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SUBJEGT. Apphcatron of DOE 5400.5 requirements for release and control of property contammg
residual radioactive material.

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 ILS 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 guxdance which clarifies the
issues identified. The attached interim gurdance '

1) Descnbes the relationship of DOE standards for release of property contammg
residual radioactive material to Nuclear Regulatory Commlssron and State
requirements for control of such matenal

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 requxrements for trmum in property
being released or reused

If you have questions regarding the attached material please contact Mr Andrew Wallo,
— EH-412 (202-586-4996, email "andrew. wallo@hgq. doe gov").

‘ . - /= Raymond F. Pelletier
Director

Office of Envrronmental Pohcy and Assxstance
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Response to Questions and Clarification of Requirements and Processes:"

. DOE 5400.5, Section 11.5 and Chapter 1V Implementation
(Requirements Relating to Residual Radioactive Material)

November 17, 1995
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Response to questions and guidance regarding implementation of
DOE 5400.5 Section I1.5 and Chapter IV.

DOE Radiological Release Criteria:

Order DOE 5400.5 chapters II 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 Usmg '
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 unrestncted
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 contammatlon
guldelmes is also appllcable to the release of structures.

DOE Reg_lrements and Related Commerclal Regmrements

Statement 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 associated 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 commercial '
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
Commlssmn under §61.6 of this Part."

Many of the states' have enacted legislation that specifically preclude the dispose.l 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 estab]rshed 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) Applrcatron of DOE-derived and -approved radiological release criteria for dlsposal of
material and property in a DOE-operated onsite landfill.

-2) Apphcatron of DOE- denved and -approved radro]ogrcal release criteria for disposal of '

matenal and property in a publrc or ‘offsite landfil].

'3) Application of DOE-derived and -approved radlologlcal release criteria for sale or transfer

of property to members of the public.

DOE 0n-srte Landfill,:‘

'In situation. 1) the Department has the responsibility and authoriry 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 facrlrty) 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. ‘




.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) -
and/or 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 expenence gamed from past
or on gomg CERCLA or RCRA cleanup actions.

The ALARA process should consnder fac_tors 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 establlshed to
document source term estimates as realistically as practicable or that boundmg estimates be
qualified with a discussion of uncertainty or estimates of expected quantities of residual
radioactive material. Documentation supporting the authorized limits or acceptance 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’Z)‘ DOE establishes and approves authorized limits and essdciated 'survey and

release protocol for material that will be. disposed in a non-DOE landfill. The recommended
criteria for-such 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 authonzed 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: ' A » p

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 to ensure that individual doses to the public are less than 25
mrem. in a year with a goal of a féw millirem.in a year or less.

o  Evaluated to ensure that ground water will be protected in a manner consnstent with
the objectives of the applicable State regulatlons and guidelines. ~

o 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.

o Coordinated with and acceptable to the landfill operator implementing the acceptance’
criteria and State representatives responsibie for implementing solid. waste regulations
to ensure. that DOE releases do not vnolate landfill-specific radiological protection
requlrements :

Equipment and Personal Property:

- Under situation 3) the Department transfers ownershlp (elther 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
lfeceiving 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 resndual radloactlve material
requlrements :

o  Authorized llmlts for property must ensure that doses to the public from all sources are
less than the pnmary 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 as 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




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, appropnate Agreement State representatives or, where appropnate
NRC:

The all source criterion may be assumed satisfied if the ALARA criterion and its assocnated
. 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 authorxzed limits for surfaces lower than the guldelme
values. '

DOE Approval of Authorized Limits and Measurement Protocole for Release:

While applicatio_n, 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. However, authorized limits and survey
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 apphcable criteria above are appropriately addressed;-

2) Based on a realistic but reasonably conservative assessment of potentlal doses, it 1s
, demonstrated to the satisfaction of the responsible field ofﬁce manager, 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 collectnve 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 i in the DOE November 1992 radiological survey guidance and
DOE/EH-173T; and

3) 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 prov1ded to the Office of Environment, EH-4, at least 40 working days prior to
the authorized limits becoming effective.

o EH-4 will provnde wntten notification ' to the. ﬁeld office of the receipt of the matenal
and

o 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 consndered
approved without wntten 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 a.nd Radlatxon
Division pnor to submlttmg the request to EH-

.Guidelines for Property:
Surface Cont'hn‘l'ina'tion 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. clanfy existing guidance for the use of these guidelines. :

Response: DOE.5400.5 Figure _IV-l_ mcludes surface guldelmes for radionuclide's other than
. transuranics and alpha emitters (Row. 1 of Figure IV-1') and trittum. 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/CH/8901, 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 Gu1de 1. 86 June 1964). The Surface Concentration Guidelines are restated in
Table 1.

lTransuranics, 1-125, I-129, Ra-226, Ac»-‘227. Ra-228, Th-228, Th-230, Pa-231.




Volume and Mass Contamination and Alternate Surface Limits: DOE has no DOE-wide
-approved guidelines for release of non-real property or structures containing residual

s

. 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.

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 54005, Section I1.5.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,
whieh was released for comment and use on November 30, 1992,

Tritium:

Statement of Issue: DOE surface guidelfnes in DOE 5400.5 do not Specif'ically address

tritium '(3H) EH was requested to indicate whether the gundelmes for beta emitters apply to .
tritium or if other values are appllcable

Response: Because tritium typlcally penetrates material it contacts, the surface guldelmes 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

2 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 assessment
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 mrem/year while 1-129, Th- 230, and Sr-90 have potential maximum doses
_ of much less than 0.1 mrem/year. 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 Limts
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 trittum. The Department recommends the use of 10,000 dpm/100 cm’ 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

'measurement’ 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. : ' ' ' o

Genei'al Issues and Coordination:

The Department is presently conductmg 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 and 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 mrem/year dose constraint. Although

this is only a proposed standard, the Commission has issued several draft guidance documents
- which may provide useful information in developing DOE survey protocols (see references).

NUREG-1500 and NUREG-5512 may also be useful in benchmarking DOE dose asseéssments.

*See Section 4.2, Page 4.12, "Environmental Implementation Guide for Radiological Survey
Procedures,” November 1992, distributed for usc and comment to Distribution for Raymond F. Pelletier, Office
of Environmental Guidance, Novcmber 30, 1992.
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Table 1. Surface Activity Guidelines -
Allowable Total Residual Surface Activity (dpm/100 cm?)’

Radionuclides® , R Average®” | Maximum™ | Removable®®
Group 1 - Transuranics, I-125, 1:129, Ac-227, 100 300 20
"Ra -226, Ra-228, Th-228, Th-230, Pa-231
Group 2 - Th-natural, Sr-90, [-126, I-131, I-133, Ra-223, 1000 3000 | '} 200
Ra-224, U-232, Th-232 ’ ‘
Group 3 - U-natural, U-235, U-238, and associated dei:aj 5000 15000 11000
products, alpha emitters ' . :
Group 4 - Beta-gamma emitters (radionuclides with decay | 5000 15000 | 1000
modes other than alpha :emission or §pomanéous'° fission) )
except Sr-90 and others noted above

Tritium (applicable to surface and subsurface)'"

‘T As used in this table, dpm’ (disintegrations per minute) means the rate of emission by radioactive material as " determined by counts per
minute measured by an appropriate detector for background, efficiency, and geometric factors associated with the mstrumentauon

3 Where surface contaminalion by both alph'a'- and'betn-gamma—emitting radionuclides exists, the limits established for alpha- and beta-
gamma-emitting radionuclides should apply independently.

¢ Measurements of average contamination should not be averaged over an area of more than 1 m%. For objects of smallcr surface area,

“the average should be derived for each such objcct.

’ The average and maximum dose rates a.souatcd with surface contammatmn resulting fmm beta-gamma emmcrs should not excecd 0.2
mrad’/h and 1.0 mrad/h, respectwely at 1 cm.

* The maximum contaminat_ion level applies to an area of not more than 100 cm’. . ‘

’

* The amount of removablé material per 100 em? of surface area should be determinéd by wiping an area of that size with. dry filter or

" soft absorbent paper. applying moderate pressurc, and measuring the amount of radioactive material on the wnpmg with an appropriate

instrument of known efficiency. When removable contamination on objects of surface area less than 100 cm? is determined, the activity per
unit area should be based on the actual area and the entire surface should be wiped. It is not necessary to use wiping techniques to measure
removable contamination levels if direct scan surveys indicate that the total residual surfacc comammanon levels are within the limits for
removable comammallon

° This category of radlonuchdcs includes mixed fission products, including the Sr-90 which is pfesent in them. lt does not apply to Sr-
90 which has been separated from the other fission products or mixtures. where the Sr-90 has becn enriched.

"' Property recenily gxp_osed or deconlammatcd. should have measuremems (smears) at regular time intervals to ensure that there is not
a build-up of contamination over time. Because tritium typically penetrates material it contacts, the surface guidelines in group 4 are not
applicable to tritium. The Department has reviewed the analysis conducted by the DOE Tritium Surface Contamination Limits Commitee
("Recommended Tritium Surface Contamination Release Guides,” February 1991), and has assessed potential doses associated with the
release of property containing residual tritium. The Department recommends the use of the stated guideline as an interim value for
removable tritium. Measurements demonstratmg compliance of the removable fraction of tritium on surfaces with this guideline are
acceptable to ensure that non-removable fractions and residual tnt:um in mass will not cause exposures that exceed DOE dose limits and
constraints. :
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Appendix I
Background and Summary Informatlon

This guidance was prepared in response to several 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 wrth commercial
standards : ‘

- The order established a procedure for 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 establxshed for radionuclide contamination in mass. This was done to
ensure DOE-wide consistency and to ensure processes resulted in protective requnrements
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-1 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 satlsfacnon 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;

o the releases and authonzed limits will be appropnately documented and

2)A copy of the authorized limits, measu'rement/s'urvey 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 workmg
days prior to the authorizéd limits becoming effective.
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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:

o 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 envnronmental impacts,
resultmg from recyclmg - '

"o Authorized limits for commercial reuse of exploéives from DOE Pantex facility -

Maximum dose 0.005 mrem, collective dose <2x10” person-mrem, savings
$1,000,000 annually plus reduction in annual emissions associated w1th alternative
-disposal ‘process. :

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

~ 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 office 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. It will help streamline the regulatory function of the
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 facnllty operations
rather than addressed as an after thought
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

- WASHINGTON, D.C. 20555-0001

October 25, 1995

Dr. Andrew Wallo

U.S. Department of Energy
Forrestal Bu11d1ng

EH-09 ‘
Washington, DC 20545

Dear Dr. NaT]o

In response to your fac51m11e 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 release of any contaminated material to an uniicensed party involves

. technical and policy concerns that are not completely addressed by ex1st1ng

Nuc]ear Regu]atory Commission guidance.

Recognizing the 1ncomp1ete nature of ex1sting 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
perm1tt1ng agencies) to ensure that the site specific release Timits and the
survey -and review protocols are appropriate and acceptable. We. also believe
your application of the ALARA 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

‘ . radiological impacts from actual releases are typically well below this value.

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 qua11tat1ve screen1ng
would be requ1red

The case-by-case dec1s1ons that NRC has made in releasing Tand and strucfures
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 FR 13389-13392) or have been justified as being consistent
with these criteria (See SECY-94-145 enclosed). These criteria include
surface contamination guidelines in Regulatory Guide 1.86. In the few.
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. These
analyses generally indicate extremely small (i.e., less than 1 mrem/year)
annual individual exposures and.minimal collective exposures.
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As you know, the criteria in NRC’s proposed decoomissioning rule, when
finalized, will replace the above guidance, but only for release of lands and
structures. Both EPA and NRC have then 1nd1cated that a proposed recycle rule
w111 be developed.

“As with the "decommissioning” rule, the app]icable dose criteria will be the

subject of considerable debate. It is likely that the criteria in the
decommissioning rule could influence the selection of criteria for th1s
recycle rule.

I hope this response has been responsive‘to your requést.

S;T:;e].yxl/ £ telen

Michael F. Weber, Chief
. Low-Level Waste and Decomm1ss1on1ng
Projects Branch
Division of Waste Management
Office of Nuclear Material Safety
and Safeguards
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POLICY ISSUE

May 27, 1994 (lnformat|0n) - © SECY-94-145
FOR: " The Commissioners
FROM: - ,-James M. Tay]or .

Execut1ve D1rector for 0perat1ons

SUBJECT: - . INCREASE OF TRITIUM AND IRON-55 UNRESTRICTED USE LIMITS FOR

SURFACE CONTAMINATION AT SHOREHAM AND FORT ST. VRAIN
PURPOSE :

- To inform the Commission of the staff’s decision to increase certain

unrestricted use limits 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 cleéan-up criteria that the Commission A
directed the staff to consider in the "Action Plan to Ensure Timely Cleanup of .
Site Decommissioning Plan Sites” (Act1on Plan) (i.e., Table 1 of Regulatory
Guide 1.86 (RG 1. 86)) .

SUMMARY

“Shoreham and FSV are currently decomm1ssion1ng their facilities with the goal

of releasing the buildings, equipment,. and grounds for unrestricted use in the

. short term (i.e., the DECON option). The major radionuclide identified in

contaminated structures and systems during the characterization of these
facilities vis cobalt-60 (Co-60). However, during the dismantling of the

- facilities, both licensees identified concrete containing unexpectedly high

concentrat1ons of H-3 and Fe-55 in areas subjected to neutron radiation during
operations. Shoreham also identified Fe-55 in steel used as a liner for the
bioshield concrete. The total (fixed plus removabie) surface contamination

Contact: David N. Fauver, NMSS
© 415-6625

SECY NOTE:
TO BE MADE PUBLICLY AVAILABLE IN 10 WORKING DAYS FROM THE DATE OF THIS PAPER

_Enclosure
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.5,000 dpm/100 cm? limit to 2, 000,000 dpm/100 cm®.
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levels of H-3 and Fe-55 on the concrete and steel exceed the current
unrestricted use limits. Smaller concentrations of europium-152 (Eu—lSZ) and
Co-60 have also been identified on the activated material. Shoreham estimates

_that compllance with the current surface contamination limits for the H-3 and

Fe-55 in the activated material will require the shipment 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 Tow-level waste facility at a cost
of up to $1 million. FSV has estimated that compliance with the current

~ 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 app]xcatIOn of the current limits to the actlvated material
at their facilities is not in accordance with the as low as is reasonab]y
achievable (ALARA) prtnc1p1e

The staff evaluated the risk from H-3 and Fe-55 surface contamination relative
to the other radionuclides Tisted 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 ln the enclosure.

Based on the magn1tude of the disparities between r1sks the staff concluded

" that it would be ALARA to increase the surface contam1nat1on limits for H-3-

and Fe-55 at FSV and Shoreham, and that the magnitude of the increase could be

-Timited 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 ; -3 and Fe-55 from the current
At this level, the risk

from Fe-55 would be equal to the average risk from the other nuc11des in RG -

-1.86, and the risk from H-3 would be less than the average. However, in

cons1derat1on of ALARA, the staff selected 200,000 dpm/100 as the new
total average surface contamlnat1on limit for H 3 and Fe-55 at FSV and

‘Shoreham

RG 1.86 also contains maximum 11m1ts that are 3 times the average 11m1t
Accordingly, the maximum 1imit for total H-3 and ge-SS surface contam1nat1on
was ralsed 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. Increasing the removable contamination limits is not
considered ALARA, since standard remediation techniques are capable of
lowering removable contamination to levels below the current limit.
Therefore, the removable limits for H-3 and Fe 55 will remain at the current
level of 1000 dpm/100 cm?.
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The primary bases for the staff’s décision 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 is present at the increased limits

At 200,000 dpm/100 cm®, 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 ha]f-11ves of

- 2.6 years and 12.2 years, respectively.

The above calculations assume that the dose from the ectivated"concrete is
from the inhalation and ingestion of msterial resuspended or removed from

~ contaminated surfaces, which are considered the most probable exposure

pathways. Although considered unlikély, the staff also estimated the
potential dose assyming 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 mrem/y), respect1ve1y These modeled doses decline
rapidly with time fo]]ow1ng 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.

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 similar- 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. This
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 of the Genera] Counsel has reviewed this paper and has no 1ega1
objection. .

for Operations

Enclosure:
As stated .




ENCLOSURE

ADDITIONAL BACKGROUND AND TECHNICAL iNFORMATION

In the Action Plan, the Commxssxon directed the staff to consider existing
guidance, and ALARA, when determining a site’s suitability for unrestr1cted use .

-pending the final rule on "Radiological Criteria for Decommissioning." Table 1

of RG 1.86, which contains surface contamination 1limits for buildings,

© structures, and equipment, was listed in the Action Plan as one of the existing

criteria to consider. Accordingly, the staff appraoved the limits in RG 1.86 as
the unrestricted use criteria for surface contamination at FSV and Shoreham

The exper1ence to date, in applying the RG 1.86 s.rface contam1nat1on 11m1ts as
unrestricted use criteria has been positive. In general, the limits are
practical and ALARA, and have been applied by Nuclear Regulatory Commission
licensees undertak1ng decommissioning. However, on December 23, 1993, the Pubiic

_ 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. PSC
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 nuclldes of concern:at FSV, predominantly Co-60 and Eu-152; and 3)
compliance with existing limits for these nuclides would cost an add1t1ona] $4.5
million above the cost required to comply with the surface contamination 11m1ts
for Co-60 and Eu-152. :

In addition, on April 22 1994, Shoreham requested that NRC cons1der revising the f
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 act1vat10n 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 s1gn1f1cant1y lower risk than other nuclides
in RG 1.86. : :

In response to the FSV and Shoreham requests the staff revxewed 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
deve]oped 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- 1s 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 contam1nat1on limits in Tab]e 1 of RG 1.86 were selected using the
1000 dpm/10¢ cm® environmental background level for Sr-90 as the baseline. Using
the ratio of Sr-90 MPC’s to the MPC’s for the various nuclides as a measure of
‘relative risk, the RG 1.86 surface contamination 11m1ts were generally set at one
of three 1evels, i.e., 100, 1000, or 5000 dpm/100 cm®. The upper limit of 5000
dpm/100cm® was set, in part, to 11m1t direct rad1at10n 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 1limits.

The deve]opers 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 d1spar1t1es Note that the inconsistencies in RG 1.86 are being addressed
gener1ca11y in the rulemaking on "Radiological Cr1ter1a for Decomm1ss1on1ng

To determine if the RG 1.86 limits for H-3 ‘and Fe-55, i.e., 5000 dpm/100 cm®,
pose relative risks that are significantly lower than other nuclides, the staff
evaluated the risk from each of the nuclides specifically listed in .

RG 1.86, as well as Co-60, Cs-137, Eu-152, C-14, Ni-59, Ni-63, H-3, and Fe-55.
The r1sk from each- nuc11de was: est1mated by mu1t1p]y1ng the RG 1 86 11m1t by the
--nuclide specific dose factors for surface contamination. developed for the
building occupancy scenario in NUREG/CR-5512, "Residal Radioactive Contammatmn
from Decommissioning,"” October 1992. For. examp]e, the .

NUREG/CR-5512 dose factor for Sr 90 surface contamination is 1.51E-05 mSv/y
(1.51E-03 mrem/y) per dpm/lOO 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(1.51 mrem)/y. Note that the NUREG/CR-5512 dose  factors are
currently the staff’s best estimate of dose from surface contamination. These

dose factors were developed to support the ongoing rulemaking on "Radxo]og1ca1 o

Cr1ter1a for Decommissioning."

The estimated doses for the 24 nuclides eva]uated range from about 0. 8 mSv/y

© (80 mrem)/y for uranium to about 2E-05 mSv (2E-03 mrem)/y for I1-133. The
‘resulting doses for Co-60, Fe-55, and H-3 are 0.14, 2.5E-04, 2.8E-05 mSv -(14,"
,2.5E-02, and 2.8E-03 mrem)/y, respect1ve]y The average dose for the 24 nuclides

eva]uated was about 0 1 mSv (10 mrem)/y.

~ Comparing the relat1ve risks from Co-60 to both Fe-55 and H-3, it is,séen'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 of these differences, and the estimated cost of compliance with the
existing limits at FSV and Shoreham, the staff believes that it is appropriate
to consider the surface contamination liwits for H-3 and Fe-55 separately.

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 for both H-3
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and Fe-55 were both set. at equivalent levels, using‘the dose from :
Fe-55 as the basis. This results in a more conservative dose for H-3. The

‘estimated average dose from nuclides at the RG 1 R6 limits, as evaluated above,

is 0.1 mSv (10 mrem)/y, which translates to a limit of

. 2,000,000 dpm/100 cm In consideration of ALARA, the limit flﬁally selected for

tota] surface contam1nat10n from Fe-55 and H-3 at FSV and Shoreham was

200,000 dpm/100 cm. At 200,000 dpm/100 cm®, the estimated Fe-55 and

H-3 doses 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, respectlvely :

The 200, 000 dpm/100 cm limit- d1scussed above app11es to average contam1nat1on
levels. RG 1.86 also contains maximum limits that are 3 times the average

‘Timit. Accordingly, the maximum 1imit for H-3 and Fe-55 total surface

contam1nat1on was’ ralsed to 600,000 dpm/100 cml.

The existing limits for removable H 3 and Fe-55 $urface contamination were a]so
evaluated. Increasing the removabie contamination Timits is not considered ALARA
since standard remediation techniques are capable of Tlowering removable
contamination to levels below the current limit. Therefore, the removable limits
for  H-3 and Fe-55 will remain at the current level of 1000 dpm/100 cme. :

The above dose ca]cu]at1ons assume that the exposure from the activated concrete
is through 'the inhalation and ingestion of material resuspended or removed from
contaminated surfaces, which are considered the most probable dose pathways.
However, a]though considered unlikely, the staff also evaluated the potent1a1
dose assuming that the activated concrete is removed from the bu11d1ngs and
disposed without restrictions.. The potantial dose was estimated using the RESRAD

. environmental pathway and dose assessment code (ANL/EAD/LD 2). The resulting

dose is considered conservative since, 1) the activity in the concrete and steel
was assumed to be immediately ava11ab1e for uptake by p]ants and .animals, and 2)
all of the H-3 is assumed to leach from the concrete in the first year and

.migrate to groundwater The resu1t1ng maximum potential doses from groundwater,

plus the other exposure pathways in the residential farmer scenario, at Shoreham
and FSV are 0.012 mSv/y (1.2 mrem/y) and 0.019 mSv/y (1.9 mrem/y), respectively.

. The modeled dose declines 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 SE 03
"~ and 2E-04 mSv/y (0 5 and 0.02 mrem/y), respectively.




Supplementa] Informatlon and Examples for
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Supplemental Information and.Exampl,es:

Summary of Examples:

This package contains examples of documentation and analyses supporting authorized limits and
requests for release of material containing residual radioactive matcrial that have becn approved by the
Office of Environment, Safety and Health. They arc provide with thc EH-41 November 17, 1995,
guidance as examples of the type of analysis and documentation EH has found acceptable to justify
authorized limits and releases. Under the November 17, 1995, guidance, cach of these example

actions and authorized limits could be approved by the responsible ficld office. The documents should
not necessarily be considered templets but are provided to DOE ficld and program elcments to assist
them in reviewing requcsts under their jurisdiction. The packages represent three different situations
and provide a general outline for issues that need to be considercd. However, for some site-specific
actions, these analyses may be too detailed and for others 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 an environmental assessment (EA) which is not attached
because. of its volume. The data in the ALARA summary was based on analyses 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 portione were
removed and disposed prior to the action to recycle the copper. As a result, the action was to

.determine if the remaining copper was acceptable for recycle rather than to establish authorized limits

for the recycle of the copper. Had the more highly contaminated copper not been already disposed, '
the action would have required the analysis to determine authorized limits to define the portion of
copper that could be recycled. However, given the concentration and quantity of residual

. radionuclides in the remaining copper that was not necessary.

Recyclc of ngh Explosives:

‘This example provides the ALARA ﬁndmg and supporting documentation and approval documents for -

the establishment of authorized limits to recycle high explosives containing rcsidual tritium. An -
ALARA assessment should normally investigate the impacts and benefits of various authorized limits
(e.g-, 10,000 dpm/100 cm?, 1000 dpm/100 cm® and 100 dpm/100 cm®). 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 dctermine that a higher limit would
provide no significant cost savings. Hence, the ficld officc reccommended approval of the proposed
value without quantitative ALARA comparisons of alternatives.

Disposal of Roofing Material in an On-site Landfill:

It is possible to establish waste acceptance criteria for material containing low concentrétions 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 were no site-wide criteria
established for the landfill in this case. As a result, the field chose to review the specific waste to
determine if it could be disposed in the on-site landfill. The package contains the approval documents
and supporting analysis. EH had several comments (included in the package) rcgarding the
conservatism of some of the assumptions and the collective dose assessment. - Howcver, given the low

‘doses, and the results of indcpendent analyses conducted by EH, it was dctemuned that the changes

would not impact the decnslons and the action was approvcd
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EXAMPLE - Copper Release
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United States Government ,' 'bepartment of Ene'rgy
memorandum - R

OATE:' August 2, 1994

REFLYTO ' -
ATTN OF: Ofﬁoe af Envnronmental Guxdance Wano 6-4996

sue.:scr DOE Order 5400. 5 Revuew and Approvaj of the Lawrenoe Berkeley Copper Recycle’
' Actxon ' _ |

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

.The Office of Envnronment has reviewed the documemahon for the subject achon
including 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 impact, which | signed.on June 20,
1994. 'We find that the action complies with the requirements_set forth in Section
1.5 (Release of Property. Having Residual Radioactive Material) and with the .
ALARA process requirements of Section 1.2 of DOE Order 5400.5 and associated
guidance. Accordingly, |.approve your request for release of the subject matenal
consnstent wrth Sechon ll 5 c(6) of DOE Order 5400 5

if you have any queshons please contact Mr. Andrew Wallo. Ofﬁoe of Envnronmental
' Gurdance at 202-586-4996 : C o '

é ‘OToole,
Assistant Secretary
Envrronment, Safety and Health

@4




SUMMARY OF ALARA ANALYSIS FOR THE DISPOSITION OF COPPER
FROM LBL CYCLOTRON COIL WINDINGS

BACKGROUND

Lawrence Berkeley Laboratory (LBL) has 140 metric tons of copper which had beeome shghtly
activated from use as windings of the 184-inch cyclotron. The copper has been stored in 32 wood
crates outdoor at a leased warehouse for several years and DOE would like to dispose of it. 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 recycle of the material is acceptable under the practice of risk-based regulations.
'However, the copper is a valuable resource and could be sold for scrap for about $0.80/1b
(approximately $247,000 for the.140 metric-ton lot) and recycled. DOE would like to make a
final disposition of the copper and comply with the ALARA policy and reqmrements.

