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A MOBILE GAMMA-RAY SCANNING SYSTEM 
FOR DETECTING2 IATION ANOMALIES 

ASSOCIATED WITH a-BEARING MATERIALS 

T. E. Myrick, 1. S. Blair, R. W. Doane, and W. A. Goldsmith 

A mobile gamma-ray scanning system has been developed by 
Oak Ridge National Laboratory for use in the Department of 
Energy's remedial action survey programs. The unit consists 
of a NaI(Tl) detection system housed in a specially-equipped 
van. The system is operator controlled through an on-board 
mini-computer, with data outpnt provided on the computer 
video screen, strip chart recorders, and an on-line printer. 
Data storage is provided by a floppy disk system. hlti- 
channel analysis capabilities arf24ncluded €or qualitative 
radionuclide identification. A Ra-specific algorithm is 
employed to identify locations containing residual radium- 
bearing materials. 

This report presents the details of the system descrip- 
tion, software development, and scanning methods utilized 
with the O W  system. Laboratory calibration and field 
testing have established the system sensitivity, field of 
view, and other performance characteristics, the results of 
which are also presented. Documentation of the instrumenta- 
tion and computer programs are included. 
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A mobile gama-yay scanning system has been developed for the 

Degsrrment of Energy (DOE) by members of the Health and S a f e t y  Research 

D i v i s i o n  and the l n s t rumen ta t ion  and Cont ro l s  D i v i s i o n  a t  Oak Ridge  

Nat iona l  Laborazsry ( O M ? .  This  sysrcrn i s  b e i n g  used in support of the 

DOE'S r a d i o l o g i c a l  survey programs i n  the v i c i n i t y  o f  uranium n i l 1  

t a i l i f l g s  s i t e s  and Xocations formerly utilized under government conerac t  

i n  ope rax iom invoiving r a d i o a c t i v e  maierials. l h e  mobile  laboratory 

was o r i g i n a l l y  developed and baillib. by BXNL i n  I979 and was o p e r a t e d  

until 19811 when i e  was upgraded t o  i ~ ~ l e a s e  the  syslcsm sensitivity and 

r e l i a b i l i t y ,  and 20 provide c o u ~ i n u o i ~ s  saaxouucl ide-  s p e c i f i c  ana lyses .  

This reyore g i v e s  a detailed discussion ot the C U ~ K ~ X I ~  version of the 

scanmug vanL, incluciing B system description, docuneeo~w~iou o f  the 

software developed, d e ~ a i l s  of the sysr.em c a l i b r a t i o n ,  a ~ l d  a d e b c r i p t i o n  

of t he  scanlling mernodl.5 employed, 

In 1974, two p + ~ g r t i m s  were iuxtninted by the Aeomic Energy Commis- 

sion eo (1) i d e n r i t y  i nac r sve  I P P L P L P P ~ ~ I  miXX s i z e s  and s i t e s  formarXy 

utilized fosr raaioactive mwa~erials p r o c e s s i n g .  ( 2 1  c h a r a c t e r i z e  t h e  

r a d i o l o g i c a l  status ok these a w a t i ( i n s ,  and ( 3 )  decenminse the iieed for 

and eXt(3Tpb. Of X?etneaI.a]e aC'CPOPlS that 9JoU-l~ be CCJfiaUCzed in UlcaeX' t 0  

l c C l e t i S e  t h e  SiEeS tor M T l X e s t . X X c Z f 2 a  h)P' l l m l e e d  PlSe, 8 6  KGyUire?d.  l%e§t: 

programs, nos d i r e c t e d  by t h e  DUE, were t i t l e d  the Uranium H i l l  T a i l i n g s  

Remedial Act ion Program ( U W f W )  am3 t h e  Fonnresiy U t i l i z e d  Sites Rcma- 

d i a l  Act ion Program ( E ' U S W ) .  A l l  o f  the U M l  sites and most o f  the 
1.2 F U S W  s i t e s  have unuesgone compreaensiva r a d i o l o g i c a l  assessments. 

I t i o ~ e ~ e r ,  a t  many o t  these P O C ~ K B Q ~ S ,  o f t s i t e  p r o p e r t i e s  ( c a l l e d  vi~inity 

p r o p e r t i e s )  have become coataminaeed w i t h  residual. r a d i o a c t i v e  m a t e r i a l s  

from the primaary s14;ss as  B r e s u l t  o f  envlromenaal forces  ( e . g . ,  vinal 

and w a t e r  eros~on), use of conraminarea materials f o r  const tuGtion-  

r e l a t e d  a c t i v i t i e s  ( e . g . ,  f i l l  wstexialb, or  inaavertently through use  

of contaminated m a t e r i a l s  ror o m e r  masons .  l'lne broad survey program 

i n i t i a t e d  t o  i d e n t i f y  these  contaminated vi~inity p r o p e r t i e s  i nc ludes  

the u s e  of h i s t o r i c a l  recoras s e a ~ c h e s ~  d i r e c t  public ingnir j ies ,  a e r i a l  

r a d i o l o g i c a l  surveys, and m o ~ ~ l e  gamma-ray scanning. Upon co 
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this uroperty identification process, comprehensive onsite surveys are 

conducted by the DOE on those properties identified a s  containing con- 

taminated materials in order to assess the need for the property to be 

included in the appropriate remedial action program. 

The primary mission of the mobile scanning van is t o  locate and 

identify those vicinity properties containing residual radioactive 

materials. Typically, the scanning surveys are conducted as the final 

phase of the property identification process and are used to (1) verify 

the results of previous survey woxk, ( 2 )  document locations that were 

identified by the historical records search or public inquiries, 

( 3 )  provide the ground-level follow-up surveying support needed to pin- 
point the specific properties identified as radiation anomalies by the 

aerial surveys, and ( 4 )  screen large areas of town an a street-by-street 
basis. In identifying those properties where contaminated materials 

exist, the scanning system is used to detect changes in the gamma radia- 

tion field (relative to background levels) associated with the site, as 

observed from accessible roadways, alleyways, or other public 

thoroughfares. 

At the majority of the sites included in the F U S W  program and at 

all of the U M "  sites, the primary radionuclides of concern in the 

residual materials are members of the 238U decay chain. Typically, the 

original onsite processing had removed the majority of the 238U, leaving 

the daughter radionuclides in the waste material (principally 225Ra and 

its immediate daughter products). Hence, methods to detect. this resi- 

dual contamination must involve the: detection of 226Ra.. 

ning van was therefore designed specifically to locate radium-bearing 

materials by detecting the gamma-rays associated with the 226Ra 

daughter, 214Bi. 

specific, by a simple change in the appropriate instrument settings, and 

the application of a different data analysis algorithm, the van ~ o u l d  be 

utilized to look for numerous other gamma-emitting radionuclides. 

The QRNL scan- 

Although the system was designed to be radium- 

The following report sections provide the detailed documentation of 

the scanning system development. Step-by-step operating procedures are 

provided in a separate document. 3 
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The cdm mohilg. gama-ray ScaAning SyStt?:m GQnSistS of W Specially- 

equipped van housing a sodi -iadi.de thallium-astivated bJaH(Tf)l detec- 

tion system. T h e  detector consists of three MaI(Tf1 c r y s t a l s ,  suppasted 

in a lead-shielded steel frame to provide a large detector surface area 

for acceptance o f  ga a-rays t h ~ ~ ~ g l b  one side of the sarvey van. The 

detector height can be varied with a hydraulic lift mechanism to opt i -  

mize the detector field-of--view. 

T h e  detector output is transferred t o  a discriminator and 

computer--controlled interface, designed and fabricated a t  CIWNE. T h i s  

unit provides for continuous axralysis of d a t a  Inputs for correlation of 

system location with count rate infor ation. 

is employed t o  identify locations containing residual radium-bearing 

materials. Multichannel analysis capabilities are included in the sys- 

tem for additional qu litative radionuclide identification, me: s y s t e  

A 225~a-specific algorithm 

is operator-controlled through keyboard instructions to an un-board 

mini-computer. Data output is provided on the computer video screen, a 

dual-channel strip chart recorder, and an on-line printer. Data storage 

is provided by a dual floppy disk system. 

The scanning vehicle is a modified 1979 odge BSOO Maxivan 

W i g .  I), ordered with the following options. 

1. Heavy-duty chasis 
2 .  Heavy-duty cool in 

4 .  Oil cooling system 
5 .  Dual battery system 
6 .  h a 1  air conditioning s y s t e  
7. Large capacity gas  tank 
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The original vehicle roof was modified by the addition of an ambulance- 

type fiberglass top. This modification increased the inside clearance 

to 150 cm (60 in.), allowing additional room for equipment installation 

and operator movement. Windows were added in the rear quarter of the 

vehicle, on each side, to provide greater visibility for the operator. 

A 2.5-cm (1-in.) plywood floor was installed from the driver's com- 

partment to the back of the van and covered with linoleum. 

cabinets were fabricated to fit the left (driver's) side of the van. 

