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Summary of Neutron Fluence Monitors with ID Codes and Wire Weights 

The fluence capsules are nominally 0.39” long with an O.D. of 0.05” 
 

Capsule ID 
(Stamped on 

bottom) 
 

Fe Weight 
(mg) 

 

Ti Weight 
(mg) 

 

Nb Weight 
(mg) 

 

 
0.116% Co-Al  
Weight (mg) 

Final 
Capsule Weight 

After Sealing 
(mg) 

 
1F 2.516 1.195 2.165 0.695 49.619 

97 2.613 1.264 1.863 0.830 48.352 

9J 2.610 1.191 2.281 0.863 48.197 

A5 2.247 1.349 2.053 0.709 50.630 

5U 2.599 1.246 2.252 0.736 51.054 

1I 2.144 1.187 1.928 0.708 50.863 

77 1.918 1.168 2.514 0.675 51.485 

7F 1.866 1.085 2.388 0.637 48.429 

 
   
 Note:  The final capsule weights are listed after sealing.   These weights include the fluence wires and 

vanadium capsule, a vanadium wire added for electron beam welding and a small loss of 
weight during welding.  The capsules met all size requirements in the SOW, as documented in 
the attached tests and inspections. 

 
 
 
 
 
 
 









 

 

EUROPEAN COMMISSION 
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Inst i tute for Reference Mater ials and Measurements 

 

 
 

CERTIFIED REFERENCE MATERIAL 
IRMM–526 

 
CERTIFICATE OF ANALYSIS 

 

NIOBIUM 

Mass fraction  

Certified value 1) 
[mg/kg] 

Uncertainty 2)

[mg/kg] 

Ta 0.30 0.09 
1) The certified value is the unweighted mean of the means of 6 accepted sets of data, each set being obtained in 

a different laboratory and/or with a different method of determination. The value is traceable to the International 
System of Units (SI). 

2) The uncertainty is a 95 %/95 % tolerance interval.  

 
This certificate is valid for five years after purchase. 

Sales date:  

The minimum amount of sample to be used is 100 mg. 
 
DESCRIPTION OF THE SAMPLE 
IRMM-526 consists of niobium metal with a nominal purity of > 99.994 %. Tantalum, present as impurity 
and causing spectral interference during application, is certified. The material is available as: 

• IRMM-526A: 0.02 mm thick foil (20 cm2 units)  
• IRMM-526B: 0.1 mm thick foil (20 cm2 units). 
• IRMM-526C: 0.5 mm diameter wire (1 m units) 

 
 
 
Brussels, May 1997 
Latest revision: May 2007 
 
 

Signed:  
 
Prof. Dr. Hendrik Emons 
Unit for Reference Materials 
EC-JRC-IRMM 
Retieseweg 111 
2440 Geel, Belgium 

 

All following pages are an integral part of the certificate. 
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ANALYTICAL METHOD USED FOR CERTIFICATION 
- Electrochemical separation (ECS) 
- Spark source mass spectrometry (SSMS) 
- Inductively coupled plasma mass spectrometry (ICP-MS) 
- Neutron activation analysis (NAA) 

PARTICIPANTS 
- AEA Technology, Harwell (GB) 
- Centre National de la Recherche Scientifique, Centre d’Etudes et de Recherches par Irradiation, 

Orléans, et Laboratoire d'Analyse par Activation, Pierre Sue (CEA-CNRS), Saclay (FR) 
- European Commission, Joint Research Centre, Central Bureau for Nuclear Measurements 

(CBNM), Geel (BE) 
- Forskningscenter Risø, Roskilde (DK) 
- Max-Planck-Institut für Metallforschung – Institut für Werkstoffwissenschaften, Dortmund (DE) 
- Studiecentrum voor Kernenergie / Centre d’Etude de l’Energie Nucléaire (SCK/CEN), Mol (BE) 
- Universiteit Gent – Instituut voor Nucleaire Wetenschappen (INW), Gent (BE) 

SAFETY INFORMATION 
The usual laboratory safety precautions apply.  

INSTRUCTIONS FOR USE 
This Nuclear Reference Material (NRM) is intended to be used in neutron metrology to monitor fast 
neutron fluence rates and fluences. The reaction of interest is 93Nb(n,n’)93mNb. 
Before use it is recommended that the samples are cleaned (ultrasonically for 5 minutes) in an 
adequate bath, e.g. trichlorotrifluoroethane, rinsed with distilled water and dried in a dust-free 
atmosphere. 

STORAGE 
The material can be stored at room temperature. 
However, the European Commission cannot be held responsible for changes that happen during 
storage of the material at the customer's premises, especially of opened samples. 

