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Introduction 

The U.S. Department of Energy's 
nuclear facility decommissioning program needs 
to 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. Difficulty, or 
inability of measuring threshold surface 
contamination values, worker exposure, and 
physical access constraints have limited the 
effectiveness of this approach. Science and 
Engineering associates, Inc. under contract with 
the DOE Morgantown Energy Technology 
Center has developed and demonstrated the Pipe 
ExplorerTM system, which uses an inverting 
membrane to transport various characterization 
sensors into pipes. The basic process involves 
inverting (turning inside out) a tubular 
impermeable membrane under air pressure. A 
characterization sensor is towed down the 
interior of the pipe by the membrane. 
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Advantages of this approach include the 
capability of deploying 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 fi-om contamination, which eliminates 
cross-contamination. Characterization sensors 
that have been demonstrated with the system 
thus far include: gamma detectors, beta 
detectors, video cameras, and pipe locators. 
Alpha measurement capability is currently under 
development. 

A remotely operable Pipe ExplorerTM 
system has been developed and demonstrated 
for use in DOE facilities in the 
decommissioning stage. The system is capable 
of deployment in pipes as small as 2-inch- 
diameter and up to 250 feet long. This paper 
describes the technology and presents 
measurement results of a field demonstration 
conducted with the Pipe ExplorerTM system at a 
DOE site. These measurements identify surface 
activity levels of U-238 contamination as a 
fbnction of location in drain lines. Cost savings 
to the DOE of approximately $1.5 million 
dollars were realized from this one 
demonstration. 
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Problem 

By their nature, the interiors of pipes and 
ducts are difficult to access. In many cases, 
even the exteriors are inaccessible. For 
example, drainlines are buried or encased in 
concrete and duct work is often elevated or 
enclosed. To access these structures for 
characterizations such as radiological surveys, 
requires significant effort and cost. These costs 
are further increased if the characterizations are 
carried out in a radiological control zone, where 
greater personal protective measures and 
support crews are required. 

Furthermore, for alpha and beta emitting 
contaminants, such as U-238 and Pu-239, it is 
necessary to take unobstructed measurements of 
contaminated surfaces. Thus, external 
measurements through pipe walls are inadequate 
and the only way to gather data is to get an 
instrument inside of the pipe. 

Alternative methods to the Pipe ExplorerTM 
system can be used to transport detectors into 
pipes, such as pipe crawlers and push rods. 
However, these methods lead to ambiguous 
results if there is removable contamination 
present. With nothing to prevent contamination 
from getting on the detector there is no way to 
differentiate between contamination on the pipe 
wall and contamination on the detector. There 
are additional limitations associated with these 
alternative methods. For example, pipe crawlers 
are typically limited to larger diameter pipes (> 
4 inches). They are also cumbersome to operate 
around elbows and have a difficult time in pipes 
with slippery surfaces. Push rod methods are 
limited in length and are often unreliable when 
trying to get a detector around elbows. 

radiation detectors and other characterization 
tools into pipes. The system uses an air-tight 
membrane configured so that when it is 
pressurized it inverts into a pipe. As it inverts 
the pressure force on the end of the membrane is 
adequate to tow a detector around multiple 
elbows and through several hundred feet of 
piping. This technology not only provides an 
effective transportation method for detectors, 
but it also provides a clean conduit through 
which the detector can travel. 

Technology Description 

The primary components of the Pipe 
ExplorerTM technology are illustrated in 
Figure 1. The heart of the system is an air-tight 
membrane which is initially spooled inside of a 
canister. The end of the membrane protruding 
out of the canister is folded over and attached to 
a basepipe. 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. 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. To retrieve the 
system from a pipe, the process is simply 
reversed, where the cabling, detector, and 
membrane are wound back onto the spool. 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. 

Solution 

As a solution to this problem, SEA adapted 
its inverting membrane technology to transport 
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Membrane wrapped around canister 
outlet and clamped 

Pipe to be surveyed 
rolled up on reel 

Canister 

Membrane inverts and extends 
/into pipe under air pressure I I  HH 

Tetherkignal cable 
Attachment point of 
tether to membrane 

> 

Detector being towed into pipe 

W '  Fully depioyed survey system 

Figure 1. Sequence of membrane and 
detector deployment with the Pipe 

ExplorerTM system. 

