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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON, D.C. 20460
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Dr. Ines Triay, Manager
Carlsbad Field Office
U.S. Department of Energy
P.O. Box 3090
Carlsbad, NM 88221-3090

I

OFFICE OF
AIR AND RADIATION

i

II,

\ '.,.

Dear Dr. Triay:
The Environmental Protection Agency's (EPA) inspection report for inspection no. EPAHanford-2.02-8 of the Hanford Site is enclosed. EPA inspected Hanford's waste characterization
activities on June 25-27, 2002. This report is issued in accordance with our regulations at 40
CFR 194.8(b)(3). We have determined hat Hanford adequately demonstrated compliance with
the requirements of 40 CFR 194.24, for the waste characterization systems and processes
described in the enclosed report. The EPA inspection team identified no findings and five
concerns, none of which require a written response from the U.S. Department of Energy (DOE).
With this letter, we approve applicable waste characterization (WC) activities at Hanford
required under Condition 3 of our certification (Appendix A to 40 CFR Part 194) of the Waste
Isolation Pilot Plant (WIPP). DOE is approved to dispose at the WIPP wastes that are
characterized at Hanford using the approved systems and processes, subject to the limitations
described in the enclosed report.
If you have any questions, please contact Rajani Joglekar at (202) 564-7734.

;Li1lb

Marc~L;(r~irector
Radiation Protection Division

Enclosure
cc:

Kerry Watson, CBFO
Reinhard Knerr, CBFO
Ava Holland, CBFO
Steve Zappe, NMED
Matthew Silva, EEG
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1.0

EXECUTIVE SUMMARY

In accordance with 40 CFR 194.8(b), on June 24-:28, 2002, the U.S. Environmental
Protection Agency (EPA or we) conducted EPA Inspection No. EPA-Hanford-06.02-8 at the
Hanford Site (Hanford) in Washington. The purpose of the inspection was to determine the
acceptability of the Waste Characterization (WC) system for nondestructive radioassay of
transuranic (TRU) waste. The Department of Energy (DOE) is seeking approval of the Gamma
Energy Assay Unit B (GEA-B) used at the Hanford's Waste Recycling and Processing Plant
(WRAP) for analyzing Contact-Handled (CH) retrievably- stored debris waste (Waste Category
S5000). Also, the DOE is seeking approval of the Segmented Gamma Scan Assay System
(SGSAS) for analyzing CH retrievably-stored homogeneous solids as ash (Waste Category
S3000) and sand, slag, and crucibles (Waste Category S5000) from the Plutonium Finishing
Plant (PFP) at Hanford. During the inspection, we also evaluated continued compliance of CH
retrievably-stored debris waste characterized by the GEA-A system approved in July 2000 as
well as continued compliance of the r-! 1nford AK program for characterization of CH retrievablystored debris waste using acceptable l:·1owledge (AK). In May 2002, EPA approved the
characterization of Hanford's debris" aste from the PFP using SGSAS.
We must verify compliance \\'tth 40 CFR 194.24 before waste may be shipped to the
Waste Isolation Pilot Plant (WIPP) fc,:· disposal, as specified in Condition 3 of the Agency's
certification of the WIPP's compliance with disposal regulations for TRU radioactive waste (63
FR 27354, 27405; May 18, 1998). The waste characterization systems and processes at the
Hanford site that EPA inspected foct.~ed on nondestructive assay (NDA) and acceptable
knowledge (AK) examination processes. Based on the inspection results, EPA will certify that
the Hanford site can dispose of TRU debris waste characterized using the GEA-Bat the WIPP,
and approve SGSAS for characterizing TRU debris waste (sand, slag, and crucibles) and
homogeneous solids (ash) from the PFP. EPA identified no findings and five concerns; none of
which require a response from DOE.

2.0

PURPOSE OF INSPECTION

On May 18, 1998, EPA certified that the WIPP will comply with the radioactive waste
disposal regulations at 40 CFR 191 (63 Fed. Reg. 27354). EPA's certification of the WIPP
contains the following condition (Condition 3): "The Secretary shall not allow shipment of any
waste from any additional [Los Alamos National Laboratories (LANL)] waste stream(s) or from
any waste generator site other than LANL for disposal at the WIPP until the Agency has
approved the processes for characterizing those waste streams for shipment using the process set
forth in§ 194.8." In accordance with§ 194.8(b)(2), EPA must inspect waste characterization
systems and processes used by Department of Energy (DOE or Department) transuranic waste
sites before approving those sites to ship TRU waste to the WIPP.
The approval process described at 40 CFR 194.8 requires the Department to provide EPA
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with two types of information: (1) information on process knowledge 1 for waste streams
proposed for disposal at WIPP, and (2) information on the system of controls in place at the
generator site that is used to confirm that the total amount of each waste component that will be
emplaced in the WIPP will not exceed limits identified in the WIPP Compliance Certification
Application (CCA). After reviewing these materials, an EPA inspection/surveillance team visits
the site to verify that process knowledge and other elements of the system of controls (namely,
nondestructive assay, visual examination, real-time radiography, and WIPP Waste Information
System) are technically adequate and being implemented properly. Specifically, the EPA
inspection/surveillance team verifies compliance with 40 CFR 194.24(c)(4), which states:

*** Any compliance application shall: ***

Provide information which
demonstrates that a system of controls has been and will continue to be
implemented to confirm that the total amount of each waste component that will
be emplaced in the disposal system will not exceed the upper limiting value or fall
below the lower limiting value described in the introductory text of paragraph (c)
of this section.2 The system of controls shall include, but shall not be limited to:
measurement; sampling; chain of custody records; record keeping systems; waste
loading schemes used; and other documentation.
In other words, the purpose of inspection is to verify that DOE waste generator sites,
which characterize TRU waste prior to shipment to the WIPP, are characterizing and tracking the
waste in such a manner that EPA is confident that the waste will not exceed the approved limits.
By approving waste characterization systems and processes at Hanford, EPA certifies that those
systems and processes can accomplish two tasks: (1) they can identify and measure the waste
components (such as plutonium) that must be tracked for compliance3; and (2) they can confirm
1

Process knowledge refers to knowledge of waste characteristics derived from information on the materials
or processes used to generate the waste. This information may include administrative, procurement, and quality
control documentation associated with the generating process, or past sampling and analytic data. Usually, the major
elements of process knowledge include information about the process used to generate the waste, material inputs to
the process, and the time period during which the waste was generated. In the context of these reports specifically
and waste characterization generally, EPA uses the term "acceptable knowledge" synonymously with "process
knowledge."
2

The introductory text of paragraph 40 CFR 194.24(c) states: "For each waste component identified and
assessed pursuant to [40 CFR 194.24(b)], the Department shall specify the limiting value (expressed as an upper or
lower limit of mass, volume, curies, concentration, etc.), and the associated uncertainty (i.e., margin of error) for
each limiting value, of the total inventory of such waste proposed for disposal in the disposal system."
3

The potential contents of a waste stream or group of waste streams determine which processes can
adequately characterize the waste. For example, if acceptable knowledge information suggests that the waste form is
heterogeneous, the site should select a nondestructive assay technique that suits such waste in order for adequate
measurements to be obtained. Radiography and visual examination help both to confirm and quantify waste
components such as cellulosics, rubbers, plastics, and metals. Once the nature of the waste has been confirmed, the
assay techniques then quantify the radioactive isotopes in the waste. In the given example, a TRU waste site may be
able to characterize a wide range of heterogeneous waste streams or only a few. EPA's surveillance scope is
governed by a site's stated limits on the applicability of proposed waste characterization processes.

2

that the waste destined for the disposal at the WIPP has been properly identified as belonging to
the group of approved waste streams. Under 40 CFR 194.24(h), EPA may perform follow-up
surveillance to verify that a TRU waste site is shipping waste that belongs only to those waste
streams or groups of waste streams that have been characterized by the approved processes.

3.0

PURPOSE OF THIS REPORT

This waste characterization inspection report documents the basis for EPA' s decision by
explaining the results oflnspection No. EPA-Hanford-06.02-8 in terms of findings or concerns.
The report, if applicable, provides objective evidence of outstanding findings (nonconformances)
in the form of documentation. The report also describes any tests or demonstrations completed
during the course of the inspection. The completed checklists attached to the report show the
documents (principally procedures) that the EPA surveillanct 1:eam reviewed. If you wish to see
any items identified in the attached checklists, please contact·
Quality Assurance Manager
USDOE/Carlsbad Field Office
P.O. Box 3090
Carlsbad, NM 88221
EPA' s decision to approve or disapprove the system of controls (processes) used to
characterize one or more waste streams at a site is conveyed ~o DOE separately by letter, in
accordance with 40 CFR 194.8(b)(3). This report identifies and explains the basis for EPA's
decision as contained in the letter. EPA's approval or disapproval extends only to the processes
reviewed during the inspection and identified in this report and its attachments. Only waste that
can be adequately characterized using processes verified by EPA through inspection or
surveillance may be disposed in the WIPP repository.

4.0

SCOPE

The scope oflnspection No. EPA-Hanford-06.02-8 incorporated the technical adequacy
of the system of controls used to characterize waste material parameters (WMPs) and the ten
WIPP-tracked radionuclides (241 Am 137Cs 238 Pu 239Pu 240Pu 242 Pu 90 Sr 233 U 234U and 238 U w1'th
'
,
'
'
'
'
'
'
'
,
an emphasis on nondestructive assay (NDA) and acceptable knowledge (AK). The EPA
inspectors did not examine Real-time radiography (RTR), and the WIPP Waste Information
System (WWIS).

5.0

DEFINITIONS

Finding:

A determination that a specific item or activity does not comply with 40 CFR
194.24(c)(4). A finding requires a response from CBFO.
3

Concern:

6.0

A judgment that a specific item or activity may or may not have a negative effect
on compliance and, depending on the magnitude of the issue, may or may not
require a response.

INSPECTION TEAM

The members of the EPA waste characterization surveillance team are identified below.
In addition, an observer from the Environmental Evaluation Group (EEG) was present at the
inspection.

Surveillance Team Member

Affiliation

Position

Ms. R,tjani Joglekar

Inspection Team Leader

EPA

Ms. Ctmnie Walker

Inspector

EPA Support Contractor

Dr. David Stuenkel

Inspector

EPA Support Contractor

Observer

EEG

Observers
Mr. Scott Webb

Numerous DOE Carlsbad Field Office (CBFO) and Hanford personnel, including both
DOE staff and support contractors, participated in EPA' s inspection. The CBFO conducted a
technical quality assurance audit ofHanford's CH TRU waste characterization activities
concurrent with EPA' s inspection. The CBFO audit was supported by the Carlsbad Technical
Assistance Contractor (CTAC). Mr. Pete Rodriguez, the CBFO Audit Team Leader, served as
DOE's primary point of contact with the EPA inspection team. The current Hanford Facility
Operating Contractor is Fluor Hanford.
Hanford, located along the Columbia River near Richland, WA, is a 560 square mile area
managed by the DOE. Hanford was established in secrecy during World War II to produce
plutonium for United States' nuclear weapons. Peak production years were reached in the 1960s
when eight reactors were operating at Hanford. All weapons material production was halted in
the late 1980s. Hanford is now engaged in the world's largest environmental cleanup project.
Transuranic wastes generated at Hanford during the production years and during environmental
cleanup are destined for disposal at the Waste Isolation Pilot Plant (WIPP), the geologic
repository for the disposal of the nation's TRU wastes. Hanford is an interim storage facility for
defense-generated TRU-contaminated waste. Hanford's responsibilities include waste
characterization of TRU-contaminated waste to the WIPP.
The purpose of this inspection was to determine the acceptability of the following nondestructive assay systems:

4

•

the GEA-B unit at the WRAP for characterizing debris waste (Waste Category S5000);
and

•

the SGSAS unit at the PFP for characterizing homogeneous solids, ash (Waste Category
S3000) and sand, slag, and crucibles (Waste Category S5000).

During the inspection we also determined continued compliance for the shipment of CH
retrievably-stored debris waste from the WRAP facility characterized by the GEA-A system
approved in July 2000, as well as continued compliance of the Hanford AK program for
characterization of contact handled retrievably stored debris waste using AK.

7.0

PERFORMANCE OF THE SURVEILLANCE

EPA InspeL~ion No. EPA-Hanford-06.02-8 of the Hanford site took place June 24-28,
2002. The inspection focused on the following elements of the Hanford TRU waste
characterization program: acceptable knowledge (AK) and nondestructive assay (NDA). These
elements are included in the "system of controls" for waste characterization that is identified in
40 CFR 194.24(c)(4). The inspection was conducted in the following steps:
1)

review of site procedures and other information, and modification of EPA checklists, if
necessary, to incorporate site-specific information

2)

on-site verification of the technical adequacy or qualifications of personnel, procedures,
and equipm~nt by means of interviews, demonstrations, and completion of checklists.

The following subsections address each technical area in turn. Each subsection identifies,
as appropriate, key documents that the EPA surveillance team reviewed, key site personnel who
were interviewed, key demonstrations that were performed, and any findings or concerns. The
checklists attached to this report (Attachments A.1 - A.2) reveal in greater detail the scope of
EPA' s inquiries and the specific items and activities reviewed.

