SHIELDALLOY METALLURGICAL CORPORATION
12 WEST BOULEVARD

June 30, 2006

P.O. BOX 768
NEWFIELD, NJ 08344-0788
TELEPHONE (856) 692-4200

Kenneth L. Kalman
Decommissioning Branch
Division of Waste Management
Office of Nuclear Materials Safety and Safeguards
U. S. Nuclear Regulatory Commission
Washington, D.C. 20555
Re: Follow-up to the March 9, 2006 Meeting and Response to USNRC Letter of January 26,
2006
Dear Mr. Kalman:
Consistent with 10 C.F.R. § 40.42(g)(2), the U. S. Nuclear Regulatory Commission (USNRC) authorized
Shieldalloy Metallurgical Corporation (SMC) to submit a revised "Decommissioning Plan for the Newfield
Facility" (Report No. 94005/G-28247, Rev. 1), hereinafter referred to as the "DP" by June 30, 2006. By the
submission of this letter, the cunrent version of the DP, hereinafter referred to as Rev. Ia, supersedes all
previous versions.'
On March 9, 2006, representatives of SMC met with USNRC to discuss a path forward after receiving the
USNRC's letter of January 26, 2006. In that letter, the USNRC refused to docket and submit for technical
firmly believes that the document, as submitted, met all of the USNRC's
review the, even though2 3SMC
4
,
'
acceptability.
for
criteria
The purpose of this letter is to respond to the issues raised in the USNRC's January 26"' letter (see Attachment
1), during the March 9"' meeting, and during an April 11, 2006 technical meeting at the Newfield site.
Specifically, this letter transmits modifications to Rev. I of the DP to document discussions on dose
modeling, hydrology and erosion protection; to resolve financial assurance concerns; and to confirmn
eligibility for the proposed institutional control methodology.

The entirety of this letter, plus Rev. la of the DP, will be published shortly on SMC's web site
(http://www.shieldallov.com/decommissionini/index.htmi) for public review.
U. S. Nuclear Regulatory Commission, NUREG-1757, Volume 1, Rev. 1, "Consolidated NTMSS Decommissioning
Guidance; Decommissioning Process for Materials Licensees", Chapter 16, Appendix D, September, 2003.
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' Supplemental guidance in the form of"draft for comment" revisions to NUREG- 1757, released by the USNRC shortly
before the October 24, 2005 submission date of this Plan (70 FR 56940-56941, "Draft Report for Comment: Oflice of
Nuclear Material Safety and Safeguards Consolidated Decommissioning Guidance: Updates to Implement the License
Termination Rule", September 29, 2005), was captured in the checklists.
' Bellamy, R. R., U. S. Nuclear Regulatory Commission, letter to D. R. Smith, Shieldalloy Metallurgical Corporation.
"Rejection of Decommissioning Plan for the Newfield Facility and Denial of the Exemption Request to Postpone
Initiation of Decommissioning Process, Control No. 132074", February 28, 2003.

SMC understands that the process of approving a decormnissioning plan under restricted release conditions
that includes a Long Term Control (LTC) license is unique to both SNIC and the USNRC. We also
understand that the approval process may not be as straight-forward as would be the case for conventional
decommissioning (i.e., unrestricted release). In its January 26, 2006, letter, the USNRC stated that it was not
accepting the DP at that time because acceptance then "would likely require multiple rounds of requests for
additional information (RAIs) from the NRC staff." Because there is no published requirements restricting
the number of RAIs, and because Rev. I of the DP met all of the USNRC's published requirements for
acceptability, we hope that the decision to docket Rev. Ia will not be adversely influenced by unpublished
administrative guidance.
Once Rev. Ia of the DP has been docketed, we look forward to continuing our productive dialogue with the
USNRC on the most efficient and cost-effective means of achieving the regulatory objectives for
decommissioning the site, including public participation in accordance with 10 C.F.R. § 20.1405 and 10
C.F.R. Part 51. In accordance with 10 C.F.R. § 40.42(d), SMC is ready to begin decommissioning upon
USNRC approval of the DP. In the meantime, I can be reached at (856) 692-4205, ext. 226 if you have any
questions.
Sincerey,

David R. Smith,
Radiation Safety Officer
cc:

Eric Jackson
Joseph Diegel
David White
Robert Haemer, Esq. - Pillsbury Winthrop Shaw Pittman
Charles L. Harp, Esq. - Archer & Greiner
Carol D. Berger, CHP - Integrated Environmental Management, Inc.
Jean Oliva, PE - TRC
Michael Turner - MMW Group
Maijorie M. McLaughlin - USNRC Region I

cc wv/o enc:

Commissioner Lisa Jackson - NJDEP
Donna Gaffigan - NJDEP
Mayor Richard Westergaard
Assm. David Mayer
Assm. Paul Moriarity
Assm Fred Madden
Congressman Frank LoBiondo
Congressman Robert Andrews
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ATTACHMENT I
SMC Response to the USNRC's letter of January 26, 2006
USNRC Issue No. 1: During numerous meetings with SMC, the NRC staff stressed the importance of
identifying and justifying the chosen value for parameters determined to be important to the estimated dose.
For most of the scenarios evaluated for the restricted area, assuming that institutional controls fail, key
parameters are not identified. For example, in Chapter 17, SMC discussed how parameter values were
derived, but no justification was provided. In fact, some significantly important parameters (e.g., shielding
factor) are not even included in the list.
SMC Response: SMC maintains that all of the key parameters used as input to the dose modeling
were identified and justified in Rev. 1 of the DP. SMC described and presented the justification for
each of the RESRAD input parameters of significance in Chapters 5 and 17 of the DP. The USNRC
agreed during previous meetings and teleconferences with SMC that it would not be necessary to
provide justification for generic or widely-accepted parameters (i.e., breathing rates) and those that
would have marginal impact on the resulting dose. Because many of the parameters are common to
all scenarios, a collective discussion of these appeared in Section 5.2, thus they were omitted from
the scenario-specific discussions in Section 5.3.
In regard to the shielding factor issue, the following quote from the RESRAD Manual is pertinent:
"The occupancy factor (OF) and shielding factor accountfor the fraction of a year that an
individual is located on the site and the reduction in external exposure rate afforded by onsite
buildings or other structtures while the individualis indoors." (Yu, C. Et al, ANL/EAD-4). Because
none of the exposure scenarios applicable to the Newfield site involve the placement of any sort of
building on top of the engineered barrier in the Storage Yard, the application of a shielding factor is
not only unnecessary, it would degrade the element of conservatism built into SMC's assessments.
It is important to note that the USNRC was provided with preliminary drafts of Chapters 5 and 17
in advance of submission of Rev. I of the DP. At no time during the information exchanges was
SMC told that the contents would not pass the acceptability review.
In follow-up information exchanges with the USNRC, SMC asked the Staff to provide one or two
examples of dose modeling for decommissioning that they would deem acceptable for technical
review.5 SMC was referred to the DPs for the Michigan Department of Natural Resources (MDNR)
and Whittaker sites, accessible on the ADAMS data base.6 SMC researched ADAMS and identified
only two documents that appeared relevant:7

5 Berger, C. D., Integrated Environmental Management, Inc., e-mail communicationto Mark Thaggard, U. S. Nuclear
Regulatory Commission, March 29, 2006, 8:51 a.m.
Kalman, Kenneth, U. S. Nuclear Regulatory Commission, e-mail communication to David Smith, Shieldalloy
Metallurgical Corporation, April 5, 2006, 2:57 p.m.
6

1 The USNRC did not give SMC the ADAMS accession numbers or specific references to the MDNR or Whittaker
documents that they would consider to be model documents.
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Michigan Department of Natural Resources, "Decommissioning Plan; Tobico Marsh SGA
Site, Kawkawlin, Michigan", February, 2003.
Whittaker Corporation, "Dose Assessment in Support of Establishing Derived Concentration
Guideline Levels for the Whittaker Decommissioning Site", August, 2004.
The approach these licensees used to justify dose modeling input parameters, in both cases, is
significantly less comprehensive than the approach put forth by SMC in Rev. I of the DP.
Consequently, SMC remains unclear with respect to the USNRC's additional requirements regarding
parameter justification necessary for the DP forward for technical review.
Action to be Taken: SMC has modified the individual exposure scenarios described in Sections
5.3.1 and 5.3.2 of the DP to add the following specific sub-sections: Description of the Critical
Group; Pathways included in the Trespasser Scenario; and Justification for the Key Parameters Used
in the Analysis. The basis for selecting the referenced values in those subsections, if more than one
value in a reference is applicable, has been clearly stated.
Appendix A of this attachment contains Chapter 5 of the DP, which has been revised. The Chapter
5 that currently exists in all USNRC copies of Rev. 1 of the DP should be removed and replaced with
the pages in the Appendix in order to upgrade them to Rev. Ia..
The Chapter 17 tables that list the various RESRAD input parameters have also been modified to
show the justification and/or source for each selection (e.g., RESRAD default, site-specific
information, referenced information, etc.). Appendix B of this attachment contains the revised tables,
which should replace those that currently exist in all USNRC copies of Rev. I of the DP in order to
upgrade the DP to Rev. I a.
Appendix 19.5 of Rev. 1 of the DP contains the summary reports from the dose modeling. As a
result of parameter modifications agreed to herein, new summary reports are necessary. In order to
keep from generating and transmitting the large volumes of paper associated with those reports SMC
would be pleased to transmit them to the staff under separate cover and electronically. Once
agreement between SMC and the USNRC on the applicable input parameters is reached, Appendix
19.5 replacement pages for all USNRC copies of Rev. I of the DP will be provided in order to
upgrade them to Rev. 1a.
USNRC Issue No. 2: It should be noted that the greatest expected risk associated with the site is expected
to be associated with the radioactivity in the controlled area once controls have failed. However, more
discussion is provided for chosen parameter values for situations at the site where the radiological risk is
expected to be much less (e.g., scenarios associated unrestricted release). In some of these situations, the
justification for chosen parameter values is minimal. For example, for the industrial scenario, SMC noted that
the fraction of time spent outdoors and the shielding factor are two of the most sensitive parameters.
However, the reference cited as a basis for the chosen value for the fraction of time spent outdoors would
suggest that the selected value is likely to result in a lower than actual dose.
SMC Response: See response to USNRC Issue No. 1.
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Action to be Taken: See actions taken in response to USNRC Issue No. i.
USNRC Issue No. 3: The value selected for the shielding factor is not even listed. In other cases, a reference
is cited. However, it is not clear how the chosen value was derived from the reference (e.g., the fraction of
the time that a trespasser is assumed to spend at the site in the unrestricted release area) or the basis for
selecting the value (e.g., why it is considered to be either acceptable or conservative).
SMC Response: See response to USNRC Issue No. I.
Action to be Taken: See actions taken in response to USNRC Issue No. 1.
USNRC Issue No. 4: In considering multiple land-use scenarios, SMC needs to provide more information
used in defining the scenarios and developing appropriate exposure pathways. For example, the justification
for excluding the groundwater as an exposure pathway is lacking in that it amounts to assuming that the
current water supply will always be available.
SMC Response: See response to USNRC Issue No. 1. SMC maintains that there is sufficient
justification for excluding the groundwater exposure pathway from the various dose assessments
performed in Chapter 5 of the DP, not the least of which is that the groundwater at the site is not
potable.8
Action to be Taken: See actions taken in response to USNRC Issue No. 1. The exposure scenarios
outlined in Sections 5.3.1 and 5.3.2 of the DP will be modified to include expanded justifications
for excluding the drinking water pathway from the analysis. Also, as suggested in Appendix M
(section M.5.2.1) of NUREG-1757, Vol. 2, an independent consultant report that compares the
quality of the groundwater in the vicinity of the site to the Primary and Secondary Drinking Water
standards has been prepared and referenced in the revised Chapter 5. A copy of the consultant's
report is included herein as Appendix C.
USNRC Issue No. 5: During a June 14, 2005 telephone conference, NRC staff advised SMC to evaluate the
potential impacts associated with including the groundwater pathway before attempting to justify its
exclusion. This comunent was also reiterated in our June 24, 2005, letter to SMC (ML051680544). It is not
clear if this was done in the DP.
SMC Response: SMC did indeed take the USNRC's advice and performed site-specific
groundwater modeling to confirm whether there would be any impact of significance on the resulting
dose if a hypothetical manufacturing facility opted to obtain its drinking water from an on-site well
rather than Borough-supplied water. That effort, initiated prior to the submission of Rev. I of the
DP to the USNRC, showed that the groundwater pathway, even if enabled, would have no significant
radiological impact on hypothetical receptors.

The groundwater at the SMC site contains hexavalent chromium, trichloroethylene and other constituents which, when
compared to the National Primary Drinking Water standards defined in 40 CFR 141 and as referenced in Table M.8 and
M. I1of NUREG-1757, Vol. 2, shows that it is not a potable water supply.
5

Action to be Taken: See actions taken in response to USNRC Issue No. 4. Appendix D contains
a copy of the groundwater modeling analysis that was performed in response to the USNRC's
request. It is being provided for staff information only and is not a part of Rev. Ia of the DP.
USNRC Issue No. 6: SMC was also advised to consider a scenario of a recreational user being exposed to
a previously excavated portion of the pile when the land-use restriction fails. However, there is no discussion
of this scenario in the DP.
SMC Response: One of the exposure scenarios evaluated in the DP (see Section 5.3.3.3) was an
excavation scenario wherein the exposure potential for an intruder who attempts to excavate slag
from under the engineered barrier is assessed. With that trigger in place, the dose potential to a
resident living in the line of sight of the spot where the slag was excavated was also assessed as part
of the excavation scenario. This was a scenario of interest to the New Jersey Department of
Environmental Protection (NJDEP) staff.
The input parameters for modeling the dose to both the "nearby suburban resident" and the
"recreational user" show that the former is limiting due, primarily, to the longer exposure duration.
Since the total dose is directly proportional to the exposure duration, the nearby "suburban resident"
and not the "recreational user" would have the greatest dose potential.
Action to be Taken: The dose to a hypothetical "recreational hunter" from a previously-excavated
portion of the engineered barrier when land-use restrictions fail has been assessed and is included in
Section 5.3.3.3 of Rev. I of the DP (see Appendix A of this attachment).
USNRC Issue No. 7: SMC failed to produce sufficient information showing that it met the regulatory
requirements regarding the use of engineered barriers. (For one acceptable approach, see Guidance in
NUREG-1623). Many of the technical analyses were incorrect and incomplete relative to surface water
hydrology and design of erosion protection. For example, the Probable Maximum Precipitation and resulting
Probable Maximum Flood runoff rates were incorrectly determined.
SMC Response: Appendix 19.3 of the DP included an evaluation of the worst-case maximum flow
velocity based on the Probable Maximum Precipitation (PMP), using standard calculation
methodologies that include those referenced in NUREG- 1623. As the standards of 10 CFR Part 20,
Subpart E are more performance-based than prescriptive, existing uranium mill guidance (e.g.
NUREG-1623) is worthy of consideration for the analysis, but SMC maintains that it is not
necessarily directly applicable to it. However, based on further discussions with the USNRC (see
below), SMC understands that the USNRC is nonetheless requiring the use of more conservative
parameters and methodologies in conducting the necessary analyses than those used by SMC in
Appendix 19.3.
With respect to the Probable Maximum Flood (PMF) evaluation, based on the site's location near
the headwaters of the Hudson Branch, flooding was not considered to be an issue with respect to the
long-term integrity of the engineered barrier. Based on further discussions with the USNRC, SMC
understands that a specific evaluation of the potential impact of flooding on the engineered barrier
is nonetheless required.
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Action to be Taken: SMC, SMC's consultant (TRC Environmental Corporation) and
representatives of the USNRC had a technical meeting at the Newfield facility on April 11,2006 to
review existing site conditions and the required hydrologic evaluations. Representatives of NJDEP
were also in attendance. Based on discussions held at that meeting, the PMP analysis has been reevaluated using more stringent parameters and methodologies, as prescribed in NUREG-1623 and
other associated reference documents. The design of the engineered barrier has been modified, as
necessary, to provide the necessary protection against the erosive forces of the PMP and now
incorporates a rock cover on the top slope, side slopes and apron at the toe of the side slopes. In
addition, the geomembrane has been removed. 9 An evaluation of the potential impact of flooding
on the engineered barrier under PMF conditions was also conducted.
The new engineering evaluations are attached hereto as Appendix E. As the estimated soil loss
evaluation and erosion protection calculations of Rev. I of the DP are no longer applicable to a stonecovered barrier, all information currently present in Appendix 19.3 of all USNRC copies of the DP
should be removed and replaced with the pages in Appendix E in order to upgrade the DP to Rev.
1a.
Similarly, selected sections in Chapter 8 have been revised to reflect the new engineered barrier
design. Appendix F of this document contains the revised sections that should take the place of those
that currently exist in all USNRC copies of Rev. I of the DP in order to upgrade it to Rev. In.
Figures 18.6, 18.7, 18.8 and 18.9 also required revision to reflect the new engineered barrier design.
Appendix G of this document contains the revised figures. Figures 18.6 through 18.9 that currently
exist in all USNRC copies of the DP should be removed and replaced with the figures in Appendix
G in order to upgrade them to Rev. Ia.
USNRC Issue No. 8: The determinations of actual runoff velocities, relative to the permissible velocities,
were not appropriate, based on inappropriate use of Manning's 'n' value, rainfall intensity, slope lengths, and
flow concentration factors. Insufficient information was provided to address the flow velocities on the top
slopes as well as the likely need for rock to be placed on the side slopes and on the toe of the side slopes.

SMC Response: See response to Issue No. 7.
Action to be Taken: See action to be taken with respect to Issue No. 7. The need for rock to be
placed on the side slopes has been evaluated within the new analyses and more conservative design
factors have been incorporated. Rock has been incorporated into the new engineered barrier design
and separate evaluations are presented for the top slope, the side slope and the toe of the side slopes.
See the Appendices referenced in the response to Issue No. 7 above for the revised evaluations.
USNRC Issue No. 9: Chapter 16 on restricted use includes very limited information about the proposed use
of the long-term control (LTC) possession-only license and a supporting deed notice. Although the proposed
LTC license could resolve one of the most significant issues that caused rejection of the first DP, SMC did
9 Based on risk insights and because no credit can be taken for the features afforded by the geomembrane in the dose
modeling, the geomembrane was deemed unessential and removed from the barrier design. The addition of the rock
layer effectively retards erosion of the engineered barrier.
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not provide important information about the LTC approach and restricting future site use that was described
in NRC's interim guidance developed for this site and discussed with SMC.
SMC Response: Section 16.3.1 of the DP specifies that future use of the property will be that which
is authorized by USNRC in the LTC license only. Section 16.3.2 states that the conditions of the
LTC license will be specified in part, by the LTC Plan, to be submitted to the USNRC with the final
decommissioning report. Restricting future site use, as outlined in Section 16.3.2 of the DP, will be
accomplished by controlling access to the licensed materials through the use ofan engineered barrier,
a fence, warning signs, periodic surveillance, adverse event surveillance, maintaining a visitor log
for access to the restricted area and periodic program reviews.
Action to be Taken: Section 16.3.1 has been modified to incorporate information about the LTC
approach as described in the IJSNRC's interim guidance. Appendix H of this attachment contains
a copy of the revised section. The Section 16.3.1 text that currently exists in all USNRC copies of
the DP should be removed and replaced with the text in Appendix H in order to upgrade them to Rev.
Ia.
USNRC Issue No. 10: Major areas with either missing or insufficient information include: (1) Eligibility
for the LTC license option, including a demonstration that SMC was unable to arrange other types of
institutional controls and independent third party arrangements, such as a letter from the State rejecting
responsibility for ownership, control, or independent third party oversight (interim guidance, p. 4).
SMC Response: Concur.
Action to be Taken: On May 24, 2006, SMC forwarded a letter to the State of New Jersey asking
if the State would accept responsibility for ownership, control or independent third-party oversight
of the Newfield site. Appendix I contains a copy of that letter. To date SMC has received no
response from the State."0
Section 16.2 has been revised (see Appendix H) to include a strongerjustification ofeligibility based
upon SMC's inability to arrange for a viable independent third-party to serve as the institutional
control. The Chapter 16.2 text that currently exists in all USNRC copies of the DP should be
removed and replaced with the text in Appendix H in order to upgrade them to Rev. Ia.
USNRC Issue No. 11: Major areas with either missing or insufficient information include: (2) Although
restrictions were simply listed, there was no justification given based on risk insights from dose assessments,
such as specific access and land use scenarios that could lead to non-compliance with the dose criteria
(interim guidance, p. 9).
SMC Response: Concur.

On June 21, 2006, Nancy Wittenberg, Assistant Commissioner for the NJDEP, forwarded a letter of inquiry to Jack
Strosnider, USNRC, wherein additional information on the role of the State as trustee for the finds set aside for longterm monitoring and maintenance. The NJDEP asked that a written response to the inquiries be provided before they
would consider SMC's request.
'0

0

Action to be Taken: Section 16.2 of Rev. I of the DP has been revised to link restrictions needed
with the dose modeling results, and to show that the engineering components of the long term control
license must be maintained and that they are sufficiently robust to remain protective over the longterm. Appendix H contains the revision to Section 16.2, which has been captured in Rev. Ia of the
DP.
USNRC Issue No. 12: Major areas with either missing or insufficient information include: (3) Detriments
to using the LTC license including stakeholder input (interim guidance, p. 11).
SMC Response: As described in section 16.5 of the DP, the SSAB was given multiple opportunities
and methods for providing input to the decommissioning process, with emphasis on the specific lines
of inquiry required in 10 CFR 20.1403(d).
Action to be Taken: The final paragraph in Section 16.5.4 (see Appendix H) has been revised to
include a listing of detriments to using the LTC license based upon stakeholder input, summarized
from elsewhere in section 16.5.4 of the DP (see Pg. 166 through 168). The Chapter 16.5.4 text that
currently exists in all USNRC copies of the DP should be removed and replaced with the text in
Appendix H in order to upgrade the DP to Rev. Ia.
USNRC Issue No. 13: Major areas with either missing or insufficient information include: (4)
Demonstration that the engineered cap has been designed to be sufficiently robust to remain effective even
assuming loss of monitoring and maintenance (interim guidance, p. 11) (see also comment above on erosion
control).
SMC Response: See response to Issues No. 7 and No. 8.
Action to be Taken: See actions to be taken with respect to Issues No. 7 and 8. With the
incorporation of a new engineered barrier design that includes the placement of rock on the top and
side slopes as well as the toe of the side slopes, the accompanying engineering evaluations conducted
in accordance with NUREG-1623 guidance demonstrate the protectiveness of these features, even
without continued monitoring and maintenance. These revised evaluations clearly demonstrate the
robustness of the engineered barrier.
USNRC Issue No. 14: NRC recognizes that SMC proposes to release the unrestricted use portion of the site
rather than maintain it with the restricted use portion under the LTC license. NRC notes that SMC justified
its position in response to the Site-Specific Advisory Board (SSAB) comments on this question, stating its
position is based on sufficient financial assurance to pay for long-term monitoring and maintenance of the
restricted area. NRC's interim guidance developed for this site and draft guidance in NUREG-1757
Supplement 1 were written to provide both protection and beneficial reuse of the total site. Both guidance
documents explain that the LTC license would specify safe, and therefore, permitted uses of all parts of the
site so there would be no uncertainty regarding safe use of the site by parties interested in leasing or
purchasing the site in the future. Thus, there might be no restrictions on future use for the majority of the site
area outside of the restricted area with the disposal cell. To help resolve this issue, SMC should describe the
potential for reuse of the site as a whole under the LTC license.
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SMC Response: In Section 16.5.4 of the DP (pages 166 and 167), the issue of potential re-use of
the site under the LTC license if the license applied to the entirety of the site was addressed by both
the SSAB and by SMC. Stakeholders and SMC are equally concerned about (1) whether anyone
other than SMC would consider building a business on the site if faced with the need to become a
USNRC licensee, and (2) the reduced tax revenue for the Borough if the property in its entirety
remained underutilized for being subject to the LTC license. The radiological impacts on the
"unrestricted" portion of the property, whether there is dual ownership or not would not change from
that presented in Chapter 5 of the DP.
During multiple meetings with the SSAB, SMC listened to their concerns about permitted uses of all
parts of the site and remains convinced that they believe the ability to subdivide and sell the
unrestricted portions of property unencumbered by a radioactive materials license is critical to future
redevelopment. Furthermore, sustaining the terms and conditions ofthe LTC license is independent
of whether the property is subdivided or not because there will be sufficient financial assurance in
place to enforce the LTC Plan." Both the SSAB and SMC are convinced that future commercial
interest in purchasing or developing property that would require the owner to maintain and pay for
a USNRC license in perpetuity would be small, at best.
Action to be Taken: None.' 2
USNRC Issue No. 15: SMC should work with the SSAB to clearly discuss the pros and cons of this
approach given in the NRC's draft guidance on page 11-57, to ensure common understanding, as well as to
identify how the whole site could be reused under the LTC license, real or perceived barriers to reuse, and,
ways to resolve these barriers.
SMC Response: See response to USNRC Issue No. 14.
Action to be Taken: See actions taken in response to USNRC Issue No. 14.
USNRC Issue No. 16: SMC should also discuss how site ownership of the restricted use portion of the site
would be sustained over the long-term, if it were separate from the rest of the site, to avoid gaps in ownership,
and control, and to minimize NRC's active involvement to take actions if there is a gap.
SMC Response: See response to USNRC Issue No. 14. The licensee remains obliged to fulfill the
terms and conditions of the LTC license, regardless of the property size. If that licensee fails to
honor those terms and conditions, the USNRC would have enforcement options up to and including
the use of funds from the trust to hire a contractor to fulfil license conditions. An LTC licensee that
defaults would relinquish funds set aside in trust in the same way as any other USNRC licensee.

Under an LTC license, the important financial consideration is the economic viability of the licensee which is not
necessarily the site owner. To the extent subdividing the property provides increased economic return, the economic
viability of the licensee is maximized.
During the March 9, 2006 meeting, both the USNRC and SMC agreed to consider this issue further. In addition,
USNRC Staff stated that input from USNRC has been solicited and will presumably be forwarded to SMC.
12
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Action to be Taken: See actions taken in response to USNRC Issue No. 14.
USNRC Issue No. 17: SMC should further explore both approaches with the SSAB and provide this
additional information for NRC review.
SMC Response: See response to USNRC Issue No. 14 and 18.
Action to be Taken: See actions taken in response to UJSNRC Issue No. 14 and 18.
USNRC Issue No. 18: Although SMC provided information on use of institutional controls that it received
from the SSAB, NRC recognizes that there was a general concern that not enough information was provided
to the SSAB. SMC should take this opportunity to enhance its interactions with the SSAB, as it noted in
responses to the SSAB input.
SMC Response: The SSAB did indeed state that they could not provide input in certain of the 10
CFR 20.1403(d) questions posed to them because they did not have an opportunity to review Rev.
I of the DP. Because the SSAB's involvement in the planning process was necessary before the
release of Rev. 1, SMC could not possibly comply with their request. However, SMC did provide
the SSAB with a copy of Rev. 0 of the DP so that they could review the general approach and learn
about the radiological and environmental conditions at the site, which remained relatively unchanged
from Rev. 0 to Rev. 1. Rev. I of the DP was immediately posted on the SMC web site after its
submission to the USNRC and has been available to the SSAB and other interested parties ever since.
During the last meeting of the SSAB, SMC asked whether the group was interested in meeting again.
The response was a unanimous "no". Since then, however, SMC has received inquiries regarding
future meetings of the SSAB, and has stated that it would be pleased to meet whenever the SSAB
feels there is something to meet about. In the interim, SMC has been meeting with local legislators
and officials to exchange information about the DP's objectives and to ensure as many stakeholders
as possible are given an opportunity to participate in the process.
Action to be Taken: A follow-on meeting with the SSAB will be scheduled as soon as there is
sufficient SSAB interest.
USNRC Issue No. 19: The staff is concerned that SMC did not provide sufficient rationale for it's alternative
approach to meet the regulatory requirements for financial assurance. Specifically, SMC assumes a greater
return on investment (ROI) than appears appropriate for the long-term surveillance and monitoring fund. The
NRC's interim guidance (which represents one approach for meeting the regulations) applies a 1% ROI for
the LTC license. However SMC used a 3% ROI. The higher ROI assumed by SMC reduces the amount
placed in trust to cover long-term surveillance and monitoring costs, which increases the potential for
inadequate funding in the event a string of losses occurs in the funds investments.
SMC Response: Because the return on investment primarily impacts the long-term maintenance
fund, and because that fund is relatively small, the assumption of either a 1% or 3% ROI is not of
major significance.
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Action to be Taken: Attached to the USNRC's May 12,2006 letter to SMC sunmnarizing the March
9, 2006 meeting, the USNRC provides a staff assessment of the ROI issue, concluding that "to be
acceptable, SMC's revised Decommissioning Plan must calculate the contribution to the
decommissioning trust fund using a one percent rate of return." Based on that directive, a 1%ROI
has been incorporated into the revised Decommissioning Plan cost estimates. New cost estimates
(i.e., Tables 17.14, 17.15 and 17.16) have been prepared that reflect both the revised engineered
barrier design and the 1% ROI. An adjustment to reflect increases in unit costs incurred between
2005 and 2006 has also been incorporated in the revised cost estimates.
As a change in the ROI only impacts cost estimates with long-term surveillance and monitoring
components, only Tables 17.14 and 17.16 are impacted by the revised ROI. The new cost estimates
are presented in Appendix B. The copies of Tables 17.14, 17.15 and 17.16 currently present in all
USNRC copies of the DP should be removed and replaced with those in Appendix B in order to
upgrade the DP to Rev. Ia.
Selected sections of Chapter 15 have also been revised to reflect the change in the ROI. The revised
sections are attached hereto as Appendix J and should replace those in all USNRC copies of Rev. I
of the DP in order to upgrade it to Rev. 1a.
USNRC Issue No. 20: Also, SMC did not specify whether it would include a 25%contingency in the longterm surveillance and monitoring fund.
SMC Response: As stated on page 151 of the DP, a 25% contingency was added to the total cost
of all alternatives. Therefore, the 25% contingency was indeed added to both the capital cost and the
long-term surveillance and monitoring costs components for the LTC Alternative. This is also
indicated in the cost table (Table 17.14).
Action to be Taken: Existing text on the last bullet of page 151 of the DP has been reworded to read
as follows: "In accordance with USNRC guidance, a 25% contingency has been added to the capital
and long-term surveillance and monitoring costs of all alternatives." To clarify that the 25%
contingency is added to both the capital costs and long-term maintenance and monitoring present
worth costs, the cost estimates now include it as a separate line item under both the capital and longterm surveillance and monitoring sections, rather than as an individual line item applied to the total
combined cost. The revisions to the cost estimate tables and the associated text of Section 15 are
incorporated into the revised pages of Appendix B and J referenced in the response to Issue No. 19
in Rev. la of the DP.
USNRC Issue No. 21: The tables of decommissioning costs do not present sufficient detail to permit the
NRC to assess the adequacy of the cost. The unit costs combine labor, material, equipment, and overhead and
profit costs. NUREG-1757, Vol. 3 and the interim guidance developed for this site asks the licensee to present
the cost elements separately.
SMC Response: NUREG-1757, Vol. 3 provides cost estimating tables that represent an action
involving the decontamination/demolition of radioactive facility components, which is not always
representative of the activities/costs involved in the proposed decommissioning of the SMC facility.
For example, off-site disposal costs are not available to the level of detail requested. However, those
12

costs that are not based on lump sums or other information for which detail cannot be obtained can
be presented in terms of labor, material, equipment and overhead and profit costs.
Action to be Taken: Revised cost tables that include the necessary breakdown, for those costs not
based on lump sums or other information for which detail cannot be obtained, have been prepared.
This additional information has been incorporated into the revised cost tables presented in Appendix
B of this document, as previously referenced in the response to Issue No. 19, above.
USNRC Issue No. 22: The NRC staff also notes that the DP did not include a Certification Statement or an
originally signed financial instrument to cover the decommissioning costs. The Certification is required as
an affirmation that financial assurance has been provided, even though the licensee plans to pay for
decommissioning out of operating funds. The Certification and originally signed financial instrument will
be required before final approval of the DP.
SMC Response: Concur.
Action to be Taken: Section 15.2 of the DP has been modified to incorporate a Certification
Statement. Appendix J shows the modification as it appears in Section 15.2 of the DP. Appendix
K contains the signed original of the Certification Statement. A copy of the most recent statement
from the trust showing its balance as of that date, as well as language from the Bankruptcy Settlement
Agreement are also included in Appendix K for USNRC reference.

13

Appendix A - Revised Chapter 5
[Chapter5 of Rev. I of the DPhas been revised in its entirety as follows, and has been capturedin Rev.
la of the DP.]

14
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5 DOSE MODELING EVALUATIONS
2
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4
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A critical aspect of this decommissioning plan is an assessment of the potential radiation dose that
could result from the residual radioactivity at the Newfield site after all decommissioning activities
are completed. However, an important point is that the Newfield site is actually treated as two
separate land areas for dose modeling purposes. This is because SMC proposes to release the
majority of the property for unrestricted use. A much small portion of the property will be placed
under a LTC license where its use will be restricted for radiation safety purposes. Therefore, the
dose modeling must demonstrate that both of the following limits will be met once n
decommissioning is complete:7"'7
"A site will be considered acceptable for unrestricted use if the residual
radioactivity that is distinguishablefrom background radiation results in a total
effective dose equivalent (TEDE) to an average member of the criticalgroup that
does not exceed 25 millirem (0.25 mSv) peryear, including thatfiom groundwater
sources ofdrinking water, andthe residualradioactivityhas been reducedto levels
that are As Low As Reasonably Achievable (ALAR4). Determinationof the levels
which are ALARA must take into account considerationof any detriments, such as
deaths from transportation accidents, expected to potentially result firom
decontamination and waste disposal."

1o
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and:
"A site will be considered acceptablefor license termination under restricted
conditionsif.- ... (e) Residualradioactivityat the site has been reducedsothat ifthe
institutionalcontrols were no longer in effect, there is reasonableassurancethat the
TEDEfrom residualradioactivitydistinguishablefrom backgroundto the average
member of the criticalgroup is as low as reasonably achievable and would not
exceed either- (e)(1) 100 millurem (I mSv) peryear-, . . .
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To decommission the majority of the SMC site, excluding approximately eight (8) acres within the
Storage Yard, a radiation dose objective of 25 millirem above background is applicable and is
therefore used as the basis for demonstrating that this portion may be released for unrestricted use.
A radiation dose objective of less than 100 millirem per year is applicable to the portion of the
property subject to the terms/conditions of the LTC license (i.e., the Storage Yard) in the unlikely
event that all controls fail. However, with controls in place, even the restricted portion must meet
the 25 millirem criterion.
70

US Nuclear Regulatory Commission, RadiologicalCriteriafor UnrestrictedUse, Title 10 CFR 20.1402, July 21,

1997.

7"US Nuclear Regulatory Commission, CriteriaFor License Terminhation Under RestrictedConditions,Title 10 CFR
20.1403, July 21, 1997.
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The U. S. Nuclear Regulatory Commission (USNRC) has developed guidance on acceptable
approaches and methodologies for radiation dose modeling to demonstrate compliance with the
aforementioned dose limits. In addition, the USNRC has offered examples of acceptable dose
modeling that could be used as a guide." As recommended, SMC has selected the scenarios and
critical population groups, developed the source term, selected exposure pathways and calculated
DCGLs in accordance with NUREG-1757 and Staff recommendations. 3

15

The following subsections of this chapter contain this information. Included herein is a brief
description of the methodology used to perform the dose assessments, a detailed description of the
site conceptual model which includes the source term used as input to the assessment, the exposure
scenarios deemed reasonably likely under LTC conditions, less likely exposure scenarios if the
controls specified as part of the terms of the LTC license should fail, a presentation of the
uncertainty associated with the input parameters, and the findings (results) of the assessment.
Included as well is a statement as to whether the requirements for unrestricted release of most of the
property have been met, and whether the portion of the site to be subject to the terms and conditions
of the LTC license meets the applicable dose criteria.
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5.1 Assessment Methodology
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The process of assessing the radiation dose potential for SMC's decommissioned Newfield site
involves defining the source(s), preparing a site conceptual model, identifying the likely pathways
for potential human exposure, and assessing the availability of a receptor to receive a dose.
However, the relationships between these factors are complex and often interdependent. Therefore,
a computer program to model the plausible human exposure scenarios and to perform the complex
sets of computations was employed.
The computer code, RESRAD (Version 6.22) was used to model radionuclide fate and transport of
residual radioactivity at the site and to assess the radiation dose incurred by hypothetical receptors
who may be impacted by the site after decommissioning is complete.74 This code provides an
estimate of the annual radiation dose beginning immediately after decommissioning is complete and
extending for 1,000 years into the future." It is widely-accepted as an industry-standard tool for
72

Kalman, Kenneth, U. S. Nuclear Regulatory Commission, in an e-mail communication to David Smith, Shieldalloy

Metallurgical Corporation, April 5, 2006, 2:57 p.m., referred SMC to the DPs for the Michigan Department of Natural

Resource (MDNR) and Whittaker sites, accessible on the ADAMS data base. A search of the data base identified the
only following documents with apparent relevance: (1) Michigan Department ofNatural Resources, "Decommissioning
Plan; Tobico Marsh SGA Site, Kawkawlin, Michigan", February, 2003; and (2) Whittaker Corporation, "Dose
Assessment in Support of Establishing Derived Concentration Guideline Levels for the Whittaker Decommissioning
Site", August, 2004.
13 U.S. Nuclear Regulatory Commission, C'onsolidatedNMSSDecommissioning Guidance-DecommissioningProcess
for MaterialsLicensees, NUREG-1757, Volume 1, September, 2003.
"' Yu, C, Zielen, A.J, et al, User's Manualfor RESRAD Version 6, ANLIEAD-4, Argonne National Laboratory,
Argonne, Illinois, July, 2001.
" The RESRAD code was chosen primarily because it can adequately depict the key site-specific features of SMC's
site. It is also able to derive values for exposure parameters based on built-in fate and transport computations using welldefined site-specific data. In addition, the code is able to integrate radiation dose projections over time taking into
account transient conditions that may occur.
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performing radiological dose assessments and for deriving DCGLs. However, there are several
important features of the code that should be taken into account in interpreting any results that are
generated. These include the following:

7

The radiation dose conversion factors (DCFs) used in RESRAD 6.22 are taken from
Federal Guidance Reports (FGRs) No. 11 and 12, which are derived from outdated
by the International Commission on Radiation
dosimetry model promulgated
77 7 8 79
Protection (ICRP); 76' ' '

8

Short-lived radioactive progeny (e.g. half-life less than 180 days) are accounted for

9

using the "parent+D" DCFs;

,0
11

RESRAD integrates and normalizes exposure factors based on the fraction of time
a receptor is exposed over the exposure period;" and
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RESRAD uses single-point estimates for values of every parameter to evaluate
complete pathways in the deterministic module of the code.
Another feature of the RESRAD code is that the user may select from two types of risk assessment
methods, deterministic and probabilistic." Most professionals are familiar with the deterministic
approach because it has been, until recently, the most widely used of the two. It is designed to
capture the reasonable maximum exposure (RME) condition for a receptor using single point
estimates of parameter values used to calculate dose. Such a calculation provides a single point
estimate of radiation dose that could result from a given concentration of radioactivity. For the
purposes of modeling radiation doses for the Newfield site, a deterministic approach was used to
establish the acceptable concentrations of uranium and thorium in the surface soil in that portion of
the property to be released for unrestricted use (i.e., DCGLs).
Few of the parameters used to calculate deterministic dose potentials at long times into the future
are so well known that they can be described by a single value. Therefore, a reasonable alternative
is to use unrealistically-conservative input parameters in order to bound the inherent uncertainty in
76 U.S. Environmental Protection Agency, Limiting Values of Radionuclide Intake and Air Concentrationand Dose

Submersion,andIngestion,Federal Guidance Report Number 11, EPA 520/1-88-20,
C'onversionFactorsforlnhalation,
September, 1988.
" U.S. Environmental Protection Agency, ExternalExposureto Radionuclidesin Air, Water andSoil, Federal Guidance
Report Number 12, EPA 402 R-93-081, September, 1993.
78International Council on Radiation Protection, Report of the Task Force on Reference Man, ICRP Report 23, 1981.
9 The bio-kinetic dosimetry model accounts for particle fractioning that might occur following exposure. For example,
the DCFs for particle inhalation account for the dose to the GI tract from the fraction of respired particles that are
ingested. As a result, there is no need to independently account for biological fractioning in the dose calculations.
" For example, a soil ingestion rate of 100 mgld for a receptor who is exposed on Site for only 50-percent of one day
would result in an ingestion intake of 50 mg.
"' Table 5.1 summarizes the principal differences that exist between the deterministic and probabilistic methods.
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the deterministic approach. However, this often leads to gross over-estimation of the radiological
impact of the site.'Another approach is the probabilistic methodology for risk assessment, which addresses the potential
for exposure through what is essentially an uncertainty analysis, taking both the range and
distribution of individual input parameters into consideration. 3 The probabilistic method provides
a substantially clearer picture of what the dosimetric impacts of a decommissioning method might
be and it is a useful tool for risk managers.
Because the USNRC has established its decision-making criteria on the use of probabilistic
assessment methods and the resulting mean or "reasonably foreseeable" exposure to an average
member of the critical exposure group, and because it is a required assessment methodology in
NUREG- 1757, this is the approach that was used by SMC in its assessment of the dose potential for
the two areas at the decommissioned Ncwfield site (i.e., the restricted and the unrestricted
areas).84'85'86'8 7 It was used to evaluate the range of the radiation dose potentials associated with the
restricted area, and those associated with the DCGLs for the unrestricted portion of the site. The
remaining sections of this Chapter are organized as follows:
Section 5.2 describes the site conceptual model, the radioactive source term and the
physical parameters of the SMC site that are used as input to the computer modeling;

16
17

i8
19

Section 5.3 describes "reasonably likely" exposure scenarios for both the unrestricted
and restricted areas of the site, and the "less likely" scenarios for the restricted area
in the event that all protective controls fail;

20

Section 5.4 describes the uncertainty associated with the various input parameters
and the dose modeling results; and

21
22

Section 5.5 presents the results of dose modeling for the decommissioned SMC site
for comparison to applicable requirements. 88'9

23
24

" This difficulty was acknowledged by the USNRC in recent guidance specific to SMC and in supplemental information
to accompany NUREG- 1757.
" U.S. Nuclear Regulatory Commission, ConsolidatedNMSSDecomnissioning Guidance,Decommissioning Process
for Materials Licensees, NUREG 1757, Vol. 1, Rev. 1, September, 2003.
84 The average member of the critical group is used rather than using the RME for the entire population. In a typical
deterministic risk, the RME is used for the entire population.
8" As defined in 10 CFR 20.1003, the critical group is a group of individuals expected to receive the greatest exposure
to residual radioactivity for any applicable set of conditions.
86 U.S. Nuclear Regulatory Commission, RadiologicalCriteriaforLicenseTermination,Volume 62, Federal Register,
page 39058, July 21, 1997.
87 NUREG-1757, Vol. 2, Section 2.1, September, 2003.
8' US Nuclear Regulatory Commission, RadiologicalCriteriaforUnrestrictedUse, Title 10 CFR 20.1402, July 2 1,
1997.
US Nuclear Regulatory Commission, CriteriaForLicense Tenmination Under Restricted Conditions,Title 10 CFR

89

20.1403, July 21, 1997.
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5.2 Site Conceptual Model
A site conceptual model has three fundamental components that must be described in order to
calculate (or model) the potential future dose to a receptor on or near the decommissioned SMC site.
The first component is the source term itself.9" The second is the physical characteristics of the
site." The third is the range of realistic (plausible) human exposure scenarios, described primarily
by factors that are associated with human behavior and metabolic physics. Each of these
fundamental components is described briefly in the subsections that follow.
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5.2.1 Source Term
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The source term abstraction used by the RESRAD code to project potential future dose is derived
from knowledge about the source material itself, and previously completed radiological assessments
of the residual radioactivity at the Newfield site. The source term is defined by its radionuclide
composition, as well as its lateral and vertical extent (spatial configuration).
5.2.1.1 Values Used to Describe the UnrestrictedArea Source Term
The source term for the unrestricted area of the property is the residual concentrations of radioactive
materials that will be allowed to remain after remediation is complete. That concentration is
bounded by an upper limit on radiation dose of 25 millirem, TEDE, and applies only to the
unrestricted portion of the site (i.e., the preponderance of the total property area).
In describing the source term for input to RESRAD, the area (size) of the unrestricted contaminated
zone parameter is equal to the area of the SMC property, excluding the planned restricted area that
will be in the current Storage Yard. The minimum unrestricted area is represented by a triangular
distribution with a minimum value of 244,000 m2 and a maximum value of 295,000 M2-. The
maximum area is established by the property boundary but includes the Storage Yard. The
minimum value is considered to be the most likely value.
The use of the loguniform distribution provides a realistic, yet conservative, description of the lateral
variability in the size of the source term in that it assigns the most likely size (244,000 n'-) as the
minimum size and allows for the possibility (albeit with lower probability of occurrence) of larger
sizes up to the entirety of the property. Vertically, the radiologically significant material is assumed
to be located in the top six (6) inches of soil (e.g. 0.15 meters), with no cover. The thickness of the
contaminated zone parameter is represented by a triangular distribution, with the central tendency
(CT) value conservatively set to a thickness of 0.5 feet (0.15 meters). Tables 17.3.1 through 17.3.12
contain a summary of these parameters as they apply to the unrestricted portion of the property.
5.2.1.2 Values Used to Describethe RestrictedArea Source Term
The source term in the restricted portion of the Newfield site has a variety of components, including
the engineered barrier, boulders of vitreous, radionuclide-bearing slag, a baghouse dust pile with
'i

The size, thickness, and radiological composition of the source must be conceptualized in the source term abstraction.
must be described in a physical abstraction that includes physical and hydraulic characteristics of the site and

92The site

its potentially impacted environment.
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exempt source material concentrations, contaminated soil and surface-contaminated building rubble.
The radionuclide content of each was described in Section 4.4, above, and summarized as the
effective single, consolidated volume shown in Table 17.7. SMC intends to establish a boundary
around the restricted area such that the applicable dose limits for both the restricted and unrestricted
portions of the property are satisfied separately for each area.
In describing the restricted area source term for input to RESRAD, the area (size) of the consolidated
contaminated zone parameter is represented by a loguniform distribution with a mininmm value of
18,228 m2 and a maximum value of 28,767 min.The minimum size is equal to the footprint of the
proposed engineered barrier and represents the area currently occupied by the Storage Yard. The
use of the loguniform distribution provides a realistic, yet conservative, description of the lateral
variability in the size of the source term in that it assigns the most likely size (28,767 M2-) as the
minimum size. Vertically, the radiologically-significant material is assumed to be located beneath
the cover.
The thickness of the contaminated zone is represented by a triangular distribution, with the central
tendency (CT) value conservatively set to a thickness of nine (9) feet. The cappcd material in the
Storage Yard will be shaped more like a pyramid than a cylinder, thus the actual thickness, on
average, will exceed the CT value. The thickness of the engineered barrier has a central tendency
value of four (4) feet.
The radionuclide composition of the materials to be consolidated under the engineered barrier is
defined by both measured isotopic ratios in samples collected from within the contaminated volume
and by historical knowledge of the origin of the radioactivity found within the volume (see Chapter
4). The relatively longer-lived progeny of "23 Th and 23
"U are in secular equilibrium with their parent,
an assumption that is not only conservative but supported by the results of analytical testing. The
source term used as input to the RESRAD computer code includes all of the isotopes in the 238U and
232Th decay series with half-lives longer than 180 days, in the concentrations shown in Table 17.7.9'2
5.2.2 Site Physical Parameters
The second major conceptual component ofa dose assessment is the physical abstraction of the site,
which must capture and express its important physical, hydraulic, and geological conditions. It is
also used to place the source term in the context of the environment and systems that surround it.93

9,2Isotopes

with half-lives shorter than 180 days are assumed to be in equilibrium with their first parent with a half-life

greater than 180 days and a re accounted for in dose calculations through the use of"parent+D" dose conversion factors.
" The physical, hydraulic, and geologic conditions must be described and input into RESRAD. RESRAD is not a
comprehensive model for the fate and transport of groundwater and surface water. It does, however, model the vertical
migration of radiological contaminants from the surface or near surface soils to ground water sources of drinking water

and surface water bodies for the purpose of calculating the potential exposure to human receptors who may use such
water.
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5.2.2.1 UnrestrictedArea Physical Parameters
The RESRAD computer model uses information about the physical characteristics of the site to
estimate the migration potential for radionuclides and the ultimate distribution of the radioactive
materials in the receptor exposure pathways over the course of 1,000 years. For the unrestricted
area, the three layers defined in Section 5.2.2.2 were used as input to the RESRAD model. For the
"contaminated zone", it was assumed that the radioactivity is present in the top 6 inches (0.15
meters) of the ground surface and no cover was applied to limit direct contact with the radioactivity.
Thus, the surface soil is the contaminated zone and the surface soil erosion rate is captured in the
RESRAD model as the contaminated zone erosion rate (VCZ).
In recognition of the relatively flat topographic features of the site, the general meteorological
signature for the area, and the non-invasive nature of all reasonably foreseeable exposure scenarios,
lower than average soil erosion potential exists. Therefore, the contaminated zone erosion rate in
the unrestricted portion of the property was conservatively modeled with a deterministic value of
0.001 m/yr (I m/1,000 years), equivalent to the RESRAD default value.94 Annual dose estimates
are not particularly sensitive to this parameter since the peak annual dose occurs in the first year
after deposition, and decreases each year thereafter, regardless of the surface soil erosion rate used.
The other layers (i.e., the unsaturated zone and the saturated zone) exhibited the same characteristics
as those described for the restricted area. The input parameters used for the unrestricted area
physical characteristics are described in Section 5.7, below.
5.2.2.2 RestrictedArea Physical Parameters
Conceptually, the restricted area of the Newfield property after decommissioning is complete will
be composed of four "layers", all of which are important to the dose modeling process. These are:
Engineered Barrier Layer - a thick layer ofunimpacted native soil, topsoil, rock and
vegetation brought onto the site to form a cap over the contaminated zone and
underlying waste layer;
Contaminated Zone Layer - a layer generally lying just beneath the engineered
barrier in which radionuclide-bearing materials are consolidated;
Undisturbed Surface Layer - a relatively thick, dense, undisturbed native deposit of
graveVsands of the Bridgeton Formation (thickness ranging from 8 to 10 feet),
underlain by the fine- to coarse-grained sands of the Cohansey Sand; and
Saturated Zone Layer - the saturated Cohansey Sand to the depth of the confining
Kirkwood formation (i.e., 120 feet or more).

9 This may not be true as-described for the excavation scenario, where some of the radioactive materials could be
exposed.
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The various parameters used to describe the composition of each "layer" are defined within
RESRAD with probabilistic variables. These, which account for the variability and uncertainty
inherent in hydrogeological features, are described in detail in the subsections that follow.
5.2.2.2.1 EngineeredBarrierLayer
The engineered barrier overlies the radionuclide-bearing consolidated material. It is comprised of
a geomembrane and soil (native materials brought onto the site) and a rock cover for intruder and
erosion protection installed pursuant to strict specifications. The thickness ofthe engineered barrier
is modeled as a triangular distribution with a central tendency value of one (1) meter and a minimum
and maximum of 0.9 and 1.2 meters, respectively. This thickness, while not expected to vary greatly
over the area of the Storage Yard, will be an important consideration in the construction of the
engineered barrier and will thus be confirmed routinely during construction to verify is remains
unifonn.
When modeling the subsurface-soil source term in RESRAD, the engineered barrier is identified as
the "cover layer" since it overlies the contamination zone. Cover degradation is accounted for in
RESRAD by a surface soil erosion rate parameter. The value used as input to the code was derived
using the Revised Universal Soil Loss Equation computer program, version 2 (RUSLE 2), the MPV
method (as recommended in NUREG- 1623) and conservative input parameters.95 Appendix 19.3
contains the findings of these analyses.
From assessment and calculation, the engineered barrier comprised only of a soil layer is clearly
sufficiently robust to maintain its ability to shield the consolidated material under it from the
population even if all controls for its maintenance and care should fail. Nonetheless, and in response
to concerns raised by the USNRC, a redundant layer of protection in the form of a rock covering to
further reduce the erosion rate and serve as an intruder barrier, is included in the design (see Section
8.3, below). However, no shielding credit for the presence of the rock cover is taken in the dose
modeling described herein.
5.2.2.2.2 ContaminatedZone Layer
Residual radioactivity in the form of ferrocolumbium slag, baghouse dust, soil and contaminated
building rubble will be consolidated within a portion of the existing Storage Yard and then capped
with the engineered barrier. The contaminated zone will consist of 65,800 cubic meters of material,
with a mean density of2.8 g/cm3 and a hydraulic conductivity of 2,000 meters per year.96 These data
were measured during the remedial investigation of the site and represent an average of the results
from the multiple samples that were collected.97
Information regarding the partition coefficients (Kd) is provided in Section 5.4.3 and 5.24. Testing
indicates that the radionuclides are tightly bound in the slag matrix and do not leach into water.
"
'6

TRC Environmental Corporation, EstimatedSoil Lossffrom Soil Cap, Project Number 26770-0000, January, 2005.
Table 17.1 provides a physical inventory of the materials to be consolidated in the restricted area.

