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1.0 INTRODUCTION 

1.1 BACKGROUND 

The Department of Energy (DOE) is currently in the process of decommissioning and dismantling many of 

its nuclear materials processing facilities that have been in use for several decades. When dismantling these 

facilities, the DOE must act conservatively to protect the workers and the general public from inadvertent exposure 

to residual radioactive materials. Site managers throughout the DOE complex must employ the safest and most cost 

effective means to characterize, remediate and recycle or dispose of hundreds of miles of potentially contaminated 

piping and duct work. The DOE discovered that standard characterization methods were inadequate for its pipes, 

drains, and ducts because many of the systems are buried or encased, making quantification of contamination levels 

inside the pipes extremely difficult. Without adequate characterization, it is usually necessary to assume that the 

piping is contaminated, and to extract and dispose of it accordingly. For buried drain lines this approach can cost on 

the order of $1,20O/per linear foot (Reference 1) and is often unnecessary as residual contamination levels are below 

free release criteria. 

In response to the DOE’S need for a more specialized characterization technique, Science and Engineering 

Associates, Inc. (SEA) developed the Pipe Explorerm system through a DOE Office of Science and Technology 

(OST) contract administered through the Federal Energy Technology Center (FETC). The Pipe Explorerm 

technology offers a simple and effective approach for transporting characterization tools into pipes and ducts so that 

adequate characterization can be performed. The system uses a pneumatically operated tubular membrane to tow 

radiation detectors and video cameras into pipes while simultaneously providing a clean conduit for these devices to 

travel through. The characterization of contamination in the interior of pipes and ducts enabled by Pipe ExplorerTM 
results in substantial cost savings where these systems are shown to be uncontaminated. Where contamination is 

found, data obtained using Pipe ExplorerTM can be used to establish programs and controls that will protect workers 

and the environment during remediation. Additionally, characterization methods available using the Pipe 

ExplorerTM make it possible to consider decontamination of the systems in-place. Verification surveys using Pipe 

ExplorerTM to demonstrate that an in-place system has been cleaned can eliminate the need to remove the system. 

This can result in significant cost savings in those circumstances where extensive excavation or other construction 

activities are required to extract the system. 

1.2 PROJECT HISTORY 

The development of the Pipe Explorerm system was carried out in multiple phases. The scheduling of 

these phases and the tasks involved in each phase are summarized in Figure 1-1. During the first phase of the 

project, the basic deployment system was designed and built. This included both a manually operated system and an 
automated system. A CsI(Na) gamma detector was evaluated, acquired, calibrated, and incoporated with the 

deployment systems. The culmination of the first phase was a feasibility demonstration of the system at the Idaho 
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Figure 1-1. History of the Pipe Explorer- development 
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National Environmental Engineering Laboratory (INEEL). The demonstration was successful in employing the 

original concept of towing a radiation detector with an inverting membrane system. The details of the Phase I 

activities are given in Reference 2. 
The second phase of the Pipe Explorerm system development began with modifications to the system to 

incorporate needed improvements identified in the preliminary field demonstration. Once these were completed, the 

system was taken to a site in Adrian, Michigan that was being cleaned up under the DOE Formerly Utilized Sites 

Remedial Action Program (FUSRAP). At this site, the newly modified Pipe Explorerm was demonstrated. The 

Pipe Explorerm system was used to tow a betalgamma detector into buried drain lines that contained U-238 tainted 

oil. The DOE estimated that over $2.1 million was saved by using the Pipe Explorerm at this site (Ref. 3). After 

this first use of the technology, a video camera assembly was designed and incorporated with the Pipe Explorerm 

system. The Pipe Explorerm was then used to characterize buried drain lines at another DOE site located in New 

Mexico, the Inhalation Toxicology Research Institute (ITRJ). The video camera was used to assess the integrity and 

layout of the drain lines. Both gamma and betdgamma radiation detectors were used to characterize radiological 

contamination in the drain lines. The site manager estimated that this demonstration of the system saved $500,000 

by proving that the majority of the lengths of pipe were uncontaminated. Details of modifications that were done to 

the system during Phase I1 and the methodologies and results of the two demonstrations are given in Reference 4. 

During the course of Phase I1 of the Pipe Explorerm development and demonstration program, SEA 

conceived of a method for using the system to detect alpha emitting isotopes typical of transuranic contaminants. 

The basic contract between SEA and FETC was modified to include this development program which also consisted 

of 2 phases. This aspect of the Pipe Explorerm system is refened to as the Alpha Explorerm system. The purpose 

of Phase I of the Alpha Explorerm development was to determine the feasibility of the method for detecting alpha 
particles using a scintillator doped membrane and a photodetector. The feasibility was established through 

laboratory tests, which are described in Reference 5. 

The purpose of the second phase of the development of the Alpha ExplorerTM system was to refine the 

system and then demonstrate it at a DOE site. This demonstration took place as part of the Argonne National 
Laboratory (ANL) 0 - 5  Large Scale Demonstration Project. The results of that demonstration are detailed in 

Reference 6.  

The final phase of the project was used to build a second automated system with a larger membrane 

capacity. Furthermore, the data acquisition and control system was refined and improved. Other improvements 

were also made, such as the addition of a phoswich detector and a canister extension and access port. These 

modifications and improvements are reported for the first time in this document. 

1.2 SUMMARY 

The purpose of this report is to serve as a comprehensive overview of all phases of the Pipe Explorerm 

development project. The report is divided into 6 sections. Section 2 ofthe report provides an overview of the Pipe 
Explorerm system, including the operating principles of using an inverting membrane to tow sensors into pipes. 
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The basic components of the characterization system are also described. Descriptions of the various deployment 

systems are given in Section 3 along with descriptions of the capabilities of the deployment systems. During the 

course of the development project 7 types of survey instruments were demonstrated with the Pipe Explorerm and 

are a part of the basic toolbox of instruments available for use with the system. These survey tools are described in 

Section 4 along with their typical performance specifications. 

A major part of the success of the development of the Pipe ExplorerTM system was the close contact that 

was maintained with users at DOE sites throughout the project. A demonstration of the system was carried out in 

almost every phase of the program. Furthermore, 2 other uses of the system were conducted at DOE sites under 

fixed price or performance based contracts at DOE sites. Thus, the system was being used to meet DOE user needs 

before the project was concluded. Including these 2 uses of the system, the Pipe Explorerm conducted surveys at 6 
DOE sites over the course of the project. Cost savings of over $3,000,000 were realized by the DOE in these uses of 

the Pipe Explorerm system. Thus, on average the system saved the DOE $500,000 every time it was used. The 4 

demonstrations of the system are described chronologically in Section 5. Complete details of each demonstration 

are given in various references. The demonstration sites and the accompanying reference are given below; 

1 

1. INEEL Reference 2 
2. FUSRAP Reference 4 
3. ITRI Reference 4 
4. ANL Reference 6 

The development and demonstration of the Pipe Explorerm system has been a tremendously successful 

program in that the DOE has already realized a return on its research investment of nearly 3: 1. The program has 
also been very successful for SEA, where SEA now has a growing business in the D&D field both for the DOE and 

the commercial nuclear power industry. The report concludes with a summary of the history, status, and future of 

the Pipe Explorerm system in Section 6. 
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2.0 DESCRIPTION OF THE PIPE EXPLORERTM SYSTEM 

The Pipe ExplorerTM system offers a unique and effective method for transporting survey tools into pipes 

and drain lines. Its unique use of an inverting membrane provides the method of transportation while also providing 

a clean conduit for instruments to travel through. Because of this, it is the only pipe survey method that can provide 

reliable data free from cross contamination. This section of the report describes how the system operates and its 

capabilities. It also gives an overview of the equipment that makes up the system and some of the operational 

procedures that are used with the system in the field. 

2.1 Pipe ExpIorerTM Operating Principle 

The primary components of the Pipe ExplorerTM :chnology are illustrated in Figure 2 - 1. The heart of th 

system is an airtight membrane that is initially spooled inside of a deployment canister. The end of the membrane 

protruding out of the canister is folded over the canister outlet and clamped to make an airtight seal. When the canis- 

ter becomes pressurized in this configuration, the air pressure on the membrane causes the membrane to invert and 

be pulled from the spool. The photograph in Figure 2-2 shows a cut-away view of the inverting membrane traveling 

through a pipe. Note how the membrane is inverted. Thus, as membrane is fed from the deployment canister, it 

travels inside of the membrane that has been deployed ahead of it until it reaches the inversion point. The inversion 

point continually advances in the pipe as the membrane gently lays against the pipe wall. 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. Figure 2-3 shows a cut-away view of a beta detector towed by the 

system through a pipe. 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. 

The Pipe ExplorerTM 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 IURS the risk of removable contamination adhering to the sensor, which can 
cause erroneously high or false positive readings. 
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Figure 2-3. Cut-away view of a betdgamma detector being towed through a 4-inch diameter pipe. 

2.2 Components of the Pipe ExplorerTM System 

The Pipe ExplorerTM system consists of three primary components (Figure 2-4): 1) the deployment 

canister, which holds the membrane and detector assembly as well as the necessary transducers and sensors for the 

operation of the control system, 2) the data acquisition computer which logs and correlates information hom the 

deployment system and the detector electronics, and 3) the instrumentation and control box used to control the 

deployment of the membrane and survey tools. The canister and an air compressor are both located at the pipe 
access point. The instrument and control package, as well as the system computer, can be located up to 50 ft away 

from the deployment canister. The deployment canister contains a reel designed to accommodate 500 ft of tether, 
and up to 500 ft of membrane material. 
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Figure 2-4. Basic components of the Pipe ExplorerTM system. 

2.3 Operational Details of the Pipe ExplorerT" System 

The typical procedure used in Pipe ExplorerTM surveys is to first set up the equipment close to an access 
point to a piping system, such as a manhole. A temporary access pipe is assembled to guide the membrane from the 

Pipe ExplorerTM canister into the pipe to be surveyed. Thus, the equipment does not have to be located directly 

adjacent to a pipe opening. After the equipment is set up, the membrane is deployed halfway into the pipe. At this 

point the detector begins to enter the pipe from the deployment canister and data acquisition is initiated. In most 

cases the detector is deployed out relatively quickly (up to 50-ft/min). 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. While the 

membrane prevents contamination from contacting the tether, a precautionary procedure is employed at this stage, 

where two sampling smears are used to swipe the entire surface of the tether and sensor. When the tether is 
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completely retrieved, the smears are surveyed with a pancake Geiger Mueller (GM) probe to ascertain if any 

contamination has come in contact with the tether and potentially been transferred into the canister*. 

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 in an access port (Fig 2-5), after which it is put in a disposal drum. Since the membrane being 

handled has been inverted, the side of the membrane that has been in contact with the contaminated pipe is 

contained within itself (Fig. 2-6). This is analogous to the way a Hazmat worker removes rubber gloves. The 
inexpensive membrane (about $O.O3/ft) is then disposed of properly. This secondary waste generation is minimal; 

where several hundred feet of membrane is easily compacted into less than a cubic foot. 

Figure 2-5. Contaminated membrane being retrieved through the access port 

*While conducting Pipe ExplorerTM surveys at 6 different DOE sites no contamination has ever been noted. 
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Figure 2-6. Contaminated membrane removed after deployment with the Pipe ExplorerTM system. 
Note how the contamination is contained within the membrane. 

