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1.0 INTRODUCTION 

The Tank Operations Contractor (TOC) is responsible for managing nearly 56-million gallons of 

radioactive waste stored in 149 single-shell tanks and 28 double-shell tanks at the U.S. Department of 

Energy’s Hanford Site in southeastern Washington State.  The Department of Energy (DOE) has 

identified a need to sample gas and vapors in head spaces of the waste tanks and connected enclosed 

spaces that store radioactive waste.  It is currently expected that the number of required vapor space 

sampling events and their frequency will increase significantly in the immediate future.  Current sampling 

equipment has been shown to be lacking in capability and reliability which has resulted in a task to 

procure a purpose built vapor sampling system.  The objective of this specification document is to 

communicate necessary design criteria, operational and performance requirements, and functional testing 

for the head space sampling system to be used on the Hanford site by the TOC sampling group. 

1.1 BACKGROUND 

Vapor samples are currently collected using a sampling head (see drawing H-2-825301) which consists of 

an array of sorbent tubes clustered inside of a 2½-inch diameter length of clear Acrylic tubing (see Figure 

1-1).  The sorbent tubes are each individually connected to a vacuum source via ~50 foot length of Tygon 

tubing.  Filters are installed on each sample line (before the sorbent tubes) to mitigate risk of radioactive 

contamination migrating into the sample line, sorbent tubes, and other downstream vacuum source 

equipment.  Sampling of the vapor space is conducted for 60 minutes while maintaining a minimum 

specified flow rate through the sorbent tubes (ranges from 50mL/min to 2L/min).  Following completion 

of a sampling activity, the Tygon tubing bundle is cut and the sample head is transported to 222S labs 

(on-site laboratory) for analysis.  

 

 

Figure 1-1. Existing Sample Head Design. 

 

 

Sample Head 
Assembly

Sorbent Tubes

Rad filters

~50’ Tygon Tubing
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1.2 SCOPE 

The project scope includes the systems, sub-systems, and components required to make up a complete 

vapor space sampling system.  The current strategy is to procure a “turn-key” system from the 

subcontractor for immediate deployment upon completion of the Factory Acceptance Test (FAT) at the 

subcontractor’s facility.  The work scope under this contract will follow a design + build format 

delineating the required functions and requirements that the subcontractor shall adhere to in providing the 

finished product to the buyer.  Required work includes:  

 

 Mockup testing (proof on concept / technology evaluation) 

 Documented system design 

 Procurement of system components  

 Fabrication/assembly (brackets, racks, etc. as required to integrate system components) 

 Testing of fully integrated system 

 Training of Hanford operators in the function and use of the final system 

1.3 GENERAL SYSTEM DESCRIPTION 

The vapor sampling system shall be a mobile, modular, compact system powered by battery packs with 

the option for conventional 120VAC power as backup.  The system as a whole, including supporting 

components/infrastructure, must be able to be transported by hand without the need of hand trucks, carts, 

cranes, etc.  All system components, with exception of hardware used to mechanically integrate system 

components (e.g. hardware mounts and custom bracketry), must be commercially available, off-the-shelf, 

and be capable of providing reliable operation under the system’s conditions of use in the field.  The 

system shall use the existing sampling head design as shown in Figure 1-1 (drawing number H-2-825301) 

which incorporates 12 individual sample lines bundled together within a clear acrylic tube.  A sample 

head assembly will be supplied to the subcontractor for reference/testing as required. 

 

The vapor sampling system shall be a mechanical integration of the following: 

 

1. Vacuum source (example: Gilian AirCon-2 Area Air Sampling Pump 2-30LPM) 

2. Mass flow controllers (example: Alicat Scientific Whisper Series Mass Flow Controllers) 

3. Power source (example: Portable Solar Power Biz model LFP 180) 

4. Data logging system (example: Alicat Scientific Flow Vision SC) 

Each of the 12 sample tubes shall have a dedicated mass flow controller to ensure each sorbent tube has 

been subjected to the specified flow rate for the duration of the sampling event.  Mass flow controllers 

used shall contain necessary parameters/interface to allow the set-point of target flow rates by the user.  