The membrane also provides a clean 
conduit through which the detector travels. This 
protects both the detector and the workers 
handling it. Furthermore, measurements are 
inherently more reliable. A detector transported 
in any other fashion runs the risk of removable 
contamination adhering to the sensor, which can 
cause erroneously high or false positive 
readings. 

The general operating procedure is to 
first deploy the membrane halfway into the pipe. 
This is the point where the detector begins to 
enter the pipe from the deployment canister. At 
this time data acquisition is initiated. In most 
cases the detector is deployed out relatively 
quickly (up to 30-Wmin). More detailed 
radiological measurements are taken as the 

detector is retrieved from the pipe at a slower 
rate. 

As the detector is being retrieved, the 
tether is wound back into the deployment 
canister. The membrane prevents contamination 
from contacting the tether. However, as a 
precautionary measure, two sampling smears are 
used to swipe the entire surface of the tether and 
the detector. When the tether is completely 
retrieved the smears are surveyed with a 
pancake GM probe to ascertain if any 
contamination has potentially been transferred 
into the canister. To date, no contamination of 
the canister or tether has been noted. Once the 
detector has been retrieved and the survey 
completed (the detector can be re-deployed for 
additional data if needed), the detector is 
removed from the end of the membrane. The 
membrane is then fed through a diaphragm to an 
external reel assembly or manually fed into a 
disposal drum. The membrane being handled 
has been inverted. Therefore, the side of the 
membrane that has been in contact with the 
contaminated pipe is contained within itself (this 
is analogous to the way a Hazmat worker 
removes rubber gloves). The -- inexpensive 
membrane (about $O.O3/ft) is then disposed. 
'This secondary waste generation is minimal. 
Several hundred feet of membrane is easily 
compacted into less than a cubic foot. 

capabilities Summary 
The absolute maximum deployable 

distance of the system is currently limited by the 
length of cabling and canister size. The current 
configuration allows for 250-foot deployments. 
Longer distances may be achievable but no 
applications to date have required any longer 
attempts. Practical deployment lengths are 
limited by elbows in the lines and the diameter 
of the pipe. Table 1 lists typical results that 
have been achieved, in laboratory tests, and are 
used as general guidelines. 



The Pipe ExplorerrM system has been 
used to transport several different types of 
radiological measurement instruments. Table 2 
lists these instruments and their descriptions. 

SEA currently has two deployment 
systems available. The first is a fully automated 
system. With its motorized operation and built 
in deployment sensors it allows for continual 
unattended pipe surveys. The second system is 
a smaller, manually operated system. 

4 

Additional uses of the Pipe ExplorerTM 
have been identified and have either been 
nominally demonstrated or are being integrated 
with the system. These include; 
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Transport of pipe locating beacons 
Transport of video cameras 
Alpha detection methodologies 

Table 1. Typical Deployment Lengths and Number of Elbows for Various Pipe Sizes. 

Table 2. Radiological Instruments Used with the Pipe ExplorerTM System. 

Plastic Scintillator 
1.25 inch x 1.95 inch 

Bicron BC-408 
Plastic Scintillator 
0.5 inch x 0.5 inch 

NaI(T1) 
2-inch x 2-inch 

crystal size 
CsI(Na) 

1.125-inch x 1.188-inch : crystal size 

pact package allows transport around 2-inch 

- 



Results 

An extensive demonstration of the Pipe 
ExplorerTM was conducted for the DOE 
Formerly Utilized Sites Remedial Action 
Program (FUSRAP) at a site in Adrian 
Michigan. During the 1950's the Bridgeport 
Brass Company operated a Special Metals 
Extrusion Plant at the site. This was done under 
contract with the DOE, then the Atomic Energy 
Commission. The product of this operation was 
material for uranium fuel elements for reactors 
in Hanford, Washington, and the Savannah 
River Plant in South Carolina. Uranium 
handled in this operation included depleted, 
natural, and up to 2.1 percent enriched in U-235. 
The site is still an active factory where plastic 
automobile parts, such as door panels and dash- 
boards, are extruded and finished. 