2.4 Pipe ExplorerTM Capabilities 

2.4.1 Deployment Length 

The maximum deployment length of the system is currently 500 feet and is determined by the length of the 
tether. Further distances may be achievable with a longer tether, but no applications to date have required any such 

attempts. However, the number of elbows in a pipe and the pipe's diameter often limits practical deployment 
lengths. The reason for this is that the pressure force on the inverting portion of the membrane is responsible for 

towing survey instruments. This force increases as the square of the pipe radius. For each additional elbow the 

tether goes around, the pressure force must be greater than the frictional drag. The drag increases exponentially with 
each elbow. Thus, the longest deployment distances will be achieved in larger diameter pipes with fewer elbows. 

Each deployment situation is unique. However, Table 2-1 lists typical results that have been achieved in laboratory 

tests, which can be used as general guidelines for deployment capabilities. 
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Table 2-1. Typical deployment lengths and number of elbows for various pipe sizes. 

Pipe diameter 
(in) 

1 
2 
3 

4 and up 
3 andun 

Number of Maximum deployed 
90° elbows distance (ft) 

0 50 
2 200 
4 250 
6 250 
0 500 

2.4.2 Pipe Sizes 
Pipe ExplorerTM membranes have been deployed into pipes as small as % inch diameter. However, there 

are no radiation survey instruments with adequate sensitivity that are small enough to traverse elbows in pipes that 

small. Therefore, the minimum pipe diameter that the Pipe ExplorerTM system is capable of being used in is limited 

by the size of the detector. Through the course of the project, SEA developed several different detectors capable of 

traversing elbows in 2-inch diameter pipes. The upper pipe diameter specification of the system is limited only by 

practicality, since the added cross sectional area of the pipes makes deployments much easier. In general 4-feet 

diameter pipes are listed as the maximum, since this is the maximum size that inexpensive, off the shelf membrane 

materials can be acquired. 

2.4.3 Deployment Speed 

Deployment speed is an important parameter since it affects the time and cost involved with conducting 

surveys. The Pipe ExplorerTM system is capable of deployment speeds over 50 feedminute. The high speed is 

generally used only while deploying a detector. Detailed radiological measurements are generally taken while the 

detector is being retrieved. In this case the speed is governed by the requisite detection sensitivity of the project (see 

Section 2.5.2). Typically, detector retrievals are done at a rate of 3 feedminute. For high sensitivity applications the 

speed can be reduced to 0.1 feedminute. 

2.5 Radiological Survey Data 

2.5.1 Data Formats 

The primary use of the Pipe ExplorerTM system has been to collect measurements of the surface activity of 

radioactive contamination in pipes and drain lines. These measurements have included detection of U-238, U-235, 

(3-137, Sr-90, Co-60, Am-241, and Pu-239. The end product of the Pipe ExplorerTM surveys is the data of surface 
activity vs. distance into a pipe. The data is provided to customers in 2 formats. The first is graphical so that the 

distribution of contamination can be easily visualized. Figure 2-7 shows an example of a typical data plot. The data 

is also provided to customers in tabular format (both electronically and in hardcopy). Figure 2-8 shows the format 
of the tabular data. Header information is listed first that shows the parameters under which the data was acquired 

and calibration information on the detector that was used. Following the header are several pages (only the first 

page is shown in Figure 2-8) of data showing the surface activity measured with the detector and the position of the 
detector when the measurement was made. 
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EXAMPLE GRAPH 

Pipe Explorer Data Summary Graph 
Facility Name 
Building No. 20, Pipe Run No. 5 
4-Inch & 6-Inch Orangeburg 
Data taken 2/28/96 

n 60,000 1 
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0 
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M DA: 
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Figure 2-7. Example data plot from previous Pipe ExplorerTM survey. 
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Pipe ExplorerTM Data Summary Table 
Facility Name 

Pipe Depth Datum: 

Building #.: 
Pipe Run ID: 
Access Point ID: 

Pipe Diameter: 

Pipe Material: 

Building 20 
Run # 5 

4- & 6- Change from 4-inch to %inch occiirs 92 ft. f r m  datum 

Measurement Parameters: Instrument Parameters: 
Radiation Type Measured: Beta 
Detector S/N: PF429R Coarse Gain 
Membrane Thickness: 4 Mil Fine Gain 
Sample Update Time: 1 second 

PVC) 

Canberra 2022 Amp: 

Polarity 
Yield Factor: (4" (cps/[dpm/lOO cm*]) Shaping 

Yield Factor: (6" 
PVC) 
Background Count 
Rate: 
Logging Rate: 
MDA (4") 
MDA (6) 

I .91 E-03 (cpsl[dpm/lOO cm*]) 

1.72 (cps) 

2440 (dpmll00 cm') 
2370 (dpmll00 cm') 

3 (ft./min.) 

Checksource (cps) 
Distance to Pipe 
Datum: 
Total Deployed 
Depth: 

Sample Time: 

2/28/96 
1 :26:40 AM 
1:26:38AM 
1:26:36 AM 
1:26:34 AM 
1:26:33 AM 
1:26:31 AM 
1 :26:29 AM 
1 :26:27 AM 
1 :26:26 AM 
1:26:24AM 
1 :26:22 AM 
1 :26:20 AM 
1 :26:19 AM 
1:26:17AM 
1:26:15 AM 
1:26:13AM 
1:26:12AM 
1 :26:10 AM 
1:26:08 AM 
1:26:07 AM 
1:26:05 AM 
1 :26:03 AM 
1:26:01 AM 
1 :25:59 AM 

Distance from 
Pipe Datum 

(ft, 1 

0.07 
0.16 
0.23 
0.32 
0.42 
0.51 
0.59 
0.67 
0.76 
0.85 
0.94 
1.02 
1.09 
1.17 
1.28 
1.37 
1.47 
1.54 
1.65 
1.74 
1.82 
1.92 
2.01 
2.10 

30 
1 

2 psec. 
+ 

Canberra 3102D High Voltage Supply 
HV 950 Volts 
(Pot Setting) 5 

Measured 
Beta Activity 

(dpm/100 cm') 

1044 Prepared By: 
1748 
2232 Validated By: 
1917 
1709 
2006 
1961 
1282 
1026 
1669 
1872 
1447 
1981 
1846 
1633 
1928 
2186 
2355 
2495 
1844 
1395 
1460 
1679 
2034 

Canberra 2030 SCA 
LLD 1 
ULD 10 
AE 10 

Tennelec 'E-527 Ratemeter 
Range: 
Time 
Const. 
Prescale: 1 

Figure 2-8. Example of tabular data set from Pipe ExplorerTM survey. 
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2.5.2 Minimum Detectable Activities and Logging Rates 

In order to relate radiation sensor output to surface activity, calibrations of the detectors are performed 

specifically for expected measurement conditions. The pipe sue, pipe material, and isotope of interest are replicated 

as much as possible. Therefore, attenuation and backscatter effects that will be encountered in actual measurement 

situations are mimicked. 

The end result of a Pipe ExplorerTM detector calibration is the determination of a detector yield factor, 

which has the units cps/(dpm/IOO cm2)). This is used to both reduce raw data and to determine the lower detection 
limit of the measurement conditions. This limit is known as the minimum detectable activity (MDA). It is a 

measure of the lowest surface activity level that can be measured with statistical certainty of 95% above the random 

fluctuations of background. The MDA is a function of the detector yield factor, counting time, and background rate. 

It is determined by the formula (Ref. 7); 

3 f 4 . 6 5 m  
Yt 

MDA = (dpm/ lOOcm 

where B, =background count rate (cps) 
t = counting time (s) 

Y = detector yield factor (cpsi(dpd100 cm’)) 

To determine the logging rate o f  a Pipe ExplorerTM survey, a sample time is chosen such that the MDA is 

well below a pre-selected criteria level. For example, the threshold value limit for Sr-90 is 5,000 dpm/100 cm’ 

(Ref. 8). The yield factor of a Pipe ExplorerTM detector for Sr-90 in 4-inch pipe is 1.X5E-3 cpsi(dpd100 cm’). A 

sample time of 3 s would be selected for this measurement, as it gives an MDA of  3,050 ddlOO cm2 (assuming 

3 cps background). This MDA is well below the criteria level. The Pipe ExplorerTM logging rate is then set by the 

condition that the detector travels a distance no more than the length of the detector window during one sample 

interval. The detector in this example has a window length of 1.85 inches. Therefore, the logging rate would be 
1.85 inched3 s or 3.1 ft/min. 
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3.0 PIPE EXPLORERTM DEPLOYMENT SYSTEM 

Three fully independent deployment systems were developed during the course of the Pipe Explorerm 

project. A manually operated system was built for applications where portability and quick set up are required. An 

automated system was built so that comprehensive continuous surveys could be conducted. The third system built 

was another automated system, but with a larger capacity and improved features. These systems are discussed 

individually in this section. 

3.1 Automated Systems 

Two automated deployment systems were designed and fabricated over the course of the Pipe Explorerm 

development project. The first system was completed in the summer of 1994. This system was used extensively 

and several modifications were made with the system to improve it after each time it was used. The second system 

was completed in the summer of 1997. It is functionally similar to the first system, but has a larger capacity. These 

two automated systems are discussed individually. 

3.1.1 250-foot Deployment Canister 

The first automated system built has a capacity for 250 feet of tether and membrane. This system was the 
workhorse of the Pipe ExplorerTM deployment canisters. It was used at all six DOE sites where the Pipe ExplorerTM 

system conducted surveys. 

3.1.1.1 Canister Design 

The design of the canister can be broken down into four components: 1) the spool assembly which holds 

the cable, detector and membrane material; 2) the tension indicator which monitors the tension on the cable and 

membrane during deployment and retrieval; 3) the DC motor and gear reduction system which controls the rate at 

which the membrane is deployed and retrieved, and 4) the pressure vessel design that houses the above components 
as well as provides the positive air pressure required to invert the membrane and tow the detector into the piping 

system. 

The spool assembly is designed to hold a capacity of 250 feet of cable, the detector, and 250 feet of 

membrane material. The spool is mounted on a hollow shaft and supported with pillow block bearings to allow for 
spool rotation during operation. The detector cables are routed through the hollow shaft and connected to two slip 

ring assemblies mounted on each end of the shaft. The detector cables are then fed through the canister wall and 

routed directly to the data acquisition system. Once deployment is initiated, the membrane is routed over a 

totalizing roller assembly. This roller is instrumented with a rotary encoder to provide membrane and detector 
deployment rate and position. Due to the inverting membrane process, the rate at which the membrane is deployed 

is half as fast as the deployment rate of the survey instrument (the membrane is basically folded in half during 
emplacement). 
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During deployment of the system, the detector cable andor membrane material may encounter a slack 

condition due to either the motor deploying the membrane faster than the pressure force can tow the detector, or the 

detector encountering an obstruction too large for it to overcome. In either case, the motor operation will need to be 

interrupted so as not to create a build up of unspooled material in the canister assembly. This condition would also 

introduce an error in the detector position reading because the cable or membrane material would no longer be in 

contact with the roller. This problem is overcome by the use of a slack indicator located directly above the totalizing 

roller. The slack indicator arm rests directly on the material just before it reaches the totalizing roller. If the 

indicator arm is positioned too low, indicating a slack condition, a limit switch wired in series with the motor 

voltage is tripped open, interrupting motor operation until the slack is taken up or the limit switch override button at 

the instrument control panel is activated. 