These cabinets provide lockable drawer space for storage of supplies , 
maps, spare instrumentation, support equipment, and the necessary tech- 

nical manuals and logbooks. A large area work top was included for 
instrument repair and map reading. 

van was designed in a console manner to allow convenient access to all 

equipment. A view of this console area is provided in Fig. 2 .  

Wooden base 

The operator area at the rear of the 

Electrical power on the road is supplied by a 4.5 kW gasoline- 

powered generator and an uninterruptible power source consisting of a DC 

to AC power inverter. External AC power can be provided through an 

alternate circuit during stationary operation. Both systems provide 

llS-VAC, 60-cycle line power. A battery charging unit is included to 
maintain sufficient charge on the vehicle battery system. Distribution 

of electrical power within the van is provided by direct lines and 

outlet strips. Voltmeters, ammeters, and frequency meters are used to 

monitor the primary power source. As shown in Fig. 3 ,  the data-handling 

system (computer, interface unit, and strip chart recorder) is main- 

tained on the uninterruptible power source, while the remaining equip- 

ment is directly supplied by the generator or battery supply. Hence, in 

the event of a generator failure during operation, data storage will be 

maintained. 

Other features incorporated into the vehicle include a radio tele- 

phone and an internal intercom sytem. The radio telephone allows com- 

munication between ORNL and the field crew during operation for rapid 

transmittal of survey results or instructions. The internal intercom 

consists of an aircraft-type voice-activated headphone system that 

facilitates communications between crew members when noise levels neces- 

sitate their use. In order to conduct field tests, electronic diagnos- 

tics, and to perform normal system maintenance, support electronic 
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equipment is maintained onboard. "his equipment includes a portable 

digital multimeter, an oscilloscope, a frequency counter, and a pulse 

generator. Ancillary electronics supplies and tools, as well as an ade- 

quate inventory of mechanical tools, are also stored on the van. 

SODIUM-IODIDE DETECTORS 

The gamma-ray detection capability on the scanning van is provided 

by three 10-cm x 10-cm x 40-cm (4-in. x 4-in. x 16-in.) 

Polyscin@ PlaI(T1) log crystals, manufactured by Harshaw Chemical Com- 

pany. These crystals are housed in thin-walled stainless steel, each 

with an integral 9-cm (3.5-in.) photomultiplier tube (Fig. 4 ) .  The pho- 

tomultiplier tube bases are wired for high voltage inputs and signal 
outputs, with focus and tube gain adjustments. The PolyscinQ crystal is 

more resilient than standard NaI(T1) crystals, a characteristic that is 

particularly important in the mobile environment that is required of 

this scanning system. Greater fluctuations in temperature can be 

tolerated, and the probability of crystal fracture due to mechanical 

shock is reduced. 

Initial testing and evaluation of the crystals was performed by the 

Instramentation and Controls Division at ORNL. A t  the optimum operating 
voltage of 1000 VDG, the crystal resolutions (full width at half 

maximum - EWHM) for the 0.662 MeV 137Cs peak were determined to be 6.6%, 

5.7%, and 6.72, respectively, for each of the three units. Since the 

system design called for the three crystals to act as one detector, the 

gain and focus adjustments were made to provide a matched output. The 

observed resolution WWHM) of the summed signal from all three crystals 
for 13'c:8 is 7.0%. 

DETECTOR SHIELDING AND SUBPORT 

To support the three NaI(T1) crystals in a side-by-side, vertical 

position, a steel frame was designed and fabricated at O m .  In order 

t4 restrict the field-of-view of the detectors out one side of the van, 

shielding was provided for the back, sides, and top of the crystals. 

This shielding consisted of 2.5-cm (1-in.) lead sheets machined to fit 

into the crystal housing. Two lead sheets ( 5  cm total thickness) were 

used on the back of the detectors, one on each side, and one on the top. 
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ORNL-Photo 8396-81 

Fig. 4. The NaI(T1) l o g  crystals USE -. . -. on t h e  scanning van 
!d f o r  oamma-ray de tec t ion  
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Styrofoam insulation was inserted between the lead sheets and the crys- 

tals to reduce damage to the crystals from vibration or temperature 

fluctuations. Neoprene cushions were inserted between the crystal 

casings for added protection. A cross-sectional view of the complete 

detector assembly is given in Fig. 5 ,  and a photograph of the front side 

(without the Styrofoam cover on the detector front side) is shown in 

Fig. 6. The completed assembly effectively provides a 30-cm x 40-cm 

(12-in. x 16-in.) detector surface area for acceptance of gamma-rays. 

The detector assembly is mounted on a hydraulic lift mechanism to 

allow for variation in detector height relative to the ground. By 

increasing the detector height, a better angle of acceptance is obtained 

for gamma-rays originating below the soil surface. In addition, shield- 

ing problems resulting from street-side obstacles (i.e., parked cars) 

can be minimized. The lift mechanism consists of two cable-type 

hydraulic cylinders mounted on a 1-cm steel plate with cable connections 

to the detector assembly. The total height of the lift mechanism is 

142 cm ( 5 6  in.), with a 100-cm (40-in.) cable travel. Hydraulic pres- 

sure for cable movement is provided by a Monarch Model M303 hydraulic 

pumplreservoir. The hydraulic unit is remote-controlled and is powered 

by the vehicle 12 V battery system. A limit switch is mounted at the 

top of the frame to cut off electrical power to the pump when the max- 

imum travel distance has been reached. Pressure relief is included in 

the piping network, with overflow routed into an auxiliary hydraulic 

fluid reservoir. Once the assembly is positioned at the maximum height, 

steel pins are inserted through the frame and detector assembly, and the 

hydraulic pressure released. A view of the hydraulic lift mechanism, 

with the detector assembly in the raised position, is given in Fig. 7. 

A view of the lowered assembly is provided in Fig. 8. 

The detector lift assembly is mounted in the rear of the scanning 

van on the right (passenger) side. In this position, the detector's 

field-of-view is out the right side of the van. With the detector 

assembly in the raised position, the center of the detector is 185 cm 

(73 in.) above the ground surface. During normal scanning operations, 

the detector is maintained at the maximum height. Under highway driving 

conditions, the assembly is lowered to provide better vehicle stability. 
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DATA ACQUISITION SYSTEM 

The scanning van data acquisition system is comprised of all the 

associated electronic equipment that interfaces directly with the 

NaI(T1) detector, analyzes the detector output, acquires distance infor- 

mation, provides visual and audible data interpretation, and documents 

the scan results. Conceptually, this system can be broken down into 

three major functional units and three ancillary components, as depicted 

in Fig. 9 .  The major system units include: 

1. NIM Electronics - All instrument modules associated with the 
Nuclear Instrumentation Module (NIM) equipment rack. These 
modules interface directly with the detector by providing high 
voltage, output amplification, and preliminary data analysis 
capabilities. 

2. Interface Unit - Specially-designed electronic unit that pro- 
vides the communication link between the NIM electronics and 
the computer system. The unit supplies discrimination and 
counting capabilities for analysis of input from the detector 
and the distance transducer. 

3 .  Computer Svstem - Desk-top computer and associated data 
storage and printing units that control the operation of the 
entire scanning system. 

The ancillary components consist of a distance transducer mounted 

on the vehicle drive shaft, a strip chart recorder, and a pair of audio 

alarms. Detailed discussions of each of these data acquisition system 

units are provided in the following sections. 

NIM Electronics 

As shown in Fig. 9 ,  the NIM electronics package includes a high- 

voltage power supply, a preamplifier, an amplifierlsingle-channel 

analyzer, a ratemeter, and a multichannel analyzer with display unit. 

Except for the preamplifier, which is mounted on the detector assembly, 

all NIM modules are contained in a single instrument rack in the opera- 

tor console area (Fig. 10). Instrument manufacturers and model numbers 

for the NIM electronics used on the scanning van are provided on Fig. 9 .  

For detailed descriptions of these units, refer to the appropriate 

manufacturers' technical manual. 
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In order for the NaI(T1) crystals to appear as a single detector to 

the NIM instrumentation, the high voltage and output signal connections 

of each photomultiplier tube have been paralleled. The detector is 

biased at 1000 volts by an ORTEC Model 456 high-voltage power supply and 

the signal outputs are connected to an ORTEC Model 113 scintillation 

preamplifier. The output signal on the preamplifier is applied to an 

ORTEC Model 490B amplifier/single-channel analyzer (SCA). The 490B pro- 

vides two separate output signals; an amplified signal, and a portion of 

the amplified signal that has been selected by the single-channel 

analyzer. The SCA output signal is converted to an analog signal by the 

ORTEC Model 449 ratemeter. The analog signal is then applied to one of 

the data channels of the ancillary strip chart recorder. The amplified 

output of the 490B is connected to the Tracor Northern Model TN 1706 
multichannel analyzer and the Interface unit. The multichannel analyzer 

is used for system calibration and for qualitative analysis of the 

detector signal. The analyzer is manually controlled with output pro- 

vided to the Tracor Northern Model TN 1314 display unit. 