" "Remedial Investigation Technical Report", TRC Environmental Consultants, Inc., 1992; Draft Final Feasibility Study
Report, TRC Environmental Corporation, April 1995.
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The contaminated zone and the engineered barrier have a total volume of approximately 76,870 m'.
As described in Section 5.2.1.2 of this report, the use of a loguniform distribution provides a
realistic, yet conservative, description of the lateral variability in the size of the contaminated zone
in that it assigns the most likely size (18,228 M2) as the minimum size and allows for the possibility
(albeit with lower probability of occurrence) of larger sizes up to the entire area currently covered
by the Storage Yard.
5.2.2.2.3 UndisturbedSurface Layer
The third layer is the undisturbed native deposits of gravel/sand layer of the Bridgeton Formation,
underlain by coarse-grained sands of the Cohansey Sand. There is little to a trace of silt found in
the Cohansey Sand. This layer is estimated to range in thickness between 8 and 10 feet (2.5 to 3.1
meters) with a nominal or typical thickness of approximately 8 ft.(2.5 meter).
RESRAD identifies this layer as the "unsaturated layer" when modeling the source term. The
thickness of this zone is bounded with a triangular distribution, having a central tendency value of
2.5 meter bounded and a maximum of 3.1 meters. Measured soil density is 1.3 g/cm 3 and measured
hydraulic conductivity is 0.017 m/yr. The radionuclide distribution coefficients described in
Section 5.4.3.3 were used for all isotopes.9"

24

5.2.2.2.4 SaturatedZone Layer
The lower-most (deepest) layer is described as the deep aquifer layer. The geology beneath the
Storage Yard is characterized by brown sand and gravel representative of the Bridgeton Formation
that extends in depth to 8.5 meters (28 feet) (well SC-12D) below the ground surface.99 The
Cohansey Sand lies beneath the Bridgeton Formation and is composed of coarse sands and little to
trace silt in the upper 12 meters (40 feet), and generally finer sand and some silt, with some clay and
silt stringers in the lower 18 to 24 meters (60 to 80 feet). As described in Section 5.3, below,
groundwater is not potable and not likely to be ingested by anyone at the site.
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5.3 Exposure Scenarios
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In order to demonstrate compliance with applicable requirements for both the restricted and
unrestricted portions of the SMC site, and to ensure a realistic correlation between radiation dose
and residual radioactivity, it is critical that the model portrayed in the RESRAD code be sufficiently
representative of actual (site-specific) cases. To determine the setup of the RESRAD code, SMC
first envisioned and then characterized the most realistic exposure scenarios applicable to future
(post-decommissioning) receptors.
A number of physical and demographic properties pertinent to the site contribute to the conception
of plausible and realistic conditions under which an individual might be exposed. In addition, the

" Berger, C. (IEM), written

communication to D. R. Smith (SMC), Radionuclide Leachabilityfirom Newfield Slag,
September 16, 2005.
9 "Remedial Investigation Technical Report", TRC Environmental Consultants, Inc., 1992; Draft Final Feasibility Study
Report, TRC Environmental Corporation, April 1995.
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future use of the property as described in Chapter 3, above, was also taken into account. For the
foreseeable future (100 years), the following is deemed reasonably likely for the SMC property:

3

The property will retain industrial (light industry) zoning.

4

Residential encroachment up to the property boundary is possible but not likely
because of the restrictions established by the requirements of the LTC license held
by the property owner, and anticipated land use factors."°

5
6
I

8

Farming encroachment up to the property boundary is not likely due anticipated land
use factors in areas that border the deed-noticed SMC property.

9

The property will remain intact (i.e.,. will not be subdivided), such that the
"releasable" portion of the property will remain associated with the restricted area."''

10

II

All controls specified in Chapter 16 of this Plan will be implemented as part of the
LTC license issued to SMC, and those controls will remain in force in perpetuity.

12
13

If regulatory control fails, it is reasonable to assume that the physical controls do not
fail instantly and completely. Instead, if engineered
barrier maintenance should
02
cease, the engineered barrier will erode over time.'

14
'5

16
17

a

is
19
20
21

Excavating the residual radioactivity from beneath the engineered barrier is
considered highly unlikely because the engineered barrier will camouflage its
contents, there is no economic value in the materials, and the physical form of the
majority of the residual radioactivity (large, vitrified and irregularly-shaped rocks)
is unappealing.
Excavating some or all of the engineered barrier as a source of fill, thus partially
exposing the residual radioactivity therein, is not likely due to the relative difficulty
of scavenging fill from a sloped, rock-covered surface as compared to a nearby flat
surface.

22
23
24

25
'a"

SMC is committed to documenting the restrictions established in the LTC license in the form of a legal document

recognized by and recorded with Gloucester County. Because the restrictions will be in effect for a substantial time
period, SMC intends to have a recorded deed notice that addresses site use restrictions. SMC recognizes that the LTC
will include a license condition that requires the maintenance of the deed notice in the recorded land records that
describes the legal issues associated with the property.
101 Although this was a recommendation of the USNRC (KalIman, KL (USNRC), letter to D. Smith (SMC), "Nuclear
Regulatory Commission Staff Guidance for a Long Term Control Possession Only license at the Shieldalloy
Metallurgical Corporation Site in Newfield, New Jersey", May 15, 2004), as described in Chapter 16, this
decommissioning plan does not make such a commitment.
`02 The USNRC separates institutional controls from engineered controls. Therefore, institutional controls are assumed

to fail instantly, along with any maintenance, but engineered controls would degrade over time without monitoring and
maintenance.
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The presence of the institutional controls at the site for a reasonable period of time
after decommissioning is complete would create a natural separation that would not
be conducive to construction in close proximity to the engineered barrier even if
controls should fail.
The fenced perimeterofthe restricted area is positioned such that the applicable dose
limits in both the restricted and unrestricted portions of the property are satisfied.
There are existing site use restrictions due to the natural resource restoration
requirements applicable to a large portion of the Newfield site (i.e, required
maintenance of tree-planting areas), as well as potential future residential use
restrictions due to soil contaminant levels tinder the CERCLA that would result in
a land buffer to prevent construction in close proximity to the engineered barrier.
Also, county-sensitive area zoning and the nearby Pinelands would also deter
construction near the restricted area.
There is sufficient justification for excluding the groundwater exposure pathway from the dose
assessments described in this chapter. The justification for doing so includes the following:
The engineered barrier is designed to prevent rainwater infiltration into the
consolidated material;
TCLP results and distribution coefficients determined for the residual radioactivity
in SMC's slag show that there is marked resistance to leaching;
The groundwater at the SMC site contains hexavalent chromium, trichloroethylene
and other constituents which, when compared to the National Primary Drinking
Water standards defined at 40 CFR 141 and as referenced in Table M. 12 of NUREG1757, Vol. 2, shows that it is not a potable water supply;"'° and
It is unreasonable to assume that future industrial operations on the Newfield site
would drill and maintain their own on-site drinking water well when a source of
municipal water is readily available."•
With these assumptions in mind, the following subsections describe the most realistic (likely) postdecommissioning exposure scenarios assuming all controls remain in place. They also describe the
scenarios associated with the unlikely event of all controls failing. In most cases, the parameters
used as input to the dose assessments for the various scenarios were selected based upon USNRC

"' TRC Environmental Corporation, "Groundwater Potability Analysis - Shieldalloy Metallurgical Corporation,
Newfield, New Jersey", TRC Project No. 26770-0100-00000, June, 2006.
...This assumption was deemed valid by the USNRC recently by the agency's approval of the decommissioning plan
for the in-situ disposal of thorium slag in the SCA Hartley & Hartley Landfill (ADAMS Accession No. ML060370014).
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recommendations that they be conservative yet realistic to conditions at the site.""5 The exceptions
are for scenarios deemed unlikely but evaluated nonetheless in response to regulatory or public
input.
5.3.1 Exposure Scenarios For the UnrestrictedPortionof the Site
For dose modeling on the unrestricted portion of the Newfield site, the following key assumptions
were made:
The critical groups are industrial workers who work eight (8) hours per day on the
site and occasional trespassers.

7

a
9

0

10
1,

Radioactive materials have been rcmcdiated to concentrations below the DCGLs
established for this section;

12

0

14

15

Workers leave the site after their work shift is completed each day and do not work
on the weekends.

16

17

19

20
21
22
23
24
25
26
27
28

No water or food grown from the site is consumed;"0 6
A hypothetical industrial worker works at the site or an occasional trespasser visits
the site0 7 after the decommissioning is complete and the engineered barrier is in
place;1

13

18

Municipal water is used for drinking and irrigation purposes;

The following subsections describe scenario-specific assumptions made for assessing the radiation
dose potential for the two critical groups.

5.3.1.1 IndustrialWorker
The calculation of dose potential using the scenario of an industrial worker is reasonable. The site
has access restrictions (i.e., fences, placarding) currently in place which effectively discourages
trespassers on the restricted portion of the site. It is anticipated that these access restrictions will
remain in place over the near term. Industrial use of the SMC property is a reasonable and likely
land use scenario, given the site characteristics. Portions of the site underlain by upland soil may
be suitable for light industry, as evidenced by existing light industrial land use at properties abutting
the SMC site. Therefore, this scenario was used to establish the DCGLs for residual radioactivity
in the unrestricted area.
U.S. Nuclear Regulatory Commission, Results oftthe License Termination Rule Analysis, SECY-03-0069, May 2,
2003.
'06 Yu, C, Zielen, A.J, et al, User's Manutalfor RESRAD Version 6, Table 2.2, ANL/EAD-4, Argonne National
105

Laboratory, Argonne, Illinois, July, 2001.
"' Although the hypothetical industrial worker can see and approach the engineered cover in the restricted area, access
to that area is denied as a result of LTC license conditions.
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Description of the Critical Group
To ensure an element of conservatism in the analysis, SMC anticipates that industrial operations will
be located on the property immediately adjacent to the fenced Storage Yard. Industrial workers will
be present on the property at work each day, but at no time will any workers enter the restricted
portion of the property. It is assumed that the industrial worker will work immediately adjacent to
the Storage Yard even though it is not likely that the industrial operations will be located close to
a fence. It is also assumed that the industrial worker will work at the site eight (8) hours per day,
five (5) days per week for fifty (50) weeks per year, which is the duration of a typical working year
(i.e., 2,000 hours). During each work day, a fraction of the worker's time is spent out-of doors.
Pathways included in the Industrial Worker Scenario
RESRAD identifies the potential pathways for exposure to the critical group. Three (3) pathways
are used for the industrial worker scenario, including:

13

direct radiation exposure;

14

particulate inhalation; and

15

direct ingestion of soil.

,6
17

Is
19
20
21

Table 17.4.10 lists the pathways that have been retained for the analysis and provides an explanation
for those pathways that were not retained. The RESRAD User Manual supports the position that
an industrial worker is not likely to drink groundwater.'0 8 Instead, he/she would drink water
supplied to the site by the local drinking water service. Furthermore, the groundwater is not potable
(see Section 5.3, above). Consequently, the groundwater pathway in RESRAD is disabled for this
analysis because a public water supply is used by industrial workers at the Newfield site.

25

Table 17.3.2 describes the specific parameters that were used in the RESRAD model for the
industrial worker (basis for the DCGL calculation)."°9 Table 17.3.1 describes the parameters used
in the RESRAD model to depict the physical parameters of the residual radioactivity in the surface
soil after decommissioning is complete. These parameters are common to each of the restricted area

26

scenarios analyzed herein.

22
23
24

o Argonne National Laboratory, User's Manualfor RESRAD Version 6, Section 2.4.2, ANL/EAD.4, July, 2001.
09 A more comprehensive list of the input parameters used in the execution of the RESRAD dose modeling code to
evaluate the potential future radiation dose for each scenario is provided in the RESRAD summary reports (see Appendix
19.5).
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Justification for the Key Parameters Used in the Analysis
Given the pathways described above, the key parameters for this scenario are identified in 'fable
17.3.2. Listed below is the justification for each key parameter.
Indoor Time Fraction - The total time spent at the site is 2,000 hours, with 69% of
that spent indoors and the remaining 31% outdoors."' This is a conservative
assumption as the industrial worker is more likely to be given work assignments
inside of the site buildings. The indoor fraction used as input to the RESRAD code,
0.16, is derived by dividing 1,380 hours (69% of 2,000 hours per year) by the total
number ofhours in a year (8,760 hours). For purposes of the sensitivity analysis, the
probabilistic distribution ranges to twice as much as two (2) times the central
tendency value (a maximum of 2,000 hours per year spent indoors at the site).

4

5
6
7

8
9

10
11

Outdoor Time Fraction - The total time spent at the site is 2,000 hours, with 69% of
that spent indoors and the remaining 31% outdoors.'1 This is a conservative
assumption as the worker is assumed to be assigned to work inside the manufacturing
building and more likely to be outdoors only to walk to and from their car, located
in the parking lot. The outdoor fraction, 0.07, is derived by dividing 620 hours (31%
of 2,000 hours per year) by the total number of hours in a year, 8,760 hours. For
purposes of the sensitivity analysis, the probabilistic distribution ranges to twice the
central tendency value (1,240 hours per year spent outdoors at the site). The
radiation dose decreases as the industrial worker spends more time indoors instead
of outdoors.

12

13
14

Is
16
17

18

19
20
21

Inhalation Rate -The inhalation rate for the industrial worker (adult male) is
assumed to be 1,848 cubic meters per year. This value is equal to the RESRAD
default inhalation rate based on geometric mean rate for short term exposure to adult
males and working at the site for 2,000 hours per year or a fraction of 0.22 for the
actual duration at the site."12 It is considered to be conservative in that there is
typically little work being performed outdoors by industrial workers, who are also
not likely to be involved in heavy work nor in direct contact with the surface soil.
As referenced in ICRP 23, Reference Man breathes 9,600 liters (0.96 m3 of air) of
air in an eight (8) hour period or 240 m3 per year." 3 The radiation dose associated
with this value decreases as the inhalation rate drops.

22
23
24
25

26
27
28

29
30
31

"0 U.S. Nuclear Regulatory Commission, Development ofProbabilisticRESRAD6.0 andRESRAD-BuiMd3.0 Computer
Codes, NUREG/CR-6697, Appendix C, Table 7.6-3, November, 2000.
"' U.S. Nuclear Regulatory Commission, Development ofProbabilisticRESRAD 6.0 andRESRAD .Build3.0 Computer
Codes, NUREG/CR-6697, Appendix C, Table 7.6-3, November, 2000.
...U.S. Environmental Protection Agency, Exposure FactorsHandbook, Volume I, GeneralFactors,EPA 600/P-95002Fa, August, 1997.
11 International Commission on Radiological Protection, Report of Task Groupon Reference Man, Report Number 23,

1975.
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Mass loadine for inhalation - The value selected for the analysis was the default
value for the RESRAD code. The mass loading in air describes the airborne dust
loading conditions on the site and it is assumed that the industrial worker is located
indoors and not exposed to the airborne dust from the surface soil."'

,
2
3
4

s
6

7USEPA
8

9

10
11
12

Soil inaestion Rate - The industrial worker may ingest soil as a result of incidental
contact with the soil. The value selected, 18.3 grams per year, was greater than the
recommendations of 50 milligrams per day for an adult in an industrial
setting.' 15,116,117 It is assumed that the industrial worker is engaged in non contact
intensive activities. The industrial worker does not enter the fenced restricted area,
but may ingest soil from incidental contact with the surface soil in the unrestricted
area. The industrial worker does not eat any animals or vegetables from the site, and
does not drink any surface water or ground water."'
Cover Depth - The residual activity is assumed to be present in the top 15
centimeters of the soil. It is assumed that residual radioactivity is distributed in a
homogeneous manner. This assumption is consistent with the definition of the
DCGL.

13

14

15
16

Area of the Contaminated Zone - The area of the unrestricted area is represented by
the area of the SMC property, less the area of the Storage Yard. The value of
244,000 m2 refers to the largest portion of the site and the likely area where a
manufacturing facility could be built. The area of the unrestricted area is likely to
be smaller depending on the final construction of the engineered barrier and the area
occupied by the restricted area. The potential radiation dose decreases as the area
decreases. In describing the source term for input to RESRAD, the area (size) of the
unrestricted contaminated zone parameter (AREA) is equal to the area of the SMC
property, excluding the planned restricted area that will be in the current Storage
Yard. The minimum unrestricted area is represented by a triangular distribution with
a minimum value of 244,000 m' and a maximum value of 295,000 mi2 . The
maximum area is established by the property boundary but includes the Storage
Yard. The minimum value is considered to be the most likely value. The use of the
loguniform distribution provides a realistic, yet conservative, description of the
lateral variability in the size of the source term in that it assigns the most likely size

17

18
19
20
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Argonne National Laboratory, User's Manualfor RESRAD Version 6, July, 2001.
The value of 18.3 grams of soil per year was calculated as 50% of the RESRAD default. The RESRAD default was
based on the average for a residential family.
114
"t

116 U.S. Environmental Protection Agency, Risk Assessment Guidancefor Superfind, Vohlme I - Human Health

Evaluation Manual, Part A, OSWER Directive 9285.6-01, 1990.
17 An ingestion rate of 50 milligrams per day yields a potential ingestion of 12 grams of soil per year.
18 Drinking water is provided by a publicly-owned water system where there is testing for compliance with drinking
water standards for radionuclides, and there are no potable surface water sources or ground water wells inside of the
Storage Yard.
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(244,000 m-2) as the minimum size and allows for the possibility (albeit with lower
probability of occurrence) of larger sizes up to the entirety of the property.

1
2

Thickness of the Contaminated Zone - The residual activity is present in the top 15
centimeters of the soil. Vertically, the radiologically significant material is assumed
to be located in the top six (6) inches of soil (e.g. 0.15 meters), with no cover. The
thickness of the contaminated zone parameter (THICKO) is represented by a
triangular distribution, with the central tendency (CT) value conservatively set to a
thickness of 0.5 feet (0. 15 meters). This assumption is consistent with the definition
of the DCGL.

3

4

5
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I
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9
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5.3.1.2 OccasionalTrespasser

11

Description of the Critical Group

12

The unrestricted portion of the site will be fenced and signs will be posted that prohibit trespassers
from entering the property. SMC will maintain these controls for the foreseeable future, thus the
likelihood that a trespasser will enter the property is remote. However, since there are no provisions
for round-the-clock security, it is possible, although not likely, that a trespasser might be present on
the unrestricted portion of the property.

,3
14
15

16
17
18

19

Pathways included in the Trespasser Scenario
RESRAD identifies the potential pathways for exposure to the critical group. Three (3) pathways
are used for the trespasser scenario, including:
direct radiation exposure;

20

21

•

particulate inhalation; and

22

•

direct ingestion.

23
24
25
26
27
28

The other pathways are inapplicable and are disabled for the purpose of the RESRAD model. Table
17.4.1 identifies the pathways that have been retained for the analysis and provides an explanation
for those pathways that were not retained. Table 17.3.3 describes the specific parameters that were
used in the RESRAD model, showing the parameters specifically used in the model for the
trespasser." 9 Table 17.3.1 describes the parameters used in the RESRAD model that depict the
physical parameters of the unrestricted area.

" 9 A comprehensive list of the input parameters used in the execution of the RESRAD dose modeling code to evaluate
the potential future radiation dose for each scenario is provided in the RESRAD summary reports (See Appendix 19.5).
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Justification for the Key Parameters Used in the Analysis
Given the pathways described above, the key parameters for this scenario are identified in Table
17.3.3. Listed below is the justification for each key parameter.
Indoor Time Fraction - The total time spent indoors by the trespasser is assumed to
be 0 hours. It is assumed that all of the time in the unrestricted area is spent
outdoors. This assumption maximizes the radiation dose.

4
5

6

Outdoor Time Fraction - It is assumed that a hypothetical trespasser spends 2.5
continuous days per year in the unrestricted area."2 ' It is assumed that the
manufacturing facility will restrict access by trespassers in order to protect their
equipment and products. It is assumed that if a trespasser enters the area, employees
of the manufacturing facility will identify them and require that they leave the area
immediately. The outdoor fraction, 0.007, is derived by dividing the 59 hours per
year by the total number of hours in a year, 8,760 hours. For purposes of the
sensitivity analysis, the probabilistic distribution ranges to twice as much as two (2)
times the central tendency value.

7

8
9
10
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13
14

1i

Inhalation Rate -The inhalation rate for the trespasser is assumed to be a short term
exposure for adult males averaging 8,400 cubic meters per year. This value is equal
to the RESRAD default inhalation rate based on geometric mean rate for short term
exposure to adult males."'2 This value is conservative because it assumed that the
trespasser is not likely to be involved in heavy work nor in direct contact with the
surface soil. The radiation dose associated with this value decreases as the inhalation
rate drops.

16
17
18

,9
20
21
22

Mass loading for inhalation - The value selected for the analysis was the default
value for the RESRAD code.'2 2 The mass loading in air describes the airborne dust
loading conditions on the site and it is assumed that the trespasser is not involved in
any intrusive activities that may call attention to the trespasser. It is not likely that
the trespasser is exposed to the airborne dust from the surface soil. The radiation
dose associated with this value decreases as the mass loading decreases.

23
24
26
26
27
28

Soil ingestion Rate - The trespasser may ingest soil as a result of incidental contact
with the soil. The value selected, 18.3 grams per year, was 50% of the default value
for the RESRAD code and likely to be much lower than 18.3 grams per year based
on the limited time spent in the Storage Yard. It is assumed that the trespasser is

29
30
31
32

120 U. S. Environmental Protection Agency, "Exposure Factors Handbook Volume III - Activity Factors", Table 15-80
(Category - all), EPA/600/P-95/002Fc (August, 1997), the mean number of hours per year in outdoor playing is 592.
It is reasonable to assume tht less than 10% of that time is spent trespassing on the Newfield site.
'2' U.S. Environmental Protection Agency, Exposure Factors Handbook, Volume I, GeneralFactors,EPA 600/P-95002Fa, August, 1997.
122

Argonne National Laboratory, User's Alanualfor RESRAD Version 6, July, 2001.
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Cover Depth - The residual activity is assumed to be present in the top 15
centimeters of the soil. It is assumed that residual radioactivity is distributed in a
homogeneous manner. This assumption is consistent with the definition of the
DCGL. The presence of any cover soil may attenuate potential external exposure
and also reduce the likelihood of airborne dust. The radiation dose associated with
this value decreases as the cover depth increases.

8
7
8

9
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II

Area of the Contaminated Zone - The area of the unrestricted area is represented by
the area of the plant; the area of the Storage Yard is subtracted. The value of
244,000 m'- refers to the largest portion of the site and the likely area where a
manufacturing facility could be built. The area of the unrestricted area is likely to
be smaller depending on the final construction of the engineered barrier and the area
occupied by the restricted area. The potential radiation dose decreases as the area
decreases.
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Thickness of the Contaminated Zone - The residual activity is present in the top 15
centimeters of the soil. This assumption is consistent with the definition of the
DCGL.

19
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in non-contact intensive activities. The trespasser does not enter the fenced
restricted area, but may ingest soil from incidental contact with the surface soil in the
unrestricted area. The trespasser does not eat any animals or vegetables from the
site, and does not drink any surface water or ground water.'23 The radiation dose
associated with this value decreases as the ingestion of impacted soil decreases.

5.3.2 Exposure ScenariosInvolving the Restricted Portion of the Property
Once decommissioning is complete, SMC will be issued a LTC license from the USNRC. The
conditions of this license will include a variety of institutional controls as described in Chapter 16,
all of which are designed to minimize exposures of population groups.
Under these conditions, the reasonably foreseeable limiting exposure scenario for many years into
the future would be for industrial workers who work on the unrestricted portion of the property, and
a maintenance worker who is required to periodically traverse the engineered barrier for its
inspection and repair (as necessary).' 24 In addition, an occasional trespasser may climb the fence
and traverse the restricted area for brief periods of time. All other scenarios are considered to be
"2 Drinking water is provided by a publicly-owned water system where there is testing for compliance with drinking
water standards for radionuclides, and there are no surface water sources or ground water wells inside of the Storage
Yard.
`,. The use of realistic exposure scenarios, rather than those that are unduly conservative, was approved by the
Commission in a November 17, 2003 memorandum from A. L. Vietti-Cook to W. D. Travers, "Staff Requirements SECY-03-069 - Results of the License Termination Rule Analysis". In that memorandum it states in part that "The

Commission has approved the staff's recommendation for use of realistic exposure scenarios as described in attachment
61.
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unlikely. The following subsections describe scenario-specific assumptions made for assessing the
radiation dose potential for the critical groups.
5.3.2.1 Maintenance Worker
Description of the Critical Group
A maintenance worker in the employ of SMC will inspect and maintain the engineered barrier that
is installed over consolidated residual radioactivity. The maintenance worker will inspect the barrier
by walking or driving over its surface., 21 It is assumed that the maintenance worker will inspect the
entire surface and repair any evidence of erosion or intrusion in the barrier.
Pathways included in the Maintenance Worker Scenario
RESRAD identifies the following potential pathways for the maintenance worker scenario:

11

direct radiation exposure;

12

particulate inhalation; and

13

direct ingestion.
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The other pathways are inapplicable and are disabled for the purpose of the RESRAD model. Table
17.4.4 identifies the pathways that have been retained for the analysis and provides an explanation
for those pathways that were not retained. Table 17.3.6 lists the parameters specifically used in the
model for the maintenance worker. '2 6 The tables are organized such that key parameters common
to the assessment of both the surface and subsurface soil source terms are presented first.
Subsequent tables present key parameters that are unique to the source term. Table 17.3.7 also
describes the parameters used in the RESRAD model that depict the physical parameters of the
cover, slag and the undisturbed layer conditions; these parameters are common to each of the
scenarios used in restricted area of this chapter.
The exposure pathway for potential exposure to radon gas was eliminated for all potential outdoor
exposure scenarios. The USNRC documented their concurrence with this approach in the Statement
of Consideration for the License Termination Rule:' 27
"Following the approach taken in the proposed rile, this final rule inchldes
radiological criteria for residual radioactivity that is distinguishable from

26
27

Mechanical equipment usage will be limited on the surface of the cover. Mechanized equipment such as a "four
wheel ATV" or light tracked equipment may be used. Heavy equipment that may cause damage to the cover and/or the
vegetation will be specifically prohibited.
126 A comprehensive list of the input parameters used in the execution of the RESRAD dose modeling code to evaluate
the potential future radiation dose for each scenario is provided in the RESRAD summary reports (see Appendix 19.5).
127U.S. Nuclear Regulatory Commission, RadiologicalCriteriaforLicense Termination,Federal Register, Volume 62,
Number 139, July 21, 1997.
125
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background. Because of naturaltransport of radon gas in outdoor areas due to

2

diffusion and air currents, doses from exposure to radon in outside areas due to
radium in the soil are negligible... Therefore, in implementing the final rile,
licensees will not be expected to demonstratethat radonfrom licensed activities is
indistingutishablefrom background on a site-specific basis..."
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Justification for the Key Parameters Used in the Analysis
Given the pathways described above, the key parameters for this scenario are identified in Table
17.3.6. Listed below is the justification for each key parameter.
Indoor Time Fraction - The total time spent indoors by the maintenance worker is
assumed to be 0 hours. It is assumed that all of the time in the restricted area is spent
outdoors. There are no habitable structures on the Storage Yard. This assumption
maximizes the radiation dose.
Outdoor Time Fraction - It is assumed that the inspection and maintenance will
require no more than 24 hours per year since the engineered barrier will be installed
in a manner that minimizes erosion and enhances the growth of vegetation on its
surface. From SMC's experience at its Cambridge, Ohio site, cap inspection and
maintenance has been on-going for many years for footprint that is significantly
larger than the one proposed for the Newfield site. The more realistic annual average
inspection and maintenance duration at that site is one (1) day per month for two (2)
hours or 24 hours per year."' Once established, the inspection and maintenance
efforts are likely to be minimal. The outdoor fraction, 0.003, is derived by dividing
24 hours by the total number of hours in a year, 8,760 hours. For purposes of the
sensitivity analysis, the probabilistic distribution ranges to twice as much as two (2)
times the central tendency value. The radiation dose decreases as the maintenance
worker spends less time on the Storage Yard.
Inhalation Rate -The inhalation rate for the maintenance worker is assumed to be a
short term exposure for adult males averaging 8,400 cubic meters per year. This
value is equal to the RESRAD default inhalation rate based on geometric mean rate
for short term exposure to adult males.' 9 This value is conservative because it
assumed that the maintenance worker is assigned to inspect the cover and not likely
to be involved in a work intensive activity routinely over the course of the year. The
maintenance worker is assumed to walk on the surface of the engineered barrier for
purposes of inspection. The radiation dose associated with this value decreases as
the inhalation rate drops.
' See the SMC-Cambridge Radiation Protection Program Plan, RSP-00I, for specifications on the routine maintenance
and inspection activities for the West Pile.
12, U.S. Environmental Protection Agency, Exposure Factors Handbook, Vohlme I, General Factors,EPA 600/P-95002Fa, August, 1997.
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Mass loading for inhalation - The value selected for the analysis was the default
value for the RESRAD code.' 33 The mass loading in air describes the airborne dust
loading conditions on the site and it is assumed that the maintenance worker is
working on top of the engineered barrier and not exposed to the airborne dust from
the slag.

1
2
3
4
5

Soil inaestion Rate - The maintenance worker may ingest soil as a result of incidental
contact with the soil. The value selected, 18.3 grams per year, was 50% of the
default value for the RESRAD code; this value is expected to be much lower than the
value selected. It is assumed that the maintenance worker is engaged in non contact
intensive activities. The maintenance worker works on top of the engineered barrier
and does not contact slag. The maintenance worker does not eat any animals or
vegetables from the site, and does not drink any surface water or ground water."'

6

7

8
9
to
,1
12

Cover Depth - The thickness of the engineered barrier has a central tendency value
of four (4) feet. The thickness of the engineered barrier decreases the external
radiation levels and minimizes direct contact with the slag.

13
14

15

Area of the Contaminated Zone - The area (size) of the consolidated contaminated
zone parameter is represented by a loguniform distribution with a minimum value
of 18,228 m' and a maximum value of 28,767 M2. The minimum size is equal to the
footprint of the proposed engineered barrier. The maximum value represents the area
currently occupied by the Storage Yard. The use of the loguniform distribution
provides a realistic, yet conservative, description of the lateral variability in the size
of the source term in that it assigns the most likely size (28,767 M 2) as the minimum
size.
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Thickness of the Contaminated Zone - Vertically, the radiologically-significant
material is assumed to be located beneath the cover. The thickness of the
contaminated zone parameter is represented by a triangular distribution, with the
central tendency value conservatively set to a thickness of nine (9) feet.
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34

5.3.2.2 IndustrialWorker
Description of the Critical Group
SMC anticipates that industrial operations will be located on the property adjacent to the fenced
restricted area. Industrial workers will go to work each day, but at no time will any workers enter
the fenced area or walk on the engineered barrier. Although this places the critical group in the
unrestricted portion of the property, it is assumed that the industrial worker will work immediately
adjacent to the restricted area even though it is not likely that his day-to-day work take place to close
Argonne National Laboratory, User's ManualforRESRAD Version 6, July, 2001.
...
Drinking water is provided by a publicly-owned water system where there is testing fbr compliance with drinking
'3

water standards for radionuclides, and there are no surface water sources or ground water wells inside of the Storage
Yard.
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to a fenceline. However, his presumed presence at this location means he could be impacted by the
presence of the consolidated material nearby. It is also assumed that the industrial worker will work
five (5) days per week for fifty (50) weeks per year, and that the work day will last for eight (8)
hours, with a fraction of that time spent outdoors.
Pathways Included in the Industrial Worker Scenario

6

RESRAD identifies the following potential pathways for the industrial worker scenario:

2
3
4

7

particulate inhalation.

8

9
10
1
12
13

14

15
16
17

I8
19
20

direct radiation exposure; and

Table 17.4.5 lists the pathways that have been retained for the analysis and provides an explanation
for those that were not. The RESRAD User Manual supports the position that an industrial worker
is not likely to drink groundwater." 2 Instead, he/she would drink water supplied to the site by the
local drinking water supply. Consequently, the groundwater pathway in RESRAD disabled for this
analysis because a public water supply is indeed available to industrial workers at the Newfield site.
Table 17.3.8 describes the specific parameters that were used in the RESRAD model; this table lists
the parameters specifically used in the model for the industrial worker.' 33 Table 17.3.7 describes the
parameters used in the RESRAD model that depict the physical parameters of the restricted area.
These parameters are common to each of the scenarios used in this chapter.
Justification for the Key Parameters Used in the Analysis
Given the pathways described above, the key parameters for this scenario are identified in Table
17.3.8. Listed below is the justification for each key parameter.
Indoor Time Fraction - The total time spent at the site in the unrestricted area is
2,000 hours; it is assumed that the industrial worker spends 69% of his time indoors,
and 31% of the time outdoors.'34 This is conservative as the worker is assumed to
be assigned to work inside the manufacturing building. The indoor fraction, 0.16,
is derived by dividing 1,380 hours (69% of2,000 hours per year) by the total number
of hours in a year, 8,760 hours. For purposes of the sensitivity analysis, the
probabilistic distribution ranges to twice as much as two (2) times the central
tendency value (a maximum of 2,000 hours per year spent indoors at the site).

21
22
23
24

25
26
27

28

Outdoor Time Fraction - Unrestricted Area - The total time spent at the site in the
unrestricted area is 2,000 hours; it is assumed that the industrial worker spends 31 %

29
30

Argonne National Laboratory, User's ManualforRESRAD Version 6, Section 2.4.2, ANL/EAD-4, July, 2001.
A comprehensive list of the input parameters used in the execution of the RESRAD dose modeling code to evaluate
the potential future radiation dose for each scenario is provided in the RESRAD summary reports (see Appendix 19.5).
"• U.S. Nuclear Regulatory Commission, DevelopmentofProbabilisticRESRAD6.0andRESRAD-Btild3.0 Computer
Codes, NUREG/CR-6697, Appendix C, Table 7.6-3, November, 2000.
'.
'
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of the time outdoors.' 35 This is conservative as the worker is assumed to be assigned
to work inside the manufacturing building and more likely to be outdoors to walk to
and from their car, located in the parking lot. The outdoor fraction, 0.07, is derived
by dividing 620 hours (31% of 2,000 hours per year) by the total number of hours in
a year, 8,760 hours. For purposes of the sensitivity analysis, the probabilistic
distribution ranges to twice as much as two (2) times the central tendency value
(1,240 hours per year spent outdoors at the site). The radiation dose decreases as the
industrial worker spends more time indoors instead of outdoors.
Outdoor Time Fraction - Restricted Area - The industrial worker is exposed to the
source term from the restricted area as well as the residual radioactivity in the
unrestricted area, however to a significantly lesser degree. For the purposes of this
analysis, the contribution from the restricted area (i.e., external exposure from the
Storage Yard) to the industrial worker is assumed to be less than 1%of the total
effective dose; the dose resulting from the residual radioactivity (e.g, DCGL) in the
unrestricted area is assumed to be 99% of the total effective dose.
Inhalation Rate -The inhalation rate for the industrial worker is assumed to be a
short term exposure for adult males averaging 8,400 cubic meters per year. This
value is equal to the RESRAD default inhalation rate based on geometric mean rate
for short term exposure to adult males."' This value is conservative because it
assumed that there is no work being performed outdoors and not likely to be
involved to be in work intensive activities and not in direct contact with the surface
soil. The radiation dose associated with this value decreases as the inhalation rate
drops.
Mass loading for inhalation - The value selected for the analysis was the default
value for the RESRAD code. The mass loading in air describes the airborne dust
loading conditions on the site and it is assumed that the industrial worker is located
indoors and not exposed to the airborne dust from the surface soil.137
Cover Erosion Rate - The cover is assumed to be maintained and dose not erode
while institutional controls are in place. The thickness of the cover does not change;
the attenuation of external gamma dose rates does not change significantly. The
contribution of external gamma exposure from the restricted area is determined to
be less than 1% of the total effective dose; the dose resulting from the residual
radioactivity (e.g, DCGL) in the unrestricted area is assumed to be 99% of the total
effective dose.
s U.S. Nuclear Regulatory Commission, Development ofProbabilisticRESRAD 6.0 andRESRAD-Build3.0 Computer
Codes, NUREG/CR-6697, Appendix C, Table 7.6-3, November, 2000.
..
6 U.S. Environmental Protection Agency, Exposure Factors Handbook, Vohine 1 General Factors,EPA 600/P-95002Fa, August, 1997.
137 Argonne National Laboratory, User's Manualfor RESRAD Version 6, July, 2001.
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Cover Depth - The residual activity is assumed to be present in the top 15
centimeters of the soil. It is assumed that residual radioactivity is distributed in a
homogeneous manner. This assumption is consistent with the definition of the
DCGL.
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,0
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ingestion Rate - The industrial worker may ingest soil as a result of incidental
contact with the soil. The value selected, 18.3 grams per year, was the default value
for the RESRAD code. It is assumed that the industrial worker is engaged in non
contact intensive activities. The industrial worker does not enter the fenced
restricted area, but may ingest soil from incidental contact with the surface soil in the
unrestricted area. The industrial worker does not eat any animals or vegetables from
3
the site, and does not drink any surface water or ground water.'

5.3.2.3 Occasional Trespasser
Description of the Critical Group
The Newfield site is fenced and signs are be posted that prohibit trespassers from entering the
property. SMC will maintain these conditions at the site in its entirety, and for the fenced restricted
area. The likelihood that a trespasser will enter the property when the institutional controls are in
place is remote. However, there will not be provision for round-the-clock security at the site, thus
it is possible that a trespasser might be present in the restricted area for short durations.
Pathways included in the Trespasser Scenario
RESRAD identifies the following potential pathways for the trespasser scenario:
*

21

direct radiation exposure;

22

particulate inhalation; and

23

direct ingestion.

24
25

26
27
23
29

The other pathways are inapplicable and are disabled for the purpose of the RESRAD model. Table
17.4.6 identifies the pathways that have been retained and provides an explanation for those
pathways that were not retained. Table 17.3.9 describes the specific parameters that were used in
3 Table 17.3.7 describes the parameters
the RESRAD model specifically for the trespasser scenario.3'
used to depict the physical parameters of the cover, slag and the undisturbed surface conditions;
these parameters are common to each of the scenarios used in this chapter.
Drinking water is provided by a publicly-owned water system where there is testing for compliance with drinking
water standards for radionuclides, and there are no surface water sources or ground water wells inside of the Storage
13

Yard.

'39 A comprehensive list of the input parameters used in the execution of the RESRAD dose modeling code to evaluate
the potential future radiation dose for each scenario is provided in the RESRAD summary reports (see Appendix 19.5).
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Justification for the Key Parameters Used in the Analysis
Given the pathways described above, the key parameters for this scenario are identified in Table
17.3.9. Listed below is the justification for each key parameter.
Indoor Time Fraction - The total time spent indoors by the trespasser is assumed to
be 0 hours. It is assumed that all of the time in the unrestricted area is spent
outdoors. This assumption maximizes the radiation dose and provides a conservative
(i.e., high) estimate of the potential radiation exposure.

4

5
6
7

*
9and

10
it
12
13

14
15

Outdoor Time Fraction - It is assumed that the trespasser spends one hour per day
no more than one day per month at the site or a total of 59 hours in the restricted
area."' It is assumed that if a trespasser enters the restricted area, employees of the
manufacturing facility will identify them and require that they leave the area
immediately. The outdoor fraction, 0.007, is derived by dividing the 59 hours per
year by the total number of hours in a year (i.e., 8,760 hours). For purposes of the
sensitivity analysis, the probabilistic distribution ranges to twice as much as two (2)
times the central tendency value.
Inhalation Rate -The inhalation rate for the trespasser is assumed to be a short terni
exposure for adult males averaging 8,400 cubic meters per year. This value is equal
to the RESRAD default inhalation rate based on geometric mean rate for short term
exposure to adult males."4 ' This value is conservative because it assumed that the
trespasser is not likely to be involved to be in work intensive activities and in direct
contact with the surface soil. The radiation dose associated with this value decreases
the inhalation rate drops.

16

17
18
19

20
21

2as

Mass loading for inhalation - The value selected for the analysis was the default
value for the RESRAD code.'42- The mass loading in air describes the airborne dust
loading conditions on the site and it is assumed that the trespasser is not involved in
any intrusive activities that may call attention to the trespasser. It is not likely that
the trespasser is exposed to the airborne dust from the surface soil. The radiation
dose associated with this value decreases as the mass loading decreases.

23

24
25
26
27
28

Cover Erosion Rate - The cover is assumed to be maintained and dose not erode
while institutional controls are in place. The thickness of the cover does not change;
the attenuation of external gamma dose rates does not change significantly.

29
30
31

In U. S.Environmental Protection Agency, "Exposure Factors Handbook Volume III - Activity Factors", Table 15-80
EPA/600/P-95/002Fc (August, 1997), the mean number of hours per year spent in outdoor playing for the "All" category
is all categories is 592. It is arbitrarily assumed that approximately 10 percent of the total outdoor time is spent
trespassing on the SMC property.
140

"' U.S. Environmental Protection Agency, Exposure Factors Handbook, Volhme L General Factors, EPA 600/P-95002Fa, August, 1997.
"42 Argonne National Laboratory, User's Manualfor RESRAD Version 6, July, 2001.
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ingestion Rate - The trespasser may ingest soil as a result of incidental contact
with the soil. The value selected, 18.3 grams per year, was the default value for the
RESRAD code. It is assumed that the trespasser is engaged in non-contact intensive
activities. The trespasser does not enter the fenced restricted area, but may ingest
soil from incidental contact with the surface soil in the unrestricted area. The
trespasser does not eat any animals or vegetables from the site, and does not drink
any surface water or ground water.'43 The radiation dose associated with this value
decreases as the ingestion of impacted soil decreases.
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5.3.3 Exposure Scenario Involving the RestrictedPortionof the Site (Controls Fail)
In the event that all institutional controls fail, it is unreasonable to assume anyone could access the
engineered barrier, although taking up residence on it is unlikely because its shape/form would not
be conducive to building construction. The engineered barrier is shaped like a chevron and exhibits
side slopes that are too steep for construction. On the top surface, there is insufficient area to build
a house or install footers for a building foundation. It is equally unreasonable to assume that truck
farming or small-scale agriculture would be conducted directly on top or on the sides of the
engineered barrier, again because of its configuration and because flat surfaces are readily available
in the immediate proximity.
The potential for intruders to excavate the slag was evaluated and rejected by the USNRC during
its evaluation of the decommissioning plan prepared for SMC's Cambridge, Ohio facility (with
similar radiological constituents and a similar decommissioning alternative) in 1996. " The USNRC
concluded in the Draft Environmental Impact Statement for that action as follows:
staff believes, however, that the combined likelihood of the institutional
controlsfailing anda member oJfthe public obtainingslagfrom the stabilizedpiles
is remote. Assuming that the access controlsfailed, and in orderfor an off-site
residential use scenario to be occur, a member of the public would have to dig
through the caps that will be on the piles to obtain the slag. While this might be
possible ifthe materialhadsome significantvalue and was known to be beneath the
cover by a member of the public, this is or will not be the case. The slag is similar
to otherreadilyavailableandinexpensive sources offill materials,such as limestone
so it is unlikely that an individual would dig into the slagpiles to obtain materials
which are otherwise easily obtained.Also, if a member of the public knew that the
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Drinking water is provided by a publicly-owned water system where there is testing for compliance with drinking
water standards for radionuclides, and there are no surface water sources or ground water wells inside of the Storage
Yard.
"' U.S. Nuclear Regulatory Commission, Draft EnvironmentalImpact Statement, Decommissioningoftthe Shieldallov
MetallurgicalCorporation,Cambridge, Ohio, Facility,NUREG- 1543, July, 1996.
"
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slag was buried in the piles, he would also likely know that the material was
radioactiveand would thereibrenot use it." 141
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Like the limestone mining in Ohio, the principle mineral resource in New Jersey is sand and gravel
mining. Therefore, anyone seeking sand or gravel will pursue easier to-process sources than the
engineered barrier with its relatively large, impervious igneous slag.
SMC also considered the likelihood of an intruder successfully excavating the slag and removing
it from the engineered barrier, and rejected it. The particle size of the slag currently in the storage
yard is very large (i.e., dimensions on the order of square feet rather than square inches); it would
take a significant effort to excavate it and crush it down to sizes that would be more useful for fill
or road bed. And it is not reasonable to assume anyone would pursue the use of slag as a source of
fill when other sources of fill that are cheaper to obtain are available. The baghouse dust, on the
other hand, does have a smaller particle size, but it will be used to fill void spaces between the large
pieces of slag prior to installing the engineered barrier. As such, its retrieval would not be costeffective in light of the ready availability of similar materials elsewhere.
The only exposure scenarios considered applicable in the unlikely event the institutional controls
fail for the restricted area are for: (1) a recreational hunter that would hunt game on the engineered
barrier, (2) a family that may live near the engineered barrier, (3) a trespasser that may traverse the
engineered barrier where some of the cover has been excavated thus partially exposing the contents,
and (4) an industrial worker that may work at a manufacturing facility elsewhere on the property that
is in proximity to the restricted area.' 46 There was regulatory and public interest in the dose potential
for the excavator scenarios, in spite of the fact that they are unlikely. Therefore, they were included
in the evaluation as well. The following sections describe the scenario-specific assumptions used
as input to the dose modeling.
5.3.3.1 RecreationalHunterScenario
Description of the Critical Group
The critical exposure group for the recreational hunter scenario is described as a hypothetical
subpopulation that hunts for recreation and consumes game meat culled from the restricted portion
of the site. This hunter (as conservatively described) would spend a fraction of his available outdoor
recreational time engaged in hunting and who goes to the SMC site, where the fencing around the
restricted area has failed thus permitting the egress of game. Although not realistic, it is assumed
he chooses the SMC site each time rather than visiting other sites in search of prey.
"' U.S. Nuclear Regulatory Commission, Draft EnvironmentalImpact Statement, Decommissioningof the Shieldalloy
MetalhlrgicalCorporation,Cambridge,Ohio, Facility,NUREG-l1543, Appendix H, July, 1996.
"' As described in Section 5.3, removing some or all of the engineered barrier as a source of fill, thus partially exposing
the residual radioactivity therein, is not likely due to the relative difficulty of scavenging fill a sloped surface as
compared to a nearby flat surface. And even if surface mining did occur, the radionuclide concentration in the excavated
material would be small since it is comprised of radiologically-inert soil and possibly small amounts of the baghouse

dust that was placed below the native soils as void filler. (The baghouse dust contains less than 0.05% source material.)
Therefore, this scenario does not present dosimetric significance.
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Hunting on the property is not likely, even if institutional controls should fail, because of the lack
of shelter in which animals could hide and forage and because hunting is not allowed within
Newfield borough limits. Hunters are not likely to use such a small piece of elevated land as a
source of game because of the realistically-small animal population in its vicinity. However, this
scenario, albeit unlikely, was deemed somewhat more likely than others (i.e., agricultural farm
family, resident family, excavator).
Pathways Included in the Recreational Hunter Scenario
RESRAD identifies the following potential pathways for exposure for the trespasser scenario:
a

direct radiation exposure;
particulate inhalation;
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meat ingestion; and

0

direct ingestion.

The other pathways are inapplicable and are disabled for the purpose of the RESRAD model. Table
17.4.7 identifies the pathways that have been retained for the analysis and provides an explanation
for those pathways that were not retained. Table 17.3.10 describes the specific parameters that were
used in the RESRAD model; this table lists the parameters specifically used in the model for the
recreational hunter.147
Justification for the Key Parameters Used in the Analysis
Given the pathways described above, the key parameters for this scenario are identified in Table
17.3.10. Listed below is the justification for each key parameter.
Indoor Time Fraction - The total time spent indoors by the recreational hunter is
assumed to be 0 hours. It is assumed that all of the time in the unrestricted area is
spent outdoors. This assumption maximizes the external radiation dose.
Outdoor Time Fraction - It is assumed that the recreational hunter spends 75 hours
per year in the restricted area.' 4 ' The outdoor fraction, 0.009, is derived by dividing
80 hours per year by the total number of hours in a year, 8,760 hours. For purposes
of the sensitivity analysis, the probabilistic distribution ranges to twice as much as
,4 A comprehensive list of the input parameters used in the execution of the RESRAD dose modeling code to evaluate
the potential future radiation dose for each scenario is provided in the RESRAD summary reports (see Appendix 19.5).
"' In U. S. Environmental Protection Agency, "Exposure Factors Handbook Volume III - Activity Factors", Table 15-85
EPA/600/P-95/002Fc (August, 1997), the mean number of hours per year spent in active sports for the "All" category
is all categories is 754. It is reasonable to assume that less than 10% of the total time is spent hunting within in the
restricted area of the SMC property.
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two (2) times the central tendency value. Hunting on the property is not likely even
if institutional controls should fail because of the lack of shelter in which animals
could hide and forage, the presence of the rock cover, and because hunting is not
allowed within Newfield borough limits. Hunters are not likely to use such a small
piece of elevated land as a source of game because of the realistically-small animal
population in its vicinity and the unsure footing associated with its traversal. The
potential radiation exposure decreases as the time decreases.

1
2
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7

Inhalation Rate -The inhalation rate for the recreational hunter is assumed to be a
short term exposure for adult males averaging 8,400 cubic meters per year. This
value is equal to the RESRAD default inhalation rate based on geometric mean rate
for short terma exposure to adult males.149 This value is conservative because it
assumed that the recreational hunter is walking on the property and performing tasks
that are considered to be "light activity" as defined in the USEPA Exposure Factors
Handbook and in direct contact with the surface soil. Moreover, at the rate of 20
liters per minute and present for 80 hours per year, the more likely air volume is
more likely to be 98 m3/year rather than 8,400 m3/year. The radiation dose
associated with this value decreases as the inhalation rate drops.

a
9

,0
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Contaminated Fraction ofMeat - The fraction of the annual meat diet that is obtained
from game harvested from off the site is assumed to be 30%. The number is
conservative in that the size of the site is small relative to the grazing land required
to support game habitat. The use of the triangular distribution (i.e., 0 to 50%) results
in a more conservative estimate than the RESRAD default for this site.150
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Mass loadine for inhalation - The value selected for the analysis was the default
value for the RESRAD code."' The mass loading in air describes the airborne dust
loading conditions on the site; it is assumed that the recreational hunter is not
involved in any intrusive activities. It is not likely that the recreational hunter is
exposed to the airborne dust from the surface soil because the engineered barrier
eliminates direct contact with the slag. The selected value, lxl04 g/m 3 is 2-10x
greater than the range of observed values summarized in NUREG 5512. 52 The
radiation dose associated with this value decreases as the mass loading decreases.
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Cover Erosion Rate - The cover is assumed to be maintained and dose not erode
while institutional controls are in place. The thickness of the cover does not change;

31
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149

U.S. Environmental Protection Agency, ExposureFactorsHandbook, Vohlme 1, GeneralFactors, EPA 600/P-95-

002Fa, August, 1997.
"' U.S. Environmental Protection Agency, Exposure Factors Handbook Food Ingestion Factors, Volume I,
EPA/600/P-95/002Fb, August, 1997.
III Argonne National Laboratory, User's Manualfor RESRAD Version 6, July, 2001.
1

U.S. Nuclear Regulatory Commission, Residual Radioactive Contaminationfrom DecommissioningParameter

Analysis, NUREG/CR-5512, Volume 3, October 31, 1999.
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the attenuation of external gamma dose rates does not change significantly. The
erosion rate was calculated using the Revised Universal Soil Loss Equation computer
program, RULE2 (see Appendix 19.3).
Soil ingestion Rate - The recreational hunter may ingest soil as a result of incidental
contact with the soil. The value selected, 18.3 grams per year, was 50% of the
RESRAD default established for a resident farm family who is located on the site for
the entire year. The USEPA recommends 50 milligrams per day or less than I gram
of soil per year.'3 3 It is assumed that the recreational hunter is engaged in noncontact intensive activities. The recreational hunter may enter the fenced restricted
area, but may ingest soil from incidental contact with the surface soil in the
unrestricted area. This value is conservative because of the time that the recreational
hunter is assumed to on the property. The recreational hunter is assumed to spend
no more than 20 days per year on the property; it is predicted that the recreational
hunter may ingest no more than 50 milligrams of soil per day or less than one (1)
gram of soil per year under these conditions.'54 The likelihood of ingesting soil is
greatly reduced because the engineered barrier eliminates direct contact with the
slag. The radiation dose associated with this value decreases as the ingestion of
impacted soil decreases.
5.3.3.2 Suburban Resident Scenario
Description of the Critical Group
The critical exposure group for the suburban resident scenario is described as a hypothetical family
that occupies a house constructed near the restricted area."' It is assumed that the house is located
1,000 feet from the restricted area.156 The family who lives in the house uses water provided by a
publicly owned water supply and does not grow food or vegetables near the engineered barrier (i.e.,
food is purchased at a nearby grocery store). The groundwater pathway was disabled because a
suburban resident is most likely to secure water from a public water supply, which is regionally
available, rather than drilling and maintaining a well. This is consistent with current conditions for
SMC's neighbors, and is thus likely for the foreseeable future.
m U.S. Environmental Protection Agency, Exposure Factors Handbook, Vohlme I, GeneralFactors,EPA 600/P-95-

002Fa, August, 1997.
"• U.S. Environmental Protection Agency, Exposure FactorsHandbook, Vohlme I, General Factors,EPA 600/P-950021Fa, August, 1997.

