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Overview

The Department of Energy (DOE) manages Hanford’s tank waste
through two main contracts: a tank farm operations contract to main-
tain safe storage of the waste and to prepare it for retrieval, and a
construction contract with Bechtel to design, construct, and commis-
sion the operation of a waste treatment plant.

The Hanford waste treatment construction project includes the
construction of three primary processing facilities, a large analytical
laboratory, and 23 supporting buildings on a 65 acre site. The three
primary processing facilities are:

e the pretreatment facility, which receives the waste from the tank
farms and separates it into its low-activity and high-level waste
components;

e the high-level waste facility that immobilizes high-level waste for
offsite disposal through a process known as vitrification, which

mixes nuclear waste with molten glass; and:

o the low-activity waste facility, which vitrifies the low-activity waste
for onsite disposal.

The waste treatment plant facilities are large and complex. For
example, Bechtel estimates that the completed project will contain
almost 270,000 cubic yards of concrete and nearly a million linear
feet of piping. The largest building, the pretreatment facility, has a
foundation the size of four football fields and is expected to be 12-

stories tall.l ! coordination complexity - the
facility is large, many sub-contractors
In 2000 at initial award, the contract price was $4.3 billion, includ- will be involved and the quantities are

enormous. The site is something like

ing contractor fee and project contingencies. In 2003, Bechtel revised 57 acres. 44 Cost and Schedule

the estimate to $5.7 billion, based on changes DOE wanted to make
in plant capacity and to correct for estimating errors and other prob-
lems that were already occurring on the project. In December 2005
estimate of the cost to complete the project, an estimate that DOE
has not yet approved, totals about $10.5 billion plus contractor fee.
Bechtel is still revising its estimate of the project costs, and the final
estimate will very likely be higher. For example, in a February 2006
hearing before the Senate Armed Services Committee, the Secretary
of Energy said that the final cost for the project could be nearly $11
billion.



Figure 1: Progression of Cost Estimates for WTP Con-
struction Project.

Cost
Year Estimates  Notes
December $4.3 Initial contract price at award
2000 billion
March $5.7 Revised contract at negotiation
2003 billion
March $8.3 Bechtel’s revised cost estimate (not DOE
2005 billion approved)
December  $10.5 Bechtel’s revised cost estimate (not DOE
2005 billion approved)
February  $10.9 Energy Secretary’s cost estimate in Feb 2006
2006 billion Senate hearing
July 2018  $33-42 U.S. Army Corps of Engineers, Parametric
billion Evaluations of the Waste Treatment and

Immobilization Plant (Washington, D.C.:
July 10, 2018)

Note: These cost estimates do not include contractor performance
fees and are not adjusted for inflation, about 15% over the time period.

In 2000, the estimated date to complete the construction of the
waste treatment project was 2011. This date corresponded to the work
schedule agreed to by DOE in the Tri-Party Agreement under which
DOE was to begin operating the waste treatment facilities by 2011.
However, Bechtel’s latest estimate, not yet approved by DOE, is that
the construction project will be completed by 2017 or later, at least a
6-year extension and a 50 percent increase in the project’s schedule, (it
was finally completed in 2023).

Furthermore, the revised cost and schedule estimates Bechtel devel-
oped in December 2005 are not final and will likely increase further.
At least through the rest of 2006, DOE and Bechtel will continue
to address identified technical and safety issues and incorporate ad-
ditional design changes into its estimates. For example, Bechtel is
currently reviewing several technical issues recently raised by a panel
of experts DOE invited to study the project. Bechtel plans to incorpo-
rate changes resulting from the review into a new cost estimate. This
revised estimate is expected to be complete in late May 2006. Once
that estimate is available and DOE has completed its review of the
estimate, DOE and Bechtel will need to agree on a revised contract
price that incorporates any changes made to the project, including any



changes to the fee that Bechtel can potentially earn. DOE officials do
not expect to have these activities completed until late 2006

Shared Responsibility

Bechtel made a number of miscalculations on a broad range of activ-
ities when developing and revising its cost estimates for the project.
Specifically, we found that Bechtel:

o underestimated by more than 50 percent the engineering hours
needed to design the facilities (a small portion of this increase was
due to changes in seismic design criteria). The current estimate for
design hours is now over 14 million hours?.

o underestimated the cost of key commodities like steel. Steel prices
climbed sharply once project construction started>.

e incorrectly assumed that it could obtain an exception to the fire
code and avoid applying a protective coating on some of the struc-
tural steel used in the facilities and instead use a less expensive
sprinkler system?.

