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SHORT CV
• Norbert Holtkamp

• Born Nov. 23, 1961 in Germany

• Studied Physics in Berlin, Darmstadt and SLAC ('82-'88,'89-'91,'91); PhD in Darmstadt 1990. Graduated in Accel Physics, 
“Theoretische Elektrotechnik”

• DESY 1992-1998

• FERMI National Accelerator Lab, 1998-2001 

• Oak Ridge National Lab, 2001- 2006

• ITER (France), 2006-2010

• SLAC National Accelerator Lab 2010 -2022

• Hoover Institution; SLAC; @Stanford University / 2010-…

• Nationality:  German and US (since 2015)

• Married, two sons (34, 37); two grandchildren 3, <1

• I have two motorcycles and rode the route 66 with a group of 8. Sailed in almost every ocean around the world and 
crossed the Atlantic on a 46’ sailboat. I have climbed a few mountains, drank a few bottles of excellent wine, lived and 
worked in three countries. I enjoy(ed) all of it--- Meaning: I have a life beyond my work! 

• One of my fundamental principles in life or work: If it’s no fun anymore-stop doing it. 



WHY DID I WANT TO BECOME A PROJECT MANAGER

• For me:

• I knew that I would never make a major difference as a scientist and I did 
not want to try for 20 years and let others tell me 

• I always wanted to build “big & complicated things” – so when the 
opportunity came, I took it

• I can turn complexity into a plan

• Big projects match my risk appetite

• I have a natural tendency to tell people what to do

• I can take fear of failure away from people so they can perform at their 
best
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One can’t swim without getting wet – Experience in large projects is a necessary but not 
sufficient boundary conditions



HOW TO GET BETTER AT IT?

Become a Project Manager. observe, learn, experiment as you grow

Pick a good teacher / mentor

Seek advice and stop thinking you know better

Develop your network, local, interlab, nationwide, international
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I might not be a good scientist…. But I can count!



EXAMPLES FOR MANAGING RISK,   
SNS AND LCLS II, AND HOW TO 

AVOID IT (ITER)

5



TO KNOW WHAT WE KNOW… AND WHAT NOT

Uncertainty
Definition: Uncertainty refers to situations where 
the outcomes are unknown or unpredictable, 
often due to a lack of information or inherent 
complexity 

In Cost Estimates: Uncertainty pertains to the 
variability in quantitative inputs and assumptions 
used in the estimate. Unlike risk, uncertainty does 
not have a known probability distribution; it 
reflects the range of possible outcomes.

Characteristics: Uncertainty decreases as the 
design matures. It arises from unknown factors or 
incomplete knowledge. 

Risk
Definition: Risk refers to situations where the 
probability of different outcomes can be 
estimated or calculated based on available 
data or models 

In Cost Estimates: In cost analysis, risk is the 
probability of an unfavorable outcome 
occurring, such as the chance of exceeding the 
estimated cost due to specific, identifiable 
events (e.g., supplier delays, design changes) 

Characteristics: Risks are discrete events with 
a negative impact on program cost or 
schedule. They can be quantified because 
their likelihood and impact can be estimated 6



RISK IDENTIFICATION AND SIMULATION 

Risk ID Risk Description Likelihood Impact Mitigation Strategy
Estimated Cost 
of Mitigation 
(k$)

R1
Delay in 
supplier 
delivery

High High
Identify backup 
suppliers; negotiate 
faster shipping

$15,000 
(contracts + 
expedited 
shipping)

R2
Cryomodule 
breach

Medium High
Implement stronger 
QA, regular audits, 
staff training

$25,000 (IT 
upgrades + 
training)

R3

Budget 
overrun due 
to scope 
creep

Medium Medium

Enforce strict 
change control 
process; regular 
budget reviews

$5,000 (extra 
project 
management 
hours)

R4
Key staff 
turnover

Low High
Cross-train team 
members; create 
retention incentives

$10,000 (training 
+ retention 
bonuses)

R5
Regulatory 
compliance 
changes

Medium High
Hire compliance 
consultant; monitor 
regulatory updates

$20,000 
(consulting + 
legal review)
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MONTE CARLO 
SIMULATION OF 
RISK



LCLS-II RISK CONTINGENCY ESTIMATE –
RETIREMENT PROJECTION OF KNOWN AND UNKNOWN RISK 

LCLS-II 24 July 2019

9known UNKNOWNS versus unknown UNKWONS

First Light

Ready For CD-4



LCLS II SCHEDULE SUMMARY AT LEVEL 2- APRIL 2020 
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• Nr and level of WBS elements in a project:   ~ $100.0k/activity – 
procurements can be larger

• ILC : → $10.0B    →   Finaly there should be ~100.000 Elements in the 
WBS and 1/10 in the schedule



LCLS-II SCHEDULE CONTINGENCY ESTIMATE 
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NEW PROJECTS: DEVELOPING/JUDGING A COST 
ESTIMATE:   UNCERTAINTY

• The Scope: What do you want to do?