Interface Unit 

The Interface unit, designed and fabricated by the Instrumentation 

and Controls Division at ORNL, consists primarily of four printed cir- 

cuit boards. As shown in Fig. 9, the cards provide discrimination and 

counting capabilities, as well as interfacing the computer system with 

the distance transducer, strip chart recorder, and the audio alarms. 

Schematic drawings of the cards are included as Appendix I, with the 

appropriate drawing numbers referenced on Fig. 9. 

Discriminator Card 

The discriminator card selects the regions-of-interest (ROI) of the 

analog input signals that are to be analyzed by the computer. The cir- 

cuit board contains eight separate window discriminator circuits. The 

ROI selected by these circuits are established by the 10-turn Helipots 

mounted on the front panel of the Interface unit (Fig. 10). These pots 

set the upper and lower threshold (0-8 VDC) for each of the eight data 

channels. Input signals outside the specified range do not generate an 
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output pulse to the counter cards. The discriminator card is divided 

into two sections corresponding to the A and B counter cards which 

receive the output from the discriminator. The input data channels are 

labeled A1 to A4 and B1 to B4, corresponding to the data flow path 

through the counter cards. Channel Al receives its input from the dis- 

tance transducer, while the remaining channels A2 through B4 accept 

parallel amplified signal outputs from the ORTEC 490B amplifier. 

Counter Cards 

Each of the two counter cards (A and B on Fig. 9) contains four 

separate eight-decade counter/latches, with the associated timing and 

control logic. Interface circuitry is provided for communication with 

the computer system via the IEEE 488 bus. Both counter cards are 

designed to accumulate data from the discriminator board for a one- 

second period, then transmit the data from all four of its counters as a 

data burst to the computer. 

The counter/latches are Large Scale Integrated (LSI) circuits 

(LS7030) manufactured by LSI Computer Systems, Inc. This integrated 

circuit contains an eight-decade BCD counter, latches, and data- 

multiplexing circuitry. After accumulating data from the appropriate 

input channel (A1 to A4 or B1 to B4), the discriminator outputs are dis- 

abled, the contents of each counter register are transferred to the 

latches, and the counters are cleared. The timing and control logic 

establishes the one-second data acquisition period. The time base is 

divided down from a 10-MHz crystal oscillator. The contents of the 

latches are then multiplexed onto the computer IEEE 488 bus. This com- 

puter interface is provided by a Fairchild digital integrated circuit 

(96LS488) and a tri-state buffer. The Fairchild circuit contains all 

the necessary logic to decode the address and for the bus handshake 

operations. The address for each counter card is selected by 

programming the Fairchild circuit with the dip switches mounted on the 

board. When the computer addresses the counter card, the Fairchild cir- 

cuit enables the tri-state buffer and controls the data transfer to the 

488 bus. The format of the data burst to the computer calls for the 

insertion of a comma between the data from each counter and the use of a 

carriage return as the delimiter at the end of the transmission. 



Recorder/Alarm Card 

The recorder/alarm card was designed to provide the interface 

between the computer, the strip chart recorder, and the aaclio alarms. 

This circuit board receives a11 input data and instructions from the 

computer via the IF333 488 bas, The card contains two dedicated channels 

f o r  transmission of data to the strip chart recorder, and an inseruction 

decade register fox control of strip chart options and the two separate 

audio alarms. The data channels provide an analog signal for strip 

chart pen movement through a digital-to-analog computer buffer, and 

digital data for chart print-head aperation. A 16-character memory 

buffer is included in the circuit to minimize data transfer time to the 

chart print head. Following computer transmission of the data into this 

storage buffer, the information is transferred to the print head drive 

electronics independently of the other card functions. The instraction 

decade register allows computer control of the strip chart drive motor 

power and event marker (see strip ohart description i n  a f a l l o w i n g  sec- 

tion), as well as sounding the vehicle speed and '*hit'F criteria (see 

Software Development section) audio alarms when computer analysis of the 

scan data indicates that the appropriate criteria have been exceeded. 

Commter System 

The heart of the data acquisition system on the sGaaxning van is the 

computer system. This system (1) is the primary means of cosununication 

between the system operator and the eleetxonics, ( 2 )  provides continuous 

analysis of the scan data, utilizing a -specific algorithm, 

( 3 )  displays the scan results on a Cathode Bay Tube CCRT) screen for 

operator observation, ( 4 )  maintains a permanent record sf the data on 

floppy disk, and ( s f  provides printing capabilities f o x  hard copy of the 

scan results. The eomputer system consists of three separate units, all 

manufactured by Commodore Business Machine (CBM), including the C%H 8032 

computer, the CBM 4022P tractor printer, and the CBM 8050 dual-dxive 

floppy disk. A photagfaph of these units is &own in P i g .  19, w i t h  a 

brief description of their operating characteristics given as follows. 

For more details of the capabilities of these systems9 refer to the 

appropriate technical manual. 
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The CBM 8032 computer is a self-contained unit with a keyboard and 

an 80-column CRT screen. The unit has 32K bytes of user memory and 

utilizes the CBM Version 4.0 BASIC language. The BASIC library and 

operating instructions are stored in Read Only Memory ( R O W .  The opera- 

tions systems for the associated disk unit and printer are contained 

within these peripherals, thereby minimizing the use of computer memory 

for this purpose. Operator interaction with the computer peripherals, 

as well as the Interface unit, are provided through keyboard entries 

into the computer. Interpretation of the keyboard commands is accom- 

plished through the use of a C B M  Disk Operating System (DOS) program and 

an ON-developed program for all other scan-related functions (see Pro- 

gram Description section for details). 

The C B M  8050 disk drive unit is a dual-drive diskette storage de- 

vice consisting of read/write controls, drive motor electronics, two 

drive mechanisms, two read/write heads, and track positioning mecha- 

nisms. Each drive is designed for use with a single- or double-density, 

single-sided, 13-cm (5.25-in.) disk. The total storage capacity for 

each disk is approximately 500 K bytes. The disk unit contains a memory 

buffer to allow computer data transfer as needed, without delaying sub- 

sequent program execution. During normal system operation, Drive 0 is 

utilized for operating programs interfacing, and Drive 1 is used for 

scan data storage. 

The C B M  4022P printer is a tractor-feed, bi-directional printing 

device operated through software control from the C B M  computer. It 
prints alphanumeric and graphic characters on an 80-character field. The 

print head is a dot matrix type, capable of printing 60 characters per 

second. Printer usage is normally limited to the printout of data sum- 

maries at the end of each scan file (see Scanning Methods section), 

although it is also used to provide hard copies of programs, file direc- 

tories, and raw data lists. 



24 

Ancillarv Eauipment 

Strip Chart Recorder 

A dual-channel strip chart recorder, manufactured by MFE Incor- 

porated, is included in the scanning system for additional visual 

display of scanning data and to provide backup data documentation 

(Fig. 12). The unit utilizes heat-sensitive chart paper in conjunction 

with variable temperature marking pens for data recording. Additional 

data documentation on the chart is provided by an alphanumeric printer 

and an event marker, both of which print along the margins of the paper. 

The recorder was modified at ORNL to allow additional computer control 

of chart drive power and the event marker. 

As shown in Fig. 9, input to the strip chart is provided by the 

ORTEC 449 ratemeter for recording of gross count rate information (chan- 

nel 11, and from the computer through the Interface unit recorder/alarm 

card for recording of a modified ratio (channel 2 )  that identifies data 

exceeding the preset “hit” criteria. The alphanumeric printer is used 

to record on the left chart margin each file name as it is created, and 

to print the vehicle distance traveled every 20 seconds during the scan. 

The event marker indicates in the right margin of the chart when key- 

board entries are made into the computer while scanning. The 

alphanumeric printer and the event marker inputs are essential in the 

correlation of the chart data with the data stored on the floppy disk. 

Distance Transducer 

In order to correlate the location of the scanning vehicle with the 

gamma radiation measurements being made, a distance transducer was 

designed and fabricated at O W .  This device, mounted on the vehicle 

drive shaft, converts the rotation of the shaft into light pulses that 

can then be counted. The number of pulses per unit time are correlated 

by the computer to the distance traveled during that time period using a 

conversion factor (ft/pnlse) determined by system calibration 

procedures. 