CONTAMINANTS

" The high-purity (99.99%) copper has an average activity, prmcnpally Co-60 (half-life 5.26 years,
beta and gamma emitter), of 3 pCi/g from activation and a maximum activity of 20 pCi/g. All of
the copper with actmty greater than 20 pCi/g has been disposed in Hanford. - The total amount of
Co-60 in the remaining copper is about 0.42 mCi. If the total amount of Co-60 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 5.5 mrem/hr. About 1.5 pCi/g of Ni-63 (half-hfe 92 _
years, beta emitter) is also present, but it is of little radiological mponance. o

PROPOSED ACI'ION AND AL'I'ERNATIVES

DOE proposed to recycle the copper by sellmg ittoa local scrap metal dealer. Several local -
dealers are interested and the nearest is located within' 10 miles of the warehouse. Five =
alternatxve actions also were considered and evaluated:

1 no action - continue to store the copper at the warehouse [this would require
implementation of DOE 5820.2A for long-term storage of low-level waste—the Co-60
activity would be undetectable through decay in about 50 years],

2. - recycle at the Scientific Ecology Group (SEG) facility, located in Oak Ridge TN, for re-
use at a DOE facility [the likely use would be as customized shielding blocks which
eventually would be disposed as low-level waste];

3. . recycle by selling or giving the copper to a foreign govemment {China is interested in -
using the copper in synchrotron accelerators-—transportatlon would be by common '
carriers]; -

4. disposal at a local sanitary. landﬁll [a local samtary landﬁll is available but some additional

, testing would be required]; and

S.. disposal at the Hanford Low-Level Waste Burial Facility {common carriers would be used

to transport the copper to Hanford, Washmgton] o

’

v




'500 radiation induced fatal cancers per million person-rem, would be about 0.00004 fatal cancers

.doses of 0.0004 and 0.04 person-mrem, mpecuvely, to workers. Potential fatal cancers would be .

RADIOLOGICAL IMPACT

Members of the Public The uses by the public of the copper through recyclmg mclude home -

wiring, electronic components, and jewelry. A maximum collective population dose of 72 person-

mrem was estimated from the reuse of the copper as jewelry. An additional 0.003 person-mrem
would resuit from transportation to the recycle facility. The potential biological risk, assuming

for the exposed pubhc~m addition to the normal incidence. The normal incidence of cancer
~ among individuals is about 1 in 3, about half of whxch are fatal.

Radiation Workers Transpomng and recychng the copper were estimated to cause a collective

' 2x10™ and 2 x 10° respectively. Workers in the warehouse, for the storage option, would
receive 0.1 person-mrem, with an associated fatal cancer mcldence of 6 x 10 : '

" DOSE AND COST@ENEFIT SUMMARY

A summary of the doses and costs are presented in Table B—l.

TABLE B-1 COSTS AND DOSES FOR THE ALTERNATIVE COPPER DISPOSAL
ACTIONS

Alternative Maximum public. | Collective dose | Cost [savingjof |  Net cost
‘Action individual dose, | public + worker |.alternative ' [saving]c -

' (mrem) - (person-mrem) ($1,000s) -($1,000s)
Unrestricted use 0.15 T2 [4n [24Te

[ storage (50 yr] 0.015 0115 S0/247]bd - 197

l Recycle @ SEG | a 014 E= 33

I satesgift-foreign a 0.047 30 30
Disp./ Hanford 3x10¢ " 0.0034 235 235
Sanitary fill a 00034 42 |

e 15 &sentx y averted by -d by alternative.

b Assumes 50 years storage at $1 000 per year. However, at that time the copper
- could be recycled and $247,000 recovered for a net savings of about $197,000.
c A monetary equivalent of $1,000 per person-rem collective dose (Sl per person- .

‘'mrem) was assumed in this summary. However, the collective dose is so small that
there would be no significant change if $10,000 per person-rem had been selected.

d The interest considerations for cash received from the sale of the copper and

payments for storage over the 50-year period were not included in this evaluauon.

e No attempt was made to assign a monetary value for the avoidance of .
- environmental impacts from processing copper for which the reused copper xs _

.subsntuted, or other consxderatxons such as those identified below




“The collective dose is so small that the choice of alternatives would not change if $10,000 per

person-rem were to be assumed (as was the case in the actual EA). A value of $1,000 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 cancers per
1,000,000 person-rem. Based on the risk coefficient presently used by the Department (500 fatal
cancers per 1,000,000 person-rem) an increase in monetary equivalent unit dose value may or may

" not be warranted. However, from a health-effect consideration, an assumption of $10,000 per

person-rem appears to be an excessive 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 -

Additional benefits of the proposed recycling action would include: -

1.  environmental consequences, €.g., air emissions, water quality, energy use, and traffic,

‘ associated with the mining and- processmg of copper ore to’ produce an equxvalent quantxty
of copper-would be averted;

2 valuable, and expensive, low-level radloactlve waste bunal space for material that is
"actually classified as radioactive waste would.be preserved; -

3. valuable sanitary landfill space would be preserved,;

4. currently used storage space would be released;

5. compliance with the DOE waste minimization and pollutxon prevennon pohcy would be

achieved; and

6 copper, a valuable resource, would be preserved.

~ material in the metals pool.

In review of this actxon, potential mpacts on specxal mdustnes such as the electromcs or

. photographic mdustxy were considered and determined to be nonexistent. The levels of

radioactive material in. the subject material are too low to be of any concern. Furthermore, the
relatrvely short half-life of Co-60 (52 years) ensures that there is no concern for buildup of this

DISCUSSION AND CONCLUSIONS

Clearly, the proposed recycle optxon is preferred from ALARA oonsxderatxons, not only onthe .

-basis of cost considerations, but also in.consideration of the "additional benefits," listed above. In

this case, both the individual and collective doses to the pubhc and to workers are too small to be

a consideration in selectmg any of the optxons

31
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o ‘Date: Aug. 1, 1994

v

E'I'.i;23"Routing and Transmittal

Name -

1, To: .
Al 7R Pelletier, EH-23 '

2) R. Berube, EH-20

4P Brush, EH2

01¢ FH
Su;ect.ER uesl or DOE 54005 LBL Copper Recygle Approval

EI-I-l sxgned the FONSI for thls action on June 20 '1994.  On J uly 6, 1994, ER sent a memo to
EH-1 requesting EH approval requxred by DOE 5400.5. Note: The ER: package was lost in -
dlstributxon and we did not receive 1t until the week of Ji uly 25, 1994. o

We have reviewed the package and supporung matenal and find that all the reqmrements of
DOE 5400.5 relevant to this action have been satisfied. In general, the ER and LBL staff have

" done an excellent job. on this project. We reviewed the initial proposal in 1993 and provided
comments and suggestions. LBL staff mplemented 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 analysxs in our next

| revision of the ALARA gmdance for 10 CFR Part 834.

'Recommendauon Slgn memorandum approvmg action.

Room GAQ98 .

Phone; 202-586-4996
- | FAX, 202-586-3915
'| E-mail, andrew. wallo@hq doe.gov




- Alternatives considered include:

Recyclmg of Irradmted Copper at anrence Bcrke!ey Laboratory
Fact Sheet . i

The proposed ae.tlon is to release 310,000 pound's (1'40 metric tons) of irradiated copper coil windings

" from the decontamination and decommissioning of a cyclotron at Lawrence Berkeley Laboratory

(LBL):
The irradiation resuited in internal contamination, primarily cobalt-60 (hal'f-li'fe 5.3 years).

The most contammated copper has been separated and sent to dlsposaL The only portlons that
remain (and are being proposed for recycle) are those tbat were only slightly irradiated.

’ The average resldual rgdloactmty level is 3 plcocurles per gram.

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

The market value.ol" the copper is about $250,000. - - ’ . o L.

- Continued storage. ,

- Recycle. ) ' - ’ s v
‘Reutilization (as mlxed metal) at another DOE facility.
Sale. . .

- 'Disposal:
Landfill.
DOE Iow-level wasie- site..

". Maximum radlologlcal health |mpacts (Note: these are extremcly Iow and hvpothctlcal and of httle _

" national consequence): :
- Cumulative population over 30 years - 0.5 person-mrem (3x107 fatal cancers) (assuming use in ‘

home wiring) - for other uses range is from 0 to 72 person rem (< 4x10"" fatal cancers)
Maximum individual lifetime - 0.15 mrem (8x10* rlsk) ) -
Additional one-time population for transportatlon 0.003 person rem (2110’)
Worker risk 2x10" or less. :

’

Environmental benef ts (Note' thcse beneﬁts are hypothcncal -and of Ilttle natlonal slgnlf cance)
AlIR: . : :
Avert 90,000 Ibs of particulate emissions. : -
Avert 38,000 Ibs of sulfur dioxide emissions. - ' -
" WATER: Avert theoretical contamination of water from copper produchon (arsemc, lead, ete.)
ENERGY: More than a 90% energy savings.
LAND: Preserve dlsposal site space. ~ . -
OTHER: 'Consistent with waste minimization pohcles.

-DOE's requlrements applicable for thls release 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 authorlzed limits for

" release or reuse, obtam State(s) (and where appropriate EPA and NRC) agreement and obtain EH
“approval.

- DOE 5820.2A: Includes disposal and storage requirements for radloactwe waste. These have been
met for the contaminated portions of the copper and if recycle is not approved will be




el

impleniented for the mmﬂning'fracﬁono '(140 metrie tons}. -

-

The State is aware of and agree to proposed action:

-~ The State has conducted confirmatory measurements and confi rmed the DOEILBL analyses.

- The copper meets California Title l7 part 30104 reqmrements -and was declared exempt from 10
CFR part 61 requirements. ‘

‘Release is consistent with NRC practlce'

~ NRC requiremeénts: NRC (or its agreement states) conducts ease-by-case reviews to determine if
material can-be released. LBLIDOE through coordmahon with the State, have met these
) I'equlrements. 4 . . . .

 Release is consntent with mtcrnatlonal guldchncs

- IAEA Safety Series (0.01 mSv [1.mrem] in a year and 1 person-Sv [100 mrem] ' .
- Complies with Draft (12/93) Clearance levels for solid materials (0.3 Bq/g [8 pCi/g]) '

L Individual couhtry's have standards that. range from 0.3 Bq/g to 74 Bq/g for recycle.

0 Rationale. to approve proposed actlon.
- = Cost effective. St . : »
.. = Technical analysis is sound and all cnrrent DOE requircments met. LBL has been very

responsive to EH staff in preparing analyses.
Comparable to NRC releases. , :

= State agreement. . .

- - Hypothetical health impacts low.. )
Hypothetlcal adverse envnronmental |mpacts averted. ‘
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United States Government
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memorandum

_ DATE:

REPLY TO
ATTN OF:

SUBJECT:

“Im ':6 1994

Energy Research

Approval for Release from Lawrence Berke]ey Laboratory Copper with Induced
Vo]ume Act1vat1on Under Department of Energy Order 5400.5 :

Tara 0’'Toole, A551stant Secretary for. Envwronment Safety and Health

The Office. of Energy Research proposes to recycle, for unrestricted use,
140 metric tons of slightly activated copper that is currently stored at
Lawrence Berke]ey Laboratory, Berkeley, California. This recycling
proposal is.consistent with the Department’s August 20, 1992, Policy on
Waste Minimization and Pollution Prevention. DOE Order 5400.5,

.Section I.5c(6), requires the approval of the Assistant Secretary for

Environment, Safety and Health for release of material with volume
activation for unrestricted use. I am hereby - request1ng your ‘approval for

‘the. release of this material for recycling..

Attached to th1s request.are an ALARA ana1y51s, wh1ch was coordlnated with
EH-232, and an approved Environmental Assessment and Finding of No

‘ S1gn1f1cant Impact, which were approved by your Office for this recycling:

T. Adduci, Oakland. OperatIOns Offlce A

proposal on June 20, 1994. These documents provide the basis for the
conclusion that the proposal will have no impact on workers, the public, or
the environment, and that the proposa1 is on balance, benef1c1a1 and
cost-effective: , .

If there are any questlons on th1s proposa] please dicect them to
Fred Koomanoff at 3-3298. - 3

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

Attachments

cc w/attachments:

. Department of Energy
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United States Government - o | ' _'Depaﬂme‘nt 'of'.Ene_rgy

memorandum

DATE “June 2() 1994
" REPLY TO

ATTN OF: 0ff1ce of NEPA 0vers19ht Jessee:6-2410

. SUBECT: peview of the Env1ronmental Assessment (EA) for the Recycllng of S]Ightly
: Activated Copper at Lawrence Berkeley Laboratony (DOE/EA-0851)

Martha A. Krebs
. Director '
. 'Offlce of Energy Research

This is in response to an October 12, 1993, memorandum from James K.
Farley, the Energy Research (ER) National Environmental Policy Act (NEPA) -
Compliance Officer (NCO), requesting approval of the subject EA. The EA
‘'was originally transmitted to our office via Dr. Happer’s memorandum of
February 18, 1993, requesting authorization to conduct State/tribal
'coordxnat1on .of the EA with the State of California. Substantial
analytical errors regarding inconsistent characterization of the jrradiated
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 Office.of NEPA Oversight (EH-25) authorized

: State/tr1ba] coordination with provisos on July 27, 1993; copies of the

" revised EA were provided to the State of California on August 13, -1993.

" The State responded with no comment on September 22, 1993 o

The Office of Environment, Safety and Health has rev1ewed the rev1sed EA in

 accordance with our respons1b111t1es 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 2 major Federal action -
significantly affecting the quality of the human environment within the -
meaning of NEPA and its implementing regulations (40 CFR Parts 1500-1508).
Therefore, the preparation of an environmental impact statement is not
requ1red as described in the attached FONSI. ' , .

Accord1ng1y, the EA is approved and I have s1gned the’ accompanylng FONSI.
The FONSI does not need to. be published-in the Federal Register since this
is ‘not an action with effects of national concern. However, the local
public. should be notified of the availability of the EA and FONSI in
accordance w1th 40 CFR 1506 6 and DOE Order 5440 1E. - .

Please note that approva1 of the EA does.not constitute approval for .

Release of Property Having Residual Radioactive Material under DOE 5400.5
. Section I1.5¢(6), .regarding radiation protection of the. public and the

environment. The request -for EH-1 approval should be made separately.

B




Please provide the Office of NEPA Oversight with an electronic version 6f
DOE/%A -0851, five hardcopies and a record of distribution of the EA- and
FONSI. _

ara 0'Toole, M.D., M.P A

| &4) Assistant Secretary '
Env1ronment Safety and Health

| A;tachmént

" cc:  James K. Farley, ER-8.2
. NEPA Compliance Officer

Tony Adduci, NEPA Compliance Officer
San Francisco OperatiOns Office




U.S. Department of Energy
Flnd1ng of No Signlfacant Impact
. for the o
- Proposed Recycling of Slightly Activated Copper
. at

" Lawrence Berkeley Laboratory, Berkeley, California

| AGENCY:  U.S. Department of Energy

ACTION: - Finding-of No Significant Impact (ronsn |
SUMMARY: *  The Department -of Energy (DOE) has prepared an Envxronmental
Assessment (EA) DOE/EA 0851 evaluat1ng~the total impacts associated with the

release of 140 metr1c tons (310 300 pounds) of htgh pur1ty act1vated copper to -

the open market for unrestrtcted reut1l1zataon The %' X 4' x7 str1ps of
copper coil windings were activated from bombardment with neutrons and other

h1gh energy partacles dur1ng operation of the 184 Inch Cyclotron in use at

aLawrence Berkeley Laboratory (LBL) from 1940- 1988. Th15 resulted in the

, 1nternal product1on of radlonucl1des, prlmarlly cobalt 60; the 1rrad1ated

copper currently has an average residual activity of 3 plcocurles per gram.

'.~The EA addresses both the. potential environmental impacts from the act1vit1es

encompassed within the proposed act1on, such as transportatlon, and
incremental 1mpacts when added to other act1ons such as air emissions’ from

reprocessing.. Assessment of the human health 1mpacts focuses on radiolog1cal

. doses and protect1on of workers and the publ1c. .Alternatives were developed

to meet DOEtWaste minimization requirements (DOE Orders 5400.1 and'SSZQ;ZA), S

and‘are‘conSistent with other'requirementsffOr 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 s1gnjficant'ly affectmg the
quallty of the human env1ronment within the mean1ng of the Natlonal
Envxronmental P011cy Act of 1969 (NEPA) Therefore, the preparat1on of an

Env:ronmental Impact Statement is not required.

PUBLIC -AVAILABILITY: Copies of this EA (DOE/EA-0851) are avai]able,fromr

Terry Vaeth, Acting Manager
. San Franc1sco Field Operations 0ff1ce
- ‘U.S. Department of Energy :
1301 Clay Street -

Oakland, CA 94612 5208 -

- (510) 637- 1800 or -1801

. For further 1nformat1on regard1ng 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 metr1c tons of 1rrad1ated copper co11

windings from the decontam1nat1on and decomm1ss1on1ng of 'the LBL 184 Inch

. Cytlotron " The act1vated copper wou]d be- re1eased to the open market for

unrestricted reut11lzatlon. It is probable that _the copper would requ1re
reprocessing (1'e., re-melt1ng) before reutiliiatioh: The activated copper'could.
be melted with copper from other sources at the dxscretlon of the purchas1ng,

reprocessor




At least six domest1c reprocessors of copper scrap. metal have been 1dent1fied in

the eastern, mldwestern and southwestern u.s. However, due to fore1gn and

.domest1c copper market conditlons, the 1ndustry pract1ce for west ‘coast scraph;

metal dealers is to- ship’ the mater1a1 direct1y to reprocessors in China orlc
Tatwan At this wr1t1ng, the market va]ue of copper scrap metal is est1mated to

be $0. 80/1b (i.e., $246,960 for 140 metric tons)

ALTERNATIVES: - | |
Five alternatives were considered: (1) reutilizationgat:another DOE facility,
(2) sale or gift of the actirated'copper to a foreign gorernment, (3j disposa1'
at a local san1tary 1andf111 (4) d1sposa1 at the Hanford Low-Leve] waste Burlal.

S1te, and (5) no act1on

: Reut111zat1on at Another DOE FaC11i§1.

The act1vated copper would be transported to the Sc1ent1f1c Eco]ogy Group (SEG),

a licensed radioactive scrap metal reprocess1ng.fac111ty located in Oak R1dge, .

. Tennessee, for subsequent'reutiiization at another DOE facility. Safe operation .

- .of particle beam accelerators, synchrotrons and_Colliders requires'many tons of

high-density-shje]ding. If‘reprocessedvat the.SEG.facility; the activated-copper

- coil windings'from the BNL 184-Inch'Cyclotron wonld.be melted together with

" metals from other sources. to meet sh1e1d1ng spec1f1cat1ons for various DOE

expressed 1nterest in obta1n1ng the copper for reutilization 1n synchrotron' o

- b’O‘

hlgh energy phys1cs programs

a]e[GIft to0 a Fore1gn Government°'

The Inst1tute of H1gh Energy Phys1cs in the People s Repub]ic of Chlna (PRC) has -

- -
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' | 'accelerators. The activated copperwould be transported by truck to the Port of -
Oakland from Emeryvﬂ'le, Cahforma, using licensed sohd waste transporters in
- compliance with LBL procedures The activated copper wou]d then be transferred K
“to a steamship carrier for.transport to the receiving country. The copper would

meet requirements for mternational shipping and would not require ‘any spec1a'l o

packaging for transport

Disposal at a Sanitau Landfill: .
The activated copper - could be buried as ordinary non- radioactive waste at a

- designated Cahforma samtary 'Iandfi'l'l In a November 10 1989, letter, the"

- . california Department of Hea]th SerVices (DHS) independent‘ly validated the

assumptions and ca'lcuiations utﬂized by DOE in estimating the dose assessment: o

for tlie recychng of the activated copper, and added estimates of the tota]
v._ potentia'l dose resu]ting from reuse in various consumer products. The Ca'lifornia _
DHS recognized that the fate of the recyc]ed copper would not be’ immediate
_ burial, but eventual disposa'l in a pub'lic 'landfil'l after its uti'lity is.'
 diminished. . The California DHS determined that the public _hea‘l.th and sai':et,y rislg '
from reutilization of the- activated copper ivas ac'ceptab‘le under the practice-‘ of ’,
. -'risk based calcu]ations 'The State determ'ined that the copper meets the
' requirements of Tit'le 17 part 30104 declared -an exemption from hcensed burial
reqmrements under 10 CFR 61, and deemed that the copper may be: disposed of as
’ordinary non radioactive waste or recycled at DOE's option. A deSignated

'landfﬂl in Livermore, Ca'lifornia, will accept the activated copper. s

Tyl



legosal at _the mﬁ Hanford l.ow-Leve'l Waste- Bur1g| Sjtg;

'The actwated copper would be transported to and dtsposed of as 1ow-1eve'|.

rad1oact1ve waste at the DOE Hanford Low-Level Haste Bur1a1 Swte in. R1ch1and

Washi ngton

No I\t:tion:‘~ .

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

in 32}vgooden _crates unde,r current LBL managenent. practices at a leased warehouse

in »Emeryvﬂ]e, Ca] i'forn'ia‘.‘ After 53 years of storage, the copper would still be. o

radioactive, but at 'leve‘ls undetectab]e by current analyt1ca'l techmques.'

D1sposal of the radioactwe copper would remain an eventuality

" ENVIRONMENTAL IMPACTS:
-Human Health - Public

0. 15 mrem was estunated to result from copper Jewelry An additwnal one time -

The radiol ogica1 impacts to 'public hea]th from the reuti'lizat'ion of the activated -

copper in home vnrmg/plumb'mg, in electromc components, and in jewelry were : o

conservatwe]y esttmated A maximum cumulative population dose e_quwalent of

0.5 person-mrem over 30 years was estimated to result from reuse of: the copper

in home wiring/plumbing; -a maximum. -1ndiuidua1 ]ifetime dose equivalent of .

dose equwalent of 0. 003 person-mrem  to the pubhc would result from.

"transportatlon of the copper to reprocessmg faci'litaes. These dose equiva'lents‘

' correspond to an “additional populatwn fata'l cancer risk of 3x10 7, a maxnnum

individual fata] cancer risk of. 8x107%, and an additional one time populatwn

‘fatal cancer risk of 2x10’°, respectwely. In’ these and other respects that were




 evaluated, radiation effects on public health from reuse of thé copper would be -

inconsequential.

Human Hea!th - Horke:

The individual and cumulative rad1ologica1 rmpacts to workers from reutilization
of the activated copper were est1mated for transportation and reprocessing and

found to be 1nconsequentia'l (r1sk of 2x10‘*3 or 'less)

Air Em1sswons _
‘Hh11e the proposed act1on would result in part1culate a1r emtssions
-(approx1mate]y 640 poundS), the proposed action wou]d have an overa]l
benef1c1a1 impact on air em1ssxons as a result of the ind1rect effect of

averting 1arger particulate and sulfur dioxide emtssions from minlng, m1111ng

and sme1t1ng operatlons of- ‘copper from raw ore.

Water gualitx‘ |
~ Water is not used-dfrect1y infthe reprocessing (i.e:, recyc1ing)‘ofvcopper .
'scrap metal Hastewater; however; is produced'indirectly from'the‘cooling of
' furnaces, machlnery and casting operatlons, ‘and from boi1ers associated with
power p]ants. Genera11y, ‘such water is rec1rcu1ated through coollng towers

‘for reuse, and a ‘small portlon is discharged as blowdown._ Any blowdown wou]d'

meet EPA standards.

Land Use ) v
AAlthough recycllng of the act1vated copper wou]d resu]t in the generatton of

wastes (6,000 to 15,000 pounds), the proposed action may avert the

-

B



comparatively greater generation of wastes associated mth the mning, B
mﬂ'ling, concentrating, and refimng In addition, the variety of so'lid and

hquid waste streams generated from the. three- stage refintng process may be j

avoided.

DETERHINATION. L _ »
- Based on the ana'lyses in the EA, the DOE has determned that the proposed re'l ease

 of 140 metric tons of irradiated copper coi'l uindings for unrestricted
reuti‘lization does not constitute a maJor Federa'l action sigmficant'ly affectmg
the quality of the human environment within the meamng of the Nationa]

AEnv1ronmenta'l Po'licy Act of 1959 Therefore, an Environmenta'l Impact Statement

on the proposed action ‘is not reqmred

.- Issued in I‘lashivngton,"lh).-t‘., this _Zﬁ'_”-: day of-_ . ,"199.:4_— o

LL
/ ara O’Toole, M.D., M. .P H.

Assistant Secretary
Env1ronment, Safety and Health




.Uhitéd.-States" Government- .Department of Energ)

memorandum
ost: - APR 21993 | I C:k‘L.

REPLY TO
ATTN OF: EH 232

suaJECT: ALARA analysis and approval of action to recycle ,cyclotro'h copper.

ro. J- Farley, ER-82 .
| , EH-232 has reviewed the draft EA for the subject action and provided eomments to EH-25 for
| ' ' the consolidation with their comments. As you know, approval for.the action must be
f ' requested under DOE 5400.5 under section IL5.c(6). The EA is generally acceptable as the
| ~ background document for that request (assuming the comments we provided are addressed).
I " 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 unnec&sary 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.

Andrew WalloIl - *
. Director
Air, Water and Radiatiop Division

cc:

R. Strickler, EH-25
M. Kleinrock, EM-22
L. Stevens, EM-331 -

s
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EXAMPLE - High Explosives Authorized Limits




- United States Government . . | - Department of Ene'r'gy'

memorandum

DATE: Ag 29 1993

F«Sgrt;: Jo, Office of Environmental Pohcy and Assistance: Wallo 202 586-4996

SUBJECT: Approval of Authorized Limit and Measurement Protocol for Release and Recycle of
) H:gh Explosives Containing Residual Tnnum :
o 'Ntcholas S. Dienes, Assistant Manager for Techmcal Management Operatlons o
Albuquerque Operations Ofﬁce ‘

My staff have revxewed your transmltta.l of May 30 1995, and subsequent material -
provided by your staff pertaining to your request for approval of authorized limits for
- radiation protection and associated measurement protocol for the release and recycle of
' high explosnves 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 Envu'onment, and have been adequately revnewed under the
- ALARA process to ensure that they are ds low as is practicable.

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 apphcable requtrements
~in DOE 5400 5 including Section II.5.c.(5). S :

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

Tarz OToole, M.D., MPH
Assistant Secretary
Environment, Safety and Health

@ Printed on recytled paper '
. I
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" Date: 8/14/95

- Name .

_ EH-41 Routing and Transrnittal |

To: : _
o aymond Pelletier, EH-41

l{aymond Berube, EH-4
" Peter Brush, EH-1

- Tara O'Toole; EH-I .-

g//s /5/ |

Subject: Approval of authonzed hmrts for release/recycle of hlgh explosrves contamrng
resrdual tritium.

Consistent with’ the requirements of DOE 5400.5, Albuquerque Operatrons has requested

~approval of authorized limits for release of high explosives removed during the dismantlement

of excess nuclear devnses 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 appropnate coordmauon with and
B acceptance by state regulators - . 4 :

We have reviewed the background matenal and worked wrth AL and Pantex staff and ﬁnd the

authonzed lrmlts -and 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
explosrve (HE) material that may be slnghtly contammated with tritium. Although much of

the tritium contamination is on or near the surface of the HE, some of the contamination mayl

have penetrated through the depth of the HE main-charges. Tritium diffusion mto HE is

srmllar to 1ts dlffusron into’ other rnatenals such as metals and plastics.

HE will be sold to mdustrlal users in the mmmg mdustry

Pantex Plant proposes to make this HE avarlable for commercral use, rather than processmg
-the HE on site by regulated open burmng/open detonation. It 1 is anticipated that the recycled '

Recychng of this HE into commercial use wrll minimize waste and is the most cost eﬁ‘ecuve
and envrronmentally sound disposition of the explosrve

AL has proposed an authonzed limit 2 x 107 microcuries of tritium oxide per gram of HE




4

(uCi HTO/g HE) be used to release the recycled main-charges for commercial use. They
proposed that individual HE main-charges be ‘screened for removable beta-gamma ($°-y)
surface contamination and that a criterion of 1,000. drsmtegratlons per minute over an area of -
100 square centimeters (dpm/100 cm?) for removable (B™-y) surface contamination be used to
verify compliance. The 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 mrem/year 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 mrem/year to a resident of the United States. (Individual risks

associated with this incremental dose is well below the frequently use 10 to' 10 lifetime risk

: range for cancer mcldence used in many regulatory actions.)

