory Copper w i t h  Induced 

Vol ume Act i vat i on Under Department of Energy Order 5400.5 

~ 0 :  Tara O'Toole, Assistant Secretary for hvironment, Safety and Health 

The Office. of Energy Research proposes t o  recycle, for  unrestricted use, 
140 metric tons of s l ight ly  activated copper that is currently stored a t  
Lawrence Berkeley Laboratory, Berkeley, Cal ifornia. Th$s recycl ing 
proposal i s  consistent w i t h  the Department's August 20, 1992, Policy on 

- Waste Minimization and Pol lu t ion  Prevention. DOE Order 5400.5, 
Section 1.5c(6), requires the approval of the Assistant Secretary for 
Environment, Safety and Health for release o f  material w i t h  volume 
activation for unrestricted use. 
the release of  this material for  recycling. 

- 4  

I am hereby requesting your approval for 

Attached t o  this request are an ALARA analysis, which was coordinated w i t h  

Significant Impact, which were approved by your Office fo r  this recycling 
proposal on June 20, 1994. These documents provide the basis for the 
conclusion that the proposal w i l l  have no impact on workers, the public, or 
the environment, and that the proposal is on balance, benefi'cial, and 

I EH-232, and an approved Environmental Assessment and Finding of No 

I cost-effective. 

If there are any questions.on t h i s  proposal., please direct them t o  
Fred Koomanoff a t  3-3298. 

, 
. .  . .  

. .  

a- ' .  . . '  . .  

' - '  , . James F. Decker 
~ Deputy Di.rectar 
i 

. .  Office of Energy Research ' -  

I 
1 -  

Attachments . .  
I 

. .  
' .  cc w/attachments: 

. .  T. 'Adduci, Oakland. Operations Office. 
. .  



a r s s i '  
O d 9 J  a pa) 

United States Government. Department of Energy 

m e m 0.r a n d u m 
DATE: JUne 2'0, '1994 

REPLY TO 
A T M  Of: 

suN!€m: 
Office of NEPA Oversight:Jessee:6-2410 

Review o f  the Environmental Assessment (EA) for the Recycling of Slightly 
Activated Copper at Lawrence Berkeley Laboratory (OOE/EA-0851) 

to: Martha A. Krebs 

3b 

Director 
Office. of Energy Research . 

This is in response to an October 12, 1993, memorandum from James K. 
Far1 ey, the Energy Research (ER) Nat i onal Envi ronmental Pol icy Act (NEPA) 
was originally transmitted to .our office via Dr. Happer's memorandum of 
February 18, 1993, requesting authorization to conduct State/tri bal 
coordination of the EA with the'State o f  California. Substantial 
analytical errors regarding inconsistent characterizatiofi of the irradiated 
copper and lack of evaluation of multiple exposures to the public were 
noted and discussed with your staff.. The ER NCO transmitted a revised EA 
-on June 10, 1993. The Officeeof NEPA Oversight (EH-25) authorized 
State/tribal coordination with provisos on July 27, 1993; copies o f  the 
revised EA were provided to the State of California on August 13;1993. 
The State responded with no comment on September 22, 1993. 

The Office of Environment, Safety and Health has reviewed the revised EA in 
accordance with our responsibilities under DOE Order 5440.1E regarding 
compliance with NEPA. Based on my staff's review and their recommendation, 
and .after consultation with the Office of General Counsel, I have 
determined that the-proposed action is not a major Federal action 
significantly affecting the quality of the human environment within the 
meaning of NEPA and i t s  implementing regulations (40 CFR Parts 1500-1508). 
Therefore, the preparation of an environmental impact statement is not 
required, as described in the attached FONSI. 

Accordingly,. the EA is approved and I have signed the accompanying FONSI. 
The FONSI does not need to. be published-in the Federal Reaister since this 
is not an action with effects of natimal concern. However, the local . 
public s'hould be notified of the availability o f  the EA and FONSI in 
accordance with 40 CFR 1506.6 and DOE Order 5440.1E. 

Please note .that approval of the EA does .not constitute approval for 
Release of Property Having Residual Radioactive Material under DOE 5400.5 
Section I1.5c(6), regarding radiation protection o f  the public and the 
environment. The request -for EH-1 approval should be made separately. 

Compliance Officer (NCO), requesting approval of the subject EA. The EA 
e ' .  
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. 

. .  
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Please provide the Office of NEPA Oversight with an electronic version o f  
DOE/EA-0851, five hardcopies and a record of distribution of the EA and 
FONSI. 

. .  Environment, Safety and Health 
. .  . .  

Attachment 

cc: James K. Farley, ER-8.2 
NEPA Compl i ance Officer 

. I  

. Tony.Adduci , NEPA Compliance Officer 
San Francisco Operations Office 

. .  . .  

. .  . .  
. .  . .  

. .  
, 

. . .  

, 

. .. 

. _ .  . .  
. .  

.- 
.. . 

.. - 

. .  

. .  



. .  

. .  

U.S. Department o f  Energy 

Finding of No Significant Ikpact- 

for. the 
r 

. 

. .  . .  

. Proposed Recycling of Slightly Activated Copper 

at 

Laurence Berkeley laboratory, Berkeley, Cat i fornia 

AGENCY: U.S. Department of Energy 

ACTION: 

SuE#ARY: 

Finding of No Significant Impact (FONSI) 

The Department of Energy (DOE) has prepared an Environmental 

Assessment (EA) , DOE/EA-0851, evaluating the total impacts associated with the 
release of 140 metric tons (310,300 pounds) of high-purity activated copper to 

the open market for unrestricted reutilization: The 4" x 4" x 7' strips of 

copper coil windings were activated from bombardment with neutrons and other 

high energy particles during operation o f  the 184-Inch Cyclotron in use at 

Lawrence Berkeley Laboratory (LBL) from 1940-1988. This resulted in the 

internal production o f  radionuclides, primarily cobalt-60; the irradiated 

copper currently has an average residual activity o f  3 picocuries per gram. 

The EA addresses both the potential environmental impacts from the activities 
encompassed within the proposed action, such as transportation, and 

incremental impacts when added to other actions such as air emissions from 

reprocessing. Assessment of the human health impacts focuses on radiological 

doses and protection of workers and the public. Alternatives were developed 

to meet DOE waste minimization requirements (DOE Orders 5400.1 and 5820.2A), . .  
and are consistent with other- requirements' for hazardous, radioactive, and 

mixed waste transportation, storage, treatment and disposal . 
. . .  . .  
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Based on the analyses in the EA, the DOE has determined that the proposed 

action does not constitute a major Federal action’signjficantly affecting the 

quality of the human environment within the meaning of the National 

Environmental Policy Act of 1969 (NEPA). Therefore, the preparation of an 

Environmental Impact Statement is not required. 

PUBLIC AVAILABILITY: Copies of this EA (DOE/EA-0851) ar(! available from: 

Terry Vaeth, Acting Manager 
San Franci sc6 Field Operations Off i ce 
U. S. Department of Energy 
1301 Clay Street 
Oakland, CA 94612-5208 
(510) 637-1800 or -1801 

For further information regarding the DOE NEPA process, contact: 

Carol M. Borgstrom, Director 
Office of NEPA Oversight 
U.S. Department of Energy 
1000 Independence Avenue, SW . 
Washington, D;C. 20585. 

~ (202) 586-4600 or (800) 472-2756 

. .  , .  

DESCRIPTION OF THE PROPOSED ACTION: 

The proposed action is to recycle 140 metric tons of irradiated copper coil 

windings from the decontamination and decommissioning of the LBL 184-Inch 

. . Cyclotron. . The activated copper would be. released to the open market for 

unrestricted reutilization.- It is probable that the copper would require 

reprocessing (i ;e., re-melting) before reutil ization: The activated copper could 

be melted with copper from other sources at the discretion of the purchasing 

reprocessor. - 

’ B  
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A t  least s ix  domestic reprocessors of copper scrap metal have been identified i n  

the eastern, midwestern and southwestern U.S. However., due to  foreign and 

domestic copper market conditions, the industry p-ractice for west coast scrap 

metal dealers i s  t o  ship 'the material directly t o  reprocessors i n  China o r  

Taiwan. A t  this w r i t i n g ,  the market value o f  copper scrap metal is estimated t o  

be S0.80/lb (Le.,  $246,960 for 140 metric tons). 

. 

ALTERNATIVES: 

Five alternatives were considered: 

(2) sale or g i f t  of the activated copper to  a foreign government, (3) disposal ' 

a t  a local sanStary'landfi11, (4) disposal a t  the Hanford Low-Level Waste Burial 

Site, and (5) no action. 

(1) reutilization a t  another DOE faci l i ty ,  

Reu t i l  ization a t  Another 06E Facility: .. . .  
The activated 'copper would be transported t o  the Scientific Ecology Group (SEG) , 
a 1 icensed radio-active scrap metal reprocessing fac i l i ty  located i n  Oak Ridge, 

Tennessee, for subsequent reutil ization a t  another DOE facility. Safe operation . 

- o f  parti-cle beam accelerators, synchrotrons and roll iders requires many tons o f .  

high-density shielding. If reprocessed a t  the SEG faci l i ty ,  the activated copper 

coil windings frqm the BNL 184-Inch Cyclotron would. be melted together w i t h  

- * metals from' other sources t o  meet shielding specifications for various DOE 
, .  

high-energy' physics programs. 
.Q . .  

. .  

. .  
. .  

. .  
. .  . .  

Sale/Gift t o  a Foreian 6ovemment: ' , 

The 'Institute o f  Higi. Energy Physics i n  the People's Republic of China (PRC) has . . 

expre.ssed interest i n  obtaining the copper 'for reutil i za t ion ,  i.n synchrotron . 

. .  

. . 
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. .accelerators. The activated copper,would be transported by truck t o  the Por t  .o.f 

Oakland .from Emeryville, .California, us ing  1 icensed solid waste. transporters in '  

. compliance w i t h  LBL procedures.. The activated copper would then be transferred ; 

-. . t o  a steamship carrier'  for.transport t o  the receiving country. 'The copper would. ' . 

meet requirements for'-international sh ipping '  and would not require'any special , , 

packaging for  transport. . .  
. .  

. .  

. .  . .  
. . .  ' . DisDosal a t  a Sanltarv Landfill': . .  

The activated copper. could be .buried as :ordinary non-tadioactive waste .at a 

designated Cal.ifo6ia sanitary' landfill ' .  

California Department . .  of Health 'Services (DHS) independently -validated t h e  
assumptions and calculations. uti l ized by DOE i n  estimating '.the dose assessment . . .  ' . ' 

for the recycling of t h e  activated copper, and' . .  added estimates '.of the to ta l  

. .  

In. a November 10, 1989, . .  letter, t h e  * . . 

' 

. 

. .  . .  

potential dose resulting from reuse i n  various ,consumerproducts. . .  The Californi,a 

.' DHS recognized that  the fate' of the recycled copper would not be' immediate . .  

burial, bu t '  eventual disposal ,  i n  a public. landfi l l . .  a f t e r  its , u t i l i t y  . .  i s .  

diminished-, The California DHS determined that  the pub1 ic health and safety , risk 

from reut i 1 i zat i on of  the- activated copper was acceptable under the practice . o f  . 

' ' r i s k  'based calculations. The State  determ'ined t h a t  . .  the copper 1 .  meets the . 

requirements of . T i t l e  17'part 30104, declared ..an exemption -from licensed burial 

requirements under 10 CFR 61, :and deemed that  'the copper may beldisposed o f  as 

. 
. .  . .  . .  

. .  . .  

. .  

: 

._ 

ordinary non-radioactive waste, .or recycled at .  DOE'S option. A designated 

landfi l l  i.n Livehore; California, will. accept the 'activated. copper. ' - -  

. .  . . . .  . . .  * .  
' ' 

. .  _ .  
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DisDosal a t  the WE Hanford Lowlevel Waste-Burial Site; 

The activated copper would be transported t o  and disposed of as low-level. 

radioactive waste a t  the DOE Hanford Low-Level Waste Burial Site i n  Richland; 

Was h i  ngton . 

' JJo Action: 

The no action alternative is continued outdoor storage of the activated copper 

i n  32 wooden crates under current LBL management practices a t  a leased warehouse ' 

i n  Emeryville, California. After 53 years .of storage, the copper would still be 

radioactive, bu t  a t  levels undetectable by current analytical 'techniques. ' 
. .  .. 

Disposal o f  the -radioactive copper would remain an eventuality. 

ENVIRONMENTAL IHPACTS: . 

Human Health - Public 

The radiological impacts t o  public health from the reutilization of the activated 

copper i n  home wiring/plumbing, i n  electronic components, and i n  jewelry were . 

conservatively estimated. A m a x i m u m  cumulative population dose equivalent of 

0.5 person-mrem over 30 years was estimated t o  result from reuse of the copper 

i n  home wiring/plmbing; a maximum ..individual lifetime dose equivalent of 

0.15 mrem was estimated t o  result from copper jewelry. An addit'ional one time 
dose equivalent of 0.003 person-mrm. t o  the publ ic  would result from 

transportation of the copper t o  b reprocessing faci l i t ies .  These dose equivalents 

correspond t o  an .  additional population fatal cancer risk' of 3xlO0', a maximum 

individual fatal cancer risk of.8x104, and an additional one time population 

fatal cancer risk of 2x104, respectively. In these'and other respects that were 

. .  

. 

. .  
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evaluated, .radiation effects on public health from reuse of t h e  copper would _ .  be 
. .  

. .  
. inconsequential. 

. .  
. .  

Human Health - Worker 

The individual and cumulative radiological i&acts.to workers from reu t i l i r a t ion  

of the activated. copper were estimated fo r  transportation and reprocessing and' ' 

found t o  b e  inconsequential ( r i s k '  of 2 ~ 1 0 ~  or  less). . . . 

. 

. .  

: . 
. .  

A i r  Emissions. 

While the proposed'action would result i n  particul-ate a i r  emissions 

(approximately 640 pound$), the proposed action would have- an overall 
beneficial impact on a i r  emissions as a result o f  the indirect effect of . 
averting la rger  . .  part iculate '  . . .  and sulfur dioxide. emissdons from mining, . m i l l i n g  . .  

. .  . .  
. and smelting . .  operations of .  copper f r o i  raw ore. . . .  

/ 
. .  . .  
. .  

. .  

. .  . .  

water Oual I ty 

Water is not used. d i rec t ly  i n  %he reprocessing (i .e,, recycling) of copper' . ' . .  , . _  
' 

scrap metal. Uadewater, however, is produced 'i:ndirectly. f r k t h e '  . .  . . .  . cooling o f  

, . furnaces, machinery and casting -operations, 'and f rom tioilers. associated wi th  ' . . 
. .  

. ' power plants. Generally, 'such water is recirculated through 'cool ins towers . I  

. .  

. for reuse, *and a 'small portion is discharged as blowdown, . _  ' Any blowdown would . . 

meet EPA standards. 
. .  

. . '  
. .  

.* 

. .. 
- .  . .  

Land Use 

.A1 though recycl ing o f  the activated. copper would .result i n  the generation o f  

wastes (6,000 t o  15,000 pounds), the proposed action may avert the 
~ 

' 

. .  

. .  . .  
. .  

8 .  

. .  

6 '  
t 

- .  

. .  . .  
. .  

. .  



, -  
' I  

- . _ _ - . . -  - ' . .' 
. .  . c .. . 0 .  

- 
. .  

b 
b 

. .  . .  

comparatively, greater generation. o f  wastes associated 
. .  

. .  . 
w i t h  the mining, . 

. .  

. m i l l  ing, concentrating, and refining. In  addition, the' variety o f .  sotid 'and 

'. 1 iquid 'waste . .  streams generated from the. three-stage refining. process. - 
.' . . . .  

may be , '  

. .  avoided. . .  

. . .  . . .  

. .  DETERnINATIoN: . .  . ' .  . 
. , Based on th'e analyses i n  the EA,. the .DOE h a s  . .  determined that the proposed . .  re1,ease 

of. 140 metric tons . . :of . .  ' irradiated ' copper ' coil windings for . .unrestricted . .  . .  

reutil ization does not c0nstitute.a major Federal,. action significantly .affecting., 

the, quality of the human environment wi th in  the meaning- of the National ' 
, . Environmental Pol i.cy Act of 1969. Therefore, ,,an Environmed'tal . .. Impact Statement: . .  

, .  
.. . . .  _ .  . 

" 

*.  . 

_ . . .  . . .  , 

. _  . .  . .  
" .  on the proposed action -is not  required. . . ,  

.. 

. .  i : ' \ - ,  
. .  

.. . 

. ._ . 
- .  ' /  

. .  - .  

.~ . . .  

Issued i n  Washington, 

:B 
- .  

O'Toole, M.D., M.P.H. 
Assistant Secretary . 
Environment, Safety and Health 

.. .,. , - .  
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U.n it h d 3 z t e s  Govern men t Department af Gwgi 

memorandum 
ATTNOF: a-232 

suBfEcT: ALARA analysis and approval of action to recycle cyclotron copper. 

fo: . .  
J. Farley, m-82 

EH-232 has reviewed the draft EA for the subject action and provided comments to m-3 for * 

the consolidation with their comments. As you know, apprwal for.the d o n  must be 
requested under DOE 54005 under section IL5.c(6). The EA is generally acceptable as the 
background document for that request (assumin2 the comments we provided are addressed). 
However, we believe the request will be clearer and more concise if a specific ALARA 
summary is included with the request. Normally we would request that the field prepare the 
ALARA summary. However, all the information needed was well presented in the draft EA 
and to avoid unnecessary review of a draft ALARA document, we have prepared what we feel 
is an acceptable version of the ALARA summary docuinent. You may use this document as 
part of your request or if you prefer, send your request with the EA and EH-232 will send the 
attached document with its recommendation. If you choose the latter please provide me 
comments on the summary report. 

e- 
Andrew Wall0 III * 

Air, Water and Radiation Division 
. Director 

cc: , 
R Strickler, EH-25 
M. Kleinn>ck, EM-22 
L Stevens, EM-331 



EXAMPLE - High Explosives Authorized Limits 



United States Government Department of Energy 

* m' e m o r a n d u m 

. .  

REPLY TO 

SUBJECT: 

Office of Environmental Policy and Assistance: Wallo: 202-586-4996 ' 

Approval of Authorized Limit and Measurement Protocol for Release and Recycle of 
High Explosives Containing Residual Tritium. 

Nicholas S. Dienes, Assistant Manager for Technical Management Operations 
Albuquerque Operations Office 

My staff have reviewed your transmittal of May 30, 1995, and subsequent material 
provided by your staff pertaining to your request for approval of authorized limits for 
radiation protection and Asociated measurement protocol for the release and recycle of 
high explosives containing residual tritium. The propose criteria and the dose 
assessment are'in compliance with the requirements of Order DOE 5400.5, "Radiation 
Protection of the Public and Environment," and have been adequately reviewed under the 
ALARA process to ensure that they are 

We are aware that Department and contractor staff are completing coordination with the 
appropriate State representatives in Texas and California On the condition that this 
coordination is completed and the proposed actions are acceptable to the States, the 
subject authorized limits and measurement protocol are approved for implementation. 
Records of the releases should be maintained consistent with the applicable requirements 
in DOE 5400.5 including Section II.5.c.(5). 

ATTN OF 

TO 

. 

low as is practicable. 

If you have any questions regarding this approval or require further assistance please 
contact Mr. Andrew Wallo of my staff and (202)586-4996, email - 
andrew. wallo@hq.doe.gov. 

I 

- .  

. .  1 

- .  

Assistant Secretary 

, 

Environment, Safety and Health 

. .  
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EH-41 Routing and Transmittal - 
Date: 8/14/95 

I1 Name 

aymond Pelletier, EH-41 

Raymond Berube, EH-4 

Peter Brush, EH-1 . . .I 
Tara OToole, EH-I 

Initials Date 

. .  

Subject: Approval of authorized limits for releasdreqcle of high explosives wntaining 
residual tritium. ’ 

Consistent &th the’ requirements of DOE 5400.5, Albuquerque Operations has requested 
approval of authorized limits for release of high explosives removed during the dismantlement 
of excess nuclear devi&. The Department requires that authorized limits for release or 
recycle of material containing residual radionuclides be developed on the basis of the 
“ALARA” process and be as far below the applicable dose limit or dose constraint as is 
practicable. In addition, use of the limits is subject to appropriate coordination with and 

’ acceptance by state regulators. - 

We have reviewed the background material and worked with’& .and Pantex staff and find the 
authorized limits sand process acceptable. 

SUMMARY: 

The primary mission of Pantex Plant is to dismantle nuclear weapons that are no longer 
needed for the defense of the United States. These dismantlement operations produce high 
explosive (HE) material that may be slightly contaminated with tritium. Although much of 
the tritium contamination is on or near the surface of the HE, some of the contamination may 
have penetrated through the depth of the HE main-charges. Tritium diffusion into HE is 
similar to its diffusion into other materids such as metals and plastics. 

Pantex Plant proposes to make this HE available for commercial use, rather than processing 
the HE on site by regulated open burnindopen detonation. It is anticipated that the recycled 
HE will be sold to industrial users in the mining industry. 

Recycling of this HE into commercial use will minimize waste and is the most cost effective 
and environmentally sound disposition of the explosive. 

AL has proposed an authorized limit 2 x IO” microcuries of tritium oxide per gram of HE 

’ 

- 
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(pCi HTO/g HE) be used to release the recycled main-charges for commercial use. 
proposed that individual HE main-charges be screened for removable beta-gamma @-y) 
surface contamination and that a criterion of 1,000 disintegrations per minute over an area of 
100 square centimeters (dpd100 cm2) for removable (p-y) surface contamination be used to 
veri@ compliance. ne use of these criteria provides the most environmentally sound and 
cost-effective approach for the recycling of main-charge explosive. 

Individual dose and dose limits: 
Individual doses to members of the public or workers resulting from the proposed action 
is estimated to be less than 0.0001 mrem per year. This is more about a million times 
lower than the DOE all sources limit of 100 mredyear and the upper dose constraint for 
release of property (30 mrem in a year). It is clearly insignificant in comparison to natural 
background doses of 300 mredyear to a resident of the United States. (Individual risks 
associated with this incremental dose is well below the frequently use IO4 to IO6 lifetime risk 
range for cancer incidence used in many regulatory actions.) 

Population dose and ALARA: 
The radiological impacts from the recycle option are negligible. The collective EDE 
received by the estimated 75 members of the public, including Pantex Plant workers, for 
the recycling option is about 15 s loJ person-mrem. If one were to assume that even 
these low dose levels can cause cancer, the potential incremental fatal cancers associated 
with this population dose is about 0.000000001 (there is effectively zero risk of incremental 
cancers resulting from potential radiological exposures). For comparison, the radiological 
expostire from natural radiation background, i.e., 366 mrem per year for the "average" person 
in the United States, these members of the public would be collectively exposed to an EDE of 
2.7 x 10- person-mrem. . 

It is estimated that the recycle of these high explosives will save the Department 
approximately Sl,OOO,OOO annually. 

This action will also reduce the quantity of high explosive currently under going open burning 
or detonation by 50,000 pounds per year. 

RECOMMENDATION: Given the low dosdnsks and the high pay back for this 
recycling effort, it is recommended that EH approve the authorized limits. 

They 

- 

AUAL contractors have been coordinating the action with the states and have general 
agreement; however, the approval should be on condition that the states find the action - 

Forrestal BLDG 
one, 202-586-4996 
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United St-..tes Government Department of Energy 

memorandum Albuquerque Operations Office 

'Rkpiv  TO 
ATTN OF: 

. .  . .  

. . -  

. .  EPD:FHS ' ' 

. .. 

SUBJECT: .Release Criteria for Volume Tritium Contamination in High Explosives 

Wallo, Director, Air, Water, and Radiation Division, EH-412, HQ 

Your comments of April 26, 1995, have been incorporated in the attached 
report, which should now be suitable for approval by the Office of 
Environment, Safety and Health (EH-1). Additionally, the following summary is 
provided to complete the As Low As Reasonable Achievable (AURA) 
determination requirement of DOE Order 5400.5. . 

The purpose of this report was to request the exemption to release volume 
contaminated high explosives (HE) to be recycled. If approved, Pantex will 
recycle about 50,000 pounds of HE per year using 1000 disintegrations per 
minute per 100 centimeters square (1000 dpm/100 cm') as a standard for 
release. 

This recycle effort is generally beneficial to the environment, saves the DOE 
resources through the sale of the explosives, and will only cause insignificant . 

incremental doses to the public even under conservative assumptions. The 
dose to the maximally exposed worker or member of the public was estimated 
to be only about 5.OX1U3 millirem (mrem) and the collective doses are - 
estimated to be less than 2.0XlU3 person-mrem from the activity at the 
prpposed standard. The incremental doses associated with the activity are 
seven orders of magnitude lower than background and are far below all 
radiation protection requirements. Because potential doses are already 
extremely low, lowering the limit will have no impact on public health or 
welfare but would increase implementation difficulties substantially. Therefore, . 

the proposed limit represents the appropriate AURA-based value for this 
activity. 