"' As a result of the design of the engineered barrier, it is not feasible for a house to be built directly on top. The cover
is elevated from the ground surface and covers the slag; the presence of the slag within three (3) feet (I meter) from the
surface does not allow excavation or trenching for typical construction of footers or utility trenches, commonly used in
the construction of a house. Furthermore, the surface is covered in rock that would present a considerable expense to
re-locate in light of the ready availability of nearby, flat, non-rocky property.
'56The distance from the restricted area to the nearest drinking water well and off-site resident is approximately 1,000
feet. This is consistent with the median distance to the nearest off-site resident from municipal landfills around the
country, as determined in a 1988 USEPA Office of Solid Waste survey, of 1,400 feet (U. S. Environmental Protection
Agency, Region 6, Multimedia Planning and Permitting Division, "RCRA Delisting Technical Support Document",
Chapter 3, Exposure Scenario Selection, May, 2000).
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It is important to note that the suburban resident scenario is also unlikely because of the lack of
available space to construct a house and parking, and because the majority of the area surrounding
the Storage Yard is assigned for natural resource damage mitigation (tree planting) and could only
be developed for housing if the controls maintaining the conservation should fail. However, this
scenario was nonetheless selected for the dose assessment.
Pathways Included in the Suburban Resident Scenario
RESRAD identifies the potential pathways for exposure to the critical group. Three (3) pathways
are used for the suburban resident, including:
direct radiation exposure;
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particulate inhalation; and
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direct ingestion of soil.
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Table 17.4.3 lists the pathways that have been retained for the analysis and provides an explanation
for those pathways that were not retained. The RESRAD User Manual supports the position that
the suburban resident does not drink groundwater."' Instead, he/she would drink water supplied to
the site by the local drinking water service. Consequently, the groundwater pathway in RESRAD
disabled for this analysis because a public water supply is available to industrial workers at the
Newfield site.
Table 17.3.2 describes the specific parameters that were used in the RESRAD model for the
suburban resident using the input parameters that were used to develop the DCGLs for the
unrestricted area."' Table 17.3.1 describes the parameters used in the RESRAD model to depict the
physical parameters of the residual radioactivity in the surface soil of the unrestricted area after
decommissioning is complete. The computer code Microshield was used to calculate the external
exposure stemming from the restricted area after the engineered barrier is completed. The RESRAD
code was not'used because it requires the receptor to be positioned directly on top of the engineered
barrier. The suburban resident is exposed to the external radiation component of the restricted area.
Justification of the Key Parameters Used in the Analysis
Given the pathways described above, the key parameters for this scenario are identified in Table
17.3.5. The suburban resident is assumed to live in the unrestricted area where residual radioactivity
exists at concentrations at or below the DCGLs. Listed below is the justification for each key
parameter.

Argonne National Laboratory, User's AManualfor RESRAD Version 6, Section 2.4.2, ANL/EAD.4, July, 2001.
8 A more comprehensive list of the input parameters used in the execution of the RESRAD dose modeling code to
evaluate the potential future radiation dose for each scenario is provided in the RESRAD summary reports (see Appendix
"

19.5).
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Time Fraction - The total time spent at the site is 1,920 hours (240 days for
8 hours per day); it is assumed that the suburban resident spends 69% (0.69) of his
time indoors, and 31% (0.31) of the time outdoors.' 9 This is conservative because
the resident is unlikely to spend as many as 240 days at the site. The indoor fraction,
0.15, is derived by dividing 1,920 hours by the total number of hours in a year, 8,760
hours and multiplying the product by 0.69. For purposes of the sensitivity analysis,
the probabilistic distribution ranges to twice as much as two (2) times the central
tendency value (a maximum of 2,650 hours per year spent indoors at the site). The
radiation dose decreases as the fraction indoors increases.
Outdoor Time Fraction - The total time spent at the site is 8,760 hours; it is assumed
that the suburban resident spends 31% of the time outdoors.' 6 ' The outdoor fraction,
0.07, is derived by dividing 595 hours by the total number of hours in a year, 8,760
hours. For purposes of the sensitivity analysis, the probabilistic distribution ranges
to twice as much as two (2) times the central tendency value (1,190 hours per year
spent outdoors at the site). The radiation dose decreases as the resident spends more
time indoors instead of outdoors.
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Inhalation Rate -The inhalation rate for the suburban resident is assumed to be a
short term exposure for adult males averaging 8,400 cubic meters per year. This
value is equal to the RESRAD default inhalation rate based on geometric mean rate
for short term exposure to adult males."' This value is conservative because it
assumed that the suburban resident is walking on the property and performing tasks
that are considered to be "light activity" as defined in the USEPA Exposure Factors
Handbook. This volume of air assumes that the resident is on the site 100% of the
time. The radiation dose associated with this value decreases as the inhalation rate
drops.
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Mass loading for inhalation - The value selected for the analysis was the default
value for the RESRAD code. The mass loading in air describes the airborne dust
loading conditions on the site and it is assumed that the suburban
resident spends
62
some time outdoors in direct contact with the impacted soil.1

26
27
28

29

Soil ingestion Rate - The suburban resident may ingest soil as a result of incidental
contact with the soil. The value selected, 18.3 grams per year, was assumed to be 50
milligrams per day for 365 days per year. It is assumed that the suburban resident
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31
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U.S. Nuclear Regulatory Commission, DevelopmentofProbabilisticRESRAD 6. 0 andRESRAD-Build3.0 Computer
Codes, NUREG/CR-6697, Appendix C, Table 7.6-3, November, 2000.
160U.S. Nuclear Regulatory Commission, Development ofProbabilisticRESRA D 6.0 andRESRA D-Build3.0 Computer
'9

Codes, NUREGICR-6697, Appendix C, Table 7.6-3, November, 2000.
16 U.S. Environmental Protection Agency, Exposure FactorsHandbook, Vohlne 1, GeneralFactors,EPA 600/P-95002Fa, August, 1997.
162 Argonne National Laboratory, User's Manualfor RESRAD Version 6, July, 2001.
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is engaged in non contact intensive activities. Tile suburban resident does not enter
the fenced restricted area, but may ingest soil from incidental contact with the
does not eat any animals,
surfhce soil in the unrestricted area. The suburban resident
63
and does not drink any surface water or ground water.'
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Cover Depth - The residual activity is assumed to be present in the top 15
centimeters of the soil. It is assumed that residual radioactivity is distributed in a
homogeneous manner. This assumption is consistent with the definition of the

8

DCGL.

e

Area of the Contaminated Zone - The area of the unrestricted area is represented by
the area of the plant; the area of the Storage Yard is subtracted. The value of
244,000 m2 refers to the largest portion of the site and the likely area where a
manufacturing facility could be built. The area of the unrestricted area is likely to
be smaller depending on the final construction of the engineered barrier and the area
occupied by the restricted area. The potential radiation dose decreases as the area
decreases. In describing the source term for input to RESRAD, the area (size) of the
unrestricted contaminated zone parameter (AREA) is equal to the area of the SMC
property, excluding the planned restricted area that will be in the current Storage
Yard. The minimum unrestricted area is represented by a triangular distribution with
a minimum value of 244,000 m2 and a maximum value of 295,000 mi2 . The
maximum area is established by the property boundary but includes the Storage
Yard. The use of the loguniform distribution provides a realistic, yet conservative,
description of the lateral variability in the size of the source term in that it assigns the
most likely size (244,000 mi2) as the minimum size and allows for the possibility
(albeit with lower probability of occurrence) of larger sizes tip to the entirety of the
property.
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Thickness of the Contaminated Zone - The residual activity is present in the top 15
centimeters of the soil. Vertically, the radiologically significant material is assumed
to be located in the top six (6) inches of soil (e.g. 0.15 meters), with no cover. The
thickness of the contaminated zone parameter is represented by a triangular
distribution, with the central tendency value conservatively set to a thickness of 0.5
feet (0.15 meters). This assumption is consistent with the definition of the DCGL.
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Ingestion of Water - Surface water and ground water on site is unfit for consumption
as drinking water. No on-site sources of groundwater have been developed for
water. There are no surface water ponds on the property. It is assumed that
the resident does not ingest ground water.

32
33

3drinking
35
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Drinking water is provided by a publicly-owned water system where there is testing for compliance with drinking

water standards for radionuclides, and there are no surface water sources or ground water wells inside of the Storage
Yard.

7F.
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Distance from the Storaae Yard - The source term found in the site soils produces
penetrating gamma radiation. Exposure from direct penetrating radiation is expected
to be a significant contributor to the overall potential dose. External radiation dose
was modeled using Microshield; RESRAD does not accurately model a direct
exposure at a distance form the source term.
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5.3.3.3 BarrierExcavation Scenario
Description of the Critical Group
The critical exposure group for the cover excavation scenario, which is considered to be an unlikely
scenario, is described as a hypothetical person who excavates into the engineered barrier and
exposes some of the slag.' 64 The potential for exposure was evaluated in three different scenarios,
including the immediate exposure to the excavator, the potential exposure to a recreational hunter
after the cover is breached and the potential exposure to a family living nearby the damaged cap.
Exposure to the Excavator
It is assumed that an excavator climbs the fence surrounding the restricted area after institutional
controls fail. The excavator then removes a portion of the engineered barrier to expose the buried
slag, at which point he determines there is no further benefit in continuing and exits the area. While
there, the excavator is assumed to excavate one (1) square meter (1m2) of the cover, including all
its layers. It is assumed that the excavator uses manual excavation methods and that he is somehow
able to cut or otherwise breach the geomembrane during the excavation process. The nominal
footprint for the excavation (i.e., one square meter) would provide enough space for the excavator
to climb down from the surface of the cover and onto the layer of exposed slag in order to confirm
that further excavation would not be beneficial.
The person who excavates through the barrier is assumed to spend ten (10) work days at a rate of
eight (8) hours per day, for a total of eighty (80) hours for this task.'65 It is assumed that one (1)
square meter of the barrier is fully excavated, thus the excavator is exposed to a one (1) square meter
surface of slag as he attempts to pulverize or chip the first boulder encountered. When the excavator
is unsuccessful in removing the large, heavy pieces of slag using manual methods, excavation
discontinues. Once refusal is reached, it is assumed that no slag is removed and that the excavated
portion of the cap is not replaced.
Exposure to a Nearby Suburban Resident
Following the attempted excavation, it is assumed that the barrier is not repaired or returned to its
original condition. The exposed surface of the slag is thus open to the environment and unshielded.
The suburban resident family described in Section 5.3.3.2 lives within the line of sight from the
164

It assumed that the cover may be excavated after institutional controls fail and that there is no maintenance or

inspection of the cover over time. It is assumed that the person excavating the slag is doing so in an attempt to determine
the intrinsic value and potential uses of the material. This individual may consider the material to be useful for
landscaping or fill at a different location.

'65 A single individual, using hand-held excavating equipment, would be able to remove one square meter of the
engineered barrier in this amount of time.
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damaged portion of the barrier, which is assumed to be located on one of the side walls of the
barrier, and is thus exposed to direct radiation for the durations described in the previous section.
This scenario is considered to be highly unlikely because of the difficulty in removing the barrier
material using hand excavating equipment, the likelihood that if such a removal campaign did occur,
the excavator would excavate the top rather than a side wall of the engineered barrier so as to
improve his/her footing.
Exposure to a Recreational Hunter
It is assumed that a hunter climbs the fence surrounding the restricted area after cap is damaged by
the excavator. The hunter is assumed to spend 75 hours per year hunting for game inside the fenced
area.'66 It is reasonable to assume that approximately one (1) percent of that time is spent within
three (3) feet of the one (1) square meter of the engineered barrier that had been fully excavated, for
a total of 0.75 hours per year. This scenario is not realistic because of the limited access of game
inside of the small fenced area, meaning hunters are not likely to remain for the entire exposure
duration, and would likely avoid a six-foot-deep pit.
Pathways Included in the Barrier Excavation Scenario
One pathway, direct radiation exposure, is evaluated for the each of the three scenarios. The slag
itself is hard and difficult to chip or pulverize, thus there is no potential for ingestion or inhalation
of radioactive materials. The excavator and recreational hunter are exposed to external radiation for
the duration described above. The direct radiation exposure assessed for the suburban resident under
this scenario is added to the potential exposure calculated for a suburban resident who lives adjacent
to the fenced area, as derived in Section 5.3.3.2. The result of the two exposure potentials is added.
in order to estimate the total exposure potential to this critical group.
Justification for the Key Parameters Used in the Analysis
Given the pathways described above, the key parameters for this scenario are identified in Table
17.3.11. The suburban resident is assumed to live in the unrestricted area where residual
radioactivity exists at concentrations at or below the DCGLs. Listed below is the justification for
each key parameter.
Excavator Exposure Duration - The total time spent in the excavation is 80 hours.
The total exposure is calculated by multiplying the exposure rate, calculated with
Microshield by the estimated duration. The excavation of the cover requires two (2)
days or sixteen hours; the exposure rate is reduced because of the increased distance
from the slag, or at least one (1) meter away. The remaining time, 64 hours, is spent
in direct contact with the exposed slag attempting to penetrate its surface.' 67 These
are conservative assumptions in that the excavator is not likely to stay in direct
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In U. S. Environmental Protection Agency, "Exposure Factors Handbook Volume III - Activity Factors", Table 15-85

EPA/600/P-95/002Fc (August, 1997), the mean number of hours per year spent in active sports for the "All" category
is all categories is 754. It is arbitrarily assumed that approximately 10% of the total time is spent hunting in the restricted
area of the SMC property.
`67 The excavator

spends 8 days, 8 hours per day, to excavate the slag.
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contact after a few attempts to pulverize or remove it are refused. The direct
exposure to the excavator is the sum of the two exposure scenarios, the excavation
and the direct contact.
Recreational Hunter Exposure Duration - The total time spent in the fenced area is
75 hours per year. The total exposure is calculated by multiplying the exposure rate,
calculated with Microshield by the estimated duration. It is assumed that the hunter
0.75 hours in close proximity to the open excavation and approximately one
(1) meter from the surface of the exposed slag. This a conservative assumption
because the hunter is unlikely to spend so much time inside of the fenced area or near
the excavation because of the lack of game inside the fenced area. The direct
exposure to the hunter is the sum of the two exposure scenarios, walking over the
cover and standing near the open excavation.
Suburban Resident Exposure Duration - It is assumed that the resident is potentially
exposed for 24 hours per day, 365 days per year. The computer code Microshield
was used to evaluate the direct exposure potential from the open excavation. It is
assumed that the suburban resident is located 300 meters from the open excavation
and no additional attenuation of the gamma radiation is provided by the barrier. The
total time spent in the house is 6,044 hours per year. The total exposure is calculated
by multiplying the exposure rate, calculated with Microshield by the estimated
duration. These are conservative assumptions in that the resident is not likely to stay
in one location for the entire year and dose not have direct contact with the slag after
the engineered barrier is breached.
5.3.3.4 Industrial Worker Scenario
Description of the Critical Group
SMC anticipates that industrial operations will be located on the property adjacent to the restricted
area. In the unlikely case that all controls fail, this critical group would be impacted by the presence
of the restricted area, either through direct exposure or by accessing the surface of the engineered
barrier.
For this scenario, it is assumed that industrial workers travel to the site to work each day, that there
are no controls in place, and there are no prohibitions to entering the restricted area (i.e., workers
may walk on the engineered barrier). It is assumed that the industrial worker will work immediately
adjacent to the restricted area even though it is not likely that the industrial operations will be
located in such close proximity to an elevated land area. It is also assumed that the industrial worker
will work at the site five (5) days per week for fifty (50) weeks per year, and that the work day will
last for eight (8) hours per day.

SHIELDALLOY METALLURGICAL CORPORATION
"Decommissioning Plan for the Newfield Facility"
June 30, 2006
Rev. Ia. Page 67

1
2

3

Pathways included in the Industrial Worker Scenario
RESRAD identifies the potential pathways for exposure to the critical group. Three (3) pathways
are used for the industrial worker scenario, including:
direct radiation exposure;
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Table 17.4.9 identifies the pathways that have been retained for the analysis and provides
explanation for those pathways that were not retained. The other pathways are inapplicable and are
disabled for the purpose of the RESRAD model. Table 17.3.12 describes the specific parameters
that were used in the RESRAD model; this table lists the parameters specifically used in the model
for the industrial worker. "6 Table 17.3.7 describes the parameters used in the RESRAD model that
depict the physical parameters of the cover, slag and the subsurface conditions; these parameters are
common to each of the scenarios used in this chapter.
Justification of the Key Parameters Used in the Analysis
It is assumed that the industrial worker spends 69% of his time indoors and 31% of the time
outdoors.' 6 9 It is assumed that the industrial worker spends time indoors in the unrestricted area
(1,324 hours/year)and 100% of their time outdoors walking in the unrestricted area 595 hours/yr).
This approach is consistent with a worker who is employed at an industrial facility and is working
inside of a building. The outdoor fraction, 0.07, is derived by dividing the 2,000 hours per year by
the total number of hours in a year, 8,760 hours. These time fractions, as well as the external gamma
shielding factor, are more sensitive parameters in this industrial worker scenario where the
institutional controls fail,. The inhalation rate for the industrial worker is assumed to be a short
term exposure for adult males averaging 8,400 cubic meters per year.
The industrial worker may enter the restricted area and it is assumed that he may ingest soil from
there. However, the worker does not eat any animals or vegetables from the restricted area, and
drinking water is provided by a publicly-owned water system because there are no surface water
sources or ground water wells inside of the restricted area.
Because failure of institutional controls means cover maintenance may cease, the engineered barrier
is likely to erode. As addressed previously in Section 5.2.2.1, the cover design ensures that, without
maintenance or care, it will erode by less than six inches (0.015 meters) in 1,000 years. For

A comprehensive list of the input parameters used in the execution of the RESRAD dose modeling code to evaluate
the potential future radiation dose for each scenario is provided in the RESRAD summary reports (see Appendix 19.5).
169U.S. NuclearRegulatory Commission, Development ofProbabfisticRESRAD 6.0 andRESRAD-Bzild 3.0 Computer
Codes, NUREG/CR-6697, Appendix C, Table 7.6-3, November, 2000.
1"I
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modeling purposes, it is assumed that the engineered barrier maintenance program ceases
immediately after the LTC license is issued. "7
5.4 UncertaintyAnalysis
5.4.1 Managing Uncertainty
There is an inherent uncertainty in any projection of a future conditions. Thus, tools were developed
to model or project a future condition and to understand the uncertainty associated with such
projections.
As described in Section 5.1, above, the alternative to the deterministic approach to dose modeling
is the probabilistic approach in which the overall uncertainty in the assessment is evaluated to arrive
at a better estimate of the correspondence between residual radioactive concentration and the extent
of incremental dose to an exposed receptor. Uncertainty analysis imparts more information to the
decision maker than deterministic analysis. It characterizes a range of potential doses and the
likelihood that a particular dose would be exceeded. However, regardless of the method, uncertainty
is inherent in all dose and risk assessment calculations and should be considered in determining
whether a selected release criteria will satisfy the regulatory decision-making criteria.
In general, there are three primary sources of uncertainty in a dose/risk assessment: Uncertainty in
the models, uncertainty in the scenarios and uncertainty in the input parameters."' Models are
simplifications of reality and, in general, several alternative models may be consistent with available
data. Computer modeling codes have permitted the analyst to increasingly refine the models they
use because the computer is handling the complex calculations that result.
The RESRAD code used in this evaluation has been developed and maintained using a stringent
version control process. Its models (or components ofthem) are tested for mathematical correctness,
verified, and benchmarked against comparable models, when available. However, modeling in and
of itself implies a degree of uncertainty in that direct measurements or standards are typically not
available to compare to modeled results.
Parameter uncertainty results from incomplete knowledge of the coefficients that describe the model.
However, with the selection of a suitable model for the site conditions and scenarios to be
considered, and configuring the model with realistic and most probable input parameters, one may
be reasonably confident in the model's predictions.
The current regulatory philosophy is to evaluate the uncertainty in an estimate along with the
severity of consequence and probability of exceeding a deterministic regulatory limit. Such a
decision method is termed "risk-informed decision making." The advent of powerful personal
10 Over the following 1,000-yearperiod, there is insufficient erosion to result in noncompliance with the applicable dose
criteria for the industrial worker. In fact, the maximum dose potential occurs at year 1,000 when the engineered barrier
is, presumably, at its thinnest.
171 Bonano, E.J, Davis, P.A., A Review of UncertaintiesRelevant in PerformanceAssessment ofHigh Level Radioactive
Waste Repositories,NUREG/CR-521 1, September, 1988.
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computers and increasingly capable software tools coupled with increased knowledge of key
physical, behavioral, and metabolic parameters used to make dose/risk assessments, have brought
probabilistic analysis to the state of the art. While not all regulating agencies currently expect that
assessments will employ the probabilistic approach, with a quantitative assessment of the associated
uncertainties, the USNRC has adopted a risk-informed approach to regulatory decision making,
suggesting that an assessment of uncertainty be included in dose assessments."72 The USNRC's
Probabilistic Risk Assessment (PRA) Policy Statement states, in part,
The use of PRA technology should be increased in all regulatoty matters to the
extent supportedby the state of the art in PRA methods and data, and in a manner
that complements the USNRC's deterministicapproach."'
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Even with the use of probabilistic analyses, it should be recognized that not all sources of
uncertainty could be, or need to be, considered in a dose assessment. The primary emphasis in
uncertainty analysis is to identify the important assumptions and parameter values that, when altered,
could change the decision.
Sensitivity analysis performed in conjunction with the uncertainty analysis is used to identify
parameters and assumptions that have the largest effect on the overall result and provides a tool for
understanding and explaining the influence of these key assumptions and parameter values on the
variability of the estimated dose.
5.4.2 How Sources of Uncertaintyare Addressed
An important issue in uncertainty and sensitivity analysis is that not all sources of uncertainty can
be easily quantified. Of the three primary sources of uncertainty in dose assessment analyses,
parameter uncertainty analysis is most mature and will be dealt with quantitatively in this section.
Mathematical approaches for quantifying the uncertainty in the site conceptual models and future
use scenarios are not well developed. For example, it is difficult to predict with absolute certainty
the characteristics of a future society. For these reasons, no attempt to formally quantify model or
scenario uncertainty is made.
To confront these uncertainties a suite of scenarios capturing the plausible range of future uses for
this site, given the nature and site-specific impediments to future land development, has been
developed and is considered in the assessment. In addition, conceptual site models have been
designed and selected to represent the existing features at the site and to conservatively represent
the conditions that might be encountered in each scenario. By carefully selecting input parameters
as SMC has attempted to do for Chapter 5, the estimates of dose potential using the RESRAD
computer code overestimates the dose rather than underestimate the potential dose. In reality, the
uncertainties in the conceptual site model and the scenario selections are captured, to a certain
extent, in the parameter uncertainty analysis.
172

NUREG-1757, September, 2003.

SU.S. Nuclear Regulatory Commission, ProbabilisticRisk Assessment Policy Statement, Commission Policy
Statement, August, 1995.
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5.4.3 UncertaintyEvaluation
SMC has selected the most current version of the RESRAD dose modeling code (version 6.22,
February, 2004) to evaluate uncertainty in accordance with USNRC guidance.'74 It contains a
probabilistic module that is used to assess the uncertainty in the relationship between a concentration
of radioactivity in soil and the dose it might produce. It uses an enhanced random sampling
algorithm called Latin Hypercube sampling in which input parameter values are selected randomly
from probability distribution functions (PDF).
The uncertainty module in the code permits the analyst to define the PDF for each variable of
interest by selecting the distribution and its parameters, and to identify the parameter as either
independent or correlated to other input variables. The following describes the process used to
evaluate uncertainty:
Each scenario was evaluated using the deterministic module to identify a
concentration in soil corresponding to the deterministic regulatory limits.
Additionally, coarse scale sensitivity analysis was performed to zero in on the
parameters that had the greatest potential to impact the dose.
Pathways of interest were identified through preliminary runs of the deterministic
module in the code for all the scenarios. These identified the scenario specific
pathways that most significantly contributed to dose. The direct exposure pathway,
or "ground" pathway was consistently the dominant pathway for exposure to the
source term, and by a significant margin.
Where site-specific knowledge was lacking, where the dose response was not
to variability in a given parameter, or where the default parameter
distributions were reasonably representative of site conditions or conditions being
portrayed in the exposure scenario, the default was used. Where no default
distribution is recommended or where discrete knowledge of site-specific conditions
exists, an appropriate distribution considering the degree of knowledge of sitespecific conditions was selected.
The Latin-Hypercube sampling algorithm (a variant of the Monte Carlo sampling
technique which has an advantage in that it forces the sampling to occur over the
entire range of possible values in the PDF rather than rely on pure random sampling)
was set to obtain 1,500 samples (300 samples, repeated five times).
Parameters to which probability density functions were assigned in order to evaluate their impact
on uncertainty are listed in the following subsections. They are organized such that the receptor
exposure parameters are presented first, followed by the geotechnical parameters describing the
various soil layers starting with the cover and concluding with the contaminated zone.
". NUTREG-1757, September, 2003.
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5.4.3.1 Exposure Factors
Outdoor Time Fraction
RESRAD uses fractions of a whole year spent on site to calculate annual dose to a receptor. The
total fraction ofa year spent on site is divided between two parameters: indoor time fraction (FIND)
and outdoor time fraction (FOTD). Fractions of time spent on site are wholly dependent upon the
scenario under consideration. The value used to describe the on site, outdoor time fraction for each
of the use scenarios is derived from conservative assumptions attributed to members of the critical
exposure group and designed to be conservative for the general population of potentially exposed
individuals. SMC selected guidance from the USNRC to establish the fraction for both indoor and
outdoor durations.17 5
Sensitivity analysis indicates that total annual dose is sensitive to variability in the FOTD parameter
as the penetrating gamma (ground) exposure pathway dominates and is strongly dependent on
exposure duration. In setting up the uncertainty analysis, the FOTD parameter is represented with
a triangular distribution.
Inhalation Rate
Inhalation rate (INHALR) is the air volume inhaled over time and is used to calculate the radiation
dose from the inhalation pathway.' 76 The parameter represents the annual average breathing rate for
a receptor from the critical exposure group subpopulation performing tasks under evaluation in a
given scenario.
Population normalized inhalation rates vary depending upon the tasks that are being performed. For
the land user, the inhalation rate used is the RESRAD default, which is derived from ICRP and EPA
recommendations for adults engaged in short-term (episodic) exposure scenarios.' 77"'13 ,179 Sensitivity
analysis shows that the total annual dose is not sensitive to this parameter, because the inhalation
pathway is not a significant contributor to total annual dose. Inhalation rate is represented with a
triangular distribution, using the default provided by RESRAD.
Contaminated Fraction of Meat Diet
The meat ingestion pathway is unique to the recreational hunter scenario. Evaluation of the potential
dose from this pathway considers both the annual consumption of meat and poultry, DIET(4) (using
the RESRAD default value of 63 kilograms per year), and the fraction of that annual meat diet that
is potentially impacted with residual radioactivity from the site (FMEAT). A triangular distribution
was selected to represent the range and variability in the fraction of the receptor's meat diet that
might have been culled from among game animals that grazed on the site. The mode of the
'

1
'
1

USNRC, NUREG/CR-6697, Appendix C.
The air volume is measured in cubic meters of air per year.
ICRP Report 23, 1981.

U.S. Environmental Protection Agency, Development ofStatisticalDistributionsor Ranges ofStandardFactorsused

in Exposure Assessments, EPA 600/8-85-010, 1985.
` U.S. Environmental Protection Agency, Exposure FactorsHandbook, Voltme 1, General Factors,EPA 600/P-95002Fa, August, 1997.
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distribution (the most likely value) was selected based upon the typical dressed weight of a whitetail deer (40 pounds or 19 kilograms), the most abundant game species in the area.'8 ° The
contaminated fraction is estimated to be 0.3; the fraction ranges between 0 and 0.5."*I The fraction
modeled is conservative in that the size of the site is small relative to the grazing land required to
support game habitat. Sensitivity analysis shows that the total annual dose is not sensitive to this
parameter, because the meat ingestion pathway is not a significant contributor to total annual dose
for the undisturbed surface soil source terms.
Mass Loading for Inhalation
Mass loading for inhalation (MLINH) is the soil/air concentration ratio. It is used to calculate the
dose from the particle inhalation pathway. The parameter represents the dust (mass) loading on site
conservatively assuming that all airborne dust is generated on site and is radioactive. Other
parameters, derived by the RESRAD code and based upon the site-specific parameters input, are
used to modify this assumption, as appropriate. Mass loading does vary from season to season and
depends upon the activities that are being performed at the Site. The RESRAD default continuous
liner distribution and fit with a central tendency value of 0.00003 g/m 3 (30 micrograms/m 3) and
ranging up to 100 micrograms/m3 are used for each of the scenarios evaluated. The use of the
RESRAD default is conservative as PM10 monitoring in Camden, New Jersey indicates annual
average dust loading to be approximately 27 micrograms/m 3. In addition, site-specific air modeling
as described in the Environmental Report (see Appendix 19.9), gives values of I1 micrograms per
cubic meter or less during implementation of the LTC alternative. Sensitivity analysis shows that
the inhalation pathway and total annual dose are insensitive to this parameter when the radioactivity
is effectively isolated from the receptor by the in-place cover material. However, under the cover
excavation scenario, such isolation will not exist.
Soil Ingestion Rate
RESRAD uses the annual average soil ingestion rate (SOIL) to calculate the dose from the direct
soil ingestion pathway. The soil ingestion rate used in deriving the soil release criteria for the site
is represented by a triangular distribution centered at 18.3 g/yr (50 mg/d) and ranging from 0 to 36.5
g/yr (0 to 100 mg/d), the RESRAD default. Sensitivity analysis for the restricted area shows that
neither the soil ingestion pathway nor the annual effective dose equivalent is sensitive to this
parameter because the radioactivity is effectively isolated from the receptor by the in place cover
material. However, under the unrestricted area and the cover excavation scenario, such isolation
will not exist.
5.4.3.2 Geophysical Parametersfor the EngineeredBarrier
Evapotranspiration Coefficient
The evapotranspiration coefficient (EVAPTR) is the fraction of total precipitation that is released
back to the atmosphere via plant "respiration." Evapotranspiration varies with geographic region and
to some extent with soil type. Evapotranspiration rates in the Newfield region are estimated to be
RESRAD, ANL/EAD-4, July, 2001.
"I A contaminated fraction of 0 is defined as no game meat harvested while a contaminated fraction of 0.5 means that
50% of the entire annual meat diet consumed is derived from game grazing on the SMC site,
1s8
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coefficient of
approximately 24 inches per year, corresponding to a most likely evapotranspiration
82 8 3
approximately 0.625 (average annual precipitation in the region is 42.05 inches).' ",
The evapotranspiration coefficient is conservatively represented with a uniform distribution ranging
between 0.3 and 0.9 which is a greater range than recommended by RESRAD. SMC determined
that the national average of 0.5 is appropriate for the Newfield site.
Wind Speed
Average annual wind speed is used to calculate the dose from the inhalation pathway. The wind
speed is used to transport airborne dust generated on site in a standard air dispersion model.
Through the transport calculations, the radioactive fraction of the total dust loading in air is derived.
The fraction is then used to calculate particle inhalation intake.
While wind speeds do vary from day-to-day and season-to-season, the annual average wind speed
is reasonably steadfast. Data from the National Climate Data Center from Philadelphia,
Pennsylvania were reviewed from 1971 through 2000. The mean annual wind speed was reported
to be 9.6 miles per hour (4.3 meters/sec). Sensitivity analysis shows that the inhalation pathway is
insensitive to this parameter because, the residual radioactivity is effectively isolated by the covering
layer such that radioactive particle suspension is minor. As a result, the inhalation pathway is not
a significant contributor to total annual dose. Wind speed is represented with the RESRAD default
(4.25 m/sec), bounded lognormal-N distribution.
Runoff Coefficient
The runoff coefficient is one of a number of parameters used to calculate the amount of water that
is allowed to enter the contaminated zone and ultimately an estimate of the radionuclide leaching
from the contaminated zone. It is the fraction of precipitation that does not penetrate the top soil
layer; the lower the fraction, the more water is allowed to co-mingle with the contaminated zone.
The runoff coefficient (RUNOFF) varies with topography, precipitation patterns in the region, and
soil type. The runoff coefficient is I when a geomembrane is used.
Runoff coefficient is represented with the RESRAD default parameter distribution, a uniform
distribution ranging between 0.1 and 0.8 (10% to 80% of precipitation runs off without penetrating
the surface). Considering the mounded topography of the site and the presence of the engineered
barrier over the consolidated radioactivity, the true range is likely to be much narrower and near the
maximum value (80%) considered in the probability distribution.
Depth of Soil Mixing Layer
This parameter (DM) is used in calculating the depth factor for the dust inhalation and soil ingestion
pathways and for foliar deposition for the ingestion pathways. The depth factor is the fraction of
resuspendable soil particles at the ground surface that are contaminated, which is calculated by
"" Yu, C, et al, Data Collection Handbook to Support Modeling the Impacts of Radioactive Material in Soil,

ANL/EAIS-8, Argonne National Laboratory, Argonne, Illinois, April, 1993.
113 National Climatological Data Center, 1940 through 2003 (Philadelphia).
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assuming that mixing of the soil will occur within a layer of thickness, DM, at the surface. The
RESRAD default distribution (triangular) and range (0 to 0.6 m) was used.
Cover Depth (Thickness)
When modeling the source term, the cover depth (thickness) is a key parameter in assessing the
protectiveness of the chosen decommissioning alternative as it provides a barrier to potential
physical contact with residual radioactivity in the slag materials located within the cell, and a
substantial degree of gamma radiation attenuation for the penetrating gamma radiation exposure
pathway, the dominant, or critical dose pathway. RESRAD does not suggest a default probability
distribution for cover depth (COVERO) as it is dependant upon site-specific conditions and for the
unrestricted area, does not exist at all. Thus, SMC has conservatively chosen to represent this
parameter with a triangular distribution ranging between 0.5 and 1.2 meters thick and with a most
likely value of I meters (3.3 ft.). This representation is conservative in that the thickness value used
does not include the topsoil layer to support natural succession vegetation as an erosion control
mechanism. Sensitivity analysis reveals that the "cover penetrating gamma radiation dose" pathway,
and as a result the total annual effective dose equivalent, is sensitive to this parameter.

25

Cover Soil Density
The engineered cover is comprised of a combination of soil and the geomembrane. The soil density
at the site was measured to arrive at a site-specific estimate of the soil density of both the cover
material and the undisturbed surface layer. The measured soil density was found to be 1.9 g/cm3 .
Sensitivity analysis showed that annual dose was insensitive to a wide range of soil densities. Since
site-specific data was available for the materials at the site, these were used to describe the density
of the cover soil layer. Cover soil density (DENSCV) was represented with a truncated normal
distribution (the RESRAD default). The mean was set equal to the measured density of 1.9 g/cm 3
with a truncated normal distribution and a standard deviation of 0.23; the RESRAD program allows
the density of the cover to range between approximately. 1.46 to 2.33 g/cn9.
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Surface Soil Erosion Rate
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When modeling the engineered barrier, the conceptual site model includes a relatively thick cover
layer that is engineered to resist the forces of erosion. In this case, the surface soil layer is the
engineered cover layer and the surface soil erosion rate is captured in two important parameters
within the RESRAD model. The cover layer erosion rate (VCV) is important because as cover
erosion occurs, the underlying contaminated zone is exposed, increasing the potential for human
exposure to radiation." 4 Once the cover layer has been eroded, RESRAD further accounts for the
effect of surface soil erosion through the contaminated zone erosion rate parameter (VCZ).

18 It is important to note that once the cover soil is eroded, the underlying contaminated zone will not be immediately
exposed because of the geomembrane. And ifjust a small area of geomembrane were to be exposed, it is unlikely that
the protective nature of the geomembrane would be degraded or compromised or a very long time.. However, ifa larger
area of geomembrane was exposed, it is possible that an edge of the geomembrane could come loose thus exposing the

underlying contaminated zone.
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An evaluation of the cover erosion rate was completed to estimate the potential for erosion over the
1,000 years exposure period." 5 The Revised Universal Soil Loss Equation computer program,
RUSLE2, was used (see Appendix 19.3). 86 The assumptions made include the following:

4

o

Climate based on data for Gloucester County, New Jersey;

5

A 3:1 slope with a side slope length of 90 feet;

6

Cool grass season grass, applied by hydroseeding, with no harvesting; and
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Sandy loam, providing a moderately low runoff.

Based on the assumptions provided, the RUSLE2 model estimated that the loss of soil from the
engineered barrier was 1.2 tons of soil per acre per year. Assuming an average soil density of 120
pounds per cubic foot (1.9 g/cm 3), the average annual erosion rate was estimated to be 4.6x 10' feet
per year; the erosion over the 1,000 year period was estimated to be 0.46 feet (0.14 meters). Based
on this analysis, the one-meter-thick engineered barrier will not permit any of the slag confined
below it to be exposed over the 1,000-year dose assessment period. If a small area of the engineered
barrier (i.e., gully) erodes at a rate of six inches in 1,000 years, the dose potential to any recipient
will be lower than if the engineered barrier in its entirety erodes at that rate, and the latter is the
assumption associated with the RESRAD analysis. (Appendix 19.3 contains a more detailed
description of the analysis.)
The cover erosion rate (VCV) has been conservatively estimated with a range of possible values to
represent the likely and extreme erosion rates typical for conditions and activities expected at the
site. Surface soil erosion is represented with a continuous logarithmic distribution (the RESRAD
default) and ranging over approximately four decades from 8x I 0- to 0.003 m/yr. The most probable
range for a site in a humid climate, with a slope of approximately 30 percent, and natural succession
vegetation extends from 1.5x 104 to 4.6x 104 m/yr. Extreme surface soil erosion potential has been
accounted for by estimating that there is as much as a 50% probability that the soil erosion rate will
exceed this range, with estimates ranging to 0.003 m/yr (the predicted maximum for sites used for.
permanent pasture).
Sensitivity analysis shows that all pathways are sensitive to this parameter when represented with
chronic and extreme erosion values such as those that might be observed in arid climates or where
continual loosening of the surface soils occurs, such as might be expected for land used for
agricultural purposes. In every scenario, the greatest annual dose occurs in the out years (year
1,000) when the cumulative effect of long-term soil erosion impacts the thickness of the cover layer
and thus reducing its shielding affect for direct radiation exposure.
's

186

TRC Environmental Corporation, EstiniatedSoil Lossfrom Soil Cap, Project Number 26770-0000, January, 2005.

U.S. Department of Agriculture, Revised Universal Soil Loss Equation, Computer Program Version 2, 2005.

Available for download fip://farco.nserl.purdue/pub/RUSLE2fRUSLE2 Prom-am _File/..
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Weathering Removal Constant
The weathering removal constant is used to account for the natural removal of soil and dust that have
been deposited on consumable plants. It is relevant only for the recreational hunter scenarios
(scenarios in which the consumption of plants by game animals is considered). Sensitivity analysis
showed that annual dose was insensitive to the weathering removal constant (WLAM), thus the
RESRAD default distribution (triangular) and range were used when modeling the source term. Tile
RESRAD deterministic default (20/yr) is used when modeling the surface soil source term.
5.4.3.3 GeophysicalParametersfor Sub-BarrierZones
Area of Contaminated Zone
The area of the contaminated zone (AREA) describes the areal size, in square meters, of the region
in which elevated concentrations of residual radioactivity are located. As described in Section 5.2.2,
the areas describing the source terms are related to one another but they are not necessarily equal
to one another. In defining the probability density finction for the AREA parameter when
modeling the source term for the restricted area, it was conservatively assumed that the contaminated
zone area is no smaller than the 18,228 m2 estimate derived from characterization survey data, but
might be as large as the entire area circumscribed by the slag pile 28,767 m2. RESRAD does not
offer a default distribution for this parameter. A loguniform distribution ranging from the most
likely value, 18,228 m 2 , to a maximum value of 28,767 m2 was selected to represent the area of the
contaminated zone within the probabilistic module of RESRAD. Sensitivity analysis showed that
annual dose was insensitive to the area of the contaminated zone.
Contaminated Zone Thickness
Thickness of the contaminated zone (THICKO) describes the depth profile of the residual
radioactivity. Vertically, the radiologically significant material associated with the source term is
located just beneath the cover (approximately 5 feet below the ground surface) and lies in a lens that
is nominally about 9 feet ( 2.8 meters) thick (see Figure 18.7). The amount of radioactive material
deposited rapidly depletes as the depth increases and terminates at a maximum thickness of
approximately 30 feet. RESRAD does not offer a recommended (or default) distribution for the
thickness of contaminated zone parameter (THICKO).
A triangular distribution best describes the observed variability in the depth profile for the source
term and thus the thickness of the contaminated zone. In describing the source term for input to
RESRAD, the thickness parameter is represented by a central tendency (CT) value conservatively
set to a thickness of 2.8 meters. This thickness is conservative in that the mean source thickness
over the entire footprint of the cell, the impacted area, is considerably less than 9 feet. The
distribution is bounded at a minimum value of 0.5 feet (0.15 meters), and a maximum value of 10
meters. Sensitivity analysis shows the annual dose is insensitive to the thickness of the
contaminated zone because of the self-attenuating effect of source thicknesses greater than
approximately 12 inches (0.3 meters) and the attenuating capacity of the engineered cover.
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Contaminated Zone Density
The density of the slag has been measured at 2.8 g/cnr 3. Sensitivity analysis showed that radiation
dose was insensitive to a wide range of soil densities, as low as 1.6 g/cm 3, equivalent to the native
soil. Because of the increased volumetric attenuation of emitted radiations with increasing density,
a higher dose would result if a lower density was assumed. The contaminated zone density
(DENSCZ) was represented with a truncated normal distribution (the RESRAD default). The mean
was set equal to the measured density of the slag at the site (2.8 g/cm 3) and allowed to range between
approximately 1.6 and 3.0 g/cm3 .
Contaminated Zone Hydraulic Conductivity
RESRAD uses vertical hydraulic conductivity to model the potential vertical movement of water
through the contaminated layer and any underlying strata. Hydraulic conductivity is a key parameter
used to assess the downward vertical migration potential of radioactivity released from the
contaminated zone layer. This allows RESRAD to calculate the potential concentration of residual
radioactivity in a useable subsurface saturated zone. Sensitivity analysis showed that annual dose
is insensitive to a wide range of hydraulic conductivities in the contaminated zone, largely because
the thorium and other radionuclides in the contaminated zone are physically and chemically bound
up in the slag and because the slag is very insoluble.
Hydraulic conductivity in the residual radioactivity layer is described with a probabilistic
distribution. Hydraulic conductivity was specifically measured for the native sand materials found
at the site and was determined to be 6.4 x 10' cm/s (2,000 m/yr). Hydraulic conductivity in the
contaminated zone (HCCZ) and the underlying unsaturated zone 1(HCUZ(I)) is represented with
bounded lognormal-N distributions (the RESRAD default) having central tendency values at 2,000
meters per year and with values conservatively ranging over two decades between 200 and 20,000
meters per year.
Soil Specific b-Parameter
The soil-specific exponential b-parameter is one of several hydrogeologic parameters used to
calculate radionuclide transport from the contaminated zone. Sensitivity analysis showed that
annual dose was insensitive to both the contaminated zone and saturated zone b-parameters (BCZ
and BSZ, respectively), thus, the RESRAD default distribution (bounded lognormal-N) and
parameters were used when modeling the source term.
Distribution Coefficient, Contaminated Zone
Distribution coefficients (Kd) describe the partitioning between solid (soil) and liquid phases of
soluble concentrations of radionuclides introduced to a soil column. It is a key parameter
influencing the migration of radioactivity from contaminated zone soils to groundwater. In the
general environment, distribution coefficients for a given chemical species (e.g., uranium) can vary
over many orders of magnitude depending on the soil type, pH, redox potential, and presence of
other ions. Observed Kd values for thorium are somewhat less subject to extreme variability.
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The distribution coefficient, Kd, is the ratio of the mass of solute species adsorbed or precipitated
on thesolids per unit of dry mass of the soil to the solute concentration in liquids within the pore
spaces in the soil. The key component of this definition as it relates to the site-specific conditions
at the site and the RESRAD groundwater transport model is that it assumes that the radionuclide is
introduced to the soil column as a solute. While this classical approach may be appropriate to
describe the retardation of soluble contaminant migration in the soil column beneath the
contaminated soil layer, it fails to address the situation encountered for the so-called "contaminated
zone."
The site specific condition encountered at the SMC site is that the physical composition of the
contaminant is a vitreous slag that is essentially insoluble even under the most extreme in-situ
conditions that might reasonably be encountered (see Appendix 19.4). Analysis of the distribution
coefficient of the slag, where the greatest radionuclide concentration will reside within the capped
pile, results in the values shown in Table 17.5. These are the parameters used as input to the
RESRAD code.
Bounds have been established on the range of values sampled during probabilistic analysis (a
triangular distribution). The central tendency value for the distribution has been set to match the
arithmetic average of the slag samples that were analyzed; the single-point estimate used in the
RESRAD deterministic module for thorium was 52,010 cm3/g.' 87 Probabilistic sampling is bounded
between 2,900 and 129,000 cm 3/g.
Thickness of the Undisturbed Surface Layer
The thickness of the undisturbed surface layer (unsaturated layer #1 H(l)) varies from eight (8) to
10 feet in the Storage Yard. Sensitivity analysis showed that annual dose equivalent was insensitive
to variability in the thickness of the undisturbed surface layer. The thickness is represented with a
triangular distribution, with a most likely value (2.5 meters) near the lower end of the range that
extends from 2.5 to 4.6 meters.
Density, Undisturbed Surface Layer
As described earlier, the unsaturated zone is comprised of the undisturbed layer underlying the entire
area. The measured soil density was found to be 1.65 g/cm3 , a number that is typical of soils.
Sensitivity analysis showed that annual dose was insensitive to a wide range of soil densities. Since
site-specific data was available for the density of the materials at the site, it was used to describe the
density of the undisturbed layer. Unsaturated layer soil density (DENSUZ(I)) was represented with
a truncated normal distribution (the RESRAD default). The Mean was set equal to the measured
density of 1.97 g/cm3 and allowed to range between approximatelyl1.6 and 2.4 g/cm 3.

187 Yu,C., et al, ANL/EAIS-8, April, 1993.
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Hydraulic Conductivity, Undisturbed Surface Layer
Hydraulic conductivity was specifically measured for the native materials found at the site and was
determined to be 5.4x10 8 cm/s (0.017 m/yr).188 Hydraulic conductivity in undisturbed layer
[HCUZ( I)] is represented with a triangular distribution having a central tendency value at 0.017
meters per year and with values conservatively ranging over three decades between 0.001 and 1.7
meters per year. Sensitivity analysis showed that annual dose was insensitive to a wide range of
hydraulic conductivities, largely because the radionuclides in the contaminated zone are physically
and chemically bound up in the slag and because the slag itself is not readily soluble.
Density, Saturated Zone
The RESRAD default distribution and fit for the saturated zone density is used in the uncertainty
analysis because no site-specific data was collected explicitly for this parameter. The truncated
normal distribution is centered at the most likely value of 1.52 g/cm' and ranges between values of
less than I and 2.2 g/cm 3 . Variability in the saturated zone soil density was shown to have no affect
on the projected annual dose in the uncertainty analysis.
Hydraulic Conductivity, Saturated Zone
The saturated zone hydraulic conductivity (HCSZ) for the site is 16,000 m/yr.' 89 The bounded
lognormal- N distribution is centered at the most likely value of 16,000 m/yr (for the Cohansey
Sand) and ranges over more than five decades of possible values between approximately 10 cm/yr
and more than 20,000 m/yr."' Variability in the saturated zone hydraulic conductivity was shown
to have no measurable impact on the projected annual dose in the uncertainty analysis.
Saturated Zone Hydraulic Gradient
The hydraulic gradient is one of several hydrogeologic parameters used to calculate radionuclide
transport from the contaminated zone. Sensitivity analysis, again, showed that annual dose was
insensitive to the hydraulic gradient parameter (HGWT). A site-specific value of 0.004 is used when
modeling the source term. The central tendency value is estimated to be 0.004 (for the Cohansey
Sand) and the distribution is allowed to range over approximately 4 decades from 7x10-5 to 0.5.1"
Saturated Zone Thickness
When modeling the surface soil source term, the RESRAD default deterministic value was used.
The depth to the Kirkwood Formation clays in the Storage Yard area varies from approximately 121
to 144 feet below the ground surface. Subtracting the depth of the unsaturated zone (about eight to
10 feet), the average thickness of the saturated zone in the Storage Yard area would range from
,8 TRC Environmental Consultants,
Windsor, Connecticut, April, 1992.
189 TRC Environmental Consultants,
Windsor, Connecticut, April, 1992.
190 TRC Environmental Consultants,
Windsor, Connecticut, April, 1992.
191 TRC Environmental Consultants,
Windsor, Connecticut, April, 1992.

Inc., Remedial Investigation Technical Report, Project Number 7650-N51,
Inc., Remedial Investigation Technical Report, Project Number 7650-N5 I,
Inc., Remedial Investigation Technical Report, Project Number 7650-N51,
Inc., Remedial Investigation Technical Report, Project Number 7650-N51,
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about 110 to 135 feet, with 130 to 135 feet being a more typical range for boring locations closest
to the storage yard.
5.4.4 InterpretingUncertaintyAnalysis Results
Since the results of the uncertainty analyses provide a distribution of annual doses, it must be
recognized that some percentage of the calculated doses may exceed the regulatory limit. At the
same time, because not all parameter distributions are symmetrical and because some parameters
are correlated, the mean dose calculated in the uncertainty analysis is not necessarily equal to a
deterministic dose calculated using single point estimates of the various parameters. A further
phenomenon observed in the probabilistic modeling is that the mean dose for a particular series of
repetitions is frequently higher than the 90th or even the 95th percentile estimates of probable dose.
This results when all but the rarest combinations of very conservative estimates of the individual
parameters result in little or no dose. In the very few cases in which the Monte Carlo sampling
technique selects combinations of values from the outermost extremes of the proposed parameter
distributions, projected annual dose is large compared to the majority of cases sampled.
A key issue that must be addressed in the treatment of uncertainty is specifying how to interpret the
results from an uncertainty analysis in the context of the deterministic regulatory limit. There is no
such thing as absolute assurance that the regulatory limit will be met, so regulatory compliance must
be stated in terms of a metric of the distribution. Even for a deterministic analysis, it should be
recognized that the reported dose is simply one of a range of possible doses that could be calculated
for the site and scenario.
In this analysis, the peak of the mean dose for the critical exposure group (the most exposed
subpopulation) is presented for comparison with the deterministic regulatory limit as required by
regulation. Since the severely skewed cumulative distribution phenomenon occurs repeatedly in the
radiation dose modeled for the Newfield site using the probabilistic approach, a suite of projected
annual doses corresponding to the 50th, 90th, 95th, and maximum is reported along with the
traditional compliance measure, peak mean annual dose. In addition, the deterministic estimate of
projected annual dose is provided for comparison.

31

The parameters used to perform the assessment were selected to represent the critical exposure
group (analogous to the Reasonable Maximum Exposure concept), and as such already overstate the
expected dose to the average receptor at the Site. Results of both the deterministic and probabilistic
dose modeling including an evaluation of the uncertainty analyses are presented in the sections that

32

follow.

33

5.5 Results
The RESRAD code was iteratively run for each of the selected scenarios to arrive at the highest
uniform concentration of residual radioactivity in soil that results in a peak mean annual dose
estimate to a single receptor in the critical exposure group that is equal to the regulatory limit of 25
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millircm per year for scenarios
where tile controls are in intact and less than 100 millirem per year
92
if the controls should fail.1
The computer code was set up to model each scenario with the input parameters identified and
explained previously in this Chapter. A separate set of soil release criteria are presented for each
scenario and for each source term. The following subsections present the results of the dose
modeling, relating residual radionuclide concentration to potential future doses in each of the
scenarios evaluated.
5.5.1 DCGL for UnrestrictedAreas
The DCGLs provided in Table 17.6 reflect the concentration of radionuclides in soil that may be
present outside of the restricted area to ensurea maximum exposure of less than 25 millirem per year
over background. The presence of these isotopes will be verified after the remediation is completed
and the final status survey is implemented. As described in Section 5.3.1, an industrial worker
scenario was used to develop the DCGLs. The RESRAD summary report is provided in Appendix
93
19.5 (NewField 3005006.rad).'
The primary isotopes of concern at the SMC site are Thorium-232 in equilibrium with its decay
progeny(232Th+D) and Uranium-238 in equilibrium with its decay progeny (23sU+D). Thorium-232
reaches secular equilibrium with its decay progeny in approximately ten (10) half lives of the
longest lived progeny, 22'Th; secular equilibrium is reached in approximately 20 years.' 94 The slag
is at least 20 years old and assumed to be in secular equilibrium; this assumption is confirmed by
analytical data provided in Chapter 4 of this Plan (see Table 17.7). As a result, a DCGL is
established for ' 32Th and the progeny. The concentration of each isotope in the decay chain is
assumed to be equal to the greatest concentration reported for any isotope in the decay chain.
Uranium 238 is present in equilibrium with its decay progeny. The DCGL established for 238U
applies to any isotope in the decay chain. If analytical data indicates that 238U is not in equilibrium
with its decay progeny, a limit of 21 pCi/gram limit applies to 238U and the DCGL for the detected
progeny is limited to 9.8 pCi/gram, the limit for 2 8U+D.
The RESRAD code was used to generate DCGLs in the soil by inputting unit activity concentrations
and running the code to determine the resultant dose rate. This dose factor in millirem/year per
pCi/g is divided into the release criteria to yield the DCGL. For 23'Th+D, the concentration of 1
pCi/g was used for the key isotopes, 232Th, 228Th and 22-Ra. For 238U+D, the ratios of the uranium
isotopes, 238 U, 235U and 2 34 U, were used for the unit activity concentrations. For 238U, the fraction
of 0.0.471 was used, 0.044 for 2MU and 0.485 for 2 3 4U. The slag exhibits concentrations of 226Ra,
and 210Pb; the fraction 0.471 was used for each of these isotopes. This fractional source term was
192 The USNRC separates institutional controls from engineered controls. Therefore, institutional controls are assumed
to fail instantly, along with any maintenance, but engineered controls would degrade over time without monitoring and
maintenance.
,13 The DCGLs for surfaces are shown in Table 17.11.
114 The halflife of 2'-This 1.9 years.
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entered directly into the RESRAD code; the short-lived progeny were calculated by RESRAD
according to their respective parents.
The input parameters for the physical and chemical characteristics, as described in Section 5.3.1 of
this Chapter, were used in the RESRAD code and outlined in Tables 17.3.1, 17.3.2 and 17.4.10,
including the unit activity concentrations. The unit activity and input parameters associated with
the likely exposure scenario resulted in a dose factor for thorium plus progeny of 1.745 pCi/gram
and for uranium plus progeny of 0.597 pCi/gram. The DCGLIw for U+D and Th+D was calculated
for a dose criterion of 25 millirem per year or as 12.5 millirem per year for each element (above
background), as follows:
DCGLuranium

12.5 mremlyear
0.597 mremlyear

-

=

20.9 pCilg

=

7.2 pCilg

1 pCiIg
It

DCGLtonum

-

12.5 mremlyear

1.745 mremlyear
1 pCilg

12
13

For each uranium isotope, the DCGL was calculated according to the ratio described above.
Consequently, the DCGL for 23"U is 9.8 and the DCGL for 226Ra and 21 0Pb is 9.8 pCi/gram.