: Populanon dose and ALARA

The radiological impacts from the recycle option are neghglble The collectxve EDE

" received by the estimated 75 members of the public, including Pantex Plant workers, for ‘

the recycling option is about 1.5 x 10° 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

- exposure from natural radiation background, i.e., 360 mrem per year for the "average” person

in the United States, these members of the public would be collectxvely exposed to an EDE of

©-27x 10"‘ person-mrem.

Itis estlmated that the recycle of these high explosnves wnll save the Department
approxlmately $1,000,000 annually. A

“This action will also reduce the quantity of lngh explosxve currently under gomg open burnmg‘_ :

or detonation by 50 000 pounds per year.

RECOM]\/IENDATION Given ‘the low doses/risks and the high pay back for this . ..
reeyclmg effort, it is recommended that EH approve the authorized limits. '

AL/AL contractors have been coordmatmg the action with the states and have general
agreement; however, the approval should: be on condmon that the states find the action
acceptable :

DOE Forrestal BLDG - GA098
Phone, 202-586-4996 '
Fax, 202-586-3915 . :
'E-mail, andrew.wallo@hq.doe.gov

Air, Water and Radlanon Division _
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 “United St..tes’ Government o T . 'Débartment'of Energy

m em 0 ra n d u m ; o ',Alhuquerque Qpe'rati.on.s.‘O'ffi-ce

' oare: Jm_t 21905

nerv 7o EPD:FHS
ATTN OF: -

.' susJecT: ‘Release Criteria for Volume Tritium Contamination in High Explosives

- Te Andrew Wallo, Dlrector, Alr, Water, and Radlatlon Dwusnon, EH-412 HQ

Your comments of April 26, 1995, have been mcorporated in the attached

report, which should now be suitable for dpproval by the Office of

Environment, Safety and Health (EH-1). Additionally, the followmg summary is
_provided to.complete the As Low As Reasonable Achievable (ALARA)
_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 centlmeters square (1000 dpm/1 00 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. 0x10* mllhrem (mrem) and the collective doses are -
estimated to be less than 2.0X10 person-mrem from the activity at the
‘proposed 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 appropnate ALARA-based value for this
actrvuty :

Pantex and the DOE Amanllo Area Office are coordmatmg this action with the .
’appropruate state regulators :

S0
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Andrew Wallo | .2

. JUC 12195

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. . :

‘Constance L. Soden |

Director S .
Envir_onmental Protection Division

‘Aftach'ment

‘cc-w/attachment (letter only):

M. S. Bange, WMD, AL




| - Analysis to '.Sup'p()r_t .. |
- As Low As _-R.e,és_ona'bl_y. Achievable :
o (A_LARA) Deterr.hinati‘qx.l. B
o for |

Disposition of Tritium-Contatmﬁa‘ted High Explosives

July 7, 1995
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L .INTRODUCTION

There are two options bemg considered for the disposition of tngh exploslve HE)
" main-charges that are produced as a resuit of the dismantlement activities for nuclear
weapons at Pantex Plant. The current method involves removing the HE part and .
~ treating the HE through open burning/open detonation (OB/OD) at the Pantex Plant’s -
Buming Ground. - This option will be referred to as the "open burning” option. The.

second option is to recycle the HE by making it available to commercial users. ‘This
option will be referred to as the "recycle” option.

This analysxs consxders the followmg factors for each option:

1. Radiation doses and risk,

2. Economic factors,

3. ‘Operational constraints, and

4. Societal 1mpacts and percepnons

I . EVALUATIONS 01= OP’I'IONS

A. CURRENT ACI'ION OPEN BURNINGIOPEN DETONATION '

Currently, Pantex Plant disposes of the HE mam-charges by treating them via OB/OD
at the Burning Ground. The Bumning Ground is being operated under a Resource -
Conservation and Recovery Act (RCRA) interim strategy permit and written grant of -
authority issued by the Texas Natural Resource Conservation Commission (TNRCC)
of the state of Texas. This activity releases small quantities of carbon monoxide
- (CO), . carbon dioxide (CO), oxides of nitrogen (NO,), fluorides (F*), chlorides
" . (CI), and airborne tritium in the form of HTO. All reledses of CO, CO,, NO.,.F*, -
and CI" are in full compliance with applicable regulations. 'In addition, the reiease of
the airborne tritium activity is in full compliance with Title 40 Code of Féderal™
- Regulations (CFR), Part 61, Subpart H *Eavironmental Protection Agency ,
. Regulations on National Emissions Standards for Hazardous Air Pollutants - N’anonal
" Emissions Standards for Emissions of Radionuclides Other Than Radon From ~ 2=z °
Depanment of Energy Facilities.” :

OverSOOOOpoundsofHE, contammgansumawd()lu-cum(Ci)ofmnumm -
the form of tritiated water (HTO), were treated of by OB/OD during 1993. The.

OB/OD activities occurred at various times throughout 1993.° The steps mvolved in-
the OB/OD option are hsted below: '

S Y TranspomnontotheBummgGmund and -
rw‘ mmg/detonanon ~ = 9VRT ACHO0 SAHOVAST 77

. . - - -~
- . .
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'Theﬁrstthreesteps oftherecychngopnonhavebeen (andwﬂlbexfﬂusopuonxs-

To determine the potential radxologlcal exposures to the maxxmally 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

OB/OD activities occurred at various times throughout 1993, a single diffuse HTO.
source term was assumed. The HTO.source term was determined by muluplymg the

number of HE parts burned/detonated by an assumed HTO activity of 100 mxcrocune .

HTOperHEpart(pCJHTOIHEpan)

" The annual EDE to the nearest maxxmally exposed member of the public, locmed

about 900 meters (m) northeast of the Burning Grounds, was 5.7 x 10" millirem

(mrem). The collective EDE to the nearby population, estimated to be about 275, 000
resrdmg within a radius of 50 mﬂes, was 1.0 x 10" person-mrem

. The dxsadvantages to this practice are as follows' -

1. The OB/OD operation is permmed by the state of Texas under an interim

agreement; this status may change at any time.

2. The OB/OD assures, that all the tritium is converted to H'I'O form, resultmg in

the immediate release of all of the tritium into the environment.

. 3. The treatment of this HE is a loss of a valuable asset. If this material were to

be replaced, there wouid be potential i 1mpacts on worker safety, envuonmentnl,
' energy, and resources. _

B.  PROPOSED ACTION — RECYCLING omon |

Pantex Plant, in conjunction with Los Alarhosend Lawrence I;rvermore Nanonel
. Laboratories (LANIJLLNL), is proposmg that all HE below a specified bulk tritium
.. contamination of 2 x 10 microcuries of tritium oxide per gram of high explosives

(prHTOIgHB)berecycledtoacommemalHEmanufacm:erforusem .
commercial explosives.  The steps mvolved in the recychng option are listed below:

sze and eonﬁgumuon reducnon to wet powder

Analysis and packaging,

Storage, . ‘

Transportation to commercxal HE rnanufaeturer

Storage of PBX powder,

Processing/fabrication at commercial HE manufacmrer
- Packaging at commercial HE manufacturer,

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

e, 0 .

10 90

approved) performed at Pantex Plant. Although no detailed exposure analysis was
performed for these three steps, it is anucrpated that radrologwal exposures to.

July 7, 1995 2




individual workers would be comparahle to those estxmatod for the storage,
" unpacking, and blendxng operauons examined in scenarios #1, #2, and #4 in
Appendix C of the main report, i.e., “Health-Based Release Criteria for Bulk Tritium-
“Contaminated High Explosxv&s ‘Urinalyses data for workers who are curreatly

petformmg such operations at Pantex Plant show no tritium above detecuon limits,
ie., 10;-10"Ammn. ST

L R e R et e o L veeeo. -

Steps 4 through 9 of the recychng process are schemanmlly represented in Figum 1
and 2 and in Processes 1 through 3. The analyses in Appendix C of the main report
~ * examined possible scenarios by which-members of the public, including workers at
-Pantex Plant, the commercial HE manufacturer, and the explosives end-user, might.
receive a radiological exposure fromthe use of the recycled HE. It should be noted
that these scenarios do not necessarily match the step-by-step process(es) shown in the
flow charts, i.e., Figures ! - 2 and Processes 1 - 3. ‘The scenarios are intended to

- represent exposure possibilities that might exist at- one or more of the proctssmg
- steps.

The analysa in Appendix C of the main report exammed two cases, i.e., a "Worst-
case” and a "realistic” case. Both of these cases used very conservative assumptions.
The "worst-case” wabhshed upper limits of doses that might occur. For the purpose
of this "realistic” analysxs, a set of calculations was performed for each of the _
exposure scenarios using assumptions that were as realistic 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 "life-

- cycle” of the HE durmg "normal® operational conditions. The differences in the
assumptions for the various scenarios used are summarized in Table 1. |

The maximum individual and collective EDEs from the radiological impacts for the
recycle option are negligible. A comparison of the EDEs received by the mmmally
exposed members of the public, xnclndmg Pantex Plant workers, for each scenario
shown in Appendix C of the main report, is presented in Table 2. It should be noted -

that for this analysis the occupationally exposed workers at Pantex Plant are - —=gw::: ]
* considered to be members of the public. Therefore, no attempt was made to exclade -

their occupational exposures from this option. For the "realistic” analysxs, the

- collective EDB to the members of the public for the same scenarios is summarized in
Table 3 .

For the recycle option, themax;mumEDEreoavedbyaworlmratPantexPlantwas | .

3.8 x 10 mrem; 1twas49xlo‘mremforthemanmallyexposedoff-memembet :

of the public. These annual EDEs are much less than 1% of the apphmble primary
dose limit for. membess of the public, i. .., 100 mrem, pmmulgated in DOE 5400.5:-_
“Radiation Protection of the Public and the Environment® and in Title 10 Code of =
Federal Regulanon (CFR) Part 20 "Standards for Protecnon Agamst Radiation.”

—~—
. _a..a"
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‘They are also well below the 30 mrem in a year DOE dose constraint for rel&se of
_ property. -

" It is estimated that about 75 members of the public, inciuding Pantex Plant workers,

could receive some radiological exposures as a result of the recycle option. - As shown

- in Table 3, the total collective effective dose equivalent for this opnon is about

1.5 x 10° person-mrem. By comparison, this same population is collectivel sed -
Y €xpo

to 2.7 x 10** person-mrem, assuming an "average” natural background radiation of
360 mrem. .

Tuly 7, 1995. ) Y S -
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_Tetium (,Ci HTO%g HE)
. Storage:

Mass of HE Stored (Ibs) .

Ventilation Air Changes (#/d) - 10

_ Exposure Period (hrafd) | s

Manuai Unpacking: A
_Air Mixing Volume ). =~ | 10
. Bags of HE Opened (#/d) . . . . 10

| omWeetwwm | ow e
| Airborne Dust Loading (mg/m") ‘ 10 1 —I '
' Respinatory Protection Factor (RPF) 4 o 10 —I
1

B © 'Exposure Period (hra/d) s 1
w(dly) . w0 | . o«

' Addiog Wet PBX to Slarry: T
Exposure Period (hra/d) .8 - 033

s Doty 1w | w |

; Inadvertent Ingestion of Slurry: o

Quantity Ingested (g/d) - 0.01 oo |

| Evenss (Sly)) 20 12 .

Skin Exposure to Splashed Slurry: _
Exposure Time (min) =~ - 1o s

e .
- Dust Plume from HE Explosion:
' Mass of HE Used (Ibs)

Days Worked (d/yr) h 240 %

' Wind speed (mfsec) 2. 45 ._
| Esplosions (k) - L LA

NOTE:. lemAppeudkCofmemmnfordaaﬂs'ofmemm used in these analyses.

L7
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- PanmPreparanon(SeeNote) e

68x10°

 1: Warehouse Swtage e

S 1.4x 10°

g 1‘_t|.;-< -‘.ﬂﬁ.‘. .

9.6x 10°

| 2: Unpacking of HE 20x10° | ‘87x10¢ 1 |

{ 3: Mixing/Crushing (Airborne) a6x10* | 46x10* |

{ 4: AddmgWetPBXtoSlurry .. 33x10° | . 29xi0° | -
| 5: Ingestion of Slurry 92x10%. 4.6x 107 ;l

| 6: Skin Splashed with Slurry 15x10° 49x10° |
:_ 7: Dust Plume fro:h Explosive Use : 18

NOTE. W’ﬂxmeexzepnonofthe'm-cau doaequxvalent.thevalnuusedfor'l’anuxl’nm
mnmplythomofﬂmvahmformmaﬂ.ﬂ,and“oprpendaC. ‘

TABLE 3: COLLECTIVE DOSE EQUIYALENTS — REALISTIC ANALYSIS.

I 1:1x-108

- 1.7 x.10%

‘46108 |T

B | 4: Adding Wet PBX to Slurry -

29x 10*

Ingstionbfsmrty- o

' 46x10% |

6: sms;;mmmsn ot T

. aettwti $

- 49%10% |.

7: Dust Plume from Explosive Use‘

Tuly 7, 1995
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RADIOLOGICAL IMPACI‘S o

'The radiological unpacts from the recycle or OBIOD optxons 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 tadius

of the OB/OD activities. The collective EDE for members of the public from the

recycle option is estimated to be about 1.5 x 10° person-mrem. It is estimated to be

about 1.0 x 10" person-mrem for the OB/OD option. If it is assumed that the
"average®” person in the United 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 5O mile radius of the
OB/OD activities could be collectively exposed to an EDE of 9. 9 p 10*7 man-mrem

. from natural background radiation.

For low level exposnre to tritium in the form of tritiated water, i.e., HTO, the use of
Straume’s “most probable risk® of cancer monahty, i.e., 8.1 x 105per
mﬂhGray (mGy) [8.1 x 10”7 per mrem, assuming a quahty factor (Q) of 1], is
appropnate Using this risk factor and the collective EDE for the OB/OD option, -
i.e., 1.0 x 10" person-mrem, a lifetime cancer mortality risk to a member of the

" public is estimated to be 8.7 E-08, i.e., 1 in 10 million. Likewise, using Straume’s
risk factor and the collective EDE of 1 .5 x 10° person-mrem for the recycle option, a
"hfenmemncermomhtynsktoamemberofthepubhcxsmmatedtobe125-09

ie., 8 in 100 million. By comparison, the normal risk of cancer mortality froman
mnogemcsourcmxsaboutOZStoO% ie., 11n4tolm3

N ECONOMIC COSTS

The cost of the OB/OD. option is based on the labor reqmred to transfer the HE to the

Burning Ground and to burn/detonate the HE. This cost is estimated to be $9.75 per
pound. Assuming 50,000 pounds of waste HE per year are treated by this option, it

: 1sesnmatedthatPannexPlamwouldmcuracostaboutwsooperwaorthe

OB/OD option.

" Forthe recycling option, it is assumed that Pantex Plant recycla SO,OOOApounds'of .
" HE per year. The assumed selling price of the recycled HE is estimated to be $15.00

per pound. Therefore, the net annual cost benefit to Pantex Plant is estimated to be -
about$1000000peryar Th;snetgamwasmlculaxedasfollows

'Net Gain/yr = 50,000 lbs/year{Sale value/lb + Avoxded
‘ : _ Treatment Costs/Ib - Recycle Cost/1b] .

$1,000000yr =  [50,000-Ibs/yri[S15/Ib (sale price) + $9.75/M
. : . (treatment cost) - $4.75/1b (recycle cost)]

July 7, 1995 | 12
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. ormconsmmnous |

There are other, lecs langible, but neverthelecs unpomnt, factors that shonld betalm
~ into account when considering the costs, risks, and benefits of these options. The
OBIODopnonpmtsanumberofpotennalproblemsmaddmoutoﬂleemsmnof

HTO from this activity. Therearealsosomechexmealeonsunwnts,x.e.,co co,,

NO,, F‘ and CT?, thatarereleeseddunngtheOBlOmee&.

The OBIOD of chemical andlor radmactxve waste matenal, ‘however i xnnocuous, is
distasteful to members of the public. If the OB/OD option becomes unavailable,

'dxsposal of the HE as radxoacnve (or perhaps xmxed) wasne would be very expensxve |

Txeatment of tie HE by burmng/demnanng it is a loss of a valuable resource. Salel
of recycled HE would be an important building block in the Pantex Plant Technology
Transfer Program. It would also strongly support the Secretary of Energy’s
Economic Competitiveness Program. Also, the availability of recycled HE would

- reduce or eliminate the need for HE users to purchase this material from the People’
" Republic of China. '

F‘mally,thexearesmaﬂbutﬁmtensks‘tbmeworkefsandtotheelmmnment,and

resource and energy costs that would resuit from the chexmml proeessmg needed to
manufacture replacement HE. '

| SUMMARY AND RECOMMENDATIONS

Themdmlognldoseeqmva]entsandthewonounceostswmembemofthepubhc

_ aresummanzedm'l‘able4below

1.0 x 10* 4875 i
1.5x10" 3

The mdmdual and collecnve EDF.s for either the OB/OD or recycle opnons are
- -negligible. - However, the EDEs from the OB/OD option-are likely to be-lessz:  —.-=—-
aeeeptabletothepnbhcpemepuonthanthosefmmthereeychngopuon Etonomic.
costs, assuming that the OB/OD option remains available, strongly favor the recycling
effort.  With OB/OD option, it would cost Pantex Plant about $487,500 per year to

'Iuly 7, 1995 13
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dlSpOSC of 50,000 pounds of waste H‘E If Pantex Plant were to recycle the same
amount, it would realize a net gain of about $1,000,000. This net gain iricludes a

" cost avoidance of about $487, 500 that would not Have to-be spent on the OBIOD
Opnon .

" Therefore, Pantex Plant, in conjuncuon with LANL and. LLNL mommend that HE

- resulting from the dismantlement activities of nuclear weapons at Pantex Plantbe - -
released to the commercial 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 tnuum
contamination less than 2 x 10 uCi HTO/g HE and had removable tritium

contamination less than 1,000 dxsmtegmnons per mmute over.an area of 100- square.
cennmeters (dpm/ 100 cm’)

e
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HEALTH-BASED RELEASE CRITERIA
 FOR

BULK TRITIUM-CONTAMINATED HIGH EXPLOSIVES |
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EXECUTIVE 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 i is '
similar to its dlffuslon into other materials such as metals and plasncs - i
Pantex Plant proposes to make this HE avaxlable for commercxal use, rather than procwsmg
the HE on site by regulated open bummg/open detonation. It is anticipated that the recycled
HE will be sold to industrial users in the mining mdustry The industrial users, depending
upon their requuements may requxre further processing of the HE into products required for

‘their apphmou(s)

Rec)clmg of this HE into commercial use will minimize waste and is the most:cost effecuve

- and environmentally sound disposition of the explosive. Pantex Plant, in conjunction with

Los Alamos and Lawrence Livermore National Laboratories (LANL/LLNL), has developed
dose-based release criteria ' for tritium-contaminated HE. This document presents the

technical basis for rel&se criteria and associated measurement techmques

. Pantex Plant, LANL, and LLNL jointly recommend that a release cﬁterion of 2 x 10°
- microcuries of tritium oxide per gram of HE (xCi HTO/g HE) be used to release the

recycled main-charges for commercial use. We also recommend that individual HE main-
charges be screened for removable beta-gamma (8™-y) surface contamination. Itis T
recommended that the release criterion of 1,000 disimtegrations per minute over an area of
100 square centimeters (dpri/100 cm?) for removable (8™y) surface contamination, 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 acmnty

greater than 2 x 10° uCi HTO/g HE and/or removable (8-y) surface contamination in m.'
of 1,000 dpm/100 cm® would be released to the commercial market. The use of both cntena
provides the most envxror_xmentally sound and eost-effectrve approach for the tecyclmg of i

_ mam-charge exploswe.

. The samplmg protocol and methodology used by Pantex Plant have demonstrated that the .

removable 8~y surface release criterion of 1,000 dpmllOO cm? surface contamination shonld
be used as an indicator of bulk tritium activity in HE main-charges. Depth proﬁle Lo
experiments have indicated that, if the removable tritium surface contamination is less than
1,000 dpm/100 cm?, the volume contamination at depth does not show a bulk tritium activity
greater than 2 x 10? uCi HTO/g HE. AssunnngthattheenureHEmmn-chargehasbulk
tritium activity at this value, all of the radiation exposure scénarios evaluated by this group
indicate that the maximum annual effective dose equxvalent (EDE) (H,) for a member of the. -
public is much less than 1 millirem (mrem). The prithary dose limit from all radiation

Iuly 7,1995 - 1




+ determination, the maximum annual EDE received by a worker at Pantex Plant was

‘attempt was made to exclude theu oecupanona.l exposures from the proposed recychng
option.. o

- The tadiologiml impacts from the fecycle option are negligible. The collective EDE

A yleldsacollecuvenskofmncermomhtyofIZx 10%, ie., 8 in 100 million. By

‘exposure from a practice is unwarranted. This level of risk is defined as the Negligible-
Individual Risk Level (NIRL) and corresponds to an annual EDE of 1 mrem. The annuai

sources and pethways for members of the pubhc, as promuigated in DOE 5400.5 and i m Title -
10 Code of Federal Regulation (CFR) Part 20 "Standards for Protection Against Radiation,”

s 100 mrem annuai EDE. - Included in this primary dose limit is the exposure limits from all

-sources of DOE airborne emissions, i.e., 10 mrem, and all radionuclides in the drmkmg
 water pathway, ie., 4 mrem.

c——
. ———

— e

Based upon the analysxs to support an As Low As Reasonably Actuevable (ALARA)

z¢

be £ 2

3.8 x 10° mrem while it was 4.9 x 10° mrem for the maximally-exposed member of the .
public i.e., industrial user. It should be noted that for this analysis- the occupationally -
exposed workers at Pantex Plant are considered to be members of the public. Therefore, no

50T

.-

received by the estimated 75 members of the public, including Pantex Plant workers, for the
recycling option is about.1.5 x 10 person-mrem. When compared to the radiological
exposure from natural radiation background, i.e., 360 mrem per year for the "average® -

person in the United States, these members of the public would be collecuvely exposed to an
EDE of 2.7 x 10** person-mrem. * ~ .

B -.-..m-

If the assumption is made that some risk of radiation induced cancer occurs even at such low

dose levels, the best estimate of the lifetime risk of fatal cancer for low level exposure to
tritium in the form of HTO is 8.1 x 107 per millirad (mrad) [81x10"’pe:mrem(assmmng
a quality factor of 1)]. Using this risk coefficient, the lifetime cancer mortality risk factor -

—~—a

comparison, thenomalnskofmeermomhty fromansources 1sabout0?5 to 0.33, x.e.,
lm4mlm3

- The Depanment of'rtanspomnon (DOT) has not unposed any speexz.l regulanons for tntmm

at this low level. Other than the normal pbsting requirements for a contamination area-(ifithe
femovable tritium contamination is greater than 10000dpm1100cm’)andrequxredbmamy
sampling for tritium, speexal handling, labeling, and/or posung xeqmremems are not “"ﬂl’:‘;

necessary for work activities on HE main-charges. |

The National Council on Radiation Protection and M&surements (NCRP) in NCRP Rqort '
No. 91 "Recommendations on Limits for Exposure to Ionizing Radiation,” recommends ' -~

_ recognition of a level of annual EDE below which further effort to reduce individual. s+ I

Y MR

EDE for all scenarios evaluated for members of the public was much less than 1 mrem..

Therefore, potential exposures to the public from the recycling of HE with a maximum bulk =

tritium activity of 2 x 10° xCi HTO/g HE should be excluded from further consideration. -

. P e
“ve .- . . . ralases
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CONCLUSION

' Pantex Plant, LANL, and LLNL conclude from the expenmental data that the volume

contamination at depth for all HE main-charges examined do not show a bulk tritium activity
greater than 2 x 10° 4Ci HTO/g HE. Even if tritium were uniformly distributed throughout

“the HE main-charge at 2'x 10% uCi HTO/g HE, it is conservatively estimated that the annual

EDE for a member of the public would be much less than | mrem. 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 from all sources of DOE airbomne emissions, i.e., 10 mrem; and
all radionuclides in the drinking water pathway, i.e., 4 mrem. The potential doses to . v+
members of the public from all activities assocxated thh the recycle of HE are well below

: these limits.

R e
.. o

The vast majority (96%) of HE mam-charges that were measured for removable surface
tritium contamination were below the removable g~y surface release criterion set by DOE"
5400.S. In fact, the majority (66%) of the HE main-charges had surface tritium
contamination levels that were indistinguishable from the background measured in virgin,
uncontaminated HE. Based on this data, this will allow over 95% of the Pantex Plant HE
main-charges, obtained from w&pon dismantlement, to be recycled and sold to commemal

RECOMMENDATIONS

' Pantex Plant, LANL, and LLNL recommend that the removable 8-y surface. rel&se criterion

of 1,000 dpm/100 cm?, promulgated in DOE 5400.5, be used as the screening criterion for
HE main-charges. This unrestricted release criterion, in conjunction with a bulk activity

~ limit of 2 x 10 uCi HTO/g HE, should be used as an indicator of bulk tritium-
- contamination in HE resulting from nuclear weapons dismantlement. In addition, to venfy
- the bulk tritium contamination in HE, it is recommended that a tritium assay be performed
- on the machined HE powder on a lot-by-Jot basis to verify bulk tritium activity. Finally, it

is recommended that all stored batches of HE be statistically re-sampled and analyzed befoxe
off-site release for commercial use to confirm that the bulk tritium activity is less than
2 x.10? uCi HTO/g HE. The use of both criterion provides a substantial safety margin for .

the release of this material and 'is the most environmentally sound-and cost-effective approach
for the disposition of bulk tritum-contaminated HE.

——t
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- reduce the cost of treatment and would provide a mechanism for capital recovery of a

monucﬁON |
At the present time, the primary mission of Pantex Plant is to dismantle nucl&r w&pons that

are no longer needed for the defense of the United States, Dismantlement activities are in
support of the Intermediate-Range Nuclear Forces (INF) Treaty and the Strategic Arms

Reduction Treaty (START) between the United States and the former Union of Soviet - —~

Socialist Republic (USSR) to reduce their recpectxve stockpxles of nuclear, conventxonal, anﬂ——"
chemical weapons. , SORE

-~—-‘-—-

Dismantlement a.cnvmes ptoduce a variety of matenals mcludmg l'ugh explosxves (HE) that

. could be salvaged and released to the commercial market for recycling. ‘Some of these

materials may be contaminated with residual radioactivity, either on the surface of the

. materials or in bulk. At the present time, the only residual radioactivity criteria for the

release of materials to the public are promulgated 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 "... material that has been
contaminated in depth ... may be released if criteria and survey wchmques are approved by
EH-1."

—

A number of dxfferent matenals are released by Pantex Plant for recyclmg after the surface |

release criteria of DOE 5400.5 are met. Currently, there are no mechanisms for the salvage

or recycle of HE from DOE nuclear stockpiles. Pantex Plant, in cooperation with Los

Alamos and Lawrence Livermore National Laboratories (LANL/LLNL), proposes to expand -

the materiais recycling program to include HE. This recycling effort would significantly

national asset. Through the year 2000, DOE will generate several hundred thousand ponnds

- of excess high quahty HE from the dismantlement of its nuclear wmpons. .

