In Vivo Gamma Spectroscopy System Statement of Work
Description, Requirements, Specifications, and Acceptance Criteria

Description
The equipment and material to be furnished shall be in accordance with the Purchaser's requirements for delivery of a complete, fully operational turnkey In Vivo Gamma Spectroscopy System that will operate from a single PC and associated software and is optimized for Actinide Bioassay measurements. The system shall consist of at least two High Purity Germanium (HPGe) detectors that are at least 80 mm in diameter and 30 mm thick with carbon fiber endcaps and have photon sensitivity above 10 keV, preamplifier, an integrated data acquisition electronics unit with appropriate data acquisition and analysis software, subject and detector positioning system, and be electromechanical cryogenic cooled.  Offers must include shipping, delivery and set-up.

Equipment Specifications

1.

EQUIPMENT (OR MATERIALS) TO BE FURNISHED

1.1

GENERAL

The equipment and material to be furnished shall be in accordance with the Department of Energy’s (DOE) requirements for delivery of a complete, fully operational turnkey In Vivo Gamma Spectroscopy System that will operate from a single PC and associated software. The system shall consist of at least two High Purity Germanium (HPGe) detectors optimized for low energy gamma spectroscopy ~17 keV, preamplifier, an integrated data acquisition electronics unit with appropriate data acquisition and analysis software, subject and detector positioning system, and be electromechanical cryogenic cooled. 

1.2

DETECTOR

1.2.1
The successful offeror (hereinafter called the Vendor) shall be the manufacturer of the system unless otherwise approved by the Contractor. The detector manufacturer shall maintain an ISO 9002 certified facility for the manufacture, test, and repair of HPGe detectors. 

1.2.2 The detector shall be fabricated from High Purity Germanium (HPGe) crystal, and shall include electromechanical cooling as described in this specification.  The detector performance characteristics shall be measured in accordance with “IEEE Standard Test Procedures for Germanium Gamma-Ray Detectors”, ANSI/IEEE 325-1996, and shall include the following:
1.2.2.1 At least two 80-mm diameter and 30-mm thick high-purity germanium detectors for use with electromechanical cooling.
1.2.2.2 Large frontal active area with photon sensitivity for photon energies above 10 keV.
1.2.2.3 Warranted Energy Resolution (FWHM) equal to or better than 600 eV at 14.4 keV.
1.2.2.4 Warranted Energy Resolution (FWHM) equal to or better than 650 eV at 122 keV.
1.2.2.5 Warranted Energy Resolution (FWHM) equal to or better than 1.9 keV at 1332 keV.
1.2.2.6 Warranted Peak to Compton ratio >55:1.
1.2.2.7 FW 0.1M/FWHM <2.0, FW0.2M/FWHM <2.9.
1.2.2.8 Shall be used with electromechanical cooler.
All tests shall be performed in accordance with the document IEEE-325 (1986), “Test Procedures for Germanium Gamma-Ray Detectors.”

1.2.2.9
The detector assembly shall include:

(a)
a sealed, transplantable detector capsule which contains the germanium detector element and;

(b)
separate, sealed cryostat(s) for detector cooling.

The sealed capsule must be interchangeable with any cryostat/dewar of the following types: horizontal or vertical dipstick, hand-held portable, side-looking or down-looking.  Neither PUMPING, HEATING, NOR VENDOR ASSISTANCE shall be required to change the configuration.
1.2.22.10
The detector assembly shall be capable of being transplanted to a cryostat and dewars or to electromechanical cryogenic coolers.
1.2.2.11
The preamplifier and high-voltage filter must be part of the detector capsule, but those two elements must be easily accessible.  The preamplifier type shall be Resistive Feedback (for count rates to 160,000 cps Co-60) 

1.2.2.12  
The only permissible contacts made directly to the detector element must be either lithium-diffused or ion-implanted. 

1.2.2.13  
The detector capsule shall contain an automatic high-voltage shutdown circuit.  This circuit must operate in accordance with the temperature of a sensor on the detector mount, not through monitoring the detector leakage current.

1.2.2.14  
There shall be an overrange Light-emitting Diode (LED) on the detector capsule to indicate when the preamplifier is out of its linear range.

1.2.2.15 
 The detector assembly shall include:

(a)
a sealed, transplantable detector capsules which contains the germanium detector elements and;

(b)
separate, sealed cryostat(s) for detector cooling.

The sealed capsule must be interchangeable with any cryostat/dewar of the following types: horizontal or vertical dipstick, hand-held portable, side-looking or down-looking.  Neither PUMPING, HEATING, NOR VENDOR ASSISTANCE shall be required to change the configuration.

1.2.2.16
The detector assembly shall be capable of being transplanted to a cryostat and dewars or to electromechanical cryogenic coolers.

