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ABSTRACT

The goa of the Accelerated Site Technology Deployment (ASTD)
Integrated Decontamination and Decommissioning (ID& D) project was to
encourage the widespread use of innovative, but proven commercially available
technologiesin D& D operations at Department of Energy (DOE) sites. The
Idaho Nationa Engineering and Environmental Laboratory (INEEL), Fernald
Environmental Management Project, and Argonne National Laboratory-East
teamed to complete the project. At all three DOE sites, the ASTD ID&D project
assisted D& D Operations with the selection, procurement, training, and
deployment of proven, innovative technologies and promoted the use of these
technologies at other sites within the DOE complex. Through the ASTD ID&D
Project, D&D Operations deployed 15 innovative technologies at numerous
facilities at the three DOE sites from FY-98 to FY-00. Thiswas accomplished
by selecting technol ogies that met needs common to many D& D projects and
which provided large benefits for small investments. Innovative approaches were
used when performing cost-benefit analyses to minimize data collection
requirements while maintaining accuracy. The cost-benefit analyses showed that
the deployments saved $998K to date at all three sites, with estimated savings at
the INEEL of $25.6M over the next 10 years.






SUMMARY

The overall goal of the Accelerated Site Technology Deployment (ASTD)
Integrated Decontamination and Decommissioning (ID& D) project was to
encourage the widespread use of innovative, but proven, commercially available
technologies in decontamination and decommissioning (D& D) operations at
Department of Energy (DOE) sites. The technologies were aimed at improving
safety, accel erating schedules, and reducing radiation dose, waste volume, and
cost. The ASTD ID&D project team consisted of three DOE sites: Idaho
National Engineering and Environmental Laboratory (INEEL), Fernald
Environmental Management Project (FEMP), and Argonne National Laboratory-
East (ANL-E). Funding and guidance from the National Energy Technology
Laboratory (NETL) through the ASTD Program enabled these deployments and
was key to the success of the project.

Project Description

At al three DOE sites, the ASTD ID&D project assisted D& D Operations
with the selection, procurement, training, and deployment of proven, innovative
technologies. Technologies were selected carefully to be sure that they provided
alarge benefit for asmall investment. To do this, the team chose the best
technologies from the Large-Scale Demonstration and Deployment Projects
(LSDDPs) that met identified D& D Operations needs. The technologies needed
to provide significant improvementsin cost, safety, radiation exposure, waste
volume, or schedule and be widely applicable throughout the DOE complex. The
ASTD ID&D project procured or assisted with procuring the technol ogies, often
cost-sharing with D& D Operations. Where needed, they provided training for
the new technol ogies and worked with the technology suppliers to resolve any
guestions that arose. Next, the team hel ped identify numerous deployment
locations and coordinated the deployments. Since the performance of the
technol ogies had been well-documented in the LSDDPs or in commercial
applications, detailed performance data were available. Rather than collecting
similar data again, the ASTD ID&D project focused on deploying as many
technol ogies as possible, while collecting minimal data to verify performancein
the new applications. Typically, the test engineer observed the technology
deployments for several days to make observations and record operator
comments, then continued to communicate with the operations team during the
remainder of the deployment. Observations and data taken by the work crew
were used to complete the data collection process. Using the information
gathered during deployment tracking, they calculated cost-benefit analyses for
each technology to document the cost savings and project the cost savings over
the next 10 years.

To promote the use of these technologies at other sites within the DOE
complex, the ID& D team published information on each technology including:

. Fact sheets
. Posters

. Articlesin the INEEL star newspaper



. Summaries of how the technol ogies work

. Short videos

. Technology information packets for distribution

. Cost-benefit analyses

. 10-year INEEL cost savings estimates

. An ASTD ID&D internet home page (http://id.inel .gov/idd/).

The ID& D team sent out numerous packets of information both within and
outside of the DOE complex, including several international locations. In
addition, the ID& D engineers published papers and posters, and presented at
numerous conferences, including the International Conference on Nuclear
Engineering, International Decommissioning Symposium, Spectrum, Waste
Management '99 and '00, Intermountain Conference on the Environment '99 and
'00, and a National Academy of Sciences meeting. Additional publications were
made in Pollution Engineering and Radwaste Solutions magazines. Lastly, they
wrote monthly reports and a Cost and Performance Report annually to document
the results of the project.

One of the keysto the success of the project was the close communication
between D& D Operations and the ID& D engineers, and among the three
participating DOE sitesand NETL. Throughout the project, the ID&D engineers
at al three sites worked very closely with the D& D Operations team. They
regularly attended D& D Operations staff meetings, and D& D Operations and the
ID&D engineersjointly presented papers at conferences about the project results.
Communication among the three DOE sites and NETL was accomplished
through regularly scheduled conference calls as well as e-mail, unscheduled calls,
monthly reporting, and joint presentations and meetings held at conferences and
mid-year reviews. The care taken in open, regular communication contributed to
the team fedling and success of the project.

Site Descriptions

ANL-E islocated on a 3,200 acre site about 25 miles southwest of
Chicago's Loop. The Chicago Pile 5 (CP-5) was a nuclear research facility
containing areactor, hot cell, rod storage area, and fuel pool. After 25 years of
operation coupled with 15 years of cool down, significant activation and
contamination problems representative of a nuclear facility still exist. The ASTD
ID& D technologies were deployed at this facility to remove the reactor bio-
shield. Thiswas a high-density concrete structure containing large metal pieces
in the aggregate.

FEMP isaformer uranium fabrication facility undergoing environmental
remediation. The 1,050-acre siteislocated about 18 miles northwest of
Cincinnati, Ohio. The ASTD ID&D technologies were deployed on relatively
small cement blocks and steel frame structures containing small amounts of
radioactive contamination.
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The INEEL is an 890-milée’ site located about 30 miles west of Idaho Falls,
Idaho. At the INEEL, 52 test reactors, most of them one-of-a-kind, have been
built and operated. Only three of these reactors are still in operation. In addition
to the reactors, the INEEL contains facilities for applied engineering, interim
waste storage, and research and development. The ASTD ID&D technologies
were deployed at numerous facilities throughout the INEEL .

Technology Deployments

Through the ASTD ID&D Project, D&D Operations deployed 15
innovative technologies at numerous facilities at three DOE sitesfrom FY-98 to
FY-00. The deployments were performed on projects ranging from removal of a
bio-shield on aresearch reactor with high radiation fields, to removal of
underground concrete tanks, to demolition of a huge reactor building. The
variety of structures presented numerous D& D challenges that were addressed by
the improved technologies. The deployments included technologies for cutting
and shearing metal, remote demoalition, providing cooling for D&D workers,
planning and optimizing D& D work, packaging low-level waste, scaffolding,
sample collection, scabbling, and characterization. Descriptions of the
technologies, deployment dates and locations, and supplier contact information
are presented in Table 1, with additional detailsin the sections of this report.

FEMP deployed three technol ogies multiple times during FY-98 and
FY-99. Using the Oxy-Gasoline Torch, Hand-Held Shear, and Track-Mounted
Shear, they completed D& D of nine structures, removing them completely. The
improved technologies allowed completion of these D& D projects over a year
ahead of schedule with reduced radiation exposure, reduced cost, and increased
safety. In one case, they tried to use a shear to size-reduce alarge tank, but were
unable to compl ete the task because of the large diameter and thick metal. The
Oxy-Gasoline Torch cut the tank easily and quickly. The Track-Mounted Shear
was used to demolish large structures quickly and efficiently. The Hand-Held
shear completed jobs quickly and reduced airborne lead, improving safety.

In FY-99, ANL-E deployed the BROKK BM 250 remote demolition
equipment during D& D of the CP-5 reactor bio-shield. Two BROKKsworking
in tandem assisted with the entire D& D process, from preparing the work areato
jackhammering concrete to removing rubble and filling waste boxes. The bio-
shield was made of high-density concrete and contained metal pieces that made
removal difficult. The radiation fields were high, so using the BROKK s reduced
radiation exposure significantly. In fact, it was hard for the engineers to imagine
performing this D& D without the BROKKS, as the dose and cost would have
been extremely high. In addition, the BROKK s reduced cost and schedule by
working continuous shifts.

At the INEEL, 13 technologies were deployed from FY-98 to FY -00, each

multiple times, in 25 different areas (buildings, structures, or outside |ocations).
The areas cover alarge range of structure types, including large concrete
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Table 1. ASTD ID&D technology deployments and supplier information.

viii

Dry Fuel Storage
Facility

Technology Description Site Date Facility Supplier
BROKK BM 250 A small, remote- INEEL 5/99 to 9/99 STF BROKK North American Sales, 144
controll ed robot with a ANL-E 4/9/99 to 7/2/99 CcP-5 Village Way, Monroe, WA 98272
hydraulic boom
extending 15 ft, to which Bill Barraugh, 800.621.7856,
multiple end effectors 360.794.1277,
may be attached
DDROPS A pre-planning tool that ~ INEEL 4/99 to 5/99 STP INEEL, P.O. Box 1625, MS 3710,
helps project managers Idaho Falls, 1D 83415-3710
optimize cutting and 4199 10 9/15/99 ARMF/CFRMF Dick Meservey, 208.526.1834
waste box packing Fhm@ing.g
En-Vac Robotic A remote-controlled grit- INEEL 3/17/00 TAN Hot Shop En-Vac Robot Blasting Systems,
Wall Scabbler blasting scabbler that (MHI Marine Engineering, Ltd.)
adheres to walls and 3003 NE 149" Ave,, Portland, OR
sloped surfaces with 97230
vacuum suction David A Cheramy, 503.256-5535,
Eneramy.ma @worlanet.ait.net |
Excel Modular Versatile OSHA INEEL 4/99 to 5/99 STP Excel Modular Scaffold and Leasing
System Scaffolding  approved scaffolding that Corp., P.O. Box 1800
snaps together so 60 Industrial Park Road, Plymouth,
workers do not need to MA 02360, James E Elkins,
tighten clamps by hand 800.625-7712
or spend time leveling imelkins@prodigy.net,
scaffolding
GammaCam™ Characterizationdevice  INEEL 3/99 TAN Hot Shop AIL Systems, 455 Commack Road,
that imposes a visual e Deer Park, NY 11729
display of radiation on a 6/21/99 10 6/25/99 Eb?(?c.)lz\lr:tgtizn Al Henneborn, 800.944.1180
real-time black and white deployment total
image of the area because not at
INEEL.
Global Positioning Radiological detection INEEL 4/3/00to 4/17/00 TAN TSA Systems, 1830 Boston Ave.,,
Radiometric Scanner  system mounted on a 4- 5/2/00 INTEC Longmont, CO 80501
System (GPRS) wheel drive vehicleto Charlie Schnurr, 303.651-6147,
rapidly survey large areas 5/17/00 INTEC Eharie@isasysiems.com |
for redioactive 5/18/00 INEEL Roads
contamination 5/22/00t05/2500 ARA 1&I1
5/30/00 to 6/13/00 RWMC
6/14/00 to 6/15/00 Road areas
6/20/00 to 6/26/00 INTEC
6/27/00 CFA
6/28/00 INTEC
6/29/00 ARA I & Il
7/8/00 TRA
7/110/00 CFA
7/13/00 TAN
7/17/00to 7/19/00  RWMC
8/7/00 TRA
8/24/00 to 8/30/00 TAN
9/5/00t0 9/19/00 RWMC
Hand-Held Shear Self-powered shear for FEMP 7/98 to 10/98 38A, 38B, 24B, Res-Q-Tek, 10405 G Baur Blvd, St.
tight locations 3F, 3G, 8F Louis, MO 63132
Andy Dzuryachko, 314.692.0065
Lead Paint Analyzer  Handheld device for real- INEEL 1/24/00 TAN Decon Shop  NITON Corporation, 900 Middlesex
time detection of metals 1/24/00 TAN Hot Shop Turnpike, Building 8, Billerica, MA
in paint 01821
2/00 ETRC John Pesce, 800.875-1578,
4/00 CPP 603 Wet and  [pesce@niton.com, [jyww.niton.com |
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Table 1. (continued).

Technology Description Site Date Facility Supplier
4/00 CFA Radiological
Laboratory
5/00 MTR Cand
Oxy-Gasoline Torch A faster, lessexpensive  INEEL 11/98 to 9/99 STP Petrogen®, 103 Doolittle Drive,
tool for cutting carbon 1/99 to 9/99 STE Suite 18, San Leandro, CA 94577
Stedl Milt Heft, 510.569-7877
4/99 to 7/99 IET
6/99 to 9/30/99 ARA-I
FEMP 7/98 to 2/99 38A, 38B, 24B,
3F, 3G, 39C, 22A,
45B, 8F
7/26/99 TAN Hot Shop
Paint Scaler A handheld, battery- INEEL 12/15/99 TRA Gamma Bosch, 120 Box Rd., Newborn, NC
operated drill with chisel Building 28562
attachments for rapid 2/00 ETRC 800.334-4151
sample collection vww.boschtools.com |
4/00 CPP 603 Wet and
Dry Fuel Storage
Facility
Personal Ice Cooling A suit with tubing INEEL 6/21/99 to 8/99 TAN PREPP Delta Temax Inc., 320 Boundary
System (PICS) through which ice-cold Road, Pembroke, Ontario, Canada,
water iscirculated by a K8A 6W5
battery-powered pump to Kirk Dobbs, 613.735.3996
cool workers wearing
Personal Protective
Equipment
Soft-Sided Waste low-level waste INEEL 1/99 to 9/99 STP Transport Plastics, Inc., P.O. Box
Containers ?i?r?g gsr; Lrgf]t vt\]/glsctjesga 2/99 to 9/99 ARA-| 12, Sweetwater, TN, 37874
Al Besdle, 800.603.8277
box and cost half as 2/99 NRF &
much; flexibility of the 6/99 to 8/99 STF
containers reduces
landfill subsidence
Specro XEPOS XRF  Bench-top INEEL 12/13/99 STP ASOMA SPECTRO Analytical
Analyzer (PCB characterization 12/13/99 STP Instruments, 160 Authority Drive,
Analyzer) equipment that detects Ftichburg, MA 01420
several elementsin 12/15/99 TRA Gamma Meredith Daniel, 800.598-5809,
samples, including Building [hmdanid @spectro-usa.com |
chlorine, apossible 1/26/00 IET
indicator of PCBs 1/26/00 IET
2/00 ETRC
2/00 Old Fire Station
4/00 STF
4/00 STF
Surveillance and A characterization device INEEL 6/1/00t0 6/30/00 TAN Berkeley Nucleonics Corp., 3060
Measurement System  that provides real time 711/00t07/26/00 TAN Kerner Blvd., #2, San Rafadl, CA
(SAMS) radiation detection and ° 94901
isotopic information 7/1/00t0 7/26/00  ARA-II John Lee, 415.453-9955,
using athallium- 7/26/00t0 8/2/00  ARA-II berkeleynucleonics.com
activated sodium iodide
detector 8/2/00t0 8/10/00  ARA-II
Track-Mounted Mobile demoalition FEMP 7/98 to 2/99 38A, 38B, 24B, John Deere, Pemberton & Tiger
Shear equipment 3F, 3G Machinery Co., Inc., 11441

Mosteller Rd., Cincinnati, OH
45241

JW. Kaperling, 513.772.3232, or
Marty Prochaska, FEMP,
513.648.4089
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buildings, reactor facilities, hot shops, canals, septic drain fields, and even
roadsides. In total, the technol ogies were deployed 66 times. In some cases, one
deployment consisted of using the equipment 200 times, to measure 200 samples.
Characterization and sample collection technologies, including the Lead Paint
Analyzer, Spectro XEPOS XRF analyzer (PCB analyzer), GammaCam™, GPRS,
Paint Scaler, and Surveillance and Measurement System, provided real-time data
about contaminants, avoiding long lead time and high-cost |aboratory analyses.
The BROKK remote demolition equipment removed overhead ducts and piping,
avoiding the time-consuming, costly, and dangerous scaffolding work needed to
lift the pipes down by hand. Where scaffolding was required, the Excel Modular
System Scaffolding snapped together quickly and increased worker safety
through the use of supplier provided ladders and platforms. Cutting carbon steel
was done much more quickly and less expensively using the Oxy-Gasoline
Torch. When in areas requiring Personal Protective Equipment (PPE), workers
wore the Personal Ice Cooling System suitsto prevent heat stress while extending
stay times and increasing productivity. The DDROPS assisted with visulization
and planning D& D work to optimize cutting and waste box packing and reduce
radiation exposure. Lastly, the En-Vac robotic wall scabbler removed
contaminants from concrete quickly and remotely, reducing exposure and cost.
More details about al of the technologies are located in the individual technology
sections of this report. Deploying the ID& D technologies at the INEEL resulted
in significant cost savings, accelerated schedules, reduced radiation exposure,
and increased safety.

New Technologies Became the Baseline

At all three sites, dl but one of the improved technologies have been
accepted by the D& D operations teams, and have become the new basdine. At
FEMP, al three deployed technol ogies (Oxy-Gasoline torch, Hand-Held Shear,
and Track-Mounted Shear) have become the new baseline. At ANL-E, the
BROKK is now the preferred method for D&D work. At the INEEL, 12 of the
technol ogies have become the new baseline and are now part of the D& D tool
box. The En-Vac robotic wall scabbler was not purchased, but was borrowed
from the supplier for the deployment, which isthe only reason that it has not yet
become part of the baseline at the INEEL. In becoming the baseline at the
INEEL, these 12 technol ogies addressed and resolved (either partialy or
completely) 10 Site Technology Coordination Group (STCG) needs. STCG
needs are documented areas where new technologies are needed to improve the
way D& D work is done. The needs and the technol ogies that resolve these needs
are presented in Table 2.

Through the information-sharing efforts of the project, six of the ASTD
ID& D technol ogies have been deployed at other DOE sites. The further
deployments are shown in Table 3. A follow-on ASTD project implemented by
FEMP was responsible for many of the PICS subsequent deployments included
in the table.



Table 2. INEEL STCG needsresolved by ASTD ID&D technologies.

Need
Number Need Title Resolved Technology
ID-7.2.03  Decontamination of Concrete Walls, Floors, Partially BROKK

Ceilings, and Corners.

