
Basis of Estimate                                    

 

1 
Last revision:  May 10, 22 

1. WBS ID  1.4.1       $ $545,039 total cost for this WBS 
 

 

2. WBS Name  Downhole Cable Assemblies 
 

3. Estimated by Tyce DeYoung (Michigan State University) 

 

4. WBS Dictionary Description 

This element includes design, procurement, and quality assurance of the physical cable assemblies running to 
the in-ice sensors and calibration devices, as well as their delivery to Port Hueneme. 

 

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).  

 
 

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

1.4.1.1.1 Main Cables Design, prototyping and procurement of the raw main cables  

1.4.1.1.2 Breakout Connections Design, prototyping and procurement of the breakout connections 
installed in the main cables at various points throughout the 
bottom 1 km of their length 
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1.4.1.1.3 Main Cable Assembly 
Production 

Oversight of production and testing of the finished MCAs, 
including breakout connections and end terminations, packaging 
and shipping to Pt Hueneme 

1.4.1.2 Breakout Cable 
Assemblies 

Design, prototyping and procurement of the BCAs connecting the 
MCA breakout connectors to the DOMs and other devices 

1.4.1.3 Penetrator Cable 
Assemblies 

Design, prototyping, procurement, and retesting of the PCAs 
connecting to the BCAs and carrying the cable conductors 
through the DOM pressure housing, and of mating cables to be 
used for South Pole Acceptance Testing of DOMs 

1.4.1.4 String Hardware and 
Support Rope 

Design, prototyping and procurement of the mechanical support 
structures connecting the DOMs to the MCA 

1.4.1.5 Cable Emulators Design and production of cable load emulator circuits for lab 
electronics development work 

1.4.1.6 On-ice support  

 

7. Materials, Supplies, Equipment, Travel 

7.1. Procurement of Materials, Supplies, Equipment 
Materials, supplies and equipment in this area are related to design, prototyping and testing of all downhole 
cable elements: the main cables, BCAs, PCAs, string hardware, cable load emulators, and cables for South 
Pole Acceptance Testing (SPAT) of DOMs immediately prior to deployment.  Procurement or production of 
the BCAs, pDOM PCAs, string hardware, cable emulators are also included.  The production main cable 
assemblies are an in-kind contribution from MSU.   
Cost of components for the production BCAs includes raw pressure-rated cable, estimated at $15/m based on 
the cost of PCA pressure-rated cable (SB 45027), and the cost of MCA-side connectors, estimated at 
$350/mating pair based on costs of PCA mating connectors.   A total of 6,556 m of cable and 172 MCA-side 
connectors are required for the seven strings, including spares (see RFI).  PCA-side connectors have already 
been purchased in conjunction with PCA procurement.  Cost of shipping is SME estimate based on experience 
with PCA shipping costs. 
Costs of cables and connectors for SPAT DOM testing are estimated by Subject Matter Expert based on costs 
of NTS cables. 
Costs of physical qualification (PQ) medical exam and rental of extreme cold weather (ECW) gear for SMEs 
deploying to South Pole in support of installation activities is based on guidance from the project office. 
An allowance for miscellaneous supplies of $500/year for the duration of the effort in each L4 area is based on 
SME experience. 
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7.2. Summary of Materials, Supplies, and Equipment Resources 

 

7.3. Travel 

 
We budget for two Main Cable Assembly SMEs to travel to Pole in FS3 to support deployment activities, 
using cost guidance from the Key Assumptions Document.  A trip to Wisconsin to attend off-ice safety 
training prior to deployment is also budgeted. 
One trip is budgeted for two people (cable SME and L2) to WIPAC for the final design review of string 
mechanical hardware.  
One trip for three people (cable SMEs and L2) to the BCA production site (assumed to be foreign) is budgeted 
for observation of BCA prototype testing.   
Two trips to the supplier facility (assumed to be foreign) are budgeted for two cable SMEs in conjunction with 
oversight of the BCA production process. 
One domestic trip (to WIPAC) is budgeted for three people (cable SMEs and L2) for the final design review 
of the Main Cable Assembly breakout terminations. 
One trip for three people (cable SMEs and L2) to the MCA production facility (assumed to be foreign) is 
budgeted for observation of MCA breakout prototype testing. 
One trip for two people to the MCA production facility (assumed to be foreign) is budgeted for oversight of 
MCA production. 
All foreign and domestic trips are budgeted using cost guidance from the Key Assumptions Document.   
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8. Labor 