The tension indicator assembly is designed to provide a measurement of the tension in the membrane and 

cable during deployment and retrieval of the system. The assembly consists of two rollers working in conjunction 

with the totalizing roller to create a downward force on the center roller equivalent to that of the tension in the cable 

or membrane. Positioned directly under the center roller is a load cell selected to measure a range from 0 to 100 

pounds. Depending on the membrane material selected, a wide range of elastic limits may be encountered. The 

maximum allowable tension limit for operation is set in the panel meter located in the interface control panel and 

serves to intempt the motor operation if the limit is exceeded. 

The primary consideration in the selection of the DC motor assembly was the determination of the 

maximum required torque and retrieval rate of the system. During deployment, the positive air pressure of the 

canister provides the force required to tow the detector through the piping system. For the retrieval operation the 
motor is responsible for spooling the cable, detector and membrane material back into the canister. The force 

required to retrieve the system is slightly greater than the deployment force due to the fact that the membrane must 

remain inflated to 0.5 psi, creating an added resistive force that the motor must overcome. If the membrane pressure 

drops below the 0.5 psi level during retrieval, the membrane could bunch up at the inversion point. The factors 

relating to the total resistive force the motor must overcome is a function of the coefficients of friction of the 

membrane on membrane and the membrane on cable as well as the number of elbows encountered. The greater the 

number of elbows, the greater the resistance. Laboratory tests indicated that a total resistive force involving four 
elbows in 200 feet of 2-inch pipe is on the order of 50 to 60 pounds. Since the effective diameter of the spool is 

changing with the amount of material retrieved, a worst case scenario derived to determine the maximum anticipated 

torque would involve the maximum anticipated linear resistance acting tangentially to the maximum spool radius of 

9 inches. This equates to a required torque of 540 in-lbs. The motor selected for the system is a 114 HP, 250 in-lbs 

gear motor with a rotational speed of 1-42 RPM. The motor is coupled to the spool shaft via a sprocket and chain 

assembly with a 3: 1 gear ratio, providing an increase in the available torque at the spool shaft to 750 in-lbs at a 

rotational speed of 0.33-14 RF'M. 

The pressure vessel, or canister, is the component of the system which houses the above mentioned monitor 

and control elements as well as provides the air seal necessary to achieve positive air pressure to deploy the detector 

through piping systems. The canister is constructed of a 22-inch diameter cylindrical shell 22 inches long with a 2: 1 
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elliptical head welded on one end and flanged at the other. The mating flange is a flat plate upon which all the 

monitor and control elements as well as the spool assembly are mounted. This enables the cylindrical shell to be 

easily removed providing access to the internal assembly. The cylindrical shell is also outfitted with two 4-inch 

view ports for visual inspection of the internal assembly. Located on the opposing side of the flat plate is what is 

referred to as the snout section. The snout is designed to accommodate the tension indicator assembly as well as 

provide the interface to the pipe for inspection. The 1992 ASME Boiler and Pressure Vessel Section VI11 Division 1 

code book was used as a guide in the design and fabrication specifications of the canister. The canister is 

constructed of aluminum and is designed for a maximum operating pressure of 50 psi. 

3.1.1.2 Pressure Management System 

Management of pressure is essential to successful deployment and retrieval of the inverting membrane 

system. Relatively high pressure is needed to deploy the system, where the air pressure provides the motive force for 

carrying survey instruments through the pipe. When elbows or obstructions are encountered the deployment 

pressure must be increased. When retrieving the instrument adequate pressure must be maintained in the system to 

ensure that the membrane inverts. In this section the hardware and methods used to manage the pressure are 

described. 

The primary components of the pressure management system consist of four valves, four relief valves, and 

two pressure switches. These are illustrated in Figure 3-1. All of the components but one are located directly on the 

deployment canister. The one exception is a control valve located at the operating station that is used to vary the 

flow of air from the compressor to the canister. Valves V1 and V2 are solenoid valves that are remotely operated. 

For membrane deployment valve V1 is initially open and valves V2, V3, and NV1 are closed (note that 

valve V3 remains closed throughout the operation since its only purpose is for rapid manual venting of the canister). 

Valve NVl is opened to pressurize the canister up to the nominal operating pressure set by the relief valve RV2 (2-3 

psi). The deployment of the membrane then begins and continues as long as no additional pressure is needed in the 

membrane (for example, to deploy the membrane around an obstacle or a bend in the pipe). If more pressure is 

needed, then valve V1 is closed so that the relief valve RV1 sets the upper operating pressure, which will be about 4 

times the pressure set point of RV2. Valve NV1 is then opened until adequate pressure is reached to deploy the 

membrane. For retrieving the membrane, valve V2 is opened so that the system pressure is maintained at the 
nominal 0.5-1.0 psi cracking pressure of relief valve RV3. Valve V1 is also opened so that RV2 can provide 
additional relief if the airflow through RV3 is not adequate. 

The canister is equipped with an ASME-approved pressure relief device set at the maximum operating 

pressure of 50 psi. This relief valve also allows for manual venting of the canister. The two pressure switches in the 

system are designed to interrupt the compressor power if the pressure switch valves are exceeded. Pressure switch 

PI is set at the anticipated operating pressure and will vary depending on the application. The second pressure 

switch P2 is set at the maximum operating pressure of 50 psi. 
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Figure 3-1 Components of the pressure management system. 

3.1.2 500-foot Deployment Canister 
The 500-foot deployment canister (Fig. 3-2) is functionally very similar to the first canister that was built. 

It uses a motorized reel to control deployment and has various feedback sensors incorporated to help control 

deployment. However, slight modifications to all of these systems were done to improve the general performance of 
the deployment system. For instance the size of the sprocket attached to the motorized reel was changed so that the 

deployment speed could be increased from a maximum of 30 feevminute to over 50 feet/minute. This enables initial 

detector deployments and the loading of membrane to be completed in significantly less time. However, the added 

speed also raised the minimum speed of the deployment system from 0.5 feevminute to about 1.5 feevminute. For 

most applications this is irrelevant since radiological surveys are typically conducted at a rate of 3 feevminute. 
However, there are some situations were a slower survey speed is needed. To allow for these situations, a choice of 

a second gear ration was added to the sprocket of the new deployment canister. With the system setup in the slow 

configuration, survey detectors can be continuously moved at a rate of 0.1 feevminute. 
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Figure 3-2. Photograph of the 500-foot automated deployment canister. 

The basic pressure management system is identical to the system described for the 250-foot canister. An 
added feature with the new system, however, is the ability to have both a high-flow blower and high-pressure 

compressor connected to the canister at the same time. This allows an operator to quickly switch between the two 

units. This is important in situations such as using larger detectors in large diameter piping. For example, the 
membrane must be depressurized to attach a large detector to the tether and membrane since it does not fit through 
the roller assembly in the canister. If there are several hundred feet of membrane already deployed into an 18-inch 

diameter pipe, then it can take an air compressor up to 20 minutes to re-pressurize the canister and membrane. 

Conversely, the blower with its high flow capacity only requires a few minutes to bring the membrane up to about 1- 

psi. Thus, the blower can be used to quickly bring the system up to a nominal deployment pressure. 

In conjunction with the design and fabrication of the new deployment canister a new control and data 

acquisition system was built. The data acquisition system associated with the Pipe Explorerm system evolved from 

a basic concept over time. As such, the system became a compilation of various components rather than an 
integrated system. For instance, the initial system built during Phase I of the project consisted of a control panel and 

a laptop computer that housed a multi-channel analyzer card for use with a NaI or CsI detector. During the course 

of the project, several detector schemes were added, such as plastic scintillator detectors for beta detection and 
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PMTs for alpha detection. Given this wide variety of survey instruments used with the Pipe Explorerm system, it 

was necessary to have more versatile instrumentation than the multi-channel analyzer PC card offered. Therefore, a 

NIM rack system was added. Furthermore, the video survey capability was added to the Pipe Explorer'" system, 

which requires a video monitor and a VCR. Thus, when fielding the Pipe ExplorerTM system there was a significant 

amount of separate pieces of equipment that had to be moved, set up, and re-connected for each new deployment. 

To solve this problem an integrated control and data acquisition system was designed and assembled along 

with the second generation Pipe ExplorerTM system (Fig. 3-3). The system consists of two 30-inch high rack mount 

units. One unit houses the control panel and an industrial data acquisition computer. The other unit houses the NIM 
equipment, video monitor, and high-resolution video cassette recorder. The rack mount units are complete with 

integrated shipping containers that include casters. Thus, moving the equipment around the site or shipping the 

equipment across country is greatly simplified. 

Figure 3-3. Photograph of the integrated Pipe Explorerm data acquisition and control system. 

Another improved feature of the 500-foot deployment canister is the design of the canister extension. This 
was redesigned because it was found that when deploying larger detectors, such as a 2x2 inch.Na1 detector or a large 

window PMT for alpha detection, it is not possible to retract the detector packages into the deployment canister. 
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The reason for this is that the detectors are too large to negotiate the roller assemblies in the canister. Therefore 

when using these detectors the following steps are necessary; 

1. 
2. 
3. 
4. 
5. Re-pressurize the canister 

Deploy the membrane to the half way point 
Relieve the pressure in the canister 
Detach the membrane from the tether 
Attach the large detector between the tether and membrane 

Upon retrieval of the instrument the same steps had to be conducted in reverse order. With the previously 

used canister extension (Ref. 4), all of these steps had to be conducted through a 4-inch. This was cumbersome to 

use and required that the connection and disconnection of the detector be conducted outside of the deployment 

system. This was not only awkward, but put the detector at risk due to excessive handling. 

To alleviate this, a new canister extension was designed and built (Fig. 3-4). The extension has an overall 
length of 32 inches with an 18-inch long, 4-inch wide port for connecting larger detectors. The port is covered with 

a clear Plexiglas covering. The cover is easily removed, without tools, through 14 bolts that are loosened or 

tightened by hand. During membrane retrieval, the Plexiglas cover can be replaced with an aluminum cover that 

includes a membrane retrieval port. 

Figure 3-4. Photograph of the redesigned canister extension. 

21 



3.2 Manually Operated System 

A manually operated deployment canister was also developed during the project. With this deployment 

canister the membrane and detector deployment is controlled through the use of a hand crank. Pressure management 

is also controlled through the use of hand operated valves. A roller assembly inside the canister coupled with a 

rotary encoder and a digital meter allows for the detector and membrane deployment distance to be monitored. 

Power to survey instruments and output from the instruments are extracted from the canister through an externally 

mounted slip ring assembly. The deployment system is fully functional with all radiation detectors, video cameras 

and other survey instruments that are used with the other deployment systems. The primary functional difference 

between the manually operated system and the automated systems is that continuous survey measurements cannot be 

taken. Instead, point by point measurements must be obtained where the detector is moved to a fixed location. The 

detector is allowed to acquire data for a set interval and then the detector counts and position are recorded in a 
notebook. Typically, these point by point measurements are carried out in 6 inch increments. The manually 

operated system has a capacity for 100-foot deployments. Figure 3-5 shows the manually operated system being 

used to conduct U-238 surveys at a FUSRAP site in Adrian Michigan. 

Figure 3-5. SEA personnel conducting U-238 surveys with the manually operated Pipe Explorerm system. 
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3.3 Summary 

Three deployment systems were successfully designed and fabricated. The manually operated system and 

the 250-foot automated system were both used extensively to conduct radiological and video surveys at several DOE 
sites. The 500-foot automated system has been used extensively in laboratory demonstrations, but has yet to be used 

for actual fieldwork. 

The three systems offer the flexibility for responding to a variety of field situations. The new 500 foot 

automated system will allow for more rapid surveys to be conducted where continuous measurements are needed. 