LEGAL NOTICE 
Neither IRMM, its subsidiaries, its contractors nor any person acting on their behalf,  
(a) make any warranty or representation, express or implied that the use of any information, material, 
apparatus, method or process disclosed in this document does not infringe any privately owned 
intellectual property rights; or  
(b) assume any liability with respect to, or for damages resulting from, the use of any information, 
material, apparatus, method or process disclosed in this document save for loss or damage arising 
solely and directly from the negligence of IRMM or any of its subsidiaries. 

 

 

 

 

 

NOTE 
A technical report on the production of IRMM-526 is available on the internet 
(http://www.irmm.jrc.be). A paper copy can be obtained from IRMM on request.  
 

European Commission – Joint Research Centre 
Institute for Reference Materials and Measurements (IRMM) 

Retieseweg 111, 2440 Geel (Belgium) 
Telephone: +32-(0)14-571.722 - Telefax: +32-(0)14-590.406 

http://www.irmm.jrc.be/
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Title: Fluence Capsules for the SAM-2 Experiment 
Product Line Number: 0053 - Nuclear Science and Legacy Waste        
Project Number: 77150        
 
The approach for meeting the identified Quality Assurance (QA) program requirements for project 77150 
is provided below. This project has a funding expiration date of 10/30/2020; delivery of Task 1 
dosimeters is expected by about October 15, 2020.   

Background 
 
This statement of work (SOW) applies to the fabrication and analysis of flux wire 
capsules that will be used in the SAM-2 experiment. This experiment is a 
drop-in design slated for irradiation in the Advance Test Reactor (ATR) at Idaho 
National Laboratory (INL). The 8 neutron fluence capsules will be 
used to determine the neutron exposure that the specimens have received. 
 
For Task 1 Pacific Northwest National Laboratory (PNNL) will prepare eight (8) neutron fluence 
monitors for irradiation in the ATR. Task 2 will involve analysis port-irradiation; the monitors will be 
returned to PNNL for analysis in FY21 after irradiation. The analysis report will include the neutron 
fluences and radiation damage calculations for all irradiated positions in the experiment. 
 
Task 1 
 
Fluence Wire Capsules 
 
A total of ten (eight and two spares) fluence monitor capsules are required.  All of the capsules will 
measure 0.047 to 0.054” OD x 0.420” maximum length and shall be made of pure vanadium (99.8%). All 
of the capsules will contain Fe, Ti, Nb and 0.1% Co-Al wires. Each capsule shall be stamped or engraved 
with a unique identification number, electron beam welded in a vacuum or sealed by a laser in inert gas, 
and helium leak tested. An acceptable helium leak test rate will be less than or equal to 1x10-7 standard 
cc/second. 
 
Each fluence wire capsule described above shall contain one wire segment of each of the following four 
materials: 
 

• 99.99% minimum purity iron (Fe) wire 
• 99.92% minimum purity titanium (Ti) wire 
• Niobium (Nb) wire Reference Material. 526C from the Institute for Reference 

Materials and Measurements (IRMM) 
• 0.116% cobalt (Co)-aluminum (Al) wire from the National Institute of Standards and 

Technology (NIST) 
 

Required supplies, measuring and test equipment, vendor calibration of M&TE and standards for user-
calibrated M&TE are already in place and in routine use.  No sub-contracts are necessary. 
 
Task 2  
 
Following irradiation of the eight fluence wire capsules in the ATR at INL, INL shall load the 
capsules into a shipping cask and ship them to PNNL. INL shall ship the capsules to PNNL within 90 
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days following disassembly of the experiment post-irradiation. PNNL shall remove the irradiated 
fluence wire capsules and ship the empty cask back to INL. 
 
Work to be performed by PNNL includes: 

1. Open the capsules and gamma count each wire to determine the activation product 
activities.   
 

2. Dissolve the niobium wires in acid and prepare aliquots on filter paper for x-ray 
analysis to determine the Nb-93m activity.   

 
3. Determine the saturated activation rates using irradiation history data provided by 

INL. The activities will be used to calculate nuclear activation rates using neutron 
spectral and reactor power history data provided by INL.   

 
4. Calculate neutron fluences by adjusting the neutron spectrum using a least squares 

procedure (STAYSL and associated computer codes). Radiation damage parameters 
including displacements per atom (dpa) and gas production will be calculated using 
the adjusted neutron spectra.  

 
5. Deliver a letter report summarizing the activities of the eight fluence wire capsules, 

the calculated neutron fluence of the flux wires, measured activity data, and damage 
parameters (dpa, gas production), calculated using the SPECTER computer code.   

 
The measured neutron fluences determined by analysis of the flux wires with the appropriate neutron 
energy range will be used to compare with calculations from physics analyses.  
 
All work is required to be performed according to approved procedures and following an approved 
Quality Assurance Plan that meets applicable NQA-1 2008/NQA-1A-2009 addenda quality standards.   