Bechtel also incorrectly estimated the amount of contingency funds
that would be needed to account for project uncertainties. In 2000,
Bechtel estimated that $500 million in contingency was needed. How-
ever, in its December 2005 estimate, Bechtel proposed that a total
of $2.8 billion in contingency be allocated to the project®. The $2.8
billion in contingency funds included $1.76 billion to address technical
and programmatic risks outside the current scope of the project and
an additional reserve of about $1 billion for potential future problems
not yet identified.

Finally, Bechtel was ineffective at ensuring that the completed facil-
ities would meet nuclear safety requirements. In March 2006, DOE’s
Office of Enforcement issued a report documenting a number of differ-
ent safety problems with the construction project, including a failure
to (1) include safety requirements in design documents®, (2) identify
and use the correct design codes and safety standards, and (3) track
design changes to ensure purchased materials and supplies were con-
sistent with those changes”. These failures led to significant problems.
For example, Bechtel ordered approximately 70 tanks with incorrect
structural specifications to ensure the quality of their welds. These
tanks, that will be located in inaccessible areas of the waste treatment
plant, were in various stages of fabrication. Had this problem not been
identified, the quality of welds for all of these tanks could have been
flawed. One tank had already been installed using these incorrect spec-
ifications before the problem was discovered. The tank was installed
because neither the supplier nor Bechtel had performed the required

2 pretty significant skill deficit

3 An example of skill deficit in
estimating, possibly compounded by
motivated reasoning, maybe even
competing incentives.

4 This seems like exceptionalism.
Why do construction estimators /
owners confidently assert that certain
parts of the code or requirements
won’t apply to them? Often, it is
because they get away with this.

5 What is typical contingency on
construction projects? Does that
change for mega projects? This is a
doubling of contingency change and

I know in the end, this still wasn’t
enough, the total project is estimated
(in 2025) to cost $33-42 billion

6 This isn’t just a skill deficit with
Bechtel, the design documents should
have included them, this was a signif-
icant issue with DOE management
of the project. This will require in-
flight design.

7 change management seems to

be a significant problem - especially
when design changes are significant.

I see “tracking changes” problems
present in many large projects, and
in my current work for a large utility
contractor.



weld inspection. Furthermore, when the welds were first repaired the
subcontractor used incorrect welding rods, requiring more rework to
repair the repairs.

In addition, in September 2005, Bechtel discovered errors that had
been made in structural steel calculations for the laboratory facil-
ity["2]. These potentially serious errors included design specifications
that were incorrect and discrepancies between engineering calcula-
tions and design drawing specifications, which led to replacing steel
already purchased and correcting hundreds of engineering drawings.
Of significant concern, a 2005 DOE-sponsored survey found that some
construction and engineering employees were reluctant to raise safety
concerns to Bechtel management, fearing reprisal["25]. ["2]: An ex-
ample of skill deficit in engineering, possibly compounded by mo-
tivated reasoning. ["25]: An example of commitment to ignorance,
Bechtel management created this environment and it succeeded.

In our view, DOE’s management of the project has been flawed, as
evidenced by (1) adopting a fast-track approach to design and con-
struction activities that both created and exacerbated problems and
(2) failing to exercise adequate and effective oversight of contractor
activities, both of which contributed to cost and schedule increases.

DOE’s decision to pursue a fast-track, design-build approach un-
der which technology development, facility design, and construction
activities were carried out concurrently has proven to be regrettable®.
DOE adopted the fast-track approach because of commitments made
under the Tri-Party Agreement to have facilities operating by 2011,
and to treat all of the tank waste by 2028%. However, using a fast-
track approach for nuclear facilities is considered “high risk,” and is
not recommended for designing and constructing one-of-a-kind, or first-
of-a~kind complex nuclear facilities. DOE’s own project management
guidance cautions against using this approach for complex facilities.
For example, DOE Order 413.3 cautions that a design-build approach
should only be used in limited situations, such as when work scope
requirements are well defined, projects are not complex, and technical
risks are limited.

Furthermore, the project approach included optimistic assump-
tions!? that virtually every major safety, technology, regulatory, and
nuclear material acquisition uncertainty could be resolved while facil-
ities were being constructed at an unusually fast pace for the largest,
most complex, first-of-a-kind, nuclear waste treatment plant in the
United States'!. Less than one year after construction began, DOE
was already experiencing problems with construction activities outpac-
ing design!2, technology problems that were affecting the critical path

8 Regrettable indeed! The project has
blown up from 6 years and ended up
being 23 years and went from $4.3
billion to $33-42 billion.