7.1

Acceptable Knowledge (AK)
AK is used to help determine the following aspects of TRU wastes at Hanford:

•
•
•
•
•

Waste Material Parameter Content;
Radionuclide content of waste, including isotopic ratios;
Process determination with respect to waste generated;
Waste stream determination; and
Defense waste status

As part of the inspection, EPA reviewed the elements of the AK process listed below.
The checklist at Attachment A. l identifies the objective evidence that we examined.
5

•
•
•
•
•
•
•
•
•

Overall procedural technical sufficiency and scope, with emphasis on tracking of the AK
waste characterization process for individual containers and waste streams
Characterization of waste material parameters and radionuclides as required by 40 CFR
194.24
Compilation of AK information and use of supplemental information
Confirmation of AK and resolution of discrepancies
Technical adequacy of AK characterization results
Preparation of the AK summary
Technical adequacy of required procedures (e.g., a consistent definition of waste streams)
Reassignment of any waste stream based on an analysis of AK and discrepancies.
Appropriate determination of AK accuracy

The following documents were among those examined to assess whether AK data
assembly, compilation, confirn 1 ,1tion, and accuracy assessments were being adequately
performed:
•

Memorandum from Lee, Wardrobe to Richard Clinton requesting AK isotopic
information for drums RHZ-231-A18249 and RHZ0231-Al8105

•

M4T00-PJC-02-127, Acceptable Knowledge Performance report- MPFPD

•

TRU-WRP-0lNCR-125, Non-Conformance Report for WMH TRU Waste
Characterization, MPUREXD and NPUREXD

•

TRU-WRP-0lNCR-167, Non-Conformance Report for WMH TRU Waste
Characterization, Waste Stream NPFPD

•

TRU-SPO-11.4.1-1-0309200050575, Memo from Fred Reidel to Rich Clinton regarding
Use of NDA, February 9, 2000

•

M4T00-PJC-02-105, Reissue of Data Quality Objectives Reconciliation, Headspace Gas
Analysis Report, and Flammable VOC Report for 19 Containers from Waste Stream
MPFPD, June 18, 2002

•

M4T00-PJC-02-125, Transmittal of the Program Document (HNF-3461, Draft Revision
7) for the Acceptable Knowledge Documentation Management Program

•

WMP-400 Section 7.1.9 Acceptable Knowledge Documentation Management, May 17,
2002

•

M4T00-PJC-02-077, U234 to U235 and U234 to U238 Ratios for Appendix E of Hanford
site Transuranic Waste Certification Plan for NDA, April 11, 2002
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•

HNF-5481 Revision 11, Hanford Site Transuranic Waste Management Waste Specific
Acceptable Knowledge Documentation for Plutonium Finishing Plant Non-Mixed Debris,
May,2002

•

TRU-SPO-1 l.4.4-0607200151480, TRU Waste Radionuclide Information from SWITS
database, June 8, 2001.

•

3T000-PJC-00-203, TRU Site Project Office Transmittal for Notification of Target
Analyte Additions, October 26, 2000.

•

TRU-SPO-1 l.4.1-1206199939139, Memos dealing with Heat Sealing and Resultant
Regulatory Status of Heat Sealed Bags, November 16, 2000.

•

TRU-SPO-1 l.4.1-0408200229341, Telephone Interview regarding Sr-90 and Cs-137
ratio, conversation between Richard' Clinton and Michael Wesselman, March 28, 2002

•

M4T00-PJC-0l-147, Transmittal of AK Reevaluation Checklist for Waste Streams
NPUREXD and MPUREXD, Octob:.T 15, 2001

•

HNF-6489, Draft Revision 8, Hanfard site Transuranic Waste Management Specific
Acceptable Knowledge Documentation for Plutonium Finishing Plant Mixed Debris,
May,2002

•

TRU-SPO-1 l.4.1-052220136372, Occurrence ofCs-137 and K-40 in Transuranic Waste,
March 20, 2001

•

TRU-TS-11.4.3-0428199931840, DOE Waste Treatability Group Guidance, INEEL,
January 1995, DOE/LLW-217 Revision 0

•

TRU-TS-11.4.3-0423199953594, Characterization of Past and Present Solid Waste
Streams from the Plutonium Finishing Plant, July 2, 1999, Sections 1 and 2

•

TRU-SPO-11. 9-0410200055146, Proposed Waste Designation of Carbon Tetrachloride
Used at the Plutonium Finishing Plant, April, 10, 2000

•

TRU-SPO-11.4.3-0408200229502, Hanford Tank Chemical and Radionulcide
Inventories, April 11, 2002

•

M4T00-PJC-02-076, Sr-90 to Cs-137 Ratio for Appendix E of Hanford Site Transuranic
Waste Certification Plan for NDA, April 11, 2002

•

TTS Qualification Status for Richard Clinton, June 2002

•

TRU Project Training Summary for Scott Bisping, June 24, 2002
7

•

3T000-PJC-01-009, Transmittal of Waste Stream Summary and Acceptable Knowledge
Documentation Checklist Forms for Waste Streams NPFPD, MPFPD, NPUREXD,
MPUREXD, and RFETS0I

•

M4T00-PJC-12-120, Transmittal of the Waste Stream-Specific Documents 9HNF-5482,
Draft Revision 6, HNF-5481, Draft Revision 11 and HNF-6489, Draft Revision 8) for the
Acceptable Knowledge Documentation Management Program for PFP Non-Mixed and
Mixed Debris Waste Streams
Document Z0-170-015, Acc.# TRU-TS-11.4.2-051819930675, PFP Standard Practices
[for] Handle and Package TRU Solid Waste in 55 Gallon Drums

•

•

3T000-PJC-01-132, Transmittal of Acceptable I(nowledge Confirmation Checklist for 70
Waste Containers from Waste Stream NPFPD, July 25, 2001

•

Transmittal of AK Data ofr NDA Drums at the t equest of Leo Wardrobe, Email Record,
June 14, 2002

•

TRU-SPO-1 l.4.3-0408200229502, Hanford Tank Chemical and Radionuclide
Inventories, HDW Model Rev.4, April 11, 2002

•

TRU-SPO-l l.4.5-1024200059056, Acceptable Knowledge Source Document Deficiency,
Designation of TRU Drums Containing Heat Sealed Inner Packages

•

TRU-SPO-11.4.4-0607200151480, Acceptable Knowledge Source Document Summary,
MPFPD Isotopes Data from SWITS, June 8, 2001

During the inspection, we assessed several technical elements ofHanford's AK process (see
Attachment A. I), including those discussed below.
1)

The Hanford AK-ND A interface has improved significantly since previous EPA audits
involving AK.

In previous audits, EPA discovered that AK information (namely, radioassay results) had
been obtained and used by NDA personnel without providing the data to the Acceptable
Knowledge Expert (AKE) or inclusion of this information in the AK record. However, the AKNDA interface has improved significantly. The AK information previously held by NDA
personnel has been shared with the AKE and is available in the auditable record. Also, NDA/AK
personnel apparently jointly produced tables defining plutonium isotopic ratios for various 240Pu
weight percents. The AKE and NDA personnel are in regular communication, as evidenced by
memorandum and email objective evidence examples provided by the AKE.
2)

The site has implemented a tiered document process that successfully documents process
activities, but the lowest tier documents could be improved.
8

The site has created a tiered document system whereby generalized site process
information is captured in a single document (HNF-3461), facility-specific process
documentation is presented in lower tier documents (i.e.HNF-5482) and waste-stream specific
documentation that presents radionuclide and WMP data is included in the lowest tier document
(HNF 6489, HNF 5481). These documents emphasize process information, with the lowest tier
documents, such as HNF-6489, containing radionulcide and waste material parameter
information. HNF-6489 had been updated to address new CH-WAC requirements, but could still
benefit from the following changes:
•

Clarify that information presented on Page 15 regarding assignment of isotopic
distributions did not address how these distributions were determined.

•

Include additional supporting information as part of the document text for statements that
beg for additional documentation/discussion, including those dealing with compatibility
assumptions, ignitability determinations, waste matrix code assignment, isotopic ratios,
and scaling factors.

•

Revise the document to specifically address CH-WAC documentation requirements,
including AK confirmation with respect to plutonium isotope distribution. See Comment
4 regarding scaling factors.

3}

The Waste Matrix Code (WMC) determination from AK records results in the
assignment of a very general WMC. The site should attempt to assign a more detailed
WMC based on the AK record, but the approach to assign a more general code is
acceptable if procedures requiring AK-NDE comparison of waste matrix codes are
adequately implemented. Procedures requiring AK-NDE WMC comparisons should also
be strengthened.

The site has assigned a large number of containers to a very general waste matrix code to
minimize the number of waste streams, even though container-specific information is available
that would allow differentiation of waste streams by more detailed waste code assignments (thus
creating more waste streams). The site has argued that the S5490 code, Unknown/Other
Heterogenous Debris, was performed because the entire population of drums, taken as a whole,
did not fit the criteria for assignment into other more detailed waste matrix codes. However,
because the site has detailed drum-specific information, assignment to more detailed waste
matrix codes can be readily accomplished although this could result in the designation of several
additional waste streams. In their defense, the site follows a general process of NCR generation,
etc., consistent with other sites whereby wastes that don't fit the WMC are identified and
segregated. However, because the WMC assigned is so broad, reassignment of wastes to new
WMC following RTR will not occur unless an extreme problem is detected. This application of
the WMC is not consistent with how other sites perform WMC assignment, whereby the most
detailed WMC possible is assigned to wastes, even if this results in more waste streams than a
general grouping would create. Again, this results in inconsistent implementation of AK
9

requirements across the DOE complex and brings to question whether the Data Quality
Requirements are being met. DOE should examine this process for consistency and applicability,
and provide consistent guidance to sites for assignment of WMC. If Hanford retains the current
system whereby a very general code is assigned, the following improvements to the AK-NDE
WMC comparison program should be made:
•

Revise procedure 7.1.9 to include specific trigger points whereby assignment of waste to
a more detailed WMC codes is assessed as part of the DQO resolution process. Also,
revise the procedure to require reassignment and reexamination of the waste stream as a
whole if a consistent pattern of WMC identification shows that detailed WMC
assignment can be made. This reevaluation is important to ensure that no "new" or
heretofore unidentified waste or waste consideration is overlooked. This could be
performed as part of the Acceptable Knowledge Performance report.

•

Revise procedure 7.1.9 to track waste material parameter volumes as a result ofRTR to
ensure that the overall characterization of the waste stream is consistent with the WMC
determmation. This is important because the site could ultimately ship a waste stream
that dG-zs not meet the WMC definition assigned via AK if the overall \VMPs aren't
tracked. This information could be tracked in the Acceptable Knowledge Performance
report, and "carried through" in subsequent reports to show a cumulative assurance that
the WMC assigned to the waste meets that assigned by AK. It is realized that the WMC
assignment comparison is performed as part of each AK Performance Report, but if this
asses~ rnent is performed only on a "small picture basis" (i.e. for each individual AK
Performance Report as a stand-alone value), the site might miss an overall trend that
would be more apparent if all AK Performance Report results were examined as a whole.

4)

Cesium (Cs) to Strontium (Sr) default ratio value requires additional justification, but the
Uranium ratio values were appropriate. The Plutonium percent values on Table 3-4, HNF
- 6489 require additional referencing and summarization of source material in the text of
the report.

The site has assigned the Cs-Sr Ratio by virtue of a "default value", as actual analytical
information does not support the assigned Cs/Sr ratio (1.1 ). This assignment requires additional
justification, as a single letter/memo from a former site employee is the basis for this assignment.
While references are cited, additional justification is required because this ratio/scaling factor is
critical to documenting AK-related CH-WAC requirements. Also provide more background
information pertaining to origin of data used to dete1mine Table B3-4 values. This is important
because this table appears to be the AK determinations shared with NDA personnel, and the basis
and origin for the values is not summarized in the AK document. Note that EPA experts will
examine the information presented in 234 U, 238 U, 235 U ratio determinations and the Cs/Sr scaling
factor work to assess viability of assumptions presented with respect to isotope solubility,
concentration in supernatant, etc in future inspections.
5)

The AK Accuracy/Performance Reports should address NDA - AK accuracy, and a Table
10

presenting isotope and isotopic value determination by instrumentation should be
included.
Include AK accuracy assessments for NDA in the AK Performance Report(s). While this may
not provide valuable information for the Mixed Plutonium Finishing Plant Debris waste
[MPFPD] or Non-Mixed Plutonium Finishing Plant Debris waste [NPFPD] because the potential
AK "mix" is so broad, other waste streams with more definitive isotopic content could benefit
from this analysis. For example, Rocky Flats Environmental Technology Site (RFETS) has
generated a table comparing isotopes with NDA measurement equipment which also identifies
when AK or calculations is used to determine isotopic content. This table is quite helpful to
auditors, and EPA believes that a table such as that put together by RFETS would facilitate the
NDA-AK data exchange process.

Concerns:
The EPA inspection team identified the following AK concerns:
Concern No. 1 HNF-6489 has been updated to address new CH-WAC requirements, but should
be modified to address the following:
•

Clarify that information presented on Page 15 regarding assignment of isotopic
distributions is not currently used to determine these distributions.

•

Examine the document to include additional supporting information as part of the
document text for statements without sufficient documentation/discussion, including
those dealing with compatibility assumptions, ignitability determinations, waste matrix
code assignment, isotopic ratios, and scaling factors.

•

Revise the document to specifically address CH-WAC documentation requirements,
including AK confirmation with respect to plutonium isotope distribution. See Concern
3, below, regarding scaling factors. ·

Concern No. 2: The Waste Matrix Code (WMC) determination from AK records results in the
assignment of a very general WMC. The site could assign more detailed WMC based on the AK
record, but the approach to assign a more general code is acceptable so long as procedures
implementing AK-NDE comparison of waste matrix codes are implemented. However,
procedures requiring AK-NDE WMC comparisons must be strengthened. If Hanford retains the
WMC assignment protocols whereby a very general code is assigned, the following revisions to
the AK-NDE WMC comparisons program should be made:
•

Revise procedure 7.1.9 to include specific trigger points whereby consistent ability to
assigned more detailed WMC codes is assessed as part of the DQO resolution process.
Also, revise the procedure to require reassignment and reexamination of the waste stream
as a whole if a consistent pattern of WMC identification shows that detailed WMC
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assignment can be made.
•

Revise procedure 7.1.9 to track waste material parameter volumes as a result of RTR to
ensure that the overall characterization of the waste stream is consistent with the WMC
determination.

Concern No. 3: The Cesium/Strontium default ratio value requires additional justification, but
the Uranium ratio values were appropriate. The Plutonium percent values on Table 3-4, HNF 6489 require additional referencing and summarization of source material in the text of the
report.
None of the above three concerns requires a response. The inspection team concluded
that the AK procedures and operation~ continued to be adequate for contact-handled retrievablystored debris waste at the Hanford site that has been confirmed through activities performed at
the WRAP.

7.2

Nondestructive Assay (NDi.)