ID-7.2.06 Remote Characterization for Building Release,  Partialy GammaCam™
Large Area Surface Soil Characterization, and
Characterization of Sumps, Debris, Underwater
Areas, and Buried Pipes and Utilities

ID-7.2.08 RoboticsforD & D Partially BROKK
ID-7.2.15 Field Screening of Paint/Painted Surfacesto Completely Lead Paint Analyzer,
Identify Contamination such as PCBs, Lead, and PCB Analyzer

other RCRA Metals in the Paint
ID-7.2.16  Field Screening of Lead (shot, bricks, sheeting) Completely Lead Paint Analyzer,

for Radionuclide Contamination PCB Analyzer
ID-7.2.17  Field Screening of Samples and Equipment Completely PCB Analyzer
Surfacesto Identify PCB Contamination
ID-7.2.28 Remote Demoalition of Concrete Structures Completely BROKK
ID-7.2.29  Remote Demolition of Machinery Partialy Oxy-gasoline Torch
ID-7.2.30 Remote Demoalition of Metal Structures Partially Oxy-gas Torch, BROKK
ID-7.2.31 Remote Demalition of Piping Partially Oxy-gas Torch, BROKK

Table 3. Subseguent deployments at other DOE sites.

Technology Subsequent Deployment Sites
BROKK Mound
DDROPS Savannah River (FY-01), Rocky Flats (FY-01)
Soft-Sided Containers Savannah River (FY-01), Rocky Flats (FY-01)
Oxy-Gasoline Torch Portsmouth
Pipe Explorer® Savannah River
Personal Ice Cooling System Rocky Flats, Hanford, Pantex, Ashtabula, Portsmouth, Oak Ridge,
Paducah, Nevada

a. Dueto schedule changes, the Pipe Explorer was not deployed at the INEEL. Information was forwarded to Savannah River,
which led to this deployment.

Cost Savings

The cost-benefit analyses were done using data collected during the deployments
and performance information from the LSDDPs. They were done using
innovative approaches to minimize data collection while maintaining high
integrity data. For instance, on the Oxy-gas torch, fuel consumption was tracked
and correlated to hours of use to estimate the associated cost savings, rather than
keeping alog of the hours of use or number of cuts made. Scaffolding volume
enclosed was used as a measure of cost savings rather than detailed tracking of
which parts were used in each deployment. These innovative approaches to
estimating cost savings allowed the project to focus its funding on deploying and
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tracking lots of technologies rather than deploying just afew with extensive data
collection. In thisway, the project could deploy as many technologies as
possible in numerous locations with alarge payback.

The cost-benefit analyses showed that the deployments resulted in
significant cost reductions, saving an estimated $797K at the INEEL. Figure 1
shows how much the D& D work would have cost using the old baseline
technologies, how much it cost using the ID& D technologies, and the difference,
or savingsto date from using the new technologies. A breakdown of the INEEL
savings by technology is shown in Figure 2. Use of the improved technologies
saved $201K at FEMP, and while it was difficult to quantify savings at ANL-E,
because they could not imagine performing the work without the BROKKS, they
believe that the savings were very significant. The cost savings, number of
deployments, and number of deployment locations for each technology at the
three sites are shown in Table 4. Combining the savings from the INEEL of
$797K and FEMP savings of $201K, the project total savingsto date is $998K.
This cost savings estimate is conservative and does not include al savings such
asincreased safety, reduced radiation exposure, or accelerated schedule. Many
of the technologies provided large benefits in these areas, but as these are
difficult to quantify, the benefits were noted qualitatively. Observations about
these benefits, as well as detailed cost-benefit analyses, areincluded in the
individual technology sections of this report.

INEEL ASTD ID&D Saving to Date

$2.0
$1.5
$1.0 -
$0.5
$0.0

(Million)

Baseline Innovative Savings

Figure 1. Total INEEL savingsto date from using the ASTD ID&D
technologies.
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INEEL Savings to Date By Technology
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Total Savings To Date = $797,000
Figure 2. INEEL savingsto date by technology.
Table 4. ASTD ID&D cost savings to date and estimated 10-year cost savings.
Number of Cost Expected 10-
Technologies Deployed as Part of the Deployment Number of  Savings  Year Cost
ID&D Project L ocations Deployments To Date Savings

INEEL Deployments
Soft-Sided Waste Containers 4 4 $353K  $2.1 million
Lead Paint Analyzer 6 6 $42.3K  $1.3million
Spectro XEPOS XRF Analyzer (PCB 6 9 $9.8K $490.5K
Analyzer)
Excel Modular System Scaffolding 3 10 $2K $672K
Paint Scaler 3 3 $0.3K $19.9K
Surveillance and Monitoring System 2 5 $144.6K  $7.4 million
Global Positioning Radiometric Scanner 10 18 $138K  $2.1 million
En-Vac Robotic Wall Scabbler 1 1 — $205K
Oxy-Gasoline Torch 4 4 $2K $229K
Gamma Cam™ 1 2 P $90K
D& D Remediation Optimal Planning 2 2 —° $1.9 million
System
Personal Ice Cooling System 1 1 $38.3K  $3.8 million
BROKK BM 250 1 1 $67K $5.3 million
TOTAL 25 different areas 66 $797.3K  $25.6 million
FEMP Deployments
Oxy-Gasoline Torch 9 9 — —=
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Table 4. (continued)

Number of Cost Expected 10-
Technologies Deployed as Part of the Deployment Number of  Savings  Year Cost
ID&D Project L ocations Deployments To Date Savings

Hand-Held Shear 6 6 — —*
Track—Mounted shear 5 5 $201K  —°
TOTAL 9 structures 20 $201K  —°
ANL-E Deployments

BROKK BM 250 1 1 — —9
TOTAL 1 structure 1 — —9

a. Dueto the limited surface area of the deployment, the En-Vac did not show a significant cost savings during the
deployment.

b. Due to the increased number of people involved in the Gamma Cam deployment, no cost savings was seen.

¢. During the DDROPS deployment, DDROPS was used to compare manual planning and waste box packing (which was
actually done) to DDROPS optimization, so the savings were theoretical, and not included in the cost savings totals.

d. Cost savings were not broken-down by technology at FEMP. The $201K includes savings from all three technologies.

e. D&D work at FEMP will be completed by 2006, so 10-year estimates are not possible.

f. The ANL-E team was unable to estimate the costs of doing the work without the BROKK, as the high radiation fields and
high density concrete with embedded metal would have made the task prohibitive.

g. The BROKKs used at ANL-E were on loan, and have been returned, so continued use and 10-year estimates are not
possible.

The team estimated the cost savings from using the improved technologies
over the next 10 years at the INEEL. Use of the 13 ID&D technologiesis
expected to save $25.6M when performing D& D work at the INEEL over the
next 10 years. Figure 3 shows how much the D& D work would have cost using
the old basdline technol ogies, the estimated cost of doing the D& D work using
the ID&D technologies, and the savings. The estimated 10-year cost savings are
shown in Table 4 for each of the technologies deployed. Details of the 10-year
estimated cost savings are included in the technology sections of this report.

Estimated INEEL 10-Year Savings

$60

$50

$40

$30 -

(Millions)

$20 +

$10
$-

Baseline Innovative Savings

Figure 3. Estimated savings at the INEEL over the next 10 years from using the
ASTD ID&D technologies.
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About this Report

This cost and performance report was prepared using guidance provided
by the Department of Energy Office of Environmental Management standard
DOE/EM - 0302, “Documenting Cost and Performance for Environmental
Remediation Projects,” dated August 8, 1996. The foundation for this guide was
provided by the Federal Remediation Technol ogies Roundtable in their
publication, Guide to Documenting Cost and Performance for Remediation
Projects, EPA-542-B-95-002. Member agencies of the Roundtable include the
U.S. Environmental Protection Agency (EPA), the U.S. Department of Defense,
the U.S. DOE, and the U.S. Department of Interior.

The last section of thisreport discussesin detail the technol ogies deployed
as part of this project. The technology sections are organized in asimilar format
to that of an Environmental Remediation Project Cost and Performance Report
covering the following subjects:

Technology Description
Performance

Cost-benefit Analysis

Regulatory and Policy Issues
Observations and L essons Learned
References

Fact sheets on each technology are contained in Appendix A, and fact
sheets on the overall project are presented in Appendix B. These sheets are also
located on the ASTD ID&D home page (http://id.inel.gov/idd/).
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Accelerated Site Technology Deployment Integrated
Decontamination and Decommissioning
Final Cost and Performance Report

The overall goal of the Accelerated Site Technology Deployment (ASTD) Integrated
Decontamination and Decommissioning (ID& D) project was to encourage the widespread use of
innovative, but proven, commercially available technologiesin D& D operations at Department of Energy
(DOE) sites. Thetechnologies were aimed at improving safety, accelerating schedules, and reducing
radiation dose, waste volume, and cost. The ASTD ID&D project team consisted of three DOE sites:
Idaho Nationa Engineering and Environmenta Laboratory (INEEL), Fernald Environmental
Management Project (FEMP), and Argonne National Laboratory-East (ANL-E). Funding and guidance
from the National Energy Technology Laboratory (NETL) through the ASTD Program enabled these
deployments and was key to the success of the project.

At al three DOE sites, the ASTD ID&D project assisted D& D Operations with the selection,
procurement, training, and deployment of proven, innovative technologies. Technologies were selected
carefully to be sure that they provided alarge benefit for asmall investment. To do this, the team chose
the best technol ogies from the Large-Scale Demonstration and Deployment Projects (L SDDPs) that met
identified D& D Operations needs. The technologies needed to provide significant improvementsin cost,
safety, radiation exposure, waste volume, or schedule and be widdly applicable throughout the DOE
complex.

TECHNOLOGY DESCRIPTIONS, PERFORMANCE, COST ISSUES AND
LESSONS LEARNED

This section of this report discusses in detail the technologies deployed as part of this project. The
technology sections are organized in asimilar format to that of an Environmental Remediation Project
Cost and Performance Report covering the following subjects:

. Technology Description

. Performance

. Cost-benefit Analysis

. Regulatory and Policy Issues

. Observations and Lessons Learned
. References.

Fact sheets on each technology are contained in Appendix A, and fact sheets on the overall project
are presented in Appendix B. These sheets are also located on the ASTD ID& D home page
(http://id.inel .gov/idd/).



BROKK BM250—Remote Demolition Equipment
Technology Description

D&D Projectstypically encounter a significant amount of process piping and miscellaneous stedl
on the interior of contaminated facilities during dismantlement operations. The DOE baseline
technol ogies to dismantle this process piping and miscellaneous steel are hand-held power tools
(reciprocating saws, band saws, etc.) and personnel access and support systems (ladders, scaffolding,
man-lifts, etc.).

The BROKK BM250, devel oped by Holmhed Systems AB in Skelleftea, Sweden, is aremote-
controlled concrete demolition system that replaces hand-held equipment like jackhammers (Figure 1). It
consists of arevolving table, capable of continuous rotation, mounted on atractor-like base. Extending
from the table is athree-part hydraulic arm, to which a variety of end effectors can be attached. The
INEEL owns aLaBounty Shear, BROKK Hammer, Rammer Shear/Crusher, BROKK Rotating Grapple,
BROKK Loader Bucket, McDonnell Scabbler, and Pentek Squirrel 11 Scabbler. The Pentek Scabbler,
which contains a vacuum for dust control, was designed for manual use, but has been adapted by the
INEEL to fit the BROKK. Solid rubber whedls mobilize the robot, and hydraulic outriggers extend
beyond the tires to add stability during operation.

The BROKK BM250 can be manipulated from as far away as 200 ft using a tether remote control
system, or 400 ft using a radio remote control system. The control unit is strapped around the operator’s
waist. Onitsface are avariety of buttons and dials and two levers that control operation of the robot.

Figure 1. BROKK BM250 Remote-Controlled Concrete Demolition System was deployed with a
variety of attachments.

The BROKK BM250 Technical Dataincludes;

. Weight — 6,750 Ib . Motor Output — 22 kW
. Min. Width—-47.6in. . Max. Attachment Weight — 660 Ib
. Min. Height —69.3in . Arm Length — 15 ft

The BROKK BM250 has many advantages over baseline technol ogies because the remote control
system removes the worker from the potentially hazardous dismantlement field conditions typically
encountered during D&D operations. Some of the main advantages are as follows:



. It is operated by remote control, alowing the operator to be positioned at a safe distance
from high radiation areas and other hazardous conditions.

. It is powered by a 440-volt, 3-phase motor, eiminating problems of exhaust fumesin
containment areas.

. It isuseful for awide range of tasks in various work conditions from breaking, removing,
and loading concrete debris to removing radioactive waste from high radiation aresas.

. Working time is less than half that of most manual tools, significantly reducing cost,
schedule, and worker radiation exposure.

. Cost savings are achieved through increased rate of work, longer work shifts, reduced
radiation exposure, reduced personal protective equipment (PPE) costs, and mortgage
reduction from accel erated schedules.

Performance

D&D Operations can use the BROKK BM250 equipment for numerous work tasks, ranging from
demolishing concrete to cutting piping to scabbling concrete. By using a variety of end effectors, the
BROKK BM250 has the flexibility to perform alarge variety of work tasks. Possible end effectors for
the BROKK BM 250 equipment and their work task applications are listed in Table 1.

Table 1. BROKK BM250 end effectors and their use.

End Effector Description Use

Hammer Hydraulic Impact Hammer Concrete Demolition — Fractures concrete matrix

Shear Hydraulic Shear Steel Demoalition — Cuts and shears metal (piping,
miscellaneous steel)

Crusher Hydraulic Crusher Concrete/Steel Demolition — Non-cutting jaws
smash/crush concrete/steel/metal

Grapple Hydraulic Grapple— Opposingjaws General — Grapple for material handling operations

Bucket Hydraulic Bucket Genera — Bucket for material handling operations

Scabbler Hydraulic Impact Scabbler Concrete Decontamination — Removes

contaminated areas of concrete surface

The BROKK BM250 also offers the additional safety afforded by the operator being removed from
the immediate work area, thus avoiding potential hazards from the demolition dust and debris aswell as
reduction in dose rates due to distance. In D&D Operations that are in higher radiation field areas, it is
important to keep worker dose rates “As Low As Reasonably Achievable” (ALARA). Additionaly, the
BROKK BM 250 helps reduce worker fatigue, heat stress, and exposure while performing demolition
work tasksin aradiologically contaminated area.

The commercial demolition and commercial nuclear industry are using the BROKK equipment
with the impact hammer as the main end effector for concrete demolition (mainly BROKK BM 250s and
BM330s). The BROKK BM250 was used on the Janus Reactor D& D Project in 1997, the Washington
Public Power Service D&D Project from 1997 to 1999, and numerous other D& D projectsin the United



States. Asthe BROKK remote demolition equipment gains acceptance in the demolition and nuclear
industry as a baseline technology, the D& D Operations personnel find more uses and applications for the
BROKK equipment and end effectors.

Performance at the INEEL ASTD. The BROKK BM250 was deployed at the INEEL’ s Security
Training Facility (STF) in June and July of 1999. Piping covering an entire wall in the building was cut
with aLaBounty MSD-7R Shear attachment that was purchased by the D& D Operations Department
(Figure 2). In addition, the BROKK Hammer made two holes through cast iron and concrete platesin the
facility’ s basement that workers could not have made with ajackhammer or cutting torch. The INEEL
expects awide variety of other deployments on its upcoming D& D projects. Cost savings for the
BROKK BM250 are being calculated on a per-job basis, because of the variety of its capabilities. In just
2 months, the BROKK BM250 saved approximately $67K at STF.

Before deployment, the INEEL's BROKK BM 250 was sent to the BROKK North American Sales
maintenance shop to be retrofitted. The retrofit included fixing the brake problem identified by BROKK
manufacturing and installing the new radio remote control system (the first radio remote control system
for aBROKK inthe United States). Through the ASTD ID&D, two INEEL maintenance personnel
traveled to the BROKK shop to observe the modifications and obtain training for maintaining the
BROKK.

BROKK obtained Federal Communication Committee approval for their radio remote control in
February 1999. The cost of the retrofit, including conversion of the unit from an analog to a digital
control system, was included in the cost of the radio remote control ($7,500).

In addition, through the ASTD ID& D, BROKK personnel provided operator training at the INEEL
before the deployment.

Figure 2. The BROKK BM250 was used to cut piping at the INEEL STF.

Performance at ANL-E ASTD. Crews used two BROKK BM250s during D& D of the Chicago Pile 5
(CP-5) reactor (Figure 3). Thisworking arrangement was unique in that this was ajoint effort by ANL-E
and a subcontractor, NSC Energy Services/Duke Engineering, which was hired to perform the D&D work
scope. The ANL-E project used a U.S. Government-owned BROKK BM 250 and the subcontractor
purchased the other BROKK BM250. At the end of this deployment, the U.S. Government-owned
BROKK BM250 was decontaminated. The subcontractor will decontaminate their BROKK BM 250 and
move it to another D& D Project, probably the K-1420 D& D Project at the East Tennessee Technology
Park, formally known as the K-25 Site located just west of Oak Ridge, Tennessee.



The BROKK BM250s operated with two types of attachments—a hydraulic hammer and a bucket.
Operators used the hammer to break the high-density concrete bio-shield of the research reactor and the
bucket to load debris into waste containers. The walls of the bio-shield, constructed of high-density
concrete with metal stampings as the main aggregate component, were 4-5 ft thick and 15 ft high.
Numerous pipes and passages ran through the concrete into the reactor. Radiation levels around the
reactor reached 7 rem/hour, and the bio-shield materia had readings up to 25 rem/hour on contact. Ed
Wiese, project engineer at ANL-E, indicated that with these radiation levels, doing the work without the
BROKK BM250s would have resulted in large personnel dose rates.

Figure 3. BROKK BM250s were used to remove the CP-5 bioshield at ANL-E.

ANL-E workers used aremote control with a multi-wire tether to control each BROKK BM250.
The two machines worked in tandem on continuous shifts. A typical operator position wasto the side and
back of the machine, approximately 8 to 10 ft from the point of work. The BROKK BM250s were
successful in accelerating the schedule and reducing the cost of this D&D work.

Cost-benefit

The BROKK BM250 remote demolition equipment was used with two attachments at the INEEL’s
STF. The hammer was used to break two 2- to 3-ft holesin the floor to create negative airflow during
asbestos removal in the sub-basement. The floor was concrete with an unexpected cast iron plateinit. It
took only 15 minutes to set up the hammer and 1 hour for two operators to make the required hole. Itis
difficult to compare this activity with a baseline as the workers were not sure how they would have been
able to make the hole through the cast iron plate, since a handheld jackhammer and torch would not have
been ableto doit.