1.2.2.17 
 The preamplifier and high-voltage filter must be part of the detector capsule, but those two elements must be easily accessible.  The preamplifier type shall be Resistive Feedback (for count rates to 160,000 cps Co-60) 

1.2.2.18  
The only permissible contacts made directly to the detector element must be either lithium-diffused or ion-implanted. For an n-type coaxial detector, the external ion-implanted contact shall be no thicker than 0.3 micron.

1.2.2.19  
The detector capsule shall contain an automatic high-voltage shutdown circuit.  This circuit must operate in accordance with the temperature of a sensor on the detector mount, not through monitoring the detector leakage current.

1.2.2.20 
 There shall be an overrange Light-emitting Diode (LED) on the detector capsule to indicate when the preamplifier is out of its linear range.

1.2.3
The warranted performance specifications for the detector shall be listed in the offeror’s response.  Additionally, the selected vendor shall warrant in their response that the system shall meet the minimum specifications listed in 1.2.2 above.  During the warranty period, the Vendor shall replace or repair, at the Vendor's option, any detector that fails to meet the minimum specifications.

1.3

Electromechanical Cooling                 

1.3.1
Electromechanical Cooling shall be provided using 110-120 V ac, 60 Hz Input Power.

1.3.2 
A bias shutdown circuit shall be included as a standard component in each 
detector capsule.  The circuit shall operate in response to the temperature 
indication from a sensor in the detector mount.  Using the detector’s leakage 
current for the bias shutdown circuitry is not acceptable.

1.4

DATA ACQUISITION ELECTRONICS

The system shall include an integrated data acquisition electronics unit to provide high voltage bias to the detector and to process spectral data from the detector assembly.  The processed spectral data shall be sent to the PC via an Ethernet interface. 

1.4.1
The data acquisition unit shall be a state-of-the-art design using Digital Signal Processing (DSP) Technology.

1.4.2
The electronics shall be an integrated design and shall include the preamplifier power supply, High Voltage bias supply, DSP circuitry, and multiple computer interfaces, including an Ethernet interface.

1.4.3
The Vendor shall supply all necessary interconnecting cables between the detector assembly, the data acquisition unit, and the computer.  All cabling shall be of a rugged design and shall have appropriate quick disconnects at each end.

1.4.4
The Vendor shall maintain an ISO 9002 certified facility for the design, manufacture, and testing of high-quality spectroscopy electronics systems.

1.4.5
The data acquisition electronics shall be controllable from any personal computer (PC) located on a Local Area Network (LAN) via a 10 Mbit Ethernet connection using IPX/SPX industry standard protocol. The acquisition unit shall be designed for both low-count rate performance and high-count rate performance of a gamma spectroscopy system.  The acquisition unit shall also be designed for widely differing activities and for possible changes of use via a single computer initiated optimization protocol. 

1.4.6
The electronics hardware shall provide the necessary functions required to produce a histogram spectrum from the preamplifier output of any HPGe detector.  At a minimum, the functions shall be digital filtering, baseline restoration, pile-up rejection, pole-zero cancellation, and digital spectrum stabilization. Resolution up to 16384 channels shall be provided.

1.4.7
The data acquisition electronics shall include a digital filter with adjustable parameters capable of optimizing the performance of all types of germanium detectors. The performance of the digital filters shall exceed the performance of analog systems using Gaussian or Triangular filter shaping.  Additionally, the digital filters shall provide long-term stability of resolution and peak shaping superior to analog systems. The user-selectable, computer-controlled settings for the filter shall include as a minimum:  

· Rise time from 0.2 to 23.0 sec in 0.2 sec increments

· Flat top width from 0.3 to 2.4 sec in 0.2 sec increments

· Cusp adjustment from 0.4 to 1.0 in 0.1 sec increments  

1.4.8
The electronics shall automatically obtain the optimal match to the system’s detector/preamplifier combination including pole-zero cancellation adjustments. A computer-controlled process shall accomplish the automated adjustments. Once optimized, the adjustments of the individual parameters shall still be available without having to re-optimize.

1.4.9
With the digital stabilization deactivated, the detector resolution shall be degraded less than 10%, and the peak position instability less than 170 ppm over the count range of 0-75,000 cps. The system gain instability, with digital stabilizer off, shall be less than 50 ppm/°C.

1.4.10
A computer controlled automatic pole-zero cancellation circuit shall be provided.  Manual setting of the pole-zero shall also be provided via the computer interface.

1.4.11
A computer-controlled automatic baseline restorer shall be provided.  The user shall also have the option of selecting either a fast or slow baseline restorer response.

1.4.12
To ensure optimal system performance, an internal virtual oscilloscope shall be provided for monitoring the pulse shape.  This feature shall be employed to verify that the parameters of the digital filter have the desired effect.  The oscilloscope mode shall be controlled from the computer with adjustments similar to an external oscilloscope (volts/division, time base, time delay) as well as marking of different parameters affecting the pulse shape, such as baseline restore, pole zero, and pile-up rejection.