Task 1 Deliverable 

Each fluence wire capsule fabrication shall be documented. All documentation shall be supplied with the 
fluence wire capsule shipment. Documentation shall include: 

1. Certification of Conformance for meeting all requirements of the SOW. The 
Certificate of Conformance will contain the following information: 
a. Identification of the purchased material or equipment, such as by the purchase 

order number 
b. Identification of the specific procurement requirements met by the purchased 

material or equipment, such as codes, standards, and other specifications. This 
may be accomplished by including a list of the specific requirements or by 
providing, on-site, a copy of the purchase order and the procurement 
specifications or drawings, together with a suitable certificate. The 
procurement requirements identified shall include any approved changes, 
waivers, or deviations applicable to the subject material or equipment. 

c. Identification of any procurement requirements that have not been met, 
together with an explanation and the means for resolving the non-
conformances. 

d. Signature or otherwise authenticated by a person who is responsible for this 
quality assurance function and whose function and position are described in 
the Purchaser’s or Supplier’s quality assurance program. 
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2. Material certifications 

 
3. Capsule dimensions 

 
4. Fluence wire masses 

 
5. Helium leak test results 

 
6. Date that each measurement/test was performed 

 
7. Calibration certificates for each measurement/test tool. Calibration certificates 

shall include: 
a. Traceability to NIST 
b. Accuracy 
c. Date of calibration  
d. Calibration due dates 

 
Task 2 Deliverable 

Deliver a letter report summarizing the activities of the eight fluence wire capsules, the calculated neutron 
fluence of the flux wires, measured activity data, and damage parameters (dpa, gas production), calculated 
using the SPECTER computer code.   

 

1.0 Organization 

1.1 Quality Assurance Project Plan 
 

This Quality Assurance Project Plan (QAPP), 77150, Rev. 0, Fluence Capsules for the SAM-2 
Experiment contains the project-level QA requirements for the administration of the PNNL QA Program 
for the INL project.  As such, it is to be implemented by all participant project staff.    This QAPP is 
prepared by the project Quality Engineer (QE) and approved by the project manager.  Staff will be trained 
to this plan.   
 
1.2 Scope 
 
The quality requirements for this work are documented in the Memorandum Purchase Order (MPO) 
00239221 (Effective Date: 7/15/2020 prepared by the INL client.  The expiration/completion date for 
Task I is 10/30/2020.  The MPO references a Statement of Work No. 17494, Revision No. 0 entitled, 
“Fluence Capsules for the SAM-2 Experiment,” dated June 23, 2020.   
 
 
 
Requirements 
 
The MPO/SOW referenced quality standard is ASME NQA-1 2008 with NQA-1A-2009 addenda, 
except the following: Requirements 3, 9, 12, and 14. 
 
Referenced ASTM documents included the following: 
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• ASTM E1297 - 08 Standard Test Method for Measuring Fast-Neutron Reaction Rates by 

Radioactivation of Niobium 
 

• ASTM E261 - 10 Standard Practice for Determining Neutron Fluence, Fluence Rate, and Spectra 
by Radioactivation Techniques 

 
• ASTM E526 - 08 Standard Test Method for Measuring Fast-Neutron Reaction Rates by 

Radioactivation of Titanium 
 

QA Clauses identified in the MPO/SOW documents included: 
 
Clause No. 241C - ASME NQA-1-2008 1a 2009 addenda: The supplier shall implement and maintain a 
quality system in accordance with the applicable elements of ASME-NQA-1-2008, 1a 2009 Addenda, 
“Quality Assurance Requirements for Nuclear Facility Applications."  
 
Clause No. 422 - Metals/Piping - Actual Chemical and Physical Report: 
2.1. The supplier shall provide CMTR for all material (metals and/or piping) delivered under this MPO. 
CMTR documentation shall include: 

2.1.1. Identification of actual chemical and physical test results performed on a representative 
sample of the material heat/melt/lot. 
2.1.2. Heat/melt/lot number. 
2.1.3. Traceability to the material and/or end item(s) delivered. 
2.1.4. Contractor MPO number. 
2.1.5. Identification of Testing and Certifying organization. 
2.1.6. Statement of test results certification. 
2.1.7. Legibility and reproducible: each page of documentation supplied shall be photographically 
reproducible through two additional reproductions. Any illegible or unreproducible 
documentation shall be returned for replacement. 
2.1.8. Applicable specification. 

