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CNA CONSULTING ENGINEERS
Consulting Civil Engineers
2800 University Ave SE Minneapolis MN 55414

(612) 379-8805 fax (612) 379-8160

Date:
December 3, 2007
To:
Megaton Detector Collaboration
From:
Lee Petersen, Charles Fairhurst, Matthew Pierce, Branko Damjanac, Mark Board
Subject:
Homestake DUSEL—Megaton Detector Conceptual Design Engineering
CNA Consulting Engineers and Itasca Consulting Group have teamed to provide engineering services for megaton-scale detectors at Homestake DUSEL. We provide extensive experience in deep science cavern engineering, including the Soudan and MINOS caverns, and the expansion of SNOLAB. CNA and Itasca have a long history of working together, and complement each other’s capabilities. We will provide a complete qualifications package upon request.
Based on our experience, we have developed the attached comprehensive list of major work activities that address the engineering needs for conventional construction of the detector cavern(s) and related excavations and systems. The activities produce the conceptual design, costs, contingency estimates, risk assessment and Project Execution Plan necessary for the project to enter the National Science Foundation’s MREFC process. We believe that, with adequate funding, it would be possible to produce a conceptual design adequate for estimating the baseline cost of conventional construction within 18 to 24 months of the notice to proceed.
This memo and the attached work activities supersede the earlier scope provided by Itasca (Corkum & Brandshaug, 2007). The earlier scope addressed only a conceptual evaluation of a detector cavern, while this scope is comprehensive.
The major scope items we propose are:

· Establish design basis—Develop and maintain the project Work Breakdown Structure for capital and operational costs, and develop and maintain design criteria that define the function and performance of the cavern, lining, waterproofing, etc; and establish the environmental standards for the project.
· Site characterization—In cooperation with the science team, characterize the geomechanical conditions of the site, based on previous Homestake experience, geophysics, drilling, stress determinations and modeling to evaluation stress concentrations from mining.
· Conceptual design—Prepare a conceptual design for the conventional construction, including the detector cavern, preferred construction sequence, ground support, instrumentation, lining, waterproofing, peripheral excavations and systems. The cost and schedule impact of experiments proposed during excavation of the large cavern will be assessed. A significant portion of this work is development and testing of a synthetic rock mass (SRM) model for the host formation; and modeling-based design studies of the detector cavern to determine the preferred shape, influence of construction sequence, ground support needs as a function of span and height, short-term and long-term deflections. Additional information about SRM models maybe found in Pierce et al, 2007 and Reyes-Montes et al, 2007. Other cavern design experience may be found in Brandshaug et al, 2001, and Damjanac et al, 2002.
· Risk assessment and peer review—Develop a risk register of major project risks related to conventional construction, with preliminary assessments of the each risk and its impact, a current assessment of the risk, the relative probability and impact of the risk, the risk factor (probability times impact) and methods for risk mitigation and management. Also, implement internal and external peer review activities under the control of an international advisory panel.
· Capital cost and schedule—Develop a parametric capital cost model for conventional facilities, which may be integrated with a similar model for non-conventional facilities. Assist the science team with integrating the cost models, then investigate the cost impacts of various design alternatives on total costs. Use the risk assessment to develop contingency estimates. Where appropriate, integrate stochastic methods into the cost estimate. Estimate the construction schedule, including input from the risk assessment, and estimate schedule contingency.
· Operational costs—Development an estimate of the operational costs related to conventional facilities.
· Consider procurement options—Assess the advantages and disadvantages of the two major construction methods (by laboratory employees or by subcontractors)
· Develop draft Project Execution Plan—The NSF’s MREFC process requires development of a Project Execution Plan that addresses project organization, management, cost controls and related managerial topics. We will assist the science team with preparation of the engineering design-related contents of the Plan.
· Construction services—Construction services will be a significant part of the professional services, because of the need to document the ground conditions exposed, monitor instrumentation and adjust the ground support accordingly.

We have not prepared an estimate of the cost of professional services for this scope. However, rule-of-thumb estimates of professional services for large-scale civil engineering projects provide guidance. The site investigation costs for an underground project is typically in the range of 1 percent to 3 percent of the capital cost. Assuming a capital cost of conventional facilities of $50 million, the site investigation would cost between $500,000 and $1.5 million. Because of the additional science needs of the project, the actual cost for a megaton detector may be greater. The design and construction services costs for large-scale civil engineering projects range from 10 percent to 17 percent or more. Hence, the professional services would cost between $2.5 million and $8.5 million.
We concur with NSF guidelines that about one-third of the preconstruction budget should be spent in each of the design stages: conceptual design, preliminary design and final design. Construction services may be higher than for a typical project.