As part of the inspection, EP,i. reviewed the elements of the NDA process listed below.
The checklist at Attachment A.2 identifies the objective evidence that we examined.
•
•
•

Capability of the measureme1r. hardware and software to perform the required analyses,
Technical adequacy of the assay program's documents and procedures, and
Knowledge and understanding of the personnel involved in the NDA program.

The following documents were among those examined to assess whether NDA
confirmation is being adequately performed:
•

HNF-2599, Hanford Site Transuranic Waste Characterization Quality Assurance Project
Plan, Revision 4; April 11, 2001

•

HNF-2600, Hanford Site Transuranic Waste Certification Plan, Revision 5; April 11,
2001

•

WMP-350 Section 2.2,Calculation of Assay Results, Revision 16, May 17, 2002

•

WMP-350 Section 2.3, Data Management, Revision 17, May 17, 2002

•

WMP-350 Section 2.5, GEA Energy and Efficiency Setup and Baseline Establishment,
Revision 3, May 17, 2002

•

WMP-350 Section 2.8, WRAP NDA Measurement Control Program, Revision 0, May
17,2002
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•

WMP-350 Section 2.9, Performing Calibration Verifications and Confirmations for
Nondestructive Assay at WRAP, May 17, 2002

•

WRPl-OP-0906, Gamma Energy Assay Operations, Revision/Change H-2

•

HNF-4050, Total Measurement Uncertainty for Nondestructive Assay of Transuranic
Waste at the Waste Receiving and Processing Facility, Revision 7

•

HNF-5148, Calibration Report for the WRAP Facility Gamma Energy Assay System,
Revision 2, March 2000

•

HNF-5149, Calibration Report for the Waste Receiving and Processing (WRAP) Facility
Gamma Energy Assay (GEA) System Unit B, Revision 0, October 2001

•

HNF-11129, Lower Limit of Detection for the WRAP GEA Systems, Revision 0, May
2002

•

HNF-11067, LLD Determination for PFP Residues SGSAS, June 19, 2002

•

M2F00-02-094, Calibration Confirmation and Control Limits Changes for Room 170
SGSAS

•

M4T00-PJC-02-076, Sr-90 to Cs-137 Ratio for Appendix E of Hanford Site Transuranic
Waste Certification Plan for NDA, April 11, 2002

•

M4T00-PJC-02-077, U234 to U235 and U234 to U238 Ratios for Appendix E of Hanford
site Transuranic Waste Certification Plan for NDA, April 11, 2002

•

01-NMA-001, Interference Matrix Drum Selection, Configuration and Measurement,
June 12, 2002

•

01-NMA-002, Calculations of Hanford Uranium Isotopic Abundances Based on the
Following Ratios, June 17, 2002

During the inspection, we assessed several technical elements of Hanford's NDA process
(see Attachment A.2), as discussed below.
1)

The Gamma Energy Assay System Units A (GEA-A) and B (GEA-B) were examined.

The GEA-A (approved July 2000 for debris waste) and GEA-Buse four (4) segmented
energy germanium (SEGe) detectors and two low energy germanium (LEGe) detectors to
quantify the activity of radionuclides in 208 liter (55-gallon) drums of debris waste. The four
collimated SEGe detectors are positioned on a vertical line alongside the container, opposite four
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5 millicurie (mCi) 152Eu transmission sources. The measured attenuation of gamma-rays from
the 152Eu sources by the waste matrix is used to coffect for the attenuation of gamma-rays from
within the waste drum. Shielding material is placed between the transmission sources and the
SEGe detectors when the transmission measurements are not being made.
The drum is rotated continually about its central vertical axis during the assay at a rate of
about 10 revolutions per minute (rpm) and translated vertically in two 8.9 centimeter (cm) steps.
Assaying the drum at three different elevations with four SEGe detectors provides views of 12
different overlapping slices or segments. The bottom segment includes the platform the drum
rests on, and the top segment includes the drum lid and air space above the drum. Since these
segments do not include volumes of interests, they are discarded, and the remaining 10 segments
are used. Iron plates, 1.125 cm (0.5 inch), can be inserted in front of the SEGe detectors to
reduce the count rates when higher activity drums are assayed. High count rates can result in
high detector deadtimes and pulse pile-up. A reference pulse1 at a pulse height equivalent to
approximately 1820 ke V is used to estimate the deadtime.
The two uncollimated low energy germanium (LEGe) detectors are used to estimate the
relative abundances of the different plutonium isotopes usin~~ Multi-Group Analysis (MGA)
software. This software calculates the ratios of different plm ~- nium isotopes to each other using
the ratio of different plutonium peaks in the gamma spectrurr. These detectors are positioned off
to the side of the drum, at a right angle to the transmission sources and SEGe detectors, to
minimize the count rate from the 152 Eu transmission sources.
Pulses are processed by instrument control bus (ICB) nuclear instrumentation module
(NIM) electronics. The electronics associated with each detector include a preamplifier, high
voltage power supply, amplifier, analog-to-digital converter (ADC), and an acquisition interface
module (AIM). Data acquisition and analysis, as well as mechanical control of the system, is
performed by a Pentium personal computer (PC) running the Genie PC Waste Assay Software
(GWAS) S480 package. The software package includes Gamma Waste Assay version 2.3A and
Genie PC Basic Spectroscopy version 2.5.
2)

System calibrations have been performed as required.

The GEA-B was calibrated between April 2001 and August 2001 for drums with waste
matrix densities between O and 1.56 kilograms per liter (kg/I) for mass loadings up to 160 g
weapons grade plutonium (WGPu). The calibration is documented in Calibration Report for the
Waste Receiving and Processing (WRAP) Facility Gamma Energy Assay (GEA) Unit B, HNF5149, Rev. 0, October 2001. Calibrations were performed using four different calibration drums,
with matrix materials of differing densities. The matrices included foam, homosote, particle
board, and sand, with densities of 0.011, 0.44, 0.66, and 1.56 kg/I respectively. Six mixed
radionuclide line sources were used for calibration and were positioned in the calibration to
approximate a uniform source distribution when the drum is rotated. The sources included
241
Am, 133 Ba, 137Cs, and 6°Co, with gamma-ray emissions over the energy range from 59 keV to
1.33 MeV.
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3)

The total measurement uncertainty (TMU) of assays performed on the GEA-B and GEAA has been determined and documented.

The methods used to determine the TMU for GEA-A and GEA-B has been performed
and was documented in Total Measurement Uncertainty for Nondestructive Assay of Transuranic
Waste at the Waste Receiving and Processing Facility, HNF-4050, Rev. 7. The analysis included
contributions from all major sources of uncertainty, including contributions from calibration
uncertainties, counting statistics, self-absorption of gamma-rays, nonuniformities in the spatial
distribution of the source, matrix effects, end effects, and uncertainties associated with isotopic
analyses.
4)

NDA operators were interviewed and determined to be capable and adequately trained to
'operate the Hanford NDA systems.

Several NDA operators were interviewed. All interviewed operators demonstrated an
understanding of the equipment and applicable procedures necessary to perform assays.
Operators identified system and procedural limitations and correctly stnted the actions required
when the performance checks were failed or when system warnings indicated a potential
problem.
5)

EPA replicate testing was performed and evaluated.

The purpose of the replicate testing performed as part of this inspection is to provide the
EPA with an independent means to verify that the GEA-B can provide consistent, reproducible
results for the determination of the quantity of the ten WIPP-tracked radionuclides (241 Am, 137 Cs,
238
Pu, 239 Pu, 240 Pu, 242 Pu, 90 Sr, 233 U, 234 U;and 238 U) and the TRU alpha concentration. This was
accomplished by reassaying drums previously characterized on the same system or instrument in
order to:
•

show that the instrument produces results consistent with the reported total measurement
uncertainty (TMU), by comparing the sample standard deviation for a number of replicate
measurements taken over several hours or days to the reported TMU; and

•

show that the instrument provides reproducible results over longer periods of time, such
as weeks or months, by comparing the results of the replicate measurement(s) to the
original reported values.

As part of the inspection to certify GEA-Bin the WRAP facility, EPA asked that Hanford
reassay three (3) debris waste drums that EPA randomly selected from the previously assayed
drums using the GEA-B. Each of the three drums was reassayed five (5) times. Two statistical
tests, a chi square (X 2)test and t test are performed for each container measured on the GEA-B.
According to storage records, each of the three drums contained a mixture of combustible
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and noncombustible debris waste. Combustible materials include paper products, plastics, cloth,
rubber, and cork. Among the noncombustible materials are glass, concrete, stainless steel, other
metals, and diatomite. A brief description of each of the replicate test containers is provided
below.
•

Container RHZ-231-Al 7723 contained approximately 83% combustible materials and
17% noncombustible materials. The original assay, performed on June 10, 2002,
indicated that the drum contained 7,820±1,070 nanocuries of transuranic waste per gram
of waste (nCi/g), primarily from weapons grade plutonium and 241 Am.

•

Container RHZ-231-A 18061 contained approximately 65% combustible materials and
35% noncombustible materials. The original assay, performed on June 10, 2002,
indicated that the drum contained 6,730±939(nCi/g), primarily from weapons grade
plutonium and 241 Am.

•

Container RHZ-231-Al 8108 contained approximately 80% combustible materials and
20% noncombustible materials. The original assay, performed on June 10, '.?.002,
indicated that the drum contained 27,300±3,820(nCi/g), primarily from weapons grade
plutonium and 241 Am.

None of the replicate tests performed on any of the three containers described above
showed statistically significant differences either between the original measurement and the
replicate measurements or between the replicate measure1?ents themselves. Data and results of
the statistical analysis are included in Attachments B.1-B.6.
7)

The applicability of the Segmented Gamma Scan Assay System (SGSAS) to different
waste matrices was assessed.

The SGSAS is a segmented gamma spectrometry system used at the Plutonium Finishing
Plant to characterize radioactive contents of billet or pewter cans containing waste. The TRU
waste from PFP would be shipped to the WIPP for disposal only when all the required waste
characterization (AK, headspace gas, visual examination/real-time radiography) is complete.
[Currently, Hanford is completing only NDA on the drums containing debris; homogeneous
solids/ash; and sand, slag, and crucibles.] As described in the calibration report, the SGSAS uses
two high purity germanium (HPGe) detectors, a 75 Se transmission source, associated electronics,
a computer, and software to quantify radioisotopes, including plutonium, in 15 vertical segments
approximately 1.3 cm (0.5 inches) thick. Cans are nominally 14 cm (5.5 inches) in diameter and
18 cm (7 inches) in height. The cans are translated vertically and rotated about their central
vertical axis during the measurement.
The primary detector is a coaxial HPGe detector mounted opposite the 75 Se transmission
source, behind a 12.7 mm high by 200 mm wide collimator. A measurement of the transmission
source is used to correct for matrix attenuation on a segment by segment basis, while a second
measurement with the transmission source shielded is used to quantify the radioisotopes of
16

interest. The system is designed for materials with low to moderate densities.
A second coaxial detector is mounted at an angle, relative to the line between the
transmission source and first detector is used to measure the plutonium isotopic ratios. Multi
Group Analysis (MGA) software is used to analyze the spectrum. The detector is shielded from
external radiation and tin shields are used to improve the analysis by reducing the number of
counts from 241 Am (particularly the 59 keV line).
Signals from both detectors are processed by instrument control bus (ICB) nuclear
instrumentation modules (NIM). Electronics include preamplifiers, high voltage supplies,
amplifiers, analog to digital convertors (ADC), and acquisition interface modules (AIM).
Mechanical control, data acquisition, and data analysis are performed by a personal computer
(PC) running the Genie PC W ·1ste Assay Software (GWAS) package S480 under the OS/2
WARP operation system (OS).
The SGSAS is adequate to characterize waste containers for a wide variety of matrices,
provided the matrix is homogenous and not so dense as to prevent the transmission of gammarays through the matrix. Gam1na-ray transmission is measured for each container using the 75 Se
transmission source. Waste matrices that the SGSAS can adequately characterize include
plutonium-aluminum alloys debris (when tightly packed), homogeneous solid (ash), and another
type of PFP debris (sand. slag, and crucibles).

Concerns:
The EPA inspection team identified the following NDA concerns:
Concern No. 1: The routine practice used at Hanford for the use of AK with respect to
determination of isotopic ratios had not been formalized in a written procedure. Instead,
direction is provided verbally. The Contact-Handled Waste Acceptance Criteria (CH-WAC),
DOE/WIPP-02-3122, Revision 0, Section A.4 requires that radioassay techniques be performed
in accordance with procedures that have been written, approved, and controlled. CBFO issued an
observation to address this concern.
Concern No. 2: Six mixed-radionuclide line sources were used to calibrate the GEA-B. While
the sources were specified in the calibration report, the location of each source in the surrogate
container was not documented in the calibration report or procedure. The sources were of the
same nominal activity, and their position should have minimal impact on the calibration. CBFO
addressed this concern by issuing a recommendation that the specific location of each source be
documented.
Neither of the above two NDA concerns require a response.

8.0

RESPONSE TO COMMENTS
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We received no comments in Docket A-98-49, Category II-A2, about this inspection.

9.0

SUMMARY OF RESULTS

The EPA inspection team determined that the NDA processes that were inspected
adequately characterize the following wastes in accordance with 40 CFR 194.24(c)(4):
•

Contact-handled, retrievably-stored debris analyzed using the GEA-B located in the
WRAP facility; and

•

Contact-handled, retrievably-stored debris waste (sand, slag, and crucibles), and
homogeneous solids(ash) from th;! PFP facility analyzed using the SGSAS.

Note that in June 2000, we approved the use of GEA-A for characterizing debris at the WRAP
facility and in May 2002, the use of SGS AS for characterizing debris from the PFP facility at
Hanford.
The EPA inspection team identified no fndings and five (5) concerns none of which require a
response from DOE.
9.1

Findings

The EPA inspection team identified no findings during the inspection.

9.2

Concerns

The EPA inspection team identified the following five ( 5) concerns.
AK Concern No. 1: HNF-6489 had been updated to address new CH-WAC requirements, but
should be edited to address the following:
•

Clarify that information presented on Page 15 regarding a~signment of isotopic
distributions is not currently used to determine these distributions.