1.4.13
The dead time correction for the acquisition system shall use the Gedcke-Hale extended live time correction method.  The acquisition system shall store the live and real time along with the acquisition start date and time for each spectral acquisition in the unit itself.

1.4.14
In addition to the live time clock, the acquisition system shall use a loss- free counting method for dead time correction.

1.4.15
The internal High Voltage bias supply shall provide the appropriate voltage, current, and polarity for the HPGe detector.  It shall be possible to enable and monitor the bias from the computer.  If an inadvertent detector warm-up occurs, shutdown of the bias voltage shall be controlled by its internal electronics.

1.4.16
The acquisition system shall store in its local, battery-backed up, memory the current energy and efficiency calibration information for the detector/electronic combination.  This information shall be directly read and interpreted by any computer on the LAN which has the appropriate access (password protected) to the acquisition electronics.

1.4.17
The communication protocol between the acquisition electronics and the PC shall follow IEEE-published formats.  All commands available for the use and control of the hardware shall be included in the manuals shipped with the units.  No proprietary communication protocols or commands structures are acceptable.

1.4.18
The acquisition electronics shall use, as a minimum, the following data acquisition termination criteria:

· Live Time

· Real Time

· Gross counts in a selected peak

· Gross counts in a selected region of interest

· Uncertainty of a selected region of interest

The user shall be able to set values for all presets, and the first condition to be matched terminates acquisition. 

1.4.19
The Vendor shall provide all communications hardware, software, and firmware between the data acquisition module and the PC. The Vendor shall also guarantee that the PC properly interfaces to, and communicates with, the acquisition unit as designed. The Ethernet interface cable for the acquisition unit shall be provided by the Contractor, along with all necessary interconnection cabling to comprise a complete, functional Gamma Spectroscopy System.

1.5

SOFTWARE

1.5.1
The PC shall process and analyze the data from the data acquisition unit by utilization of an MCA Emulation Analysis (MEA) program for the Gamma Spectroscopy System. The MCA (Multi-channel Analyzer) emulation controls, analysis, library editing, calibration, and other routines shall be performed from a single software application interface.

1.5.2
The software for the Gamma Spectroscopy Sub-System shall operate under Microsoft Windows.  The software shall be designed so that expansion of its base functionality can be achieved through user defined programs, third party applications, and other software development packages.

1.5.3
The MCA Emulation software shall operate seamlessly over a Microsoft Windows network, or any combination of network protocol thereof.  Network applications shall include automatic configuration of all detectors and hardware on the network, full “Live Display” of spectra from any detector, full control over the acquisition hardware from any PC on the network, and password protection and detector locking to prevent the network users from losing data.

1.5.4
MCA emulation shall be accomplished through standard commands from the keyboard or mouse.  These commands shall include, as a minimum, Start, Stop, and Clear.  These commands shall also be available from an automated batch-processing environment built into the MEA package.  Full and expanded views shall be displayed on the screen at all times.  A truly live spectral display shall be provided.  Screen resolution shall be determined by the user from 16 to 16,384 channels and from 16 counts full scale to 1,024 million counts including a logarithmic scale.

1.5.5
The analysis software shall incorporate user-defined parameters including library file, calibration, special corrections, and background correction, including correction files and sample weight or volume.  The analysis shall be library directed and shall include at least two different engines with the capability to allow user-defined analysis engines as well, all from the same environment.

1.5.6
The software shall be capable of automatically performing multiplet deconvolution.  It shall be possible to initiate the deconvolution function in the following  ways:

1.5.6.1
A multiplet shall be considered detected when two or more peak centroids are found which are listed within 3 FWHM of each other.  The deconvolution process shall then use all “found” spectral peaks and library peaks within the energy range of the multiplet.  After analysis, it shall be possible, on the spectral display, to plot the deconvolution results and residuals.

1.5.6.2
Interactive re-analysis of a selected portion of the spectrum of less than 1000 channels shall be possible, with the operator being permitted to manually insert deconvolution peak candidates and adjust the energy calibration in order to minimize fit residuals.

1.5.7
The efficiency and energy calibration commands shall be available from the MCA environment.  Energy calibration shall include linear and quadratic curve fitting of both the energy versus channel and FWHM versus channel.  Energy calibration shall be automated with “One click” for ease of use.

1.5.8
The efficiency calibration shall be library directed and include curve fitting and knee positioning. Curve fits shall include linear, quadratic, and interpolative below the knee, and linear, quadratic, interpolative and polynomial fits above the knee.  The energy and efficiency calibrations shall be stored in separate table files as well as in a single calibration file.