Pantex and the DOE Amarillo Area Office are coordinating this action with the 
appropriate state regulators. . 

. .  
. .  

. .  

. .  
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\ h- 1 2 1995 
Andrew Wallo 2 

This memorandum, with the revised report and disk, should address all the 
comments submitted by EH-41. If you have any questions, please contact 
Frank H. Sprague at (505) 845-4340. 

Attachment 

cc w/attachment (letter only): 
M. S. Baqge, WMD, AL 

Constance L. Soden 
Director 
Environmental Protection Division 

' .  

. '  
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I. 

II. 

INTRODUCTION 
. .  

There are two options being considered for the disposition of high explosive (HE) 
maincharge~ that are produced as a d t  of the dismantlement activities for nuchar 
weapons at Pantex Plant. The current method involves removing the HE part and 
treating the FIE through opeh burning/open detonation (OWOD) at the Pantex plant's 
Bunring Ground. This option will be referred to as the "open burning" option. The 
second option is to recycle the HE by maldng it avaiIable to commercial users. This 
option wiII be referred to as the mrecydem option. 

- .  

This analysis considers the following factors for each option: 

1. 
2. 
3. 
4. 

Radiation doses and risk, 
Economic factors, 

Societal hpacts and perceptions. 
Operational conman * ts, and 

EVALUATIONS OF OPTIONS 

A. CURRENT AmON - OPEN BURNINWOPEN DETONATION 

Currently, Pantex Plant disposes of the HE maincharges by treating &em via OWOD 
at the Burning Ground The Burning Ground is being operami under a Resource 
consentaaw and Recovesy Act (RCRA) interim strategy permit and Written gcantof 
authority issued by the Texas Natural Resource Consemation Commission (TNRCC) 
of the ,state of Texas. This activity reteases small quanti& of carbon monoxide 
(CO); carbon dioxide (CO,), oxides of nitrogen NOJ, flnorides (I?), chbridm 

- (a*), and ahborne tritium in the fonn of RTO. All relea'ses of CO, CO, N k . P ,  
and CI" are hi firtl compliance with appIicable &guWons. In addition, the retease of 
theairborne tritium activity is in fult compliance With'Iitle 40 Code of F W  
Regulations (CFR), Part 61, Subpart H 'Environmental Protection Agency 
~cgulations on ~ational- standards ~ i r  ~ollutants - NShA 
Emissions Standards for Emissions of Radionuclides Othet Than Radon'Fmm 
Department of Energy Facilitk." 

- 
- 

' 

over 50,Ooo pounds of RE, ammixling an estimated 0.1- (ci) i f  tritiui in - the form of tritiared 
OWOD activities OCcItrred at various times throughout 1993. The steps involved in - 

WO), were treated of by ONOD during-1993. The. 
.-. .-- . 

A -  -. b . .  
the OWOD option are listed below: 
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To determine the potential radiological exposures to the maximally exposed off-site 
person and to the nearby population, the annual and collective effective dose 
equivalents (EDEs) were calculated using the CAP-88 computer code. Although.the 
OWOD activities occurred at Various times throughout 1993, a single diffuse IJTO 
source term was assumed. The HTO source term was determined by multiplying the 
number of.= parts burnddetonated by an assumed HTO activity of 100 microcllrie 

The annual EDE to the nearest maximally exposed member of thepublic, located 
about 90@ meters (m) northeast of the Burning Grounds, was 5.7 x 103 millirem 
(mrem). The collective EDE to the nearby population, estimated to be about 275,000 
residing within a radius of 50 miies, was 1.0 x l(rl person-mrem. 

The disadvantages to this practice are as follows:, 

1. 

2. 

3. 

HTO per HE part (pa mom part). 

The OWOD operation is permitted by the state of Texas under an interim 
agreement; this status may change at any timc. 
The OWOD assuresathat all the tritium is converted to HTO form, resulting in 
the immediate release of all  of the tritium into the environment. 
The treatment of this HE is a loss of avaiuable asset. Ifthis material were to 
be replaced, there would be potential impacts on worker safety, environmeatal, 
energy, and resources. 

- 

B. PROPOSED ACITON - RECYCLING OPTION 

pantex Plant, in conjunction with La Alamos and Lawrence Limore  National 
Laboratories (LANUUK), is proposing that all HE below a specified bulk tri!ium 
contamination of 2 x W microcuries of tritium oxide per gram of high exp1osivu 
(IrCi mO/g HE) be recycled to a commercial HE manuhctwer for use in 
commercial explosives. The steps involved in the recycling option are listed below: 

1. 
2. 
3. 
4. 
5. . 

6. 
7: 
8. 
9. 

Site and configuration reductim to wet powder, 
Analysis andpackaging, 
storage, 
Transportation to commercial HE manufiuturer, 
Storage of PBX powder, 
Processing/fkbrication at commercial HE m a n e ,  

Transportation to commercial end-user, and 
Commercial use of explosive. 

PaClQging atcommercialHE mantl€immr, 

- - -  - 
The first three steps of the recycling option have been (and wilI  be ifthis 
approved) performed at Pantex Plant. Although no detailed exposure analysis was 
performed for these three steps, it is anticipated that radiological exposures to 

- 
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individual workers would be comparable to those estimated for the storage, 
unpacking, and blending operations examined in scenafios 4'1, E, and #4 in 
Appendix C of the main report, Le., "Health-Based Release Criteria for Bulk Tritium- 
Contaminated s g h  Explo!iives". Urinalyses Qta for workers who are currently 
performing such opesations at Pantex Plant show no tritium above detection limits, 
i.c., 1.0 x W miem. 

. . -  
.... _. . . .- . .- . -- I-.-- a- . -.-. -. 

I 

Steps 4 through 9 of the recycling process are schematidy repesented in Figures 1 
and2andinPmaxses 1 through3. TheanalysesinAppendixCofthemainreport 
examined possible scenarios by which members of the public, including workers at 
Pantex Plant, the commercial HE xnanuf&~m, and the explosives end-user, might 
receive a radiological exposwe from the use of the recycled HE. It should be noted 
that these scenarios do a neceSSarily match the step-by-step proces(es) shown ia the 
flow charts, Le., Figures 1 - 2 and Processes 1 - 3. The scenarios are intended to 
represent exposure possibilities that might exist at one or more of the processing 
steps. 

The analyses in Appendix C of the main report examined two cases, Le., a "worst- 
case" and a "realistic" case. Both of these cases used very consenm~ e assumptions. 
The "wom-case' established upper limits of doses that might OCCUI; For the purpose 
of this "realistic" analysis, a set of calculations was performed for each of the 
exposure scenarios using assumptions that were as fealistic as possible. The exposure 
scenarios used were essentially the same; however, the assumptions and input 
parameters were fine-tuned to reflect anticipated exposure conditions during the 'rife- 

- cycle" of the RE during " n o d D  operatiod conditions. The diffixences in the 
assumptions for the various scenarios used are summarized in Table 1. 

The maximum individual and cofledive EDES from the radiological impacts for the 
q c i e  @on a q  negligible. A cdmparison of the ED& Leceived by the maRimalily 
exposed members of the public, including Pantex Plant workers, for each saxmio * 

shown in Appendix C of the main is presented in Table 2. It should be noted 
tbat for this analysis the OccupationaUy exposed wozioers at Pantex P h t  arc 
collsidefed to be members of the public. Therefort, no attempt was made to exd&ic 
their Occupational exposures from this option. For the "realistic" analysis, the 
oollective EDE to the members of the public for the same scenarios is Summatjlbd in 
Table 3. - 

*-:;;- 

Far the TecycIe option, the maximtllll EDE received by a worker at pantex Plant was 
3.8 x 103 mxem; it was 4.9 x l@ quem for the maximaUy exposed off-site m e  
of the public. These annual EDEs are much less than 1% of the applicable primary 
dose Iimit for.rnembers of the public, Le., 100 mrem, promulgated in DOE 544X&-=-& 
'Radiation Protection of 'the Public and the Environment. and in Title 10 Code OF 
,Fed& Regulation ((3FR) Par! 20 "Standards for Protection Against Radiation." - 

s- 

- .- 

. c . .  
' C .  
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They are also well bdow the 30 mrem in a year DOE dose constraint for release of 
Property- 

It is estimared that about 75 members of the public, including Pantex PIant works,  
could receive some radiological exposures as a result of the recycle option. As shown 

1.5 x lo-' person-mrem- By comparison, this Same population is collectively exposed 
to 2.7 x 10* person-mrem, assuming an .averageo natural backgmund radiatioa of 
360 mrem. 

- in Table 3, the total collective effktke,dose equivalent for this option is about . 

. 

--.- 

m y  7,1995. 
. .  

4 



t- 
. .  

ii 

. .  



. .  
, .  . .  

=gum 2: Industrial User Opera t ion9  

I 
I 

I 
. I  . 

I 
1 

I 

PBX Powder 

(Pantex) I 
I 
1. 

I 

I 

I 

Pro,cess -0 
.. 

I I 
. .  



. .  

.. . .  

. .  

. .  

, .  . .  . 
\ . .  

, .  . .  
1 . '  

-. I 

i '  
' .  

. .. . .  . 

. I  

'. 
b 
I 

I 

I 

. .  

, 



. .  4 . .  
1 . -. - 

S T  'do 

' C  
= E  m .. Q 

. 

. .  
. .  . .  

' 
! 

. .  

- 
0 
C 
0 - 
Y .a 
0 

i 
I 

_ .  

. .  





. .  . .  . ,  
. .  

. .  . .  
. .. 

. t  

. .  
. .  

_ .  

. .  

:. 
. .  

. .  

' , .  

. .  

July 7,1995 10 



. .  . .  
. .  

. .  

6 . ' .  

. .  . .  . 

. .  

. .  
I 

. .  . 
. .  

: . 
. .  

'. \ . .  

. .. 

I 

TAB= 2: DOSE EQUIVALENTS FOR A U  SCENARIOS 1 

i 

.. 
-, ... 



~ 

* I 
. .  . .  

. *  . .  

. I  

. .  

. .  . .  . .  
. .  

III. RADIOLOGICAL IMPACTS 

I :  
I 

The radiological impacts from the recycle or OB/OD options are negligible. It is 
estimated that about 75 members of the public will be directly involved with the 
.recycle option; there are-about 275,000 members of the public within a 50 mile radius 
of the OWOD activities. The cortective EDE for members of the public from the 
recycle option is estimated to be about 1.5 x 103 person-mrem. It is estimated to be 
about 1.0 x 1W' person-mrem for the OWOD option. If it is assumed that the 
"average" person in the Uniw States receives about 360 mrem per year from 
background radiation, the members of the public for the recycle option could be 
collectively exposed to an EDE of 2.7 x 10'" man-mrem from natural background 
radiation. Similarly, the members of the public within a 50 mile radius of the 
OWOD activities could be collectiveiy exposed to an EDE of 9.9 x LO+' man-mrem 
from naturaj background radiation. 

For low level exposure to tritium in the form of tritiated water, Le., HTO, the use of 
Straume's "most probable riskm of cancer mortality, i.e., 8.1 x 103 per 

approPriate. Using this risk factor and the collective EDE for the OWOD option, 
Le, 1.0 x la' person-mrem, a lifetime cancer moxaiity risk to a member of the 
public is estimated to be 8.7 E-08, Le., 1 in 10 million. Likewise, using Straume's 
risk factor and the collective EDE of 1.5 x la3 person-mrem for the recycle Option, a 

ic, 8 in 100 million, By comparison, the normal risk of cancer morality from a 
carcinogenic sources is about 0.25 to 0.33, i.a, 1 in 4 to 1 in 3. 

. 
milliGray (mGy) m.1 x lo-' per mrem, assuming a quality fixtor (Q) of 11, is -.-* 

lifetime c a n k  mortality risk to a member of the public is estimated to be 1.2 Em, 

W. ECONOMICCOSTS 

1 :  
i . . .  

. .  i 

The cost of the OWOD option is based on the labor required to transfer the HEto the 

pound. Assuming 50,000 pounds of waste RE per year are treated by this option, it 
is estimarp;d that Pantex PIant would incur a cost about $487,500 per year for the- 
OWOD option. 

For the recycling option, it is assumed that h t e x  Plant recycles 50,OOO pounds of 
BE per year. The assumed selling price of the recycIed HE is estimated to be tlS.00 
pa pound. Therefore, the net annual cost benefit to Pantex plant is estimated to be 
about $1,OOO,OOO per year. This net gain was calculated as follows: 

Burning Ground and to bddetonate the HE. This cost is estimated to bi3 $9.75 per 
. 

._ 

. .  



. .  

- -  
V. OTHER CONSSDEMTXONS 

There are other, less tangible, but nevertheless impo& fktors that &&id be taken 
intoaCCOuntWhen collsidering the costs, risltr, and benefits of these options, The 

IiTOfiomtbisaCtivity. there are also some chemical^ 
NO, l?, and Cl?, Ware released during the OWOD pmcess. 

The‘OWOD of chunicai mior radioactive && material, however innocuous, is 
distastefut to members of the pubIic. If the OWOD option becomes unavailable, 
disposai of the RE as radioactive (or perfraps mixed) waste would be very experrsive. 

Treatmat of the HE by bUrning/detonating it is a Ioss of a valuable resource. Sales 
of recycled HE would be an important building block in the Pantex Plant Technology 
Transfer Program. It would also strongly support the Secretary of fiergy’s 
Economic Competitiveness Program. Also, the availabiIity of recycled HE would 
reduce or eliminate the need for HE users to purchase this manxiai from the People’s 
Republic of china. 

Fdy, there are srnall but finite risks to the w o r k s  and to the emhmment, and 
xcsource and energy costs that wodd result fimithe chemical procesSing necded to 
man- replacement HE. 

. OWOD aption presents a number of potential problems iri JlAditian to the emissht of 
t r , i e o , C o , C ~  . .  

. I .  - -  

VL SUMMARY AND REC0MMEM)ATIONS 

The radiological dose quivaknts and the economic costs to members of the public 
aresummanzed * inTable4btlow. 

-. Tbe individual and collecthe EDES for either the OBIOD or recycle options arc 

costs, assuming that the OWOD option remains available, strongly hvor the re@ing 
t&mt, With OWOD option, it would cost Pantex P h t  about $487,500 peryear do 

--IC.- Howevcr,thtEDEjfromtbeOBIoI)option~~~~tobe-lesr~.  ----A- - -  
aeceptabletothepubmperception thanthasefrom therecycmgoptioa. plbwmic 

kly’’7. 19% 13 



~ 

* 

. - * *  * 

dispose of 50,000 pounds of waste HE. If Pantex Plant were to recycle the Same 
amount, it would feajize a net gain of about $1,OOO,O00. This net gain includes a 
cost avoidance of about $487,500 that would not have to be spent on the OWOD 
option. 

Therefore, Pantex Plant, in conjunction with a and LLNL, recommend that HE 
resulting from the dismantlement activities of nuclear weapons at Pantex Plant be 
released to the commefcial sector. The HE would be released to the commercial 
sector only if the sampling and analysis of the HE showed that it had a bulk tritium 
con tamination less than 2 x lQ3 pCi mO/g HE and had removable tritium 
contamination less than 1,ooO disintegrations per minute over an area of 100 square 
centimeters (dpd100 an?. 

? 

. .  
. .  

. .  

. .  . .  

. .  . .  

. .  

i 
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The primaxy mission. of Pantex Plant is io dismantle nuclear weapons that are no longer 
needed for the defense of the United States. These dismantlement operations produce high 
explosive (HE) material that may be slightly contaminated with tritium. Although much of 
the tritium con tamination is on or near the surface of the HE, some of the contamidon may 
have penetrated through the depth of the HE maineharges. Tritium diffusion into HE is 

Pant& Plant proposes to make this HE avaiIabIe for commercial use, rather than pmcessing 
the HE on site by regulated open burninglop detonation. It is anticipated tlxq the recycled 
HE will be sold to industrial users in the mining industry. The industrial users, depending 
upon their requirements, may quire further processing of the HE into products required for 
*their application(s). 

Recycling of this HE into commercial use will minimize waste and is the most cost effective 
and environrnentaily sound disposition of the explosive. Pantex Plant, in conjunction with 
Las tuamos and Lawrence Livermore National Laboratories (LANULLNL), has developed 
dose-based release criteria'for tritium-contaminated HE. This document presents the 
technicai basis for release criteria and associated measurement techniques. 

Pantex Plant, LANL, and LLNL jointly recommend that a release criterion of 2 x 10.1 
micmmies of tritium oxide per gram of HE (pCi mO/g  HE) be used to release the 
recycled maincharges for commetcial use. We also recommend that individual RE main- 
charges be screened for removable beta-gamma @?) suface contarnhion. It is - 
recommended that the reiease criterion of 1,OOO disintegrations per minute over an area of 
100 square centimeters (dpdl00  cm2) for removiible 697) surfkce contamhati on, as 
promulgated in DOE 5400.5 'Radiation Protection of the Public and the Environment,' be: 
used to screen the main-charges. No recycled HE with an average bulk-tritium activity 
greater than 2 x 103 p c i  mO/g HE andor removable ~ 7 )  
of 1,OOO dpdl00 c d  would be released to the commercial market. The use of both 
provides the most mvifdnmataiIy sound and cost-effkthe appnoach for the recyclingof~ 
maincharge explosive. 

The sampling protocol and methodology used by Pantex Plant have demonstrated that the. - 
removable @7 surtkce release criterion of 1,oOO dpd100 cm2 surface con tamination should 
be used as an indimor of bulk tritium activity in HE main-charges. Depth pro= --= 
experiments have indicated that, if the removable tritium n u k e  contamination is less than 
1,0oO dpd100 cm2, the volume con tamination at depth does not show a bulk tritium activity 
greater than 2 x lo3 pCi IFI'O/g Assuming that the entire HE maindarge has bulk- 
tritium activity at this value, al l  of the radiation exposure scenarios araluated by this group 
indicate that the maximum annual effective dose equivalent (EDE) (Ha for a member of 'the 
public is much less than 1 millirem (mrem). "he primary dose limit from all radiation 

- _  . -  similar to its diffusion into other materials such as metals and plastics. , .- - * ?  

. .  .--. . -.. - -  

.- - . _  

- - 8  

contamination in ex&&- 

- -- 
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sources and pathwys for members of the public, as promulgated in DOE 5400.5 and in ntIe 
10 Code of Federai Regulation (CFR) Part 20 "Standards for Protection Against Radiation,' 
is 100 m m  annual EDE. Included in this primary dose limit is the exposure limits fiom all 

-sources of DOE airborne emisSi~n~, Le., 10 mrem, and ail radionuclides in the M g  
-- f water pathway, Le., 4 mreq. .-- 

C.. -- - -  
Based upon the analysis to support an As I[pw As &asonably Achievable (ALARA) :PA 

d m  'on, the maximum annual EDE received by a w o w  at Pantex Plant was :a/s: 
3.8 x 103 mrem while it was 4.9 x lv mrem for the maxindly-exposed member of the 
public Le., industrial user. It should be noted that for this analysis the occupationally 
exposed workem at Pantex plant are considered to be members of the public. Therefore, IU) 
attempt was made to exclude their occupational exposws from the pmposeci recyc~g 
option. -- -J - 

The radiological impacts fram the recycle option are negligible. The coilectiVe EDE 
received by the estimated 75 members of the public, including Pantex Plant workers, fa the 
recycling option is about 1.5 x IC3 person-mrem. When compared to the radio1ogical 
expo- from natural radiation background, Le., 360 xnrem per year for the 'average' .: 
person in the United States, these members of the public would be wkctively exposed to an 
EDE of 2.7 x lo+* person-mrem. 

If the assumption is made that some risk of radiation induced cancer occurs even at such .& 
dose levels, the best estimate of the lifetime risk of fhtai cancer for low level exposure to 
tritium in the form of HTO is 8.1 x lo7 pet miUirad (nuad) p.1 x lb7 per mrem (assming 
a quality fiictor of I)]. Using this risk coefficient, the Iifetime cancer mortality & f&or 
yields a collective risk of cancer mortality of 1.2 x lo", Le., 8 in lo0 million. By ---: 
comparison, the normal risk of cancer mortality f h m  all sou~ces is about 0.25 to 0.33, Le;, 
1 in 4 to 1 in 3. 

The Depamnent of Transportaao n (DOT) has not imposed any special regulations far& 
at this low lwei. Other than the n o d  @sting requiremeats for a con tauhation area-('i&hc 
removabletritium &I tamination is greater than 10,OOO dpd100 cd) and required V i  
sampling for trit'mm, special handling, labeling, andlor posting rapirunents am not 
nccessaq far workactivities on HE main+harges. 

. --e. 

- -  
-..c-- 

_- . 

.- 

The National CounciI on Radiation Protection and Measurements (NCRP) in NCRP Rcpaat 
No, 91 'Ramrnmendarions on Limits for Exposart to Ionizing Radiation," I8#lmmezLds 
recognition of a level of annual EDE below which fiather effibrt to reduce individual2 
exposure fram a practice is unwarranted. This lev& of risk is defined as the Negligible= 
Individual Risk b e l  (NIRL) and corresponds to an annual EDE of 1 mrem. The annual 

Thaefort, potential exposurts to the public from the recyciing of HE with a maximum bulk 
tritium activity of 2 x lo;) fiCi HTO/g HE should be exciuded from futther ConsideratiOIL, - 

' - 

,- 

EDE for all crenarins evaluared for members of the public was much less than 1 mrem- -- 

- - -.- . -.-.. - - -  - . .- - -  . -  . .  
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CONCLUSION 

Pantex Plant, LANL, and UNL conclude from the experimental data that the volume 
contamination at depth for all HE maincharges examined do not show a bulk tritium activity 
gfeater than 2 x 103 pCi RTO/g HE, Even if tritium were uniformly distributed throughout 
the HE maincharge at 2 x IO3 pci HTOlg HE, it is cpnservativeIy estimated that the annuai 
EDE for a member of the public would be much less than 1 mrwn. The primary. dose limit 
from all radiation sources and pathways for members of the public, as promulgated in DOE 
5400.5 and in Title 10 CFR Part 20, is 100 mrem annual EDE. This annual dose limit 
includes the exposure limits fiom all sources of DOE airborne emissions, Le., 10 m m ;  and 
all radionuclides in the drinking water pathway, i.e., 4 mrem. The potential doses to f; 

members of the public from al l  activities associated with the recycle of HE are well below 

The vast majority (96%) of HE main-charges that were measured for removable s u r f b z  
tritium contamination were below the removable @-y surfaoe rel& criterion set by DOE 
5400.5. In fact, the majority (66%) of the HE maincharges had surface tritium 
contamination levels that were indistinguishable from the background measured in Virgin, 
uncontaminated HE. Based on this data, this wilI allow over 95% of the Pantex P h t  HE 
main-charges, obtained from weapon dismantlement, to berecycled and sold to commercial 

m...- these limits. . ---. 

. .-. industry. -. 
- 

.-* , *-...-. 
RECOMMENDATIONS 

Pantex Plant, LANL, and LLNL recommend that the removable p~ sw&e release criterion 
of 1,OOO dpmll00 em2, promulgated in DOE 5400.5, be used as the screenhg criterion f a  
HE maincharges. This unrestricted ‘reiease criterion, in conjunction with a bulk activity 
limit of 2 x lO” gCi m O l g  HE, should be used as an indicator of bulk txitium- 
contamhation in HE resulting from nudear weapons dismantlement. In addition, to verify 
the bulk tritium contamination in HE, it is recOmmended that a tritium assay be perfanned 
on the machined HE powder on a lot-by-lot basis to verify bulk tritium activity. Fdy, it 
is recommended that alI stored batches of HE be statisticaily resampled and analyzed bekc  
off-site release for commercial use to confirm that the bulk tritium activity is less than 
2 x lo3 pCi WO/g HE. The use of both criterion provides a substantial safety margin for 
the release of this materiat and’is the most environmentally sound and cost-effective appfoach 
for the dispositian of bulk tritiurn-contambed HE, 

- 
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I 
INTRODUCTION 

- 
At the present time, the primary mission of Pantex Plant is to dismantle nudear weapons that- 
are no longer netded for the defense of the United States. Dismantlemiat activities are in 
support of the Inkrnediate-Range Nuclear Forces (INF) Treaty and the Strategic Arms 
Reduction Treaty (START) between the UNted Stares and the former Union of Soviet -- 
Socialist Republic (USSR) to reduce their respective stockpiles of nuciear, .conventional, anti- 

Dismantlement activities produce a variety of mate&&, including high explosives (HE), that 
could be salvaged aad released to the commercial market for recycling. Some of these 
materiats may be contaminated with d u a l  radioactivity, either on the surface of the . - 
materials or in bulk. At the present time, &e only residual radioactivity Criteria for the 
release of materials to the public are prornuigatd in Department of Energy (DOE) 5400.5 
"Radiation Protection of the Public and the Environment.' The release criteria apply only to 
radioactive surface contamination. The order further states that "... mated that has bees 

_ -  - chemical weapons. .. ,&.Z 
---qCC -.-- .,a: 

contarmnated in depth ... may be released if criteria and swey techniques are approved by 
EH-1." -- 
A number of different materiaIs are released by Pantex Plant for recycling after the sraface 
release criteria of DOE 5400.5 are met. Currently, there are no mechanisms for the salvage 
or recycle of HE fiom DOE nuclear stockpiles. Pantex Plant, in cooperation with LQS 
Alamos and Lawrence Livennore Nationai Laboratories -), proposes to expand 
the materials recycling program to include HE. This recycling effort would significantly 
reduce the cost of treatment and would provide a mechanism for Capitat recovesy of a 
national ass% Through the year 2000, DOE wi l l  geneme sevexal hundred thousand paands 
of excess high quality HE from the dismantlement of its nuclear wea+. 