•

Examine the document to include additional supporting information as part of the
document text for statements without sufficient documentation/discussion, including
those dealing with compatibility assumptions, ignitability determinations, waste matrix
code assignment, isotopic ratios, and scaling factors.

•

Revise the document to specifically address CH-WAC documentation requirements,
including AK confirmation with respect to plutonium isotope distribution. See Comment
4 regarding scaling factors.
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AK Concern No. 2: The Waste Matrix Code (WMC) determination from AK records results in
the assignment of a very general WMC. The site could assign more detailed WMC based on the
AK record, but the approach to assign a more general code is acceptable so long as there are
procedures implementing AK-NDE comparison of waste matrix codes. However, procedures
requiring AK-NDE WMC comparisons must be strengthened. If Hanford retains the WMC
assignment protocols whereby a very general code is assigned, the following revisions to the AK
program should be performed:
•

Revise procedure 7.1.9 to include specific trigger points whereby consistent ability to
assigned more detailed WMC codes is assessed as part of the DQO resolution process.
Also, revise the procedure to require reassignment and reexamination of the waste stream
as a whole if a consistent pattern of WMC identification shows that detailed WMC
assignment can be made.

•

Revise procedure 7 .1.9 to track waste material parameter volumes as a result of RTR to
ensure that the overall characterization of the waste stream is consistent with the WMC
determination.

AK Concern No. 3: The Cesium/Strontium default ratio value requires additional justification,
but the Uranium ratio values are appropriate. The Plutonium percent values on Table 3-4, HNF 6489 require additional referencing and summarization of source material in the text of the
report.
NDA Concern No. 1: A routine practice for the use of AK with respect to isotopic ratios has not
been formalized in a written procedure. Instead, direction is provided verbally. The ContactHandled Waste Acceptance Criteria (CH-WAC), DOE/WIPP-02-3122, Revision 0, Section A.4
requires that radioassay techniques be performed in accordance with procedures that have been
written, approved, and controlled. CBFO issued an observation to address this concern.
NDA Concern No. 2: Six mixed-radionuclide line sources were used to calibrate the GEA-B.
While the sources were specified in the calibration report, the location of each source in the
surrogate container was not documented in the calibration report or procedure. The sources are
of the same nominal activity, and their position should have minimal impact on the calibration.
CBFO addressed this concern by issuing a recommendation that the specific location of each
source should be documented.
None of the above concerns requires a response.

9.3 Conclusion
In summary, EPA inspected waste characterization systems and processes at Hanford and
reached the following conclusions:
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1.

Acceptable Knowledge (AK) - The AK process associated with characterization of
contact-handled, retrievably-stored debris waste is adequate to identify and quantify waste
material parameters for the observed debris wastes.

2.

Nondestructive Assay (NDA)-The NDA processes associated with characterization of
contact-handled, retrievably-stored debris waste using the Gamma Energy Assay (GEA)
systems, Units A and B, in the Waste Receiving and Processing (WRAP) are adequate to
identify and quantify the required radiological components. Additionally, the Segmented
Gamma Scan Assay System (SGSAS), located in the Plutonium Finishing Plant (PFP), is
adequate to characterize debris (sand, slag, and crucibles) and homogeneous solids (ash).

EPA concludes that Hanford's processes to characterize contact-handled retrievably:_
stored debris waste with respect to AK, and the GEA-A, and GLA-B systems are adequate. EPA
also concludes that the SGSAS can adequately characterize de',, 'is; ash; and sand, slag, and
crucibles from the PFP.
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Attachment A.1 Acceptable Knowledge (AK) Checklist REVISED 5/02 to include CH-WAC Requirements

Establishment of Required Technical Elements in
Procedures

..
.

Procedures require staff to be:
familiar with applicable technical procedures
familiar with QAOs
qualified to assemble, compile, and confirm AK
data

YIN

Execution of Procedures

Y/N

Location

WMP-400 Section
7.1.9 Acceptable
Knowledge
Documentation
Management, May 17,
2002

.

.
.
.

.
Procedures demonstrate a logical progression from
general facility information to more detailed waste
stream-specific information

WMP-400 Section
7.1.9 Acceptable
Knowledge
Documentation
Management, May 17,
2002

Employee's explanation of job duties was
consistent with applicable procedures
Employee could identify the mandatory AK
items for assembly
Employee's identification of applicable
procedures was correct
Employee adequately explained how to
assemble, compile, and confirm data
Employees responsible for AK
documentation were trained and qualified
in accordance with applicable procedures

This logical sequence can be demonstrated
through traceability analysis. (Traceability
analysis and linkages may include but need not
be limited to individual container data for
radionuclides and waste material parameters,
IDCs, and waste streams.)

AK documentation is traceable to the drum level

AK-I

Objective Evidence/
Comment

y

Training records for Mr.Richard
Clinton and Mr.Scott Bisping. Both
understood their technical
responsibilities with respect to AK
and performed their jobs
sufficiently

y

HNF-5481 Revision 11; HNF-6489,
Draft Revision 8, HNF-5482.
Traceability analysis performed for
containers RHZ 9517443, RHZ231-A20229, RHZ-231-A22768.
Examined many different
documents including disposal
records RHZ-231-A18061, A18108
and A 17723, ad well as
VE/RTR/NDA batch reports for
subject containers. Data available
on a container basis include
safeguards-specific information
listing radionuclide (Pu) obtained
through AK (safeguard assay)

Establishment of Required Technical Elements in
Procedures

Y/N
Location

Procedures for AK processes are consistent with each
other

WMP-400 Section
7 .1 .9 Acceptable
Knowledge
Documentation
Management, May 17,
2002, HNF-2599
Hanford Site Quality
Assurance Plan

The site's TRU waste management program has
procedures to determine:
waste categorization schemes (e.g., consistent
definitions of waste streams) and terminology
breakdown of the types and quantities of TRU
waste generated/stored at the site
how waste is tracked and managed at the
generator site (including historical and current
operations)

WMP-400 Section
7 .1.9 Acceptable
Knowledge
Documentation
Management, May 17,
2002, HNF-2599
Hanford Site Quality
Assurance Plan

.
.
.

Execution of Procedures
Y/N

Procedures for AK processes are implemented
consistently

AK-2

Objective Evidence/
Comment

y

Procedures appear to be
consistent.

Y, in
part

Hanford does not assign waste
streams or WMCs at the same
level of detail as other sites even
though the other site has the same
type of AK information available.
The various DOE sites do not
consistently interpret waste stream
assignment requirements as set
forth in the QAPjP, and therefore
take vastly different approaches
when assigning these. If Hanford
retains its current approach, then
improvements to the identification
of drums with more detailed
WMCs should be initiated, as well
as improvements to the waste
volume tracking process.

Establishment of Required Technical Elements in
Procedures

Procedures call for AK information to be collected for:

.

..
.

2•1Am, 23sPu, 239Pu, 2•0Pu, 2•2Pu, 233U, 2,•u, 23su,
90 Sr, 137Cs + unexpected radionuclides
ferrous metals (in containers)
cellulosics, plastics, rubber
nonferrous metals (in containers)

Y/N

Execution of Procedures

YIN

Location

WMP-400 Section
7.1.9 Acceptable
Knowledge
Documentation
Management, May 17,
2002, HNF-2599
Hanford Site Quality
Assurance Plan

AK information is collected for:

.
..
.

2•1Am, 23sPu, 239Pu, 2•0Pu, 2•2Pu, 233U, 23•u,
238 U, 90 Sr, 137Cs + unexpected
radionuclides
ferrous metals (in containers)
cellulosics, plastics, rubber
nonferrous metals (in containers)

Specify isotopes/quantities defined by AK

.

must be appropriate and result in
ur,Piased values fer c'-';;0 ,,l"!tr,:e ac,i}i!v
and mass of radionuchdes

Is AK information collected for isotopes?

AK-3

y

Objective Evidence/
Comment

HNF 3462, 5482, 5481/6489.
M4T00-PJC-02-077. Isotopic
distributions are provided with the
source of the isotopic distributions
being NDA personnel at PFP.
Generalized information for Pu-U
is provided, although specific
isotopic distributions by plutonium
type (weapons, etc) could be
better presented. Process origin is
well documented; non-radionuclide
waste content is available on a
drum by drum basis.

Establishment of Required Technical Elements in
Procedures

Procedures require documentation of radionuclide
process origin

YIN

Execution of Procedures

YIN

Location

WMP-400 Section
7.1.9 Acceptable
Knowledge
Documentation
Management, May 17,
2002

Identified radionuclides and their isotopic
distributions are consistent and accurate
See AK Confirmation
Radionuclides identified by AK and isotopic
distributions are provided to NDNRadioassay
personnel.

If AK data are provided to NDA personnel, data
are available to operators prior to determination
of isotopic quantities. Data use and limitations
are well defined (refer to NDA checklist).

AK-4

Y, in
part

Objective Evidence/
Comment

HNF 3462, 5482, 5481.6489.
M4T00-PJC-02-077, U234 to U235
and U234 to U238 Ratios for
Appendix E of Hanford site
Transuranic Waste Certification
Plan for NDA, April 11, 2002 TRUSPO-11.4.4-0607200151480,
TRU Waste Radionuclide
Information from SWITS database,
June 8, 2001. TRU-SPO-11.4.10408200229341 Process origin
well documented, but could better
address fuel vs. reactor vs.
weapons grade plutonium breakdown. However, use of the Cs-Sr
default ratio of 1.1 requires
additional justification (currently
based only on expert opinion, not
actual data)
Communication between NDA and
AK personnel much improved over
previous inspections. AK record
now contains safeguards data
obtained by NDA personnel, and
actual isotopic ratios, scaling
factors, etc. assessed jointly by
both groups

Establishment of Required Technical Elements in
Procedures

require:
.Procedures
Assembling AK information

.

..
..
.

.

Compiling AK documentation into an auditable
record (the process should include review of AK
information to determine the waste material
parameters and radionuclides present, as well as
source info discrepancy resolution)
Assigning waste streams/waste matrix codes
Identifying physical forms, waste material
parameters, and radionuclides (including, if
possible, isotopic ratios)
Resolving data discrepancies
Identifying management controls for discrepant
items/containers/waste streams.
Confirming AK information with other analytical
results (done by comparing AK characterization
data with that obtained through NDE and/or
visual examination, including discrepancy
resolution)
Auditing of AK records.

YIN

Execution of Procedures

YIN

Location

WMP-400 Section
7 .1 .9 Acceptable
Knowledge
Documentation
Management, May 17,
2002

Compilation of AK documentation is adequately
demonstrated, as is data assembly and
identification of waste streams/waste forms.
From CH WAC
If AK data discrepancy is identified, site will
evaluate the source of the discrepancy to
determine if discrepant information is credible.
Information that is not credible will be identified
as such and reasons for dismissing will be
justified in writing. Limitation s concerning
information will be documented in the AK record
and summarized in the AK report. If a
discrepancy cannot be resolved, the site will
perform direct measurement for the impacted
population.

Discrepancies are adequately resolved

AK-5

Y, in
part

Objective Evidence/
Comment

HNF-5481 Revision 11, Hanford
Site Transuranic Waste
Management Waste Specific
Acceptable Knowledge
Documentation for Plutonium
Finishing Plant Non-Mixed Debris,
May, 2002. HNF-6489, Draft
Revision 8, Hanford site
Transuranic Waste Management
Specific Acceptable Knowledge
Documentation for Plutonium
Finishing Plant Mixed Debris, May,
2002.TRU-TS-11.4.30423199953594, Characterization
of Past and Present Solid Waste
Streams from the Plutonium
Finishing Plant, July 2, 1999,
Sections 1 and 2.
MSIN T3-01, TRU-WRP-01 NCR125; M4T00-PJC-01-147.
AK data compilation is excellent.
Examples of resolving data
discrepancies and identifying
management controls for
discrepant items provided.
However, the contents of lower
tiered AK documents could be
improved. Note that confirmation
of AK with respect to NDA has yet
to result in an issue because te AK
radionuclide identification has
been so broad as to include all Pu
sources. Recommended that
additional detail be included in
assembled documents so as to
identify Pu source, but note that
general isotopic distributions
based on percent 240 Pu is
assigned.

Establishment of Required Technical Elements in
Procedures

From CH-WAC
1.lf AK used (Le.data collected prior to QA program)what method was employed to qualify-peer review,
corroborating data, confirmatory testing, QA program
equivalency?
2. At a minimum, to confirm existing AK data, it is
necessary to compare ratios of the two most prevalent
radionuclides in the isotopic mix

YIN

Execution cf Procedur,.:;c

Location

WMP-400 Section
7.1.9 Acceptable
Knowledge
Documentation
Management, May 17,
2002

AK confirmation based on NOE and/or visual
examination is adequately demonstrated

1 _ 23s Pu 239Pu 240Pu 241Pu 242 Pu and 241Am:
-Confirmation can be accomplished via
comparison of measured and AK values for 239
Pu/ 240 Pu for weapons grade plutonium;; 238 Pu/
239 Pu for heat source.
- Measured 241 Am can be used to calculate
241 Pu (for subsequent AK comparison) if time of
chemical separation is known (no 241 Am at time
of separation assumed)
- 241 Pu can be compared (by ratio) to confirm AK
of any Pu isotope associated with wg/rg
(i.e.239Pu or 240 Pu)
- 238 Pu from AK for wg/rg Puis assumed to be
valid if the AK values of 239 Pu and 240 Pu have
been confirmed by measurement.
-242 Pu calculated by correlation techniques since
it can't be measured

AK-6

I

' Y/N
Y, in
part

Objective Evidence/
Comment

M4TOO-PJC-02-127, Acceptable
Knowledge Performance reportMPFPD
AK personnel do not confirm
NDNAK results with respect to
WAC requirements for assignment
of Pu isotopic ratios. Note that the
NOA personnel helped define Pu
ratios based on 240 Pu weight
percent, but actual calculation of
individual isotopic values is
performed by NOA personnel.
When queried, AK personnel
believed that 240 Pu was measured,
but did not know whether
remaining isotopes were measured
or calculated.

