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Schematic of Complete Pipe Crawler System

Figure 2. Schematic of complete Pipe Crawler® system.

Calibration of Detector Arrays

Detector arrays are calibrated to a radiation source of known strength so that the relationship between
detector count rate and source strength can be determined. To this end, detector efficiency for Pipe
Crawler® arrays is determined directly using a “standard pipe,” rather than using point sources and
accounting for detector geometry. The former method is more direct, faster, simpler, and more repeatable
than the latter. It employs special calibration sources that are uniformly dispersed within mylar sheets.
The activity of the calibration sources are near the 5000 dpm/1 00 cm? action level.

A crawler of a given size is placed in a matching plastic calibration pipe that is lined with the sheet source.
The detector array count rate for the known activity per unit area is then determined. The total viewing
area of all the detectors in the array is then factored to determine efficiency in terms of counts per min per
dpm/100 cm?, after background from the calibration pipe without the source is subtracted.

Several different sizes of Pipe Crawler® have been built for pipes from 2 in-18 in internal diameter. Two
units were demonstrated at CP-5, a 6-in and a 12-in unit. The 6-in unit was modified by removing its
wheels to accommodate the 5-in rod storage holes. The 12-in unit was used in both the 12-in rod storage
holes and in the 12-in cast iron vent line.

Other Conditions and Considerations

e Pipe Crawler® is lightweight (less than 50 Ib), portable (18 in by 36 in), and can be maneuvered by
hand.

¢ The utilities required for the unit include a source of 40 ft3/min, 100 psi air pressure and a 115V, 20
amp electrical current source.

o Pipe Crawler® cannot differentiate specific isotopes or radiation types.
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* Pipe Crawler® cannot be used in pipes containing or suspected of containing standing water
because of the high voltage used in the detectors.

* A moderate level of skill and training is required to operate the equipment.

No secondary waste streams, beyond disposable personal protective equipment (PPE) for
operators and rags for wiping down equipment, were generated by the radiological surveys.
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SECTION 3

Demonstration Plan

The demonstration of RSI's Pipe Crawler® technology was conducted according to the approved test plan
CP-5 Large-Scale Demonstration Project: Test Plan for the Demonstration of the Pipe Crawler System at
CP-5. The performance of the Pipe Crawler® technology was evaluated against the baseline
technology-—excavation and disposal. The principal objective of the demonstration was to establish that
the Pipe Crawler® technology could perform radiological surveys of piping systems to allow the systems to
be released without restrictions or reused for clean application. Of particular interest were embedded
piping systems that would be very costly to manage by excavation and disposal as low-level waste.

Several embedded piping systems in CP-5 were identified as candidates for surveys through discussions
with facility personnel and review of available drawings. The identified piping systems included pipes with
internal diameters from 3 in-18 in, both horizontal and vertical in configuration, ranging in length from 10
ft-150 ft, and constructed of a variety of materials. Specific piping systems included a 4-in (3-in-internal
diameter) by 150-ft drain line of vitreous clay, two 12-in by roughly 150-ft cast iron air vent lines, and an
array of fuel rod storage holes from 10 ft-17 ft in depth. The latter holes had diameters of 5 in, 6 in, or 12
in, arranged vertically in a block of concrete sunk into the floor of the Rod Storage Area and lined with
either stainless steel or carbon steel.

The 4-in drain line was eliminated from consideration when it was learned that it had a high probability of
containing standing water, a condition incompatible with the high voltage used in the GM detectors.
Similarly, a decision was made to not perform surveys in the 12-in vent lines beyond 90° bends roughly
20 ftin from the point of access to ensure that the crawler could be extracted from the line. The crawler
could only be manipulated from one end in these lines, and video inspection further revealed mismatched
pipe joints, presenting potential snag points. To compensate for these reductions in scope, the number of
planned rod storage holes to be surveyed was increased from 6 to 13.

Treatment Performance

Pipe Crawler® successfully demonstrated its ability to characterize radioactive contamination above
background levels in buried and embedded pipes.

Pipe Crawler® demonstrated its ability to produce repeatable characterization results.

Use of the Pipe Crawler® manual deployment equipment (i.e., flexible fiberglass rods) required
some physical exertion on the part of personnel to advance the crawler and cables.

Pipe Crawler® was easy to wipe down between uses to remove contamination. Although the
potential existed for contamination to be entrained with Pipe Crawler® as it was removed from one
pipe and inserted into another, cross-contamination of pipes did not occur.

Use of Pipe Crawler® did not result in the generation of secondary waste other than personal
protective clothing and rags used to wipe down the equipment.