The shear was used to remove piping from the walls and drop it on the floor to clear the way for an
asbestos-covered duct above the piping. A crew of two people worked for 3 days at this activity. In
addition, it was used for one day to remove some ventilation system ducting. During baseline operations,
acrew of at least four people would have used hand tools to cut and lower the pipe and ducting to the
floor. Scaffolding would have been needed for the job aso. The Job Site Supervisor (JSS) indicated that
the job went at least 10 times faster using the BROKK shear. It also greatly increased worker safety, as
personnd did not have to be in areas where pipes fell during removal.



This cost-benefit analysisis based only on the INEEL shear deployment.

Innovative

Innovative

Technology Assumptions

The INEEL purchased a BROKK BM250 and impact hammer for $118,372 ($104,750 robot
& hammer + $7,500 radio control + $900 cable + $3,722 spares + $1,500 shipping).

A LaBounty MSD-7R shear was purchased for attachment to the BROKK BM250 for
$18,000.

27% General and Administrative (G&A), 5.3% Material Handling and 4.5% Performance
Indicator Factor (PIF) are added to all base equipment costs.

Service Life 15 years (N), used 1,000 hours per year (based on manufacturer’s
recommendation and D& D Project Manager’ s estimates).

5.8% interest rate (1).
Vendor quoted maintenance cost of $10/hr.

Labor ratesinclude al adders. Labor times gathered by ASTD project personnel from the
D&D workers.

Equipment Cost

The overal purchase cost (P) is$ (118,372 + 18,000)* 1.27 * 1.053 * 1.045 = $190,578

X $lyr
X

X

X

EC
EC
EC

Innovative

P ({ -(Z+N)/[2-(1+D)} +1)

=  $190,578{(1-1.058)/[1-(1.058)"] + 0.058}

=  $190,578* 0.102

= $19,367/year or ($19,367/yr)/1,000 hr/yr = $19.37/hour

= $(setup time + work time)* $19.37 + maintenance costs

=  $(60 hrstraining + 40 hrs work)*$19.37 + $10/hr (40 hrs work)
= $2,337

Labor Cost

Time to set up shear —and locate it — 1.5 hours — 2 operators @ $45.50/hr = $137

Training — 2 operators for 60 hrs @ $45.50/hr = $5,460

One JSSfor 4 days for 1 hr/day for briefings ($65.44/hr) = $262

Two o

perators @ $45.50/hr for 4 days including job briefings = $364



Total Innovative Deployment Cost

Tota Costs =  EC +training cost + setup cost + work cost
TC = $2,337 + $137 + $5,460 + $262 + $364
TC = $8,560

Baseline Assumptions
. Labor ratesinclude al adders.
. Set up timeis minimal.

. Job performance is 10 times longer than that of the BROKK BM 250 with four operators
based on JSS's comments.

Baseline Equipment Costs

Baselineisto use shears or cut-off saws (chop-saws, band saws and other hand-held tools) and
scaffolding. Assume the cost of equipment useis negligible.

Baseline Labor Costs
Job will take estimated 40 days with a crew of 4 people at $45.50/hr
JSSfor 40 days at 1 hr/day for briefings @ $65.44/hr

Baseline Total Costs

Total Costs = EC + (4 people*40 days* 10 hrs/day * $45.50/hr) + (40 hrs* $65.44/hr)
TC = 0+$72,800 + $2,618
TC = $75,418

Cost Saving Of INEEL STF Deployment
Savings = $75,418 - $8,560 = $66,858
The production rates and unit costs are based upon the piping quantitiesinvolved in the demolition

efforts. Assuming 12 runs of 80-foot long 4 in. (or less) diameter piping for awall area of 960 linear ft
(If) yields the following unit rates and production rates which are summarized in Table 2.

BROKK Unit Rate ==>$ 8,560/960 If = $ 8.92/If
BROKK UR w/o Training ==>$ 3,100/960 If = $ 3.23/If

Manua Unit Rate ==> $75,418/960 If = $78.56/If
BROKK Production Rate ==> 960 If/ 207 hrs = 4.638 If/hr
BROKK PR w/o Training ==>9601If/ 87 hrs = 11.034 If/hr
Manua Production Rate ==> 960 If/1,640 hrs = 0.585 If/hr



Table 2. BROKK BM250 with hydraulic shear unit rates vs. baseline technology.

Innovative Technology Baseline Technology
Cost Element Unit Cost  Production Rate Cost Element Unit Cost Production Rate
BROKK $3.23/If 11.034 If/hr Manual $78.56/If 0.585 If/hr

These Unit Costs and Production Rates are comparable to those found during the use of the
BROKK BM 250 with impact hammer during the CP-5 LSDDP work in Building 202 for the demolition
of the concrete reactor pedestal and shield wallsin August/September 1997. Table 3 istaken from
Section 5 of the Innovative Technology Summary Report (ITSR) on the BROKK. Thiswork scope was
performed by Afftrex, Inc. According to the Afftrex job-site superintendent, Thomas Curry, the BROKK
BM250 remote demolition equipment saved the job for Afftrex since the concrete was so hard that
conventional jackhammers would not break up the concrete and the BROKK BM 250 was the only
equipment small enough to fit through the access portals.

Table 3. Summary of BROKK and manual unit costs and production rates observed during LSDDP.

Innovative Technology Baseline Technology
Cost Element Unit Cost Production Rate Cost Element Unit Cost Production Rate
Remote Demolition $17.10/t>  11.4ft%hr Manua Demolition $254.87/ft>.  0.63 ft¥/hr

Approximately 50 facilities and 13 other structures are scheduled for D&D at the INEEL over the
next 10 years, with an estimated cost of over $113 million. The INEEL Inactive Sites Department
recently used a study of the recent 5-year period of actual coststo come up with percentagestypical for
D&D projects. The 5-year period study indicated that 49% of D&D Project cost were related to physical
work. It isassumed that only 10% of the D& D physical work would use the BROKK BM 250 for
deployment activities such as removal of piping, cable trays, process equipment, miscellaneous steel, and
other interior architectural items. The cost-benefit analysisindicated a unit cost saving for the BROKK
BM250is $3.23/If vs. $78.56/If of piping removed or 95.9% cost savings. When applied to the 10% of
physical work the projected cost savings would be $5,313,000.

$113,110,000 x 0.49 = $55,410,000 physica work to be performed

$55,410,000 x 0.10 = $5,541,000 baseline cost of work to be performed with BROKK
(78.56 —3.23) / 78.56 = 0.958

$5,541,000 x 0.958 = $5,313,000 (BROKK Estimated 10-year Savings)

Regulatory and Policy Issues

Proper training for the equipment operatorsis a must to ensure the correct use of the equipment and
safety of the operators and co-workers. The remote control system takes some practice to get used to due
to itsinherent sengitivity and the response time of the electro-hydraulic equipment. Proper maintenance
and servicing are also necessary to keep the BROKK equipment operating at peak performance. Operator
and maintenance training should be provided by BROKK certified training representatives.

There are no known regulatory restrictions associated with use of the BROKK remote controlled
demolition equipment other than the standard federal regulations on worker protection and equipment
safety found in the Occupational Safety and Health Administration (OSHA) Code of Federal Regulations
(CFR). These specific OSHA regulations are listed below:



OSHA 29 CFR 1926 OSHA 29 CFR 1910

1926.300-.307 Tools—Hand and Power 1910.211-.219 Machinery & Machine Guarding
1926.400-.449 Electrica — Definitions 1910.241-.244  Hand & Portable Power Tools
1926.28 Personal Protective Equipment  1910.301-.399  Electrical Definitions

1926.52 Occupational Noise Exposure  1910.95 Occupational Noise Exposure
1926.102 Eye and Face Protection 1910.132 Genera Requirements (PPE)
1926.103 Respiratory Protection 1910.133 Eye and Face Protection

Observations and Lessons Learned

Operator feedback on the BROKK BM 250 has been extremely positive. Operators like the
increased productivity, the increased safety that results from being further from the work
area, and the power available to such a compact electro-hydraulic unit.

Cable management must be considered whenever the BROKK BM250 is used. Even when
operating with the radio remote control, the equipment is connected to its power cord, which
must be managed to prevent damage to the cable.

One interesting method for removing cabling was to grasp the end of the cable, then rotate
the end effector continuously, wrapping the cable around the arm asit isremoved. The end
result isaneat pile of cable and a quick removal.

When changing end effectors, it is necessary to place the end effectors up off the ground to
facilitate re-connecting them to the BROKK. Thisisrequired to allow the quick coupling
device to engage.

Oak Ridge Nationa Laboratory and the INEEL Robotics Cross-Cutting Group devel oped
and installed a Universal Control console and cameras for remote operation on the BROKK
BM250 in FY-00.
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Decontamination, Decommissioning, and Remediation Optimal
Planning System

Technology Description

The baseline technology used for the packaging of low-level waste (LLW) into specified waste
containers has been manual labor and personnel packing capabilities. Since this operation depends upon
individual packing capabilities (space, dimensional, and configuration capabilities), the packing results
are as varied as are the individual s performing the task. Specifically, unless the personnel have many
years of experience in packaging LLW and the various waste types (piping, structural steel, miscellaneous
steel, concrete debris, and miscellaneous building debris) waste container void volumes will be
unacceptably high. The main goal for waste packaging is void volume minimization (i.e., bury less air
and more waste). Thisis especialy true for hard-sided LLW containers made of steel or wood. These
shapes are not conducive to void volume reduction and retain their shape no matter what is placed inside.
In addition, the radiation fields when packing LLW sometimes result in faster packing, without as much
consideration for void space.

To efficiently cut and package contaminated waste generated from dismantling a facility, engineers
and programmers at the INEEL have developed a special computer interface known as the
Decontamination, Decommissioning, and Remediation Optimal Planning System (DDROPS) (Figure 4).
DDROPS provides an optimized size reduction and packaging plan for tanks, piping, and other
dismantled equipment. From facility drawings, photographs, and video images, engineers create a three-
dimensional model using ProEngineer, acommercial software. This 3-D model can be made to visualize
the area with colors representing different characteristics for individual components within the structure,
such asthe level of radiation or the material composition. Next, the optimal number and location of cuts
(with respect to length, mass properties, and radiation) is determined using an optimization program. This
system also shows how to package segmented items into waste containers and provides a detailed
inventory of the waste box contents (materials and waste stream identification). Modeling, cutting, and
packaging can all be videotaped for later viewing. The INEEL has been awarded a patent on the
DDROPS system.

Figure 4. DDROPS creates a 3-D model of afacility, then optimizes cutting and waste packaging
operations.

10



DDROPS helpstrain operators by providing a preview of their job so they can better plan and
perform D& D work. It determines packaging routines, resulting in improved packing densities and
reduced waste volumes (Figure 5). Asaresult, disposal costs are reduced and less storage spaceisfilled.
Thistool can also reduce the risk of radiation exposure to workers. By knowing where to cut before
entering the job site and where the “hot spots’ are, workers don’t have to estimate or guess where to cut,
minimizing the cuts made and reducing time spent in the contaminated area. Having a detailed inventory
of the waste containers' contentsis also a great benefit to the waste disposal site.

Figure 5. DDROPS can be used to reduce the number of waste boxes required by eliminating void
volumes.

Performance

Workers have deployed DDROPS at the Test Reactor Area (TRA) 660 Advanced Reactivity
M easurement Facility/Coupled Fast Reactivity Measurement Facility (ARMF/CFRMF). With the model
created by DDROPS, operators determined a better procedure for removing areactor inside thisfacility
(Figure 6). Instead of cutting up the reactor whileit's under water, they will remove it whole before
segmenting. From the model, engineers calculated the location of the center of gravity and the best place
to attach lifting brackets required for reactor removal. The program provides animation showing removal
so workers can easily visualize cutting and packaging. D& D managers plan to use DDROPS for
subsequent D& D projects.

Figure 6. DDROPS was used to model the ARMF to determine lifting and cutting procedures.
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The DDROPS was also used at the Sewage Treatment Plant (STP) D&D Project. It optimized the
segmentation of process piping located in the basement and packaging the waste into the LLW containers
(INEEL basdline technology is4 x 4 x 8-ft wooden or metal boxes that are certified as being “ Strong-
Tight”). The INEEL STP D&D Project workers performed this segmentation and waste packaging as
they normally would under baseline conditions. The final result of their packaging efforts was compared
to those that were projected/cal culated by the DDROPS. DDROPS projections indicated that about 1.6
waste boxes would be required to hold the material removed from thisroom. Six boxes were actually
used to hold thiswaste. This shows the tremendous potential for waste volume reduction through the use
of the DDROPS.

The DDROPS has many potential applicationsin thefield of D&D. It could be applied in any
packaging operation involving workers trying to maximize waste container utilization and reduce void
volumes. It would be especially applicable in projects where radiation fields are significant. A secondary
application would be the 3-D imaging of an existing facility configuration during the characterization
phase of aD&D project. The National Environmental Protection Act (NEPA) requires use of the
National Historical Preservation Act and includes areview of the facility and its history before alteration
and/or demolition. This determinesif the facility isa“National Historically Significant Facility” and
should be preserved and/or properly documented before demolition. The 3-D imaging system could be
used to develop a 3-D model of the entire facility in its operational configuration to provide for historical
preservation information. Once thisis completed, the facility could be demolished or the contaminated
facility could be decontaminated to allow public access, thus reducing costs to the DOE.

Cost-benefit

The cost-benefit analysis for the DDROPS is based upon the cost savings associated with LLW
volume reduction that could have been achieved at the STP D& D Project (projected/calculated LLW
containers vs. actual quantities of LLW containers). DDROPS was used to create a 3-D model of
building CF-691. The model was created in Pro-Engineer using blueprints of the facility. It showsall of
the piping, pumps, valves, tanks, and other possibly contaminated materialsin the facility. The DDROPS
cutting optimization program was then used to determine the optimal cutting/segmentation locationsin
the existing piping. The resulting “cut pieces’ were then virtually packaged into waste boxes. Between
one and two 4 x 4 x 8-ft virtual waste boxes (144 ft°) were required to contain the materia in CF-691.
The CF-691 facility was dismantled with normal D& D operational techniques (without the benefit of the
optimal cutting locations). The dismantlement resulted in filling between five and six 4 x 4 x 8 ft waste
boxes (700 ft%). This indicates potential savings of four to five waste boxes (556 ft°) at a cost of
approximately $700 each for a $3,500 saving. In addition, although at the INEEL the cost of LLW
disposal is not charged to the D&D projects, at commercial sites the cost ranges from $100/ft* to $700/ft>.
The potential savings for a 556/ft* waste reduction is between $56K and $389K.

The 10-year INEEL Environmental Management Integrated Plan (EMIP) D& D Parametric Model
projected the waste streams for Radioactive Waste Management Complex (RWMC) LLW at
approximately 337,000 ft°. It wasinitially assumed that 20% of this RWMC LLW would use the
DDROPS for deployment activities. Thisinitial engineering estimate was revised to reflect the lower use
of B25 containers and higher use of specialized packaging for this waste stream. Therefore, the volume
of RWMC LLW where DDROPS is estimated to apply is 7% of thetotal, or 23,590 ft>. The cost-benefit
analysisindicated that using DDROPS resulted in filling three boxes, rather than eight boxes using the
baseline method, or a volume reduction of 5/8. With a unit disposal cost of $129.26/ft*, the baseline cost
to dispose of 23,950 ft* would be $3,049,000. A volume reduction of 5/8 based on using the DDROPS
would result in a projected cost savings of $1,906,000.
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. 337,000 x 0.07 = 23,590 ft*

. 23,590 x $129.26 = $3,049,000 (baseline cost)

. $3,049,000 x 5/8 = $1,906,000 (DDROPS estimated 10-year savings)
Regulatory and Policy Issues

There are no known regulatory issues associated with a computerized 3-D modeling and data
system, specifically the INEEL DDROPS.

Observations and Lessons Learned

During the ASTD ID&D project, the 3-D models of the facilities were created based on 2-D
drawings and photographs of the facilities. This process was fairly time-consuming, increasing costs and
delaying the usefulness of the planning tool. In the future, using an automated system such as
photogrammetry to create the 3-D model of the facility is recommended. With a system such asthis,
where still and/or video photography is processed by a computer to create a 3-D model, model input time
would be reduced, increasing the cost-effectiveness of the DDROPS system.

References

INEEL, 1999, Environmental Management Integrated Plan (EMIP) D&D Parametric Model, Excel
spreadsheet of the D& D Operations Department.

13



En-Vac Robotic Wall Scabbler

Technology Description

Most of the facilities at the INEEL scheduled for D& D contain concrete structures: walls, floors,
pools, reactor shielding, etc. Some of the concrete surfaces are contaminated with hazardous constituents
or radioactive materials. Workers must remove such contamination before they can demolish a structure.
They typically use hand-held scabbling devices for this purpose.

A remote method of scabbling improves worker safety by reducing exposure to the dangers of
radiation and/or hazardous chemicals. The En-Vac decontamination robot uses the power of vacuum
suction to adhere to a surface as it moves across, scabbling contaminated concrete or metal by means of
abrasive sted grit blasting (Figure 7). Also included in the En-Vac system is afilter that removes
contaminated debris and arecycling unit that circulates grit back through the system. The robotic unit is
ableto remove 1/8 in. of the surface with each pass. Curved surfaces, floors, and slopes can aso be
scabbled by the En-Vac robotic system. Corners and other obstructed areas, however, require additional
tools.

Advantages of the En-V ac Robot include:

. Speed—the En-Vac is up to 5 times faster than hand scabblers
. L ess worker exposure

. L ess contamination spread

. Collection and containment of scabbled debris.

. Improve worker safety by removing them from the hands-on repetitive/vibrating task of
scabbling.

Figure 7. En-Vac Robotic Wall Scabbler.
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Performance

The En-Vac Robot was demonstrated through the LSDDP in March 2000 at the INEEL. The En-
Vac was used at Test Area North (TAN) to remove polychlorinated biphenyls (PCBs), lead, and
radioactively contaminated paint and concrete from the walls of the TAN-607 Decontamination (Decon)
Shop (Figure 8).

Immediately following this demonstration, workers deployed the En-Vac at the same location. The
robot made one pass on a painted concrete floor measuring 1,984 ft°, ajob that took 5.7 hours to
complete. Overal, the innovative technology is up to five times faster than the baseline methods of hand
scabbling. The En-Vac Robot significantly reduces airborne contamination, improves worker safety by
lessening exposure, and accel erates schedules.