The transducer consists of matched infrared light emitter and 

detector units, secured in an aluminum block holder, and spaced approx- 

imately 1.3 cm ( 0 . 5  in.) apart. The photo transistor and driver tran- 

sistors are wired a s  a Darlington amplifier to improve the detector 
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sensitivity. The holder is located underneath the scanning vehicle, 

adjacent to the drive shaft, attached to the transmission housing. A 
fabricated metal disk, with four equally-spaced holes, is mounted on the 

shaft at that point and is positioned between the light emitter and 

detector (Fig. 13). As the drive shaft and metal disk rotates, the 

holes alternately align with the light source, allowing light to pass to 

the detector. A biased voltage of +5 V for emitter operation is pro- 
vided by the NIM bin power supply. When light strikes the detector, a 

+5 V pulse is generated and transferred to the Interface unit discrimi- 
nator card data channel Al. The pulses are summed by the counter card 

circuitry and the data transmitted to the computer for conversion to 

distance information. With the present gear ratio of the vehicle 

transmission, and the current tire size (at proper inflation), each 

pulse generated by the transducer represents approximately 10 cm ( 4  in.) 
of vehicle travel. 

Audio Alarms 

Audio alarms have been incorporated into the scanning system to 

alert the operator of measured radiation levels exceeding the preset 

##hit W criteria, and to warn the driver when the scanning speed is too 

fast. Two solid state alarm devices are used, one for each purpose. A 
pulsating alarm is triggered when the appropriate "hit" criteria are 

exceeded during the one-second counting interval. The other alarm, 

located next to the driver's compartment, is activated at a vehicle 

speed of approximately 3 m/s (10 ft/s). Both alarms are controlled by 

the C B M  computer, with commands routed through the Interface unit 

recorder/alarm card. 
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ORML-DWG 82-16477R 

,--MACHINED 
HOLES 

DJSK MOUNTED TO 
DRIVE SHAFT 

LIGHT EMITTER 

5v PULSE 
(TO INTERFACE UNIT) 

LIGHT f 
DETECTOR 

NOT TO SCALE 
+5V POWER SUPPLY 
(NIM BIN) 

Fig.  13. Schematic o f  scanning van d i s t a n c e  t ransducer  
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In order t o  e f f e c t i v e l y  and e f f i c i e n t l y  n t i l i z e  thc inform~tion 

obtained by the d e t e c t i o n  and d a t a  a c q u i s i t i o n  systems, ~ o m p m t e n  C O A ~ P O ~  

and a n a l y s i s  c a p a b i l i t i e s  were necessary.  lhc S Q f t P a i a  developed a t  

for t h i s  purpose was designed to  provide (1) case  i n  operator coa- 

t r o l  of the t o t a l  system, ( 2 )  i m e d i a t e  onsite a n a l y s i s  of the scan 

data ,  and ( 3 )  adequate d o c m e n t a t i o n  of the  S G E ~  r e s u l t s .  ma d a t a  

a n a l y s i s  technique was developed to make the scanning system r a d i m -  

s p e c i f i c  i n  i t s  detection of r a d i a t i o n  anomal i e s ,  aad t a  minimize the 

incidence of " f a l s e  h i t s "  ( e . g . ,  the i d e n t i f i c a t i o n  of properties as 

rad ia t ion  anomalies nbm they actrzal ly  are  m",. To this end, s t a t i s t i -  

c a l  methods were employed for cl-pwparisoa of iaipnt data  w i t h  normal 

"backgroand" sad int ion  levels. 

This report  s e ~ t i o n  presents d e t a i l s  of the data a n a l y s i s  tech-- 

niques employed and provides  documentation sf the computer program 

developed. "he complete program l i s t i n g  i s  g2ven i n  A4ppendix TI. 

DATA ANALYSIS TECHNSQUB 

The algorithm employed for c o n t i n w u s  a n a l y s i s  o f  the SQ 

developed from techniques u t - i l i z s d  For  a e n i a l  scanning of 

radiologicalXy-esntaminafeB areas .  4 

made between the observed  aunt r a t e s  aris ing  from o a r t o i n  natnsal ly-  

o c c u i ~ i t ~ g  radionucl ides  and res idua l  rad ioac t ive  m a t a ~ i a l s ,  

observed r a t i o  of these  CCBIIR~ rates  i s  detsrmlnsd t o  be s t a t i s t i c a l l y  

different from normal background. the l o c a t i o n  is identified as a radin-  

tisn anomaly. Application of t h i s  tcchnigue for mobila scanning 

involved modi f i ca t ions  in. bsckgronnd determinatians and i n  data  reduc- 

t i o n .  The  algorithm employed i n  t h e  scanning s y s t e m  vas optimized 

~n t h i s  analysis, comparison is 

during f i e l d  t e s t i n g  a t  U vicinity proporties 37Bhef.c eomprehcnsive 

o n s i t e  radiological characterization had been completed ( s e e  Syste 

Calibration section). 

system, three regions-of-interest for 2 2 5 ; ~ a  (the 

609 k e ~ ,  1.120 key, and 1764 L ~ V  energy peaks sf 2 1 4 ~ i ) ,  and one for 

232111 ( the 2614 LeY energy  peak af 208TTn) are an lyaed each second. 
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Based on the observed count rates in these energy regions throughout a 

given area, an average "background" radium-to-thorium ratio (a) can be 
determined as follows: 

Ba count rate __ C(609) + C(1120) + C(1764) 
3% count rate 

- 
G (2614) S = Ba/n = 

where 

C(x)  = observed count rate for the (XI keV photopeak 

Associated with this average ratio is a standard deviation that is 

dependent upon the variation of the individual Ra and Th components. 

where 

a- = 
R 

R =  
-.. 

a =  Th 

- 
x =  Th 

Ra 

Ra 

- 
x =  

5 =  

standard deviation of the Ra/Th ratio 

average Ra/Th ratio in background area 

standard deviation of the count rate i n  the Th 
energy region 

average Th count rate in background area 

average Ea count rate in background area 

standard deviation of the count rate i n  the Ba 
energy regions 

(1) 

Thus, for any area to be scanned, there can be computed some RafTh 

ratio, R 5 k r  (where k is the specified two-sided confidence level), 

that can be used for comparison with the scan data obtained for each 

street within that area. 

- 

B 

In idant  i f ying 1 oca t ions containing res idnal 226Ea-bear ing mater i- 

als, the scanning system utilizes criteria ("hit" criteria) all based on 

the observed background ita and Th count rates and the computed Ra/Th 
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r a t i o .  The f i r s t  c r i t e r i o n  which mnst be met involves  t h e  d e t e r  

of a minimum coant r a t e  i n  t h e  Ba energy reg ions  t h a t  r e s u l t s  i n  a 

d e t e c t a b l e  change i n n  t h e  observed Ba/Th r a t i o .  The rnathe a - t i ca l  expres- 

s i o n  for t h i s  c r i t e r i o n  i s  as  follows (der ived  i n  Reference 43 .  

where 

C = minimum Wa count r a t e  above background m 

k = s p e c i f i e d  2-sided confidence level 
- 
x = average K R  count r a t e  i n  background area Ra - 

R = average Ra/'l% r a t i o  in background area 

For a detecred count r a t e  t o  pass t h i s  first h i t  c r i t e r i o n ,  the t o t a l  

coant  r a t e  i n  t h e  thsee ~a energy windows must exceed x -i- c ~ .  Ma 
The second and t h i r d  h i t  c r i t e r i a ,  either o f  hicla must be met 

b e f o r e  a l o c a t i o n  i s  cons idered  an anomaly, a r e  based on comparison of 

t h e  observed Ra/Th r a t i o  w i t h  the computed background r a t i o .  In the 

second c r i t e r i o n ,  the observed and background r a t i o s  a r e  d i r e c t l y  eom- 

p a r e d t  and i f  t h e  

observed Ra/Th > 6 t- kq-., 
R 

t h e  l o c a t i o n  i s  considered t o  have exceeded t h e  c r i t e r i o n .  In the  t h i r d  

c r i t e r i o n  ( c a l l e d  t h e  p o s i t i v e  d i f f e r e n c e  techuiqne) ,  a mathematical  

d i f f e r e n c e  i s  computed, 

d i f f e r e n c e  = observed a ..- [observed Th(k + kco-)]. 
R 

When t h i s  d i f f e r e n c e  i s  p o s i t i v e ,  t h e  observed count r a t e  i s  ~ o n o i d e r e d  

above t h e  c r i t e r i o n .  
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The second and third criteria, although utilizing the same back- 

ground ratio for their basis, provide different degrees of sensitivity, 

depending an the magnitude of the observed count rates in the energy 

windows. "heir combined use provides for a reduction in the incidence 

of false hits. 

In application of the data analysis technique, the 95% confidence 

level has been specified for statistical analysis of the background data 

(k = 1.96). For determination of the minimum count rate criterion 

(Equation 3 1 ,  the 689b confidence level (k = 1.01 was judged to be the 

most effective, based on field test results. As an example of the 

analysis technique, the following data are presented from the field 

testing. For details of the methods used in obtaining these data, see 

the Scanning Methods section of this report. 

Average background IZa count rate (cps) 262 5 32 
Average background 1% count rate (cps) 23 It 10 
Average baclcgxound Ra/Th ratio 
Computed hit criterion for Ra (cps) 377 

11 -+ 4 
Ra/Th ratio used for hit criterion 15 

Hence, for a location to be considered a radiation anomaly within the 

background area for which these data apply, the total Ra counts in any 

one second interval must exceed 377 and either the corresponding Ba/Th 

ratio must exceed 15 or the positive difference technique (Equation 5 )  

must indicate a positive value. 