• → Basis of estimate will end up in the WBS 

descriport for each element

• The Schedule: How long does it take? 

• → WBS elements turn into a schedule

• The Cost: How much does it cost?

• → Cost estimate

• The Uncertainty: 

• →“...it reflects the range of possible outcomes“

If you can’t do that, it’s not worth calling it a project



ESTIMATING GUIDE

AACE Estimate Classification System (2016 version)

Reprinted from Figure 1, AACE RP No. 18R-97 (2011).  Cost Estimate Classification System – As 
Applied in Engineering, Procurement, and Construction for the Process Industries.
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WWW.AACEI.ORG 

http://www.aacei.org/


DEFINITION 
CLASSIFICATION

Definition:   An Estimate “Class” 
describes the level of maturity for a 
cost estimate with respect to the 
project life-cycle.  

“Certainty or Confidence” describes 
the accuracy of the estimate within a 
“Class”, i.e. a Class 5 estimate has a 
certainty that the actual costs will fall 
within the expected accuracy range (-
50% to +100%) 50% of the time.

Said another way – The estimator is 
50% confident that the accuracy 
range will bound the actual costs.
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EXAMPLE FCC: THE COST REVIEW PANEL

Carlos Alejaldre (F4E)

Austin Ball (STFC) 

Umberto Dosselli 

(INFN)

Vincent Gorgues 

(CEA)

Heinz Ehrbar (HEINZ 

EHRBAR PARTNERS 

GmbH)
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Christa Laurila 
(VTV)

Ursula Weyrich 
(DKFZ)

Jim Yeck (BNL)

Thomas Zur-buchen 
(ETHZ, NASA) 

Norbert Holtkamp 
(chair)

Beauty lies in the eyes 
of the beholder



ASSIGNMENT BY WBS
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WBS Element Team member(s) FCC PoC

Injector & transfer lines Norbert Holtkamp, Vincent Gorgues Paolo Craievich

Civil engineering Heinz Ehrbar, Carlos Alejaldre, Ursula Weyrich Tim Watson

Technical infrastructure Vincent Gorgues, Jim Yeck, Austin Ball Jean-Paul Burnet

Accelerator Jim Yeck, Umberto Dosselli, (Norbert Holtkamp) Tor Raubenheimer

Experiments Austin Ball, Umberto Dosselli, Mogens Dam

Territorial development Christa Laurila, Carlos Alejaldre, (Umberto Dosselli) Johannes Gutleber

Risk & Cost methodology Thomas Zurbuchen, Jim Yeck, Ursula Weyrich, Austin Ball, Heinz 
Ehrbar

Anders Unnervik

Met twice before the review and at least once with each subcommittee



MAKING IT 
SIMPLER AND 

GETTING A 
HEADSTART 

WHAT TO DO IF A DETAILED DEFINITION OF 
SCOPE, SCHEDULE AND COST IS MISSING?  

“Bean Counter” – a valuable job



KISS:       KEEP IT SIMPLE STUPID

Complexity of aerospace 
projects: 

In the 1970s, NASA recognized 
that space systems were 
becoming increasingly 
complex. They needed a clear 
framework to evaluate 
whether new technologies 
were ready to meet mission 
objectives
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UNCETYAINTY CATEGORIZATION

Color Meaning

Technically feasible / 
demonstrated, TRL7-9.

Concepts / solutions 
exist , TRL4-6.

Ideas exist / no 
solutions / path 
forward not clear, 
TRL1-3.



KARL JACOBS: ERICE NOV 27
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How to lose even more friends in less days



LHeC  - EXAMPLE FOR THE ANALYTICS USED
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SCOPE 

• LHeC is proposed as an intermediate Plan B project, to be funded from within present CERN 
budget, in case the FCC-ee proves to be not feasible. The proposed design relies on the ERL 
technology that is still to be demonstrated at the required level of power. 

• LHeC project has changed scope several times and the latest iteration calls for increased
length of the arcs (1/3 of LHC circumference from 1/5) to reduce the synchrotron radiation
losses. The present design still shows some inconsistencies, in particular the SR losses were 
calculated for the previous iteration of CDR with 20 mA and not presently required 50 mA.
Power density hitting the SR absorbers may require additional material science R&D. 