Figure 8. Robotic Wall Scabbler on the TAN Decon Shop wall.
Cost-benefit

This cost-benefit calculation is based on the deployment of the En-Vac at TAN-607. Cost savings
information is based on calculationsin the ITSR.

Due to the high cost of the innovative equipment and its mobilization and demobilization, the
baseline method is actually more cost effective for small jobs. Since the deployment of En-Vac at the
INEEL involved only 1,984 ft?, no savings were reaized. The En-Vac begins saving expense for
scabbling jobs of 10,000 ft? or more, with an average wall size of 600 ft?. For jobs of 1,500 ft>—with
average walls sizes between 60 and 600 ft>—the cost of the En-Vac and the baseline are approximately
equal. On 10,000-sgquare-foot jobs, the cost of using the innovative technology becomes about $51,207
less than that of using hand scabblers, which equates to $5.12 per square foot. Despite being significantly
more expensive than the baseline, the En-Vac operates at a much higher production rate—23 ft/hr versus
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15 ft?/hr for obstructed areas, and 146 ft%/hr versus 45 ft?/hr in unobstructed areas. The expense comesin
equipment rates, mobilization, demobilization, and moving from areato area; thus, if enough areais
scabbled, the savings from the speed of the En-Vac begin to outweigh the cost of the expensive
equipment factors.
Regulatory and Policy Issues

There were no regulatory issues with the innovative technology during this deployment.

Observations and Lessons Learned

The En-Vac performed well during its deployment, removing workers from the dangers of
contaminated areas.

Items that should be considered include:

. Any areawithin 8 in. of a corner or other obstruction must be decontaminated using a hand
scabbler or other aternative device.

References
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Excel Modular System Scaffold
Technology Description

The baseline technology for scaffolding applicationsin normal D& D Operations has long been
tube and clamp type scaffolding. This name comes from the tubular framing sections and the interlocking
clamp used to allow many variable configurations of individual tubular framing sections. Thistype of
scaffolding also has tubular cross-bracing that locks into position with pins and clipsto provide rigidity to
the scaffolding. It requires extensive leveling efforts with blocking and screw jack systems. Carpenter
craft personnel are typically assigned to perform this work, but D& D laborers have a so been trained to
perform this work in asbestos abatement activities.

The innovative technology is an automatic locking scaffolding system that uses vertical frames
with support cups and interlocking horizontal bearer (Figure 9). This systemis easy to install with no
special tools and requires fewer parts than the tube and clamp baseline technology. The Excel Modular
System Scaffold manufactured by Exce Modular Scaffold and Leasing Corporation in Plymouth,

M assachusetts, was designed for speedy assembly and disassembly and has proven to be an improvement
over tube and clamp scaffolding. Carpenters place vertical supports with cups 5-%ain. apart in adjustable
square bases and attach horizontal bearers, which snap onto the cups by means of a spring-loaded,
positive locking trigger mechanism (Figure 10). Excel scaffolding isleveled on the first layer only,
whereas tube and clamp scaffolding must be leveled at each layer. To build aworking platform, Excel
users lay planks across the horizontal bearers. These planks are similar to those used with conventional
scaffolding, but they are narrower so the Excel scaffolding fitsinto smaller spaces.

!
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Figure 9. The Excel Modular Scaffold System is easier and faster to assemble than tube and clamp
scaffolding.
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Excel also manufactures ladders, trusses, swing gates, cantilevers, floor hatches, and other
attachments that enhance safety by eliminating the dangers associated with climbing on scaffolding. In
addition, Excel isthe only scaffolding approved for fall protection anchorage. The main advantages to
the Excel Modular System Scaffold are:

. 40-45% reduction in number of necessary parts (based on LSDDP).

. 60-70% reduction in labor costs and worker radiation/hazard exposure.

. Minimal use of hand tools (socket and ratchet) reduces repetitive motion injury.

. Ladders, swing gates, floor hatches, and other similar attachments prevent climbing on
scaffolding, decreasing worker danger.

Figure 10. The Excel Modular System Scaffold uses an automatic locking clam to “snap together”.

Performance

Excel Modular System Scaffold has been used at the INEEL’ s Process Experimental Pilot Plant
(PREPP), STP, and STF. The carpenter who compl eted these deployments said Excel scaffolding was
much easier and faster to install than tube and clamp scaffolding. In some instances, the spacing of the
cups makes the new scaffolding dightly less versatile, and it is dightly more difficult to decontaminate
after use in asbestos areas because fibers settle in the cups. However, these inconveniences do not
significantly affect the exceptional performance in reducing labor costs for setting up and tearing down.
The Excel Modular System Scaffold has been well received on D&D projects and is preferred by
personndl. In fact, the deployment at the STP was carried out spontaneously by workers on their own
initiative because they had seen the positive implications of using the new scaffolding at other locations.

Cost-benefit

This scaffolding was deployed in FY-99 at the INEEL’s STF, STP, and PREPP facilities. To date,
seven scaffolding setups of various sizes have been done at STF to complete asbestos removal activities.
In addition, one at STP and two at PREPP have been used to complete pipe demolition. The ITSR cost-
benefit analysis was used as the basis for this cost analysis. The deployment was divided into
mobilization, work, and demobilization.
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The ITSR tracked actual setup, usage and takedown times for both the Excel and the tube and
clamp system. It was not possible to track to that level during the ASTD deployments. Therefore,
information on the quantity, footprints (area) and heights of the various setups was collected from the
D&D carpenter setting up the scaffolding on the various site projects (Table 4, Column A). The carpenter
a so indicated the approximate length of time the setups were in place (Table 4, Column B).

Asinthe TSR, the cost of using the Excel scaffolding was based on its amortized purchase price.
The ITSR calculated $0.53/hour for use but this did not include overhead costs of 31.5%. When these are
added in and the purchase price amortized over 10 years at 5.8% interest for 1,000 hours of use per year,
the calculated rate is $0.71/hour of use. Since this s based on the parts needed to construct a 420-ft®
scaffold, it was ratioed with the volume of the various setups to get an appropriate cost of equipment use
(Table 4, Column C). Thisrate was multiplied by the number of hours the scaffolding was | eft in place
(Table 4, Column D). The cost of using tube and clamp scaffolding was similarly calculated to be
$0.35/hour of use (Table 4, Column I).

The cost of mobilization of the Excedl scaffolding included staging the scaffolding, which according
to the ITSR takes 15 minutes with one carpenter ($45.50/hr) and one laborer ($41.07/hr) and an
equipment rate of $0.71/hr for atotal of $21.82. Thelabor rates used in the ITSR did not include all
overhead costs that are included in this analysis. Mobilization included a 30-minute pre-job briefing for
the carpenter, laborer and job supervisor ($65.44/hr) and the equipment rate of $0.71/hr for atotal of
$68.08. Mohilization aso included the scaffolding setup at a production rate of 540 ft¥/hr by one laborer
and one carpenter and included the equipment rate of $0.71/hr for thistime. The cost of setting up the
Excel scaffolding calculated out to $0.16/ft*, which is multiplied by the volume of the setup (Table 4,
Column E). Staging the tube and clamp scaffol ding took 40 minutes with one equipment operator
($47.12/hr) with an hourly cost of the tube and clamp scaffolding ($0.35/hr) and forklift ($3.30/hr) for a
total of $33.81. Mobilization included a 30-minute pre-job briefing for the carpenter, laborer, and job
supervisor and the scaffolding equipment rate of $0.35/hr for atotal of $76.20. The tube and clamp
scaffolding setup production rate was 300 ft¥/hr by one laborer and one carpenter and included the
scaffolding equipment rate of $0.35/hr and miscellaneous small tools rate of $0.17/hr. The cost of setting
up the scaffolding calculated out to $0.29/ft*, which is multiplied by the volume of the setup (Table 4,
Column H).

The cost of Excel demobilization included storing the scaffolding, which takes 15 minutes with one
carpenter ($45.50/hr) and one laborer ($41.07/hr) and the equipment rate of $0.71/hr for thistime for a
total of $21.82. It also included the Excel scaffolding teardown at a production rate of 1,800 ft*/hr by one
laborer and one carpenter and included the equipment rate of $0.71/hr. The cost of tearing down the
Excel scaffolding calculated out to $0.05/ft*, which is multiplied by the volume of the setup (Table 4,
Column F). Storing the tube and clamp scaffolding took 40 minutes with two equipment operators with a
scaffolding rate of $0.35/hr plus the forklift rate of $3.30/hr for atotal of $33.18. It also included the
scaffolding teardown at a production rate of 402 ft*/hr by one laborer and one carpenter and included the
scaffolding rate of $0.35/hr and miscellaneous toals rate of $0.17/hr for thistime. The cost of tearing
down the tube and clamp scaffolding calculated out to $0.22/ft*, which is multiplied by the volume of the
setup (Table 4, Column J).

Adding together the mobilization, use and demobilization costs showed that use of the Excel
scaffolding saved $1,950 in FY-99 (Table 4, Columns G&K). Despite the seemingly low savings, the
scaffolding was seen as a big improvement over the tube and clamp by the D&D carpenter. In amost all
instances, he preferred to work with the new scaffolding and felt it reduced the chances of injury due to
the ease of setup. In higher radiation areas, the ease of construction would also lead to significant
reduction in personnel exposure.
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Table 4. Scaffolding cost-benefit analysis.

C E F G H | J K L

A B Excel D Excel Excel Excel T&C T&C T&C T&C Cost
Setup Vol.  JobTime UseRate Exce Work Mobilize Demob Total Mobilizee Work Demob Tota Difference

ft? hrs $lhr $ $ $ $ $ $ $ $ $
6x10x15=900 80 1.52 121.71 2339 66.82 42243 371.01 60 231.81 662.82 240.39
6x10x15=900 80 152 121.71 233.9 66.82 42243 371.01 60 231.81 662.82 240.39
8x12x10=960 80 1.62 129.83 243.5 69.82 44315 388.41 64 245.01 697.42 254.27
8x12x10=960 80 1.62 129.83 2435 69.82  443.15 388.41 64 24501 697.42 254.27
3x6x13=234 80 0.40 31.65 127.34 33.52 192.51 177.87 15.6 85.29 278.76 86.25
5x7x12=420 80 0.71 56.80 157.1 42.82  256.72 231.81 28 126.21 386.02 129.3
1,354 80 2.29 183.1 306.54 89.52 579.17 502.67 90.27 331.69 924.63 345.46
7%8x6=336 80 0.57 45.60 143.70 38.62 227.92 207.45 22.40 107.73 337.58 109.66
5x7x14=490 80 0.83 66.40 168.30 46.32  281.02 25211 32.67 14161 426.39 145.37
5x7x14=490 80 0.83 66.40 168.30 46.32 281.02 252.11 32.67 141.61 426.39 145.37
1,950.73

C=(A/420)*0.71 —ratio of setup vol times amortized equipment cost
D=B*C - hours worked times amortized equip. cost

E=21.82 staging + 68.08 briefing + (0.16*A) equip setup
F=21.82 staging + (0.05* A) equip teardown

G= D+E+F - total cost
H=33.81 staging + 76.20 briefing + (0.29* A) equip setup

I=B*[0.35* (A/420)] added G& A and PIF to equipment cost (not in ITSR)
J=(0.22*A) + 33.81 added G& A to labor costs (27%) (not in ITSR)
K=H+l+J

L=K-G

Approximately 50 facilities and 13 other structures are scheduled for D&D at the INEEL over the
next 10 years, with an estimated cost of over $113 million. The INEEL Inactive Sites Department
recently used a study of the recent 5-year period of actual coststo come up with percentages typical for
D&D projects. The 5-year period study indicated that 49% of D&D Project cost were related to physica
work. It isassumed that only 7% of the Physical D&D projects would use the Excel Modular System
Scaffold for deployment to support such activities requiring personnel access. Conversation with the
D&D personnel indicated that scaffolding use varies dramatically from project to project, making average
use very difficult to project. The cost-benefit analysisindicated an average unit cost saving for the Excel
Modular System Scaffold is approximately 34.6%. When applied to the 3.5% of physical work, the
projected cost savings would be $672,000.

 $113,110,000 x 0.49 = $55,410,000
*  $55,410,000 x 0.035 = $1,939,350 (baseline cost)

e $1,939,350 x 0.346 = $672,000 (Excel Modular System Scaffold Estimated 10-year
savings)

Regulatory and Policy Issues

There are no known regulations or policy issues that affect use of this modular scaffolding system.
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Observations and Lessons Learned

The Excel Modular System Scaffolding works well in standard scaffolding configurations, and fits
better into small spaces than tube and clamp scaffolding. For some special and/or uniquely shaped
scaffolding configurations, tube and clamp scaffolding may be preferred.

References

Innovative Technology Summary Report, August 1999, The Automatic Locking Scaffolding System, Idaho
National Engineering and Environmental Laboratory, LSDDP.
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GammaCam™
Technology Description

The baseline technology for the performance of radiological surveys has been the radiation control
technician (RCT) and hand-held instrumentation. The RCTSs provide coverage during characterization,
deactivation, and D& D operations. Thisis standard throughout the DOE complex and commercial
nuclear industry, although in recent years the commercia nuclear industry isturning more to newer
remote surveying systems for facility characterization. Use of personnel to perform radiological surveys
leads to worker exposures that could be avoided if remote surveying systems were used.

The GammaCam™, manufactured by AIL Systems, Inc., can be used to provide qualitative
information (i.e., provides graphical information showing radioactive hot spots, but not field strength or
isotope identity) about radioactive hot spots remotely, thus reducing exposure of personnel during initial
entries into these facilities (Figure 11). Once the location of radioactive hot spotsis known, steps can be
taken to reduce worker exposure to radiation during D&D activities. The GammaCam™ identifies
primary sources of radiation by providing atwo-dimensional color image of gamma radiation fields
placed over a corresponding visual black and white video image of the area being scanned. Different
colors represent the different radiation levels, red representing the highest and blue the lowest. The
GammaCam™ provides relative field strength instead of quantified data, and can be a great supplemental
tool for manual probe searches.

Figure 11. GammaCam"™ provides information on radioactive hot spots to reduce worker exposures.
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During deployment, the GammaCam™ sensor head is placed at least 10 ft from the areato be
inspected and controlled remotely from a notebook computer (Figure 12). The computer can be asfar as
100 ft from the GammaCam™ head. A remote pan and tilt feature added to the GammaCam™ by INEEL
Remote Systems engineers alows compl ete control from outside the contaminated area. The INEEL
team also designed and built an enclosure to protect the sensor head from contamination. The enclosure
has forced airflow for cooling, high-efficiency particulate air filters for the air coming in, and a positive
pressure inside the enclosure to keep contaminants out. The GammaCam™ sensor head weighs about 60
pounds; the GammaCam™ and enclosure weigh about 120 |b.

Figure 12. A notebook computer controls the GammaCam™.

The main advantages of the GammaCam™ system are:

. Radiation sources can be located from a distance, improving worker safety.
. Hot spots can be located so RCTs can measure and shield those areas.
. Large areas can be surveyed in a short period of time, thus reducing cost over manual
surveying.
Performance

The INEEL Remote Systems Engineering Department purchased the GammaCam™ from AlL
Systemsin 1996 with EM-40 funds. I1n 1998, the ASTD ID&D project funded construction of the
enclosure protecting the head. The GammaCam™ and enclosure were used to survey the equipment used
to dry containers containing Three Mile Island (TMI) materials at the TAN Hot Shop in March of 1999
(Figure 13). Thisinitial scan identified one hot spot that was then shielded before processing of the TMI
materials began. In July 1999, engineers again surveyed the areato see if fuel-processing activities had
caused any changesin radiation levels. The GammaCam™ showed that processing the TMI materials
had not significantly changed the radiation levelsin the TAN Hot Shop.

The applications for this type of system are most prevalent during characterization of contaminated
facilities. This system can be used to identify radiological hot spots within the contaminated facility
and/or process system, equipment, etc., and thereby give the RCTs a better understanding of overall
contamination and exposure concerns. It should be noted that this system does not lend itself to “Release
Surveys’ since the GammaCam™ is not sensitive enough to read radiological energy levels at release
levelsunlessit is set up very close to the surface and allowed to count for extended periods of time.
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Figure 13. The GammaCam™ in a specialy built enclosurewas used at the INEEL hot shop.
Cost-benefit

During FY - 1999, the GammaCam™ was used to gain “before and after” information on the
equipment used for the TMI fuel in the INEEL TAN hot shop. Asstated in the ITSR, the GammaCam™
is not areplacement for manual surveying as it does not give quantitative information. Therefore, this
analysis focuses on the costs of deploying the GammaCam™ and the benefitsit provided. It will not
compare it to manual surveying.

This technology was used twice; once before handling the TM1 fuel, and again after handling the
TMI fudl. The Remote Systems Engineering group at the INEEL purchased a GammaCam for $184,900
and a special enclosure was built to provide contamination control for $9,600. Using a service life of
20 years and assuming the equipment is used 40 hours per year, gives an equipment usage cost of
$583/hour.

For each deployment, a statement of work took ¥2-1 day to complete (one RCT for 5 hours at
$55/hr and one robotics engineer for 5 hours at $52/hr). During each setup, it took two robotics engineers
3 hours to prepare the equipment and cover the cables with plastic to prevent contamination. The labor
during the 2-hour period the GammaCam was taking readings is summarized below:

. One JSSfor 2 hours during activities @ $65.44/hr = $131 * 2 deployments = $262.

. Two robotics engineers to run camera and do cable management for 2 hours while taking
readings @ $52.24/hr = $209 * 2 deployments = $418.

. One RCT to provide in-cell communication and to line up the 7 shots for 2 hours @
$27.49/hr = $55 * 2 deployments = $110.

. One operator to move camera positions for 2 hours while taking readings @ $45.50/hr = $91
* 2 deployments = $182.

After the readings were complete, it took two robotics engineers 2 hours to decontaminate the
equipment, obtain data printouts and transport the GammaCam back to storage @ $52.24/hr = $209 * 2
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deployments = $418. One RCT was also needed to verify the equipment was decontaminated for 15
minutes @ $27.49/hr = $7 * 2 deployments = $14.

Using atotal 14-hour usage time for the equipment costs gives an overall deployment cost of
$19.7K. The mgority of the cost of deploying the GammaCam was in the equipment cost — primarily
because this equipment is expensive and is only used once or twice ayear a the INEEL. The labor costs
total ed approximately $3,400.

