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SECTION I 

Technology Description 

The Pipe ExplorerTM system, developed by Science and Engineering Associates, Inc.(SEA), under 
contract with the U.S. Department of Energy (DOE) Morgantown Energy Technology Center, has been 
used to transport various characterizing sensors into piping systems that have been radiologically 
contaminated. DOE'S nuclear facility decommissioning program must characterize radiological 
contamination inside piping systems before the pipe can be recycled, remediated, or disposed. 
Historically, this has been attempted using hand-held survey instrumentation, surveying only the 
accessible exterior portions of pipe systems. Various measuring difficulties, and in some cases, the 
inability to measure threshold surface contamination values and worker exposure, and physical access 
constraints have limited the effectiveness of traditional survey approaches. The Pipe ExplorerTM system 
provides a viable alternative. 

The heart of the system is an air-tight membrane, which is initially spooled inside a canister. The end of 
the membrane protrudes out of the canister and attaches to the pipe being inspected. The other end of 
the tubular membrane is attached to the tether and characterization tools. When the canister is 
pressurized, the membrane inverts and deploys inside the pipe. The characterization detector and its 
cabling is attached to the tethered end of the membrane. As the membrane is deployed into the pipe, the 
detector and its cabling is towed into the pipe inside the protective membrane; measurements are taken 
from within the protective membrane. Once the survey measurements are completed, the process is 
reversed to retrieve the characterization tools. 

0 

0 

0 

0 

The Pipe ExplorerTM can be deployed through constrictions in the pipe, around 90" bends, vertically 
up and down, and in slippery conditions. 

Because the detector is transported inside the membrane, which is inexpensive and disposable, it is 
protected from contamination, which eliminates cross-contamination and false readings. 

Characterization sensors that have been demonstrated with the system thus far include: gamma 
detectors, beta detectors, video cameras, and pipe locators. Alpha measurement capability has been 
developed and will be demonstrated soon. 

The system is capable of deploying in pipes as small as 2-in. diameter and up to 2504 long. 

Technology Status 

0 To date the Pipe Explorer" system has been demonstrated at three sites: the Formerly Utilized Sites 
Remedial Action Program (FUSRAP) site in Adrian, Michigan, a DOE site in Albuquerque, New 
Mexico, and the Grand Junction Project Office in Colorado. 

0 At the FUSRAP site, now an automobile parts factory, two demonstrations were conducted. 

- The first use was a manual deployment and monitoring system. Deployment was made into drain 
lines that contained substantial amounts of a thick, oily sludge. The system was deployed into two 
4-in. drains to perform preliminary and postremediation surveys. The system was deployed with a 
beta detector that was selected specifically to detect emissions from depleted, natural, and up to 
2.1 % enriched uranium-235. 
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- The second use at the FUSRAP site was an automatic deployment and monitoring system. The 
system was deployed into six separate 4-in. drain lines averaging about 100 ft each. The 
automated system includes the capability for motorized deployment and deployment control, 
automated distance tracking, and integration of the detector output signal as a function of distance 
for real-time data tracking. 

At the DOE site in Albuquerque, sanitary waste is discharged to the Albuquerque Sewage Treatment 
plant. Elevated levels of alpha- and beta-emitting species were detected in the wastewater. The 
facility was required to determine whether its piping was the cause of the contamination or whether 
contamination may have been from impacted groundwater at a local environmental restoration site. 
The Pipe Explorerm was used to perform beta and gamma surveys in about 300 ft of drain line. 
Video surveys were also conducted to assess pipe integrity. 

At the Grand Junction Project Office, the Pipe ExplorerTM was used to take beta, gamma, and video 
surveys of drain lines from a uranium worker shower facility and the Analytical Laboratory facility. The 
purpose of the surveys was for design of the remedial action at the facilities. 

Currently, four styles of radiation detectors that allow discrete gamma and beta detection to threshold- 
value limits can be used with the system. 