Establishment of Required Technical Elements in
Procedures

Y/N
Location

Execution of Procedures

Objective Evidence/
Comment

Y/N

2. 235 U, 233U, 238 U, 234 U
were they tracked or measured in AK
information?
-If no valid AK exists, data generated can only
be used to detect or calculate, or confirm
absence - ratios for 234 U calculated from 235 U
enrichment
- if valid AK exists can confirm with certified
systems
234
U calculated by 235 U enrichment because
234
U can't be measured

M4T00-PJC-02-077, U234 to U235
and U234 to U238 Ratios for
Appendix E of Hanford site
Transuranic Waste Certification
Plan for NDA, April 11, 2002, TRUSPO-11.4.1-0408200229341,
Telephone Interview regarding Sr90 and Cs-137 ratio, conversation
between Richard Clinton and
Michael Wesselman, March 28,
2002.

3. 137 Cs and 90 Sr
-confirmed by WIPP certified system (direct
measurement or comparison of 241 Am peak at
662 kv to other 241 Am peaks (disproportionate
241
Am peak at 662 kv could mean presence of
mes)
90
Sr calculated from mes using scaling factors

Scaling/calculation methodologies
for uranium isotopes well
documented and technically
appropriate, and are based upon
actual measured data examination
from the Tank Waste Information
System (database). However, the
Cs-Sr scaling value could not be
demonstrated based on actual
data, and the AKE explained
this
__ .,

4. Other radionuclides- must identify via NDA
and should identify via AK

IJ

• -IIIIIIU

·111-

concentration/precipitation values
for these two isotopes in the media
from which the analytical data was
obtained (he stated that the same
geochemical considerations did
not apply to the uranium isotopes,
because they all had equivalent
solubilities and would not
preferentially concentrate in liquid
or precipitate).
The 1.1 scaling factor used for CsSr is based solely on expert
opinion, and the site should
assemble additional supporting
information based on hard data to
support this value. 4°K and mes
example isotopes identified via
NDA that required reassessment in
AK program (not identified by AK).

AK.-7

Establishment of Required Technical Elements in
Procedures

Y/N
Location

Execution of Procedures
Y/N

AK-8

Objective Evidence/
Comment

Establishment of Required Technical Elements in
Procedures

Procedures require that:

.
.
.

.
.

AK information be compiled in an auditable
record, including a road map for all applicable
information.
A reference list be provided that identifies
documents, databases, Quality Assurance
protocols, and other sources of information that
support AK information.
The overview of the facility and TRU waste
management operations in the context of the
facility's mission be correlated to specific waste
stream information.
Correlations between waste streams, with regard
to time of generation, waste generating
processes, and site-specific facilities be clearly
described. For newly generated wastes, the rate
and quantity of waste to be generated shall be
defined.
Nonconforming waste be segregated.

YIN

Execution of Procedures

Location

WMP-400 Section
7.1.9 Acceptable
Knowledge
Documentation
Management, May 17,
2002

YIN

.
.
.

.
.

AK information is compiled in an auditable y
record, including a road map for all
applicable information.
A reference list is provided that identifies
documents, databases, Quality Assurance
protocols, and other sources of
information that support AK information.
The overview of the facility and TRU waste
management operations in the context of
the facility's mission is correlated to
specific waste stream information.
Correlations between waste streams, with
regard to time of generation, waste
generating processes, a~d site-specific
fac:::ties is cle.:r!~1 :ie$•· . :~l~d --•JI 0e\A_,;y
generated wastes, the rate and quantity of
waste to be generated are defined.
Nonconforming waste is segregated.

AK-9

Objective Evidence/
Comment

HNF 3462, 5482, 5481.6489 .
M4T00-PJC-02-077, U234 to U235
and U234 to U238 Ratios for
Appendix E of Hanford site
Transuranic Waste Certification
Plan for NOA, April 11, 2002 TRUSPO-11.4.4-0607200151480,
TRU Waste Radionuclide
Information from SWITS database,
June 8, 2001. TRU-SPO-11.4.10408200229341 . Examples of
data limitation (source document
summary) requested. Note that a
single "roadmap" is not prepared;
instead, each major document
includes a reference list that
backreferences other supporting
documentation (as well as detailed
information). Correlations between
waste streams, time of waste
generation,etc are well
documented. Nonconforming
waste is segregate, but note
issues pertaining to broad waste
stream definitions that would result
in little waste segregation.

Establishment of Required Technical Elements in
Procedures

Y/N
Location

Procedures require that the following information will be
included in the AK record:

WMP-400 Section
7.1.9 Acceptable
Knowledge
Documentation
Management, May 17,
2002

.

Map of the site that identifies the areas and
facilities involved in TRU waste generation,
treatment, and storage
Facility mission description related to TRU waste
generation and management
Description of the operations that generate TRU
waste at the site and process information,
including:
- Area(s) or building(s) from which the waste
stream was or is generated
- Estimated waste stream volume and time
period of generation
Waste generating process description for
each building or area
- Process flow diagrams, if appropriate
- Generalized material inputs or other
information that identifies the radionuclide
content of the waste stream and the
physical waste form
Types and quantities of TRU waste generated,
including historical generation through future
projections
From CH-WAC
waste identification/categorization schemes
relevant to the isotopic composition of waste and
description of isotopic composition of each waste
stream
physical/chemical waste composition that could
affect isotopic distribution (i.e. processes to
remove ingrown 241 Am)
statement of all numerical adjustments applied to
derive the material's isotopic distribution e.g.
scaling factors, decay/ingrowth corrections and
secular equilibrium considerations
specification of isotopic ratios for the 10 WIPPtracked radionuclides and, if applicable, the
radionuclides that comprise 95% of the hazard

.
.

Execution of Procedures
Y/N

The following information is included in the AK
record:

.
.

Map of the site that identifies the areas
and facilities involved in TRU waste
generation, treatment, and storage
Facility mission description related to TRU
waste generation and management
Description of the operations that generate
TRU waste at the site and process
information, including:
- Area(s) or building(s) from which the
waste stream was or is generated
- Estimated waste stream volume and
lime period of generation
- Waste generating process
description for each building or area
- Process fiow diagrams, if appropriate
- Generalized material inputs or other
information that identifies the
radionuclide cnntent of the waste ·
stream and the physical waste form
Types and quantities ofTRU waste
generated, including historical generation
through future projections
From CH-WAC
waste identification/categorization
schemes relevant to the isotopic
composition of waste and description of
isotopic composition of each waste stream
physical/chemical waste composition that
could affect isotopic distribution (i.e.
processes to remove ingrown 241 Am)
statement of all numerical adjustments
applied to derive the material's isotopic
distribution e.g. scaling factors,
decay/ingrowth corrections and secular
equilibrium considerations
specification of isotopic ratios for the 10
WIPP-tracked radionuclides and, if
applicable, the radionuclides that comprise
95% of the hazard

.

.

.

.

.

.
.

.

.

.

.

AK-10

Y, in
part

Objective Evidence/
Comment

HNF 3462, 5482, 5481.6489. Note
that documents do not include
future projections. See discussion
pertaining to Cs-Sr default ratioing
for information concerning
physical/chemical waste
composition that affects isotopic
distribution (i.e. preferential
precipitation of Cs-Sr in Tank
Waste that resulted in the inability
to determine Cs-Sr ratios based
upon Tank Waste data).

Establishment of Required Technical Elements in
Procedures

The site has procedures for the collection of
supplemental information.

Execution of Procedures

Y/N
Location

WMP-400 Section
7.1.9 Acceptable
Knowledge
Documentation
Management, May 17,
2002

Y/N

Samples of supplemental information are
sufficiently detailed and are appropriate to the
waste being characterized.

y

From CH-WAC
Examples of supplemental information include:
safeguards and security and other
material control systems/programs
reports of nuclear safety or criticality,
accidents involving SNM
waste packaging, waste disposal, building
or nuclear material management area logs
or inventory records, site databases that
provide SNM or nuclear material
information
test plans, research project reports, or
laboratory notebooks that describe the
radionuclide content of materials used in
experiments
information from site personnel
historical analytical data relevant to
isotopic distribution of the waste stream

.
.

.

..
WMP-400 Section
7.1.9 Acceptable
Knowledge
Documentation
Management, May 17,
2002

The AK summary is available for EPA review
and contains the required information, including
the basi~ for all waste stream desi:;;!'latiors.

AK-11

TRU-SPO-11.9-042920024, TRUTS-11.4.3-0423199953984, TRUSPO-11.9 04292002490094, TRUSPO-11.9-0429200249268,
M4T00-PJC-02-105, TRU-SPO11.9-03222015-1074, TRU-SPO11.4.1-0309200050575
Site assembled safeguards data
on a container basis, as well as
Waste Packaging Logs, and data
from the SWITS database, etc.
Also assembled information form
the Solid Waste Tracking system,
and Transuranic Storage and
Assay Facility (database). No Test
Plans/research project notebooks
accessed. AK personnel should
do a better job documenting all of
the various databases available to
the AKE .

.

Site documents/procedures require the facility prepare
an AK summary document that summarizes all
information collected, including the basis for all waste
stream designations.

Objective Evidence/
Comment

y

HNF 3462, 5482, 5481.6489.
3T000-PJC-01-009, Transmittal of
Waste Stream Summary and
Acceptable Knowledge
Documentation Checklist Forms
for Waste Streams NPFPD,
MPFPD, NPUREXD, MPUREXD,
and RFETS01.
AK process information presented
in several documents that get
progressively more detailed; actual
AK Summary is a separate
document.

YIN
Location

Execution of Procedures

Site procedures require that additional information be
collected before waste may be shipped if the required
AK information is not available for a waste stream.

WMP-400 Section
7.1.9 Acceptable
Knowledge
Documentation
Management, May 17,
2002, HNF-2599
Hanford Site Quality
Assurance Plan

Additional information is collected before waste
may be shipped if the required AK information is
not available for a waste stream.

y

All data currently available.
However, site anticipates
encountering waste in future that
has insufficient mandatory AK.

The site has a written procedure for the confirmation of
AK information using analytical data, including
NDNNDE and/or VE.

WMP-400 Section
7.1.9 Acceptable
Knowledge
Documentation
Management, May 17,
2002, HNF-2599
Hanford Site Quality
Assurance Plan

AK information is confirmed using analytical
data, including NDNNDE and/or VE.

y

M4T00-PJC-02-127, Acceptable
Knowledge Performance reportMPFPD

Establishment of Required Technical Elements in
Procedures

YIN

Objective Evidence/
Comment

=~·~,,

This procedure applies to both retrievably stored and
newly generated waste.
This procedure requires a reevaluation of AK if
NDE/NDA or VE identify it to be a different waste
matrix code. This procedure describes how the waste
must be reassigned, based on the AK reevaluation.

Has the acceptable knowledge expert calculated
the percent changes in matrix parameter
categories (MPCs) based on AK and NDENE?
Were accuracy evaluations assigned? Are
these acceptable?

AK-12

Accuracy values acceptable, but
note the issue related to WMC
assignment and identification of
errors (i.e. the WMC assignment is
very broad, so little waste will be
reassigned). Hanford does not
assign waste streams or WMCs at
the same level of detail as other
sites even though the other site
has the same type of AK
information available. The various
DOE sites do not consistently
interpret waste stream assignment
requirements as set forth in the
QAPjP, and therefore take vastly
different approaches when
assigning these. If Hanford retains
its current approach, then
improvements to the identification
of drums with more detailed
WMCs should be initiated, as well
as improvements to the waste
volume tracking process. This
would ensure identification of
wastes that consistently belong to
a specific WMC, and reassignment
of waste to a more detailed code, if
so warranted.

YIN

Establishment of Required Technical Elements in
Procedures

Location

Procedures require the following steps to be followed if
wastes are reassigned to a different waste matrix code
based on NOA/NOE or VE:

HNF-2599 Hanford
Site Quality Assurance
Plan

.
.

.
.
.

.
.

Review existing information based on the
container identification number and document all
differences
Reassess and document all analytical data
associated with the waste
Reevaluate waste material parameter
determinations and document any changes
Reevaluate the radionuclide content and
document any changes
Verify and document that the reassigned waste
matrix code was generated within the specified
time period, area and buildings, waste generating
process, and that the process material inputs are
consistent with the waste material parameters
identified during radiography or visual
examination
Record all changes to acceptable knowledge
records
If discrepancies exist in the acceptable
knowledge information for the reassigned waste
matrix code, complete a nonconformance report,
document the segregation of this container, and
define the corrective actions necessary to fully
characterize the waste

The site has procedures for shipment revocation and
procedures for notification of CBFO when a container is
revoked?

Execution of Procedures

YIN
The following steps are followed if wastes are
reassigned to a different waste matrix code:

.

.
.
.
.

.
.

HNF-2599 Hanford
Site Quality Assurance
Plan

y

No examples of reassignment to
date other than a single example
of an S3000 reassignment from a
container identified as S5000
(documentation supporting this
was not provided-CHECK). See
discussion above pertaining to AK
accuracy (i.e. calculations assume
broad WMC and broad
radionuclide grouping assignments
based on AK such that
reassignment based on actual
measurements shall very rarely- if
ever- occur) .

y

No examples to date.

Review existing information based on the
container identification number and
document all differences
Reassess and document all analytical
data associated with the waste
Reevaluate waste material parameter
determinations and document any
changes
Reevaluate the radior.:.:Llide ccntc-'lt aria
document any changes
Verify and document that the reassigned
waste matrix code was generated within
the specified time period, area and
buildings, waste generating process, and
that the process material inputs are
consistent with the waste material
parameters identified during radiography
or visual examination
Record all changes to acceptable
knowledge records
If discrepancies exist in the acceptable
knowledge information for the reassigned
waste matrix code, complete a
nonconformance report, document the
segregation of this container, and define
the corrective actions necessary to fully
characterize the waste

Has a waste stream been revoked based either
on AK information or reassessment as part of
reconfirmation?
If so, was the procedure(s) followed?