It is anticipated that the recycled HE wiU be sold to industrial users in the mining indpstry. 
F m  1 shows the Overau HE recycling activities that are anticipated to OUXX~~I%I@X: 
plant. F v  2 @des a breakdown of theactivities that areantici pamito ocuaratthe. 
i dus t~A user's kiliti-. The imh tx id  users, depending upon theirrequircmmtr, mayor 
may not repmess the RE into products required for their application(s). procesS #I thnrogh 
#3 show the anticipated pnx#sses that may occuf at the industrial user's fizilities. Process 
81 involves the use of the PBX as received from Pantex Plant. In process #2, the PBX - 
binder would be moved so that the industrial user could obtain the HMX. procesS #3 
involves the dissolution and recrystalluatr 'on of the PBX received from Pantex Plant with 
subsequent reformulation into new PBX. As indicated in Figme 1, it should be noted that 

wi l l  use existing facilities and processe~ to perform this task, Thdore, no new f k d i t k ~  
and/or prouses are anticipated at P a n e  P h t .  

.- 

- 

\ some reprocessing of the HE may occur at Pantex Plant. If this is required, Pantex Plant 
- 
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Qgure I: Pantex Plant Operat ion9 
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Qaure 2: Industrial User Operations2 
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At Pantex Plant, some of the HE is slightly contaminated in bulk with tritium as a resuit of 
the diffusion of tritium from the reservoir contained in many nuclear devices. The amount 
and rate of diffusion depends upon the design, age, and storage conditions of the nuclear 
device. HE is not unique in this respect. Tritium is known to petrate metals and plastics 
inasimilarmanner. 

Xistorically, the surplus RE from nuclear dismantlement activities is demilitarized and 
sanitized, if necessary, and then treated and managed as a waste, not a national asset. 
Surplus DOE explosives that have been classified as was= are treated by open burninghpea 
detonation (OWOD). This activity releases smaU quantities of carbon monoxide (CO), 
carbon dioxide (Cod, oxides of nitrogen (NOJ, fluorides (I?), chlorides (a'), and aisboIne 
.tritium in the form of HTO. 

All releases of CO, C a ,  NO,, F', and c1-' are in full compliance with the Resource . 
' Consewation and Recovery Act (RCRA) interim strategy permit and Written grant of 
authority issued by the Texas Natural Resource Conservation Commission (TNRCC) of the 
stare of T-. In addition, the release of the airborne tritium activity at Pantex P h t  is in 
full compliance with Title 40 Code of Feded Regulations (CFR), part 61, Subpart B 
'Environmental Protection Agency Regulations on National Emissions Standards for 
Hiizardous Air Pollutants - National Emissions Standards for Emissions of Radionuclides 
Other Than Radon From Department of Energy Facilities." This reguhtion limits the annual 
effectve dose equivalent @DE) (H$ md Note 11 for a3l airborne radioactive emissions 
from a DOE Eacility to 10 millirem per year ( d y r )  to the nearest member of the ga!cd 
public. AU ahborne radioactive emissions, either individually or in combination, arising 
from normal opedons at Pantex Plaat do not a c e d  levels which could cause an aprmal 
EDE to the nearest member of the g e n a  public in excess of 0.1 mrem. 

, 

. 

. .  pantex mt, LANL, and- propose to use theexisting removab~e surface con- 
criterion of DOE 5400.5, namely, 1,OOO disintegrations per minute over a 100 square 
=timeter area (dpd100 d) for beta-gamma UT) emitters, as the d g  basis fm 
~ g H b z i h ~ e s .  Tbisisafkctorof10belowtherecommendationforxemaMble 

found in DOE Handbook 'Primer on Tritium Radiologid tritium mrfdce con- 
Funhen&' (FSC-6910, July 1993). 

. .  

AU HE main-charges that show removable tritium surface contamination less than or equal to 
tbe DGZ SX3.5 s-y rzlzasz crirzrion would be processed by Iluiri-jd anrir'or wec-machining 
to produce awetpowder slurry. Each batch of wet powder slurry would be sampfedand- 
analyzed to confirm that the bullttsitium activity does not exceed 2 x 101 mimcurh of 
tritium per gram of HE (pa FlTO/g HE). If the bulk tritium .activity is less than or equal to 
2 x pCi mO/g HE, the w e  HE would be packaged in plastic bags and approved 
shipping containers. The HE would then be r e i d  to the commefcial marfret. All HE 
maincharges that exceed the removable # 3 - ~  surhce release uitexion in DOE 5400.5 
be disposed of by aiternate processes. It should be noted that the macfiining, sampling and 

-(. 
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analysis, and packaging operations for the proposed recycling of the HE are existing - -  
operations at Pantex Plant. 

If pantex Plant is not a~owed to use &e existing removable surface contmmm on criterion 
promulgated in DOE 5400.5, namely, 1,OOO dpd100 cm’ for /3-7 emitters, costly 
alternative disposal (or treatment) processes, in lieu of OWOD, must be &doped and 
brought on line quickly to prevent undesirable HE accumulation. This proposal is collsistest 

minimize waste, recycle our national resources, and protect the public and the environment. 

PROPERTIES OF TRITIUM 

_ _  .. - -  . .  

.- 

.. with the desire of Pantex Plant, LANL, and LLNL to improve dkassembly proasses, .. 

_c 
.- 

~ ;.e- -. . . 

The element hydrogen (IH,, cornmoniy referred to as protium) has an atomic number of 1 
and an atomic weight of 1 md Note 21. It has w o  heavier isdtopes asso~iated with it, 
namely, deuterium (D or 2HJ and tritium (T or ’H,). All forms of hydrogen have 1 proton 
in their nuclei. The difference in the nuclear structure between a protium, deuterium, or 
tritium atom is due to the number of neutrons present in their respective nuclei. Protium has 
0 neutrons, D has 1 neutron, and T has 2 neutrons. Protium and deuterium are stable while 

, tritium is radioactive. Tritium is a radionuclide that occurs natlll;aly in the environmeat and 
iS also produced by man-made processes (see Appendix A). I 

Tritium decays to non-radioactive helium-3 (‘He3 by emitting 2 very weak, lowenergy beg 
particle @) that has a maximum enefgy of 18.6 kiloelectron volts 
energy of 5.7 keV. It does not emit any other form of radiation. Tritium has a radioactive 
haif-life of 12.26 years; therefore, half of the radioactivity of any initial amount of tritium 
will decay naturally to 3He, in 12.26 years. 

Because tritium is an isotope of hydrogen, its chemical properties and distribution in nature 
are the same as hydrogen. Since tritium reacts with substances in the Same manner as 
hydrogen, it inC0rporat.e~ into .the water present in the atmosphere to form tritiated water 
@TO). The HTO fdls to earth with rain and follows the Same environmental pathway as 
regular warn (H’O). Nearly all tritium present in our emimnment is in the form of BTO. 

and an avezagc 

BULK TRITIUM ACTIVITY IN HIGH EXPL€)SIVE MAIN-CHARGES 

Dismantlement of nuclear weapons at Pantex Plant removes the HE maindmrges from the. 
physics packages. Some of the weapOn designs result in the HE maincharge becoming 
contaminated with low levels of tritium in the form of tritium oxide (RTO). Although much 
of this tritium conmimion is or near the surflace of the maincharge, some of the tritium 
activity has penetrated into the depth of the HE. Accordingly, a number of measurements 
have been taken to determine the amount of removable tritium s u r f k e  con tamination on e- 

. 
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The surfaces of the HE maincharges from various weapons designs h v e  been monitored 
routinely for the presence of removable tritium surface contamination. The W68 program 
was chosen for additional Study because of its history for 'AE conlamhalion from the tritium 
reservoir. At least two areas with the highest suspected tritium con tamination were meaSured 
for removable tritium suzface contamination using a standard wet swipe technique. A total of 

Table 1 shows the results of the wet SUTface swipes. An analysis of the data showed that the 
data were log normally distributed. About 96% of the HE main-charges had removable 
tritium surface contamination less than or equal to 1,OOO dpd100 cm'. 

123 W68 HE main-charges wexe surveyed for removable tritium surfhce contaminatioaI .. 

"heanalytical method, Le., liquid scintillation counting, used to detect tritium aaivity on 
wet swipes is subject to some intetference due to the chemicals in the HE and to eleamic 
'noise" in the detection system. In order to account for these inter€wces, a series of wet 
swipes were taloen on virgin HE of tbe same composition as that used in the W68 progcam, 
Though this was virgin, unwntamhami HE,wetmviperesultsfeflintherangeofOto- . ...- 
42 dpmll00 d above the levels measured in biank samples that colltained only Iiquid -- 
scintillation cudmil. These values are very close to the lower limit of- of the- .-..: 
methad and probably reflect &aniIumin~ce and ekmmic noise in the measunmcnt 
Intere&ngly, 66.7% of the values from the 123 W68 dismantlement maincharges fell in the 
Same range. This analysis suggests that the majority of HE from dkssembly wil l  be 
indistinguishable fiom the mbackgmund' Ievels measured in virgin, unamtamiwed BE - - - - , .  

Tritium, by its name, wi l l  migrate into RE maincharges as it does with metals, plastic& 
and d e r  hydrogenous materials, thus catking the HE mainchargt to become contaminated 
in bulk with tritium. To measure the depth of penetration, duplicate depth profile 

con taminatiOn were pafonned. A series of concentric rings of HE, about 0.1-inch @L) in, 
t h i d ~ ~ ~  by 0.3-in. high, were dry machined from the equator O€ each HE main-charge, 
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The material from each concentric &g was collected, dissolved in dimethylsuifoxide 
@MSO), and analyzed for tritium using liquid scintillation counting. 

In addition, virgin W68 HE was sampled, dissolved in DMSO, and analyzed by liquid 
scintillation to establish a "background" for the vir& HE. Depending upon 'h.2 
"background" counts for the virgin HE, the sample size, counting time, and cerector 
counting efficiency, tt!2 "background" level found :n the virgin HE fanged h m  1.9 x lv to 
2.9 x lo-' pCi =O/g :a. The virgin HE "back;round" was subtracted from the gross HE 

The highest bulk tritium act iv i~  was measured n u  the outer surfkce of the Ef main-charge, 
with the bulk tritium activity decreasing fairiy unifomiy with depth. The bulk tritium 
activity ranged fiom 9.7 x 1W' to 1.0 x lo3 pCi HTO/g HE above the "background' for the 
virgin HE, -- 

Additional depth information was obtained by anaiyzing machining scrap. S i  HE main- 
charges from the W68 program were wet-machined, using a steel cutter m l e d  with water, to 
produce a wet, spongy, flocculent powder. me wet powder was sampled, dissolved in 
DMSO, and analyzed using liquid scintillation counting. In a similar manner, virgin W68 
HE was sampled, dissolved in DMSO, and analyzed by liquid scintillation to e.sfabIish a 

analyses for the contaminated HE maincharges. As shown in Table 2, the s K  wet powdexs 
showed bulk tritium activity that ranged from 3.7 x lCP5 to 2.2 x 104 pCi =O/g HE above 
the "background" for the virgin HE. The geometric mean (mJ of the wet samples shown in 
Table 2, where m, = antilog Elog X/N, was 9.6 x 10s pCi HTO/g HE. 

Sample drying atso effects the tritium content of the contaminated HEwetpowders. Paions 
of the six wet powders were dried at 200°F under vacuum and analyzed using liquid 
scintillation counting. As above, the "background" for the virgin W68 HE was subtracted 
from the gross analytical results for the dry contaminated HE samples. As shown in Tile 
2, the bulk tritium activity for the dry samples of HE ranged from 3.5 x lv to 1.0 x 104 
pci =O/g HE. This bulk tritium activity for the HE samples that were dried iS about 5.k.: 
60% lower than the wet sampies above the "background' of the virgin W68 HE. The 

anaIyses to determine ;I?e actual tritium concentraum in the con taminated HE min*hargeS. 

%ackground' for the virgin HE. This "background" was subtracted from the grass HE .I 

geometric mean (mJ for the samples that were dried was 6.0 x 103 $i EFTO/g HE. - -  

. .- 

July 1,1995 13 



I 
~ . I 

3- 

flme actual seriai numbers for these parts are classified. 
(@"he serial number for this part is not the Same as the serial number for the 
similar part in Table 3. 

Fluid-jet machining is another method that may be used to &uce RE main-charges to 
powder. In this process, high-pressune water is used as the a@ng medium instead of the 
steei cutter used in the wet-machining process. This process is h, uses substantiallyttss 
water, and produces a wet slurry of HE'with partide Sizes ranging up to 7 millimeters (mm) 
indiameter. 

Three RE maincharges from the W68 weapons program were fluid-jet machined. Mpltiple 
samples of the slurry from each HE maincharge were dissolved in DMSO and anaiyzuiby 
liquid scintilIation counting. DMSO solutions of virgin W68 HE wert aIs0 analyzed by 
liquid scintihtion counting to establish a 'background' for the virgin HE. This 

HE main- 

that ranged from 9.5 x las to 1.8 x lo3 pCi HTOIg HE above the virgin HE "background.' 
The geometric mean (IQ of the samples shown in Table 3 was 2.9 x lw pCi HTO/g HE. 

3 ea 

%ii&ground' was subtracted fiom the gross =results fbrthe 
charges. As shown in Table 3, the con ~ R E s a m p l e J & ~ ~ m a c l i v i t y c d  
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O”he actual serial numbers for these paas are ciassified. 

similar part in Table 2. 
%e serial number for this part is not the Same as the serial number for a 

e. 

The analytical results for bulk tritium activity from the fluid-jet and wet-machining processes 
confirm the results of the depth pmfile analyses. The highest wet bulk tritium activity found 
to date is 1.8 x lo-’ pc i  HTO/g HE with the geometric mean (rnJ for the diffhznt 
machining pmcesses ranging fiom 9.6 x l@’ to 2.9 x 104 pCi mO/g HE. 

These measurements cleariy show that, even for RE maincharges with the highest wet 
surface swipe levels for removable tritium, the amount of tritium in the bulk material is very 
low. Inallcases, thebulktritium activity has bear less than 2 x l@ pCiETO/g HEwith- 
the average geometric mean (mJ being 1.9 x 104 pCi m O / g  HE. Based on these 
measurements, most of the bulk tritium activity is expected to be on the order of about 

As part of Pantex Plant dismantlement quality control (QC) system, surface 
measmments will continue to be made- Any HE that shows removable tritium surfice 
contamination greater than 1 ,OOO dpmi 100 cm2 will w be sold to’commercial industry. 
Further, bulk txitium analyses wil l  be performed on a “batch-by-batch’ basis to ensure that 
them destined for sale contains bulk tritium activity less than or equal to 

-.. - * - -  

1.0 x 10’ to 1.0 x lo* pci mo/g BE. - 
\ . .  

- -  . 
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2 x lo' pCi mO/g HE Append= B shows the procedures that are and will be used to 
determine the removable tritium sudace contamination and the bulk tritium activity O f  the HE 
main-charges. -- 

PATHWAY qNALysEs FOR UNRESTRICTED RELEAS 

To determine the pomtkd exposure to members of the public from the WIfeStficted releast of 
the tritiumcontaminated E, a number of scenarios were examined. In each scmario 
examined, pathways by which tritium could be inhaled, ingested, or absorbed through the 
skin were examined. Each Scenario included assumptions that &ted in calculated fesults 
based on a "worst" case.arid a "rea%ticB case. The exposure d o s  included: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 

Storing HE in a poorly ventilated warehouse, 
Unpacking sealed containers of HE in a poorly ventilated area, 
Mixing or crushing operations for dry BE, 
Adding wet PBX to a HE water slurry, 
laadvertent ingestion of HE water slurry, 
Splashing of HE water slurry, and 
Dust plume exposure from exploding HE. 

Vezy c o n s d v e  assumptions were used to model the possible transfef of tritium activity 
fiom the BE to a hypothetical member of the public. The assumptions in the 'worst-' 
provide the upper bounds on the doses that may result from the unrestricted use of the HE. 
However, the 'fealiSric" assumptions reflect. the anticipated exposure conditions during tbe. 
glSxy&m of the RE during 'nofmal. opesational conditions. The results from 'TeafistiE. 
cases wiXI be used to detennvle the most probabIe exposures to members ofthe public, 
Appendix C pt9vides the assumptions and conditions for the pathway analyses. 

The resuits of the pathway analyses may be found in Appendix C. The 50-year committedr 

4.9 x lp sniKrun (mrtm) fbrthe mdnal ly exposedindividual, However, sin#- 10' 
day effective W - W e  md Note 4 of tritium results in the 5Syear CEDE being delivered 
within about 100 days, there is no significant difference hem- the M - y e a r  EDE (HJ and 
the %-year CEDE. Themfore, the Sfbyear CEDE shall be referred to h& as the 
annual EDE. 

The maximum annual EDE for a w o k  as Pantex Plant, Le., 3.8 x lv wwn, resulted 
from exposure to RTO during the prepration of the HE for recycle by Pantex Plant. It 

members of the public. Tberebe, no attempt was made to exdude their OCCtlpati0ll2Li. - 
exposures from the recycle effort. For a manufacturer's worker, the highest credible annual 
EDEreceivedwasatioUt4.9xl~mrern. T h i s a n t i c i p a t e d e x p o s v e ~ f i o m t h e ~  

- 

effective dose equivalents (CEDES) (Eod Note 31: ranged fiom 4.6 x 1W to . .- 

-u .. .- 
. 

should be noted that the occupationally exposed workers at Pantex PI~Iu are collsidesed -to be - 
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being splashed with HE slurry (scenario #6). These annual ED% are much less than 1% of 
the applicable primary dose limit for members of the public, Le., 100 mrem, promulgated in 
DOE 5400.5 and in Title 10 Code of -Federal Regulation (m) Part 20 "Standards for 
Protection Against Radiation." They are well below the 30 m m  in a year DOE dose 

The establishment of risk fktors for doses hundreds of times higher than those discussed in 
this document is complex and incompletely understood. Thus, the estimation of the risk of 

The National Research Council's committees on the Biological Effects of Ionizing Radiations 
(BEIR) in its BE3R V report "Health Effects of Exposures to Low Levels of Ionizing 
Radiation" (BEIR 1990), stated that "... the risk depends on the particular kind of canceq on 
the age and sex of the person exposed; on the magnitude of the dose to a particular organ; 011 
the quality of the radiation, Le., quality factor,.on the natuk of the exposure, whethm brief 
or chronic; on the presence of fictors such as exposure to other Carcinogens and promoters 
that may interact with the radiation; and on individual characteristics. The estimates of the 
risk of canqer must rely on observations of cancers of different kinds that arise in the 
irradiated groups, combined with biological knowledge and theories of possible cancer 

BEIR V also states that 'Moreover, epidemiologic data cannot rigorously exclude the 
existence of a threshold [for radiation health effmts] in the milliSievert (mSv) [lo0 mran] 
dose range. Thus, the possiiiIity that there may be no risks from exposures comparable to 
extemal natural background radiation cannot be ruled out. At such low doses and dose rates, 
it must be acknowledged that the lower limit of the range of uncertainty in the risk eshatcs 
extends to zero.' 

.? 

z:i 
restraint for release of property (RESRAD). 

radiation-induced cancer from such low doses is subject to great uncertainty. 

- _  
...--- -. 

e:. . -  
.. --.- - _  

. 

zz.1 

induction mechanisms, " .- 

L 

If one makes the assumption that there is some risk of radiation-induced cancer at dose levds 
that are a small fraction of natural background radiation dose levels, the best estimate of -the 
lifetime risk of a fatai cancer from exposure to tritium is probably that of Straume ( S h - -  
1993). Straurne's 'most probable risk" of cancer mortality for low level exposure to t & h  
in the form of tritjated watet @TO) is 8.1 x lp per W G r a y  (mGy) p.1 x lo' pa 
assuming a quality f&m (Q) md Note 51 of 11. Since a Q of 1 was used in the calcalation 
of the dose equivalents in these scenarios, the caidated dose equivalents (mremj are equal 
to the doses (d). Thus, the above risk coefficient can be directly applied to the dose - 

It is estimated that about 75 members of the public, including Pantex plant ~ o r b ,  wopfd 
be involved in the recycling effort for the HE, The collective EDE to these members of the 
public is 1.5 x lo-) person-mrem, Using Straume's risk coefficient of 8.1 x lo-' per mztm 
and the collective EDE of 1.5 x 10' person-mrem, the lifetime cancer mortality risk to a 
member of the public is 1.2 x 109 , i.e., 8 in 100 million, for the recycling option. By- 

.- 
.. equivatent value& 

-1- -. - - -_ - - -  

- 
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comparison, the normal risk of cancer mortality from all sources is about 0.25 to 0.33, i.c., 
1 in 4 to 1 in 3. 

Stxaume's risk estimate is based on the BEIR V risk estimates for an adult population that& - 
corrected with a realistic Dose Rate Effectiveness Factor @REF) [Ens Note q of 4 (BEIR, 
1990) and a frequency distribution of Relative Biological Effect @BE) [End Note 7l values 
specific to &itium exposures, giving an approximate RBE valw of about 2.5. As stated by 
Straume, previous risk estimates (Bm, 1990; XCRP 60,1991; and WKEAR, 1988) d* 
DREFs h the 1 to 2 range which are unrealistidy smaU compared with the observed values 
of 2 to 10 in animal studies. Also, the previous risk estimates used a for HTO of 1.0, 
which is smaller by a fbctor of 2 to 3 when the comparison is with gamma rays. In-the 
calculation of the risk fkctor, the RBE of 2.5 for ET0 is mughly canded by the sirml?u 
factor increase in the DREF. 

. .: -- - 

. : _ .  
.- . -.--. - -- . - - .  c 

. --I 
_- 

WORK PLACE CONTAMINATION SURVEYS~BIOASSAY SAMPLING .. 

Experience at Pantex Plant shows that the handling of tritiumcantaminatPA HE maincharges 
does not present a significant potential for spread of con taminatioIl . or uptakes of tritium. 
This conclusion is supported by the results of routine con Ounination s u ~ e y s  taken in HE. 
work areas and by the results of bioassays taken from personne who work With the 5 

The Radiation Safety Department (RSD) provides radiation pm&on Services at Pantex 
plant. nese seryices indude radio~ogica~ su~eys in areas witii the potential for radioaerive 
con tamination and/or penetrating radiation and bioassay Services far the .d etemhahn of 
potential internal contaminah. Radiation pmteuion activities are conducted in compljance 
with DOEEE?-2Sa 'Radiologid Control Manual" and ntle 10 Part 835 . - .  
'Occupational Radiation Protection.' 

.- . 
-- . . . .  .. -__ 

. 

The RSI) has established removable surface con tamhation limits fm umstmkd releaseof 
mamiah from a controlled area at Pantex Plant, Plant Staadard (STD) 1451 Tnrestricbed. 
Release of Mamkl and Equipment to the public,' prumulgam these limits_ The 
membted removable surface amammum 

-. 

limit for tritium is 1,0oO asm/loo d, wbidl . .  
canesponds to the DOE unrtstricted release criterion for beta-gamma emit&&. .. 

Routine m e y s  for removable SUIface contamination are pedomed in the work p b a n d - . '  
other areas of Pantex mant. Removable surface contambation m e y s  are perf&& by- - 

taking one wet Swipe and one dry swipe at each location, The wet swipes are anaiyzdbp 
Iicpici scintillation counting for tritium, while the other is analyzed for gross a and/or gross 
jR The results of the tritium analyses are compared to an authorized limit for femovablt 
surface contamhation consistent with DOE 5400.5 requirements.* For calendat years 1991 
and 1992, 12,343 and 34,142 Swipes for removable tritium surfice ccmmmmo n were=, . ___ 
collected and ami-, respectiVeiy. Only one swipe in each year ex& the Criterion e 
movable tritium of 1,OOO dpm/lOO cm2. 