• A transition to engineering design is possible only for some accelerator systems. 

• The WBS exists but given the high level this might have to be reviewed



SCOPE

Is the project scope well defined? -> Does the scope definition 

allow a translation into an engineering design at this stage? 

(N=red; Y=green, for the majority of the important 

subsystems=yellow)

Does a WBS (at least high level) exist (~ break down of ~ 10 

elements /billion $) and has it an associated scope definition? 
(Y=green; N=red; partially = yellow)

Summary rating



• Missing detailed WBS does not allow to define a realistic schedule.

• Potential interference with the HL-LHC operation: civil construction foreseen in the schedule to 
take place concurrently with the HL-LHC operation requires detailed analysis

• A realistic schedule cannot be defined until the ERL technology demonstrator results are 
available. Current R&D plans are mostly not funded, thus the timelines for achieving 
technological maturity appear optimistic.

• Only a limited period of new data taking might be expected, as during the proposed operation
time of 5 years LHeC may see a substantial period of luminosity ramp-up.

SCHEDULE



SCHEDULE

Does an overall schedule, based on the WBS,  for the project exist? 
(Y=yellow; N=red)

Given the R&D to be done, test facilities to be build etc: Is the start point 
realistic? (Y=green; N=red; if they get lucky: yellow)

Is the overall schedule definition credible and based on system readiness? 
Y=green; N=red; for several major subsystems = yellow)

Summary rating



COST

• Missing detailed WBS. No independent study and review have been carried out.

• Cost estimate has been performed and has been benchmarked against other projects
like XFEL. Reliable figures can only be determined after the ERL technology at the 
required level of high power has been demonstrated.



COST

Has a serious cost uncertainty estimate been done (see AACE guidance or 
similar)? Y=yellow, N=red)

Is the uncertainty of cost and schedule estimate well established? (Class 1-3: 
green; 3-4: yellow; 4-5; red)

Summary rating



RISK

• A formal risk management plan for the construction phase is not yet available. 

• However, some of the major risks in the project have been identified, mainly related to 
the ERL performance. 

• Mitigation strategy foreseen is to allocate significant effort and resources to PERLE 
facility, as a demonstrator for the key ERL technologies required.

• What stands out is how strongly the LHeC project seems to rely on only a handful of 
people. It is a risk in itself, and questions the ability of the proponents to seriously 
accelerate the work needed in the next few years if LHeC were picked as a realistic plan 
B



RISK

Does a formal risk management plan exist ? (N=red; Y=yellow)

Have the major risks in the project been identified and their impact on 

cost/schedule/performance been assessed? (Y=Green, partially=yellow, 
N=red)

Do plans exist for mitigating major risks? (Y=green, N=red)



• Demonstration of the ERL performance is needed to bring the overall power and energy
consumption down.

TECHNICAL READINESS



Major 
subsystem

TRL level 
(score)

Injectors and 
transfer lines

5

Civil engineering 6

Technical 
infrastructures

4

Accelerators 3 - 4

Territorial 

development
4 - 5

Summary 
color

4=yellow

TECHNICAL READINESS LEVEL (TRL)



R&D PLAN

• The R&D plan is mostly well defined and has undergone review. 

• The importance of PERLE has been emphasized, but it is not clear if it will be able to 
demonstrate the high current operation needed to achieve LHeC performance goals.

• Some simulations have been demonstrated, but not for the design luminosity

• The funding situation and available resources for the R&D program is rather unclear at 
this point in time. So is the impact on the overall project schedule. 



R&D PLAN

Is significant basic R&D necessary to establish technical 

performance of the subsystems (Y=red; some=yellow; 
little=green)

Is a full end to end simulation of all subsystems and of the full 

collider complex established, confirmed and reliable? (Y=green; 
N=red)

Are there risk mitigation plans in place in case some of the R&D 
plans do not work out and are they credible? (Y = green, N=red)

Does the overall R&D plan exist? Has the plan been reviewed?

Is it essentially funded (M&S and workforce) for the next 3-5 
years? Y=green; N = red)

Summary rating



PERFORMANCE

• Without energy recovery the luminosity will drop by an order of magnitude..