The 250-foot automated system allows for a backup unit to be present at large field jobs or allows for jobs at two 
different sites to be conducted simultaneously. The manually operated system offers the capability for conducting 

rapid response surveys, since the logistics of mobilizing the manual system are greatly simplified. Furthermore, it 

allows for surveys to be conducted in cramped environments, where the larger automated systems would not fit. 
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4.0 PIPE EXPLORERTM SURVEY INSTRUMENTS 

Through the course of the Pipe ExplorerTM development project numerous types of survey tools were added 

to the capabilities of the system. This was a deliberate effort since the situations encountered at DOE sites are so 

varied. For example, at many of the DOE sites uranium contamination is the primary contaminant of concern. 

Therefore, a detector primarily sensitive to beta particles is the appropriate detector to use. On the other hand, Co- 

60 is a major concern at other sites. Therefore, a gamma sensitive detector is also needed. Furthermore, alpha 

emitting contaminants, such as Pu-239 are prevalent at many sites necessitating the use of an alpha sensitive 

detector. In addition, survey tools other than radiation sensors are often useful to augment radiation surveys. These 

include video cameras and pipe locators. 
This section describes all of the survey tools available for use with the Pipe ExplorerTM system. 

Descriptions of the radiation detectors are given first along with examples of typical performance of the detectors. 

Following this is a description of the other types of sensors available for use with the system other than radiation 

detectors. 

4.1 Radiation Sensors 

4.1.1 Alpha Detection 

One of the most unique and valuable features of the Pipe ExplorerTM system is its ability to detect alpha 

emitting isotopes typical of transuranic contamination. No other type of pipe inspection system can conduct alpha 

surveys over 100 percent of the internal surface area of a pipe. The alpha measurement capability of the Pipe 

ExplorerTM system is provided by a special scintillating membrane used in conjunction with a photodetector package 

towed through the pipe by the inverting membrane system. A silver activated zinc-sulfide (ZnS[Ag]) scintillator is 
incorporated into the polyethylene membrane material to result in a membrane that will produce scintillation light 

when struck by an alpha particle. This scintillation light is detected by a photodetector package using a biallcali- 

photomultiplier tube (PMT). Counting electronics connected to the photodetector are used to count the number of 
scintillation events registered by the scintillating membrane as a function of the detector position in the pipe, thereby 

providing a log of surface alpha activity versus depth in the pipe. The scintillator used in this configuration is 
virtually immune to both beta and gamma radiation, providing an accurate measure of the surface alpha activity in 
the pipe being measured. Figure 4-1 shows the basic geometry of this measurement process. 
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Figure 4-1. Basic configuration of the alpha measurement process employed with the Pipe ExplorerTM. 

Figure 4-2. Photograph of the photodetector and preamplifier package used to detect membrane scintillation events. 

When using the photodetector shown in Figure 4-2 the alpha detecting capability of the system has a 

window of sensitivity approximately 10 cm long in the axial direction of the pipe. The sensor is relatively 

indifferent to the distribution of contamination from top to bottom in the pipe. These characteristics are illustrated in 

Figure 4-3, which is a plot of calibration data that was obtained with the system. The Figure shows the axial and 

azimuthal response of the system to an Am-241 source in 4-inch diameter pipe. 
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Figure 4-3. Three dimensional surface trend of the response surface for the 

prototype photodetector and a sample scintillating membrane. 

4.1.2 BetdGamma Detector 
The behigamma detector used with the Pipe ExplorerTM system uses a coaxial design of a thin sleeve plastic 

scintillator wrapped around a light pipe. The light pipe is optically coupled to a compact PMT and preamplifier 

package. Output pulses from the detector are transmitted through the Pipe ExplorerTM tether to a NIM amplifier, 

single channel analyzer, and countedtimer. The design allows for a large detection window, while keeping a small 

overall package size. The window on the SEA detector is 1.95-inches long with a 1.24-inch diameter. The light 

tight window on the detector is made from 3 layers of a 0.5 mg/cm2 aluminized mylar material. In order to protect 

the window, a honeycomb shield is placed over the detector. The detector housing provides attachments for a cable 

to accommodate the Pipe ExplorerTM tether. The housing also provides rounded edges on the front and back of the 

detector to facilitate going around comers and obstructions. Figure 4-4 shows the detector in the housing. 
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4.1.3. Gamma Detection 

The Pipe Explorerm system has 2 types of gamma detectors available for use with the system. The first is 

a 2x2 inch NaI(T1) detector coupled with a PMT and preamplifier in a 2.25-inch diameter, 1 1-inch long aluminum 

housing. This detector is a standard model offered by Canberra as model number 802. Because of the size of the 

detector housing it can only be used in piping systems (with elbows) that are 6-inch diameter or greater. The large 

crystal in the detector offers sensitive gamma detection with the capability of conducting medium resolution spectral 

measurements when the detector is coupled with a multi-channel analyzer (9% for Cs-137). 

The second gamma detector was custom fabricated for the Pipe ExplorerTM project by Rexon Components. 
This detector uses a 1.1x1.2 inch CsI(Na) detector in a 1.3-inch diameter, 3.5-inch long aluminum housing. A 

preamplifier in a slightly smaller housing is coupled to the detector via cabling approximately 1-foot long. By 

separating the detector and preamplifier into two packages, the assembly is small enough to traverse elbows in 2- 

inch diameter piping systems. 

4.1.4 Phoswich Detector 

The combination of two dissimilar scintillators optically coupled to a single PMT is often called aphoswich 
(or phosphor sandwich) detector (Ref. 9). The scintillators are chosen to have different decay times so that the shape 

of the output pulse from the PMT is dependent on the relative contribution of scintillation light from the two 

scintillators. Most applications involve the use of this pulse shape difference to distinguish events that have 
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occurred in only one scintillator from those that occur in both. For example, lightly penetrating radiations can be 

made to stop fully in the first scintillator, but more penetrating particles may generate light in both. Common 

scintillator combinations include BGO and a different plastic scintillator; one with a fast decay time and the other 

with a slow decay. Alternatively, separate electronic pulses may be derived from the fast and slow components of 

the PMT signal. Independent measurements of the energy deposited in each scintillator can then be obtained 

without the need for a second PMT. 
The Pipe Explorer'" phoswich detector was designed to be the same size as the betdgamma detectors used 

with the system. Thus the housings shown in Figs. 4-4 and 4-6 can be used with the phoswich detector. The 

detector uses a 1.25-inch diameter BGO crystal surrounded by a 0.02-inch thick BC-404 plastic scintillator. The 

scintillators are connected to a Hamamatsu R5600 compact PMT via a light pipe that runs through the center of the 

detector. 

4.2 Video Cameras and Pipe Locators 

4.2.1 Video Cameras 

A compact black and white, pinhole, CCD-camera is used for video surveys with the Pipe ExplorerTM 

system. The camera housing is designed to fit around long radius elbows in 2-inch diameter piping systems. A 

photo of the camera housing is shown in Figure 4-5. To illuminate the pipe interior for the camera, three 

miniaturized five-watt incandescent bulbs are attached to the camera housing. The video camera can be used to 

locate where Tees come into pipes, to locate areas of water inflow, and to locate objects within pipes. In addition, 

the relative volume of sediment in the bottom of pipes and the occurrence of any significant features of the pipe can 
be determined with the video survey system. 

Figure 4-5. Photograph of the Pipe ExplorerTM video camera assembly. 



The video camera shown in Figure4-5 was used extensively and successfully at several DOE sites. One 

drawback to the approach, however, was that the camera had to be deployed separately from the radiation detector. 

Thus, if an end user required both video and betalgama surveys, then two separate deployments were necessary. 

To expedite matters a combination bedgamma detector and video camera housing was designed and fabricated. 

The unit is shown in Figure 4-6. Both the camera and betdgamma detector previously discussed are still used with 

this configuration. However, now the video camera is placed in the nosecone of the bedgamma detector housing. 

Figure 4-6. Photograph of the combined betalgama detector and video camera housing. 

4.2.2 Pipe Locator 

The method used by the Pipe ExpIorerTM system to determine buried pipe position and depth employs a 
radio frequency (RF) signal pipe locating system manufactured by Subsite Discovery Systems. The basic principle 

of operation is to transmit an electromagnetic field from within the pipe and determine the peak field strength with a 

receiver on the surface. For non-metallic pipes, a battery powered transmitting beacon is inserted into the pipe by 

using the Pipe Explorerm system to tow the beacon in the same manner that radiation detectors are towed. The 

signal from the beacon is picked-up on the surface with a receiver that displays both direction and depth 

information. The maximum sensitivity setting on the receiver unit allows for accurate position and depth 

information up to thirteen feet below the surface. 
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4.3 Summary 

All together the Pipe ExplorerTM system now has 10 survey instruments available for use, this includes; 2 

betdgamma detectors, 2 alpha detectors, 2 gamma detectors, 2 video cameras, a phoswich detector, and a pipe 

locator beacon. This suite of instruments allows for comprehensive surveys to be conducted in almost every DOE 

situation. Measurement of all types of radioactive emissions can be completed. Video surveys can also be 

completed, and in the case of beta gamma surveys, the video surveys can be conducted simultaneously with 

radiation surveys. In addition, the Pipe Explorerm system can be used to locate buried or encased piping systems 

with it locator. This is particularly beneficial across the aging DOE complex where as-built drawings are a rarity. 
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5.0 DEMONSTRATIONS OF THE 

PIPE EXPLORERTM SYSTEM 

The primary reason for the success of the Pipe ExplorerTM development project was the close interaction 

with end users throughout the course of the project. Intimate knowledge of site needs was gained by using the 

system at 6 different DOE sites. Four of the 6 were conducted as part of this project. The other two were the 

outcome of the project, where SEA conducted Pipe ExplorerTM surveys on firm fixed price, performance based 

contracts. The demonstration phase of the Pipe ExplorerTM project lead to documented cost savings of $2.5 million. 

The other commercial uses of the system lead to an additional $1 million in savings. These combined savings 

amount to nearly 3 times the amount invested in developing the system. 

This section of the report documents the 4 demonstrations of the system that were conducted as part of the 

development project. They are presented in chronological order. The first was conducted at INEEL and was 
primarily a feasibility demonstration. The second use was at a FUSRAP site in Adrian, Michigan. This was the 

most significant of the four demonstrations because it quickly evolved beyond a demonstration project. The Pipe 

ExplorerTM system was put to use as a part of the remediation team and significant cost savings were realized. The 

third demonstration occurred at the DOE ITRI site in Albuquerque, New Mexico. This demonstration was 
significant because it was the first use of the Pipe ExplorerTM system as a technology for conducting video surveys. 

The final survey was conducted at the ANL CP-5 reactor. This demonstration included beta/gamma and video 

surveys. However, it was significant because it was the first demonstration of the alpha detection capability of the 

system. 

5.1 INEEL Demonstration 

The site selected for the f is t  demonstration of the Pipe Explorer TM system was the Idaho Chemical 
Processing Plant (ICPP) at the Idaho National Environmental Engineering Laboratory (INEEL). The purpose of the 

demonstration was to show the feasibility of using inverting membranes to tow radiation detectors into pipes. The 

f i s t  part of the demonstration was conducted in a clean (non-contaminated) 3-inch drain line mockup to illustrate 
the remote operability and control of the deployment system. This drain line mockup included four 90-degree 

elbows and had a total length of 130 feet. The drain line mockup demonstration also showed the capability of the 

gamma detection system to locate strategically placed calibrated radiation sources placed on the external surface of 
the pipe. Further, it showed the ability of the data acquisition system to correlate detector output with detector 
position in the pipe. In the second part of the demonstration, the Pipe Explorer TM gamma detector was used to 

survey contaminated scrap piping. The focus of this demonstration was to quantify radioactive contaminants in a 

representative environment. The pipes selected for this part of the demonstration included short straight sections of 

2- to 4-inch I.D. piping, 5 to 10 feet in length. 

