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On June 25, 2000, I appointed a Type A Accident Investigation Board to investigate the
June 21, 2001, Drilling Rig Operator injury at the FERMI National Accelerator
Laboratory. The Board’s responsibilities have been completed with respect to this
investigation. The analysis, identification of contributing and root causes, and Judgments

of Need reached during the investigation were performed in accordance with DOE Order
225.1A, Accident Investigations.

I accept the report of the Board and authorize release of this report for general
distribution.

‘S‘(;__—- vV .C/M (|0 (
Steven V. Cary ' Date
Acting Assistant Secretary

Environment, Safety and Health

This report is an independent product of the Type A Accident Investigation Board
appointed by Steven V. Cary, Acting Assistant Secretary, Environment, Safety and
Health, U.S. Department of Energy.

The Board was appointed to perform a Type A investigation of this accident and to

prepare an investigation report in accordance with DOE Order 225.1A, Accident
Investigations.

The discussion of facts, as determined by the Board, and the views expressed in the
report do not assume and are not intended to establish the existence of any duty at law on
the part of the U.S. Government, its employees or agents, contractors, their employees or
agents, or subcontractors at any tier, or any other party.

This report neither determines nor implies liability.




Executive Summary

The Accident

On June 21, 2001, at approximately 9:40 A.M.
a construction sub-tier contractor employee (th
“Operator”) at the Fermi National Accelerator
Laboratory (Fermilab) received serious head injurigs
requiring hospitalization when he was struck by pa
of the drilling rig (a “tong”) that he was operating.
The equipment involved in the accident, known al
a tong, was a 32-inch steel bar with a handl

4%

—

[

essentially used as a pipe wrench to connect apd

disconnect drill pipe. The accident occurred when
a welded connection in the hydraulic system use
to apply force to the tong failed, as the two-mai
crew was removing lower sections of the drill
assembly. The drill rig Helper indicated that, at the
time of weld failure, the Operator was standing with
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his head near the tong and operating the hydraulic

cylinder to disconnect a drill section joint. Based
on an analysis of the evidence, the Board concludg
that the weld failure released tension on a wire rog
sling attached to the tong; the tong recoiled towar
the Operator and struck him in the head. Failun
of the weld was determined to be the direct caus
of the accident. The Operator remained hospitalize
until July 9, 2001.

On June 25, 2001, the Acting Assistant Secre
tary for Environment, Safety and Health, U.S
Department of Energy (DOE), upon the recomt
mendation of the DOE Chicago Operations Office,
appointed a Type A Accident Investigation Board

D O

to analyze causal factors, identify root causes, and

determine judgments of need to preclude similg
accidents in the future. The Board arrived on sit
two days later and completed the investigation i
July 2001.
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Background

Fermilab is the nation’s largest particle
accelerator laboratory and lies 30 miles west @
Chicago, lllinois. Fermilab operates under the
programmatic direction of the DOE Headquarters
Office of Science. The DOE Fermi Area Office,
under the DOE Chicago Operations Office
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oversees site contractor activities. University
Research Associates, Inc., a consortium of
universities, manages and operates the site for DOE.

The injured Operator was an employee of the
Layne-Western Company of Aurora, lllinois. The
injury occurred at the Neutrinos at the Main Injector
Project, whose construction includes tunnel boring
and shaft drilling activities. Fermilab employed
the S. A. Healy Company of Lombard, lllinois, to
perform this underground construction work. S. A.
Healy subcontracted with Layne-Western to drill
six holes for air ventilation and survey risers. The
Layne-Western crew was working on the fifth shaft
at the time of the accident using a drilling rig that
was manufactured in 1969.

On March 2, 1999, the drilling crew performed
an “in-field” welding activity to repair a failure of
the eyebolt-to-piston rod connection. The weld
attached the eyebolt to the hydraulic cylinder piston
rod that was used to apply force to the tong. Before
the repair, the eyebolt apparently threaded directly
into the end of the piston rod, and this threaded
connection had evidently failed. At the time of the
accident, one end of the wire rope sling was
attached to the eyebolt by a shackle, and the other
end was connected to the tong. The Board
requested the record of this equipment maodification,
but Layne-Western could not produce it. The only
documentation consisted of a brief entry in a daily
drilling log, and the injured Operator, who had
performed the weld repair in 1999, was the only
person with first-hand knowledge of this work. The
injured Operator declined to be interviewed by the
Board.

Results and Analysis

The accident resulted from a number of
deficiencies in the execution of specific activities
and in the implementation of a series of management
systems and related processes. These weaknesses
involved all elements of the line organization,
including the Office of Science, Chicago Operations
Office, the Fermi Area Office, Fermilab, S.A. Healy,
and Layne-Western.




In terms of weaknesses in executing specifig
activities, the injured Operator, who was not formall
trained or qualified to make structural welds, performed
a “field” weld repair to the eyebolt and piston rod
connection in 1999. An independent engineering

request of the Board, indicated that the weld was @
uncertain quality and likely failed due to either meta

from unusually high stress at the time of failure
Evaluation also showed that three cracks in the end

the weld was equivalent in strength to the thread
connection it apparently replaced. In addition, the
Operator stood with his head in close proximity to the
tong while it was under tension from the hydraulig
system. Widely available drilling industry guidance
identifies this practice as unsafe. If a hazard analysjs
which addressed all job tasks and identified all controls
had been performed, this unsafe work practice would
have been recognized and the injury would have been
prevented.

In terms of weaknesses in management systems
and processes, the DOE Chicago Operations Office
the Fermi Area Office, and Fermilab did not effectivel
implement and ensure flowdown of the integrated safe
management system framework to constructio
subcontractors and sub-tier contractors. These
organizations did not use contracting, procurement, and
project management mechanisms to consistently convey
and enforce safety and health expectations to the
construction subcontractor and sub-tier contractof.
These weaknesses enabled key individuals to perfo
functions for which they were not qualified and allowed
the construction workforce to perform activities without
being held accountable for strict compliance wit
requirements.

Fermilab did not establish and implement processes
to translate safety and health requirements intp
subcontractor procedures and did not tailor the existing
systems for managing subcontractor construction safety
to address sub-tier contractors. Controls were n
established to assure that sub-tier contractors wefe
adequately prepared to work safely before authorizing
the start of work. These weaknesses enabled drilling
to commence in September 2000 without formal
authorization and resulted in neither Fermilab no
S.A. Healy enforcing contract requirements mandating
development of a hazard analysis for drilling work.

The Fermi Area Office and Fermilab did not
effectively communicate roles, responsibilities, and clear
lines of authority to ensure the adequate protection of
all workers, including construction subcontractors and
sub-tier contractors. The Fermi Area Office conducted
only two inspections at the drill site prior to the accident,
focusing narrowly on environmental issues. Fermilab
incorrectly believed that only S.A. Healy was required
to review sub-tier contractor safety programs, and
Fermilab neither conducted such reviews nor assured
that S.A. Healy did. S.A. Healy did not require Layne-
Western drilling personnel to conduct a hazard analysis
and none was performed until June 2001.

The Fermi Area Office and Fermilab did not ensure
that the construction subcontractor and sub-tier
contractors had systems in place to train employees in
hazard recognition and mitigation. Fermilab and S.A.
Healy did not ensure that the Layne-Western personnel
were adequately trained and qualified to perform work.
Layne-Western personnel were not trained in the
Fermilab hazard analysis process before starting work;
did not participate in the June 9, 2001, safety stand-
down training (which included hazards analysis
training); and did not receive sitewide safety orientation.

The Fermilab hazard analysis system could not be
effectively applied to task-specific hazards for
construction subcontractors and sub-tier contractors.
The Fermilab hazard analysis process did not provide
clear guidance for evaluating task-specific hazards. The
S.A. Healy hazards analysis process was not used; even
if used, this process would not have resulted in an
adequate hazards analysis because of its lack of
specificity and rigor. Layne-Western did not provide a
hazard analysis plan before commencing drilling
operations, and the only hazards analysis that was
conducted (June 2001) did not comprehensively
address drilling hazards to which personnel were
exposed. The Board identified this weakness (absence
of task-specific hazards analysis) as the root cause of
the accident and considered that an effective hazard
analysis system would have identified and corrected
the unsafe work practice concerning the Operator’s
location and could have drawn attention to the overall
substandard condition of the drill rig and the related
equipment.

During the investigation, the site provided
construction injury rate data to the Board indicating
that, for a 750-day period between August 1998 and
September 2000, Fermilab experienced no lost-workday
cases. However, the Board identified that a
subcontractor pipe fitter dislocated his shoulder on
November 11, 1998, which resulted in six lost workdays.




In addition, for six months during 1999, no fixed-price
construction work was performed by subcontractor
or sub-tier contractors, thus significantly lowering th
possibility that lost workday cases would have bee
experienced.

Finally, the Fermi Area Office and Fermilab
oversight programs did not identify fundamental
weaknesses in construction subcontractor and sub-tier
contractor safety and health programs. The Fermi Arga
Office and Fermilab did not adequately analyze prio
construction occurrences to identify and correct rogt

causes and systemic weaknesses underlying these events.and Health Administration.

Causal factors present in the two personnel injury events
that led to project safety stand-downs in June 2001
were also contributors to the drilling rig accident, a
were causal factors identified by two Type B accide
investigations in 1997 and 1998. Recurring deficiencigs
from prior occurrence reports involving worker injuries
at the construction site indicated that weaknesses
persisted in work planning, hazard analysis, and work
controls. Fermilab had not conducted a safety inspection
of the Layne-Western equipment upon arrival at th
Fermilab site. Work site safety inspections were ngt
rigorous, formal, or documented. After the acciden
the Board identified numerous safety deficiencies at
the job site, including some potential imminent-danger
situations, none of which had been identified by lin
management or oversight personnel.

Conclusions

The Accident Investigation Board concluded tha
this accident was preventable. The Board identifie
significant weaknesses in the site’s implementation qgf

integrated safety management policy as it related to
the sub-tier contractor performing drilling activities.
Weaknesses in translating safety and health requirements
into operating procedures, implementing hazard analysis
processes and associated controls, authorizing work,
personnel training, and performing line oversight
impacted the effectiveness of construction worker safety
and health protection.

Fermilab did not ensure that the drilling sub-tier
contractor met basic requirements imposed by the
Department, the site, and the U.S. Occupational Safety
Although Fermilab
experienced a series of construction safety events with
similar systemic causes prior to the accident and
instituted two safety stand-downs in the weeks before
the event, a lack of rigorous causal analysis prevented
identification of lessons learned and systemic
weaknesses, and implementation of effective corrective
actions. The hazard analysis program in place at the
time of the accident had not evaluated specific hazards
associated with the drilling operation, Fermilab had not
enforced the requirement for preparing such a task-
specific hazard analysis, and line oversight of the drilling
operation had not identified the absence of such a hazard
analysis.

The DOE Chicago Operations Office, the Fermi
Area Office, and Fermilab need to intensify their efforts
and commitment to ensure that all the elements
associated with integrated safety management are
promptly and effectively addressed for all construction
subcontractors and sub-tier contractors to prevent
additional accidents at the Neutrinos at the Main Injector
Project and at other Fermilab construction sites.




Table ES-1. Causal Factors and Judgments of Need

Causal Factors

Judgments of Need

Fermilab failed to implement a hazard analysis process
was effectively applied to task-specific hazards f
construction subcontractors and sub-tier contractors.

thatermilab needs to improve the existing hazards ana
or process in Fermilab Environment, Safety and Health Ma

7010 by developing instructions and guidance to en
that it applies to sub-tier construction contractors at
work activity level.

Fermilab needs to implement a revised hazards ana
process such that:

Detailed procedures are established to formalize
process for conducting task-level job-specific haz
analyses (job hazard analyses).

Personnel are trained on the task-level hazard ang
processes to ensure implementation by all assig
persons.

The process is revised to ensure that all w
operations at Fermilab are subjected to formal

effective hazard analyses. This would include
potentially hazardous operations planned

subcontractors and sub-tier contractors.

The process is revised to ensure that hazard anal
involve both the appropriate technical expertise
workers, and receive appropriate review and appr
before work begins.
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The Fermi Area Office and Fermilab failed to adequat
analyze prior occurrences to identify and correct rq
causes and systemic weaknesses underlying these eV

lyFermilab needs to ensure that root and contributing cau

Offrom incidents and occurrences are thoroughly evalu

enigainst integrated safety management core functions

guiding principles, and that resulting lessons learned
disseminated and communicated to all appropr
personnel. Additionally, Fermilab needs to conduct follg
up reviews to ensure that the information is used to imp
the level of safety at the site.

Fermilab needs to ensure that incidents and occurreng
Fermilab are reported through the appropriate D
reporting systems (i.e., the Computerized Accident/Incig
Reporting System and the Occurrence Reporting

Processing System), evaluated, analyzed, and trend
ensure that systemic weaknesses are identified
corrected in a timely manner.

The Fermi Area Office needs to revise its process
validating closure and effectiveness of corrective actid
Additionally, FAO needs to conduct follow-up reviews
ensure that corrective actions are effectively implemen
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Table ES-1. Causal Factors and Judgments of Need (Continued)

Causal Factors

Judgments of Need

The Chicago Operations Office Manager needs to dey
and implement a process to provide assurance that effg
corrective actions are implemented, and establish a me
to obtain feedback on corrective actions taken.

elop
ctive
thod

Fermilab failed to establish and implement processe
translate safety and health requirements into subcontrg
procedures. Fermilab did not establish controls to ass
that sub-tier contractors were adequately prepared to
safely before authorizing the start of work.

Fermilab failed to tailor the system for managin
subcontractor construction safety to address sub-
contractors.

5 tBermilab needs to establish and implement a proce
ctensure that all safety and health requirements flow dow
sUreUbcontractors and sub-tier contractors such that:

tiey

0K Procedures are adopted by subcontractors and su
contractors that are tailored for the specific roles
responsibilities for each contracting organization.
g

and health requirements are properly implemente

Improved controls are established to assure
subcontractors and sub-tier contractors are adequ
prepared to work safely before authorization to s
work is issued.

The FAO needs to ensure that Fermilab establishes
implements processes to verify and validate that safety
health requirements are translated into subcontracto
sub-tier contractor procedures.

The Chicago Operations Office Manager needs to vali
the processes and procedures used by FAO and Fer
to verify that work controls are established a
implemented before the start of work.
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DOE and Fermilab oversight programs failed to ident
fundamental weaknesses in construction subcontractor
sub-tier contractor safety and health programs.

fy Fermilab needs to ensure that a program is establishe

anghplemented for comprehensive environment, safety,
health oversight of all construction subcontractor and ¢
tier contractor work operations.

The FAO needs to ensure that oversight of Fermila

effectively performed as specified in DOE Policy 450.

Line Environment, Safety and Health Oversight

The Chicago Operations Office Manager needs to en
that line management and independent oversight are
performed and are effective as specified by DOE Po
450.5,Line Environment, Safety and Health Oversig
and DOE Order 414.1/&uality Assurance
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The Office of Science needs to ensure that formal

corrective actions are developed and implemented
ES&H issues resulting from programmatic and techn
reviews of the NuMI Project.
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Table ES-1. Causal Factors and Judgments of Need (Continued)

Causal Factors

Judgments of Need

The Office of Science needs to implement the requirem
established in the Office of Science Functiol
Responsibilities, and Authorities Manual for measuring
ES&H oversight effectiveness of the Chicago Operati
Office.

ents
NS,
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pns

Fermilab failed to effectively communicate role
responsibilities, and clear lines of authority to ens
adequate protection of all workers, including construct
subcontractors and sub-tier contractors.

s, Fermilab needs to establish and implement a formal
Uresafety management system with clearly defined ro
orresponsibilities, and authorities when multip
organizations, subcontractors, and/or sub-tier contrag
are involved in a construction project.

zed
les,
le
tors

Fermilab failed to ensure that the constructi
subcontractor and sub-tier contractors had systems in |
to train employees in recognition and mitigation
operational hazards.

pnFermilab needs to strengthen the training and compet
llacd all workers, managers, engineers, and saf
of professionals responsible for construction safety.

Fermilab needs to establish processes to assure that I

requirements (Occupational Safety and Health, DOE,
industry standards).
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recognition and training are in compliance with applicable

and

Chicago Operations Office and Fermilab failed
effectively utilize contracting, procurement, and proje
management mechanisms to consistently convey, ove
and enforce safety and health expectations to
subcontractor and sub-tier contractors.

to The Chicago Operations Office and Fermilab need to re

2ctcontracting, procurement, and project managem

rsgaocesses to ensure that safety and health requirern

thassociated with construction operations (by subcontrg
and sub-tier contractors) are clearly conveyed.

vise
ent
nents
ctor

Chicago Operations Office and Fermilab failed to prope
implement and ensure the flowdown of the integrated sg
management framework to subcontractors and sub
contractors.

riyFermilab needs to strengthen implementation of
fetintegrated safety management core functions to assur
-tieall potentially hazardous work and operations are subje
to effective, formal, and documented hazard analysis.

Fermilab needs to establish and implement a proce
ensure that the framework of ISM flows down to
subcontractor and sub-tier contractors.

The Chicago Operations Office Manager needs to en
that the Fermilab process for flowdown of the IS
framework to subcontractors and sub-tier contractot
effective.
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Introduction

1.1 Bac kg round Board of Trustees maintains fiduciary responsibility
for the corporation.
On June 21, 2001, at approximately 9:40 A.M. Figure 1-1 displays the organizational

a construction subcontractor employee (referred to ~ rélationships between Fermilab and the Neutrinos
as the Operator) operating a drilling rig at the Fernfi &t the Main Injector (NuMI) construction project,
National Accelerator Laboratory (Fermilab) received ~ Where the accident occurred. (This organizational
serious head injuries that required hospitalization ~chartwas provided to the Board by Fermilab during
when he was struck by part of the drilling rig. the in-briefing meeting on June 27, 2001.) The
On June 25, 2001, the Acting Assistant NuMI Project included excavating a series of
Secretary for Environment, Safety and Health, U.S. tL_mneIs and_experimental halls beneath the Fermilab
Department of Energy (DOE), upon the site, oper'c_mons known as the NuMI 'I_'unnels and
recommendation of the DOE Chicago Operations ~ Halls Project. The NuMI Project will support
Office, appointed a Type A Accident Investigation advanced physics experiments utilizing a n_eutrlno
Board to investigate this accident in accordance with  ©&am that would enter a detector at Fermilab and

O

DOE Order 225.1AAccident InvestigationsA pass through the earth to another detector located
copy of the appointment memorandum appears in N northern Minnesota.
Appendix A. The lead subcontractor for the NuMI Tunnels

and Halls Project was the S. A. Healy Company of
Lombard, lIllinois, a tunneling and heavy
construction contractor. Layne-Western, a division
of the Layne Christensen Company of Mission
Woods, Kansas, a well drilling company and a
S. A. Healy subcontractor, provided services for
drilling exhaust air ventilation (EAV) and survey
riser shafts from the surface to the underground
tunnel. The injured Operator was a Layne-Western
employee.

Early in the NuMI Project, Fermilab identified
the need to augment its staff with persons having
underground construction experience. In October
1999, Fermilab contracted with Harza Engineering
to provide three individuals with underground
construction experience to serve as construction
coordinators. Under this contract, Harza employees
would be supervised by Fermilab and would
monitor, but not manage, S. A. Healy; nonetheless,
they were assigned to direct certain aspects of the
work. Fermilab subsequently increased the number
of Harza construction coordinators to four. Harza
also provided a safety consultant to conduct safety
audits.