PROGRAM DESCBIPTION 

A s  described in the introduction to this section, the software 

paclcage developed for the scanning system was designed to allow simple 

operator control, continuously analyze the scan data, and provide ade- 

quate documentation of the results. Operator control through keyboard 

entry was required for accessing the computer peripherals (disk drive 

and printer), and supplying necessary inputs for data analysis and docu- 

mentation. The data analysis requirements included (1) providing system 

calibration aids, (2) determination of hit criteria for data correla- 

tion, (3) conversion of distance transducer input into distance traveled 



information, (4.1 corrsZatisn ai distnrscs infoswation with count rate 

inpnts?  and ( 5 )  compasisou o f  all sea? d a t a  ~ f t h  t b e  gscdeterninrd h i t  

or aSsfm c P i i e T 4 a .  

In order t o  provide e a s e  ir sperrton control of thc computer s y s -  

tern. a single program 3cvclaped to access  s & r o u L i n e s  t h a t  addrcss 

each of the specific d a t a  acquisition or dornmesfation needs,  Tn con.- 

junction w i t h  t h i s  pnogxm (referre& t o  3 s  the Scan Veogirama), t t a  C 3 M  

Disk  O p e r ~ t i n g  System (DPSl Yrogrsm i s  a L i i i z r d  f u r  floppy d i s k  dsive 

c o n t r o l .  The Scan F"ogri im (Appendix 11) is itten i 3  BASTC and 

includes s i x  primary SubrGutiI~es ( P r o g r m  Msb@s:: 

1. CwXibsation X:ade - Bsa2 for system cBccXo1rt 
2. Backgreond M ~ d e  .. Def ines  b ~ ~ t g s n u n d  f o x  9 r e a  to be seanned 
3 .  Scan l o d e  - Records all street survey data  (scan d a t a )  
4. Identification Faode - Used to pinpoint  anomaly lo~aat i ioas  
5 .  F i l s  List Nodo - Prints s - m . n r i e c d  S C R ~  data  
5 .  Data Dump Moda - Plcnrrts R l l  s tored E%F dactii. 

Computer 1 o g - m  Lnstractioas axe provided as 9 separate part of the prs- 

. Opeaator access t o  t h e  di f farent .  progxan m d e s  i s  accomplished by 

single-keystroke e n t r i e s .  T n t - e x a c t i o n  betwaam comiapntsr and opsrexta~ i s  

normally prompted by statements appearing Q"IU t h e  cnmputer CRT- Pragxam 

mode exe@ation is tei-maiasted with the EXIT key resalting in m a n t o m a t i c  

listing of the mode d i r m t s e y .  A schematic d iagraa s f  the b a s i c  grogram 

f l o w  is given in P i g .  14, w i t h  discassinr lp  o f  each mode sf operatiom as 

fo l lows  * 
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OPERATOR DOS PROGRAM INPUT 

OPE RATOR 
INPUT 

DISPLAYS CURRENT * ACCUMULATES, 
DISCRIMINATOR DISPLAYS, AND 
SETTINGS STORES BACKGROUND 

DISPLAY FOR * COMPUTES VALUES 
DAILY CHECKOUT 

* PROVIDES DATA SCAN DATA 

FOR THE HIT CRITERIA 
a PROVIDES FOR PRINTING 

OF BACKGROUND DATA 
SUMMARY 

a ACCUMULATES AND 
STORES SCAN DATA 

* PROVIDES VISUAL 
DISPLAY OF DATA ON 
COMPUTER CRT AND 
STRIP CHART 

0 ANALYZES SCAN DATA 
FOR COMPARISON TO 
HIT CRITERIA 

* ACTIVATES ALARMS 
WHEh HIT CRITERIA 
OR V€HICLE SPEED 
LIMITS ARE EXCEEOED 

a PROVIDES FOR PRINTING 
OF SCAN DATA SUMMARIE S 

* ACCUMULATES SCAh 
DATA ANC DISPLAYS 
IT  ON THE COMPUTER 
CRT 

* ANALYZES SCAN DATA 
FOR COMPARISON TO 
HIT CRITERIA 
ACTIVATES ALARM 
WHEN HIT CRITERIA 
4RE EXCEEDED 

OF DISTANCE DATA 
0 ALLOWS FOR ZEROI’NG 

* READS SCAN DATA OFF 8 READS SCAN DATA 
OFF THE LLOPPY DISK 

PRINTING OF A L L  RAW 

THE FLOPPY DISK 

USING PREVIOUS HIT 
CRITERIA OR NEWLY DATA 
INPUT CRITERIA 
PROVIDES FOR PRlhTlhG 
OF SCAN DATA 
SUMMARIES 

0 ANALVZES THE DATA 0 PROVIDES FOR 

i h J  w 

F i g .  14. Software flowchart fo r  the CBM computer system 
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I__ libration -.--I.. l o d e  

T h i s  program mode a i d s  the operator i i n  performance of the; daily 

detector system c a l i b r a t i o n .  When the subroutine i s  executed, a l l  the 

necessary calibration information i s  disp layed  on t h e  ~ o m p ~ t e r  CRT f o r  

reference, This inc ludes :  

1. I d e n t i f i c a t i o n  of the c a l i b r a t i o n  sources used, incllsding the 
energy o f  the primary ga a-ray emi t ted  and t h e  channel 
numbezrs on t h e  mnltichannel analyzer d i s p l a y  u n i t  where these 
primary photopeaks shonld occur, and 

2. A t a b l e  of relevant information on the interface unit input 
data channelsp incllading the d a t a  type Idistance plrlse ux 
energy ROIa) ,  the c ~ i r r s n t  s e t t i n g s  on the IO-iturn Helipots, and 
the COEfieSpOnding channel nwnbers on the analyzer display unit 
represented by t hese  settings. 

T h i s  c a l i b r a t i o n  information i s  updated by program e d i t i n g  when a d j u s t -  

m e n t s  are  mads. 

The @ a l i b r a t i o n  h d e  @an be used t o  d i s p l a y  t h e  raw d a t a  from each 

d a t a  channel in checking s y s t a  response ( s e e  F i e l d  C a l i b r a t i o n  sec- 

t iota).  T h i s  p o r t i o n  of the program modc is accessed by a s i n g l e  key- 

stroke (any key) and results in B v i s u a l  d i s p l a y  of the one-second data  

update from tho I n t e r f a c e  unit. A ten-second s m  and thi r ty-second 

average of the: d a t a  r e p r e s e n t i n g  the t o t a l  225~ta energy regions are corn- 

piited and d isp layed  for use in d a i l y  checking o f  the system sensitivity. 

To obtain the necessary data  for computation of the appropriate hit 

c r i t e r i a ,  the Background Mode program mist be used. Tlis progr~tm con-- 

taias two opt ions ,  one of which accumulates "new" background d a t a ,  and 

the o the r  i n  which pPevioasly-deter~ined ( o l d )  backgtound d a t a  a r e  

inpu t .  I n  b o t h  i n s t a n c e s ,  values for the. hit c r i t e r i a  are computed and 

s t o r e d  f o r  subsequent lase. 

hen t h e  operatop selects t h e  "new" background opt ion ,  the computer 

d i s p l a y s  a condensed s e t  of opera t ing  i n s t r u c t i o n s .  The operator deter- 

mines a name for the d a t a  f i l e  t o  be generated,  and enters t h a t  name as 

the file name on the f loppy disk, Data accmulat ian then begins  with  

raw d a t a  storage on the disk, Con1putear- nrialyzed d a t a  are disp layed  on 
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the computer CRT, consisting of the one-second apdate of the total dis- 

tance traveled (in feet), the total number of counts in the radium 

energy regions, and the compated Ra/Th ratio. When the program mode is 

terminated, the disk data file is closed, and computer analysis of the 

disk-stored data begins. Upon completion of this analysis, a surmnary of 

the data are printed, which includes the computed mean and standard 

deviation of the appropriate energy ROIfss, and the values of the hit 

criteria to be used for the area scanned. An example of such a printout 

is provided in Fig. 15. 

When the operator selects the “old’@ background option, the computer 

prompts the operator to provide the necessary input from a previous 

background file. The data required include the average count rate 

determined for the radium energy regions, and the mean and standard 

deviation of the computed Ra/Th ratio. These data can be obtained from 

a previous background file printout. After the information is entered, 

computer‘ calculation of the hit criteria is performed, with the results 

displayed on the computer CRT for a few seconds and the criteria values 

stored for subsequent use. 