14
is
16

Background was established during prior site surveys, and summarized in Table 17.2. The DCGLs
are based on a maximum dose of 25 millirem per year, the radiation dose is additive and cannot
exceed the 25 millirem per year release criteria when combined. Therefore, the unity rule applies
and the sum of the ratios of the measured 232Th plus progeny, and 238U plus progeny concentrations
in a survey unit to their respective DCGL does not exceed one (1).

17

18

28

5.5.2 Occasional TrespasserScenario (UnrestrictedArea, Controls in Place)
The potential radiation dose was calculated for an occasional trespasser who may enter the
unrestricted area. The results of the RESRAD computer code are provided in Table 17.8.1. The
peak of the mean annual radiation dose was calculated to be 0.5 millirem per year and the maximum
annual dose was calculated to be 3.3 millirem per year. The 5 0t"percentile of the probabilistic
radiation exposure was 0.002 millirem per year, the 90'" percentile was 1.9 millirem per year and
the 95'"was 2.2 millirem per year. The principal exposure was external radiation contributing 98%
of the dose in Year 0 of the analysis. Two isotopes contributed to the direct exposure, 226Ra and
22 6Th, 48% and 31% respectively. Appendix 19.5 (Newfield 3005007.rad) provides the output of
the RESRAD code.
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5.5.3 Suburban Resident Scenario (UnrestrictedArea, Controls Fall)
The critical exposure group for the suburban resident scenario is described by hypothetical suburban
family occupying a house located in the unrestricted area, outside of the fence of the restricted area.
The results of the Microshield computer code are provided in Table 17.8.2. The peak of the mean
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annual radiation dose was calculated to be less than one (1) millirem per year. The only source of
exposure was determined to be the external radiation stemming from the Storage Yard. The
exposure rate was calculated to be less than lxi O- millirem per hour or less than one (1) millirem
per year. Appendix 19.5 contains the Microshield summary report.
5.5.4 Maintenance Worker Scenario (RestrictedArea, Controls in Place)
A maintenance worker will periodically inspect and maintain the engineered barrier after the
decommissioning effort is complete. The results of the RESRAD computer code are provided in
Table 17.8.3 The peak of the mean annual radiation dose was calculated to be 0.0006 millirem per
year and the maximum annual dose was calculated to be 0.02 millirem per year. The 50th percentile
of the probabilistic radiation exposure was 0.00005 millirem per year, the 9 0 "hpercentile was 0.001
millirem per year and the 9 5 th was 0.003 millirem per year. The principal exposure was external
radiation contributing 98% of the dose in Year 0 of the analysis. Two isotopes contributed to the
direct exposure, 226Ra and 228Th, 48% and 31% respectively. Appendix 19.5 (Newfield 3004001 .rad)
provides the output of the RESRAD code.

24

5.5.5 IndustrialWorker Scenario (Impactedby RestrictedArea, Controls in Place)
Although this is not a reasonably likely scenario, it is nonetheless assumed that industrial workers
will visit the site to work each day; at no time will any workers enter the fenced area or walk on the
engineered barrier. The results of the analysis are provided in Table 17.8.4. The peak of the mean
annual radiation dose was calculated to be less than 20.8 millirem per year for exposure to the
DCGLs in the unrestricted area and less than one (1) millirem for the potential exposure to direct
radiation stemming from the covered Storage Yard, the restricted area.'95 The principal exposure
was external radiation contributing 100% of the dose in Year 0 of the analysis. Two isotopes
contributed to the direct exposure, 22 6Ra and 2 2 8Th, 48% and 31% respectively. Appendix 19.5
(Newfield 3004005.rad) provides the output of the RESRAD and Microshield code.
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5.5.6 TrespasserScenario (RestrictedArea, Controls in Place)

26

The potential radiation dose was calculated for a person who trespasses in the restricted area and
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traverses the engineered barrier. The results of the RESRAD computer code are provided in Table
17.8.5. The peak of the mean annual radiation dose was calculated to be 0.0006 millirem per year
and the maximum annual dose was calculated to be 0.02 millirem per year. The 5 0 ,hpercentile of
the probabilistic radiation exposure was 0.00004 millirem per year, the 9 0'hpercentile was 0.00 1
millirem per year and the 9 5 "hwas 0.003 millirem per year. The radiation exposure was external
radiation contributing 100% of the dose in Year 0 of the analysis. Two isotopes contributed to the
direct exposure, 226Ra and 228Th, 19% and 77% respectively. Appendix 19.5 (Newfield 3004002.rad)
provides the output of the RESRAD code.

" Microshield was used to calculate the potential direct radiation exposure at a distance of 100 feet from the fence
surrounding the covered Storage Yard.
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5.5.7 RecreationalHunterScenario (RestrictedArea, Controls Fail)
The recreational hunter scenario is considered, perhaps, to be the most reasonably foreseeable
among the future use scenarios considered for this site. Table 17.8.6 summarizes the results of
modeling the projected future exposure potential for the scenario involving exposure while engaged
in recreational hunting at the Site.
A review of the RESRAD summary reports for the recreational hunter scenario reveals that exposure
from external exposure from Thorium-232 and daughters (231 2Th, 228Th and 228Ra) dominates the
probabilistic estimate of radiation dose where the peak of the mean annual radiation dose was
calculated to be 13.6 millirem per year and the maximum annual dose was calculated to be 78.6
millirem per year, which is estimated to occur after 1,000 years. The 50"' percentile of the
probabilistic radiation exposure was 0.4 millirem per year, the 9 0 "hpercentile was 47 millirem per
year and the 95' percentile was 54 millirem per year. The deterministic radiation exposure,
dominated by the consumption of meat after the cover was allowed to erode, was calculated to be
0.3 millirem per year after 558 years. The peak of the mean radiation exposure for the consumption
of meat was determined to be 0.2±0.007 millirem per year, with 231 Pa and 22 6Ra isotopes are the most
significant contributors to total effective annual dose for meat consumption. Appendix 19.5
(Newfield 3004008.rad) provides RESRAD summary report for this analysis.
5.5.8 IndustrialWorker Scenario (RestrictedArea, Controls Fail)
In the event that institutional controls fail, the industrial workers may gain access to the restricted
area. The results of the RESRAD computer code are provided in Table 17.8.7. The peak of the
mean annual radiation dose was calculated to be 0.03 millirem per year and the maximum annual
dose was calculated to be 0.4 millirem per year. The 5 0 "hpercentile of the probabilistic radiation
exposure was 0.1 millirem per year, the 9 0 th percentile was 0.2 millirem per year and the 95 `h
percentile was 3.4 millirem per year. The radiation exposure was external radiation contributing
100% of the dose in Year 0 of the analysis. Two isotopes contributed to the direct exposure, 226 Ra
and 228Th, 19% and 77% respectively. Appendix 19.5 (Newfield 3004004.rad) provides the output
of the RESRAD code.
5.5.9 Slag Excavation Scenario (RestrictedArea, ControlsFail)
The computer code RESRAD was not adequate to evaluate the potential direct radiation exposure
over the exposure period of 10 days or 80 hours. Microshield was used to model the exposed slag
as an infinite slab, one (1) meter thick. Table 17.8.9 summarizes the potential exposures; an
exposure rate of 0.13 mR per hour was calculated. The results of the Microshield code was
compared to existing monitoring data surrounding the Storage Yard, which indicate an external
exposure rate of 250 to 300 millirem in the three month period (0.01 mR per hour at approximately
20 feet from the edge of the Storage Yard).' 6 The results of the Microshield code verified these
results. Therefore, for the excavator, the potential radiation exposure was calculated to be 8.3
millirem for the 80 hour exposure period.

1' Letter From Carol Berger to David Smith, Quarter4, 2004 PerimeterMonitoring Results, January 3, 2005.
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5,5.10 Suburban Resident Scenario (RestrictedArea, Controls Fail,Excavation)
In the event that the excavator attempts to excavate the slag, it is assumed that the cover is not
repaired and the excavation is abandoned as is. In an effort to provide a conservative estimate of
radiation exposure, this scenario assumes that the suburban family lives 1,000 feet directly
downrange of the open excavation. The exposures summarized in Table 17.8.2 are added to the
calculated direct exposure estimate of 0.002 mR per hour or 17 millirem per year.
5.5.10 RecreationalHunterScenario (RestrictedArea, Controls Fail, Excavation)
In the event that the excavator attempts to excavate the slag, it is assumed that the cover is not
repaired and the excavation is abandoned as is. In an effort to provide a conservative estimate of
radiation exposure, this scenario assumes that the recreational hunter spends some of his/her time
within the Storage Yard at a distance of three (3) feet from the excavation. The remainder of the
time is associated with general Storage Yard exposure only. The exposures summarized in Table
17.8.6 are added to the calculated direct exposure estimate of 0.13 mR per hour or 13.7 niillirem per
year.
5.6 Summary of Dose Modeling and Comparison to Release Criteria
The estimates of peak mean dose to the critical exposure groups in each of the foregoing scenarios
have been derived using industry standard modeling tools specifically designed to assess exposures
to residual radioactivity. Conservatism has been built into the modeling by conscientiously selecting
exposure factor values that err on the side of safety when confronted with uncertainty in the
selection of input parameters. In order to provide the risk managers and decision makers with
insight as to the degree of conservatism associated with the dose modeling, projected annual doses
have been calculated with both deterministic and probabilistic techniques.
Based on the results presented above, the source term in each of the scenarios considered is
projected to produce a peak mean annual dose that is well-below the dose limits for unrestricted and
restricted release as specified in 10 CFR 20.1402 and 1403, respectively, as shown in the following
summary:
Scenario

27

Area

Status of Controls

Peak of
the Mean
Dose
Estimate

Applicable
Dose
Limit
(millirem)

(millirem)
28

Trespasser

Unrestricted

In Place

<1

25

29

Suburban Resident

Unrestricted

Fail

<1

25

30

Maintenance Worker

Restricted

In place

<1

25

31

Industrial Worker

Restricted

In place

<20.8

25

32

Trespasser

Restricted

In place

<1

25

7F-W
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Scenario

Area

Status of Controls

Peak of
the Mean
Dose
Estimate
(millirem)

Applicable
Dose
Limit
(millircm)

Recreational Hunter

Restricted

Fail

13.6

100

Industrial Worker

Restricted

Fail

<I

100

Slag Excavator

Restricted

Fail

8.3

100

Suburban Resident

Restricted/Excavated

Fail

17

100

Recreational Hunter

Restricted/Excavated

Fail

13.7

100

Once decommissioning pursuant to this Plan is complete, the radiation doses incurred by any of the
potentially affected population groups, if any, will be lower than the estimates derived herein. In
any case, they will not be discernible from background radiation exposures incurred by these
population groups by virtue of being alive.

Appendix B - Revised Chapter 17
[The following selected tables in Chapter 17 of the DP have been revised and have been capturedin Rev.
1a of the DP.]
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Table 17.3 - RESRAD Input Parameters
17.3.1 - Common Parameters (Ulnrestrlcted Area, Controls In Place)

Parameter

Central
Tendency
Value

I

I

Distribution

Unit

Code

Description

Descrlptlio of Parameter
Distribution

I

I

Range & Fit

Classification
(D-RESRAD Default;
S-Site-specific;

Impact on Resulting
Dose
(I-lnstgnificant;

O-Other)

S-Significanl and
requires Justification or

Justlficatinn, Source or Other Information

explanation)

_I

Site General and Weather Related Parameters
Evaposranspirati
on Coefficient

EVAPTR

Unites, 01 1

0.5

Uniform

Range: 0.3 to
0.9

D

i

No value recommended by USNRC in NUREG 5512. RESRAD
Default used for this parameter. Typical vahles in humid climates
cast of the Mississippi River are approximately 0.7.`!

tiNormal:
1.445
oNormal:
0.2419
Min: 1.4
Max: 13.0

D

I

RESRAD Dclault. The thirty year (1961-1990) site- specific
annual average value t4.3 m/s) is nearly equal to the RESRAD
default value."'

S

S

The annual average given for the Newfiteld area
in the
4
Environmental report is 41 inches per year." Infiltration of
water on tte surface assumes that there is a potential for
contaminated water to leave the Storage Yard.

D

I

S

S

The fraction of total annual precipitation that sheds offthe
surface and drains to the site watershed. Drainage was nor
assumed to percolate through the soil. Typical value is
approximately 0.3 to 0.5, as shown in the Environmental Report
for the SMC site (DP Section 5.4.3.2). The value for this
parameter was calculated based on il" annual average runoff.
The contaminated zone and the engineered cover create a "hill".
Therefore, runoff is increased by a factor of two.

S

I

Assumed to be 67 acres and represents the low lying areas
adjacent to the Storage Yard. The watershed area is used to
calculate dilution factors for contaminant concentrations in
surface water bodies in the vicinity of the site.

Average Annual
* Wind Speed

WIND

mn/ec

4.25

Precipitation
Rate

PRECIP

m/year

1.05

Point Estimate

Irrigation Rate

RI

m/year

0.2

Point Estimate

Runoff
Coefficient

RUNOFF

Watershed Area
for Nearby
Stream or Pond

WAREA

Unitless. Oto 1

2

m

0.45

Bounded
lAgnormal-N

Uniform

273,000

Range: 0.1 to
0.8

No site specific data available. The RESRAD default was
determined to be representative to growing conditions sufficient
to maintain a grass cover on the harrier.

Point Estimate
The larger watershed area, the greater volume through which
dilution is possible. While there is no pathway for humans to
drink surface water, animals may use the pond for their water
supply. The greater the dilution, the lower the radiation dose.

Depth of Soil
Mixing Lyer

112
3

DM

m

0.15

T

D

I

Value based on conceptual site model for surface soil."s

Argonne National Laboratory, User's ManualforRESRAD Version 6, July, 2001.
National Climate Data Center, Local ClimatologicalData,Annual Sumnaiy, with ComparativeDatafor Philadelphia.Pennsylvania,2000.

114 National Climate Data Center.
tS U.S. NuclearRcgtilatoryConmmission,Residual Radioactive C'intamnhiationf'-o•.• Deconynuissioning:ParameerA
nalvs isNUREGICR-55I 2,Vol.3, October 1999.

Parameter

Description

Code

Calculation
Times

Central
Tendency
Value
(onit

Description of Parameter
Distribution

I)istrlhtinn

I
10
100
300
500
700

Tr)

Classification
(I)-RESRAD Default;
S-Sile-specific;
O=Other)

Range& Fit

Impact on Resulting
Dose
(I.insignifirant;
S=Significant and
requires justification or
explanation)

--

Justlfication, Source or Other Information

Evaluation at these time segments allows for consideration of the
potential for conditions at the Site to evolve from the initial
conditions specified (e.g.. soil erosion impacts the cover
thickness) and projects the changing
Site conditions to the
1
required 1000-year outlook.'
17

NA

900
1000
Geotechnical parameters

Cover Depth
(thickness)

COVERO

0

Triangular

Range: 0 to 0.5

S

S

D,S

I

D RoINormah-I.
D RNormaht -1.T
o.Norma:
0-6

The DCGI~s derived for the unrestricted area assume the residual
activity is present in the top 6 inches (0.1.5 m), with no cover. In
the restricted area, the thickness or ihe cover is as shown in the
preliminary design.
No restrictions are assumed for the unrestricted portion, thus the
tdefault values were deemed appropriate. -in the restricted area,
the degradation rf the harrier is assumed to be 0 for the
fores-eable fiture., as long as the cover is, maintained, the
thickness of the enginecred barrier limits depth of root intrusion.

Geotechnical Parameters-Subsurrace Soil Contaminated Zone
Area of
Contaminated
Zone

AREA

m

244,000

Loguniform

Thickness of the
contaminated
7rone

TIIICKO

m

0.15

Triangular

DESCZ

gcm3

Contaminated
Z"oneDensity

Contaminated
Conamionated
Zone
Erosion

VCZ

2

m'),r

1.3

0.001

Triangular

Continuous
I.ogaritmic

Rate

16
'

Range: 244,M)0
ma" to 295,000
nm"

Min 0 I
Max 03 mn

S

S

The residual activity of the unrestricted area is assumed to le
presenit in the top 15 cm ofsoil, purstant to USEPA guidance on
the thickness of'surface soil. The thickness of the radioactivity
placed into the restricted portion of the site is the thickness of the
slag after shaping and placement.

S

S

S

The density of the soil in the unrestricted area is equivalent to the
nominal density of soil (i.e., RESRAD default value)."' The
volume-weighted density ofthe slag and baghouse dust as
meastred via analytical testing was used for the restricted area.

D (unrestricted area), S
(restricted area)

I

For the restricted area, the erosion of the slag was assumed to be
lOx less than that of the cover. The boulders located in the
Storage Yard are not likely to erode over the 1,0•0 year period of
time (DP Section 5.4.3.2).

Min 1.2
Max 1.6

5E-8 0
7E14 0.22
5E309
"'grt"tc
51-3 0.95
2E-1 1.0

The area of the ulrestricted portion is re.resented by the area of
the site excluding the Storage Yard. The area of the restricted
portion is the area that comprises the Storage Yard.

For the unrestricted area, the RESRAD default erosion of the
surface soil is di.xmed conservative even in cases of significant
fanning and gardening activities."'

U.S. Nuclear Regulatory Commission, Radiological/ -ieria.forLicense Termination, Volume 62, Federal Register, page 39058. July 21, 1997.
U.S. Nuclear Regulatory Commission, NMhS, DecominissioningStandardReviet Plan, NUREG-1727, September, 2000.

Ilg TRC Environmental Consultants, Inc., Remedial hwestigation Technical Report, Project Number 7650-N5 1, Windsor, Connecticut, April, 1992.
t Argonne National Laboratory, Data Collection Handbook to Stupport Modeling the hipacts qofRadioactive Materialin Soil, ANLIEAIS-8, 1993.

Parameter

Description

Code

Central
Tendency
Value

Description of Parameter
Distribution

Impact on Resulting
Dose
(l-Insignificant;
S-Significant and

S-Site-speciflc;
itrlutio

Unit

Classificatlon
(D-RESRAD Default;

Range & Fit

OOther)

Justlficalton, Source or Other Information

requires justification or
esplanatlon)
Contaminated
Zonc Total
Porosity

TPCZ

Contaminated
Zone

'nhtl0ss
0I.

RESRAD delbult for silty clay soil was selected. The actual soil
type at the site is sandy, with a recommended porosity is 0.34.

FCCZ

Unitlcss,
Oft) 1

0.2

ICCZ

Mryr

2,000

Point Estimate

Contaminated
Zone Hydraulic
Conductivity

Hounded
LogMonnal-N

This value was calculated in accordance with RESRAI) guidance
using the total and effective porosity for the site.

D

Field Capacity
ItNormal: 7.6
oNormal:
0.75
Nin: 200
max: 20000

S

I

The central tendency value, 2.0001 m/yr (6.4 E-3 cm/scc),
corresponds to the measured hydraulic conductivity in the sandy
soils that arc found at the site This value is ranges over two
t
orders of magnitude from 200 to 20.000 n/yr. '

I

The RESRAD default value for sandy soil was selected.

The slag was studied to define the site specific leaching
properties for thorium. uranium and radium).'

pNormal:
1.06

Contaminated
Zone
fl-Paramcter

BCZ

Kd (Thorium)

DCACT(n)

cm /g

52.(10

Triangular

Min 2,900
Max 129,000

S

S

Kd (Uranium)

DCACT(n)

cmn/g

70,355

Triangular

Min 50,000
Max 293,000

S

S

Kd (Radium)

DCACT(n)

cm /g

53

Triangular

Min3
Min 77

Kd
(Lecad)

DCACT (n)

c/9
colAC

UniesoNormal
Lognormal-N

t

3

100
(0PitEtmt

0.66
min: 0.5
Max: 30

S35

Point Estimate

D

In

S

RESRAD Deftult value was selected
Im/

Gentechnical Parameters- Unsaturated Layer
Thickness
Unsaturated
Layer

tI I

m

2.5

Min 2.5
Max 4.6

Triangular

ItNormal:
Density,
Unsaturated
Layer

DENSUZ

gcnm'

Total Porosity
Tnoturated

TPUZ

Unuttess

1.65

0.4

Tntcated
Normal

1.65

S

S

The subsurface geology was measured during the Remedial
2
Investigation of the sitc.' 2

DS

S

Unsaturated Zone is the sand cover layer placed over the residual
radioactivity. The density selected is typical of native sand
(RESRA[) default). The subsurface geology was measured
during the Remedial Investigation of the site.

D

I

RESRAD value for silty clay soil selected.

oNormal: 0.23
Quantile, mitt:
(0.5
Qutantilc, max:
0.95

Point Estimate

0 to I

Layer

t20 TRC Environmental Consultants, Inc., Remedial hnvestigation Technical Report, Project Number 7650-N5 1, Windsor, Connecticut,
April, 1992.
t2t
12,

Berger, C. (IEM), written communication to D. R. Smith (SMC), Radionuclide Leachabilityfrom Nettfield Slag, September 16, 2005.

TRC Environmental Consultants, Inc., Remedial Investigation Technical Report, Project Number 7650-N5 1, Windsor, Connecticut, April, 1992.

Parameter
Description

FEffcctivc
Porosity of
Unsaturated
Layer

Code

EPUZ

Unsaturated
Layer i,
B-Parameter
Kul (Thorium)

Description of Parameter
Dlstribullon

Value

Unitless,
0 to 1

Distribt
Duon

Unitless,
0O

0.2

Point Estimate

ficuz

m/yr

0.017

BUZ(I)

Unitless

5.3
52010
5Max

Triangular

Dm/g

Triangular

Kd (Uranium)

DCACTU(n)

cm'/g

70.355

Kd (Radium)

DCACTU(n)

cm'/g

53

DCACTU(n)

cm'/g

100

0Other)

D

Impact on Resultitg
Dose
(l-Insignificant;

S=Slgnlficant and
justification or
explanation)

I

RESRAD value for silty clay soil selected.

I

This value was calculated in accordance with RESRAD guidance
using the total and effective porosity for the site

I

The central tendency value. 0.017 m/yr, corresponds to the
measured hydraulic conductivity in the sandy soils present at the
site. This vame was found to range from 0.001 m/yr to 1.7
rn/yr.T1

D

I

RESRAD value tbr silty loam soil was selected.

S

S

Samples of the slag from the site were studied to determine site
specific leaching propernies.)'

Min 501,000
Max 293,000

s

S

Min35

S

S

S

S

Min 0.001
Max 1.7

Point Estimate

Min 2,900
129,000

Triangular
Ld

Justification, Source or OIher Information

S
Triangular

d
lKd (Lead)

ange &requires

Point Estimate

DCACTU(n)

Classification
(D-RESRAD Derault;
S.Site-specific;

Unit

0.2

Field Capacity
Unsaturated
Layer
Ilydraulic
Condutctivity
Unsaturated
Layer

Ccntral
Tendency

AMax
Point Estimate

77
RESRAD Default value selected

Gentechnlcal Paranmeter-Saturated Zone

as assessed during the Remedial

RESRAD value fbr silty clay soil was shlected.

RESRAD value for silly clay soil was selected.

RFSRAD value for silty clay soil was selected.

123TRC Environmental Consultants, Inc.. Remnedial niesligation Technical Report, Project Number 7650-N51, Windsor, Connecticut, April, 1992.

124 Berger, C. (IEM), wNitten communication to D. R. Smith (SMC), Radionmclide LeachabilityfromNeit/iehl Slag, September 16, 2005.
125TRC

Environmental Consultants, Inc., Remedial hnwestigation Technical RepTort, Project Number 7650-N5 1, Windsor, Connecticut, April. 1992.

Parameter

Central
Tendency

Description or Parameter
Distribution

Value

Description

Code

Unit

Hydraulic
Condutiv
Conductivity,
Saturated Zone

IICSZ

m/yr

16,000

|IGWT

Uniticss

0.004

Hydraulic
Gradient

Distribution

Range & Fit

Bounded
LognormaI-N

tLNormal: 2.3
oNormal: 2.11
min: 0.1
mx 20,000
0(
max:

Bounded
Lognormal-N

Classification
(D1-RESRAD I)efault.
S-Site-specifnc;
O=Other)

IsNormal: -5.11
oNormal: 1.77
min: t.00007

Impact on Resulting
Dose

Justiflcation. Source or Other Information

(I-Insignificant;

S-Signiflcant and
requires justification or
explanation)

S

The subsurface geology was assessed during the Remedial
Invesligation of the site."

S

I

The subsurface geology was assessed during the Remedial
Investigation repot for the site.'"

1

RESRAD default value for silty clay soil was used.

S

S

RESRAD dcfaulls from FGRfI/ I and FGR11I2, derived using
30 dosimetry modcl,2*" Short-lived (<I80 days)
dCRP
radioactive progeny isotopes are aceourtd for through the use of
the "parrnt+D"DCIs.

-

--

Unit activity used to derive DCGLs

max: 0.5

B-Parameted
r
S-atramted
oeUtres28

SZ

Unidcss

2.88

Bounded
Longormal-N

lINormal: 1.06
oNormal: 0.66
Min: 0.5
Max: 30
Source Term Factors

Dose
Conversion
Factors

DCFX(n)

minircm/pCi

Aclinium-227

S!(I)

pCi/g

Protactinium-..
231

S2Ci/o

All DCFs used arc RESRAD defaults

Source Isotopes
0.044

Point Estimate

0.044

Point Estimate

Unit activity used to derive DCGI.s

Lead-210

SI(3)

pCi/g

0.471

Point Estimate

-

--

Unit activity used to derive DCGLs

ltadium-226

SI(4)

pCi!g

0.471

Point Estimate

-

-

Unit activity tsed to derive DCGLs

Radium-228

SI(5)

pCi/g

I

Point Estimate

--

-

Unit activity used it derive DCGLs

Thorium-228

Si (6)

pCVg

1

Point Estimate

-

-

Unit activity used to derive DCGI.s

Thorium-230

S I(7)

pCi/g

0.471

Point Estimate

--

-

Unit activity used to derive DCGLs

Thorium-232

SI(8)

pCi'g

I

Point Estimate

-

-

Unit activity used to derive DCGLs

Uranium-234

SI(q)

pCi/g

0.485

Point Estimate

-

-

Unit activity used to derive DCGLs

Uranium-235

SI(I0)

pCi!g

0.044

Point Estimate

-

-

Unit activity used to derive DCGl.s

Uranium-238

SICI I)

0.471

Point Estimate

I

Ci/

1

-

-

IUnit activity used to derive DCGIs

26 TRC Environmental Consultants, Inc., Remedial Ihwestigation Technical Report, Project Number 7650-N51, Windsor, Connecticut, April, 1992.

127 TRC

Environmental Consultants, Inc., Remnedial hi'estigation Technical Report, Project Number 7650-N51, Windsor, Connecticut, April, 1992.
,2 U.S. Environmental Protection Agency, Limiting Vahles oafRadionuelidehitakeantdAir ConcentrationsandDose ConersionFactorsfot -ihalation, Submersion,
andIngestion, Federal Guidance Report Number 11, EPA 520/1-88-020, September, 1988.
'1, U.S. Environmental Protection Agency, External EViosinre to Radiomtelides in Air; IWater and Soil, Federal Guidance Report Number
12, EPA 402 R-93-08 I,
September, 1993.

17.3.2 - Industrial Workers (Unrestricted Area, Controls In Place, DCGI. Basis)
Parameter

Description

Code

Central
Tendency
Value
Unit

Description of Parameter
I)lstribution
Distribution

Range & rig

Classification
(I).RESRAD Default;
S-Site-specific;
Other)

I..I.requires

Receptor Exposure Factors
Exposure
Frequency
(Total)

EF

Days per year

250

Impact on Resulting
Dose
(l-Insigniflcant;
S"Significant anti
justification or
explanation)

EF and ET are not input parameters
used by RESRAD. They are presented
hereto disclose the calculation used to

Justification, Source or Other Information

Assumes a standard 2.000-hour work year spent on the Newlield
site.

arrive at the paranmters RESRA)D uses
Exposure Time

ET

hours per day

8

indoor Time
Fraction

FIND

Unitless, 0 to 1

0.15

to

FIND
for e &
& FOTI)Asmsasadr
s
f
e

Point estirmate

okdy
Assumes a standard egthu
eight-hour work
day.

0

S

The fraction of the total year (8,760thr) that is spent indoors on
site, pursuant to NUREG-6697, is 69% of the total exposure
durat~ion."'t

Outdoor Time
Frtcgion

FOrD

Unitless, 0 to 1

0.07

Triangular

Range: 0 to 0.21

The fraction of a total year (8760hr) that is spent outdoors on
Site. Equals 595 hrs outdoors on Site divided by 1760 hours. The
probabilistic distribution ranges to twice the CT value (1,920 hrs

0

per year spent on the site).
inhalation rate basest on geometric mean rate for short term
Inhalation Rate

INIIALR

m/yr

800

Triangular

Rag:430t

Range: 4380

I

exposutre to adult mates, whicht is equivalent to that presented in
ICRP 23.

This pathway has minimal associated dose ecause

of the cover and dense slag, which does not bL.conc airborne
(DP Section 5.3.2).

0.000000

Mass Loading
for Inhalation

MLtNH
i

Soil Ingestion
Rate

SOIL

Cover Depth
(thickness)
I

COVERt)
_

ml

g/y

000013

Continuous
Linear

18.3

Triangular

0

-

0.0000
0.00(X08 0.0151
0.000016 0.1365
0.0"0030 0.8119
0.000010 0.9495
0.0000600.9937
OXW0760.99K3
0.000100 1.0000

D

I

Range: 0 to 36.5

D

I

The industrial worker may ingest soil as a result of incidental
contact with thesoil. RESRADdefaulI foradults engagcd in
rion-coltaci-itetnsive activities used.

S

S

The DCGLs derived for the unrestricted area assume the residual
activity is present in the top 6 inches (0.15 m), with no covcr. In
the restricted area. the thickness of the cover is as shown in the
preliminary design.

Point estinate

Mass loading in air describes the airborne dust loading
conditions on the site.'"

,30 U. S. Nuclear Regulatory Commission, Development of probabilistic RESRAD 6.0 and RESRAD-Build 3.0 computer codes. NUREG-6697. December 2000
13" U.S. Environmental Protection Agency, ExpOstue Facionvlikndbook, Volumie 1, General Facioo , EPA 600/P-95-002Fa, August,
1997.
132

Argonne National Laboratory, User'sMamnalfomr RESRAD Version 6, July, 2001.

1i

Justification, Source or Other Information

IL
The area of the unrestricted portion is represented by thc area of
the plant excluding the Storage Yard. The area of the restricted
portion is the area that comprises the existing Storage Yard.
TIhe residual activity ofthe unrestricted area is assumed to be
present in the top 15 cm of soil, pursuant to USEPA guidance on
the thickness of surface soil. The thickness of the radioactivity
placed into the restricted portion of the site is the thickness of the
slag after shaping and placement.

1733 - Trespasser Scenario (Unrestricted Area, Controls in Place)
Parameter

Description

Code

Central,
Tendency
Value
Unit

Description of Parameter
IDistribution
Distribution

Classification
(D-RESRAD Default; SSite-specific; O=Other)

Impact on Resulting Dose
(I-insignificant;
S-Significant and
requires justification or
esplanatlion)

Range & Fi

Justification, Source or Other Information

Receptor Exposure Factors
Exposure
Frequency
(Total)

EF

Days per year

2.5

EF and ET arc not input parameters
used by RESRAD. They are presented
here to disclose the calculation used to

Exposue Time
Exposure Time

El
ET

hours per day
bortrs per day

24
24

arrive at the parameters RESRAD uses
to account for exposure frequency,
FIND & FOTD

Indoor Time
Fraction

FIND

Unitless, 0 to I

0

Point estimate

Outdoor Time

FOTD

Unitless, 0 to 1

0.007

Triangular

Assumes number of days per year of time working
specifically at the SMC site

Conservativeiy
that
is 2
our
C
asstmes
earn tay 24 hours

The fraction ofa total year (8,760 hr) that is spent indoors
on site. Assumes that all exposures occur outdoors. It is
assumed that the trespasser will not occupy any ofthe
buildings in the unrcstricted area.

O

Range: 0 to

S

"eThefraction ofa total year (8760hr) that is spent outdoors
on Site is 288 hrs outdoors on Site divided by 8760 hours.
The probabilistic distribution ranges to twice the CT value.

Inhalation Rate

Mass Loading
for Inhalation

INIIALR

MLINl

Soil Ingestion
Rate

SOILincidental
SOIL

ma/yr

8400

m3
gm

g/y"

18.3

Triangular

Range: 4380 to
131Mtt

Continuous
Linear

0.000000 0.0000
0.0000080.0151
0.0W0 16 0.1365
0.000030.
0.9119
0.000040 0.9495
0.00060 0.9937
0.0000760.0983
0.t(o) W011.0000

Triangular

Range: 0 to 36.5

Cover
Depth
(thickness)

COVERO

m

i0

Area of
Contaminated
Zone

AREA
Am40

mn

244,M)

logunifinn

TIIICKO

m

0.15

Triangular

Point estimate

Range: 244,0M0
mn to 295,000

Inhalation rate based on geometric mean rate for short ternm
cxposure to adult males''"

Mass loading in air descTibes the airbornc dust loading
conditions on the site.`

The industrial worker may ingest soil as a result of
contact with the soil.
S

S

5

The residual activity is present in the top 15 cun of the soil.

The area of the unrestricted area is represented by the area
of the plant; the area of the Storage Yard is subtracted.

Thickness of the
contaminated
zone

Max 0.3

S

The resiiral activity is prescnt in the top 15 cm ot'the soil.
L

133
134

U.S. Environmental Protection Agency, Exposure Factor IMindbook. Vohntme 1, General Factors,EPA 600/P-95-002Fa, August. 1997.
Argonne National Laboratory, User'sManualforRESRAD Version 6, July, 2001.

173.4 - Industrial Worker Scenario (Unrestricted Area, Controls Fail)
Parameter

Description

Code

Central
Tendency
value
Unit

Drescription of Parameter
Distribution
Distribution

Classification
(D-RESRAD Default; SSite-speeific; O-Otber)

Range & Fit

Impact on Resultling Dose
tI-InsignIficant;
S-Significaint and

Justification, Source or Other Information

requires Justifi'cation or

explanation)

Receptor Exposure Factors
Exposure
Frequency
(Total)

[F

Days per year

EF and rT are not irput parameters
used by RESRAD. They are presented
here to disclose the calculation used to

240

Assumes number of days per year of time working
specifically at thc SMC sit.'"

arrive at the paramentes RESRAD uses
Expoure
imehors
da
ET
hours pr
per dayto

Exposure Tim

8

Indoor Time
Fraction

FIND

Unilless, 0 to I

0.15

Outdoor Time
Fraction

FOTD

Unitless, 0 to 1

0.07

.FIND

& FOTDaccount for exposure
frequency,
Point estimate

Triangular

Range: 0 to 0. 14

-

Conservatively assumes that each day eight (8) hours long.

0

S

The fraction ofa total year (8,7(6hr) that is spent indoors
on site. Assumes that 60%of the exposure occtur indoors.

0

S

The traction of a total yar (8760hr) that is spent outdoors
on Site. Equals 620 hrs outdoors on Site divided by 8760
hours. The pro-abilistic distribution ranges to twice the CTl
value.

Inhalation Rate

INIALR

t

m /yr

8,400

Triangular

Mass Loading

u11.

for Inhalation

ILINII

g/m

3

0.00003

Linear

Range: 4,380 to
13,100

D

Inhalation rate based on geometric mean rate for short term
exposure to adult males.'`

0.<)(l00 0.0000
O.000M(S 0.0151
0.000016 0.1365
0Co

Mass loading in air describes the airborne dust loading

.00.190 -D
f l0.495
0.009495.

I

conditions on the sitet." Mas loading likely to be lower
(i.e. 3x10') according to USNRC guidance."'

0.9937
0.000(176 0.0983
0.00(11(O0 1.0000

Soil Ingestion
Rate

SOIL

Cover Depth
(thickness)

COVER

Area of
Contaminated

AREA

Zone

A5"

131

t36
137
t3'

g/y
nIn

m-

18.3
0

244,000

Triangular

Range: 0 to 36.5

Point estimnate

Logunifoni

jRange:
244.000(
"en
to 295.400

The industrial worker may ingest soil as a result of
incidental contact with the soil. Uses RESRAD default (i.e.
76 nag/day) for adults engaged in non contact intensive
activities.

D

1

S

S

The residual activity is resent in the top 15 crin of the soil
and no cover.

S

S

The ar.-a of the unrestricted area is represented by the area
of the plant; the area of the Storage Yard is subtracted.

U.S. Nuclear Regulatory Commission, DevelopnientiofProbabilisticRESRAD 6.0 a RESRAD-lIuild3.0 Computer 'Codes,NNUREG/CR-6697, November, 2000.
U.S. Environmental Protection Agency, Erposure FactorsHandbook, Volume I, General Facyior, EPA 600/P-95-OO2Fa, August, 1997.
Argonne National Laboratory, User's ManualforlRESRAD Version 6, July, 2001.
U.S. Nuclear Regulatory Commission, ResidualRadioactiveContaminalionf!'on Decomntnissioning:Paraneter'Analytis,NUREG/CR-55 I 2, Vol.3, October 1999.

Parameter

Central
Tendency

Description or Parameter
Distribution

Value
Description

Code

Unit

Distribution

Classification
(11=RESIAD Default; S-

Impact on Resulting Dose
([l-nsignificant;

Site-specific; O-Other)

S-Significant and
requires justification or
explanation)

S

S

The residual activity is present in the top 15 cm of the soil.

D

I

Uses RESRAD value for humid region where minimal
irrigation is required to maintain the cover segetaton, as is
I the case for New Jersey.

Range & FIt

Justification, Source or Other Information

Receptor Exposure Factors

I

Thickness of the
contaminated
zone•

TIIICK0

Irigation

RI

I.I

m

m/yr

{I

0.15

I

_

0.2

Triangular

Min 0.1 m

Max 0.3mn

Point Estimate

173.5 - Suburban Resident Scenario (Unrestricted Area, Controls Fail)

Parameter
Description

Code

Central
Tendency
Value
Unit

Description of Parameter
Distribution
Distribution

Classification
(D-RESRAD Default; SSite-specific; O-()lier)

Range & Fi1

Impact on Resulting Dose
(I-Insignificant;
S-Significant and
requires justification or
explanation)

Justification, Source or Other Information

Receptor Exposure Factors
Exposure
Frequency
(Total)

EF

Days per year

250

EF and ET are not input parameters
used by RESRAD. They are presented
here to disclose the calculation used to

Assumes number of days per year of lime working
specifically at the SMC site
specificallyat__________site

ixposure Time

ET

hours per day

8

arrive at the parameters RESRAD uses
to account fior exposure frequency,
FIND & FOTD

Indoor Time
Fraction

FIND

Unilless, 0 to I

0.15

Point estimate

Outdoor Time
1Fraction

FOTD

Unithess.0to 1

0.07

Triangular

Range: Oto 0. 14

0

Inbilation Rate

INIIALR

8,400
813,100

Triangular

Range: 4.380 to

D

A/yr

Conservatively assumes that each work day eight (8) hours
long.

-

The fraction oera total year (8,760hr) that is spent indoors
on site. Assumes that 69% of the exposure occur indoors."'
The fraction ofa total year (8760hir) that is spent outdoors
on Site. Equals 595 hrs outdoors on Site divided by 8760
rours. The probabilistic distrihution ranges to twice the CT
value ( II 90 hrs per year spent on the sitel.
Inhalation rate based on geometric mean rate fbr short term
exposure to adult malcs."'

0.000000 O.(tXlXt

Mas• Loading
for Inhalation

MLINII
L

Soil Ingestion
Rare

SOIl.

g/y

18.3

COVERO

m

0

Cover
Depth
C ehickness)

Continuous
Linear

Area of
Zone

Triangular

0.000008 0.0151
0.O00(Xl 6 0.1365
0.0(10030 0.8119
0.000040 0.9495
0.000060 0.9937
0.00076 0.9983
0.000100 1.0000

Range: 0 to 36.5

Point estimate

D

Mass loading in air describes the nirtsme dust loading
conditions on the site.'A'

D

I

The industrial worker may ingest soil as a result of
incidental contact with the soil. RESRAD value for adults
engaged in non contact intensive activities is 50 mg/day

S

S

The residual activity is present tn the top 15 cm of the soil.

Range: 2445,0O

The area ofr:he unrestricted area is represented by the area
of the plant; the area ofthe Storage Yard is subtracted.

g2

Thickness ofthe
contaminated
_7Max

TIIICKO

m

0.15

Triangular

Mia 0.3in
0.3 m

S

The residtial activity is present in the top 15 cm of the soil.

t39 U.S. Nuclear Regulatory Commission, Development qfProbabilisticRESRAID 6.0 andRESRAD-Bnild3.0 Cornptter Codes, NUREG/CR-6697, November. 2000.
140 U.S.
14,

Environmental Protection Agency, Erposure Factors Handbook, l"ohlme 1, GeneralFactors,EPA 600/P-95-002Fa, August, 1997.

Argonne National Laboratory, User's MAanualfor RESRAD Version 6, July, 2001.

17.3.6- Maintenance Worker Scenario (Restricted Area, Controls In Place)
Parameter

Description

Central
Tendency
Value

Code

Unit

Description or Parameter
Distribution
Distribtlon

Classification
(D=RESRAD Default; SSite-specific; OO=lher)

Range & Fit

Impact on Resulting Dose
(I-Insignificant;
S-Slgnlflcant and

Justification, Source or Other Information

requires justification or

explanation)

Receptor Exposure Factors
Expostire
Frequency
(Total)

EF

Days per year

Exposure Time

ET

hours per day

Ind-,or Time
Fraton
Fraction

FIND

Unit!ess, 0 to I

0

Outdoor Time
Fraction

FOTD

Unit!css, 0 to 1

0,003

Triangular

Range: 0 to
0.005

Inhalation Rate

INIIALR

ml/yr

8400

Triangular

Range: 4.380 to

Inhlaton ate INIALRm'/r

Assumes four (4) days per year that the maintenance
worker inspects the cover, which is consistent with the
cover inspection schedule currently in place at SMC's
Cambridge facility.

EF and ET are not input parameters
used by RESRAD. They are presented
here to disclose the calculation used to
arrive at the parameters RESRAD uses
E sTt
account for exposure fresquency,

Conservativeiy assumes -hat each inspection day extends

FIND &:FOTD

for six (6) hours.

0

Point estimate

S

The fraction of a total year 8,760hr) that is spent indoors
on site. Assumes that all exposures occur outdoors. There
are no habitable structurcs on the site.
The fraction of a total year (1f760hr) that is spent outdoors
on Site. Equals 24 brs outdoors on Site divided by 8760
hours. The probabilistic distribution ranges to twice the CT
value.
IInhalation rate based on geometric mean rate for shon term

D

80013.10(M

exposure to adult mates.'"
0.000000.
0.0(10X))

Mass .oading
for Inhalation

MLINI

0

3

/m

Soil Ingestion
Rate

SOIL

g/y

18.3

Continuous
Linear

Triangular

0.1)00009 ().0151
0.0000160.1365
0.000030 0.8119
0.10040 0.9495
0.000(00 0.9937
0.000076 0.9983
0.0M1000 -

Mass loading in air describes the airborne dust loading
conditions on the site."'

USEPA default value for adults engaged in non-contact
4
intensive activities (50 mg/day)." (Yu 2001, EPA 1997).

Range: 0 to 36.5
Site General and Weather Relaled Parameters

Evapoitranspirati
on Cocfficient

142

t43
14'
'4'

*A*

i
Uis

0 toRange:
0 o!

2o

013
1VAsR 0.9

D
1

I

Typical values in humid climates cast of the Mississippi
River. including New Jersey, are approximately 0.7."

U.S. Environmental Protection Agency, Eyposure Factors Handbook, Vouhme L General Factors, EPA 600/P-95-002Fa, August. 1997.
Yu, C, Zielen, A.J, et al, User's Maenalfor RESRAD Vesiot, 6, ANL/EAD-4, Argonne National Laboratory, Argonne, Illinois, July, 2001.
Argonne National Laboratory, User's MAmnalfor RESRAD Version 6, July, 2001.
Argonne National Laboratory, User's Afanualfor RESRAD Version 6, July, 2001.

Parameter

Description

Code

Central
Tendency
Value
Unit

Description of Parameter
Distribution
Distribution

Range & Fit

Bounded
Lognormal-N

fiNormah:
1.445
oNormalh
0.2419
Min: 1.4
Max: 13.0

Classification
(D=RF-SRAD Default; S-

Impact on Resulting Dose
(I-Insignificant;

Site-specific; O-Other)

S-Significant and
requires justification or
.epianation)

1)

1

The thirty year (1 61-19 0) site- specific annual average
value (4.3 mts) is nearly equal to the RESRAD default
value."'

S

S

The annual average given for the Newfield area in the
Environmental report is 41 inches per year." 7 Infiltration of
water on the surface assumes that there is a potential for
contaminated water to leave the Storage yard.

D

I

No irrigation is consideted applicable in the fiture uses of

s

s

Justification. Source or Other information

Receptor Exposure Factors

Average Annual
Wind Speed

WM

mwsee

4.25

Precipitation
Rate

PRECI'

mIyear

1.05

Point Estimate

Irrigation Rate

RI

r/year

0

Point Estimate

9

9

the site.

Runoff
Coeffiient

RUNOFF

Unitles, 0 to 1

0.45

Uniform

surface and drains to Site watershed drainage without
percolating through the soil. Value selected from the
Envimonmental Report is approximately 0.3 to 0.5 (DP
Section 5.4.3.2).
S

Watershed Area
for Nearby
Stream or Pond

WAREA

ma

273,000

Depth of Soil
Mixing Layer

D
DM

m

0.15

Calculation
Times

T(n)

Y

___ _

___

I

Value of 67 acres taken from the Environmental Report.
The watershed area is used to calculate dilution factors for
contaminant concentrations in surface vater bodies in the
vicinity ofthe site. While there is no pathway for humans
to drink surface water, animals may use the pond for their
water supply.

Point Estimate

Triangular

I
tO
100
300
500
700
900

100

The fraction of total annual precipitation that sheds off the

Range: 0.1 to
0.

Range: 0 to 0.6

Uses the RESRAD Default.'

-Evaluatton

of the
initial
cover
to the

NA

__

___

__

_

___

_

___

__

__

at these time segments allows for consideration
potential for conditions at the Site to evolve front the
conditions specified (e.g., soil erosion impacts the
thickness) and projcets the changing Site conditions
required I00-ycar outlook .'.'".

__

__oon__

146 National Climate Data Center, Local ClimatologicalData, Anmial Sitnna, , with Conparatit'eDatafor Philadelphia,Pemns'lh'ania,2000.
3
147

National Climate Data Center.

t4" Argonne National Laboratory, User's MantialforRESRAD Version 6, July, 2001.
14,, U.S. Nuclear Regulatory Commission, Radiological CriteriafiorLicense Termination, Volume

62, Federal Register, page 39058, July 21, 1997.
""th
U.S. Nuclear Regulatory Commission, NMSS DecoitniissioningStandardReview Plan, NUREG-1 727, September, 2000.

17.3.7- Common Paranieters, Subsurface Soil (Restricted Area Controls in Plice)
paramtcer

Description

Code

Central
Tendency
Value
Unit

Description of Parameter
Distribution
Distribution

Classification
(D=RESRAD Default; S-.
Site-specific; O=Other)

Range & Fit

Ihpact on Resulting Dose
Il-Insignificant;
S=SIgnlflcant and

Justification, Source or Other Information

rlouires justification or
explanation!

Site General and Weather Related Parameters

Elvarotranspirati
on Coeffieicni

E

0 to 1
A

Average Annual
Wind Speed

WIND

Precipitation
Rate

PRECIP

irrigation Rate

RI

Runoff.
Coeffnn

RUNOFF

0.5

m/see

a
"twater

in/year

Unitless, 0 to 1

4.25

Bounded
Lognormal-N

liNormal:
1.445
ONormal:
0.2419
Min: 1.4
Max: 13.0

1.05

Point Estimate

0.2

Point Estimate

0.45

D

I

No value recommended by USNRC in NUREG 5512.
RESRAD Default used for this paramcter. Typical values in
humid climates cast of the Mississippi River are
approximatcly 0.7."'

D

I

RESRAD Default. The thirty year (1961-1990) sitespecific annual average valuc (4.3 m's) is nearly equal to
the RESRAD default valueti-"

S

S

The annual average given for the Newfield area in the
Environmental report is 41 inches per year.'" Infiltration of
on the surface assumes that there is a potential for
contaminated water to leave the Storage Yard.

D

I

S

S

Range: 0.3 to
0.9

Unitless,

Unifomi

Range: 0.1 to
0e.8

WAREA

m12

273,(OM

The fraction oftotal annual precipitation that sheds off the
surface and drains ts the site waiershed. Drainage was not
assumed to percolate through the soil. Typical value is
approximately 0.3 to 0.5, as shown in the Environmental
Report for the SMC site (DP Section 5.4.3.2). The value
for this parameter was calculated based on I9" annual
average nrnoff. The contaminated zone and the engineered
cover create a "hill". Therefore, rutiofis increased by a
factor of two.

S

Watershed Area
fia Nearby
Stream
or Pond

No site specific data available. The RESRAD default was
determined to le representative to growing conditions
sufficient in maintain a grass cover on the battier.

I

Assumed to be 67 acres End represents the tow lying areas
adjacent to the Storage Yard. The watershed area is used to
calculate dilution factors for contaminant concentrations in
surface water bodies in the vicinity of the site.

Point Estirnimae

The larger watershcd area, the greater volume through
which dilution is possible. While there is no pathway for
humans to drink surface: water, animals may use the pond
for their water supply. The greater the dilution, the lower
the radiatkr dose.

DepthiL
of S.oiTriangular

DM

Mixing Layer

DMr0.5L

151 Argonne

Range: 0 to 0.6

uiajn.Oo

6

DoI

Value based on conceptual site model for surface soil."'

National Laboratory, User's Manualfor RESRAD Version 6. July, 2001.
National Clilnate Data Center, Local ClinatologicalD)ata. Annual Sunninari, with Comparatii'eDatafio Philadelphia,Pennsy'h.ania,2000.
tS3 National Climate Data Center.
4U.S. Nuclear Regulatory Commission, Residhual RadioactiveConmamination~fiom Deconnissio.ing:ParamneterAnals'is,NU REG/CR-55 12, Vol.3, October 1999.
32

Parameter

Description

I

Code

Central
Tendency
Value

I

Description of Parameter
Distribution

Unit
I
Relaled Parameters Distribution
Site General anti Weather
Site General anti w~eather Related Parameters

Classification
(D-RESRAD Default; S.
Site-specific: O=Other)

Impact on Resulting Dose
(I-Insignificant;

Justification, Source or Other Information

S.Slgnificant and

requires justification or
explanation)

Range & Fit

Evaluation at these timc segments allows for consideration
ofthe potential for cortnfitions at the Site to evolve front the
initial conditions specified (e.g.. soil erosion intpacts the
cover thickness) and projects the changing Site conditions
to the reqtuired 1000-year outlook.I"'

NA

Geotechnical Parameters-Cover Layer (Engineered Clay Cover)
Cover Depth
(thickness)

COVERO

To

Cover Density

DE!NSCV

g/cm

Cover Erosion
Rate

VCV

tn/yr

Depth of Roots

DROOT

t

m

I

Triangular

Range: 0.5 to
1.2

S

S

The engineered barrier will be installed over the slag in the
Storage Yard with a thickness of 1.0 meters as shown in the
preliminary design.

1.9

Truncated Normal

IpNormal
1.9
ONormal:
0.23
Quantile,
min;O.05
Quantilemax:O.
95

S

S

Measured density for clay-bearing materials provided in the
preliminary design.

S

S

The ctiginte.red barrier is maintained during the institutional
controls. It is assumed that no erosion occurs due to the
presence ofthe rack cover over the soil layer.

D,S

I

The engineered cover is composed of dense clay material
that is designed to shed water. It does not readily support a
typical plant root zone. The fit of the lognormal-N
distribution allows for root depths of tip to approximately I
meter. As long as the cover is mtaintained. there is no
uptake by plants.

SThe

to 28.767

footprint ofthe Storage Yard is 18.228 m2. The area is
assumed to be ±20%.: the maximum area is defined by the
area of the entire cover.

0.5
Min 0.5
Max 3.0

The Storage Yard volume was measured during the
Remedial Investigation end subsequent aerial photography.