 
2.2 Physical marking/labeling of material is required to maintain CMTR traceability. As a minimum, 
marking shall include: 

2.2.1. Specification designation. 
2.2.2. Heat/melt/lot number. 
2.2.3. Manufacturer identification. 

 
2.3. Unless otherwise specified, CMTR documentation shall be delivered With Shipment (WS) to the 
final destination. 
 
Clause No. 437 - Certificate of Conformance: The supplier shall certify that item(s) or service(s) 
delivered under this MPO conform(s) in all respects to the MPO requirements. Supplier certification shall 
be documented utilizing Contractor Form 540.04, "Certificate of Conformance," or supplier's standard 
Certificate of Conformance (C of C). Certifications shall be complete, accurate, legible, and reproducible. 
Incomplete or inaccurate certifications will be refused. Each certification shall be issued by the designated 
supplier certifying authority in accordance with established supplier certification procedures. The 
certification must be signed (electronic signature is acceptable) by an authorized company representative. 
Unless otherwise authorized, the supplier’s C of C shall be submitted WS, to the shipping destination. 
 
 
Clause No. 723** - Inspection/Test Data: 
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4.1. Part, drawing, and specification number 
4.2. Serial number 
4.3. Heat/melt Identification of raw material 
4.4. Lot identification of each item 
4.5. Characteristic subject to inspection 
4.6. Inspection sequence 
4.7. Acceptance criteria and source 
4.8. Inspection results 

 4.9. Examination method 
4.10. Measure & Test Equipment (M&TE) 
4.11. Inspection setup 
4.12. Environmental conditions 
4.13. Test personnel identification 

             4.14. Dated approval signature by supplier authorized representative. 
 

** PNNL was provided with direction to consider clauses that do not apply as NA. INL stated 
that their interest is in the documentation that you use to get your work done. Any test procedure, 
traveler and or inspection records that are generated and are applicable to the clause are useful.  
All clauses cited by the MPO and SOW that are applicable will be addressed in part or in whole 
as necessary. 

A crosswalk document between the Analytical Support Operations (ASO) QA Plan and the ASME NQA-
1-2008/1a 2009 criteria addresses ASO compliance to the requirements and this has been provided to 
INL. 
 
The PNNL Radiochemical Processing Laboratory (RPL) was evaluated by INL in a desk audit in July 
2016, a follow-up in December 2016, another in October 2017, and most recently in March 2019.   The 
basis of the March 2019 audit was ASO-QAP-001, Rev. 11, ASO QA Plan, associated administrative and 
technical procedures and various QA Project Plans supporting assigned INL work.   
 
Interfaces 
 
Dr. Larry Greenwood is the PNNL Project Manager. Dr. Larry Greenwood is the primary point of 
contact. Samuel Adams will be the assigned Quality Engineer (QE). For INL, Klint Anderson will be the 
primary technical point of contact.   

The activities required to fabricate the capsules under Task 1 will include the following: 
 
1) Prepare QA Plan and any required procedures and test instructions 
2) Issue QA Plan and any required procedures and test instructions 
3) Assure that training has been assigned and completed for QA Plan and any required procedures  
4) Fabricate and inspect the fluence capsules as noted above. 
5) The capsules will be uniquely identified, electron beam sealed in a vacuum, and helium leak tested. 

Documentation will consist of the capsule and wire dimensions and weights, material certifications, 
and helium leak testing results. 

6) PNNL will ship the capsules and supporting documentation including a Certificate of Compliance 
that the package submitted meets the requirements of the PO, capsule and wire dimensions, and 
weights, material certifications, inspection and helium leak test results. 

7) PNNL will prepare the supporting data package according to requirements and specifications and 
submit to INL.   
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The activities required to perform testing under Task 2 will include the following steps.  There is a gap 
between the time of capsule fabrication and return of irradiated capsules to PNNL for analysis by INL.   
 
8) Review prepared QA Plan and existing required procedures and test instructions and develop or 

revise any that are necessary. 
9) If the QA plan requires revision, issue QA Plan and any required procedures and test instructions 
10) Assure that training has been assigned and completed for QA Plan and any required procedures  
11) Receive the samples. 
12) Prepare the samples for analysis by extracting them from the aluminum fuel holder.   
13) Perform gamma spectroscopy analyses of the wires to determine activities of Sc-46, Mn-54, Nb-94, 

and Fe-59.  The Nb wires will be dissolved and thin mounts prepared for X-ray measurement of Nb-
93m. 

14) The measured activities will be used to calculate nuclear activation rates using neutron spectral and 
reactor power history information provided by INL.   

15) Neutron fluences will be calculated by adjusting the neutron spectra using a least squares procedure 
(STAYSL PNNL and associated computer codes).  Radiation damage parameters (dpa, gas 
production) will be calculated using the adjusted neutron spectra and the SPECTER computer code. 

16) Prepare the data package according to requirements and specifications and submit to INL.   
 