The GammaCam has been used to reduce radiation exposure to personnel by identifying the hot
spots without extensive hand metering — this can target the areas needing decontamination or shielding.
The potential for cost savingsin reduced radiation exposure levels is significantly higher than the cost of
deployment considering that each man-rem saved is worth approximately $6,500.

Approximately 50 facilities and 13 other structures are scheduled for D&D at the INEEL over the
next 10 years, with an estimated cost of over $113 million. The INEEL Inactive Sites Department
recently used a study of the recent 5-year period of actual coststo come up with percentages typical for
D&D projects. The 5-year period study indicated that approximately 10.6% of the D&D Project activities
are related to characterization work. It is assumed that only 25% of these characterization work tasks are
applicable to radiological surveys that would use the GammaCam System. The cost-benefit analysis
indicated an average unit cost savings for the GammaCam was not conclusive enough due to lack of
number of deployments. It is further assumed that the cost savings utilizing the GammaCam over
conventional radiological survey methods utilizing hand-held instrument is approximately 3%. When
applied to the 25% of characterization work the projected cost savings would be $90,000.

e $113,110,000 x 0.106 = $12,032,300

+  $12,032,300 x 0.25 = $3,008,100 (baseline cost)

* $3,008,100 x 0.03 = $90,000 (Gamma Cam Estimated 10-year savings)
Regulatory and Policy Issues

The only known regul atory issues associated with radiological energy recording and data storage
systems, specificaly the GammaCam™, isthe radiological source within the shielded interior. This
radiological source must be controlled according to current federal regulations related to the control of
radiological sources.
Observations and Lessons Learned

It should be noted that the GammaCam™ technology provides qualitative, not quantitative data.
Alternative systems that provide specific isotope and energy level information are commercially
available.

References

Innovative Technology Summary Report, January 1998, GammaCam ™Radiation |maging System,
Chicago Pile 5 (CP-5) Research Reactor Large-Scale Demonstration Project.
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Global Positioning Radiometric Scanner System
Technology Description

Before decontaminating and decommissioning a surplus facility and/or surrounding area, D&D
project crews must survey the site to obtain radiological contamination information. Project managers
need the results of this characterization to set work objectives. In the past, surveyors marked off a
statistical grid and scanned the area with handheld instruments. The process was labor intensive and
costly.

The Global Positioning Radiometric Scanner (GPRS) System makes characterization faster, less
expensive, and more accurate. The technology includes aradiological detection system, portable
computer, differential global positioning system, and four-wheel drive vehicle (Figure 14). Two 4 x 26 x
1.5-in. plastic scintillatorsin an 8 x 8 x 72-in. white enamel steel box compose the detection system. 1/8-
in. lead shielding on the top and sides of each detector allows only data directly below the system to be
measured. Detectors are mounted 3 ft high on the front of the four-wheel drive vehicle for transportation
over the characterization area. Geosoft, a software program, graphically represents data to visually
identify radioactive contamination.

Thisvisual representation of datais a major benefit of the system (Figure 15). Using the GPRS
system also increases the number of data points surveyed, resulting in more accurate and reproducible
data. Another benefit of GPRS isthat in situ detection of radiation isdonein rea time. The combination
of real-time analysis and the four-wheel drive system reduces the number of surveying labor hours by
77%.

Advantages of the GPRS include:

. Visua representation of data

Ability to survey more data points

More accurate and reproducible data
Real-time, in situ detection

77% reduction in number of surveying hours.

Figure 14. Global Positioning Radiometric Scanner System (GPRS).
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Performance

The GPRS System was demonstrated as part of the INEEL LSDDP project in September 1999.
Engineerswrote atest plan and the technical procedure requirement (TPR-EM-ESP-5.4, “ Surface
Radiation Surveys Using the GPRS") to define the use of the system under the INEEL LSDDP.

Additional funding in the ID&D ASTD made it possible to track the deployments of this
technology from April 2000 through August 2000. The GPRS was used threetimes at TAN and twice at
Auxiliary Reactor Area (ARA). It was also used for routine surveys four times at the Idaho Nuclear
Technology and Engineering Center (INTEC) and threetimes at RWMC. In addition, TRA useditin
Waste Area Group 2 surveys twice and Central Facilities Area (CFA) used it on the drainfields twice.
The GPRS was a so used twice to survey INEEL roadsides. Thisisatotal of 18 deployments, and from
the survey logs the total GPRS survey time was about 630 hours.
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Figure 15. GPRSplot.

Cost-benefit

Cost-benefit calculations are based upon 18 surveys, which took about 630 hours. Since the GPRS
can survey 32,000 ft* per hour, 630 hours equates to 20 million ft>. The cost-benefit information in the
ITSR (see references) was used to complete this analysis.

The ITSR records the purchase and installation cost of the detection system as $57,800 and the
purchase price of the 4-wheel drive vehicle as $63,604. The INEEL also anticipates annual
calibration/maintenance costs of approximately $1,500 and ayearly cost for adifferential correction
signal subscription of about $900. The ITSR estimated a service life of 10 years for the equipment and a
usage of 960 hours per year.

Based on equipment price and labor hours, the U.S. Army Corps of Engineers calculated the costs
of both baseline and innovative technology for the Demonstration. GPRS cost $127.94 to survey 8,000
ft°, and the baseline technology cost $169.34 for the same area. These numbers did not include the
INEEL General and Administrative (G& A) costs (27%) or PIF cost (4.5%). These adders were included
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in this report, as they add 33% (1.27* 1.045) to equipment and labor hour costs. GPRS amount becomes
$127.94*1.33 = $170.27 for 8,000 ft*; baseline becomes $169.34* 1.33 = $225.22 for 8,000 ft*.

Dividing each of these costs by 8,000 ft* yields the cost per square foot. Theinnovative system
costs $170.16/8,000 ft* = $.02127/ft>. The baseline cost is $225.22/8,000 ft* = $.02815/ft>. Savings per
square foot isthe difference: $.02815/ft>$.02127/ft> = $.00688/ft>. To recover the cost of the GPRS
equipment would require $121,404/$.00688/ft> = 17,645,930 ft* of surveying. The GPRS system can
survey approximately 32,000 ft*/hr, and it is estimated that it will be used 960 hr/yr, so it can survey about
32,000* 960 = 30,720,000 ft¥yr. The recovery time will be 17,645,930 ft%/30,720,000 ft?/yr = .57 yr.

So far, using the GPRS at the INEEL has saved $138K (20 million ft**$.00688/ft°). Based on
an estimated use per year of 960 hours, which equates to 30,720,000 ft?, the GPRS will save $2.1 million
over the next 10 years ($.00688/ft** 30,720,000 ft*/yr = $211K/yr).

Regulatory and Policy Issues

GPRS meets the requirements for 10 CFR, Chapter 111, Department of Energy, Part 835 and
“Occupational Radiation Protection.” In addition, it meets requirements defined in DOE-STD-1098-99,
“Radiological Control,” dated July 1999.

The major safety issue to consider involves driving. But the risks of driving hazards are reduced
when two people are present in the vehicle. A passenger watches for potential hazards on his/her side of
the vehicle and verifies that information is acquired properly so the driver can focus on driving.

Observations and Lessons Learned

The GPRS System is a mature technology, and it performed well in the demonstration and the
deployment. Operation of the survey unit requires no specia skills, but an ability to use the Geosoft
software isessential. Following training, users find the system user-friendly, and they are ableto
generate higher quality data than with the baseline produces.

Items that should be considered include:
. Surveyors should conduct daily response check on the plastic scintillators before surveying

. The GPRS needs annual preventative maintenance

. Optimal speed for collecting accurate measurementsis 5 mph

. The detector unit should be stored indoors for protection during winter months

. Historical information about the survey area needs to include possible radiol ogical

constituents—GPRS detects only gamma radiation
. Weather and soil conditions may affect survey results

. Before entering a survey area, users should determine background radiation and trigger
limits from an adjacent, “clean” areawith similar soil chemistry.

References

Innovative Technology Summary Report, March 2000, Global Positioning Radiometric Scanner System,
Idaho Nationa Engineering and Environmental Laboratory, LSDDP.
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Hand-Held Shear
Technology Description

The baseline technology for cutting small piping and miscellaneous stedl is the use of
electrical-powered hand-held reciprocating saws and/or band saws. The sawing operation has potential
problems with the generation of airborne contamination such as lead paint particles.

The innovative technology is a hand-held shear (Figure 16). The hand-held shears used during the
LSDDP at the Fernald site were L ukas Rescue Team shears which are capable of shearing up to 2-%2in.
diameter piping. These shears are portable and require no hydraulic or electrical power lines to operate,
so they provide easier accessto remote areas. The shear's cutting blade configuration allows cutting
operations on process piping that is ill attached to the wall.

During the ASTD ID&D project at Fernald, different commercially proven shears were selected for
deployment. The Res-Q-Tek shears operate from a hydraulic source, and provide increased cutting
capacity. These hand-held shears are operated using 100-V ac el ectrical power units that drive a hydraulic
pump rated at 10,000 psi that can operate at 5,000 ps for extended life. The end effectors included two
oval blade cutters and one straight blade cutters for the cutting of various piping diameters and flat stock
respectively. It also includes an articulating head mini-cutter for cutting materialsin difficult to access
areas.

iy ‘-"'..,

Figure 16. The hand-held shears were provided by FEMP under the ASTD ID&D program.
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Benefits of using the hand-held shear include:

. Eliminating the generation of airborne lead paint particles and allow increased worker
productivity during demolition operations.

. Providing a crimping effect on process piping, which controls to some degree the spread of
internal contamination from the pipe.

Performance

The hand-held shears used by the ASTD project were procured with EM-40 funds and first used to
segment small-diameter (less than or equal to 3 in.) piping and conduit in Fernald facilities 38A and 38B
(Figure 17). Small diameter piping and conduit was also segmented in Fernald facility 24B (Railroad
Engine House) with the hand-held shears. Operators of the hand-held shears like the ability to quickly
segment conduit in tight areas next to walls, components and other obstructions. However, when
segmenting up to 3 in.-diameter pipe with the larger model of hand-held shears operators complained of
fatigue if they had to hold the shearsfor avery long period of time, particularly if above chest height.

The hand-held hydraulic shear was very effective for light-duty (2-in. diameter or less) pipe
cutting. This shear unit reached into corners that other cutting tools have difficulty accessing. Overall,
the hand-held hydraulic shear cuts approximately 20% faster than other cutting techniques for light-duty
cutting. The hand-held hydraulic shear also minimizes the amount of paint chips and minimizes airborne
lead exposure to the workers. Thistechnology has many applications in typical D&D projects since there
are many small steel items such as process piping and conduit to be demolished.

Figure 17. FEMP used the hand-held shears to cut metal and reduce airborne contaminants.
Cost-benefit

See Cost Information on the Track Mounted Shear.
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Regulatory and Policy Issues

There are no other known regulatory restrictions associated with the use of the hand-held shear
equipment other than the standard federal regulations on worker protection and equipment safety found in
the OSHA regulations. These specific OSHA regulations are listed below:

OSHA 29 CFR 1926 OSHA 29 CFR 1910

1926.300-.307 Tools-Hand and Power 1910.211-.219 Machinery & Machine Guarding
1926.400-.449 Electrical-Definitions 1910.241-.244 Hand & Portable Power Tools
1926.28 Personal Protective Equipment 1910.301-.399 Electrical Definitions

1926.52 Occupational Noise Exposure  1910.95 Occupational Noise Exposure
1926.102 Eye and Face Protection 1910.132 Genera Requirements (PPE)
1926.103 Respiratory Protection 1910.133 Eye and Face Protection

1910.149 Control of Hazardous Energy
Observations and Lessons Learned
The following observations were made during this ASTD project:

The weight of the hand-held shear must be considered when being deployed in the field
(approximately 5060 Ib) and operator fatigue must be expected. This must be considered vs. the
conventional lighter-weight reciprocating saw or band saw (about 20-25 Ib). This hand-held shear isa
good tool if some additional support can be afforded the operator, e.g., resting the shear on the man-lift
handrail, etc.

. It isimportant to properly size the electric motor to drive the hydraulic pump that powers the
shears. When the shears were first being used, the D& D laborers using them complained
about the slow cycle time between segmenting pieces of pipe/conduit and the relatively long
period of time that it took. A call was placed to Res-Q-Tek, and atechnical representative
recommended changing to a different electric motor for the hydraulic pump. After this
change was made the shears functioned well.

. It isimportant to keep the blades on the shears adjusted properly to the correct tolerances to
facilitate cutting operations.
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Niton 700 Series Multi-Element Spectrum Analyzer
(Lead Paint Analyzer)

Technology Description

Before performing any decontamination or dismantlement work, D& D project crews must
characterize the site. The results of the characterization are needed to set work objectives. Currently,
D&D project managers rely on contract laboratories to provide results on environmental sampling for
lead, cadmium, chromium, and other metalsin paint. Large samples of paint are hand-scraped off the
surface and collected in sample bottles. Once the samples have been collected and sent to the laboratory,
it may take as long as 90 daysto receive the resullts.

The Niton 700 Series Multi-Element Analyzer is a hand-held, battery-operated instrument that uses
X-ray fluorescence (XRF) spectrum analysisto identify and quantify metals and elementsin paint (Figure
18). All eight RCRA metals and up to 17 other elements can be characterized within seconds. The
analyzer uses two radioactive sources to complete the analysis and stores up to 3,000 data points and
sample locations. A laptop computer controls the Niton in the field, and data can be downloaded to a
personal computer (Figure 19).

To use the analyzer, the trained operator simply setsit against the painted surface. Readings are
available within 20 seconds. Separate paint layers can be measured by moving the analyzer to alocation
where underneath paint layers are showing. This can aid in determining which paint layer contains lead
or other hazardous material.

Advantages of the Niton analyzer include:

. Reduction in sampling time and time to receive analysis results (20 seconds compared to 1-3
months).

. Capability of determining contents of different paint layers not available through scraped
samples.

Data closely matches laboratory analyses and may more accurately represent actual paint
composition in some locations, as rust and other debris are contained in the scraped samples.

. Lower unit operating costs.

. Very easy to use.

Figure 18. Niton Lead Paint Analyzer.
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Figure 19. A portable laptop controls the Niton.

Performance

The Niton 700 Series Multi-element Analyzer was demonstrated as part of the INEEL LSDDP
project in February 1999. The deployments of this technology were tracked between December 1999 and
April 2000. Through the ASTD ID&D project, a standard procedure (technical specification
requirements) was written to aid in the ease of these deployments. This allows the user to reference this
procedure when creating the work packages instead of repeating the procedure in each work package.

Although winter isnormally atime that D& D work slows down at the INEEL, atotal of 6
deployments (34 samples) were completed. Paint was tested at two locations at TAN (the Decon Shop
and TAN 607) with two spotsin each location in January 2000. Confirming laboratory analyses were
sent on these samples. In February 2000, 20 spots were tested in the TRA-654. Lead wasfound in the
bottom paint layers. Two samples were sent to the laboratory in this case. Six more spots were tested in
April at the INTEC building CPP-603. Four of these were in areas where it was not possible to take
scraped samples for laboratory analyses due to airborne radiation concerns. One composite sample was
sent to the laboratory. Alsoin April, paint was tested at four spots at CFA building 690. In addition, the
analyzer was used to determine the amount of lead in paint on concrete on one sample at the TRA
Materials Test Reactor. Thisisatota of 35 samples, with 7 confirming samples sent to the laboratory for
further analysis.

Cost-benefit

This cost-benefit calculation is based on the deployment of the Niton Lead Paint Analyzer at six
locations. 35 samples were analyzed with 7 sent for a confirming laboratory analysis, resultingin a
reduction of 28 laboratory samples. The cost-benefit information in the ITSR (The Niton 700 Series
Multi-Element Spectrum Analyzer (Lead Paint Analyzer) was used to complete this analysis.

Inthe ITSR, the amortized purchase price of the equipment was $11.24/hour based on an
equipment cost of $25,000, a maintenance cost of $2,600 every 24 months, a service life of 10 years and
500 hourslyear usage. These numbers did not include the INEEL G& A costs of 27% and the PIF of
4.5%. Since these costs add 33% (1.27*1.045) to the equipment cost, they were included in these
calculations. The cost of using the analyzer in the ITSR was noted to be $11.24/hr. An increase of 33%
is calculated to be $11.24/hr *1.33 = $14.95/hr.

The costs for mobilization, demobilization, and disposal of the innovative and baseline techniques
were the same for both applications. Therefore, only the characterization costs wereincluded in the
following calculations. The INEEL G&A costs were also added to the labor for both cases. Thisresulted
in an innovative cost of $46.44/sample and a baseline cost of $1,562.90/sample. Thisis a savings of
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$1,516.46/sample. Therefore, during the 6-month deployment period in which 28 samples were
completed using only the analyzer, a savings of $42,460 wasrealized. The payback period for this
equipment isless than 6 months.

Asthe site personnel become more familiar with this equipment, its use will increase, even beyond
D&D use. Itisconservatively estimated that it will reduce laboratory analyses by at least 85 samples per
year. At asavings of $1,516/sample, thisis $129K/year or $1.29 million over the next 10 years.

Regulatory and Policy Issues

The Niton 700 Series Multi-element Analyzer meets the Department of Transportation
requirements for 49 CFR 173.421 excepted packages for limited quantities of Class 7 (radioactive)
materials. At the INEEL, the analyzer must be controlled and accounted for at all times (requiring a
custodian to check out this equipment).

Observations and Lessons Learned

The analyzer performed well during these deployments and it is being used by a number of
personnel at the INEEL. The analyzer is easy to use and requires no specia skills. During normal use,
the analyzer must be returned to the manufacturer every 4 yearsto replace the source and upgrade
software.

References
Innovative Technology Summary Report, July 1999, The Niton 700 Series Multi-Element Spectrum

Analyzer (Lead Paint Analyzer), Idaho National Engineering and Environmental Laboratory,
LSDDP.



Oxy-Gasoline Torch
Technology Description

D&D Project operations typically use the oxy-acetylene torch or oxy-propane (Chem-o-lene) torch
to perform most of the steel cutting that cannot be accomplished using heavy-duty hydraulic shears
mounted on atrackhoe. The oxy-acetylene torch is a cumbersome setup that includes oxygen and
acetylene bottles in a cart with regulators, hoses, and the torch itself. Acetylene was replaced with Chem-
o-lene at the INEEL several years ago for environmental reasons.