0

0.9

Lognontial-N

IlNormal:
oNonna:

-1.9
0.6

Geotechnical Paramners-Subsorfaee Soil Contaminated Zone
Area of
Contaminated
Zone

ThIrckness ofrn
Contaminated
Zone
Coriaminated
Zone Density
Contaminated
Zone Erosion
Rate

155 U.S.

AREA

TIIICKO
Zone

Range: 14,50
m2

18,228

Loguniform

m

2.8

Triangular

DENSCZ

gcm]

2.8

Triangular

VCZ

m/yr

0

Triangular

Min 1.6
Max 3.0
bnI
Max 31l 0-

S

S

The density of the slag and baghostse dust was measured."'

D (unrestricted area), S
(restricted area)

I

The erosion of the slag was assunied to be lOx less than that
of the cover. The botlders tocated in the Storage Yard are
not likely to erode over the 1,000 year period of time.

Nuclear Regulatory Commission, Radiological Criteria.finrLicense Terininalion, Volume 62, Federal Register, page 39058, July 21 , 1997.
U.S. Nuclear Regulatory Commission, NMSS Decommissioning StandlardReview Plan, NUREG-1727, September, 2000.
ts' Berger, C. (1EM), written communication to D. R. Smith (SMC), Radionuclide Leachabilityfiomn Newfield Slag, September 16, 2005.
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Parameter

Central

Description of Parameter

Classification

Tendency

Distribution

(D=RESRAD Default; S-

(I-insignificant;

Site-specific; O=Otheri

S-Significant and
requires justification or

Value
Description

Code

Unit

Distribution

a

& Fit

Impact on Resulting Dose

Justification, Source or Other Information

explanation)

Site General and Weather Related Parameters
Contaminated

Unitless

Zc.ne Total

TPCZ

Site specific parameter measured during the Remedial

0.4

Point Estimate

0Site
0.2

Point Estime

Investiatio"'

Porosity

C ontaminated
Con e

FCCZ

Uniless
Ottl

specific parameter nicasumr
d during the Remedial
Investigation.

D

I

S

I

The central tendency value. 2000 m/yr (6.4E-3 cm/sec).
corresponds to the measured hydraulic conductivity in
sandy soils fbund at the s ite. The value is assumed to range
over two orders ofmagnitudc from 2M0 to 20,000 ni/yr.'"

D

I

RESRAD 'vaituefor s•andy
soil

The slag was studied to define the site specific leaching
propenies.)"

Field Capacity

Contaminated
Zone I lydraulic
Conductivity

Contaminated
Zone
B-Parameter

ILNormal: 7.6
oNormal:
0.75
Min: 200
max: 20000

Bounded
IiCCZ

m/yr

2,000
Lugnormal-N

BCZ

Unitless

2.88

INormal:
1.06

MatdeA

oNormaI

Logndnedi
onrial.N

0a.
0.5

rain: 0.5
Max: 30

ld (Thorium)

DCACTOO

cm'/g

52010

Triangular

Min 2,90M
Max 129,000

S

S

Kd (Uranium)

DCACT(n)

cm'/g

70.355

Triangular

hin 293,000
50,000
Max

S

S

Kd (Radium)

DCACT(n)

cm /g

5

53

Triangular

Min 35SS
Max 77

Kd (Lead)

DCACT(n)

cm3/g

100

S

SRESRAD

Point Estimate

Dfault.

Geotechoical Parameters- Unsaturated Layer

Thickness
Unsaturated
Layer

III

Density,
Unsaturated
Latyer

DENSUZ

Total
Porosity
Unsaturated

TPUZ

oayPr
Layer

m

g/cm3

ntesSe

0t

2.5

1.65

0.4
0to.

n 2.5
Min 4.6

S

S

The unsaturattot layer was meastred during the Remedial
Invcstigation.'"'

tNomial: 1.65
oNormal: 0.23
Quantile. rain:
0.05
Quantile, max:
0.95

S

S

The unsaturated zone is the layer beneath the Storage Yard.
The density of native sand materials present at the site was
used.

Triangular

Truncated Normal

oint Estimate

De

specific parameter measured during the Rcmediai
Investigation

151TRC Environmental Consultants, Inc., Remedial hwiestigationTechnical Report, Project Number 7650-N51, Windsor, Connecticut, April, 1992.
19

TRC Environmental Consultants, Inc., Remedial In'estigationTechnical Report, Project Number 7650-N5 1, Windsor, Connecticut, April, 1992.

isO Berger, C. (IEM), written communication to D. R. Smith (SMC), Radiomiclide LeachabilityfiromNew/i/ehl Slag, September 16, 2005.
161 TRC Environmental Consultants, Inc., Remedial hi'estigationTechnical Report, Project Number 7650-N5 1, Windsor, Connecticut, April, 1992.

Parameter
Description

Central
Tendency
Value

Code

Unit

Description of Parameter
Distribution
'
Distribution
Range & Fit

Classification
(DlRESRAD Default; SSite-specific; O(Other)

D

Impact on Resulting Dose
(llnslgnificant;
S=Sfgnifieant and
requires justification or
elplanadIon)

Justification, Source or Other Information

Site General and Weather Related Parameters
Effective
Porosity of
Unsaturated
Layer

EPUZ

Field Capacity
Unsaturated
Layer
Hlydraulic
Cenductivity
Unsaturated
Layer

Unitlcss.
Oto I

0.2

Point Estimate

Uniticss,
0

0.2

Point Estimate

FCUZ

IICUZ

rnyr

0.017

Triangular

Site specific parameter mcasuredu during the Remedial
Investigation

D

I

RESRAD Default

S

I

The central tendency value, 0.017 mtyr, corresponds to the
measured hydraulic conittctivity in sandy soils found at the
site. The vatue was fourd to range front 0.0)1 m/yr to 1.7
m /yr..s"

D

I

RESRAD vialue for silty clay

S

S

T"lhe
slag was studied to define the site specific leaching
propertics.'"

S

S

RESRAD Default

Min 0.001
Max 1.7

Unsaturated
Layer I,
0-Parameter

BUZ(I )

Unitless

5.3

Kd (Thorum)

DCACTU(n)

cn'/g

52,010

Point Estimate

Triangular

Min 2,900
Max 129,000
Min 50,000SS

70,355

Triangular

Mn 293,000
Min 3,000

cm /g

53

Triangular

Max 77

cm3/g

100
K

Kd (Uranium)

DCACTU(n)

cm'Ig

Kd (Radium)

DCACTU(n)

Kd (Lead)

DCACTU(n)

t

Point Estimate

Georechnlcal Parameters-Saturated Zone

Density,
Saturated
Zone

DENSAQ

Total Porosity
Saturated Zone
Effective
Porosity,
Saturated Zone
Field Capacity,
Satunated Zone

gacme

1.52

Truncated Normal

Unitless,0 to 1

0.4

Point Estimate

D

I

RESRAD Default

EPSZ

Unitless, 0 to 1

0.2

Point Estimate

D

I

RESRAD Default

FCSZ

Unitfess, 0 to 1

0.2

Point Estimate

D

I

RESRAD Default

tNormah: 2.3

Ilydraulic

Bounded

Saturated Zone

lognonnal-N

t63

Site specific parameter measured (luring the Remedial
Investigation

TPSZ

llydralic

t

162 TRC

[JNormal: 1.52
oNormal: 0.23
,min:
Qunie.intNra
0.001
Quantile, max:
0.999

Lmax:

oNormal: 2.11
min: 0.1
20.000

S

Site specific parameter tmeasured utinng the Remedial
Investigation

Environmental Consultants, Inc., Remedial hn'estigation Technical Report, Project Number 7650-N51, Windsor, Connecticut, April, 1992.
Berger, C. (TEM), written communication to D. R. Smith (SMC), Radionclie Leachabilily.fromNewfieMdSlag, September 16, 2005.

1i

Justification, Source or Other Inlormation

11
Site specific parameter mcasured during the Remedial
Investigation

RESRAI) Default

Source Term Factors
Dose
Conversion
Factors

DCFX(n)

millirem/pCi

Actinium-227

S!(I)

pCU/g

8

Point Estimate

Protactinium231

S!(2)

pCi-g

8

Point Estimte

Lead-2 10

SI(3)

PCig

182

Point Estimate

--

-

Weighted average. SeeTable 17.7

Radium-226

51(4)

pCifg

182

Point Estimate

-

-

Weighted average. Sec Table 17.7

Radium-228

SI(5)

pCi/g

182

Point Estimate

-

-

Weighted average. SeeTable 17.7

Thiorium-228

SI (6)

pCi/g

182

Point Estimate

--

-

Weighted average. See Table 17.7

Thorum-230

SI(7)

pCiVg

182

Point Estimate

-

WWeighted
average. See Table 17.7

Thorium-232

SI(8)

pCilg

182

Point Estimate

-

-

Weighted average. See Table 17.7

Urar.ium-234

SI(9)

pCi/g

182

Point Estimate

-

-

Weighted average. See Table 17.7

Urarium-235

SI(10)

PCl'g

8

Point Estimate

--

-

Weighted average. See Table 17.7

Urarium-238

SI(I I)

182

Point Estimate

-

-

Weighted average. SeeTable 17.7

D

P
RESRAD
dcfaults from FGRlll I andFGRN2landare
derived using ICRP 30 dosimetry tuxtel.'" '1 Short-lived
(<M)Odays) radioactive progeny isotopes are accounted for
through the use of the "parcntwD" DCFs.

All DCFs used are RESRAD dJfaults

Source Isotopes

164

I

Civg

--

-

Weighted average. See Table 17.7
Weighted average. See Table 17.7

U.S. Environmental Protection Agency, Limiting V'alues ofRadiontclide Intake andAh"ConcentrationsandDose Conversion Factors.forhnhalation,Submersion,

and hIgestion, Federal Guidance Report Number 11, EPA 520/1-88-020, September, 1988.
165 U.S. Environmental Protection Agency, External £rposure to Radiontclides ineAji Water andSoil, Federal Guidance
Report Number 12, EPA 402 R-93-081,
September, 1993.

17.3.8- Industrial Worker Scenario (Restricted Area. Controls In Place)
Parameter

Description

Code

Central
Tendency
Value
Unit

Descrlption of Parameter
Distribution
Distribution

I

Classification
(D-RESRAD Default; SSite-speclilc; O-Other)

Range & Fit
"

Impact on Resulting Dose
(-llnslgnlficant;
S-Significant and

Justification, Source or Other information

requires justification or
explanation)

Receptor Exposure Factors
Exposure
Frequency
(Total)

EF and ET arc not input parameters
used by RESRAD. They are presented
here to disclose the calculation used to

EF

Days per year

Exposure Time

ExpoureTim
EThour
ET

pe da
hours per day

Indoor Time

FIND

Unidess, O to 1

0.15

Outdoor Time
Fraction

FOTD

Unifless, 0 to 1

0.07

Triangular

Inhalation Rate

INIIALR

m/yr

8400

Triangular

Mass Loading
for inhalation

MLINII

Cover Erosion
Rate
SOIL
Ia__

966

67

gso
8

-

arrive at the parameters RESRAD uses
account for exposare frequency,
a
FN
For

-

-

Point estimate

0

S

Range: 0 to 0.14

O

S

Range: 4380 to
13100

D

Assumes number of days per year of time working
specifically at the SMC site

Conservatively assumes that each day eight (8) hours long.
The fraction of a total year (87860hr) that is spent indoors
on site. Assumes that 69% of the exposure occurs indoors
on the unrestricted side of the site (NUREG 6697).
The fraction of a total year(8,760hr) that is spent outdoors
on Site. Equals 595 hrs outdoors en Site divided by 9,760
hours. The prohabilistic distribution ranges to twice the CT
value 0,190 hrs per year spent outdoors on the site).

g/m3

rVuyr

lIngestion
Soil Iage

250

g(1

0.00003

Continuous
Linear

0.0000000.0000
0.000XX08
0,0151
0.0000160.1365
0.000030.
0.8119
0.000040
0.9495
0.0000600.9937
0.0076 0.9983
0.00010N 10.00)

Inhalation rite based on geometric mean rate for short term
exposure to adult males.'

Mass loading in air describes the airborne dust loading
on the site."'

DIconditions

S
S0

S

)

1

The cover is assumed to he maintained and does not enxte
sshile institutional controls are in place.
The industrial worker does not enter the fenced Storage
Yard. There is no direct contact with the soil inside the
fence.

U.S. Environmental Protection Agency, Exposure FatiotwHandbook. Volume L General Faciors,EPA 600/P-95-002Fa, August, 1997.
Argonne National Laboratory, User's Alanualfor RESRAD Version 6, July, 2001.

17.3.9 - Trespasser Seenatrio (Restricted Area, Controls In Place)

Parameter

Description

Code

Central

Description of Parameter

Tendency
Value

Distribution

Unit

Disirihution

Classlfieation

Impact on Resulting Dose

(DflRESRAD Default; S.Site-specific; O0-0ther)

Range & Fit

Justification, Source or Other InformatIon

(l-lnsignificant;
•S-Sgnificant and
requires justification or
esplanation)

leccepmor Exposure Factors
Freosure
(Trotluency

EF

Days per year

2.
.D

EF and ET are not input parameters
used by RESRAD. They are presented
here to disclose the calculation used to
arrive at the paramoters RES

Scario-spciic
-nvalues

Conwrvativcly assumes that the trespasser spends 24 hours

ET

hoursperday

IndoorTime
Fraction

FIND

Unitles, 0 to I

Outdoor Time
Fraction

FORD

UnitI-t 0 t 1

0007

ianlar

Range: 0 to
0.013

0

Inhalation Rate

INI IALR

m'/yr

8400

Triangular

Range: 4380 to

D

a

o e
FT fe
rINE) & FOTl)

nc

Point estimate
P

Cover Erosion
Rate
Soil Ingestion
Rate

61

161

MLINH

gin3

VCV

0.00003

Continuous
Linear

0

giy

18.3

S

rUSEPA
Triangular
Range: 01036.5

The fraction of a total year (8.76•)hr) that is spent indoors
on site. Assumes that all exposures occur outdoors. There
are no habitable structures on the site.
The fraction ofa total year (8,760hr) that is spent outdoers
on Site. Equals 59 hrs outdoors On Site divided by 8760
hours. The probabilistic distribution ranges to twice the CT
valte.

I

Inhalation rare based on geometric mean rate for shon term

exposure to adult msales."'i

0.000000 0.000m
R(000KMS 0.0151
0.0M 16 0.1365
0.(00030 0.8119
0.100040 0.9495
0.000060 0.9937
00000760.9983
0,6001 )0 -

Vm.yr

SOIL

per day on the site before they arc discovered and removed
by the SMC staff.

0

13100

Mass Loading
for lahalalion

.,_

_

cAD
uses

ExpoNure Time

24

Ased.

Mass loading in air describes the airborne dust loading
conditions on the site'"

S

S

D

I

The cover is assumed to he maintained and does not crode
sshile institutional controls are in place.
default value for adults engaged in non-contact
intensive activities (50 mrVday).

Argonne National Laboratory, User's MatnalforRESRAD Version 6, July, 2001.
U.S. Environmental Protection Agency, Exposure FactorsHandbook, Vohlme 4 GeneralFactors,EPA 600/P-95-002Fa, August, 1997.

17.3.10 - Recreational hloter Scenario (Restricted Area, Controls Fall)
Parameter

Description

Code

Central
Tendency
Value
Unit

I I=

Description of Parameter
Distribution
ISite-speciric:
I)itrihuioni

Classification
(I)RFSRADI) efault; SO=Olher)

Range & Fit
r

Impact on Resulting Dose
(l.Insignflncant;
S-Significant antd

Justification, Source or Other Information

requires justification or
S
planalion)

Receptor Exposure Factors
Exposure
Frequency
(Total)

EF

Days per year

3.1

EF and frr are not input parameters
used by RESRAD. They are presented
here to disclose the calculation used to

Exposure rime

FT

hours per day

24

arrive at the parameters RESRAI) uses
to account for exposure frequency,
FIND & FOTD

Indoor Time
Fraction

FIND

0

Point estimate

Unitless, 0 to1

Outdoor Time
Fraction

Inhalation Rate

Assumes 75 hours per year of tine spent hunting
specifically at the SMC site

Conservatively assumes that each day spent hunting on site
is 24 hours long.

0

S

The fraction of a total year (8760hr) that is spent outdoors
on Site. Equals 75 hrs outdoors on Site divided by 8760
hours. The probabilistic distribution ranges to twice the CT
value.

Range: 0 to
0.017

INIIALR

Contamituted
Conamionatd
oconservative
Fraction of
FMEAT
Meat

m'/yr

Unitless. (11o 1

8,400

0.3

Triaigular

Triangular

Range: 4,39(0 to
13,100D

Range: 0 to 0.5

The fraction ofa total year (8,7601hr) that is spent indoors
on site. Assumes that all exposures occur otdootrs. There
are no habitable structures on the site.

D

I

Inhalation rate biased on geometric mean rate lbr short term
exposure to adult males"
The fraction ofathe annual meat diet that is obtained from
game harvested from off the site. The number is
in that the size of tbtesite is small relative to
the grazing land required to support game habitat.
The use
of the triangular distribution results in a more conservative

D

estimate titan the RESRAD default for this site."'

Mass Loading
for Inhalation

,N

hLINI1

m

0.00003

Continuous
Linear

0.000K(1O
0.0000
0.000008 0.0151
0.000016 0.1365
0.00(0')30 0.8119
0.000040(0.9495
0.0000600.9937
0.000076 0.9983
0(000100 -

Mass loading in eir describes the airborne dust loading
2
conditions on the site."

D

1.0000

Cover Erosion
Rate

170
171
172

VCV

mLr

0

Continuous
Logarithmic

0.0000(08 0.00
0.00046 - 0.50
0.003 - 1.00

S

S

An erosion rate of zero was justified using the Revised
Universal Soil Loss Equation computer program, RULE2
(Appendix 19.3 ofthe DP)

U.S. Environmental Protection Agency, Exposure Factors lHndbook, Volume 1, GeneralFactors,EPA 600/P-95-O02Fa, August, 1997.
U.S. Environmental Protection Agency, Exposure FactorsHandbook, Food Ingestion Factors, Volume II, EPA/600/P-95/OO2Fb, August, 1997.
Argonne National Laboratory, User's Manualfor RESRAD Version 6, July, 2001.

Parameter

Central
Tendency

D)escriptlion of Parameter
Distribution

Value
Description

Code

Unit

Distribution

Range & Fit

Triangular

Range: 0 to 36.5

Classification
(lDRESRAD l)cfault; S-

Impact on Resulting Dose
(I-Insignificant;

Site-specific; O=Otlher)

S-Significant and
requires justification or
explanation)

Justification, Source or Other Information

Receptor Exposure Factors
SoIl Ingestion
Rate

SOIL

9/y

18.3
I'.'

DI

USEPA default value for adults engaged in non-contact
intensive activities (50 nigldayl.

17-1.11 - Cover Excavation Scenario (Restricted Area, Controls Fall)
Parameter

Description

Central
Tendency
Value

Code

Unit

Description of Parameter
Distribution
Distribhton

Classification
(D-RESRAD Default; S-.
Site-specific; O-Other)

Impact on Resulting Dose
(-Insigniflcant;
S-Significant and
requires justification or
explanation)

Range & Fit

Justificatinn, Source or Other Information

Receptor Exposure Factors
Exposure
Frequency
(Total)

EF

Days per year

10

EF and ElT are not input parameters
used by RESRAD. They are presented
here to disclose the calculation used to

Assumes it takes two (2) ,,ecks to attempt to excavate stag
from the cngmeered cover

Exposure Time

ET

hours per day

8

arrive at the parameters RESRAD uses
to account for exposure frequency.
FIND & FOTD

Conservatively assumes that each day spent digging is 8
hours tong.

IndoorTime
Fraction

FIND

Unilless, 0 to 1

0

Point estimate

Outdor Time
Fraction

FOTD

Unitless, 0 to I

0.009

cnim
centimcucr

0.001

Point estimate

-

pCiecrbic
c3t
centimeter

0.001

Point estimate

-

-

All progeny in secular equilibrium, including Ac228

Triangular

RangeThe
Range: tO
0.018

0

S

The fraction of a total year (17860hr) that is spent indoors
on site. Assumes that all exposures occur outdoors. There
are no habitable structures on the site.
fraction ofa total year (8760hr) that is spcnt outdoors
ot Site. Equals 80 hrs outdoors on Site dividcd by 8760
hours.

0S

Uranium 238
Urandum
poe
and progeny

Ntep.cICi/eubic

Thorium
and progeny

Nuctide

Thickness

16 Infinite Slah

m

0.01

Point estimate

S

S

Assume the excavation is I m2 in area and I m deep.

Dose Point

Air gap

m

0.92

Point estimate

S

S

Assume the intruder stays within 3 ft (0.92 ml for 64 hours

Density

Concrete

2.8

Point estimate

S

S

Assume the slag has the same shielding properties as
cmncrete. which was generally confirmed by
mcasmreaeent.11)

g/cm
I

'.

t

I

All progeny in secular equilibrium. including Ra226

I

Berger, C. (TEM), written communication to D. R. Smith (SMC), Radfionuclide LeachabililyOfi-om Newfleld Slag, September 16, 2005.

17.3.12 - Industrial Worker Scenario (Restricted Area, Controls Fail)

Parameter
Description

Code

Central
Tendency
alue
Unit

Description of Parameter
Distribution
-Ds
uon
Range & Rt

Classificatlon
(D-RESRAD Default; SSite-specific; O=Other)

Impact on Resulting Dose
(l=lnslgnificant;
S-Significant and
requires Justification or
explanation)

Justification, Source or Other Information

Receptor Exposure Factors
Exposure
Frequency
(Total)

EF

Days per year

250

Exposure Time

FT

hours per day

8

to account for exposure frequency,
riNI) & FofD

Indoor Time
Fraction

FIND

Unitless, 0 to 1

0.15

Point estimate

EF and ElT are not input parameters
used by RESRAD. They are presented
here to disclose the calculation used to

Assumes number of days per year of time working
specitically at the SMC site

arrive at the parameters REUSRAD uses

Outdoor Time
Fraction

FOTD

Unitless, 0 to I

0.07

Triangular

Range: 0 to 0.14

Inhalation Rate

INIIALR

m/yr

840

Triangular

Range: 4380 to
n131
W)

Continuous
Linear

0.000000 0.00W
0.000008.R
0.0151
0.0000160.1365
0.000030 0.8119
0.000040.
0.9495
0.0o(x060 0.9937
0.000076.
0.9983
0.000100 -

Continuous
Logarithmic

Triatgtlar

Mass

Loading
thr Inhalation

MN[00W3
g

Cover Erosion
Rate

Soil Ingestion
Rate

175

SOIL

g/y

18.3

CoConseerativety nisumes that each day eight (8) hours long.

0

0

.

S

The fraction of a total year (8,760hr) that is spent indoors at
the unrestricted area. Assumes that 69% of the time is
spent indoors, in the unrestricted area.

S

The fraction of a total year (8,760hr) that is spent outdoors
on the restricted area. Assumes that 31% ofthe time at the
SNIC site is spent walking on the cover and in close
proximity to the engineered barrier. Equals 595 hrs
outdoors on the restricted site. divided by 8,760 hours. The
probabilistic distribution ranges to twice the CT value
(1,190 hrs per year spent on the restricted site).

I

Inhalation rate based on geometric mean rate for short ternt
exposure to adult males."'

I

Mass loading in air describes the airborne dust loading
on the site."'

0.0000008 -S
0(0)
0.00046 - 0.50
0.003. 1.00

S

The erosion rate was calculated using the Revised Universal
Soil Loss Equation computer program, RULE2 (see
Appendix 19.3 of the DPI.

Range: 0 ii 36.5

I

Dconditions

The indisnrial worker enters the fenced Storage Yard.
Ingestion of contaminated soil is incidental to walking in
the restricted area. USEPA default value for adults engaged
in non-contact intensive activities 150 m.p'day).

U4
J.S. Environmental Protection Agency, ExposureFactors kandbook, Volume I, General Factowrs, EPA 600/P-95-002Fa, August, 1997.
Argonne National Laboratory, User'shManualforRESRAD Version 6, July, 2001.
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Table 17.4 - RESRAD Exposure Pathways
17.4.1 - Trespasser Scenario (Unrestricted Area, Controls in Place)
Pathway

Retained

Comments

Direct Exposure

Yes

The source term found in the site soils produces
penetrating gamma radiation. Exposure from direct
penetrating radiation is expected to be a significant
contributor to the overall potential dose. External
radiation dose was modeled using Microshield; RESRAD
does not accurately model a direct exposure at a distance
form the source term.

Particulate Inhalation

Yes

Allowance is made for soils containing radiological
constituents of the source being liberated and suspended
in the breathing air of the occasional trespasser.

No

Radon is specifically excluded from consideration within
the framework of the governing regulations. In addition,
the source term found is not a significant producer of
radon due to the relatively long half-life of the thorium
isotopes found in the slag

Plant Ingestion

No

Ingestion of plant foods addresses those plant foods
grown in the radioactivity or irrigated with water
containing radioactivity from on Site. Since the
trespasser does not eat edible plant parts grown on site
for food consumption, this pathway is incomplete.

Drinking Water

No

Surface water on site is unfit for consumption as drinking
water. No on-site sources of groundwater have been
developed for drinking water.

Meat Ingestion

No

The trespasser does not consume meat from animals
culled from the site.

Milk Ingestion

No

Milk ingestion pathway is incomplete because milk cows

Radon

are not allowed to graze in the unrestricted area.
Aquatic Foods Ingestion

No

There are no surface water ponds on the property.
Trespassers are assumed to spend approximately 100% of
their time in the unrestricted area outdoors. They may
ingest relatively small amounts of soil through incidental
oral contact with their hands.
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17.4.2 - Industrial Worker Scenario (Unrestricted Area, Controls Fail)

Pathway

Retained

Comments

Direct Exposure

Yes

The source termn found in the site soils produces
penetrating gamma radiation. Exposure from direct
penetrating radiation is expected to be a significant
contributor to the overall potential dose. External
radiation dose was modeled using Microshield; RESRAD
does not accurately model a direct exposure at a distance
form the source term.

Particulate Inhalation

Yes

Allowance is made for soils containing radiological
constituents of the source bcing liberated and suspended
in the breathing air of the industrial worker.

No

Radon is specifically excluded from consideration within
the framework of the governing regulations. In addition,
the source term found is not a significant producer of
radon due to the relatively long half-life of the thorium
isotopes found in the slag

Plant Ingestion

No

Ingestion of plant foods addresses those plant foods
grown in the radioactivity or irrigated with water
containing radioactivity from on Site. Since the
industrial worker does not eat edible plant parts grown on
site for food consumption, this pathway is incomplete.

Drinking Water

No

Radon

Surface water on site is unfit for consumption as drinking
water. No on-site sources of groundwater have been
developed for drinking water.

Meat Ingestion

No

Site
fo workers
h ie do not consume meat from animals culled
from the site.

Milk ingestion pathway is incomplete because milk cows
are not allowed to graze in the unrestricted area.
Aquatic Foods Ingestion

No

There are no surface water ponds on the property.
Industrial workers are assumed to spend approximately
30% of their time outdoors. They may ingest relatively
small amounts of soil through incidental oral contact with
their hands.
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17.4.3 - Suburban Resident Scenario(Unrestricted Area, Controls Fail)

Pathway

Retained

Comments

Yes

The source term found in the site soils produces
penetrating gamma radiation. Exposure from direct
penetrating radiation is expected to be a significant
contributor to the overall potential dose. External
radiation dose was modeled using Microshield; RESRAD
does not accurately model a direct exposure at a distance
form the source term.

Yes

Allowance is made for soils containing radiological
constituents of the source being liberated and suspended
in the breathing air of the suburban resident.

Radon

No

Radon is specifically excluded from consideration within
the framework of the governing regulations. In addition,
the source term found is not a significant producer of
radon due to the relatively long half-life of the thorium
isotopes found in the slag

Plant Ingestion

Yes

Ingestion of plant foods addresses those plant foods
grown in the radioactivity or irrigated with water
containing radioactivity from on Site.

Direct Exposure

Particulate Inhalation

Drinking Water

No
oYes

Milk Ingestion

Y~es

Surface water on site is unfit for consumption as drinking
water. No on-site sources of groundwater have been
developed for drinking water.
The suburban resident may raise livestock and use water
containing radioactivity from onsite to water the animals.
Milk cows may be allowed to graze in the unrestricted
area.

Aquatic Foods Ingestion

Direct Ingestion

No

There are no surface water ponds on the property.

Yes

Suburban residents are assumed to spend approximately
30% of their time outdoors. They may ingest relatively
small amounts of soil through incidental oral contact with
their hands.

20
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17.4.4 - Maintenance Worker Scenario (Restricted Area, Controls in Place)

Pathway

Retained

Comments

Direct Exposure

Yes

The source
penetrating
penetrating
contributor

Particulate Inhalation

Yes

Allowance is made for soils containing radiological
constituents of the source being liberated and suspended
in the breathing air of the maintenance worker.

Radon

No

Radon is specifically excluded from consideration within
the framework of the governing regulations. In addition,
the source term found is not a significant producer of
radon due to the relatively long half-life of the thorium
isotopes found in the slag

Plant Ingestion

No

Ingestion of plant foods addresses those plant foods
grown in the radioactivity or irrigated with water
containing radioactivity from on Site. Since the
maintenance worker does not eat edible plant parts grown
on site for food consumption, this pathway is incomplete.

Drinking Water

No

Surface water on site is unfit for consumption as drinking
water. No on-site sources of groundwater have been
developed for drinking water.

Meat Ingestion

No

Site workers do not consume meat from animals culled
from the site.

Milk Ingestion

No

Milk ingestion pathway is incomplete because milk cows
are not allowed to graze on the storage yard.

Aquatic Foods Ingestion

No

There are no surface water ponds on the property.

Direct Ingestion

Yes

Maintenance workers may ingest relatively small
amounts of soil through incidental oral contact with their
hands.

term found in the site soils produces
gamma radiation. Exposure from direct
radiation is expected to be a significant
to the overall potential dose.
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17.4.5 - Industrial Worker Scenario (Restricted Area, Controls in Place)

Pathway

Retained

Comments

Direct Exposure

Yes

The source term found in the Site soils produces
penetrating gamma radiation. Exposure from direct
penetrating radiation is expected to be a significant
contributor to the overall potential dose. External
radiation dose was modeled using Microshield; RESRAD
does not accurately model a direct exposure at a distance
form the source term.

Particulate Inhalation

Yes

Allowance is made for soils containing radiological
constituents of the source being liberated and suspended
in the breathing air of the industrial worker.

No

Radon is specifically excluded from consideration within
the framework of the governing regulations. In addition,
the source term found is not a significant producer of
radon due to the relatively long half-life of the thorium
isotopes found in the slag

Radon

The industrial workers does not eat plant parts grown on
site for food consumption; this pathway is incomplete.

Drinking Water

No

Surface water on site is unfit for consumption as drinking
water. No on-site sources of groundwater have been
developed for drinking water.
Industrial workers do not consume meat from animals
culled from the site.

Milk Ingestion

No

Milk ingestion pathway is incomplete. Milk cows do not
graze on the site.

Aquatic Foods Ingestion

No

No surface bodies of water are found on the site.

Direct Ingestion

No

Workers at the site do not enter the fenced Storage Yard
and there is no direct contact with the soil.

"Y'Re
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17.4.6 - Trespasser Scenario (Restricted Area, Controls in Place)

Retained

Comments

Direct Exposure

Yes

The source
penetrating
penetrating
contributor

Particulate Inhalation

Yes

Allowance is made for soils containing radiological
constituents of the source being liberated and suspended
in the breathing air of the trespasser.

No

Radon is specifically excluded from consideration within
the framework of the governing regulations. In addition,
the source term found is not a significant producer of
radon due to the relatively long half-life of the thorium
isotopes found in the slag

Plant Ingestion

No

Ingestion of plant foods addresses those plant foods
grown in the radioactivity or irrigated with water
containing radioactivity from on Site. Since trespassers
are not expected to glean edible plant parts grown on site
for food consumption, this pathway is incomplete.

Drinking Water

No

Surface water on site is unfit for consumption as drinking
water. No on-site sources of groundwater have been
developed for drinking water.

Meat Ingestion

No

Trespassers are not expected to consume meat from
animals culled from the site.

Milk Ingestion

No

Milk ingestion pathway is incomplete because milk cows
do not graze at the site.

Aquatic Foods Ingestion

No

Trespassers are not expected to spend time fishing the
surface water bodies surrounding the site.

Direct Ingestion

Yes

Trespassers on the site may ingest relatively small
amounts of soil through incidental oral contact with their
hands.

Pathway

Radon

rJ4-t

.i

term found in the Site soils produces
gamma radiation. Exposure from direct
radiation is expected to be a significant
to the overall potential dose.
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17.4.7 - Recreational Hunter Scenario (Restricted Area, Controls Fail)

Pathway

Direct Exposure

Retained

Ycs

Comments
The source term found in the Site soils produces
penetrating gamma radiation. Exposure from direct
penetrating radiation is expected to be a significant
contributor to the overall potential dose.

Particulate Inhalation

Radon

Yes

No

Allowance is made for soils containing radiological
constituents of the source being liberated and suspended
in the breathing air of the recreational hunter.
Radon is specifically excluded from consideration within
the framework of the governing regulations. In addition,
the source term found is not a significant producer of
radon due to the relatively long half-life of the thorium
isotopes found in the slag

Plant Ingestion

No

Drinking Water

No

Ingestion of plant foods addresses those plant foods
grown in the radioactivity or irrigated with water
containing radioactivity from on Site. Since recreational
hunters are not expected to glean edible plant parts grown
on site for food consumption, this pathway is incomplete.
Surface water on site is unfit for consumption as drinking
water. No on-site sources of groundwater have been
developed for drinking water.

Recreational hunters are expected to consume meat from
animals culled from the site.

Milk Ingestion

No
sNo

Direct Ingestion

Yes

Milk ingestion pathway is incomplete since it is not
credible to consider that recreational hunters would graze
milk cows on this site.
Recreational hunters are not expected to spend time
fishing the surface water bodies surrounding the site.
Hunters on the site may ingest relatively small amounts
of soil through incidental oral contact with their hands.
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17.4.8 - Cover Excavation Scenario (Restricted Area, Controls Fail)

Pathway

Retained

Direct Exposure

Yes

eInhalation

Yes

Comments
The source term found in the Site soils produces
penetrating gamma radiation. Exposure from direct
penetrating radiation is expected to be a significant
contributor to the overall potential dose. External
radiation dose was modeled using Microshield; RESRAD
does not accurately model a direct exposure with a
limited exposure, in direct contact with the engineered
cover or the excavation of the cover.
Allowance is made for soils containing radiological
constituents of the source being liberated and suspended
in the breathing air of the excavator excavating to the
slag,

Radon

No

Radon is specifically excluded from consideration within
the framework of the governing regulations. In addition,
the source term found is not a significant producer of
radon due to the relatively long half-life of the thorium
isotopes found in the slag
Ingestion of plant foods addresses those plant foods
grown in the radioactivity or irrigated with water
containing radioactivity from on Site. Since the
excavator and others are not expected to glean edible
plant parts grown on site for food consumption, this
pathway is incomplete.

Plant Ingestion

No

Drinking Water

No

Surface water on site is unfit for consumption as drinking
water. No on-site sources of groundwater have been
developed for drinking water.

Meat Ingestion

Yes

The excavator and others are not anticipated to consume
meat from animals culled from the site.

Milk Ingestion

No

Milk ingestion pathway is incomplete since milk cows do
not graze on this site.

No

The excavator and others does not expected to spend time
fishing the surface water bodies surrounding the site.
I
The excavator excavating the slag may ingest relatively
small amrounts of soil through incidental oral contact with
hands.

I

Aquatic Foods Ingestion

Direct Ingestion

Yes
I__
_their
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17.4.9 - Industrial Worker Scenario (Restricted Area, Controls Fail)

Pathway

Retained

Comments

Direct Exposure

Yes

The source term found in the Site soils produces
penetrating gamma radiation. Exposure from direct
penetrating radiation is expected to be a significant
contributor to the overall potential dose. External
radiation dose was modeled using Microshield; RESRAD
does not accurately model a direct exposure at a distance
form the source term.

Particulate Inhalation

Yes

Allowance is made for soils containing radiological
constituents of the source being liberated and suspended
in the breathing air of the industrial worker.

Radon

No

Radon is specifically excluded from consideration within
the framework of the governing regulations. In addition,
the source term found is not a significant producer of
radon due to the relatively long half-life of the thorium
isotopes found in the slag

Plant Ingestion

No

The industrial workers does not eat plant parts grown on
site for food consumption; this pathway is incomplete.

Drinking Water

No

Surface water on site is unfit for consumption as drinking
water. No on-site sources of groundwater have been
developed for drinking water.
Industrial workers do not consume meat from animals
culled from the site.

Milk Ingestion

No

Milk ingestion pathway is incomplete. Milk cows do not
graze on the site.

Aquatic Foods Ingestion

No

No surface bodies of water are found on the site.

Direct Ingestion

Yes

Industrial workers at the site may enter the fenced
restricted area and have direct contact with the
engineered barrier.
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Table 17.4.10 - Industrial Worker (Unrestricted Area, Controls in Place, DCGL Basis)

Pathway

Retained

Comments

Direct Exposure

Yes

The source term found in the site soils produces
penetrating gamma radiation. Exposure from direct
penetrating radiation is expected to be a significant
contributor to the overall potential dose. External
radiation dose was modeled using Microshield; RESRAD
does not accurately model a direct exposure at a distance
form the source term.

Particulate Inhalation

Yes

Allowance is made for soils containing radiological
constituents of the source being liberated and suspended
in the breathing air of the industrial worker.

No

Radon is specifically excluded from consideration within
the framework of the governing regulations. In addition,
the source term found is not a significant producer of
radon due to the relatively long half-life of the thorium
isotopes found in the slag

Plant Ingestion

No

Ingestion of plant foods addresses those plant foods
grown in the radioactivity or irrigated with water
containing radioactivity from on Site. Since the
industrial worker does not eat edible plant parts grown on
site for food consumption, this pathway is incomplete.

Drinking Water

No

Surface water on site is unfit for consumption as drinking
water. No on-site sources of groundwater have been
developed for drinking water.

Radon

Industrial workers do not consume meat from animals
culled from the site.
Milk Ingestion

No

Milk ingestion pathway is incomplete because milk cows
are not allowed to graze on the storage yard.

Aquatic Foods Ingestion

No

There are no surface water ponds on the property.
Industrial workers are assumed to spend approximately
30% of their time outdoors. They may ingest relatively
small amounts of soil through incidental oral contact with
their hands.
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Table 17.8 - Dose Modeling Results
17.8.1 - Occasional Trespasser (Unrestricted Area, Controls in Place)
Statistic

25.0

Annual Dose Limit
Peak Mean Annual Dose
50

0.5

0.8

0.002 ± 0.0004

"hPercentile

1.9-- 0.1

90 "hPercentile
95th

Projected Annual Dose (millirem/year)

2.2 ± 0.07

Percentile

Maximum Annual Radiation Dose
Deterministic Estimate, Peak Annual Dose

3.3
1.3 @ 0 years

Summary reports showing source term, radiation dose, and geophysical parameters are provided in Appendix 19.5
(Newfield 3005007.rad)

17.8.2 - Suburban Resident (Unrestricted Area, Controls Fail)

Statistic

Projected Annual Dose (millirem/year)

Annual Dose Limit

100

Peak Mean Annual Dose

<1

50 th

Percentile

<1

90 th

Percentile

<t

9 5 th

Percentile

<1

Maximum Annual Radiation Dose
Deterministic Estimate, Peak Annual Dose

<1
<1 @ 0 years

The suburban resident is exposed to gamma radiation stemming from the engineered barrier in the Storage Yard.
The calculated exposure rate is less than lx105 mR/hr or less than I millirem/year.
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17.8.3 - Maintenance Worker (Restricted Area, Controls in Place)
Projected Annual Dose (millirem/year)

Statistic

25.00

Annual Dose Limit

6xl04± lx104

Peak Mean Annual Dose
50 th

Percentile

4x 10"'

6x 10-`

9 0 th

Percentile

ix10-3

2x104

9 5 th

Percentile

3x10"3

4x10

4

0.02

Maximum Annual Radiation Dose
5

1xl0 @ 0 years

Deterministic Estimate, Peak Annual Dose

Summary reports showing source term, radiation dose, and geophysical parameters are provided in Appendix
19.5.

17.8.4 - Industrial Worker (Restricted Area, Controls in Place)
Projected Annual Dose (millirem/year)

Statistic
Annual Dose Limit

25.0

Peak Mean Annual Dose

<20.8

50 th

Percentile

<20.8

9 0th

Percentile

<20.8

95th Percentile

<20.8

<21

Maximum Annual Radiation Dose

0.6 @ 1,000 years

Deterministic Estimate, Peak Annual Dose

Summary reports showing source term, radiation dose, and geophysical parameters are provided in Appendix
19.5. (Newfield 3005006.rad)
The industrial worker is exposed to the source term from the Storage Yard with an engineered barrier as well as the
residual radioactivity in the unrestricted area. The direct radiation exposure from the covered Storage Yard contributed
0.6 millirem per year (0.001 mR/hr for 595 hours) and the exposure from the residual radioactivity established by the
DCGLs was less than 2.94x10"5 millirem per year.

Qv

I
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17.8.5 - Trespasser (Restricted Area, Controls in Place)
Statistic
Annual Dose Limit

Projected Annual Dose (millirem/year)
25.00
2x104

Peak Mean Annual Dose

6x10-•

5 0 "hPercentile

4x 10-5 ± 7x 10'

9 0 "hPercentile

Ix10"3 ± 2x 104

Percentile

3x10" ± 4xIO1

9 5th

Maximum Annual Radiation Dose
Deterministic Estimate, Peak Annual Dose

0.02
lx10- @ 0 years

Summary reports showing source term, radiation dose, and geophysical parameters are provided in Appendix
19.5.

17.8.6 - Recreational Hunter (Restricted Area, Controls Fail)
Statistic
Annual Dose Limit
Peak Mean Annual Dose
5 0

100.0
13.6 ± 0.8

Percentile

0.4± 0.01

Percentile

47 ± 3

1h

9 0th

Projected Annual Dose (millirem/year)

95 1h Percentile

Maximum Annual Radiation Dose
Deterministic Estimate, Peak Annual Dose

54.4 I

78.6
0.3 @ 558 years

Summary reports showing source term, radiation dose, and geophysical parameters are provided in Appendix
19.5. (Newfield 3004008.rad)
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17.8.7 - Industrial Worker (Restricted Area, Controls Fail)

Statistic

Projected Annual Dose (millirem/year)
25.0

Annual Dose Limit

0.03 ± 0.06

Peak Mean Annual Dose
Percentile
5 0 "h

0 ±0

Percentile
9 0 "h

0.1 ± 0.004

9 5 th Percentile

0.2 - 0.005
0.4

Maximum Annual Radiation Dose
Deterministic Estimate, Peak Annual Dose

0.0

@ 0 years

Summary reports showing source term, radiation dose, and geophysical parameters are provided in Appendix
19.5. (Newfield 30040004.rad)

17.8.8 - Excavator (Restricted Area, Controls Fail)
Statistic

Projected Annual Dose (millirem/year)

Annual Dose Limit

100.0

Peak Mean Annual Dose

8.3

Deterministic Estimate, Peak Annual Dose

8.3

Microshield summary report showing source term, radiation dose, and geophysical parameters are provided in
Appendix 19.5

17.8.9 - Suburban Resident (Restricted Area, Controls Fail, Cover Excavated)
Statistic

Projected Annual Dose (millirem/year)

Annual Dose Limit

100

Peak Mean Annual Dose

<17

Deterministic Estimate, Peak Annual Dose

<17 @ 0 years

The suburban resident is exposed to gamma radiation stemming from the excavated area of the engineered barrier
or 0.002 mR/hr or less than 17 millirem/year. See Microshield report
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17.8.10 - Recreational Hunter (Restricted Area, Controls Fail, Cover Excavated)
Statistic

Projected Annual Dose (millirem/year)
100.0

Annual Dose Limit
Peak Mean Annual Dose

13.7 ± 0.8

50 "hPercentile

0.5 ± 0.01

3

90"' Percentile

47

95 "hPercentile

54± 1

78.7

Maximum Annual Radiation Dose

0.4 @ 558 years

Deterministic Estimate, Peak Annual Dose

Summary reports showing source term, radiation dose, and geophysical parameters are provided in Appendix
19.5. (Newfield 3004008.rad)
The recreational hunter is exposed to the source term from the Storage Yard with an engineered barrier as well as the
elevated external exposure from the open excavation. The direct radiation exposure rate at three feet from the excavation
of 0.13 mR/hr (see Table 17.8.8) is added to the total exposure on the Storage Yard (see Table 17.8.6). The exposure
duration within the Storage Yard in general is identical to that in Table 17.8.6 (i.e., 75 hr), and the exposure duration
within three feet of the excavation is assumed to be one (1) percent of the Storage Yard duration (i.e., 0.75 hr).

QPI~

TABLE 11.14 - COST ESTIMATE FOR THE LTC (LONG-TERM CONTROL) ALTERNATIVE

tern

Quantity

Units

Materials

Labor

Equipment

O&P

Total Unit
Price
o
dnC.

Base
Year

Escalation

2006
Unit Cost

Total
2006 Cost

Present
Value

CAPITAL COSTS
SITE PREPARATION
Mobilization
Construction Surveying
Sediment and Erosion Controls
SUBTOTAL
ENGINEERED BARRIER CONSTRUCTION
Dust Suppressant (Haul Roads)
Radiological and Air Monitoring
Consolidation of Slag Piles into Cap Footprint
Rough Grading of Coarse Slag
Grading of Subgrade Cap Materials
Adjacent Soil Characterization
Sot Isolation/ Frost Protection Layer
Stone Filter Layer
1/2" - 1 1/2" Stone on Top Slopes
2'- 4" Stone on Sideslopes
4" - 6' Stone at Toe of Sidesiopes
Topsoil for NRC Area Outside of Barrier
Fine Grade. Seed and Mulch
Drainage lmrprovemner.ts
SUBTOTAL
FINAL STATUS SURVEY
DEMOBILIZATION/ DECONTAMINATION/ SITE CLEANUP

1 LS

7.1 ACRES
2,500 L FT.

$49.00
$2.40

$27,500.00
$3,500.00
$1.29

$12,500.00
$101.0i
$0.05

$10,000.00
$1,050.00
$0.64

$20,000.00
$4,700.00
$4.38

1996
2005
2005

1.370
1.018
1.018

$27,000.00
$4,785.20
$4.46

$27,000
$33,975
$11,148

$72,123
28,000 SY
13 WEEKS
40.000 CY
17.500 SY
17,500 SY
4 DAYS
14,700 CY
1,550 CY
325 CY

2,250 CY
525 CY
6,100 CY
18,300 SY

$0.26
$1,653.12

$3,930.00
$6.35
$25.00
$25.00
$25.00
$25.00
$21.00
$0.35

1 LS

$1.56
$1,530.91
$3.95
$1.76
$0.13
$384.00
$3.47
$8.10
$8.10
$8.10
$8.10
$7.58
$1.35
$5.700.00

$1.05
$171.44
$3.64
$3.63
$0.08
$100.00
$7.16
$8.75
$8.75
$8.75
$8.75
$4.07
$0.22
$5,700.00

$0.72
$1,507.49
$1.90
$1.35
$0.05
$942.42
$4.25
$10.46
$10.46
$10.46
$10.46
$8.16
$0.80
$3.600.00

$3.60
$4,862.96
$9.48
$6.74
$0.26
$5,356.42
$21.23
$52.31
$52.31
$52.31
$52.31
$40.81
$2.72
S15,000.00

2005
2006
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005

1.018
1.000
1.018
1.018
1.018
1.018
1.018
1.018
1.018
1.018
1.018
1.018
1.018
1.018

S3.66
$4,862.96
S9.65
S6.86
50.26
$5,453.52
$21.61
$53.26
$53.26
$53.26
$53.26
$41.55
$2.77
$15,271.91

$102,519
$63,218
$385,148
$120,050
$4,616
$21,814
$317,714
$82,554
$17,310
$119,837
$27,962
$253,457
$50,678
$15,272

$740.00

$3,080.82

2006

1.000

$3,000.82

$92,425

54.000.00

$20,000.00

1996

1.370

$27,400.68

$27,401

$1,583,151

30 DAYS
1 LS

$1,348.00

$955.67
$11,000.00

$37.15
$5,000.00

CONSTRUCTION SUBTOTAL

$92,425
$27,401
$1,775,100

IMPLEMENTATION COSTS
Administrative Costs (5%)
Project Management Dring Construction (10%)
Permits and Legal Documentation (10%)
Engineering Design Costs (10%)
IMPLEMENTATION TOTAL
SUBTOTAL - CONSTRUCTION AND IMPLEMENTATION
25% CONTINGENCY ON TOTAL CAPITAL COST
CAPITAL COST GRAND TOTAL, INCLUDING CONTINGENCY

$88,755
$177,510
$177,510
$177,510
$621,285
$2,396,385
$5990,4

$2,995,481
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TABLE 17.14 -COST ESTIMATE FOR THE LTC (LONG-TERM CONTROL) ALTERNATIVE

Item

Quantity.

Units

Materials

Labor

Equipment

O&P

Total Unit
Price Inct.
O&P

Base.
Year

Escalation

2006
Unit Cost

Total
2006 Cost

Present
Value

1000-YEAR O&M COSTS
ANNUAL O&M COSTS
Visual and Ambient Gamma Radiation Surveys
Site Security Maintenance
Cap Maintenance
NRC Fees
Annual Report Review/inspection
Additional Cost Every 5 Years for License Renewal, Expanded
inspection and Report Review (converted to an annual cost)
1% Discount Rate
Trust Fund Fees & Expenses

1 LS
12 MONTHS
12 MONTHS

$181.37
$100.00
$100.00

$4( 06.30
$31 84.00
$1`92.00

$111.43
$100.00
$100.00

S397.78
$426.00
S228.00

$1,096.88
$1,010.00
$620.00

2006
2006
2006

1.000

$1,100.00

$1,100

1.000
1.000

$1,010.00
$620.00

$1Z120

$10.181

1 LS
1 LS

$10.000.00
$20.000.00

2005
2005

1.018
1.018

$10,181.28
$20,362.55

1 LS

$5,390.00

2005

1.018

$5,487.71

PRESENT WORTH - 1000-YEAR O&M COSTS (1% DISCOUNT RATE)
Visual and Ambient Gamma Radiation Surveys
Site Security Maintenance
Cap Maintenance
NRC Fees
Annual Report Review/inspection
5-Year License Renewal, Expanded Inspection, Report Review
Trust Fund Fees & Expenses

$7,440

$4.195
$5,488

$110,000
$1,212.000
$744.000
$1.018.128
$419.460
$1.48,771

SUBTOTAL O&M (1% DISCOUNT RATE)
25% CONTINGENCY
SUBTOTAL O&M (1% DISCOUNT RATE) INCLUDING CONTINGENCY

$4,052,359
$1,013.09
$5,C65,449

GRAND TOTAL CAPITAL AND 1.000-YEAR O&M COSTS AT 1% DISCOUNT RATE, ItICLUDING CONTINGENCY

$8,060,930
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TABLE 17.15 -COST ESTIMATE FOR THE LT (LICENSE TERMINATION) ALTERNATIVE

Item

Quantity!