. .  
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The RSD collects and analyzes routine bioassay samples for Pantex Plant employees who 
work on nuclear devices with the potential for tritium contamination. .These workefs arc 
monitored monthly for tritium through the bioassay program. About 20 persons from the 
Applied Technology Division (ATD), formerly called the ExploSives Technology Department 
(EI'D), participated in the research activities to determine the level of bulk tritium activity in 
HE maincharges. These closeantact activities lasted about one year. NO meaSurable 1 
tritium activity was detected in any of the collected bioassay samples for the ATD personnel. 
This trend has continued through March 1995. The above data provide measured evidence 
that the activities involved in HE maincharges do not provide a viable source of tritium 

Although the above information may not be strictly applied to tritium-wntaminated HE xnain- 
charges, it does provide an indirect indication that the HE maincharges are not contaminated 
with excessive levels of tritium. Other than the normal posting requirements for a 
contamination area (if the removable tritium contamination is greater than 
10,000 dpd100 cmz) and required bioassay sampling for tritium, special handling, labeling, 
and/or posting requirements are not neceSSary for work activities on HE maincharges In 
addition, the Depamnent of Transportation (DOT) has not imposed any special regulations 
for tritium at this low level. 

. 

- ..- - 
contamination or biologid uptake for Pantex Plant workers. -.. . 

. .  
. .  . .  

. .  

. .  

. .  
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. .  

. .  
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END NOTES 

1: The effective dose equivalent (Ha is the quantity that is used to assess the risk to an 
. individual from both uniform whole body and non-uniforrmpartial body exposures. It 

is the sum of the weighted dose equivalents for irradiated tissues or organs, Le., 
HE = CWTHT, where W, is the weighting factor for tissue T and H T  is the average 
dose equivalent received by tissue T. 

. I  

2: The chemical symbol 0, atomic weight (A), and atomic number (2) of al l  
elementdisotopes are represented as follows: AXp 

- 

3: The CEDE is the sum of the committed dose equivalents (CDEs) to various tissues in 
the body (HT3a), each multiplied by the appropriate weighting factor (W,) - that is, 
Hu0 = cW,H,>,. The CDE is the dose equivalent calculated to be received by a 
tissue or organ over a SO-year period after intake of the radionuclide into the body. 
The CDE does include any contributions from radiation sources external to the 

4: The effective half-life (T,J is the time required for a radioactive element deposited in 
the body to be diminished by 50 percent as the-result of the combined action of 
radioactive decay (TJ and biological elimination (TJ. It is calculated as: 
TE = (Tn x TB)f(TR + TJ. 

5: The quality factor is used in radiation protection in an attempt to account for the 
effectiveness of different radiations to produce biological effects. Q is the factor by 
which the ndiation absorbed dose (rad) is multiplied to yield the dose equivalent (rem) 
of the exposure. 

6 The DREF is defined as the slope of the linear a w e  fitted to the high dodhigh dose 
rate data divided by the slope of the cume fitted to the low dosdlow dose-rate data f a  
the same endpoint and the same radiation. 

7: The RBE is the experimentally determined ratio of an absorbed dose of a radiation in 
question to the absorbed dose of a refmnce radiation required to produce an identical 
biological effect in a particular experimental organism or tissue. nte RBE should 
be used in radiation protecrion. (See Quality Factor.) .. 
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NATURAL AND MAN-MADE SOURCES OF TRITIUM IN THE ENVIRONMENT . .  . 

Tritium has been produced naturally in the environment since the earth's formation. All 
forms of life have thus evolved in an atmosphere that has included tritium. Numerous 
sources contribute to the amount of tritium currently in the environment: . .  

1. 

2. Nuclear weapons testing 
3, 
4. 
. 

Natural production in the atmosphere (from the interaction of cosmic rays with 
oxygen and nitrogen) 

Nuclear power stations/nuclear weapons production facilities 
Consumer products (Le., luminous dials in watches, exit signs, airport runway 
signs, electronic devices filled with tritium gas, etc.) 

Naturally-occurring tritium is produced in the upper atmosphere from nuclear reactions 
between atoms of oxygen-16 (%J and nitrogen-14 (''N,) and cosmic neutrons ('no) and 
protons ('H+J to produce tritium CHI) [End Note 11. The primary reactions are: 

. .  

. .  I4N7 + lH+I .+ 'H, + products '. . .  

160; + I H + ~  4 . 3 ~ ~ .  + products 
e.. - 

According to the National Council of Radiation Protection and Measuremats (NCRP) in 
NCRP Report No. 62 "Tritium in the Environment," the world hvatory of natural tritium 
due to cosmic ray interactions is estimated to be 70 million (7 x 10.9 cuiies (Ci), 
companding to a world production rate of 4 million (4 x 10.6) curies per year (CVyr). The 
me of oxidation of tritium to RTO is less than 1% of the tritium =I& to the atmosphere.- 
(NCRP Report No. 62). 

Commencing with the atomic bomb tests in 1945 and continuing throu@ 1963, various 
radionuclides, including tritium, were injected into the atmosphere. The total amount of 
tritium injected into the earth's atmosphere by 1963 was estimated to be 185-240 times the 
natural level of tritium in the atmosphere. Atmospheric tessing of n u d a  devices was - .  ' 
tenninated in 1963. Most of the tritium activity has since been removed from the earth's 
atmosphere by radioactive decay and by natural pn>cesses. A s b h g  that HTO is removed 

.-- .. 

- 
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from the atmosphere by precipitation scavenging with an effective removal half-life of 3 
years (NCRP Report No. 94 'Exposure of the Population in the United. States and Canada 
from Natural Background Radiation," the current HTO concentration in the atmosphere is 
about 18 pCi/L. Most of the HTO in our environment is due to the natural production of 
tritium in the atmosphere. The tritium inventory due to weapons testing wil l  decay to the 
natural level of 70 million (7 x lo+') Ci approximately by the year 2030 (NCRP Report 
No. 62). 

.. -.- - - -_ 
- e--. 
.Y.- 

TRITIUMINWATER 

Tritium easily incorporates into water molecules in the atmosphere to form HTO. The €€TO 
falls to earth with rain and follows the same environmental pathway, or hydrologid cycle, 
as water. Thus, it is often found in surface and underground waters, which are the sources 
of mankind's drinking water supplies. About 3 to 16 pCi/L of €€TO are present in 
environmental waters (NCRP Report No. 62). As a result, the Environmental Protection 
Agency's (EPA) Safe Drinking Water Act set the safe drinking water level at 20,000 pCi/L. 
This level was selected by EPA so that an individual who drinks 2 L (about halfa gallon) of 
water daily with this concentration of tritium would receive an annual EDE of only 
4 millirem (mrem). This is about the same amount of radiation dose one gets from cosmic 
sources while flying round-trip from Los Angeles to New Yo& L -  

BIOLOGICAL EFFECTS OF TRITIUM 

Tritium is a lowenergy beta emitter. The beta particle emitted by tritium cannot penetrate 
deeply into tissue or travel far in air. By definition, there is no potential for extend 

j: exposure to the whole body. The only potential for exposure from tritium arises from 
tritium absorption by the body. 

The rate of uptake of tritium by the body is greatly dependent upon the chemical fonn of the 
tritium. Pure tritium gas, either as €IT or 'IT, is not readily taken up by the body. If- 
inhaled, =and 'IT gas is only slightly incorporated into the body because it is rapidly = 
removed through' exhalation. About 99.9% of the Rl' and TT gas is exhaled along with ther' 
normal gaseous waste products, carbon dioxide (COJ and H20 vapor. Uptake of HT or TI. 
gas by absorption through the skin is negligible compared to inhalation. Therefore, ET and 
TT present a minimal radiological hazard. - 

Most of the txitium asouatd with the cOntSiminated HE wil l  be in the form of HTO, eit)ra 
as a liquid or a vapor. Tritium in the form of RTO is readily taken into the body. €€TO 
may enter the body via inhalation, ingestion, or absorption &ugh the skin. Exbsm to 
HTO in air results in uptakes via in)lalation and absorption through the skin. Essentially 
100% of inhaled IFIY) vapor is assumed to be absorbed by the lungs. The rate of uptake of 
HTO via skin absorption is assumed to be about 50% of the rate of uptake via inhalltirm- 
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Thus, for a person exposed'to airborne HTO vapor, about 67% of the uptake occuts via 
inhalation while 33% occurs via skin absorption. Ingested (oral intakes) HTO is assumed be 
almost completely absorbed into the body via the gastrointestinal (GI) tract. -. 

On* inside the body, m0 behaves just like water. It is rapidly and uniformly distributed 
throughout the entire volume of body water, where it can deliver a radiation dose to.the soft 
tissues of the whole body. Since €€TO acts just like water, it is eliminated from the body in 
the same manner as water via &e;feces, sweat, and exhaled water vapor. W of the 
body's water i s  eliminated and replaced in a period of about 10 days. Thus, HTO in the 

For an exposure of an individual via inhalation, ingestion, or skin absorption, a dose 
conversion factor of 0.064 mrem per microcurie (mredpci) of HTO uptake can be used to 
calculate the 50-year committed effective dose equivalent (CEDE) D d  Note 31. This factor 
is found in Federai Guidi-ince Report #11 "Limiting Values of Radionuclide Intake and Air 
Concentration and Dose Conversion Factors for Inhalation, Submersion, and Ingestion." The 
conversion factors in this document are based on the assumptions found in Intemationai 
Commission on Radiological Protection (ICRP) Publication 30 "Limits for Intakes of 
Radionuclides by Workers." 

The biologicai effects of ionizing radiation on living cells are the result of the energy 
deposited within the cells. The probability of Qccurrence of an observed effect is 
conservatively assumed to be proportional to the amount of energy deposited in the cells. 
Certain types of radiation are more effective than others in producing such biological e&cs. 
An assigned term, the quality factor (Q) md Note 41, is used in radiation protection in an 
attempt to account for the effectiveness of different radiations to produce biological effeds, 
Q is the factor by which the Mition absorbed dose (rad) is multiplied to yield the dose 
equivalent (rem) of the exposure. Q for X-rays, gamma rays, and electrons of all energies is 
1.0. In comparison, Q for an alpha particle is 20. This means that for a given radiation 
absorbed dose, the risk of radiation damage cazl be 20 times higher for an alpha particle than 
for an X-ray, gamma ray, or an electron. 

Radionuclides that emit only low-energy mdiation and that are eiiminated relatively qtricldy . 
from the body have a very low radiotoxicity. The International Atomic Energy Agency 
(IAEA) has investigated the radiotoxicity of 236 radionuclides, including tritium, and ranked 
them for toxicity from high (1) to low (236). Tritium was ranked 225 and is classified as 
having very low radiotoxicity because of the lowenergy beta radiation emitted by tritium, the 
lack of biological concentration of tritium in the body, the uniform distribution of tritium in 
the body, and the short effective half-life of tritium. No chemical toxicity is displayed by 
tritium since nqne arises from hydrogen 

body is also eliminated with a effective half-life [End Note 21 of 10 days. .. 

- 
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APPENDIX A END NOTES 

X̂, represents all elementdisotopes, where X = chemical symbol, A = atomic 
weight, and 2 = atomic number. . 

The effective .half-life fld is the time .required for a radioactive element deposited in 
the body to be diminished by 50 percent as the result of the combined action of 
radioactive decay (TJ and biological elimination (TJ. It is calculated as: 

. .  T g  = Cr, x TB)/UR + TB). 
The 50-year CEDE (Hd represents the total cumulative dose equivalent delivered to 
an individual for a 50 year time period beginning with the instant of uptake of a 
radioactive material into the body. 

The quality factor is used in radiation protection in an attempt to account for the 
effitiveness of d f l e n t  radiations to produce biological effects. Q is the factor by 
which the mdiation absorbed dose (rad) is multiplied to yield the dose equivalent (rem) 
of the exposure. 

. .  
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MEASURE MEN" T E C H N I O m  

The purpose of this appendix is to demonstrate that the measurement of removable tritium 
surface con tamination and the sampling and analyses for bulk tritium activity are performed 
in a sound, defensible manner. This requires that these activities be pedormed using writtea, 
approved procedures. These activities are (and will be) part of Pantex Plant's dismantlement . 
quality control (QC) system to assure that HE with removable tritium surface contamination 
greater than 1,OOO disintegrations per minute over an area of 100 square'centimeters 
(dpm/lOO cm2) will not be sold to commercial industry. 

The Radiation Safety Department (RSD) is responsible for performing wet swipes to 
determine the level of removable tritium surface contamination on the outer surface of the 
HE maincharges. The RSD collects the wet swipes using Intexnal Operating Procedure 
(IOP)-D5266 "General Survey Techniques." The Applied Technologies Division, formerly 
called the Explosives Technology Division (ETD), is responsible for collecting samples of 
HE to detefmine the bulk tritium activity in the HE maincharges. Depth profile samples 
from potentially tritiumcontaminated HE are dissolved by ATD using Development 
Instruction 0 . L )  94-122 'Dissolution of Explosive Samples." samples of "vkgin" HE are 
collected by ATD Using D.I. 94-121 "Dissolution of Background Explosive Samples." 

To verify the bulk tritium activity in the.= maincharges, the wet HE product will be 
sampled and analyzed. As main-charge HE is machined down into powdet, sufficient 
quantiti& wil l  be gathered to constitute a single lot of material. Each lot will be sta&idly 
sampled using O M  Standard 74706.4 "TATB Receipt and Sampling." Multiple samples, 
representing each lot, wil l  be assayed for bulk tritium activity using liquid scintillation 
counting, with "virgin" mazerial constituting the background. The HE anaLytical results wil l  
be compared to the administrative limit of 2 x lo' pCi RTO/g HE for bulk tritium activity. 

All wetsurfhce s w i p  and HE samples are (and wiU be) prepared and analyzed by RSD 
using analytical laboxatoxy procedure 3 "Operation of the Packard 2250 Series Liquid 
Scintillation Analyzer" andor procedure 4 "Operation of the Packard 2500 Series Liquid 
ScintilMon Analyzer." Both of these procedures may be found in MNL-0028 "Analytical 
Laboratoxy Procedure Manual." 

UQUlD SCINTILLATION COUNTING 
- 

To determine the level of removable tritium surface contamination and the bulk tririum 
activity on and in the HE main-charges, the liquid scintillation comting technique is used- 
Liquid scintillation counting is the usual technique for determining the activity of low-enw 
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beta-emitting radionuclides such as tritium (3HJ and carbon-I4 (I4C3 [End Note 11 in 
samples. 

The liquid scintillation process depends upon the presence of the sample in the liquid 
scintillator. Xiquid scintillators are normally composed of one or more fluorescent solutes in 
an organic solvent. To prepare the sample for liquid scintillation counting, the radioactive 
material is introduced into the liquid scintillator. The radioactive material and liquid 
scintillator are intimately mixed with one another for optimum counting. 

The radiation energy emitted from the sample is expended in the ionization and excitation of 
the solvent. This energy is subsequently transferred to the solute (or fluor) and is Teemitfed 
as photons in the violet and ultraviolet energy spectrum. These photons, having an average 
wavelength characteristic of the solute, can then be detected at the photocathode of one or 
more phototubes. In the general application of the method, a "wavelength shifter" may also 
be used to produce an output pulse of photons having wavelengths compatible with the 
optimum sensitivity of the photocathode. Following amplification in the photocathode, the 
signal may'be routed to additional amplifiers. The final amplified signal is recorded with a 
suitable counter. 

Each stage of the process of converting energy into an electronic pulse involves some 8 

distortion or uncertainty. Thus, an energy input will produce, on average, a pulse height 
with an uncertainty of one estimated standard deviation (lo), which can be equal to 50 to lo0 
percent of the pulse height. In addition, any enefgy input may not neceSSarily produce a 
pulse height that is equal to the energy input because the system is non-liiear. Because of 
these distortions and non-linearities, a background value for the set of samples must be 
determined. The background count for this application is derived from a sample of 'virgin' 
HE prepared in the Same manner as the samples from the HE maincharge. Reagknt blanks, 
consisting of liquid scintillation cocktail only, are counted to determine the background, Le., 
noise, of the counting equipment. - 

DetemSination of the background count in a liquid scintillation system is more difficult than 
in many other radiological analytical systems. A number of hctors influence the backgmmd 
for this type of anaiytical system. Certain chemical reactions, e.g., chemilumin-% may 
occur in the scintillation liquid that produce light at levels similar to the results from decay 
of the sample. Excitation of the glass vial, vial cap, and scintillation liquid by sunlight or 
fluorescent light may lead to delayed light emission. The decay of this phosphorescence can 
take several hours and can produce a high initial, non-reproducible, background munt. In 
addition, a significant contribution from electronic noise, based on interactions b W e m  two 
phototubes that are facing each other, can cause problems in determining the background 
count. 

.. - -- 
Due to the eXtremejy low activity of the tritium in the HE samples for this project, the rispid 
scintillation detector exhibits a background counting rate (rJ that is not negligible and has to 
be subtracted from the gross counting rate (rJ. Typically, a gross count rate is observed by 

. .  
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counting for a total period of time, 2. A background count rate is measured, in the absence 
of a sample, over a time t,,. The net count rate ( r d ,  due to the sample alone, is then: 

r,= rr - r, 
- 8  

The optimum division of available time between background and sample counting is given 
. -r,- - -..a3 by: 
.-.- . . i.., 

- 
-t . 

To approximate the optimum division of time, estimates of r, and rg have to be obtained h m  
a preliminary run. The RSD currently counts all tritium/HE samples for at least 10 minuoes 
each. 

An estimate of the statistical e m r  due to the background count must be included in the final 
estimate of the activity of the sample. On the basis that the source and bacicground cou~lts 
are additive, the standard deviation of the net counting rate is: 

- v e . r ,  .- . 
- . -  

sigrna (u) = (dt + C?J% = (rJ? + rdtb)% 

If the confidence level for the accufacy of the analyses is set at 2u, there is a 95% 
probability that the "sample" munt rare is within 20 of the "true" count rate. Altemarely, 

. - t h a  is a 5% chance 'that the "sample" count rate is not within 2u of the "true" count rare. 

For each sample type, a critical decision level, &, is established to determine whethex or not 
the sample d t  is statistically different from what would be expected fiom a "backgmW 
sample. The calculated & is used to avoid false conclusions about the presence of tritium in 
the sample of HE maincharge. The L, may be calculated as foUows: -=UWV%'- 

-: ;-z* _ _  - & = k*J2*\/B = 232*,fR 

where: & = criticaldecisionlevel, 
k 

B = backgroundcountsrecordedintime,t. 

= 1.64, the value of the standardized normal deviate that is 
exceeded with probabity a = 0.05, and *. 

-.,-..C..(r . - 
. .  
With the value of & thus computed, the probabirity of a "false" conclusion at a level of & 
is about 5%. 

- 
The number of net counts, e.g., net counts = total counts - background counts, nsulthg 
from a count time, t,  is compared to the calculated & If the number of net counts 
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in the HE sample is greater than &, the decision is made that tritium is present in the 
sunpie. If the number of net counts is less than or equal to &, the decision is made that 
there is no tritium in the HE sample. 

However, the calculated L, values will not be used to determine whether a lot of HE would 
be released to the commercial market. The release will be based upon the detection limit, _ _ _  
b, for the liquid scintillation counting system. The calculated L,, value, commonly ref& 
to as the minimum detectable activity O A ) ,  is the signal level of the counting system such 
that a signal at or above this level is likely to be detected. may be calculated as follows: 

.. r, = IC? + 2L, = 2.71 + 4.- 
where: = signal level such that a signal at or above this level is 

likely to be detected, 

1.64, the value of the standardized normal deviate that is 
exceeded with probability a = 0.05, and 

& = critical decision level, 
k 

B = background counts recorded in time, t. 

= 

With the value of & thus computed, the probability of wnondetection" at a level of L,, is 
about 5%. 

The administrative limit of 2 x lW3 pCi HTO/g HE for bulk tritium activity is well above the 
L,, for the liquid scintillation counters currently being used by RSD. The calculated r, value 
for a Virginw sample of HE has been as high as 465 counts with a 30-minute count time. 
This corresponds to a L,, of 2.9 x lo-' pCi HTO/g HE when corrected for counting 
efficiency and sample volume. This is about 100 times less than the above administrative 
limit and is in the range of many of the assayed contamination levels in HE main-charges. 
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I: AXz represents a l I  elernentslisotopes, where X = chemical symbol, A = atomic -_ 
weight, and Z = atomic number. 
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A I E s u x L  

P A m  AY AN A L Y m  

. .  
- .  

. .  

INTRODUCTION 

During the process of dismantlement of nuclear weapons at Pantex Plant, high explosive 
(HE) material is femoved from the physics package of.the weapons. In some instances, this 
HE is  slightly contaminated with tritium. Pantex Plant is proposing to recycle this HE by 
seiling it to commercial vendorslusers. Some of the tritium in the HE may be released to the 
environment during the handling, storage, and use of the HE. This release of tritium may 
result in radiation doses to members of the public, e.g., miners and other HE workers. 

This appendix details the dose pathway analyses that were performed. These analyses 
examine possible doses which may be received by members of the public, e.g., commercial 
users, from the unrestricted release of tritium-contaminated HE. The analyses begin with the 
premise that the level of volume tritium contamination does not exceed 2 x lo3 microcuries 
of tritium oxide per gram of HE (pCi HTO/g HE). 

For each scenario, a set of "worst-case" and 'realistic" assumptions were used as input 
paramemi The assumptions for both of these scenarios are very consexvative. The 
"worst-case" assumptions establish an upper bound on the doses that may result from the 
tmsric&xi release of the HE to the public. The "realistic" assumptions reflect anticipml 
exposure conditions during the "lifecycle" of the recycling of the HE during " n o d "  wofk 
conditions. The scenarios that were examined include: 

Exposure of workers in a pooriy ventilated warehouse in which the HE was 

Exposure of workers who unpack stored HE in a p r i y  ventilated area, 

1. 

2. 
dust generated by mizing or crushing opexatio~~, 

water vapor during mixing of a HE wiam 
3. Exposuretocontaminated 
4. Exposuretotritium-contaminated 

5. 
6. 
7. 

slrary, 
Inadvertent ingestion of HE slurry due to splashing or hand-to-mouth contact, 
Skin absorption due to HE slurry splashed on skin, and 
Exposure to a dust plume fiom explosive use of HE. 

, 

DOSE CALCULATION METHODOLOGY . 

Seven -0s by which tritium could be inhaled, ingested, or absM through the skin by 
members of the public were examined. In these analyses, the members of the public moot 
likely to be exposed were assumed to be Pantex Plant workers, explosive company 
employees who would be working with the HE, and miners who would be using the m- 
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The occupational exposures of Pantex Plant workers for storage, unpacking, and blending 
operations were considered to be exposures to members of the general public since these 
operations would be similar to the operations in scenarios f l ,  #2, and #4 that would be 
performed by members of the public, Le., industrial users. Therefore, no attempts were 
made to exclude the occupational exposures of Pantex Plant workers in the evaluation of the 
HE recycle option. 

Conservative assumptions were used to model the possible transfer of tritium activity from 
the HE to a hypothetical member of the public. In some cases, these assumptions are 
conservative to the point of being unrealistic. Accordingly, the doses calculated using 
"worst-case" assumptions should be considered to be upper bounds on the doses that may 
result from the unrestricted use of the HE. However, the doses calculated using the 
"realistic" assumptions should be considered to reflect the actual anticipated exposures 
conditions during the recycling of the HE. 

I 
I '  

The 50-year CEDE md Note I] per unit uptake of tritium activity is independent of the 
route of uptake. Also, the l o d a y  effective half-life [End Note 4 of tritium results in the 
50-year CEDE being delivered within about 100 days. Thus, there is no significant 
difference between the first-year D E  (HJ md Note 31 and the 50-year CEDE. Therefore, 
the 50-year CEDE shall be referred to hereafter as the annual EDE. The general sequence 
of each calculation includes: 

1. 

2. 

3. Calculate the total uptake of tritium; and 
4. Calculate the annual DE. 

Determine the fraction of the activity available to be released to the environment 
or into the transfer media, e.g., air, liquid slurry, etc.; 
Calculate the rate of uptake that results from the exposure to the contaminated 
media; 

e- 

The following assumptions and conditions, common to most of the analyses, include: ' 

. .  

1. 

. 2. 

3. 