 

Applicable and excluded NQA-1 requirements for the planned scope of work transmitted to PNNL RPL 
from INL are the following basic requirements: 
 

1.0 Organization 
2.0 Quality Assurance Program   
3.0 Excluded - Design Control 
4.0 Procurement Document Control  
5.0 Instructions, Procedures and Drawings  
6.0 Document Control  
7.0 Control of Purchased Items and Services  
8.0 Identification and Control of Items  
9.0 Excluded -Control of Processes 
10.0 Inspection 
11.0 Test Control – basic, test requirements and test records 
12.0 Excluded -Control of Measuring and Test Equipment  
13.0 Handling, Storage, and Shipping  
14.0 Excluded -Inspection, Test and Operating Status  
15.0 Control of Nonconforming Items – basic, identification and segregation  
16.0 Corrective Action 
17.0 Quality Assurance Records, basic, generation of records and storage 
18.0 Audits  

 
Responsibilities and authorities of PNNL staff working in the Radiochemical and Processing Laboratory 
(RPL) and those staff responsible for achieving and maintaining quality are identified in this document 
and in technical implementing procedures. An integrated approach to management is applied at PNNL 
and specifically in the PNNL RPL where the work will be performed.  
 
1.3 Roles and Responsibilities 
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1.3.1 Cognizant Space Manager   

A Cognizant Space Manager (CSM) and a delegate CSM are assigned to each hazardous space in the RPL 
as part of the PNNL Integrated Operations System (IOPS).  RPL CSMs play a key role in hazard 
mitigation in the RPL and are delegated responsibility from their line manager and the RPL Manager for 
the following RPL-unique CSM responsibilities:  CSM responsibilities are the following: 

• Authorization of day-to-day laboratory operations.  
• Determination if work hazards are adequately mitigated via procedure or by other hazard 

mitigation procedure, practice, and/or permit prior to the start of work by working with the 
researcher-provided information and using the appropriate subject matter experts for assistance, 
as needed.  

• Tracking and managing radioactive material inventories within their assigned locations using the 
Radioactive Material Tracking (RMT) system as specified in procedure, RPL-ADMIN-002, 
current revision, Radioactive Material Tracking.  

• Maintain radioactive material inventory limits with the applicable control ranges and conducting 
periodic evaluations of radioactive material inventory holdings including completion of a 
certification form per procedure RPL-SA-001, current revision, Radioactive Material Inventory 
Tracking Instruction.  
 

1.3.2 Project Manager 
 
The Project Manager is the Single Point of Contact between the funding client and the RPL research 
organization.  The Project Manager has responsibility to interface directly with the client, negotiate the 
scope of work, and meet the client's quality, cost, and schedule requirements. Specific responsibilities 
related to the RPL include: 

• Managing projects per requirements. 
• Obtaining CSM approval for work proposed in RPL laboratory spaces.  
• Identifying project risk(s).  
• Communicating project expectations to project staff with regards to operations and safety.  
• Determining what procedures, test plans and test instructions apply to the work. 
• Assigning training. 
• Obtaining and documenting technical reviews. 
• Monitoring project activities.  

 
1.3.3 Assigned Quality Engineer 
 
The Quality Engineer (QE) assigned to this project provides independent oversight and reviews project 
requirements with the Project Manager, prepares and revises this QA plan, and ensures that requirements 
that apply to the work are satisfied. The assigned QE ensures that the analysis reports meet all 
requirements specified in the MPO.  
 
 
 
 
1.3.4 Technician/Analysis Staff 
 
RPL staff assigned to fabricate capsules and perform helium leak testing are required to work to a test 
instruction that documents steps performed to assemble and inspect capsules prior to shipping.  Capsules 
are stamped or engraved with a unique identification number and sealed using an electron beam welder. 
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RPL staff assigned to perform gamma and x-ray analyses for fluence capsule samples are required to 
follow reviewed and approved procedures to perform work as specified in work practices, by use permits, 
and any other applicable work permits.  Staff are required to ensure that measuring and test equipment 
used is adequately calibrated and that the results of analyses are documented and defensible and of known 
quality to meet project objectives.  Staff are trained to the QA Plan and procedures.   
 
 
2.0 QUALITY ASSURANCE PROGRAM  
 
2.1     INL requirements are defined in the document, Memorandum Purchase Order (MPO)00239221, 

Effective Date:07/15/2020.  The expiration/completion date is 10/30/2020.  The MPO references a 
Statement of Work No.17494, Revision No. 0 entitled, “Fluence Capsules for SAM-2 Experiment,” 
dated June 23, 2020.   

 
2.2     This project-specific QA Program for PNNL Project 77150 is being implemented for this project.  

PNNL’s applicable policies and procedures will be followed as listed in the sections below.   
 