The sample tube bundle shall connect to the mass flow controllers via a manifold with pneumatic quick 

disconnect fittings.  A rough concept of the desired system configuration in a fully deployed state is 

shown in Figure 1-2 and Figure 1-3.  The Buyer understands the final physical configuration of the 

system and the components selected will differ from what is shown in the below figures.  A P&ID of the 

concept system is shown in Appendix A. 
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Figure 1-2. Tank Farm Vapor Sampling System. 

 

 

Figure 1-3. Mass Flow Controller Arrangement Inside Pelican Case. 

1.4 MECHANICAL DESIGN GUIDANCE 
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subsequent sections can be provided by the Buyer upon request.  The subcontractor must understand that 

design of this gas a vapor sampling system is expected to be an iterative process.  Proof of concept testing 

(see section 3.1) will drive the final design.   

Lessons learned from mockup testing shall be incorporated into the system’s final design. Final design 

documentation generated by the subcontractor shall include justification for use of each respective 

component used to make up the vapor sampling system.  Proof of concept testing shall be used as a 

reference for verification that the selected system components are fit for their intended use.  Design 

documentation shall be submitted to the Buyer for review and approval before procurement/fabrication of 

final system components begins by the subcontractor. 

1.4.1 Vacuum Pump  

The vacuum pump shall be of enough capacity to overcome the total pressure drop of the system which 

includes the combined effect of 12 sample lines in a parallel configuration in relation to the vacuum 

source as well as the vacuum pressure of the tank head space (nominally ~ 5 in-H2O).  There is no reliable 

test data available to quantify what the current pressure drop of the system is under its current 

configuration.  Proof of concept testing (see section 3.1) will determine what the pressure drop of the 

system will be.   

All sorbent tube media types housed in the sample head must be exposed to a minimum total volume of 

gas for the reported parts-per-million or parts-per-billion concentrations to be valid.  Table 1 provides the 

required minimum sustained flow rate for a 60 minute duration sampling event which guarantees the 

respective sorbent media has been exposed to the minimum required volume.  The flow rates in the 

Required Flow Rate (minimum) column of Table 1 shall be used to specify the vacuum pump flow 

capacity.  Vacuum pump flow capacity shall be capable of acquiring all 12 samples simultaneously in 45 

– 75 minutes from the start of the sampling event. 

Table 1. Required Minimum Sample Volumes. 

Analysis Sorbent Media 

Required 

Minimum Total 

Sample Volume 

Sampling Time 

Acetonitrile SKC-226-09 12 L 45 - 75 min 

Furans TDU Tenex-TA 3 L 45 - 75 min 

SVOC TDU Carbotrap 150 3 L 45 - 75 min 

VOC TDU Carbotrap 300 3 L 45 - 75 min 

Ethylamine SKC-226-96 12 L 45 - 75 min 

Mercury SKC-226-17-1A 15 L 45 - 75 min 

Ammonia SKC-226-29 21 L 45 - 75 min 

1,3-Butadiene SKC-226-37 -part A/B 24 L 45 - 75 min 

Aldehyde SKC-226-119 24 L 45 - 75 min 

Pyridine SKC-26-01 60 L 45 - 75 min 

Nitrosamines Thermosorb/N 120 L 45 - 75 min 

Whole Air  20L Bag 20 L 45 - 75 min 

The pump selected for this system shall operate on 12-24VDC and flow 5LPM or more under full system 

load.  A pump for consideration which may meet the power/flow/load capacity requirements is the Gilian 

AirCon-2 Area Air Sampling Pump (2-30LPM).  This pump can be procured in a standalone 

configuration and has enough overhead flow capability to cover future variations in sample head design 

that may introduce additional flow restriction devices such as filters.  Implementation of a means to 

manually regulate vacuum pressure supplied to the mass flow controller’s (MFC’s) manifold is required 
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in the final system design.  The method by which pump flow is regulated shall be captured in the design 

documentation submitted to the Buyer for approval.   

The Gilian AirCon-2 pump is not rated for use in Class 1 Division 1 hazardous classified location as 

defined in NFPA 70 (National Electric Code).  Therefor a mechanism to safeguard against an ignition 

event originating at the vacuum pump, the use of a flashback arrestor shall be required.  The flashback 

arrestor shall be installed in line and just upstream of the vacuum pump.  The flashback arrestor shall be 

UL listed and rated for use with Hydrogen.  Flashback arrestors are typically installed on cutting torch 

systems where a fuel gas and oxygen are being mixed together in the torch head. 