The Pipe Explorer" system is now available as a commercial service for gamma, beta, and video 
surveys. The technology is commercially available though SEA. 

An enhancement to the system that allows for surveys of alpha contamination has been developed. It 
provides alpha surface-activity measurements over 100% of the pipe surface area by using a 
scintillating membrane that is sensitive to alpha particles. 

Key Results 

The Pipe Explorerm has been used successfully to survey the inside of piping that could not 
otherwise be radiologically evaluated; thus, the piping could be abandoned in place and the site could 
be closed out from future remedial action. 

0 The Pipe Explorerm has been used successfully to survey buried piping, both radiologically and 
visually, and resulted in selectively identifying sections requiring remediation. 

0 The Pipe Explorer" has been used successfully to determine which feeder pipes in a pipe header 
system required remedial action even though the feeder pipes could not be directly inspected. 

Contacts 

Technical 
James Kopotic, FUSRAP site Project Manager, U.S. Department of Energy (423) 576-9441 

Steve Corle, Grand Junction Project Office, Environmental Engineer, Rust Engineering, (970) 248-6497 

C. David Cremer, Science and Engineering Associates, Inc., (505) 884-2300 
Bill Lowry, Science and Engineering Associates, Inc., (505) 983-6698 

Management 
Steve Bossart, Project Manager, U.S. Department or Energy, (304) 2854643 
Jerry Hyde, Program Manager, U.S. Department of Energy, (301) 903-7914 

PatenULicensing Information 
C. David Cremer, Science and Engineering Associates, Inc., (505) 884-2300 
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SECTION 2 

Technology Schematic 

The heart of the system is an 
air-tight membrane that is 
initially spooled inside a 
canister. The end of the 
membrane protruding out of the 
canister is folded over and 
attached to a base pipe. When 
the canister becomes 
pressurized in this 
configuration, the air pressure 
on the membrane causes the 
membrane to be pulled from 
the spool. This continues until 
the membrane is completely off 
the spool. At this point the 
membrane has been deployed 
halfway into the piping. 

0 

A characterization tool such as 
a radiation detector is attached 
to the end of the membrane 
and towed into the pipe as the 
membrane continues to invert. 
The detector cabling is also 
towed into the pipe from the 
spool. Because the membrane, 
detector, and cabling are 
tethered to the spooler inside 
the canister, they can be 
wound back into the canister. 

The system can thus be used 
to move a detector freely back 
and forth through a pipe while 
the detector output and position 
are continuously recorded. As 
a result, the Pipe ExplorerTM 
system provides high-resolution 
analysis of the location of 
radioactive contamination in 
pipes. 

Sta Ige 1 Deployment canister 
pressurized at 1-5 psi 

Membrane wrapped aroun 
canister outlet and sealed 

rolled up on reel 
Stage 2 

Stage 3 

Stage 4 

Detector can be freely moved back and 
forth through several hundred feet of pipe 

*Patent Pendinn 

Figure 1. Sequence of membrane and detector 
deployment with the Pipe Explorerm system. 
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System Operation 

0 

0 

0 

0 

0 

0 

0 

The general operation procedure is to deploy the membrane halfway into the pipe. At this point the 
detector begins to deploy from the canister. The detector is deployed relatively quickly (up to 30 ftlmin) 
until the full length of the membrane is in the pipe. 

Detailed radiological measurements are usually taken as the detector is being retrieved. Retrieval is 
normally done at 2.5 ftlmin, allowing for a continuous and accurate survey. 

As the detector is being retrieved, the tetherkignal cable (attached to the detector and the membrane) 
is wound back into the deployment canister. The membrane prevents contamination from contacting the 
signal cable and detector. 

Once the detector has been retrieved and the survey completed, the detector is removed from the end 
of the membrane. The membrane is then fed through a diaphragm to an external reel assembly or hand 
fed into a disposal drum. 