The actual design and construction cost will depend upon factors that are not well known at this stage of project development. A megaton detector cavern is a relatively simple structure geometrically, does not involve interaction with many external design considerations or stakeholders, and would be constructed using mostly established technology. These factors suggest professional services costs on the lower end of the range.

Conversely, a megaton detector module will be the largest, deepest clear span excavation ever created. The cost and risk associated with these caverns suggests that the site investigation and engineering costs would be on the upper end of the cost range.

We would be happy to discuss this proposal with you in additional detail. Please contact either Lee Petersen (612-379-8805) or Charles Fairhurst (612-371-4711).
Finally, since there may be a future competition for the professional service, we ask that you treat our proposal as confidential, and not distribute it outside the science team.
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Scope of Professional Services for a Megaton Detector Module
CNA Consulting Engineers & Itasca Consulting Group
November 2007
1. Establish design basis 
a. Develop Work Breakdown Structure for capital costs, update as design develops 
b. Develop Design Criteria, update as design develops 
i. Span and volume

ii. Shape

iii. Water containment

iv. Schedule

v. Short-term deflections

vi. Long-term deflections

vii. Radon control

viii. Environmental standards, especially sustainability considerations and application of LEED standards
2. Site characterization 
a. Background study and literature review of previous geomechanics work at Homestake 
b. Discontinuity mapping in existing excavations 
c. Coring 
i. Use 2b to select corehole directions and locations

ii. Investigate first module site

iii. Investigate projected array of all modules

d. Geophysics 
e. Stress determinations 
f. Groundwater assessments 
g. Determine large-scale stress concentrations due to mining 
i. Develop site-wide model of excavations

ii. Estimate premining stresses

iii. Conduct modeling to determine stress concentrations

h. Investigate Davis cavern (mapping, coring, modeling, etc.) 
i. Synthesize site information in order to characterize small, intermediate and large-scale discontinuities 
i. Understand the effects of discontinuities of all scales

ii. Integrate information from mapping, coring, Davis cavern studies, mine-wide geology

3. Conceptual design
a. Layout with respect to adjacent and supporting excavations

b. Cavern modeling

i. Construction of Synthetic Rock Mass (SRM) samples from discrete fracture network and intact strengths.

ii. Parametric analysis of rock mass properties via SRM testing.

iii. Development of cavern-scale model.
iv. Assessment of long-term deformations
v. Parametric study of cavern size and shape

c. Develop techniques for applying the observational method, considering the cavern height and likely top down construction sequence
d. Ground support methodology

i. Shotcrete

ii. Rockbolts

iii. Cablebolts

iv. For all items, consider: service life, corrosion, emplacement/grouting practice, quality control, etc

e. Construction methods and sequence 
i. Equipment and personnel access

ii. Sequence

1. Top down

2. Novel methods

iii. Unit operations modeling

iv. Consideration of mining sequence, schedule, optimization, alternatives, bottle necks

f. Water proofing and water containment 
g. Structural, including pmt mounting 

h. Mechanical, electrical, fire protection, lighting, communications, etc.
i. Water purification 
j. Fire and life safety 
k. Environmental factors
l. Conceptual design drawings and outline specifications 
4. Risk assessment and peer review 
a. Establish international advisory panel 
b. Establish internal peer review team 
c. Establish external peer review team 
d. Develop a risk register 
5. Capital cost and schedule 
a. Develop top down parametric cost estimate 
i. Integrate both conventional construction and physics-related costs

ii. Conduct tradeoff studies of principal cost drivers

b. Develop contingency estimate in conjunction with risk assessment 
6. Operational cost and schedule 
a. Estimate operational costs 
7. Consider procurement options 
a. Constructed by Sanford Lab personnel? 
b. Constructed by contract? 
8. Develop Draft Project Execution Plan 
a. Overview 
b. Project Organization 
c. Construction Project Organization 
d. Project Work Breakdown 
e. Project Conceptual Design 
f. Project Controls 
g. Environment, Safety, and Health Protection 
h. Project Completion and Acceptance 
i. Transition To Operation 
j. Reports, Reviews and Workshops 