1.4.2 Mass Flow Controller 

The mass flow controllers used in this system must be fit for use in hazardous classified locations, as 

defined by NFPA 70 Article 500, and be consistent with ignition source control set 2 requirements 

detailed in section 3.1 of TFC-ENG-STD-13.  All mass flow controllers must be supplied with a 

certification of calibration from the vendor showing traceability back to the National Institute of 

Standards and Technology’s measurement standards.  

The required minimum total sample volume and associated sampling timeframe window found in Table 1 

shall be used to specify the full scale range of the mass flow controller(s) used in the system. The mass 

flow controller must output pressure and flow rate data for data logging purposes.  Alicat Scientific 

produces a range of mass flow controllers compatible with corrosive atmospheres. The Whisper Series of 

MFCs (see Figure 1-5) are made for applications near atmospheric pressure and feature a low pressure 

drop design.  These MFCs operate on 24-30VDC supply and incorporate many useful features.  The 

subcontractor shall notify the MFC manufacturer that their controllers are being used in a vacuum 

application.  This will be key to ensure the manufacture will configure the MFC to read pressure on the 

vacuum side of the system instead of the upstream pressure.  The subcontractor shall perform preliminary 

mockup testing to evaluate the technology and document testing in a log which will be submitted to 

WRPS for review/approval (see section 3.1).  Mockup testing shall drive a mature operational system 

design.      

 

Figure 1-4. Whisper Series MFCs from Alicat Scientific. 

Specific minimum performance criteria which shall be met by the MFC(s) selected for the system is 

captured in Table 2. 
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Table 2. MFC Minimum Performance Criteria. 

Mass Flow Controller Performance Criteria 

Accuracy ± (0.8% of Reading + 0.2% of Full Scale) 

Repeatability ± 0.2% of Full Scale 

Zero Shift and Span Shift 0.02% of Full Scale / ˚Celsius / Atm 

Operating Range  0.5% to 100% of Full Scale 

Maximum Controllable Flow Rate 102.4% of Full Scale 

Response Time < 100 ms 

Warm-up Time < 1 sec 

1.4.3 Power/Signal Connectors and Instrumentation Wiring Harnesses 

The wiring associated with integrating the system components shall be tucked and routed in an organized 

fashion within the system enclosures to eliminate unnecessary movement of the wiring looms.  All 

electrical connections must be accessible for maintenance purposes but hidden from view during normal 

system operation.  Connectors used shall have a keying feature to prevent incorrect harness connections.  

Normal use of the system in the field by the end user shall not require the operator to connect/disconnect 

or otherwise reconfigure electrical connections other than connection to a laptop for data 

acquisition/logging.  Connection between the mass flow controllers and the laptop used for data logging 

shall be via a single data link cable.  The use of a USB multi-drop box is required.  Wiring diagrams shall 

be submitted to the buyer for approval. 

1.4.4 Pneumatic Tubing and Fittings 

Fittings shall be rated for their intended use and as recommended by the hardware manufacturer.  A quick 

disconnect type fitting shall be used to connect the flexible sample head tubing to the manifold on the 

inlet side of the mass flow controllers.  Quick disconnect pneumatic fittings shall not require special tools 

to uncouple the connection.  All fittings used in the system shall be captured in design documentation 

submitted to the Buyer for approval.   

Twintec Inc. makes threaded port pneumatic couplings like what is shown in Figure 1-5 which may suite 

this application.  These fittings can be supplied with dust covers and blanking plugs.  Overall these 

fittings offer a robust solution to quickly make pneumatic connections between subsystems in the field 

easily by the system’s end user.   

 

Figure 1-5. Twintec Inc. 12 Port Threaded Pneumatic Coupling. 
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1.4.5 System Power 

A portable battery pack system with remaining charge monitoring is required.  The battery will be 

required to power all electrical components part of the vapor sampling system.  This includes the mass 

flow controllers, vacuum pump, laptop, and other small ancillary devices.  A capable battery system is 

currently available from Portable Solar Power Biz model LFP 180 (see Figure 1-6).  The LFP 180 packs 

can also be customized by the vendor to meet the requirements of the customer. The system shall also 

have a backup option to plug into 120VAC outlet power.  Under full system load the batter pack shall last 

for minimum of 3 hours on a full charge.    