When the membrane is retrieved, the membrane surface that comes in contact with the contaminated 
surfaces of the pipes is pulled to the inside of the membrane. This controls the contamination so that 
workers do not come in contact with any contamination. 

In the automated version of the Pipe ExplorerTM, the system canister includes a motorized reel and a 
deployment distance measurement sensor. Additional sensors in the canister, such as a slack indicator, 
a tension meter, and pressure transducers, enable the system to run with minimal operator interaction. 

All outputs from the sensors are displayed on a control panel. In addition, they are recorded and 
displayed on a laptop computer acting as a virtual instrument. The radiological data is recorded on the 
laptop computer, which is used to monitor real-time surface activity as a function of distance into the pipe. 

Table 1 lists typical results that have been achieved in laboratory tests and are used as general 
guidelines. 

Table 1. Typical deployment lengths and number of elbows for various pipe sizes 

(inches) Number of 90" elbows (feet) 
Pipe diameter Maximum deployed distance 

1 0 50 

2 2 200 

3 4 250 

I I 4 6 250 
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SECTION 3 

PERFORMANCE 

Demonstration Overview 

0 Performance of the technology has been assessed using information from the demonstration at the 
FUSRAP site in Adrian, Michigan. 

0 Thirteen surveys were conducted in eight drain lines. 

0 Three different radiological detectors were deployed during the demonstration. 

0 Data obtained with the Pipe ExplorerTM system was verified with several methods: 
- The membrane was visually inspected as it was retrieved from the drain line. 
- Using a conventional Geiger-Muller (GM) probe, measurements were taken from the membrane as 

- Calibrations were carried out to best simulate the measurement conditions that would be encountered 

- Deployment accuracy was assessed by initial deployment through a pipe of known length. 
To date none of the instruments have been contaminated. 

it was retrieved. 

at the FUSRAP site. 

0 

Monitoring Performance 

0 Visual inspection of the membrane was useful when test results, as shown in Figure 2, had notable 
structure. For example, the portions of the membrane over 100 ft and between 40 ft and 90 ft were 
observed to contain 
substantial oil sludge. The 
portion of the membrane 
between 90 ft and 98 ft was 
substantially free of sludge. 1,200,000 G- 

E 
0 

0 Using the conventional GM 
probe measurement of the 
membrane as it was 
retrieved also validated the 
results of the survey (Figure 
2). The monitoring of the 
membrane followed similar 
data trends; however, 
because the GM probe was 
measuring the smearable 
contamination that adhered 
to the membrane rather 
than the activity inside the 
pipe, its readings were 
lower than the actual 
measurements taken inside 
the pipe. 

8 1,000,000 
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Figure 2. Survey of a drain line at the FUSRAP site with the Pipe 
ExplorerTM system (solid line). Triangular data markers show measurements 
of contamination on the membrane retrieved from the drain line. 
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0 Confidence in the quantification of the results was verified by rigorous calibration of the detector under 
conditions that were believed to best reproduce those conditions within the pipe. The source selected 
emits a beta particle with similar energy to the site Contamination. The detector rested on the bottom of 
a 4-in. pipe inside a 4-mil polyethylene membrane, the same conditions expected inside the pipe. A grid 
was established for placement of the source. The response of the detector to the source (at various grid 
locations) was integrated over all angular and axial positions to determine detector response to distributed 
contamination inside 4-in. pipes. 

0 Deployment accuracy was determine to be within 5%. 
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SECTION 4 

Technology Applicability 

0 The ideal location for application of the Pipe ExplorerTM is pipes under buildings or in hard to access 
areas where the cost of removal is high, but the suspected residual contamination is low enough that 
either decontamination or no action may be an acceptable alternative to removal. 

0 The absolute maximum deployable distance of the system is currently limited by the length of the cabling 
and canister size. The current configuration allows for 2504 deployments. 