Survey results from the demonstration are summarized in Table 1. The results indicate a general picture
of the level of activity in each hole or line surveyed that can be compared to release criteria (i.e., generally
5000 dpm/100 cmz) to gain an indication of what actions might be appropriate or required to close out the
management of the rod storage holes and 12-in vent line.



Rod Storage Holes (RSH)

As indicated in Table 1, surveys were performed on 13 rod storage holes, composed of five 5-in, four 6-in,
and four 12-in holes. The surveys were made with two different crawlers. The first was used for the 5-in
and 6-in holes; and the second was used for the 12-in holes. The standard step sizes used were 4 in and
12 in, respectively, for the first and second crawlers, resulting in coverages exceeding 30 percent, the
presumed standard for regulatory acceptance. Nonstandard step sizes were used for more rapid surveys
of additional holes, after at least two holes of each size were surveyed with the standard step sizes. For
example, hole #52 was known to be highly contaminated so only four readings were taken with the 6-in
crawler at 24-in intervals to get a simple profile of the hole.

6" ASH #42 (Triplicate Survey)
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Figure 3. Example contamination profile for rod storage hole #42

The activity levels measured in the various holes varied widely, as shown in the two right-hand columns of
Table 1. The background levels in the 5-in and 6-in holes were determined to be 272 cpm and 639 cpm
beta-gamma, respectively, measured by the various detector arrays. Within a single hole, activities could
vary from background levels to over 50 times the release standard of 5000 dpm/100 cm? Holes #4 and
#39 had no readings above the release limit, while holes #8, #43, and #68 had some readings just over
the limit. The remaining holes generally had levels well over the limit. All three size groups had at least one
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Survey results for the various rod storage holes could support decisions with respect to the holes. The
activity levels observed in many of the holes indicate a need for substantial decontamination if they are to
be left in place, while other holes would require little or no decontamination for release. These results
could be used to identify the type and extent of decontamination that would be required to address the
surveyed holes. Moreover, to the extent the 13 surveyed holes represent the entire 76-hole array, costs
could be estimated to decontaminate and release the entire array.

Table 1. Summary of Pipe Crawler® survey results for the CP-5 rod storage holes and portions of
the 12-in vent lines

Hole Inside Depth Step # Survey Approx. Count Activity Range Activity Mean
or diameter or Size Readings Coverage Time Total Bly Total Bly
Vent (in) Length (in) (percent) {min) (dpm/100cm2) (dpm/100cm2)
No. {ft) min_ max
4 5 10 8 14 20 05 | O 998 | 270}
| 8_ 5 10 8 J 14 20 05 | 798 7805 | 1,986
5 10 4 25 | 37 1.0 | 919 399,367
5 10 4 24 | 37 1.0 28,407 343,161
5 10 4 25 37 1.0 8,394 37,390
6 14 8 17 18 1.0 0 3,051 |
42 (1) 6 | 14 4 36 37 1.0 14,398 45,442 28,242
42 (2) 6 14 4 36 37 1.0 14,188 54,950 31,612
42 (3) 6 14 4 36 37 1.0 15,343 | 56,526 | 31,212 |
43 | 6 14 4 36 37 1.0 2,526 8,094 4,953 |
52 8 14 24 4 4 1.0 145,825 248,782 189,556 |
61 12_ 14 a2 30 36 0.5 11,767 952,159 193,830 |
65 12 14 A2 32 36 _ 1.0 2,070 13,152 3.868 |
68 12 14 12/6 26 30 1.0/0.5 0 8,250
s 12 14 12 32 36 10 | O 228,552 30,197 |
| VLIF | 12 21 12 42 36 05 0 943 242
VL1- 12 21 12 42 36 1.0 (-64) 508 216
R
| VL2-F | 12 4 8 8 40 1.0 223 411 302 |

A cost analysis of the Pipe Crawler® technology developed from the demonstration is presented in Section
5. Costs to characterize piping are compared to the baseline approach of pipe dismantlement and
disposal. In the case of the rod storage holes, dismantiement would involve removing and size reducing
the steel liners and coring out the unlined hole. The removed material would then be disposed as low-level
waste. In this case, the savings accrued by Pipe Crawler® surveys could be considered costs avoided for
unnecessarily dismantling any holes in this manner that were established by survey to be suitable for free
release. Further savings could be estimated for holes requiring only simple decontamination rather than
dismantlement and coring.