9Tt seems like there is some tacit
understanding that has DOE pushing
the timeline and continually shooting
themselves in the foot. Is it politics?
Ego? Hanford has been cleaning up
since 1989 at this point, why rush
everything? I won’t be able to learn.

10 An example of exceptionalism,
and I do see this with contractors and
projects that I’ve been on. People do
not always know what rules they can
and cannot work around. An example
of ignoring experts usually working
out well would lead to ignoring them
even when they shouldn’t be, possibly
an example of hard constraints.

1 This is exactly the opposite of the
guidance from DOE Order 413.3, it
goes against better judgement. An
example of first-build concept.

12 An example of results from in-
flight design. I see this on many of
the projects from experience.



of the construction project, contractor safety control inadequacies,

and outdated facility seismic criteria. Despite these problems, DOE

insisted on continuing its fast-track design-build approach under its

accelerated cleanup plan until early 20053, At that point, the effect 13 This is when Bush Jr. started his

second term in office, I'm not sure if

. . there were politics involved in this
and signs of significant cost growth and schedule delays caused DOE decision timing syncing up with this

of these and other unresolved issues, contractor performance problems,

to direct Bechtel to significantly slow construction, rework the design, or it’s just happenstance.
and reevaluate safety, seismic, and regulatory requirements.

Under nuclear industry guidance, which recommends that facility
design be essentially complete before construction begins, major en-
vironmental, technological, and regulatory issues can be resolved in
advance of construction. The benefit of this process is that most uncer-
tainties are resolved before major capital is at risk, and the potential

for project delay is significantly reduced!®. On this project, under the ' If design resolves the problems that
almost always plague mega-projects

) ) ) ) (think iron rule) why would DOE fast
have occurred, contributing to more than 1,000 workers being laid off, track anything, ever?

fast track approach, actual schedule delays of more than two years

and work on the two largest waste treatment facilities coming to a
halt.

GAQO, the Safety Board, and others have criticized DOE in the past
for using the fast-track approach for large, complex first-of-a-kind nu-
clear cleanup facilities. We issued reports in 1993, and again in 1998,
that were critical of DOE for using an approach that differs so sig-
nificantly from nuclear industry guidelines for constructing complex
nuclear facilities. The Safety Board cautioned in June 2002, and again
in March 2004, that a fast-track, design-build approach could lead to
expensive plant modifications or to the acceptance of increased pub-
lic health and safety risks. In June 2004, we recommended that DOE
avoid using a fast-track approach to designing and constructing its
complex nuclear facilities. The department accepted this recommenda-
tion, but apparently believes that it does not apply to this project. At
the time of our 2004 report, the department could not identify a sin-
gle instance where it had successfully used the approach to construct
a large, complex nuclear cleanup facility. Despite the fact that DOE
has never been successful with this approach on any complex nuclear
cleanup project, Bechtel reported in its most recent cost and schedule
estimate that a “fast-track engineering, procurement, and construc-
tion” approach is a standard commercial approach for large projects
and the best approach for a schedule-driven project.

DOE’s lack of oversight of Bechtel’s activities has also been unfor-
tunate. DOE did not ensure adherence to normal project reporting
requirements and, as a result, status reports provided an overly opti-
mistic assessment of progress on the project. For example, in January



2005, DOE’s project status report indicated that costs and scheduled
work to date were proceeding as planned. However, Bechtel was not
providing accurate information!®. The project almost always appeared
to be on schedule because Bechtel adjusted the project baseline sched-
ule to match actual project results. In addition, DOE headquarters
oversight officials were generally unaware!6 of the full extent of the
problems with the project.

DOE is responsible for ensuring that its activities follow nuclear
safety requirements and generally receives no outside regulatory over-
sight of nuclear safety. Contributing to the problem, DOE’s internal
safety oversight had been significantly reduced since 2000. Key respon-
sibilities to ensure quality control of contractors were placed under
the responsibility of the DOE project manager who also had primary
responsibility for meeting project cost and schedule targets!”. In late
2003, DOE began recognizing some of the nuclear safety problems on
the project but many of these problems dated back to 2002, or earlier.
Finally, in 2005 and 2006, according to the WTP project manager,
DOE withheld a total of $800,000 in performance fee from Bechtel for
industrial and nuclear safety problems, but problems continued. In
2006, DOE assessed a civil penalty of $198,000 for a number of nuclear
safety violations'®. DOE also recently increased the number of staff
assigned to oversee safety activities.