The NuMI Project Management Plan specified
that construction work would be performed in
compliance with standards contained in the Fermilab
Environment, Safety, and Health (ES&H) Manual
(FESHM) and all applicable ES&H standards in

1.2 Facility Description

Fermilab occupies approximately 6,800 acres
of DOE property 30 miles west of Chicago, lllinois.
Fermilab was established in 1968 by the U. S.
Atomic Energy Commission. The site includes ovef
300 buildings, such as laboratories, shops, and
assembly bays, along with particle accelerators and
detector enclosures.

As the largest particle physics laboratory in the
United States, Fermilab operates particlé
accelerators used in investigating the fundamental
properties of matter, space, and time. Fermilab’s
other operations include superconducting magnet
research, design, and development; detector
development and operation; and high performance
computing and networking. Some 2,500 physicists
from around the world utilize Fermilab facilities for
their research. Fermilab is open to the public andja
typical day will find university students visiting the
site.

Fermilab operates under the programmati¢
direction of the DOE Office of Science. The DOE
Fermi Area Office (FAO) of the DOE Chicago
Operations Office manages the site contractor
operations. Universities Research Association, Incf,
a consortium of universities, is the site contractof
that manages and operates Fermilab for DOE. A
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Figure 1-1. Organizational Chart

the laboratory’s work smart standards. In addition, all
related work was to be performed in compliance with

applicable Federal, state, and local regulations. |n

October 1999, the DOE Chicago Operations Offic
verified that Fermilab had implemented the DOE

D

integrated safety management (ISM) system, and that

ISM policies were reflected in the site ES&H Manual.

1.3 Scope, Purpose, and
Methodology

The Type A Accident Investigation Board begari

) | [CFHAL Resonnel |
|
| e e Terane] Subodniracior

Related to the NuMI Project

The Board conducted its investigation using the
following methodology:

« Inspecting and photographing the accident scene and
individual items of evidence related to the accident

« Performing a limited engineering evaluation of the
failed components

« Gathering facts through interviews, document and
evidence reviews, and walk-downs of the area

« Reviewing emergency and medical response

its onsite investigation on June 27, 2001; completed the operations
onsite phase of its investigation on July 20, 2001; and
SEl;]t\)/?r]cI)tr:(rar(\jerl:ts rSeapfgtrt Z’néhﬁ' :;tshlsta_lrnr;[essecci)re;ag Iﬁg « Analyzing facts and identifying causal factors through
L. T y N P events and causal factors charting and analysis, barrier
Board'’s investigation was to review and analyze the
[

circumstances of the accident to determine its causes
accordance with DOE Order 225.1A. The purposes 0
this investigation were to analyze causal factors, identif
root causes and determine judgments of need to prev
recurrence of similar accidents at Fermilab and acro
the DOE complex.

Ur—(D

<

analysis, and change analysis

=

« Developing judgments of need for corrective actions
to prevent recurrence based on analysis of the
information gathered.




Accident Investigation Terminology

A causal factoris an event or condition in the accident sequence that produces or contributes to the occur
the accident. There are three types of causal factors:
(1) Direct causethe immediate event(s) or condition(s) that caused the accident

rence of

(2) Root cause(sthe causal factor(s) that, if corrected, would prevent recurrence of the same accident or

similar accidents

(3) Contributing causedactors that collectively with other causes increase the likelihood of an accident, but

that individually did not cause the accident.

Events and causal factors analysisicludes charting, which depicts the logical sequence of events and conditions
(causal factors) that allowed the event to occur, and the use of deductive reasoning to determine gvents or

conditions that contributed to the accident.

Barrier analysis reviews hazards, the targets (people or objects) of the hazards, and the controls or barr
management systems put in place to separate the hazards from the targets. Barriers may be physica
equipment design or protective clothing, or elements of management, such as training and supervision.

Change analysids a systematic approach that examines planned or unplanned changes in a system tha
undesirable results related to the accident.

ers that
al, such as

it caused




The Accident

2.1 Background and
Accident Description

2.1.1 Accident Overview

On the morning of June 21, 2001, two 5
Layne-Western employees, the drill rig
Operator and a Helper, were conductin
drilling operations at Fermilab. The accider]
occurred at approximately 9:40 A.M., a
the drill crew was attempting to disconne¢tsss
drill pipe sections. An equipment failure &
occurred during disconnecting (breaking

drill pipe sections as they were bein
removed from the shaft. A hydraulic
system (hydraulic ram, piston rod, wire rope sling

shackle, and eyebolt) was being used to apply for¢e

to a tong, effectively a large pipe wrench, whe
the equipment failed. The threaded eyebolt, whic

served as the point of connection to the piston rodl,

disengaged, releasing the hydraulic force an

resulting in an instantaneous release of energy

stored within the drill pipe. The unrestrained ton
and tong handle rotated, striking the Operator o
the right side of his head, just below his hard hat.

JExhibit 2-1. Drilling Site Where the Accident Occurred

* The construction contractor’s corporate safety
philosophy

» Experience modification rates for the previous
three years

* Occupational Safety and Health Administration
(OSHA) 200 logs for the previous three years

It was the Board’s assessment that the tong, rg
than the eyebolt and shackle assembly, struck |

Operator; this conclusion differs form the Helpe = =&

verbal report immediately following the accide
and is based upon the Board’s engineering anal
interview statements, and a subsequent job
walkdown.

Exhibit 2-1 shows the location of the drillin
site. Exhibit 2-2 shows the drill rig operating stat
where the Operator was standing when the in
occurred. Figure 2-1 shows the eyebolt conneg
to the piston rod.

2.1.2 Background

Fermilab pre-qualified construction contract
to bid on the NuMI Tunnels and Halls Project, _
July 1999. The pre-qualification process used
following “Safety and Health Program Criteria”

screen construction contractors to bid on the Nt

Normal path of
wire rope sling

L]

Rotary table

A .
_-_“"'n

L

Project:

Exhibit 2-2. Drill Rig Where the Injury Occurred




PISTON ROD
WELD WHICH FAILED

ANCHOR SHACKLE

EYEBOLT SHOWN REMOVED
FROM PISTON ROD

Note that after weld failure, the threads of the
eyebolt would fit into the end of the rod, which was
distorted with three visible longitudinal cracks,
without thread engagement. Each crack showed
evidence of previous weld repair on the outside
surface of the piston rod.

Eyebolt: thread length = 1*, diameter = 0.825,
damaged threads

Piston rod: internal thread depth of rod = 2.5,
Inside diameter = 0.833, threads did not appear
damaged

* Measurements are in inches
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Figure 2-1. Piston Rod End Fixture

» Tota number of hours worked by employees for
each of thelast threeyears

* Resumes of two to four safety professionals who
are current employees of the company.

Fermilab evaluated the“ Safety and Hedlth Program
Criteria’ to ensure that each construction contractor
had devel oped and implemented a corporate safety plan
and that the contractor had achieved the following:

Experience modification rate lessthan 1.0

Recordable injury case rate less than or equd to
9.5

Lost workday case rate less than or equa to 4.4.

Fermilab evaluated 13 construction contractors and
gualified 10 to receive a Request For Proposal
solicitation package. Criteria for evaluating each
construction contractor’s proposal were based on a
weighted average considering 70 percent cost,
15 percent project schedule, 10 percent onsite personnel
resources, and five percent onsite equi pment resources.
After thispoint, contractor safety and health programs
and safety recordswere no longer considerationsinthe
selection of the construction contractor for the NuMI
Project.

Fermilab awarded the NuMI Tunnels and Halls
contract to S. A. Healy, which had the lowest cost and

the highest technical rating. When S. A. Healy began
operations, a single full-time safety professiona was
on staff at the site. S. A. Healy supplemented the
safety professional with apart-time consultant and later
added two additiona full-time safety personnel to their
staff.

Fermilab issued a Notice to Proceed on March 6,
2000, and construction started shortly thereafter. On
September 13, 2000, S. A. Healy subcontracted with
Layne-Westernto drill EAV and survey riser shaftsfor
the NuMI Tunnelsand Halls Project. A pre-quaifying
process was not followed when S.A. Healy awarded
the subcontract to Layne-Western. In addition, Fermilab
did not review the past safety performance of Layne-
Western before awarding the drilling contract.

On September 25, 2000, Layne-Western began
drilling thefirst of four EAV shafts and two survey riser
shafts. These shaftsranged from 18 inchesto 25 inches
in rough diameter, with depths varying from
approximately 100 feet to approximately 350 feet based
on thetunnel’slocation. The accident occurred during
drilling of EAV-2. Thisjob stelieson the north sde of
Giese Road and west of, and adjacent to, Indian Creek,
as shown in Exhibit 2-1.

The drilling rig involved in the accident was built
by Gardner-Denver in 1969 and was mounted on a
heavy truck bed for Layne-Western. Layne-Western
had used the rig on various drilling projects since 1969.

The Board determined that at |east two equipment
modifications were made after the drill rig was built
that are relevant to the accident. In the early 1970s,
the hydraulic breaking mechanism was installed to
replace amanual breakout wrench used to loosen and
tighten thedrill pipe section joints. In 1999, the eyebolt-
piston rod connection involved in the accident failed.
Anentry inaLayne-Western Daily Drilling report dated
March 2, 1999, stated “Broke eyebolt on end of
hyd[raulic] ramfor bregking but we[were] abletoweld
itup.” TheDaily Drilling report indicated that the drilling
crew performed thisrepair in thefield.

On April 20, 2001, representatives of the U. S.
Department of Agricultureinspected the EAV-2/EAV-3
job gite, acting on behalf of the U. S. Army Corps of
Engineers in connection with the Fermilab wetlands
permit, and requested that drilling operations be
suspended until environmental improvements related
to the work could be made. Layne-Western resumed
work at the site on April 30, 2001, after S. A. Hedly
made necessary improvements, and after receiving
verbal restart authorization fromthe U. S. Department
of Agriculture. The Layne-Western crew began drilling

EAV-2 on May 4, 2001.



hardware.

The accident resulted from the failure of the weld
connecting the wire rope to the hydraulic cylinder used in making
and breaking threaded drill pipe section joints. Torsion is
applied to the joints by mechanical tongs (in effect, pipe
wrenches) that grip the outer diameter of the drill pipe section.
One of the tongs is braced against a drill rig stop pin, while the training.
other tong is operated (i.e., pulled) by a mechanical force
supplied by the hydraulic cylinder. This force is transmitted
through a wire rope sling connected with miscellaneous

and orientation of the NuMI Tunnels and Halls
Project workforce on safety policies and
procedures, along with techniques of hazard
analysis, the Layne-Western drilling crew was
not asked to participate in the stand-downs, nor
did they receive the related hazard analysis

On June 15, 2001, the Fermilab Director
ordered an investigation into S. A. Healy’s
safety performance and safety management.
The Fermilab investigation was under way when
the drilling rig injury involving the Layne-Western
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employee occurred, and was completed on
July 2,2001.

On the morning of June 21, 2001, two
NuMI construction coordinators visited the
EAV-2/EAV-3 job site, but did not document
any safety deficiencies.

When the accident occurred, the two-
person crew, composed of the Operator and the
Helper, was removing the second of six 20-foot
drill collars from the EAV-2 shaft. A drill collar
is a length of heavy pipe placed immediately
above the drill bit to provide concentrated weight
to enable the bit to drill properly, and to produce

a vertical hole. Each collar was approximately

On May 25, 2001, the Operator performed a safety
inspection of the drilling rig, related equipment, and the
EAV-2/EAV-3 job site. Although the inspection record
completed by the Operator was incomplete, completed
portions of the record did not identify safety deficiencies
requiring corrective action. Between May 4, 2001, and
June 21, 2001, a number of cognizant FAO, Fermilab,
and S. A. Healy safety personnel visited the job site,
but did not document any safety deficiencies.

On June 9, 2001, S. A. Healy instituted a safety
stand-down on the NuMI Tunnels and Halls Project
construction work following a rigging/material handling
accident in which an S. A. Healy employee was struck
by a suspended load. S. A. Healy used the stand-down
to conduct pre-planned safety training. Work resumed
on June 10, 2001.

On June 13, Fermilab and S. A. Healy jointly
instituted another safety stand-down on the NuMI
Tunnels and Halls Project construction work, following
the injury of two S. A. Healy employees in another
materials handling accident. This second accident
occurred when rigging for a suspended load failed,
causing the load to strike a man-lift in which the two
employees were positioned. Work resumed on June 15.
Although these safety stand-downs included training

six inches in diameter, and the entire drill
assembly at maximum depth weighed
approximately 15,000 pounds. A chronology of events
related to the accident appears in Appendix B.

2.1.3 Accident Description

The accident occurred when the welded connection
between the eyebolt and the hydraulic cylinder piston
rod failed during operation. This event released tension
on the wire rope sling connecting the eyebolt to the
upper tong. The sling, with the shackle and eyebolt
attached, sprang back toward the end of the drilling rig
where the Operator and his Helper were standing.

The release of tension on the sling, coupled with
the torsion on the drill collars, caused the tong to recoil
toward the Operator. The tong, which was 32 inches
long, made of forged steel, and weighed approximately
150 pounds, struck the Operator on the right side of his
head, just below the rim of his hard hat.

After the accident, the Helper demonstrated the
Operator’s position to the Board, indicating that the
Operator was leaning in towards the tong while
operating the lever controlling pressure to the hydraulic
cylinder with his left hand. This body position would
have placed the Operator’s head at the approximate
elevation of the tong handle.




The Helper stated that he thought the shackle and
eyebolt struck the Operator. However, the Board’s
engineering evaluation indicated that the tong most
likely struck the Operator. The Operator declined to
be interviewed by the Board. The Board concluded
that a blow to the Operator’s head by the recoiling
tong handle was the most credible injury scenario.

On June 21, 2001, shortly following the accident,
Fermilab issued a stop-work order for the NuMI
Tunnels and Halls construction project, halting all drilling
operations by Layne-Western and all S. A. Healy work.
On June 28,2001, Fermilab authorized a phased restart
of work on the project.

2.1.4 Engineering Evaluation of the
Failed Components

The Board conducted a limited engineering
evaluation on the failed components using an
independent offsite laboratory. Attorneys representing
Layne-Western would not allow destructive tests to be
performed.

The evaluation considered the condition of the
eyebolt after the accident, and the condition of the end
of the piston rod, as shown in Exhibit 2-3. It included
detailed visual inspection, measurements, hardness
testing, and engineering analyses. Visual inspection
disclosed three longitudinal cracks in the threaded end
of the piston rod, one of which is visible in Exhibit 2-3.
The threaded portion of the eyebolt was considerably
deformed, as can be seen in Exhibit 2-3.

Examination of the eyebolt and piston rod following
the accident revealed that these components separated
when a weld that held them together failed. The
threaded portion of the eyebolt had been inserted into
the threaded socket in the end of the piston rod, but
there was apparently little or no thread engagement due
to expansion of the socket diameter. This expansion
was attributed to through-wall cracks in the socket and
to possible distortion due to weld repairs of previous
cracks. The load on the connection was apparently
supported entirely by a circumferential weld that joined
the shoulder of the eyebolt to the end of the piston rod.
The weld failed either because of cracks that developed
due to fatigue related to repetitive loading or because of
unusually high stress at the time of failure.

2.2 Emergency Response and
Medical Treatment

Emergency response to the accident consisted of
(1) the initial emergency medical response operations
at the scene, (2) the transport of the injured Operator
to the hospital, and (3) the medical care provided at the
hospital.

When the Operator was struck on the right side of
his head, he fell onto the wooden platform that served
as the operating deck. The Helper, who was also
standing on the platform but to the right of and behind
the Operator, provided immediate aid by laying him
down on the wooden pallets to the left of and adjacent
to the drill rig and then went to call for emergency
assistance.

As the Helper was en route to obtain a cellular
telephone available at the job site to call for assistance,
he saw a Fermilab employee driving by the job site.
The Helper flagged down the Fermilab employee, who

Exhibit 2-3. Eyebolt That Was Connected to the Piston Rod (Left) and the End of the Piston Rod After the Accident (Right)




Engineering Evaluation Supporting the Conclusion
That the Operator Was Most Likely Struck by the Tong

Although the Helper stated that he thought the Operator was struck by the shackle and eyebolt, it d
appear that there is a high probability that this happened. The motion of the wire rope would have be
rapid and ultimately could have resulted in the attached shackle and eyebolt being located near the
Operator. However, the structural configuration of the rig and the fact that the Helper was not injurg
principal reasons for not supporting this assertion.

e The assumed path of the broken shackle and eyebolt through the mast structure to the injured G
was not a straight line. To reach the Operator, the shackle and eyebolt would need to “turn the (¢
at the roller and somehow miss the Helper, who was reported to be standing on the corner of t
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platform. If the Operator had been hit by the shackle and eyebolt, the shackle, eyebolt and wite rope

would also have struck, or wrapped around, the Helper. As shown in the accompanying sket
Helper would have had to be out of the “line of flight” of the wire rope.

ch, the

» Instantaneous release of tension by the weld failure would have caused the shackle, eyebolt and wire

rope to fly toward the roller — much like a rubber band. lIts straight-line motion could have helpe
shackle, eyebolt and 8 feet of wire rope pass through the mast structure and confining passages
the rope extended behind the drill platform. However, this initial rope movement should have re
in injury to the Helper if he was standing in the “line of flight zone.”

» Combined with the clockwise rotation of the tong handle, this tension release would have jerkg
wire rope end (attached to the tong handle) toward the Operator’s location while he was operat
hydraulic controls. This jerk (approximately 2 or 3 feet of tong handle movement) could have
pelled the other rope end and shackle and eyebolt within the “line of flight zone” and toward the
handle. Again, itis unclear how these assumed wire rope motions could have occurred without ir
the Helper.

In summary, based on the Helper’s report of both his and the Operator’s position, and the fact that the

was not injured, the wire rope and shackle/eyebolt end did not fly through the “line of flight zone” to strik
Operator. Therefore, the tong handle must have struck the Operator.
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then called the site emergency telephone number usihg
his cellular telephone. This call was placed at 9:44 A.M
approximately four minutes after the accident, and resulted
in Fermilab emergency personnel arriving at the scenelat
9:45 A.M. and the Fermilab ambulance arriving a
9:48 A.M.

Based on their initial assessment of the Operator|s
head injuries, the first Fermilab firefighters/emergenc
medical technicians (EMTs) arriving at the scen
requested the aid of Tri-City Ambulance Service. (Th
laboratory had contracted with Tri-City Ambulance
Service for advanced life support ambulance service,)
Paramedics from the town of Geneva responded. The
Fermilab fire department established incident command
at 9:48 A.M., immediately outside the job site on Gies
Road. The Geneva advanced life support ambulan¢e
arrived at the accident scene at 9:57 A.M. Initial repor
indicated that the Operator’s breathing was irregular, that
he was not responsive, and that four EMTs were required
to restrain and immobilize him as he regaine
consciousness.

At10:15 A.M., the Geneva ambulance left the scen
and transported the Operator to the Delnor Communi
Hospital for emergency care. A Fermilab firefighter
EMT drove the ambulance, enabling the two Gene
paramedics to continue rendering assistance to the
Operator. He was transported to Delnor Communi
Hospital, where he was admitted and evaluated.