0 Practical deployment lengths are limited by the number of elbows in the lines and the diameter of the pipe. 
Pipes with high mineralization or significant fouling will limit deployment to the extent that the pipe 
diameter is reduced. 

0 Table 2 lists the radiological instruments that will deploy with the Pipe Explorer SystemTM and their 
descriptions. 

Tabfe 2. Radiological instruments used with the Pipe Explorerm system 

I Detector type I Detector mode I Notes I 
Bicron BC-404 

plastic scintillator 
1.25 in. by 1.96 in. 

Beta Large window offers high sensitivity beta detection. 
Compact package allows transport around 2-in. 
elbows. 

Bicron BC-408 
plastic scintillator 
0.5 in. by 0.5 in. 

Beta Ruggedized packaging good for applications in pipe 
sizes 3 in. and up. 

~~~ ~ ~ ~~ ~ ~~ ~~ ~ - 

Nal(T1) Gamma Large crystal provides high sensitivity and good 
2-in. by 2-in. 
crystal size 

spectral resolution. Larger package size limits 
applications to pipe sizes greater than 4 in. 

Csl(Na) Gamma Small package allows transport around elbows in 
1.125-in. by 1.188-in. 2-in. pipe. 

crystal size 

Competing Technologies 

0 This technology competes with the cost of removal of piping and drains that could not otherwise be 
certified for release. The primary purpose that DOE has in developing this technology is to provide an 
alternative method for certifying that contamination levels are below action level. Where potentially 
contaminated surfaces are not accessible for measurement (as in some pipes and drains), such property 
may be released after case-by-case evaluation, based on both the history of its use and available 
measurements, demonstrates that the unsurveyable surfaces are likely to be within limits. 

0 Alternative methods to the Pipe ExplorerTM system, such as pipe crawlers and push rods, can be used 
to transport detectors into pipes. If contamination is not fixed within the pipe, these methods could spread 
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the contamination or contaminate the detector, which leads to ambiguous results. The Pipe ExplorerTM 
does not tend to move contamination. The Pipe ExplorerTM also deploys in slick or vertical piping. 

Technology Maturity 

0 This technology is commercially available for beta and gamma surveys in 2- to 4-in. pipes or drains. 

0 An April 1996 demonstration for the alpha detector survey is planned at Argonne National Laboratory in 
Chicago. 

0 The technology is still in the developmental stage. As discussed in the Lessons Learned section, 
additional procedural refinements are being developed that will overcome some of the unexpected site 
conditions that have been encountered. For example, at one of the demonstration sites, a pipe saddle 
was used to connect a drain line to the existing drain line. The hole in the saddle was not cut to the size 
of the drain pipe and restricted deployment. 

8 U.S. Department of Energy 



SECTION 5 

Introduction 

Information in this section was prepared from data provided to the Hazardous Waste Remedial Actions 
Program (HAZWRAP) by the Los Alamos National Laboratory (LANL) Technology and Safety Assessment 
Division. The LANL staff perform technology cost analysis as an independent team for the DOE Office of 
Environmental Management, Office of Science and Technology (EM-50). 

0 The LANL assessment evaluated the cost benefits for five typical scenarios. The basis of the cost 
analysis is that without the availability of the technology, avoidance of the worst case remedial response 
would not be possible. 

0 Since the Pipe ExplorerTM is a characterization tool, the innovative technology is taken to be a 
combination of the Pipe ExplorerTM and the subsequent remedial action. 

Costs Comparison 

Baseline Cost: 
The LANL cost assessment was performed using the following baseline cost data. 

0 Cost data for the Pipe ExplorerTM system operation was based on the Grand Junction Project Office 
demonstration. 

- A cost of $36,000 has been charged to characterize 1300 ft of the drainage system. 
- Both video and beta characterization tools were used to survey the 1300 ft of pipe: the beta detector 

was used to survey 900 ft, the video camera was used to survey 400 ft. - Cost: $27.69 per test foot (1300 ft), or $40.00 per linear foot of pipe (900 ft). 