Units

Materials

Labor

Equipment

O&P

Total Unit
Price Incl.
•sO&P

Base
Year

Escalation

2006
Unit Cost

Total
2006 Cost

Present
Value

CAPITAL COSTS
SITE PREPARATION
Mobilization
Sediment and Erosion Controls
Clear and Grub Dense Brush Including Stumps
Gravel Roadway
SUBTOTAL

1 LS
2.500 L FT.
2.7 AC
3.700 SY

RAILROAD IMPROVEMENTS
Remove Old Ralroad TIes and/or Track
New Crossties with Tie Plates and Spikes
New Track
Car Bumper
Wheelstops
Railcar Switcher
SUBTOTAL

3,000 LF
3.000 EA
2.400 LF
lEA
1 PAIR
294 DAYS

ONSITE SLAG PROCESSING
Dust Suppressant
Radiological and Air Monitordg
Relocation of Coarse Stag to Staging Area
Relocation of Bagtouse Dust, Finer Slag and Soils to Staging Area
Crush Slag Larger Than Disposal Facility Cutoff
Load Slag Materials Into Ratcars
Adjacent Sol Characterization
SUBTOTAL.
OFFSITE SLAG DISPOSAL
Haul Slag to Enrirocare Facility In Utah
Slag Disposal at Envirocare In Utah
SUBTOTAL
FINAL STATUS SURVEY
SITE RESTORATION
Grading
Topsol (assume 1 foot of clean soil)
Fine Grade and Seed
Drainage Improvements
SUBTOTAL
DEMOBILIZATION/ DECONTAMINATION/ SITE CLEANUP

$2.40
$8.35

$22.500.00
$1.29
$1.525.00
$0.80

$15,000.00 $12500.00
$0.05
$0.64
$3,550.00 $1,175.00
$0.87
$2.50

$50,000.00

1996

$4.38
$6,250.00
$12.52

2005
2005
2005

1.370
1.018
1.018
1.018

$69,000.C0
$4.46
$6,363.30
$12.75

$69,000
$11,148
$17,181
$47,167
$144.496

$44.93
$13.59
$2,525.00
$565.00

$4.89
$24.87
$2.15
$519.50
$74.21

$1.87
$18.92
$0.27
$268.38
$35.05

$2.79
$13.31
$2.40
$496.63
$101.59

$9.55
$102.03
$18.41
$3,807.51
$778.85
$2,000.00

2005
2005
2005
2005
2005
1996

1.018
1.018
1.018
1.018
1.018
1.370

$9.72
$103.88
$18.75
$3,876.53
$792.97
$2,700.00

$29.169
$311.633
$44,989
$3.877
$793
5793.800
$1,184,260

76.667 SY
21 WEEKS
43.000 CY
33,000 CY
81.000 TONS
76,000 CY
8 DAYS

$0.26
$1,690.47

$3,480.00

$1.56
$1,523.62
$3.95
$3.16

$1.05
$265.32
$3.64
$2.87

$0.72
$1,541.37
$1.14
$0.90

$3.16
$384.00

$2.87
$100.00

$0.90
$1,017.42

53.60
$5,020.78
$8.72
$6.93
$43.20
$6.93
$4,981.42

2005
2006
2005
2005
1996
2005
2005

1.018
1.000
1.018
1.018
1.370
1.018
1.018

$3.66
$5,020.78
$8.88
$7.06
$59.19
57.05
$5,071.72

$280.708
$105A36
$381,900
$232.999
$4,794.022
$536.603
$40.574
$6,372.242

2,052.000 CF
2.052,000 CF

$5.38
$8.00

1994
1994

1.424
1.424

$7.6,3 $15.717.756
$11.39 $23.372.128

$740.00

$3,080.82

2006

1.000

53,80.82

$92,425

$0.05
$4.23
$0.29
S3,600.00

$0.36
$32.45
$2.21
$15,000.00

2005
2005
2005
2005

1.018
1.018
1.018
1.018

$0.36
$33.04
$2.25
$15,271.91

$12,704
$379,975
578,681
S15.272

$15,000.00 $12,500.00

$55,000.00

1996

1.370

S75,000.00

$75.000

$39,089.884
30 DAYS
35,000
11.500
35,000
I

SY
CY
SY
LS

$1,348.00

$955.67

$21.00
$0.35

$0.12
$4.17
$1.35
$5,700.00

$5,000.00

$22,500.00

$37.15
$0.19
$3.05
$0.22
$5,700.00

$92,425

$486.631
1 S

CONSTRUCTION TOTAL

$75,000
$47,444,938

IMPLEMENTATION COSTS
Administrative Costs (1%)
Project Management During Construction (2%)
Permits and Legal Documentation (1%)
Engineering Design Costs (2%)
IMPLEMENTATION TOTAL

$474,449
$948,899
$474,449
$948.899
$2,846,696

CAPITAL COST TOTAL

S50.291,635

CONTINGENCY (25%)

$12,572,909

GRAND TOTAL CAPITAL6'C(2ST IINCLUDING CONTINGENCY}

$62,864,543

TABLE 17.16 - COST ESTIMATE FOR THE LC (LICENSE CONTINUATION) ALTERNATIVE

Item

Quantity

U••nits:'. ý::::Materials

Labr;•;Equipment :O&PJ,

Toa ae2005::
nt
Price Ihcl.:
Year ::Escalation

Total:.
Un:::.Cniost
C
:.:2005 Cost:

Presenit:
Valuei:.

1000-YEAR SURVEILLANCE AND MONITORING COSTS
ANNUAL O&M COSTS
USNRC Fees
On-Site Monitoring

1 LS
1 LS

$362.74

$812.60

$222.86 $795.56

PRESENT WORTH - 1000-YEAR O&M COSTS (1% DISCOUNT RATE)
USNRC Fees
On-Site Monitoring
SUBTOTAL O&M (1% DISCOUNT RATE)
CONTINGENGY (25%)
GRAND TOTAL CAPITAL AND 1,000-YEAR O&M COSTS AT 1% DISCOUNT RATE, INCLUDING CONTINGENCY

$62,400.00
$2,193.76

2006
2006

1.000
1.000

$62,400.00
$2,200.00

$62,400
$2,200

$6,240,000
$220,000
$6,460,000
$1.615.000
$8,075,000
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1.0

INTRODUCTION
Shieldalloy Metallurgical Corporation (SMC) in Newfield, New Jersey is currently

seeking approval from the U.S. Nuclear Regulatory Commission (NRC) for decommissioning
under its source material license SMB-743.

The purpose of this report is to evaluate the

potability of ground water in the vicinity of the SMC. This evaluation has been conducted in
accordance with NRC document NUREG-1757, Volume 2 (Sections 1.3.3.3.2 and M.5.2.1.4).
This report summarizes and evaluates ground water quality conditions at the SMC facility
based on historic and current analytical results of ground water samples. The site has been
designated as a Superfund site and, as such, has undergone extensive ground water
characterization activities. Numerous ground water monitoring wells are present, as are ground
water extraction wells associated with an existing pump-and-treat system implemented to treat
chromium-and trichloroethylene (TCE) ground water contamination. The monitoring/extraction
system extends with the ground water plume to the southwest, to a farm parcel property that
SMC purchased to support the implementation of ground water remedial actions. The pumpand-treat system was implemented due to the presence of ground water contaminants at levels
exceeding federal drinking water standards.

A site plan of the SMC facility, including the

locations of all current ground water monitoring and remediation extraction wells, is presented in
Figure 1. In addition, water table and piezometrie surface contours have been developed for the
shallow and deep portions of the underlying Cohansey aquifer, respectively (as presented in
Figures 2 and 3), which illustrate a general ground water flow direction from northeast to
southwest across the SMC site and adjacent farm parcel.
The evaluation presented herein includes an exploration of volatile organic, semi-volatile
organic and inorganic (including unfiltered and filtered metals, major ions and nutrients)
parameter results from ground water sampling events conducted between October 1988 and
April 2006. The ground water sampling investigations represented here were conducted by both
Dan Raviv Associates, Inc. (DRAI) and TRC Environmental Corporation (TRC), with analytical
results presented in detail in the April 1990 DRAI report entitled Summary of Geohydrologic
Information Collected Since January 1988, as well as in TRC's Remedial Investigation Report
(April 1992), Final Focused Feasibility Study Report (February 1994), and a number of quarterly
and annual ground water monitoring reports from sampling conducted between July 2001 and
April 2006. Additional ground water issues relating to ground water potability in the vicinity of
Ground Water Potability Analysis
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the SMC site (i.e., well restriction area, classification exception area) are also discussed in the
report.
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2.0

SITE INFORMATION

2.1

Site History
SMC operated a metal specialty plant producing chromium alloys, ferro-alloys, and other

specialty metal products at this site since 1952. Production activities included processing ores
plus degreasing operations to clean metal work beginning circa 1965 (TRC, 1992). Past disposal
practices discharged untreated wastewater to an unlined lagoon circa 1960s to 1971, until being
replaced with lined lagoons, which received treated wastewater. Other operational by-products
of site operations include materials regulated by the NRC under the facility's source material
license (e.g., slag and baghouse dust) which are stored on-site in an area referred to as the
Storage Yard. Other historical areas of environmental concern (AOCs) include permanently
closed diesel and gasoline underground storage tanks (USTs). Current and historical use of the
farm parcel, southwest of the manufacturing facility, remains agricultural.
Environmental investigations at SMC's facility began in 1972, after hexavalent
chromium was detected in a nearby newly-installed municipal supply well, which triggered
additional studies evaluating the potential environmental impacts associated with SMC's facility
operations. Consequently, the site has an extensive history of soil, ground water, sediment and
surface water characterization, plus remedial activities, which are summarized chronologically
below:
" SMC installed an 80 gallon per minute (gpm) ground water pump and treat
remediation system in 1979;
" SMC installed a 400 gpm ground water pump and treat remediation system to control
offsite migration of hexavalent chromium under an October 1988, NJDEP
Administrative Consent Order (ACO);
" Remedial Investigation (RI) Technical Report (TRC, 1992);
" Final Focused (Ground Water) Feasibility Study (TRC, 1994);
" Characterized, remediated, and closed nine wastewater treatment lagoons from 1994
to 1997;
o

Draft Final Feasibility Study Report (Soil, Sediment and Surface Water) (TRC,
1996);

Ground Water Potability Analysis
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Record of Decision (ROD) in 1996 for the ground water operable unit; and
* Quarterly/Annual Ground Water Monitoring Reports
Based on these investigations, TCE and chromium have been defined as the primary
contaminants of concern (COCs) in ground water and are being remediated by the pump-andtreat system. Both the TCE and chromium plumes have migrated to SMC's farm parcel. Five
extraction wells, two on-site in the southwest comer of the manufacturing portion of the facility
and three offsite, withdraw ground water at a rate of approximately 400 gpm and hydraulically
control migration of the chromium plume.
2.2

Site Geology
Surficial materials at the site are characterized by brown sand that is representative of the

Bridgeton Formation. The thickness of the sand ranges from 0 meters (offsite well SC-17D) to
8.5 meters (28 feet) (well SC-12D). The underlying Cohansey Sand is the major geologic
formation identified during subsurface investigations at the SMC facility. The Cohansey Sand is
composed of coarse sands and little to trace silt in the upper 12 meters (40 feet), and generally
finer sand and some silt, with some clay and silt stringers in the lower 18 to 24 meters (60 to 80
feet). Discontinuous silt and clay lenses up to 1.8 meters (6 feet) thick were encountered. The
Kirkwood Formation, described as a gray silt and clay layer, has been encountered on-site at
depths ranging from 37 meters (121 feet) below grade (on-site well SC-22D) to 46.6 meters (153
feet) bgs (offsite well SC-17D). More information on site geology is presented in the October
2005 Decommissioning Plan (IEM and TRC, 2005).
2.3

Site Hydroaeology
As previously mentioned, the Cohansey Sand below the site is composed of coarse sands

and little to trace silt in the upper 12 meters (40 feet), and generally finer sand and some silt,
with some clay and silt stringers in the lower 18 to 24 meters (60 to 80 feet). Based on pumping
test arialyses, the shallow and deep transmissivities vary for the upper and lower Cohansey Sand
beneath the SMC facility, with lower transmissivity and specific yield values for the lower
Cohansey Sand (due to the smaller grain size sand and increased percentage of silt and clay) than
for the upper Cohansey Sand. Based on these differences, historically the ground water data for
Ground Water Potability Analysis
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the shallow wells (screened above 15 meters or 50 feet) have been evaluated separately from the
data for the deeper wells (screened below 15 meters). These tvo zones are referred to herein as
the Upper Cohansey Sand and the Lower Cohansey Sand.
The ground water flow directions in both the Upper and Lower Cohansey Sands closely
correlate to the general topography of the site, which slopes gently to the southwest, as indicated
in Figures 2 and 3. The average horizontal gradient for both the water table and piezometric
surface is 0.002 ft/ft. The extraction of ground water as part of SMC's ground water treatment
system impacts the contours, especially in the lower Cohansey Sand. A downward hydraulic
gradient has been observed at most of the well clusters on-site, consistent with the ground water
pumping conditions at and downgradient of the site.
2.4

Ground Water Use
Potable water is provided locally by the Newfield Water Department and the Vineland

Water and Sewer Utility. Each utility relies solely on ground water sources for its potable water.
The Newfield Water Department serves approximately 1,900 individuals in Newfield Borough
and Franklin Township from two wells, one located at Catawba and Hazel (Well 3) and one
located at Catawba and Woodlawn (Well 5). These wells are located to the north and northeast
of the SMC facility, respectively. The Newfield Water Department also purchases ground water
to supplement that produced by the two Newfield wells (NJDEP, 2004a; NJDEP, 2004b).
The Vineland Water and Sewer Utility serve approximately 3 1,000 individuals in the
City of Vineland from 13 wells. The nearest well to the SMC facility is referred to as Well 10,
located along Delsea Drive, just north of Burnt Mill Pond.
Due to the presence of chromium and TCE in ground water beneath and downgradient of
the SMC facility, the City of Vineland has designated an area of the city downgradient from the
SMC facility as a well restriction area, requiring mandatory connection with public water
systems. More information on the well restriction area is presented in Section 7.
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3.0

METHODOLOGY
Ground water monitoring data for the SMC facility encompass a large number of

sampling events, ranging from larger-scale remedial investigations to smaller-scale monthly
monitoring, over the course of many years. Similarly, the range of analytes included in the
sampling events varies based on the scale of the investigation.

Therefore, in an effort to

emphasize general ground water conditions, this evaluation focused on select sampling events
involving the most comprehensive sets of data dating back to December 1990. Data for both the
Upper (represented by shallow monitoring wells) and Lower (represented by deep monitoring
wells) Cohansey aquifers were considered, based on the maximum detected concentration of
each analyte in each aquifer for each sampling round represented.

The majority of these

sampling events consisted of quarterly and/or annual ground water monitoring conducted by
TRC.
To evaluate the potability of the ground water, analytical results are compared to
applicable drinking water standards. Standards considered in this analysis include promulgated
federal standards, namely the Federal Primary Maximum Contaminant Levels (MCL), legally
enforceable standards that apply to public water systems, and Secondary MCLs, non-enforceable
guidelines regulating contaminants that may cause cosmetic effects (such as skin or tooth
discoloration) or aesthetic effects (such as taste, odor, or color) in drinking water, were also
considered. Lists of Federal Primary and Secondary MCLs are summarized on Tables M. 11 and
M.12, respectively of the NRC NUREG-1757 document (US NRC, 2003). These lists are not
complete, however, when compared to the Primary MCLs defined at 40 CFR 141.11 through
141.16 and 141.61 through 141.66, and the Secondary MCLs defined at 40 CFR 143.3. The
currently promulgated values defined at 40 CFR 141 and 40 CFR 143 were used in conducting
these analyses.
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HISTORIC ORGANIC GROUND WATER RESULTS
A comparison of the maximum concentrations of VOCs, SVOCs and pesticides/PCBs

detected in ground water samples to applicable drinking water standards is presented in Table 1.
As indicated, several compounds have historically exceeded their associated drinking water
standards. The following eight VOC compounds have been detected at levels exceeding their
respective MCLs:
* benzene
* 1,1-dichloroethene
* 1,2-dichloroethene
11,1,l-trichloroethane

*
*

a
0

trichloroethene (TCE)
tetrachloroethene (PCE)
toluene
vinyl chloride

For the majority of these compounds, MCL exceedances in both the Upper and Lower
Cohansey have been sporadic. However, PCE in the deep aquifer and TCE in both the shallow
and deep portions of the aquifer have consistently been detected at concentrations exceeding
each compound's MCL of 5 pg/L. Current (April 2006) isopleth maps of the shallow and deep
TCE plumes are presented in Figures 4 and 5, respectively.
Analysis of ground water samples for SVOCs, pesticides and PCBs has not been
regularly conducted at the SMC site. The most recent SVOC results from December 1990 and
April 1991 indicated that no SVOCs were present at levels exceeding their applicable drinking
water quality standards (Table 1). Furthermore, pesticides/PCBs, which were last included as
ground water analytes in December 1990, were not detected at levels exceeding their respective
MCLs.
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5.0

HISTORIC INORGANIC RESULTS
A comparison of the maximum concentrations of select unfiltered (total) metals detected

in ground water to the applicable drinking water standards is presented in Table 2. As indicated
there, several analytes have been detected at levels exceeding Primary or Secondary MCLs.
These include the following:
,

aluminum
o antimony
* arsenic

0 cyanide
a fluoride
* iron

o

0

beryllium

* cadmium
* chromium (total)
* selenium

lead

manganese
v mercury
*

Furthermore, two of these metals, aluminum and chromium, have consistently been
detected at levels exceeding their associated MCLs in both the shallow and deep portions of the
aquifer. Isopleth maps depicting the shallow and deep total chromium plume, created from the
most current annual sampling event (April 2006) analytical results, are presented in Figures 6
and 7, respectively. In addition, although there is no federal drinking water quality standard
associated with hexavalent chromium, due to its high toxicity and consistently elevated
concentrations, isopleth maps of the shallow and deep hexavalent chromium plumes are
presented in Figures 8 and 9, respectively.
In addition to metals, several additional inorganic parameters (e.g., major ions, nutrients,
pH, etc.) have also historically exhibited maximum concentrations in exceedance of Secondary
MCLs, as indicated in Table 2. These include chloride, nitrate, sulfate and pH. Sulfate has
historically exceeded the associated MCL (250,000 pg/L) on a regular basis. In addition, the
range of ground water pH levels has consistently exceeded (above and below) the range
established as the Secondary MCL of 6.50 to 8.50.
Ground water sampling of filtered (dissolved) metals was also conducted for a full list of
metals during December 1990 and April 1991, while select filtered metals were analyzed during
July 2002.

Maximum concentrations of several analytes exceeded their associated Primary

MCLs, as indicated in Table 3. The dissolved metals exhibiting exceedances included the
following:
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0

0

*

iron
lead
manganese
mercury
* selenium

aluminum
antimony
arsenic
beryllium
cadmium
chromium (total)

o
o

Once again, chromium consistently exceeded it associated MCL (100 Itg/L) in both the
shallow and deep portions of the aquifer.
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6.0

GROUND WATER USE RESTRICTIONS
In accordance with NJS 40:63-52, et seq., and due to the presence of contaminants in

ground water at levels exceeding MCLs at the SMC site, the City of Vineland in 1986 designated
an area of the city (approximately 800 acres or 1.25 square miles), immediately downgradient
from the SMC facility, as a well restriction area requiring mandatory connection with public
water systems. A figure depicting the well restriction area is presented as Figure 10, and a copy
of the legal description of the well restriction area (as provided by the City of Vineland WaterSewer Utility) is attached to this document.
In addition to the well restriction area, in a letter dated September 18, 2000 (attached) the
NJDEP documented its determination that a Classification Exception Area (CEA) would be
established for the ground water contamination at and emanating from the SMC site.

In

accordance with N.J.A.C. 7:9-6.6, NJDEP can establish a CEA when the Department determines
that constituent standards for a given ground water classification are not being met or will not be
met due to natural quality, localized effects of a NJDEP-permitted discharge, or pollution caused
by human activity within a contaminated site as defined by the Department in the context of an
applicable regulatory program. A CEA is an institutional control by which NJDEP can protect
public health and the environment by suspending the designated uses of the aquifer. The
designated use of the ground water in the vicinity of SMC is as potable water and conversion
(through conventional water supply treatment, mixing or other similar technique) to potable
water, with a secondary designated use that includes agriculture water and industrial water. In
accordance with N.J.A.C. 7:9-6.6(d), "all designated uses in each CEA will be suspended during
the life of the CEA". Furthermore, the NJDEP "shall restrict or require the restriction of potable
ground water uses within any CEA where there is or will be an exceedance of the Primary
Drinking Water Quality Standards."

Therefore, NJDEP has acknowledged, through its

commitment to establish a CEA, that ground water at and in the vicinity of the SMC facility, is
not potable.
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7.0

CONCLUSIONS
Based on historical results of ground water sampling at the SMC facility it is clear that

ground water is not potable. A number of analytes, including organic compounds, total and
dissolved metals, major ions, and nutrients have been and/or are currently in exceedance of the
federal primary and/or secondary drinking water quality standards (MCLs). Furthermore, PCE,
TCE, total and dissolved inorganics (i.e., aluminum and chromium), major ions/nutrients (i.e.,
sulfate) and pH have consistently been detected at levels exceeding their associated MCLs over
an extended period of time. Elevated concentrations of highly toxic hexavalent chromium have
also been consistently detected in ground water throughout and downgradient of the site.
Extensive TCE and total/hexavalent chromium plumes (1,000 to greater than 4,000 feet in
length) exist in the aquifer beneath and emanating from the SMC site. In addition, Ra-226 and
Ra-228 combined has historically been detected, albeit inconsistently, at levels exceeding its
associated federal drinking water quality standard.
Finally, the City of Vineland has acknowledged that ground water is not potable by
establishing a well restriction area immediately downgradient of the SMC site. Similarly,
NJDEP has acknowledged that ground water is impaired and not potable through it's
determination that a ground water CEA will be established for the site area.
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TABLE I
HISTORICAL
COMPARISON OF MAXIMUM
DETECTED CONCENTRATIONS OF ORGANICS
TO FEDERAL GROUND WATER QUALITYSTANDARDS
December 1990 through Januaty 2006
Shieldaeloy Metallurgical Corporation
Paramneter
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TABLE 1 (contin0ed)
HISTORICAL COMPARISON OF MAXIMUMDETECTED CONCENTRATIONS OF ORGANICS
TO FPOERAL GROU0NDWATER QUALjTYSTANDARDS
Devatnfor 1998 through January 2006
Shlldaboy Melal
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TABLE I (continued)
HISTORICALCOMPARISON OF MAXIMUMDETECTED CONCENTRATIONS OF ORGANICS
TO FEDERAL GROUND WATER QUIAUITYSTANDARDS
December 1990 through January 2006
ShIeldaloy Ietalurgicai Crporalom
Parameter

October 2004
Upper Cohlansey

Lower Cohansey

January 2005
Upper Cohensey

Lower Cohansey

July 2005
Upper Cohansey

October 2005

Lower Cohansey

Upper Cohansey

January 2006

Lower Cohansey

Upper Cohansey

Lower Cohansey

MCLs
Primary'

Volatile Organtes (ug/L)
Acetone
Benzene
Bromodichoomnethane
Bromomethiane
2-Outanone(MEK)
Carbon Oisufice
Chlorobenzene
Chlorotorm
Chleoroelhane
1,4-Dichlombenzene
I,1-Dichloroetlane
!.2-Dichoroetlhane
1,l.oichlonoethene
1,2-Dlchkoroethene (total)
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IJ
)
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NO
NO
NO
NO
NO
NO
NO____
NO
NO
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NO
NO
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NO
NO
NA
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NA
NO

1.4J (rw2)
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
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Toluene
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NO
NO
6.0 J (SC23S)
NO
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37 (SC22D)
ND
ND
ND
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NO
NO
NO
NO
NO
NO
NO
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ND
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4.2.J (IW2)
NO
NO
NO

NO
NO
NO
NO
NO
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NO
NO
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NO
NO
NO
NO
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No
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NO
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TABLE 3
HISTORICAL COMPARISON OF MAXIMUM DETECTED CONCENTRATIONS OF INORGANICS (FILTERED)
TO FEDERAL GROUND WATER QUALITY STANDARDS
December 1990 through July 2002
Shieldalloy Metallurgical Corporation
Parameter

December 1990 & April 1991
Upper Cohansey

July 2002

Lower Cohansey

Upper Cohansey I

MCLs

Lower Cohansey

5

Primary

Secondary

Inorganics
Aluminum
Antimony
Arsenic
Barium
Beryllium
Boron
Cadmium
Calcium
Chromium (total)
Chromium (VI)
Ccbalt
Copper
Cyanide
Fluoride
Iron
Lead
Magnesium
Manganese
Mercury
Molybdenum
Nickel
Potassium
Selenium
Silicon
Silver

Sodium
Strontium
Titanium
Vanadium
Zinc

40.700
•280
392
493
63W
18.300
7.1 .
111,000
.• 11.700

-

(SC13S)
53,000
(SCSS)-,'
2300
(SC13S) 692
(L)
654
(SC13S)
7.2
(SC13S)
197
(SC13S)
ND
(SC18S)
12,100
(SC6S) .
108,000

(SC220)
(SC22D)
(SC22D)
(A)
(SC22D)
(SC22D)

16,600

(LAYNE)

14.3
32
ND
ND
77,100

(L)
(W3S)

27.400

(SC17D)
(SC22D) -

NA
NA
ND
NA
NA
NA
NA
NA
1.290 (K)

NA
NA
-29.38
NA
NA
NA
NA
NA
8,280

(SC2DR)

(A)

1.340 (K)

7,300

(SC2DR)

38.5 (SC22D)
57.1 (SC22D)
ND
ND
(L)
7 . 17,000 (SCG2D)::. 108 .. ( 35) ..
.19.6 (SC1D)
39.300 (SC18S)
6800 (W3D)
1160 . (S02S)
257 (SCG2D)
1.3
(SCIS)
12.2 (SC5D)
NA
NA
275
(H)
18.8 (SCIOD)
374.000 (F)
17.600 (SC17D)
46.4
(SC13S)
. 91 ," -(SC22D)
4710
(SC15S)
5490 (SC6D)
20.8

1,940,000
152
ND
122,000
897

(L)

(SC13S)
(SC20S)
(SC13S)
(L)

11.5

.
.
.

NA
NA
NA
NA
ND

NA
NA
NA
NA
472:

NA

NA

NA
4.4 B (K)
NA
NA
NA
NA
NA
NA

NA
108
NA
NA
NA
NA
NA
NA

50-200
(MWH4)

6
10
2,000
4
5

too
1,300
200
4,000

(

.MWH4)

1,000
2.000
300

15
.

(SC2DR)

50
2

50

(SCG2D)

NA

NA

100

729.000 (SC220)
ND
ND
2080 (SC22D)
153 (IWCS)

NA
NA
NA
NA
NA

NA
NA
NA
NA
NA

5,000

NOTES:
Shaded results indicate analyte that is In exceedance of Maximum Contaminant Levels (MCLSI)
Mon~loting
wellKwas the only wellfromthe Upper Cohansey anaiyzed for liltered metals during July 2002.
Moniloring wellexhibiling the maximum analyte concentration is sbown in parentleses.
* -XI concentrations
in ,ig/L.except PHin Standard Unita.
ND-No( Detecled
NA - Not Analyzed
(1) Primary MCL- Pnsary Maximum Contaminant Level. 40 CFR Part 141
(2) Secondary MCL. Secondary Maximum Conla•nnant Level.40 CFRPart 143
OUALIFIERS:
B - Reported value was obtained froma reading eraswas lessthan the Contract Required Detection Lmit iO(CRDL)
but not greater
thanor equalto the Instrument Detection Limit(I01).
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Classification Exception Area

Dear Mr. Smith:
This letter is to idvise you the NIDEP has made the determination that a Classification
Exception Area (CEA) will be established for the ground water contamination at and
emanating from the Shieldalloy Metallurgical Corporation (SMC) site. A CEA is an
institutional control by which NJDEP can protect public health and the environment by
suspending the designated uses of an aquifer, as discussed below.
Pursuant to the New Jersey Ground Water Quality Standards (CWQS), specifically,
NJ.A.C. 7:9-6.5, ground water shall be classified according to the hydrogeologic
chmracteristics of the ground water resource and the designated use(s) which are to be
maiutained, restored and enhanced within the classification area. The pgound water in the
area of Shieldalloy is classified as Class l1-A, which consists of all ground in the State,
except for ground water designated in Classes 1,1IB or Ill. The primary uses for Class IfA ground water shall be potable water and conversion (through conventional water
supply treatment, mixing or other similar technique) to potable water. Class I1-A
secondary designated uses include agricultural water and industrial water. Specific
Ground Water Quality Criteria for Class 11-A ground water is listed in Table I of the
GWQS.
As you are well aware, the ground water at and emanrting from the SMC site is not in
compliance with the Ground Water Quality Criteria for Class I1-A for a number of
constituents, including, but not limited to chromium and trichloroethene.
When NJ-DEP detennines that constituent standards for a given classification are not
being met or will not be met in a localiz7ed area due to pollution caused by human activity
within a contaminated site as defined by NIDEP in the context of an applicable
regulatory program (lbr example, Site Remediation Program Oversight Document),
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NJDEP may establish a Classification Exception Area (CEA) pursuant to NJ.A.C. 7:96.6(a). It has been dctcrmined that NJDEP will establish a CEA for the ground water
contamination at and emanating from the SMC site. NJDDEP recognizes that the full
extent of the ground water contamination has not been determined, however, this does
not preclude NJDEP for establishing a CEA at this time. The CEA can be modified over
time to either reflect a greater area as more data becomes available or a smaller area as
the contaminants arc remediated to attain the Ground Water Quality Criteria for Class 11A.
When establishing a CEA, the GWQS state that NJDEP shall dctcrmine or describe
appropriate boundaries for each Classification Exception Area and spcci4, the longevity
or the exception, after which the original classification, designated uses and constituent
standards shall be applicable. To accomplish this, NJDEP relies on the information and
data provided by the responsible parties and has developed a guidance document to assist
with the process. A copy of the Final Guidance on Designation of Classification
Exception Area, (November 1998) has been cnclosed for your convenience. The
Guidance is also available online on the NJDEP webpage at WWW.STATE.NJ.US/
DEP/SRP under the heading Regulations and Guidance.
Therefore, SMC shall submit to NJDEP, the information requircd to establish a CEA.
This should not be burdensome to SMC since the majority of the information is already
available. Infonration that may not be readily available, but is still required, includes:
* Submittal of a map of the proposed CEA compatible with N.TDEP's
Geographic Information System,
e Blocks and lots of the site, and
a Blocks and lots of all other properties aflicted by the CEA.
* Documentation that appropriate municipal authorities, health agencies and
individual property owners were notified.
SMC shall submit the required information within thirty (30) calendar days of receipt of
this letter. Failure to comply with the requirements of this letter may subject SMC to
daily stipulated penalties pursuant to paragraph 57 of the October 5, 1988 Administrative
Consent Order.
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If you have any questions rcgarding this letter, please do not hcsitate to contact me at
(609) 633-1494.

Sinwercly,

Donna L. Gaffigan, Case Manager
Bureau of Case Management
Enclosure
C:

George Nicholas, BGWPA (w/o enclosure)
Trevor Anderson, USEPA (wio enclosure)
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MEMORANDUM

TO:

Larry Butlien, TRC Windsor

FROM:

Gast6n Leone, TRC Littleton

DATE:

November 17, 2005

SUBJECT:

Results of Radiological Flow and Transport Ground Water Modeling to
Supplement Chapter 5 of the SMC Decommissioning Plan - Newfield, NJ
Facility - Shieldalloy Metallurgical Corporation

As part of the Decommissioning Plan (Revision 1, October 2005) for the Shieldalloy
Metallurgical Corporation (SMC) facility located in Newfield, New Jersey, an On-Site
Stabilization and Long-Term Control (LTC) alternative was evaluated for the management of
residual radioactive materials. This alternative includes the consolidation and shaping of residual
radioactive materials at the SMC facility within a portion of the existing Storage Yard (where the
majority of these materials currently reside), the placement of an engineered barrier over the
surface of these materials, the establishment of institutional controls, and subsequent long-term
maintenance and monitoring of the stabilized materials. The engineered barrier will include soil
cover materials, as well as a geomembrane barrier. With on-going maintenance and monitoring,
the engineered barrier will prevent precipitation from passing through the cover and underlying
radioactive materials, will direct surface runoff away from the capped radioactive materials and
will provide a barrier to direct contact with the underlying materials. As a result, no radiological
impact on ground water is anticipated.
As part of the dose modeling assessment portion of the Decommissioning Plan, an analysis of
radiation doses incurred by hypothetical receptors for a period extending 1,000 years into the
future must be assessed. Based on the existing provision of drinking water by a publicly-owned
water system, the lack of potable ground water wells within the restricted area of the SMC
facility and the long-term effectiveness of the engineered barrier when combined with
institutional controls and long-term maintenance and monitoring, ingestion of drinking water
was not included as a potential exposure pathway within the Decommissioning Plan's dose
modeling assessment. Furthermore, based on existing ground water data collected downgradient
of the current Storage Yard (where residual radioactive materials have been stored with no
protection against infiltration for over 30 years) licensed radioactivity has not been detected
above the USEPA's drinking water standards.
Ground water ingestion is not considered to be a likely or reasonably foreseeable pathway by
which hypothetical receptors could incur a radiation dose. Even if all controls fail, negative
radiological impacts to ground water quality due to leaching are also unlikely to result in
population dose potentials in excess of the USNRC's criteria. To demonstrate this point, TRC
developed a numerical ground water flow and transport model to assess a scenario in which the
engineered barner would tail and radionuclides would leach from the stabilized radioactive
materials and reach the water table, where they would be subsequently transported by the ground
)P.2t~MMrSM(SI
$•
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water. The model was primarily used to assess potential impacts to a hypothetical residential
water well located approximately 100 feet downgradient of the Storage Yard. Figure 1 presents
the facility layout, including the location of the consolidated radioactive material and the
hypothetical water supply well.
The ground water model in the RESRAD computer code is not, in and of itself, applicable to
assessing site-specific groundwater impacts from the capped SMC Storage Yard. This is
because the model assumes the drinking water well is installed directly on top of the engineered
barrier, with ground water drawn from immediately below the location of the licensed
radioactivity. Therefore, a supplement to the RESRAD analysis was developed in order to
include radionuclide transport at a more realistic well location.
The supplemental model was developed using the numerical code MODFLOW-SURFACT,
Version 2.2 (HydroGeoLogic Inc., 2002), which is a three-dimensional finite difference code
that can simulate ground water flow and transport. MODFLOTWý-SURFACT simulates the
following processes for the transport of contaminants in ground water: advection, dispersion,
equilibrium adsorption and desorption on soil surfaces, and decay due to radiological
transformations.
The following conceptual model and parameter values, taken from Rev. I of the SMC
Decommissioning Plan unless otherwise noted, were assumed for the analysis of impacts to the
water supply well:
I. Radionuclides are leached from the consolidated radioactive materials during infiltration
of precipitation following failure of the engineered barrier. Concentrations of
radionuclides reaching the water table underneath the consolidated radioactive materials
were calculated using the RESRAD model. Four radionuclides reach the water table
during the 1,000 year period of analysis: Actinium 227 (Ac-227), Protactinium 231 (Pa231), Lead 210 (Pb-210), and Radium 226 (Rd-226). The time at which these
radionuclides reach the water table was also calculated by the RESRAD model. Figure 2
presents the concentrations calculated by RESRAD for these four radionuclides in
leachate reaching the water table. These concentrations correspond to the input
parameters provided by Integrated Environmental Management, Inc. (input file:
Newfield 300308.rad). This RESRAD simulation assumes a precipitation infiltration rate
equal to the natural ground water recharge rate of 10.9 inches per year. The ground water
recharge for this area was calculated using the methodology provided by the New Jersey
Geological Survey in publication DGS99-2. The assumption that infiltration through the
consolidated radioactive materials will equal the natural ground water recharge
constitutes a worst case scenario, considering that the pile will have at least a partial
engineered cover (i.e., it is highly unlikely that the entire cover would fail at once) and
surface runoff will be diverted away from the pile.
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2. The shallow aquifer underneath the facility is comprised of two main hydrogeologic
units, the Upper Cohansey Sand and the Lower Cohansey Sand. Around the vicinity of
the Storage Yard, these two units are separated by a low conductivity clay "wedge" unit
ranging from 6 feet to 4 inches thick. There is a significant vertical hydraulic gradient of
approximately 0.5% between the Cohansey sands. The Upper Cohansey sand is
approximately 40 feet thick and has an average hydraulic conductivity of 200 ft/day. The
Lower Cohansey sand varies in thickness between 60 and 80 feet, with an average
hydraulic conductivity of 70 ft/day.
3. A constant recharge rate of 10.9 inches/year was applied to the entire model domain.
4. The hypothetical water supply well is located 100 feet downgradient of the Storage Yard
along the leading edge of a potential plume, has a depth of 40 feet (screened within the
Upper Cohansey sand) and an average pumping rate of 328 gal/day. The pumping rate is
based on a household of four people, an average water consumption per capita of 75
gal/day (American Water Works, 2005), and an outdoor water use of 28 gal/day (U.S.
Geological Survey, 1977).
The model domain is 2,000 feet long, 1,200 feet wide and 110 feet thick. The model grid has 69
rows, 71 columns, 11 layers, and a total of 53,889 cells. Constant head cells were set all around
the model perimeter, with specified heads that correspond to the potentiometry and vertical
gradients of each sand.
A steady state flow calibration was conducted using water levels measured on October 12, 1992.
On this date, ground water remediation pumping was discontinued in order to obtain ambient
flow conditions representative of steady state flow within the aquifer. The average hydraulic
conductivity values of 200 and 70 ft/day for the Upper and Lower Cohansey sands were used
during the steady state calibration. Figures 3 and 4 present the results of the calibrated water
levels for the Upper and Lower Cohansey sands. The simulated ground water flow direction is to
the southwest with an average gradient of 0.002 ft/ft in both sands. Calibration results indicate a
good fit between model simulated and measured ground water levels, with a root mean square
(RMS) error of 0.48 feet. The ratio between the RMS and the hydraulic head change across the
model domain (3.5 feet) is 13.7%.
After the model calibration was completed, a predictive solute transport simulation was
conducted. This predictive simulation consisted of applying the RESRAD transient
concentrations presented in Figure 2 at the water table over the entire area underneath the
consolidated residual radioactive materials at a leaching rate equal to 10.9 inch/year. Chain
decay was not explicitly simulated because the effect of the progeny was considered negligible.
Transport of each radionuclide was evaluated independently. This simulation also included
pumping from the hypothetical water supply well indicated in Figure 1. Table 1 presents the
solute transport parameters used in this simulation.
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Table I - Solute Transport Parameters

Parameter

Units

Value

Longitudinal Dispersivity

ft

30

Horizontal Dispersivity

ft

3

Vertical Dispcrsivity

ft

0.3

Effective Porosity

unitless

0.25

Kd - Ac-227

mL/gr

20

Kd- Pa-231

mL/gr

50

Kd - Pb-210

mL/gr

100

Kd - Ra-226

mL/gr

48

Half-life - Ac-227

Year

21.7

Half-life - Pa-231

Year

32,760

Half-life - Pb-210

Year

22.8

Half-life - Ra-226

Year

1,600

The porosity value is the same as the effective porosity used for the RESRAD simulation and is
within the range of typical values for this type of aquifer material. Dispersivity values were
estimated assuming a 300-foot plume length and following Pickens and Grisak guidelines for
dispersivity estimates (Pickens and Grisak, 1981). The 30-foot longitudinal dispersivity value is
very conservative given the 100-foot travel distance to the hypothetical water well. The
distribution coefficient (Kd) value for Ra-226 is a site-specific value measured for the residual
radioactive materials which is not necessarily representative of the Kd value for the aquifer
materials. This value was used because it is conservative with respect to the default value of 70
mL/gr that is commonly accepted as applicable for Ra-226. The remaining Kd values are
defaults used in RESRAD. Half-life values were obtained from the RESRAD database.
Figure 5 presents the model calculated concentrations of radionuclides at the water supply well
located 100 feet downgradient from the Storage Yard. The solute transport modeling results
indicate that after 1,000 years the Ra-226 concentration will reach a maximum of 3.43 pCi/L,
while Ac-227 will reach 0.22 pCi/L. The Pb-2 10 and Pc-231 concentrations remain at or below
0.05 pCi/L. Concentrations at this well remain relatively low during the 1,000 year time period
due to the dilution that takes places within the aquifer and the significant retardation of these
radionuclides. Table 2 presents the maximum annual dose in the hypothetical water supply well
at year 1,000 based on the maximum concentrations calculated with the solute transport model.

The water consumption rate and dose conversion factors are default values used in RESRAD.
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Table 2 - Maximum Annual Dose Associated with a Water Supply Well at Year 1,000
Radionuclide

Water
Consumption
Rate (L/Year)

Dose Conversion
Factor for Ingestion
(mrem/pCi)

Maximum
Concentration
(pCi/L)

Dose
(mreni/Year)

Ac-227

410

0.0148

0.22

1.33

Pa-231

410

0.0106

0.05

0.20

Pb-210

410

0.00727

0.00

0.00

Ra-226

410

0.00133

3.43

1.87

Total Dose

3.40

A sensitivity analysis was conducted to identify the key parameters that control the maximum
dose simulated at the hypothetical water supply well. A total of four parameters were considered
in this sensitivity analysis: hydraulic conductivity, effective porosity, dispersivity, and
distribution coefficients for Ac-227 and Ra-226. Only Ac-227 and Ra-226 were considered as
part of the distribution coefficient sensitivity analysis because these two radionuclides provide
the majority of the dose at the water supply well. Two sensitivity simulations were conducted for
each of the identified parameters. Each parameter value, except for effective porosity, was
increased for the first simulation by a factor of 2 (100% increase) and then decreased by a factor
of 2 (50% decrease) for the second simulation. A sensitivity factor of 1.5 (50% increase and 33%
decrease) was used for effective porosity in order to keep this parameter value within the
literature range for the type of materials in the Cohansey sands.
Table 3 presents the results of the sensitivity analysis. This table shows the maximum calculated
dose at the water supply well and also the relative percent change with respect to the base case
total dose of 3.40 mremn/year- presented in Table 2. The maximum calculated dose for all
sensitivity scenarios is 17.10 mrem/year. This sensitivity analysis shows that the dose is
insensitive to changes in effective porosity and moderately sensitive to dispersivity. The results
are highly sensitive to decreases in distribution coefficients and changes in hydraulic
conductivity.
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Table 3 - Sensitivity Analysis Results

Parameter

Initial Value

Sensitivity
Factor

Maximum Dose
(mrem/year)

Dose Sensitivity
Factor (%)

200 ft/d U Cohansey
70 ft/d L Cohansey

100
-50

12.04
0.51

254
-85

0.25

50
-33

3.38
3.42

-1
0

100

5.23

54

-50

2.27

-33

100

1.62
17.10

-52
357

100
0
-50

2.19
1.1
10.21

-36
200
100

(%)

Hydraulic
Conductivity
Effective
Porosity
Dispersivity
(Long., Horiz.,
Vertical)

30 ft, 3 ft, 0.3 ft

Kd - Ra-226

48 mL/gr

Kd - Ac-227

20 mL/gr

1

Attachments:
Figure 1 - Site Layout and Model Domain
Figure 2 - Radionuclides in Leachate Reaching the Water Table - RESRAD Model
Figure 3 - Upper Cohansey - Steady State Potentiometry
Figure 4 - Lower Cohansey - Steady State Potentiometry
Figure 5 - Radionuclides in Water Supply Well
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Erosion Protection Design
,The design of the long term erosion protection measures for the engineered barrier was
performed using the techniques recommended in US NRC NUREG 1623 - Design of Erosion
Protection for Lone-Term Stabilization. The design precipitation event utilized as the basis for the
engineered barrier design was the Probable Maximum Precipitation (PMP). The PMP design criteria
were established by the US Army Corps of Engineers (USACOE), with the PMP defined in NUREG
1623 as "the estimated depth of rainfall for a given duration, drainage area, and time of year for
which there is virtually no risk of exceedance." The goal of the design process was to identify
appropriate ground cover methods for the engineered barrier to ensure long term stabilization of its
surface.
The first step in the design process was to identify the appropriate PMP for the site using
USACOE Hydrometeorological Report (HMR) 51 - Probable Maximum Precipitation Estimates,
United States East of the 10 5 th Meridian, and HMR 52 - Application of Probable Maximum
Precipitation Estimates, United States East of the 105" Meridian. To determine maximum flow rates
at various locations on the engineered barrier, the calculated PIvlP was converted into a rainfall
intensity using the methodology prescribed in NUREG 4620 - Methodologies for Evaluating Long
Term Stabilization Designs of Uranium Mill Tailings Impoundments. In accordance with NUREG
1623, based upon the calculated rainfall intensity and utilizing the rational method, the maximum
flow rates along the top slopes and side slopes were calculated. In order to determine if vegetative
cover was suitable to ensure long term stabilization, the maximum runoff flow velocity along the top
slopes was calculated using the methodology stipulated in NUR.EG 1623. The calculations show that
a vegetative cover will provide suitable long term erosion protection on the top slopes of the
proposed landform. However, in order to provide more substantive erosion protection, stone riprap
will be placed on both the top slopes and side slopes.
Calculations were performed, in accordance with the procedures stipulated in NUREG 1623,
to determine both the required minimum stone size and minimum stone depth at the following
locations on the engineered barrier: top slopes, side slopes, and at the toe of the side slopes. The
calculations utilized the Abt and Johnson method, using a conservative flow concentration value of
3. The calculations show the following minimum 5 0t"percentile stone diameters (dso): Top Slopes0.45 inches, Side Slopes - 2.23 inches, Toe of Side Slopes - 4.47 inches. The following stone
gradations will be utilized: Top Slopes - I/" to 1 /2"(d50 = 1"), Side Slopes -2" to 4" (do 3"),Toe
of Side Slopes - 4" to 6" (d50 = 5"). The required minimum stone layer depth was then calculated in
accordance with the procedures stipulated in NUREG 1623 and based upon the proposed d50 foreach
stone size. The calculated minimum stone layer depths are as follows: Top Slope -2", Side Slopes 6", Toe of Side Slopes - 15". To facilitate ease of installation, a 3" thickness of stone will be placed
on the top of the landform rather than the minimum 2". Finally, the width of the riprap layer at the
toe of the side slopes was calculated, in accordance with NUREG 1623, to be 7'.
Several calculations will need to be performed during the final design, after both stone and
soil isolation layer sources have been selected. These calculations include stone durability
(oversizing) calculations and stone filter layer design calculations. Depending on the physical

characteristics of the stone selected for placement on the landform surface, as determined through
laboratory testing, the required minimum stone d50 may increase slightly. The proposed stone d50
values have been selected to account for any oversizing that may be required. Depending on the soil
gradation of the underlying soil isolation layer, a filter layer may be required beneath each of the
stone layers. The calculations necessary to make this determination will be performed once a source
for the soil isolation layer is selected. The filter layers will be added to the final design if necessary
based upon the results of these calculations.
Probable Maximum Flood Evaluation
The impact of a probable maximum flood (PMF) event and its impact on the proposed plan
for consolidating/capping the NRC regulated material were evaluated. The PIVIF is defined as the
hypothetical flood (peak discharge, volume and hydrograph shape) that is considered to be the most
severe reasonably possible, based on hydrometeorological application of the PMP and other
hydrologic factors favorable for maximum flood runoff, such as sequential storms and snowmelt.
The Storage Yard area lies in an upland area of the site. The Hudson Branch runs east to west
along the southern boundary of the property. Under the LTC Alternative, the Hudson Branch stream
is 350 feet from the engineered barrier at its closest point. The Hudson Branch watershed upstream
from the Storage Yard area measures approximately 370 acres and is mostly relatively flat
undeveloped woodland and farmland. The Hudson Branch has its headwaters immediately upstream
of the SMC facility and is a poorly defined stream channel through this reach, dry during several
months of the year. A culvert pipe, which carries storm water from the more developed Newfield
center north of the facility from north to south beneath the site, discharges into the Hudson Branch
downstream of the Storage Yard area. The Hudson Branch leaves the site at the southwest comer of
the property, flowing in a culvert pipe beneath the elevated railroad embankment and West
Boulevard. The watershed area upstream from the railroad embankment measures approximately
700 acres.
During a PMF storm event, it is anticipated that the culvert pipe carrying the Hudson Branch
beneath the railroad embankment and West Boulevard will be significantly obstructed and will pass
an insignificant portion of the PMF flow. The result will be the overtopping of the railroad
embankment and West Boulevard. The railroad embankment is relatively flat with its low point at
the stream crossing over 500 feet long at approximately elevation 100 feet (NAD 83). Within any
flood event having broad overbank flow, there is a region at the outer portion that is considered
ineffective flow. The outer area of overbank flow is moving so slowly that it only provides dead
storage and does not cause erosion. The demarcation between effective and ineffective flow is
determined by the stream channel, overbank topography, vegetative cover, obstructions and water
depth. The swiftest velocities will predominately be within a relatively narrow zone centered on the
main stream channel, with the velocity decreasing further away from the main channel as the depth
of flow decreases. A cross-section of the Hudson Branch and the overbank at the proposed capped
pile shows the stream bottom elevation at approximately 90 feet. Fifty feet from the edge of the
proposed capped pile, approximately 300 feet from the main stream channel, the elevation is 100
feet. The base of the proposed engineered barrier is also at approximately elevation 100 feet at this
location. Along the upstream (easterly) facing side of the pile, the base of the proposed engineered
barrier ranges from elevati6n 105 feet to elevation 110 feet. The base of the downstream (westerly)
facing side of the proposed engineered barrier ranges from elevation 100 feet to elevation 105 feet.

TRC estimates that a PMF event peak flow could range as high as 4,000 cubic feet per second
(cfs) at the point where the stream intersects the railroad embankment. This flow is based upon the
Probable Maximum Precipitation (PMP) with a time of concentration of one hour. TRC's PMF
estimate conservatively did not take into account any effect that storage and flood routing would
have on reducing the peak flow. The depth of flow over the railroad embankment, acting as a broad
crested weir (500 feet long), with no conveyance in the pipe culvert is approximately 1.9 feet.
Assuming a worst case elevation of 102 feet (weir flow = 4,365 cfs) at the railroad embankment, the
water elevation at the proposed engineered barrier 1500 feet upstream from the railroad embankment
is anticipated to rise no more than three feet to approximately elevation 105 feet.
This scenario would place the peak water surface elevation along the southerly edge of the
pile approximately five feet above the toe of the slope. The upstream (easterly) face of the pile
would not be impacted by the maximum flood surface because the elevation of the base of the pile in
this area is above elevation 105 feet. The downstream (westerly) face maximum flood surface depth
would range from 0 feet at the northerly end to 5 feet at the southerly end. The topography along the
base of the upstream face of the pile has the effect of deflecting the slow moving overbank flow
away from the pile. This, combined with the fact that the average velocity of the PMF flow in the
combined channel and overbank is less than 1 foot per second, and the velocity in the overbank area
350 feet away from the main channel will be negligible, is sufficient to support the conclusion that
the protection offered by the riprap cover included in the engineered barrier design will be sufficient
to protect the barrier from the effects of the PMF without the need to provide additional stone riprap
or other protection below elevation 105 feet.
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Procedures have been developed to (a) design a stable unprotected soil cover (or vegetated soil
cover with no credit given for vegetation) using the allowable shear stress method, as modified and
developed in the Horton/NRC Method and (b) design a stable vegetated section using the permissible
velocity method for areas where vegetation can be effective. These procedures provide two
acceptable methods for designing stable covers. It is recognized that in many cases, specific values
of parameters may be difficult to justify. In those cases where licensees can justify values of
individual parameters that depart from the values given by suggested references, the resulting
designs will be considered on a case-by-case basis.

II
' I

2.2.1 Unprotected Soil Cover
Step-by-step procedures forimplementing the allowable shearstress method for an unprotected
soil cover are presented below:
Step 1.

Determine maximum allowable shear stress for bare soil using procedures developil by
Temple et al. (1987). The staff considers Temple's method to be an accurate method for
determining shear stresses because it is related to the Unified Soil Classification System
and can be applied for specific soil types and degrees of cohesiveness. In general, the
Temple procedure for determining allowable shear stress is based primarily on the soil
particle size and the soil cohesiveness. The amount of resistance for granular
non-cohesive soils, including rocky soils, is principally a function of the D,, grain size,
where the allowable tractive force is equal to 0.4 x D7. (Temple et a]., 1987). For
granular soils, the increase in shear resistance due to cohesiveness is minimal. For
cohesive soils where the particle size is smaller, the amount of resistance is principally
a function of the soil cohesiveness and not the particle size.

Step 2.

Determine slope and slope length to be considered, as developed in the preliminary
reclamation design.

Step 3.

Determine flow concentration factor (F.). Documentation of the occurrence of flow
concentrations and the ability of an individual rock or soil particle to resist given flow
rates is discussed further by Abt et al. (1987). The actual value of F will depend on
several factors, including grading practices during cover construction, cover slope, nd
potential for differential settlement. The staff recommends a default value of 3, for most
soil slopes; other values may be used, if properly justified.

Step 4.

Estimate Manning's "n" value using general procedures given by Temple et al. (1987);
by Nelson etaL (1986); orby Chow (1959).

Step 5.

Determine the rainfall intensity using the procedures given by Nelson et al. (1986) and
determine the peak runoff rate using the Rational Formula.

6
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Step 6.

Solve for stable slople, using the Horton/NRC eqfiation. If the computed slope is
different from that assumed, return to Step 2 with new values of slope and/or slope
length.

2.2.2 Vegetated Soil Cover
Step 1.

Maximum permissible velocities (MPVs) should be estimated using data developed by
the U.S. Soil Conservation Servic (SCS, 1984); orby Nelson et a., -1986). Based on
these data, maximum MPVs should generally range from about 2½to 3½ft per second
for any vegetation other than dense grasses. These velocities need to be further reduced,
as discussed in Step 6.

Step 2.

Determine slope and slope length.

Step 3.

Determine flow concentration (F). See Step 3 in Section 2.2.1, above for additional
information.

Step 4.

Estimate Manning's "n" value using procedures recommended by Chow (1959,
Table 7.6) for very low vegetal retardance (Fig. 7.14).

Step 5.

Determine rainfall intensity and runoff rate using procedures discussed in Step 5 in
Section 2.2.1.

Step 6.

Determine the flow depth (y) by solving the Manning Equation for normal depth on a
one-foot-wide strip. This equation can be solved directly in this case using the following
derivation:
y

Step 7.

=

Determine the permissible velocity for the slope, based on the computed depth of flow.
Chow has developed correction factors that may be applied to determine the permissible
velocity. The permissible velocity is multiplied by the following correction factors,
depending on the depth of flow.
Depth of Flow (ft)
3.0 or greater
1.9
1.0
0.65
0.4
0.25 or less

Step 8.

(A-3)

Qa/ (1.486 S 'a).