‘ ItxsanncxpatedthattherecycledHwallbesoldtomdustnalusexsmtheuumngmdusuy

Figure 1 shows the overall HE recycling activities that are anticipated to occur at Pantex=

. Plant. Figure 2 provides a breakdown of the activities that are anticipated to occur at the .

industrial user’s facilities. The industrial users, depending upon their requirements, may or
may not reprocess the HE into products  required for their appheanon(s) .Process #1 through'
#3 show the anticipated processes that may occur at the industrial user’s facilities. Process
#1 involves the use of the PBX as received from Pantex Plant. In Process #2, the PBX .
binder would be removed so that the industrial user could obtain the HMX. Process #3 - -

involves the dissolution and recrystallization of the PBX received from Pantex Plant with -
_subsequent reformulation into new PBX. As indicated in Figure 1, it should be noted that
. some reprocessmg of the HE may occur at Pantex Plant. If this is required, Pantex Plant -

will use existing facilities and processes 10 perform this task. Therefore, no new famhnel
and/or processes are anncxpated at Pantex Plant. -

July 7, 1995 o -4
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_At Pantex Plant, some of the HE is shghtly 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 penetrate metals and plastics
ina sumlar manner. ,

Historically, the surplus HE from nuclear dismantlement activities is dexmhtanzed and
sanitized, if necessary, and then treated and managed as a waste, not a national asset. - :
Surpius DOE explosives that have been classified as waste are treated by open buming/opea

. detonation (OB/OD). This activity releases small quantities of carbon monoxide (CO),

carbon dioxide (CO,), oxides of mtrogen (NO,), flucrides (F™), chlorides (CT' '), and airbomne

tritium in the form of HTO.

Al releases of CO, CO,, NO,, P" and CI"! are in full comphance with the Resouree

Conservation and Recovery Act (RCRA) interim strategy permit and written grant of :
authority issued by the Texas Natural Resource Conservation Commission (TNRCC) of the
state of Texas. In addition, the release of the airborne tritium activity at Pantex Plant is in
full compliance with Title 40 Code of Federal Regulations (CFR), Part 61, Subpart H
*Environmental Protection Agency Regulations on National Emissions Standards for
Hazardous Air Pollutants - National Emissions Standards for Emissions of Radionuclides
Other Than Radon From Department of Energy Facilities.”. This regulation limits the annual
effective dose equivalent (EDE) (Hy) [End Note 1] for all airbomne radioactive emissions
from a DOE facility to 10 millirem per year (mrem/yr) to the nearest member of the genexal

- . public. "All airborne radioactive emissions, either individually or in combination, arising

from normal operations at Pantex Plant do not exceed levels which could cause an annual

EDE to the nearest member ot‘ the general pubhe in excess of 0.1 mrem.

PantexPlant,LANI., andLLNLproposetousetheemungremovablesurfaceeomammanon'_

criterion of DOE 5400.5, namely, 1,000 disintegrations per minute over a 100 square

centimeter area (dpm/100 cm®) for beta-gamma (8-y) emitters, as the screening basis for
‘tecychngHEmam-charges. ‘This is a factor of 10 below the recommendation for removable

tritium surface contamination found in DOE Handbook aner on Tritium Radxologuzl

' Fundamentals' (FSC-6910, Iuly 1993).

All HE main-charges that show removable tritium surface contamination less than or equal to

. the DOE 5400.5 3-y release criterion would be processed by fiuid-jei and/ur wei-machining

to produce a wet powder slurry. Each batch of wet powder slurry would be sampled and.
analyzed to confirm that the bulk tritium activity does not exceed 2 x 10 microcuries of

tritium per gram of HE (uCi HTO/g HE). If the bulk tritium activity is less than or equal to

2 x 10? uCi HTO/g HE, the wet HE would be packaged in plastic bags and approved

- shipping containers. The HE would then be released to the commercial market. All HE

main-charges that exceed the removable 8~y surface release criterion in DOE 5400.5 would

be disposed of by altemate processes. It should be noted that the machining, sampling and
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-énalysis, and packaging operations for the proposed recycling of the HE are existing

- alternative disposal (or treatment) processes, in lieu of OB/OD, must be developed and x

R N

operations at Pantex Plant.

If Pantex Plant is not allowed tO‘usé the existing removable surface ”contamination criterion
promulgated in DOE 5400.5, namely, 1,000 dpm/100 cm? for 8~y emitters, costly

PR

brought on line quickly to prevent undesirable HE accumulation. This proposal is consistent
with the desire of Pantex Plant, LANL, and LLNL to improve disassembly processes, st
minimize waste, recycle our national;es‘ourm, and protect the public and the environment.

e

ceewgmn

PROPERTIES OF TRITTUM T

The element hydrogen (H,, commbniy referred to as protium) has an atomic number of 1

and an atomic weight of 1 [End Note 2]. It has two heavier isotopes associated with it,

namely, deuterium (D or 2H,) 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 naturally in the environment and
is also produced by man-made processes (see Appendix A).

Tritium decays to non-radioactive helium-3 (He,) by exriitting_ a very weak, low-energy beta
- particle (8°) that has a maximum energy of 18.6 kiloelectron voits (keV) and an average

energy of 5.7 keV. It does not emit any other form of radiation. Tritium has a radioactive
half-life of 12.26 years; therefore, half of the radioactivity of any initial amount of tritium
will decay naturally to *He;, 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 incorporates into the water present in the atmosphere to form tritiated water
(HTO). The HTO falls to earth with rain and follows the same environmental pathway as
regular water (H,0). - Nearly all tritium present in our environment is in the form of HTO.

BULK TRITIUM ACTIVITY IN HIGH EXPLOSIVE MAIN-CHARGES

~ Dismantlement of nuclear wmpons at Pantex Plant removes the H‘E main-charges from the .

physics packages. Some of the weapon designs result in the HE main-charge becoming
contaminated with low levels of tritium in the form of tritium oxide (HTO). Although much
of this tritium cofitamination is at or near the surface of the main-charge, 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 surface contamination on the.”

July 7, 1995 - | 11




S\

| . Table 1 shows the results of the wet surface swipes. An analysis of the data showed that the

L4

HE main-charge and the level of triﬁuméctivi& asa functiorj of depth in the .volume of the

-——

“The surfaces of the HE main-charges- from various w&pons designs have been monitored

routinely for the presence of removable tritium surface contamination. The W68 program

‘was chosen for additional study because of its hisiory for HE contamination from the tritium
- reservoir. At least two areas with the highest suspected tritium contamination were measured

for removable tritium surface contamination using a standard wet swipe technique. A total of -
123 W68 HE main-charges were surveyed for removable tritium surface contamination.
data were log normally distributed. About 96% of the HE main-charges had removable
tritium surface contamination l&s than or equal to 1,000 dpm/100 cm®.

| Range tpm100 cm) ——

. 'rhe analytml method ie., hquxd scmtillanon coundng, used to detect tritium activity on
. wet smpa is subject to some interference due to the chemicals in the HE and to electronic

“noise” in the detection system. In order to account for these interferences, a series of wet -
swipes weretalmnonvxrgmHE of the same composition as that used in the W68 program.
Though this was virgin, uncontaminated HE, wet swipe resuits fell in the range of 0 to.
42 dpm/100 cm? above the levels measured in blank samples that contained only liquid

_ scintillation. cocktail. nsevahmareveryclosetoﬂielowethmnofdetemonofme-

method and probably reflect chemiluminescence and electronic noise in the measurement, -
Interestingly, 66.7% of the values from the 123 W68 dismantlement main-charges fell in the
same range. This analysis suggests that the majority of HE from disassembly willbe -
mdxsnngmshable from the 'background' levels measured in virgin, uncomammated HE.

Tritium, by its nature, wi]lnugmtemtoHEmmn—chargwasndoawnhmaals plasncs,

‘and other hydrogenous materials, thus causing the HE main-charge to become contaminated

in bulk with tritium. To measure the depth of penetration, duplicate depth profile

measurements on two HE main-charges with appreaable removable tritium surface
contamination were performed. A series of concentric rings of HE, about 0.1-inch (in.) in .

| thxcknasby03-m.h1gh, weredrymadunedfmmtheequatorofmhﬁsmmn-cmge.
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- The material from each concentric nng was collected dissolved in dxmethylsuaoxxde
(DMSO0), and analyzed for tritium usmg hqmd scintillation counnng

In addmon, virgin W68 HE was sampled dissolved in DMSO, and analyzed )v lxq\nd
scintillation to establish a 'background" for the vxvgm HE. Dependmg upon :ha

. "background” counts for the virgin HE, the sampl.. size, counting time, and ce:ector '
- counting efficiency, th: "background” level found in the virgin HE ranged from 1.9 x 10% to
2.9 x 10 ¢Ci HTO/g HE. The virgin HE "back: round” was subtracted from the gross HE

analyses to determine :ae actual tritium concentrar:on in the contaminated HE main-charges.
The highest bulk tritium activity was measured ne-r the outer surface of the E= main-charge, -
with the bulk tritium activity decreasing fairly uniformiy with depth. The builk tritum .
activity ranged from 9.7 x 10 t0.1.0 x 10° uCi ETO/g HE above the "backgl ound” for the

-_vxrng-lE

Addmonal depth information was obtained by analvzmg machmmg scxap Sxx HE main-
charges from the W68 program were wet-machined, using a steel cutter cooled with water, to

“produce a wet, spongy, flocculent powder.. The wet powder was sampled, dissolved in

DMSO, and analyzed using hqmd scintillation counting. In a similar manner, virgin W68
HE was sampled, dissolved in DMSO, and analyzed by liquid scintillation to establish a -
"background” for the virgin HE. This "background” was subtracted from the gross HE
analyses for the contaminated HE main-charges. As shown in Table 2, the six wet powders
showed bulk tritium activity that ranged from 3.7 x 10° t0 2.2.x 10* 4Ci HTO/g HE above
the "background” for the virgin HE. The geometric mean (m,) of the wet samples shown in
Table 2, where m, = anulog L‘log x,IN was 9.6 x 10° uCi H’I'OIg HE. K

- Sample drymg also effects the trittum content of the contamxnated HE wet powders Portions = :

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 Table

2, the bulk tritium activity for the dry samplesofHErangedﬁomBleO"tolelO‘

. #Ci HTO/g HE. This bulk tritium activity for the HE samples that were dried is about 5 to::

60% lower than the wet samples above the “*background” of the virgin W68 HE. The
geometric mean (m,) for the samples that were dried was 6.0 x 10°® xCi HTO/g HE.
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' PartNumber“’ WetSamplw
. . (uCi HTO/g HE)

22X 104

68 XXX-XX04 | 82x10% |  4.5X.10°
68-XXX-XX44 | . 1.5X10* 1.0 X 10
68-XXX-XX-20 - f§  72X108 5.1 X105

- 68-XXX-XX-41 3.7X 105 3.5 X 10°
g ' ' ‘. s '
esxxxno<49 x1o* A ssxie

“’The actual serial numbers for these parts are classified.

@The serial number for this part is not the same as the serial number for the
similar part in Table 3.

Flmd-;et mac!umng is. anothet method that may be used to reduce HE mam-charges to

. powder. In this process, high-pressure water is used as the cutting medium instead of the

steel cutter used in the wet-machining process.. 'I'lusproc&csxsfasmt uses substantially less.

water, and produces a wet slurry of HE with pamcle sxzes rangmg upto 7 xmlhme:em (mm)

in diameter.

Three HE mam-charges from the W68 weapons program were ﬂmd-;et machined. Multiple-
samples of the slurry from each HE main-charge were dissolved in DMSO- and analyzed by
liquid scintillation counting. DMSO solutions of virgin W68 HE were also analyzed by
liquid scintillation counting to establish a *background® for the virgin HE, This . ~ ~°
*background” was subtracted from the gross HE results for the contaminated HE main- - q',
charges. As shown in Table 3, the contaminated HE samples showed bulk tritium activity -

. that ranged from 9.5 x 10 to 1.8 x 10 xCi HTO/g HE above the virgin HE "background.”
- The geomemc mean (m,) of the sampl&s shown i in Table 3 was 2. 9 x 10* uCi HTOIg HE.
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16X 10%
18X 10°
9.5 X 10°

|

|

] A

| 1i1x10¢
1

|

ﬂ

1.4X10¢
1.6 X 10*
1.3X 10

:

“"Die actual serial numbers for these parts are ciassnﬁed.

@The serial number for this part xs not the same as the serial number for a.
sxmﬂar pan in Table 2. A

The analytical mults for bulk trmurn actmty from the fluid-jet and wet-machnung pmcmses

confirm the results of the depth profile analyses. The highest wet bulk tritium activity found

- to date is 1.8 x 10? uCi HTO/g HE with the geometric mean (m,) for the different
- machining processes rangmgfmm96x 10°t0 2.9 x IO‘uCiHTOIgHE.

 These mmsurements clarly show that, even for HE mam-charges with the lughest wet - ¢

surface swipe levels for removable tritium, the amount of tritium in the bulk material is

very
- low. In all cases, the bulk tritium activity has been less than 2 x 10° xCi HTO/g HE with-

the average geometric mean (m,) being 1.9 x 10* xCi HTO/g HE. Based on these.

-measurements, most of the bulk tritium activity is expected to be on the order of about

10x 10”tol.0x10‘y.C1HTOIgEE.

As part of Pantex Plant dxsmamlement quality control (QC) system surface contamination

~ measurements will continue to be made. Any HE that shows removable tritium surface

contamination greater than 1,000 dpm/100 ¢m? will pot be sold to commercial industry.

Further, bulk tritium analyses will be performed on a "batch-by-batch” basis to ensure that

theHEd&nnedforsaleconmnsbulktnuumactmtyl&smanorequalto
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© 2x 107 4Ci HTO/g HE. Appendix B shows the procedures that are and will be used to

- determine the removable tritium surface contamination and the bulk tritium activity of the HE

mam—chargw

PATHWAY ANALYSES FOR UNRESTRICTED RELEASE

To determine the- potential exposure 1o members of the public from the unrestncted release of -
the trititum-contaminated HE, a number of scenarios were examined. In each scenano

examined, pathways by which tritium could be inhaled, ingested, or absorbed through the

skin were examined. Each scenario included assumptions that resulted in calculated results

, based on a "worst® case and a “realistic” case. The exposure scenanos included:

Storing HE in a poorly venula:ed warehouse, :
. Unpacking sealed containers of HE in a poorly vennlated area,
Mixing or crushing operations for dry HE, -
Adding wet PBX to a HE water slurry,
-Inadvertent ingestion of HE water slurry,
Splashing of HE water slurry, and
. Dust plume exposum from explodmg HE.

NOME LN

Very conservative assumptions were used to model the possxble transfer of tritium activity

from the HE to a hypothetical member of the public. The assumptions in'the "worst-case"

provide the upper bounds on the doses that may resuit from the unrestricted use of the HE.
However, the “realistic® assumptions reflect the anticipated exposure conditions during the.
“life-cycle® of the HE during "normal” operational conditions. The results from "realistic*

.mwxnbeusedtodetennmememostpmbableexposumtomembers of the public.

Appeadut C provides the assumpuons and condmons for the pathway analys&s.

" ‘The results of the pathway analyses may be found in Appendix C. The So-yw commmed

effective dose equivalents (CEDEs) [End Note 3] ranged from 4.6 x 10° to

4.9 x 10* millirem (mrem) for the maximally exposed individual. However, since the 10"
day effective half-life {(End Note 4] of tritium results in-the 50-year CEDE being delivered
within about 100 days, there is no significant différence between the first-year EDE (Hg) and
the 50-year CEDE. Therefore, the SO-yw CEDE shall be referred to humﬁer as the

‘annual EDE.

‘The maximum annual EDE foraworkeratPantexPlant, i.e., 3.8 x 10° mrem, resulted

from exposure to HTO during the preparation of the HE for recycle by Pantex Plant. It -
should be noted that 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. For a manufacturer’s worker, the highest credible annual
EDE received was about 4.9 x 10° mrem. This anticipated exposure resulted from the skin-
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- DOE 5400.5 and in Title 10 Code of Federal Regulation (CFR) Part 20 "Standards for
- Protection Against Radiation."

- testramtforrel&seofpropexty (RESRAD)

_public is 1.5 x 10° person-mrem. Using Straume s risk coefﬁcxent of 8.1 x 107 per mrem
P

" being splashed with HE slurry (scenario #6). These annual EDEs are much less than 1% of

the applicable pnmary dose limit for members of the public, i.e., 100 mrem, promulgated in’ |

They are well below the 30 mrem in a year DOE dose oz

ca e ——

The ectabhshment of risk factors for doses hundreds of times lugher than those discussed in

" this document is complex and incompletely understood. Thus, the estimation of the nsk of

radiation-induced cancer from such low doses is subject to great uncemnnty S
The Nanonal Reswch Council’s commmees on the onlogn:al Effects of Iomzmg Radxanons
(BEIR) in its BEIR V report "Health Effects of Exposures to Low Levels of Ionizing prvalal
Radiation” (BEIR 1990), stated that "... the risk depends on the particular kind of cancer; on
the age and sex of the person, exposed on the magnitude of the dose to a particular organ; on .
the quality of the radiation, i.e., quality factor; on the nature of the exposure, whether brief
or chronic; on the presence of factors such as exposure to other carcinogens and promoters

——

that may interact with the radiation; and on individual characteristics. The estimates of the

risk of cancer must rely on observations of cancers of different kinds that arise in the

irradiated groups, combined with biological knowledge and theones of possxble eanoet
mducuon mechanisms. *

" BEIR V also states that *Moreover, epidemiologic_ data ca;mot rigorously exciude the
. existence of a threshold [for radiation health effects] in the milliSievert (mSv) [100 mrem]
_dose range. Thus, the possibility that there may be no risks from exposures comparable to:

external natural background radiation cannot be ruled out. At such low doses and dose rates,

it must be acknowledged that the lower lnmt of the range of uncertainty in the nsk esumatel
extends to zero.”

L

If one makes the assumpuon that there is some nsk of mdxauan-mduced cancer at dose levels
that are a small fraction of natural background radiation dose levels, the best estimate of the
lifetime risk of a fatal cancer from exposure to tritium is probably that of Straume (Straume- -

. 1993). Straume’s *most probable risk” of cancer mortality for low level exposure to tritium

in the form of tritiated water (HTO) is 8.1 x 10 per milliGray (mGy) [8.1 x 107 per mrem '
assuming a quality factor (Q) [(End Note 5] of 1]. Since a Q of 1 was used in the calculation
of the dose equivalents in these scenarios, the calculated dose equivalents (mrem) are equal

to the doses (mrad). Thus, the above risk coefficient can be chrectly apphed tothedose = _
equivalent values o : _ o L

-—'

Itis ecumated that about 75 members of the pubhc, mcludmg Pantex Plant workers wonld
be involved in the recycling effort for the HE. The collective EDE to these members of the -

—

and the collective EDE of 1.5 x 10 person-mrem, the lifetime cancer mortality risk toa- -

, member of the pubhc is1.2x 107,11 €.y 8in 100 mﬂhon, for the recycling opuon By .
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- calculation of the risk factor, the RBB of2 .5 for HTO is roughly mncelled by the suni]ar
factor mcr&semthe DREF. o

‘comparison, the normal risk of cancer mortahty from ail sources is about 0. 25 to 0 33, i e.,

lm4m1m3

e

Straume’s risk estimate is based on the BEIR V risk estimates for an adult population thatis ~
corrected with a realistic Dose Rate Effectiveness Factor (DREF). [End Note 6] of 4 (BEIR,
1990) and a frequency distribution of Relative Biological Effect (RBE) [End Note 7] values
specific to tritium exposures, giving an approximate RBE value of about 2.5. As stated

Straume, previous risk estimates (BEIR, 1990; ICRP 60, 1991; and UNSCEAR, 1988) used.

_DREFs in the 1 to 2 range which are unrealistically small ‘compared with the observed values

of 2 to 10 in animal studies. Also, theprewousnsksumamusedakBEforHl‘OoflO
which is smaller by a factor of 2 to 3 when the companson is with gamma rays. In‘the

..‘-__
e =

. L-T
-

WORK PLACE CONTAM]NATION SURVEYSIBIOASSAY SAMPLING

Experience at Pantex Plant shows that the handling of tnuum-contammted HE mam-chargm
does not present a significant potential for spread of contamination or uptakes of trittum. -

_ This conclusion is supported by the results of routine contamination surveys taken in HE.

work areas and by the results of bioassays taken from personnel who work with the HE.

The Radiation Safety Depamnent (RSD) provides mdxauon protecuon services at Pantex

- Plant. These services include radiological surveys in areas with the potential for radmacuve. |

contamination and/or penetrating radiation and bioassay services for the determination of

. potential internal contamination. Radiation protection activities are conducted in compliance
- with DOE/EH-256T "Radiological Control Manual” and Title 10.CFR Part 835

*Occupational Radxanon Protection.”

'TheRSDhasesmbhshedmmovablemﬁacewnmmonhmsforummdm!mseof
- materials from a controiled area at Pantex Plant. Plant Standard (STD) 1451 "Unrestricted :
'RelaseofMatenalanqumpmenttothePubhc promulgates these limits. The T

mmmcmdremovablemufacewnmnanonhmtfmmnummlowdpmnmcm’ wlnnh

| corrwponds to the DOE unrestricted release cntenon for beta-gamma exmtters

Routine surveys for removahle surface comammanon are pa'formed in the work placeand
other areas of Pantex Plant. Removable surface contamination surveys are performed by~ -
tahngonewetsmpeandonedry swipe at each location. The wet swipes are analyzed by
liquid scintillation counting for tritium, while the other is analyzed for gross a and/or gross
f. The results of the tritium analyses are compared to an authorized limit for removable
surface contamination consistent with DOE 5400.5 requirements. For calendar years 1991

-and 1992, 12,343 and 34,142 swipes for removable tritium surfice contamination weres:

collected and analyzed, respectively. Only one swxpe in each year. exewded the cnmon for L
ranovable tritium of 1,000 dpml 100 e’

~ July 7, 1995 - 18




e+

“The RSD collects and analy"z‘es routine bioassay .samples for Pantei Plant employeés who

. work on nuclear devices with the potential for tritium contamination. These workers are -

monitored monthly for tritium through the bioassay program. About 20 persons from the o
Applied Technology Division (ATD), formerly called the Explosives Technology Department

' (ETD), participated in the research activities to determine the level of bulk tritium activity in .

HE main-charges. These close-contact activities lasted about one year. . No measurable -
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 main-charges do not provide a viable source of tritium
. contamination or biological uptake for Pantex Plant workers. ‘

—

~ Although the above information may not be strictly applied'to;nitium-cémamihated HE main-

charges, it does pfovide an indirect indication that the HE main-charges are not contaminated

- with excessive levels of tritium. Other than the normal posting requiremen;s fora

contamination area (if the removable tritium contamination is greater than

10,000 dpm/100 cm?) and required bioassay sampling for tritium, special handling, labeling,
and/or posting requirements are not necessary for work activities on HE main-charges. In.
addition, the Department of Transportation (DOT) has not imposed any special regulations
for tritium at this low level. » o : : _
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END NOTES

The effective dose equivalent (Hp) is the quantity that is used to asse#s the risk to 'anA
. individual from both uniform whole body-and non-uniform' partial body exposures. It
is the sum of the weighted dose equivalents for irradiated tissues or organs, i.e.,

H, = LW H,, where Wy is the weighting factor for tissue T and Hy is the average

'dose equivalent received by tissue T. .

The chemical symbol (X), atomic weight (A), and atomic number (2) of all
elements/isotopes are represented as follows: *X;. ‘ -

The CEDE is the sum of the ,covmmitted dose equivalents (CDEs)_ to various tissues in -
the body (Hr.so), each muitiplied by the appropriate weighting factor (W) - that is,

Hpso = CWqH;s. The CDE is the dose equivalent calculated to be received by a

tissue or organ over a 50-year period after intake of the radionuclide into the body.

The CDE does ngt include any contributions from radiation sources external to the -

The effective half-life (T;) 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 (T) and biological elimination (Tg). It is calculated as:

Te = (Ta x To)/(Ta + To). | ~

: The quﬁlityfa'ctor is used in radiation pfotection in an attempt to account for the = |
" effectiveness of different radiations to produce biological'effects. Q is the factor by

‘which the radiation absorbed dose (rad) is multiplied to yield the dose equivalent (rem)
~of the exposure. '

' The DREF is defined as the slope of the linear curve fitted to the high dose/high dose-

rate data divided by the slope of the curve fitted to the low dose/low dose-rate data for
the same endpoint and the same radiation. '

' The RBE is the experimentally determined ratio of an absorbed dose of a radiation in
question to the absorbed dose of a reference radiation required to produce an identical

biological effect in a particular experimental organism or tissue. The RBE should not
be used in radia:ior; protection. (See Quality Factor.) : o _
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NATURAL AND MAN-MADE SOURCES OF TRITIUM IN THE ENVIRONMENT

* Tritium has been produced naturaily 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. Natural producnon in the atmosphere (from the mtemcuon of ‘cosmic rays with
"~ oxygen and nitrogen)

2 Nuclear weapons testing
3.  Nuclear power stations/nuclear weapons producuon facxhnes
4.

Consumer products (i.e., luminous dials in watches, exit signs, airport runway
signs, electronic devices filled with tritium gas, etc.)

Naturally-occurnng trittum is produced in the upper atmosphere from nuclw reactions

“between atoms of oxygen-16 (**0,) and nitrogen-14 (**N,) and cosmic neutrons (*ng) and
protons (*H,,) to produce tritium (H,) (End Note 1] The pnmary mcuons are:

MN; + no"’Hl‘ + uCo

%0, + ‘ﬂo“’ 3ﬁ1 + “N'r

N, + 'H,, - H, + products
‘ “O; +'H,,=H, + products

Accordmg to the Natxonal Councﬂ of Radxauon Protection and M&surements (NCRP) in N
NCRP Report No. 62 *Tritium in the Environment,* the world-inventory of natural tmmm
due to cosrhic ray interactions i$ estimated to be 70 miilion (7 x 10*") curies (Ci), -

- corresponding to a world productmn rate of 4 million (4 x 10*%) curies per year (Cxlyr)' The

rate of oxidation of tritium to HTO is less than 1% of the tritium released to the atmosphete .

- (NCRP Report No. 62)

Commencing with the atomic bomb tests in 1945 and continuing through 1963 various
radionuclides, inchiding 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. Atmosphenc testing of nuclear devices was ~ _.
terminated in 1963. Most of the tritium activity has since been removed from the earth’s
atmospherc by radioactive decay and by natural processes. Assummg that HTO is removed
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from the atmosphere by precipitation smvengxng with an effective removal half-hfe 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 will decay to the

natural level of 70 million (7 x 10*%) Ci approxxmately by the year 2030 (NCRP Report

No. 62). .

TRITIUM IN WATER

. N
E) [

Tritium easily i incorporates into water molecules in the atmosphere to form HTO. The HTO
falls to earth with rain and follows the same environmental pathway, or hydrological 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 pCV/L of HTO 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 half a 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-trxp from Los Angeles to New York.

va_n

R

" BIOLOGICAL EFFECTS OF TRITIUM

Tritium is a low-energy beta emitter. The beta particle emitted by tritium canniot penetrate
deeply into tissue or travel far in air. By definition, there is no potential for external

. exposure to the whole body. The only potenttal for exposure from tntmm arises from
© tritium absorpuon by the body.

. The rate of uptake of tnuum by the body is gmtiy dependent upon the chemical form of the

tritium. Pure tritium gas, either as HT or TT, is not readily taken up by the body. If:

inhaled, HT and TT gas is only slightly incorporated into the body because it is rapidly
removed through exhalation.. About 99.9% of the HT and TT gas is exhaled along with the

normal gaseous waste products, carbon dioxide (CO,) and H,0 vapor. Uptake of HT or T

~gas by absorption through the skin is neghg1b1e compared to inhalation. Therefore, H'I' and

T present a minimal radiological hazard.