0 Costs for decontamination, excavation, and removal of contaminated pipe are based on the cost estimated 
for the FUSRAP site in Adrian, Michigan. 

- The cost for decontaminating 975 linear feet of pipe was $489,000 or $500/ft. 
- $1200/ft was the estimated cost avoidance for the elimination of the excavation and removal of the 

contaminated pipe. 

0 The cost basis for the installation of a liner in a pipe was based on the cost at the DOE Albuquerque site. 

- The cost for the liner was $1 50,000 for installation of 1500 ft or $lOO/ft.  - At an active site installation of 4-in. pipe, the cost is $5/ft. 

Baseline Assumptions: 
0 For each of the scenarios outlined, some baseline assumptions were made: 

- Typically, 250-300 ft of pipe can be examined per crew per day, which would include setting up, visual 

- A total or 1500 linear feet of pipe is to be characterized at each facility. 
- Drain lines are 4 in. in diameter and are not accessible for a traditional survey. 

inspection (video tool), characterization of beta and/or gamma activity, and tearing down. 
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- Excavation for removal of piping requires a 4.54 width, an 8 4  depth, and shoring and is conducted 

- If decontamination of pipes is required, L o  flushes are attempted. Costs include disposal of the 
under hazardous work conditions. 

contaminated water and grouting the lines to seal them. 

Scenario 1: 
0 Scenario 1 is a FUSRAP site that has drain lines buried under a building and parking lot. The lines are 

characterized by the Pipe ExplorerTM and determined to have low contamination levels; therefore, no 
remedial action would be required. 
- As shown in Table 3, under this scenario the cost avoidance would be $1 172/ft or about $1,760,000 

for the typical project. 

Scenario 2: 
0 Scenario 2 is a FUSRAP site that has drain lines buried under a building and parking lot. The lines are 

characterized by the Pipe Explorer" and determined to require decontamination. The remedial action 
taken is to flush the pipe. Cleaning reduces the contamination levels to an acceptable level. 
- Under this scenario, the cost avoidance would be $672/ft or about $1,010,000 for the typical project.. 

Scenario 3: 
0 Scenario 3 is a FUSRAP site that has drain lines buried under a building and parking lot. The lines are 

characterized by the Pipe ExplorerTM and determined to require decontamination. Two thirds of the lines 
are decontaminated to an acceptable level that requires no further remedial action. The remaining one 
third of the lines cannot be decontaminated and have to be removed. 
- Under this scenario, the cost avoidance would be $272/ft or about $410,000 for the typical project. 

Scenario 4: 
0 Scenario 4 is an active site. The integrity of the drain line is believed to require replacement; however, 

data from the Pipe ExplorerTM indicates that the line will not need to be replaced. Characterization shows 
that half of the line requires installation of a liner. 
- Under this scenario, the cost avoidance would be $1 127/ft or about $1,690,000 for the typical project. 

Scenario 5: 
0 Scenario 5 is an active site. The integrity of the drain line is believed to require the installation of a liner. 

After the Pipe Explorer" is used to characterize the line, it is determined that no action is required. 
- Under this scenario, the cost avoidance would total $72/ft or about $1 10,000 for the typical project. 

Table 3. Cost comparison analysis for typical Pipe Explorerm applical 
Scenario 1 Scenario 2 Scenario 3 Scenario 4 

Cost factor ($/ft) ($4 Wft) Wfi) 
Pipe ExplorerTM 28 28 28 28 
system cost 

Remedial action cost 0 500 900 50 

Total innovative 28 528 928 78 
alternative cost 

Baseline cost 1200 1200 1200 1205 

Cost savings 1172 672 272 1127 

Ins 
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Cost Summary 

0 SEA anticipates the current $28ift deployment cost will drop to about $ A  Ilft. 

0 The cost of the disposable membrane is about $0.03/ft. 

0 A two-man crew is usually mobilized. 

0 SEAS main costs are the cost of labor for the two-man crew, the $1000 per day rental rate of the 
equipment, and the travel per diem. 
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SECTION 6 

REGULATORY/POLICY ISSUES 

Regulatory Considerations 