At the hospital, medical diagnosis determined that
the Operator had sustained a frontal skull fracture with|a
mild to moderate brain injury consisting of a contusion o
the right frontal lobe, with swelling. He also sustained
fracture of the right jawbone and dysfunction of the righ
third cranial nerve, which controls certain eye movements.
These injuries are consistent with a blunt force type of
trauma, such as being hit by the tong handle. After he
regained consciousness, he exhibited some unsteadiness
on his feet and mild difficulties with thinking and reasonin
as a result of his injuries. He also had blurred vision and
decreased vision in the right eye. The Operator did npt
require surgery, and improved sufficiently such that o
July 2, 2001, he was transferred to a rehabilitation facility,
where he received occupational, physical, and speech
therapy.

The Board concluded that the initial emergenc
response and medical response were timely and well
coordinated.

2.3 Investigative Readiness and

Accident Scene Preservation

Shortly after the Geneva ambulance left the accident
scene with the Operator, the Incident Commander turned

custody of the scene over to a representative of the
Fermilab Facility Engineering Services Section. Control
of the accident scene was subsequently transferred to
Fermilab ES&H Section. Arrangements were then made
to clearly establish the accident scene perimeter with
yellow tape, photograph the scene, and formally institute
an access control point by posting a security guard at the
entrance to the scene. The guard was given instructions
to limit access to only authorized individuals. The guard
maintained a record of those who entered the area, their
duration at the scene, and the purpose of their visit.

OnJune 27, 2001, the Board assumed custody of the
accident scene, relinquishing control back to the FAO on
July 17, 2001. During this period, a security guard
maintained continuous access control to the accident
scene.

While the actions Fermilab took to preserve the
accident scene were commendable, three areas of
concern were noted by the Board:

(1) Potential exposure to bloodborne pathogens
Prior to establishing an access control point, Fermilab,
S. A. Healy, and Layne-Western personnel were
present at the accident scene for various purposes.
In a typical accident involving contact between a
human and equipment or machinery, it is not
uncommon to have blood at the accident scene.
Personnel visiting the accident scene could have come
in contact with bloodborne pathogens, creating an
unnecessary health risk to themselves and others they
may come in contact with.
(2) Alteration of evidence.To obtain high-quality
photographs of the failed components involved in the
accident, personnel repositioned the components.
Moreover, they degreased and cleaned the equipment
in preparation for the photographer, thereby removing
any other evidence, such as metal shavings, that might
have been of use to the Board.
(3) Removal of material The Operator’s personal
possessions were removed from the accident scene.
Later, the Board was unable to validate certain
specific testimonial information relative to his
belongings (e.g., possession of the Operator’s personal
copy of his company’s safety manual) because
personnel from his organization removed them
prematurely from the accident scene.

The Board concluded that an effective access
control system was not instituted in a timely fashion to
properly preserve the accident scene.




Accident Facts and Analysis

This section addresses the facts related to the
accident, along with the results of the Board’s
analysis. The Board presents this information i
terms of the ISM core functions and guiding
principles, which comprise the fundamental DOE
safety and health policies that should have beeg
incorporated into the work planning and execution

>

3.1 Physical Hazards,
Controls, and Related
Factors

3.1.1 Define the Scope of Work

Effective work execution begins with the
preparation of a well-defined scope of work that
translates the mission and requirements into terms
that those who are to accomplish the work can
clearly understand. The definition of work scope
must provide sufficient detail to support hazard
analysis and development and implementation @
controls at the task level. To fulffill its responsibilities,
line management must determine the work to b
performed and be accountable for understandin
it as completely as possible through every phas
of the work cycle. This process applied to the
NuMI Tunnels and Halls construction project and
the associated Layne-Western shaft drilling
operations. The scope of the construction project,
including shatft drilling operations, was defined in a
series of tiered documents. These documents,
summarized below, included the Project Execution
Plan, the NuMI Project Management Plan, the
Fermilab-S. A. Healy contract, the S. A. Healy
work plan, and Layne-Western “job letters.”

The Project Execution Plan dated February
1999 described the mission needs and justificatio
for the NuMI Project, its objectives and scope, the
DOE project management structure, and thg
resource plan. DOE prepared the Project
Execution Plan and the Director, Office of Energy
Research, the predecessor organization to the
Office of Science, approved the plan, which
constituted Critical Decision number one in
accordance with DOE Order 430.1kife Cycle

=

M &

>

v

Asset Managemerand the Joint Program Office
Direction on Project Management. Discussion of
ES&H requirements in this plan was limited to
references to the NuMI Environmental
Assessment, excerpts from the subsequent Finding
of No Significant Impact related to the
Environmental Assessment, and a reference to the
NuMI Preliminary Safety Assessment Document.

The Project Management Plan dated March 8,
1999, set forth the plans, organizations, and
management systems to be used by Fermilab and
DOE to manage the NuMI Project. The Fermilab
NuMI Project Manager prepared the NuMI
Project Management Plan, which complemented
the Project Execution Plan and indicated that
project management would be conducted in
conformance with DOE Order 430.1A and the
Joint Program Office Direction on Project
Management. The Project Management Plan was
prepared by Fermilab for approval by DOE. While
it was approved by the FAO, the DOE Office of
Science indicated “approved provisionally —
pending peer review.” At the time of the accident,
this document remained provisionally approved by
the Office of Science, and did not reflect the
current site organizational structure or operations.

The Project Management Plan indicated that
design, construction, operation, and
decommissioning operations would be performed
in compliance with the FESHM standards and all
applicable ES&H standards in the work smart
standards set. However, the document made
minimal reference to construction safety.

The S. A. Healy contract with Fermilab for
the NuMI Tunnels and Halls Project, dated
February 11, 2000, described the scope of work
associated with shaft excavation. The scope of
work provided the general technical requirements
and established the applicable American Society
for Testing and Materials, the American Welding
Society, the American Water Works Association,
and OSHA standards—specifically the U. S. Code
of Federal Regulations 29 CFR 1926, Subpart S
(Underground Construction, Caissons, Cofferdam,
and Compressed Air) and Subpart U (Blasting and
Use of Explosives).




In August 2000, S. A. Healy submitted a “Work Pla
for the Drilling of the Vent Shafts and Survey Riser
(Submittal No. 42)" in accordance with its contract with
Fermilab. The submittal identified Layne-Western as th
subcontractor for the ventilation shafts and survey riserg,
and established the work progression for the task. |It
included a basic outline of the drilling methods and outline
the environmental precautions that would be taken at the
EAV-2 and EAV-3 job site. The work plan referenced
the need to de-energize overhead power lines at the EA-1
and SR-2 job sites, and that the work would be completed
in compliance with OSHA requirements. The work plan
did not address the management of S. A. Heal
subcontractors, nor was this required by the Fermilaly
S. A. Healy contract.

On September 9, 2000, Fermilab reviewed the worj
plan and returned it with the notation “Approved as Noted:
Resubmit,” with comments concerning extending the
gravel base at the EAV-2/EAV-3 job site due to
environmental concerns. Fermilab approved the work
plan on November 8, 2000.

Layne-Western signed a contract with S. A. Healy
on September 13, 2000, to drill four EAV and two survey
riser shafts for the NuMI Tunnels and Halls Project
However, the construction schedule called for drilling tq
commence on August 14, 2000, and finish on Novembg
1, 2001. The contract required Layne-Western to provid
awork planto S. A. Healy 30 days before commencin
work. Among the other Layne-Western contrac
requirements were:
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“Take all precautionary measures in protection of th
environment and surrounding areas from impact due
to their work.”

19%}

» “Attend all required Safety Orientations (conducted
by Fermilab and by the contractor) prior to
commencement of work.”

* “Provide a hazard analysis plan for work that they wil
be performing and all of their employees shall sign the
plan to acknowledge that they have read angd
understand the plan.”

» “State the name of the person that will be designats
as their ‘Competent Person’ prior to commencemer
of the work. The Competent Person shall be at th
work site whenever there is work in progress by th
Subcontractor.”

lU(-D,_,.Q_

A Layne-Western job letter dated September 15
2000, provided work instructions to the Operator ang
identified the Operator as the “Competent Person.” The

Fermilab-S. A. Healy contract, as referenced by the
S. A. Healy-Layne-Western contract, defined a
Competent Person as the onsite safety official, who must
have completed the 30-hour OSHA construction safety
course, or equivalent. The Layne-Western Operator had
not met the Competent Person requirements. However,
the Board noted that this determination applied only to the
Operator’s qualifications regarding safety, and not his
competence in the drilling trade.

Layne-Western began mobilizing on September 18,
2000, and drilling the first of six shafts commenced on
September 25, 2001. Layne-Western did not provide
S. A. Healy with a formal work plan.

On March 12, 2001, Layne-Western began drilling
the EAV-2 shaft. This work was also initiated without
submitting awork planto S. A. Healy, although the Layne-
Western General Manager had issued a job letter on
December 7, 2000, addressing the work at EAV-2,
EAV-3, and EAV-4. The job letter had not specified
worker safety and health requirements, had not referenced
other documents that contained such requirements, and
had not invoked OSHA requirements. The job letter also
had not included a detailed breakdown of drilling tasks
necessary to complete a comprehensive hazard analysis
of every task.

Significant attention was paid to environmental aspects
of the Layne-Western drilling operation. For example,
the EAV-2/EAV-3 job site was requested to be shut down
on April 20, 2001, after a U.S. Department of Agriculture
inspection revealed non-compliance with the Fermilab
wetlands permit. Layne-Western had penetrated the
membrane placed under the gravel fill when itinstalled a
settling basin. S. A. Healy took immediate action to correct
the environmental non-compliances. However, minimal
attention was focused on the safety and health aspects
of the work.

The safety and health expectations associated with
construction and shatt drilling operations were not fully
conveyed as part of the array of “scope of work”
documents, and project planning did not include provisions
for managing S. A. Healy subcontractors. Neither
Fermilab nor S. A. Healy enforced the contractual
requirements for Layne-Western to provide a work plan
30 days before commencement of work. Layne-Western
“job letters” had not provided sufficient breakdown of
the work scope to support adequate task-specific hazard
analysis.

The Board concluded that line management failed
to adequately address safety as part of planning for
Layne-Western drilling operations and failed to
enforce compliance with existing safegguirements.




3.1.2 Hazard Analysis

The objective of hazard analysis is to develop a
understanding of task-specific hazards that may affect
the worker, the public, and the environment. Each level
of hazard analysis is the foundation for a more detailgd

analysis; that is, a construction project hazard analysis

is, in turn, used as the basis for an activity-level o
task-level hazard analysis. Hazard identification an
analysis must occur at any phase of the work cycle
which it applies, including construction. The procedure
used to carry out hazard assessments at the proje
level are contained in the FESHM.

The FESHM established mandatory ES&H
policies. FESHM 7010Subcontractor Safety
Program described Fermilab’s program, procedures,
and safety requirements for construction work
According to FESHM 7010, “Work will not proceed
on that activity until the hazard analysis has bee
accepted by the construction coordinator.” Constructio
coordinators were defined as individuals specifically
assigned to oversee the work of a fixed-priced
subcontractor for conformance to the subcontrag
documents. Construction coordinators were primarily
furnished by the Fermilab Engineering Services Sectign
Engineering Group, which, at times, was supported by
an outside Architectural Engineering Group.

The hazard analysis section in FESHM 7010 did
not provide sufficient detail to communicate
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requirements to subcontractors specifying when and hgw
a hazard analysis was to be completed for each task

associated with the scope of work, nor did it indicate a
need for worker involvement in the process. FESHM
7010 included ES&H Administrative Form #Hazard
Analysis Formbut had not referenced or required
completion of this form. Additionally, page one of the
form stated: “This form is to be completed by the
construction coordinator for acceptance prior to th
Notice to Proceed,” indicating that this was a one-tim
contract submittal before receiving authorization tg
initiate work.

The Fermilab contract with S. A. Healy did not
directly invoke FESHM 7010; however, S. A. Healy
essentially adopted the FESHM by referencing thi
documentin the S. A. Healy Safety and Health Manua|.
The contract included various clauses for safe wor
operations. Two clauses important to this event wele
the “Project Specific Safety and Health” and the “ES&
Work Procedures” Exhibit A clauses. The hazar
analysis requirement was contained in the Project

(DD

|72}

Specific Safety and Health clause. Some of the more

important requirements that affected hazard analysis

were:

Exhibit A, paragraph 13.6, of the S. A. Healy contract
with Fermilab required hazard analyses for Healy
operations and operations of its sub-tier contractors.

Initial hazard analyses were required to be submitted
and accepted by Fermilab before the Notice to
Proceed.

* Sub-tier contractor operations were required to be
included in the hazard analysis.

* An acceptable hazard analysis was required for all
work.

* Fermilab would review all hazard analyses for
completeness and conformance with OSHA and
industry standards.

* The name of the Competent Person would be
included on the hazard analysis and communicated
to all workers.

» Job-specific safety orientation would be provided
based on the hazard analysis.

¢ All contractual submissions would have to be met
for Fermilab to issue a Notice to Proceed.

Section 16 of the S. A. Healy Safety and Health
Manual outlined the hazard analysis process. This
section included the Project Hazard Analysis Form from
the June 1999 version of FESHM 7010. The general
instructions in the S. A. Healy Safety and Health Manual,
under Hazard Analysis and Site Inspections, required
hazard analyses to be prepared as follows:

“Before the start of each major work phase, a job safety
analysis will be prepared. This will determine the
safety and health hazards involved during this work
phase. The name of Competent Persons shall be
included on the Hazard Analysis [HA].

“This is to isolate any anticipated hazard and to outline
mitigating actions (including PPE [personal protective
equipment]) in advance in order to control the hazards.

“Prior to the start of actual work, a meeting will be held
with the Contractor(s) representative and any affected




subcontractor to review the “Job Hazard Analysis” and
be prepared for this work phase. A job-specific safety
orientation to all Sub-contractor and Sub-Sub-contractg
employees based upon each HA. Each employee wil
sign the HA to indicate having received the orientation
The signature list shall be available for review by thg
Construction Coordinator. As the HA is updated, thg
employees must be advised of the new information.”

Section 16 of the S. A. Healy Safety and Health
Manual did not reference FESHM 7010. It provided
brief instructions for completing a hazard analysis, by
they were not sufficient to prepare a proper hazan
analysis at the task level.

The Layne-Western contract with S. A. Healy

required development of a hazard analysis plan. It also

required Layne-Western personnel to follow
S. A. Healy contract requirements. However, thes
requirements were not met or enforced by Fermilab ¢
S. A. Healy before drilling operations began.

=
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entitled “Hazard Analysis,” identified some of the
hazards associated with drilling and very generic
controls for the hazards. The table did not identify
hazards specific to the drilling activity, nor did it identify
specific controls to be implemented by the drilling crew.
Additionally, Layne-Western did not have a documented
procedure or process that provided instructions for
employees to conduct a hazard analysis.

The S. A. Healy General Superintendent stated that
he had asked the Layne-Western Operator to begin filling
outthe S. A. Healy hazard analysis forms approximately
two weeks before the accident. After the accident, he
asked the Layne-Western Helper for a copy of the
hazard analysis for the job. The hazard analysis
consisted of two pages dated June 21, 2001 (the date
of the accident). The first page was similar to those
provided by S. A. Healy for their work. A copy of the
Layne-Western EAV-2/EAV-3 hazard analysis
worksheet appears in Figure 3-1. No signatures

=

Although Section 4 of the Layne Christensen Health @Ppeared on the form. An approved hazard analysis

and Safety Program was entitled “Hazard Analysis,

could not be located for the Layne-Western work related

it presented only some of the generic hazards that 0 drilling the EAV-2 and EAV-3 shafts, nor were any

employees could encounter. An attached table, also

hazard analyses performed for the work related to boring
the previous shafts, which began in September 2000.
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Figure 3-1. Layne-Western Job Hazard Analysis Worksheet




Well drilling is a hazardous activity. It involves
high-energy mechanical systems, hoisting and riggin
capabilities, rotating machinery, highly-tensioned rope
cables and chains, noise, chemicals, and structural issues.
A hazard analysis addressing this activity would requir
the expertise of engineering personnel as well as craft
workers. However, the inadequate hazard analysjs
prepared by the Operator focused solely on commgn
occupational safety issues, such as slips and falls from
walking and working surfaces, and contained n
engineering or supervisory input.

The hazard analysis processes that were availahle
to the Operator and the Helper for the drilling operatio
were the Layne Christensen Health and Safety Progra
the S. A. Healy Safety and Health Manual, and FESH
7010. The Layne Christensen Health and Safe
Program (used by Layne-Western) did not specify
process that would allow the Operator and the Helper
to identify and address task-specific hazards of th
drilling operation (i.e., breaking down the operation int

subtasks and associated hazards). The hazard analysis

process identified in the S. A. Healy Safety and Healt
Manual also did not provide specific guidance for th
development of task-specific hazard analyses. FESH
7010 indicated that hazard analyses were required fpr
all construction work, and ES&H Administrative Form
#17 provided guidance that would be applicable to th
drilling operation. However, FESHM 7010 did not
require that the guidance in Form #17 be used in the
development of a hazard analysis. Although the Layne-
Western drill crew attempted to complete a form title
“Job Hazard Analysis Worksheet,” neither the Fermilal
S. A. Healy, nor Layne-Western ES&H program
provided complete instructions for developing a hazar
analysis at this level.

Regarding job site reviews, the FAO personnel
Fermilab personnel, NuMI Project construction
coordinators, and S. A. Healy line managers visited the
EAV-2/EAV-3 job site frequently to verify environmental
compliance and to check on drilling progress. None af
these personnel identified that the work was bein
performed without an approved hazard analysis, nor
did they identify construction safety deficiencies at th
job site.

The S. A. Healy General Superintendent, who w
appointed three weeks before the accident, recognized
that there was no hazard analysis for the work and
initiated action to have one prepared; however, he togk
no action to curtail drilling operations until a hazar
analysis was completed. The previous S. A. Heal
General Superintendent took no action to assure that a
hazard analysis was prepared. Various ES&

personnel who visited the Layne-Western job sites over
a nine-month period did not identify the absence of a
hazard analysis for the work.

The drilling operations were allowed to continue
with numerous hazard analysis program deficiencies.
As previously noted, a hazard analysis did not exist
when drilling began and neither the General
Superintendent nor the construction coordinator required
completion of the hazard analysis. Consequently, no
Competent Person was named on the hazard analysis
as required. Documentation was unable to be produced
which demonstrated that tool or equipment inspections
were conducted by the construction coordinator.

The Board concluded the following:

* The hazard analysis process outlined in the Layne
Christensen Health and Safety Program was
incomplete and did not adequately address this
drilling operation.

* Fermilab and S. A. Healy procedures for requiring
and performing hazard analyses of subcontractors
and sub-tier contractors were ineffective.

* The hazard analysis program in place at the time of
the accident did not evaluate task-specific hazards
associated with the Layne-Western drilling
operations for the NuMI Project.

* Fermilab and S. A. Healy did not enforce the
requirement for preparing a hazard analysis, nor
did Layne-Western implement the hazard analysis
requirements for the drilling work.

» Safety and health oversight of the Layne-Western
operations failed to identify the absence of a hazard
analysis.

3.1.3 Develop and Implement Controls

The objective of developing and implementing
controls is to identify and provide the full range of
controls (i.e., engineering, administrative, and personal
protective equipment) consistent with the level and
nature of the hazards to be encountered during task
performance. The development and implementation
of work controls assumes that the contractor has
adequately and completely identified the hazards
associated with the defined scope of work. The Board
evaluated several aspects of this process, including




(1) requirements management and procedure
development, (2) maintenance operations, and (3)
general worker safety.