The "worst-case" volume tritium contamination is assumed to be 

mean, q, of 1.9 x lo* yCi HTo/g HE for all analytical results for bulk tritium 
activity in the HE sunpied]; 
The "reaiiStic-case" volume tritium contamination is assumed to be 
1.0 x 104 pCi HTO/g HE; 
All of the tritium released from the HE is assumed to be in the oxidized form 
WO.) mote: This assumption is probably reatistic and maximizes the dose 

2 x 104 pCi mO/g  HE (NOTE. This value is based on the geometric - 

__ 
per unit in* of activiq.]; 
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4. 

5. 
. .  

6. 

7. 

8. 

1 

- 
~n uptake via inhalation, ingestion, or skin absorption of 1 pCi of HTO is 
assumed to result in an annual EDE of 0.064 millirem (mrem). [Note: This 

Radionuclide Xntake and Air Concentration and Dose Convetsion Factors for 
Tnhalation, Submersion, and Ingestion," and is based on the assumptions found in 

'Limits for Intakes of Radionuclides by Workers," including a Quality 

The breathing rate for "reference man" is assumed to be 0.02 cubic meters per 
minute (m3/min.). p o t =  This value is specified in ICRP Publication.23 'Task 

The total intake rate (inhalation plus absorption through the skin) for an exposure 
to airborne HTO is assumed to be 1.5 times the inhalation intake rate. [Note 
This guidance is specified in ICRP Publication 301; 
In scenarios involving ingestion, it was assumed that the fractional uptake from 

. the gastrointestinal tract is 1.0, Le., fl = 1.0; and 
In scenarios involving absorption of radioactive material through the skin, it was 
assumed that no protective clothing was being worn and that normal clothing 
provided no protection against exposure to the contaminated liquid or v a p .  

- .  
- -. value is taken from Federal Guidance Report #11 'Limiting Values of 

International Commission on Radiological Protection (ICRP) Publication 30 

Factor (Q) [End Note 41 of 1.0.1; 

Group Report on Reference Man" and ICRP Publication 3q; 

-'2. 

. -  

- - ." 

. .. t 

SCENARIOS 

1: Warehouse Stowe S c e n a  

This scenario examines possible doses from storage of bulk quantities of HE in a 
poorly-ventilated warehouse. The assumptions include: 

a. 

b. 

The warehouse is 1004 x 100-ft x 2 0 4  giving a total volume of 2 x l@ cubic 
feet (e) (5.7 x m3); 
A specified maximum amount of HE is stored in the warehouse at any one time. 
The stored amounts apt: - wrstcasc 40,Ooo lbs - ..:I 

or- realistic case: 2,000 Ibs; 
c. Without respect to the manner in which the HE is packaged or contzined, the 

tlitium is assumed to diffuse out of the HE at a linear rate of 0.01% per day (d), 
Le., 0.01% of the total initial quantity of tritium is assumed to be released into 
the warehouse each day; 
The tritium is assumed to be quickly and uniformly dimibuted throughout the 
warehouse; 
The air in the warehouse is assumed to have a speciiied number of air changes 

6 

e. 
per day as indicated: 

Worst case: lO/d 
0-  realistic case: 24/d; 

=.. 
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f. A person is assumed to occupy the warehouse for 240 dfyr during hidher work 
assignment a indicated: 

The interior of the warehouse is modeled as a single compartment with a constant rate of 
input of tritium. Tritium is removed fiom the warehouse atmosphere at a rate determined by 
the number of air changes per day. The concentration of tritium in the warehouse can be 
calculated by using a single compartment, constant input, and simple dilution model as 
described by the following equation, (after Till, 1983, pp. 5-5 and 5-6.) 

Eq. .la 

where: 

c = tritium concentration in air &ci/m3) 
Q = releaserate(pCi/d) 
V = volume of the warehouse (m3) 
X = tritium radioactive decay constant (1.54 x 104/d) 
F 
e 
t 

= 
= 
= number of days (d) 

flow rate of air out of the warehouse (m3/d) 
base of the natural logs (2.7183) 

In such a case, the tritium concentration rapidly reaches an equilibrium concentration that is 
directly proportional to the input rate and inversely proportional to the volume of the 
warehouse and the number of air changes per day. At equilibrium, the concentration may 
be expressed as: 

Eq. lb  

where: 

C, = tritium equilibrium concentration in air (pCi/m3) 

The annual EDE may be calculated as follows: 

HE = C, Br (60) (T) D (1.5) 
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where: 

= annualEDE(mrem) 
Cq = tritium equilibrium concentration in air @Cim3) 
Br = breathingrate (0.02 m3/min) 
60 = conversion: (mink)'  
T = number of hours worked per year (hrdyr) 

I) = dose conversion factor (0.064 mredpci HTO) 
1.5 = correction for additional uptake via skin absorption 

Using a "worst-case" concentration of 2 x 104 pCi HTO/g HE, 10-air changdd, and an 
exposure time of 8 hr/d for 240 dyr, the resulting annual EDE would be 1.4 x 105 m ~ m .  

Using the "realisitc" concentration of 1 x 104 pCi HTO/g HE, 24-air changedd, and an 
exposure time of 20 min/d for 40 dyr, the resuiting annual EDE 'would be 5.5 x la' mrem. 

- -  . .. - 
I .- wyr x W d )  
I -  - 

- 

This scenario examines the doses that might be received by a worker who is unpacking 
sealed containers of HE in a poorly ventilated environment. The assumptions include: 

E u h  container holds 50-lbs of contaminated HE; 
At equiliirium, 0.1% (0.001) of the total activity in 50-lbs of HE becomes 
trapped in a "dead airo space inside the containr, 
Upon opening the container, the activity within &is dead air space is dispemi 
into the volume of air immediitely surrounding the worloer; 

Worker is exposed to this concentration of tritium for 1 minute, during-which 
time no further dilution of tritium takes place, and 
W o r k  typically opens the following n u m b  of Conta indd as indicated: 

a. 
b. 

c. 
_ _  .* 

_. . 0- womcase: 10 m3 volume of air .- realistic case: 20 m3 volume of &, - - -  .L. 
d. 

e. .= worstcase: lO/d 
realisticcase: lid; and 

f. worker moms this task as indicated: 
' 0 -  -case: 240 dyr .* reaiisitccase: 40 dlyr. 

\ 

.- 

The annual EDE may be calculated as follows: 
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I .  

where: 

HE = annualEDE(mrem) 
454 = number of grams per pound (g/lb) M = mass ofHEinpounds (lbs) I 

F = fraction of activity reieased (0.001) 
Br = breathing rate (0.02 m3/min), 
T = number of minutes exposed per year (Wyr) 

C, = volume tritium concentration in HE (pCi =O/g HE) 
D = dose conversion factor (0.064 mredpCi  HTO) 
1.5 = 

V = 

(1 min/contaher x number opened/d x work d / y q  

correction factor to account for uptake of tritium by absorption 
through the skin 
volume of air into which the tritiuq is released (m3) 

I 

In the "worst-case" where the average concentration is assumed to be 
2 x lo4 pCi HTWg HE, the volume of air available for mixing is assumed to be 10 d, 
10 containerdd are opened, and the worker performs this task for 240 d/yr,  the annual EDE 
is 2.1 x UT3 m m .  

Using a "realistic" concentration of 1 x 104 pCi HTO/g HE and assuming the worker opau 
1 containedd for 40 d/yr,  the resulting annual EDE wouid be 8.7 x lod mrem. 

Scenario 3: Worker Ex~osure to Dust-Generating Qberatiot\s 
.- 

In this scenario, a worker is assumed to be exposed to a cloud of conoiminated HEdustof unspecified origin. Intalre is assumed to OCCUT through inhalation of the dust and via . 

absorption of contamination through the skin. The assumptions include: ~ 

a, 

b. 
. . c. 

I 

d. 

The worker is exposed to a cloud of contaminated HE dust at a dust loading-of$' ' 

Uptakes of tritium occur via inhdation and via absorption through the sldn; 
Respiratory protection equipment is used by the work.  The Respiratory 
protection factor (RPF) of the equipment is as indicated: 

1 

The worker performs this task as indicated: 

0 -  worst case: 10 m u d  
0s.  -tic case: - 1 mum3; 

worst case: 
0.- realisticcase: lo; and 

realisticcase: 1 hrld for 40 d/yr _ .  --- 
worstcase: 8 hrsfd for 240 d/yr 
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. .  . . .  

. .  . .  
. .  

_ .  .. 
The resulting annual EDE may be calculated as follows: 

HE = L C, (0.001) Br (60) T D (1.5) Eq- 3 

D =  
1.5 = 

annual ED€ (mrem) 
airborne dust loading (mg/m3) 
volume tritium contamination per gram of HE (pCi HTO/g HE) 
conversion from milligrams to grams (g/mg) 
breathing ratk (0.02 m3/min) 
number of minutes per hour (min/hr) 
number of hours exposed per year ous/yr) 

dose conversion factor (0.064 m r e d p c i  m0) 
correction for additional uptake via skin absorption 

(dlyr X M d )  

In the "worst-case", using a concentration of 2 x 104 pCi HTO/g HE, a dust loading of 10 
mg/m3, and a RPF of 1, the annual EDE would be 4.6 x 104 mrem. 

In the "realisitc" case, using a concentration of 1 x lo4 pCi HTO/g HE, a dust loading of 1 
mg/m3, and a RPF of 10, the annual ED€ would be 4.6 x lod m m .  

-- Scenario4: Add inp Wet PBX to HE S l u ~  

In this scenario, a worker is assumed to be standing over an opening in the vat while Wshe 
manually adds wet PBX to the HE slurry. WOTE: With the exception of adding wet PBX. 
to the vat, the difsolution/recrysta&&on process occufs in a closed system.] Intake is. 
assumed to OCCUT through the inhalation of the of tritiated water vapor @TO) and via 
absorption of contamination through the skin. 3 e  assumptions include: 

~ 

- 
L 

a. 
b. 

Anopesator is exposexi to ET0 evaporating from HE slurry in a mixing vat; 
The air to which the operator is exposed is saturated with water vapor (100% 
humidity); 

c. The con&tration of fie HTO water vapor to which the operator is exposed to 
is: 

0- worstcase: 1% 
0 -  realisticcase: 1%; 

d. 
e. 

There is no further ventilation or dilution; 
The operator perfoms this task as indicated: 

Uptakes of tritium 0Ccu.r via inhalation and absorption through the skin. 

-- 
a- worncast: 8 W d  for 240 d/yr 
0- realisticcase: l/s hrs/d for 100 d /yq  and -- . - 

f. 
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The resulting annual ED€ from a year of operation may be calculated as follows: 

HE = F, C, L, F, Br (60) T D (1.5) 

where: 

H E  = . 
F, . = 
c , =  
L =  
F, = 
Br = 
6 0 =  
T =  

D =  
1.5 = 

I 

. .  Eq.' 4 

annual EDE (mrem) 
mass fraction of HE in the slurry (0.3 g HE/g slurry) 
volume tritium contamination @Ci mO/g HE) 
airborne water vapor loading (2s g ~ ~ o / m ~ )  
fraction of water vapor that is contaminated (0.01 or 0.1) 
breathing rate (0.02 m3/min) 
conversion for minutes to hour (midhr) 
number of hours exposed per year (hdyr) 

dose conversion factor (0.064 mredpCi HTO) 
correction for additional uptake via skin absorption . 

W d  x W I  

. ._ . -  
- -  

I- . 

For the "worstcase' assumptions of 2 x 104 pCi HTO/g HE and 1 % HTO contribution to 
water vapor, the annual ED€ would be 3.3 x lC3 mrem. 

For the "realistic" -assumptions of 1 x 104 pCi HTO/g HE and 1% HTO contribution to 
water vapor, the annual EDE would be 2.9 x lC5 mrem. 

5 5  In - f 

This scenatio examines the doses which would result if small quantifies of 
tritium-contaminated slurry were splashed on the hands, or on or near the mouth and 
inadvemtly ingested. The assumptions include: 

a. 
b, 

"he HE slurry is 30% (0.3 g HE/g slurry) tritiumcontaminated E, 
The quantity of slurry inadvertently ingested each day that the slurry is handlrd - 
is: 

worst case: 0.01 g/d 
0- realistic case: 0.001 gld; and 

c. The worker inadvertently ingests some of the slurry each day that hdshe works 
arfollows: . c- .. - .- worst ease: 240 d/yr 

0 realistic case: 12 dlyr. 
.- 

The resulting annual EDE from a y e + ~  of such exposure may be calculated as follows: 

HE = M F , C , D Y ,  . 
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where: 

r .  

- .. . 

H E  = m u d E D E ( m )  
M = mass of slurry ingested each day (g/d) 

C, = volume tritium contamination (pCi HTO/g HE) 
D = dose conversion factor (0.064 mremlpci HTO) 
Yd = number of days worked per year 

F, = mass fraction of HE in the slurry (0.3 g H E l g  slurry) .. . 

For the "worst-case" concentration of 2 x 104 g HTO/g HE and assuming a daily intake rate 
of 0.01 g of slurry, the annual EDE would be 9.2 x lob mrem. 

For the 'realistic" concentration of 1 x 104 g HTO/g HE) and assuming a daily intake rate 
of 0.001 g of slurry, the annual EDE would be 4.6 x lo-' mrem. 

scenario 6: Skin Absoytion due to SDIashinp o f m  s b  
In this exposure scenario, it is assumed that a worker is splashed with the slurry of -- 
contaminated liquid. The assumptions include: -- 

a. 

c. 

The tritiumcontaminated HE comprises 30% (0.3 g HElg slurry) of the slurry; 

During handling operations, portions of the worker's body is inadvertently . worstcase: hands and forearms (3,500 cm3 . rcalisticcase: hands and forearms (3,500 cm3 
pote:  The mface area values for the entire body and for the hands and 
forearms are taken from ICRP 23.1; 

-. 
b. The density of the slurry is 1.5 grams per cubic centimeter (g/cn?); . - - I  

wetted with slurry as folIows: 
.,e . 
e-- 

I 

* f .:.. ~ d. The slmy is allowed to remain on the skin before it is washed off 

mows: 

.- 
- .e worstcase: 10 min 

0- *case: 5min;and * ' 

e. This inadvexteat splashing takes place to the same workex one time each day as . worst case: 240 d/yr .- ALARAcase: 24 dyr 

The uptake of tritium activity from wetted skin and the corresponding dose is calculattd 
using the following equation (Osborne, 1968): . 

u = M W N + w N T  

_ .  
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where:. 
. .  

. -. 

- I - 
P =  
T =  

uptake of tritium into the body per splashing incident (pCi HTO) 
. -  

intake rate of liquid due to the "blotter effect" (1 g / d  
wetted surface area cm2, ' . .  

... 
specific activity per unit mass of the contamhami liquid @Ci 
m o f g  HE) 
intake rate for skin (5.1 pCi/rnin/m*/pci/L) (Osborne, 1968) 
humidity at skin temperature (0.04 g/L) 
exposure time (min) 

Using units of cm2 for wetted skin area and pCifL for tritium auivity concentration in the 
slurry, Eq. 6a can be're-written as: 

where: , all of ;he terns are as defined above, except that 

A = wettedsurfkearea(cm3 
C = concentration of tritium in the liquid slurry @Ci 
T = exposuretime(min) 

For example, if the values stated in the above assumptions are used with 2 x 101 pci mO/g 
HE, i.e., concentration of tritium in the liquid, the annual up- of tritium may be 
calculated as follows: 

C = 2 x 104 pc i  H"Wg HE * 0.3 g H u g  slurry 1.5 @a3.* lo00 c d / L  
= 9.0 x lo-* pci HTOL 

and 

, u =- 
= 

(1.0 x 10' * 3,500 cm2* 9.0 x lo-* pci HTo/L) [I +(0.204 * lo)] 
9.6 x la5 pci H"0fspIashing incident 

--% .. -- -_ 
For the "worstcase" where the arms and forearms are spfashed once each day for the 
240 working days in a year, the corresponding annual EDE would be 1.5 x lo3 mrem. 

For the "realistic" case where the arms and forearms are splashed once each day for the 
24 working days in a year, the corresponding annual EDE would be 4.9 x 1CP mrem, 

-- -0 7: -sure to D ust Plume W, E- - 
This s q a r i o  examines possible doses from exposure to the plume of contaminated dust that 
would be produced when the explosive is detonated. The "General Explosion" module of the 
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Lawrence Livermore National Laboratory (LLNL) HOTSPOT Health Physics Computer 
Codes (Homann, 1994) was used to model the airborne release of tritium in an explosion. 
This program uses a standard gaussian plume model. Both a 'worst-case" scenario, using 
the maximum tritium concentrations and the worst-case meteorological conditions, and a 
'fealistic" scenario were examined. 

In the 'worstase," "realistic,' and " A U R A '  scenarios, the assumptions included: 

b. 

C. 

d. 

e. 

' .  f. 

The mass of ~Iurry involved in the explosion is as follows; 
worst case: 100,OOO lbs 
ALARAcase: 1,ooO lbs 

The contaminated HE makes up 30% of the total m a s  of the slurry 

All of the tritium activity in the slurry was assumed to be available to, and 
distributed in, the explosion; 
The quantity of RE was artificially limited to 10-lbs [Note: This is conservative 
because it significantly reduces the height of the explosive cloud. Thus, The 
amount of dispersion initially taking place within the cloud is limited.]; and 
The nearest dose receptor, located at the plume centerline during the entire 
passage of the plume, is assumed to be a mining company employee at a 
'explosive safety perimeter" of about 300 meters downwind with speeds of: 

The mining company employee was assumed to be exposed to such a plume for 
50 wks/yr as indicated: 

(0.3 g m g  slurry); -.- 

worst case: 2 mfsec 
realisticcase: 4.5 mfsec; and . worst case: 1f wk 
realisticcase: 7fwk 

In the "worstase' scknario, the HE was assumed to have an average concentration of 
2 x 104 pCi HTo/g HE, the stability conditions were class D (neutral), and the wind speed 
was 2 ds. The annual EDE for 50 weeks of such exposwe is 9.5 x lo5 mrem. 

In the "reaiistic" scenario, the HE was assumed to have an average concentration of 
1 x lo* pCi HTO/g HE, the stability conditions were class D (neutral), and the wind spad 
was 4.5 ds. The annual EDE for 50 weeks of such exposure is 1.5 x lob mrern. 

I .  ./ 
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. SUMMARY 

. .  

Using very mnsemtive assumptions, possible doses from seven credible pathways were 
examined. The resuits of the "worst-case" and 'realistic" analyses are summarized in Tabk 
C1 and Table (22. The "realistic" analysis, which more accurately portrays the anticipated 
operations in the 'lifecycle" of the recycle option during " n o d "  working conditiom, 
showed that the maximum individual and collective EDEs from the radiologicai impaas for 
the recycle option are negligible. It should be noted that for these analyses the 
occupationally exposed workers at Pantex Plant are considered to be members of the public. 
Therefore, no attempt was made to exclude their occupational exposures from the recycle 
effort. 

As shown for the "realistic" analysis (see Table Cl), the maximum individual EDE for a 
work at Pantex Plant, i.e., 3.8 x 10' mrem, is postulated to come from the preparation of 
the HE at Pantex Plant. For a manufacturer's worker, the highest credible annual EDE, La, 
4.9 x mrem, resulted from the HE slurry being splashed on the worker (scenario #6). 
These highest credible doses are much less than 1% of the applicable primary dose limit for 
members of the public of 100 millirem per year, contained in DOE 5400.5 and in Title 10 
Code of Federal Regulation (CFR) Part 20 'Standards for Protection Against Radiahn.' 
They are well below the 30 m m  in a year DOE dose constraint for release of property 
(RESW) .  

A comparison of the collective EDE received by the members of the public for each 
scenarios is m t e d  in Table C2. It is estimated that about 75 members of the public, 
including Pantex Plant workers, would be impacted from radiological exposures resulhg 
from the recycle option. The total collective EDE for the recycle option is about 
1.5 x lo3 person-mm. For comparison, these 75 workers are collectively exposed to 
2 x lo* person-mrem per year, assuming an 'average" exposure 6 natural background 
radiation of 360 mrem per year. 

. .  

. .  

- 

. .  . .  

. .  
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TABLE ct: SuMMARr OF c o u ~ c r n n  DOSE EQWALEWS - REUSXTC ANAL.YSIS I 

' I  

. .  

. .  
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.-. .. -. 1: The committed effective dose equivalent (CEDE) is the sum of the committed dose 

appropriate weighting factor (WT) - that is, Hw = CwTHTSo. The CDE is the dose 
equivalent calculated to be received by a tissue or organ over a 50-year period aftex 
intake of the radionuclide into the body. It does include any contributions fiom 
radiation sources external to the body. 

equivalents (CDFS) to Various tissues in the body (HTs& each multiplied by the 

.I 

2: The effective half-life (T,J is the time required for a radioactive element deposited in 
the body to be diminished by 50 percent as the result of the combined'action of 
radioactive decay (Ta and biological elimination VB). It is calculated as: 

-' - -  
TB = Cr, x TB)/(TR + TB). 

3: The effective dose equivalent (HE) is the quantity that is used to assess the risk to an 
individual fiom both uniform whole body and non-uniform partial body exposures. It 
is the sum of the weighted dose equivalents for inadiated tissues or organs, Le., 

= CWTHT, where W, is the weighting factor for tissue T and HT is the averagc 
dose equivalent received by tissue T. 

. .  
4: The quality factor is used in radiation protection in an attempt to account for the 

effectiveness of different radiations to produce biological efkcts. Q is the €&tor by 
- which the ,gdiation absorbed dose (rad) is multipIied to yidd the dose equivalent (ran) 
of the exposure. 

-- 
. I  
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David Styen, P.E., CHP - Pantex PIant 
Waste Management & Environmental Restoration Division 

k. Styers has over 25 years experience in program management that includes test 
planning, system design, training, research and development, and quality 
assurance/quality control. Mr. Styen' expertise is in operational and technical 
radiation health physics. He has conducted field surveys, safety reviews, hazard 
aSsessments, and compliance reviews for various private industries and state/federai 
governments, including DOElNRC nuclear fkcilities. He i s  knowiedgeabie in gamma 
spectroscopy analyses and rules, regulations, guidelines, and standarch. He is the 
author of over fiAeen technical papers and publications and has made severat 
presentations at DOE technical conferences. 

Mr. Styerf managexhl positions have included Radiation Px-btection Program Section 
Manager, - 'ological Engineer, Project/Task Manager, and Health Physics 
Team Leader for various companies in Oak Ridge, TN. Presently, he is the Program 
scientist for BattellePantex's Waste Management and Environmental Restoration 
Division. 

He is certified (comprehe&ve) by the American Board of Health Physics. He is 
ccrtiiied as a Profeonal Civil Engineer in the state of Perrnsylvania (pE-023269-E). 
He has a Bachelor of ScieaceS in Education degree in Chemistry and Physics fiom 
Slippery Rock State college and a Masters of Science degree in Wth Physics fiom 
G- Institute Of techno log^. - --., 

e .  - . -L- 

Mr. FIaugh retired from &s Alamos National Laboratory (LANt) in Novem&r;-1993 
aRer nearly 32-y- in Various weapons-related activities. He has operational and 
manageriaI experience in explosives development, testing, and product specifi?cation; 
hydrodynamic and nudear testing; nuclear Vulaerability and effects; and systems.. 

Explosive ch'emistry Group and as a Group Leader and Deputy Division hder for  a 
Weapons System Engineering Gibup. He also served as a Program Manager for- 

-- - .. - 
eogin&g,kthIg,andpmdua~&tim. H & s e z v e d a s a G i i ~  _ _  

- 

. .  
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Weapons Production and Surveillance A d  (Nuclear Weapons) Dismantlement. He 
presently is a consultant for Delphi Group, Inc. 

He was a major contributor to the development and application of insensitive high 
explosives for nuclear weapons. He participated in a joint DoD/DOE study of 
ME sponsored by the National Research Council. He served for many years on Che 
DOE Accident Response Team, most recently as a Senior Scientific Advisor, and 
participated in exercises in US, UK, and Italy. He also participated in infor'mation 
exchanges with UK, France, and Russia, He served in the group that wrote the DOE 
Explosives Safety Manual and on the tri-Laboratory/DOE-AL Steering Group for 
tritium operations during Limited Life Component Exchange. 

He has a Bachelor of Science degree and Mas@ of Science degree in chemical 
Engineering and Nuclear Engineering from Iowa State University. 

James Humphrey - Lawrence Livennore National Laboratory 
Defense Technology Engineering Group 

Mr. Humphrey has served over 35 years at the Lawrence Livermore National 
Laboratory (LLNL) and LANL. Presently, Mr. Humphrey is a member of the Futures 
Group in the Defense Technology Engineering Group at LLNL. He is widely 
published and has specialized in the fields of actinide purification and plutonium 
chemistry; high explosives formulation, characterization, and application; anveationai 
and nuclear weapon systems materials design applications, analyses, integration, and 
tritium storage and transfer. 