The Oxy-Gasoline torch, manufactured by Petrogen® Inc., isatool for cutting carbon stedl (Figure
21). Fueled by gasoline, it can be used as a direct replacement for the standard oxy-acetylene torch. The
Oxy-Gasoline torch consists of atwo-and-a-half gallon fuel tank with safety valves, a durable gasoline
supply hose, and a cutting torch head. A built-in hand pump or an external source of compressed air
pressurizes the gastank. About 10-20 psi is required to deliver the gas to the head of the torch, where it
mixes with oxygen in the tip.

Safety was a primary consideration in the torch’s design. Since liquid gasoline cannot burn
without oxygen and the fuel isaliquid all the way to the cutting tip, there is no chance of backflashin the
fuel line. The design also includes several safety valves. A fast-flow check valve in the tank shuts off the
fuel in case the hose ruptures. The tank comes equipped with a pressure relief valve that opensat 35 1b
per square inch and check valves under the pressure gauge and inside the outlet valve that prevent fuel
from escaping if the gauge or valve is accidentally broken off. In contrast to acetylene, gasolineisless
volatile. Acetylene can actually explode without an oxygen source.

The Oxy-Gasoline torch cuts faster than conventional torches. The Oxy-Gasoline torch relies on
100% oxidation rather than melting to cut through the metal. The torch oxidizes steel to agranular slag
that is blown out of the cut by the force of the flame. The force and momentum of the gasoline vapor
(about four times denser than acetylene) drive the fuel deep into the cut face where it continues to burn
and oxidize metal. This enables the Oxy-Gasoline torch to cut through thicker metal easier and faster

Py
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Figure 21. Petrogen’ S® Oxy-Gasoline torch cuts steel faster and less expensively than the acetylene
torch.

i
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than other oxy-fuel torches and produces a clean cut with minimal kerf (slot left behind in the metal after
cutting). The granular slag is also less likely to clog the tip of the torch during cutting, unlike the molten
metal produced by other torches.

The oxy-acetylene torch depends on a combination of oxidation (70%) and melting (30%) to cut
metal and is dower because some of the molten metal re-solidifies and has to be re-cut. This produces
cuts with considerable kerf and rough edges.

The Oxy-Gasoline torch has many advantages over the oxy-acetylene torch including:

. Faster and cleaner cuts with less dag.

. Less expensive fuel (equivalent cuts can be made with $3 of gasoline versus $50 of
acetylene) that is easy to obtain and store.

. Increased portability (gasoline fuel tank weighs 30 Ib compared with the 250-1b acetylene
tank).

. Reduces cost, accel erates schedul e, and reduces radiation exposure.

. Gasoline vaporization at thetip is an endothermic process that helps prevent the tip of the
torch from overheating, and extends its life.

. Can be used to cut sted that isin direct contact with concrete without the risk of the concrete
shattering and causing a projectile hazard (Figure 22).

. L
Figure 22. The Oxy-Gasoline torch was used to cut rebar at the INEEL STP.
Performance
The Oxy-Gasoline torch can be applied in any situation where an oxy-acetylene torch would

normally be used. The main applications for the Oxy-Gasoline torch in D&D Operations is cutting steel
such as concrete reinforcing steel, steel tanks, larger process equipment, and larger steel shapes and plate.
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Performance at the INEEL ASTD

The Oxy-Gasoline torches purchased under the ASTD ID&D project were first deployed at the
INEEL inJuly 1998. The deployment was at CFA-691, where the torches were used to cut up reinforcing
sted (rebar) during the dismantlement of a concrete digester tank (Figure 22). Throughout the summer of
1999, the torches were used at a number of facilities. These facilitiesinclude the STF, STP, Initial Engine
Test (IET) facility, and ARA. Thetorcheswork extremely well. Operators commented that they are
easier to move around and cut more quickly than an acetylene torch, especially with thick metal such as
railroad track. The operators liked the torches so much that they used them at different areas on their own
initiative. The Oxy-Gasoline torch isfast becoming the baseline at the INEEL for D&D metal cutting
operations.

Performance at the FEMP ASTD

The Oxy-Gasoline torches were purchased for use ($5K) by the ASTD project and used at FEMP
during FY 1998 and FY 1999 with very successful results. The Petrogen® torch cut 65% faster than the
baseline oxy-acetylene torch and the gasoline is significantly cheaper than the acetylenetorch. Itis
considered safer due to less generation of dag than conventional torches and because the fuel staysin the
liquid phase longer. The net result is a safety improvement with performance, cost, and schedule savings.

In one case, alarge tank needed to be reduced in size for disposal. Operatorstried to reduce the
size of the tank using shears, but found that the tank was too thick, and the shears would not cut it. The
Oxy-Gasoline torch was deployed to cut the tank, with great success. The Oxy-Gasoline torch was used
on numerous buildings at FEMP, and is quickly becoming the baseline cutting tool there.

Cost-benefit

This cost-benefit calculation is based on the deployment of the Oxy-Gasoline torch at several
INEEL facilities for avariety of materials (pipes, plate, rebar, etc.). It was not possible to track actual
time used or inches of cuts made to do a cost-benefit analysis aswas done in the ITSR. The only
reasonable way to determine the deployment cost savings was to note the number of gallons of gasoline
used and equate that to the number of inches cut and cost savings using the data obtained from the FEMP
Oxy-Gasoline torch ITSR.

The ITSR compared the oxy-acetylene torch cutting to the Oxy-Gasoline torch cutting for metal
thicknesses of 0.5in. to over 4.5 in. Length of cuts and unit cost ($/in.) are summarized in Table 5.

The ITSR also states that accurate fuel consumption data could not be collected during only those
times when the torches were being demonstrated, therefore “ since the total demonstration time for each
torch was approximately one work day, fuel consumption was estimated to be atypica work day’ s usage
which... is2.5 gallons of gasoline....” Thisindicates 1 gallon of gas was used to cut 148 in. (369 in. per
tank/2.5 gallons per tank) with the Oxy-Gasoline torch.

At STF, the Oxy-Gasoline torch was used to cut 14- to 16-in.-diameter water pipe about 3/8- to
1-in. thick using 4 gallons of gasoline. This equatesto 592 in. of metal cut (148 in./gal * 4 gal) at a cost
of $533 (592 in. * $0.90/in.). To cut 592 in. of metal with the oxy-acetylene torch would cost $704 (592
in.* $1.19/in.). Therefore, $112 was saved at this facility by using the oxy-gas torch. If the costs for
cutting 2-in.-thick metal were used (i.e., a 50% savings), the savings would be on the order of $300.
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Personnel at IET used the Oxy-Gasoline torch to cut 1- to 2-in. plate and railroad track. The
operator indicated he thought it worked 3 to 4 times faster than the baseline torch. Approximately three
tanks of gas (2.5 gallons/tank) were used which equates to 1,100 in. cut at a cost of $704 [if using the 2
in. cutting costs from the above table ($0.64/in)]. To cut the same amount with the baseline torch would
cost $1,232. Therefore, the Oxy-Gasoline torch has saved $528 (if only 2 times as fast). If it actualy cut
4 times faster, the savings would be more on the order of $1,500.

Table 5. Summary of ITSR information on oxy-gas and oxy-acetylene torches.

Thickness <0.5in. 1.0in. 1.75in. 2.01In. 45in. Overall
Oxy-gas Length (in.) 166.5 35 43 120 4.5 369
Oxygas Unit Cost ($/in.) $0.62 $0.92 $1.01 $0.64 $2.53 $0.90
Oxy-acetylene Length (in.) 166.5 35 43 108 4.5 357
Oxy-acetylene Unit Cost ($/in.) $0.63 $1.05 $1.18 $1.12 $7.75 $1.19

At the STP, the Oxy-Gasoline torch was used to cut ¥%- to 1-in.-thick rebar. Approximately one
tank of gas was used, saving around $100. At ARA, approximately 2 tanks of gas were used, saving
around $200. Thus, using the oxy-gas torch at the INEEL during FY-99 provides overall cost savings of
$900-$2,100.

Although actua savings are minimal, the perception by the workersisit cuts 2 to 4 times faster and
ismuch easier to use. Feedback from the field on the Oxy-Gasoline torch was very positive. It islighter
and easier to handle than the oxy-acetylene torch, the thicker metal cuts do not have to be preheated first,
and it reduces worker fatigue. One operator indicated, “the more | use it the more | likeit.” The savings
are not as apparent in the dollars saved because actua “cutting time” isso small. More of thetimeis used
to actually set-up the cuts versus doing the cutting. To save $10,000, the Oxy-Gasoline torch would have
to be operated enough to use 25 to 50 tanks of gas. In general, the sites at which the torch is used need it
only for occasional cutting and do not have it in constant operation day after day. The Oxy-Gasoline
torch is considered safer because it produces less metal slag and will not explode the concrete as
acetylene torches can.

Approximately 50 facilities and 13 other structures are scheduled for D&D at the INEEL over the
next 10 years, with an estimated cost of over $113 million. The INEEL Inactive Sites Department
recently used a study of the recent 5-year period of actual coststo come up with percentagestypical for
D&D projects. The 5-year period study indicated that 49% of D&D Project cost were related to physical
work. It isassumed that only 2.5% of the D& D physical work would use the Oxy-Gasoline Torch
System for deployment activities such as cutting of piping, reinforcing steel in concrete, process
equipment anchoring systems, miscellaneous steel, and other interior architectural items. Conversation
with the D& D personnel indicated the Oxy-Gas Torch was only used for 2 weeks per year making the use
per year 1.9%. If theinitial engineering estimate of 2.5% is averaged with this 1.9%, the resulting value
is2.2%. TheINEEL ASTD ID&D FY-99 Cost and Performance Report indicated a unit cost saving for
the Oxy-Gasolineis $0.90/in. vs. $1.19/in. of steel being cut or 24.4% cost savings. When applied to the
2.2% of physical work the projected cost savings would be $299,000.

e $113,110,000 x 0.49 = $55,410,000
e $55,410,000 x 0.022 = $1,225,413 (baseline cost)
« (1.19-0.90)/1.19=0.244
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o $1,225,413 x 0.244 = $229,000 (Oxy-Gasoline Torch Estimated 10-year savings)
Regulatory and Policy Issues

Proper training for the equipment operatorsis a must to ensure the correct use of the equipment and
safety of the operators and co-workers. Petrogen® certified training representatives should provide
operator training. Proper maintenance and servicing are also necessary to keep the Petrogen® equipment
at peak performance. Petrogen® provides a detailed operation and maintenance video that should be
watched as part of standard training for the Oxy-Gasoline torch.

There are no known regulatory restrictions associated with the using of the Petrogen® Oxy-
Gasoline torch other than the standard federal regulations on worker protection and equipment safety
found in the OSHA regulations. These specific OSHA regulations are:

OSHA 29 CFR 1926 OSHA 29 CFR 1910

1926.300-.307 Tools—Hand and Power 1910.211-.219 Machinery & Machine Guarding
1926.400-.449 Electrical — Definitions 1910.241-.244 Hand & Portable Power Tools
1926.28 Personal Protective Equipment 1910.301-.399 Electrical Definitions

1926.102 Eye and Face Protection 1910.132 Genera Requirements (PPE)
1926.103 Respiratory Protection 1910.133 Eye and Face Protection

Observations and Lessons Learned

. Feedback from the field on the Oxy-Gasoline torch was very positive. Itislighter and easier
to handle than the oxy-acetylene torch, the thicker metal cuts do not have to be preheated
first, and it reduces worker fatigue.

. At the INEEL, one of the leather pump cups that allows the tank to pressurize during hand
pumping failed, possibly from a defective part or from the dry climate. Petrogen® replaced
the pump cup at no charge.

. INEEL welders also observed that the torch lighting procedures must be carefully observed.
Specificaly, if the oxygen pre-heat is not blowing hard enough, the oxygen will not mist,
and will drip, rather than flowing properly.

. During FY - 1999, there was a problem with back flash up the oxygen line on an Oxy-
Gasoline torch in use at the Hanford site. This problem was not specific to the Oxy-Gasoline
torchJ any oxygen based cutting tool has the risk of backflash up the oxygen line. Proper
purging of the oxygen line before lighting the torch is necessary to prevent this from
occurring. Inthe Hanford incident, the preliminary findings determined that operator error
caused the backflash. Petrogen's® investigation of manufacturer's recommendations for
numerous oxygen-based cutting torches showed that all of them stress the need to purge the
oxygen line before use. In response to the Hanford incident, Petrogen® sent free oxygen
backflash preventorsto al of its customers, and made these preventors part of their standard
equipment.

. Cleanliness of the fud is paramount to proper performance of the Oxy-Gasoline torch. Even

very small amounts of residual oil (such as using a gas can that had been used with oil
previoudy) have been known to cause a dight drip of gasoline.
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. Optimal placement of the torch tip relative to the materia being cut is required to avoid
clogging, overheating, and excessive wearing of the tips.

. Establishing the correct pressure in the gasoline tank to compensate for the differencein
atitude between the tank and the torch is required.

. Neither the oxy-acetylene nor the Oxy-Gasoline torch will readily cut stainless steel dueto
its resistance to oxidation, and neither torch is able to cut cast iron.
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Paint Scaler
Technology Description

Before performing any decontamination or dismantlement work, D&D project crews must
characterize the site. The results of the characterization are needed to set work objectives. Currently,
D& D project managers rely on contract |aboratories to provide results on environmental sampling. For
these analyses, large samples of paint are scraped off the surface by hand using tools such as paint
scrapers, putty knives, chisels and hammers. Thisis atime-consuming and physically demanding task for
the sample collectors.

The Bosch 11225V SRH is a 24-volt, battery-operated, ¥xin. hammer drill that can replace hand-
held scraping tools (Figure 23). When the Bosch paint scaler is used with an optional chipping adapter or
other available hits, it can remove paint from either concrete or metal surfaces. It is ultra-compact and
lightweight, and it has an ergonomically balanced grip.

Advantages of using the Bosch paint scaler include:

. Sampling is 2 to 5 times faster than with hand-held tools, reducing worker exposure and
worker fatigue.

. Removes hard, thick coatings much easier than hand scraping.

. Reduces the amount of substrate collected with the coating sample because it is easier to
control.

. Reduces the possibility of personal injury associated with the use of hand tools.

. Cost reductions and accelerated schedules are possible because more samples can be taken in

a shorter period of time.

Figure 23. Battery operated Paint Scaler.
Performance
The Bosch Paint Scaler was demonstrated as part of the INEEL LSDDP in September 1999 (Figure

24). 1t has been deployed three timesin the last 6 monthsto obtain paint samples. It wasused in
December 1999 at the TRA 641 to abtain three paint samples. In February 2000, it was used at TRA 654
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to take two paint samples, and in April 2000, it was used at INTEC building CPP-603 to obtain two paint
samples. Thisisatotal of seven samples.

Figure 24. The Paint Scaler removes samples quickly and inexpensively.
Cost-benefit

This cost-benefit calculation is based on the deployment of the Bosch Paint Scaler at three
locationsin which seven samples were taken. The cost-benefit information in the Paint Scaler ITSR was
used to complete this analysis.

Inthe ITSR, the amortized equipment cost was $0.82/hour. This number did not include the
INEEL G&A costs of 27% and the PIF of 4.5%. Since these costs add 33% to the equipment cost, they
were included in these calculations. The cost of using the paint scaler at the INEEL is then calculated to
be $0.82/hr *1.33 = $1.09/hr. The baseline equipment use rate was also adjusted from $0.60/hr to
$0.80/hr for the same reason.

The costs for mobilization, demobilization, and disposal of the innovative and baseline techniques
were the same for both applications; therefore, only the characterization costs were included in the
following calculations. The INEEL G&A costs were also added to the labor for both cases. Thisresulted
in an innovative cost of $249.57/sample and a baseline cost of $299.28/sample. Thisisasavings of
$49.71/sample. Therefore, $348 was saved during the 6-month deployment period in which seven
samples were compl eted.

Asthe site personnel become more familiar with this equipment, its use will increase, even beyond
D&D use. Itisconservatively estimated that it will be used to gather at least 40 samples per year. Ata
savings of $49.71/sample thisis $1,988/year or $19,880 over the next 10 years.
Regulatory and Policy Issues

There are no known regulatory or policy issues with this technology.
Observations and Lessons Learned

The paint scaler performed well during these deployments, and it is being used by a number of
personnel at the INEEL. Because it performs faster than hand scraping, there is a reduction in worker

exposure to chemicals, extreme temperatures, radiation, and asbestos. Items that should be considered
include:
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. An extra battery will ensure minimal downtime during sampling activities.
. A variety of chisel bits are availableto aid in gathering samples from a variety of materias.
References
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Personal Ice Cooling System — Cool Suit
Technology Description

D&D Projectstypically encounter high-temperature conditions due to weather, humidity, and air
restrictions during D& D operations. These high ambient temperatures, and the PPE requirements
imposed for radiological and/or chemical safety of the workers, shorten the time workers can spend in an
area performing physical labor work tasks due to physical exhaustion and water loss. The baseline
technology isto limit stay times to ensure workers are not overheated and core body temperatures do not
exceed limits imposed by the Industrial Hygiene/Safety Officer (IHSO). In one area of the INEEL,
workers saw an extreme need for a personal cooling system, and created their own by piping breathing air
into their PPE to provide cooling by convection. Although this system was helpful, it was not used
beyond the original job. The INEEL working conditions are typically warmer in the summer months, but
even in winter the PPE requirements and lack of ventilation often result in the need to limit stay times to
control heat stress. In addition, recent incidents indicate that if workers do overhest, the contaminants can
be wicked through the PPE, resulting in a potential contamination of workers.

The Personal Ice Cooling System (PICS) is a self-contained cooling system that uses the cooling
effects of ice bottles and arecirculating water pumping system to keep personnel body temperatures
cooler (Figure 25). The PICSisworn under the worker's PPE and allows normal freedom of movement.
This dlows the personndl wearing the required PPE to perform demolition work during hot weather with
fewer breaks and less fatigue, thusimproving productivity and reducing project labor costs.