8.1. Labor Estimate 
Labor in this area is related to design, prototyping, testing, and procurement; oversight of production of major 
cable elements by suppliers; and production of non-pressure-rated cables and cable load emulators conducted 
in-house.  Labor rates are calculated based on current rates of the personnel assigned to the task as per the Key 
Assumptions document.  Major task groups and their basis of estimate are: 
Main cable first article production, acceptance testing, and shipping: Subject Matter Expert estimate of 16 
hours/month engineering labor for liaison with vendor; 4 days labor for each engineer/technician to oversee 
acceptance testing and review results; 32 hours to coordinate shipping of first article from cable supplier to 
breakout installation facility 
Main cable production readiness review: based on past design reviews, 2 days (16 hours) spent in review plus 
1 week (40 hours) to prepare for review for each engineer/technician working on the design 
Main cable production, acceptance, and shipping: Subject Matter Expert estimate of 16 hours/month 
engineering labor for liaison with vendor; 32 hours to coordinate shipping from cable supplier to breakout 
installation facility 
Breakout final design: Subject Matter Expert estimate of 200 hours engineering/technican labor working with 
breakout supplier to finalize design (beginning in PY4); 16 hours/month engineering labor for liaison with 
supplier during prototype production; 1 week for each engineer/technician to prepare test protocols, travel to 
observe tests, and analyze results.  Based on past design reviews, 2 days (16 hours) spent in review plus 1 
week (40 hours) to prepare for review and 1 week to document response to review report for each 
engineer/technician working on the design 
MCA production: Subject Matter Expert estimate of 16 hours/month engineering labor for liaison with 
vendor; 32 hours to coordinate shipping from vendor to USAP logistics hub 
MCA pre-ship review: based on past reviews, 2 days (16 hours) spent in review plus 1 week (40 hours) to 
prepare for review for each engineer/technician working on the design 
BCA prototype procurement and testing: based on past experience, 40 hours (beginning in PY4) for each 
engineer/technician to prepare test protocols, travel to observe tests, and analyze results.   
BCA final design and procurement: Subject Matter Expert estimate of 220 hours of engineering and 
technician labor for design revision based on prototype test results and communications with potential 
suppliers.  Based on past design reviews, 2 days (16 hours) spent in review plus 1 week (40 hours) to prepare 
for review and 1 week to document response to review report for each engineer working on the design.  Based 
on past experience, 80 hours of engineering labor to support procurement process. 
BCA production, acceptance, and shipping: Subject Matter Expert estimate of 16 hours/month engineering 
labor for liaison with vendor; 32 hours to coordinate shipping from cable supplier to breakout installation 
facility for each shipment (initial shipment of BCAs for first two strings and final shipment of BCAs for 
remaining five strings)  
BCA pre-ship review: based on past reviews, 2 days (16 hours) spent in review plus 1 week (40 hours) to 
prepare for review 
SPAT cable design, procurement and production: Subject Matter Expert estimate of 40 hours technician labor 
for production and testing of cables, and 8 hours for packaging and shipping of finished cables to WIPAC. 
String hardware: Subject Matter Expert estimate of 16 hours to coordinate cable grip shipping to MCA 
production facility.    
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On-ice cable SME support for installation: labor estimate based on Installation lead guidance regarding cable 
SME support required for installation and planned on-ice dates.   

8.2. Summary of Labor Resources  

 
 

9. References 

1. IceCube Upgrade Project. Key Assumptions Document for the IceCube Upgrade Project. 2021. 

2. —. Cost Estimating Plan.  
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Revision History 
 

Date Revised by Summary of changes 

2022-02-28 T. DeYoung First version 

2022-03-08 T. DeYoung Added vendor quotes/POs for main cable test system components.  
Added tables from Smartsheets. 

2022-03-09 T. DeYoung Added total cost for PY5-8  

2022-03-28  V. O’Dell Checked over, general cleanup.  

2022-03-30 T. DeYoung Corrected foreign trip cost, added second on-project ME in FS3 

2022-04-08 T. DeYoung Removed basis of PY4 costs.  Added on-ice cable SME support info 
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