Most of the tritium associated with the contaminated HE will be in the form_ of HTO, either
as a liquid or a vapor. Tritium in the form of HTO is readily taken into the body. HTO
may enter the body via inhalation, ingestion, or absorption through the skin. Exposure to
HTO in air results in uptakes via inhalation and absorption through the skin. Essentially

>
-rs -

100% of inhaled HTO 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 inhalation..
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Thus for a person exposed to au'bome HTO vapor, about 67% of the uptake occurs via

-inhalation while 33% occurs via skin absorpnon Ingested (oral intakes) HTO is assumed be
almost completely absorbed into the body via the gastromt&snnal (GD) tract. '

Onc,e inside the body, HTO behaves just hkz water. It'is rapxdly and umfonnlydistributed.
throughout the entire volume of body water, where it can deliver a radiation dose to the soft
tissues of the whole body. - Since HTO acts just like water, it is eliminated from the body in
the same manner as water via urine, feces, sweat, and exhaled water vapor. Half of the
body’s water is eliminated and- replaced in a period of about 10 days. Thus, HTO in the

. body is also eliminated with a effective half-life [End Note 2] of 10 days.

For an exposure of an mdmdual via mhalauon, mgesnon, or skin absorption, a dose

~ conversion factor of 0.064 mrem per microcurie (mrem/uCi) of HTO uptake can be used to

calculate the 50-year committed effective dose equivalent (CEDE) [End Note 3]. This factor
is found in Federal Guidance 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 International

- Commission on Radxologxcal Protection (ICRP) Publication 30 "Limits for Intakes of

Radionuclides: by Workers.”

The biological effects of ionizing radiation on living cel_is are the result of the energy
deposited within the cells. The probability of occurrence 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 effects.
An assigned term, the quality factor (Q) {End Note 4], _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 radiation gbsorbed dose (rad) is multiplied to yield the dose - \
equivalent (rem) of the exposure. Q for X—rays, gamma rays, and electrons of all energies xs
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 can be 20 umes hlgher for an alpha pamcle than

for an X-ray, gamma ray, or an electron. -

Radionuclides that emit only low-energy mdxauon and that are eliminated relatively quickly

from the body have a very low radiotoxicity. The International Atomic Energy Agency '
(IAEA) has mvesugated 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 radxotoxlclty because of the low-energy 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 trittum. No chemxcal toxicity is displayed by
tritium since nqne arises from hydrogen.
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APPENDIX A END NOTES

AX:2 represents all elemems/xsotopes, where X = chenucal symbol, A = atomic
welght and Z = atomic number.

The effective half-life (Tp) is the time tequu'ed for a radxoacuve element depos1ted in
the body to be diminished by 50 percent as the result of the combined action of

radioactive decay (Tg) and bxologxcal elimination (T,) Ttis calculated as:

Tg = (T x T/(Tx + To)-

* ‘The 50-year CEDE (Hy) represents the total cumulative dose equivalent delivered to

an individual for a 50 year time period begmmng with the instant of uptake of 3"
radioactive material into the body. -

_ The quality factor is used in radiation protection in an anempt to account for the

effectiveness of differént radiations to produce biological effects. Q is the factor by

which the radiation gbsorbed dose (rad) is multxphed to yxeld the dose equivalent (rem)
of the exposure.
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PPENDIX

ASUREMENT TE

The purpose of this appendix is to demonstrate that the measurement of removable tritium
surface contamination and the sampling and analyses for bulk tritium activity are performed
in a sound, defensible manner. This requires that these activities be performed using written,
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 1,000 disintegrations per minute over an area of 100 square centimeters

(dpm/ 100 cm’) will not be sold to commercial mdustry

The Radiation Safety Depanment (RSD) is responsxble for performmg wet swxpes to

. determine the level of removable tritium surface contamination on the outer surface of the

HE main-charges. The RSD collects the wet swipes using Internal Operating Procedure

. IOP)-D5266 "General Survey Techniques.” The Apphed Technologies Division, formerly -
_called the Explosives Technology Division (ETD), is responsible for collecting samples of

HE to determine the bulk tritium activity in the HE main-charges. Depth profile samples
from potentially tritium-contaminated HE are dissolved by ATD using Development
Instruction (D.L.) 94-122 "Dissolution of Explosive Samples.” Samples of "virgin" HE are
collected by ATD using D.I. 94-121 “Dissolution of Background Explosive Samples.”

To verify the bulk tritium activity in the HE main-charges, the wet HE product will be
sampled and analyzed. As main-charge HE is machined down into powder, sufficient
quantities will be gathered to constitute a single lot of material. Each lot will be stansnmlly
sampled using O&I Standard 7-0706.4 "TATB Receipt and Sampling.” Multiple samples,

. representing-each lot, will be assayed for bulk tritiumactivity using liquid scintillation .

counting, with "virgin" material constituting the background. The HE analytical results will
be compared to the administrative limit of 2 x 10° ,Ci HTO/g HE for bulk tritium activity.

" All wet surface swipes and HE samples are (and will be) prepared and analyzed by RSD
"using analytical laboxatory procedure 3 "Operation of the Packard 2250 Series Liquid

Scintillation. Analyzer” and/or procedure 4 "Operation of the Packard 2500 Series Liquid

- Scintillation Analyzer.” Both of these procedures may be found in MNL-0028 " Analyticat
_Laboratory Procedure Manuai.”

LIQUID SCINTILLATION COUNTING
To deterxmne the level of removable tritium surface contammanon ‘and the bulk tritium
activity on and in the HE main-charges, the liquid scintllation counting technique is used.
Liquid scintillation counting is the usual technique for determining the activity of low-energy.
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‘Each stage of the process of converting energy into an electronic pulse invoives some -
~ distortion or unCertainty Thus, an energy input will produce, on average, a pulse height
- with an uncertainty of one estimated standard deviation (1¢), which can be equal to 50 to 100
- percent of the pulse height. In addition, any energy input may not necessarily produce a

. _beta-ermttmg radronuchdes such as trmum (’H,) and carbon-14 ("C,) [End Note 1] in

samples

The hqurd scmullanon process depends upon the presence of the sa.mple in the liquid
scintillator. Liquid scintillators are normally composed of one or. more fluorescent solutes i m

~ 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

scmullator are intimately mixed with one another for optimum counnng

The radiation energy emitted from the sample is éxpended in the ionization and excitation of
the solvent. This energy is subsequently transferred to the solute (or fluor) and is re-emitted
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 compauble with the
optimum sensitivity of the photocathode. Following amplification in the photocathode, the

.signal may be routed to additional amphﬁers The final amplified signal is recorded with a

suitable counter.

pulse height that is equal to the energy input because the system is non-linear. 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 main-charge. Reagent blanks,

consisting of liquid scintillation cocktail only, are counted to determme the background i.e.,

. jnorse, of the counting equrpment.

Determiination of the background count in a liquid scintillation system is more difficuit than

in many other radiological analytical systems. A number of factors influence the background
for this type of analytical system. Certain chemical reactions, e.g., chemiluminescence, 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 scintllation liquid by sunlight or -
fluorescent light may lead to delayed light emission. The decay of this phosphorescence can .
take several hours and can produce 2 high initial, non-reproducrble, background count. In
addition, a significant contribution from electronic noise, based on interactions between two

phototubes that are facing each other, can cause problems in detennuung the background
count. :

- Due 1o the extremely low activity of the tritium in the HE samples for this project,'menqzﬁd ]

scintillation detector exhibits a background counting rate (r,) that is not negligible and has to

be subtracted from the gross counting rate (r,). . Typically, a gross count rate is observed by
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by:

‘The numbet of net counts, e.g., net counts = total counts - background counts, multmg

' éounﬁng for a total period of timé, t. A 'backgmurid count rate is measured, in the absénce
of a sample, over a time t,. The net count rate (r,.,), due to the sample alone, is the,n:

Tox= T, - Ty

The optimum division of available time between background and sample counting is glven -

—(I'Jl")v; ' ‘ | - . S .','2‘_.'..._

To approximate the optxmum division of ume, estimates of T and r, have to be’ obtamed fmm

" a preliminary run. The RSD currently counts all. trmum/HE samples for at l&st 10 mmum

each.

st L

An estimate of the statistical eribr due to the backgroﬁnd count must be mcludéd in the.'ﬁx-lal
estimate of the activity of the sample. On the basis that the source and background counts

_ are additive, the standard deviation of the net counting rate xs

sigma (o) = (o’, + )% =v(r,/_t. + r/t)*

If the confidence level for the accuracy of the analyses is set at 2, there is a 95%

‘probabxhty that the "sample” count rate is within 2 of the "true” count rate. Alternatély;-
" thereis a 5% chance that the "sample® count rate is not within 2¢ of the "true” count rate.-

CRITICAL DECISION LEVEL, L¢, AND DETECTION LIMIT, Ly

. For each sample type, a critical decision level, I.c, is established to determine whether or not

the sample result is stansumlly different from what would be expected from a 'backg:mmd

sample. The calculated L. is used to avoid false conclusions about the presence of tritium in :
_the mple of HE main-charge. The Lc may be calculated as follows:

"Tegevimg’
bty

L. = k2B =1232°%yB B S me
where: Le- =  critical decision level, o
' k = 1.64, the value of the standardized normal deviate thans

exceeded with probability « = 0.0S, and
B

With the value of L. thus computed the probability of a "false" conclusion at a level of I..c

‘fxsaboutS%

from a count time, t, is compared to the calculated L:. If the number of net counts observed
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" in the HE sample is greater than L, the decision is made that tritium is preseht in the
. sanple If the number of net counts'is less than or equal to L, 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, .

L,, for the hqmd scintillation counting system. The caiculated L, value, commonly refexred :

_ to as the minimum detectable actmty (MDA), is the signal level of the counting system such
S that a signal at or above this level is hkely to be detected. L may be mlculaxed as follows: -

Ly =RBR+2, = 271+46SJB

where: signal level such that a sxgnal at or above this level is
: likely to be detected, - '

critical decision level, '

1.64, the value of the standardized normal deviate thax is

exceeded with probability « = 0.05, and '

background counts recorded in time, t.

ol
o

B

With the value of LD thus computed, the probablhty of "non-detection” ata level of Ly, is

~ about 5%.

" The administrative limit of 2 x 10 pCi HTO/g HE for bulk tritium activity is well above the -
" L, for the hqmd scintillation counters currently being used by RSD. The calculated Ly, value
' for a "virgin" sample of HE has been as high as 465 counts with a 30-minute count time. o
~ This corresponds to a L of 2.9 x 10 xCi HTO/g HE when corrected for counting

efficiency and sample volume. This Ly, is about 100 times less than the above administrative
limit and is in the range of many of the assayed contammauon levels in HE mmn—charg&s
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APPENDIX B END NOTES

1: ' AX, represents all elements/xsotopes, where X = chemical symbol A= atoxmc

© weight, . and Z = atomic number
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APPENDIX C
PATHWAY ANALYSES

INTRODUCTION

. During the process of dismantlement of nnclw weapons' at Pantex Plant, high explosi{re

(HE) material is removed 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

selling it to commercial vendors/users. 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 trittum may
result in radiation doses to members of the public, e. g miners and other HE workers.

This appendxx de:mls 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 10? microcuries
of tritium oxide per gram of HE (xCi HTO/g HE).

For eech scenario, a set of "worst-case” and rmhshc assumpuons were used as input
pammeters The assumptions for both of these scenarios are very conservative. The
*worst-case” assumptions establish an upper bound on the doses that may result from the

unrestricted release of the HE to the public. The “realistic” assumptions reflect anucxpamed

exposure conditions during the "lifecycle” of the recycling of the HE during "normal® work
conditions. The scenarios that were examined include:

.1.  Exposure of workers in a poorly ventilated warehouse in wluch the HE was

stored,

. Exposure of workers who unpack stored HE ina poorly ventilated area, .
Exposure to contaminated dust generated by mixing or crushing operations,

Exposure to tritium-conta'nﬁnated water vapor during mixing of a HE water

slurry,

Inadvenent ingestion of HE slurry due to splashmg or hand-to-mouth contact,

Skin absorption due to HE slurry splashed on skin, and

~ Exposure to a dust plume from explosive use of HE. .

pwN

Now

.

'DOSE CALCULATION METHODOLOGY -

Seven scenarios by which tritium could be inhaled, ingested, or abeorbed through the skin by
members of the public were examined. In these analyses, the members of the public most

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 HE-
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The occupauonal exposures of Pantex Plant workers for storage, unpackmg, and blending
operations were considered to be exposures to members of the general public since these
operations would be similar to the operanons in scenarios #1, #2, and #4 that would be
performed by members of the public, i.e., industrial users. Therefore, no attempts were
made to exclude the occupanonal exposures of Pantex Plant workers in the evaluation of the

_HE ecycle option.

Conservative assumptions were used to model the possxble transfet of tritium actmty 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 anncxpated exposures

- conditions during the recycling of the HE. |

The 50-year CEDE [End Note 1] per umt uptake of tritium’ abtmty is mdependent'of the.

- route of uptake. Also, the 10-day effective half-life {[End Note 2] of tritium resuits in the

So-yw CEDE being delivered within about 100 days. Thus, there is no significant -

difference between the first-year EDE (Hy) [End Note 3] and the 50-year CEDE. Therefore,

the 50-year CEDE shall be referred to hereafter as the annual EDE. The general sequence
of each calculanon includes:

1. Determine the fraenon of the actmty available to be released to the environment

or into the transfer media, e.g., air, liquid slurry, etc.;

2.  Calculate the rate of uptake that results from the exposure to the contanunated
' media;

3.  Calculate the total uptake of tntmm, and -

4. Calculate the ammal EDE. ‘

ASSUMPTIONS |
The following assumptions and conditions, common to most of the enalyses, inelude:’: ‘

1.  The "worst-case” volume tritium contamination is assurhed to be
2 x 10* uCi HTO/g HE [NOTE: This value is based on the geometric _

~ mean, m,, of 1.9 x 10* uCi HTO/g HE for all analytical results for buik tritium
activity in the HE sampled];

- 2.  The “realistic-case” volume triﬁum contamination is assumed to be
‘ 1.0 x 10* xCi HTO/g HE;

3. All of the tritium released froxﬁ the HE is assumed to be in the oxidized form '

(HTO.) [Note: This assumption is probably realistic and maxnmzes the dose
per unit intake ofactmty )
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- Scenario 1: Warehouse Storage Scenario

This scenario examines possible doses from storage of bulk quantmes of HEina
poorly-ventilated warehouse. The assumptions include: -

a.

b.

‘c.

d.

€.

July 7, 1995
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. An uptake via inhalation, ingeStiou,' or skin absorption'of 1 uCi of HTO is

assumed to result in an annual EDE of 0.064 millirem (mrem). [Note: This _
value is taken from Federal Guidance Report #11 "Limiting Values of .

Radionuclide Intake and Air Concentration and Dose Conversion Factors for

Inhalation, Submersion, and Ingestion,” and is based on the assumptions found in

International Commission on Radiological Protection (ICRP) Publication 30
*Limits for Intakes of Radionuclides by Workers," including a Quahty

Factor (Q) [End Note 4] of 1.0.]; R

The breathing rate for "reference man” is assumed to be 0.02 cubic meters per

minute (m*/min.). [Note: This value is specified in ICRP Publication.23 "Task

Group Report on Reference Man" and ICRP Publication 30§;

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 guxdance is specified in ICRP Publication 30];

In scenarios irivolving ingestion, it was assumed that the fractional’ uptake fmm
.thegastromtesunaltmctxslo ie.,fl = 10;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 vapor.

SCENARIOS

’l'he warehouse is 100-ft x 100-ft x 20-ft, giving a total volume of 2 x 10’ cubic
feet (ft') (5.7 x 10° m’);

A specified maximum amount of HE is stored in the warehouse at any one ume.
The stored amounts are: . :
.~ &= worst case: | 400001bs . ' : .-.:1'.

o+ realistic case: © 2,000 Ibs; -
Without respect to the manner in which the HE is packaged or contzined, the
tritium is assumed to diffuse out of the HE at a linear rate of 0.01% per day (d),
i.e., 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 uniformiy dxstnbuted throughout the
-warehouse;

The air in the warehouse is assumed to have a specified number of air changes  _
per day as indicated: - . :
. ®=  worst case: 10/d .
®- realistic case: - . 24ld;
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'f. A person is assumed to occupy the warehouse for 240 dlyr durmg hxs/her work
' . assugnment 2s indicated:

®  worst case: .8 hrs/d
, ®  realistic case: . ‘ s hrs/d; and - .
g. - Uptake of tritium is assumed to take place via mhalatmn and absorpnon through
- - the skm :

The interior of the warehouse is modeled as a smgle compartment with a constant rate of
input.of tritium. Tritium is removed from 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.)

C = (0] [1-e®+FVr] o Eq. la
VQ\+ FIV) :
where: -

C = trmum concemranon in air (qu %)
Q = release rate (uCi/d)
v =  volume of the warehouse (m®)
A . = tritium radioactive decay constant (1.54 x lO“/d)
F = | flow rate of air out of the warehouse (m*/d)
e = - base of the natural logs (2.7183)
-t =  number of days @ '

In such a case, the tritium concentration lapxdly reaches an equrh'bnum concentration that is
directly proportional to the mput rate and inversely proportional to the volume of the

warehouse and the number of air changes per day. At ethbnum, the. concemrauon may
be expressed as: ‘

. V(A+ FIV) ‘
where:
Cy = tritium equilibrium concentration in air (uCi/m’)

The annuai EDE may be calculated as follows:

H, = C.Br(60)(MD15) " Eq lc
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where: '

annual EDE (mrem)

He =
Cq = ~ tritium equilibrium concentration in air (prIm’)
Br = br&thmg rate (0.02 m*/min) . :
60 = conversion: (min/hr)’ -
T = number of hours worked per y&r (hrs/yr)
, (d/yrxhrs/d) . Lo
D = dose conversion factor (0. 064 mrem/pr HTO) o e
1.5 =

correction for additional uptake via skin absorption T

Usmg a "worst-case” concentration of 2 x 10+ pCi H'I'Olg HE, 10-a1r chang&s/d and an ‘
exposure time of 8 hr/d for 240 d/yr, the resulting annual EDE would be 1.4 x 10° ‘mrem..

Using the “realisitc” concentration of 1 x 10 uCi HTOIg HE, 24-air changa/d and an
exposure time of 20 min/d for 40 d/yr, the resulung annual EDE would be 5.5 x 10"’

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:

a. Each container holds 50-Ibs of contaminated HE;

b. At equﬂibnum, 0.1% (0.001) of the total acmnty in 50-lbs of HE bwoms
trapped in a "dead air” space inside the container;

c. . ‘Upon opening the container, the activity within this dead air space is dxspetsed
-into the volume of air immediately surrounding the worker; '

®-  worst case: - 10 m? volume of air T
, ®-- realistic case: 20 m® volume of air; R
d.  Worker is exposed to this concentration of tritium for 1 minute, during ‘which
' time no further dilution of tritium takes place; and

e.  Worker typically opens the following number of containers/d as indicated:

®:  worst case: S 10/d
®  realistic case: .- l/d; and
f.  Worker performs this task as indicated:
" @~ Worst case: - 240 d/yr
e realisitc case: - 40 d/yr. o

The annual EDE may be calculated as follows:
H = @HMFBTCDAS Eq. 2
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where:

<
Il

Hy =  annual EDE (mrem)

454 =  number of grams per pound- (g/lb)

M = " mass of HE in pounds (Ibs)

F = fraction of activity released (0. 001)

Br =  breathing rate (0.02 m*/min),

T = number of minutes exposed per year (min/yr)
(1 min/container x number opened/d x work d/yr;

C, = volume tritium concentration in HE (uCi HTO/g HE)

D =  dose conversion factor (0.064 mrem/uCi HTQ)

1.5 = correction factor to account for uptake of tritium by absorpuon
through the skin

~ volume of air into whxch the mnum is released (m’)

In the “worst-case™ where the average concentration is assumed to be

2 x 10* uCi HTO/g HE, the volume of air available for mixing is assumed to be 10 m,
10 containers/d are opened and the worker performs thxs task for 240 d/yr, the annual EDE

is 2.1 x 10 mrem.

Using a “realistic” concentration of 1 x 10% uCiHTO/g HE and assuming the worker opens -

1 container/d for 40 d/yr, the resulting annual EDE would be.8.7 x 10* mrem.

ari

In this scenario, a worker is assumed to be exposed to a cloud of contarmnated HE dust of
- . unspecified

‘absorpuon of contamination through the slcm The assumpnons mclude

a.

July 7, 1995

Worker Ex Dust- ' in

origin. Intake is assumed to occur through inhalation of the dust and via -

'I‘he worker is exposed toa cloud of contaxmnated.m-: dust ata dust loadmg of‘-

®-  worst case: 10 mg/m?
o~ realistic case: - - 1mg/m%

. Uptakes of tritium occur via inhalation and via aosorpnon through the skin;

Resplratory protection equipment is used by the worker. The Respu'atory
protection factor (RPF) of the equipment xs as mdxwed

®  worst case: 1
®:- realistic case: = - 10; and
The worker performs this task as indicated:
@ worst case: - .- 8hrs/d for240d/yr
®  realistic case: . 1 hr/d for 40 d/yr
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The rés{;lting annual EDE may be calculated as follows:

'Hy = LC©@O0DBr(®)TD(5  Eqg3
where: | | -
"He. = annual EDE (mrem)
"L~ = airborne dust loading (mg/m")
- € = 'volume tritium contamination per gram of HE (pr HTO/g HE)
0.001 = conversion from milligrams to grams (g/mg)

Br =  breathing rate (0.02 m*/min)
60 =

-!"U -
7

number of minutes per hour (min/hr).

number of hours exposed per year (hrs/yr)

(d/yr x,hrs/d)

dose conversion factor (0.064 mrem/uCi HTO)
correction for additional uptake via skin absorption .

In.the ® worst-case using a concenmmon of 2 x 10* uCi HTO/g HE a dust loadmg of 10

In the “realisitc® case, using a concentration of 1 x 10* uCi HTO/g HE, a dust loading of 1

mg/m andaRPFofl theannualEDEwouldbe46x10“mrem

mg/m?, and a RPF of 10, the annual E)E would be 4.6 x 10* mrem.

Sggnarig 4: Agd__),ng Wet l_’Bx to HE Slurry .

In this scenario, a worker is assumed to be standing over an opening in the vat while he/she -
manually adds wet PBX to the HE slurry.' [NOTE: With the exception of adding wet PBX.

to the vat, the dissolution/recrystallization process occurs in a closed system.] Intake is-
assumed to occur through the inhalation of the of tritiated water vapor (HTO) and via

absorption of contamination through the skin.- ~he !a‘ssumpuqns include:

S
b

c.

-

An operator is exposed to HTO éVaporanng from HE slurry in-a mixing vat;-
‘The air to which the operator is exposed is saturated with water vapor- (100%
humidity);

The concentration of the HTO water vapor to which the operator is exposed to
ise

. ®<  worst case: - 1%

- ®- realistic case: 1%;

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

. ®*  worst case: 8 hrs/d for 240 d/yr

®~ realisticcase: - Vs hrs/d for 100 d/yr; and

Uptakes of tritium oécur via inhalation and absorption through the skin.

a0




The resulting anuual EDE from a year of operation may be calculated as follows:

H. = F.C/L,F,Br(60)TD(.5) . Eq. 4
“where:
H = annual EDE (mrem)
. F, . =  mass fraction of HE in the slurry (0.3 g HE/g slurry)
C, "= volume trittum contamination (xCi HTO/g HE) -
L, =  airbome water vapor loading (25 g H,O/m’)
“Fu.y = fraction of water vapor that is contaminated (0.01 or 0.1)
Br = brmthmg rate (0.02 m*/min)
60 = conversion for minutes to hour (min/hr)
- T = number of hours exposed per yw (hrs/yr)
' (hrs/d x d/yr) _
D = dose conversion factor (0 064 mrem/ uCi HTO)
1.5 =

correction for additional uptake via skin absorption -

.For the "worst-case” assumptions of 2 x 10* 4Ci HTO/g HE and 1%. HTO contribution to

water vapor, the annual EDE would be 33x 10 mrem..

For the mhsnc assumpuons of 1 x 10 pCi HTO/g HE and 1% HTO contnbutxon to
water vapor, the annual EDE would be 2.9 x 10® mrem.

nario S: tent Ingestion of

~* This scenario examines the doso&s' which would result rf small quanﬁﬁ& of

tritium-contaminated slurry were spiashed on the hands, or on or near the mouth and
inadvertently mgested The assumptions include:

a. . The HE slurry is 30% (0.3 g HE/g slurry) tnuum-contammated HE
b. The quantity of slurry inadvertently ingested mh day that the slurry is handled -

is: ,
®  worst case: . . - 0.01gd .
o- realistic case: : 0.001 g/d; and .
¢. . The worker inadvertently mgests some of the slurry each day that he/she works
~ as follows: - -
®-  worst case: , 240 d/yr
° rahsnc case: - 12dfyr.

The resulting annual EDE from a yw of such exposure may be calculated as followr o
'H, = MECDY, . - "Eg.5
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where:

Hy = annual EDE (mrem)
M. = mass of slurry mg&cted each day (g,/d)
F, =  mass fraction of HE in the slurry (0.3 g HE/g slurry)
C, = volume tritium contamination (xCi HTO/g HE)
D = . dose conversion factor (0.064 mrem/uCi HTO)
Y, = number of days worlged per year

For the "worst-case” concentration of 2 x 10* g HTO/g -HE and assummg a daily intake rate -

of 0.01 g of slurry, the annual EDE would be 9.2 x 10‘ mrem.

For the "realistic” concentration of. 1 x 10 g H’I‘O/g HE) and assummg a daxly mtake rate
ofO 001 L ofslurry the annual EDE would be 4.6 x 107 mrem

;. Skin Ab ion due to Splashing of

In this exposure scenario, it is assumed that a worker is- splashed with the slutry of -
contaminated hqmd The assumptions mclude :

—

a.  The tritium-contaminated HE comprises 30% (0 3g HEJg slurry) of the slnrry,
b.  The density of the slurry is 1.5 grams per cubic centimeter @glen®); . e
c. During handling operations, portions of the worker s body is madvertently '
wetted with slurry as follows:
®  worst case: hands and fomrms (3,500 cm’)
®. realistic case: hands and forearms (3,500 cm?)
[Note- The surface area values for the entire body and for the hands and" v
fomnnsaretakenfromICRPZ:i], '

d. The slurry is allowed to remain on the skin before it is washed off | tesEed

®- worst case: - 10 min -
®- realisitc case: S min; and
e.  This inadvertent splashing talmplacetothesame workm oneumeachdayas
“ follows:
: ®  worst case: ’ 240 d/yr . -
®- ALARA case: ’ 24 d/yr

The uptake of tritium acnvuy from wetted skm and the corrmpondmg dose is alculated

usmg the following equanon (Osbome, 1968)

U = MWN + WIPNT | "Eq.ea-

Loy o
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- For the " worsi-case where the arms and forearms are splashed once each day for the

‘where:

'U = uptake of tritium into the body per splashmg incident (pr HTO)
M = intake rate of liquid due to the "blotter effect” (1 g/m’)
W =  wetted surface area (m?) :
. N = specific activity per unit mass of the contaxmnaxed liquid (uCi
‘ HTO/g HE)
I = jntake rate for skin (5 1 uCi/min/m?/uCi/L) (Osbome, 1968)
P. = humidity at skin temperature (0.04 g/L)
T =

‘exposure time (min)

Using units of cm2 for wetted skin area and pCi/L for tritium activity concentrauon in the

slurry, Eq. 6a can be re-written as:

U = [0x107ACIQA+ 0204T) . Eg. 6

where:  all of the terms are és defined abdve, except that:

A = wetted surface area (cm?)
C =  concentration of tritium in the hquld slun'y (ny HTO/L)
T = A

exposure time (min)

.I For example, if the values stated in the above assumpnons are used with 2 x 10* pr HTO/g

HE, i.e., concentration of tnuum in the liquid, the annual uptake of trmum may be
calculated as follows:

2x10‘pC1H’1‘0/gHE*03gHEIgslurry‘15glcm3‘“1000¢m’lL

C
- 9.0 x 10? xCi HTO/L

;md

U (1 0x 10’ * 3,500 cm“ 9.0 x 102 xCi HTO/L) *[1 +(0.204 * 10

9.6 x 10° uCi HTO/splashing incident

240 working days in a year, the correspondmg annual EDE would be 1.5 x 10’

For the r&hsuc 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 10 mrem.