 

Figure 1-6.  Solar Power Biz LFP 180 Battery Packs 

1.4.6 System Enclosures 

The system shall be modular and transportable by hand without the need of hand trucks, carts, etc.  

Modular cases housing subsystems shall weight less than 40 pounds each.  Pelican1 and/or Gator cases are 

the desired method of housing the vapor sampling system.  The cases offer a robust enclosure with the 

ability to make custom internal enclosures to house components.  Gator cases can accommodate a sliding 

tray/rack mount type arrangement which is ideal for mounting the system components.  Design of the 

system enclosures shall meet the following intent: 

1. Limit operator’s view and access of the system to only what is needed to collect air samples. 

2. Limit small crevices and trapping geometry to simplify system decontamination process. 

3. Minimize module weight (40lbs max).  

 

                                                 
1 Pelican is a registered trademark of Pelican Products, Inc.  
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1.4.7 System Software 

Design of custom software is outside the scope of this project.  The subcontractor shall utilize the original 

equipment manufacturer’s data logging and analysis software as applicable to the system hardware.  The 

end user shall operate the system via laptop computer.  Minimum software logging requirements are: 

 Time stamped data  

 Flow totalizing 

 Pressure 

 Temperature  

 Volumetric flow  

 Mass flow 

 All parameter set point 

Alicat Scientific has a proprietary software package (Flow Vision SC) which likely has all of the 

functionality/capability required. 

1.4.8 Operating Environment Conditions 

Table 3 documents the range of environmental conditions which the vapor sampling system must be 

capable of operating in.  The system will typically be set up on a folding table in the farm which may or 

may not be under a tent.  Sampling events typically last 2 hours, but the system may be resting in place 

before and after the sampling event.  System thermal management strategies shall be incorporated into the 

system design to mitigate the negative effects temperature and humidity have on the performance of 

electronics. 

Table 3. Environmental Conditions. 

Environmental Conditions 

Temperature 25 - 115 ˚F 

Relative Humidity 5% -100% 

Precipitation Up to 4-in in 6 hours 

 Frequent dust storms and blowing sand (at least 5 days/yr) 

 Solar radiation up to 900 Langleys 
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2.0 TECHNICAL DESIGN REQUIREMENTS 

2.1 GENERAL REQUIREMENTS 

The vapor sampling system resulting from this specification will be used to sample environments where 

flammable gas concentrations may render the vapor space combustible. Design shall be in compliance 

with ignition source controls and flammable gas requirements in accordance with Flammable Gas Ignition 

Source Control TFC-ENG-FACSUP-P-17, and Ignition Source Control Evaluation TFC-ENG-STD-13.  

Design shall be in compliance with Ignition Source Control Set 2 requirements as called out in TFC-

ENG-STD-13, section 3.1. Additional requirements include: 

 An operations and maintenance manual (O&M) that includes all selected components with the 

manufacturers technical data sheets.  The O&M Manual shall be submitted to the buyer for 

approval. 

 A recommended spare parts list for the vapor sampling system that includes Manufacturer, Model 

Number/Part Numbers, recommended quantity, and estimated unit cost.  The spare parts listing 

shall be submitted to the buyer for approval. 

 The Subcontractor shall prepare a Test Plan and associated Factory Acceptance Test (FAT) 

procedure that captures all critical design attributes and features requiring testing (see section 

3.2).  The Test Plan and procedures shall be submitted to the buyer for approval. 

2.2 MATERIALS 

Materials and components shall be new.  All metallic portions of the assembly interconnected with the 

vapor space sample volume shall be stainless steel of suitable type and grade for the purpose intended.  

All metallic and non-metallic materials in the system shall be compatible with the gasses/media being 

sampled for (see Table 1).  Although the vapor sampling system is not a waste contacting piece of 

equipment, it is acceptable for the subcontractor to reference TFC-ENG-STD-34 for the selection of non-

metallic materials.  All non-metallic materials used in the system shall be specified in the design 

documentation submitted to the Buyer for approval.        

2.3 ELECTRICAL COMPONENTS 

Unless stated otherwise in this specification, each product shall be listed for the intended use with one of 

the Nationally Recognized Testing Laboratories (NRTL) and shall bear the listing organization’s label.  In 

the absence of this label, documentation shall be provided that verifies product listing. 