Mr. Humphrey has held managerial positions as an Assistant Deputy Associate 
D i i r  for Advanced Conventual Weapons, High Explosive Technology Leader and 
PlutoniUm Technology Leader, Special Technical Advisor to the Director of the Office 
of M u n i f i ~ a c t i c a l  Warfare Program/Office of the Under Secreary of Defense 
(Acquisition), Chemistry and Materials Science Project Leader for Strategid Nuclear 
Weapons, Deputy Task Force Leader for the Demilitarization of U N L  naciear 
weapons, DOE'S Manager of the Energetic Materials Waste Mimmza~ 
Manager of the Joint DoD/DOE Memorandum of Understandirig for Advanced 
Conventional Munitions. Mr. Humphrey senres, and has served, on severai nationaf 

'on PrOgIam -4 . .  

committees for energetic materiajs and plutonium. .. -. 
_. 

GarysMansfsdd, CHP - Lawrence livermore National Laboratory 
. FkanisControlGroup 

Mr. Manfield has over 16 years experience in operationai and technical health 
physics, primarily in the areas of tritium, plutonium, uranium, and nudear fuef 
repxlocessing health physics. Mr. Mansfield's specific expertise is in the areas of 
tritium health physics, internal radiation dosimetry, radiological safety analysis, and 

July 7,1995 50 



> 0 

health physics issues related to nuclear weapons. He has reviewed and assisted in the 
development of several American Nuclear Standards Institute (ANSI) standards reiated I 

I 
I to internal dosimetry. 

He is and has been the Health Physicist responsible for the Lawrence Livermore 
National Laboratory (LLNL) Tritium Facility for the last six years. He provides back- 
up health physics and policy development support for all LLNL radiological 

for the last seven years. He was the Health Physicist, Internal Dosimetrist, and Health 
Physics Manager at the Idaho Chemical (nuclear fuel) Reprocessing Plant at the Idaho 
National Engineering Laboratory. - 
He is certified (comprehensive) by the American Board of Health Physics. He has a 
Bachelor of Arts degree in Physics and a Master of Science degree in Radiological 
(Health) Physics. 

I operations. He has also acted as the LLNL Internal Dosimetry Program Coordinaror 1 

Benny Richardson, Ph.D - Pantex Plant 
Applied Technologies Division 

Mr. Richardson has a Doctor of Philosophy degree in Analytical Chemistry from 
Texas A&M University. He has been involved for the last 15 years in work with 
quality control analyses of high explosives and materials characterization. We is 
presently a Sectional Manager in the Materials Characterization Section of the Applied 
Technologies Division at the Pantex Plant. He currently serves as Chairman of the 
Panhandle-Plains Section of the American Chemical Society (ACS) and is an Adjunct 
Professor in the Math, Physical Sciences, and Engineering Technology Departmeat of 
West Texas A&M University. He is the author of fourteen technical reports a d  seycn 
professional publications in refereed journals. He has made numerous presentations at 
DOE technical conferences, local universitidcolleges, and ACS meetings. 

Tony Woltermann, Ph.D - Pantex Plant 
Appiied~Technologies Division 

Mr. Woltermann has a Doctor of Philosophy degree in Chemistry from the University 
of Cincinnati. He has over 28 years of industrial experience that has involved work -- 
with radioactive materials, most nombly plutonium and tritium. He was Directory of 
Technology at EG&G Mound Facility. He was the Manager for the Environmeatal 
Sciences Center of Monsanto, Co. Currently, he is the Division Manager far the 
Applied Technologies Division at Pantex Plant. He is the author of over thirty 
technical publications and presentations. 
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Mr. Joe Martillotti 
Pantex Special Project Coordinator 
Texas Natural Resource Conservation Commission 
P.O. Box 13087 
Austin, Texas 7871 1-3087 . 

Zehrpkki, Lead 
Waste ManagementEnvironmeatal Protection Team 
U.S. Department of Encrgy 
Amarillo Area Om- 
Amarillo. Texas 79177 

We: Health-Baqed Release Criteria for Contaminated . .  High Explmives 

Dcar Mr. Manillottl: . 

. .  

. _  . 

:losed documents listed bclow arc fur p u r  review and comment. 

1. 'Hdth-Bated Release Criteria for Bulk Trilium-Contaminnted High Explosives,' 
datcd July 7, 1995 

"Analysis tu Support an As Low As Reasonably Achievable (ALARA) Dcttrrnination 
fr,r Disposition of Triiium-Contaminated High Explosives,' datcd July 7, 1995 

2. 

If you .lave any questions, please amact Gary G. Baker 1 (806) 477-4440. . 

WAW:sdd 
Attachments: As stated 

0M:P.S- 01393-790 
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Rank Sprague 
To: From: Dave SStyers 4- 
Date: July 7, 1995 

Subject: Changes to Health-Based Release C r i t e r i a ,  dated May 8 ,  

The following changes have been made to the May 8, 1995, submittal. 
Changes in the text are indicated in italics. 

1995 

* 

It HEALTH-BASED RELEASE CRITERIq 

Global Chancres: 

1. The maxhpn annual EDE for Pantex P l a n t  worker has been . 
changed to 5.2 x ZOJ mrem to 3 - 8  x I O J  mrem (math error) . . 

i 

2. 

3- 

4. 

a. paue 2. ParaaraDh 1. Lin e 2  
b o  paue 16. Parauranh 4. L'ine 1 
C. paue 46. Parauraph 2. Line 3 
d. paue 46. Table C1 - C2. Scenario #I 
The term "man-mrem" has been changed to nperson-qrem." 

Reference to the "AWIRk analysisw has been changed to 
"analysis to support an A U R A  determinationem 

In Appendix C, the orginal Worst-casea analyses have been 
deleted in their entirety.. Therefore, the orghal "realistic- 
case" has been changed to the "worst-case." The orgdnal 
*ALARA-case" is has been changed to-the "realfstic-caseOa 

SBecific Chancres: 

- 1. 

2. 

- 3. 

4. 

Paue 2. ParaaraDh 2. Lin e -  1: "Based upon the "As tow As 
Reasonably Achievable analysis, .... annual" to "Based upon 
the analysis to support an ALARA determination, . . . .annuaLW 
Pacre 16. Parauranh 1. Line 4/Paue 47. Table C1 - C2. Scenario 
f9: nManual Mfxing of HE water slurrybb to "Adding wet PBX to 
HE water slurry." 

paue 16. ParauraDh 2,  Line 5: The following has been added: 
"However, the nlife-cycle" of the HE for "normal operational 
conditions . 
acre 17, ParauraDh 1. Line 2: The following has been added: E . .  ..meme This anticipated eiposure resulted from the skin 

being splashed with HE slurry (scenario #6) .OD 

- 



. 3 . .  ' . ' .  ' .. . .  . .. . .  
. .  

- 
5. gaae 17, Parauramh 1. Line 4/Paae 46. ParauraDh 2, Line 8: 

Vhey  are w e l l  below the 30 men in a year DOE dose restr&t 

6. paue 18. ParauraDh 5. t i n  e 5: "The r e s u l t s  . . . compared .to 
the removable sur face  contamination l i m i t  o f  1000 dpm/lOO cm, 
as promulgated fn DOE 5400.5." t o  "The r e s u l t s  . . . compared t o  
an authorized l i m f t  for removable sur face  contamination 

The following statement has been added: - *  

for re lease  of  proper ty  ( R E S U )  ." .- - -4  .- 

- .e consistent w i t h  DOE 5400.5 requirements. -.-- - 
- .. - 7 .  paue 2OiPaue 48: Reference for RESRAD w a s  added. - 

. e .  paae 35. ParauraDh 5. AssumDtions: Assumption l w a s  deleted. 
(See global change #4 above.) A l l -  o ther  assumptions w e r e  
r e n d e r e d .  The following NOTE w a s  added a t  the end of the 
new assumption 1: 
W [ l o o T e :  Thfs value  is based on the geomet r f e  mean, mr, of 1.9 

, x lo4 p c i  m / g  HE f o r  a l l  ana ly t i ca l  results for bulk  t r i t i u m -  
a c t i v i t y  in the HE sampledon 

9. paue 41. Scenario 4 title: "Manual Mixing'of &E water slurry" 
to "Adding w e t  PBX t o  HE water s1urry.n 

10. paae 41. Parauramh 1. Lines  1 - 2: nIn this scenario,. , . m .  

over an open v a t  w h i l e  he/she manually stirs the HE slurry." 
Intake .... tritiated" t o  "In this scenario, .., over an 
opening in the v a t  ki*iile he/she manually adds w e t  PBX to the 
Ilg slurry. W i t h  ihe exception of adding w e t  PBX to  
the v a t ,  the dfssolution/recrystallization process occurs in 
a closed system.]" Intake .... tritiated." 

- 11. AL3LRA ANALYSIS 

[ M O T E :  

Global Chancres: 
. .  

1. The maximum annual EDE for Pantex P l a n t  worker has been 
changed to 5.2 H l@ m r e m  t o  3.8 x le m r q  (math e r ror ) .  

a. paue 3. ParauraDh 5 .  tin e 3  
b, paue 11. Table 2 - 3. Scenario #& 

2. The term nman-mrem'9 has been changed t o  Hperson-mrem.n 

3. Reference to the "ALARA analysis"  has been changed t o  
"analys i s  t o  support  an ALARA determixzation.n 

4. Consistent w i t h  Appendix C of the main report ,  the o r g h a l  
Worst-casem analyses  have been deleted i n  their entirety.  
Therefore, the orgfnal  ureal f s t ic -casea  has been changed t o  
the worst-case." The orqinal  "-case" is has been 
changed t o  the "rea l i s t i c - case .  n 



c 

- SDecific Chancres: - -  
1. T i t l e  has been changed from "As Low . . . . . . (ALARA) . . . kfgh 

Explosives18 t o  "Analysis to suppor t  an .....(ALARA) 
Detennhatfon ..a. Explosives." 

- 

-A- 
. - -  

4 -  - :.A;--.. -=- . .. 
"-.---a - 2. Table of Contents has been added. 

3. gaue 10 -11. Tables 1 - 3 ,  Scenario #4: "Manual Mixing of HE 
water 

4, Paue 1 4 .  ParacrraPh 2 .  Line 5 :  The following has been added to 
the end of Line 5: 

. . p C i  RTO/g HE and had removable tritium contamination less 
than 1,000 disintegrations per minute over an area of 100 
square centfmeters (dpm/lOO c d .  

to "Adding wet PBX to HE water ~ 1 u z - q . ~  

L 

. .  

I c 
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07-07-95 Ol t53p 
Free: 1,037,824 

. Current <Dk> 
ALARA .BK 54,998 
RELEASE' .BX 154,208 

. .  . .  

0 .  P a r e n t  < O b >  t 
07-07-95 Ol t53p  
07-07-95 01:52p 

.HE 54 I 998 

.HE 154, zoa 
07-07-95 Olr52p 
07-07-95 OlrS2p 
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I memorandum 
DATE: 

REPLY to 
ATTN O F  

SUBJECT: 

fo: 

June 26,1995 

Office of Environmental Policy and Technid Assistance: Wdo,  EH-412 

Release Criteria for Volume Tritium Contamination in High Explosives 

Frank Sprague, AL 

EH-41 has reviewed the proposal contained in the May 30,1995, Memorandum from 
N. Dienes (AL) to T. OTool @€I-1). In general, the technical analysis is acceptable and 
supports your proposal. We are prepared to recommend.that EH-1 approve the release limits 
sutiject to the following: 

0 

0 

W I e  the attached report includes a Section titled "As Low As Reasonably 
Achievable (ALARA) Analysis for Disposition of Tritium Contaminated High 
Explosives" the section is not an ALAM analysis. This d y s i s  is really more of an 
uncertainty analysis of the dose estimates than a tnre ALARA analysis. It does, 
however, contain the most of the material necessary to support an U A R A  decision 
but it should be titled "Analysis to Support an ALARA Determination-" An 
ALARA analysis should look at severaI options. and either quantitatively or 
qualitatively determine the optimum d u e  for the release criteria 

To satisfj. the' ALARA requirement of DOE 5400.5, an k signed bou or your 
management as appropriate) memorandum should be included with package. The 
memorandum should discuss the proposal and the benefits aad costs of going . 
selecting a lower limit or a higher limit. Based on the report and dose assessment 
which shows very low individual and collective doses associated with this action, and 
the recommendations provid.ed in our March 1991 ALARA implementation guidance, 
the determination for this action can be qualitative or semiquantitative. Therefoie, 
the AL memorandum should simply provide a brief statement of the action (to 
recycle about S0,OOO pounds of HE p q  year using 1000 dpdl00 cm2 as a standard 
for release) and indicated that the recycle effort is generally beneficial to the 
eriVironhent, saves the Department resoutces through the sate of the expIosives and 
will cause insignificant incremental doses to the public even under conservative 
assumptions. The memorandum should indi&te that doses to the maximally exposed 
worker or member of the public was estimated to be about 5x1Vs mrem fiom the-- 
activity at the proposed stan&d and that collective.doses are estimated to be less 
than 0.002 person-mrem. The incremental doses associated with the activity are 7 
orders of magnitude lower than background and are far below all radiation protection 
requirements. Because potential doses are already extremely low, lowering the limit 
will have no impact on public health or welfare but would increase implementation 
difficulties substantially. Given'the supporting data, raising the limit will not 
substantially increase dosts. Therefore, the proposed limit represents the appropriate 
ALARA-based value for this activity. 

. . 



. .  ' I  P ', . . . a .  
. .  

. .  . .  

. .  

. .. 

0 

0 

. .  
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. The rnemorandpm should also indicate.that AL has coordina!td with the appropriate 
state regulator and that they are not opposed to the action. 

Page 17, paragraph 1. Add "It is well below the 30 mrem in a year DOE dose 
constraint for release of property." to the end of the paragraph. 

. .  
e .  

. .  

Page 18, paragraph 5. Change the fourth'sentence k read "... andysis are compared 
to au authorized limit for removable d a c e  contamination derived consistent with 
Order DOE 5400.5 requirements." 

Appendix and ALARA analysis. There was considerable confusion with the 
discussion of the various scenarios and the estimated doses. The mort discussed 
"worst case", "realistic" and 'ALARA" estimates. The ALARA values should 
represent the realistic e d m a t ~ .  It appears that the "realistic" case actually. 
represented a realistic upperbound If that is correct it should be so identified and 
clarified. If not than please explain the difference between ALARA and realistic 
cases. Given that this document be an example for other studies it is important that 
it be clear as possible. w e  not essential, if possible m complete a.global . 
replacement, "man-mem" should be changed to "person-mrem." ' 

Page 46, second paragraph. 'Change the 7th line from "promulgated in" to "contained 
. - .  . .  . . _  . 

. .  

. .  . .  
. .  

in." 

. -  . .  
a .  . . 

. .  . . . .  

Once we receive your memorandum documeatbg the ALARA t$ecision, we will submit the 
package to EH-1 for approval. If you have any questions please contact me at 202-586- 

, . ' .  

. .  

. .  

.. 
. .  

. .  
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. .  . .  
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United States Government Department of Energ\ 

memorandum. Albuquerque Operations Officc 

my 3 0 1995 
DATE: 

REPLY ro OESH (N. S. Dienes/505-845-6121) 
ATTN OF: 

Proposal to Use a Health-Based Limit for the Release of Volume Tritium 
Contaminated High Explosives for Recycling 

TO: T. J. O'Toole, Assistant Secretary for Environment, Safety and Health, 
EH-1, HQ 

This is an item requiring action by your office. In accordance with DOE Order 
5400.5, "Radiation Protection of the Public and the Environment, " Chapter I f ,  
Section 5.c.(6), it is requested that you approve the criteria and survey 
techniques for release of volume tritium contaminated high explosives (HE) for 
recycling. The criteria and survey techniques are described in the attached 
report. 

This report was first submitted to  you for aQproval on November 7, 1994. Your 
staff and the staff of the Albuquerque Operations Office (AL) worked together 
to resolve comments on this original submittal. This report has been modified 
to address the comments from your staff. 

The AL Environmental Protection Division (EPD), the Waste Management ~ 

Division (WPD), and the Occupational Safety and Health Division (OSHD) 
concur with the report and recommend the recycle of the HE that meets the 
release criteria as prescribed in the report. 

The criteria, as described in the report, is well within the established parameters 
stated in the Tritium Surface Contamination Limits Committee Report published 
by the Battelle Northwest Laboratories, "Recommended Tritium Surface 
Contamination Release Guides," February 1991. The Committee recommended 
that "... If the tritium contamination level is below l / l O t h  the release limit given 
in Section 8 (1 X 10' disintegrations per minute per 100 centimeter2) (i.e., 
100,000 dpm/100 cm2), then the item can be released...". The criteria to  be 
used per the report is 1000 dpm/l00 cm2 which is 1/100th of the Committee's 
recommendation of 10,000 dpm/lOO cm2. 



. .  . .  
. .  

. .  
. .  

. .  
\ I  

T. J. O‘Toole. . .  2 ‘  @W3Oam . .  

Use of this safety margin and the resulting negligible impact on the environment 
and public health ensures the release of the HE would meet the purpose and 
intent of DOE Order 5400.5 for release of materials and equipment having 
residual radioactive material. This proposal makes recycling of this HE a 
realistically viable choice. 

- - 

. .  
The Pantex Plant and EPD staff are requesting a meeting with you and your 
staff, at your convenience, to answer specifics of the proposal or provide 
needed clarification if it is necessary. A prompt response to this request would 
be appreciated. 

It you have any questions, need further clarification, or wish to  arrange a 
meeting, please contact Constance L. Soden, Director, EPD, at 
(505) 845-5586, or Frank H. Sprague at  (505) 845-4340. 

L A  Nicholas S. Dienes 7 
Assistant Manager for 

Technical Management and Operations 

Attachment -.. - 
cc w/attachment: 

G. W. Johnson, AAO 
G. E. Runkle, OSHD, AL 
M. S. Bange, WMD, AL 

“I A. Wallo, EH-412, HQ 

’ H. T. Season, Jr., WPD, AL 

cc w/o attachment: - . 
D. W. Pearman; Jr., FM-3, HQ 



EXAMPLE - Roofing Material to Landfill 
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DOEF 1325.8 
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W D )  . . 
EFG (07-Do) 

United States Government Department of Energy 

memorandum 
DATE: November 22, 1995 

REPLY TO 
AVN OF: Air, Water and Radiation Division:Wallo:586-4996:EH-412 

.Approval for release (disposal) of 105 KE Roofing Material 

To: 
John D. Wagoner, Manager, DOEN., 

This is in response to your November 6, 1995, request for EH approval to dispose of 105 
KE and KW roofing material in the Hanford on-site landfill. We have reviewed your 
supporting material and recommendation and have determined that the data and analysis 
suppofi your recommendation to dispose of the subject waste in the omsite landfill. EH- 
41 staff had a number of comments on the analysis attached to your memorandum. 
However, we have concluded that none of the issues identified would change the 
conclusion of your analysis. We are attaching the comments for the record. 

The disposal of the 105 KE and KW roofing material in the on-site landfill is consistent 
with the Department's radiological protection requirements. If you have any questions 
regarding this approval or the attached comments, please contact Mr. Andrew Wallo, EH- 
412, at 202-586-4996. 

Assistant Secretary. 
Environment, Safety and Health 

Attachment 
. -  
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United States Government Department of Energy 

memorandum .. . 

REPLY To 
~ r n  OF Air, Water and Radiation Division:Wallo:586-4996:EH-412 

sueJEm: Recommendation to approve release (disposal) of Roofing Material 

To: Tara OToole, EH-1 
. .  

Thm: Raymond Berube, EH-4 

On September 15, 1995, the Department's Richland Operations Office (DO-), 
consistent with the req?lirements of Order DOE 5400.5, requested EH-I approval to 
permit the disposal of some slightly contaminated roofing material in the Hanford site 
central landfill. EH-41 provided comments on the package on September 25, 1995, and 
DOE/RL resubmitted the material to EH-I on November 6, 1995. EH-41 received a 
copy of the request on November 13, 1995, and confirmed that all previous concerns 
have been resolved Based on our review of tHe data provided, the disposal action 
recommended by DOERL, meets all radiation protection requirements and protects the 
public consistent with the Department's as low as reasonably achievable process. 

DOE/RL, proposes to dispose of approximately 300,000 kg'of roofing material that 
contains less than 0.6 mCi of Cs-137 and Sr-90 and lesser amounts of CO-60 and Am- 
241. The most contaminated portions of this material (Aredl  of 105 KE Basin roof) 
was estimated to have concentrations of less than 17 pCi/g Cs-137. 

Maximum individual doses associated with this disposal were conservatively estimated to 
be less than 0.001 mredyear for the worst case intruder scenario'which is more than 
four orders of magnitude less than the maximum recommended dose constraint,of 25 
mrem per year. DOE/RL also considered exposures to the resident-fanner living on the 
landfill and estimated doses on the order of 0.00001 mredyear. It is highly unlikely 
that any individual will ever receive even these low doses as a result- of exposure to the 

. 

. 

. subject material. 

There is no realistic mechanism for collective exposures. However, under worst case 
situationsevaluated by DOE/RL, the collective dose integrated over a 200 year period 
would be a small fraction of a person-rem (about 0.3 person-mrem). 

The only viable alternative to disposal of this materid in the central landfill is to dispose 
of it as radioactive waste. The incremental cost increase for this disposal would be about 
$350,000 and the maximum benefit (collective dose reduction) would be less than a 
person-rem (0.3 person-mrem) which indicates that implementing the alternative disposal 

- 



. .  
. ._ 

would cost $1.2 billion per person-rem avoided We would have used a somewhat 
different scenario for this assessment which may have produced a slightly lower dollar 
per person-rem' avoided estimate for the altemative low-level waste disposal, however, 
that estimate would have still exceed a billion dollars per person-rem. Both estimates are 
well above the $1,000 to $10,000 per person-rem avoided range typically used in 
ALARA-based decision-making. . 

EH-41 has several comments regarding the DOE/RL submittal that are attached fpr the 
record. However, while these concerns would be useful to address in future 
assessments, for the most part, they relate to overly conservative assumptions and 
unneeded analyses, and would in no way impact the decision. Therefore, we concur with 
the RL finding that the recommended approach is consistent with the as low as 
'reasonably achievable process and believe it is protective, and meets the public radiation . 
protection requirements . 

. 

, 

- 

. We recommend that EH-I sign'the attached memorandum approving the DOElRL 
request. 

Andrew Wall0 
Director 
Air, Water A d  Radiation Division 

. Attachments 

n 
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. ' EH-41' Summary Comments on DOE/Richlarid Request for . . 

Approval .to Dispose of 105 KE Roofing Material, Revision 1 (dated November 6, 1995) 
. .  . .  

* .  . . .  ! .  , . .  . .  . .  

The analyses k d  survey' dha provided in-the attachment to the subject niquest are . . .  

roofing material in the on-site landfill. The ALARA .&siderations havcbeep . .  . . . .  

adequate to demonstrate compliance with DOE requirements for &pod of the KE 105 

adeq.uate1y addressed The following commmts resulted from.'the ;;?view of the . 
supporting material. 

- ' . . . . .  . .  . .  
. . .  

:- . . 

. .  

~ l t h o u g h  the survey results a i  adequate to iiocirm&t the aii$&ility of the 
material for disposal in the landfill, it .would hiwe been desirable6 have a more 
representative distribution of.sampling locations. * As'noted below, the e t  of this 
is that the average concentrations of radionuclides h the roofig katerial m& have 

'been overestimated which in tum results in an ov?resti&te ofthe source term. The 

. 

bey*des ign  could have beefitted . . . . . . .  from the iise *+e Data-Quality Objeeves . .  .,, .. 
process; 

It appears the estimate of mean'. 

* .  - 
. . . . .  . . . .  

. .  . .  . .  
. 

was based on the arithmetic mean. Our, 
geometric,m- may have been more 
mean in this case would gtymaIly 

. .  . .  . .  
, . In this analysis, D O E m  included 

. . agespecific dose factors. while: 

. ,  , is for *& situation. Gi 

. . 'assessment &E dose factors. for "referehce' man" 'is m o k  tfian . d c i &  :.. 
. - . scenririos for exposuqi'and the 

-re-. - . .  

radioactive material to the Colkbia River and the* e,xp&un of3 &on people. . 
The estimate of collective dose was based on the ratio of individual dose to . . 
collective dose from a low-level waste site. Th& estim& is k m e i y  consexyative 
for several reasons, a major one being tbat the source term''far the low-level waste . ' 
isite is much greater than for &e Ismdfill site which'wodd d t  k am& Lqdver . 
collective dose. D e  DOE/RL analysis c o d e d  for the jiifference d o i n g  the 
indiviudal and allective doses. Ratios of the sou& term to coll&ive'dose would. 
have provided a more representative screening tool. 'Despide this'fjict, given the - 
s m a ~  collective doses, the assessment is 6 c i e n t  for a screening assessm&t. 
Because this site is not a DOE low-level was& disposal site, t&reb no requirement 
for DOE to continue to control the'properiy. Therefore, another alternative hat 
could have been considered was the loss of institutional control of the site and &e 
use of the landfill &ea or neighboring areas for residential use. A hypothetical 
scenario assuming that the area could support one or-a few ihilies who obtained 
their drinking water from the ground water codd have been used to &m&e 
collective'doses over a few hundred years (e-g.. 200 years, the 1000 year period 
used by DOE/RL is conservative and more than youid be warranted). The 

' 

. 
. 