Tlus scenario examines possxble doses from exposure to the plume of comammated 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 i_n‘an explosion.
- This program uses a standard gaussian plume model. Both a "worst-case” scenario, using

the maximum tritium concentrations and the worst-case meteorologxcal conditions, and a
*realistic” scenario were examined.

In the "werSt-ease,“""realisﬁc,' and "ALARA" scenarios, the assumptions included:

a. The mass of slurry involved in the explosion is as follows;

®  worst case: . , - 100,000 Ibs -
® - ALARA case: 1,000 lbs. '
b. . The contammated HE makes up 30% of the total mass of the slurry ,
(0.3 g HE/g slurry); :

c. _All of the tritium activity in the slurry was assumed to be available to and
-distributed in, the explosion; -

d. The quanuty of HE was artificially limited to. 10-lbs [Note. This is conservauve_.
because it significantly reduces the height of the explosive cloud. Thus, The
amount of dispersion initially taking place within the cloud is limited.]; and

e. 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

®  worst case: . 2-m/sec
®  realistic case: 4.5 m/sec; and .
f. . The mining company employee was assumed to be exposed to such a plume for
' - 50 wks/yr as indicated:
®  worst case: : llwk
®  realistic case: - - Tlwk

" In the "worst-case” scenario, the HE was assumed to have an average concentration of

2 x 10* uCi HTO/g HE, the stability conditions were class D (neutral), and the wind speed
was 2 m/s. The annual EDE for 50 weeks of such exposure is 9.5 x 10”

In the xmhst:c scenano, the HE was assumed to have an average coneenuanon of

1 x 10* xCi HTO/g HE, the stability conditions were class D (neutral), and the wind speed
was 4.5 m/s. The annual EDE for 50 weeks of such exposure is 1.5 x 10 mrem.
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'SUMMARY

Using very conservative assumptions, possible doses from seven credible pathways were .. .
~examined. The results of the "worst-case” and “realistic* analyses are summarized in Table- |
" C1 and Table C2. The "realistic® analysis, which more accurately portrays the anticipated |
operations in the *life-cycle” of the recycle option during "normal” working conditions, '
showed that the maximum individual and collective EDEs from the radiological impacts 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. B SR . ' ' ‘ '

As shown for the “realistic® analysis (see Table C1), the maximum individual EDE fora . \
worker 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, i.e., = -
4.9 x 10° 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 Radiation.” -

~ They are well below the 30 mrem in a year DOE dose constraint for release of property

A comparison. of the collective EDE received by the members of the public for each -

scenarios is presented in Table C2. It is estimated that about 75 members of the public, -
 including Pantex Plant workers, would be impacted from radiological exposures resulting

from the recycle option. The total collective EDE for the recycle option is about ' :

1.5 x 10° person-mrem. For comparison, these 75 workers are collectively exposed to

2 x 10** person-mrem per year, assuming an "average” exposure to natural background

radiation of 360 mrem per year.
” A
Ce i
R Sl
Tuly 7, 1995 45




"N TABLE CI:

(mrem)
T I T ey el D g et L2 %Y
| A: Pantex Prepararion (See Note) 6.8x10% . . -
| -n
} 1: Warebouse Storage N 1.4x 10° 5.5 x 107 1 -
2: Unpacking of HE ' ] 21x10? 8.7 x 10¢ 1
3: Mixing/Crushing (Airborne) 4.6 x 10° 4.6 x 10° ]
: AddiﬁgWetPBXmSInrry o : 33x 107, " 29x10° a
: Ingestion of Shirry 9.2 x 10 a6x10" B
| 6: Skin Splashed with Slurry. - _ 15x10° | 49x10% ]
7: Dust Plume from Explosive Use ' : 9.6 x 10°% . 15 x 10¢ t
:
* NOTE: With the exception of the “worst-case” dose equivalent, the values used for *Pantex
Preparation” are simply the sum of the values for scenarios #1, #2, and #4 of

_Appendix C. '

‘ _TABLE C2: SUMMARY OF COLLECTIVE DOSE EQUIVALENTS — REALISTIC ANALYSIS = .

T 38x10%
H‘:: Warchouse Storage : : 55x10° 2 w0 | ‘1.1:10‘,_].’-
} 2. Unpacking of HE 8.7 x 10 2 10 RT3 E
3: Mixing/Crushing (Airbome)- 4.6x 10° 2 s . 46x107
4: Adding Wet PBX to Slurry , 29x10° | 2 s . 29x10
S: Ingestion of Shury ' . 46x107 ‘ 2 s 46x10° §«
6: Skin Spiashed with Slurry ' 49x10* 2 s 49x10*
7: Dust Plume from Explosive Use 15x10° | 5 .. ‘
T Collective EDE (person-mrem) - | | <
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T

. mdxoacuve decay (Ty) and biological elimination (Tg). Itis calculatedas: -

' APPENDIX CEND NOTES =~ - .~ T

The committed effective dose equivalent (CEDE) is the sum of the committed dose ™
equivalents (CDESs) to various tissues in the body (Hrs), each muitiplied by the
appropriate weighting factor (W) — that is, Hg g = EW Hy4. The CDE is the dose |

- equivalent calculated to be received by a tissue or organ over a 50-year period after

intake of the radionuclide into the body. It does n not include any contributions from

radiation sources external to the body.

The effective half-life (Tp) is the time required for a radioactive elemqm deposited m
the body to.be diminished by 50 percent as the result of the combined action of '

= Tz x T/(Tz + To).

The effective dose equivalent (Hp) is theé quantity that is used to assess the risk to an
individual from both uniform whole body and non-uniform partial body exposures. It
is the sum of the wexghted dose equivalents for 1rmdxated tissues or organs, ie.,

Hg = EW,H,, where W is the weighting factor for tissue T and H, is the average
dose eqmvalent received by tissue T.

The quahty factor is used in radiation protecnon in an attempt to account for the
effectiveness of different radiations to produce biological effects. Q is the factor by -

- which the radiation absorbed dose (rad) is multiplied to yxeld the dose equivalent (rem) |
. of the exposure. -
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Chairman:

David Styers, P.E., CHP - Pantex Plant |
Waste Management & Eavironmental Restoration Division

. M. 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. Styers’ expertise is in operational and technical
radiation heaith physics. He has conducted field surveys, safety reviews, hazard
assessments, and compliance reviews for various private industries and state/federal
governments, including DOE/NRC nuclear facilities. He is knowledgeable in gamma

~ spectroscopy analyses and rules, regulations, guidelines, and standards. He is'the
author of over fifteen technical papers and publications and has made several
presentations at DOE technical conferences. ' :

Mr Styers’ managerial positions have included Radiation Protection Program Section |

Manager, ALARA/Radiological Engineer, Project/Task Manager, and Health Physics
“Team Leader for various companies in Oak Ridge, TN. Presently, he is the Program
Scientist for Battelle-Pantex’s Waste Management and Environmental Restoration:

Division. ’ a ‘ -

He is certified (comprehensive) by the American Board of Health Physics. Heis

certified as a Professional Civil Engineer in the state of Pennsylvania (PE-023269-E).

He has a Bachelor of Sciences in Education degree in Chemistry and Physics from

Slippery Rock State College and a Masters of Science degree in Health Physics from
. Georgia Institute of Technology. - o R

-

-

‘Harry Flaugh - Los Alamos National Laboratory

. Consultant - Delphi Group, Inc.
Mr. Flaugh retired from Los Alamos National Laboratory (LANL) in November; 1993
after nearly 32 years in various weapons-related activities. He has operational and-
managerial experience in explosives development, testing, and product specification;
hydrodynamic and nuclear testing; nuclear vulnerability and effects; and systems. .
Explosive Chiemistry Group and as a Group Leader and Deputy Division Leaderfor a
Weapons System Engineering Group. -He also served as a Program Manager for-
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engineering, testing, and product specification. - He served as a Group Leader-féran*
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W&pons Production and Survexllance and (Nuclear Weapons) stmantlement. He

presently is a consultant for Delphi Group, Inc.

He was a major contnbutor to the development and apphcanon of insensitive

explosives (IHE) for nuclear weapons. He participated in a joint DoD/DOE study of
THE sponsored by the National Research Council. He served for many years on the

. DOE Accident Response Team, most recently as a Senior Scientific Advisor, and

participated in exercises in US, UK, and Italy. ‘He also participated in information
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
trmum operations during Lxmued Life Component Exchange

He has a Bachelor of Science degree and Master of Science degree in Chemical
Engmeermg and Nuclear Engineering from Iowa State University.

James Humphrey Lawrence Livermore National Laboratory
Defense Technology Engineering Group

Mr. Humphrey has served over 35 years at the Lawrence vaermore Nationat - :
I.aboratory (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; conventional

and nuclear weapon systems materials design apphcauons, analyses, integration, and
tritium storage and transfer.

Mr. Humphrey has held managerial positions as an Assxstant Deputy Associate

: Director for Advanced Conventual Weapons, High Explosive Technology Leader and

Plutonium Technology Leader, Special Technical Advisor to the Director of the Office
of Munitions/Tactical Warfare Program/Office of the Under Secretary of Defense
(Acquisition), Chemistry and Materials Science Project Leader for Strategic Nuclear -
Weapons, Deputy Task Force Leader for the Demilitarization of LLNL nuclear
weapons, DOE’s Manager of the Energetic Materials Waste Minimization Program and
Manager of the Joint DoD/DOE Memorandum of Understanding for Advanced

. Conventional Munitions. Mr. Humphrey serves, and has served, on several nationai

committees for energetic matenals and plutomum

-

Gary Mansfield, CHP - Lawrence 'Livermore Nauonal Laboratory
- Hazards Control Group _

Mr. Mansfield has over 16 years. expenence in operanonal and technical health
physics, pnmanly in the areas of tritium, plutonium, uranium, and nuciear fuel -
reprocessing health physics. Mr. Mansfield’s specific expertise is in the areas of-
tritium health physrcs internal radjation dommetry, radlologwal safety analysxs, and
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,hmlth phys:cs issues related to nuclear weapons. He has re\newed and ass:sted in the

development of several American Nuclear Standards Institute (ANSI) standards related
to internal dosimetry.

‘He is and has been the Health Physxcxst responsxble for the I.awrence vaermore ‘
National Laboratory (LLNL) Tritium Facility for the last six years. He provides back-
up health physics -and policy development support for all LLNL radiological v
operations. He has also acted as the LLNL Internal Dosimetry Program Coordinator
for the last seven years. He was the Health Physicist, Internal Dosimetrist, and Health -

Physics Manager at the Idaho Chemical (nuclw fuel) Reprocessmg Plant at the Idaho
National Engmeenng Laboratory.

Heis cemﬁed (comprehensxve) by the American Board of Health Physxcs He has a

- Bachelor of Arts degree in Physics and a Master of Science degree in Radxologlml
(Health) Physws

Benny Richardson, Ph.D - ‘Pantex Plant
- Applied Technologies Dmsmn -

Mr. Richardson has a Doctor of Phllosophy degree in Analytical Chermst:ry 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. He 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 Department of
West Texas A&M Umversxty He is the author of fourteen technical reports and seven -

- professional publications in refereed journals. He has made numerous presemanons at -
DOE techmcal conferences, local universities/colleges, and ACS meetings.

' Tony Woltermann, Ph.D - Pantex Plant
- Applied 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 notably plutonium and trittum. He was Directory of
Technology at EG&G Mound Facility. He was the Manager for the Environmental
Sciences Center of Monsanto, Co. Currently, he is the Division Manager for the

N Applied Technologies Division at Pantex Plant. He is the author of over thirty -
techmml pubhcmxons and presemanons
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© 1. O. BOX 30020 E
AMARILLO, TEXAS 79177
- 806-477-3000

Enmul.lns‘ AND CONTRACTORS
founoep 1827

JUL 27 %5

. Mr. Joe Martillotti -

Pantex Special Project Coordinator

Texas Natural Resource Conservation Commission
P.O. Box 13087

Austin, Texas 7871 1-3087

Thru: ince Zehrpwskl Lead 3/ [9 d
Waste Management/Environmental Protecuon Team:
U.S. Department of Encrgy
- Amarillo Area Office
. Amanllo. Texas 9177

Re: Health-Bas’n}d Release Ctite:ia for Contam{qated Higﬁ Explosives

Dear Mr. Martilloutt:

"+ This enclosed documents listed beluw are for your review and comment.

1. "Hulth-Based Release Criteria for Bulk Trmum-Comannnated ngh Exploswes, o
" - dated July 7, 1995

2. "Analysis to Support an As Low As Reasonably Achievable (ALARA) Determination
‘ for Disposition of Tnuum-Comammaled High Explmnvw. dated July 7, 1995

If you have any quutnons please conlact Gary G Baker at (806) 477-4440.

_lyy‘

Very 5,
: ' : . A. Weinr ch f
. : - General Manager «}Q

- WAW:sdd

Attachments: As stated

GM:95- 01593-790

BE:95:02086
P$:95:0103




To:
From:

Date:’

Frank”Spragu _
Dave Styers Y o

July 7, 1995

Subiect: Changes to Health-nased Release c:iteria, dated May 8,

1995

-The follow1ng changes have been made to the May 8, 1995, submlttal.
Changes in the text are 1nd1cated in italics.

Lo

HEALTH-BASED RELEASE CRITERIA

Global Changes:

,
Kd

1.

_'rhe maximum annual EDE fcr Pantex Plant worker has been

changed to 5.2 x'lo mrem to 3.8 x 104 mrem (math error). -

c. Pag 6, Paraqraph 2, line 3

e 2
b. Page 16, Paragraph 4; Line 1
' e 4 aph
46

e 2.

3.

d. Page , Table C; -’cz. Scenario #1

‘The term "man-mrem" has been changed to "person-mrem.

Reference to the "ALARA analyszs“ hae been ~ changed tc '
"analyszs to support an ALARA determ;natzon. :

In Appendix C, “the orglnal *worst-case® analyses have been
deleted in their entirety. Therefore, the orginal “realistic-
case” has been changed to the “worst-case.” The orginal -
s ALARA-case"” is has been changed to ‘the. "realistic-case.

Specific Changes:

- 1.

Page 2, Paragraph 2 e-1: "Basedfupon,the "As‘Lcw-As_
Reasonably Achievable analysis, .... annual™ to "Based upon

the analysis to support an ALARA,determznatzon, seessannual.”’

Page'ls, pParagraph 1, Line 4/Page 47, Table Cl - C2, Scenario
#4: "Manual Mixing of HE water slurry" to “Addzng wet PBX to

HE water slurry."

Page 16, Parag;agh 2, Line S: The. followlng has been added.

"However, the "life-cycle" of the HE for "normal operational
condztzons.

Page 17, Paragraph 1, Line 2: The following has been added:
n, .. .mrem. This anticipated exposure resulted from the skin
being splashed with HE slurry (scenario #6)."




7.

10.

i ¢ 99

age 17, Paragraph 1, Line 4/Page 46, Paraqr: _Lipe
The following statement has been added: :
“"They are well below the 30 mrem in a year DOE dose restraint

for release- of property (RESRAD) S ==

age 18, Paragraph 5 e 5: "The results coee compared to
-the removable surface contamination limit of 1000 dpm/100 cm,
-as promulgated in DOE 5400.5." to "The results ... compared to

an authorized 1limit for removable surface contam.nation
consistent with DOE 5400. 5 requirements. iz

- e

Page 20[Page .48: Reference for RESRAD was added. Y

Page 55, Paragraph S, A‘ssumgtioné Assumptlon 1 vas deleted.
(See global change #4 above.) All- other assumptions were

~ renumbered. The following NOTE was added at the end of . the

new assumption 1:

‘W[NOTE: This value is based on the geometric mean, m 0 O 1.9

x 10¢ pci HTO/g HE for all analytical results for bulk tritzum .
activity in the HE sampled.

Page 41, Scenarjo 4 tj,tlg° "Manual Mix.uzg of HE water slurry" |

to "Adding wet PBX to HE water slurry."® o
g ge 41, Paragr._'ap_h Lines 1 - g:’i "Tn. this scenario, . .;..

.over an open vat while he/she manually stirs the HE slurry."

Intake .... tritiated" to "In this scenario, ... over an
opening in the vat wiiile he/she manually adds wet PBX to the

'HE slurry. [NOTE: With the exception of adding wet PBX to
the vat, the dissolution/recrystallization process occurs in

a closed system " Intake .... tritiated."

ALARA ANBLYSIS

Global Chan es:.

2.
3.

The maximum annual EDE for Pantex Plant worker has  been
changed to 5.2 x 10° mrem to 3.8 x 10*’ mrem (math error).

- a. P__q._A._Zem_S.._L_i.ne_a

b. Page 11. Table 2 - 3, Scenario #1 |

The ternm "man-mrem" has been changed to "person-mrem.

Reference to the "ALARA analysis® has been changed to
"analysis to support an ALARA determination."

Consistent with Appendix C of the main. report,. the orginal

sworst-case” analyses have been deleted in their entirety.

Therefore, the orginal "realJ.stJ.c-case“ has been changed to

the “worst-case."” The orginal "ALARA-case” is has been
changed to the ”realzstzc-case. : :



§gggi£;g_gaangg§'
1.

2.

'3,

Title has been changed from "AS LOW «oeeees (ALARA)‘.:... "Hi'.gh
Explosives" - to MAnalysis to  Support an .....(ALARA)

'Determ.nation «++. Explosives." , _ 8 T T
Table of~Cbntent§ has been added. = - .f"::44~;
e 10 Tables 1 = 3, Scenario : "Manual Mix.lng of HE

- water slurry" to "Addlng wet PBX to HE water slurry

Page 14, garagagh 2, Line § The follow:.ng has been added to
the end of Line 5‘ _ N '

... pCi HTO/g HE and had removable trJ.tJ.um contam.nation less

than 1,000 disintegrations per minute over an area of 100
square centimeters (dpm/loo cm'.
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. United States Government o ! ‘ Department of Energ~

memorandum

Iune 26 199§ -

DATE:

REPLY TO
ATTN OF:

 SUBJECT:

Ofﬁce of. Env:ronmental Polrcy and 'l'echmcal Assrstance Wallo, EH-412

,Release Cntena for Volume Tntmm Contarmnanon in ngh Exploswes

Frank Sprague, AL -

- EH-41 has revrewed the proposal contained in the May 30 1995 Memorandum from

N. Dienes (AL) to T. O'Tool (EH-1). In general, the technical analysis is acceptable and

-supports your proposal. We are prepared to recommend that EH-1 approve the release lumts
_ subject to the followmg : . .

‘. ‘While the attached report meludee a section titled "As Low As Reasonably
" "Achievable (ALARA) Analysrs for Disposition of Tritium Contaminated High

Explosives” the section is not an ALARA analysis. This analysis is really more of an- -‘

" uncertainty analysis of the dose estimates than a true ALARA analysis. It does,
" however, contain the most of the material necessary to support an ALARA decision

but it should be titled "Analysis to Support an ALARA Determination.” An
ALARA analysis should look at several options and either quantitatively or

. Aquahtatxvely determine the optunum value for the release criteria.

To satrsfy the ALARA requirement of DOE 5400 5 an AL. srgned (you or your

. management as appropriate) memorandum should be included with package The -

memorandum should discuss the proposal and the benefits and 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 provided in our March 1991 ALARA implementation guidance,
‘the determination for this action can be qualitative or sexm-quantrtanve Therefore,
the AL memorandum should simply provide a brief statement of the actron (to

recycle about 50,000 pounds of HE per year using 1000 dpm/100 cm? as a standard
for release) and indicated that the recycle effort is generally beneficial to the
environment, saves the Department resources through the sale of the explosives and
will cause insignificant incremental doses to the public even under conservative
assumptions. The memorandum should indicate that doses to the maxunally exposed
worker or member of the public was estimated to be about 5x10"° mrem from the --
activity at the proposed standard. 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 costs. Therefore, the proposed limit represents the appropnate

: ALARA-based value for dns activity.

@ Pfimedonlwm
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e
o

o - The memorandum should also indicate.that AL has ooordmated wrth the appropnate o
:  state regulator and that they are not opposed to the action.

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

. ° Page 18, paragraph s. Change'the fourth'sentence to read » .. analysis are compared

‘o an authorized limit for removable surface contamination denved consistent wrrh :
Order DOE 5400 b requrrements " - -

o -Appendix and ALARA analysis. . There was ‘considerable oonfusxon wrth the .
discussion of the various scenarios and the estimated doses. The report discussed
"worst case”, “realistic® and "ALARA" estimates. The ALARA values should
represent the realistic estimates. 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. 'While not essential, if possible to complete a-global
: rep!acemenr, man-tnrem should be changed to person-mrem "

o Page 46, second paragraph. Change the 7th hne fmm prornulgated in" to oontamed. '

in."

Oncé we receive your memorandum documentmg the ALARA decrsron, we will subrmt the

package to EH-1 for approval. If you have any quechons please contact me at 202-586-
4996. . . : '

Arr Water and Radratmn Dmsron
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United States Government o Department of Energy

memorandum

DATE

REPLY TO
ATTN OF:

SUBJECT:

TO:

Albuquerque Operetions Officl

- MAY 30 1995
. OESH (N. S. Dienes/505-845- 6121)

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

T. J. O'Toole, Assrstant Secretary for Envrronment 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 ii,

A Section 5.c.(6), it is requested ‘that you approve the criteria-and survey -

techmques for release of volume tritium contaminated high explosives (HE) for

. ‘recycling. The criteria and survey techmques are descnbed in the attached -

report.

‘This report was first submitted to you for approval on Nov‘ember 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 Mana'oement .

- Division (WPDJ, 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 prescnbed 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 Battelie Northwest Laboratories, "Recommended Tritium Surface
Contamination Release Guides,” February 1991. The Committee recommended

" that "... If the tritium contamination level is below 1/10th the release limit given

in Section 8 (1 X 108 disintegrations per minute per 100 centimeter’), (i.e.,
100,000 dpm/100 cm?), then the item can be released..."- The criteria to be _
used per the report is 1000 dpm/100 cm? which is 1/1 OOth of the Committee’s
recommendatlon of 10,000 dpm/100 cm?.




T. J. 0'Toole . 2 l!W 30 1938

Use of this safety margm and the resulting neghglble impact on the environment - .

and public health ensures the release of the HE wouid meet the purpose and
intent of DOE Order 5400.5 for release of materials and eqmpment ‘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_'fu'rthei' 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.

Nicholas S. Dienes
Assistant Manager for .
Technical Management and Operations

Attachfnent

\cc w/attachment:
- A, Wallo, EH-412, HQ

G. W. Johnson, AAO

G. E. Runkie, OSHD, AL

M. S. Bange, WMD, AL
"H. T. Season, Jr., WPD, AL

-,

cc w/d attachment: .
D. W. Pearman, Jr., FM-1, HQ
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United States Govemment - - Department_of Energy:

”.memorandum

DATE:

REPLY TO
ATTN OF:

SUBJECT:

November 22 1995 4

Air, Water and Radiation Division:Walio:586-4996:EH-412

.Appfoyal for release (disposal) of 105 ‘KE-Rooﬁn‘g Material

John D.'Wagoher Manager DOE/RL

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 recommendatlon and have determined that the data and analysis
support your recommendation to dispose of the subject waste in the on-site 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 roeﬁrig-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. .

Y A S
ara O'Toole, M.D., M.P.H.

Assistant Secretary A

Enwvironment, Safety and Health

Attachment
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Department of Energy

memorandum

DATE: . NOV 1 7 luua

REPLY TO
ATTN OF:

SUBJECT:"

Air; Water and Radiation Division:Wallo:586-4996:EH-412
Recommendation to approve release (disposal) of Roofing Material
Tara O'Toole, EH-1 |

Thru: Raymond Berube, EH4

.On September 15, 1995, the Department's Richland Operatxons Ofﬁce (DOE/RL)

consistent with the requirements of Order DOE-5400.5, .requested EH-1 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-1 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 DOE/RL meets all radiation protection requirements and protects the
publlc consxstent with the Department's as low as reasonab]y ach:evable process.

DOE/RL proposes to dxspose of approxlmately 300,000 kg’ of rooﬁng matenal 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 (Area#l of 105 KE Basm roof)

~ was estimated to have concentrations of less than 17 pCl/g Cs-137.

Maxrmum mdivxdual dosw assocxated w1th this disposal were conservatrvely estimated to -
be less than 0.001 mrem/year 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 resxdent-farmer llvmg on the -

-landfill and estimated doses on the order of 0.00001. mrem/year. It is highly unlikely

_that any mdmdual will ever receive even these low doses as a result of exposure to the

e subject material.

There is no realistic mechamsm for collectnve exposures. However under worst case
situationsevaluated by DOE/RL, the collectlve dose integrated over a 200 year penod
would be a small fracnon of a person-rem (about 0. 3 person-mrem) '

The only viable altemative to dxsposal of this material 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 1mplementmg 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 altematwe 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 typxcally used in

- ALARA based decnslon-makmg

EH-41 has several comments regarding the DOE/RL submittal that are. attached for the

record. However, while these concemns 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 protectlve and meets the pubhc radiation -

protection requlrements

 We recommend that EH-1 sxgn “the attached memorandum approvmg the DOE/RL

request _ 4
. Andrew Wajlo L
. Director )
‘ Alr Water and Radlatlon Dlvxsmn
-Attachments




EH-41 Summary Comments on DOE/Rxchland Request for o
Approval to Dnspose of 105 KE Rooﬁng Matenal Revrsxon 1 (dated November 6, 1995)

The analyses and survey dita provrded in the attachment to the subject request are -
adequate to demonstrate compliance with DOE reqmremts for drsposal of the KE 105
roofing material in the on-site landfill. The ALARA .considerations have been
adequately addressed. The following commems resnlted from the revrew of the
supportmg maxerral o _ P , .