PROBABLE PERFORMANCE

Given the present state of subsystem performance or performance of 

other major facilities, can the proposed performance be reliably 

predicted / achieved?  (N = red; with uncertainty=yellow; Y=green); 

Luminosity uncertainty factor: >10 = red, <10 = yellow, <3 = green

Could the predicted performance be achieved within a reasonable time 
frame after startup: (<5y green, >5y yellow, >10 y or unclear = red)

Summary rating



PROTOTYPE FACILITY

• PERLE as the demonstrator of the ERL technology will be able to demonstrate high 
current operation up to 40% of the current needed to achieve LHeC performance goals

• The funding situation and available resources for the R&D program is rather unclear at 
this point in time. At the moment the PERLE funding is not part of the project cost



PROTOTYPE FACILITY

Is a new / major prototype test facility (x % of project cost) necessary to 

establish feasibility and/or performance? (N=green, 1%<x<5%=yellow, x>5% 
= red)

Is the scope, schedule and cost for the test facility well established and part 

of the project cost? (Y=yellow; N=red)  

Test facilities or similar operating machines exist (N=red; 1% 
prototype=yellow; 10% prototype = green)

Technology is well established, major subsystem are ready for industrial 

production without significant further performance increase and/or 
development & testing (Y=green, partially=yellow, N=red)

Summary rating



SITE PREPARATION STATUS

Has a specific site been chosen to allow a more detailed implementation 
planning?  (generic site, no site or not feasible site = red; yes=yellow)

Have more detailed site studies and site preparation plans been done and 
are preliminary cost estimates available? (y=green, partially=yellow, N=red)

Summary rating



Project (E) Scope Schedule Cost Risk TRL R&D Plan Probable 
perform.

Prototype 
Facility?

Site prep

LHeC: LHC
+50 GeV ERL

3 - 6

SUMMARY FOR THE MAIN TABLE



KARL JACOBS: ERICE NOV 27
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OTHER THINGS TO CROSS CHECK 
Manpower required to execute the project:

• Each FTE on average can manage about  $500.0k  per year   → $10.0B   20kFTEy; 

Complexity:

• How many major R&D problems have to be solved AT THE SAME TIME?

Scaling from existing facilities (Does a resonable scale facility exist?):

41

Cost element
(MCHF)

LEP LEP cost today FCC  = 3.4 x LEP cost 
today  

FCC cost as 
presented

Comments

Collider components 
(ring)

360 500 5,100

(3 rings)

3,860 Different than the LEP electron ring which was literally one vacuum chamber. 
Here we have two separate rings for the collider and 1 for the booster 
synchrotron. = 3 rings. RF cavities are shared in the ring (as Frank says) as are 
partially the magnets, but the LEP cavities were normal conducting versus FCC = 
superconducting. -> more expensive. Scaling would say, accelerator is low. 

Machine infrastructure 315 435 1,480 2,520 Looks high, but power density is much higher in FCC plus cryo plants and cryo 
plumbing are needed. Also the tunnel is much deeper. Could be bit high. 

Underground civil 
engineering

440 610 2,070 4,310 Tunnel is much deeper, more extra/special sections and wider tunnels. 5.5m 
cross section versus 3.6m at LEP. Cost scales ~ volume = ~r^2. -> x2.3 higher 
cost.  =>  2.3 x 2.070=4,760  

Surface buildings etc 75 105 105 1,208 LEP had 4 IPs as does FCC. Caverns are bigger. Shafts are deeper. 2x the access 
shafts. 

1,190 1,650 8,755 11,898 Using the scaled tunnel cost taking into account the factor for the larger tunnel, 
the numbers are almost identical. 8,755 would become 11,445



A COUPLE MORE THINGS 
TO KEEP IN MIND…

• They will allow to go faster – and 
time is money

• They might make a better 
estimate

• They will help to meet the cost 
targets you developed

• Learn lessons from others and 
from the past

If you don’t know where you are going – you will 
end up somewhere else



THE YING AND THE YANG OF PARTNERSHIPS- 
GOING FASTER

• Multi Lab Organization like ALMA, SNS, ITER, 
Linear Collider, ESS, X-FEL bring an enormous 
amount of expertise to the table (and 
healthy) competition.

• Required construction workforce transitions 
in and out of the project is much easier

• It is the future of large science projects

• They generate more political support.

• Often they are actually the fastest/ cheapest 
way to build a project…. 

• They require several levels of arbitration

• Large organizations do add overhead 
functions
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A MULTI-COUNTRY 
COLLABORATION: ITER 

Making a better estimate – 
diagonalize the matrix
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UNDERSTANDING KEY ROLES THAT WILL MAKE A 
PROJECT SUCCESSFUL
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• 40% - 50% of the money goes 
through procurement

• Vendors and suppliers are crucial 
for the success

• Include realistic procurement 
cycles

• Use procurement effectively

• Have an excellent advanced 
procurement problem



COST PERFORMANCE OF DOE PROJECTS IN THE 80’S-90’S  - 
THIS IS NOT A NEW DISCUSSION 

1986
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