Cortection Factor
1.0
0.9
0.8
0.7
0.6
0.5

For the assumed one-foot-wide strip, determine the actual flow velocity (Va) by dividing
the discharge by the flow depth:
A-5
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?-A~C7'LE;.5 r)0-

BY

IE
Typical Type of Analysis
Rational Method, Talbot Method,
Local Experience
Regression Analysis, High Water
Marks + Manning, Local Experience
Gauging Data, High Water Marks,
Statistical or Regression Analysis

Table 5.2

Land Use or Type

Low-VciumERo~mBMP3:40

""

Value

Agriculture
Bare Soil
Cultivated Fields (sandy soil)
Cultivated Fields (clay soil)

0.20-0.60
0.20-0.40
0.30-0.50

Grass
Turf, Meadows
Steep Grassed Areas

0.10-0.40
0.50-0.70

Woodland/Forest
Wooded Areas with Level Ground
Forested Areas with Steep Slopes
Bare Areas, Steep and Rocky

0.05-0.25
0.15-0.40
0.50-0.90

Roads
Asphalt Pavement
Cobblestone or Concrete Pavement
Gravel Surface
Native Soil Surface

0.80-0.90
0.60-0.85
0.40-0.80
0.30-0.80

Urban Areas
Residential, Flat
Residential, Moderately Steep
Commercial or Downtown

0.40-0.55
0.50-0.65
0.70-0.95

61CI
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The rainfall depth for a specific site is estimated by determining the
rainfall duration and/or appropriate time of concentration. The resulting
rainfall depth in inches, is
PMP rainfall depth = (% PMP) x (PMP)

(2.1)

where the percent PMP Is obtained from Table 2.1 and the PIP is obtained
from the appropriate PMP design storm presented in Section 2.I.1.
The rainfall intensity, i, in inches per hour can be computed as
60
(2.2)

I = rainfall depth (inches) x
rainfall duration (minutes)

The rainfall intensity determined from Equation 2.2 is generally a conservative value and represents the pek rainfall intensity of the designm
storm.
To compute the rainfall intensity for any rainfall duration, it is
recoi.n.ended that a rainfall intensity versus nainfall duration curve be
plotted on semilogaritnmic paper. Because of the extremely conservative
rainfall intensity values obtained for short durations, it is recommended
Rainfall depths should
that the minimum rainfall duration be 2.5 minutes.
be extracted from the appropriate Hydrometeorological Report.
2.2

PMP COMPARISON STORMS

A comparison of estimates of the PMP with greatest observed rainfall
and estimates of the 100-year events for areas bcth east and west of tihe
Information from 6500 precipita1050 meridian was prepared (NWS, 1980).
ticn reporting stations in the eastern U.S. and about 2100 stations In the
west was used.
Including storm durations of 6 to 72 hours, the study Indicated that 177 separate storm events have been recorded in which the rainfall was greater than or equal to 50 percent of the PMP for stations east
of the 1050 meridian. Only 66 separate storm events were recorded west of
the 1050 meridian where rainfalls Aere greater than or equal to 50 percent
of the PMP.
lhe National 'leatrer Service also reporteo the number of storm events
which met or exceeded the 100-year rainfail values and compared them with
tne recion.l PNP vaiues 0N'S, 198')'. Table 2.2 surarizes these rainfall
events for 6 and 24-nour scorms occurring over a 10 square mile area. It
is interesting to note that a storm has not been officially recorde_ west
of the Continental Divize thaE exceedG 90% of the PMP value. However, it
: evident tliac a vumber cf stmrms approach the P.MP values, tnereby substantiatinq that t'ýa prescr 4 .ed P?!D values ae.not exc'eerely conservative.
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CLAssrcAr0oN ar DEGREE or RrTARDANCE FOR VARIOUS KINDS

or GRASS,
Retardance
A Very high

B High

C Moderate

Fio. 7-13. Centipede grassed chazinel. (CourtesI of WP. 0. Rea, U.S. Agricultural
15 cf"
Research Service.) (A) Before experiment; (B) after test at a flow equal to
for 40 mrin; (C) during test at a flow equal to 30 ofs; (D) at completion of tht whole
experiment.

only the average curve is shown, together with the curves for low retardance.

The classification of degree of retardance is based on the kind of

vegetation and the condition of growth, as described in Table 7-4. The
term "stand" used in the table refers to the density of grass, or the count

of vegetation, which is sometimes expressed as the number of stems per
square foot. The n-VR curves thus developed may also be applied to
other kinds of grass, provided that their characteristics and degree of
retardance can be identified. For this purpose, Table 7-5 is provided as a
guide in the selection of the vegetal retardance for different conditions of

stand and average length of the grass.

D

Low

Cover

Condition

Weeping love grass ............ Excellent stand, tall (av 30 in.)
Yellow bluestem ischaemum.... Excellent stand, tall (av 36 in.)
[udzu .......................
Bermuda grass ................
Native grass mixture (little bluestem, blue grama, and other
long and short Midwest
grasses) ....................
Weeping love grass ............
Lespedeza sericea ..............

Very dense growth, uncut
Good stand, tall (av 12 in.)

Crab grass ...................
Bermuda grass ...............
Common lespedeza ...........
Grass-legume mixture--summer
(orchard grass, redtop, Italian
rye grass, and common leapedeza) ...................
Centipede grass..;...........
Kentucky bluegrass ...........

Fair stand, uncut (10 to 48 in.)
Good stand, mowed (av 6 in.)
Good stand, uncut (av 11 in.)

Good stand, unmowed
Good stand, tall (av 24 in.)
Good stand, not woody, tall
(av. 19 in.)
Good stand, uncut (av 11 in.)
Alfalfa .......................
Weeping love grass ............ Good stand, mowed (av 13 in.)
Dense growth, uncut
Kudzu .......................
Blue grama ................... Good stand, uncut (av 13 in.)

Good stand, uncut (6 to 8 in.)
Very dense cover (av 6 in.)
Good stand, headed (6 to 12 in.)

Bermuda grass ................ Good stand, cut to 2.5 in. height
Common lespedeza ............ Excellent stand, uncut (av 4.5
in.)
Buffalo grass .................. Good stand, uncut (3 to'6 in.)
ass-legume mixtume--fall, spring
(orchard grass, redtop, Italian
rye grass, and common lesGood stand, uncut (4 to 5 in.)
pedezsa) ....................
Lespedeza sericea .............. After cutting to 2 in. height,
very good stand before cutting
stand, cut to 1.5 in. height
Bermuda grass ................ Good
Bermuda grass ................ Burned stubble

0
U.S. Soil Conservation Service 1411.
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Stand

Good

1*

>30
1I-24
6-10
2-I tow

A Very high
1D High
C Moderate
D

1>30
11-241

B High
C Moderate

6-10

2-6
<2

Soil ConseCrvatio Service
"1U.S.
7-18. The Permissible Velocity.

E

Very low

DESIGN 01F CHANNELS ?Olt 'UNIORMI

maximum capacity until the grass cover is fully developed and well
established. Therefore, it is suggested that the hydraulic design of a

grassed channel consist of two stages. The first stage (A) is to design
the channel for stability, that is, to determine the channel dimensions

under the condition of a lower degree of retardance.
T~suL

7-6.

it

Permissible velocity, fps
Cover

Slope range,
%

Erosion-resistant

Easily eroded

soils

soils

8
7
6

6
5
4

D Low
R Very low
Bermuda grass

0-5
5-10
>10

Buffalo grass, Kentucky bluegrass,

0-5

7

5

5-10
>10

6
6

4
3

5
4

4

The permissible velocity of flow in a

severe erosion in the
grassed channel is the velocity that will prevent
velocities for differchannel for a reasonable length of time. Permissible
recominmerrded on
ent vegetal covers, channel slopes, and soil conditions,
Service, are shown in
the basis of investigation by the Soil Conservation
Table 7-6.
for, the channel lining
7-19. Selectioni of Grass. The selection of grass
plant will grow and
'depends mainly on T1ie climate and soil in whichthe
viewpoint,
hydraulic
the
survive under the given conditionm. From
general, a
In
considered.
be
stability and other factors should also
lining. On steep slopes,
higher discharge requires a stronger or better
will develop channelkudzu,
and
lespedeza,
bunch grasses, such as alfalfa,
for lining. For slopes
ing of the flow and, hence, are unsatisfactory
sod-forming grases,
greater than 5 %, only fine and uniformly distributed
and smooth brome, are
such as Bermuda grass, -Kentucky bluegrass,
occurs. Because of the
recommended for lining where the main flow
the top portion of
grasses,
objectionable spreading nature of sod-forming
do not spread
that
grasses
with
the sides and the berm may be planted
of the lining,
establishment
fast
For
easily, such as weeping love grass.
Sometimes
recommended.
are
grass
love
Bermuda grass and weeping
covers by
permanent
until
protection
annuals are used as temporary
be conmay
in channels
native grasses are established. Silt deposition
flow,
channeled
will develop
trolled by lining with bunch grasses, which
increase velocity, and thus reduce silting.
of grass for channel lining
7-20. Procedure of Design. After the kind
from the condition
determined
be
can
is selected, the degree of retardance
the period of
During
growth.
of
of the stem length and the density

The second stage

FnRmissinLn VELOcnTEs FOR C•fANNELS LINuO WITn GRAss"

D) tow

M41].

185

MLOW

establishment, the grass will grow and the channel
will be stabilized under
a condition of low degree of retardance. The channel will not reach its

Average length of grass, in. Degree of retardance

<22

Fair

ow

smooth brome, blue grans

Grass mixture

0-5

5-10

1

Do not use on slopes steeper than 10%
Lespedeza, sericea, weeping love

0-5

3.5

2.

grass, ischaemum. (yellow blue- Do not use on slopes steeper than 5%, except for
side slopes in a combination channel
stem), k•dzu, alfalfa,crabgrass

2.5
3.5
0-5
Annuals-used on mild slopes or as
recomnot
is
5%
than
steeper
slopes
on
Use
pertemporary protection until
mended
rnanent covers are established,
common lespedez.a, Sudan grass
fotuAtnrcs. The values apply to average, uniform stands of each type of cover.
be
Use velocities exceeding 5 fps only where good covers and proper maintenance can
obtained.
U.S. Soil Conservation Service (411.

(B) is to review the design for maximum capacity, that is, to determine

the increase in depth of flow necessary to maintain a maximum capacity
under the condition of a higher degree of retardance. For instance, if
common ]espedeza is selected as the grass for lining, the common lespedeza
of low vegetal retardance (green, average length 4.5 in.) is used for the
first stage in design. Then, in the second stage, the common lespedeza
of moderate vegetal retardance (green, uncut, average length 11 in.)
should be used. Finally, a proper freeboard is added to the computed

C,'

EM 1110-2-1601
1 Jul 91
critical scour velocities is given by the Task Commitee
on Preparation of Sedimentation Manual (1966).
Table 2-5 gives a set of permissible velocities that can be
used as a guide to design nonscouring flood control channels. Lane (1955) presents curves showing permissible
channel shear stress to be used for design, and the Soil
Conservation Service (1954) presents information on
grass-lined channels.
Departures from suggested

Table 2-5
Suggested Maximum Permissible Mean Channel Velociltis
Mean Channel
Channel Material

Velocity, fps

Fine Sand

2.0

Coarse Sand

4.0

Fine Gravel'

6.0

Earth
Sandy Silt

2.0

Silt Clay
Clay

3.5
6.0

Grass-lined Earth
(slopes less
than 5%)2
Bermuda Grass
Sandy Silt

6.0

Silt Clay

8.0

Kentucky Blue
Grass
Sandy Silt
Silt Clay

Poor Rock (usually
sedimentary)
Soft Sandstone
Soft Shale

5.0
7.0

10.0
8.0
3.5

Good Rock (usually
Igneous or hard
metamorphic)

20.0

Notes:

1. For particles larger than fine gravel (about 20 millimetres (mm)
- 3/4 In.), see Plates 29 and 30.
2. Keep velocities less than 5.0 fps unless good cover and proper
maintenance can be obtained.

2-16

permissible velocity or shear values should be based on
reliable field experience or laboratory tests. Channels
whose velocities and/or shear exceed permissible values
will require paving or bank revetment. The permissible
values of velocity and/or shear should be determined so
that damage exceeding normal maintenance will not result
from any flood that could be reasonably expected to occur
during the service life of the channel.
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The broad-crested weir, as mentioned in Illustrative Example 10.3,
is a critical-depth meter; that is, critical depth occurs on the crest of
the weir. In Eq. (10.16) it was shown that, for a rectangular channel,
E -- %V., while Eq. (10.19) stated that y. = (q,/g)1'. Employing these
relations, we can write for the flow over a broad-crested weir:

Q =B

V\1~y,1

B Vg/(ýýNi = B(Y3)1 -g E%

(11.46)

Let us now substitute this expression into Eq. (11.39), which is applicable
to broad-crested weirs as well as sharp-crested ones, since both have
rectangular flow cross sections. This yields
ow =

(11.47)

_

For very high weirs (that is, P/H large) the velocity of approach becomes
small, so that H --* E, and thus Ow -- 1/i,/ý = 0.577. Hence it is seen
that Cw depends on the P/H ratio. When P/H is small, Cw is large,
and vice versa.

Fig. 11.36.

H. head, ft
Coefficients for triangular weirs.

11.24. SLUICE GATE
The sluice gate shown in Fig. 11.38 is a device used to control the passage
of water in an open channel. When properly calibrated, it may also
serve as a means of flow measurement. As the lower edge of the gate
opening is flush with the floor of the channel, contraction of the bottom
side of the issuing stream is entirely suppressed. Side contractions will
of course depend on the extent to which the opening spans the width
of the channel. The complete contraction on the top side, however,
because of the larger velocity components parallel to the face of the gate,
will offset the suppressed bottom contraction, resulting in a coefficient of

In Fig. 11.36 are presented experimental values of Crfor water
flowing over V-notch weirs with central angles varying from 10 to 90g.
The solid lines represent tests by Lenz;' the dotted lines are from data
taken at Cornell University;?the dashed line represents a 90° weir with a
fine sharp edge, reported by Barr.$ The rise in Cd at heads less than
0.5 ft is due to incomplete contraction. At lower heads the frictional
effects reduce the coefficient. At very low heads, when the nappe
clings to the weir plate, the phenomenon can no longer be classed as
weir flow and Eq. (11.44) is inapplicable.

g2

V _2
11.23. BROAD -CRESTED

WEIR

2gEL

Another type of weir is the broad-crested weir (Fig. 11.37), which is
usually built of concrete. One of its advantages is that it is rugged
and can stand up well under field conditions.

H

IArno T. len;,Viscosity and Surface Tension Effects on V-notch Weir Coefficients, Trans. ABCE, vol. 108, Pp.:759-802, 1943.
'Eng. News, vol. 73, p. 636, 1915.
'James Barr, Experiments upon the Flow of Water over Triangular Notches,

2g
E

P

Engineering, Apr. 8-15, 1911.

Fig. 11.37.

a

'I

Broad-crested weir.
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Appendix F - Revised Chapter 8 Sections
[The following selected sections of Chapter8 of the DP have been revised and have been capturedin Rev.
la of the DP.J

8.3 Soil
The focus of this Plan is the consolidation, capping and management of remaining process slag, baghouse
dust, contaminated concrete, radiologically-impacted soils and other USNRC-regulated materials into a
designated ... [text continues]...
Primary design considerations include: (1) physical characteristics of the stockpiled regulated materials (size,
density); (2) volumes of the material piles; (3) relative locations of the material piles and (4) long-term
durability and robustness of the final engineered barrier. The engineered barrier will be designed and
constructed in order to minimize material relocation, while establishing a stable storage system. Specific
design considerations include provision for the following:
o

Provide required radiological shielding through installation of calculated engineered barrier
thickness;

0

Maintain engineered barrier thickness over the long-term to preclude the need for repairs and
therefore maintain the necessary radiological shielding

0

Facilitate drainage off of engineered barrier and away from unit while precluding the
occurrence and need for repair of deep erosion gullies;

a

Ensure long-term engineered barrier slope stability through appropriate design and
construction;

0

Install erosion controls for implementation during construction and for long-term engineered
barrier maintenance;

&

Provide dust control during engineered barrier construction;

0

Minimize need for waste material handling (loading, transfer, and installation) to lower
construction costs and simplify logistics;

6

Utilize baghouse dust, soil and finer slag material as subgrade preparation for the engineered
barrier, over the larger size slag material;
Minimize requirements for off-site cover material to lower construction costs;
Minimize surface area ofengineered barrier while meeting requisite slope stability and other
key design objectives to simplify long-term maintenance and lower overall program costs;
and
19

Use low maintenance cover materials to minimize long-term active maintenance
requirements
*Toensure long-term durability and robustness, design considerations included the probable maximum flood
event (PMF), defined as the most severe reasonably possible hypothetical flood, and the probable maximum
precipitation (PMP) event, the estimated rainfall depth for a given duration, drainage area and time of year
for which there is virtually no risk of exceedance. The PMP approaches and approximates the maximum
rainfall that is physically possible within the limits of contemporary hydrometeorological knowledge and
techniques. The final engineered barrier design includes a rock cover, USNRC's preferred method for
satisfying the long-term stability requirements of 40 CFR 192 and 10 CFR Part 40, Appendix A.
USNRC guidance, provided in NUREG- 1623, was used in designing a rock cover that will resist erosion and
prevent gullying on the top and side slopes of the pile. The design of the apron or transition area where the
side slope of the engineered barrier meets the existing grade was also designed in accordance with NUREG1623 to address the additional erosive forces that may result from the flow velocities of side slope runoff.
While a specific source of rock for the cover has not yet been identified, it will be selected to meet the
durability requirements of NUREG-1623. Similarly, once a rock source as well as a soil source for the
underlying engineered barrier material are identified, a more detailed analysis of the need for a filter layer
beneath the various rock surfaces will be conducted in accordance with NUREG- 1623 and NUREG/CR-4620.
If that analysis indicates the need for a filter layer, such a layer will be incorporated into the engineered
barrier design, maintaining the overall 1-meter barrier thickness by replacing a portion of the soil thickness
with the filter thickness. Between the rock cover material and the underlying filter layer (if determined to
be necessary), the engineered barrier design, developed in accordance with NUREG- 1623 and NUREG/CR4620, will be sufficiently robust to provide long-term protection against worst-case erosive forces.
8.3.3 EngineeredBarrierCompletion
Upon final consolidation of materials, the engineered barrier will be constructed on the prepared subgrade
in order to achieve the design criteria described in Section 5.0 and in the introduction of Section 8.3 above.
The engineered barrier has been designed in accordance with USNRC specifications. On this basis, the final
graded and compacted impoundment will be covered with a one-meter-thick compacted soil shield barrier.
The thickness of the soil barrier layer was calculated using a RESRAD computer model, and demonstrates
that the potential for radiation exposures from all exposure pathways over the next 1,000 years, even if no
barrier maintenance takes place, is less than 100 millirem per year (see Chapter 5, above). The engineered
barrier in its entirety will be one (1) meter thick and will consist of compacted suitable soil, topped with a
suitable thickness of rock to protect the soil from the forces of erosion. As described above, stone size
calculations were made in accordance with USNRC guidance' 3, with separate calculations performed for the
top slopes, side slopes and toe of side slopes. While erosion calculations indicate that a vegetative cover
would provide suitable long-term erosion protection on the top slopes of the proposed landform, the stone
riprap proposed for the top slope will provide even more substantive erosion protection. Erosion protection
calculations as well as an evaluation of the potential affects of the probable maximum flood are provided in
Appendix 19.3.

"3 US Nuclear Regulatory Commission, Design of Erosion Protectionfor Long-Term Stabilization, NUREG- 1623,
September 2002.
20

Soil material for the engineered barrier will be secured from a certified off-site source, and will be of
appropriate grain size and quality to be stable. Similarly, the rock cover materials will be secured from an
off-site source that meets the minimum requirements of Sections 2.2.2 and 7 of Appendix D ofNUREG- 1623
for durability and physical properties as determined by specified laboratory testing. Once the soil and rock
sources are identified, an additional evaluation will be conducted to determine the need for a filter layer
between the rock surface and the underlying soil layer. If it is determined that a filter layer is required, its
thickness will replace a portion of the proposed soil thickness, maintaining the overall I -meter thickness of
the engineered barrier. Proposed location and dimensions of the final engineered barrier are depicted in
Figures 18.6 and 18.7; details of design elements are provided in Figure 18.8.

21

Appendix G - Revised Figures 18.6, 18.7, 18.8 and 18.9
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Appendix H - Revised Chapter 16 Sections
[The following selected sections of Chapter 16 of the DPhave been revised and have been capturedin Rev.
la of the DP.1

16.2 Eligibility Demonstration
From Chapter 7, there are three alternatives for the decommissioning ofSMC's Newfield facility. These are:
(1) On-site stabilization of residual radioactivity, followed by partial restriction of the site under the
provisions of an long term control license (i.e., LTC Alternative), with the remainder of the site released for
unrestricted use; (2) Off-site disposal of residual radioactivity, followed by release of the entire site for
unresticted use and license termination (i.e., LT Alternative) and (3) no action or license continuation (i.e.,
LC Alternative). From an ALARA perspective (see Section 7.3.10), the following are the total costs
associated with each of the alternatives:' 4
LTC Alternative - $18,028,800
LT Alternative - $83,264,981
LC Alternative - $53,077,467
It is clear that implementation of the LTC Alternative results in radiation dose potential that is as low as
reasonably achievable, and that further reductions in radioactivity at the site, such as that associated with the
LT Alternative, would result in net public harm. Therefore, SMC is eligible for the restricted release option
in 10 CFR 20.1403 on a dose basis.
On the other hand, Chapter 5 and Table 17.8 demonstrate that with all controls in place, a maximally-exposed
hypothetical individual has the potential to incur a radiation dose of only 0.6 millirem TEDE (the industrial
worker scenario) for the 1,000-year time period after decommissioning of the Newfield site has been
implemented. And even if all controls should fail, a maximally-exposed hypothetical individual has the
potential to incur a radiation dose of only 17 millirem TEDE (suburban resident scenario). Therefore, the
dose limits for unrestricted release in 10 CFR 20.1402 could be met for the site in its entirety. However,
because the radiological constituents of interest at the Newfield site are long-lived with respect to the 1,000year time period, the USNRC would consider the Newfield site to be "higher risk" under the graded approach
to institutional controls, thus lending further support to the acceptability of the LTC license option."5
Finally, in Rev. 0 of the SMC Decommissioning Plan, SMC proposed retaining title to the Newfield property
until such time as all remaining plant operations cease, at which time, title would be turned over to the
Borough of Newfield, along with sufficient funds to insure the property's perpetual care. However, the
USNRC did not feel that the Borough could not be considered a durable institutional control.

'4 Total cost takes into account the monetary cost of the decommissioning, waste transport and disposal, worker
accidents, traffic fatalities during transport, dose received during decommissioning and transport, dose to the public from
excavation, transportation and disposal, and other ancillary costs.

" U.S. Nuclear Regulatory Commission, Results of the License Termination Rule Analysis, SECY-03-0069, May 2,
2003.
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In verbal communications with representatives of the NJDEP during SSAB meetings, and from letters from
State representatives to the USNRC, it was clear to SMC that the State has no interest in serving as the trustee
or durable institutional control for the site. Therefore, the LTC Alternative presented the only viable
institutional control available to SMC, and was thus included in the DP. Because the LTC Alternative is only
open to SMC if there are no other viable alternatives, and because there is no written record clearly indicating
the State's refusal to serve as the durable institutional control, the State was formally petitioned to serve in
this capacity."6 As of the date of this DP, no response has been received.
16.3.1 Description of Legally-Enforceable and Durable InstitutionalControls
The primary means of ensuring institutional control over the restricted area of the decommissioned Newfield
site will be perpetual federal regulation and oversight of the provisions outlined herein. The form of control
will be the amendment of License No. SMB-743 to a LTC license. This license, to be issued by a federal
(US) regulatory agency (i.e., the USNRC), has the force of law. The USNRC, in guidance supplied to SMC,
has agreed to issue the LTC license as part of the overall approval of this Decommissioning Plan.
The purpose of the LTC license is to provide the legally enforceable and durable institutional controls
required by 10 CFR 20.1403(b) to ensure the long-term protection of the public health, safety, and the
environment. The conditions written into the LTC license by the USNRC would specify the necessary
controls to limit site access and land use that SMC must monitor and maintain and that the USNRC would
inspect and enforce, if necessary. The LTC license would also specify other required long-term control
activities to be conducted by SMC as described in the LTC Plan (see Section 8.3.6).
The secondary means of ensuring institutional control is the filing of a deed notice with Gloucester County
that prohibits agricultural, residential and industrial activities within the restricted area, or any other activities
that might result in the removal or breech of the engineered barrier. It will also contain a statement that no
land use other than that specified in Section 16.4, below, is permitted for within the restricted area. The
contents of the deed notice will be prepared and submitted for USNRC approval as part of the final
decommissioning and final status survey report (see Section 14.3.15). Once filed, it will also serve to alert
any future landowners owners that the property brings with it all of the obligations of License No. SMB-743.
The duration of these controls will be permanent in light of the long half-life of the radioactivity consolidated
under the engineered barrier. However, the LTC license will be renewed in five-year increments.
Independent oversight of SMC's performance in light of LTC license requirements will be provided by the
USNRC during routine inspections and license renewal activities. In the event of SMC default in the terms
and conditions of the LTC license, the USNRC has the authority to terminate the license, assume control of
the funds held in trust, and contract the services of a third party to implement the license requirements.
16.5.4 Evaluation of SSAB Advice
As the minutes will show, the preponderance of Meetings I and 2 were spent discussing the decommissioning
plans, other options ... [FinalParagraph]...Other input beyond that required in the 10 CFR 20. 1403(d)
was provided by SSAB members during meetings, in response to the distribution of minutes for

16Smith,

D.R., Shieldalloy Metallurgical Corporation, "Decommissioning the Newfield Facility - Request for State
of New Jersey Position on State Ownership, Control, or Oversight", to Commissioner Lisa P. Jackson, New Jersey
Department of environmental Protection, May 24, 2006.
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review/approval, and in response to the solicitation of SSAB Input Forms (see Appendix 19.7). The
detriments to using the LTC license, as relayed by the SSAB to SMC, are as follows:
o

Preventing development of the rest of the site and surrounding properties;
Concerns about not being able to sub-divide the property; and
Concerns about property values and rateables.

25

Appendix I - Letter to the New Jersey DEP
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SHIELDALLOY METALLURGICAL CORPORATION
12 WEST BOULEVARD
P.O. BOX 768

DAVID R. SMITH
RADIATION SAFETY OFFICER
Newfield Operations

NEWFIELD, NJ 08344-0768
TELEPHONE (856) 692-4200

USPS Certified Mail:

7005 1820 003 9602 1440

May 24, 2006

Commissioner Lisa P. Jackson
State of New Jersey
Department of Environmental Protection
401 East State Street
7th Floor, East Wing
P.O. Box 402
Trenton, NJ 08625-0402
Re: Decommissioning the Newfield Facility -- Request for State of New Jersey
Position on State Ownership, Control, Or Oversight

Dear Commissioner Jackson:
Shieldalloy Metallurgical Corporation ("SMC") holds source material license SMIvlB-743 from the
U.S. Nuclear Regulatory Commission ("NRC") for its facility in Newfield, NJ (the "Site").
SMC requests the State of New Jersey either to accept or to reject the role as the governmental
institution responsible for assuring long term control and maintenance of the restricted release
portion of the Site and for oversight and administration of the associated trust fund.
On October 24, 2005, SMC submitted Revision 1 of its Decommissioning Plan ("DP") to the
NRC identifying SMC's intent to apply to amend License SMiB-743 to be a Long-Term Control
("LTC") license. In a letter dated January 26, 2006, the NRC rejected Revision 1 of the DP, in
part because the DP was missing information demonstrating "[e]ligibility for the LTC license
option, including a demonstration that SMC was unable to arrange other types of institutional
controls and independent third party arrangements, such as a letter from the State rejecting
responsibility for ownership, control, or independent third party oversight."
Consistent with the NRC letter, SMC requests a State position in writing as to whether it
"reject[s] responsibility for ownership, control, or independent third party oversight" of the Site.
SMC believes amending SIVEB-743 to be a LTC license as described in Revision I to the DP is
consistent with the State of New Jersey position. Written confirmation of the State's position
would facilitate NRC review of the DP.

Commissioner Jackson
NJDEP
May 24, 2006
Page 2

The alternative to amending the SMiB-743 to be a LTC license would be to terminate
SMB-743 in accordance with the regulations for restricted release and having the State
responsible for ownership, control, or independent third party oversight of the Site. The
alternatives to an LTC license are more fully described in Supplement 1 to NIJREG-1757,
ConsolidatedNA'ISS DecommissioningGuidance; Updates to Implement the License
TeirminationRide Analysis, draft issued on September 29, 2005. Specifically, the NRC draft
guidance identifies three alternatives to an LTC license: (A) legally enforceable controls on
privately owned land, (B) legally enforceable institutional controls on government owned land,
or (C) institutional controls based on sovereign or police powers.'
While SMC is requesting the State's position on implementing State ownership,
oversight, or control consistent with the NRC draft guidance, such guidance does not supersede
the obligations of SMC under its NRC license. Pursuant to its licensing obligations, SMC has
committed to the NRC to resubmit the DP by June 30, 2006. Timely input by the State would
materially assist NRC review of the DP and would be appreciated.

incerely,

,

'f

David R. Smith
Radiation Safety Officer
cc:

Eric E. Jackson
Kenneth L. Kalman
Amy Snyder
Marjorie McLaughlin
Donna L. Gaffigan
Carol D. Berger
Jeam Oliva
Robert Haemer

SMC
USNRC
USNRC
USNRC-Region I
NJDEP
IEM
TRC Environmental
PillsburyShaw

Mayor Richard Westergaard
Assm. David Mayer
Assm. Paul Moriarty
Assm. Fred Madden
Congressman Frank LoBiondo
Congressman Robert Andrews
I NURE G-1757, Supplement 1, Section 17.7.2.2.2.
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DEPARTMENT OF ENVIRONMENTAL PROTECTION
LISA P. JACKSON

JON S. CORZINE
Governor

Commissioner

Environmental Regulation
PO Box 423
Trenton, New Jersey 08625-0423
Phone (609) 292-2795
Fax (609) 777-1330

June 21, 2006
Jack Strosnider, Director
Office of Nuclear Material Safety and Safeguards
US Nuclear Regulatory Commission
Washington, D.C. 20555
Dear Mr. Strosnider:
On May 31, 2006, the New Jersey Department of Environmental Protection (DEP)
received a letter from Shieldalloy Metallurgical Corporation (SMC) dated May 24, 2006,
requesting that the State of New Jersey either accept or reject the role as the.governmental
institution responsible for assuring long term control and maintenance of the restricted release
portion of the Site.
We assume that this request is being made to comply with Title 10 of the Code of Federal
Regulations Part 20.1403(c)(4). This regulation requires that the licensee provide sufficient
financial assurance to enable an independent third party, in this case the State of New Jersey, to
assume and carry out responsibilities for any necessary control and maintenance of the site.
Before we can answer the request from SMC, we want to be certain that We.understand the
ramifications of our decision. To that end, we have the following questions..
What are the differences between ownership, control, and independent third party
oversight? What are the responsibilities of each?
It is our understanding that in order to proceed with an Long TermControl (LTC) license,
the licensee has to dem6nstrate that unrestricted and restricted decommissioning are not
obtainable. This can only be demonstrated through an approved decommissioning plan with
these options included, reviewed and approved by the NRC. Will the decommissioning plan that
SMC submits address these options? As it stands now, the DEP does not.know if fuirther
reductions in residual radioactivity at the site to meet the unrestricted use criteria in 10 CFR
20.1402 would 1) result in net public or environmental harm, or 2) are not being undertaken
because the residual radioactivity levels are as low as reasonably achievable (ALARA). The
NRC has not documented that either of these conditions are met because the staff has not
completed a technical review of SMC's decommissioning plan.

If the State were to accept ownership or control, would SMC have to comply with the
requirements of the License Termination Rule (Subpart E of 10 CFR 20)? In other words, would
the LTC license be denied by the NRC,'and would SMC be required to remediate the Site to
restricted use standards? If so, would SMC be held to the requirements of 10 CFR 20.1403(e)
which specifies dose criteria if institutional controls fail? Would there be a cap allowed under
the requirements of the Licens'e Termination Rule? If a cap is allowed, will the dose assessment
assume that the cap has completely failed? Does the NRC envision a scenario where the 500
mrem/y would be exceeded with or without a cap? If so, would the NRC allow SMC to
decommission under the alternate criteria for license termination (10CFR20.1404)? Could the
license be terminated without any remediation of the slag pile?
If the answer to any of the questions above would result in the remediation of the slag,
will the State be responsible for the cost of this remediation in any way if the State assumes
ownership, control, or third party oversight? Can the State request further financial assurance
under the required arrangement specified in 1OCFR20.1403 (c)(4)?
More questions arise considering that Governor Corzine has recently issued a Letter of
Intent for New Jersey to become an Agreement State. Assuming that New Jersey agrees to the
transfer of the SMC license, will our radiological remediation standards at N.J.A.C. 7:28-12.1 et
seq. be applicable to the SMC site once they are revised to include source and by-product
material? If so, will the'DEP be able to require SMC to remediate further once we become an
Agreement State? As you know, our dose criterion is 15 mrem/y compared to the NRC's 25
mrem/y, and our "all controls fail'! dose criterion is 100 morem/y, whereas the NRC has an
allowance for up to 500 mrem/y.
If New Jersey assumes ownership or control, can we impose our cleanup criteria on SMC
before becoming an Agreement State?
When New Jersey becomes an Agreement State, can it be both regulator and owner of the
SMC Site? Will the ownership have to be transferred to the local government? What if the local
government does not accept this responsibility?
As you know, we-had extensive comments on Draft NUREG 1757 Supplement 1,
Updates to Implement the License Termination Rule Analysis. Before making a determination as
to whether to assume ownership, control, or third party oversight, we expect written responses to
our comments and the opportunity to review the final document.
Does SMC meet any of the criteria in 10CFR20.1401(b)? In other words, is SMC
considered a grandfathered site?

We would appreciate a written response to these questions so that we have sufficient
information to consider SMC's request.
Sincerely yours,

Nancy Wittenberg,
Assistant Commissioner

C:

Dave Smith, SMC
Irene Kropp, Assistant Commissioner, Site Remediation and Waste Management

Appendix J - Revised Chapter 15 Sections
[The following selected sections of Chapter 15 of the DP have been revised and have been capturedin Rev.
la of the DP.]

15.1 Cost Estimate
Decommissioning cost estimates were developed based on the characteristics of the facility, using standard
cost estimating methodologies, supported ... [Second-to-last bullet on page 151]...
In accordance with USNRC guidance, a 25 percent contingency has been added to both the
capital costs and the long-term surveillance and monitoring costs of all alternatives.
Present worth estimates of long-term surveillance and monitoring costs are calculated for a
return on investment of 1%.
Calculating costs over a long-term period requires the selection of a representative discount rate. The
alternatives with the greatest long-term surveillance and monitoring costs (i.e., the LTC and LC alternatives)
are affected the most by the discount rate, with the recommended 25 percent contingency on the capital and
long-term surveillance and monitoring costs further impacting the ultimate effect of the selected rate ofreturn
on the final total decommissioning cost. As noted above, a 1%discount rate is used in calculating the present
worth of long-term surveillance and monitoring costs based on guidance provided by USNRC."
15.2 CertificationStatement
Operating funds will be used to implement this decommissioning plan. However, the cost of all activities are
secured with an irrevocable stand-by letter of credit. A signed, original Certification Statement has been
forwarded to the USNRC under separate cover.
15.3 FinancialAssurance Mechanism
Upon approval of this Decommissioning Plan by the USNRC, SMC will petition the USNRC to release the
money in the existing Trust Fund, and SMC will petition the USEPA and the NJDEP to release any additional
financial assurance required by the USNRC from the Joint Financial Assurance Fund required pursuant to
Section 16A and 16B of the Bankruptcy Settlement Agreement of 1997.18.19 SMC will then establish a

, Proposed Update to NUREG 01757 (Supp. 1,"Sufficient Financial Assurance").
United States Bankruptcy Court, Southern District of New York, re: Metallurg, Inc. and Shieldalloy Metallurgical
Corporation, "Settlement Agreement of Environmental Claims and Issues by and Between the Debtors and the United
States of America and the State of New Jersey", Nos, 93 B 44468 (JLG); 93 B 44469 (JLG), April, 1997.
18

'9 Paragraph 14 of the Bankruptcy Settlement Agreement establishes the required financial assurance with respect to
the performance of the work at the Newfield site and with this paragraph lists "NRC Slag Pile Remediation" as the
Environmental Project, with a Dollar Estimate of $5.0 million. The agreement goes on in paragraphs 16 A., B. & C. to
explain the steps SMC will follow to provide, create or make available the fund as financial assurance for the benefit
of the United States and the State of New Jersey with respect to the list of Environmental Projects (including the Slag
Pile). Pursuant to Section 16.A, SMC would purchase a letter of credit (LOC) in the amount of $4.25 million for the

benefit of the United States and the State of New Jersey. Section 16.B required that SMC establish another financial
27

separate financial assurance mechanism (Trust Fund) for the construction and implementation phase of the
decommissioning project, and create a fully-funded Long Term Control (LTC) License Trust Fund for the
benefit of the USNRC in the amount of $5,065,449 (including 25% contingency) to address the costs
associated with the following over a 1,000-year period:
a

Site surveillance of access and land use restrictions;

a

Engineered barrier maintenance;

0

Radiological monitoring;

0

Reporting;

0

Records retention; and

0

Trustee fees and expenses.

If the balance substantially exceeds the amount needed to produce sufficient annual income for funding over
the long-term, the USNRC will petitioned for return of excess funds. The duplicate signed originals of all
fully-executed trust agreements will be forwarded to the USNRC.
SMC intends to use operating funds and/or parent-company funds to implement this decommissioning plan.
The source of funds for the LTC Trust have already been set aside as part of the prior bankruptcy agreement,
with the USNRC already in possession of the trust instrument.2" Supplemental SMC funding ofthe LTC Trust
will only be provided to cover the difference between the amount needed and the amount currently held in
trust. However, immediately upon approval of this Decommissioning Plan, a replacement instrument will
be executed, and SMC will request that the USNRC, the USEPA and the NJDEP release their interest in an
irrevocable stand-by letter of credit that was also established as part of the bankruptcy settlement for the
construction and implementation portion of the decommissioning.2' The LTC Trust will remain in place and
be drawn upon to pay for the on-going cost of the operation, maintenance and licensing of the restricted
portion of the Newfield site in accordance with 10 CFR 40.36.2

assurance instrument equal to an amount money the government would release to SMC upon entering into the Settlement
Agreement. USNRC was directed to draw down the existing LOC post for their benefit in the amount of S750, 000 and
deposit it into a separate trust account for the benefit of USNRC.
United States Bankruptcy Court, Southern District of New York, re: Metallurg, Inc. and Shieldalloy Metallurgicial
Corporation, "Settlement Agreement of Environmental Claims and Issues by and Between the Debtors and the United
States of America and the State of New Jersey", Nos. 93 B 44468 (J.LG); 93 B 44469 (JLG), April, 1997.
20

SMC will then purchase a letter of credit for the benefit of USNRC equal to the amount necessary for tie completion
of the approved Decommissioning Plan. Upon successful completion of the Decommissioning Plan and amendment of
License No. SMB-743 into a LTC license, SMC will demand the release of the letter of credit.
2"

2. Integrated Environmental Management, Inc., Report No. 94005/G-9194 (Rev. 2), "Decommissioning Funding Plan
for the Newfield, New Jersey Facility", submitted to Shieldalloy Metallurgical Corporation, September 10, 2001.
28

Appendix K - Signed Original of the Certification Statement and Ancillary Documents
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SHIELDALLOY METALLURGICAL CORPORATION
ADMINISTRATIVE OFFICES:

545 BECKETT ROAD, SUITE 201
SWEDESBORO, NJ 08085-1548
TELEPHONE (856) 241-4620
FAX (856) 241-4655

Certification of Financial Assurance

U.S. Nuclear Regulatory Source Material License No. SMB-743
Location:
35 South West Boulevard
Newfield, New Jersey 08344
Mailing:
545 Beckett Road, Suite 201
Swedesboro, New Jersey 08085-1548
Issued to:

U.S. Nuclear Regulatory Commission

I certify that Shieldalloy Metallurgical Corporation is licensed to possess the folloming types of
source material in any chemical and / or physical form of Thorium and Uranium in the following
amounts:
A.
B.

Thorium
Uranium

A. Any form
B. Any form

A.

B.

303,050 kilograms
45,000 kilograms

I also certify that financial assurance in the amount of required in the United States Bankruptcy
Court, Southern District of New York Settlement Agreement of Environmental Claims
and Issues By and Between the Debtors and the United States or America and the
State of New Jersey
In re
Metallurg, Inc. and
Shieldalloy Metallurgical Corporation,

Nos. 93 B 44468 (JLB)
93 B 44469 (JLB)

Debtors
REQUIRED FINANCIAL ASSURANCE WITH RESPECT TO PERFORMANCE OF
THE WORK AT THE NEWFIELD SITE
Paragraph 14. NRC Slag Pile Remediation $ 5.0 million
In accordance with Paragraph 16.C., a separate trust account for the benefit of NRC was
established in the amount of $750, 000. The trust account has accrued earnings and has present

balance in the amount of $ 2,033,554.42 (Account Statement Period 05/01/2006 through
05/31/2006). The trust account was established in fulfillment of the Bankruptcy Settlement
Agreement for the purpose of decommissioning as prescribed by 10 CFR Part 40. In addition,
Shieldalloy Metallurgical Corporation has established a letter of credit in the amount of $4.25
million dollars for the benefit of the United States and New Jersey specifically for the NRC Slag
Pile Remediation Project. Furthermore paragraph 26 of the Settlement Agreement states.
"In the event that a decomniissioningplan relatingto the Neitfield site is
approvedby the NRC and the NRC requiresShieldalloy to provide additionalor
separatefinancialassurancefor the NRC Slag Pile Remediation Projectwhich is
identified in paragraph14 of this Settlement Agreement, thenfor the purposes of
calculatingthe Refund Amount as described in paragraph19 above, the Posted
FinancialAssurance Fundwill be increasedby the additionalfinancialassurance
actuallypurchasedor acquiredby Shieldalloypursutantto any decommissioning
plan up to a maximum of'an additionalS4.25 million, hI addition, the U.S. and
New Jersey agree that any additionalfinancialassurancerequiredby the NRC
may, at Shieldalloy's option, reduce the JointFinancialAssurance Fund required
pursuantto Section 16A and 16B (up to an aggregate of S4.25 million), and the
U.S. and New Jersey agree to release or refund an amount equal to suchfinancial
assuranceprovidedfor the benefit of the NRC, to the extentfinds are available,
at the time such additionalfinancialassuranceis provided to the NRC. "'

Eric E. Jackson, President
Shieldalloy Metallurgical Corporation

Date
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UNITED STATES BATKUPTCY COURT
SOUT•ERN DISTRICT OF NEM YOR".

In re

Chapter 11

META•_LURG, INC. and
SHIELDALLOY HETALLURGICMUS
CORPORATION,

Noo. 93 2 4446a (JLG)
93 B 44469 (JLG)

Debtors.

(Jointly Administered)

SWTLMý AGREMMT OF EN3VIROME•TAL CL&flS
AM9 ISSUES BY AM BET"MT TEE DEBTORS AND TBE
flTE~STATES O)F •AM•IC• %D _TI2_ STATF tW • JS
WHEPLFAS Metallurg,
corporation,

("Metallurg"),

B New York

and Shieldalloy Metallurgical Corporation

("ShieldalloyO),
"Debtors"),

Inc.,

a New York corporation (collectively, the

filed with the United States Banzruptcy Court for the

Southern District of Kew York (the 'Court")

voluntary petitions

for relief under Title 11 of the United States Code (the
RBankruptcy Code")

on September 2,

(collectively, the 'Chapter

1993

(the "Petition Date")

11 Casesu).

WI.•EREAS the State of New Jersey (*New Jersey"),

on

behalf of the New.Jersey Department of Environmental Protection
('NDEP'),

filed Proofs of Claims numbered 91,

respectively

(the 'New Jersey Proofs of Claim'),

11 Cases on or about August 12,

1994,

alleging,

96,

357 and 358,

in the Chapter
_=,

liability of the Debtors to New Jersey under the New Jersey Spill
Compensation and Control Act,

WYF$M3...: \40\6311&O,\0003\1¶

AG4226L. 22J

N.J.S.A.

:-,I

(•Spill

Acco) , and the Com-prehanzive Biirom•n=tl PResponse,

Compensation and Liability Act ot 1980,

aa; amended,

42 U.S.C(.

9601 eLts B_•.

WHEREAS Vel
Claim,

L.. r

Jersey alleged in the New Jersey ProofE of

, that the Debtors were Jointly and •everally

liable for response costs incurred and to be incurred by New
Jersey in the course of responding to releases and threatened
releases of hazardous substances into the environment.
WHEREMS the United States of America (the ;United
States"), on behalf of the United Stater Environmental Protection
Agency ("EPA"),

the United States Department of the Interior

(MDOIA),

and the United States Nuclear Regulatory Commission

("NPC"),

filed proofs of claim in

about August 14,
•n~r ali•,

1994

the Chapter 11 Cases on or

(the "Federal Proofs of Claim"),

liability of the Debtore to the United States under

the Comprehensive Environmental Response,
Liability Act of 1980,
("CERCLA"),
amended,

alleging,

as amended,

Compensation and

42 U.S.C.

5 9601 &• g~qa.

the Resource Conservation and Recovery Act,

42 U.S.C.

Act of 1974,

5 6901 e

jq.

(ORCRAO)

av amýnded, 42 U.S.C.

as

and the Atomic Energy

5 2011 9

.

(the "Atomic

Energy Act").
WHEREAS the United States alleged in

of Claim,

.±

i•i,

the Federal Proofs

that the Debtors were jointly and severally

liable for response costs incurred and to be incurred by the
United States in the course of responding to releases and

2
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threatened releases of hazardous subatnceo into the environment
from certain Sites.
WIEREAS on or about February 18,
States of America,
Revenue Service

199k,

the United

through its Department of Treasury, Internzl

(the "IRSR), filed a Proof of Claim againet

Metallurg on account of due and owing, but unpaid, federal
withholding,

Federal Insurance Contribution Act (OFICA")

and

income tax liabilities, together with prepetition interest and
penalties accruing thereon,

in

the total amount of $9,742,894.69

(the RIRS Prepetition ClaimO).
THE.IEAS Metallurg is

entitled to an income =ax refund

from the United States for the 1989 tax year in the total amount
of $723,714 (the ITax Refund Amount').
WHEREAS the Tax Refund Amount consist of two
components:
and (2)

(1)

$594,249 owed to Metallurg'for the 1989 Tax Year,

$129,465 owed to Frankel Metal Co.,

subsidiary of Metallurg,

a non-debtor

for the tax period ending July 31,

1989

which amount shall be paid to Metallurg.
WHEREAS after a review of the IRS Prepetition Claim,
the IRS has determined that Metallurg is

indebted to the United

States on account of prepetition federal tax liabilities in the
total amount of $105,847.00

(the "Tax Amount DueO).

WHEREAS unless the automatic stay imposed by Section
362(a) (7)

of the Bankruptcy Code is modified to permit the

3
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Govea--1maent to

4frcst the Ta•. Refund Amount

n

the Tax Amcnt

the United States may not effectuate ouch a setoff.

Due,

IM-MEAU

the United States Emzd Hetallurg have agreed

that, subject to the Court's approval,
offset the Tel

the- United States -,,ill

Refund Amount against the 'Tax Amount Due.

WHEREAS as a result of such zetoff,

the Debtors'

pre-petition federal ta= liabilities shall be satisfied in full,
and the principal amount of the Tax Refund Amoumt shall be
reduced to $618,367 (the ONet Tan Refund •mounto).
WHEREAS Metalluri o,;ms all of the outstanding stock of
Shieldalloy.

WHEREAS Shieldalloy ovms and operates a metal alloy and
specialty metals manufacturing facility located in Newfield,

New

Jersey (the 'Newfield site•)).
WHREAS on October 5, 1988, Debtors and the NJDEP
entered into an Administrative Consent Order which, as amended in
August 1989 and September 192, requires the cleanup and/or
remediation of hazardous substances and pollutants known or
subsequently discovered at the Newfield site.
WLRYERBS Shieldalloy owns and operates a metal alloy and

specialty metals manufacturing

facility in Cambridge, Ohio (the

aCambridge"site" ).
WHERE-- in the absence of this Settlement Agreement,
the Debtors would have objected to the New Jersey Proofs of
Claim.

4
PYFS05 .. :\40\6:3 1.0\0003\1aO\AU226L.22M

MAERE.S the Debtorz and New Jersey desire to resolva
the Neew Jersey Proofs of Claim including certain alleged
environmental liabilities of the Debtoro and the amount of
financial assurancep to be posted by the Debtoro in connection
with the k7ewfield xite.
IHEPR.US in the absence of this Settlpment Agreement,
the Debtors would have objected to the Federal Proofs of Claim.
WHEREAS

the Debtorv and the United States desire to

resolve the Federal Proofz of Claim, including certain alleged
environmental liabilities of the Debtorz and the amount of
financial assurances to be posted by the Debtore in connection
with the Newfield and Cambridge sites.
WHEREAS in exchange for Shieldalloylo agreement to post
certain financial assurrmce for the cleanup and remediation of
the Newfield site, and the other terms set forth below in this
Settlement Agreement,

the United States will withdraw the Federal

Proofs of Claim to the extent that they assert claims for
environmental response costs and natural resource damages
assessment to be incurred by the United States in the future at
the Newfield site.
WHEREAS in exchange for Shieldalloy's agreement to post
certain financial assurance for the cleanup and remediation of
the Cambridge site pursuant to the entry of a final Consent Order
in the action entitled Stte of Ohio v. SheAld&1lov Metallurigc•.
Lo-, Guernsey County Court of Common Pleas, Case No. 95-CV-242,

UTFSC6 . .. :\.0\r.I140\0003\12O V".ZJ6L .22J

and the other ta

zet forth in that final Consent Order and

below in thiz Settlenmet Agreement,

the United State6 ýrill

withdraw the Federal Proofs of Claim to the axent thart they
assert claims for environmental response and natural resource

damages assessmant costs to be incurred by the United Statet in
the future at the Cambridge oite.
WHERE4A

in consideration of, and in e:xchange for, the

promises and covenants herein, and intending to be legally bound
hereby, the Debtors and New Jervey through their authorized
representatives hereby agree to the terms and previsione of this
Settlement Agreement.
WHER-aS in consideration of, and in exchange for, the
promises and covenants herein, and intending to be legally bound
hereby, the Debtors and the United Statee through their
authorized representatives hereby agree to the ter= aznd
provisions of this Settlement Agreement.
WHEREAS settlement of the matters governed by thie
Settlement Agreement is

in the public interest and an appropriate

means of -resolving these matters.
NOW THEREFORE, without the admission of liability or
any adjudication on any issue of fact or law, and upon the
consent and agreement of the parties to this Settlement Agreement
by their attorneys and authorized officials, it
as follows:

6
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in hereby agreed

In

this Settlement Agrement, the folowvins terms shall

hava the follotiing mee-nfngs:
a.

O'Administrative X~ense Claim- has the meaning as

defined in the Second Amended Plan of Rzorganization.
b.

AlPlowed General Unsecured ClaimO shall have the

meaning as defined in the Second Amended Plan of Reorganization.
C.

3Allowed ClaimO shall have the meaning as defined

in the Second Amended Plan of Reorganization.
d.
Act of 1974,

"Atomic Energy Act,
42 U.S.C.

shall mean the Atomic Energy

5 2011 &,t pM,

as noii in effect or

hereinafter amended.
e.

"CERCLAO shall mean the Comprehensive

Environmental Rexponse,
42 U.S.C.

5 9601 _q.

Compensation and Liability Act of 1980,

=., as not, in effect or hereinafter

amended.
f.

"Claims: has the meaning as defined in the Second

Amended Plan of Reorganization.
s.

ODisclosure Statement" shall mean the disclosure

statement filed :y the Debtors with the Bankruptcy Court on May
15,

1996, as may be amended from time to time.
h.

xDO"

shall mean the United States Department of

the Interior and any legal successor thereto.
i.

nEffective Date, shall have the meaning as defined

in the Third Amended Plan of Reorganization.
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j.-

Enviromental Projectse, shE.ll mean those projecte

cc be performed pursuant to the NJ RACO; nrnyvice,

hM•aver, that

nothing in thiz Settleanmt Agree-ent zhall affect any additiona!
obligations of the Deborzs under the NJ ACO.
k.

nEPAx

shall maan the United States Environmental

Protection Agency and any legal succe&sor thereto.
1.

gFederal Proofg of Claim' shall mean all of the

proofs of claim filed by the United Stztes on behalf of the EPA,
DOI and NRC in the Chapter 11 Cases.
M.

nFinal OrderO shall mean any order of the Court as

to Which the time to appeal,

petition for c

q2:ý,, or move for

reargumant or a rehearing hz.s expired and as to which no appeal,
petition for cnrtLorj, or other proceedings for reargument or
rehearing shall then be pending or as to which any right to
appeal, petition for

•rert
i,, reargue or rehear shall have

been waived, in writing in for. and substance satisfactory to the
Debtors.

Additionally, in the event that an appeal, writ of

cgrtiorari, or reargument or rehearing thereof has been sought,
such order of the Court shall have been affirmed by the highest
court to which such order waE appealed, or Seigrari has been
denied or from which reargument or rehearing was sought, and the
time to take any further appeal, petition for g

or move

for reargument or rehearing shall have expired.
n.

OLOC Trust AccountO shall mean that certain Mellon

Bank, N.A. account no. 102-71E maintained by Shieldalloy for the

IiYfMC6.

: 4\34\C
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benefit of the NTJDEP pursuant to the A•dministrative Consent Order
dated October 5,
1992,

1986 as amended in August 1959 and September

which includes

(I)

the cash proceeds derived from the

letter of credit no. 693 issued by National Westminster Bank PLC
for the benefit of NJDEP,

(2)

the letter of credit in

the amount

of $8.0 million issued by Deutsche Bank for the benefit of NJDEP,
or the cash proceeds

(3)

the letter of credit in the amount of

$200,000 issued by Midlantic Bank for the benefit of the NJDEP or
the cash proceeds,

and (4)

all accrued earnings in respect

thereof.
o.