This demonstration was successful in that the feasibility of the system was well established. The 

demonstration served as the basis for further development and demonstration of the system. However, unldce 
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subsequent uses of the Pipe ExplorerTM during this project, this was purely a feasibility demonstration. Therefore, 

the site did not use the data obtained in the surveys. 

5.2 FUSRAP Demonstration 

The primary goal of Phase I1 of the Pipe ExplorerTM development effort was to conduct extended 

demonstrations of the system at two DOE sites. The first of these demonstrations was carried out at a factory 

located in Adrian Michigan, where over 1000 feet of uranium-contaminated drain lines needed to be surveyed. The 

demonstration was originally scheduled for late May, 1995. However, plant modifications at the fully operational 

facility required that a portion of the contaminated area, referred to as the 42-inch sump, be remediated in April 

1995. Because of this, the demonstration was carried out in two phases. The first phase, which took place in April, 

consisted of characterizing two drain lines leading into the 42-inch sump. These surveys were conducted with the 

manually operated Pipe ExplorerTM system. The second phase occurred in late May, where the balance of the drain 

lines was surveyed with the fully automated Pipe ExplorerTM system. These two stages of the demonstration are 

discussed individually along with the data that was acquired and the differing methodologies that were used. 

5.2.1 Site Overview 

During the 1950’s, the Bridgeport Brass Company, a division of National Distillers and Chemical 

Corporation, operated a Special Metals Extrusion Plant in Adrian, Michigan under contract with the Department of 

Energy (DOE), then known as the Atomic Energy Commission (AEC). The product of this operation was material 
for uranium fuel elements used in reactors at Hanford, Washington and at 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. 

During the manufacturing process, uranium particles mixed with oil from the machinery flowed into the facility’s oil 

drainage system. This resulted in over 1000 feet of buried 4-inch drain lines becoming contaminated with uranium- 

tainted oil. While the contaminated oil drainage system is no longer in use, the site is currently an active automobile 

parts factory. Sites such as this one, that are non-government owned yet Contaminated from previous government 
sponsored activities, are being cleaned up under the DOE’S Formerly Utilized Sites Remedial Action Program 

(FUSRAP). The site in Adrian, Michigan is one of nearly 50 sites that are in the FUSRAP. Figure 5- 1 shows a 

layout of the contaminated oil drainage system. The fiist phase of the demonstration occurred at the 42-inch sump, 

where the two drain lines connecting to the sump (lines H and I) were surveyed. These survey activities are 

discussed in Section 5.2.2. The balance of the drain lines were surveyed during the second phase of the 

demonstration, which included lines B, C, D, E, G, and an electrical conduit line connected to manhole M- 1. These 
survey activities are discussed in Section 5.2.3. 
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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 remediation plan was 

to determine if 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, if contamination in the drain-lines was below this 

criterion, the drain lines could be left in place after sealing them with grout. If surface activities were found in 

excess of the criteria level, the drain-lines would have to be decontaminated prior to grouting. 

5.2.2 Survey of drain lines with the manually operated Pipe ExplorerTM System 

The drain lines surveyed during the first portion of this demonstration were the drain lines that feed into a 
42-inch sump. These are shown as lines H and I in Figure 5-1. The exact length and layout of these drain lines were 

unknown prior to the demonstration, but it was assumed that they traversed 80 ft and 40 ft respectively into the two 

separate extrusion pits. Access to the pipes was gained through the 42-inch diameter sump, which is 1 1 ft deep. The 

two lines entered the sump 2 ft from the bottom of the sump (9 ft below grade). In order to couple the Pipe 

Explorerm system to the lines, a section of 4-inch PVC pipe, including two long radius elbows, was lowered into 

the sump and attached to the drain lines. 

The first step in the demonstration was to determine the length of pipe and the pipe layout. This was done 

by deploying a membrane without the detector and tether into the line. A 4-milY3.8-in diameter membrane material 

was loaded into the canister. An undersized membrane was used because the end condition of the line had not yet 

been determined. If an oversized membrane was used, and the line was plugged at the other end, the inverting 

membrane would cause the air inside the line to compress and eventually stop the deployment. This approach 

worked well for determining the lengths of the lines that could be surveyed. 

Initial surveys of lines H and I were conducted with the RUST Geotech Beta Snake detector. Calibration of 
the detector had been completed at the RUST Geotech site in Grand Junction, Colorado. The detector was deployed 
to a length of 63 ft in line I at a maximum rate of approximately 5 fdmin. Characterization of the line was carried 

out during the retrieval process. Measurements were made every foot for a period of one minute. 

The same procedures were used for line H, where the membrane (no detector) was first used, to c o n f m  the 

maximum deployment length. The membrane was able to deploy to a distance of 18 ft into the drain line where the 

drain line was plugged from a prior remedial activity. The detector was then deployed in the pipe 18 ft and retrieved 

with the same characterization procedures as line I. 

Results of the initial beta surveys, Figures 5-2 and 5-3, showed contamination levels of several million 

dpd100 cm’ in both drain lines. Based on the survey data, Bechtel National Incorporated (BNI), the site 
remediation contractor, determined that the lines required remediation prior to grouting them closed. This was 
accomplished by flushing the lines with a high pressure water jet. 

After the lines had been desludged they were surveyed again to determine the success of the remediation 

technique. Line I was surveyed to a distance of 62 ft and found to have contamination below the hazard assessment 

criteria of 700,000 dpd100 cm2 from 5 ft to 62 ft. At a distance less than 5 ft, residual contamination was found 
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exceeding the criteria level. This data is shown in Figure 5-4. Similarly, line H was characterized to a distance of 
18 ft. It was found to have several areas with a surface activity greater than 700,000 dpd100 cm2 (Figure 5-5). 

Because of these elevated activity levels, the desludging activity was repeated and the lines were surveyed again, 
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Figure 5-2. Surface activity measured in 4-inch drain line running east from 42-inch sump (line I). Measurements 
taken prior to sludge removal. 
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Figure 5-3. Surface activity measured in 4-inch drain line running west from 42-inch sump (line H). Measurements 
taken prior to removal of sludge in drain line. 
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Figure 5-4. Surface activity measured in 4-inch drain line m i n g  east from 42-inch sump (line I). Measured after 
fwst desludging activity. 
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Figure 5-5. Surface activity measured in 4-inch drain line running west from 42-inch sump (line H). Measured after 
first desludging activity, 

5.2.3 Pipe Locator 

The remediation contractor, BNI, compiled preliminary information regarding the layout of the extruder 
drain line system. This information was primarily obtained from old drain line schematics created prior to the 

construction of the extruder pits. Other information was obtained from previous employees who worked at the site 

when the extruders were in operation. The remediation contractor had also made two preliminary site visits to 

attempt to c o n f m  this information. Their findings were considered inconclusive and did not filly substantiate the 

information contained in the original drain line schematics. The pipes were presumed to be constructed of clay and 

were believed to be four inches in diameter. Due to the limited information gathered on the drain line system, it was 
the desire of the remediation contractor to use the Pipe ExplorerTM system to locate drain line position and depth. 

SEA uses two methods to determine buried pipe position and depth. Both methods utilize a radio 

frequency (RF) signal for locating and are manufactured by Subsite Discovery Systems. The basic principle of 
operation is to transmit an electromagnetic field from the pipe itself or from within the pipe and determine the peak 

field strength with a receiver on the surface. For metal pipes, the electromagnetic field is generated over the surface 

of the pipe by passing a current through the pipe and completing the circuit with a return to a ground stake located 
near the transmitter. For non-metallic pipes, a battery powered transmitting beacon is inserted into the pipe. The 

signal from both transmitting modes is picked-up on the surface with a receiver that displays both direction and 
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depth information. The maximum sensitivity setting on the receiver unit allows for accurate position and depth 

information up to thirteen feet below the surface. 

Since the pipe material of the drain lines were believed to be clay, the transmitting beacon method was 

initially selected for determining pipe location. With this method, the Pipe Explorerm would tow the beacon in the 

same manner that radiation detectors are towed. The 42-inch sump drain lines were selected for the pipe locating 

demonstration. This sump contained two 4-inch lines that were believed to run 90 degrees apart from one another at 
45 degrees on either side of the centerline between the two uranium extruder pits. Once the site workers were able 

to enter the sump and accurately access the pipe layout, this turned out not to be the case. The lines were actually 

180 degrees apart from one another and were determined to be in line with the main drain line of the extruder 

system. It was also determined that the pipes were not clay but were in fact carbon steel. This eliminated the 

possibility of using the locating beacon method. Therefore, the second method of using the pipe itself as the 

transmitter was used. 

Since multi-ton pieces of equipment are used at the manufacturing facility in Adrian, MI, there are a 

substantial number of steel supports embedded in the concrete slab. The imbedded steel interfered with the signal 

emitted from the drain line. This was especially problematic around the 42-inch sump. However, about 50 feet east 

of the sump there was less material and the locator system successfully located the drain line running east from the 

42-inch sump. Location of this line was useful since it was originally thought that the line terminated in M-15 

(Figure 5-1). However, it was found that the line actually ran a few feet south of M-15 and went further east of M- 

15 where it coupled with line C running north to Sump 3 (this was originally thought to run west of M-15). Based 

on this information, the drain line schematics were modified. In addition, a convenient access to line C was found 

through a clean out east of M-15. 

In summary, the locating method used at the GM site had limited success. This particular site had a 

significant amount of structural steel material in the floor that inhibited the ability of the pipe-locating device to 

operate correctly in all areas. However, the information obtained from the use of the pipe locator at the GM site did 

prove to be of value, where the drain line path from the 42-inch sump was more accurately determined and the drain 

line schematics were updated. 

5.2.4 Survey of drain lines with the automated Pipe ExplorerTM System 

This portion of the demonstration was conducted during May 1995, where SEA conducted surveys to 

determine interior surface activity levels of beta emitting contamination in 5 drain lines (lines B, C, D, E, and G )  and 

one electrical conduit (from manholes MI to M2). 

The fully automated Pipe Explorerm deployment system was used for the purpose of conducting 

continuous surveys. The detector count rate was sampled every second while the detector was moving through the 

pipes at a nominal rate of 2.5 fvmin. (0.5 in./s) and a rate meter time constant of 3 seconds. Thus, the detector was 
moving slightly less than one window length per rate meter time constant. With this methodology, the minimum 

detectable activity (MDA) at the 95 percent confidence level was 4000 d p d l 0 0  cm2. In all cases the contamination 
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was assumed to be evenly distributed around the pipe interior. For the drain lines originating in the pipe chase (lines 

B, D, and E), this was clearly the case, as evidenced by the oily sludge coating the retrieved membranes. Drain line 

G and the electrical conduit originating from manhole MI did not have as much sludge in the lines. Therefore, 

contamination in these lines may not have been as evenly distributed as in the other lines. 

Data from these surveys are shown in Figures 5-6 through 5-1 1. In order to guide the Pipe Explorerm 

membrane to the drain lines, temporary access conduits of PVC pipe were used ranging in length from 13 to 22 feet. 

The lengths of these conduits are given in the figure captions. In most cases, the start of the drain line is apparent, as 

evidenced by an increase in the measured activity levels. 