AK-13

Objective Evidence/
Comment

Establishment of Required Technical Elements in
Procedures

Until discrepancies are resolved, shipment of the
waste stream to the WIPP is prohibited.

YIN

Execution of Procedures

Y/N

Location

HNF-2599 Hanford
Site Quality Assurance
Plan

If data consistently indicate discrepancies with
acceptable knowledge information, the site
increases sampling, reassesses the materials
and processes that generate the waste, and
resubmits waste stream profile information.

AK-14

y

Objective Evidence/
Comment

No examples to date.

Attachment A.2: Nondestructive Assay (NDA) Checklist
Establishment of Required Elements in
Procedures

Y/N

Location

Execution of Procedures or Verification
of Activitv

Y/N

Objective Evidence or
Comment

Procedures require assay systems to report
quantitative values and uncertainties for
238Pu, 239Pu, 240Pu, 242Pu, 241Am, 23lu, 234U,
238 U, 90 Sr, and 137Cs.

y

HNF-26OO, Revision. 6, May 9,
2002, Section E.1 (page 150)

Quantitative values and uncertainties for
23sPu, 239Pu, 240Pu, 242Pu, 241Am, 233U, 234U,
238 U, 90 Sr, and 137Cs are reported.

y

Reviewed Batch Report No. WRTB-2OO2-O36 for GEA-B,
radioassay data sheets for
Containers RHZ-231-A17611,
RHZ-231-A 17720, RHZ-231A18O5O, and RHZ-231-A18O56

Procedures require that each payload
container disposed of at WIPP contains TRU
waste.

y

HNF-26OO, Revision. 6, May 9,
2002, Section E.1 (page 150)

Containers to be disposed of at WIPP meet
the definition of TRU waste.

y

Reviewed Batch Report No. WRTB-2OO2-O36 for GEA-B,
radioassay data sheets for
Containers RHZ-231-A17611,
RHZ-231-A1772O, RHZ-231A18O5O, and RHZ-231-A18O56

NOA instruments and procedures are
appropriate for the waste streams and/or
waste content codes being assayed.

y

HNF-26OO, Revision. 6, May 9,
2002, Section E.1 (page 150)

NOA instruments and procedures are
appropriate for the waste streams and/or
waste content codes being assayed.

y

Reviewed Calibration Report for
the waste Receiving and
Processing (WRAP) Facility
Gamma Energy Assay (GEA)
System Unit B, HNF-5149,
Revision 0, October 2001

NOA instruments and procedures result in
unbiased values for the cumulative activity of
the WIPP radionuclide inventory.

y

HNF-26OO, Revision. 6, May 9,
2002, Section E.1 (page 150)

NOA instruments and procedures result in
unbiased values for the cumulative activity of
the WIPP radionuclide inventory.

y

Reviewed Calibration Report for
the waste Receiving and
Processing (WRAP) Facility
Gamma Energy Assay (GEA)
System Unit B, HNF-5149,
Revision 0, October 2001

y

Reviewed Calculation of Assay '·
Results, WMP-35O Section 2.2,
Revision 16, May 17, 2002

- .. -~--~

..
Acceptable Knowledge (AK)
Isotopic ratios for use in qualifying
radionuclides is performed by direct
measurement or, when AK is used, is
qualified by confirmatory testing.

-- --..... •~-..---~

•·'

y

HNF-26OO, Revision. 6, May 9,
2002, Section E.2 (pages 150151)

Isotopic ratios for use in qualifying
radionuclides is performed by direct
measurement or, when AK is used, is
qualified by confirmatory testing.

Reviewed Batch Report No. WRTB-2OO2-O36 for GEA-B,
radioassay data sheets for
Containers RHZ-231-A 17611,
RHZ-231-A 17720, RHZ-231A18O5O, and RHZ-231-A18O56
Lower Level of Detection

NDA-1

Procedures require that the lower limit of
detection (LLD) for each NOA system is
determined.

y

HNF-2600, Revision 6, May 9,
2002, Section E.3 (page 154)

The lower limit of detection (LLD) for each
NOA system has been determined.

y

Reviewed Lower Limit of
Detection for the WRAP GEA
Systems, HNF-11129, Revision 0,
May2002

NOA instruments performing TRU/low-level
waste discrimination measurements are
required to have a LLD no greater than 100
nCi/g.

y

HNF-2600, Revision 6, May 9,
2002, Section E.3 (page 154)

NOA ir,:;trur.icnts periNming T~~/low-level
waste discrimination measurements are
required to have a LLD no greater than 100
nCi/g.

y

LLD for WGPu is less than 100
nCi/g for waste matrices above
0.1 g/cm 3

Procedures require that site specific
environmental backgrounds and container
specific interferences must be accounted for
in LLD determinations.

y

HNF-2600, Revision 6, May 9,
2002, Section E.3 (page 154)

Site specific environmental backgrounds and
container specific interferences are
accounted for in LLD determinations.

y

Reviewed Lower Limit of
Detection for the WRAP GEA
Systems, HNF-11129, Revision 0,
May 2002

The method used to calculate the total
measurement uncertainty (TMU) for all
required quantities must be documented and
technically justified.

y

HNF-2600, Revision 6, May 9,
2002, Section E.3 (page 155)

The method used to calculate the total
measurement uncertainty (TMU) for all
required quantities are documented and
technically justified.

y

Reviewed Total Measurement
Uncertainty for Nondestructive
Assay of Transuranic Waste at
the Waste Receiving and
Processing Facility, HNF-4050,
Revision 7

Methods to determine TMU must be
reviewed and approved by CBFO for each
NOA instrument.

y

DOE/WIPP-02-3122, Revison 0,
Section A.3 (page A-8)

Methods to determine TMU have been
reviewed and approved by CBFO for each
NOA instrument.

y

Interview with CBFO technical
Specialist

Procedures require that each NOA
instrument is calibrated before its initial use.

y

HNF-2600, Revision 6, May 9,
2002, Section E.3 (page 155)

The NOA instrument has been calibrated
before its initial use.

y

Reviewed Calibration Report for
the waste Receiving and
Processing (WRAP) Facility
Gamma Energy Assay (GEA)
System Unit 8, HNF-5149,
Revision 0, October 2001

Site procedures must specify the range of
applicability of system calibrations.

y

HNF-2600, Revision 6, May 9,
2002, Section E.3 (page 155)

The range of applicability of system
calibrations have been specified.

y

GEA-B calibrated for mass
loadings between 0 and 200 g
WGPu and matrix densities
between 0.01 and 1.56 g/cm 3

Procedures require that any matrix/source
surrogate waste combinations are
representative of the activity ranges and
relevant waste matrix characteristics (i.e.
densities, effective atomic number, neutron
absorber and moderator content) planned for
measurement by the system

y

HNF-2600, Revision 6, May 9,
2002, Section E.3 (page 155)

Matrix/scmce· ~.mogate waste combinations
used are representative of the activity ranges
and relevant waste matrix characteristics
planned for measurement by the system

y

Foam, homosote, particle board,
and sand used to calibrate GEA-B
for matrix densities between 0.01
and 1.56 g/cm 3

Procedures require the use of consensus

y

HNF-2600, Revision 6, May 9,

Consensus standards have been used,

y

NIST traceable mixed

Total Measurement Uncertainty (TMU)

Calibration

NDA-2

{

standards, when such standards exist. If
consensus standards do not exist, the
calibration technique must be approved by
CBFO.
Procedures require that primary standards
be obtained from suppliers maintaining a
nationally accredited measurement program.

y

2002, Section E.3 (page 155)

when such standards exist. If consensus
standards do not exist, the calibration
technique has been approved by CBFO.

HNF-2600, Revision 6, May 9,
2002, Section E.3 (page 156)

Primary standards have been obtained from
suppliers maintaining a nationally accredited
measurement program

Calibration Verification

radionuclide gamma line sources
used.

y

Reviewed certificates of
calibration for mixed radionuclide
gamma line sources (serial
numbers J837, J 838, J839, J840,
J841, and J842)

-.-.;.,.

Procedures require that verification of an
NOA instrument's calibration is performed
after any of the following occurrences: major
system repairs and/or modifications,
replacement of the system's components,
significant changes to the system's software,
and relocation of the system.

y

HNF-2600, Revision 6, May 9,
2002, Section E.3 (page 157)

Verification of an NOA instrument's
calibration has been performed when
required.

N/A

Calibration verification has not
been yet been required.

Procedures require recalibration of the
system if the calibration verification
demonstrates that the system's response
has significantly changed.

y

HNF-2600, Revision 6, May 9,
2002, Section E.3 (page 157)

Recalibration of the system has been
performed if the calibration verification
demonstrates that the system's response
has significantly changed.

N/A

Calibration verification has not
been yet been required.

Procedures require confirmation of the
calibration of a system by performing
replicate measurements of a non-interfering
matrix.

y

HNF-2600, Revision 6, May 9,
2002, Section E.3 (page 157)

The calibration of a system has been
confirmed by performing replicate
measurements of a non-interfering matrix.

y

Reviewed calibration confirmation
Calibration Report for the waste
Receiving and Processing
(WRAP) Facility Gamma Energy
Assay (GEA) System Unit 8,
HNF-5149, Revision 0, October
2001

Procedures require that replicate
measurements be performed with containers
of the same nominal size as those used for
actual waste assays.

y

HNF-2600, Revision 6, May 9,
2002, Section E.3 (page 157)

Replicate measurements have been
performed with containers of the same
nominal size as those used for actual waste
assays.

y

Reviewed calibration confirmation
Calibration Report for the waste
Receiving and Processing
(WRAP) Facility Gamma Energy
Assay (GEA) System Unit 8,
HNF-5149, Revision 0, October
2001

Procedures require that replicate
measurements be performed according to
the same procedures used for actual waste
assays.

y

HNF-2600, Revision 6, May 9,
2002, Section E.3 (page 157)

Replicate measurements have been
performed according to the same
procedures used for actual waste assays.

y

Discussion with Hanford
personnel

Procedures require that replicate
measurements be performed using

y

HNF-2600, Revision 6, May 9,
2002, Section E.3 (page 157)

Replicate measurements have been
performed using nationally recognized

y

Discussion with Hanford
personnel

Calibration Confirmation

NDA-3

%.

standards or standards derived from
nationally recognized standards that span
the range of use of the instrument.

nationally recognized standards or standards
derived from nationally recognized standards
that span the range of use of the instrument.
Procedures require that the standards used
for calibration confirmation are not the same
sources for the most recent calibration.

y

HNF-2600, Revision 6, May 9,
2002, Section E.3 {page 157)

The standards used for calibration
confirmation are not the same sources for
the most recent calibration.

y

Mixed radionuclide gamma line
sources used for calibration (Jseries) are not the same as those
used for calibration confirmation
(E-series).

Requirements for accuracy, expressed as
%R, and precision, expressed as %RSD,
must be met.

y

HNF-2600, Revision 6, May 9,
2002, Section E.3 (page 157)

Requirements for accuracy and precision
have been met.

y

Reviewed calibration confirmation
Calibration Report for the waste
Receiving and Processing
(WRAP) Facility Gamma Energy
Assay (GEA) System Unit B,
HNF-5149, Revision 0, October
2001

_...___~---~-·---- ________.,___. . . .___________--1,

11----------------...____.__________
General Quality Control
Procedures require that all radioassay and
data validation be performed by
appropriately trained and qualified
personnel.

y

HNF-2600, Revision 6, May 9,
2002, Section E.4.1 (page 158)

All radioassay and data validation has been
performed by appropriately trained and
qualified personnel.

y

Discussions with Hanford
personnel, including NOA
operators, data reviewers, and
system experts

Procedures require that requalification of
personnel be based on evidence of
continued satisfactory performance and is
performed at least every two years.

y

HNF-2600, Revision 6, May 9,
2002, Section E.4.1 (page 158)

Requalification of personnel be based on
evidence of continued satisfactory
performance has been performed at least
every two years.

y

Interviews with Hanford
personnel, including NOA
operators and data reviewers

Procedures require that all computer
programs, including spreadsheets used for
data reduction or analysis, meet the
applicable requirements in the QAPD.

y

HNF-2600, Revision 6, May 9,
2002, Section E.4.2 {page 159)

All computer programs, including
spreadsheets used for data reduction or
analysis, meet the applicable requirements
in the QAPD.

y

Interview with Hanford personnel
and CBFO audit teams

Procedures require that site participate in
any relevant measurement comparison
programs sponsored or approved by CBFO,
including the Performance Demonstration
Program (PDP).

y

HNF-2600, Revision 6, May 9,
2002, Section E.4.3 (page 159)

Site have participated in relevant
measurement comparison programs
sponsored or approved by CBFO.

y

GEA-A and GEA-B passed bias
and precision tests for sludge and;,
metals in PDP Cycle BA
.

Procedures require daily background
measurements, unless otherwise approved
by CBFO. Contributions to backgrounds
from nearby radiation sources must be
carefully controlled, or more frequent
backgrounds must be measured.

y

HNF-2600, Revision 6, May 9,
2002, Section E.4.2.2 (page 160)

Daily background measurements have been
taken, unless otherwise approved by CBFO.
Contributions to backgrounds from nearby
radiation sources have been carefully
controlled.

y

Reviewed background control
chart for GEA-B

Procedures require that system performance

y

HNF-2600, Revision 6, May 9,

Performance checks have been performed

y

Reviewed control charts for GEA-

Background and Performance Checks

NDA-4

2002, Section E.4.2.2 (page 160)

checks be performed at least once per
operational day.

B performance checks
(Performance check uses
an empty drum)

at least once per operational day.