During production of the uranium fuel 
elements, waste material from the extrusion 
process mixed with oil from the machinery. 
This mixture subsequently flowed into the oil 
drainage system contaminating over 1000 feet 
of buried drain-lines with varying amounts of 
uranium tainted oil. In order to quantify the 
extent and degree of this contamination and to 
conduct post-remediation measurements, the 
DOE FUSRAP hosted a demonstration of the 
Pipe ExplorerTM system. 

SEA conducted surveys at the site on 
two separate occasions. The first occurred in 
April 1995 and the second in May 1995. 
Thirteen surveys were carried out in eight drain- 
lines. Several lines were surveyed more than 
once to confirm success of remedial actions. 
Two Pipe ExplorerTM deployment systems were 
used with 3 different radiological sensors. The 
first system used during the April demonstration 
was a manually operated system. Deployment 
with this system is controlled by a hand crank. 
Figure 3 shows the system in operation at the 
site. With this system, the detector is deployed 

to a specified location where the position of the 
detector and its output are recorded by the 
operator. Figure4 shows data from one of the 
surveys conducted with the manually operated 
Pipe ExplorerTM system in conjunction with a 
beta detector. The data was taken prior to any 
remedial actions. Thus, the drain-line had a 
substantial amount of thick oily sludge in it 
(about the consistency of peanut butter). The 
detector and its tether were successfully 
deployed and retrieved with none of the oily 
contamination coming into contact with the 
detector, tether, or workers. The data in 
Figure 4 was obtained with a detector designed 
and calibrated by the DOE Grand Junction 
Projects Office Radon Laboratory (Reference 1). 

Figure 3. Operation of the Pipe ExplorerTM 
system at the FUSRAP site. The membrane is 

being retrieved from a drain-line. 
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Figure 4. Surface activity measured in 
a 4-inch drain-line at the FUSRAP site with 

the manually operated Pipe ExplorerTM 
system. These measurements were taken 
prior to removal of contaminated sludge 

from the drain-line. 

For the second stage of the 
demonstration carried out in May 1995, the 
automated Pipe ExplorerTM system was used 
with a higher sensitivity beta detector. 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. Ail 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 
through a Labviewe program. The radiological 
data is also recorded on the laptop so that 
surface activity as a function of distance into the 
pipe can be monitored in real time. Figure 5 
shows the automated system in use at the 
F U S W  site. 

A sample of the data obtained with this 
system is shown in Figure 6. The actual drain- 
line begins at a distance of 27 feet. Since access 
to the drain-line was obtained through a deep 
manhole it was necessary to construct a conduit 

of this length to guide the membrane to the 
drain-line entrance. The structure of this data 
shows the utility of a continuous survey. The 
data shows a small amount of contamination up 
to the 40-foot mark in the drain-line. At this 
point the line intersects another drain-line which 
had been thoroughly cleaned. After the 
intersection, however, substantial contamination 
was encountered. The only exception was a 
relatively clean section between 90 and 100 feet. 

Figure 5. The fully automated Pipe 
ExplorerTM system in use at the FUSRAP site. 
The deployment canister is on the floor to the 
left and the operator and control box are on 

the right. Note that the system is located 
outside of the radiological control zone. 

Confirmation of the Dab 
Data obtained with the Pipe ExplorerTM 

system at the F U S W  site was verified with 
several methods. The first was purely 
qualitative, where the membrane was visually= 
inspected as it was retrieved fiom the drain-line. 
This was useful in such instances as shown in 
Figure 6 where the data showed significant 
structure. For example, a large amount of the 
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oily sludge was noted on the portion of the 
membrane that had traveled 100 to 120 feet into 
the drain-line. The portion of the membrane 
around 98 feet had virtually no oil on it, but 
below 90 feet substantial amounts of the oily 
sludge were again seen on the membrane. 

Another validation method used was to 
measure the activity of contamination adhering 
to the membrane as it was being retrieved. 
Measurements were taken with a conventional 
pancake GM probe. This data is shown as 
triangles in Figure 6. The distance accuracy for 
these measurements is substantially less than the 
accuracy of the Pipe ExplorerTM data (pancake 
meter data accurate to approximately k2 feet, 
Pipe ExplorerTM accurate to A1 inch). Surface 
activity measured with the Pipe ExplorerTM is 
consistently higher than that measured with the 
pancake GM probe because the Pipe ExplorerTM 
system measures the contamination in the pipe 
and the pancake GM probe measures only the 
contamination that adheres to the external 
surface of the membrane. Furthermore 
measurements with the pancake probe are not 
calibrated for attenuation effects of the 
membrane, whereas the data obtained by the 
Pipe ExplorerTM system is. 