Figure 5-6 shows the surface activity in line G, which runs from manhole M1 to Sump 3. The data clearly 

shows activity above background, but well below 5000 dpd100 cm’. The fluctuations seen in the data are within 
the statistical fluctuations expected at low count rates. Figure 5-7 shows the data obtained from one of the electrical 

conduits running from M1 to M2. No activity significantly above the background count rate is evident. The data 

obtained from line B (Figure 5-8), which runs from the pipe chase to the 42-inch sump, shows activity between 
10,000 and 20,000 dpd100 cm’with a spike of 40,000 dpd100 cm’ at 41 feet (19 feet into the drain line). 

Excessive sludge in the line prevented surveying beyond 50 feet. Surface activity levels at or near background were 

found for the first hundred feet of the survey conducted in line D. However, as seen in Figure 5-9 the activity began 

to increase as the line approached an intersection with other drain lines. Figure 5-10 shows data obtained from drain 

line E. Only slightly elevated activities were found in this line. Problems with plant electrical power required that 
the data be taken manually from 68 to 83 feet, at one foot intervals. Figure 5-1 1 shows data from the survey of line 

C. The highest surface activity levels where found in this line, ranging up to 1.4 x IO6 d p d l 0 0  cm’. 
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Figure 5-8. Beta/gamma survey of drain line B in pipe chase. 
Beginning of drain line is at 22 feet. 
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Figure 5-9. Betdgamma survey of drain line D in pipe chase. 
Beginning of drain line is at 13 feet. 
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In all cases, the activity levels found in the surveys were quantitatively confi ied by HP surveys of the 

membranes as they were being disposed. Spot checks of the activity level of contamination adhering to the 

membrane were comparable to surface activity levels measured during the surveys. For example, no activity was 

noted on the membranes that were retrieved from the electrical conduit and activities at about twice the background 

were noted on membranes retrieved from line G. 

5.2.5 FUSRAF’ Demonstration Summary 

The primary reason the DOE provides funding for development of environmental technologies is to reduce 

remediation costs through more expedient and cost effective characterization and clean-up methods. Substantial 

cost savings were realized from use of the Pipe ExplorerTM system at the FUSRAP site demonstration. The DOE 
FUSRAP recognized that the cost of excavating buried drain-lines would be very high, and therefore developed a 

methodology to avoid these excavation costs. Drain lines were surveyed to verify that activity levels of 

contamination in the pipes were below a hazard assessment criteria level of 7x10’ dpm/100cm2 (averaged over the 

length of the drain-lines). It was determined through a hazard assessment that such levels of contamination posed no 

significant risk to the general population. Thus, the drain-lines could be left in place after sealing the contamination 

with grout. Prior to use of the Pipe ExplorerTM system, a small geiger-mueller (GM.) detector was inserted directly 

into the drain lines to conduct radiological surveys. 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, limited lengths of the drain-lines could be accessed since in many cases the detector could not 

be shoved around elbows. 

The benefits of using the Pipe ExplorerTM over direct insertion of a detector were readily seen in the first 

drain-line surveyed Data initially obtained with the manually operated Pipe ExplorerTM system showed that 

activity levels in the pipe were in excess of the 7x10’ dpm/100cm2 criteria level. The drain-line was then cleaned 

and a subsequent survey was conducted. Activity levels were found to be 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 obtainable using the Pipe ExplorerTM system there would not have been a 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. 1). However, this 

estimate neglects 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 estimated these costs from 
prior experiences of modifications to the plant to be about $0.8 million. The cost savings were offset somewhat by 
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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 to the DOE from the FUSRAP demonstration of the Pipe 
ExplorerTM system are estimated to be $1.5 million. 

5.3 ITlU Demonstration 

5.3.1 Site Overview 

This section of the report summarizes the Pipe ExplorerTM Phase I1 demonstration at the DOE ITRI facility 

in Albuquerque, New Mexico. This site was selected based on the ability to demonstrate both the video and 

radiological survey capabilities of the system. The ITRI site was actively involved in remediation efforts that 

required both types of surveys. The demonstration started on November 13,1995 and was carried out over a three- 

day period. A total of 278 ft of drain lines were surveyed with the video inspection system as well as the 

radiological survey equipment. 

The DOE began research activities at the site in the 1960's. These activities involved the use and 

consequent disposal of several radioactive isotopes. The means of disposal of these isotopes in many cases was to 

transport the waste through drain lines to isolated storage areas. The isotopes transported through these drain lines 
were predominantly Strontium-90 (Sr-90) and Cesium 137 (Cs-137). Clean-up efforts at the facility have resulted in 
the successful remediation of the isolated storage areas and those drain lines that were located outside of the main 

facility. It is the focus of the current remediation plan to characterize radiological contamination in drain lines that 

remain in the facility. 

The primary reasons for performing video surveys of the drain lines were two-fold. First and foremost was 

the determination of the structural integrity of the drain lines. The drain lines were believed to be constructed of 
asbestos clay and led to the hypothesis that the drain lines could have considerable structural degradation. The 

second reason was to verify the existing configuration schematics of the drain line system. This involved locating 

and identifying the position and orientation of drain line components such as tees and wyes. 

The section of drain line at the DOE facility that was selected for the demonstration (86 West) offered a 

wide variety of piping components and configurations, which was ideal for demonstrating the capabilities and 

versatility of the Pipe ExplorerTM system. The drain line contains several intersecting pipe components, has both 

vertical and horizontal runs, varies in diameter, and is suspected of having radiological contamination. This drain 

line contains a total of 278 linear feet, consists of both 4 and 6-inch diameter pipe, contains 27 different pipe 

components, has both horizontal and vertical runs, and is believed to have both Sr-90 and Cs-137 contamination. 

Drain line 86-West is located approximately 4 to 9 ft below grade and positioned parallel to a hallway in the facility. 

Access to the drain line was attained through three different clean-outs that are routed to the surface. These are 

denoted as A', B', and C' respectively. A 4-inch diameter, long-radius elbow was used to direct the membrane 
deployment from the canister to the entrance of the clean-out at grade level. All of the clean-outs accessed were 4- 

inch diameter cast iron pipe. 
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The demonstration was carried out over a three-day period. SEA made arrangements with the facility 

manager to conduct the demonstration in the evenings after normal working hours so as not to interfere with the 

operation of the facility. The facility provided the necessary ES&H and maintenance personnel to support the 

demonstration effort. 

Three different types of surveys were performed. The first survey conducted was a video survey for the 

purpose of evaluating the integrity of the drain line as well as verifying the location of pipe components such as 

elbows and tee’s. The last two types of surveys were radiological surveys, utilizing a gross gamma detector and a 

beta/gamma detector, respectively. 

5.3.2 Video Survey Results 

The frrst video survey was performed through clean-out A’. This 4-inch diameter clean-out was believed to 

intersect a 6-inch drain line 4 ft below grade. The linear distance from clean-outs A’ to B’ is 116 ft. In order to 

achieve a 100 percent survey of the line between clean-outs A’ and B’, a characterization length of 150 feet was 

selected. 150 ft of membrane material sized for 6-inch diameter pipe was loaded into the canister. The result from 

this initial survey indicated that the entire length of 150 ft of drain line was not 6-inches but 4-inches in diameter. 

This resulted in an overlap of the unused membrane material on the inside of the line that obstructed the view of 

approximately 30 percent of the inside surface area of the drain line. This proved to be the case for the full 

deployment of 150 ft. The survey was then repeated with a smaller diameter membrane material. The result from 

this survey was substantially improved but did show a small amount of overlap inside the pipe. Finally, a slightly 

undersized membrane was deployed which resulted in no obstruction of the inside surface and provided excellent 

results. 

The length of video survey from clean-out B’ was selected to be IO0 f t  This length of survey allowed for 
an ample overlay of video data between clean-outs B’ and C’. The video data showed that 40 ft into the survey the 

drain line size increases from 4 to 5-in in diameter. 
Given the information obtained from the survey through By, a larger diameter membrane was used for the 

survey from clean-out C’. SEA loaded 120 ft of 6-in diameter membrane and deployed it through clean-out C’. In 

order to negotiate a 4-inch wye to a 6-inch line, an 18-ft-long sleeve of smaller diameter membrane material was 

placed over the &inch material. This ensured that the membrane, when deployed, would invert easily into the 

6-inch diameter drain line. Once the membrane had deployed to the 18-ft mark, the membrane then expanded to its 
full diameter and was well-coupled optically to the inside surface of the pipe. The results from this survey 

substantiated the position of the 4-inch by 6-inch reducer noted in the survey from B’. 

Toward the end of the survey from clean-out C’ the video data shows the membrane sealing off an 

intersecting piping system through which a substantial amount of water was flowing. Even in this environment the 

camera was well-protected by the membrane and was able to continue acquiring clear video pictures of the drain 
line. 
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The results of the video survey from all three clean-outs indicated that there are no gross anomalies with 

respect to drain line integrity for the 278 linear ft of drain line surveyed. There are also no indications of significant 

obstructions in the pipe that would lead to reduced flow capacity of the drain line system. There are, however, 

several locations in the drain line that show build-up andor pipe scale on the drain line walls. This build-up is 

estimated to be a maximum of approximately 0.5 inches thick. The survey did successfully show the location and 
direction of intersecting drain line systems. Table 5-1 indicates the position and orientation of pipe components 

found during the video surveys. 

Table 5-1. Video survey summary. 
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5.3.3 Radiological Survey Results 

The radioactive characterization of the drain line consisted of the determination of the internal surface 

activity levels for both gamma and betalgamma emitting isotopes. Process knowledge of the drain line provided by 

the facility manager indicated that the predominant isotopes present were Cs-137 and Sr-90. Prior to SEA’S arrival 

at the site, the two detectors used in the demonstration were calibrated for these specific isotopes for both 4- and 6- 
inch diameter pipe geometries. The characterization through clean-outs A’ and C’ were performed with both the 

gamma and bedgamma detectors. Clean-out B’ was characterized for be tdgama  contamination only. 

Prior to deployment of either detector, the background activity was determined by placing the detector near 

the clean-out entrance at grade level for a period of ten minutes. The detector performance was also verified with a 
check source. 

The results from the radiological survey can be seen in Figures 5-12 through 5-15. In these figures, the 

data has been reduced to indicate the surface activity in units of dpd100 cm2 as a function of position in the pipe. 

The minimum detectable activity (MDA) and rate of travel of the detector are also indicated on these graphs. No 

significant contamination was found until a location (SS 152) close to an area in the facility where experiments were 

conducted using Cs-137 and SIN-90. Figures 5-12 and 5-13 clearly show this. Nominal amounts of both beta and 

gamma surface activity were found downstream of this location. In addition, several points of spot contamination 

were located. At those locations where spot contamination was detected, the deployment was paused. The detector 

was then moved back and forth over the spot to determine the maximum surface activity. 

The determination of the gamma background levels at the site directly impact the gamma surface activity 
results presented in this report. It should be noted that the gamma background activity used in the data reduction is 

based on the background levels measured at the surface. There is reason to believe that the gamma background in 

the soil, from naturally occurring elements, is slightly higher than that of the surface where the measurement was 

taken. The anticipated background in the soil is estimated to be approximately 35 percent higher. The approach 

used in the data reduction assumed surface level background activity which provides the most conservative result. 
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Figure 5-12. Beta/gamma survey from clean-out B. 
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Figure 5-13. Betdgamma survey fiom clean-out C .  
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5.4 ANL CP-5 Demonstration 

The CP-5 reactor at the Argonne National Laboratory (ANL) is one of many inactive DOE nuclear reactors 

undergoing decontamination and decommissioning (D&D). The DOE and the Federal Energy Technology Center 

(METC) recognized that the CP-5 reactor would offer an excellent proving ground for cleanup technologies related 

to D&D. As such, a demonstration program was set up at the site for technology providers to use their systems in an 

ongoing D&D project. The Science & Engineering Associates Pipe ExplorerTM system was chosen as one of the 

technologies to be demonstrated at the site. 