The ASO QA Plan, ASO-QAP-001, Rev. 11 (or most recent revision), Analytical Support 
Operations Quality Assurance Plan) is supported by the following applicable administrative 
procedures:                     

Table 2.  ASO Administrative Procedures 
Procedure 
Number Procedure Title 

PNL-ASO-052 Balance Performance Checks 
PNL-ASO-058 ASO Data Reporting 
PNL-ASO-062 Standards 
PNL-ASO-065 ASO Control Charting 
PNL-ASO-066 Pipette Performance Check – Determination of Delivery Volume 
PNL-ASO-070 Sample Management:  Overview 
PNL-ASO-071 Sample Management: Receipt and Inspection 
PNL-ASO-072 Sample Management:  Labeling, Log-in, and Work Authorization 
PNL-ASO-073 Sample Management:  Storage and Security 
PNL-ASO-074 Sample Management:  Distribution and Transfer of Unprocessed and Processed 

Samples 
PNL-ASO-075 Sample Management:  Disposition and Waste Disposal 
PNL-ASO-076 ASO Records Management 
PNL-ASO-077 ASO Document Control 
PNL-ASO-078  ASO Training Plan 
PNL-ASO-079 ASO Occurrences, Deficiencies and Nonconformances 
PNL-ASO-080 ASO Instrument Software, Multiple- and Single-use Spreadsheets 
PNL-ASO-081 ASO Procedure Development, Review and Approval Process 

 
The following technical procedures are proposed for use, but alternative procedures may also be 
used and those will be clearly defined in the reported results: 

 
Table 3.  ASO Technical Procedures 

Procedure  
Number 

Procedure Title 

RPG-CMC-450 Gamma Energy Analysis (GEA) and Low-Energy Photon Spectrometry 
(LEPS) 
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Procedure  
Number 

Procedure Title 

RPL-OP-001 Routine Research Operations 

 
RPL staff expected to support this work have been identified as the following: 
 

Table 4.  Staffing for Project 75643 and QE Organizational Independence 
Role Assigned Staff Organization 
Project Manager L Greenwood  D9H63 
ASO Administrator T Trang Le D9H63 
Fabrication L Darnell D9H63 
Technical POC, gamma spectrometry 
/Technical Reviewer 

L Greenwood D9H63 

Quality Engineer S. Adams PQ400 
Analysis Staff GEA Michael Cantaloub/ 

B Pierson/T Trang Le 
D9H63 

Technical Reviewers L Greenwood/B Pierson/ 
C Soderquist 

D9H63 
 

   
Technical reviewers cannot review work they performed.  Staff may be analysts for one data set and not 
for the following set, so the pool of knowledgeable technical reviewers may vary from sample batch to 
sample batch.  Technical reviewers must be knowledgeable of the work they are reviewing.  The staffing 
plan is to facilitate and ensure that staff participants are trained to applicable procedures.  

 
Project-specific training is assigned by the Project Manager.  At a minimum staff will be trained to the 
QA plan and applicable procedures for the work being performed.  Training of staff may take the form of 
briefings, reading assignments, on-the-job training or mentoring. The Project Manager or the project QE 
may issue training assignments for QA and technical implementing procedures.  
 
3.0 DESIGN REQUIREMENTS  
 
This basic requirement is not applicable as no designs are required.  
 
4.0 PROCUREMENT CONTROL  
 
4.1    This basic requirement is applicable and quality-related procurements if needed, would be 

anticipated to support this work.  However, required measuring and test equipment, vendor 
calibration of M&TE and standards for user-calibrated M&TE are already in place and in routine 
use. 

 
When quality-related procurement actions are necessary, procurement control at PNNL is described in the 
following PNNL HDI workflow: Acquire Product or Service.  

 
4.2     When needed, the assigned project QE shall approve all procurements containing QA requirements 

which must be processed via the HDI workflow, Acquire and Product or Service. The Project 
Manager will also review and approve these procurements.  

  
Procurement planning at PNNL involves both the Project Manager and QE to determine if there 
are any applicable QA requirements or specifications; this includes any planned software 
purchases.  Procurement of items and services that do not need specified QA requirements may be 
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processed using a PNNL Purchasing Card (P-Card) or through the Business to Business (B2B) 
Program.  Items and services on the P-Card Prohibited Purchases and Purchases with Exceptions 
list) shall be purchased by use of a purchase requisition.  The B2B program is a streamlined 
electronic purchasing mechanism for PNNL staff to purchase commercial, off-the-shelf items at 
competitive prices from pre-selected suppliers. 

 
4.3     External suppliers of balance calibration services on a PNNL-wide basis  involves the use of a 

vendor on the PNNL Evaluated Supplier Listing as specified by the Acquisition Quality Procedure 
AQP-03, Pre-Award and At Site Evaluations Surveys and At Site Evaluations.  Submittals from 
calibration vendors are reviewed to determine their compliance with the procurement document 
technical and QA requirements in accordance with implementing procedure AQP-06, Review of 
Supplier/Subcontractor Submitted Documents.  