Technical challenges

In 2002, the Safety Board began expressing concerns that the seismic
standards used to design the facilities were not based on the most
current ground motion studies and computer models, and were not
based on geologic conditions present directly under the construction
site. After more than 2 years of analysis and discussion, DOE con-
tracted for a new seismic analysis that confirmed the Safety Board’s
concerns that the seismic criteria were not “sufficiently conservative”
for the two largest treatment facilities—the high-level waste facility and
the pretreatment facility. Revising the seismic criteria caused Bechtel
to recalculate thousands of engineering estimates and to rework[ 30]
thousands of design drawings to ensure that tanks, piping, cables, and
other equipment in these facilities were adequately anchored. Bechtel
determined that the portions of the building structures already con-
structed were sufficiently robust to meet the new seismic requirements.
By December 2005, however, Bechtel estimated that engineering re-
work and other changes to tanks and other equipment resulting from
the more conservative seismic requirement would increase project costs
by about $750 million to $900 million and result in a 26 month sched-
ule delay.

15 An example of when people will
distort systems or data in order to
avoid consequences, whether willful or
ignorant.

16 This might be an example of a com-
mitment to ignorance, Bechtel didn’t
want to know about the problems.

See also above related to the safety
culture.

17 This is an example of competing in-
centives and lack of internal controls.

18 At this point, the almost $1 million
is 1/10,000 of what they’ve charged
the project. If Bechtel was getting a
1% margin (they were getting more)
on their cost, that’s 100x than .01%.



[730 ]: Another example of in-flight design causing more cost
($750-$900 m) and schedule impact of 2+ years.

In 2003, potential problems with the pulse jet mixers caused project
construction delays. Bechtel initially planned to rely on computer
modeling to confirm that the mixer would successfully keep the tank
waste uniformly mixed. However, because these mixers were designed
to be placed in “black cells” in the pretreatment facility where they
could not be repaired or modified after operations began because of
the high levels of radiation in the cells, mixer failure was considered
high risk. Given this risk, in April 2003, just 9 months before the de-
sign configuration for the mixers was to be completed, Bechtel decided
to conduct laboratory tests of the mixers to ensure that they would
successfully mix the tank waste. Based on laboratory performance
testing, Bechtel found that the mixers did not adequately work. Con-
sequently, the mixers had to be re-designed. The tanks that were to
house the mixers also had to be redesigned with greater structural
support to accommodate more forceful mixing pumps and other mod-
ifications. DOE spent about two years addressing problems with the
pulse jet mixers. According to DOE’s project manager, Bechtel has
completed the testing and design modifications for the mixers. As of
May 2005, this problem had contributed more than $300 million to the
project’s cost growth.

In June 2004, we reported on the possibility of hydrogen gas build-
ing up in the plant’s tanks, vessels, and piping systems, and noted
that the buildup of flammable gas in excess of safety limits could cause
significant safety and operational problems. Although DOE and Bech-
tel have been aware of this problem since 2002, the problem has not
been fully resolved. As of March 2006, Bechtel continued to assess how
to resolve this technical problem but has not identified final solutions.
In April 2005, Bechtel estimated that this problem contributed about
$90 million to the project’s cost growth.

In March 200619, an external technology review identified another 19
technological problem called “line plugging,” involving the potential
that solid and liquid radioactive and hazardous wastes could plug
waste treatment facility piping systems during treatment operations.
Described as the most serious problem the external group identified,
the report emphasized that unless corrected, this flaw could prevent
the plant from operating successfully. The review concluded that the
treatment plant’s piping systems could begin plugging within days
to a few weeks of operational start up. The external review did not
estimate the potential cost and schedule impact of correcting this
problem, but concluded that DOE identify and consider the corrective

A.

What kind of delusion made Bech-
tel think they would solve this
problem in 3 months when they
hadn’t solved the hydrogen build-
up problem for 4 years? It might
be an example of motivated rea-
soning and exceptionalism. B.
This problem (and the hydrogen
build up) aren’t problems caused
by people, they are physics or
technical problems. An example
of hard constraints,No amount
of bullying or cajoling can make
physics comply. I think it is possi-
ble that leaders equate these two
kinds of problems. The Denver
International Airport Baggage
System is another case like this.



actions needed to resolve the problem. Bechtel plans to address these
actions in its final cost and schedule estimate due in late May 2006.
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