The Pipe ExplorerTM is a versatile deployment method for transporting a variety of survey tools into pipes 

and ducts. Betdgamma detectors, gamma detectors, pipe locators, and video cameras have all been successfully 

used with the system at other DOE sites. However, the ability to conduct alpha surveys with the system using a 

scintillating membrane was recently developed and needed to be demonstrated. Therefore, the primary purpose for 

using the Pipe ExplorerTM system in the large scale D&D program was to demonstrate the alpha detection capability 

of the system. Other survey tools were also used with the system at the site to offer a complete survey package. 

This included beta/gamma and video surveys of drain lines. 
This section of the report documents the results of the Pipe ExplorerTM demonstration project at CP-5. The 

intended scope of the demonstration is given in Section 5.4.1. The calibration technique employed with betdgamma 

and alpha detectors is given in Section 5.4.2. The results of the radiological surveys that were conducted at the site 

are discussed in Section 5.4.3, where the results of the alpha surveys and the betdgamma surveys are presented 

independently. A summary of the video survey that was completed is also given in Section 5.4.4. Finally, a 

summary of the Pipe ExplorerTM field demonstration at CP-5 is given in Section 5.4.5. 

5.4.1 Demonstration Scope 

The primary purpose for using the Pipe ExplorerTM system at the ANL CP-5 site was to demonstrate the 

alpha detection capability of the system. In addition, the betdgamma survey capability of the system was to be used 

to determine if activity levels in pipes and drain lines at the site were below fiee release criteria. Furthermore, video 

surveys were to be completed in exterior drain lines to determine the integrity of the lines. These three types of 

surveys were to be carried out in three different areas of the site. The fmt group of surveys was to be conducted 

from a manhole located in the yard area south of the reactor building’s E-wing. Two lines were to be surveyed from 

the manhole. The first was a 4-inch drain line that runs east from the manhole for a distance of approximately 175 
feet. The second was an 18-inch drain line coming into the manhole from the reactor building. The outside drain 

lines were to have video surveys conducted to investigate the integrity of the lines. This included looking for signs 

of deterioration, areas of collapse, root intrusion, and debris buildup. In addition, beta/gamma surveys were to be 

conducted in both the 4-inch and 18-inch drain line. A betdgamma detector was to be deployed that had been 
calibrated for its response to both Cs-137 and SriY-90 contaminants. The detector was to be deployed at a speed 
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such that a MDA below 5,000 dpd100 cm2 could be maintained at all times. In addition, an alpha survey of the 4- 
inch drain line was to be completed. 

The next area where surveys were to be conducted was inside the reactor building, where two, 12-inch vent 

lines run from the reactor building to a ventilation annex located southeast of the E-wing of the reactor building. 

These lines are approximately 155 feet long and are plugged at the end. Betdgamma surveys were to be conducted 

in the two, 12 inch vent lines. The detector was also to be calibrated for this measurement geometry where the 
detector response to Cs-137 and SriY-90 was to be determined. 

The final area to be surveyed as part of the demonstration was three fuel rod storage tubes located in the 

fuel storage area of the reactor building. These are 5-inch diameter stainless steel tubes that run to a depth of 11.5 

feet encased in concrete. The Pipe ExplorerTM alpha detection system was to be used to complete these surveys. The 

detection system was to be calibrated with an Am-241 source (- 5.5 MeV) in a 5-inch pipe in order to determine the 

detection system response to contaminants emitting alpha particles of similar energies. The detection system was to 

be deployed at a speed such that a MDA below 20 dprd100 cm2 was maintained. 

5.4.2 Calibrations 

In order to relate the output of Pipe Explorerm radiation detectors to surface activity, calibrations of the 

detectors are performed specifically for the expected measurement conditions. The pipe sue, pipe material, and 
isotope of interest are replicated as much as possible. This ensures that attenuation and backscatter effects that will 

be encountered in an actual measurement situation are mimicked in the calibration process. The detector 

calibrations that were carried out prior to conducting the demonstration at the CP-5 site are listed in Table 1. 

The objective of the calibration procedure is to determine an empirical yield factor which relates the 
detector response, in net counts per second (ncps), to a uniform surface activity density in disintegrations per minute 

per 100 square centimeters (dpd100 cm2) for the particular pipe material and size to be surveyed. This yield factor 
is used to both reduce raw data and to determine the lower detection limit of the measurement conditions, which is 

referred to as the minimum detectable activity (MDA). The MDA is a measure of the lowest surface activity level 

that can be measured with statistical certainty of 95% above the random fluctuations of background. 
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Detector Pipe Diameter Pipe Material 

4 - inch Plastic* 

BC - 404. 

Detector 12 - inch Steel 

S/N PF-429-12 

18 -inch Plastic* 

ZnS(Ag> 
with PMT 4 - inch Plastic 

S/N CF - 9645 

ZnS(Ag) 
with PMT 5 - inch Aluminum 

S/N CF - 9645 
* Backscatter effects from plastic pipe are within 1% of those from tile pipes. 

5.4.3 Pipe Exp1orer'"Survey Results 

Isotope 

CS- 137 

S rN - 90 

CS-  137 

S rN - 90 

CS- 137 

SrN - 90 

Am - 241 

Am - 241 

Alpha Measurements 

Alpha measurements were conducted in three fuel rod storage tubes within the CP-5 Reactor building on 

22-July-1996. These fuel rod storage tubes are 5-inch stainless tubing set vertically with the top of the tube at floor 

level. The tube lengths were measured at 1 1.5 ft. 

The manually operated Pipe ExplorerTM canister was employed for these short measurement m s .  The 

canister was mounted on a table. A short length of 4-inch PVC pipe, containing a long-radius 90" elbow, was used 
as a pre-pipe to connect the outlet of the canister to the opening of the fuel rod storage tube at the floor level. A disc 
of 314-inch plywood with a 1-inch thick foam rubber seal was used at the floor level to support the 4-inch pre-pipe in 

the tube opening and to provide a light and gas seal. Deployment of the scintillating membrane necessarily 

displaces the air in the storage tube volume. Since the fuel rod storage tube is sealed at the bottom end, a means of 

allowing the displaced air to escape was required. This was accomplished by emplacing a length of 1/4-inch vinyl 

tubing in the storage tube with the open end of the tube at the bottom of the storage tube. The other end of the vinyl 

tubing was routed through the foam rubber gasket and connected to a HEPA filter cartridge from a respirator. This 

served to filter any particulates prior to exhausting the displaced air into the room. Although this tubing does block 

some of the surface area of the storage tube, but it is a very small fraction, less than 1% of the total surface area in 
any given point measurement. 



The measurements were conducted by deploying the scintillating membrane and photodetector to the 

bottom of the fuel rod storage tube. The depth encoder on the canister was then reset and a 40 second count was 

recorded. The photodetector was retrieved 0.3 ft., held at this depth, and another 40 second count recorded. This 

point to point measurement process was continued until the entire tube length had been surveyed, as well as some of 

the pre-pipe length. With the photodetector in the pre-pipe past the 90" elbow and therefore out of a direct line of 
sight with the storage tube, a 5-minute background count rate was recorded. This background count rate was used to 

correct the observed gross count rate to a net count rate that is proportional to the surface alpha activity. The yield 
factor, obtained from the calibration of the photodetector in a 5-inch pipe geometry with the same scintillating 

membrane formulation used in the measurements, was then used to convert the observed net count rate to a surface 

alpha activity density (dpd100 cm'). Replicate measurements were conducted in fuel rod storage tube # 30 to 

confirm the high count rates that were observed in the bottom portion of the tube. 

Because of the short total survey length (34.5 ft.) and the non-standard pipe size (5-inch), existing 4-inch 

scintillating membrane stock was used to custom fabricate short lengths of membrane sized for these 5-inch tubes. 

The length of the membrane used in each tube was determined by adding the tube length (1 1.5 ft.) and the pre-pipe 

length (5.25 ft.) so that the end of the membrane just reached the bottom of the tube at full deployment. The depth of 

the measurement point, as shown on the data plots and in the data tables, is referenced to the front of the 
photodetector. At h l l  deployment the front of the photodetector is elevated from the bottom of the tube. However, 

the effective detection window of the photodetector extends approximately 40 cm in front of the tube, so that 

detection for the full length of the fuel rod storage tube was obtained. 

A count time of 40 seconds was selected to provide an A Priori Minimum Detectable Activity (MDA) 

concentration well below the most conservative free release criteria found in the DOE Rad-Con Manual, 20 

dpd100 cm2 (Reference 8). This MDA was calculated using the following formula: 

2.71 + 4 . 6 5 4 E  
Y * t  

MDA = 

Where: MDA 

BKR 
Y 

t 

= Minimum Detectable Activity Concentration (dpdl00  cm2) 
= Background Count Rate (cps) 
= Yield Factor [net cps/(dpm/ 100 cm')] 

= The count time (s) 

The results of the alpha measurements conducted in the three fuel rod storage tubes are shown graphically 

in Figures 5-16 through 5-21. Figures 5-16,5-18, and 5-20 show the net counts recorded for eachmeasurement 

point with the associated 20  counting statistics uncertainty limits for each of the three fuel rod storage tubes. The 

error bars shown for the depth indicate a 20  uncertainty in the relative position of one measurement position to 

another. The uncertainty in the absolute position of the pipe datum is slightly higher, estimated at approximately 6 
inches. 
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Figures 5-17,5-19, and 5-21 show the count data reduced to surface alpha activity density in dpd100 cm2. 

A dashed line indicates the MDA for the measurement conditions. In Figure 5-17, where a data point itom the 

replicate survey falls within the 20 position uncertainty from a data point in the initial survey, a single average value 

is plotted. It is interesting to note that there is a general trend for the surface activity density to increase towards the 

bottom of the fuel rod storage tubes. This is most notable in the data from tube # 30. 
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Figure 5-16. Plot showing the net count data from the initial and replicate surveys 
performed in Fuel Rod Storage Tube # 30. 
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Figure 5-17. Plot showing the measured alpha activity density in Fuel Rod Storage Tube # 30. Results are 

combined from both the initial and replicate surveys. 
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Figure 5-18. Plot showing the net count data from the survey performed in Fuel Rod Storage Tube # 29. 
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Figure 5-19. Plot showing the measured alpha activity density in Fuel Rod Storage Tube # 29. 
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Figure 5-20. Plot showing the net count data fiom the survey performed in Fuel Rod Storage Tube # 9. 
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Figure 5-21. Plot showing the measured alpha activity density in Fuel Rod Storage Tube # 9. 

BetdGamma Measurements 

Beta gamma measurements were conducted in a 4-inch drain line located in the back yard of the CP-5 

complex on 16-July-1996. The automated canister system was employed for this survey. Access to the drain line 

was obtained through a manhole located at the upstream end of the 4-inch portion of the drain line. A short length 

of 4-inch PVC pipe, containing two 90" elbows, was used as a pre-pipe to connect the outlet of the canister to the 

pipe opening in the manhole. A standard 4-MIL thick polyethylene membrane was used for these measurements. 
The detector employed for these measurements is a specialty bedgamma detector, optimized for beta response. 

