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1. WBS ID  1.4.4       $210,429 total cost for this WBS 

 

 

2. WBS Name CPT Central Infrastructure 

 

3. Estimated by John Kelley (University of Wisconsin) 

 

4. WBS Dictionary Description 
This element includes design, production and testing of the electronics infrastructure required to distribute 
timing signals from the IceCube master clock to the FieldHubs in the IceCube Laboratory (ICL).  This 
element also includes the power supplies which will supply power to in-ice devices through the FieldHubs. 
Associated comms/power/timing (CPT) infrastructure for the Northern Test System is also included.   

5. Assumptions and Related Documents 

The estimates described in this document rely on the following assumptions, which are consistent with the 
Project’s “Key Assumptions” document” (1) and the “Cost Estimating Plan” (2). 

• The cost estimate technique classifications (A-L) follow the US Government Accountability Office 
(GAO) best practices. These are summarized in the Project’s Key Assumptions document (1). The 
techniques are: A=Analogy; C=Engineering build-up; D=Expert opinion; E=Extrapolation from 
actuals; F=Parametric; L=Learning Curves. 

• Contingency codes are assigned to each item: C1—C8. These reflect the estimated uncertainty in the 
estimate. The meanings of the contingency codes and the percentage of contingency in each case are 
described in the Key Assumptions document (1).  

• Vendor quote 1 (Seven Solutions, 2019, White Rabbit switches and WR-LEN timing nodes)  
• Vendor quote 2 (Digi-Key, 2022, Mean Well DC power supply modules) 
• Vendor quote 3 (Digi-Key, 2022, Mean Well DC power supply chassis) 
• Vendor quote 4 (Digi-Key, 2022, Bulgin power connectors)  
• Vendor quote 5 (Digi-Key, 2022, Alpha Wire power cable) 

6. Scope 
 
 
The scope of this BOE covers the following L3 areas: 
 

1.4.4.1 CPT Central Infrastructure — 
Network and Timing 

The labor and materials required to design, test, and 
install custom or semi-custom electronics necessary for 
distributing timing signals from and network 
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communications from the IceCube DAQ to the 
FieldHubs in the ICL. 

1.4.4.2 CPT Central Infrastructure — 
Power Supply Modules 

The labor and materials required to design, test, and 
install power supplies in ICL, for distribution to in-ice 
instrumentation through the FieldHubs. 

 
The communications and timing distribution system (1.4.4.1) is based on the White Rabbit timing and optical 
fiber protocol developed by CERN and already in use in certain IceCube systems. It includes White Rabbit 
switches that interface to the existing IceCube Master Clock in the ICL. The White Rabbit switches connect in 
turn to White Rabbit nodes within the FieldHub electronics that provide precision timing signals and high-
speed Ethernet connectivity to the FieldHubs within the ICL. Cross-domain timing electronics also provide 
monitoring of the offset of the IceCube Gen1 and Upgrade timing systems (IceCube Gen1 currently uses a 
legacy clock fanout tree, not the White Rabbit network).  Initial purchases of this equipment were made in 
2019 for prototype development. 
 
The power distribution system (1.4.4.2) is designed to deliver the DC power needed for the in-ice devices to 
the FieldHubs (and then on to the surface cable assemblies (SCAs) and main cable assemblies (MCAs)). The 
system consists of DC power supplies connected to the ICL 208VAC electrical system, a fanout unit to 
provide a connection to each of the 7 FieldHubs, and a monitoring system connected to the DC power supplies 
to detect any fault conditions and alert operators. Initial purchases of the off-the-shelf equipment were made in 
2020 for evaluation/testing and prototype development, and quotes have been updated in February 2022. 

7. Materials, Supplies, Equipment, Travel 

7.1. Procurement of Materials, Supplies, Equipment 
 
Capital equipment for 1.4.4.1 includes:  
 

• White Rabbit WR-LEN industrial OEM embedded timing nodes (Seven Solutions #BRD-LENI-01). 
Vendor: Seven Solutions. Costs are from a 2019 purchase for identical hardware, updated with Feb. 
2022 EUR->USD exchange rates and 10% inflation.  

• White Rabbit switches (Seven Solutions #EQP-WRS-01). Vendor: Seven Solutions. Costs are from a 
2019 purchase for identical hardware, updated with Feb. 2022 EUR->USD exchange rates and 10% 
inflation. 

• Cross-domain timing electronics. Vendor: custom. Costs are based on SME estimates for similar 
projects, including an early partial prototype. 

• Various optical and coaxial patch cables and SFPs (off-the-shelf). Vendor: various. Costs are based on 
SME estimates from similar past purchases. 
 

Capital equipment for 1.4.4.2 includes: 
 

• DC power supply modules (Mean Well #RCP-1600-48). Vendor: Digi-Key. Costs are updated from a 
Feb. 2022 quote. 

• DC power supply chassis (Mean Well #RHP-1UI-A). Vendor: Digi-Key. Costs are updated from a 
Feb. 2022 quote.  
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• Power patch cables (custom). Costs are based on updated Feb. 2022 quotes for components from 
Digi-Key (Bulgin power connectors, Alpha Wire power cable). 

• Power fanout unit (custom). Costs are based on SME estimates for similar projects as well as updated 
Feb. 2022 quotes for key components from Digi-Key (e.g. Bulgin power connectors).   

• Power monitoring unit (custom). Costs are based on SME estimates including development of the 
initial prototype.  

7.2. Summary of Materials, Supplies, and Equipment Resources 
 

 
 

 
 

7.3. Travel 
Two domestic trips are budgeted for developer travel to NTS to install and test timing and power systems. 
Two electronics SMEs are budgeted to deploy to South Pole in each of FS2 and FS3.  The FS2 deployment is 
to support installation of electronics in ICL.  Travel to Wisconsin to attend off-ice safety training is budgeted 
for one SME in FS3 as the FS3 duties include support of string deployment (no travel costs are budgeted for 
the other SME as he is a UW employee).  PQ and ECW costs associated with the deployments are budgeted 
under M&S. 
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8. Labor 

8.1. Labor Estimate 
Labor estimates for WBS 1.4.4 are dominated by the design, testing, and production of custom electronics, 
including the cross-domain timing monitoring system, the power fanout system, and the power monitoring 
system. 
Significant labor for 1.4.4.1 includes: 

• Final design, testing, and production of the cross-domain timing monitoring system. This estimate is 
based on SME expert opinion. 

Significant labor for 1.4.4.2 includes: 
• Final design, testing, and production of the power fanout system. This estimate is based on SME 

expert opinion. 
• Final design, testing, and production of the power monitoring system. This estimate is based on SME 

expert opinion. 

8.2. Summary of Labor Resources  
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9. References 

[Ref-1]  1. IceCube Upgrade Project. Key Assumptions for the IceCube Upgrade Project.  

[Ref-2]  2. —. Cost Estimating Plan.  
 
 

Revision History 

 
Date Revised by Summary of changes 

2022-02-22 John Kelley First version created 

2022-02-23 John Kelley Attached vendor quotes 

2022-03-09 Tyce DeYoung Updated travel.  Added tables from smartsheets 

2022-04-10 Tyce DeYoung Updated total cost based on recalculated labor/fringe rates 
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Vendor Quote 1 
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Vendor Quote 2 
 
 

 

 
 
  



 

Last revision:  10 May 2022 9 

Basis of Estimate                                    

Vendor Quote 3 
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Vendor Quote 4 
 

 

 
 
  



 

Last revision:  10 May 2022 11 

Basis of Estimate                                    
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Vendor Quote 5 
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