239

Pu in

System performance checks must include,
as applicable, efficiency, matrix correction
checks, and for spectrometry systems peak
position and resolution.

y

HNF-2600, Revision 6, May 9,
2002, Section E.4.2.2 (page 160)

Performance checks include, as_ applicable,
efficiency, matrix correction checks, and for
spectrometry systems peak position and
resolution.

y

For SEGe detectors, activity,
centroid, and FWHM checked at
414 keV. For LEGe detectors,
activity, centroid, and FWHM
checked at 208 keV

Procedures require that at least once per
operational week an interfering matrix is
used to assess the long term stability of the
NDA instrument and its matrix corrections.

y

HNF-2600, Revision 6, May 9,
2002, Section E.4.2.2 (page 161)

An interfering matrix is used to assess the
long term stability of the NDA instrument and
its matrix corrections at least once per
operational week.

y

For Batch Report No. WR-TB2002-036, WRAP matrix drum010 with 5 g WGPu used (¾R =
72%)

Procedures require that interfering surrogate
waste matrices be constructed in a way that
the matrix characteristics do not change over
time.

y

HNF-2600, Revision 6, May 9,
2002, Section E.4.2.2 (page 162)

Interfering surrogate waste matrices have
been constructed in a way that the matrix
characteristics do not change over time.

y

Reviewed memorandum from N.
M. Abdurrahman to P. J. Crane,
Interference Matrix Drum
Selection, Configuration, and
Measurement, 02-NMA-001, June
12,2002

Procedures require that sources used for
performance checks either be long-lived or
decay-corrected.

y

DOE/WIPP-02-3122, Rf::v!son 0.
Section A.4.2 (page A-11)

Sourco:; used f.:ir pE;r,-..rrnance checks either
be long-ii• .:...: ;;; ;Je;;;;iy-correcteti.

y

WGPu source used

Procedures require that performance checks
be quantitative and based on 2 and 3 sigma
limits.

y

HNF-2600, Revision 6, May 9,
2002, Section E.4.2.2 (page 161)

Performance checks be quantitative and
based on 2 and 3 sigma limits.

y

Reviewed control charts for GEAB performance checks and
background

y

HNF-2600, Revision 6, May 9,
2002, Section E.5.1 (page 167)

Al radioassay data has been reviewed and
approved by qualified personnel before being
reported to WWIS.

y

Reviewed Batch Report No. WRTB-2002-036 for GEA-B

Data Management
Procedures require that all radioassay data
be reviewed and approved by qualified
personnel before being reported to WWIS.

Reviewed Batch Report No. WRTB-2002-037 for GEA-A

NDA-5

"II

Procedures require that radioassay testing
batch reports consist of the following:

.
.
.

Testing facility name, testing batch
number, container numbers, and
signature of the Site Project Officer
(SPO) or designee(s)
Table of Contents
Background and performance check
data or control charts for the relevant
time period.
Data validation per the QAPD and site
procedures
Separate testing report sheets for each
container.

y

Radioassay testing batch reports consist of
the following:

HNF-2600, Revision 6, May 9,
2002, Section E.5.2.1 (pages
169-170)

.

✓

..
.
.

✓
✓

✓

Testing facility name, testing batch
number, container numbers, and
signature of the Site Project Officer
(SPO) or designee(s)
Table of Contents
Background and performance check
data or control charts for the relevant
time period.
Data validation per the QAPD and site
procedures
Separate testing report sheets for each
container.

y

Reviewed Batch Report No. WRTB-2002-036 for GEA-B

✓

Reviewed Batch Report No. WRTB-2002-037 for GEA-A

✓

✓

✓
✓

✓

Procedures require that testing report sheets
include:

.

..
.
.

..

Title "Radioassay Data Sheet"
Method/procedure used
Date of radioassay
Activities and associated TMU for for
individual radionuclides
TRU alpha concentration and its
associated TMU
Operator signature
Reviewer signature

Procedures require that the following
nonpermanent records be maintained at the
radioassay-testing facility or forwarded to the
site project office:

.

.

.

Testing batch reports
All raw data, including instrument
readouts, calculation records, and
radioassay QC results
All applicable instrument calibration
reports

y

HNF-2600, Revision 6, May 9,
2002, Section E.5.2.1 (pages
170-171)

Testing report sheets include:

..
.
.
.
..

✓
✓
✓
✓

✓
✓
✓

y

✓
✓

HNF-2600, Revision 6, May 9,
2002, Section E.5.3 (page 172)

y

Reviewed Batch Report No. WRTB-2002-036 for GEA-B,
radioassay data sheets for
Containers RHZ-231-A17611,
RHZ-231-A 17720, RHZ-231A18050, and RHZ-231-A18056

Title "Radioassay Data Sheet"
Method/procedure used
Date of radioassay
Activities and associated TMU for for
individual radionuclides
TRU alpha concentration and its
associated TMU
Operator signature
Reviewer signature

✓
✓
✓
✓

✓
✓

Reviewed Batch Report No. WRTB-2002-037 for GEA-A,
radioassay data sheets for
Containers RHZ-231-A17606,
RHZ-231-A17719, RHZ-231A17918, and RHZ-231-A18109

The following nonpermanent records be
maintained at the radioassay-testing facility
or forwarded to the site project office:

y

Interview with Hanford personnel

..
.

✓

NDA-6

Testing batch reports
All raw data, including instrument
readouts, calculation records, and
radioassay QC results
All applicable instrument calibration
reports

✓

Attachment B.1: Replicate Data for Co"1tainer RHZ-231-Al 7723
Quantity of
Interest

Original Measurement
Reported
Value

Replicate #1

Absolute
Uncertainty

Relative
Uncertainty

Reported
Value

Replicate #2

Absolute
Uncertaintv

Relative
Uncertaintv

Reported
Value

Absolute
Uncertainty

Relative
Uncertaintv

238

Pu Activity (Cii

1.08E-02

1.43E-03

13.2%

1.06E-02

1.39E-03

13.1%

8.26E-03

1.1 0E-03

13.3%

239

Pu Activity (Ci)

1.14E-01

1.51 E-02

13.2%

1.16E-01

1.53E-02

13.2%

1.24E-01

1.65E-02

13.3%

240

Pu Activity (Ci)

2.63E-02

3.48E-03

13.2%

2.95E-02

3.88E-03

13.2%

3.57E-02

4.74E-03

13.3%

241

Pu Activity (Ci)

5.81 E-01

7.69E-02

13.2%

5.70E-01

7.49E-02

13.1%

6.34E-01

8.42E-02

13.3%

242

Pu Activity (Ci)

2.29E-06

3.03E-07

13.2%

2.53E-06

3.33E-07

13.2%

3.07E-06

4.07E-07

13.3%

241

Am Activity (Ci)

1.86E-02

2.47E-03

13.3%

1.97E-02

2.59E-03

13.1 %

2.16E-02

2.87E-03

13.3%

233

U Activity (Ci)

0.00E+00

0.00E+00

NIA

0.00E+00

0.00E+00

NIA

0.00E+00

0.00E+00

NIA

234

U Activity (Ci)

0.00E+00

0.00E+00

NIA

0.00E+00

0.00E+00

NIA

0.00E+00

0.00E+00

NIA

238

U Activity (Ci)

0.00E+00

0.00E+00

NIA

0.00E+00

0.00E+00

NIA

0.00E+00

0.00E+00

NIA

137

Cs Activity (Ci)

0.00E+00

0.00E+00

NIA

0.00E+00

0.00E+00

NIA

0.00E+00

0.00E+00

NIA

0.00E+00

0.00E+00

NIA

0.00E+00

0.00E+00

NIA

0.00E+00

0.00E+00

NIA

7,820

1,070

13.7%

8,100

1,100

13.6%

8,740

1,200

13.7%

90

Sr Activity (Ci)

TRU Alpha Cone. {nCilq)

Re.,il::.mi #-4

Replicate #3

Quantity of
Interest
Reported
Value

Absolute
Uncertaintv

Relative
Uncertainty

Reported
Value

-

Replicate #5

Absolute
Uncertainty

Relative
Uncertainty

Reported
Value

Absolute
Uncertainty

Relative
Uncertainty

238

Pu Activity (Ci)

1.00E-02

1.32E-03

13.2%

1.01 E-02

1.34E-03

13.3%

1.07E-02

1.41 E-03

13.2%

239

Pu Activity (Ci)

1.25E-01

1.65E-02

13.2%

1.26E-01

1.67E-02

13.3%

1.21 E-01

1.59E-02

13.1%

240

Pu Activity (Ci)

3.09E-02

4.07E-03

13.2%

3.02E-02

4.00E-03

13.2%

2.80E-02

3.69E-03

13.2%

241

Pu Activity (Ci)

6.06E-01

7.97E-02

13.2%

5.92E-01

7.84E-02

13.2%

4.93E-01

6.49E-02

13.2%

B-1

242

Pu Activity (Ci)

2.67E-06

3.52E-07

13.2%

2.56E-06

3.39E-07

13.2%

2.26E-06

2.98E-07

13.2%

241

Am Activity (Ci)

2.20E-02

2.89E-03

13.1%

2.04E-02

2.70E-03

13.2%

1.77E-02

2.33E-03

13.2%

233

U Activity (Ci)

O.OOE+OO

O.OOE+OO

N/A

O.OOE+OO

O.OOE+OO

N/A

O.OOE+OO

O.OOE+OO

N/A

234

U Activity (Ci)

O.OOE+OO

O.OOE+OO

NIA

O.OOE+OO

QOOE+QO

. NIA

O.OOE+OO

O.OOE+OO

NIA

238

U Activity (Ci)

O.OOE+OO

O.OOE+OO

N/A

O.OOE+OO

O.OOE+OO

NIA

O.OOE+OO

O.OOE+OO

N/A

137

Cs Activity (Ci)

O.OOE+OO

O.OOE+OO

N/A

O.OOE+OO

O.OOE+OO

N/A

O.OOE+OO

O.OOE+OO

N/A

O.OOE+OO

O.OOE+OO

N/A

O.OOE+OO

O.OOE+OO

N/A

O.OOE+OO

O.OOE+OO

N/A

8,660

1,170

13.5%

8,610

1,170

13.6%

8,170

1,110

13.6%

90

Sr Activity (Ci)

TRU Alpha Cone. (nCilq)

B-2

Attachment B.2: Replicate Results for Container RHZ-231-A17723
Quantity of
Interest

Original
Reported
Value

Absolute
Uncertainty

Sample
Mean

Sample
Standard
Deviation

Relative
Standard
Deviation

'X.2

P,tx <lx'll

I

II

t

I

I

Pr(x <ltl)

I

238

Pu Activity (Ci)

1.08E-02

1.43E-03

9.93E-03

9.83E-04

9.9%

1.890

0.756

0.806

0.465

239

Pu Activity (Ci)

1.14E-01

1.51 E-02

1.22E-01

4.04E-03

3.3%

0.286

0.991

-1.899

0.130

240

Pu Activity (Ci)

2.63E-02

3.48E-03

3.09E-02

2.91 E-03

9.4%

2.799

0.592

-1.430

0.226

'Pu Activity (Ci)

5.81 E-01

7.69E-02

5.79E-01

5.34E-02

9.2%

1.928

0.749

0.034

0.974

Pu Activity (Ci)

2.29E-06

3.03E-07

2.62E-06

2.94E-07

11.2%

3.772

0.438

-1.018

0.366

Am Activity (Ci)

1.86E-02

2.47E-03

2.03E-02

1.71E-03

8.4%

1.919

0.751

-0.896

0.421

24

242

241

233

U Activity (Ci)

0.00E+00

0.00E+00

0.00E+00

0.00E+00

NIA

NIA

NIA

NIA

NIA

234

U Activity (Ci)

0.00E+00

0.00E+00

0.00E+00

0.00E+00

NIA

NIA

NIA

NIA

NIA

238

U Activity (Ci)

0.00E+00

0.00E+00

0.00E+00

0.00E+00

NIA

NIA

NIA

NIA

NIA

137

Cs Activity (Ci)

0.00E+00

0.00E+00

0.00E+00

0.00E+00

NIA

NIA

NIA

NIA

NIA

0.00E+00

0.00E+00

0.00E+00

0.00E+00

NIA

NIA

NIA

NIA

NIA

7,820

1,070

8,456

298

3.5%

0.310

0.989

-1.950

0.123

90

Sr Activity (Ci)

TRU Alpha Cone. (nCilq)

I

Quantity of
Interest

I

x2 Test

I

tTest

238

Pu Activity (Ci)

Not Significant

Not Significant

239

Pu Activity (Ci)

Not Significant

Not Significant

240

Pu Activity (Ci)

Not Significant

Not Significant

241

Pu Activity (Ci)

Not Significant

Not Significant

242

Pu Activity (Ci)

Not Significant

Not Significant

241

Am Activity (Ci)

Not Significant

Not Significant

I

B-3

233

U Activity (Ci)

Not Applicable

Not Applicable

234

U Activity (Ci)

Not Applicable

Not Applicable

238

U Activity (Ci)

Not Applicable

Not Applicable

137

Cs Activity (Ci)

Not Applicable

Not Applicable

Not Applicable

Not Applicable

Not Sicrnificant

Not Sionificant

90

Sr Activity (Ci)

TRU Aloha Cone. (nCi/q)

B-4

Attachment B.3: Replicate Data for Container RHZ-231-A18061
Quantity of
Interest

Original Measurement
Reported
Value

Replicate #1

Absolute
Uncertainty

Relative
Uncertainty

Reported
Value

Replicate #2

Absolute
Uncertainty

Relative
Uncertaintv

Reported
Value

Absolute
Uncertainty

Relative
Uncertaintv

238

Pu Activity (Ci)

1.36E-02

1.85E-03

13.6%

1. 17E-02

1.58E-03

13.5%

1.57E-02

2.13E-03

13.6%

239

Pu Activity (Ci)

1.51 E-01

2.04E-02

13.5%

1.50E-01

2.03E-02

13.5%

1.56E-01

2.11 E-02

13.5%

240

Pu Activity (Ci)

4.1 0E-02

5.54E-03

13.5%

4.41 E-02

5.96E-03

13.5%

4.97E-02

6.73E.-03

13.5%

241

Pu Activity (Ci)

5.92E-01

8.01E-02

13.5%

6.43E-01

8.?0E-02

13.5%

6.62E-01

8.98E-02

13.6%

242

Pu Activity (Ci)

3.36E-06

4.54E-07

13.5%

3.68E-06

4.98E-07

13.5%

4.13E-06

5.60E-07

13.6%

241

Am Activity (Ci)