1.5.9
Library editing shall be built into the analysis software environment, and shall include: 

· Individual manipulation of the peak order for each nuclide

· Insertion of new peaks

· Deletion of existing peaks

· Modification of energy and abundance

· Ordering of nuclides in a library

· Insertion of new nuclides to a library

· Deletion of nuclides from a library.

1.5.10
The analysis software shall include a Quality Assurance package in accordance with ANSI N13.30 standards.  Quality Assurance shall be capable of being performed on any number of peaks and/or nuclides.  The QA feature shall include the ability to inhibit data acquisition for any detector not within its QA limits.  QA data shall be available in an industry standard data base format (ODBC-compatible) and shall include all limits, detector identification, QA results, date/time stamp, and individual peak results.

1.5.11
All data shall be stored in an ASCII format using delimiters [preferably commas (,)]. The data from the detector assemblies for each analysis shall be automatically stored in appropriate files in the PC’s main memory.  The Contractor-supplied PC shall include an appropriate data backup device (either magnetic tape, DVD or Blue-Ray) so that the data from all analyses may be archived for a permanent record.

1.5.12
A single spectral analysis file shall store all data relevant to a particular sample, including, but not limited to:  

· sample description

· channel contents

· detector description

· detector calibration (energy and efficiency)

· geometry correction table

· attenuation correction table

· library (energy, abundance, and half-life for each nuclide)

· decay correction

· all user-selectable analysis parameters

· count presets  

1.5.13 Files created by the analysis and acquisition system that are in a binary format shall have their formats defined in such a way as to allow the user or others, through the use of common programming languages (BASIC, C, C++, and others), to have direct access to the information in them without the use of any special tools, programs, translators, or editors from the manufacturer.  The format of these files shall be supplied to the Contractor at the time of purchase without Non-disclosure Agreements. This includes Nuclide Library, Spectral Analysis, Calibration, Region of Interest, and Binary Output files.  Data results from the analysis files shall be able to be directly imported to a Microsoft Access compatible database upon completion of an analysis.  A mass storage device compatible with Microsoft 

1.5.13.1 Storage media must be capable of holding a minimum of 8 Gbytes of data.

1.6 COMPUTER

1.6.1 The selected vendor shall provide a PC loaded with the necessary software and and hardware used to run this system.

1.6.2 The selected vendor shall provide a compatible color laser printer preferably a HP ColorJet 2600n or one that uses the same toner cartridges.
1.7 Patient Positioning System
1.7.1 The selected vendor shall provide a comfortable subject positioning system such as a bed or chair that is capable of xyz positioning.

1.8 Detector Positioning System

1.8.1 The selected vendor shall provide a detector positioning system that is capable of xyz positioning.  Meaning 3 dimensional positioning with independent positioning for each detector.

1.9 Delivery/Installation

1.9.1 The selected vendor will deliver and install the complete system and will turn over the complete system such that routines and calibrations are set up for the analyses of Pu-238, U-235, U-238, Am-241, Co-60, Co-57, Mn-54 and Cs-137 in Lungs using the Lawrence Livermore Lung (LLNL) Phantom and for the analyses of Cs-134, Cs-137, Mn-54, Co-60 in a Bottle Absorber Manikin Phanom (BOMAB).  DOE will provide the calibration standards and phantoms.  
Delivery and Acceptance
Delivery will be to the Radiological and Environmental Laboratory (RESL) at the U.S. Department of Energy, RESL-CFA 690, MS 4149, Albany Avenue & Lincoln Road, Scoville, ID, located approximately 40 miles from Idaho Falls, ID.

After the instrument is delivered and set up, a test will be conducted as described below.  The system must pass these tests in order for DOE to accept the product.  

1. Delivery includes set up of instrument such that instrument is delivered, cooled, and operational in accordance with section 1.9.1.

2. Criteria from section 1.2.2 will be demonstrated from the vendor to the DOE.
3. Four lung phantoms containing Pu-238 (at least 9 kBq), Am-241 (at least 0.1 kBq), U-235 (at least 30 kBq), and U-238 (0.50 kBq) will be measured using the vendor routine(s).  The vendor must demonstrate that the experimental results are within 8% of the known value.  DOE will provide the LLNL phantom and lung phantoms.
4. One lung phantom containing Cs-137, Cs-134, Mn-54, Co-60 and Co-57 will be measured containing at least 3 kBq of each isotope.  The vendor must demonstrate that the experimental results are within 8% of each of the known values.  DOE will provide the LLNL phantom and lung phantoms.

5. One BOMAB phantom containing Cs-137, Cs-134, Mn-54 and Co-60 will be measured containing at least 3 kBq of Cs-137 and Cs-134. The vendor must demonstrate that the experimental results are within 8% of each of the known values.  DOE will provide the BOMAB phantom.
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