Another consideration in favor of employing a decontaminate-and-survey approach here is that the rod
storage holes are straight vertical holes with no joints, fittings, or obstructions. This makes the holes easy
to survey and decontaminate if necessary. Also, such an approach would be far less disruptive to CP-5
activities and would pose lower overall risks to D&D workers and facility personnel.
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12-in Vent Lines

The 12-in vent lines were a pair of cast iron air lines that serviced the reactor area. The lines were
accessible from a shallow well in the vestibule area of the main floor outside the central containment area
of CP-5. The lines run under the concrete floor of the facility, exiting to the northeast and making a 90°
bend to the right at a point roughly 20 ft from the access point. The lines then run underground roughly
130 ft to the location of the former ventilation annex where the lines are currently capped and buried.

Time constraints limited the survey of the second line (VL2-F) to four steps at 8-in intervals using 1-min
count times to adjust for the broken detector. These readings provided a nominal measure of activity
levels at the mouth of the second line.

Readings in the first line ranged only as high as twice background near the mouth, falling to background
within a few ft. The few readings in the second line were near background. All readings for both lines were
below levels requiring decontamination in the surveyed portions near the line starting point in CP-5. There
is no apparent reason to expect levels to rise again in the remaining portions of the lines buried outside
the facility. This conclusion is stronger for the first line than the second line where only a few
measurements were made. These survey results in conjunction with a review of the process history of the
two lines support at least a preliminary conclusion that the two 12-in vent lines require no remedial action.

The application of the Pipe Crawler® technology in the vent lines exemplifies the kind of savings that might
be accrued with the technology under the best circumstances. The demonstration surveys of the lines
required only a few hours of work with a two-person crew and produced quality results that could support
a decision that no further action was necessary. The demonstration performance suggests that substantial
portions of the two lines could be surveyed in a day or two with sufficient quality to support release of the
lines. The cost of such surveys would compare very favorably to presumptive excavation and disposal of
the two embedded 150-ft lines.



SECTION 4

Competing Technologies

The baseline technology approach that competes with the Pipe Crawler® is excavation and disposal of
embedded piping. This approach may require extensive time and equipment to complete and may be
potentially unnecessary if the pipe is uncontaminated.

Competing technologies include the following:

o Pipe ExplorerTM, developed by Science and Engineering Associates, Inc. Also demonstrated as part
of the CP-5 LSDP, Pipe Explorer™ is a pipe characterization system that employs an air-tight
membrane deployed from a canister with air pressure to line the interiors of pipes and to carry a
tether to which detectors are attached. As the membrane deploys, detectors are towed along inside
the membrane while measurement data is collected.

¢ Multisensor Inspection and Characterization Robot for Small Pipes (MICROSPI) developed by
Lockheed Martin Astronautics

¢ Internal Duct Characterization System developed jointly by ldaho National Engineering and
Environmental Laboratory, Inuktun Services, Ltd., and Automation Systems Associated, Ltd. (the
latter two located in British Columbia)

¢ Small Pipe Characterization System (SPCS) developed by Foster-Miller, Inc.

A comparison of the relative characteristics, benefits, and limitations of these technologies will be provided
in the LSDP final report.

Advantages of the Pipe Crawler® technology include the following:

» Pipe Crawler® covers a wide range of pipe sizes, lengths and materials.
» Surface coverage can be adjusted to any desired level to meet release requirements.
o Detector arrays have ample sensitivity relative to release Iimits.
Detector array calibration is straightforward using the dispersed calibration sources.
¢ Maintenance of precise detector geometry during surveys assures accurate readings.

e Calibration control charts, daily response checks, and detector array “knockdowns” lend further
confidence to the reliability of measurements.

o Use of off-the-shelf detectors and other components simplifies repairs and increases up time.

The system generates little or no waste.

Limitations of the Pipe Crawler® technology include the following:

Different-sized units are required for nominally different pipe sizes.
Cannot be used in pipes with standing water.

Pipes must be free of obstructions or accessible from either end of an obstruction.
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Crawlers can become contaminated if used in untreated pipes. (However, only minor contamination
of low-cost wheels occurred during the demonstration from loose corrosion in the untreated pipes.)

Pipes accessible from only one end present difficulties in manipulating and recovering crawlers.
Technology is not particularly suited to detection of alpha contamination.

Video inspection revealed mismatched pipe joints presenting potential snag points.
Technology Applicability

The Pipe Crawler® technology is applicable to a wide range of pipe sizes and materials. Units have been
built for pipes ranging in internal diameter from 2 in-18 in. Most pipe materials can be surveyed, including
steel, stainiess steel, cast iron, and vitreous clay. The most important factors affecting the suitability of
pipe systems are smoothness, types of joints, number and sharpness of bends, and freedom from
obstructions and debris. Pipe lengths up to 200 ft can be surveyed if accessible from both ends. Single-
end access reduces the range to about half and makes manipulation and recovery of the units more
difficult. Drain pipes are particularly suited to the technology as they are typically fairly straight and
uncomplicated systems and are often embedded, which increases the benefit of in-place management.