Throughout the Department, contractual
requirements are used to establish the terms and
conditions that define DOE safety expectations for it
contractors. DOE Acquisition Regulation (DEAR)
970.5204-2 requires contractors to comply with th
requirements of applicable Federal, state, and local laws
and regulations in developing and implementing control
unless the appropriate regulatory agency has granted a
waiver in writing. DOE has identified safety
requirements in rules and DOE orders and has
developed a wide variety of associated technical
standards, guides, and manuals, and encourages the
use of national consensus technical standards. |n
addition to complying with applicable Federal, state
and local laws and regulations in developing an
implementing controls, as required by DEAR 970.520
2(a) (List A), the contractor must also comply with th
requirements of applicable DOE directives append
to the contract (List B in DEAR 970.5204-2(b)).

Nonetheless, a number of weaknesses in the prp-
cess of communicating safety and health requireme
from Fermilab to S. A. Healy and from S. A. Healy to
Layne-Western were identified. The weaknesses liste
below contributed to a work environment where equipt
ment use and equipment modifications were performe
without a comprehensive set of formal procedures t
guide these operations:

O

* Neither Fermilab nor S. A. Healy reviewed and
accepted the Layne-Western ES&H Manual.

* The Fermilab contract with S. A. Healy required all
subcontractors, including sub-tier contractors, to b
managed in accordance with the S. A. Healy ES&HI
Manual, which invoked FESHM 7010. FESHM
7010 was not tailored to address S. A. Healy
construction sub-tier contractors. Additionally,
S. A. Healy had not established a method to
implement the requirements of FESHM 7010.

11

* The S. A. Healy contract with Layne-Western for
construction of vent and survey risers invoked
requirements from the FESHM. Specifically,
Appendix A of the Layne-Western contract stateg
that “All work shall be performed in full accordance
with the Contract Documents for Fermi National
Accelerator Laboratory’s Project No. 6-7-4.” This

contract did not refer to specific requirements with
which Layne-Western was expected to comply.

e Although no formalized work controls were
established for the EAV-2/EAV-3 job site, personnel
were expected to comply with requirements stipulated
in the Layne Christensen Health and Safety Program.
This document was not reviewed and accepted by
S. A. Healy, nor was it located at the job site.
Observations at the scene and personnel interviews
indicated that full compliance with electrical safety,
fall protection, and hoisting and rigging requirements
was not ensured. As stated by Layne-Western
personnel, many of the safe work procedures
referenced in the hazard analysis section of the Layne
Christensen ES&H Manual do not exist.

The Board evaluated maintenance operations and
worker safety associated with the drilling work. An
equipment maintenance program was not specifically
identified as a contractual requirement between S. A.
Healy and Layne-Western. Nonetheless, the nature of
the work, the inherent hazards, and the type of
equipment used would indicate the need for a rigorous,
formalized maintenance program.

Layne-Western has a limited equipment
maintenance program. Records indicated that the
company expected the drilling rig crew to perform
repairs in the field, including structural welding, for which
they were not formally trained or qualified. When the
crew welded the eyebolt to the hydraulic cylinder piston
rod in 1999, no engineering evaluation was performed
to determine whether the strength of the weld was
equivalent to the threaded connection it apparently
replaced.

A Layne-Western Field Superintendent and the
Operator conducted a drill rig safety inspection at the
EAV2/EAV-3 job site in September 2000, and the
Operator conducted a similar inspection in May 2001,
approximately one month before the incident. The
Operator’s safety inspection was incomplete; for
example, it failed to cover all required inspection items
or identify safety deficiencies and potential imminent-
danger situations at the job site. The safety inspection
deficiencies and safety conditions at the job site were
indicative of a work environment that was not attentive
to proper health and safety practices. Examples of safety
deficiencies the Board discovered at the job site are
listed in Table 3-1.

Management processes were not implemented to
assure program compliance with applicable safety and




Table 3-1. Examples of Safety Deficiencies at the Drilling Site

Equipment

Deficiency

Compressor Trailer

Bald tires

Gouged tires

Bent wheel rim

No barricades/fall protection on work platforms
Leaking fuel/oil

Mist Pump

Inadequate guarding on rotating equipment

Portable Generator

Rotating equipment not guarded
Leaking oil
Makeshift lifting attachment — no load rating

Wire Rope Slings

Inadequate Storage

Compressed eyes

Birdcaging

Kinks

Crushing

Abrasions

Broken cores

Shortened/attached to hook by knotting

No regular inspections

No rated capacity — damaged slings not removed from service

Synthetic Web Slings

Markings and codings illegible
Discoloration

Distortion

Cuts

Abrasions

Damaged slings not removed from service
No regular inspections

Welded Alloy Steel Chains

Missing permanently affixed, durable identification of size, grade
rated capacity and sling manufacturer
Deformed links

Inadequate Eelectrical Installatio

Electrical extension cords not designed for construction applica-
tions (hard or extra hard usage)

Electrical extension cords not protected from damage (damaged
extension cords on the ground)

Ground fault circuit interrupters not used

Makeshift light string — leads inadequately terminated

Insulation worn off power cord for submersible sump pump
Extension cord not protected from damage when run through
trailer door pinch point

Inadequate Fall Protection

Fall protection not used when climbing or working at or above si
feet

Fall protection equipment (harness) not fit for use

Work surfaces at or above six feet not guarded

Inadequate Walking/working
Surfaces

Wooden pallets used for walking surfaces present tripping hazar
Slipping hazards due to oil or other fluids on rig/equipment deck

[oX




health regulations. Consequently, ineffective and
insufficient controls were established for unanalyzed
hazards, including potential imminent-danger Situations
of which site personnel were unaware. Neither FAO,
Fermilab, S. A. Hedly, nor Layne-Western personnel
identified the many job-site deficiencies during job-site
observations and inspections.

The Board communicated safety concerns (some
of which were potential imminent-danger Situations,
lisged in Table 3-1 and illugtrated in Exhibits 3-1 and
3-2) to the FAO Manager viamemorandum on July16,
2001, when the Board relinquished custody of the
accident scene. This information was aso verbaly
communicated to the FAO, Fermilab, S. A. Hedly, and
Layne-Western representatives during a job-site
walkdown before site turnover.

In regard to training, FESHM 7010 required dl
subcontractors to provide safety training, medical
surveillance, and safety equipment for their employees.
FESHM 7010 aso required dl subcontracts to contain
astatement formaly notifying the subcontractor and all
sub-tier contractorsthat they wererequired to maintain
records of training completed by al personnd working
at Fermilab.

S. A. Healy was required to provide a job safety
orientation to all subcontractor and sub-tier contractor
employees, based upon the hazard assessment.
Subcontractors performing work at the Laboratory were
required to provide their employees with any ES&H
training required by Federal, state, and Fermilab
regulations, and as appropriate for their subcontracted
operations. Examplesof training deficienciesincluded:

* The S. A. Hedy Safety Director did not meet the
contractual minimum requirements specified for that
position, which conssted of one of thefollowing: (1)

current registration as a professiona engineer by
the state of Illinais, (2) professional certification as
a certified safety professional, (3) professional
certification asacertified indudtrid hygienist and three
years of underground professiona experienceinthe
area of safety, or (4) a minimum of 10 years of
heavy underground congtruction experiencein safety
management in Similar projects.

* A Competent Person wasdefinedinthe S. A. Hedly-

Fermilab contract as the designated subcontractor
employeewith knowledge of OSHA and other related
safety standards, and who had the authority to
enforce such standards. Fermilab also required the
subcontractor Competent Person to have completed
a 30-hour construction safety course, or equivalent.
Neither Fermilab, S. A. Healy, nor Layne-Western
ensured that L ayne-Western employees assigned to
the EAV-2/EAV-3 work were trained and qualified
in accordance with the Competent Person training
requirements. This situation was further evidenced
by the employees' inability to recognize some safety
concerns at the job site.

* Layne-Western personnel were not adequately

trained asrequired by 29 CFR 1926 or as necessary
in accordance with all requirements pertinent to the
hazards associated with the job, such as personal
protective equipment, fall protection, hazard
communication, hearing conservation, hoisting and
rigging, and first aid.

* Layne-Western personnel were not adequately

trained and qualified as Competent Persons to
recognize safety hazards at the job site and perform

Exhibit 3-1. Damaged Wire Rope Sling

Exhibit 3-2. Electrical Wiring Deficiences at the Drill Site




hazard analyses, or to abate the several potent
imminent-danger situations identified by the Board
following the accident. Although recent efforts were

made by Fermilab and S. A. Healy to increas¢

subcontractor knowledge of hazard analysis, th
information was not shared with Layne-Western
employees since they were not included in the tw
safety stand-downs and the related training.

The Board concluded that the occupational safet

and health policies, programs, and procedures for

worker safety and health were not routinely
implemented or enforced.

3.1.4 Perform Work Within Controls

Controls must be identified and implemented befor
starting work. Examples where necessary controls we
not implemented on the Layne-Western EAV-2/EAV-3
drilling activity being performed at the time of the
accident included:

S. A. Healy did not impose controls equivalent tg
those specified by FESHM 7010 to assure tha
Layne-Western would operate safely. S. A. Healy
did not require Layne-Western to perform a numbe
of expected operations equivalent to Fermilab ES&H
contract submittal requirements specified in FESHM
7010, before initiation of work.

S. A. Healy did not require Layne-Western to
summarize its past safety performance as require
under “Qualification of Subcontractors.” Layne-

Western did not submit a copy of its ES&H Plan a$

required under FESHM 7010, “Safety Plan Review.’
Layne-Western did not complete a pre-constructio
checklist equivalent to ES&H Administrative Form
#19.

The hazard analyses included in the Layne-Weste
Safety and Health Manual were generic and ng
tailored to the specific drilling activity for EAV-2/
EAV-3.

The hazard analysis generated the day of the accidé
did not address either the hazards of the drillin
operations or the appropriate controls, nor was

reviewed or approved.

Layne-Western performed work from September 25
2000, until the day of the accident without a hazar
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analysis.

* Fermilab procedures required current excavation
permits and burn permits to be attached to the hazard
analysis. These permits were not attached to the
Layne-Western job hazard analysis. Although an
excavation permit was issued for the EAV-2/EAV-3
drilling activity on October 6, 2000, the permit
expired seven days after it was issued, and the permit
was not extended or updated.

Fermilab and S. A. Healy did not compare the work
operations being conducted to the hazard analysis
generated on the day of the accident to verify that
safety hazards were adequately identified and
appropriate controls established. Evidence indicated
that neither the FAO, Fermilab, S. A. Healy, nor
Layne-Western line and safety management had
reviewed the work activity to evaluate occupational
safety hazards, hazard control and abatement, or
performance of work since Layne-Western began
drilling operations on September 25, 2000.

Pre-job briefings were informal, not documented,
and not effective in conveying the extent of hazards.
A work package with a step-by-step review process
was not used.

Work was not performed using appropriate controls,
and actions that would be expected as a condition of
formally authorizing initiation of work were not
implemented.

The Board concluded that because the scope of
work was not adequately defined, task-specific hazards
could not be analyzed and work could not be performed
within controls.

3.1.5 Feedback and Improvement

Feedback and improvement processes for Fermilab
subcontractor construction projects consisted of the
following mechanisms: assessment processes, analysis
of performance information, reporting DOE accident/
incident information, corrective action processes, and
lessons-learned processes. These mechanisms formed
the core of a continuing improvement process for
Fermilab subcontractor construction projects.

The Office of the Deputy Assistant Secretary for
ES&H Oversight had responsibility for performing
independent ES&H oversight of DOE sites. This office
had not performed oversight of Fermilab or the NuMI
Project.




The Office of High Energy and Nuclear Physic
in the Office of Science had the responsibility for th
programmatic and technical overview of the NuMI
Project. Since November 1998, the Office o
Construction Management Support within the Offic
of Science had conducted six reviews of the NuM
Project, including ES&H. These reviews included
ES&H recommendations to the Fermilab Director
although they were not communicated in ISM terms.

Subsequent reviews by the Office of Constructio
Management Support evaluated the effectiveness of the
actions to address the recommendations of the previous
review. However, corrective actions addressin
recommendations made by the Office of Constructio
Management Support were not tracked in the Fermilgb
Environment Safety Health Tracking (ESHTRK)
database, or in any other database.

No corrective action plans were developed, althoug
some corrective actions were undertaken. For example,
the draft May 22-24, 2001, review report indicated that
the Fermilab organizational structure for the NuMI
Tunnel and Halls Project was “complex and unwieldy,’
and that responsibilities and authorities were “confuse
and a number of people involved do not have relevant
underground construction experience.” The revie
report also noted that the current management structyre
“is not effective for managing this critical stage of th
S. A. Healy tunnels and halls construction contract.”
reorganization was under way at the time of the accident.

The Chicago Operations Office Safety an
Technical Services organization provided ES&H suppo
to the FAO, as requested. The Chicago Operations
Office Manager did not perform independent ES&
oversight of Chicago Operations Office line
organizations. Since participating in the October 199
combined Phase | and Il ISM verification of Fermilab,
Safety and Technical Services had not been asked|to
provide technical support to the FAO, or independent
oversight on behalf of the Chicago Operations Offic
Manager. In particular, Safety and Technical Services
had not been asked to provide support of safe
oversight of NuMI Project construction operations o
review of subcontractor safety management at Fermilap.

The Office of Science Functions, Responsibilities
and Authorities Manual, dated June 30, 2000, identifie
the Office of Science as primarily involved in providing
direction and defining scope of work, while Operation
Office managers oversee their contractors’ performange
in analyzing hazards, developing and implementin
controls, providing feedback, and pursuing
improvement. The document noted that the Chicago

Operations Office Manager had responsibility for “day-
to-day” oversight of contractor operations, but that
organizational elements of the Office of Science had
responsibility for appraising the performance of the
Chicago Operations Office Manager and maintaining
“executive-level” awareness of contractor operational
performance.

In describing how the Office of Science exercised
the functions, responsibilities, and authorities for
measuring the adequacy of line management oversight,
the document noted that monitoring of the Chicago
Operations Office Manager and associated contractors
would be accomplished by (1) reviewing information
provided by the Chicago Operations Office; (2) when
appropriate, participating in Chicago Operations Office
appraisals; and (3) conducting onsite reviews of Chicago
Operations Office performance, including verification
of appraisal of the contractors.

FAO had line management oversight responsibility
for programs, projects, and facilities at Fermilab. For
the NuMI Project, the FAO Manager assigned, with
the approval of the Director of High Energy Physics, a
project manager who was responsible for day-to-day
execution of the project. The DOE NuMI Project
Manager’s responsibilities included monthly project
performance reviews and assurance that the NuMI
Project complied with ES&H and contracting
regulations. He performed bi-weekly inspections of
the project using a standard form to document ES&H
concerns. The concerns identified during each inspection
were reviewed during subsequent inspections to ensure
that corrective actions were implemented. Inspections
conducted by the DOE NuMI Project Manager
addressed general project safety, but lacked in-depth
information on the status of compliance with 29 CFR
1926 and Fermilab requirements. Inspection forms were
contained in project files but were not used as input to
the ESHTRK system or any other project database.
An FAO staff member performed two inspections of
the EAV-2/EAV-3 job site, but these inspections
concentrated on environmental protection issues and
were not documented. FAO operational awareness
reviews did not cover the NuMI Project. Figure 3-2
displays the DOE organizational relationships for
management of the NuMI Tunnels and Halls Project.

Feedback and improvement processes at Fermilab
were described in the Fermilab Integrated Safety
Management Plan, Revision 3, August 2000. For
subcontractor construction projects, performance
evaluations and self-inspections were used as feedback
mechanisms. The FESHM required that all
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subcontractors have their past safety performang
evaluated and approved before award of an
construction contract equal to or greater than $25,00
The fixed-price subcontract agreement executed K
S. A. Healy and Layne-Western, effective Septembsg
13, 2000, exceeded $25,000 and therefore required
safety evaluation, but no evaluation was performed fg
Layne-Western. The Board requested safety statisti

provided with incomplete information. The

documentation provided indicated that the recordable
injury rate for one year before award of the Laynef

Western contract was 4.55.

S. A. Healy lacked a formal evaluation process fof

selecting subcontractors to perform work under the
control. Selection of Layne-Western to perform drilling

operations for the NuMI Project was based on S. A.

Healy’s knowledge of Layne-Western. In addition,
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to evaluate Layne-Western’s safety performance
before award of the Layne-Western contract, and was
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Fermilab had not used the evaluation process
documented in FESHM 7010 to evaluate and approve
Layne-Western's past safety performance. Fermilab
management considered it the responsibility of S. A.
Healy to select its own subcontractors.

The Fermilab Self-Assessment Program Plan
assigned the responsibility for performing assessments
of ES&H performance to Fermilab divisions and
sections. The Beams Division, which had responsibility
for the NuMI Project, assigned management of civil
construction to the Facilities Engineering Services
Section. According to this plan, the assessments were
to be conducted by comparing performance against
established requirements. Findings were to be tracked
in the ESHTRK system, and analyzed for root causes
and trends. Action plans were to be prepared and
tracked until all corrective actions were completed. The
Facility Engineering Services Section had not conducted
a construction safety assessment of the NuMI Project




to evaluate the performance of S. A. Healy and Layne-

Western against requirements contained in the Fermilgb-

S. A. Healy contract, FESHM, or 29 CFR 1926.

FESHM 7010 required construction subcontractor
safety performance to be monitored using inspections
performed by the construction coordinators i
accordance with the Fermilab Subcontractoy
Construction Safety Program. The Subcontractd
Construction Safety Program in FESHM 7010 require
the ES&H Section and/or the Senior Safety Officer o
the landlord division—in this case, the Facility
Engineering Services Section—to perform oversigh
inspections of construction sites.

Program requirements stipulated that non
conformance with safety standards must bg
documented, along with the corrective actiong
determined by line managers. Inspections and
surveillances of work performed by S. A. Healy and
Layne-Western were conducted by both the NuMI

- O =
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Project construction coordinators and a safety enginger

from the ES&H Section. The inspections of Laynet

Western focused on environmental issues and npt

occupational safety. FESHM 7010 also required that
random inspections of subcontractor owned tools may
be performed by the construction coordinators and
ES&H Section construction safety personnel. N
inspections of contractor-owned tools associated with
the Layne-Western drill rig were performed either b
the construction coordinators or by Fermilab ES&H.

In accordance with their company safety manual
both S.A Healy and Layne-Western assigne
responsibilities to safety personnel to conduct job site
safety inspections. The S. A. Healy Safety Officer h
not recorded observations resulting from daily safe

inspections. The Operator, who was the designated

Competent Person and safety supervisor, documen
two semi-annual inspections of the drilling rig. Layne
Western was unable to provide documentation of the

required daily inspections, nor was there evidence that

any inspections identified the existing safety deficiencigs

at the job site. Prior to the accident, Fermilab personnel
had not documented any job site safety inspections pf

drilling operations by Layne-Western.
The Board analysis of feedback and improvement
processes indicated that:

* The requirements for ES&H line management
oversight by the Office of Science Functions
Responsibilities, and Authorities Manual were not
being fully implemented.