<

Although the - survey mults are adequate to documt the acceptabllxty of the

" material for disposal in the landfill, it would have been desirable to.have a more -
representanve distribution of. samplmg locations. As noted below, ‘the rosult of this -
is that the average concentrations of radronuchdes in-the rooﬁng matenal ‘may have
"been overestimated which in tumn results in an overestrmate of the source term. The
survey' desrgn could have beneﬁtted from the use of the Data Qualrty Objeeuves o
process R A R

It appears ﬂre estlmate of mean conctratxons for the radronuclrdes m'the matenal
~ was based on the arithmetic mean. Our review of the darasuggests that the - 7

geometnc mean may have been more representanve. The use of the anthmetxc

mean in this case would generally overesumaxe tﬁe source term. £

In thxs analysrs DOEIRL mcluded a fmdy detaxled assessment of the eﬁ'ects using = -
o 'age-speclﬁc dose factors. Whnle the analysis is l'audable, it is far more detalled than . -
 is required for this situation. Given the low ‘doses, the hypotheueal nature of the
- scenarios for exposure and the uncertainties of the scenano ever occumng, an
, assessment usmg dose factors for reference man lS more than Suﬁcxent._. ;j’. )

The estimate of colleetnve doses assumed ultrmate transport of the rosxdual b
radioactive material to the Columbia River and the exposure of S million people a8
" . The estimate of collective dose was based on the ratio. of mdmdual doseto - - -
collective dose from a low-level waste site. ’l'lns estimate is extremely conservatnve
for several reasons,-a major one being that the source term for the low-level waste "
site is much greater than for the landfill site which would result in a much lower =
. collective dose. The DOE/RL analysis corrected for the difference by ratioing the
"indiviudal and collechve doses. Ratios of the source term to collective dose would.
have provided a more representative screemng tool. Despite dns fact, glven the -
small collective doses, the assessment.is sufficient for a screening assessment. -
. Because this site is not a DOE low-level waste disposal site, there is no requirement
" . for DOE to continue to control the property " Therefore, another alternatrve that
could have been considered was the loss of institutional control of the site and the
use of the landfill area or neighboring areas for resndennal use. A hypothetlcal
scenario assuming that the area could support one or a few famxlles who obtamed
~ their drinking water from the ground water could have been used to estimate
~ collective doses over a few hundred years (e.g., 200 years, the 1000 year penod
used by DOE/RL is conservative and more than would 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.. If site land
use plans require continued control of the site, scenarios for estimating doses need
not consider loss of institutional contro] for extended periods of time. :

A cost/benefit analysns was completed to demonstrate that the proposed optlon met
the ALARA process requirements. The cost/benefit analysis table in the text .
provides an estimate of cost per mdtvxdual dose averted. This is an interesting value
~but is-of little use in evaluating the cost effectweness of an action. It adds little to
the evaluatxon The ALARA process uses an assessment of doliars per collective '
dose averted to assess the incremental benefit of the altematw&s 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 cost between disposal options of $345,000, the
_estimated cost of a person-rem aveited 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 representatlve Our assessment of costs
~ per dose averted by dlsposal 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 practlcable altema’nve consndenng ALARA is
- justifiable. 4
The DOE/RL analysxs did not specnﬁcally consnder ground-water protectlon
‘However, based on the results of the all pathway analysis, potentlal ground-water
impacts are very low. There is no risk of causing drinking water standards to be
exceeded in dnnkmg water’ systems usmg the ground water.

Although it would have been desxrable to address some of these comments in the final

_package, given the extremely low doses associated with this action, we db not believe it -
- worthwhile to require Richland to modify 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 w1th the approval of the
request. : : :
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- United States Government 3 . - Department of.,Ener_g-y

memorandum

DATE:

REPLY TO

ATTN OF:

' SUBJECT:

TO: |

Rig

Nove 1995
(QSH:DCW - .
REQUEST APPROVAL FOR THE RELEASE OF THE 105 KE ROOFING MATERIAL, hEVISION 1

Tara-0'Toole
Assistant Secretary for
Environment, Safety, and Hea]th

- EH-1, HQ

In my memorandum to you regardlng this- subJect dated September 15, 1995,
RL's Quality, Safety, and Health Programs Division (QSH) requested approva]
of a dose assessment for the release of the 105 KE and KW roofing material.’
The dose assessment package was reviewed by HQ and comments on the dose
assessment were returned by memorandum dated September 25, 1995. These
comments- were incorporated -into the revised dose assessment, revision 1,
which is attached. Revision 1 calculated a dose assessment of iess than
0.001 mrem/yr for the disposal of the roofing material in the central
,1andf111 Ground water protect1on and an As Low As Reasonably Ach1evab1e
review, which includes a cost- benef1t analys1s are a]so contalned in the
rev1sed assessment

In accordance with DOE Order 5400. 5, it is requested that the HQ Program
Office approve the disposal of the 105 KE basin and transfer area roofing
material for unconditional disposal in the Hanford onsite central landfill.
The 105 KE and KW office area roofing materials, which were part of the
September 15, 1995, request, have been disposed of in the central 1andf111
s1nce no rad1oact1v1ty could be detected in these mater1a]s .

In cons1derat1on of the findings of the revised dose assessment 1
recommend that EH approve the 105 KE basin‘and transfer area roof1ng
mater1a1 for d1sposa] at the ons1te centra] 1andf11]

If you have any: questlons concern1ng this. matter p]ease call me, or your
staff may contact.Dana C. Ward QSH, at (509) 372 1261.

/ﬂwm

ohn D. Wagoner
Manager

Attachment

cc w/attach: _
R. P. Berube, EH-20
F. Cole, EM-37 - :
A. Wallo, EH-232°

Richland Operations Office



Attachment

Attachment 1.-
. 9553834 R1
Page 1 of 15

DOSE ASSESSMENT FOR THE VOLUMETRIC RELEASE
OF THE 105 KE ROOFING MATERIAL, REVISION 1

" Purpose

This document analyzes the potential radiological dose that could result from
the release of the Westinghouse Hanford Company (WHC) 105 KE Basin and
Transfer Area roofing material to the Hanford Central Landfill (CLF). This is
a case specific assessment and dose not apply to any other potent1a1 releases.

The U.S. Department of Energy (DOE) has the author1ty to estab11sh criteria
and Timits for the protection of the public and the environmental for disposal
in a DOE on-site landfill which is not an authorized low-level waste disposal
fac111ty Disposal of such material must conform to the requirements of DOE
Order 5400.5 (DOE 1993) including the ALARA process (As Low As Reasonable

-~

- Achievable). This criteria shouid be such that it is not likely that d1sposa1

of materials into the landfill will result in a future requirement for
remediation of the landfill. To assure that this is achieved, authorized
1imits for material sent to the CLF must be approved by DOE-HQ.

The criteria must be based on 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 to reduce potential individual dose to a few
millirem in a year. This dose assessment must ensure that the ground water
will be protected. ' There are no known other poss1b1e sources of residual
rad1oact1ve material being sent 'to the CLF. .

Description

The 105 KE Basin and transfer Area roof became contaminated via unf11tered
roof vents. Cracks in the roofing material have allowed rain water to wash
this radioactivity into the substructure creating low Jevels of volumetrically
contaminated material. -Attachment 2 includes maps of the Basin and Transfer

. roofs with sampling locations indicated with circles. These maps were

previously used for other non-radiological testing and have the roof panels
numbered. The shaded blocks are from that assessment and should be ignored.

In addition to this dose assessment, all roofing material was surveyed to
assure it met DOE Order 5400.5, Chapter IV, Figure IV-1, Surface Contamination
Guidelines (DOE 1993), for release to the public prior to being released to

the CLF. - The U.S. Nuclear Regulatory Commission (NRC) Regulatory Guide 1.86
(NRC 1978) values were used for Transuranics. Any material with radicactivity
exceeding either the contact or removable release criteria DOE Order 5400.5 or
NRC Regulatory Guide 1.86 was dlsposed of as radioactive waste. Additionally,

"~ all these materials were analyzed using gamma spectroscopy, no radionuclides

were identified beyond those of the characterization study. The radloana]ysws
was preformed before this d1sposa] “therefore the concentrations determined

are conservative.
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Sample collection points concentrated around the roof- vents where surface
radioactivity had been detected and along the roof edge where rain water
pooled. These samples were taken such as to represent the contamination in
the substrata of the roofing material. There were 51 core sampies taken from
the Basin roof and 42 taken from the Transfer Area roof. o

These samples were analyzed using gdmma spectroscopy for the purpose of
detecting the WHC Volumetric Release Criteria. The table of release criteria
from WHC procedures is shown in Attachment 2 (WHC 1995). This critéria was ,
approved by DOE- -HQ, EM-30 (Memorandum, Lytle 1993), for use in determining if
hazardous waste is radiologically contaminated and .is therefore mixed waste.
This criteria was developed to meet the DOE "no-rad-added” policy (Office of
Environmental Management, Performancsa Objective 1994). The WHC submitted the

" same criteria to DOE, Richland Operations Office (RL), as interim volumetric

release criteria (Memoranaum Dixon 1995) until final vo]umetr1c release .
criteria can be developed and approved. -

Attachment 2 inc]udes_a summary of the radioana]ysis'for the.roofing'material.

" The roof was divided into three areas so that -the ALARA process can be better

applied. Please note that any of these three areas may be disposed of as
separate un1ts : ) .

. The first area consists of the roofing material exceeding the volumetric

release criteria. This material, denoted by red dots on the attached map,
consists of material whose radiological concentration exceeded that of the
volumetric release criteria. This material was found only on the Bas1n roof
and was located around the roof vents (RV 10 & RV 11).

Each of the 9 ana]ys1s performed were averaged together to determine a mean
concentration. The Cs-137 radiocactivity concentration was determined to be

"16.7 pCi/g and the Am-241 radioactivity concentration was found to be

0.273 pCi/g. The samples that did not indicate the presence of Am-241 were
averaged into. the mean as zeros because the criteria for the Minimum
Detectable Activity was no- rad-added or zero. The only significant
radionuclide in the source term that is not identifiable with gamma
spectroscopy is Sr-80. The 105 K Basins Area Sr-90 concentrations are

slightly less than the Cs-137 concentrations (WHC 1994); therefore, it was

conservatively assumed that Sr-90 would be at the same 16.7 pCi/g 1eve] as

" Cs-137. No Co-60 was-detected on the Basin roof; therefore, it .was assumed -

not to be present.

A1l of the roof1ng material has .been placed in 4X4X8 feet low-level burial

boxes. These boxes, when placed in the CLF, will be covered with one foot of
soil. . At the closure of the CLF an additional three feet of soil will be
placed on the boxes for a total of four feet (1.22 m). The roofing material
consists mostly of felt insulation, with tar paper, tar and gravel. - A density
of 1.5 . grams per cubic centimeter was assumed. An absorbent was added to-
solidify any remaining water in the felt. ' '
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This first area of material was placed in four (4)-buria] boxes. The four
burial boxes have a volume of 2.18E4 kilograms and a burial area of
11.9 meter?. :

The second area consists of the remaining roofing'materia1 from the Basin

roof. The analysis of this material indicated a mixture of material with
identified radioactivity below the release criteria (red dots with blue
centers) and material with undetectable radioactivity (green dots). It is
assumed that the distribution :of material identified but below the release

. criteria and material with undetectable contamination was constant throuahout

the entire roof.: Therefore, these samples were averaged together with zeros
to determine the mean radioactivity concentration in this area of the roof.

Only Cs-137 was detected in this area and at a. concentration of 2.59 pCi/g.-

Sr-90 was assumed.to be at the same 2.59 pCi/g level as the Cs-137. As no

"Am-241 or Co-80 was detected in this area, they are assumed not to be present.
.- This second area of roofing material was placed into 34 burial boxes. The

34 burial boxes have:a volume of 1.85E8 grams and.a burial area of 101 meterz.‘- :

The third area consists of the Transfer Area roof. The analysis of this
roofing material indicated no radioactivity exceeding the volumetric release
criteria. The analysis indicated a mixture of material with identified
radioactivity but below the release criteria (red dots with blue centers) and
material with undetectable radioactivity (green dots). Three of the samples
indicated the presence of Am-241 and one sample the presence of Co-860. All
four of these samples were adJacent to the suspected source of contamination,
the .roof vents (RV 6 & RV 7). It is assumed that the presence of Am-241 and
Co-60 were much less in the remaining area of the roof; therefore, the '
concentration of these samples was averaged and then d1v1ded by 5, the
estimated fraction of the roof area adjacent to the roof vents. It is assumed

" that the distribution of Cs-137 is uniform throughout the entire roof between

material identified but below the release criteria and material with
undetectable contamination; therefore, these samples were averaged together
with the zeros to determ1ne the mean rad1oact1v1ty concentration. Cs-137 was

detected at a concentration of 1.60 pCi/g. Sr-90 was assumed.to be at the

same 1.60 pCi/g level as the Cs-137. The Am-241 radioactivity concentration -
was calculated to be 0.074 pCi/g and the Co-60 was calculated to be -
0.0814 pCi/g. This third area of roof material was placed into 17 burial’
boxes. The 17 burla] boxes have a volume of 9.25t7 grams and a burial . area of
50. 5 meter?.
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SUMMARY OF RADIOACTIVITY
Radionuclide Concentration  Volume Radioactivity  Burial, Area
B pCi/q : g . uCi m?
Area #1; 105 KE Basin, Above Release Criteria ' L
€s-137 . 167 . 2,187 - 365 1L
Sr-90 167 2.1867 65 - -11.9
Am-241 . . 0.273 - 2.18E7 .- 595  11.9
Area #éf 105 KE'Basin, Below Release Criteria . ' ,
Cs-137 2.59 1.8588 - 47.9 - 101
Sr-90 ; 2.59 1.858 . 47.9. 101
Area #3: 105 KE Transfer Area o ' | '
. Cs-137 1.60. 9.25E7 " 148 N 50.5
- Sr-90 -7 1.60 . 9.2587 148 - . - 50.5
Am-241 0.0704  9.257 ~  6.51 505
Co-60 0.0814 9.25E7 7.5 s0.5

RESRAD Doses .
The RESRAD dose assessment model was used to calculate 1nd1v1dua1 and .
collective doses.. Both realistic best estimates and worst case estimates were

~ developed. Many possible exposure scenarios for released material have been

developed and are available for analyses. The scenarios- used here are
typically for residential, ‘construction, or recycle activities, including

- special consideration for potential groundwater transport for those few

radidnuc]ides that might'haVe more impact through that transport pathway.

These dose projections for the waste packages to be stored at the CLF are
based on two calculations. The first uses RESRAD (Yu 1993) to estimate
potential doses with no actual intrusion. An individual lives on top of the
buried waste and receives a small amount of external dose from penetrating
photon radiation. In addition, he has a well which supplies his household
needs. The well enters the unconfwned aquifer down-gradient of the waste
site. The second method for evaluating potential doses assumes that this
individual penetrates the waste boxes in the course of drilling a well. The

- material exhumed is assumed to be indistinguishable from soil and is spread

about in a garden. Post-Drilling dose factors involving a delay of 100 years

“were taken from the 200 West Area Burial Ground Performance Assessment

{Wood 1994). ‘Because of the small area available (Maximum lQl-mZ), only one
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individual is considered in these scenarios. Multiple individuals will be
considered in the collective dose evaluation. '

Dose Factors - No Intrusion :
The RESRAD program Version 5.60 was used to calculate dose per unit
concentration in waste to be stored at the CLF. ,Geo1ogic data from the

. Interim Site Characterization Report (Fruland 1989%). - In part1cu1ar the top

24.4 meters (80 feet) is Hanford Formation sand, while the remaining
13.7 meters (45 feet) down to the unconfined aqu1fer is Hanford Formation

. gravel. The aquifer is alsa grave1 The observed hydraulic gradient is

0 0001.

Hanford S1te data prepared for the ‘00E programmatic Environmental Impact
Statement (EIS) was used for the porosity and saturated hydraulic
conductivities (Schramke 1994). The effective porosities were assumed to be
0.3 for both soil types. The unsaturated hydraulic conductivities were
assumed to be 1 percent of the saturated conductivities.. These values are

summarized in the table below. The "b" parameter used by RESRAD was assumed

to be 4.0 to keep the saturat1on ratio away from 1.0.

Poroéity.and Saturated Hydrau]ie Conductivities

Parameter ' Hanford Sand Hanford Gravel Aquifer
Soil Density 1.60 g/cc - .1.76 g/cc 1.76 g/cc
Hydraulic Conductivity . 15.8 m/y- 4.8 m/y 480 m/y
Total Porosity : .0.42 - 0.36 0.36
Effective Porosity 0.30 : 0.30 0.30
Saturation Ratio - 0.59 0.66 1.00

“Two other important parameters are depth in the aquifer at which the water is

extracted and the volume of water pumped from the well each year. The default

-~ value of 10 meters below the water table was used for the first parameter.
The aquifer is generally more than 20 meters thick, thus the RESRAD default

was appropriate and conservative.. The volume of water pumped from the well
was based on water consumption by a family of four and irrigation needs for a

-500 m2 area. The average water need per person ‘is 65 -galions/day or 90 m3/y

(Miller 1980). The typical irrigation rate in the counties near Hanford is

82 cm/y. This value was used in prior Hanford performance assessments. It is
based on the Specific Information on the Terrestrial Environment database
referenced by Baes et al (1984) for irrigation in the western states. The

“Hanford Environmental Dose Reconstruction Project- (HEDR) found the irrigation

rate in the counties surrounding the Hanford Site ranged from 61 cm/y to

98 cm/y (Snyder et al. 1994). The total needed to water a 500 m? area for a
growing season is 410 m3. Thus the assumed annual water need for this family
is 770 m3/y. The RESRAD "Non-Dispersive" intake dilution model was used at
the well.
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Soil distribution coefficients came from the Hanford Site data in
(Kaplan 1995). These values are the smallest listed in Table 6.1 of that
document S ' o ‘

The annual precipitation for Hanford is 0.16 m/y. In addition, the RESRAD

"evapotranspiration” coefficient was set to 95 percent. The RESRAD runoff
coefficient was set to 0.1 for these calculations.

Seil Distributﬁon Coefficients
Nuﬁlide_ . Co-860 Sr-90 | Cs-137 . Am-241  Np-=237 U-233 'Th—229
Kd, ml/g 1200 5.0 .'540 _ 70 2.4 0.08 40

" . The assumed waste area was 101 m2. Parameters for the inhalation and- food

chain pathways represent negligible. contribution to .the final results. .Most
of the dose from Am-241 came 3270 years from now, when the pr1nc1pa] progeny,
Np-237, reaches the well.. For Np-237 the dominant pathway is drinking water..
The consumption of 730 L/y was used. Most of the dose from the other nuclides
came from direct radiation through the cover in the first year. The external"
dose was based on being exposed 20 percent of the year, and using the RESRAD
area adjustment factors. Dose factors are shown below.’

Peak Dose from a Unit wdste Concentration (mrem/y per pCi/g)

Nuclide . Co-60 - Sr-90 = (s-137  Am-241

Peak Year = .0 0 -0 3270
Dose Factor 3. 4E 06 1.5E-12 2.8E-08 1.4E-04 |

RESRAD output graphs and tab]es are shown in Attachment 2 The dose from
Am-241 depends on the land area used by the waste. This is because the larger
area represents a larger source entering the groundwater.  The dose is’
proportional to the area. The dose factors for the other nuclides are not
affected by the area because the waste is .covered with 1.22 meters of soil.

. Only a small port1on of the source actually.contributes to the computed dose.

The remainder 1s sh1e1ded by the soil.

Dose Factors - Intrusion

. The methods used in the performance assessment calculations are described in

detail elsewhere (Rittmann 1994). " Rittmann gives unit dose factors for the

‘post-intrusion cases which give dose per curie exhumed after a delay of

100 years. The delay represents the time from waste disposal to release to
the public so that a well could inadvertently be drilled. These.100 year dose
factors are shown below. The second line in the table accounts for the well
diameter (30 cm) and waste thickness (1.22 meters) and average waste density
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(1.5 g/cm3). It turns out that 129 kg'waste is éxhumed in this intrusion
scenario. : o ‘
Intruder Dose from a Unit.Waste Concentration
NucTide Co-60  Sr-90  Cs-137  Am-241
Exhumed, mrem per Ci 1.786-2  8.47E+1 2.41E+2  6.37E+2
2.3 &9 1.1 E5 3.1E-5 8.2E-5

Dose Factor, mrem/y per pCi/g

Note that these dose factors are independent of the land area used by the
waste. A1l that matters is the waste concentration and the amount of waste
exhumed and spread over the garden. The area only affects the probab111ty of
a well driller encounterlng the waste packages

Age Dependence

The internal dose factors for the various age ‘groups are shown below. Also
shown are the ratios with adult dose factors. .Human food consumption and
breathing rates at various ages are also summarized.' Values were taken from

| " the U.S. Federal Food and Drug Administration Draft (1991), Yang and Nelson

(1986) and the ICRP (ICRP 56). The ingestion dose factors for infants are

.Dose -

~larger than for adults; however, this is off-set by the reduced intakes.
. factors for Co 60 were not shown but would be similar to Cs- 137 and Sr-90.
Interna]‘Dose Factors, mSv per Bq Intake (to age 70)
Ingest1on Effective Dose Equ1va1ent (EDE)
“ Nuclide = O to ly 1-2y 2-7y '7-1.2y 12-17y Adult
. ‘Sr—90+b . 1.3E-04 . 9.1E-05. 4.1E-05 4.3E-05 6.7E-05 3.5E-05
‘Cs-1374+D 2.0e-05 1.1E-05 9.0E-06 9.8E-06  1.4E-05 1.3E-05
Np-237+4D 5.5E-03- " 4.9E-04 4.3E-04 4.0E-04 4.7E-04 ' 4.5E-04
Am-241 1.2E-02 1.2E-03 1.0E-03 9.0E-04 9.1E-04 8.9E-04
. Inhalation Effect1ve Dose Equ1va]ent (EDE) :
" NucTide 0 to ly 1-2y 2-7y 7-12y 12-17 y .  Adult
" Sr-90+D 1.3E-04 9.1E-05 4.1E-05 4.3E-05 6.7E-05  3.5E-05
Cs-137+4D 2.0E-05 1.1E-05 9.0E-06 9.8E-06 1.4E-05  1.3E-05
Np-237+0. 5.5E-03 4.9€-04 4.3E-04 4.0E-04 4.7E-04 4.5E-04
1.26-02 1.2E-03  1.0E-03 9.0E-04 9.1E-04 - 8.9E-04

Am-241

D = Daughters -

1o
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Ratio with Adult Internal Dose Factors
_ Ingestion Ratios _
f - ~ Nuclide - 0-ly Cl-2y 0 2-Ty 7-12y ~ 12-17y = .
L | $r-90+D .71 . 2.60 1.17 1.23 1.91
P ' Cs-137+0 1.54 0.85 0.89 0.75 1.08
' Np-237+D 12.22 1.09 0.96 0.89 1.04
Am-241 13.48 1.35 1.12 1.01 1.02
" Inhalation, Ratios - .
. Nuclide - R 0-ly - 1-2y 2-7y 7-12y 12-17y
Sr-90+0  2.00 1.67 1.05  1.02 -  1.48
Cs~137+D 1.51 0.88 0.70 0.76 1.01
Np~237+D 1.55 1.22 1.02 "0.95 1.07
Am-241 1.55 .1.36 1.18 1.00 - 1..00

D = Daughters

&

~Average Dietary Intakes, kg/yr, from EPA

(2]

o
¥ .
<

'5-9 y 10-14y 15-19y 20-24y 25-29y 30-39y 40-59y

<ly 1-4y
A1l Dairy 207.6 152.7 180.1 186.1 167.1 112.6 98.2 86.4 .80.8 90.6
milk only 99.3 123.1 162.9 166.7 147.8 96.5 79.4 -66.8 61.7 '70.2
Eag 1:8 7.2 6.2 7.0 9.1 10.3 10.2 11.0 11.4 °10.5
Meat 16.5 33.7 46.9 58.4 69.2 Fl.2 72.4 73.4 70.7 56.3
Fish 0.3 2.5 4.0 4.9 6.1 6.8 7.6 . 7.1 . 8.0 6.3
Produce - 56.6 59.9 82.3- 96.0 97.1 91.4 99.1 101:5 115.3 120.9
Grain . 20.4 57.6 '79.0 90.6 ~89.4 77.3 784 73.7 70.2 67.1
Beverage 112.1 271.2 314.3 374.1 453.0 541.7 558.8 599.3 '632.2 564.7 .
water only 62.3 158.6 190.2 226.4 242.6 239.6 226.2- 232.3 268.4 278.3
" Misc 2.0 9.3 13.3 14.8 13.9 10.9 11.3 12.5 13.3 13.0
7 922.1 936.6 965.0 1001.9 929.3

Totals: 417.3 594.1 726.2 831.9 904.
Pop Fracs: 0.014 0.0553 0.0689 0.0688 0.0686 0.0681 0.0675 0.1334 0.2489 02065

The last row "Pop Fracs" is the fraction of the population which falls into
the age group listed. -These can be used to combine groups to match the ICRP
age categories (ICRP 56). They also indicate the size of the population at’
risk. : . ‘
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- Average Breathing Rates and Ratios for Age Groups

Group m/d Ratio
0-ly 0.8 0.035
1-2y 3.8 -~ 0.165
2-7y 9.3 0.404
7-12y 15.0 0.632

12-17y - "19.5 0.848
>17y -23.0 1.000

~The main pathway for the non-intrusion scenario is drinking water consumpt1on

The predominate nuclide of concern is. Np-237 with an infant to adult dose

. ratio of about 12. The adult consumes about 4 times more water than the

infant; therefore, the infant drinking water dose would be about a factor of
3 greater than the adult S. . .

For the 1ntruder case, the inhalation pathway dominates with Am-241 (factor of
about 1.5). The aduTt breathIng rate ‘is about 30 times more than the infant;
therefore, for this scenario, the infant inhalation dose would be about a
factor of 0.05 less than the adult's. The overall result is that the larger

‘infant dose factors are offset by the lower exposure.factors. The infant

doses are comparab]e to or cons1derab1y lower than the adult doses

Dbse‘Estimates forgspecific Areas

Three areas need to be considered. The first involves 4 boxes, the second

34 boxes, and the third 17 boxes. These three are summarized in the table
below. The land area occupied by the waste boxes is shown with each area In
ail areas the prOJected doses are neg1191b1e _
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.~ Area 1: KE Basin, Above Release Criteria 11.9 m?
‘ Scenario .
RESRAD Intruder
. Nuclide pCi/g- mrem/y mrem/y
Sr-90 - " 16.7. 2.5E-11- - 1.8E-04
Cs-137 16.7 4.7e-07 5.2E-04
Am-241 0.273 - 4.5E-06 2.3E-05
Total 5.0E-06 7.3E-04
Area 2: KE Basin, Below Release Criteria 101.0 m?
.. Scenario
RESRAD Intruder
Nuclide ‘pCi/g mrem/y mrem/y -
Sr-90 2.59 - 3.9E~12 2.8E-05,
Cs-137 2.59 7.2E-08 8.1E-05
Total . - 7.2E-08 1.1E-04
 Area 3: KE Transfer Area - 50.5 m?
| écehario ,
. RESRAD Intruder
Nuclide pCi/qg mrem/y . mrem/y .
Co~-60 0.0814 2.8E-07 1.9€-10
Sr-90 1.6 2.4E-12 1.8E-05 .
Cs-13 1.6 4.5E-08 5.0E-05
Am-241 0.0704 4.9E-06 5.8E-06
Tatal 5.2E-06 7.3E-05

Collective Dose

There s no s1gn1f1cant mechanism for a 1arge population dose to resu1t from o

the disposal of material in the CLF.

Eventually, the contaminated groundwater

will enter the Columbia River and give small doses to- people using the river.
In prior Hanford performance assessments (Wood 1994), the collective dose to .
5 million persons drinking 2 L/d from the river as well as eating fish and

individual dose (110 person-rem/y versus 1.6 rem/y).

only be applied to Am-24]1 (worst case,

5 mrem/y).
soil.

This

irrigating with river water were found to be about 70 times greater than the

factor of 70 can A

1.6E~3 person-mrem/y versus 2.3E-
The other nuclides decay faster than they migrate through the
The dose from Am-241 would last over about 1000 years for a total dose
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- of 1.6 person-mrem. This dose is from a source term cpmparabTe to the

radioactivity in a single smoke detector (5 uCi)!

Worst Case Dose . o : : .

The doses are.very small, so even unlikely changes to the exposure conditions
will not be important. For discussion, it will be assumed that the sail cover
is only half the expected amount. With 0.61 m soil over the waste packages, _
the short-term doses are .significantly increased. The table below shows these
"worst-case" dose factors. The increase relative to the more realistic case
is shown as a ratio of dose factors.