. .  

. .  

. .  
. . .  
. -  

. '  

. .  

. . .  



incremental collective dose from this scenario. was extremely small and of no 
consequence to the decision. This scenario would not be appropriate if the location 
of the landfill is such that the control of the site must be maintained to ensure . 
protection of the public from residual activity in neighboring areas. 
use plans require continued control of the site, scenarios for estimating doses need 
not consider loss of institutional control for extended periods of time. 

If site land 

A costhenefit analysis was completed to demonstrate that the proposed option met 
the ALARA process requirements. The codbenefit analysis table in the text 
provides an estimate of cost per individual dose averted. This is an interesting value 
but is of little use in evaluating the cost effectiveness of an action. It adds little to 
the evaluation. The ALARA process uses an assessment of dollars per collective 
dose averted to assess the incremental benefit of the alternatives. The paragraph 
following the table contains that information. However, we could not recreate the 
value indicated in the report. Given an incremental benefit of 1.6 person-mrem over 
1000 years and an incremental cbst between disposal options of $345,000, the 
estimated cost of a person-rem averted was about $200 million dollars. This clearly 
would be in excess of ALARA requirements. However, given that the estimate of 
collective dose was based on data associated with doses from a low-level waste . 
disposal site the incremental doses are not representative. Our assessment of costs 
per dose averted by disposal in a low-level waste site using the residential scenario 
discussed above as the basis for the collective dose were well in excess of a 
hundred million dollars per person-rem. Therefore, DOE/RL's conclusion that the 
landfill disposal represents the best practicable alternative considering ALARA is 
justifiable, 

The DOEM, analysis did not specifically consider ground-water protection. 
However, based on the results of the all pathway analysis, potential ground-water 
impacts are very low. There is no risk of causing drinking water standards to be 
exceeded in drinking water systems using the ground water. 

3 

Although it would have been desirable to address some of these comments in the final 
package, given the extremely low doses associated with this action, we d& not believe it 
worthwhile to require Richland to modi@ the package as our analysis indicates none of 
the comments would require DOE/RL to reconsider the recommendation. Therefore, we 
are recommending that these comments be attached to the record with the approval of the 
request. 

. .  



United States Government Department of Energy 
I Richland Operations Off ice 

memorandum 
REPLY TO 

ATTN OF: 

' qJBJECT: 

TO: 

. .  

DATE: NOV 6 1995 

QSH:DCW . 

REQUEST APPROVAL FOR THE RELEASE OF THE 105 KE ROOFING MATERIAL, REVISION 1 

, .  
Tar.a ' 0 ' Tool e 
A s s i s t a n t  Sec re t a ry  f o r  

EH-1, HQ ., . 

Envi'ronment, Sa fe ty ,  _ .  and Health 

In my memorandum t o  you regarding t h i s  s u b j e c t ,  dated September 15, 1995, 
R L ' s  Q u a l i t y ,  Sa fe ty ,  and Health Programs Division (QSH) requested approv 
of a dose assessment f o r  the r e l e a s e  of  the 105 KE and KW roof ing  mater ia  
The dose  assessment package was reviewed by HQ and comments on the dose 
assessment  were re tu rned  by memorandum dated  September 25, 1995. These 
comments were incorpora ted  i n t o  the r ev i sed  dose assessment,  r ev i s ion  1, 
which  i s  a t tached .  Revision 1 c a l c u l a t e d  a dose assessment of  less than 
0.001 mrem/yr f o r  t h e  d isposa l  .of t h e  roo f ing  mater ia l  i n  the c e n t r a l  
l a n d f i l l .  Ground water p ro tec t ion  and an As Low As Reasonably Achievable 
review, which  inc ludes  a cos t -bene f i t  a n a l y s i s ,  a r e  a l s o  contained i n  t h e  
rev i  sed assessment.  

In accordance w i t h  DOE Order 5400.5, i t  i s  requested t h a t  the HQ Program 
Office approve the d i sposa l  of the 105 KE basin and t r a n s f e r  a r ea  roofing 
material f o r  uncondi t ional  d i sposa l  i n  the Hanford o n s i t e  c e n t r a l  l a n d f i l l .  
The 105 KE and KW o f f i c e  a rea ,  roo f ing  m a t e r i a l s ,  which were p a r t  o f  t h e  
September 15, 1995, r eques t ,  have been disposed of i n  the c e n t r a l  l a n d f i l l  
s i n c e  no r a d i o a c t i v i t y  could be d e t e c t e d  i n  t h e s e  m a t e r i a l s .  ' 

In c o n s i d e r a t i o n  of  t h e  f ind ings  o f  the r ev i sed  dose assessment,  I 
recommend t h a t  EH approve the 105 KE bas in  and t r a n s f e r  a r ea  roof ing  
material f o r  d i sposa l  a t  t he  onsi  t e  c e n t r a l  l a n d f i l l .  

a1 
1: 

I f  you have any ques t ions  concerning this  matter, '  p l ease  c a l l  me, o r  your 
s t a f f  may con tac t  Dana C .  Ward, QSH, a t  (509) 372-1261. 

Attachment 

cc  w l a t t a c h :  
R .  P. Berube, EH-20 
F .  Cole. EM-37 . * 

' A .  'Wal lo ,  EH-232 .' 

. .  

Manager 
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DOSE ASSESSMENT FOR THE VOLUMETRIC RELEASE 
O F  THE 105 KE ROOFING MATERIAL, REVISION 1 

Purpose 
This document ana lyzes  the po ten t i a l  rad io logica l  dose t h a t  could result from 
the r e l e a s e  of the Westinghouse Hanford Company (WHC) 105 KE Basin and 
Transfer  Area roo f ing  mater ia l  t o  the Hanford Central  Landf i l l  ( C L F ) .  This  i s  
a c a s e  s p e c i f i c  assessment and dose not  apply t o  any o the r  p o t e n t i a l  r e l e a s e s .  

The U.S.  Department of  Energy (DOE) has the  a u t h o r i t y  t o  e s t a b l i s h  c r i t e r i a  
and limits f o r  the p ro tec t ion  of the publ ic  and the environmental f o r  d i sposa l  
i_n a DOE on - s i t e  l a n d f i l l  which i s  not  an authorized low-level waste d isposa l  
f a c i l i t y .  Disposal of such mater ia l  must  conform t o  the requirements o f  DOE 
Order 5400.5 (DOE 1993) including t h e  ALARA process (As Low As Reasonable 
Achievable) .  
of m a t e r i a l s  i n t o  the l a n d f i l l  wi l l  r e s u l t  in a f u t u r e  requirement f o r  
remediat ion of the l a n d f i l l .  To a s s u r e  t h a t  th is  is achieved, au thor ized  
l i m i t s  f o r  mater ia l  sent t o  the  CLF must be approved by DOE-HQ. 

The c r i t e r i a  must  be based on an assessment under the ALARA process  t o  
opt imize the balance between r i s k s  and bene f i t s  inc luding  c o s t s  and c o l l e c t i v e  
doses and s e l e c t e d  t o  ensure t h a t  ind iv idua l  doses t o  the pub l i c  a r e  less than 
25 mrem i n  a y e a r  w i t h  a goal t o  reduce poten t ia l  ind iv idua l  dose t o  a few 
millirem in  a y e a r .  This dose assessment must ensure t h a t  the ground water  
will be p ro tec t ed .  
r a d i o a c t i v e  mater ia l  being sent t o  the CLF.  

Description 
The 105 KE Basin and t r a n s f e r  Area roof  became contaminated v i a  u n f i l t e r e d  
roof vents. 
t h i s  r a d i o a c t i v i t y  i n t o  the subs t ruc tu re  c rea t ing  low l e v e l s  of vo lumet r i ca l ly  
contaminated material. 
r o o f s  w i t h  sampling loca t ions  ind ica t ed  with circles. 
p rev ious ly  used f o r  o the r  non-radiological t e s t i n g  and have the roof  panels 
numbered. 

In a d d i t i o n  t o  t h i s  dose assessment, a l l  roofing mater ia l  was surveyed t o  
a s s u r e  i t  met DOE Order 5400.5, Chapter IV, Figure IV-1, Surface Contamination 
Guide l ines  (DOE 1993), f o r  r e l ease  t o  the publ ic  p r i o r  t o  being r e l e a s e d  t o  
the CLF.  
(NRC 1974) Val ues were used for Transuranics .  Any mater i  a7 with r ad i  o a c t i  v i  t y  
exceeding e i t h e r  the contac t  or removable r e l ease  c r i t e r i a  DOE Order 5400.5 o r  
NRC Regulatory Guide 1.86 was disposed o f  as r ad ioac t ive  waste.  Add i t iona l ly ,  
a l l  t h e s e  m a t e r i a l s  were analyzed u s i n g  gamma spectroscopy,  no rad ionucl ides  
were i d e n t i f i e d  beyond those of  the c h a r a c t e r i z a t i o n  s tudy.  The r ad ioana lys i s  
was preformed before  t h i s  d i sposa l .  t h e r e f o r e  t h e  concent ra t ions  determined 
a re  conse rva t ive .  

This  c r i t e r i a  should be such t h a t  i t  i s  not l i k e l y  t h a t  d i sposa l  

There a r e  no known o the r  poss ib l e  sources  o f  r e s idua l  

Cracks in  the roofing mater ia l  have allowed r a i n  water  t o  wash 

Attachment 2 includes maps o f  the Basin and Trans fe r  

The shaded blocks a re  from t h a t  assessment and should be ignored. 

These maps were 

The U.S. Nuclear Regulatory Commission (NRC) Regulatory Guide 1.86 



,. ' 1  
. .  

Attachment 1 

Page 2 o f  .15 
9553834 RI 

Sample collection points concentrated around the roof vents where surface 
radioact ivi ty  had been detected and along the roof edge where rain water 
pooled. These samples were taken such as  t o  represent the contamination in 
the substrata  of  the roofing material. 
the Basin roof and 42 taken from the Transfer Area roof. 

These samples were analyzed using gamma spectroscopy for the purpose o f  
detecting the WHC Volumetric Release Criteria.  The  table  o f  release c r i t e r i a  
from WHC procedures i s  shown in Attachment 2 (WHC 1995). This c r i t e r i a  was 
approved by DOE-HQ, EM-30 (Memorandum, Lytle 1993), for  use in determining i f  
hazardous waste is radiologically contaminated and i s  therefore mixed waste. 
This c r i t e r i a  was developed t o  meet the DOE "no-rad-added" policy (Office o f  
Environmental Management, Performance Objective 1994). The WHC submitted the 
same c r i t e r i a  t o  DOE, Richlana Operations Office (RL), as  interim volum>tric 
re1 ease c r i t e r i a  (Memoranaum, Dixon 1995) u n t i l  f inal  vol umetric re1 ease 
c r i t e r i a  can be devel oped and approved. 

There were 51 core samples taken from 

Attachment 2 includes a summary of the radioanalysis for  the.roofing material. 
The roof was divided i n t o  three areas so t h a t  the ALARA process can be better 
applied. 
separate units.  

Please note that any of these three areas may be disposed of as 

The f i r s t  area consists of the roofing material exceeding the volumetric 
release c r i t e r i a .  This material, denoted by red dots on the attached map, . 
consists of material whose radiological concentration exceeded that  of  the 
volumetric release c r i t e r i a .  This material was found only on the Basin roof 
and was located around the roof vents ( R V  10 & RV 11). 

Each o f  the 9 analysis performed were averaged together t o  determine a mean 
concentration. The Cs-137 radioactivity concentration was determined t o  be 
16.7 pCi /g  and the Am-241 radioactivity concentration was found t o  be 
0.273 pCi/g. The samples that d i d  n o t  indicate the presence o f  Am-241 were 
averaged into the mean as zeros because the c r i t e r i a  for  the Minimum 
Detectable Activity was no-rad-added or zero. The only s ignif icant  
radionuclide i n  the source term that  i s  n o t  ident i f iable  w i t h  gamma 
spectroscopy i s  Sr-90. The 105 K Basins Area Sr-90 concentrations are 
s l i gh t ly  l e s s  t h a n  the Cs-137 concentrations (WHC 1994); therefore, i t  was 
conservatively assumed t h a t  Sr-90 would be a t  the same 16.7 pCi/g level a s  
Cs-137. No Co-60 was detected on the Basin roof; therefore, i t  was assumed 
n o t  t o  be present. 

A l l  of the roofing material has been placed i n  4X4X8 feet  low-level burial 
boxes. These boxes, when placed i n  the C L F ,  will be covered with one foot o f  
s o i l .  A t  the closure of the C L F  an additional three feet  of soil  will be 
placed on the boxes for a total  of four feet  (1  -22  m ) .  
consists mostly o f  f e l t  insulation, with tar paper, t a r  and gravel. A density 
o f  1.5,grams per cubic centimeter was assumed. 
sol idify any remaining water i n  the f e l t .  

The roofing material 

An absorbent was added t o  
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This  f i r s t  a rea  of mater ia l  was placed in  four  (4) bur ia l  boxes. The f o u r  
bu r i a l  boxFs have a volume o f  2.18E4 kilograms and a bur ia l  a rea  of 
11.9 meter-. 

The second area c o n s i s t s  of the remaining roofing mater ia l  from t h e  Basin 
r o o f .  The ana lys i s  of th i s  mater ia l  ind ica ted  a mixture of mater ia l  w i t h  
i d e n t i f i e d  r a d i o a c t i v i t y  below the r e l e a s e  c r i t e r i a  ( r ed  do t s  with blue 
c e n t e r s )  and mater ia l  w i t h  undetec tab le  r a d i o a c t i v i t y  (green d o t s ) .  I t  i s  
assumed t h a t  the  d i s t r i b u t i o n  of mater ia l  i d e n t i f i e d  b u t  below the r e l e a s e  
c r i t e r i a  and mater ia l  w i t h  undetectable  contamination was cons tan t  throughout  
the e n t i r e  roof. '  
t o  determine the mean r a d i o a c t i v i t y  concent ra t ion  in  t h i s  area of the r o o f .  
Only Cs-137 was de tec ted  in  t h i s  a r ea  and a t  a concent ra t ion  o f  2.59 pCi/g. 
Sr-90 was assumed t o  be a t  t he  same 2.59 pCi/g level a s  t he  t s -137 .  
Am-241 or Co-60 was de tec ted  in th i s  a rea ,  they a r e  assumea not t o  be present. 

34 bur i a l  boxes have a volume o f  1.85E8 grams and a bur ia l  a r ea  o f  101 meter'. 

The t h i r d  area c o n s i s t s  of the Transfer  Area roof .  
roof ing  mater ia l  ind ica ted  no r a d i o a c t i v i t y  exceeding t h e  volumetr ic  r e l e a s e  
c r i t e r i a .  The ana lys i s  indicated a mixture  o f 'ma te r i a l  w i t h  i d e n t i f i e d  
r a d i o a c t i v i t y  but below the r e l e a s e  c r i t e r i a  ( red  d o t s  w i t h  b lue c e n t e r s )  and 
mater ia l  with undetectable  r a d i o a c t i v i t y  (green d o t s ) .  Three of the samples 
ind ica t ed  the presence of Am-241 and one sample the presence of Co-60. 
f o u r  of  t hese  samples were adjacent  t o  the suspected source of  contaminat ion,  
the roof vents (RV 6 & RV 7) .  I t  i s  assumed t h a t  the presence of Am-241 and 
Co-60 were much l e s s  i n  t h e  remaining a rea  of the roof ;  t h e r e f o r e ,  the 
concent ra t ion  of t hese  samples was averaged and then divided by 5, t h e  
est imated f r a c t i o n  o f  the roof a rea  ad jacent  t o  the roof vents .  I t  i s  assumed 
t h a t  the d i s t r i b u t i o n  o f  Cs-137 i s  uniform throughout the e n t i r e  roof  between 
mater ia l  i d e n t i f i e d  but below the r e l e a s e  c r i t e r i a  and mater ia l  w i t h  
undetec tab le  contamination; t h e r e f o r e ,  these samples were averaged t o g e t h e r  
with the zeros t o  determine the  mean r a d i o a c t i v i t y  Concentrat ion.  Cs-137 was 
de t ec t ed  a t  a concentrat ion o f  1.60 pCi/g. 
same 1.60 pCi/g l eve l  a s  t he  Cs-137. The Am-241 r a d i o a c t i v i t y  concen t r a t ion  . 
was ca l cu la t ed  t o  be 0.074 pCi/g and the Co-60 was ca l cu la t ed  t o  be 
0.0814 pCi/g. 
boxes. Th; 17 bur ia l  boxes have a volume o f  9.25E7 grams and a bu r i a l  a r e a  o f  
50.5 meter . 

Therefore,  these samples were averaged togerher  w i t h  z e ros  

As no 

The .) This  second area of  roofing mater ia l  was placed i n t o  34 bur ia l  boxes. 

The ana lys i s  of  t h i s  

A l l  

Sr-90 was assumed t o  be a t  the 

This t h i r d  area o f  roof  mater ia l  was placed i n t o  17 bu r i a l  
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SUMMARY O F  RADIOACTIVITY 

Radionucl i d e  Concentrat ion Volume Rad ioac t iv i ty  . B u r i  al- Area 

. .  
Area $1; 105 KE Basin,  Above Release C r i t e r i a  

'CS-137 ; 16.7 2.18E7 . . 365 11.9 

. Sr-90.  16.7 2.18E7 365 11.9 

Am-241 . O .  273 : 2.18E7 . " 5.95 11.9 

Area si'; 105 KE 'Basin, Below Release C r i t e r i a  

CS-137 2.59 1.85E8. 47.9 . 101 

9 - 9 0  2.59 1.85E8 47.9 - 101 

Area a3: 105 KE T r a n s f e r  Area 
CS-137 1.60, 9.25f7 148 50.5 
Sr-90 1.60 9.25E7 148 50.5 

Am- 24 1 0.0704 9.25E7 6.51 50.5 

CO-60 0.0814 9.25E7 7.53 50.5 

t 

RESRAD Doses 
The RESRAD dose assessment model was used t o  c a l c u l a t e  ind iv idua l  and 
c o l l e c t i v e  doses.. Both r e a l i s t i c  best es t imates  and worst  case e s t i m a t e s  were 
developed. Many p o s s i b l e  exposure s c e n a r i o s  f o r  r e l e a s e d  mater ia l  have been 
developed and are a v a i l a b l e  f o r  ana lyses .  
t y p i c a l l y  f o r  r e s i d e n t i a l  , c o n s t r u c t i o n ,  or r ecyc le  activit ies,  inc luding  
spec i  a1 c o n s i d e r a t i o n  f o r  po ten t i  a1 groundwater t r a n s p o r t  f o r  t h o s e  few 
rad ionuc l ides  t h a t  might have more impact through that t r a n s p o r t  pathway. 

These dose p r o j e c t i o n s  f o r  the waste packages t o  be s t o r e d  a t  t h e  ClF a r e  
based on two c a l c u l a t i o n s .  The f i r s t  uses RESRAD (Vu 1993) t o  estimate 
p o t e n t i a l  doses  w i t h  no ac tua l  i n t r u s i o n .  An ind iv idua l  l i v e s  on t o p  o f  t he  
buried waste  and receives a small amount of ex terna l  dose from p e n e t r a t i n g  
photon r a d i a t i o n .  I n  add i t ion ,  he has a well which  supp l i e s  his household 
needs. The well enters the unconfined a q u i f e r  down-gradient of the waste 
s i t e .  The second method for eva lua t ing  po ten t i a l  doses  assumes t h a t  t h i s  
ind iv idua l  p e n e t r a t e s  the waste boxes i n  the course  o f  d r i l l i n g  a well. The 
mater ia l  exhumed i s  assumed t o  be i n d i s t i n g u i s h a b l e  from s o i l  and i s  spread 
about i n  a garden.  
were taken from the 200 West Area Bur ia l  Ground Performance Asse2sment 
jljood 1994) .  Because of  the small a r e a  a v a i l a b l e  (Maximum 101 rn ) ,  only one 

The s c e n a r i o s  used here a r e  

Pos t -Dr i l l ing  dose f a c t o r s  involv ing  a de lay  of  100 years  
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indiv idua l  i s  considered in  these scenar ios .  Mul t ip le  i nd iv idua l s  will be 
considered in the col 1 ect i ve dose eval ua t  i on. 

Dose Fac tors  - No In t rus ion  
The RESRAD program Version 5.60 was used t o  c a l c u l a t e  dos2 per u n i t  
concent ra t ion  in  waste t o  be s tored  a t  the C L F .  Geologic d a t a  from the 
In te r im S i t e  Charac t e r i za t ion  Report (Fruland 1989).  In p a r t i c u l a r ,  the t o p  
24.4 meters (80 f e e t )  i s  Hanford Formation sand, while  the remaining 
13.7 meters (45 fee t )  down t o  the unconfined a q u i f e r  i s  Hanford Formation 
gravel . 
0.0001. 

The a q u i f e r  is  a l s o  grave l .  The observed hydraul i c  g r a d i e n t  i s  

Hanford S i t e  d a t a  prepared f o r  the DOE programmatic Environmental Impact 
Statement (EIS) was used for the  poros i ty  and s a t u r a t e d  hydraul ic  
c o n d u c t i v i t i e s  (Schramke 1994). The e f f e c t i v e  p o r o s i t i e s  were assumed t o  be 
0 . 3  f o r  both s o i l  t ypes .  The unsaturated hydraul ic  c o n d u c t i v i t i e s  were 
assumed t o  be 1 percent  o f  the sa tu ra t ed  c o n d u c t i v i t i e s .  
summarized in the t a b l e  below. The "b" parameter used by RESRAD was assumed 
t o  be 4.0 t o  keep the s a t u r a t i o n  r a t i o  away from 1 .0 .  

s 

These va lues  a r e  

Poros i ty  and Saturated Hydraulic Conduct iv i t ies  

Parameter Hanford Sand Hanford Grave.1 Aqui fer  
S o i l  Density 1.60 g/cc . 1 .76 g/cc 1.76 g / cc  
Hydraulic Conduct ivi ty  15.8 m/y 4.8 m/y 480 m/y 
Tota l  Poros i ty  0.42 0.36 0.36 
E f f e c t i v e  Poros i ty  0.30 0.30 0.30 
Sa tu ra t ion  Rat io  0.59 0.66 1 .oo 

Two o t h e r  important parameters a r e  depth in  the a q u i f e r  a t  which the water  i s  
e x t r a c t e d  and the volume o f  water pumped from t h e  well each yea r .  
value o f  10 meters below t h e  water t a b l e  was used f o r  the f i r s t  parameter .  
The a q u i f e r  i s  g e n e r a l l y  more than 20 meters th i ck ,  t h u s  the RESRAD d e f a u l t  
was appropr ia te  and conservat ive.  The volume o f  water pumped from t h e  well 
was based on water consumption by a family of fou r  and i r r i g a t i o n  needs f o r  a 
500 m2 area .  
(Miller 1980). The t y p i c a l  i r r i g a t i o n  r a t e  in  the count ies  near  Hanford i s  
82 cm/y. 
based on the Spec i f i c  Information on the T e r r e s t r i a l  Environment d a t a b a s e  
re ferenced  by Baes e t  a1 (1984) f o r  i r r i g a t i o n  in  the western s t a t e s .  
Hanford Environmental Dose Reconstruction P ro jec t  (HEDR) found the i r r i g a t i o n  
r-ate in  the  count ies  surrounding the Hanford S i t e  ranged from 61 cm/y t o  
98 cm/y (Snyder e t  a1 . 1994).  
growing season 4s 410 m 3 .  Thus the assumed annual water need f o r  t h i s  family 
i s  770 rn;/y. 
the we1 1 . 

The d e f a u l t  

The average water need per person i s  65 gal lons/day o r  90 m3/y 

This va lue  was used in p r i o r  Hanford performance assessments .  I t  i s  

The 

The t o t a l  needed t o  water a 500 m 2  a r e a  f o r  a 

The RESRAD "Non-Dispersive" in take  d i l u t i o n  model was used a t  

c 
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Soi l  d i s t r i b u t i o n  c o e f f i c i e n t s  came from the Hanford S i t e  da t a  in  
(Kaplan 1995).  
document. 