Since participating in the October 1999 combined
Phase | and Il ISM verification of Fermilab, Safety
and Technical Services Support was not requested
to provide technical support to the FAO, or to perform
independent oversight on behalf of the Chicago
Operations Office Manager.

* The Facility Engineering Services Section had not
conducted any requirements-based assessments of
the NuMI Project.

¢ The DOE NuMI Project Manager performed ES&H
inspections and documented the results of the
inspections of the NuMI Project, but the inspection
results were not incorporated into the ESHTRK
database or another system to show trends in the
results of the inspections.

* Layne-Western’s past safety performance was not
evaluated before awarding their contract.

* FAO, Fermilab, S. A. Healy, and Layne-Western
inspections of work site safety at the EAV-2/EAV-3
job site were not rigorous, formal, or documented.
Consequently, important safety information that
would have provided indications of the degraded
condition of the drill rig, safety and health
noncompliance, and adverse trends was not collected,
compiled, and provided to management.

The Board concluded that Department of Energy
and Fermilab oversight programs had not been effective
in identifying fundamental weakness in Fermilab
subcontractor construction safety and health programs.

In evaluating how the site had analyzed performance
information, the Board reviewed recent occurrences at
Fermilab to determine whether precursor events existed
before the accident. Fermilab had more than 20
occurrence reports between January 1, 1998, and the
day of the accident, 6 of them related to construction
operations (in one report there are two separate
occurrences yielding seven construction safety
occurrences). The Board identified similar underlying
causes for all six construction occurrences, which are
summarized in Table 3-2:

* Work planning and control processes were
inadequate to perform work within controls.

* Inadequate hazard analyses were performed.




Table 3-2. Analysis of Previous Fermilab Construction Occurrences

Type B Accident | Type B Accident | Construction FallingRock | NuMI construction NuMI NuMI Equipment
Electrical Arc | Flammable Liquid | subcontractor injured worker in | workers received construction construction failure causing
Blast at Building Fire/Explosion saw cut NuMi Target Hall 2nd degree worker received | rigging deficiency,| Personal Injury
F-Zero electrical chemicalburnsto | contusiontoface, | worker received and work
Accident conduits legs rigging broken ribs suspension
deficiency
moving
transformer
Date October 22, September 4, August 28, January 31, March 14, June 2, June 13, June 21,
1997 1998 1999 2001 2001 2001 2001 2001
Hazard Informal —expert | Informal—expert |  Informal— Informal — expert Informal — Informal — expert Informal — Informal — expert
Analysisand | basedNoJHA* | basedNoJHA | expertbased based expert based based No JHA expert based based
Control “Routine “Routine No JHA No JHA No JHA “Routine No JHA No JHA
Maintenance” Maintenance” “Routine “Routine “Routine Maintenance” “Routine “Routine
Maintenance” Maintenance” Maintenance” Maintenance” Maintenance”
Procedures Inadequate, no Inadequate, no | Inadequate, no Not followed Inadequate, not| Inadequate, no Inadequate, no | Inadequate, no
and Procedure | procedure used procedure used | procedures followed procedure used | procedureused | procedure used
Adherence used
“Skill of the Over reliance Overreliance | Over reliance Over reliance Overemphasis | Overemphasis | Overemphasis | Overreliance
Craft’
Training and Inadequate for Nottrainedon | Inadequate on Inadequate on Inadequate Inadequate Inadequate Inadequate
Competencies hazard hazard use of scanning hazard and training on improper rigging | improper rigging training on
equipment controls hazard hazard analysis
Pre-job Briefing [  Inadeguate to No safety briefing No safety No safety briefing | No safety briefing No safety No safety briefing No safety
identify and briefing briefing briefing
control hazard
and response
Use of MSDS* NA* MSDS not used NA NA MSDS not used NA NA NA
for hazards for hazard
analysis or analysis or
control control
Provisionand | Inadequate PPE | Inadequate PPE NA NA Inadequate NA NA NA
use of PPE* & staging PPE
Lessons Inadequate Inadequate Inadequate Inadequate Inadequate Inadequate Inadequate Inadequate
Learned response to response to response to response to response to response to response to response to
Corrective | previous events previous events previous previous events | previousevents | previousevents | previousevents | previous events
Actions events
Institutionaliza- | Notadequately | Notadequately | Notadequately | Hazardsignored | Requirementsnot| Notadequately | Notadequately | Notadequately
tionand defined defined defined and controls not | institutionalized or defined or defined or defined or
communication | institutionalizedor | institutionalized or |  institutionalized followed communicated communicated communicated communicated
of hazard and communicated communicated or communi-
controls cated
Management/ ISM not ISM not Inadequate Inadequate Inadequate Inadequate Inadequate Inadequate
Supervisory implemented implemented management of management managementof | managementof | managementof management
Involvement/ inadequate Inadequate work planning oversight control |  work planning work planning work planning | of work planning
Control oversight/ oversight/ and control of work and and control and control (Not and control and control
Oversight accountability accountability hazard controls reported) (Safety stand-
and processes down directed by
Fermi)
* JHA = Job Hazard Analysis
MSDS = Material Safety Data Sheet
NA = Not Applicable
PPE = Personal Protective Equipment




* Procedures were inadequate or not used to perform In addition, the Board evaluated Fermilab
work. Construction Subcontractor Lost Workday Case rates
to identify reporting and construction trends associated
« Corrective actions developed in response to previously ~With this data. The Board used CAIRS Lost Workday
identified events did not effectively prevent Case rates from March 1993 to June 2001. This time
recurrence of similar problems. period includes construction of Fermilab’s two major
tunneling projects, the Main Injector Tunnel and NuMl

The Board concluded that Fermilab had a series ~ Tunnels and Halls. The Board compared the Lost
of construction safety events with similar systemic Workday Case rate information for Fermilab
causes before the accident. Fermilab did not analyze Construction Subcontractors provided to the Board
available construction occurrences to identify trendg ~ during the inbriefing to Lost Workday Case rate
and root causes. As a resu“:, the Systemic information in CAIRS for the period AUgUSt 27, 1998,
weaknesses underlying these events were neithler t0 September 15, 2000. Although Fermilab data shows
identified nor addressed. 750 days without a lost workday case during this time
period, the Board identified that a subcontractor pipe

The Board evaluated how the site reported accident fitter dislocated his shoulder on November 11, 1998,
information. A majority of the Fermilab construction|  resultingin 6 lost workdays. Additionally, for six months
occurrences involved personnel injuries that required  during the same period of time, Fermilab did not perform
medical treatment and, in some cases, hospitalization. any fixed price construction work, thus minimizing the
Even though most of these occurrences met the Possibility that a lost workday case would have been
significance threshold for reporting in the DOE|  experienced by subcontractors. Finally, a review of
Computerized Accident/Incident Reporting Systemy  Lost Workday Case rates for the first six months of

(CAIRS), none of these occurrences were found inh  construction activities on each tunneling project indicated
the system. the Lost Workday Case rate approached 20 during the
initial phases of construction as shown in Figure 3-3.
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The Board concluded that Fermilab had not
consistently and effectively reported accident and
injury information pertaining to construction
subcontractors into CAIRS.

To determine whether corrective actions were
effective in preventing recurrence of similar problems
the Board reviewed a sample of Fermilab correctiv
action plans. The plans included two Type B acciden
investigations conducted by the Chicago Operation
Office for accidents involving subcontractors that
occurred on October 22, 1997, and September 4, 1998,
and the Fermilab investigation report for the NuMI
accident of March 12, 2001. Both Type B accident
investigations identified causal factors that recurred ip
this accident as shown in Table 3-2. The site developed
and implemented corrective actions for the causal factars
for both Type B accidents, and by December 22, 2000
the FAO had verified that all were closed.

Fermilab had performed investigations of othe
safety events that occurred on the NuMI Project. Th
Board reviewed the report of the March 12, 2001}
concrete placement-burn accident, and the January 31,
2001, accident where a subcontractor was struck by a
falling rock in the NuMI Tunnel, to understand the
process for identifying and implementing corrective
actions for these investigations. The Fermilab accident
investigation team’s report indicated that the safety plan:
(1) was not being fully implemented or enforced
(2) lacked an effective written fall protection and scaling
program, (3) did not address corrective actions and
lessons learned, and (4) did not assign responsibility for
a corporate safety auditing function.

In a memorandum to the Fermilab Director dated
April 30, 2001, the Fermilab investigation team
recommended that S. A. Healy implement corrective
actions to address these deficiencies. Fermil
incorporated the corrective actions into the ESHTR
system. However, according to an ESHTRK repo
dated June 29, 2001, every action item related to this
investigation still remained open.

A Harza consultant performed independent safet
reviews and audits of underground construction wor
and aboveground work related to the tunnel constructio
except for the Layne-Western drilling operations. Fou
audits of S. A. Healy during 2001 identified deficiencie
in the company’s hazard analysis program. Reviews
and audit reports documented general comment
deficiencies, and suggestions for improvement. One
report dated March 19, 2001, to March 21, 200
included a trend analysis evaluating project-relate
injuries. The consultant recommended that S. A. Healy
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develop a proactive program to address areas that
contributed increased recordable injuries on the NuMI
Project. Results of these reviews and audits were not
input to the ESHTRK system, and no corrective action
plan was developed to address the recommendations
resulting from the trend analysis.

The causal factors identified in two previous
accident investigations contributed to the June 21, 2001,
accident. Recurrence of the causal factors in this
accident indicated that Fermilab corrective action
processes were ineffective and did not assure necessary
improvement of construction subcontractor safety
management systems.

The Board concluded the following:

* Corrective actions implemented by line management
in response to identified deficiencies, adverse trends,
occurrence reports, and recurring events
including improvements in subcontractor safety
management systems and processesre not
effective in preventing recurrence of these
deficiencies.

* NuMI Project line management had neither
established an effective formalized process to capture
and track ES&H-related deficiencies and associated
corrective actions from investigations, inspections,
and audits, nor implemented mechanisms, such as
independent verification and performance-based
evaluations, to ensure that corrective actions were
timely, complete, and effective.

The Board reviewed Fermilab mechanisms for
communication, dissemination, and use of lessons
learned involving construction subcontractors and sub-
tier contractors. The Subcontractor Safety
Subcommittee (S-3) and processes of FESHM 7010
and FESHM 702G ubcontractor Safety — Other Than
Construction (Interim)were used to provide an
interface between Fermilab and the subcontractor for
sharing lessons learned from both onsite and offsite
incidents. The Board reviewed the minutes of the S-3
committee meetings from March 2000 to April 2001.
The minutes indicated that the meetings were useful
for facilitating communication between Fermilab
divisions, but no subcontractors or sub-tier contractors
attended the meetings. Additionally, the minutes
indicated that there were no discussions of lessons
learned from either onsite or offsite incidents, although
numerous construction-related OSHA-recordable
injuries occurred on the NuMI Project during this time




period. The focus of these meetings indicates missed

opportunities to discuss lessons learned.

The processes of FESHM 7010 and FESHM 702
afforded subcontractors many opportunities to interfage
with Fermilab safety personnel while planning an
executing work. However, these chapters lacke

guidance and direction regarding the use of lessons

learned for subcontractors.

Section 4.5 of the Fermilab ISM Plan addresse(
the core function “Feedback and Continuous
Improvement.” One of the mechanisms that Fermilab
used to implement this core function was the Fermilab
lessons- learned program. Central to this program w
the use of the Fermilab ES&H website. The Boar

searched the website and found many construction-

related lessons learned applicable to NuMI Projeqt

subcontractor construction safety management systems.
Of particular note are February 23, 1998, lessons learngd

from the Idaho National Engineering and Environmentd|
Laboratory discussing the use of formal joint
collaborating safety surveillances to prevent accident

increase communications between general and sub-tjer

contractors, and promote compliance with OSH
requirements. Use of this lesson learned by Nu

Tunnels and Halls line management would have assisted

in identifying OSHA deficiencies, improving
communications between organizations, and formalizin
the process of obtaining safety information for trackin
and trending.

Similarly, other safety lessons-learned informatio
readily available to Fermilab from internal and external
sources was never communicated to either Layne-
Western or S. A. Healy.

The International Association of Drilling
Contractors website contained public information th

discussed safety measures to be employed for operating

drilling equipment. The information addressed the
proper positioning of a drilling crew when making or
breaking pipe string. Use of this lesson learned migit
have mitigated or prevented the Operator injury.

The Board concluded that Fermilab processes were
ineffective in ensuring that lessons learned werg
understood and applied by construction subcontractors
and sub-tier contractors.

During the investigation, Layne-Western was unable

to provide a variety of records and documents requested

by the Board, indicating a lack of rigor and formality in
managing safety documents. The following documents
required by OSHA, DOE, and/or Fermilab were no
generated or maintained:

Hazard analyses

Inspection records/equipment maintenance records

* Training records for training associated with
Competent Persons, site orientation, hazard
communications, personal protective equipment, fall
protection, hazard assessment, and ladder safety

* Welding, cutting, and brazing permit requirements
* Fire watch training records

* Inspection requirements for slings

* Hazardous energy isolation records

* Work and excavation permits

* Welder qualification records

* Rigger qualification records.

The Board concluded that management had not
enforced requirements for maintenance of records
documenting the conduct of hazards analyses, inspec-
tions, training, and permitting.

3.1.6 Management Systems

Integrated safety management was first introduced
at Fermilab in 1997, and the system has evolved since
that time to incorporate improvements. The program
was most recently changed in August 2000 to
incorporate changes suggested by a combined Phase |
and Phase Il ISM verification review that was
completed in October 1999. The verification team noted
two key opportunities for improvement among those
listed in the verification report, the hazard analysis
process and feedback and improvement, and
recommended that they be given high priority.

The Office of Science conducted a review of the
NuMI Project in May 2001. That review characterized
the management structure for the NuMI Project as not
effective and concluded that responsibilities and
authorities were “confused.” The organizational
structure for controlling the NuMI construction
subcontractor provided several parallel lines of authority.
The report provided a number of examples
demonstrating that contract requirements were not




followed and that ISM was not embodied in the safet
culture. Moreover, the impact of not instituting an
effective ISM program was highlighted by the series
injuries that occurred at the NuMI Project since Janua
2001. Those injuries, taken collectively, amounted t
a breakdown in all of the ISM core functions and guidin
principles.

The Board also noted deficiencies in all componen
of ISM as applied to the NuMI Tunnels and Halls
Project. For example, responsibilities were not clearl
assigned, safety training was insufficient, safet
programs and procedures were deficient, and, oversight
was inadequate to validate implementation of the fiv
core functions of ISM.

Fermilab demonstrated a lack of clarity in contrac
requirements and their subsequent flowdown t
construction subcontractors and sub-tier contractors.
The absence of clarity was exemplified by th
inconsistent responsibilities of construction coordinators.
Under FESHM 7010, NuMI construction coordinator
were assigned responsibilities for ensuring that
construction operations were completed in accordancge
with the safety plan and the hazard analysis. This
assignment of responsibility was inconsistent wit
Condition 4.2 of the Harza contract with Fermilab,
which stated, in part, that Harza “shall not have control
of and shall not be responsible for safety.” Howeve
Sections 2.4 and 2.5 and Exhibit A of the contra
required Harza construction coordinators to accompli
safety audits. This dichotomy contributed to NuMI
construction coordinators not having a clea
understanding of their safety oversight responsibilities.
The ability of management to effectively manage th
NuMI Project, including the ability to enforce
compliance with contracts, was compromised b
unclear lines of authority in the project organization
Fermilab and S. A. Healy management had not clearly
and properly communicated safety responsibilities t
their staffs

Fermilab and S. A. Healy management also faile
to ensure that individuals involved with hazard analysi
for the NuMI Project had the necessary knowledg
and skills to perform their jobs safely. They failed t
administer controls to ensure that effective hazar
analysis would be performed on the NuMI constructio
operations. The S. A. Healy contract with Fermila
required hazard analyses for the operations of S. A.
Healy and its subcontractors. Fermilab managers
expected S. A. Healy and its subcontractors t
administer hazard analysis programs in accordance with
the requirements in FESHM 7010, but the Fermila
contract with S. A. Healy did not invoke this manual o

make it clear that responsibilities and procedures in
FESHM 7010 applied to subcontractors of S. A. Healy.
The termsubcontractor as used in this document,
was applicable to the construction contractors of
Fermilab, but was not tailored to apply to contractors
of S. A. Healy, such as Layne-Western.

The Chicago Operations Office Manager
delegated line oversight responsibility as described in
DOE Policy 450.5Line Environment, Safety and
Health Oversightto the FAO Manager, but did not
provide independent evaluations consistent with DOE
oversight policy as described in DOE Order 414.1A,
Change 1Quality Assurance

FAO and the NuMI Project management’s failure
to correct previously identified deficiencies in
management systems contributed to continuing
performance deficiencies. Neither organization made
sure that corrective actions were effective in preventing
additional accidents, or that common causal factors
related to the ISM core functions and guiding principles
were effectively addressed. Specifically, neither
organization identified that Layne-Western performed
drilling operations from September 2000 until June 21,
2001, without a hazard analysis, or that responsibilities
for preparation and approval of hazard analyses were
not clearly assigned. The FAO did not assign a staff
member to monitor the safety of Layne-Western drilling
operations until June 2001, even though drilling had been
in progress since the previous fall, and the review of
Layne-Western operations by this staff member did
not focus on safety. The S. A. Healy Safety Director
and NuMI construction coordinator who had visited
this site also failed to identify safety deficiencies.

Causal factors identified in the 1998 Type B
accident investigation appear to be recurring. This
situation was noted in the May 2001 semiannual safety
performance reviews of the construction project by
the Office of Science. Additionally, the same causal
factors have been identified as weaknesses in more
than 20 injury reports over the last 12 months, 2 of
which prompted safety stand-downs.

The effectiveness of feedback and improvement
processes applied to construction operations was
reduced by documentation deficiencies. Results of
safety inspections were not consistently documented
and reported, and workplace injuries were not
documented in CAIRS. Without such documentation,
feedback to management was inaccurate and
management decisions were based on incomplete
safety information. Performance feedback processes
were not adequate to support needed improvements in
safety for the NuMI Project. The FAO did not perform




sufficient oversight of safety practices at the job site
or of the safety program applied to Layne-Western b
S. A. Healy, to identify significant deficiencies.

Fermilab line management did not effectively monitot

or control the operations of its subcontractor, S. Al

Healy, to assure that S. A. Healy met the terms ar
conditions of its contract with Fermilab or the provisions
of the Fermilab ISM Plan. Line management oversigh
was not adequate to identify significant safety
deficiencies at the Layne-Western job site or to identify
the poor condition of the drill rig.

Continuing weaknesses existed in the Fermilab ISN
program, as it was applied to construction
subcontractors on the NuMI Project. Specifically
Fermilab management had not established sufficient

formalized management systems or work contro
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processes or procedures, but instead relied primarily
on expert-based knowledge, skills, and abilities to assure
that work was done safely. For example: (1) roles and
responsibilities were not well understood,
(2) qualifications were not commensurate with assigned
duties, (3) the workforce was not held accountable for
strict compliance with requirements, and
(4) performance feedback systems were not adequate
to support needed improvements.

The Board concluded that deficiencies in the
construction safety management systems at
Fermilab indicated a need for increased commitment
by line management to ensure effective
implementation of the ISM framework for all
subcontractors and sub-tier contractors.

Guiding Principles of Integrated Safety Management

and the Environment.