Patents/Commercialization/Sponsor —_————————————————— e

No issues related to patents, commercialization, or sponsorship are pending. Pipe Crawler® is a
commercially available technology.
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SECTION 5

Introduction

This cost analysis compares the relative costs of the innovative and baseline technologies and presents
information that will assist D&D planners in decisions about use of the innovative technology in future D&D
work. This analysis strives to develop realistic estimates that represent D&D work within the DOE
Complex. However, this is a limited representation of actual cost because the analysis uses only data
observed during the demonstration. Some of the observed costs will include refinements to make the
estimates more realistic, such as elimination of cost factors only applicable to demonstration of
technologies. These are allowed only when they will not distort the fundamental elements of the observed
data (e.g., do not change the productivity rate, quantities, and work elements, etc.) and eliminates only
those activities which are atypical of normal D&D work. The CP-5 Large-Scale Demonstration Project,
Summary of Results of Pipe Crawler Surveys for DOE’s LSDP at CP-5 provides additional cost
information.

Methodology

This cost analysis for the Pipe Crawler® innovative technology is based upon data collected during the
demonstration that includes duration of activities, work crew composition, equipment used in the
performance of the work, and supplies used. Data was collected into a predetermined structure to foster
consistency with other demonstrations. Following collection of the data, team members from ICF Kaiser,
USACE, and a D&D technical specialist from the Argonne National Laboratory reviewed the costs and
agreed on the approach used in the analysis. Those activities and costs that are for performance
benchmarking (not a normal part D&D work) or that result from the demonstration nature of the contract
are not included in this analysis.

The baseline technology was assumed to be dismantlement and removal of the contaminated pipes, and
the cost estimate for that baseline is based upon a number of budget documents for the CP-5 including

e Decommissioning Cost Estimate for Placing the CP-5 Reactor Facility into Safe Storage
(SAFSTOR);

Decommissioning Cost Estimate for Full Decommissicning of the CP-5 Reactor Facility, prepared
for Argonne Nationa! Laboratory; and

1996 activity cost estimates for the CP-5 decommissioning.

Since the baseline cost estimate is not based on observed data, extra effort is applied in setting up the
cost analysis to assure unbiased and appropriate production rates and crew costs. Specifically, the
previously mentioned team reviewed the activities and assumptions to be used in the baseline estimate to
ensure a fair comparison with the Pipe Crawler® demonstration.

The cost estimates for both the baseline and the innovative technology follow the Hazardous, Toxic and
Radioactive Waste Remedial Action Work Breakdown Structure and Data Dictionary (USACE, 1996) for
collecting costs into cost elements for reporting. For those cost elements associated with equipment that
is assumed to be purchased by ANL or is owned by a vendor providing service to ANL, the hourly
equipment rates that are used in this cost analysis include maintenance costs (if any) and allow for
depreciation and the facility's capital cost of money (FCCM) and is computed in accordance with the
Construction Equipment Ownership and Operating Expense Schedule (USACE EP-1110-1-B, 1995). For
those cost elements associated with equipment that is assumed to be rented, that rental rate is used. It is
reasonable to assume that the rental rate includes consideration of repair costs, depreciation, and FCCM.
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Cost Analysis

The DOE Complex presents a wide range of D&D work conditions because of the variety of functions and
facilities. The working conditions for an individual job directly affect the manner in which D&D work is
performed and, as a result, the costs for an individual job are unique. The innovative and baseline
technology estimates presented in this analysis are based upon a specific set of conditions or work
practices found at CP-5 and are presented in Table 2. This table is intended to help the technology user
identify work differences that can result in cost differences. The original baseline estimate for CP-5
assumed 165 linear feet (lin ft) of buried 6-in pipe would require remediation. Based on conditions found in
the field, a total of 262 lin ft of various widths (5 in, 6 in and 12 in) was characterized using this technology.
To ensure a fair and unbiased cost comparison, only 165 lin ft of the piping characterized was used for the
comparative cost analysis. Since the costs were broken down to a per-linear-foot basis, and mobilization
and demobilization costs for each respective technology are relatively fixed (see Figure 5 and Appendix
C), this provided the most objective comparison of the two remediation methodologies.

Table 2. Summary of cost variable conditions

Nature of work Remove floor and excavate piping. '
Floor thickness of 1 ft. Assume only
low-level radioactive contamination (no
hazardous) so that there is not need to
segregate sludge from pipe interior i
from the pipe (no need to try and

reduce the volume of mixed waste).

| Work environment

Respiratory protection not required for
concrete removal. Area previously
decontaminated. Pipe removal requires
protective clothing and respirators.
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