 
5.0 INSTRUCTIONS, PROCEDURES, AND DRAWINGS  
 
5.1     Content, review and approval of RPL procedures and TIs are guided by requirements specified in 

the ASO procedure, PNL-ASO-081, ASO Procedure Development, Review and Approval Process. 
This procedure specifies the format, review and approval process and issuing for implementing 
procedures used for work in RPL.  The review and approval process addresses technical, quality 
and safety reviews to assure that concerns associated with performing work in a Category 2 nuclear 
facility are addressed.  Procedures are screened and reviewed by a Safety Evaluation Screening 
process.  Existing procedures to perform the work have been identified above. 

 
5.2     This QA Project Plan, technical procedures and any necessary test instructions provide the 

acceptance criteria for determining that ASO analytical prescribed requirements defined by 
procedures listed in Table 2 have been met and that the tests have been satisfactorily accomplished.   

 
6.0 DOCUMENT CONTROL  
 
Once RPL procedures and test instructions are approved, the Project Manager determines the delivery 
method to assure that procedures and test instructions are available to staff and that only the most current 
revision is available for use.  Changes to procedures must meet the requirements and follow the processes 
specified in PNL-ASO-081, ASO Procedure Development, Review and Approval Process. The most 
current versions of ASO procedures are available on the ASO SharePoint. ASO procedures are controlled 
under the ASO procedure, PNL-ASO-077, ASO Document Control.  Test instructions, when used, are 
prepared, reviewed and approved before use and are considered as controlled documents.  
 
7.0 CONTROL OF PURCHASED ITEMS AND SERVICES  
 
This requirement is addressed by PNNL processes defined by the procurement system discussed in 
Section 4, Procurement Document Control above.  
 
8.0 IDENTIFICATION AND CONTROL OF ITEMS  
 
As noted above for Task 1 RPL will fabricate capsules with a unique identification number and ship these 
to INL.  
 
RPL will receive the irradiated capsules returned from INL.  Incoming analysis samples will be assigned 
a unique RPL identification (ID) number. All received samples will be evaluated for condition upon 
receipt and an Analytical Service Request (ASR) form completed and submitted to ASO Lead for 
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authorization to perform work.  Chain of Custody forms, if provided, will be completed and returned to 
INL.  All remaining sample material will be disposed of by RPL as radioactive waste. 
 
9.0 CONTROL OF PROCESSES  
 
This basic requirement is not applicable to the scope of work. Capsules are sealed using an electron beam 
welder, but this is not a welding process per se and only requires a special skill to perform this task.    
 
10.0 INSPECTION   
 
Task 1 
Fabricated capsules will be inspected for conformance to required dimensions, visual inspection after 
sealing, a helium leak test and the bubble test. 
 
Task 2 
Capsules will be shipped from INL to RPL and will be inspected by PNNL upon receipt to evaluate 
sample container integrity and condition.  If there are any concerns identified, INL will be immediately 
notified via the RPL Project Manager.  Chain of Custody will be maintained by recording time and date 
of receipt and Chain of Custody forms, if provided to RPL, will be returned to INL.  The capsule samples 
shall be controlled to prevent damage or loss and to minimize deterioration. 
 
11.0 TEST CONTROL  
 
This basic requirement is addressed by following project test instructions, and the administrative and 
technical procedures as noted above.  Acceptance criteria for calibration verification and quality control 
samples are defined in procedures. Data reports contain a narrative discussing quality control sample 
results and the data report reports the sample and quality control sample results. 
 
Excel spreadsheets are used for data reduction and reporting.  Within the ASO QA Program multiple-use 
spreadsheets are developed, reviewed and approved for use.  Locked cells are used for algorithms and 
entered or transcribed data are checked by technical and QE reviewers.  Single-use spreadsheets require 
100% technical review. Instrument software control and spreadsheet review and approval are addressed in 
the procedure, RPL-ASO-080, ASO Instrument Software, Multiple- and Single-use Spreadsheets. 
 
12.0 CONTROL OF MEASURING AND TEST EQUIPMENT  
 
12.1     Measuring and test equipment (M&TE) is controlled through the PNNL property management 

system.  PNNL’s calibration control system is explained in the HDI subject area, Calibration and 
addresses both vendor- and user-calibrated M&TE.  When M&TE is used, manufacturer, model 
and serial number are recorded, as well as calibration status.  Pedigrees to calibration standards 
are procedurally-controlled and traceable to certified materials.  As previously discussed, a 
qualified vendor provides annual balance calibration services documented by applying a 
calibration sticker to the unit specifying serial number, calibration date and calibration due date.  
Calibration Reports are available and will be placed in the project record.  M&TE needed for the 
work will be selected based on the type, range, accuracy, and tolerance needed and listed in the 
test instruction.  Only M&TE within a valid calibration period will be selected for use.  