Implementation Deficiencies

Guiding Principle 1: Line Management Is Directly Responsible for the Protection of the Public, Workers,

e The FAO did not provide effective line management for the NuMI Project.
* Neither S. A. Healy nor Layne-Western prepared an ISM plan, and the Fermilab ISM system was not

effective in assuring that Layne-Western met the FAO safety expectations.
e S. A Healy line management did not assure that the condition of Layne-Western equipment met contractual

requirements, did not assure that Layne-Western was providing safety oversight of its drilling opers
and did not clearly convey expectations to Layne-Western for preparation of job hazard analyses.
Layne-Western line management did not set standards for the material condition of the drill rig tha
sufficient to prevent equipment failure, did not assure that operators performed required safety insp
or appropriate maintenance of the rig, and did not provide oversight of drilling operations by a s
professional.

itions,

were
bctions
afety

Contractors.

Guiding Principle 2: Clear and Unambiguous Lines of Authority and Responsibility for Ensuring Safety
Shall Be Established and Maintained at All Organizational Levels Within the Department and Its

Fermilab did not establish clear lines of responsibility or authority for management of S. A. Healy a
subcontractors, and did not enforce compliance with safety requirements.

Fermilab assigned Harza employees responsibilities for ES&H oversight and control, even thoug
Harza contract with Fermilab stated that Harza employees were not responsible for safety.

S. A. Healy assigned administrative and non-ES&H responsibilities to their Safety Director, limiting
time to monitor the safety operations in the field.

Guiding Principle 3: Personnel Shall Possess the Experience, Knowledge, Skills, and Abilities That Arg
Necessary to Discharge Their Responsibilities.

Fermilab and S. A. Healy personnel assigned to provide oversight of Layne-Western drilling oper3
were not fully trained and/or qualified for this assignment.
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Guiding Principles of Integrated Safety Management (Continued)

» Layne-Western employees were not trained in how to prepare job hazard analyses.

e The Layne-Western Operator, classified as a “Competent Person,” had not received the training required

by contract for that classification.

Guiding Principle 4: Resources Shall Be Effectively Allocated to Address Safety, Programmatic, and
Operational Considerations. Protecting the Public, the Workers, and the Environment Shall Be a
Priority Whenever Operations Are Planned and Performed.

e The single individual initially assigned to the S. A. Healy safety staff was not sufficient to provide effe
safety oversight.
» Construction safety received less attention than cost, schedule, and environmental matters.

Guiding Principle 5: Before Work Is Performed, the Associated Hazards Shall Be Evaluated and an
Agreed Upon Set of Safety Standards Shall Be Established That, If Properly Implemented, Will
Provide Adequate Assurance That the Public, the Workers, and the Environment Are Protected
from Adverse Consequences.

* Fermilab did not require S. A. Healy to perform pre-use inspections of drilling equipment.
» Processes have not been established to translate safety requirements in the S. A. Healy cont
procedures for hazard analysis and control by Layne-Western.

Guiding Principle 6: Administrative and Engineering Controls To Prevent and Mitigate Hazards Shall
Be Tailored to the Work Being Performed and Associated Hazards.

ctive

act into

» Layne-Western management did not assure that operators included appropriate hazards in job hazardfanalyses.

e Theimplementation of the Fermilab hazard identification and analysis process was inadequate to i
and mitigate the hazards associated with defective drilling equipment.

Guiding Principle 7: The Conditions and Requirements To Be Satisfied for Operations To Be Initiated
and Conducted Shall Be Clearly Established and Agreed Upon.

e Layne-Western was not included on the Fermilab list of safety-qualified subcontractors, and S. A. He
not evaluate or approve the past safety performance of Layne-Western, as required by FESHM
before awarding a contract to that company.

* Neither Fermilab nor S. A. Healy reviewed or accepted the Layne-Western ES&H program as re
by FESHM 7010.

e S. A. Healy allowed Layne-Western drilling operations to proceed even though the Fermilab constr
coordinator had not reviewed or accepted a hazard analysis for this work as required by FESHM 7,

 Fermilaband S. A. Healy allowed Layne-Western to proceed with drilling operations even though a |
to Proceed had not been issued by the Fermilab Business Services Section as required by FESH

e Layne-Western did not provide contractually required formal work plans to S. A. Healy 30 days b
commencement of operations.

* Neither Fermilab nor S. A. Healy established controls to assure a pre-use inspection of the Layne-\
drill rig were conducted to determine whether the condition of the rig met contractual requirements.

* Neither Fermilab nor S. A. Healy established controls to assure that Layne-Western drill rig operatof
adequately trained before allowing them to begin drilling.

* Neither Fermilab nor S. A. Healy established controls to assure that Layne-Western had appropriate prd
for operation of the drill rig.
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Core Functions of Integrated Safety Management

Implementation Deficiencies

Core Function 1: Define the Scope of Work

DOE project execution, Fermilab project management, and S. A. Healy work plans lacked detailed pro
for occupational safety.

visions

Layne-Western did not define specific work steps to be accomplished in planning documents, job letters,

or work procedures.

Responsibilities were not clearly assigned by Fermilab or S. A. Healy for management of constr
operations performed by Layne-Western. FESHM 7010 was not fully implemented.

Safety management systems did not convey DOE safety expectations to Layne-Western.

Core Function 2: Analyze the Hazards

The hazard analysis prepared for drilling on June 21, 2001, was inadequate.

Liction

Requirements for preparation, review, approval, and use of job hazard analyses were not clearly canveyed
to operators, and the job hazard analysis generated on the day of the accident was not revigwed or

approved before starting work.
Layne-Western operators were not trained in the preparation of job hazard analyses.

No project job hazard analysis was submitted to Fermilab or S. A. Healy for approval before initial dtilling

by Layne-Western.
The condition of Layne-Western drilling equipment was not determined before use as specified
Fermilab Subcontractor Training Manual.

by the

Layne-Western operators did not perform or document daily checks of safety or equipment condition as

required by the S. A. Healy/Layne-Western contract.

Core Function 3: Develop and Implement Controls

Hazard controls were not established in job letters, work procedures, or job hazard analyses.

Layne-Western drilling equipment was not inspected or maintained in accordance with the Layne Christensen

Health and Safety Program, vendor recommendations, or OSHA requirements.

Rigging equipment associated with the drill rig was not tested in accordance with OSHA requireme
hoisting and rigging equipment.

Electrical equipment at the drill site did not meet OSHA requirements.

Layne-Western had no process to assure engineering review and control over design changes to
rig.

No training or qualification requirements were established for the operator making rig weld repairs.

hts for

the drill

Neither the FESHM, nor the S. A. Healy Safety Manual, nor the Layne Christensen Safety Manual was

provided at the drill site.
Layne-Western provided little line supervision over drilling operations.
The Operator designated as a “Competent Person” did not meet contract requirements for that desi

Core Function 4: Perform Work Safely

gnation.

The wire rope, which extended from the tong handle to the hydraulic ram, was apparently routed around

structural interferences on the drill rig, increasing tension on the cable and stress on the connect
failed.

The injured Operator did not stand clear of the tongs, as recommended in industry guidance, whilg
the hydraulic cylinder to apply torque to the drill stem.

on that

2 using




Core Functions of Integrated Safety Management (Continued)

Safety Program.

Core Function 5: Feedback and Improvement

used to identify and trend safety issues.
connection.

have not been documented in CAIRS.

e Operators were exposed to several OSHA non-compliances at the drilling site.
e Operators did not routinely inspect drilling equipment as specified by the Layne Christensen Heal

 DOE, Fermilab, S. A. Healy, and Layne-Western provided ineffective safety oversight.
» Previously-identified deficiencies in Fermilab and S. A. Healy safety programs were not fully addressed.
» Information from previous accidents at the NuMI Project (23 incidents involving worker injuries) wals not

» Safety deficiencies have not been consistently documented in inspection reports, and workplace

e Corrective actions for previous Type B accidents did not adequately address causal factors.

th and

» Layne-Western did not take action to prevent recurrence of a previous failure of the eyebolt-cable/piston rod

injuries

3.2 Barrier Analysis

Barrier analysis is based on the premise that
hazards are associated with all tasks. A barrier is any
management or physical means used to control, prevent,
or impede the hazard from reaching the target (i.e.
persons or objects that a hazard may damage, injufe,
or harm). The results of the barrier analysis ar
integrated into the events and causal factors chart to
support the development of causal factors. Table 313
contains the Board’s summary of physical an
management barriers that did not perform as intended
and thereby contributed to the accident. Appendix
contains the complete barrier analysis.

3.3 Change Analysis

Change analysis examines planned or unplanned
changes that caused undesirable results related to the
accident. This process analyzes the difference betwegn
what is normal, or expected, and what actually occurred
before the accident. The results of the change analysis
conducted by the Board are integrated into the eve
and causal factors chart to support the development
causal factors. The results reinforced the barrig
analysis results presented above.

of
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3.4 Causal Factors Analysis

A causal factors analysis was performed in
accordance with the DOE Workboo&onducting
Accident InvestigationsRevision 2.

Causal factors are the events or conditions that
produced or contributed to the occurrence of the
accident and consist of direct, root, and contributing
causes.

The direct causeis the immediate event or
condition that caused the accident. The Board
determined that the direct cause of the accident was
the failure of the welded connection between the piston
rod and the wire rope, releasing the stored energy of
the breaking mechanism.

Root causesare events or conditions that, if
corrected, would prevent recurrence of this and similar
accidents.

The Board also identified contributing causes.
Contributing causesare events or conditions that
collectively with other causes increase the likelihood
of the accident, but that individually did not cause the
accident.

The root and contributing causes summarizing the
Board’s causal factors analysis appears in Table 3-4.




Table 3-3. Barrier Analysis Summary

HAZARD Energy released from the breaking
mechanism due to the failed weld

BARRIERS

Define the Scope of Work Work package (job letter)

Analyze Hazards

Develop and Implement Controls

Perform Work Within Controls

Feedback and Improvement

Physical System Barriers

Communication and flowdown of ISM to sub-tier contracto
Contract administration
Roles and responsibilities

Hazard analysis

Maintenance

Inspection of equipment
Testing of weld repair
Accepted industry practices
Training

Procedure use and adherence
Work readiness and equipment condition

Corrective action processes
Lessons learned
Performance feedback processes

Human-machine interface
Limit on tong movement
Connection of eyebolt to piston

I'S

TARGET

Drilling Rig Crew




Table 3-4. Causal Factors Analysis Summary

Root Cause

Discussion

Fermilab failed to implement a hazard
analysis process that was effectively applied
to task-specific hazards for constructiom
subcontractors and sub-tier contractors,

Layne-Western did not provide a hazard analysis plan before comme
drilling operations.

Drilling began in September 2000 without development of a ha
analysis.

Drill personnel were not requested to develop a hazard analysis fo
work until June 2001.

The hazard analysis dated June 21, 2001, did not comprehensively g
drilling hazards to which personnel were exposed.
Forms used for the June 21, 2001, hazard analysis did not match
Healy or Fermilab hazard analysis documents.
The Layne-Western hazard analysis process was too generic to id
task specific drilling hazards and was not used.

The S. A. Healy hazard analysis process was not used; if used, it
not have resulted in an adequate task specific hazard analysis.
FESHM 7010 was not used. Instructions in the attachment to E
Administrative Form #17 were not required to be used for develop
of a hazard analysis.

The Fermilab hazard analysis process did not provide clear proce
guidance for evaluating task-specific hazards.

ncing
zard
their
ddress
S. A
entify
ywould

S&H
ment

2dural

Contributing Causes

Discussion

FAO and Fermilab failed to adequately
analyze prior occurrences to identify gand
correct root causes and systemic
weaknesses underlying these events. |

Causal factors from two previous Type B accidents contributed t
June 21, 2001, accident. (e.g., inadequate work planning, hazard an
work controls).

Recurring deficiencies from prior occurrence reports involving wo
injuries indicated that inadequate work planning, hazard analysis, and
controls were allowed to continue to exist at the NuMI Project.
Corrective actions taken by line management in response to ider
deficiencies, adverse trends, and recurring events, inclu
improvements to subcontractor safety management, were not effe
NuMI line management neither established a formalized proce
capture and track ES&H-related deficiencies and associated corr
actions from investigations, inspections, and audits, nor impleme
mechanisms, such as independent verification and performance-
evaluations, to ensure that corrective actions were timely, completg
effective.
Processes were ineffective in disseminating lessons learng
construction subcontractors and sub-tier contractors, and to ensu
lessons learned were understood and applied.

Work site safety inspections were not rigorous, formal or docume
so important safety information was not collected or entered intd
ESHTRK database or another system to show systemic trends.
Reportable accidents and injury reports from construction acciden
the NuMI Project were not entered into CAIRS.

b the
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Fermilab failed to establish and implement

processes to translate safety and health

subcontractpe
sh

requirements into
procedures. Fermilab did not establ
controls to assure that sub-tier contrac
were adequately prepared to work safely
before authorizing the start of work. .

OFS

Drilling personnel began work in September 2000 without formal W
authorization.

The Layne-Western job letter did not address occupational s
requirements.

S. A. Healy did not enforce contract requirements for hazard analys
drilling work.

Fermilab did not enforce contract requirements for hazard analysi

ork
afety

ison

1<




Table 3-4. Causal Factors Analysis Summary (Continued)

Contributing Causes

Discussion

Fermilab failed to tailor the system fdq
managing subcontractor constructiq
safety to address sub-tier contractors.

[e
n

S. A. Healy did not enforce safety and health requirements for Lay
Western work.

S. A Healy adopted the FESHM by reference but did not tailor it
sub-tier contractors.

NuMI construction coordinators’ responsibility for acceptance
hazard analysis was not clear.

FESHM 7010 requirements did not translate to sub-tier contracto
Fermilab did not ensure implementation of the FESHM 7010 haz
analysis process by sub-tier contractors.

Is.
ard

DOE and Fermilab oversight progran
failed to identify fundamental weakness
in construction subcontractor and sub-t
contractor safety and health programs.

S

er

Layne-Western inspections did not identify safety deficiencies.

Layne-Western equipment inspections did not identify existing safety

concerns.

NuMI construction coordinators were confused on roles a
responsibilities related to safety oversight.

Health and safety professionals focused on environmental iss
because of the April 26, 2001, wetlands issue.

Fermilab oversight was limited to S. A Healy operations and did
include Layne-Western drilling operations.

FAO, Fermilab, and S. A. Healy safety personnel failed to identify |
site safety hazards during numerous visits to the drill site.
Fermilab did not conduct a safety inspection of the Layne-West
equipment (drill rig) upon arrival at the site.

Fermilab failed to effectively communicate«

roles, responsibilities, and clear lines

authority to ensure the adequate protection

of all workers, including constructio

subcontractors and sub-tier contractors.

of

)

5. ®

S. A Healy did not require Layne-Western drilling personnel to cond
a hazard analysis until June 20, 2001.

NuMI construction coordinators were not aware of their responsibi
for safety at Layne-Western drilling site.

Fermilab safety and health professionals focused on environme
issues because of the wetlands issue.

There is no evidence that Fermilab safety professionals conducted s
and health walkthroughs of the Layne-Western site.

ity
ntal

afety

Fermilab believed that review of sub-tier contractor safety programs

was the responsibility of only S. A. Healy.
FAO conducted only two inspections of Layne-Western operatid
before the accident, both with a focus on wetlands environmental isS

ns
ues.

Fermilab failed to ensure that th
construction subcontractor and sub-t
contractors had systems in place to tr
employees in recognizing and mitigatir
operational hazards.

Qe
er
R

g

=,

Layne-Western drilling personnel were not trained in the Fermilab haz
analysis process before starting work.

Layne-Western drilling personnel were not adequately trained as requ
by 29 CFR1926, or as necessary in accordance with the hazards assg
with the job.

ard

lired
ciated

Layne-Western personnel were not asked to participate in the June 9,

2001, safety stand-down training.

Layne-Western personnel did not participate in the June 13, 2001, s
stand-down that included hazard analysis training.

Records did not indicate that Layne-Western personnel attended Ferr
site training.

The S. A. Healy Safety Director was not trained in preparing haz
analyses.

Fermilab and S. A. Healy failed to ensure that Layne-Western perso

afety
hilab
ard

hnel

were adequately trained and qualified to perform work.




Table 3-4. Causal Factors Analysis Summary (Continued)

Contributing Causes

Discussion

Chicago Operations Office and Fermilg
failed to effectively utilize contracting
procurement, and project managemse
mechanisms to consistently conve
oversee, and enforce safety and hea
expectations to the subcontractor and s
tier contractors.

be

ne
y!
Ith
ib-

The Layne-Western Operator, who was designated as the “Comp
Person,” did not meet contract requirements.

ptent

Layne-Western did not provide a hazard analysis plan before start of

drilling, as required.
The S. A. Healy Safety Director did not meet minimum qualificati
requirements specified in the contract.

on

Chicago Operations Office and Fermilg
failed to properly implement and ensu
the flowdown of the ISM framework tq
subcontractors and sub-tier contractor

be
Qe

Roles and responsibilities were not well understood.
Qualifications were not commensurate with assigned duties.
The workforce was not held accountable for strict compliance v
requirements.

Performance feedback systems were not adequate to support n
improvements.

ith
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Judgments of Need

Judgments of needare managerial controls flow from the causal factors and are directed at
and safety measures believed necessary to prevent guiding managers in developing corrective actions.
or minimize the probability of arecurrence. They  Table 4-1 summarizes the Board’s causal factors

and judgments of need.

Table 4-1. Judgments of Need

Causal Factors Judgments of Need

Fermilab failed to implement a hazard analysis processermilab needs to improve the existing hazatds
that was effectively applied to task-specific hazaidsinalysis process in Fermilab Environment, Safety and
for construction subcontractors and sub-tieHealth Manual 7010 by developing instructions and
contractors. guidance to ensure that it applies to sub-tier
construction contractors at the work activity level.

Fermilab needs to implement a revised hazards
analysis process such that:
* Detailed procedures are established to formalize

the process for conducting task-level job-specific
hazard analyses (job hazard analyses).

* Personnel are trained on the task-level hazard
analysis processes to ensure implementation by
all assigned persons.

* The process is revised to ensure that all work
operations at Fermilab are subjected to formal and
effective hazard analyses. This would include all
potentially hazardous operations planned for
subcontractors and sub-tier contractors.

* The process is revised to ensure that hazard
analyses involve both the appropriate technical
expertise and workers, and receive appropriate
review and approval before work begins.

The Fermi Area Office and Fermilab failed to Fermilab needs to ensure that root and contributing
adequately analyze prior occurrences to identify angause(s) from incidents and occurrences are thoroughly
correct root causes and systemic weaknessegaluated against integrated safety management tore
underlying these events. functions and guiding principles, and that resulting
lessons learned are disseminated and communicated
to all appropriate personnel. Additionally, Fermilab
needs to conduct follow-up reviews to ensure that the
information is used to improve the level of safety|at
the site.

Fermilab needs to ensure that incidents and occurrences
at Fermilab are reported through the appropriate DOE




Table 4-1. Judgments of Need (Continued)

Causal Factors

Judgments of Need

reporting systems (i.e., the Computerized Accident/
Incident Reporting System and the Occurrence Reporting
and Processing System), evaluated, analyzed, and trended
to ensure that systemic weaknesses are identified and
corrected in a timely manner.

The Fermi Area Office needs to revise its process for
validating closure and effectiveness of corrective actions.
Additionally, FAO needs to conduct follow-up reviews to
ensure that corrective actions are effectively implemented.