Worst-Case Peék Dose from‘a‘Unit Waste Concentration (mrem/y per pCi/g)

Nuclide - Co-60  Sr-90  Cs-137  Am-241

- Peak Year ¢ A ¢ 0 3270
Dose Factor 7.2E-03 . 1.8E-07 '3.0E-04 1.4E-04
Increase . 2.1E+03  1.2E+05 1.1E+04 1.0E+00

‘The Am-241 dose is not affected by the thickness of the soil cover, since the

doses are produced after 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 Specifjc Areas

Nuclide . Area 1 . Area 2 Area 3 - Total
Co=60 - — 5.8E-04

Sr-90 3.1E-06 4.7E-07 2.9€-07

Cs-137 5.0E-03 . 7.7E-04 4.8E-04

Am-241 - 4.5E-06 IR - 4.9E-06 .
Tatals . 5.0E-03° 7.7E-04 - 1.1E-03 . 6.87E-03

For the areas of 'interest, the increased dose factor results in larger doses.
If all three areas are combined the resulting dose is 6.87E-03. This is
7.5 times higher than the highest realistic scenario (intruder) as summed in .
the following table. : o S

Dose Assessment Summary o .

The doses from both of the scenarios for all the areas were summed resulting
in a total effective dose equivalent (TEDE) of less than 0.001 mrem per year -
(9.1E-04 mrem/y). ‘ » :
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Area o Scenaria
‘ RESRAD Intruder
Area #1; 105 KE Basin, Above Re]easeACrfteria 5.0E-6 7.3E-4
Area #2; 105 KE-Basin, Below Release Criteria 7;2E-8 1.1E-4
Area #3; 105 KE Transfer Area 5.2E-6 7.3E<5
TEDE '

1.0E-5

9.1E-4

The cost for burial at the Hanford Central Landfill-is $21/yd® ($0.78/ft%)..
The cost at the Hanford Low-level Radioactivity Burial Ground is $50.00/ft°.
This.is a ratio of 64 times increase to bury as low-level radioactive waste.
To bury each box in the CLF is $100. To bury each box in the radioactive -

burial ground is $6,400.00. The following table summarizes the costs for each .

area. The Intruder Scenario is used because it gives the highest dose.-

COST/BENEFIT ANALYSIS .

Cost ($) bef

Landfill : Low-Level ,
Burial - Radioactivity ~mrem/y Averted
. . Burijal :
Area #1; 105 KE Basin, - $400 $25,600 3.5€7
Above Release Criteria . . : : -
Area #2; 105 KE Basin, . $3,400 $217,600 1.9E9
Below Release Criteria - N ' '
Area #3: 105 KE Transfer  $1,700 .  $108,800 1.5E9
‘Area e . o :
Total ©$5,500 $352,000 -3.8E8

The most dose averted would come from burying Area #1 fn the Low-Level

‘Radioactive Burial Ground. But even this option-is not considered

cost/beneficial from an ALARA standpoint. The collective dose of 1.6 person--
mrem results in a cost/benefit analysis of 5.6E7 $/mrem averted or $56 Billion
per rem averted. This demonstrates that it is definitely not ALARA to dispose

of the 105 KE roofing material in a low-Level radioactivity burial ground.
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Conclusions ' :
A TEDE of Tess than 0.001 mrem/y is s1gn1f1cant1y less than 25 mrem/year and
within the guidelines acceptable to the State of Washington. The cost/benefit
analysis clearly indicates that it is ALARA to bury all three roofing areas in
the CLF at a savings of $350,000. Accordingly, WHC requests that RL submit
this dose assessment to DOE- HQ, for approval of the release of Lhe 105 KE
Basin and Transfer Area roofing mater1a] to the CLF. ,
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Department of Energy Order 3400 5, Inter1m Volumetric Release Cr1ter1a .

. Guidance, dated May 18, 1395°

M111er, D. W., Waste Drsposal Effects on.Ground Water, Premier Press,
Berke]ey, CA, dated 1980.

NRC Regulatory Guide 1.86, Term1nat1on of Operat7ng Licenses for Nuclear
Reactors, dated June 1974.

Office of Env1ronmenta] Management, Office of Waste Manegement PerformahCe

'.ObJect7ve for Certification of Non-Radroact7ve Hazardous Waste, dated

October 1994

Rittmann, P. D., Dose Estimates for the Solid Waste Performance Assessment,
WHC-SD- WM-TI- 016 Westinghouse Hanford Company, . R1ch]and WA, dated
August 1994 .

-Schramke, J A., et al., Hanford Site Environmental Setting Data Developed for

the Unit Risk Factor Methodology in Support of the Programmatic Environmental
Impact Statsment (PEIS), PNL-9801, Pacific Northwest Laboratory, dated

May 1994.
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Environmental Dose Reconstruction Integrated Codes (HEDRIC), PNWD-2023, Rev 1,
Battelle Pacific Northwest Laboratory, dated 1994. :

. U.s. Department of Health and Human Services, Food and Orug Adm1n1strat1on

Draft: Accidental Radioactive Contamination of -Human Food and Animal Fes ds,

" Recommendations for State and Local Agencies, quember 14, 1994.

NHC IP- 0718 Health Physics Procedures, Section 3. 1.1, "Release Surveys,"
Table 7.4, Volumetr1c Re7ease Cr7ter7a dated Ju]y 1, 1995.

WHC SD- GN TA 30004 (September 24, 1994) M1n1mum ‘Release Survey Requ7rements
Wood, M.I1., et al., Performance Assessment for the D7spas=7 or Low-Level Waste
in the 200 Mest Area Burial Grounds, WHC-EP-0645, West1nghouse Hanford
Company, Richland, WA, dated November 1994. 4

Yang, Y. and C. B.-Ne]sonv "An Estimation of Da11y Food Usage ! Factors for .

. Assessing~Radionuc]ide'Intakes in the U.S. Population®, Health Physics,
' Vo]qme 50, Number 2, pp 245-257, 1986

Yu, C., et al. Manual for Implementing Residual Rad7oact7ve‘Mater7a7,
Gu7de77nes Us7ng RESRAD, Version 5.0 (Working Draft for Comment), )

. ANL /EAD/LD- 2 Argonne Nat10na1 Laboratory, dated 1993
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183KE Radiological Control Laboratory
 Gamma Spectroscopy Data

105KE Basin Rooﬁng Material

Revxewed Byﬁ&a

"Thomas Bratvold

Sample Location

.Measured Activity

Laboratory Sample #

2.268E+01 +/- 5.768E-01 pCi/g Cs-137

K95-2806 Compbsite From S. of .
S RV-11 1.644E+00 +/- 6.821E-01 pCi/g Am-2¢
1 K95-2817 | Composite From S. of | 2.285E+01 +/- 6.729E-01 pCi/g Cs-137
' |Rv-10 | .
K95-2706 - Composite From E. of | 7.470E+00 +/- 3.839E-01 pCifg Cs-137 |
RV-10 1 3.122E-01 +/- 1.289E-01 pCl/g Am-241
K95-2709 Composite From W. of | 1.749E+01 +/- 3.243E-01 pCi/g Cs-137
' RV-11 » , : . ~ : o
K95-2707 Composite From W.of .| 1.010E+01 +/- 5.098E-01 pCi/g Cs-137
1 | RV-10 " | 4.966E-01 +/- 1.644E-01 pCi/g Am-241
K95-2708 Composite From E. of | 1.764E+01 +/- 6.901E-01 pCi/g Cs-137
RV-11 . - . - =
K95-2703 10SKE Basin Panel # 12 | 4.935E-01 +/- 1.173E-01 pCi/g Cs-137
| K95-2702 10SKE Basin Panel # 15 | 3.512E+00 +/- 3.067E-01 pCi/g Cs-137
| K95-2701 105KE Basin Panel #20 | 6.220E-01 +/- 1.180E-01 pCi/g Cs-137
K§5¥27OO 105KE Basin Panel #21 | 2.731E- 01 +/-1.3 93701' pCi/g Cs;137
K95-2836 105KE Basin Panel #27 | <MDC |
K95-2816 | 105KE Basin Panel # 150 | 1.894E+00 +/- 1.623E-01 pCi/g Cs-137
K95-2813 105KE Basin Panel # 151 | 2.715E+00 +/- 2.224E-01 pCi/g Cs-137
K95-2807. | 105KE Basin Panel # 152 | 2.782E+00 +/- 3.550E-01 pCi/g Cs-137
K95-2811 10SKE Basin Panel # 153 | 3.005E00 +/- 2.065E-01 pCi/g Cs-137_
K95-3025 10SKE Basin Panel # 154 | 2.376E+00 +/- 2.362E-01 pCilg Cs-137
K95-3027 105KE Basin Panel # 170

17336200 +/- 1.61SE01 nCila Cs-137

Date: og 16~ %5

Page 1 of3 -
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183KE Radiological Control Laboratory

Gamma Spectroscopy Data

' 105KE Basin Roofing Material

Reviewed Byr== = Date: <£-16 9S

Thomas Brarvold

. Page 2 of 3 -

4.340E+00 +/- 3.510E-01 pCi/g Cs-137

K95-2809 105KE Basin Panel # 171
K95-2698 '10SKE Basin Panel # 185 | 6.163E-01 +/- 1.423E-01 pCi/g Cs-137
1K95-2699 105KE Basin Panel # 186 | <MDC o
_ - (Near Reactor Wail) o
K95-2815 105KE Basin Panel # 186 | 4.608E+00 +/- +216E-01 pCi/g Cs-137
: (South Of RV-10) ' ) S _

K95-3026 10SKE Basin Panel £ 187 | 2.708E+00 +/- 3.823E-01 pCi/g Cs-137
K95-2835 105KE Basin Panel £197 |<MDC ~ | |
K95-2812 105KE Basin Panel #204 | 1.783E+00 +/- 2.375E-01 pCi/g Cs-137
K95-2814 10SKE Basin Panel # 205 1.734E+00 +/- 2.778E-01 pCi/g Cs-137 -
K95-2808 105KE Basin Panel # 206 | 2.343E+00 +/- 2.660E-01 pCi/g Cs-137
K95-2810 105KE Basin Panel # 207 | 1.267E+00 +/- 1.843E-01 pCi/g Cs-137
K95:3115 105KE Basin Panel # 229 | 1.180E+00 +/- 2.119E-01 pCi/g Cs-157

| kos-3116 ‘| 105KE Basin Panel #230 | 6.299E-01 +/- 1.925E-01 pCi/g Cs-137
K95-3117 - - 10SKE Basin Panel # 231 - | 9.923E-01 /- 1.980E-01 pCi/g Cs-137
K95-3118 . 10SKE Basin Panel # 250 | 2.018E+00 +/- 1.926E-01 pCi/g Cs-137

1k95-3119 105KE Basin Panel £251 | 1.057E+00 +/- 2.320E-01 pCi/g Cs-157

1 K95-3120 | 105KE Basin Panel 2252 | 1.534E+00 +/- 2.020E-01 pCi/g Cs-157
K95-3121 10SKE Basin Panel #253 | 1.160E+00'+/- 2.115E-01 pCi/g Cs-137
K95-2800 105KE Basin Panel # 270 | 2.192E+00 +/- 3.066E-01 pCi/g Cs-137.
K95-2798 | 105KE Basin Panei #271 | 1.912E+00 +/- 2.087E-01 pCi/g Cs-137
K95-2803 105KE Basin Panel £272 | 6.965E00 =/- £.320E-01 pCi/g Cs-137

K9s-2804

103KE Basin Panel # 273

SAZIESGG +- 239001 5Clg Ce-1 37




183KE Radiological Control Laboratory
' Gamma Spectroscopy Data

10SKE Basin Roofing Material

Revxewed By—-f@—s- Date: 0% -6 -35

Thomas Bratvold
Page 5 0f 3

105KE Basin Panel # 274

1.673E+01 +/--53.372E-01 pCi/g Cs-137 |

K95-3028
K95-3122 10SKE Basin Panel #275 | 7.224E-01 +/- 2.106E-01 pCi/g Cs-157
K95-2802 '105KE Basin Panei # 287 | 1.641E+01 +/- 4906E-01 pCi/g Cs-157

105KE Basin Panel £ 288 |

1.924E+01 +/- 5.754E-01 pCifg Cs-157 |

| 105KE Basin Panel # 289

5.576E+00 +- 3. 312E-01 pCi/g Cs-13

105KE Basin Panel £ 304

K95-2796 6.329E+00 +/- 4.621E-01 pCi/g Cs-137
K93-3030 LOSKE Basin Panel £ 305 | 6.768E+00 +/- 4. 25E-01 pCi/g Cs-137 .
K95-3124 10SKE Basin Panel 306 | 3.697E-+00 +/- 3.192E-01 pCifg Cs-137.
K95-2805 10SKE Basin Panel £ 322 | 6.093E+00 +/- 3.846E-01 pCi/g Cs-137
K95-2797 10SKE Basin Panel # 323 | 3.914E+00 +/- 2.736E-01 pCi/g'Cs-137
K95-2801 10SKE Basin Panel # 324 | 3.582E+00 +/- 2.503E-01 pCi/g Cs-i57
K95-2799 '105KE Basin Panel # 325 | 7.364E+00 +/- 3.697E-01 pCi/g Cs-157
K95-2834 105KE Basin Panel # 336 | <MDC |

J-1b.

<MDC (\/Ixmmum Detet:table Concemrauon) as aeﬁned in WHC-EP-0063-4, ,-\.ppermxx ], Table
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.183KE Radiological Control Laboratory
Gamma Spectroscopy Data

105KE Transfer Area Roo_ﬁng Material

Reviewed Bq—ﬁéﬁ; Date: 9% /6 45

Thomias Bratvold

H
)

.Page 1o

L aboratory Sample # Sample Location

Measured Activity

| K94-3231 |0SKE T/A Panel #25 . | SMDC
K94-3242 [0SKE T/A Panel £27 | <MDC_
| K94-3240 105KE T/APmel 29 | <MDC
K94-3243 | 105KE T/A Penel £ 31 3 844E-01 +/- 1.762E-01 pCi/g Cs-137
K94-3228 | 10SKE T/a Panel #33 | <MDC -
K94-3229 105KE T/A Panel £33 | <MDC
K94-3238 L05KE T/A Panel #37 | <MDC ,
K94-3230 10SKE T/A Panel 39 | 5.920B-01 +F- 1.616E-01 pCi/g Cs-157
K94-3241 L0SKE T/A Panel#41 | 6.170E-01 +/- 2.381E-01 pCi/g Cs-137
K94-3236 10SKE T/A Panel 243 | <MDC .
K94-3244. 10SKE T/A Panel $ 46| 2236E-01 /- 9.597E-02 pCi/g Cs-137 -
K94-3232 L0SKE T/A Panel £50 | 4.432E-01 +/- 1.266E-01 pCi/g Cs-137
K94-3233 10SKE T/APanel#52 | <MDC -
| K94-3239 [0SKE T/A Panel #53 | 7.204E-01 +/- 3.343E-01 pCi/g Cs-137
| K94-3235 T0SKE T/APanel#55 | 4707E-01 +/- L627E-01 pCi/g Cs-137
1K94-3234° e RETAPme£57T |<MDC
K94-3237 | 10SKE T/a Panel #59 | 4788E-01 +- 1.939E-01 pCi/g Cs-137
K94-3226 10SKE T/A Panel #61 | <MDC o
| k943227 T0SKE TiA Panel #63 | 4:208E-01 - 1.768E-01 pCile Cs-137
| K95-3023 TOSKE T/APamel#82 | 1.623E+00 +/- 1.900E-01 pCig Cs-137

X95-2823

10SKE T/A Panel # 83

3 933E=00 ~/- 2.78SE-01 pCi/g Cs-137




T it e ool

'183KE Rédiological Control Laboratory
Gamma Spectroscopy Data
IOSK.E Transfer A:ea Roofing Material
Rev1ewed By—_;zé—bate oS- Igz '9 S
Thomas Bratvold ' _
A  Page

- [xo9528335 .~ |105KET/APanel#34  |3.700E+00 +/- 2.609E-01 pCl/g Cs-137
S I R ~ |3.273E-01 +/- 1.208E-01 pCi/g Am-24!
[ x95-2823 | 10SKE T/A Panel £85 | 1.969E+00 +/- 3.511E-01 pCi/g Cs-157
K95-2829 | 10SKE T/A Panel #86 | 1.228E=00 +/- 1.959E-01 pCilg Cs-157

" | K95-2826 | 10SKE T/ Panet £89 | 5.868E-01 +/- L.515E-01 pCilg Cs-137
K95-2822 10SKE T/A Panel £90 | 3.667E+00 +/- 2.664E-01 pCi/g Cs-157
| : | 3.092E-01 +/- 1.236E-01 pCi/g Am-241
K95-2827 . 105KE T/A Panei #91 1.713E+00 +/- 3.057E-01 pCi/g Cs-137
K95-2819 - L05KE T/A Panel £92 - | 1.257E+00 +/- 2.127E-01 pCi/g Cs-137
K95-2710 | 105KE T/A Panel #105 | 3.000E+00 +/- 3.232E-01 pC/g Cs-157
K95-2711 | l0SKE T/APanel#108 | 6.072E+00 +/- 3.819E-01 pCi/g Cs-137

| K95-2824 | L0SKE T/A Panel £109 | 1.273E+00 +/- 2.795E-01 pCi/g Cs-137
- | K95-2712 105KE T/A.Panel 2112 | 1.604E+00 +/-2.137E-01 pCiig Cs-137
| K95-2713 10SKE T/A Panel # 115 | 5.064E-01 +/- 2.542E-01 pCi/g Cs-137
K95-3022 - . | 105KE T/A Panel # 150 6.009E+00 +/- 5.450E-01 pCi/g Cs-137
K95-2831 10SKE T/A Panel # 131 | 7.321E+00 +/- 3.127E-01 pCi/g Cs-137
| ) 4.068E-01 +/- 1.228E-01 pCi/g Co-60
K95-2828 10SKE T/A Panel # 132 | 3.590E+00 +/- 2.423E-01 pCi/g Cs-157

.| K95-2830 10SKE T/A Panel 2133 | 1.071E+00 +/- 2.378E-01 pCi/g Cs-137
K95-2832 10SKE T/A Panel # 134 | 1.820E+00 +/- 2.163E-01 pCi/g Cs-157
K95-3024 , 105KE T/A Panel # 137 | 6.054E+00 +/- 3.693E-01 pCi/g Cs-157

: | | | 4.201E-01 +/- 1.797E-01 pCi/g Am-24
K95-2821 | 105KE T/A Panel £ 138 | 4.117E+00 +/- 2.589E-01 pCi/g Cs-13

X95-2818 JOSKE Tin Panei £ 139 ] 0.031E-01 ~i- §.396E-01 pCirg Cs-i3




- < \/IDC (Mlmmum Detectable Concmtrauon) as denned in WHC EP 00654, Anpendu: I Taole

183KE Radiological Control Laboratory
Gamrna Spectroscopy Data

IODKE Tra.nsfer Area Roofing Matenal

Rev1ewed Bv—;-éé?— Date o5 -1 -2 S

Thomas Bratvold .

Page 3 of 3

K95-2820 10SKE T/A Panel # 140 | 1.086E+00.+/- 4.579E-01 pCi/g Cs-137

J-1b. | |
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Volumetric Release Criteria (WHC-EP-0063-4, Table J-1b and
' WHC-IP-0718, Section 3.1.1, Attachment 7.4) :

Required Lower Limits of Detection for Radionuclides - '

Na-24 . o . 50 _ : . 10
Report Any Detecable Isowpe . ’ : :

Beta Specific Eminers

Tritium | 00 - . aCvl I 400 pCig

C-is - , 00 . el | 30 . oCiig
Ni-59 : . " 30 pCill 30 . oCig
Ni-63 o i 30 pCill , 30 . pCig
Se-79 . : ] on - enm ?Cvg
Sr-39 5. pCi/l 10 pCi/g
Sr-90 2 pCi/l 10° pCig
Tc-99 0 pCil : N pCiig
1-129 B pCill s oCi'g
Ra-228 (via Ac-228 daughter) 3 pCill by GEA™ oCig
Radium Alpha Enugers ’ .
Ra-226 (via Rn-222 daugiter) 2 pCil by GEA | pCi'g
Gross Radiumn | 2 pCinn ) L oCig
Specific Actnide Emigers .

Isotopic Thorium (Tb-228. 220. 232) Ea ‘pCiNl o : pCi/g
*Isotopic Uranium (U-234, 235, 238) e pCin - i . i © pCig
Total Uninium (Chemical Apalysis) 0.2 ug/l 2 ugig
Np-237 2 pCi/l 2 oCg
Pu-238 E 2 pCi/l 2 pCi'g
Pu-239/240 (sum) 2 : 2 :
Pu-241 20 20

Am-241 2 pCil 2 pCig
Cm-244 2 pCilt 2 - pCig

*Applies only if the absence of alpha eminting radionuclides with lower LLDs is known..

*=applies only if the dbsence of beta emitting radionuciides with lower LLDs is known.

*=*1f fission products (e.g.. Cs-137 and Sr-90) are below their LLD vaiues Lhe Se-79 will also be below detectible limits.
*>xxGamma Energy Analysis

==xxxGignifies 2 pCV1 (or 2 pCi/g respectively) for each isotope. It should be noted that the analysxs will not differentiate -

' between some isotopes (i.e.. analysis. will not differentiate between U-235 and U-236).
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RESRAD Doses at Times'up to 500 Yearé

DOSE/SOURCE RATIO: All Pathways Summed, mrem/y per pCl/g

BE

SWL.- 2 .DAT 10/09/95 13:05
Years Co-60 Sr-9o Cs-137
0.000E+00 3.446E-06 1.498E-12 2.797E-08
1.000E+00 3.025E-06 - 1.458E-12 2.738E-08
1.296E+00 2.911E-06 1.447E-12 2.720E-08
1.678E+00 2.769E-06 1.432E-12 2.698E-08
' 2.000E+00 2.656E-06 1.419E-12 2.680E-08
" 2.175E+00 2.596E-06 1.413E-12 2.670E-08
2.817E+00 2.388E-06 1.388E-12 2.633E-08
3.650E+00 2.142E-06 1:357E-12 2.586E-08
4.729E+00 1.861E-06 1.318E-12 . 2.527E-08
5.000E+00 ‘1.797E-06 1.308E-12 2.512E-08
6 ~126E+00 1.552E-06 1.26°9E-12 2.452E-08
7.937E+00 1.226E-06 1.208E-12 2.358E-08
1.000E+01 9.367E-07 1.142E-12 - 2.256E-08
1.028E+01 - 9.028E-07 1.134E-12 2.242E-08
©1.332E+01 6.077E-07 1.044E-12 2.101E-08
1.726E+01 3.638E-07 . 9.382E-13 1.930E-08
2.000E+01 2.546E-07 8.710E-13 1.820E-08
2.236E+01 1.872E-07 8.169E-13 1.730E-08
2.897E+01 7.914E-08 6.829E-13 1.500E-08
3.753E+01 2.594E-08 S5.413E-13 .1.248E-08
4_.862E+01 6.115E-09 4.007E-13 ©2.833E-09
S.000E+01 5.112E-09 3.860E-13 ©2.546E-09
_6.300E+01 9.404E-10 '2.713E-13 7.219E-09
8.162E+01 8.316E-11 1.637E-13 4.837E-09
1.000E+02 7.582E-12 9.943E-14 3.258E-09°
1.057E+02 3.591E-12 §8.510E-14 2.88QE-09
1.370E+02 6.125E-14 -3.645E-14 1.471E-09
1.775E+02 3.137E-16 1.216E-14 6.157E-10
2.000E+02° 1.668E-17 6.598E-15 3.794E-10
2.299E+02 3.379E-19 2.929E-15 1.993E-10
2.979E+02 4.830E-23 4.636E-16 4.623E-11
3.859E+02 5.045E-28 4.255E-17  6.962E-12
5.000E+02 0.000E+00 1.928E-18 5.992E-13
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RESRAD Doses for Am-241:

DOSE/SOURCE RATIO All Pathways Summed Am-241, mrem/y per pCl/g
‘ Show1ng Parent /Progeny Decay and Ingrowth.

SWL-3 .DAT 10/09/95 13 18
Years Total Am-241 Np-237 U-233 Th-229
2.000E+03 4.888E-08 4.662E-26 1.535E-15 4.837E-08 5.042E-10
2.107E+03 4.905E-08 6.457E-26 1.535E-15_.4.853E-08 5.232E-10
2.220E+03 4.915E-08 9.101E-26 1.535E-15 4.861E-08 5.394E-10
2.339E+03 4.921E-08 1.307E-25 1.535E-15 4.866E-08-5.574E-10
2.464E+03 9.759E-07 1.913E-25 9.266E-07 4.865E-08 5.758E-10
2.500E+03 4.917E-06 2.131E-25 4.868E-06 4.864E-08 5.816E-10
2.596E+03 2.378E-05 2.857E-25 2.373E-05 4.847E-08 5.948E-10
2.736E+03 5.610E-05 4.361E-25 5.605E-05 4.608E-08 6.097E-10
2:882E+03 8.662E-05 6.809E-25 8.653E-05 4.258E-08 6.265E-10-
3. 000E+03 1.070E-04 S9.743E-25 1.070E-04 3.890E-08 6.36QE-10
3.037E+03 1.126E-04 1.089E-24 1.126E-04 3.748E-08 6.393E-10
3.199E+03 1.339E-04 1.786E-24 1.33%9E-04 3.085E-08 6.455E-10
3.200E+03 1.340E-04 1.789E-24 1.340E-04 3.082E-08 6.465E-10 .
3.300E+03 1.391E-04 2.425E-24 1.3%0E-04 2.627E~-08 6.480E-10
3.371E+03 1.320E-04 3.007E-24 1.320E-04 2.316E-08 6.485E-10
3.400E+03 1.280E-04 3.286E-24 1.279E-04 2.194E-08 6.460E-10
3.551E+03 1.039E-04 S5.206E-24 1.03%9E-04 1.648E-08 6.441E-10
3.600E+03 9.644E-05 6.036E-24 9.643E-05.1.501E-08 6.416E-10
3.742E+03 7.676E-05 9.285E-24 7.674E-05 1.142E-08 6.337E-10
3.942E+03 5.522E-05 1.708E-23 5.521E-05 7.737E-09 6.216E-10"
4 153E+03 3.892E-05 3.246E-23. 3.892E-05 5.134E-09 6.086E-10
4 .376E+03 2.691E-05 6.384E-23 2.691E-05 3.335E-09 5.919E-10
- 4.610E+03 1.823E-05 1.302E-22 1.823E-05 2.117E-09 5.700E-10
4.857E+03 1.211E-Q05 -2.759E-22 1.211E-05 1.313E-09 5.534E-10"
S5.000E+03 9.548E-06 4.255E-22 9.546E-06 9.965E-10'5.401E-10
5.118E+03 7.868E-06 6.087E-22 7.867E-06 7.938E-10 5.296E-10
5.392E+03 4.986E-06 1.401E-21 4.985E-06 4.677E-10 5.089E-10
S.681E+Q3 3.088E-06 3.372E-21 3.087E-06 2.681E-10 4.895E-10
5.985E+03 1.863E-06 8.505E-21 1.862E-06 1.494E-10 4.695E-10
6€.306E+03 1.095E-06 2.255E-20 1.095E-06 8.078E-11 4.468E-10
6.644E+03 6.269E-07 6.297E-20 6.264E-07 4.234E-11 4.522E-10
- 7.000E+03 3.468E-07 1.858E-19 3.463E-07 2.148E-11 4.348E-10