2.55E-02

3.45E-03

13.5%

2.68E-02

3.62E-03

13.5%

2.84E-02

3.85E-03

13.6%

233

U Activity (Ci)

0.00E+00

0.00E+00

NIA

0.00E+00

0.00E+00

NIA

0.00E+00

0.00E+00

NIA

234

U Activity (Ci)

0.00E+00

0.00E+00

NIA

0.00E+00

0.00E+00

NIA

0.00E+00

0.00E+00

NIA

238

U Activity (Ci)

0.00E+00

0.00E+00

NIA

0.00E+00

0.00E+00

· NIA

0.00E+00

0.00E+00

NIA

137

Cs Activity (Ci)

0.00E+00

0.00E+00

NIA

0.00E+00

0.00E+00

NIA

0.00E+00

0.00E+00

NIA

0.00E+00

0.00E+00

NIA

0.00E+00

0.00E+00

NIA

0.00E+00

0.00E+00

NIA

6,730

939

14.0%

6,770

947

14.0%

7,270

1,020

14.0%

90

Sr Activity (Ci)

TRU Alpha Cone. (nCilq)

Replicate #4

Replicate #3

Quantity of
Interest
Reported
Value

Absolute
Uncertaintv

Relative
Uncertaintv

Reported
Value

Replicate #5

Absolute
Uncertaintv

Relative
Uncertaintv

Reported
Value

Absolute
Uncertaintv

Relative
Uncertaintv

238

Pu Activity (Ci)

1.09E-02

1.48E-03

13.6%

1.?0E-02

2.30E-03

13.5%

1.43E-02

1.93E-03

13.5%

239

Pu Activity (Ci)

1.41 E-01

1.92E-02

13.6%

1.62E-01

2.19E-02

13.5%

1.53E-01

2.0?E-02

13.5%

240

Pu Activity (Ci)

3.83E-02

5.21 E-03

13.6%

5.05E-02

6.82E-03

13.5%

3.BBE-02

5.24E-03

13.5%

241

Pu Activity (Ci)

6.13E-01

8.34E-02

13.6%

6.61 E-01

8.92E-02

13.5%

6.99E-01

9.45E-02

13.5%

B-5

242

Pu Activity (Ci)

3.24E-06

4.41 E-07

13.6%

4.31 E-06

5.82E-07

13.5%

3.35E-06

4.53E-07

13.5%

241

Am Activity (Ci)

2.56E-02

3.48E-03

13.6%

3.41 E-02

4.60E-03

13.5%

2.84E-02

3.84E-03

13.5%

233

U Activity (Ci)

0.00E+00

0.00E+00

NIA

0.00E+00

0.00E+00

NIA

0.00E+00

0.00E+00

NIA

234

U Activity (Ci)

0.00E+00

0.00E+00

NIA

0.00E+00

0.00E+00

NIA

0.00E+00

0.00E+00

NIA

238

U Activity (Ci)

0.00E+00

0.00E+00

NIA

0.00E+00

0.00E+00

NIA

0.00E+00

0.00E+00

NIA

137

Cs Activity (Ci)

0.00E+00

0.00E+00

NIA

0.00E+00

0.00E+00

NIA

0.00E+00

0.00E+00

NIA

0.00E+00

0.00E+00

NIA

0.00E+00

0.00E+00

NIA

0.00E+00

0.00E+00

NIA

6,280

882

14.0%

7,670

1,080

14.1%

6,820

953

14.0%

90

Sr Activity (Ci)

TRU Alpha Cone. (nCilg)

B-6

Attachment B.4: Replicate Results for Container RHZ-231-A18061
Original
Reported
Value

Quantity of
Interest

Sample
Mean

Absolute
Uncertainty

Sample
Standard
Deviation

Relative
Standard
Deviation

x•

I

I

P<(x <It'll

I

t

Pr(x <ltl)

I

I

238

Pu Activity (Ci)

1.36E-02

1.85E-03

1.39E-02

2.59E-03

18.6%

7.845

0.097

-0.113

0.916

239

Pu Activity (Ci)

1.51 E-01

2.04E-02

1.52E-01

7.77E-03

5.1%

0.580

0.965

-0.165

0.877

240

Pu Activity (Ci)

4.10E-02

5.54E-03

4.43E-02

5.79E-03

13.1%

4.362

0.359

-0.518

0.632

241

Pu Activity (Ci)

5.92E-01

8.01 E-02

6.56E-01

3.13E-02

4.8%

0.612

0.962

-1.853

0.138

242

Pu Activity (Ci)

3.36E-06

4.54E-07

3.74E-06

4.70E-07

12.6%

4.282

0.369

-0.742

0.499

Am Activity (Ci)

2.55E-02

3.45E-03

2.87E-02

3.26E-03

11.4%

3.575

0.467

-0.884

0.426

241

233

U Activity (Ci)

0.00E+00

0.00E+00

0.00E+00

0.00E+00

NIA

NIA

NIA

NIA

NIA

234

U Activity (Ci)

0.00E+00

0.00E+00

0.00E+00

0.00E+00

NIA

NIA

NIA

NIA

NIA

238

U Activity (Ci)

0.00E+00

0.00E+00

0.00E+00

0.00E+00

NIA

NIA

NIA

NIA

NIA

137

Cs Activity (Ci)

0.00E+00

0.00E+00

0.00E+00

0.00E+00

NIA

NIA

NIA

NIA

NIA

0.00E+00

0.00E+00

0.00E+00

0.00E+00

NIA

NIA

NIA

NIA

NIA

6,730

939

6,962

529

7.6%

1.268

0.709

-0.401

0.709

90

Sr Activity {Ci}

TRU Aloha Cone. (nCilq)

IQuantity
of
Interest

I

x2 Test

I

tTest

238

Pu Activity (Ci)

Not Significant

Not Significant

239

Pu Activity (Ci)

Not Significant

Not Significant

240

Pu Activity (Ci)

Not Significant

Not Significant

241

Pu Activity (Ci)

Not Significant

Not Significant

242

Pu Activity (Ci)

Not Significant

Not Significant

Am Activity (Ci}

Not Significant

Not Significant

241

I
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233

U Activity (Ci)

Not Applicable

Not Applicable

234

U Activity (Ci)

Not Applicable

Not Applicable

238

U Activity (Ci)

Not Applicable

Not Applicable

137

Cs Activity (Ci)

Not Applicable

Not Applicable

Not Applicable

Not Applicable

Not Siqnificant

Not Siqnificant

90

Sr Activity (Ci)

TRU Alpha Cone. (nCi/q)

-
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Attachment B.5: Replicate Data for Container RHZ-231-A18108
Quantity of
Interest

Original Measurement
Reported
Value

Replicate #1

Absolute
Uncertaintv

Relative
Uncertaintv

Reported
Value

Replicate #2

Absolute
Uncertaintv

Relative
Uncertaintv

Reported
Value

Absolute
Uncertaintv

Relative
Uncertaintv

238

Pu Activity (Ci)

8.03E-02

1.11 E-02

13.8%

7.73E-02

1.07E-02

13.8%

7.69E-02

1.07E-02

13.9%

239

Pu Activity (Ci)

5.42E-01

7.51 E-02

13.9%

5.25E-01

7.28E-02

13.9%

5.38E-01

7.46E-02

13.9%

240

Pu Activity (Ci)

1.75E-01

2.42E-02

13.8%

1.74E-01

2.41 E-02

13.9%

1.71E-01

2.37E-02

13.9%

241

Pu Activity (Ci)

3.78E+00

5.24E-01

13.9%

3.70E+00

5.13E-01

13.9%

3.74E+00

5.19E-01

13.9%

242

Pu Activity (Ci)

1.85E-05

2.57E-06

13.9%

1.84E-05

2.55E-06

13.9%

1.82E-05

2.52E-06

13.8%

241

Am Activity (Ci)

2.00E-01

2.77E-02

13.9%

1.95E-01

2.71E-02

13.9%

1.97E-01

2.73E-02

13.9%

233

U Activity (Ci)

0.00E+00

0.00E+00

N/A

0.00E+00

0.00E+00

N/A

0.00E+00

0.00E+00

N/A

234

U Activity (Ci)

0.00E+00

0.00E+00

N/A

0.00E+00

0.00E+00

N/A

0.00E+00

0.00E+00

N/A

238

U Activity (Ci)

0.00E+00

0.00E+00

N/A

0.00E+00

0.00E+00

N/A

0.00E+00

0.00E+00

N/A

137

Cs Activity (Ci)

0.00E+00

0.00E+00

N/A

0.00E+00

0.00E+00

N/A

0.00E+00

0.00E+00

NIA

0.00E+00

0.00E+00

N/A

0.00E+00

0.00E+00

N/A

0.00E+00

0.00E+00

N/A

27,300

3,820

14.0%

26,900

3,770

14.0%

27,200

3,810

14.0%

90

Sr Activity (Ci)

TRU Aloha Cone. (nCi/a)

Replicate #3

Quantity of
Interest
Reported
Value

Replicate #4

Absolute
Uncertaintv

Relative
Uncertainty

Reported
Value

Replicate #5

Absolute
Uncertainty

Relative
Uncertainty

Reported
Value

Absolute
Uncertainty

Relative
Uncertainty

238

Pu Activity (Ci)

7.49E-02

1.04E-02

13.9%

7.15E-02

9.92E-03

13.9%

7.62E-02

1.06E-02

13.9%

239

Pu Activity (Ci)

5.32E-01

7.38E-02

13.9%

5.27E-01

7.31E-02

13.9%

5.54E-01

7.68E-02

13.9%

240

Pu Activity (Ci)

1.74E-01

2.42E-02

13.9%

1.67E-01

2.31E-02

13.8%

1.81 E-01

2.50E-02

13.8%

241

Pu Activity (Ci)

3.77E+00

5.23E-01

13.9%

3.60E+00

4.99E-01

13.9%

3.90E+00

5.41 E-01

13.9%

B-9

242

Pu Activity (Ci)

1.84E-05

2.55E-06

13.9%

1.76E-05

2.45E-06

13.9%

1.91 E-05

2.65E-06

13.9%

241

Am Activity (Ci)

1.94E-01

2.70E-02

13.9%

1.91 E-01

2.65E-02

13.9%

2.04E-01

2.83E-02

13.9%

233

U Activity (Ci)

0.00E+00

0.00E+00

NIA

0.00E+00

0.00E+00

NIA

0.00E+00

0.00E+00

NIA

234

U Activity (Ci)

0.00E+00

0.00E+00

NIA

0.00E+00

0.00E+00

NIA

0.00E+00

0.00E+00

NIA

238

U Activity (Ci)

0.00E+00

0.00E+00

NIA

0.00E+00

0.00E+00

NIA

0.00E+00

0.00E+00

NIA

137

Cs Activity (Ci)

0.00E+00

0.00E+00

NIA

0.00E+00

0.00E+00

NIA

0.00E+00

0.00E+00

NIA

0.00E+00

0.00E+00

NIA

0.00E+00

0.00E+00

NIA

0.00E+00

0.00E+00

NIA

27,000

3,790

14.0%

26,500

3,710

14.0%

28,100

3,940

14.0%

90

Sr Activity (Ci)

TRU Alpha Cone. (nCilq)
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Attachment B.6: Replicate Results for Container RHZ-231-A18108
Quantity of
Interest

Original
Reported
Value

Absolute
Uncertainty

Sample
Mean

Sample
Standard
Deviation

-

Relative
Standard
Deviation

x2

I

I

•~x <lx'II I

Pr(x <ltl)

t

I

I

238

Pu Activity (Ci)

8.03E-02

1.11 E-02

7.54E-02

2.34E-03

3.1%

0.178

0.996

1.925

0.127

239

Pu Activity (Ci)

5.42E-01

7.51E-02

5.35E-01

1.16E-02

2.2%

0.096

0.999

0.533

0.622

240

Pu Activity (Ci)

1.75E-01

2.42E-02

1.73E-01

5.13E-03

3.0%

0.180

0.996

0.285

0.790

241

Pu Activity (Ci)

3.78E+00

5.24E-01

3.74E+00

1.09E-01

2.9%

0.174

0.996

0.318

0.767

242

Pu Activity (Ci)

1.85E-05

2.57E-06

1.83E-05

5.37E-07

2.9%

0.174

0.996

0.272

0.799

Am Activity (Ci)

2.00E-01

2.77E-02

1.96E-01

4.87E-03

2.5%

0.124

0.998

0.713

0.515

241

233

U Activity (Ci)

0.00E+00

0.00E+00

0.00E+00

0.00E+00

NIA

NIA

NIA

NIA

NIA

234

U Activity (Ci)

0.00E+00

0.00E+00

0.00E+00

0.00E+00

NIA

NIA

NIA

NIA

NIA

238

U Activity (Ci)

0.00E+00

0.00E+00

0.00E+00

0.00E+00

NIA

NIA

NIA

NIA

NIA

137

Cs Activity (Ci)

0.00E+00

0.00E+00

0.00E+00

0.00E+00

N/.~

NIA

NIA

NIA

NIA

0.00E+00

0.00E+00

0.00E+00

0.00E+00

N/A

NIA

N/A

NIA

NIA

27,300

3,820

27,140

594

2.2%

0.097

0.999

0.246

0.818

90

Sr Activity (Ci)

TRU Alpha Cone. (nCilq)

IQuantity
of
Interest

I

x2 Test

I

tTest

238

Pu Activity (Ci)

Not Significant

Not Significant

239

Pu Activity (Ci)

Not Significant

Not Significant

240

Pu Activity (Ci)

Not Significant

Not Significant

241

Pu Activity (Ci)

Not Significant

Not Significant

242

Pu Activity (Ci)

Not Significant

Not Significant

241

Am Activity (Ci)

Not Significant

Not Significant

I
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233

U Activity (Ci)

Not Applicable

Not Applicable

234

U Activity (Ci)

Not Applicable

Not Applicable

238

U Activity (Ci)

Not Applicable

Not Applicable

137

Cs Activity (Ci)

Not Applicable

Not Applicable

Not Applicable

Not Applicable

Not Sianificant

Not Sianificant

90

Sr Activity (Ci)

TRU Aloha Cone. (nCi/g)

-
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