If the product is not listed, then a product shall be provided that has been tested and certified by a 

nationally recognized laboratory in accordance with 29 CFR 1910.7.  The following documentation shall 

be provided. 

 OSHA documentation that demonstrates recognition of the laboratory. 

 Laboratory documentation that verifies testing in accordance with a national code or standard. 

For any system or completed assembly containing electrical systems, the subcontractor shall provide 

evidence of NRTL listing along with labeling. If a category for the assembly does not exist, e.g. custom-

made equipment, the subcontractor shall perform an independent NEC inspection (field evaluation by an 

OSHA approved vendor) providing an NEC Inspection Report upon delivery. 
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2.4 GROUNDING 

The design of the system shall include a ground plane with a mechanism by which to bond the system to 

earth ground. 

2.5 LABELING 

Permanent labels shall be attached to the specific component, points of connection, and equipment in such 

a manner that environmental conditions or usage by personnel will not remove or otherwise alter the 

label.  Labeling of all system components, where possible, shall be with adhesive backed ABS plastic 

with a white face and black engraved lettering.  Acceptable alternate forms of tagging/labeling include 

etched stainless steel tags attached to the component with a stainless steel cable lanyard.  Wiring 

harnesses and receptacle mating plugs, if applicable, shall have a label that identifies the equipment being 

fed by the plug.       

Label design shall be consistent and indicate clearly and concisely the function and purpose of the item 

being labeled.  The label information shall be easy to understand.  Words, symbols, and other markings in 

a label or instruction shall be unambiguous and accurate.  A labeling convention shall be submitted to the 

Buyer for review and approval prior to procurement or manufacturing of labels. 

2.6 CONTROL SOFTWARE AND HUMAN MACHINE INTERFACE 

Design of custom control software and associated human machine interfaces is outside the scope of this 

project.  The subcontractor shall use hardware components which have accompanying software solutions 

designed by the hardware vendor specifically for use with their hardware.  Software used to control 

hardware part of the vapor sampling system shall be “plug-and-play” in nature.  If the subcontractor is not 

able to find a “plug-and-play” solution and a custom control software with human machine interface is to 

be designed then the subcontractor must notify the buyer and request further direction before proceeding 

further with the project. 

2.7 DRAWINGS 

The subcontractor shall perform the design of the vapor sampling system which will be owned by the 

Buyer.  System design shall be documented using the subcontractor’s drawing title block.  Drawings shall 

be submitted to the Buyer for review and approval using the TOC Incoming Letter of Transmittal.  All 

comments must be incorporated/resolved before drawings are approved.  Prior to conductance of factory 

acceptance testing, the subcontractor shall submit a final, complete, drawing package representative of the 

as-built vapor sampling system.  The final drawing package shall be submitted for approval by the Buyer 

before the system is accepted.  3D CAD models used to generate detail drawings shall also be submitted 

to the Buyer. 
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3.0 SYSTEM TESTING 

This section outlines the verification and testing requirements which must be met before acceptance 

approval is given by the buyer.  A sample head assembly will be furnished to the subcontractor to support 

proof of concept testing and factory acceptance testing. 

3.1 PROOF OF CONCEPT TESTING 

The subcontractor must understand that design of this gas a vapor sampling system is expected to be an 

iterative process, a point to be discussed in detail at the kickoff meeting.  The subcontractor shall perform 

preliminary mockup testing to collect data and ensure the concept vapor sampling system can achieve 

minimum functional requirements.   

The primary objective for concept testing is to empirically demonstrate the vacuum pump(s) has enough 

capacity to overcome the combined losses of the system.  This will be accomplished by measuring and 

documenting the pressure losses of the system.    

Proof of concept testing will require the subcontractor to procure the following sub-system components:   

1. Vacuum pump  

2. Mass flow controller 

3. Sample head assembly (WRPS supplied) 

4. Tygon tubing (75-feet minimum length) 

5. Pneumatic fittings to make connections 

6. In line filters 

7. Flashback Arrester 

The subcontractor shall prepare a brief but thorough test plan to document the concept testing phase.  The 

test plan shall be submitted to WRPS for review and approval prior to performance of any concept testing.  