Scan Mode 

The Scan Mode of operation is used €or the accumulation, analysis, 

storage, and printing of all scan data. When this program mode is 

selected, input instructions are displayed for operator response. Upon 

entering the appropriate file name for the area t o  be scanned, this 

identification is transferred to the floppy disk system for file crea- 

tion, the strip chart drive motor is activated, and the file name 

transmitted to the chart recorder print head for printing. The program 

then enters a program loop which reads the data from the Interface unit, 

analyses the data, and stores it on the floppy disk. The loop is exe- 

cuted at one-second intervals. 

In this program loop, the computer first addresses each counter 

card in the Interface unit, which then transmits its data into computer 

memory. At this time, the computer relays the data to the floppy disk 

unit for storage and starts the data analysis process. This analysis 

begins with the summing of the inputs from each of the three Ba data 



F i g .  15. Example p r i n t o u t  far  the Backgraund Program Mode 



channels  ( t o t a l  a ) ,  ca l cuPa t ion  of t he  BmJ’rPa ratio, cornpatation of t he  

p o s i t i v e  d i f f e r e n c e  valnca, and convers ion  n f  t he  number of 

t ransducer  p u l s e s  observed i n t o  d i s t a n c e  traveled f a r  t h a t  one-second 

e added t o  the  previous  t o t a l .  

t h e  count r a t e  d a t a  ob ta ined  wi th  the  p r e d ~ t e ~ ~ n ~ d  h i t  c r i t e r i a  ( s e e  

Background l o d e  s e c t i o n )  and t h e  d i s t a n c e  d a t a  wi th  the  p r e s e t  alarm 

l e v e l  (approximately 3 m/s). If e i t h e r  l i m i t  i s  exceeded, t h e  appropri- 

a t e  alarm is sounded. A t  t h i s  p o i n t  i n  t he  program loop, the  scan 
a r e  d i sp layed  QII the computer e d isp layed  d a t a  c o n s i s t  o f  the  

t o t a l  d i s t a n c e ,  t o t a l  radium G Q U ~ ~ S ,  Ra/m r a t i o ,  and t h e  s i g n  of t he  

p o s i t i v e  d i f f e r e n c e  va lue  (9 o r  - 1 .  When the  hit c r i t e r i a  are exceeded, 

an a s t e r i s k  is d i sp layed  t o  t h e  r i g h t  of t h e  normal scan d a t a .  2’he 

d i s p l a y  is npdated every  second, and a scroll f e a t u r e  employed t o  a l low 

ope ra to r  viewing o f  an e n t i r e  s c reen  of scan  d a t a .  example o f  t he  

Goxipurer display of t y p i c a l  w a n  d a t a  is provided i n  Fig. 16. As t he  

f i n a l  s t ep  in the program loop,  the %a/Th r a t i o  a t a  are t r ansmi t t ed  t o  

%he d ig i t a l - to -ana log  conveartee buffel:  Ear subsequent record ing  ~n t h e  

s t r i p  c h a r t .  

Daring the  gamma scan  of a s t r e e t ,  names of permanent laadmarks 

( i 0 e . #  house numbers and Gross s t r e e t s )  can  be input  i n t o  the computer 

v i a  keyboard e n t r i e s  (maximum of 23. c h a r a c t e r s )  as they  a r e  gassed by 

the moving v e h i c l e .  A s  t he  c h a r a c t e r s  a r e  typed,  they a r e  

the bottQ3B Qf t he  60lnputer CRT. en the  name i s  completed and ti car-  

r i a g e  r e t u r n  en te red ,  t h e  landmark in format ion  i s  t r a n s m i t t e d  t o  the 

disk for  s to rage ,  t he  name s c r o l l s  up t h e  sc reen  wi th  the  r e s t  of t he  

scan d a t a ,  and i n s t r u c t i o n s  a r e  s e n t  t o  the s t r i p  chart: for event marker 

ope ra t ion .  ]In a d d i t i o n ,  every 20 seconds, t h e  t o t a l  accrunulnted d i s -  

tance  informat ion  i s  t r a n s m i t t e d  t o  t e s t r i p  e b a r t  p r i n t  head bzaffer 

f o r  inclnsion on t he  c h a r t  d a t a .  

When t he  Scan ode i s  te rmina ted  (EXIT key) ,  the d i s k  f i l e  is 

c losed  and the  s t r i p  c h a r t  motor is t u rned  o f f .  e d i s k  f i l e  i s  then 

rs~lpened i n  a read  mode f a r  computer a n a l y s i s  and a s a r i z e d  p r i n t o u t  

e s t o r e d  d a t a .  Xn t h i s  analysis, the  count ing d a t a  ( t o t a l  Ita, 

r a t i o s  and p o s i t i v e  difference v a l u e )  a r e  compared t o  the preset 

h i t  c r i t e r i a  and when these  c r i t e r i a  are exceeded, t he  computer trlans- 

anits a d a t a  s ~ ~ ~ y  of t h a t  in format ion .  a r y  pr in tout .  con ta ins  
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F i g .  16. 
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Example o f  computer d i sp l ay  o f  typ ica l  scan data  
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(1) documentation of the file name, ( 2 )  a listing of the hit criteria 

used in the analysis of the data, ( 3 )  all pertinent scan data for the 
hit location, (49 a remarks column for additional operator input (see 

Identification Mode section), and ( 5 )  identification of the system 

operator and the date the data were obtained. An example of a data sum- 

mary printout i s  given in Fig. 17. The summarized scan data provide 

location information and a listing of the total Ra counts observed, the 

Ba/Th ratio, and the magnitude and sign of the computed positive differ- 

ence value. Approximate hit location information is generated by com- 

puting net distances from the landmarks that are input during the scan 

process. In the data summary, the total distance (from starting point 

of the scan file) of the most recently input landmark is printed (Total 

Distance Column), the name or description of that landmark included 

(Street Number Column), and the net distance from the landmark to the 

hit location listed (Net Distance Column). All computed distances are 

given in feet. The dotted lines in the printout are used for data 

separation to indicate that at least three successive counting intervals 

contained no readings above the h i t  criteria. If computer analysis of 

the scan data determines that no readings on the file exceed the hit 

criteria, an abbreviated printout is provided (Fig. 1 8 ) .  

Identification Mode 

This program mode is used in conjunction with the Scan Mode dslta 

sununary printout to pinpoint the exact locations of the radiation 

anomalies identified during the scan. Property addresses and/or 

detailed descriptions can then be added to the summary sheet in the 

BemarkslLocation Column. 

The Identification subroutine is similar t o  the Scan Mode subrou- 

tine in data acquisition and computer CRT display. The major differ- 

ences are that (1) the strip chart is not activated, ( 2 )  no data are 

transferred to the floppy disk for storage, ( 3 )  a distance “zeroing” 

option is provided, and (4) no data printout occurs. The “zero‘g option 

can be accessed anytime daring program mode execution (by entering the 

zero key), to reset the total distance on the computer CRT display to 

zero .  This allows the operator t o  observe the net distance traveled 

from a landmark, for comparison with the information provided on the 

Scan Mode data sanunary. 
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F i g .  17. Example o f  Scan Mode d a t a  summary p r i n t o u t  
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F i g .  18. Example o f  abbrev iated Scan Mode d a t a  p r i n t o u t  
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_I___L F i l e  L i s t  Mode 

The F i l e  L i s t  Mode i s  used t o  gene ra t e  a p r i n t o u t  of the  computer- 

a r i z e d  scan data .  This p r i n t o u t  has t h e  sa e format and content as 

t h e  Scan l o d e  summaries. When t h i s  sub rou t ine  i s  executed,  t h r e e  d a t a  

a n a l y s i s  op t ions  are presen ted .  These  inolnde using the pneviously- 

s t o r e d  b i t  c r i t e r i a  f o r  da t a  comparison, input ing  new c r i t e r i a  to o b t a i n  

a d i f f e r e n t  a n a l y s i s  o f  t h e  d a t a ,  or l i s t i n g  a l l  of the d a t a  a b ~ e  & 
below the  h i t  c r i t e r i a ,  If t he  second o p t i o n  i s  ehosen, the computer 

w i l l  ask f o r  t h e  necessary  input  d a t a  ( t o t a l  Ra counts  and Ball% ratio 

h i t  l e v e l s )  p r i o r  t o  the d a t a  a n a l y s i s  loop ,  Next, t he  computer reads  

t h e  f loppy d i s k  direc;tory and assigns a II ea t o  each d a t a  f i l e  on the  

disk. The opera to r  then has  the o p t i o n  of e i t h e r  i d e n t i f y i n g  t h e  number 

of a s i n g l e  f i l e  to be l i s t e d ,  o r  spec i fy ing  t h a t  a l l  f i l e s  a r e  t o  be 

p r i n t e d  .. 
Once t h e  a p p r o p r i a t e  op t ions  have been s e l e c t e d  and a l l  necessary 

i npu t s  provided, t h e  somputer reads  t h e  s t a r e d  scan d a t a  f o r  t h e  chosen 

f i l e ( s ) ,  ana lyzes  the  d a t a ,  and p r i n t s  ou t  t h e  r e s u l t s .  