"NJ ACO"

shall mean the Administrative Consent

Order dated October 5, 1988,
September 1992,

entered into by the Debtors and the NJDEP.
PNPLI shall mean the National Priorities List, 40

p.
C.F.R.,

as amended in August 1989 and

Part 300, Appendix B.
q.

"New Jersey'

shall mean the State of New Jersey

and "NJDEPl shall mean the New Jersey Department of Environmental
Protection.
"Plan of ReorganizationO or "Plan0 shall mean any

r.

Plan of Reorganization that has been confirmed or becomes
effective in the Chapter 11 Cases,
to time.

as it

may be amended from time

-

s

.

vPreconfirmation" refers to the period of time

preceding confirmation of the Plan.

MM5.
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t,

"Postconfirmation,' reiers to the period of time on

or after confirration of the Plan.
u.
September 2,
v.

'Prepetition:" refera to the time period prior to
1993.
PPostpetition refers to ths time period from and

after September 2, 1993.
W.
IRCU-.• shall mean the Resource Conservation and
Recovery pct, 42 U.S.C. 5 6901 P
_., as no' in effect or
hereinafter amended.
:x.

"Refund AmountO shall mean the excess, if

when the Revised Predetermined Cost ir

any,

zubtracted from the Posted

Financial Assurance Fund.
y.

"Second Amended Plan of ReorganizationO refers to

the certain joint plan of reorganiz&tion dated Vzy 24,

1996'as

filed by the Debtors with the Bankruptcy Court for the Southern
District of Few York,

as may be amended from time to time.

z.

'Settlement

aa.

=Siteso shall mean the Cambridge and Newfield

Agreement"

zhall mean this Settlement

Agreement.

facilities described above.

bb.
America.

"United Statesu shall mean the United States of

-

cc.

Environmental terms not othervise defined shall

have the same meaning provided by the governing environmental law
at issue.

10
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Bankruptcy terms not oth ;Isie defined shall have

dd.

the same meaning provided by the Bnruptcy Ccdt or in the Seicond
,Aended Plan of Reorganization,

az may be further

eranded.

J=ESDiCT7O00
The Court has jurisdiction over the subject matter

1.

hereof pursuant to 28 U.S.C.
U.S.C.

•5 9607 and 9613(b),

96 157,

1331, and 1334,

and 33 U.S.C.

and 42

S !219.

PARTIES BOUVD; SUOMSSSIOiH AMA SSMBMO
2.

This Settlement Agreement applies, to, is binding

upon, and shall inure to the benefit of New' Jersey, the United
States, the Debtors and, to the extent provided herein, the
Debtors'

legal successors and assigns,

and any trustee, exaxminer

or receiver appointed in the Chapter 11 Cases.
in this Settlement Agreement,

Nothing contained

including without limitation this

paragraph 2, shall be used as evidence that any entity other than
the Debtors is a asuccessora or "assign" of any of the Debtors.
MWIT
3.

L REVEM

SERVICE PREPE=TrzO• CLI--

Subject to the approval of this Court, Metallurg

and the United States agree that the autoatic stay imposed by
Section 362(a)(7) of the Bankruptcy Code shall be modified for
the limited purpose and to the limited extent of permitting the
United States to offset the Tax Refund Amount against the Tax
Amount Due (the 'Setoffn).
4.

As a result of the Setoff, Metallurg's prepetition

federal ta. liabilities shall be satisfied in full.

11
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5. Within~ a zso•-able timi after the entszr
Settlement Agreement,

of thiz

the United Statez shall raeuxd the Net Tax

Refund A==runt plus accrued inta.ast,

if

Eny, to Metallurg (the

3Total Net Tax Refund).
6.

The United Stateo hereby twithdra.a

the• IRS

Prepetition Claim.
9MLOMAVICE OF CLaS
7.

With respect to the treatment of the Federal

Proofs of Claim and the New Jersey Proofs of Claim, under the
Debtors'

Plan of Reor-anization the Debtorm and the United States

and New Jersey agree as follows:
A.

A12ovaence of Federal ClaI-ms
a.

The United States shall have an Allowed

General Unsecured Claim against Shieldalloy in the amount of
$176,192.92 for prepetition response costs incurred by EPA at the

Newfield site;
b.

The United States shall have an Allowed

General Unsecured Claim against Shieldalloy in the amount of
$41,562.35 for prepetition response costs incurred by EPA at the
Cambridge site;
c.

The United States shall have an Allowed

Administrative Claim against Shieldalloy relating to the Newfield
site (i)

in the amount of $191,177.23 for EPA's postpetition

response costs, and (ii)

in the amount of $4,967.00, for DOI's

postpetition natural resource damages assessment costs;

12

d.

The United States shall have an ?llowed

A~dinistrative Claima against Shieldalloy relating to the
Cambridge site (i) in an amount of $10S,040.73 for EPA's
postpetition response costs, and (ii)
for DOI'

in the amount of

pastpatition natural resource damages Fassesment costs;

e.

The NRC shall have an Allowed General

Unsecured Claim against Shieldalloy in the amount of $41,613.63
for prepetition licensing fees owed by Shield••.lloy

in connection

with the Newfield and Cambridge sites.
f.

The NRC's postpetition licensing fees owed by

Shieldalloy in connection with the Newfield and Cambridge sites
shall be paid in the ordinary course of business.
g.

Within six months after substantial

consuimition of the Plan of Reorganization,

or such other time as

the parties may agree, Shieldalloy shall conmnence the
enhancement,

restoration and creation of certain wetlands in and

around the Newfield site as set forth in the attached July 24,
1996 workplan (Exhibit 1).

Shieldalloy shall obtain approval

fr=mDOI for the enhancement project to be performed.
of the enhancement,

Completion

restoration and creation of such wetlands

shall be in full and complete satisfaction of DOI's prepetition
claim for natural resource damages at the Newfield site.

New

Jersey and DOI agree to utilize their best efforts to coordinate
their approvals of the implementation and completion of
enhancement project to be performed under this paragraph.

13
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Such

enhancement shall not be eonsridered

colete

certification that the *nhancement it

h.

absent Do!,'

cmpiete.

Within Ei: montht after the earlier of the

Effective Date or the entnI of a Consent Order for Permanent
injunction to be filed in Ohio State Court, Shieldalloy shall
purchase and cowence enhancement of certain acreage zdjacent to
or near the Cambridge Eite in accordance with the final Consent
Order in the action entitled Stae
Metal...
No.

rcl

,

95-CV-242.

_•_hit

h

Guernsey County Court of Conion Pleas,

Case

Shieldalloy sh-ll obtain approval from DO!

for

the property purchased and the enhancement project to be

performed thereon.

Completion of the enhancement of such acreage

shall be in full and complete satiefaction of DOI's prepetition
claim for natural resource damages at the Cambridge site.

Such

enhancement shall not be considered complete absent DOI's
certification that the enhancement is complete.
E.

AlIlotance of New Jersey Claims
i.

New Jersey shall have an Allowed General

Unsecured Claim against Shieldalloy in the amount of $638,508.20
-for prepetition response costz incurred by NJDEP;
J.

Neu, Jersey shall have an Allowed General

Unsecured Claim against Shieldalloy in the amount of

$1,196,982.84 for prepetition New Spill Fund Authorization;
k.

New Jersey shall have an Allowed

Administrative Claim against Shieldalloy in an amount of not less

14
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than $262,912!2, but not more than $270,242.09,

subject to

Shieldalloye receipt End approval of NDEP Office of klatural
Resources cost documentation for the period from September 9,
1993 to April 12, 1996,

for NJDEP'm postpetition response costs

at the Newfield site;

1.

Within six months after vubstantiai

consumiation of the Plan of Reorganization or Euch other time as
the parties may agree, Shielda3lloy shall commence the
enhancement,

restoration and creation of certain wetlands in and

around the Newfield site as set forth in the attached July 24,;
1996 work-plan (Exhibit 1)..

That wetlands project shall not be

considered complete until the NJDEP Office of Natural Resource
Damage has certified the completion of the project.

In

compensation for the claim for natural resource damages for
interim lost use of groundwater, New Jersey shall have an allowed
.general unsecured claim against Shieldalloy in the amount of
$1,311,000 Shieldailcy estimates that the total recovery on
account of this claim under Class 4F of the Plan will result in a
cash distribution to New Jersey on the Effective Date in the
amount of $275,000.

The completion of these actions shall

constitute full satisfaction of New Jersey's pre-petition claims
for damages to wetlands,

and for interim lost use of groundwater.

15
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8.

pena1 cy Claims

The United States shall have

mn Allowed General

Unsecured Claim against Shieldalloy in the amount of $497,000
in full resolution and etisfaction

(the RCivil Penalty Claim")

of the civil penaly amounto claimed by the United Statew in
Tjn~rPi-

at -e- n-Aerr.ýc
s-y.-i

86-4016,

-fhi!FOda 13. ov Corj..~

District of New Jersey.

Civil

Actijon

The Civil Penalty Claim shall

be entitled to the treatment under the Plan described below in
paragraph 10 of this Settlement Agreement.
E.

A-llow1snce of Ne- Jersey Penalty CMai=i
9.

New Jersey on behalf of NJDEP shall have an

Allowed General Unsecured Claim against Shieldalloy in the amount
of $100,000 in full resolution and satisfaction of penalty
amounts claimed by New Jersey under. the Solid Waste Management
Act, N.J.S.A. 13:E-1 g. M-@q.,
Act, N.J.S.A.

58:10A-I et •.

and the Water Pollution Control
(&t-CAu),

and in the amount of

$38,000 in full resolution and satisfaction of penalty amounts
claimed under the WPCA.

The Penalty Claim shall be entitled to

the treatment under the Plan described below in paragraph 10 of
this Settlement Agreement.
-

10.

TREAMENT OF ALLCWM CLhM

All Allowed General Unsecured Claims under or

pursuant to the terms of this Settlement Agreement shall be
classified as HShieldalloy Environmental Claims" under the Plan,

16
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and in

the evant the Plan is

and the Plan is
shall

consuarmted,

on the Effective Date,

confirmed by the B-akruptcy Court
the holders of Claims in
or as eoon thereafter

that Class

practicable,

receive a cash payment on a pro rata basis equal to the sum of:
i)

50%- of the total value of New Comon Stock

(as stated in the Disclosure Statement) that would have been
distributed under the Plan to the holder of such Allowed General
Unsecured Claim had it been, as of the Effective Date, the holder
of an Allowed Claim in 'Class 4C-SMC Unsecured Claims'2 ae defined
in the Second Amended Plan of Reorganization; and
ii)

66 2/3t of the principal amount of New

Secured Notes that would have been distributed to the holder of
such claim on a pro rate basis had it been, as of the Effective
Date, the holder of an Allowed Claim in "Clase 4C-SMC Unsecured
Claims" as defined in the Second Amended Plan of Reorganization;
and
iii)

the pro rata amount of cash that would have

been distributed to the holder of such Allowed General Unsecured
Claim had it been, as of the Effective Date, the holder of an
Allowed Claim in !Class 4C-SMC Unsecured Claims" as defined in
the Second Amended Plan of Reorganization.
in consideration of the cash payout on account of the
Allowed General Unsecured Claims as described above in this
paragraph,

the United States hereby waives any right to receive

any Conmon Stock, any New Secured Notes, or any payment on
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account of accrued

.ntsrert in

rivpevt of the

•aw Smecurd Notes,

or any other payments made _o holdarz of Allowed Claims under the
Plan whether paid upon consummation of the Plan or anytime
thereafter.

Furtheri excspt as prcvided for in this Agreement,

the United Stater

raives any right to r•ceive any distribution

under the Plan on account of the Federal Proofs of Claim filed
against Metallurg
In consideration of the cash payout on account of the
Allowed General Unsecured Claims as described above in this
paragraph, New Jersey hereby waives any right to receive any
Common Stock, any Net; Secured Notes, or any payment on account of
accrued interest in respect of the New Secured Notes,

or any

other payments made to holders of Alloved Claims Vnether paid
upon consumnation of the Plan or anytime thereafter.
except as provided for in this Agreement,

Further,

New Jersey waives any

right to receive any distribution under the Plan on account of
the New Jersey Proofs of Claim filed against Metallurg.
11.

In no event shall the general unsecured claims

allowed or to be allowed pursuant to this Settlement Agreement be
subordinated to any othef allowed general unsecured claims
pursuant to any provision of the Bankruptcy Code or other
applicable-law that authorizes or provides for subordination of
alloved claims,

including without limitation, Sectiong 105, 510

and 726(a) (4) of the Bankruptcy Code.
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12.

The WTw Jersey Proofs of Claim shall hereby be

deemed amended Lo include all matters addressed in

this

Settlement Agreement but not already included in the reapective
Proofs of Claim.
13.

The Federal Proofs of Claim shall hereby be deemed

amended to include all matters addressed in this Settlement
Agreement but not already included in the respective Proofs of
Claim.
REQUIRDZ

PERFORP

14.

FMWCIAL ASSWRACE WT

A7NC

OF 7h

RESPC

MTO

WORK AT 7M NTFIELD SITM

For purposes of determining financial assurance

only, Shieldalloy and New Jersey and the United States have
identified the Environmental Projects to be performed at the
Newfield site.

Shieldalloy and the United States have agreed

that for purposes of determining financial assurance only, the
dollar amounts assigned to each of the Environmental Projects
(the "Predetermined CostsO) are as follows:

Dollar Estimate
(nmlins)

The Enviromental
Projects

Phase I1 Lagoon Closure
Remediation of Chromium
Hydroxide Sludge
(including removal, filter
press, shipment and disposal)
-

Removal of Liners, Sampling of
Soils, Any Treatment or Removal

of Contaminated Soil and Final
Grading and Seeding of Area
Soil Remediation
Capital Costs
Operation and Maintenance Costs
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2.

2.3
1.8
.5

Sediment RemediaLion

Sediment Capital Costs
Operation and Maintenance Coste
Groundwater Remediation
Future Oversight Costs
NRC Slag Pile Remediation
Wetlands Restoration
Building Decontamination
Stormwater Control

15.

The total coot,

1.2
.4
1.4
.7
5.0
.514
.3
.2

for financial asourance purposes

only, of completing the Environmental Projects (the "Total
Predetermined Cost") is $25,614,000.
16.

Shieldalloy agrees to provide,

create or make

available the following fund as financial assurance for the
benefit of the United States and New Jersey with respect to the
Environmental Projects required to be performed at the Newfield
site:
A.

At or prior to the Effective Date,

Shieldalloy shall establish a cash reserve, letter of credit, or
a combination thereof, in the amount of $4.25 million dollars for
the benefit of the United Statet and New Jersey.
B.

Within five business days of Metallury's

receipt of the Total Net Tax Refund Amount as provided in
paragraph S above or the Effective Date of the Plan, whichever is
later, Shieldalloy shall (M) deposit cash into a trust account
for the benefit of the United States and New Jersey in an amount
equal to the Total Net Tax Refund Amount, or (ii)

purchase a

letter of credit for the benefit of the United States and New
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Jersey in au amount equal to the Total Net T.ax Refund Amount.
Tha Total Net Tan Refund Ridount shall be abave and beyond the
ea-25 million that Shieldalley shall provide pursuant to
paragraph 16A above.
C.

The e:xisting letter of credit previously

posted for the benefit of the MC in connection with the Newfield
site in the amount of $750,000 shall be dratn down by the KRC and
the proceeds shall be deposited into a separate truot account for
the benefit of DRC; pxgv_
option it

d,

, that at Shieldalloy's

ha

may obtain a new letter of credit for the benefit of

the NRC in the amount of $750,000 in return for the proceeds of
the prior letter of credit (the "IRC Financial Assurance Fundw).
D.

The financial assurance posted by Shieldalloy

pursuant to paragraphs !6A-16C above,

including any accrued

earnings thereon, shall constitute the OJoint Financial Assurance
Fund.
17.

Shieldalloy previously established three letters

of credit for the benefit of the State of New Jersey to secure
the cleanup of the Newfield site:
1.

Letter of Credit No.

693 issued by National

Westminster Bank PLC (which has been drawn down
-

upon and the proceeds reside in Mellon Bank Trust
Account No.

2.

102-71K};

Letter of Credit No.
Bank; and
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039-51177 issued by Deutsche

3.

Letter of Credit No.

70117S issued by Mdlrntic

Banlc in tha amount of $200,000.

Neither theoe lettarz of credit nor the proceeds
derived from these letters of credit or the eccrued earnings
thereof are assets of the Debtors'

eotates.

These letera of

credit and the proceeda and accrued earxingx derived from the
letters of credit shall not be subject to the continuing
jurisdiction of the Court pursu=nt to this Settlement Agreement
but are referred to herein only to describe the parties'
agreement with respect to the Joint Financial Amsurance Fund.
Nothing in this paragraph shall affect the dispute resolution
procedures set forth in paragraph- 28-36, including the
Bankruptcy Court's jurisdiction, pursuant to paragraph 34,

to

adjudicate any dispute between EPA and the Debtorm av to whether
a refund is to be made from the LOC Trust Account.

These letters

of credit and the proceeds and accrued earnings derived therefrom
are referred to herein as the LOC Trust Account.
18.

At any time after the Effective Date, Shieldalloy

may request written confirmation from the United States and New
Jersey that any of the Environmental Projects identified in
paragraph 14 of this Settlement Agreement has been completed, and
demand the-appropriate Refund Amount in accordance with paragraph
19 below.

Such request by Shieldalloy shall be accompanied by

documentation supporting its claim that the Environmental Project
has been completed.

Within sixty (60)
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days of Shieldalloy's

request and dam:zd, EPA
Jand
New Jesey and DOI (ax to wetlands
remediation only) shall each either (i) co~fizm in wriring,
comp_!etion of the project and approve the Refund Amount,

or (ii)

other-ise notify Shieldalloy in writing of their respective
positions with respect te the cepletion of such project and the
Refund A-ount.

It the position of the United States or Few

Jersey, in cheir discretion, iE that such project has not been
completed,

then that party shall specify in itz response the

reasons why it believez the project hao not baen completed and
set forth the remaining Work to be done.

EPAA and Few Jersey and

DOI (as to wetlands remediarion only) agree to

rp.loy their best

efforts to coordinate their respective reviews of Shieldalloy's
request and demand and expedite their respective responses.

If

the position of the United States is that an Environmental
Project has not been completed, then the dispute resolution
procedures set forth in paragraphs 26-36 below shall apply.
19.

In the event that the United States and Nev Jersey

both confirm in writing that an Environmental Project described
in paragraph 14 above has been completed, the Predetermined Cost
for that project (tcgether with the Predetermined Costs for all
other completed projects) shall be deducted from the Total
Predetermined Cost so as to arrive at a revised Total
Predetermined Cost (the "Revised Predetermined Cost") for the
remaining Environmental Projects.

If

the Revised Predetermined

Cost is less than the sum of the Joint Financial Assurance Fund
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and the LOC Trust Accout (the

um of the Joint Financial

Amsurance Fund and the LOC Truat Account ehall hereinafter be
referred to as thz WPoted Financial Assurance Pond"), then the
United States and New Jersey shall caue• the excess amount, the
'Refund Aount," to be rMfunded to Shieldziloy in a timely manner
such that the Posted Financial Mssurance Fund equale the Revised
Predetermined Cost.

To the extent such refund requires that

letters of credit constituting part of the Posted Financial
Assurance Fund be reduced, the United States and New Jersey
hereby agree to the replacement or reduction of the posted
letters of credit in accordance with paragraphs 20-22 with
letters of credit in a form and from an inetitution reasonably
acceptable to New Jersey and the United States and in compliance
with applicable regulations.
Thus, for example, if

the Total Predetermined Cost is

$25.614 million, the Posted Financial Assurance Fund is $22.614
million, and the United States and New Jersey certify that
Shieldalloy completed the Phase 1I Lagoon Closure project (which
has been assigned a dollar value of $5.6 million for financial
assurance purposes only),

then the Total Predetermined Cost would

be reduced by $5.6 million to arrive at a Revised Predetermined
Cost of $Q0.014 million ($25,614,000 - $5,600,000

$20,014,000).

Because the Posted Financial Assurance Fund would then exceed the
Revised Predetermined Cost by $2.6 million ($22,614,000 $20,014,000 m $2,600,000),

the United States and New Jersey would
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be required to either (W) allow $2.E million to be refunded to
Shieldalloy in a timely mganner, or (ii)

allov the letters of

credit which conetitute part of the Posted Fintancial Assurance
Fund, other than the letter of credit listed in paragraph i-C, to
be reduced or replaced in a total amount of $2.6 million such
that the Posted Financial Assurance Fund equaled the Revised
Predetermined Cost.
20.

Except as provided in paragraph 21 below, refunds

of the Refund Amount pursuant to paragraph 19 above upon the
completion of any of the Environmental Projects shall be made
first from the proceeds of the LOC Trust Account.

In the event

that the LOC Trust Account does not have sufficient funds to
refund the Refund Amount,

the United States and New Jersey shall

cause the remainder of the refund to be made from the Joint
Financial Assurance Fund first from those items set forth in
paragraph 16A and 16B (as elected by Shieldalloy) and then,
subject to paragraph 22 below, from the NRC Financial Assurance
Fund listed in paragraph 16C.
21.

Refunds of the refund amount pursuant to paragraph

19 above upon the completion of the NRC Slag Piles Remediation
Project shall be made first from the Joint Financial'Assurance
Fund in the order that the accounts are listed in paragraph 16,
provided, however, that no refund shall be made out of the NRC
Financial Assurance Fund posted pursuant to paragraph 16C unless
the NRC, New Jersey, and the United States certify in~writing
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that the DTRC Slag Piles Environmental. Project has been completed.
In the event that the Joint Financial Asuranca Fund does not
have sufficient funds to refund the refund Amount up6n completion
of the NRC Slag Piles Remediation Project, New Jersey shall cause
the remainder of the refund to be made from the LOC Trust
Account; provided all the Environmental Projectt listed in
paragraph 14 above are completed, or, if

they have not been

completed, New Jersey in its discretion agreem to the refund from
the LOC Trust Account.
22.
Agreement,

Notwithstanding any provision in this Settlement

absent the express written consent of the HAC,

the ITRC

Financial Assurance Fund posted for the benefit of the NRC in
connection with paragraph 16C above may only be reduced or
replaced in the event that (i) the NRC, New Jersey, and the
United States certify in uriting that the NRC Slag Piles
Environmental Project has been completed, and (ii)

the other

conditions set forth in paragraphs 19 and 20 above have been
satisfied.

23.

To the extent that New Jersey incurs oversight

costs recoverable under New Jersey or federal law, or EPA incurs
oversight costs not inconsistent with the National Contingency
Plan in respect of any Environmental Project,

the Debtors shall

reimburse the EPA and New Jersey for such costs.

To the extent

that DOI incurs oversight, assessment, or restoration planning
costs, the Debtors shall reimburse DOI for such costs.
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On each

occasion that

the Debtors reimburse

(i)

Neu Jersey or EPA for

oversight costs incurred in respect of any wrki,
oversight, assessment,

or (ii)

DOI for

or restoration pla-nning costs, the dollar

value assigned to future oversight costa for financial assurance
purposes only in paragraph 14 shmll be reduced dollar for dollar
for the -amounts reimbursed (up to a total collective maimum of
$700,000)

so as to arrive at a Revised Predetermined Cost.

In

the event that the Revised Predetermined Cost ic less than the
Posted Financial Assurance Fund, then the United States and New
Jersey shall cause the excess amount (the "Refund Amounto) to be
refunded in accordance with paragraphs 19 through 21 above.
24.

At any time Shieldalloy may replace any cash

deposits in the LOC Trust Account with a letter of credit in the
equivalent dollar amount for the benefit of New Jersey.

At any

time Shieldalloy may replace any cash deposits in any of the
accounts comprising the Joint Financial Assurance Fund -- with

the exception of the letter of credit described in paragraph 16C
-- with a letter of credit in the equivalent dollar amount for

the benefit of New Jersey and the United States.

Any letter of

credit provided pursuant to this paragraph for the benefit of New
Jersey or the United States shall be in a form and from an
institution reasonably acceptable to New Jersey and/or the United
States, and shall comply with applicable regulations.
shall not be permitted to draw down on, replace,
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Debtors

reduce, or

withdraw =nies from the Poeted Financial ;surance Fund axczpt
as speci•ically authorized in this Settlmenmt Agreement.
25.

Shialdriloy shall forego ita right of

reimbursement for what

mws ]=own as the Phase 1 Lagoon Closure,

which has already been completed.
26.

In the event that a decoataieioning plan relating

to the Ne,.sfield site is approved by the NRC and the BTC requires
Shieldalloy to provide additional or separate financial assurance
for the NRC Slag Piles Remediation Project which is
paragraph 14 of this Settlement Agreement,

identified in

then for purposes of

calculating the Refund Amount ag described in paragraph 1I

above,

the Posted Financial Assurance Fund will be increased by the
additional financial assurance actually purchased or acquired by
Shieldalloy pursuant to any deccomissioning plan up to a maximum
of an additional $4.25 million.

In addition, the U.S and New

Jersey agree that any additional financial assurance required by
the NRC may, at Shieldalloy's option, reduce the Joint Financial
Assurance Fund required pursuant to Section 16A and 16B (up to an
aggregate of $4.25 million),

and the U.S. and New Jersey agree to

release or refund an amount equal to such financial assurance
provided for the benefit of the NRC, to the extent funds are
available,-at the time such additional financial assurance is
provided to the NRC.
27.

Nothing in this Settlement Agreement is intended

to preclude any decision by the NJDEP or EPA or DOI (as to
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wetlands renediation only) to reduce or change the form of
financial assurance for the Newfield eite under applicable New
Jersey or federal tinancial assurance regulations or guidelines,
subject to the agreement of MJDEP and EPA.
27A.

Notwithstanding the foregoing, if, on a semiannual

basis, the Total Predetermined Cost is less than the Posted
Financial Assurance Fund by reason of the accrual of earnings on
such fund or otherwise,

a Refund shall be made to Shieldalloy as

set forth in paragraphs 20,

21, and 22 of this Agreement.

Earnings on the Joint Financial Assurance Fund and the LOC Trust

Account that are refundable shall begin to accrue as of the date
of substantial consummation of the Plan.

Until that date,

accrued earnings shall remain a part of the Joint Financial
Assurance Fund and the LOC Trust Account.
DISPUTE RESOLUTION

28.

Unless otherwise expressly provided for in this

Settlement Agreement,

the dispute resolution procedures provided

in paragraphs 28-36 herein shall be the exclusive mechanism to
resolve disputesoarizing between the Debtors and the EPA under.or
with respect to this Settlement Agreement.

However, the

procedures set forth in paragraphs 28;36 shall not apply to
actions by-EPA to enforce obligations of the Debtors that have
not been disputed in accordance with paragraphs 28-36.
29.

Any dispute which arises between the Debtors and

the EPA under or with respect to this Settlement Agreement shall
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in the first instance be the subject of infornal negotiations
between the parties to the dispute.

The period for informal

negotiations shall not eceed twenty (20) days from the tim= the
dispute arises, unless it is modified by written agreement of the
parties to the dispute.

The dispute shall be considered to have

arisen when one party sends the other party a written Notice of
Dispute.
30.

In the event that the parties cannot resolve a

dispute by infornal negotiations under paragraph 29,

then the

position advanced by the ZPA shall be considered binding unless,
within fifteen (15)

days after the conclusion of the inforval

negotiation period, the Debtors invoke the formal dispute
resolution procedures by serving EPA with a written Statement of
Position on the matter in dispute, including, but not limited to,
any factual data, analysis or opinion supporting that position
and any supporting documentation relied upon by the Debtors.
31.

Within fifteen (15) days after receipt of the

Debtors Statement of Position, EPA will serve on the Debtors its
Statement of Position, including, but not limited to, any factual
data, analysis, or opinion supporting EPA's position and all
supporting documentation relied upon by EPA.

Within ten (10)

days after zeceipt of EPA's Statement of Position, the Debtors
may submit a Reply.
32.

EPA shall maintain an administrative record of the

dispute which shall contain all Statements of Position, any
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Reply,

and thz Supporting docuxnntation Eubmitted by both

Where appropriate.

partiee.

E

may allow

ilnbmission of

supplemental Statemente of Poxition by the parties to the
dispute.
33.

The Director of the Emergency and Remedial

Response Division, EPA Region 2, will issue a final
administrative decision (the QFinal Decision") resolving the
dispute based on the administrative record described in paragraph
32.

The Final Decision shall be binding upon the Debtors,

subject only to the Debtors'

right to seek judicial review

pursuant to paragraph 34 below.
34.

The Final Decision shall be reviewable by the

United States Bankruptcy Court for the Southern District of New
York, provided, however, that the Debtors must file a motion
requesting judicial review of the decision with the Bankruptcy
Court and serve it

on all parties within fifteen (15) dmys of

receipt of the Final Decision.

The motion shall include a

description of the matter in dispute, the efforts made by the
parties to resolve it,

the relief requested, and the schedule, if

any, within which the dispute must be resolved to ensure orderly
implementation of this Settlement Agreement.

In proceedings on

any dispute governed by this paragraph, the Debtors shall have
the burden of demonstrating that the Final Decision is arbitrary,
capricious or otherwise not in accordance with law.
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Judicial

zevie, of the Final Decision

1hall be based on the ainirative

record.
35.

Thio Settlement Agreement ahsll not add to or

subtract from the right of the Debtorz to dispute the validity of
the prm-isions of the RODs issued in connection trith the Sites.
36.

The invocation of the formal dispute resolution

procedures under paragraphs 28-34 of this Settlement Agreement
shall not extend, postpone or affect in any vay any obligation of
the Debtors under this Settlement Agreement that is not directly
in dispute2 unless EPA or the Bankruptcy Court provides
otherwise.
36A.

Any dispute between Debtors and New Jersey

concerning issues regarding the LOC Trust Fund, whether any
Environmental Project is complete, and whether a refund is to be
made from the Joint Financial Assurance Fund or the LOC Trust
Fund, shall be resolved as provided in the NJ ACO.

The dispute

resolution procedures set forth in paragraphs 28-34 of this
Settlement Agreement and any resolution of a dispute thereunder
shall not be binding on New Jersey.

Nothing in this paragraph

shall affect the dispute resolution procedures set forth in
paragraphE 28-36, including the Bankruptcy Court's jurisdiction,
pursuant to paragraph 34, to adjudicate any dispute between EPA
and the Debtors as to whether a refund is to be made from the LOC
Trust Account.
PROVISIONS M TEE EVT OF A DEFAU-LT
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37.

"he Joint Financial Assurance Find shall be

subject to draw down and/or withdraval by New Jersey or the
United States to be used for the purpose of remediating &nd
restoring the Newfield site in the event that New Jersey or the
United States certifies in writing that Shieldalloy has failed to
perform its obligations under the NJ ACO, an NRC-approved
decommissioning plan for the Newfield site, and/or any other
judicial or administrative order then in effect with respect to
the re-mediation or restoration of the Newfield site, provided,
however, that the proceeds of the account listed in Paragraph 16C
above shall not be subject to draw do---

or withdraw-al without the

express written consent of the NRC.
COVENANT NOT TO SUE AND RESERVATION OF
RIGHTS; BANERUPTCY DISCHARGE
38.

Except for those claims specifically settled

pursuant to paragraphs 7, 8 and 9 of this Settlement Agreement,
Shieldalloy's environmental liabilities at the Newfield site,
including its liability to the United States and New Jersey,
shall be excepted from discharge and shall pass through
Shieldalloy's Chapter 11 case unaffected.

The Plan of

Confirmation or the Order confirming the Plan shall contain a
provision identical to this paragraph 38.

The parties agree that

the post-confirmation date response costs claims of the United
States and New Jersey against Shieldalloy are not being settled
under this Settlement Agreement.
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39.

2xcept for those claims

pursuant to this Settlement Agreement,

pecif ic&liy settled
Shieldalloy's

environmental liabilities at the Cambridge site, to the United
States, shall be excepted from discharge and shall pasz through
Shieldalloy's Chapter 11 case unaffected.

The Plan of

Reorganization or the Order confirming the Plan ohall contain a
provision identical to this paragraph 39.
40.

it is agreed and understood that the Przdetermined

Costs as identified in paragraph 14 of this Settlement Agreement
in no way constitute a cap or linmtation on Shieldalloy's
continuing obligations to comply with state and federal
environmental laws or with the NJ ACO.
41.

Except as specifically provided in paragraphs 7(g)

and 7(1) of-this Settlement Agreement,

the United Statss and New

Jersey reserves all rights they may have against the Debtors
under existing law or the law as it may be amended, to compel the
Debtors to cleanup and/or remediate any hazardous substances and
pollutants known or subsequently discovered at the Newfield site,
and/or recover the United States'

or New Jersey's response costs,

oversight costs and natural resource damages,
therewith; V,

h,

if

any, associated

that nothing contained in this

Settlement-Agreement shall broaden or limit the discharge granted
to Metallurg pursuant to section 1141(d) of the Bankruptcy Code.
42.

Except as specifically provided in paragraph 7(h)

of this Settlement Agreement, the United States reserves all
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rights they may have against the Debtors under existing law or
the law ae it may be anended,

to compel the Debtors to cleanup

,nd/or remediate any hazardoue substances kno= or subsequently
discovered at the Cambridge site, and/or recover the United
States? response costs, oversight costz, or natural resource
demages assessment coste, if

any, associated therewith; nrM.•.,d

, that nothing contained in this Settlement Agreement

h

shall broaden or limit the discharge granted to Metallurg
pursuant to section 1141(d) of the Bankruptcy Code.
43.

Except as otherwise provided for herein, the teinms

of this Settlement Agreement do not constitute a release of
Shieldalloy or any prior or subsequent owner or operator of the
Newfield or Cambridge sites from any other liability under any
state or federal environmental law, decree, or order, for the
assessment,

cleanup,

remediation,

correction, restoration or

other response to any condition at the Newfield or Cambridge
sites that exists now,

will exist in the future, or was created

before Shieldalloy took ownership of the Newfield or Cambridge
sites.

Nothing in this Settlement Agreement shall release

Shieldalloy or a subsequent owner or operator of the Newfield or
Cambridge sites from complying with applicable state and federal
environmental laws.
44.

Shieldalloy agrees that all response or natural

resource damages assessment costs claims incurred or to be
incurred postconfirmarion by the.United States in connection with
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the Newfield -nd Cambridge sites shall be entitled to
administrative priority in a subsequent Chapter 7 or ii
baniruptcy case of Shieldalloy.
45.

Shieldalloy agrees that all response costs claims

incurred or to be incurred postconfirmation by New Jersey in
connection with the Newfield site shall be entitled to
administrative priority in a subsequent Chapter 7 or 11
bankruptcy case of Shieldalloy.
46.

The Joint Financial Assurance Fund shall-be held

in trust for the benefit of the United States and New Jersey, and
the LOC Trust Account shall be held in trust for the benefit of
the NJDEP and both accounts Ehall be excepted from the Debtors'
bankruptcy estate or in any subsequent bankruptcy case, except to
the extent the Debtors are entitled to any refunds therefrom
pursuant to paragraphs 18 and 19 above.

In the event of a

subsequent bankruptcy, any dispute as to whether a refund is due
is to be determined between EPA and the Debtors pursuant to the
dispute resolution provisions herein, and between New Jersey and
the Debtors pursuant to the NJ ACO.

In the event the Debtors

file a subsequent bankruptcy case, the Joint Financial Assurance
Fund shall be subject to draw down and/or withdrawal by New
Jersey or the United States and the LOC Trust Account shall be
subject to draw do,=n and/or withdrawal by New Jersey to be used
for the purpose of remediating and restoring the Newfield site,
provided, however,

that the proceeds of the account listed in

36
UY .S:4\6314\O\OOO3\OVC5!J22hL .22J

Paragraph 1WC above shall not be subject to draw down or
withdrawal without the express written consent of the NRC,

It is

agreed and understood that the Joint Financial Asgurance Fund and
the LOC Trust Account are held in trust exclusively for the
purpose of remediation and restoration of the Newfield site.
47,

In the event that this Settlement Agreement is

approved by the Bankruptcy Court and the Plan of Reorganization
is confirmed and consummated,

the United States and New Jersey

will not object to Metallurg being granted a discharge pursuant
to section 1141(d) of the Bankruptcy Code.

Nothing in this

Settlement Agreement shall broaden or limit the mcopi of that
discharge.
48.

Nothing in this Settlement Agreement shall

constitute a limitation on Shieldalloy's obligation to comply
with the complete terms of the NJ ACO or any other existing or
future state or federal administrative or court order or decree
relating to the Newfield site.
49.

The Debtors'

and the United States'

entry into

this Settlement Agreement is conditioned on the entry of a final
Consent Order in the.action entitled Statie o& Ohig v. Shieldal1oy
Metallurgical Co.,

Guernsey County Court of Common Pleas, Case

No. 95-CV-242.
50.

Nothing in this Settlement Agreement shall be

construed to affect the NRC's regulatory authority over the
Newfield site or the Cambridge site, including, but not limited
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to, the

C'aauthority relating to the decommissioning of the

Sites, and the

RVCS authority to require Shialdalloy to post

separate financial aosurance.,
forth in

above and beyond the amounts set,

this Settlement Agreement.

51.

Debtors agree not to ass•r• any claims or causes

of action against the New Jersey Spill Conmensation Fund,
against the United States,

or its contractoro or

respect to Propetition and Postpetition Claims,

or

,employees; with
including but not

limited to:
i)

any direct or indirect claim for reimbursement

from the EPA Hazardous Substance Superfund established by 26
U.S.C. 5 9507, based on sections 106(b)(2),
of CERCLA,

42 U.S.C. 55 9606(b) (2),

9607,

107, 111, 112,
9611,

9612,

or 113

or 9613,

or

any other provision of law; and
ii)

any claims arising out of the response or natural

resource.damages assessment actions at the Sites for which the
United States' Prepetition and Postpetition claims were incurred.
52.

Nothing in this Settlement Agreement shall be

deemed to constitute approval or preauthorization of a claim
within the meaning of Section III of CERCLA,

42 U.S.C. 5 9611,

40 C.F.R. 300.700(d).
33.

In any subsequent administrative or judicial

proceeding initiated by NeMw Jersey, the United States or any
agency of the United States, for injunctive relief, recovery of
response or natural resource damages assessment costs,
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or other

or

appropriate relief relating to the Site6, Debtors ahall not
assert, and may not mzaintain, any defense or claim based upon the
principles of t-aiver, r

"•!d,_a,&collateral estoppe!,

issue

preclusion, claim splitting, or other defenses based upon any
contention that the claims raised in the subsequent proceeding
were or should have been brought in the instant case; provided,
however,

that nothing in this paragraph:

(i)

affects the

settlement of the Prepetition and Postpetition Claims
specifically settled pursuant to paragraph 7 of this Settlement
Agreement; and (ii) affects Metallurg's right to raise the
discharge granted to it pursuant to section 1141(d) of the
Bankruptcy Code as a defense in any subsequent proceeding before
an agency or court of competent Jurisdiction.
PA.YIMf
54.

MDE PURSUV2RT TO TEIS AAn1i('

Payments to be made under this Settlement

Agreement on account of EPA's and DOI's response and natural
resource damages assessment cost claims pursuant to paragraph 7
and the Civil Penalty Claim pursuant to paragraph 6 shall be made
by check made payable to the "United States of America" and sent
to:

Chief, Environmental Protection Unit
United States Attorney's Office
Southern District of New York
100 Church Street, 19th floor
New York, New York 10007
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At the tize of any payment of En'A-

rasponse cozt

claims relating to the New:tield site purue.nt to paragraph 7,
Shieldalloy shall sand notice that such payment has been made to:
U.S. EPA Region II
Emergency and Remedial Response Division
New Jersey Remediation Branch
Southern New Jersey Rfeediation Section
Attn: Shieldalloy Superfund Site Remedial Project
Manager
U.S. EPA Region 17
Office of Regional Counsel
Nev Jersey Superfund Branch
New Jersey Superfund Section
Attn: Shieldalloy Superfund Site Attorney
At the time of any payment ol EPA's response coct
clai=m

relating to the Cambridge oite pursuant to paragraph 7,

Shieldalloy shall send notice that such payment has been made to:
U.S. EPA Region V
77 West Jackson Boulevard
Chicago, Illinois' 60604-3507
Attn: Shieldalloy Superfund Site Attorney
At the time of any payment of DOX's claims pursuant to
paragraph 7, Shieldalloy shall send notice that such payment has
been made to:
Ms. Teresa Tancre

Fish and Wildlife Service

Division of Finance
4401 N. Fairfax Drive, Suite 380
Arlington, VA 22203
55.

Payments of the NRC's licensing fees claims

pursuant to paragraph 7 shall be made by check payable to the
"Nuclear Regulatory CommissionO and sent to :
Ms. Diane B. Dandois
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U.S. Nuclear Regulatory Commission
OfMice of the Controller
2 White Flint North
1154S Rockville Pike
Rockville, MD 20052
S6.

Payments to be made under this Settlament

Agreement on account of EPA's oversight costs pursuant to
paragraph 23, shall be made by check made payable to "EPA
Hazardous Substance Superfund.0

Each check shall reference the

name and address of the party making payment,

the Site name,

the

docket number for this action, and the United States Attorney's

Office Case Number and shall be sent to:
EPA - Region I1
Attn: Superfund Accounting
P.O. Box 360188M
Pittsburgh, PA
At the time of such payment,

Shieldalloy shall send

notice that such payment has been made to:
U.S. EPA Region II
Emergency and Remedial Response Division
New Jersey Remediation Branch

Southern New Jersey Remediation Section
Attn: Shieldalloy Superfund Site Remedial Project
Manager
U.S. EPA Region 11
Office of Regional Counsel
New Jersey Superfund Branch
New Jersey Superfund Section

Attn:
S7.

Shieldalloy Superfund Site Attorney

Payments to be made under this Settlement

Agreement on account of DOI's oversight, assessment, or
restoration planning costs pursuant to paragraph 23,

shall be

made by check made payable to "Department of the Interior.0
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Each

check shall refsrence the name and address of the party
pa-yuent,

the Site nmae and location,

icg

fund account number 14t519ag

the docket nuiaber for thie action, and shall be sent to:
Fish -and Wildlife Service
Division of Finance
4401 North Fairfac Drive
Room 380
Arlington, VA 22203
58.

Payments to be made under thip Settlement

Agreement on account of New Jersey's
a.

Prepetition response cos

claims pursuant to

paragraph 71,
b.

Prepetition Spill Fund Authorization claim
pursuant to paragraph 7J,

c.

Administrative claim pursuant to paragraph 7k
for costs poEtpetition in the arount of
,245,825.88,

d.

and

Penalty assessments pursuant to paragraph 9,

shall be made by

rq

each made payable to the

kTreasurer, State of New Jersey0 and sent to:
NJDEP, Bureau of Revenue
CN 417
Trenton, NY 08625-0417
Payments to be made under this Settlement Agreement on
account of-New Jersey's
a.

Administrative claim pursuant to paragraph 7k, in
the amount of not less than $17,086.24 but not
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mora than $2t416l.83. as oet forthý in pra graph 7k~,
and
b.

Natural resource danage claim for ground water
pursuant to paragraph 71,

shall be made by

pý ýAat± nck,

payable to the oTre-aurer,

Stare

of Haw Jerseyw End sent to:
Martin McHugh, Chief
NJDEP, Office of Natural Resource Damages
CN 404
Trenton, NJ 08625-041?
PMIhTION OF RECORDS

59.

Until 10 years after the effective date of this

Settlement Agreement, Debtors ohall preserve and retain all
records and documents now in their possession, custody or
control, or which come into their possession, custody or control,
that relate in any manner to response actions taken at the Sites.
or to the liability of any person for. response actions conducted
and to be conducted at the Sites, regardless of any corporate
retention policy to the contrany.

This shall not supersede the

document retention requirements in the NJ ACO, and such
requirements shall remain in effect.
60.

After the conclusion of the document retention

period in the preceding paragraph, Debtors shall notify the
United States and the State of New Jersey at least 90 days prior
to the destruction of any such records or documents, and, upon
request by the United States or the State of New Jersey, Debtors
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shall delive= zny

uCuh records or documents to the United StateE

or the State of New Jerzey.
documents, records,

Debtors m-y assert that certain

or other inforztieon are privileged under the

attorney-client privilege or any other privilege recognized by
federal or state law.

If Debtors assert such 4 privilege, they

shall provide the United Stater and Net Jerzey with the
folloving: 1) the title of the document,
2)

record, or infox-mation;

the date of the document, record, or information; 3) the name

and title of the author of the document, record, or information;
4) the name and title of each addressee and recipient; 5) a
description of the subject matter of the document, record or
information; and 6) the privilege asserted.

If a claim of

privilege applies only to a portion of a document, the document
shall be provided to the United States and the State of New
Jersey in redacted form to mask only the privileged information.
Debtors shall retain all records and documents that they claim to
be privileged until the United States and the State of New Jersey
have had a reasonable opportunity to dispute the privilege claim.
61.

By ýigning this Settlement Agreement, Shieldalloy

and Metallurg each certifies individually that, to the best of
its knowledge and belief, it has fully complied in all material
respects with any and all requests from the United States and New
Jersey for information regarding the Sites.
NOTICES AND SUBMSSIONS
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'2.
Agreement,

Whenever, under the terms of this Settlement

written notice is required to be given, or a report or

other document is required to be sent by one party to another, it
shall be directed to the individuals at the addresses specified
below via U.S.

certified mmil,

return receipt requested, unless

those individuals or their successorz give notice of a change of
address to the other parties in writing.

All notices and

submissions shall be considered effective upon receipt, unless
otherwise provided.

Except av otherwise provided in this

Settlement Agreement,

written notice as specified herein shall

constitute complete satisfaction of any written notice
recruirement in the Settlement Agreement with respect to the
United States, EPA, DOX,

New Jersey, NJDEP, and the Debtors,

respectively.
a.

As t-

the Stae .f

New Jerser

:

Donna Gaffigan, Case Manager
NJDEP, Bureau of Federal Case Management
CN 028
Trenton, NJ 08625-0028
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Chief

martin McHugh,

NJDEP, Office of Natural Rezource D~aw
CN 404
Trenton, NJ 08625-0417

Kenneth W. Elwell, Deputy Attorney General
25 Market Street
Justice Complex
CN 093
Trenton, NJ 08625-0093
b.

ZA to the t~nitad hate

of-Aemrs

The United States EPA
Office of Regional Counsel

290 Broadway
New York, New York 10007
Attn: Shieldalloy-Site Attorney
The United States EPA
Office of Regional Counsel
Emergency and Remedial Response
Division
290 Broadway
New York, New York 10007
Attn: Remedial Project Manager
United States Department of the Interior.
Division of Conservation and Wildlife

1849 "C" Street, NW
Washington, D.C. 20240
Attn: Shieldalloy Attorney

United States Attorney's Office
Southern District of New York
100 Church Street
New York, New York 10007
Attn: Chief, Environmental Protection Unit
c.

Am to the Debtors:
Shieldalloy Metallurgical Corporation
P.O. Box 768
12 West Boulevard
Newfield, NJ 08344
Attn: Environmental Manager
Weil, Gotshal & Manges LLP
1615 L Street, N.W. Suite 700
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Washington, DC 20036

Attn:

63

David Bers, Esq.

The United Stateo agrees that notice of this

Settlement Agreement shall be e.=peditiously published in the
Federal Register in acecordance with CERCLA oection 122 (1), 42
U.S.C. 3 922 (i),

and that public conments, if

any, will be taken

and considered during the required 45 day notice and comment
period.

The United States reserves the right to withdraw or

withhold its consent to the Settlement Agreement if

the public

conments disclose facts or considerations which indicate that the
Settlement Agreement is inappropriate,
64.

improper or inadequate.

The Debtors shall request that this Settlement

Agreement be approved by the Bankruptcy Court pursuant to the
order confirming the Debtorv'
65.

Plan of Reorganization.

If for any reason (i)

the Court by Final Order

should decline to approve this Settlement Agreement,

(ii)

the

Settlement Agreement is withdrawn by the United States as
provided in paragraph 63,

(1ii)

the Settlement Agreement is not

approved by a Final Order, or (iv)

the Chapter 11 Cases are

dismissed or converted to cases under Chapter 7 of the Bankruptcy
Code before the effective date of a Plan of Reorganization:

(a)

this Settlement Agreement shall be null and void and the parties
shall not be bound hereunder or under any documents executed in
connection herewith;

(b) the parties shall have no liability to
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one another arising out of or in
or under sany documentu

Agraement

connection with thio Settlemant
eyxecuted in

connection heeith;

(c) the Federal Proofz of Claim shall not be deemed to be
discharged and the Debtore may, unleze the Chapter 1j Cases Par
dismissed or converted to cases under Chapter 7 of tha Bankruptcy
Code, file objections and/or file a motion for estixtion of zuch
claims (which the United States way oppose);

(d) the New Jersey

Proofs of Claim shall not be deemed to be discharged and the
Debtors may, unless the Chapter 11 Cases are dismissed or
converted to cases under Chapter 7 of the Bankruptcy Code, file
objections and/or file a motion for estimation of such claims
(which Newy Jersey may oppose);

(e) this Settlement Agreement and

any documents prepared in connection herewith shall have no
residual or probative effect or value, and it shall be ao if
had never been executed; and (f) thia Settlement Agreement,
statements made in connection with settlement discussions,

they
any

and

any documents prepared in connection herewith may not be used as
evidence in any litigation between the parties.
66.

The Debtors shall not propose any Plan of

Reorganization or take any other action in the Chapter 11 Cases
that is inconsistent with the terms and provisions of this
Settlement-Agreement.

The United States and New Jersey reserve

all of their rights to object to any Plan of Reorganization filed
by the Debtors,

except that the United States and New Jersey

agree that they will not object to any provisions in the Plan of
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Reorganization that are consistent with this Settleient
Agreement.

67.

7his Settlement Agreement and any other documenta

to be executed in connection hrerwith conztitutez the sole and
complete agreement of the parties hereto with respect to the
matters addressed herein, and supersedes any prior understandings
or oral or wrzitten agreements concerning the subject matters of
this Settlement Agreement.
it

Except av otherwise provided herein;

is understood and agreed that this Settlement Agreement does

not supersede the IJ ACO.

This Settlement Agreement may not be

amended except by a writing gigned by the party or parties sought
to be bound thereunder.
68.

This Settlement Agreement may be executed in

counterparts each of which shall constitute an original and all
of which shall constitute one and the same agreement.
ETPT2ION OF JURISDICTION
69.

Except as provided below with respect to the NJ

ACO and the LOC Trust Account, the United States Bankruptcy Court
for the Southern District of New York shall retain exclusive
jurisdiction of the subject matter of this Settlement Agreement
and the parties hereto for the duration of the terms and
provisions of this Settlement Agreement with respect to the (M)
dischargeability of any claims referred to under this Agreement
and (ii)

any issues with respect to the Joint Financial Assurance
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Fund for the purpove ot enabling any of the parties. to apply co
the Court,

in accordiance with the diepute resolution procedura:5

set forth in paragraphz 28-36 for such further order, direction
and relief as may be necessary or appropriate for tha
construction or interpretation of the for.going matters under
this Settlement Agreement or to effectuate or enforce coliance
with its terms.

The New Jersey Superior Court shall retain

exclusive jurisdiction over any issues that may arise with
respect to the DJ ACO and the LOC Trust Account.

With the

exception of the diochargeability of claims reierred to under
this Settlement Agreement, thiE Settlement A.reement does not
confer jurisdiction on the Bankruptcy Court for the Southern
District of New York over the Debtorv'

obligation to remediate or

other-eise address environmental violations at the Vewfield site.
Any dispute between the Debtors and New Jersey concerning the LOC
Trust Fund, whether any Environmental Project is complete,
whether a refund is to be made from the Joint Financial Assurance
Fund or the LOC Trust Account,
Debtors'

and the nature and extent of the

obligations under the WJ ACO, shall be resolved as

provided in the NJ ACO.

Nothing in this paragraph shall affect

the dispute resolution procedures set forth in paragraphs 28-36,
including the Bankruptcy Court's jurisdiction, pursuant to
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Pz-arPtt 34, tO &judicate anY disPutE between EPA- and th
Debtors aw to wihethejr a rsfund is CO be M-dt iroii ths LOC TVrast
Account.
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Peter Verniewo
Attorney Ge-neral ot Ne? Jersey
Attorney for Nety Jersey
Department of Env ironmental
Protect on
By:

It - -

Ki~h W. Elwell..

....

Deputy Attorney General
TER MMMRRSIGNr
TEE DEBTORB:

PARq'-rY ENTMLS

To THIS S3T

T AGPEJENT FORt

A Member of theý irm"
Weil, Gotshal & Manges LLP
Attorneys for Debtors in
Possession
767 Fifth Avenue
New York, New York 10153
(212) 310-8000
TEE tNDERSIGMM PARTISS ON TEE AT7ACMM PAM
SETLC3T

GRE- N

SO ORDERED this 467
19907
of
UntedSate

dany

antpyJug
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FOR TER UNITE STXTES OF AMERICA:
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MAURY JO WHITE
United States Attorney for the
Southern District of New York
Attorney for the United States
of America
By:

w

/--a

4 FWARD (A. SI(S~1
JEFFREY OESTEReCHER (JO-8935)
Assistant United States Attorneys
100 Church Street -- 19th Floor
New York, New York 10007
Tel. No.: (212) 385-4477

LOIS J•. SHIFFER/
Assistant Attorney
Environmental and General
Natural Resources
Division
U.S. Department
Washington, D.C. of Justice
20530

HE.Y S. YRI7DMk
Senior Attorney
Environmental Enforcement
Section
Environmental and
Natural Resources
Division
U.S. Department
of Justice
P.O. Box 7611
Washington, D.C.
20044-7611

BY.
JEAY EM.

Reg
Re

U.S.

FOX

nal Administrator
on II

Environmental Protection Agency

DATED:

/P7/
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