0 Because the Pipe ExplorerTM is an investigation tool for characterization of existing pipes and drains, there 
are no special regulatory permits required for its use. 

Safety, Risks, Benefits, and Community Reaction 

Worker Safety 

0 

0 
Normal radiation worker safety procedures used at the facility would apply. 
Because the canister is pressurized for deployment (4 psi), precautions for the potential for airborne 
contamination must be considered. Controls built into the automated deployment system regulate air 
pressure and deployment rate and minimize the potential for any unexpected releases of contamination. 
Because the primary route for release of contamination (the end of the pipe being surveyed) is sealed by 
the canister, any breach of the membrane would flow away from the worker down the pipe. 

inverts, the potential for worker 
contamination is minimal. 

0 Because the membrane that contacts contaminated surfaces 

Community Safety 

0 There is no adverse safety impact on the community. 

Environmental Impacts 

0 The tubular membrane is expendable and would need to be disposed. The quantity of this generated 
during the survey is minimal. 

Socioeconomic Impacts and Community Perception 

0 No socioeconomic impacts are anticipated. 
0 Because the primary purpose of this technology is to aid the decision process for cleanup, no-further- 

action decisions must be based on public acceptance of a threshold level of contamination below which 
no cleanup action is warranted. 
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SECTION 7 

LESSONS LEARNED 

Implementation Considerations 

0 To perform effectively, the pipe or drain must not be so badly clogged as to prevent penetration by the 
membrane. 

0 Any “ T s  or “ Y s  should be identified either from accurate engineering drawings or from video inspection. 
0 In some cases, contamination may be so high that excavation may be required after characterization, 

resulting in no cost savings. 

Technology LimitationsINeeds for Future Development 

0 The major limitations encountered during the demonstrations have been as a result of inadequate 
knowledge of the piping configuration. For example, on one of the demonstrations the pipe being 
surveyed attached to a larger pipe using a pipe saddle. The larger pipe was not drilled out to the radius 
of the saddle joint. The detector could not deploy past this joint. SEA is developing the capability to 
deploy the video camera with other sensors at the same time. 

0 SEA is developing a technique for detecting alpha particles. Because alpha particles cannot penetrate 
the membrane, a special scintillating membrane is being developed that emits photons when alpha 
particles hit the membrane. A photon detector will be towed inside the membrane, thus allowing accurate 
characterization of an alpha-contaminated pipe. The anticipated cost of the membrane is about $0.20/ft. 

Technology Selection Considerations 

0 The technology is suitable for FUSRAP sites or other sites involving property transfer where DOE desires 
to turn the site over to the private sector without any restrictions. 

0 The technology is useful in limited-access areas where the removal cost is high but the potential for 
abandonment in place is practical. 
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APPENDIX A 

Site History/Background 

0 During the 1950s, the FUSRAP site in Adrian, Michigan, was the site of a special metals extrusion plant 
that was operated for the Atomic Energy Commission. 

0 The product of this operation was material for uranium fuel elements for reactors in Hanford, Washington, 
and at the Savannah River Plant in South Carolina. 

0 The site is still an active factory where plastic automobile parts, such as door panels and dashboards, are 
extruded and finished. 

Contaminants of Concern 
0 Uranium is the contaminant of concern. Uranium handled in this operation included depleted, natural, and 

up to 2.1 % enriched uranium-235. 

Nature and Extent of Contamination 

0 During production of the uranium fuel elements, waste material from the extrusion process mixed with oil 
from the machinery. 

0 The mixture subsequently flowed into the oil drainage system contaminating more than 1000 ft of buried 
drain lines with varying amounts of uranium-tainted oil. 
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