 
12.2     No M&TE software is being developed or modified as part of the scope of work. Measuring and 

test equipment that contains software will be recalibrated when updates affecting the calibration 
are made to the software.  
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13.0 HANDLING, STORAGE, AND SHIPPING  
 
Task 1 
PNNL will complete all work and deliver the fluence wire capsules to INL after award of the MPO.  
Goods will be shipped to:  

Idaho National Laboratory  
1765 North Yellowstone Highway  
Idaho Falls, Idaho 83415 

 
Task 2 
Capsules will be shipped from INL to RPL and will be inspected upon receipt to evaluate sample 
container integrity and condition.  If there are any concerns identified, INL will be immediately notified 
via the RPL Project Manager.  Chain of Custody will be maintained by recording time and date of receipt 
and Chain of Custody forms, if provided to RPL, will be returned to INL.  The capsule samples shall be 
controlled to prevent damage or loss and to minimize deterioration. 
 
14.0 INSPECTION, TEST, AND OPERATING STATUS  
 
This basic requirement is applicable to the scope of work.  
 
 
15.0 CONTROL OF NONCONFORMING ITEMS  
 
Task 1 
Capsules will be uniquely identified, electron beam sealed in a vacuum, visually and microscopically 
inspected, helium leak tested, and bubble tested. Fabricated capsules not passing any inspection attribute 
will be removed from the population and discarded.   
 
The procedure PNL-ASO-079, ASO Occurrences, Deficiencies and Nonconformances will be followed. If 
any issues arise, an Occurrence Report form will be used to document the issue and if evaluated as a 
significant condition adverse to quality, elevated to a Nonconformance or Deficiency Report as 
appropriate and corrective and preventive actions tracked to conclusion.  Refer to the Corrective Action 
section below. 
 
Task 2 
This basic requirement is applicable to the scope of work at the point when the capsules are delivered to 
RPL from INL as discussed in Section 13 above.  If any issues arise, an Occurrence Report form will be 
used to document the issue and if evaluated as a significant condition adverse to quality, elevated to a 
Nonconformance or Deficiency Report as appropriate and corrective and preventive actions tracked to 
conclusion.  Refer to the Corrective Action section below.  
  
16.0 CORRECTIVE ACTION  
 
The corrective action process for documenting issues of concern and determining if significant conditions 
adverse to quality exist will be controlled via the use of Occurrence Report forms, Deficiency Report 
forms and Nonconformance Report forms as applicable conclusion as per the procedure, RPL-ASO-079, 
ASO Occurrences, Deficiencies and Nonconformances. The Project Manager and QE will evaluate 
occurrences for conditions adverse to quality and to determine if the occurrence is a deficiency or 
nonconformance.  Deficiencies and nonconformances are tracked by the project QE to closure and 
submitted to records. When necessary the ASO Project Manager will inform the INL POC of any 
concerns or conditions. 
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17.0 QUALITY ASSURANCE RECORDS  
 
17.1     Analytical Support Operations (ASO) staff comply with the HDI work flows, File and Maintain 

Project Records and Manage Project Records and the ASO procedure, PNL-ASO-076, ASO 
Records Management.  The Project Manager defines project records and QA records to be 
maintained in the File Plan which functions as an index to the record file.  PNNL has a Records 
Management system to electronically manage project records.  A project Share Drive location is 
used to store .pdf copies of procedures reviewed and approved test plans and instructions, as well 
as completed plans and instructions, data packages, and reports. 

 
17.2 For Task 1 the completed TI and attachments (supporting documentation: capsule and wire 

dimensions, and weights, material certifications, inspection, helium leak and bubble test results 
and the Certification of Conformance are the records to be submitted to ASO records. 

  
17.3 For Task 2 the data summary report when applicable, will reference any deficiency, 

nonconformance or occurrence reports, any audit and surveillance reports, the data generated by 
measuring instruments.  Final data reports will be prepared and will have a cover page, a narrative 
and a data summary.   This report and the system files for each analysis will be submitted to ASO 
records. 

 
17. 4     Final data reports shall be reviewed by the Project Manager and the project QE prior to submittal 

to the client. This review is to verify that the records are legible and traceable to project 
deliverables and that project objectives have been met.  

 
18.0 AUDITS  
 
Surveillances will be performed as requested by the Project Manager and when work-in-progress is 
evaluated against procedures.  When completed tests and data packages and project reports are reviewed, 
a QE Memorandum will be prepared.    
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