The Chicago Operations Office Manager needs to develop
and implement a process to provide assurance that effective
corrective actions are implemented, and establish a method
to obtain feedback on corrective actions taken.

Fermilab failed to establish and implement processes to
translate safety and health requirements into subcontractor
procedures. Fermilab did not establish controls to assure
that sub-tier contractors were adequately prepared to work
safely before authorizing the start of work.

Fermilab failed to tailor the system for managing
subcontractor construction safety to address sub-tier
contractors.

Fermilab needs to establish and implement a process to

ensure that all safety and health requirements flow down to

subcontractors and sub-tier contractors such that:

*  Procedures are adopted by subcontractors and sub-tier
contractors that are tailored for the specific roles and
responsibilities for each contracting organization.

*  Specific procedures are validated to ensure that safety
and health requirements are properly implemented.

* Improved controls are established to assure that
subcontractors and sub-tier contractors are adequately
prepared to work safely before authorization to start
work is issued.

The FAO needs to ensure that Fermilab establishes and
implements processes to verify and validate that safety and
health requirements are translated into subcontractor and
sub-tier contractor procedures.

The Chicago Operations Office Manager needs to validate
the processes and procedures used by FAO and Fermilab to
verify that work controls are established and implemented
before the start of work.

DOE and Fermilab oversight programs failed to identify
fundamental weaknesses in construction subcontractor and
sub-tier contractor safety and health programs.

Fermilab needs to ensure that a program is established and
implemented for comprehensive environment, safety, and
health oversight of all construction subcontractor and sub-
tier contractor work operations.

The FAO needs to ensure that oversight of Fermilab is
effectively performed as specified in DOE Policy 450.5,
Line Environment, Safety and Health Oversight.




Table 4-1. Judgments of Need (Continued)

Causal Factors

Judgments of Need

The Chicago Operations Office Manager needs to ensure
that line management and independent oversight are being
performed and are effective as specified by DOE Palicy
450.5,Line Environment, Safety and Health Oversjght

and DOE Order 414.1/&uality Assurance

The Office of Science needs to ensure that formal corre

ctive

actions are developed and implemented for ES&H issues

resulting from programmatic and technical reviews of
NuMI Project.

the

The Office of Science needs to implement the requirenents

established in the Office of Science Functio
Responsibilities, and Authorities Manual for measuring
ES&H oversight effectiveness of the Chicago Operati
Office.

hs,
ine
ons

Fermilab failed to effectively communicate role
responsibilities, and clear lines of authority to ens
adequate protection of all workers, including construct
subcontractors and sub-tier contractors.

s,Fermilab needs to establish and implement a formal
ursafety management system with clearly defined rgles,
ionesponsibilities, and authorities when multig

zed

le

organizations, subcontractors, and/or sub-tier contragtors

are involved in a construction project.

Fermilab failed to ensure that the constructi
subcontractor and sub-tier contractors had systems in
to train employees in recognition and mitigation
operational hazards.

Fermilab needs to establish processes to assure that h

orFermilab needs to strengthen the training and competence
plagk all workers, managers, engineers, and safety
ofprofessionals responsible for construction safety.

azard

recognition and training are in compliance with applicable

requirements (Occupational Safety and Health, DOE,
industry standards).

and

Chicago Operations Office and Fermilab failed
effectively utilize contracting, procurement, and proj
management mechanisms to consistently convey, ove
and enforce safety and health expectations to
subcontractor and sub-tier contractors.

and sub-tier contractors) are clearly conveyed.

toThe Chicago Operations Office and Fermilab need to rgvise
ccontracting, procurement, and project managenmn
rseepcesses to ensure that safety and health requirements
thassociated with construction operations (by subcontrgctor

ent

Chicago Operations Office and Fermilab failed to propg
implement and ensure the flowdown of the integrated s3
management framework to subcontractors and sul
contractors.

erly-ermilab needs to strengthen implementation of
ifetptegrated safety management core functions to assur
-tiafl potentially hazardous work and operations are subjgcted

to effective, formal, and documented hazard analysis.

Fermilab needs to establish and implement a proce
ensure that the framework of ISM flows down to
subcontractor and sub-tier contractors.

The Chicago Operations Office Manager needs to en
that the Fermilab process for flowdown of the IS
framework to subcontractors and sub-tier contracto
effective.

the
e that

5S to
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APPENDIX B

DRILL RIG ACCIDENT EVENT CHRONOLOGY

Drill Rig Accident Event Chronology

1969

Drill rig is manufactured and purchased by Layne-Western.

Early 1970s

Drill rig modified, hydraulic cylinder and tongs installed for making and
breaking pipe joints.

October 22, 1997

Two Fermilab subcontractors injured while working on 480 volt alterna
current motor control center (Type B accident investigation).

ing

September 4, 1998

Three Fermilab subcontractors injured by vapor fire/explosion while
stripping floor. (Type B accident investigation).

February 1999

Project Execution Plan approved by the Director of the Office of Energy
Research.

March 2, 1999

Eyebolt on the end of the hydraulic piston broke, weld repair performe
the field.

March 8, 1999

NuMI Project Management Plan “approved provisionally pending peer
review” by the Office of Science.

September 27 -October 8, 19¢

9

Fermilab Integrated Safety Management System verification conducted by

the Chicago Operations Office.

March 6, 2000

Notice to Proceed issued for NuMI tunnels and experimental halls.

September 13, 2000

S. A. Healy and Layne-Western contract signed for vent and survey ris
shafts: SR-2, SR-3, EAV-1, EAV-2, EAV-3, and EAV-4.

September 18, 2000

Layne-Western commenced mobilization on site.

September 21, 2000

Wire rope sling for the hydraulic breaking mechanism is replaced.

September 25, 2000

Layne-Western started drilling SR-3 survey riser.

October 16 - November 28, - Layne-Western completed drilling survey risers SR-3 and SR-2, and vent
2000 - shaft EAV-1.
November 28-30, 2000 = DOE Office of Science Review Committee conducted semiannual review
of NuMI Project.
January 31, 2001 - S. A. Healy employee struck by falling rock.
February 2001 = Site preparation for EAV-2, EAV-3, and EAV-4 is completed.
March 12, 2001 - Layne-Western started drilling EAV-3.
March 12, 2001 = Three S. A. Healy employees receive concrete-chemical burns.
March 15, 2001 - Lab Director conducts investigation of concrete-chemical burn accident.
April 20, 2001 = USDA inspected EAV-2/EAV-3 job site and Layne-Western was ordered to
stop drilling.
April 26, 2001 = USDA inspected and approved environmental improvements.
April 30, 2001 - Layne-Western resumed drilling of EAV-3.
May 2, 2001 - Layne-Western completed drilling of EAV-3.
May 3, 2001 - S. A. Healy begins excavation using the tunnel boring machine.
May 4, 2001 = Layne-Western started drilling EAV-2.
May 22-24, 2001 - DOE Office of Science Review Committee conducts semiannual reviev of

NuMI Project.




Drill Rig Accident Event Chronology

June 2, 2001

S. A. Healy employee injured due to improper rigging.

June 9, 2001

S. A. Healy conducted full safety stand-down but did not include Layne-
Western.

June 13, 2001

Two S. A. Healy employees injured due to improper rigging.

June 13, 2001 2:15PM Safety stand-down for S. A. Healy work instituted by Fermilab and S. A.
Healy.

June 15, 2001 8:00 AM Work resumed by S. A. Healy.

June 15, 2001 - Fermilab Director assigned team to investigate S. A. Healy safety perfort
mance and safety management.

June 21, 2001 ~7:00 AM Layne-Western drilling crew started the day continuing to drill EAV-2.

June 21, 2001 - Fermilab construction coordinators visited EAV2/3 drill site.

June 21, 2001 ~9:40 AM Weld connection between eyebolt and piston rod failed, releasing tensign on
tong handle.

June 21, 2001 ~9:40 AM Layne-Western drill rig Operator injured when struck by tong handle.

June 21, 2001 - Layne-Western drill rig Helper attends to the injured Operator, and then seeks
emergency response.

June 21, 2001 - Fermilab employee is driving on Giese Road past EAV-2/EAV-3 job site.

June 21, 2001 9:44 AM Fermilab employee called 3131, site emergency number for assistance. Two

June 21, 2001 9:48 AM Fermilab Fire Department EMTs arrived at scene. Two additional Fermilab
firefighters arrived with basic life support ambulance.

June 21, 2001 9:48 AM Fermilab Fire Department Captain arrived and established incident command
center on Giese Road.

June 21, 2001 ~9:50 AM Fermilab ES&H personnel responded to emergency call.

June 21, 2001 9:57 AM Fermilab fire fighters secured injured Operator on backboard and carried
Operator to the road. Simultaneously, advanced life support (Geneva Fire
Department) ambulance arrives at scene.

June 21, 2001 ~10:00 AM Fermilab ES&H Section personnel restrict access into job site by requegting
site security subcontractor on scene to tape off job site entrance and control
crowd.

June 21, 2001 10:02 AM Incident Command Center declares emergency secured and turns scen¢ over
to Fermilab Facility Engineering Services Section.

June 21, 2001 10:15 AM Geneva Fire Department ambulance leaves scene and transports injured
Operator to Delnor Community Hospital in Geneva, lllinois.

June 21, 2001 10:00 AM- Fermilab ES&H Section Safety Coordinator and others inspect the accident

12:00 PM scene and take photographs.
June 21, 2001 ~12:00 PM Fermilab security posted at job site to restrict access.
June 21, 2001 1:30 PM Formal Stop-Work Order issued to S. A. Healy by Fermilab.




APPENDIX C

EVENTS AND CAUSAL FACTORS CHART

SNONORNO

Fermilab failed to implement a hazard
analysis process that was effectively applied
to task-specific hazards for construction
subcontractors and sub-tier contractors.

Fermilab failed to establish and implement
processes to translate safety and health
requirements into subcontractor procedures.
Fermilab did not establish controls to assure
that sub-tier contractors were adequately
prepared to work safely before authorizing the
start of work.

DOE and Fermilab oversight programs failed
to identify fundamental weaknesses in
construction subcontractor and sub-tier
contractor safety and health programs.

Fermilab failed to ensure that the construction
subcontractor and sub-tier contractors had
systems in place to train employees in
recognition and mitigation of operational
hazards.

)
&)
()

CAUSAL FACTORS IDENTIFIED ON THE EVENTS AND CAUSAL FACTORS CHART

FAO and Fermilab failed to adequately
analyze prior occurrences to identify and
correct root causes and systemic weaknesses
underlying these events.

Fermilab failed to tailor the system for
managing subcontractor construction safety to
address sub-tier contractors.

Fermilab failed to effectively communicate
roles, responsibilities, and clear lines of
authority to ensure the adequate protection of
all workers, including construction
subcontractors and sub-tier contractors.

Chicago Operations Office and Fermilab failed
to effectively utilize contracting, procurement,
and project management mechanisms to
consistently convey, oversee, and enforce
safety and health expectations to the
subcontractor and sub-tier contractor.

Chicago Operations Office and Fermilab failed to properly implement and ensure the flowdown of the
integrated safety management framework to subcontractors and sub-tier contractors.

QRO o

No documented
engineering
analysis for the dril
rig modification

Replacement of

Inadequate
feedback and
improvement

Inadequate
oversight

No HA
prepared

Inadequate
training on
the hazards

No
engineering
evaluation of
repair

Weld repair
not proof tested
as required by
29CFR1926.251

Welding
qualifications
of Operator
undocumented

breakout wrench with
tongs, and hydraulic
cylinder to provide
tong pull force for
making and breaking
pipe

PPE

LW purchases
GD2000 Drill Rig
from Gardener-
Denver.
February 14, 1969

LW GD2000 Drill
Rig modified
Early 1970s

Two Fermilab
subcontractors injured
while working on 480

VAC motor control center
October 22, 1997

Inadequate

Three Fermilab
subcontractors

| | injured by vapor fire/

explosion while
stripping floor
September 4, 1998

NuMI Project
Execution Plan

—1 approved by ER [—

(now SC)
February 1999

Connection weld
repaired in the
field by LW
drilling crew

SC approval is
provisional
"pending peer
review"

Eyebolt connection
to hydraulic piston
rod broken
March 2, 1999

Neutrinos at the
Main Injector
(NuMlI) Project

Management Plan
was signed

March 8, 1999

Feedback and
improvement
systems
identified as
needing
improvement

Fermilab HA

Conducted
by CH

— System Verification

Fermilab Integrated
Safety Management A

5
September 27 to
October 8, 1999




Safety
expectations
were not
communicated
to LW by SAH

FAO, Fermilab,
SAH did not
review LW job
site for S&H
concerns

3

No site
training for

R&R of

construction Lw No hazard
employees assessment Coordinators

coordinators . .

not for new did not Fermilab not

configuration recognize work monitoring
understood
started w/o HA SAH safety &
health

SAH did not
require work
plan

25

performance

Fermilab
assumes no

DOE safety
and health

FESHM 7010
not tailored for

No

Construction

expectations SAH ES&H specification coordinators )
not understood subcontractors responsibilities Contract‘ual for proper visit site to Fermilab
by SAH for sub-tier expectations No work cable monitor _EseH
contractors not enforced rogress priorities are
plan prog not focused
prepared on sub-tiers

SAH Safety Use of sub-tie Repl t
Director contractors not FESHM 7010 eplacemen
i o Work
experience originally not tailored for R&R of re Ocnaebc:‘e has conducted SAH did not
doesn't meet planned for SAH cunséructlon not hi pher str)én t without HA understand
specs drilling subcontractors, coordinators communicate g 9 DOE
not understoog ES&H

! expectations,
expectations

SAH Safety No site .
. . No HA
Director does SAH accepts SAH inspection by Pg:;:gzs developed
not have requirements Fermilab
s FESHM 7010 i d ermia continued to
specific HA by reference imposed on prior to work break
training Lw on site

A Notice to Proceed issued for SAH and LW contract . I LW purchases new LW started drilling
. o LW begins mobilization X | LW completed
NuMI tunnels and signed for drilling on site wire rope for breaking SR-3 drilling SR-3
experimental halls activities September 18. 2000 mechanism September 25, Octobergl(i 2000
March 6, 2000 September 13, 2000 P | September 21, 2000 2000 !
FAO, Fermilab,
SAH did not
Safety
expectations 'i‘ﬁsv}’;\g&ﬁb
were not concerns
communicated
to LW by SAH
Safety Safety
: FAO, Fermilab, ! FAO, Fermilab,
eXpecianons SAH did not expectations SAH did not
. review LW job
communicated 'Es‘ﬂ:v:ol;v;&ﬁb communicated s‘?l‘ev:m S&IH Fermilab not
to LW by SAH concerns to LW by SAH concerns Coordinators monitoring
did not SAH safety &
recognize work health
started w/o HA performance,
oordinator oordinator
did not . did not
recognize F;Ln;'ig?”?gm recognize F;Lmlzz:gl Fermilab
work started work started Construction
wlo HA SAH safety & wlo HA SAH safety & coordinators ES&H
health health Visit site to priorities are
performance, performance, : not focused
monitor on sub-tiers,
Construction Construction progress
coordinators coordinators
visit site to Fersm&\lab visit site to Fzrsm&u:b
monitor pmoErme?are monitor priorities are Work SAH did not
progress not focused progress not focused No conducted und;éséand
on sub-tiers on sub-tiers formalized system without HA expectations
for tracking Event P
recommendations caused by
Work Work inadequate
conducted SAH did not conducted SAH did not supervision and No HA
without HA understand without HA understand procedures not developed
DOE DOE used before work
expectations expectations starts
Recommendation
No HA No HA for strict oversight Fifth event First work by
developed developed of ES&H in January LW since
before work before work November
starts starts 28, 2000
B LW started LW completes LW started LW completed SC Review Committee SAH employee Site preparation LW started drillin c
drilling SR-2 drilling of SR-2 drilling EAV-1 | | drilling EAV-1 | | conducts semiannual | | struck by falling | | for EAV-2, 3, and | | 3 9
October 17, ber 7, ber 8, ber 28, review of NuMI Project rock 4 completed March 12, 2001
2000 2000 2000 2000 November 28-30, 2000 January 31, 2001 February 2001 !




SAH
Management/
supervision was
less than
adequate

Inadequate
HA

Lack of
proper PPE

DOC

SAH Safety
Plan is not fully
implemented or
enforced

Report
identified work
planning
deficiencies and
inadequate
supervision

Inspection
failed to
identify S&H
deficiencies

No Fermil
or SAH

NuMI
construction

coordinators givento S
inspect site aspects of th
site

Verbal stop
work order to
stop drilling due
to breech at
settling basin

LW resta

consideration

authorized

ab

&H _ Work
e drill conducted SAH did not
without HA understand
DOE

rt

Three SAH
employees injured
by concrete burns

March 12, 2001

Fermilab
initiates
reorganization
based on
review

Contractor
construction
safety
problems
identified

SC Review Committee
conducts semiannual
review of NuMI Project

Fermilab did
not adequately
communicate
record keeping
requirements

SAH not held
accountable
for record

keeping

OSHA

reportable No HA -
however not developed Stad?sj r?ootwn
reported to before start include LW

CAIRs

No pre-job
briefing was
conducted

Inadequate
procedure
used

of work

May 22-24, 2001

SAH employee struck in
head by a suspended
load
June 2, 2001

Coordinators
did not
recognize work
started w/o HA

Construction
coordinators
visit site to

monito
progres:

No HA

developed
before work

starts

Safety

expectations FAO, Fermilab,
were not SAH did not

communicated review LW job

to LW by SAH site for S&H

concern

Fermilab

health

Fermila
ES&H
priorities

not focuse

sub-tier:

r
S

monitoring
SAH safety &

performance

expectations

S

not

b

are
don
s

HA process
required by
7010 didn't
flow well to
sub-tiers

Hazards of
LW work not
recognized
SAH

No HA
developed

Inconsistencies
in OSHA
reporting by
SAH

No CAIRs
report

LW did not
participate in
stand-down
training

SAH and
Fermilab
general safety
awareness and
HA training

LW did not
benefit from
HA training

LW never
stopped
work

SAH conducted full
safety stand-down

for all employees
June 9, 2001

Two SAH
employees injured
due to improper
rigging
June 13, 2001

Safety stand-down
ordered by Fermilab
to SAH
2:15 PM
June 13, 2001

Work resumed
by S. A. Healy
8:00 AM
June 15, 2001

— safety performance and

Fermilab iﬁvestigalion . USDA re-inspects and SAH begins
USDA inspects v LW resume LW completed . LW starts D
| | of concrete chemical EAV-2/3 job site || approves environmental | | drilling of EAV-3 |—] drilling of EAV-3 |_|tunnel excavation| | drilling EAV-2
burn incident April 20, 2001 improvements April 30, 2001 May 2, 2001 using the TBM May 4, 2001
March 15, 2001 ! April 26, 2001 ! ! May 3, 2001 !