The signal from the bedgamma detector is processed using industry standard NIM electronics consisting 

of a linear shaping amplifier, single channel anaIyzer, and counter/timer module. Operating bias for the detector 
PMT is supplied by a NIM high voltage supply. Settings for these components have been chosen to optimize 

detector sensitivity against a low background count rate. This detector was calibrated using both a Cs-137 source 

and a Srff-90 source. Correspondingly, separate data plots of the survey results are provided for the two different 
yield factors ((3-137 & Srff-90). 

The standard operating procedure for Pipe Explorerm radiological surveys is to deploy the detector to the 

maximum depth at a fairly high rate, and then retrieve it at a rate slow enough to meet the minimum detectable 

activity (MDA) concentration rdquirements of the survey. Radiological survey data are collected during both the 

deployment and retrieval operations with the intent that, under normal circumstances, only the data collected during 
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the slower retrieval will be used. Data collected during deployment are available as a back-up to the retrieval 

survey. 
A count time interval in seconds is selected for the survey to be performed. A count time of 2 seconds is 

typically used during detector deployment, with a count time selected for the retrieval based on the MDA required 

by the survey. The count time selected for the retrieval survey determines the maximum logging rate allowed. This 

maximum logging rate is the rate that will allow the detector to move one detector window in the count time. The 

data acquisition system records the gross count rate in cps for the interval as well as the depth indicators at the end 

of each count interval. An empirical estimate of the background count rate was obtained with the detector in the 

pre-pipe within the manhole. This background count rate was then used to reduce the measured gross count rate to a 

net count rate. 

The MDA calculations were carried out using the following formula. 

2.71 + 4 . 6 5 , i m  
Y - t  

MDA = 

Where: MDA 
BKR 
Y 

t 

= Minimum Detectable Activity Concentration (dpd100 cm’) 
= Background Count Rate (cps) 

= Yield Factor [net cps/(dpd 100 cm’)] 

= The count time (s) 

The average deployment rate for this survey was approximately 6.8 ft./min. The planned retrieval scenario 

used a combination of slow continuous retrieval combined with periodic stationary point measurements to achieve 
the desired detection levels in a timely manner. The planned retrieval rate was to be 0.9 ft./min. or slower, with 

static measurements of 6 minutes in duration taken every 10 ft. The A Priori MDA for the continuous 

measurements at a detector rate of 0.9 ft./min. were calculated at 2840 dpd100 cm’ using the Cs-137 calibration 
factor and 1680 dpd100 cm’ using the SrN-90 calibration factor. The MDA for the static measurements were 

calculated at 439 and 259 dpd100 cm’ using the Cs-137 and SrN-90 calibration factors respectively. 

Unfortunately, circumstances beyond SEA’S control prevented completion of the retrieval survey. What 

was forecast to be scattered afternoon showers turned into a series of very intense thunder showers that produced 

1 1.6 inches of rain on the Argonne National Laboratory in a 24 hour period. At the time that the rainfall began to 

increase significantly in intensity, the bedgamma detector was fully deployed in the 4-inch drain line and retrieval 

had begun. In this circumstance, the inflated membrane occluded the drain line and prevented water accumulating 

in the manhole from flowing down the 4-inch drain line and reaching the main drain line trunk. Because of this, the 

retrieval survey was terminated, and the detector retrieved at approximately 7 ft./min. Detector measurement data 

were recorded during this fast retrieval, but because of the high retrieval rate the corresponding MDA is high, 8,840 
and 5,200 dpd100 cm’ using the Cs-137 and SrN-90 calibration factors respectively. 
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Due to equipment damaged in this event, it was not possible to repeat the survey of the 4-inch drain line. 

Therefore the data collected from both the deployment survey and the retrieval survey are presented here to give the 

best possible characterization of the radiological conditions within the drain line from the data available. Figures 5- 

22 and 5-23 show the data from deployment and retrieval surveys reduced using the Cs-137 calibration factor. 

Figures 5-24 and 5-25 show the same data sets reduced using the SrN-90 calibration factor. The depth in pipe 

shown on the plots is the depth into the pipe measured from the end of the pipe in the manhole. The negative depths 

shown represent the pre-pipe connecting the canister outlet to the actual drain line. The dashed line shown on each 

of the plots indicates the MDA for the actual measurement conditions. The gray circles shown in Figures 5-23 and 

5-25 indicate the results for the static measurement points during the retrieval survey. Note that these points exhibit 

excellent agreement with the corresponding continuous measurements. The count interval for the data shown in 

Figures 5-22 and 5-24 was 2 seconds per data point. 
The data shown in Figures 5-23 and 5-24 can be broken into two distinct regions. First is the region on the 

right-hand side of the plot, characterized by a high data density resulting from the slow logging rate during the initial 

part of the retrieval survey. Second is the region on the left-hand side of the plot characterized by data of a very low 

density resulting from the rapid retrieval of the detector. The count interval for the data shown in the figures was 10 

seconds. 
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Figure 5-22. Plot showing the survey data obtained during detector deployment using the Cs-137 calibration factor. 

Data with a negative depth is from the pre-pipe portion of the survey. The count time represented is 2 seconds, with 

an average detector deployment rate of approximately 7 ft./min. 
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Figure 5-23. Plot showing the survey results obtained during retrieval of the detector using the Cs-137 calibration 

factor. The gray circles indicate the results of 6 minute static measurements. The high density data on the right was 
obtained at a logging rate of approximately 0.9 ft./min. The low density data on the left was obtained during rapid 

retrieval at approximately 7 ft./min. The count time for both zones was 10 seconds. 
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Figure 5-24. Plot showing the same raw count data as shown in Figure 14 reduced with the SrR-90 calibration 

factor. Data with a negative depth is from the pre-pipe portion of the survey. The count time represented is 2 

seconds, with an average detector deployment rate of approximately 7 ft./min. 
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Figure 5-25. Plot showing the same raw count data as Figure 15 reduced with the SrN-90 calibration factor. The 

gray circles indicate the results of 6 minute static measurements. The high density data on the right was obtained at 

a logging rate of approximately 0.9 ft./min. The low density data on the left was obtained during rapid retrieval at 

approximately 7 ft./min. The count time for both zones was 10 seconds. 

As indicated in Figures 5-22 and 5-24, the activity levels within the drain line are slightly higher than those 
measured in the pre-pipe portion of the survey. The careful observer will also note that the deployment results are 

slightly higher than the retrieval measurements. It is SEA'S belief that this discrepancy is the result of the 

background count rate changing over the time required to perform the surveys. Ordinarily a background count rate 

would be determined at the completion of the surveys as well as at the beginning. However the hasty retrieval 

resulting from the storm situation prevented this. 

After the bedgamma survey of the 4-inch drain line was completed, several field repairs were made to the 

Pipe Explorerm system. This included repairs to the beta/gamma detector, since it had been damaged from water 
during the severe storm and flood. The detector was dried out, repaired, and reassembled. Measurements were 

made of the ambient background and of the Cs-137 check source. All measurements were found to be within 

tolerance. Since the detector was functioning properly, SEA proceeded with setting up for the survey of one of the 
12-inch ventilation lines. 

A challenge to this particular survey was the fact the 12-inch lines were plugged at the end. Thus, as the 

membrane would depIoy into the pipe the only outIet for the displaced air was through the pipe entrance. This 

necessitated using an undersized membrane (10-inch diameter) so that air could flow through the annular region 
between the membrane and pipe wall. Given that the lines had yet to be characterized, there was some concern 
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about airborne contamination in the air coming out of the pipe. To mitigate this concern a special adapter was built 

to couple an access pipe to the pipe entrance. This coupling created a seal around the pipe entrance that contained a 

high efficiency particulate (HEPA) filter. Thus, as air flowed out of the pipe airborne contamination would be 

caught in the filter. 

A length of membrane 155 feet long was loaded into the Pipe ExplorerTM canister. The betdgamma 

detector was deployed to the full distance and radiological measurements were taken as the detector was retrieved 

from the pipe. Unfortunately, residual moisture in the detector created a transient noise problem that made the 

measurements unreliable. Therefore, the survey was terminated. 

5.4.4 Video Surveys 

The 4-inch drain line located south of the CP-5 reactor building E-wing was surveyed with a video camera 

over a distance of 153 feet. The drain line was found to be in good condition structurally, where no areas of 

degradation or root intrusion were noted. The drain line did, however, have a notable amount of debris buildup in it. 

Most of the line had 1 to 2 inches of sand and cobbles on the floor of the pipe. 

5.4.5 ANL Demonstration Summary 
The massive rainstorm that occurred during the Pipe ExplorerTM demonstration at the CP-5 reactor site 

caused damage to some of the equipment which subsequently precluded the completion of some of the planned 

surveys. Never-the-less many of the planned surveys were successfully completed. As a summary of the events, 

Table 5-3 lists all of the target surveys along with a description of the surveys that were completed. 
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Table 5-3. Comparison of the intended scope of the demonstration project to the Pipe 

ExplorerTM surveys that were completed. 

I Survey Description 

Alpha survey of fuel rod storage tubes. 

Video survey of 4-inch drain line from 

manhole south of CP-5 E-wing. 

Betdgamma survey of 4-inch drain line 

from manhole south of CP-5 E-wing. 

Video survey of 18-inch drain line from 

manhole south of CP-5 E-wing. 

Bekdgamma survey of 18-inch drain line 

from manhole south of CP-5 E-wing. 

Betdgamma survey of two, 12-inch vent 

lines inside of CP-5 reactor building. 

Actual Survey Conducted 

Three fuel rod storage tubes successfully surveyed. 

Video survey of 153 feet of the drain line. 

137 feet surveyed with MDA of 4150 dpd100 cm’. 

53 feet surveyed with MDA of 1680 dpd100 cm’ . 

No survey conducted due to damaged deployment 

system. 

No survey conducted due to damaged deployment 

system. 

Detector deployed to 150 feet in one of the lines, but no 

reliable radiological data obtained due to damaged 

detector. 

Although complications arose from the rainstorm and flood, valuable experience was gained in using the 

Pipe ExplorerTM for the first time in a reactor setting. Even with some of the surveys that were only partially 

completed, new operating procedures were developed. For instance, although no survey data were obtained from 

the 12 inch vent lines, this was the first Pipe ExplorerTM survey conducted into a long, large diameter pipe that was 
plugged at the end. Thus, the issue had to be addressed of potentially producing airborne contamination as a result 

of displacing air in the pipe by the deploying membrane. The access pipe coupling design developed by SEA for 

this demonstration, which incorporates a HEPA filter to clean this exhaust air prior to its release, will be applicable 

when similar circumstances are encountered in the future. 

Of the surveys that were completed, valuable data were obtained. For instance, the video survey conducted 
in the 4-inch drain line showed the pipe to be partially blocked with debris, but to be in good shape structurally. The 

betdgamma survey in the 4-inch drain line showed the line to be clean from betalgamma contaminants to release 
level criteria. 
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The most valuable results, however, were from the surveys conducted in the fuel rod storage tubes, since 

the primary purpose for conducting the demonstration at the ANL CP-5 reactor was to make field measurements 

with the Pipe Explorerm alpha detection system for the first time. This was very successful, where the system was 

able to survey 3 fuel rod storage tubes. Two out of the three tubes were found to be essentially clean to release 

limits. The third tube was found to have an area of elevated activity near the bottom of the tube. 
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