Confirmation of the data was also 
attempted by pushing a small GM detector into 
the drain-line. However, contamination 
adhering to the GM probe assembly tended to 
obscure the measurement of contamination on 
the pipe wall. 

Detector Calibration 
The ideal way to confirm the Pipe 

ExplorerTM system data would have been to 
excavate a portion of a drain line and have it 
analyzed. However, the motivation for using 
the system at the FUSRAP site was to avoid 
excavating drain-lines. Therefore, confidence in 
the data was obtained through rigorous 
calibration of the detector. 

0 20 40 60 BO 100 120 
Distance (feet) 

Figure 6. Survey of a drain-line at the 
FUSRAP site with the automated Pipe 

ExplorerTM system (solid line). Triangular 
data markers show measurements of 

contamination on the membrane retrieved 
from the drain-line. 

Detectors used with the Pipe Explorerm 
system are specifically calibrated for each use. 
They are calibrated with an isotope of similar 
energy of the contaminants that are- suspected in 
a pipe and calibrated in the same measurement 
geometry. For example, since U-238 was 
suspected at the FUSRAP site, Sr-90 was used 
as a calibration source (U-238 is not available in 
sufficiently high activities for calibrations). The 
daughter product of Sr-90 (Y-90) emits a beta 
particle with similar energy as the dominant U- 
238 daughter product, Pa-234m. The Sr-90 
calibration source has an known activity 
traceable to the National Institute of Standards 
and Technologies. Using this calibration source 
results in slightly elevated detection efficiencies 
because of a lower energy beta emitted by Sr-90=_ 
(546 keV max.). This emission is more heavily 
attenuated by air and the membrane material 
ihan the higher energy beta from Y-90, but no 
effort was made to determine this difference. 
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The significant added cost of assessing this 
effect on the calibrations was not deemed 
necessary, since the error was not considered 
significant (on the order of 20 percent) and it 
results in conservative measurements. 

The calibrations were carried out to best 
simulate the measurement conditions that would 
be encountered at the FUSRAP site, where the 
detector rests on the bottom of a 4-inch pipe 
inside of a 4-mil polyethylene membrane. 
Therefore, all of the calibration measurements 
were made through a sample of the membrane 
material in 4-inch pipe. The fundamental 
procedure used in the calibrations was to move 
the calibration source to various grid locations 
surrounding the detector and determine the 
probe response at each location. The response 
of the detector to the Sr-90N-90 source was 
integrated over all angular and axial positions to 
determine detector response to distributed 
contamination inside of 4-inch pipes. The 
response of the detector to a check source in a 
fixed geometry was recorded immediately 
before and after the detector calibrations. The 
check source measurement was repeated prior to 
and after each drain-line survey at the FUSRAP 
site to verify the detector performance had not 
changed since the calibrations. 

Benefits 

The use of the Pipe Explorer offers many 
technical benefits. These include; 

100% gamma and beta surveys of pipe 
interiors, even in buried pipes. 
100% alpha surveys of pipe interiors 
(available soon) 
Detector does not become contaminated 
Removable contamination is not spread 
along pipe. 
Personnel exposure significantly reduced. 
Immediate results. 

Technical benefits such as the ones listed 
above for the Pipe ExplorerTM are usually 
heralded as the pay-off for a DOE investment in 
a new technology. However, the primary reason 
the DOE provides finding for development of 
environmental technologies is so that economic 
benefits will result through more expedient and 
cost effective methods. Substantial cost savings 
have already been realized from use of the Pipe 
Explorerm system at the FUSRAP site 
demonstration. These cost savings to the DOE 
are nearly three times the amount invested in 
the development of the Pipe ExplorerTM 
system. 