Data Dump Mode 

This program mode i s  lased t o  genera te  a p ~ i n t o ~ t  of a l l  raw data 

s t o r e d  on t h e  f loppy disk, The subroutine ~ C C B S S B S  t h e  d a t a  f i l e s  the 

same way as  t h e  F i l e  L i s t  Mode, f o r  printo~ts of s i n g l e  or m u l t i p l e  

f i l e s .  en t h i s  sub rou t ine  i s  executedg  t h e  raw d a t a  are p r i n t e d  out 

i n  t h e  fo rma t  shown i n  Pig .  19. In a d d i t i o n  t o  t h e  count r a t e  d a t a  and 

d i s t a n c e  d a t a ,  t h e  h i t  c r i t e r i a ,  o p e r a t o r ' s  name, and date  o f  o r i g i n a l  

da t a  acquisition are provided, as shown i n  the first entr i e s  i n  t h e  

T o t a l  Dis tance  GoludunS of t h e  p r i n t o u t .  MQ a n a l y s i s  of t h e  scan d a t a  

occurs  when t h i s  program mode i s  executed. 



Fig.  19. Example o f  Data Dump Mode data  pr in tou t  
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Mobile gamma-ray scanning involves  the s y s t e m t i c  susveyimg of all 

s t r e e t s ,  al leyways,  parking l o t s ,  and other pznblic thoronghfares  within 

d e f i n e d  surrey boundaries. Any l o c a t i o n s  found t o  axliPibit gawmil r a d i a -  

t i o n  l e v e l s  s t a t i s t i c a l l y  different from background must be identified 

t o  a i d  in subsequent coordination for future comprehensive o ~ s i t c  SUE-- 

veys, In order  t a  opt imize  thr. d e t e c t i o n  s y s t e m  s e n s i t i v i t y ,  scanning 

speeds must be mdintairaed as slow as p o s s i b l e ,  and soiirce-to-detector 

d i s t a n c e s  minimiaod, Dai ly  c a l i b r a t i o n  o f  the system i s  meressary tu 

assrare %he v a l i d i t y  of the scan da ta .  Adequate documentation of loca-  

tions scanned and a c t u a l  scan  r e s u l t s  mist be maintained, w i t h  a e l i s b l e  

long-term storage o f  e ?  B Taw d a t a "  

VpiCEllly. th@ S Q a I U l ~ t l g  Van i s  operated by 8 thrt?e-ZIl%E CTE@7W m f S  

crew s i z e  provides  for I driver ,  system o p e r a t o r .  and d a t a  analyst. The 

system operator i s  responsible for genexal system operation, including 

t h e  d a i l y  c a l i b r a t i o n  checks and. opera t ing  the d a t a  acquisition system. 

The d a t e  analyst i s  r e s p o n s i b l e  for a l l  scan d a t a  frov t h e  survey, 

i n s n r i n g  t h a t  adequate information i s  obtained and t h a t  Shag survey log 

book i s  maintained,  NormaXly, the data  a n a l y s t  i s  a l s o  r e s p o n s i b l e  f o r  

the day-to--day planning sf the scanning survey, 

T h e  fol lowing d i s c u s s i o n s  g ive  d e t a i l s  of t h e  methods em 

t h e  noma1 street-by-st~eet scanning f o r  wbich t h e  system w x s  designed. 

d i f i c a t i a n s  t o  these survey methods can e a s i l y  be made when tats van i s  

u t i l i z e d  for other purposes ( a . g . ,  scanning of large open a r e a s ) .  

Step-by-step instructions a n  t h e  system operation a r e  provided i n  

Refereace 3 .  

P r i o r  t o  the i n i t i a t i o n  of a scanning survey, and d a i l y  dnriag t h e  

surveyTI v m i o n s  system c a l i b r a t i o n s  must be performed. These? include 

c a l i b r a t i o n  o f  t h e  d i s t a n c e  transducer a t  the baginning o f  the  szprvep, 

and d a i l y  checks o f  t h e  d e t e c t o r  sensitivity, window discriminator 

s e t t i n g s ,  rand a fonr-paint energy c a l i b r a t i o n .  
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Since  cont inuous c o r r e l a t i o n  i s  made o f  d i s t a n c e  t r a v e l e d  w i t h  

d e t e c t o r  response dur ing  scanning,  c a l i b r a t i o n  of t he  distance-measuring 

system must be performed. The s t a b i l i t y  of t h e  system has proven t o  be 

adequate  such t h a t  a f i e l d  check and r e c a l i b r a t i o n  i s  necessary  only a t  

t he  s t a r t  of each survey t r i p  ( u s u a l l y  a t  monthly i n t e r v a l s ) .  Gal ibra-  

t i o n  of t he  system r e q u i r e s  t h a t  a t  l e a s t  a 5430-foot l e n g t h  of s t r a i g h t ,  

l e v e l  road be  marked o f f  f o r  d i s t a n c e  c o r r e l a t i o n .  By access ing  the  

C a l i b r a t i o n  Program Mode, the  cumulative d i s t a n c e  ( i n  f e e t )  can  be 

observed on t he  d i s p l a y  sc reen  as t h e  van moves. Af t e r  t r a v e r s i n g  the  

s p e c i f i e d  d i s t a n c e  s e v e r a l  t imes,  t he  average observed d i s t a n c e  can be 

compared t o  t h e  a c t u a l  measured d i s t a n c e ,  A conversion f a c t o r  can then  

be determined and changes made in t h e  a p p r o p r i a t e  l o c a t i o n s  of t he  com- 

p u t e r  program. V a r i a t i o n s  of +3% axe t o l e r a t e d  wi th  the  c u r r e n t  system. 

F i e l d  c a l i b r a t i o n  and checkout of t he  d e t e c t o r  system is conducted 

on za d a i l y  b a s i s ,  p r i o r  t o  t h e  i n i t i a t i o n  of scanning a c t i v i t i e s  f o r  

t h a t  day. A f t e r  a l lowing s u f f i c i e n t  time f o r  instrument  warm-up 

(minimum of 30 minu tes ) ,  a l l  ins t rument  s e t t i n g s  a r e  checked a g a i n s t  a 

master  l i s t i n g  provided by the  C a l i b r a t i o n  Mode of t h e  computer program. 

The system a m p l i f i e r  g a i n  i s  then  checked by performing an energy c a l i -  

b r a t i o n  wi th  t h e  on-board mul t ichannel  ana lyze r ,  us ing  check sources  of 

137Cs, 6oCo, and 20*T1. 

t i o n  a t  fou r  p o i n t s  ranging from 0.66 MeV t o  2.61 MeV. Once t h e  g a i n  

has  been ad jus t ed  t o  p l ace  the  gamma-peaks i n  t h e  r equ i r ed  channel  loca- 

t i o n s ,  t h e  e n t i r e  system i s  cons idered  c a l i b r a t e d .  Spot checks of peak 

l o c a t i o n s  a r e  performed throughout the  day t o  a s s u r e  t h a t  no g a i n  

s h i f t i n g  has  occurred.  As a las t  check b e f o r e  scanning beg ins ,  a sens i -  

t i v i t y  comparison of t h e  d e t e c t o r  response i s  made. U t i l i z i n g  a I3'Cs 

check source a t  a s p e c i f i e d  d i s t a n c e  from t h e  d e t e c t o r ,  an average n e t  

Gount r a t e  i s  determined. Comparison of t h i s  n e t  reading  ( c o r r e c t e d  f o r  

source decay) wi th  prev ious  r e s u l t s  g i v e s  an  i n d i c a t i o n  of changes i n  

the  d e t e c t o r  s e n s i t i v i t y .  D i f f e rences  above the  s e t  t o l e r a n c e  l e v e l  

(23%) r e q u i r e  furtPler i n v e s t i g a t i o n .  

These gamma-ray sources  provide  peak c a l i b r a -  
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BACKGRtIUNI$ DETERMINATIONS 

Since the d a t a  a n a l y s i s  ethad employed on the scanxniflg van i s  

based on computations involvinag background count rates i n  t h e  various 

energy regions of concern, these background l e v e l s  must f i r s t  be e ~ t a B - -  

l i s b e d  b e f o r e  scanning can begin.  To determine t h e s e  backgrounds, the 

Gity  t o  be scanned i s  div ided  i n t s  smell areas (approximately t e n  c i t y  

b locks  on a s i d e )  far which an a s s o c i a t e d  background l e v e l  would be 

obta ined ,  Care is t ken t o  assure that t h e  baekgnound boundaries  Q'P~CIDBFI-- 

pass a r e a s  t h a t  ape f a i r l y  uniform i n  land u s e ,  geology, and topspraphy. 

This r e s u l t s  i n  more useful and be t te r -def  ined backg~ouxad in format ion  

f o r  s t a t i s t i c a l  analysis. In each of these a reas ,  a scan i s  made using 

the backgronnd mode of operation, a t  naorma~. driving speedI traversing a t  

of the  s tree t s  and a l l e y s  iac17aded i n  t he  s e c t i o n .  