FAO is not @ SAH did
reviewing CAIRs not require Inadequate
to validate injury LW to procedure for

and illness develop doing work

performance Inadequate HA

work
planning

Report results
in 27 findings

SAH did not
fully understand
safety
responsibilities

Safety was
not
integrated
into SAH
work

Director assigns team
to investigate SAH

m

>
safety management

June 15, 2001



DAL DL0;

No review of
HA and
existing safety
concerns not
recorded

NuMI
construction
coordinators
visit drill site
twice

Hazard
analysis was
not complete
and not
approved

Hazard
analysis
was not
approved

Hazard
analysis
“finished"
that
morning

Crew not
formally trained
on hazard
analysis
process

Drill crew
initiated
removal of

drill pipe from

Resulting
hazard
analysis did

not identify all

hazards

Crew
conducted daily
oil checks and
basic
maintenance

into LW

IADC

Operator

platform

Energy

crew was

collar

IADC was not
incorporated

safety manual,

Operator's
work location
was not IAW

position was
in the path
of the tong

Helper was
standing on
the westside
of the drill rig

Operator was
standing on the
east side of the
drill platform

in tong handle
released as

breaking drill

Helper goes to

Helper flags
down employee
to assist in
calling for
emergency
assistance

Helper lays
injured
Operator on
pallets on east
ide of drill rig

arrived

Dispatcher until
Fermilab Fire
Department EMTs

tool ‘llva\*er totget Department
e czuofgf ° Maintained personnel
bul phone contact with respond to

Fmbulance the Comm Center attend to injured

Fermilab

LW Drill Rig
"o nasard analysis” || crew stars
—> Y work —
evening ~7:00 AM
June 20, 2001 June 21, 2001

Weld connection
between eyebolt
and piston rod failed

~9:40 AM

June 21, 2001

Drill Rig
Operator injured

Fermilab employee

Drill Rig Helper is driving on Giese

attends to the

Fire
Department
Incident
Commander kept
crowd back from
injured LW Drill Rig
Operator

Advanced life
support
ambulance

Security
escorts
ambulance to
the accident
scene

Established
incident
command
center

EMTs assist
Geneva in
preparing

Operator for
transport to

hospital

Fermilab Fire ES&H Section Geneva Fire
F Department personnel Department
Captain arrived at respond to ambulance
N H 1| @ -
the scene emergency call arrives at scene
9:48 AM ~9:50 9:57 AM
June 21, 2001 June 21, 2001 June 21, 2001

EMTs

transport
Operator to
ambulance
~9:58 AM
June 21, 2001

employee calls
site number for

when struck by tong — Road past EAV-2/3 [ emergency
handle ~9:40 AM '“'“c’f”er[;'t'(')'f'g job site response
June 21, 2001 P June 21, 2001 9:44 AM

June 21, 2001

Five Fire

Operator

Two
initial Fire
Department
responders call
dispatcher for
ALS from
Tri-City

Fermilab Fire
Department EMTs
arrive at scene
9:48 AM
June 21, 2001

Potential loss of
evidence due to
handling and
cleaning of rig
components

Fermilab ES&H
Section personnel
“clean" eyebolt and
piston ram with
degreaser to
improve visibility of
weld failure

Both Geneva
Fire Department
Paramedics
attend to patient

Instructions
given that the
scene is not be

Multiple Fermilab
turned over to

employees
handle wire rope
and shackle
arrangement

FES Section

transferred Ambulance is

cene is taped

off by SAH control of the driven by Accident
and FES scene to ES&H Fermilab Fire scene
Section to limit Section Fighter inspected and
access representative photographs

taken

Transport
Operator to

Numerous

Numerous
Control of

people at the Delnor safety people
scene in scene turned Community from all

addition to Fire over Fermilab Hospital in organizations

Department FES Section eneva, lllinoi at the scene

Restricts
access to
authorized

individuals

Fermilab

security posted

at job site
~12:00
June 21, 2001

Incident Geneva Fire
roonnel tosuiet | | Commander Department Fermilab ES&H
paccess into job declares ambulance Section Safety
site crowzli emergency |[—— transports [ Coordinator H
~10:00 AM secured Operator 10:00 - 12:00
June 21, 2001 10:02 AM 10:15 AM June 21, 2001
| June 21, 2001 June 21, 2001

Fermilab
issued
phased

restart on

June 28

Fermilab
business
services
section issues
order

Formal Stop-
Work Order
issued to SAH
by Fermilab
1:30 PM
June 21, 2001




APPENDIX D
BARRIER ANALYSIS

Hazard: Energy released from the breaking
mechanism due to the failed weld

Target: Drill Rig Crew

What were the How did Why did the barrier fail? How did the barrier affect
barriers? each barrier the accident?
perform?
Management
Barriers
Core Function 1 Failed “Job letter” was the extent of the work package.| Job letter did not provide specific

Work package (job No task-specific breakdown of the work wagrocedural controls to identify th
letter) performed to identify hazards and associated contrbBzards associated with the job or provjde
to satisfy safety and health expectations. controls for the work hazards.

D

Core Function 1 Failed
Communication and
flowdown of ISM to
sub-tier contractors

Systems and processes were inadequate to implenfearimilab has not demonstrated the
management safety expectations or to influence chaegenmitment to implement ES&H
for subcontracted construction projects. requirements for operations involving

Line management did not ensure that the |
framework was clearly communicated to the sub
contractor.

Line management did not verify that subcontrac

contractors, as illustrated by the sevelity
Shhd frequency of past accidents,
tiercidents, and near misses over the past

year at the NuMI Project.

torhe flowdown of ISM processes to S. A.

and sub-tier contractors were utilizing the 1$NHealy and Layne-Western, the sub-tier

framework in day-to-day work operations.

contractor, could have prevented this
accident.

Core Function 1 Failed There were multiple levels of contracts from DOE tAdministration of all aspects of al

Contract Fermilab to subcontractor and sub-tier contractor. |Thentracts would have resulted |n

administration set of requirements was adequate, but administratmpplication of safety and health
of the various tier contracts from the Office of Sciehaequirements specified in thoge
(SC), to the Chicago Operations Office (CH), to theontracts, thus preventing the use |of
FAO, to Fermilab, and to S. A. Healy to Laygesubstandard equipment and thergby
Western was not adequate. preventing the accident.

Core Function 1 Failed DOE roles and responsibilities are established by thack of independent oversight and

Roles and
Responsibilities:

respective Functions, Responsibilities, Authori

ieffective line management oversight by

Manuals for the Office of ES&H Oversight (EH-2)all organizations and management levels

the Office of Science (SC), the Chicago Operati

opermitted hazards to go unrecognized and

EH-2 Office (CH), and FAO. Many of these responsibilifiesnmitigated.
SC for both line and independent oversight were |not
CH implemented at Fermilab. Lack of line management oversight
FAO allowed inconsistent imple-mentation pf
Fermilab CH delegated oversight role to the FAO through|tleESHM 7010. Its application to sub-tier
S. A. Healy CH Functions, Responsibilities, Authorities Manuatontractors remained unclear, so safety
Layne-Western T oversight responsibility for sub-tier
FAO documentation identifies oversight responsibilitiesontractors was not clear.
for the NuMI construction project.
The construction coordinators for the
NuMI Project Management Plan identified roles anduMI Project did not understand and

responsibilities for the NuMI Project but was o
“provisionally approved pending peer review” by
Office of Science on March 8, 1999.

FESHM 7010 defined Fermilab ES&H roles g
responsibilities for subcontractor construction sa

hlyherefore did not implement their safety
hand health roles and responsibilities.

[¢)

S. A. Healy and Layne-Western lin
ndhanagement did not actively engage

n

esafety oversight.




Hazard: Energy released from the breaking Target: Drill Rig Crew

mechanism due to the failed weld

How did
each barrier
perform?

How did the barrier affect
the accident?

What were the
barriers?

Why did the barrier fail?

However, the manual was not based on the pro

management organization at the time of the accident,

nor did it address the roles and responsibilities wh
sub-tier contractors were involved.

S. A. Healy and Layne-Western roles af
responsibilities were clearly defined, but they we
not executed as specified in the respective safety
health manuals.

ect

en

d

re
and

Core Function 2
Hazard Analysis

Failed

FESHM 7010 established a hazard analysis prog
for construction subcontractor work. However, th
process was not implemented for the Layne-West
job. The project was drilling its fifth hole befor
S. A. Healy requested a hazard analysis, even tha
one was required before the start of work.

esBhe Layne-Western work package (“jd
isletter”) for the drilling operation did ng
eridentify the job-specific tasks or analyz
e the hazards. The hazard analy
ugleveloped just before the accident d
not identify the specific job tasks or th
hazards associated with those tasks
detailed, task-level hazard analys
would have identified the potentia
hazard of the tong handle and would ha
prescribed appropriate controls. THh
would have prevented the accident.

Core Function 3
Maintenance

Failed

Drill rig equipment maintenance and inspection we
not performed in accordance with Fermilab al
Layne-Western corporate requirements, resulting
the drilling rig arriving at Fermilab in a degrade
condition.

Documents were not being maintained and theref
did not accurately inform management of equipmé
maintenance status.

hdequipment maintenance program wol
irhave identified the substandard conditi

identification could have led to propé
maintenance of the drill rig an
prassociated tools, thus preventing t
eniccident.

relmplementation of an effective

d of the drill rig before use. This

b
t
e
5iS
id
e
A
is
|
e
is

D

d
bn
oy
)|
he

Core Function 3
Inspection of
equipment

Failed

Neither Fermilab nor S. A. Healy conducted a p
use inspection of Layne-Western equipment whe|
was brought on site. Fermilab subcontractor train
required equipment inspection before use. T
training was not provided to the Layne-Weste|
employees.

maintenance safety requirements. Vendor man
established equipment specification a
recommendations.

ES&H manuals established equipment inspection {nd

Hoisting and rigging equipment was not teste
electrical installations were not to code; operatio
and maintenance guides were not with the drill rig

vehicle; and drill rig equipment modification and repair

were not controlled.

e-lImplementation of the equipmer
h itnspection program requirements woy
nchave identified the substandard conditi
hioof the drill rig and associated too
rnbefore use.

als
d

d;
ns
or

Id
DN

Core Function 3
Testing following
repair

Not Used

An incomplete weld repair was made to the eyeh
and piston rod connection in 1999. There was

documentation to verify the adequacy of the weld.

olfTesting and inspection of the we
ndefore use would have identified th
substandard weld and resulted ina m

o

pre




Hazard: Energy released from the breaking

mechanism due to the failed weld

What were the
barriers?

How did
each barrier
perform?

Why did the barrier fail?

Target: Drill Rig Crew

How did the barrier affect
the accident?

controlled repair process, thus eliminati
the direct cause of the accident.

Core Function 3
Accepted industry
practice

Not Used

Public documents from the International Associat

of Drilling Contractors discussed the proper positioringe accident resulted in the breaking

of the drilling crew to safely make or break a pipe stri
These public documents were available on

organization’s website. The drill rig crew did not

implement recommended industry practice at the {
of the accident.

OThe Operator’s position at the time

Nehechanism (tong handle) striking t

ti@perator.

ime

Of

e

Core Function 3
Training

Failed

The S. A. Healy Safety Director position requiredhe Competent Person designated

certain qualifications and/or experience that were
met by the individual filling this position.

Two stand-downs on June 9 and June 13 did noting
Layne-Western personnel. Layne-Western did
participate in site-specific training (i.e., FEHSM s
orientation).

Layne-Western management appointed the drill
Operator as the Competent Person. The Operato

served as the safety supervisor for the drilling operatigfarting work to ensure that the hazg
This person did not meet the S. A. Healy contractuahalysis process at Fermilab w

definition of a Competent Person. Training reco
for the designated Competent Person did not inc
any training on hazard analysis or recognition, nor
he receive the 30-hour OSHA construction satf
course or equivalent, as required by the contract.

Layne-Western personnel did not receive training
hazard analysis before the start of work.

nodyne-Western was not provided wi
training to ensure that he w4
knowledgeable of Fermilab-specifi

nedfety standards; therefore, Fermil
tenanagement systems (FESHM 7010)
not flow down to the sub-tier contractg

rgo formal training was provided to th
alsgignated Competent Person befi

rdmderstood.
ude

did

ety

on

lwdguirements, OSHA, or other related

by
h
s
c

ab
lid
r.

bre
rd
aS

Core Function 4
Procedure use an
adherence

)

Failed

There is an appropriate set of ES&H requirement
the contracts between Fermilab, S. A. Healy,
Layne-Western (FESHM 7010, S. A. Healy saf
manual, Layne-Western safety manual).

The associated documents were not provided to L&
Western (FESHM 7010 and the S. A. Healy saf
manual), nor was the manual found at the job site.
Healy did not receive a copy of the Layne-West
safety manual so S. A. Healy could determine whe
the company met contract safety requirements.

Layne-Western was unaware of the safe w
practices specified in the contractand the S. A. H
safety manual before the start of work for the Nu
Project.

Layne-Western, S. A. Healy, and Fermilab did
implement inspection procedures for OSH
compliance.

Sfermilab, S. A. Healy, and Layng
aldestern did not implement the procedu
efyequirements of FESHM 7010 or the
respective safety manuals to ensure §
operation.
yne-

ety

5. A.

ern

ther

prk
paly
Ml

not
1A

ral
ir
afe




Hazard: Energy released from the breaking Target:
mechanism due to the failed weld

What were the
barriers?

How did

each barrier

perform?

Why did the barrier fail?

Drill Rig Crew

How did the barrier affect
the accident?

Core Function 4
Work readiness and
equipment condition

Failed

The notice to proceed for the Layne-Western w

prkermilab did not ensure that a hazard

was not approved by contract administration as requireshalysis was developed, reviewed, and

by FESHM 7010. The notice to proceed requi
hazard analysis and appropriate permits (excaval
burn permit, etc.).

Fermilab did not ensure that all work was beinglrilling work.

performed consistent with Fermilab safety and he.
requirements.

edpproved before work.
ion,
Fermilab did not verify that the drill rig
equipment met safety expectations before

Alth

Core Function 5
Corrective Action
processes

Failed

Two Type B accident investigations of subcontractor€orrective action implementation fro
at Fermilab identified hazard analysis and identificatioprevious Type B accident investigatiops

of safety requirements as causal factors.

Implementation of corrective action processeg at

Fermilab was ineffective to ensure that:
« Effective hazards analysis processes w,

>

and the ISM verification was nqt
adequate to prevent recurrence.

Previous accidents identified that hazard
eranalysis processes were not effectively

developed and implemented for work involvingimplemented for work operations

subcontractors and sub-tier contractors.
e Safety requirements were effective

conducted by sub-tier contractors. Ror
ythe Layne-Western drilling operations| a

communicated, understood, and implemented Byazard analysis was not requested or

subcontractors and sub-tier contractors.

developed before the start of work.

The Fermilab investigation of the cement burn inciderRreparation of the hazard analysis, atthe

(March 2001) and the Fermilab-initiated review

ofiob and task level, might have identified

S. A. Healy safety performance and safetyong handle rotation as a hazard gand
management (completed on April 30) identified findinggroper controls could have beén

similar to the two Type B investigations and t

combined Phase | and Il ISM verification conducted
in October 1999. All findings related to the

investigation that are tracked in ESHTRK remain op

Corrective action plans for the March 20
independent safety audits were not developed
therefore not tracked in ESHTRK.

—

heestablished, thus avoiding the accide

en.

1
and

Core Function 5
Lessons learned

Not used

Fermilab lacked requirements, direction, or guidal

on the use of lessons learned for constructiodisseminate information to thie

subcontractor operations.

Layne-Western, a sub-tier contractor, did n
participate in the June 2001 S. A. Healy safety sta
downs. Neither S. A. Healy nor Fermilab ensu
their participation in the hazard analysis traini
session.

Feedback and improvement processes documenteaipportunity to improve its hazard analysi

Fermilab ISM Plan were ineffective for subcontrac
and sub-tier contractor operations.

nCEhe lessons-learned program failed

—+

0
appropriate subcontractor levels.

ofThe mechanism for communicating
ntessons learned to construction

edubcontractors was inadequate to assure
hgontinuous feedback and improvement.

Layne-Western was not given an
s
oprocess based on Fermilab lessgns
learned. The drill crew was not properly
prepared to identify and mitigate all
operational hazards associated with the
drill rig.




Hazard: Energy released from the breaking

mechanism due to the failed weld

What were the
barriers?

How did

each barrier

perform?

Why did the barrier fail?

Target: Drill Rig Crew

How did the barrier affect
the accident?

Core Function 5
Performance feedbag
processes

Failed

Review Committee semi-annual reviews provid
oversight on behalf of the Office of Science.

The DOE NuMI Program Manager was getting or]
limited information on ES&H status from the DO

NuMI Project Manager, who collected only limited The lack of assessment and feedb3

safety and health information.
oversight role to FAO was not effectivel
implemented for safety oversight.

Fermi ES&H did only environmental reviews fa
compliance with the wetlands permit.

Construction coordinators did not focus on safety

during their daily reviews of the job site, and the
were no documented safety audits. Therefore, tr
analysis for safety was not possible.

S. A. Healy and Layne-Western observations
safety were informal and not documented.

The NuMI Project had experienced at least
incidents involving worker injuries, at least 15 of whig

were recordable incidents that had not been reported

through CAIRS. As aresult, management was

provided with an accurate assessment of injury tremds.

edline Management did not use feedba
accurate information on the status

Iyvorker health and safety.

E

through documenting safety observatid

y of assuring that Layne Western drillir}

operations conformed to safe

requirements.
r

re
end

of
P3

h

not

Physical Barriers

Physical
human-machineg
interface

Failed

The location of the operating station used to cont
hydraulic pressure to the piston rod placed {
Operator near the danger zone of tong handle rota
No safety bulletin or operating procedure w.
available at the job site to alert the Operator of
potential hazard.

himside the danger zone of tong han

apipe when the weld failure occurred.
he

Physical
limit on tong
movement

Not Effective

The reported physical location of the Operator justhe Operator was inside the danger z

before the accident placed him within the range
motion of the tong handle, inside the physical stop
the drill rig.

aff the range of motion of the tong hand
awhen the weld failed and the tension w
released on the tong, the tong was rap
rotated by the torsional energy stored
the pipe string, striking the Operator.

Physical connection o
eyebolt to piston

f

Failed

Weld repair of the eyebolt connection to the pist
rod was conducted with no evidence of engineer
review of the existing design (threaded connectio
No engineering analysis of the adequacy of the w
repair.

pifrailure of the welded connection releas

nhandle. Stored energy in the pipe th
elchused the tong handle to rotate and st
the Operator.

of the drill sites and the Layne-Western
The Chicago Operations Office’s delegation of théools and equipment, removed a mett]

rdlhe Operator was physically located

ck

and assessment processes to maintain

of
ck,
ns

od

g
y

fle

igntation while he was attempting to brepk

bne
e.
as
dly
in

nipe tension on the wire rope and tong

en
rike
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CAIRS
CFR
DEAR
DOE
EAV
EMT
ES&H
ESHTRK
FAO
Fermilab
FESHM
HA

ISM
JHA
MSDS
NuM I
OSHA
PPE

SC

Abbreviations Used in This Report

Computerized Accident Information Reporting System
Code of Federal Regulations

Department of Energy Acquisition Regulation

U. S. Department of Energy

Exhaust Air Vent

Emergency Medical Technician

Environment, Safety, and Health

Environment, Safety and Health Tracking (system)
DOE Fermi Area Office

Fermi National Accelerator Laboratory

Fermilab Environment, Safety, and Health Manual
Hazard Analysis

Integrated Safety Management

Job Hazard Analysis

Material Safety Data Sheet

Neutrinos at the Main I njector

Occupational Safety and Health Administration
Personal Protective Equipment

DOE Headquarters Office of Science
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