The PICS is manufactured by Delta Temax, Inc., of Canada, and consists of afull body suit similar
to long underwear with tubing sewn into the garment. A full suit includes pants, a shirt or vest, and a
hood. The INEEL purchased only vests and shirts, because data from L SDDPs showed that cooling the
torso is effective enough for most applications. The suit comes equipped with atough insulated pouch
attached to a harness that can be worn on the back, chest, or waist. Ice bottles made of high-density
polyethylene can be filled with ice cubes or frozen solid in a standard freezer. The ice bottles are carried
in the insulated pouch that can be worn underneath or on top of PPE. A small battery-powered pump
circulates chilled water from the ice bottle through the tubing in the suit. The cold water absorbs body
heat, and then returns to the ice bottle to be re-chilled. The user can adjust the cooling rate, based on the
work load and temperature conditions, using atwo-speed flow control. With the pump and 2 liters of
water, the suit weighs only 12 Ib. The PICSis portable, easy to use, and totdly self- contained.

Figure 25. Personal Ice Cool Suits are worn under PPE to keep workers cool and avoid heat stress.



The main advantages of the PICS suits include:

. Increases stay times (more than 4 times with temperatures above 100° F).
. Increases worker well-being and comfort.
. Ensures safer body temperature.
. Saves money as aresult of longer stay times, fewer work stoppages, and a decreased need
for PPE use.
Performance

The PICS was originally used during the LSDDP at the Fernald Site, Building 68, in September
1997 which indicated stay times that were 4 times longer and 30% better work efficiency. Although the
PICS have been used additionally at FEMP, this use was not done under the ASTD ID&D project, as
ambient conditionsin the buildings that were decontaminated and decommissioned under the ASTD
ID&D did not warrant use of the suits. FEMP performed another ASTD project aimed at increasing the
use of PICS throughout the DOE complex, which resulted in many subsequent deployments.

Performance at the INEEL ASTD. The PICS purchased by the ASTD project were deployed at the
INEEL’ s PREPP in late June of 1999 (Figure 26).

Figure 26. INEEL workers used the PICS vests to increase stay times during work in full PPE.



In hot conditions, workers wore full PPE and performed heavy work that included removing
hazardous heavy metals such aslead, arsenic, and mercury. The cool suit vests were deployed and all
workers were very positive about using them. They commented that the suits made a big difference and
rendered immediate cooling in otherwise uncomfortable conditions. These suits allowed workers to
remain in the areafor twice as long as they normally would have, under supervision of their IHSO.
Fewer cool-down breaks meant that there were fewer changes into and out of PPE. Having longer stay
times and using less PPE has already resulted in a cost saving of about $38K. It is anticipated that using
the suits on future projects at the INEEL will continue to increase productivity, worker comfort, and stay
times, thus saving even more.

One of the non-D& D workers at TAN said that they liked the PICS so well that they wished they
could use it on their jobs, so TAN Operations purchased some for non-D& D work. Following the ASTD
ID&D deployment, the D&D PICS were borrowed from the D& D group by the TRA Maintenance team,
who used them during the winter months for reactor maintenance.

Cost-benefit

This cost analysis was completed on the PICS deployment at the TAN PREPP facility. Workers
werein full PPE including respirators. Use of the PICS cooling vests allowed the workers to more than
double their stay times doing heavy work at an average room temperature of 90°F.

Although 10-hour shifts are worked at the facility, with pre-job briefings, scheduled breaks and
work cleanup, approximately 6.5 hours per day are actually worked in PPE as per the job site IHSO. The
training time for the PICS was negligible (only about 10 minutes). Using information from the PICS
Innovative Technology Summary Report (ITSR), the following work cycle times were determined for
both with and without the PICS when using full PPE (Table 6).

Therefore, for abaseline (without PICS) work period of 6.5 hours, atotal of 3.8 productive hours
per day (6.5 hours* 90 min/155 min) can be completed. Thisis 38 % efficient (3.8 hours/10 hours). For
aPICSwork period of 6.5 hours, atotal of 5.5 productive hours per day (6.5 hours * 180 min/213 min)
can be completed for an efficiency of 55 % (5.5 hours/10 hours).

The PICS were used on thisjob for atotal of 19 days (190 hours) by a crew of six people for atotal
of 1,140 hours (6 people* 190 hours/person). The loaded labor rate is approximately $45/hour for a cost
of $51,300. For the baseline, the same amount of work would have taken 1,650 hours (1,140 hours
*(0.55/0.38)). At alabor rate of $45/hr, thisis $74,250. Therefore, the PICS saved about $22,950 in
labor costs for thisjob.

In addition, PPE costs were also saved. Inthe ITSR analysis, the PPE used was very similar to that
being worn at the INEEL facility. The ITSR calculated cost for baseline PPE was $14.93/hr, which
would cost $24,635 for the estimated baseline hours. The ITSR caculated cost for innovative PPE was
$8.12/hr, which would cost $9,257 for the estimated innovative hours. Thisisasaving of $15,378.

The PICS deployment was highly successful in reducing costs during the INEEL deployment,

realizing savings of $38,328. Thiswould equate to a unit cost savings of approximately $33.62/hr
($38,328/1,140 hrs).

46



Table 6. Work cycle timeswith full PPE.

Baseline Work Cycle PICS Work Cycle
Work Task (min) (min)
Stay time 90 180
PPE don 10 20
PPE doff 10 13
Rest time 45 0
Total Work Cycle 155 213

Approximately 50 facilities and 13 other structures are scheduled for D&D at the INEEL over the
next 10 years, with an estimated cost of over $113 million. The INEEL Inactive Sites Department
recently used a study of the recent 5-year period of actual coststo come up with percentagestypical for
D&D projects. Thisvalue for physical work was 49% of the total budget. The 5-year period study
indicated that of the physical work, approximately 66.9% was labor related and that the average labor rate
was approximately $51.79 per hour. It isassumed that 20% of these physical tasks would require the
PICS to reduce hest stress to personnel deployed in confined work areas and/or areas of high
temperatures. Conversation with the D& D personnel indicated that PICs were used for over 80% of the
summer months (4 months) making the use per year 26.7%. If theinitial engineering estimate of 20% is
averaged with this 26.7%, the resulting value is 23.3%, or 167,067 man-hours. The cost-benefit analysis
indicated alabor savings of 31% over the baseline unit labor cost of $51.79 when using the PICS. When
applied to the averaged 23.3% of physical work, the projected labor cost savings would be $2,682,000. In
addition, the usage of PPE is reduced with the PICS, adding another cost savings. The ASTD ID&D FY -
99 Cost and Performance Report indicated that the average cost of PPE per hour of PICS usage was
reduced from $14.93 to $8.12, or a savings of $6.81 per hour. When applied to the 167,067 hours of
projected use, the PPE savingsis $1,138,000. Combining the labor savings and PPE savings, the
projected cost savings from using the PICS is $3,820,000.

e $113,110,000 x 0.49 = $55,410,000

e $55,410,000 x 0.669 / $51.79 man-hours = 716,000 man-hours

* 716,000 man-hr x 0.233 = 167,067 man-hours for estimated PICS use

e 167,067man-hr x $51.79/man-hr x .31 = $2,682,000 (labor savings) using PICS

e 167,067 x $6.81 = $1,138,000 (PPE savings) using PICS

*  $2,682,000 + $1,138,000 = $3,820,000 (Total PICS Estimated 10-year savings)
Regulatory and Policy Issues

Monitoring by an industrial hygienist should aways be provided while working in hot
temperatures, even if the PICS suits are used. The INEEL has a procedure (M CP-2704) which requires
oversight in any heat stress situation, even when using cooling suits. It isimportant to recognize that each
worker’ s susceptihility to heat stressis varied due to individua physical characteristics (weight, age,

health, heart and respiratory conditions, etc.), acclimatization, and medication (diuretics, sedatives,
tranquilizers, blood pressure medication, etc.).
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There are no known regul atory restrictions associated with the use of the PICS other than the
standard federal regulations on worker protection and equipment safety found in the OSHA regulations.
This specific OSHA regulationsis:

OSHA 29 CFR 1926 OSHA 29 CFR 1910
1926.28 Personal Protective Equipment 1910.132 Genera Requirements (PPE)

Observations and Lessons Learned

. In general, the workers used the packs as a hip pack instead of a shoulder pack. The packs
were worn under the PPE and on top of lightweight modesty clothing.

. To change the ice bottles (3-4 times per day per person) the PPE was cut open, theice bottle
changed and the PPE re-taped.

. The workers washed the vests daily when they showered. In future, a structured laundering
plan for the PICS could be set up.

. Care must be taken to set up a cycling system so that the ice bottles are completely frozen
before each use. If the water is not completely frozen, the cooling power islimited,
defeating the purpose of the PICS.

. Methods to change out the ice bottles may vary depending on the location conditions. At the
INEEL, the PPE was dlit open, the ice bottle replaced, and the PPE retaped. However, in
areas of high levels of contamination, cutting the PPE open to replace the ice bottle may not
be acceptable. Radiation Control should always review plans to use the PICS, and provide
guidance about where the PICS should be worn (under or over PPE), and how ice bottles
should be changed out. Another option would be to use PPE that has flaps for protecting
removable equipment.

References

Innovative Technology Summary Report, June 1998, Personal Ice Cooling System (PICS), Fernald
Environmental Management Project — Building 68, LSDDP.
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Soft-Sided Waste Containers
Technology Description

The baseline technology supporting D& D Operations for LLW disposal has been hardsided
containers (occasionally % in. plywood, but currently 20-gauge metal B12s and B25s). One of the major
problems with these containersis the void volume due to packing configuration and weight restrictions.

Transport Plastics, Inc. has developed the Lift-Liner™ bags for safe storage, transport, and disposal
of LLW (Figure 27). This pliable/flexible waste container islarger in size and weight capacity than the
baseline containers. The bags are made of woven and coated 25-mil (0.025-in.) polypropylene and are
lined with two layers of 40-mil (0.040-in.) high-density polyethylene. Four flapsfold across the top of a
full bag and are secured by 20 1-in. straps of polyester webbing. The system also includes aloading
frame and lifting frame. The loading frame supports a container asitisbeingfilled. A crane suspends
the lifting frame while the 2-in. polyester straps on the outer shell of afull container are connected to it,
and then the crane places the bag onto a transport vehicle. These bags allow loading of larger waste
debris and minimize void volumes due to weight capacity limits of the container. This container-size
increase requires less sizing of D& D debris and thereby reduces D& D costs. In addition, their flexibility
reduces void volumes within the container and allows for denser filling of the waste disposal site,
reducing cost and subsidence. The container itself is less expensive than conventiona waste containers
which also reduces D& D costs for waste containers.

The main advantages of the soft-sided waste containers include:

. Lower cost than metal containers ($365 compared with $735, resulting in a savings of
$1,800 per bag—1 bag versus 3 or 4 boxes).

. Lighter and more compact—empty bags can be moved by hand.

. Hold three times as much as a metal box.

. Easier to load.

. Hold larger debris, so less waste processing is necessary.
. Reduce void space and landfill subsidence.
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Figure 27. Transport Plastics Lift-Liner™ holds more volume and costs less than standard metal boxes.

Performance

Soft-sided containers have been deployed at the INEEL’s STP, STF, ARA, and Naval Reactors
Facility (NRF). At the STF, the soft-sided containers were used for ashestos waste. The asbestos was
double-bagged, per standard procedure, and the soft-sided containers were used to transport the bagged
asbestos to the INEEL landfill. Using the soft-sided containers in this application provided an efficient
way to package the asbestos waste and saved multiple trips to the landfill. In the other areas, the bags
were used for miscellaneous low-level waste like concrete and debris (Figure 28). The use of the bags
decreased the waste processing time required to size the pieces of waste. Users have been so impressed
with the Lift-Liner™ bags that they have become the baseline technology for LLW disposal at the
INEEL. The only exception isin cases where puncture is arisk, because rebar and other items can make
holesin the soft-sided containers. Even in such cases, soft-sided containers can be used if protruding
rebar is cut before loading or if sharp objects are loaded on top of other waste in the container.

The soft-sided containers are limited to LLW disposal and asbestos disposal at the INEEL. They
are not currently used for Mixed Low-L evel Waste and/or Hazardous Waste since there are specific
requirements for handling, packaging, transporting and storing these types of wastes.

Figure 28. The soft-sided containers were filled with debris and soil a the INEEL STP.

Cost-benefit

The ITSR for the soft-sided waste container compared costs for packaging 260 ft* of soil in a soft-
sided container versus metal boxes. One soft-sided container holds up to 260 ft* and costs $365. The
metal boxes hold up to 96 ft* and cost $735 each. Therefore, approximately three metal boxes are
required for each bag used. Table 7 outlines the costs summarized in Figure 11, Section 5 of the soft-
sided waste container ITSR.

Table 7. Cost summary from ITSR for soft-sided containers.

Soft-sided Container Costs Metal Box Costs
Activity (based on one bag for 260 ft%) (based on 3 boxes for 260 ft°)
Mobilize (container costs are major $500 $2,355
contributor)
Containerize $301 $ 4064
Demobilize $ A $ 92
Total Cost $895 $2,911
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Total Cost per container $895 $ 970

Unit Cost $/cubic foot $3.44 $11.20

Unit Cost Savings ==> $11.20 - $3.44 = $7.76/cubic foot of waste

Since their demonstration, soft-sided containers have been used at severa INEEL locations. The
primary location of their useisthe CFA STP decommissioning project. To date, 67 soft-sided bags of
waste have been shipped to the RWMC for disposal. Up to 60 more bags may be required to complete
the project. In addition, the ARA hasfilled 27 bags and plans to use one more thisyear. The NRF has
also used two of these bags and the STF has used 18. Thus atotal of 114 bags have been used at four
INEEL locations at a cost of $102,030 (114 * $895). Up to 61 additional bags were planned to befilled
during FY 1999, at a cost of $54,595.

For each of the bags filled, three metal boxes would have been needed. Thus 342 boxes would
have been used at a cost of $331,740 (342 * $970) with another 183 needed the rest of the fiscal year at a
cost of $177,510. Table 8 summarizes these costs.

Table 8. Comparison of low-level waste container costs.

Additional FY - 1999 Usage

Current Usage Estimate
Container Type Number Cost Number Cost
Soft- sided 114 $102K 61 $55K
Metal 342 $332K 183 $178K
Savings $230K $123K

The estimated overall savings for soft-sided container use at the INEEL in FY - 1999 is $353,000.
If the unit cost savings of $7.76 per cubic foot is applied to the projected INEEL LLW volumes for D&D
Projects (RWMC LLW ==> 4,834,000 ft3 based upon the EMIP 1996 Parametric Model) the potential
cost savings would be approximately ==> $7.76 x 4,834,000 = $37,512,000.

The 10-year INEEL EMIP D& D Parametric Model projected the waste streams for RWMC LLW
at approximately 337,000 ft°. It is assumed that 80% of this RWMC LLW would use the Soft-Sided
Containers for waste packaging. The cost-benefit analysis indicated a baseline unit cost of $11.20/ft3, and
a Soft-Sided Container unit cost of $3.44/ft>. This resultsin aunit cost saving for the Soft-Sided
Containers of $7.76/ft>. When applied to the 80% of RWMC LLW, the projected cost savings would be
$2,092,000.

« 337,000 ft* x 0.80 = 269,600 ft*

269,900 ft* x $7.76 ft* = $2,092,000 (Soft-Sided Containers estimated 10-year savings)
Regulatory and Policy Issues

The Lift-Liner™ soft-sided containers meet U.S. Department of Transportation (DOT)

requirements for transport of low specific activity contaminated objects (strong tight rule). The soft-sided
containers are approved for disposal at the INEEL’s RWMC.
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INEEL D& D and RWMC Operations personnel have been properly trained in the setup, packaging,
handling, loading and unloading of the soft-sided containers. It isimportant that associated personnel
receive proper training before working with these containers.

Observations and Lessons Learned
The following Lessons Learned are from both the ASTD deployment and the ITSR:

. Smaller debris and rubble should be placed on the bottom of the container to provide a base
and pad for the larger debris. This prevents penetrations of the Soft-Sided container.

. Use of the manufacturer’ s hinged loading frame saved 65% of setup time.

. The soft-sided container top tie-down straps were originally too short for effective use by
workers. The manufacturer lengthened these top tie-down straps to allow easy access.

. The soft-sided container had problems with stitching failure of the outside loading straps.
The manufacturer solved this problem by sewing the lifting straps lower on the container
walls.

. The polypropylene will degrade in approximately 1,200 hours based upon average sunlight
and ultra-violet light degradation rates. |If the soft-sided containers are to be stored outside
for asignificant length of time it is recommended that they be covered with atarp.

. Soft-sided containers that were stored outside were susceptible to rodent damage since the
polypropylene material can be readily chewed. The damaged soft-sided containers can be
taped closed and/or be re-bagged. Directly depositing the containersin the RWMC, rather
than storing them at the job site, will prevent this problem.

References
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National Engineering and Environmental Laboratory, LSDDP.
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SPECTRO XEPOS XRF Analyzer

Technology Description

Before performing any decontamination or dismantlement work, D& D project crews must
characterize the site. The results of the characterization are needed to set work objectives. Currently,
D&D project managers rely on contract laboratories to provide results on environmental sampling for
RCRA metals, volatile organics, and PCBs. Once the samples have been collected and sent to the
laboratory, it may take as long as 90 days to receive the results.

The SPECTRO XEPOS X-ray Fluorescence (XRF) analyzer, is atechnology that uses polarized
XRF spectrometry to detect elements from sodium to uranium (Figure 29). The XEPOS also detects the
presence of PCBs by using the presence of chlorine (Cl-) as an indicator of the possible presence of
PCBs. If chlorineis present, PCBs may be present and samples must be sent to alaboratory for further
testing. If no chlorineis present, no PCBs are present. Small samples are taken in the field and
transported to an on-site location for analysis. Before analysis, sample material is ground up and mixed
uniformly to ensure accurate results. However, no digestion processis needed, eliminating the possibility
of procedural error associated with sample preparation. A technician can easily be trained to grind and
mix the sample material in minutes, while digestion procedures require much more training to ensure
samples are properly prepared. At the INEEL, the samples are ground and mixed using a special mill. A
binding agent is then added to the powder and the substance is pressed into a pellet, which is analyzed.

The XEPOS provides simultaneous determination of the elements present in asample. The system
can be set up with multiple interna standards that are matrix matched for various media such as soils,
water, coatings, biological materials, etc. In addition, the sample analysis can be completed the same day
the samples are collected, providing a near real-time output for the user.

Specific advantages of the SPECTRO XEPOS include:

. A much faster turnaround on the sample results, resulting in acceleration of D& D schedules
and cost savings.