These values  a r e  the sma l l e s t  l i s t e d  i n  Table 6.1 of t h a t  

. The annual p r e c i p i t a t i o n  f o r  Hanford i s  0.16 m/y. 
"evapotranspir ,a t ion" c o e f f i c i e n t  was s e t  t o  95, percent .  
c o e f f i c i e n t  was s e t  t o  0 .1  f o r  these c a l c u l a t i o n s .  

In add i t ion ,  the RESRAD 
The RESRAD runoff  

. .  . .  

s o i l  D i s t r i b u t i o n  Coef f i c i en t s  

Nuclide Co-60 Sr-90 Cs-137 Am-241 Np-237 U-233 Th-229 
Kd, ml/g 1.200 5.0 . 540 ~ 70 2.4 0.08 '40 

' . The assumed waste a rea ,was  101 m 2 .  ' Parameters . f o r  t h e  inha la t ion  and . food  
chain pathways r ep resen t  n e g l i g i b l e .  con t r ibu t ion  t o  .th'e f i n a l  results. .Most . _  
of the dose from'Am-241 came 3270 y e a r s  from, now, when t h e  p r i n c i p a l .  progeny, 
Np-237, reaches the well. . For Np-237 t h e  dominant pathway' is  d r ink ing  water..  
The consumption o f  730 L/y was used. Most of the dose  from t h e  o t h e r  nucl ides  
came from d i r e c t  r a d i a t i o n  through 'the cover in the f i r s t  yea r .  The ex terna l  . 
dose was based on being exposed 20 percent  o f  the y e a r ,  and using t h e  RESRAO 
a rea  adjustment f a c t o r s .  Dose f a c t o r s  a r e  shown below. 

, . 

Peak Do.se from a U n i t  Waste Concnntration (mremjy per pCi/g) 

Nucl i de  . CO-60 .- .Sr-90 . Cs-137 Am-241 
Peak Year ' 0  0 ' 0 " 3270 
.Dose Fac tor '  3.4E-06 1. SE-12 2.8E-08. 1.. 4E-04 , 

. .  

RESRAD output  graphs and t a b l e s  a r e  shown in  Attachment 2 .  
Am-241 depends on the land a rea  used by t h e  waste. 
a r ea  represents a 1 a r g e r  s0urc.e e n t e r i n g  the groundwater. ' T h e  .dose i s '  
propor t iona l  t o  the area .  The.dose f a c t o r s  f o r  t h e  o t h e r  nuc l ides  a r e  not . , . 

af fec ted  by the a rea  because the waste is  .covered wi th .1 .22  meters o f  so i l - .  
Only a small po r t ion  of the source  a c t u a l 1 y . c o n t r i b u t e s  t o  the computed dose. 
The remainder i s  sh i e lded  by t h e  s o i l .  

The dose from ' 
This '  i s  because the ,  l a r g e r  

I 

Dose Factors  - I n t r u s i o n  
The methods used i n  the performance assessment c a l c u l a t i o n s  a r e  descr ibed  in  
d e t a i l  e l  sewhere (Rittmann 1994). 
pos t - in t rus ion  cases  which g ive  dose per c u r i e  exhumed a f t e r  a de lay  o f  
100 yea r s .  
the pub l i c  so t h a t  a well could inadve r t en t ly  be d r i l l e d .  
f a c t o r s  a r e  shown below. The second l i n e  in  the t a b l e  accounts f o r  the well 
diameter  (30 cm) and waste thickness (1.22 meters)  and average braste dens i ty  

Ri t tmann gives u n i t  dose f a c t o r s  f o r  the 

The de lay  r ep resen t s  the time from waste d isposa l  t o  r e l e a s e  t o  
These 100 yea r  dose 



- 

. .  , *  ' ( .  _ .  

Attachment 1- 

Page 7 of  15 
, .  9553834 RI 

. . 

. .  

. .  

(1..5 g/cm3). 
scenari  0. 

I t  turns out  t h a t  129 kg waste i s  exhumed i n  th i s  i n t r u s i o n  

. .  

. I  

. .  
I n t r u d e r  Dose from' a Unit Waste Concentration 

Nucl ide CO-60 Sr-90 Cs-137 ..Am-241 

Exhumed, mrem .per Ci 1..78E-2 ' 8.47E+.1 2.41E+2 6.37Ei-2 
Dose ,Factor ,  mrem/y per pCi/g 2.3.E-9 1.1 E-5 ' 3.1 E-5 8.2 E-5 . .  I ~ 

Note t h a t  these dose f a c t o r s  are independent of the, land  area used by the 
waste. .All t h a t  matters i s  the  waste conceht ra t ion .and  the.amount o f  waste 
exhumed and spread over  the girden.  
a we71 . d r i l l e r  'encounter ing the waste .packages. . . 

Aae Deoendence 

The area only a f f e c t s  the probabi l i , ty  of 

The i n t e r n a l  dose f a c t o r s  f o r  the  various age groups a r e  shown below. Also 
shown a r e  the  r a t i o s  w i t h  adu l t  dose f a c t o r s .  
breathing r a t e s  a t  va r ious  ages a r e  a l s o  summarized.' Values were taken from 

. the  U.S. Federal Food and Drug Administration Draf t  (1991),  Yang and Nelson 
(1986) and the  ICRP (ICRP 56) .  The inges t ion  dose f a c t o r s  f o r  i n f a n t s  are 
l a r g e r  than f o r  a d u l t s ;  however', t h i s  i s  o f f - se t  by t h e  reduced in t akes .  
f a c t o r s  f o r  Co-60 were not  shown b u t  would be similar t o  Cs-137 and Sr-90. 

Human food consumption and 

Dose 

In t e rna l  Dose Factors ,  mSv per Bq In take  ( t o  age 70) 

Inges t ion  Effec t ive  Dose Equivalent  (EDE) 
. Nuclide 0 to l y  1 - 2 y 2 - 7 y 7 - 12y 1.2-17 y Adult 

~ 

. Sr-90+0 1.3E-04 9.1E-05 4.1E-05 4.3E-05 6.7E-05 3.5E-05 
Cs-137iO 2. OE-OS 1.1E-OS 9.OE-06 9 -8E-06 1.4E-05 1.3E-05 
Np-237+0 5.5E-03.- 4.9E-04 4.3E-04 4.OE-04 4.7E-04 4.SE-04 
Am-241 1.2E-02 1.2E-03 1.OE-03 9.OE-04 9.1E-04 8.9E-04 

Inha la t ion  Ef fec t ive  Dose Equivalent  (EDE) 
Nucl i de 0 to l y  1 - 2 y 2 - 7 y 7 - 1 2 ~ '  12-17 y Adult 

S r- 9O+D 1.3E-04 9.1E-05 4.1E-05 4.3E-OS 6.7E-05 3.5E-05 
C~-137+D 2.OE-05 l.lE-05 9.OE-06 9.8E-06 1.4E-05 1.3E-05 
Np-237-i.D 5.5E-03 4.9E-04 4.3E-04 4.OE-04 4.7E-04 4.5E-04 
Am-241 1.2E-02 1.2E-03 1.OE-03 9.OE-04 9.1E-04 8.9E-04 

-~ 

D = Daughters 
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Rat io  w i t h  Adult In t e rna l  Dose Factors  

Inges t ion  Rat ios  Nucl i de  0-ly 1-2Y 2-7y 7-12y ' 12-17y . . 
1.23 1 - 9 1  . .  

1 ..01 1.02 

3.71 . 2.60 . 1.17 0 .85  0.69 0.75 1.08 . 

1 .os 0.96 

5 r - 9 0 4  

Am-241 

i 

1,. 04 
1.54 

0.89 
I .  C~-137+O 

~ Np-237+0 12.22 
13.48 1.35 1'. 12 

* _ I  . -  
Nn- 2 3 7+0 12.22 1.09 

- 
0.9€ .' . n 

-. -- 
I n i  i'. 02 

. ' Inhalat ion, , 'Rat ios  

2.00 1.67 1.05 

. . Nuclide 0-ly . ' 1-2Y 2-7y 7-12y . 1.2-17y 

1'.02 . 1.48 
1.01 Cs-.137+0 1.51 0.88 Np-237-tD .1.55 1.. 22 i .oz .0.95 1.07 Qi70 . 0.76 

. Sr-90+0 

Am-241 ,1.55 . 1.36 1.18 1 .,oo ' 1 :oo 

D = Daughters 

Average Die ta ry  In t akes ,  kg/yr ,  from EPA 

The l a s t  row "Pop Fracs" is t h e  f r a c t i o n  o f  the population which f a l l s  i n t o  
the age group l i s t e d .  These can be used t o  combine groups t o  match the ICRP 
age c a t e g o r i e s  (ICRP 5 6 ) .  They a l s o  ind ica t e  the s i z e  of the popula t ion  a t  
risk. 
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0-ly 0.8 0.035 
1-2y 3.8 0.165 
2- Jy 9.3 ~ 0.404 
7-12y 15.0 0.632 
12-17y 19.5 0.848 
>17y 23.0 1.000 

-The main pathway f o r  the non-intrusion s c e n a r i o  i s  d r i n k i n g  w a t e r  consumption. 
The predoml'nate nucl i d e  of concern i s  Np-237 w i t h  an i n f a n t  t o  a d u l t  d o s e  
r a t i o  o f  about 12. 
i n f a n t ;  t h e r e f o r e ,  t h e  infant d r i n k i n g  water d0s2 would be about a f a c t o r  of  
3 g r e a t e r  than the a d u l t ' s .  

For the i n t r u d e r  c a s e ,  t h e  i n h a l a t i o n  pathway dominates w i t h  Am-241 ( f a c t o r  o f  
about  1.5). 
t h e r e f o r e ,  for th i s  s c e n a r i o ,  the i n f a n t  i n h a l a t i o n  dose would be about  a 
f a c t o r  of 0.05 less  than  t h e  a d u l t ' s .  
i n f a n t  dose f a c t o r s  a r e  o f f s e t  by t h e  lower exposure f a c t o r s .  The i n f a n t  
doses  a r e  comparable t o  o r  c o n s i d e r a b l y  lower t h a n  the a d u l t  d o s e s .  

The a d u l t  consumes about 4 times more water  t h a n  the 

The a d u l t  b r e a t h i n g  r a t e  i s  about 30 times more t h a n  t h e  i n f a n t ;  

The o v e r a l l  result i s  t h a t  t h e  l a r g e r  

Dose Es t imates  f o r  S o e c i f i c  Areas 
Three a r e a s  need t o  be considered.  
34 boxes,  and t h e  t h i r d  17 boxes. 
below. 
a l l  a r e a s  the p r o j e c t e d  doses  a r e  n e g l i g i b l e .  

The f i r s t  i n v o l v e s  4 boxes, t h e  second 
These three a r e  summarized i n  t h e  t a b l e  

The land  a r e a  occupied by the waste boxes is  shown with each  a r e a .  In 
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. . Area 1,: KE'Basin, Above Release C r i t e r i a ' l l . 9 ' m 2  

Scenario 
RESRAD . In t rude r  

Nucl i de  PCi /g mrem/ 

Sr-90 
C ~ 1 1 3 7  16.7 
Am-241 

Total  

16.7- 2.5€-- - 
4.7E-07 

0.273 4.5E-06 

5.OE-06 

'Y mrem/y 
11 . . ' . 1 :8E-04 

5.2E-04 
2.3E-05 
7.3E-04 

Area 2: KE Basin, Below Release Criteria 101.0 m2 

Scenario 
RESRAD In t rude r  Nucl i de  pci /g  mrem/y mremly 

Sr-90 2.59 3.9E-12 2.8E-05, 
CS-137 2.59 7.2E-08 8.1E-05 

7 . 2 ~ - 0 a  1 . E - 0 4  Total  

Area 3: KE Transfer  Area 50.5 m2 

Scenario 
RESRAD In t rude r  

. .  

Col 1 ecti  ve Dose 
There . i s  no s i g n i f i c a n t  mechanism f o r  a l a r g e  population dose t o  result from 
the d isposa l  of  ma te r i a l  i n  the CLF. 
will e n t e r  the Columbia River and g i v e  small doses t o  people using the river. 
In p r i o r  Hanford performance assessments (Wood 1994), the  c o l l e c t i v e  dose t o  
5 mil l ion  persons dr inking  2 L/d from the  r i v e r  as  well as ea t ing  f i s h  and 
i r r i g a t i n g  w i t h  r i v e r  water were found t o  be about 70 times g r e a t e r  than  the 
individual  dose (110 person-rem/y versus 1.6 rem/y). 
only be appl ied  t o  Am-241 (worst  case,  1.6E-3 person-mrem/y versus 2.3E- 
5 mrem/y). 
s o i l .  

Eventually,  the contaminated groundwater 

T h i s  f a c t o r  of  70 can 

The o t h e r  nucl ides  decay f a s t e r  than they migrate through the 
The dose from Am-241 would l a s t  over about 1000 years  f o r  a t o t a l  dose 
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I of 1.6 person-mrem. This dose i s  from a source term comparable t o  the 
radioactivity in a single smoke detector (5 uCi)! 

Worst Case Dose 
The doses are very small, so even unlikely changes t o  t h e  exposure conditions 
will n o t  be important. 
i s  o n l y  half the expected amount. W i t h  0.61 m so i l  over the waste packages, 
the short-term doses are s ignif icant ly  increased. 
"worst-case" dose factors.  The increase relative t o  the more r e a l i s t i c  case 
i s  shown as  a ra t io  o f  dose factors.  

For discussion, i t  will be assumed that  the soi l  cover 

The table below shows these 

Worst-case Peak Dose from a Unit Waste Concentration (mrenly per pCi/g) 

Nucl ide CO-60 Sr-90 Cs-137 Am-241 

Peak Year 
Dose Factor 7.2E-03 1.8E-07 3.OE-04 1.4E-04 
Increase 2.1 Et03 1.2Et05 1.1 E+04 l.OE+OO 

3270 0 0 0 

The Am-241 dose i s  not affected by the thickness of the soil cover, since the 
doses are produced af te r  the Np-237 progeny nuclide reaches the groundwater. 
Since the other nuclides primarily produce dose by direct  radiation through 
the soil  cover, the reduction in cover thickness also increases the dose. 

\ 

Worst-case Doses (mrem/y,) for Specific Areas 

Area 2 Area 3 to ta l  Nucl ide Area 1 
--- --- 5.8E-04 

4.7E-07 2.9E-07 
7.7E-04 --- 4.9E-06 
7.7E-04 1.1 E-03 6.87E-03 

CO-60 
Sr-90 3.1E-06 
CS-137 5.OE-03 
Am-241 4.5E-06 

Totals 5.OE-03 

4.8E-04 . 

For the areas o f  interest ,  the increased dose fac tor  resul ts  in la rger  doses. 
If a l l  three areas are combined the resulting dose i s  6.87E-03. This i s  
7.5 times higher than the highest r ea l i s t i c  scenario (intruder) as summed i n  
the following table. 

Dose Assessment Summary 
The doses from bo th  o f  t h e  scenarios for a l l  the areas were summed result ing 
i n  a total  effective dose equivalent (TEDE) of l e s s  t h a n  0.001 mrem per year 
(9.1E-04 mremly). 
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Scenari  0. 
RESRAD I n t r u d e r  

Area f l ;  105 K E  Basin, Above Release ‘ C r i t e r i a  5.OE-6 . 7.3E-4 

,Area $2; 105 KE..Bas,in, Below Release C r i t e r i a  . 7.2E-8 . 1.1E-4 
Area #3; 105 KE Transfer  Area 5.2E-6 ’ 7.3€-.5 

TEDE . .  . 1.OE-5 9.1E-4 

. 
s 

Cost Benefit Anal y s i  s 
The c o s t  f o r  bu r i a l  a t  the Hanford Central  Landf i l l  i s  521/yd3 (50 .78/ f t3) ,  
The c o s t  a t  the Haniord Low-1 eve1 Radioac t iv i ty  Buri a1 Ground i s  $50.OO/ft”. 
This i s  a r a t i o  of 64 times increase  t o  bury as  low-level r a d i o a c t i v e  waste.  
To bury each box in  the CLF i s  5100. 
bur ia l  ground i s  96,400.00. 
area.  

To bury each box in  the r a d i o a c t i v e  
The following t a b l e  summarizes the c o s t s  f o r  each 

The In t rude r  Scenario i s  used because i t  g ives  the h ighes t  dose.  

COST/BENEFIT ANALYSIS 
Landf i 11 Low-Level Cost ($1 per 
Bur i  a1 Rad ioac t iv i ty  mrem/y Averted 

Buri a1 
Area $1; 105 KE Basin, 5400 525  , 600 3.5E7 
Above Re1 ease  C r i t e r i a  
Area 2; 105 KE Basin, $3,400 5217,600 1.9E9 
Bel ow Re1 ease  Cri ter i  a 
Area f 3 :  105 KE Transfer  $1,700 $108,800 1.5E9 
Area 
Total  55,500 $352,000 3.8E8 

The most dose aver ted  would come from burying Area #1 i n  the Low-Level 
Radioactive Burial  Ground. 
cos t /bene f i c i a l  from an AURA standpoin t .  
mrem r e s u l t s  i n  a cos t /bene f i t  ana lys i s  o f  5.6E7 S/mrem aver ted  o r  $56 B i l l i o n  
per rem averred.  T h i s  demonstrates t h a t  i t  i s  d e f i n i t e l y  not AURA t o  d ispose  
o f  the 105 KE roof ing  material  i n  a low-Level r a d i o a c t i v i t y  b u r i a l  ground. 

But even this opt ion i s  no t  considered 
The c o l l e c t i v e  dose of 1 .6  person- 
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Concl usi ons 
A TEDE o f  less than 0.001 mrem/y i s  s ignif icant ly  l e s s  t h a n  25  rnrem/year, and 
within the guidelines acceptable t o  the State of Washington. The cost/benefit  
analysis clearly indicates t h a t  i t  i s  ALARA t o  bury a l l  three roofing areas in 
t h e  CLF a t  a savings of 5350;OOO. 
t h i s  dose assessment t o  DOE-HQ, for approval of the release of the 105 KE,  
Basin and Transfer Area roofing material t o  the CLF.  

Accordingly, WHC requests that  RL submit 

. 
s 
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RESRAD Doses at Times  up to 500  Y e a r s  

DOSE/SOURCE RATIO:. All Pathways Summed, mrem/y per 
SWL-2 .DAT 10/09/95 13 :OS 

Years 

0.000E+00 
1.000E+00 
1.2963+00 
1 - 678E+OO 
2.0003+00 
2.17sE+00 
2.817E+00 
3.6503+00 
4.7293+00 
S.OOOE+OO 
6 .-126E+00 
7.9373+00 
1.0003+01 
1.028E+01 
1.332B+01 
1 726Ec01 
2 000E+01 
2.2363+01 
2 - 897Ec01 
3 753E+01 
4.862E+01 
5.000E+01 
6.3003+01 
8.162E+01 
1 - 000E+02 
I - 057Et02 
1.370E+02 
1.77fE+02 
2.000E+02 
2.2993+02 
2.9793+02 
3.8593+02 
5.0003+02 

.C0-60 Sr-90. CS-137 

3 -4463-06 
3.02SE-06 
2. 9IlE-06 
2.7’69E-06 
2.656E-06 
2 -5963-06 
2:388E-06 
2. M2E-06 
1.8611-06 
1.7973-06 
1.552E-06 
1.226E’-06 
9.3673-07 
9.028E-07 
6 - 077E-07 
3.638E-07 
2.546E-07 
1.8723-07 
7 -9143-08 
2.5941-08 
6.1153-09 
5.112E-09 
9.4043-10 
8.3163-11 

3.5913-12 
6.1253-14 
3.137E-16 
1.6683-17 
3 -3793-19 
4.8303-23 
5.0453-28 

7.5823-12 

O.OOOE+OO 

1.4983-12 
l.458E-12 
1.447E-12 
1.4323-12 
1.4193-12 
1 4133-12 
1.3883-12 
1.3573-12 
1.318E-12 
1 -308E-12 
1.2693-12 
1.2083-12 
1.1423-12 
1 134E-12 
1.044E-12 
9.382E-13 
8 .  ZOE-13 
8 -1693-13 
6.8293-13 
S.413E-13 
4.007E-13 
3 -8603-13 
’2.713E-13 
1.6373-13 
9 -9423-14 
8 .SLOE-14 
3 545E-14 
I - 216Z-14 
6.5983-15 
2.9293-15 
4.636Er16 
4 - 2553~17 
1.928E-18 

2.7973-08 
2.7383-08 
2 - 7203-08 
2.698E-08 
2 - 6803-08 
2.6703-08 
2.6333-08 
2.5863-08 
2 -5273-08 
2.5123-08 
2 - 4523-08 
2 -3583-08 
2.2563-08 
2.2423-08 
2.1011-08 
1.9303-08 
1.8203-08 
1.730E-08 
1.500E-08 
1.2483-08 
9.8333-09 
9 .%6E-09 
7.2193-09 
4.8373-09 
3.2583-09 
2.8803-09 
l.471E-09 
6.1573-10 
3.794E-10 
1.993E-10 
4.623E-11 
6.9623-12 
5.9923-13 

, 
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RESRAD Doses for Am-241: 

DOSE/SOURCE RATIO: All Pathways Summed, Am-241, mrem/y per pCi/g 
Showing Parent/Progeny Decay and Ingrowth 

SWL-3 .DAT 10/09/95 13 :18 

Years Total Am-241 Np-237 U-233 Th-229 

2.0003+03 4.8883-08 4.6623-26 1.5353-15 4.8373-08 5.0423-10 
2.1073+03 4,9053-08 6.4573-26 1.5353-15,4.8533-08 5.2323-10 
2.2203+03 4.9153-08 9-1013-26 1.535E-15 4-8613-08 5.3943-10 
2.3393+03 4.9213-08 1.3073-25 1.5353-15 4.8663-08-5.5743-10 
2.4643+03 9.7593-07 1.9133-25 9.2663-07 4.8653-08 5.7583-10 
2.5003+03 4.9173-06 2.1313-25 4.8683-06 4.8643-08 5.8163-10 
2.5963+03 2.3783-05 2.8573-25 2.3733-05 4.847E-08 5.9483-10 
2.7363+03 5.6103-05 4.3613-25 5.6053-05 4.6083-08 6.0978-10 
2.8823+03 8.6623-05 6.8093-25 8.6SaE-05 4.2583-08 6.2653-10 
3.'0003+03 1.0703-04 9.7433-25 1.0703-04 3.890E-Q8 6.3663-10 
3.0373+03 1.1263-04 1-0893-24 1.1263-04 3.7483-08 6-3933-10 
3.1993+03 1.3393-04 1.7863-24 1.3393-04 3.0853-08 6.4553-10 
3.2003+03 1.3403-04 1.7893-24 1.3403-04 3.0825-08 6.4653-10 
3.3003+03 1.3913-04 2.4253-24 1.3903-04 2.6273-08 6.4803-10 
3.3713+03 1.3203-04 3.0073-24 1.320E-04 2.3163-08 6 - 4853-10 
3.4003+03 1.2803-04 3.2863-24 1.279E-04 2.1943-08 6.4603-10 
3.5513+03 1.0393-04 5.2063-24 1.0393-04 1.6483-08 6.4413-10 
3.6003+03 9.6443-05 6.0363-24 9.643E-05 1.5013-08 6.4163-10 
3.7423+03 7.6763-05 9.2853-24 7.6743-05 3.1423-08 6.3373-10 
3.9423+03 5.5222-05 1.7083-23 5.521E-05 7.7373-09 6.2163-10 
4.1533+03 3.8923-05 3.246E-23. 3.892E-05 5.1343-09 6.0863-10 
4.3763+03 2.6913-05 6.3843-23 2.6913-05 3.3353-09 5.9193-10 
4.6103+03 1.8233-05 1.3023-22 1.8233-05 2.1173-09 5.7003-10 
4.8573+03 1.2113-05 2.7593-22 1.211E-05 1.3133-09 5.5343-10 
5.000E+03 9.548E-06 4.255E-22 9.546E-06 9.9653-10'5.4013-10 
5.1183+03 7.8683-06 6.0873-22 7.86731-06 7.9383-10 5.2963-10 
5.3923+03 4.9863-06 1.4013-21 4.98SE-06 4-6773-10 5.0893-10 
5.6813+03 3.088E-06 3.3723-21 3.087E-06 2.6813-10 4-8953-10 
5.9853+03 1.8633-06 8.5053-21 1.8623-0.6 1.4943-10 4.6953-10 
6.3063+03 1.0953-06 2.2553-20 1.0953-06 8.0783-11 4.4683-10 
6.6443+03 6.2693-07 6.2973-20 6.2643-07 4.2343-11 4.5223-10 
7.0003+03 3.4683-07 1.8583-19 3.4633-07 2.1483-11 4.3483-10 