The subcontractor shall keep a running log of testing.  Data entry shall at minimum include: 

 Time and Date of the test with witness signatures 

 System physical configuration (see Appendix A:Vapor Space Sampling System Concept P&ID)  

 System component set points used during the test 

 Pressure and Flow rate data 

The documented test plan and test log, as applicable, shall be submitted to WRPS for review and 

approval.  The test log will be reviewed for completeness and accuracy by WRPS.  The subcontractor 

must receive approval of the submitted test plan and associated test log from WRPS before beginning 

final system design.   

3.2 FACTORY ACCEPTANCE TESTING 

The subcontractor is required to perform a factory acceptance test (FAT) of the vapor sampling system.  

The FAT will be written by the subcontractor and shall include necessary steps and waypoints to 

demonstrate the system meets the minimum specified requirements. 

3.2.1 Testing Requirements 

The following are test requirements which shall be covered in the factory acceptance test procedure: 

 Demonstrate system setup and breakdown processes without the use of special tools. 

 Ensure all individual system modules are no more than 40 pounds. 

 Demonstrate full system functionality on battery power only. 
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 Demonstrate mobile battery power is adequate to sustain full system functionality under full load 

for minimum of 3 hours continuous use. 

 Demonstrate system’s ability to perform continuously under full load while exposed to upper and 

lower bounding ambient conditions. 

 Demonstrate full system functionality under 120VAC power supply.  

 Demonstrate mass flow controller ability to regulate flow rate to the user defined set point under 

regulated vacuum source supply. 

 Demonstrate ability to change mass flow controller flow rate set-point. 

 Demonstrate flow rate and pressure data logging capability via connection of the mass flow 

controllers to laptop/software or equivalent data logging system.  

 Demonstrate system safe shutdown upon loss of power. 

 Demonstrate ability to export data log file to flash drive and open for post data review/analysis 

Note: FAT testing requirements are not limited to only what is listed above and may be developed further 

pending final design characteristics. 

3.2.2 Acceptance Criteria 

Acceptance of the vapor sampling system by the Buyer will be based on successful completion of the 

FAT and approval of all submittals made by the subcontractor.  All subcontractor submittals will be 

reviewed for completeness and accuracy.  Any Buyer review comments, findings, or non-conformances 

must be fully resolved prior to final acceptance of the vapor sampling system.  If the Buyer should 

conclude that the system fails any part of the FAT then the subcontractor and Buyer will evaluate either 

the potential for design changes and additional testing or the termination of the contract. 
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4.0 OPERATOR TRAINING 

The subcontractor is required to provide system training/orientation to the end user.  Training shall at 

minimum cover: 

 System operation and maintenance  

 System setup and tear down 

 Data collection and file management 

The subcontractor shall notify WRPS at least 4 weeks in advance of the training date.  The training should 

last 1 day and be hosted at the subcontractor’s facility.  Alternate training locations can be explored if the 

subcontractor’s location is unable to support the training activities described above. 
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5.0 APPLICABLE DOCUMENTS AND STANDARDS 

Table 4 captures the documents and standards applicable to the procurement, design, and testing of this 

vapor sampling system. 

Table 4. Applicable Documents and Standards 

Document Description 

H-2-825301, Sheet 1 Rev. 4 In Situ Sample Head Assembly & Details 

TFC-ENG-DESIGN-C-52 Technical Reviews 

TFC-ENG-FACSUP-P-17 Flammable Gas Ignition Source Control 

TFC-ENG-STD-13 Ignition Source Control Evaluation 

TFC-ENG-STD-34 
Standard for Selection of Non-Metallic Materials in Contact with Tank 

Waste 

NFPA 70 National Electrical Code (NEC) 
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6.0 DELIVERABLES 

A list of deliverables required of this scope of work is shown below.  Submittal dates for the deliverables 

listed below will be negotiated with the subcontractor prior to award. 

1. Proof of concept testing  

a. Test Plan 

b. Test Report 

c. Test Log (as applicable) 

2. System Design Documentation 

a. Integrated Conceptual Design (30%)  

b. Preliminary System Design (60%)  

c. Final system design (90%)  

3. System Drawing Package 

4. System O&M manual with spare parts list 

5. Factory Acceptance Testing 

a. Test Plan 

b. Test Report 

6. 2 complete vapor sampling systems 
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Appendix A: Vapor Space Sampling System Concept P&ID 
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