The DOE FUSRAP recognized that the cost 
of excavating buried drain-lines at the site in 
Adrian MI would be substantial. Therefore, 
they developed a methodology to avoid these 
excavation costs. The plan was to verify that 
activity levels of contamination in the pipes 
were below a criteria level of 7x105 
dpm/100cm2 (averaged over the length of the 
drain-lines). It was determined through a hazard 
assessment that such levels of contamination 
posed no threat to the general population. Thus, 
the drain-lines could be left in- place after 
sealing the contamination with grout. If surface 
activities were found in excess of the criteria 
level then the drain-lines were to be flushed and 
cleaned prior to grouting. 

The initial method that was used to 
characterize the drain-line was to insert a small 
geiger-mueller (GM) detector directly into the 
drain lines. This was soon found to be an 
ineffective method because of the abundance of 
removable contamination present. The 
contaminated oil would adhere to the detector, 
making it difficult to differentiate between 
measurements of contamination on the pipe 
walls and contamination directly on the detector. 
In addition, only limited lengths of the drain- 
lines could be accessed since in many cases the 
detector could not be shoved around elbows. 

_ -  - 
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The benefits of using the Pipe ExplorerTM 
over direct insertion of a detector were readily 
seen in surveys of one of the drain-lines. Data 
initially obtained with the manually operated 
Pipe ExplorerTM system from this drain-line is 
shown in Figure 6 .  Activity levels in the pipe 
were found in excess of the 7x105 dpm/100cm2 
criteria level. The drain-line was then cleaned 
and a subsequent survey was conducted. 
Activity levels were found substantially reduced 
with the exception of a hot spot near the 
beginning of the drain-line. A detector 
manually inserted into the pipe would have 
come into contact with this hot spot and 
measurements through the rest of the drain-line 
would have been inaccurately high. Therefore, 
the Pipe ExplorerTM system provided accurate 
results showing that the drain-line was within 
the criteria level. Similar results were obtained 
in the other seven drain-lines surveyed. 

Had accurate data not been available from 
the Pipe ExplorerTM system there would have 
been no way to assess activity levels in the 
drain-lines. Therefore, it would have been 
necessary to excavate them. It is estimated that 
the costs to excavate the drain-lines would have 
been on the order of $1.2 million (Ref. 2). 
However, this estimate negiects the fact that the 
site is an active automotive parts factory. 
Therefore, costs associated with plant impacts 
and relocating factory operations should also be 
included. Factory personnel have good 
estimates of these costs from prior experiences 
of modifications to the plant. Their estimate of 
these costs are about $0.8 million. The cost 
savings were diminished somewhat by the 
expense of cleaning the drain-lines and 
disposing of the waste generated from the 
cleaning. This cost is estimated at $0.5 million. 
Therefore, the net savings is estimated to be; 

$1.2 +$0.8 -$0.5 = $1.5 million 

It is interesting to note that the cost of 
surveying excavated drain-lines with the Pipe 
ExplorerTM system was included in the 
excavation cost estimate. This was done since 
characterization of waste is necessary prior to 
disposal. Therefore, whether the drain-lines 
were left in place or excavated, the FUSRAP 
remediators identified a need for the Pipe 
ExplorerTM system. 

Future Activities 

The development of the basic Pipe 
ExplorerTM system which includes gamma and 
beta detection capability is nearing completion. 
The final aspect of this phase of development is 
to demonstrate the system at ORNL during 
October 1995. Video inspection capability of 
the system will be demonstrated along with 
radiological surveys. 

After this time the system will be available 
for service work as an inspection tool. A great 
deal of interest has already been expressed in 
using the system at; 

0 Rocky Flats 
0 Los Alamos National Laboratory 
0 Sandia National Laboratory 
0 Other FUSRAF' Sites 
0 and Argonne National Laboratory 

In July of 1995 an the development of an 
enhancement to the system was funded by the 
DOE METC. This will enable the system to be 
used for detecting low levels of alpha emitting 
contaminants such as Pu-239. This will be 
accomplished by making the inverting 
membrane component of the system an alpha 
sensitive scintillator. A photo-detector, towed,. 
through the membrane, much the same way as 
gamma and beta detectors, will quantify activity 
levels as a function of length over 100% of the 
internal surface area (for more information see 
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related paper in these proceedings). After this 
enhancement is added to the system, complete 
alpha/beta/gamma surveys will be possible with the 
Pipe ExplorerTM system. 
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