. Smaller samples required (4 grams versus hundreds of grams) so samplers are exposed to
hazards for a much shorter duration.

. No digestion process required on samples.

. Data quality equivalent to laboratory analysis.

Figure 29. The Spectro XEPOS XRF Analyzer isa bench-:[-op field eployable unit.
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Performance
Performance at the INEEL ASTD

The SPECTRO XEPOS XRF Analyzer was demonstrated as part of the INEEL LSDDP in
November 1999. It has been deployed regularly since the demonstration. Although the winter is
normally atime that the D& D work slows down at the INEEL, atota of nine deployments at six different
locations were compl eted between December 1999 and April 2000.

The first deployments werein December 1999 at the CFA STP. A water sample was screened for
chlorine, and none was detected, indicating it was PCB-free. No laboratory analysis was completed. In
addition, two oil samples were screened, and chlorine was present. These samples were then sent to a
contract laboratory, which did not find PCBs. A third deployment occurred in December 1999 at TRA
641. Two paint samples were screened and found to contain chlorine. These samples were sent to the
laboratory to confirm the presence of PCBs.

The next two deployments were on samples from the Initial Engine Test Facility. Two oil samples
were screened, and chlorine was found. In this case, no laboratory anaysis was completed, and the oil
was treated as PCB waste. In addition, six soil samples, some with oil contamination, were screened.
The soil samples contaminated with oil were found to contain chlorine, and this soil was treated as PCB
waste. The other soil samples were not found to contain chlorine. In this case, no confirming laboratory
analysis was completed.

During February 2000, two paint samples from TRA 654 and two paint samples from the old fire
station were screened, and chlorine was detected. Paint samples from these |ocations were then sent to
the laboratory. During April 2000, one soil sample was tested from the STF. No chlorine was detected,
and no laboratory anaysis was completed. An oil spill was also tested at thisfacility in April. A small
chlorine peak was indicated, and a confirming sample was sent to the |aboratory.

Thistotals 19 samples completed on a variety of materials with nine of these samples being sent to
the laboratory for a confirming analysis. Figure 30 shows how samples are placed in the Analyzer.

Figure 30. Samples are placed in the Spectro XEPOS XRF Anayzer.



Cost-benefit

This cost-benefit calculation is based on the deployment of the XEPOS SPECTRO XRF Analyzer
at 6 different locations for 9 separate deployments. Nineteen samples were anayzed with nine being sent
for aconfirming laboratory analysis, resulting in areduction of 10 |aboratory samples. The cost-benefit
information in the draft ITSR (XRF Analysis of PCBs and Inorganics) was used to complete this analysis.

Assumptions are as follows:

In the ITSR, the amortized purchase price of the SPECTRO XEPOS Analyzer was $70.09/hr
including $24.19/hr for annual costs for repair/maintenance/calibration (not for labor during work) based
on an equipment cost of $63,072. The amortized cost does not include the INEEL General and
Administrative costs (27%), material handling costs (5.3%) and PIF costs (4.5%). Sincethiscan bea
significant amount on alarge purchase, the additional cost due to these adders was figured. A 20-year
service life and 124 hr/yr usage rate was assumed.

The overall purchase cost (P) is $63,072* 1.27* 1.053* 1.045 = $88,142

X$lyr = P 1-(1+D/[1-(2+D)N} + 1)

X = $88,142{ (1-1.058)/[1-1.058™] + 0.058}

X = $88,142 * 0.0858

X = $7,560/year or ($7,560/yr)/124 hrlyr = $60.96/hr

When the maintenance labor cost is added, the usage cost of the analyzer is:
$60.96/hr + $24.19/hr = $85.16/hr

The costs for mobilization, demobilization and disposal of the innovative and baseline techniques
were the same for these applications; therefore, only the characterization portion was calculated. Using
an analyzer usage rate of $85.16/hr and increasing the labor rates by the G& A costs yields a cost of
$48.98/sample for characterization with the XEPOS. The adjusted baseline cost (with G& A added to
labor) was $1,030.38/sample. The savings per sampleisthen $1,030.38 - $48.98 = $981.40/sample.

Although 19 samples were analyzed with the innovative technique, laboratory anayses were till
required on 9 of them. Therefore, the savings will be based on the 10 samples not sent for [aboratory
analysis.

$981.40/sample * 10 samples = $9814 savings during the 6-month deployment period.

In addition, using this field screening technique resulted in less quantifiable advantages, such asa
shortened schedul e and reduced radiation exposure.

As the site personnel become more familiar with this equipment its use will increase, even beyond
D&D use. Itisconservatively estimated that it will reduce laboratory analyses by at least 50 samples per
year. At asavings of $981/sample thisisa savings of $49,050 per year or $490,500 over a 10-year
period. This makes the payback period for the equipment (plus adders) approximately 1.8 years.
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Regulatory and Policy Issues

Federal regulations associated with a radiation-generating device must be followed. At the INEEL,
the owner must comply with procedures relating to the control and registration of radiation-generating
devices. These procedures detail the necessary training required for operators and the postings necessary
for thearea. In addition, proper training for the sampling and analysis techniciansis required to ensure
accurate sample results and safety.

Observations and Lessons Learned

The SPECTRO XEPOS performed well during these deployments. The lessons |earned were the
same as are hoted in the ITSR. Besides those already mentioned on the system advantages, the following
were noted:

. It is recommended that paint or coating samples be ground up into a powder before analysis
to obtain consistent results.

. A simpler method of exporting the data generated by the SPECTRO XEPOS would aid the
user in being able to quickly incorporate data into spreadsheets and documents.

References
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National Engineering and Environmental Laboratory, LSDDP.
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Surveillance and Measurement System
Technology Description

Before performing any decontamination or dismantlement work, D&D project crews must
characterize the site. The results of the characterization are needed to set work objectives. Currently,
D& D project managers rely on handheld detectors to identify radioactive contamination in hazardous
environments. These detectors do not provide isotopic characterization. For isotopic anaysis, samples
must be sent to a contract laboratory. Laboratory analysis typically costs about $150 per sample and
results may not be available for weeks or even months.

The Surveillance and M easurement System (SAMS) produced by Berkeley Nucleonics identifies
isotopes with a thallium-activated sodium iodide detector (Figure 31). Combined with atime-slicing,
data compression technique, the detector facilitates shorter acquisition times, accurate identification, and
spectroscopic capabilities. SAMS can identify multiple isotopesin one-second interval s because of a data
compression technique it uses called Quadratic Compression Conversion. Theinstrument alone detects
up to 70 different radionuclides and can detect up to 95 with the addition of a neutron detector.

The standard model 935, which costs $7,500, includes a 1.5-in. x 2-in. thallium-activated sodium
iodide crystal. Two other crystal sizesare available: 2 x 2-in. and 3 x 3-in. Operators at the INEEL use
the 3 x 3-in. version, which costs about $10,000.

Advantages of the SAM S 935 include:

. Instant results

Number of required lab samples lessened by a factor of 5 or 6

Significant reduction in worker exposure

Providesisotopic information unavailable with other handheld detectors

Portability and decreased weight allow more measurements in a shorter time period

Significant savings.

Figure 31. Surveillance and Measurement System (SAMS) Model 935.
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Performance
Performance at the INEEL ASTD

The Surveillance and M easurement System was demonstrated as part of the INEEL LSDDP project
in April 2000. ASTD project personnel began tracking deployments in June 2000 and continued through
August 2000.

Workers used the SAMS full-time during the months of June, July, and August, completing a total
of 557 samples (Figure 32). During June, workers performed 44 scoping surveys at TAN using the
SAMS. They then calibrated the instrument to do quantitative surveys, and analyzed 36 more samples,
which were also sent to alaboratory to confirm results. In July, personnel continued to use the SAMS at
TAN to characterize 125 more samples, 55-60 of which were sent to alab. They also characterized
approximately 80 samples at the INEEL’s ARA-I1. Between July 26 and August 10, workers analyzed
272 additional samples at ARA-II. The SAMS deployments at the ARA-II arein an areawhere an old
sewer line/system was being excavated. They used the SAMS to determine the location, distribution and
depth of Cs-137 contamination in the pipe trench soil after the sewer line had been removed (the SAMS
was deployed using an ANDROS robot to ensure personnel safety). They completed 1,000 ft of trench
and only found contamination in one spot, which is believed to have come from surface soil
contamination falling into the trench. Laboratory analysis sampling was done inside the lines and septic
tank. Plansarein placeto use SAMS again on a hot line to the ARA-16 tank later in the D&D work.

Cost-benefit

This cost-benefit calculation is based on the deployment of the Surveillance and Measurement
System at two locations. Of the 80 samples characterized in June, 36 were also sent to alaboratory; 44
were not. In July, personnel sent 55-60 of the 125 samplestested at TAN to the laboratory. The number
of samplesfrom ARA sent to a contract laboratory for further analysis was not available; however,
operators estimated that the number of 1ab samples was reduced by afactor of 5 or 6. So, of the 80
samplestested in July at ARA, it is conservatively assumed that 1/5, or 20%, (.2* 80 = 16 samples) of the
samples were aso sent to alab. In addition, 20% of the 272 August samples (.2*272=54.4 =54
samples) were also analyzed in alab. The cost-benefit information in the ITSR (Surveillance and
Measurement System (SAMS)) was used to complete this analysis.

Figure 32. SAMS935in Operation.
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Thetotal cost of hand sampling and laboratory analysis for 18 samples was calculated to be $6,277.
SAMS total cost wasfigured as $1196. These costs do not include the General and Administrative
(G&A) tax or the PIF, which are added at the INEEL. G&A is27%, and PIF is 4.5%; together, these
costs add an additional 33% (cost*1.27*1.045 = cost* 1.33) to the price of equipment and to the cost for
labor, so 33% is added to each of the figures calculated for the 18 samples completed in the Large-Scale
Demonstration. Baseline cost for 18 samples now becomes $6277*1.33 = $8,248. SAMS cost for 18
samplesis $1,196*1.33 = $1,591. Dividing each of the costs by 18 yields cost per sample; for the
basdline: $8,248/18 samples = $458.22/sample, and for SAMS: $1591/18 samples = $88.39/sample.
The difference between the per sample costsis the savings per sample from using the SAMS. Using the
SAMS 935 saves $458.22-$88.39 = $369.83 per sample.

Adding the number of samples from June, July, and August at TAN and ARA yields atotal of
80+125+80+272 = 557 samples. The number also sent to the laboratory is subtracted to calculate the
number of samples analyzed only by the SAMS 935. The total number of samples sent for lab anaysisis
36+55 to 60+16+54 = 161 to 166. The larger number will be used in order to provide amore
conservative savings estimate. 557-166 = 391 samples were analyzed using the innovative technology.
Based on thisinformation, the total savings from Juneto August 2000 becomes $144,603.53
($369.83/sample* 391 samples).

The ITSR included an estimated use per year of 800 hours. Analyzing asample using the SAMS
935 takes about 10 min, which equates to 6 samples per hour. 800 hours* 6 samples/hour = 4800 samples.
During three months of use at the INEEL , the SAM S was used for 557 samples. Using the SAMS
throughout the year at thislevel would result in approximately 2500 samples taken. This more
conservative number will be used to estimate the 10 year cost savings. Estimating that 20% will be sent
to the lab yields atotal of 2500 (1-0.2) = 2000 samples analyzed only by SAMS. At arate of
$369.83/sample, thisisasaving of $740K per year or $7.4 million over the next 10 years.

Regulatory and Policy Issues

There are no known risks associated with using the SAMS 935 unit; however, D& D Project
managers using the SAM S must access CERCLA sites and radiation areas. To enter CERCLA sites or
radiation areas at the INEEL, workers are required to have Radiation Worker | or Radiation Worker |1
training, in addition to 40-hour OSHA training. If the SAMSisto be used for regulatory purposes, it
must be calibrated on aregular basis, according to company policy.

Observations and Lessons Learned
The SAMS costs about $10,000, whereas lab samples cost $150 each. Based on these numbers
only, the cost of the SAMS is recovered after 66 samples. However, other factors make the cost recovery

even morerapid. These factors are the time and costs saved by the instant sample results SAMS provides,
and the elimination of shipping costs associated with sending samplesto alab.

Other itemsto consider include:

. The deviceis capable of internally storing characterization results, but it needs user-friendly
software to easily download results to a personal computer

. Baseline technol ogies are preferable where alpha and beta radiation emitters are present

. Because SAMS s extremely sensitive, it is necessary to either take background radiation
levelsinto account or to have portable shielding to block background radiation from
measurements.
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Track-Mounted Shear

Technology Description

The baseline technology for dismantling pipe and wall fixturesis workers standing on scaffolding
and operating hand-held cutting tools like torches, hand-held shears, and saws. The materials being
removed must be rigged to prevent falling, and slowly lowered to the ground.

The track-mounted shear is operated from the cab, which islocated at a distance from the work
surface, removing operators from the immediate demolition area. The shear used a John Deere 450 LC
track-mounted excavator with a Pemberton PES-11 700R shear (Figure 33). Other equipment
specifications include:

. Excavator powered by 6101-A John Deere turbo-charged/after-cooled diesel engine
developing 285 SAE net horsepower.

. Base unit weight 95,700 Ib (with secondary 3,500 Ib. auxiliary counter weight).

12-ft, 10-in. arm weighing 5,425 |b.

2.63 yd® bucket weighing 4,460 Ib.

Jaw opening of shear is35.5in.

. Jaw depth of shearis37.5in.

. Shear rotation is 360 degrees.

. Shear weight is 15,100 |b.

. Shear machine rating of 83,000 to 105,000 Ib.

= Ll D EES Y

Figure 33. The track-mounted shear was used for D&D activities at FEMP.
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Benefits of this technology include:

. Increased worker safety.

. Reduction of personnel radiation exposure.
Performance

The Track-Mounted Shear, procured by the FEMP viathe ASTD ID&D project, wasfirst deployed
for heavy steel and component segmentation during the D&D of the Cylinder Filling Station (38B) and
Cylinder Filling Station (38A). Following the completion of the D&D of these two facilities, the track-
mounted shear was instrumental in the D&D of the Fernald Sewage Treatment Plant Complex. By using
this ASTD- procured piece of equipment, the Sewage Treatment Plant Complex D& D project was able to
avert $97K in equipment rental costs. The Track-Mounted shear was subsequently used for heavy steel
and component segmentation on four more Fernald facilities that were D& D’ d under this ASTD project.
The field manager for this ASTD project and the operator of the Track-Mounted shear had very positive
feedback on the new technology. Both commented on how easily the shear was able to segment, remove
and place heavy steel members and elements directly into waste containers safely and efficiently. The
long reach of the shear alowed the operator to remain safely out of harms way during operation. The
overall D&D work was completed much more safely and efficiently compared to the other, baseline
method.

Thistechnology could have applicationsin areas of very high risk for demolition operations, (e.g.,
the potential for collapse of the facility onto the equipment is high). Another use of this equipment is
where the radiation fields are high enough to warrant removal of the personnel from the immediate area
due to ALARA concerns and the potential for higher than desired operator dose rates.

Cost-benefit

Fernald ASTD Deployment Costs included the following:

Buildings Actual Cost
38A, 38B $127,092
24B, 3F, 3G $157,186
22A, 8F, 39C, 45B $ 67,738
Total Actual Costs $352,016

Fernald 1996 Engineering Cost Estimates:

Description Estimated Cost
3F, 3G, 39C $227,168
24A, 38A, 38B $295,801
8F $ 7,280
22A, 45B $ 23,155
Tota Estimated Costs $553,404

Therefore, this shows cost savingsfor all Fernald ASTD deployments of 36.4% or $201,388.
This cost analysis reflected the cost savings of the Track-Mounted shear, Oxy-Gasoline torch, and the
Hand Held shear at FEMP. There was no delineation of breakdown according to technology available
from the Fernald Site. The deployments were accomplished in a significantly shorter period of time than
originally planned. Thiswas duein large part to the effectiveness of the deployed ASTD technologies.
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To determine the unit cost savings, the following estimate was then completed.

Equipment Cost:

$340,000 John Deere 450 LC track-mounted excavator
$111,000 Pemberton PES-I1 700R shear (purchased by EM-40).

$451,000

Assuming a 10-year life of the equipment, since heavy use wears the equipment relatively quickly,
the Equipment Depreciation/Equipment Cost per Hour was calculated as follows:

X $lyr

X

X

X =

P ({ 1-(1+1)/[2-(1+1)"]} +1)
$451,000 { (1-1.058)/[1-(1.058)*] + 0.058}
$451,000* 0.083

$37,433/year or ($37,433/yr)/1,000 hr/yr = $37.43/hour

Assuming that the project lasted approximately 3 months or approximately 420 hours, the cost of
the equipment would be:

$37.43/hour x 520 hours = $19,464

The Revised/Adjusted Cost Savings would be $201,338 - $19,464 = $181,924

Therefore the Hourly Unit Cost Savings would be $181,924/1,000 hours = $181.92/hr.

Regulatory and Policy Issues

There are no other known regulatory restrictions associated with the use of the remote controlled
demolition equipment other than the standard federal regulations on worker protection and equipment
safety found in the OSHA regulations. These specific OSHA regulations are listed bel ow:

OSHA 29 CFR 1926 OSHA 29 CFR 1910

1926.300-.307 Tools-Hand and Power 1910.211-.219 Machinery & Machine Guarding
1926.400-.449 Electrical-Definitions 1910.241-.244 Hand & Portable Power Tools
1926.28 Personal Protective Equipment 1910.301-.399 Electrical Definitions

1926.52 Occupational Noise Exposure  1910.95 Occupational Noise Exposure
1926.102 Eye and Face Protection 1910.132 Genera Requirements (PPE)
1926.103 Respiratory Protection 1910.133 Eye and Face Protection
1910.149 Control of Hazardous Energy

Observations and Lessons Learned

The following observations were made during the Track-Mounted shear deployment:

. The Track-Mounted shear is alarge powerful piece of equipment that is not well suited to
working in confined quarters. It must have room to rotate about its axis asit performs D&D

work.
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The blades of the shear must be kept in the proper adjustment to prevent small pieces of steel
and debris from becoming lodged between the blades.

To prevent arelease of hydraulic oil during the first 100 hours of operation, the hydraulic
hose fillings on the shears need to be periodically checked to ensure they are not working
themselves loose.
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Appendix A
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Appendix B
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