A t  the end of the backgraux~I SCBIP, the aV'43rage C O I I I I ~  r a t e s  and 

a s s o c i a t e d  s tandard  deviations for each of the energy windows are corn- 

pnted,  the average Ra/Th r a t i o  and i t s  standard d e v i a t i o n  datermineas 

t h e  a s s o c i a t e d  h i t  c r i t e r i a  c a l c u l a t e d .  and w l l  t h e  infor ation p r i n t e d  

out and s t o r e d  f o r  l a t e r  u se ,  If a s t r ee t - -by - s t r ee t  scan o f  t h a t  area 

ed ia te ly -  a f t e r  obta in ing  t h e  background, t h e  needed 

in format ion  ( h i t  c r i t e r i a  v a l u e s )  will be automatisally input  t o  the 

computer. If s e v e r a l  backgrounds are e s t a b l i s h e d  b e f o r e  any scanning i s  

undertaken,  then the necessary input m u s t  be en tered  i n t o  the csmpater 

by t h e  opera tor .  n e s e  da ta  would be obtained eithsrr from the computer 

p r i n t o u t  provided when t h a t  backgromfld was e s t a b l i s h e d ,  or by re- 

analyzing the d a t a  contained on the  a p p r o p r i a t e  d a t a  disk, 

The. background r a d i a t i o n  l e v e l s  e s t a b l i s h e d  by this method 

r e p r e s e n t  an e s t i m a t e  of t h e  average l e v e l s  observed by t h e  van i n  B 

c e r t a i n  s e c t i o n  a f  town. They are  used a s  the statistical Basel ine  for 

comparison with subsequent scan d a t a  for t h a t  area. These  measurements 

do not r e p r e s e n t  "natura3 I' background l e v e l s  since i n f luences  from b r i c k  

b u i l d i n g s ,  d e t e c t o r  geo e t r y  condi t ions ,  and other i n t e r f e r i n g  ~ ~ C ~ O E S  

have not been excluded, 
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STREET-BY-STREET SCANNING 

After the background levels for the survey areas have been estab- 
lished, the street-by-stxeet scans of these areas can begin. Ear each 

street t o  'be scanned, the Scan Program Mode is accessed, and a storage 

file is opened on the floppy disk system, with the file identified by 

the Dame of the street and the direction of travel. Scanning is con- 

ducted at a slow speed ( -5  mph), with an alarm system utilize 

the driver when the vehicle is traveling too fast. The distance between 

the van and the property is maintained a t  a minimum, driving next to the 

curb unless obstractions ( i . e . ,  parked cars) prevent it. Daring the 

scan, the detectors are secured in the raised position to maximize the 

field of view and minimize the influence of street-side obstructions. 

As the scan proceeds, permanent landmarks 4e.g. ,  house numbers, 

Cross streets) are systematically input to the computer to be stored 

along with the rest of the scan data for cross reference. During the 

scan, when a property is passed which exhibits gama radiation levels 

exceeding the preset hit criteria, an alarm is sounded and apecial nota- 

tion made on the computer video screen. This alarm continues tu sound 

until the anomaly has been passed. At the end of the scan, the data 

file is closed and computer analysis of the data begins. is analysis 

results in the printout of a list of all anomalies identified by the 

scan, providing exact location information in terms of distance from the 

input permanent landmarks as well as the count rates observed in the 

%a-energy windows and the computed difference technique analysis value. 

To further define the locations and add additionai information, a xescan 

of each anomaly i s  then performed in the Identification Program Mo 

an even slower speed, to better define the area sf concern and allow for 

detailed description of property (i.e., house address, or if unavail- 

able, a description of the house), If desired a t  this time, a detailed 

spectrum analysis can be undertaken utilizing the on-board multichannel 

analyzer system over extended time periods (typically 5-10 minutes). 

When one side of the street bas been analyzed, the other side is 

scanned in the opposite direction. In addition, all accessible parking 

areas, alleyways, and other public thoroughfares are scanned within the 

survey section. When all the scanning has been completed, the complete 
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s e t  of: stored raw d a t a  for  the entire smtveycd area can be printed out 

for faltnre reference. D o c n m e n t a t i ~ o  o f  the progress of the scanning 

s~sk-vey is mintoainned on a l arge - sca le  s t r e e t  mapp, where s tree t s  and 

alleyways that have beem scanned a r e  appropriately marked. A t  survey 

eompletioa, this mag and the data  swmary sheets  serve as the parmaneat 

record of ~ i i  a r e a s  scamflea, 



To define the scanning systelm performance characteristics, a series 

of calibration exercises were conducted. e s e  experiments were 

designed to establish the detection sensitivity, define the directional 

respo~se of the shielded detectors, and provide some egree of eorrela- 

tiran between detector response and soil radium ~ o n c e ~ t r a t ~ r a ~ ~  Field 

testing of the scanning van was conducted in the vicinity of an eastern 

site, where offsite properties were known to contain residual 

radium-bearing materials. Analysis of scan data from several streets was 

performed to correlate the system response with the radiologieal cofndi- 

tions that exist at properties on those streets. e results from these 

tests were used fox both computer algorithm development as well as  sys- 

tem Gal ibrat ion informat ion .  

Calibration activities performed at 0 utilized sealed-ra 

standard sources of 1. mg and 0.18  mg, and four uranium m i l l  tailings 
simulated area sources. s shown i n  Table I, the exposure rates versus 

distance for the radium "point" sources were well documented and pro- 

vided the needed standards for direct detector response. 

saurees consisted of numerotts individual soil samples that 

analyzed 0x1 a Germanium Lithiam-drifted (GeLi) detector for 22sRa. 

Approximately 2 

with a nominal soil thickness of 10 cm. 

of each source was determined by a weighted averaging of the individual 
sample GeLi analysis results. 

t a i l i n g s  sources ranged from 35 pCi/g t o  1260 pCi/g (Table 11, 

kg o f  s o i l  was placed in a shallow box o f  l-m' arear 

e average 2 2 6 ~ a  concentration 

e resulting mean 226Ra values for these 

DETECTOR SENSITIVITY 

In order to test the gross sensitivity of the NaICI"I'1 detection 

system utilized on the scanning van, an experiment was performe 

pare the detector response versus distance from a point 226Ra source. 

The radium source E857 (Table 1) was placed in a source holder at detec- 

tor height (approximately 2 BI from ground surface), and the van p s i -  

tioned in a large, level, open lot with the deteetor in the raised posi- 

tion. The source-to-detector distance was varied at 5-m intervals and 
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thirty 1-second counts of the gross gamma radiation field obtained. 

With the source then removed, an average bac%ground count rate and asso- 

ciated standard deviation was determined. ?'he results of these measure- 

ments are presented in Fig. 20. 

The radium source could be statistically detected above the back- 

ground at distances up to 65 m. At the maximum measured distance, the 

exposure rate attributable to the radium source was estimated at 

0.25  yR/h, based on the documented source strength. This corresponds to 

the measurement of approximately a 2% increase in the normal background 

levels. Comparison of these results to similar measurements made on the 

other currently-available scanning systemsSD5 found that a1 though the 

range o f  detection systems were comparable 0 6 0  m>, the net sensitivity 

of the ORNL system (net count rates above background from equivalent 
sources) was approximately a factor of six better. 

DETECTOR DIRECTIONAL RESPONSE 

The vertical and horizontal detector response was measured $0 

define the field of  view of the shielded detector. The radium source 

334B (Table 1) was used at a constant 2 m source-to-detector spaeing to 
provide an equivalent exposure rate a t  all source positions. The source 

was positioned first along the vertical centerline of the detectors at 

the detector raised height. The angular position of the source was then 

varied at lSO increments (maintaining the constant 2 m source-to- 

detector spacing) from a location directly in front of the detectors 

( O o )  passing beneath the van (goo) ,  to one directly behind the detectors 

(180°1. Thirty 1-second counts o f  the source were obtained at each 

position and the average count rete computed. The resulting data were 

then normalized to provide an indication of the relative detector 

response versus source position. A graphic representation of these data 
are given in FigT. 21. From analysis of this graph, it is evident that 

the shielding provided by the PM tubes and structural materials on the 

bottom of the detectors, and the lead shielding an the back side effec- 

tively limit the detector field-of-view to surfaces directly below and 

out the right (passenger) side of the van, as designed. The lead shield 

behind the detectors reduced the gamma radiation field by approximately 

a factor of ten. 
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The d e t e c t o r  ~esphanse i n  the horizontal plane  was determined by 

p o s i t i o n i n g  t h e  source a t  t h e  d e t e c t o r  r a i s e d  h e i g h t  and varying the 

angular  p o s i t i o n  from one s i d e  of t h e  d e t e c t o r s  (OO), t o  d i r e c t l y  i n  

f r o n t  o f  t h c  d e t e c t o r s  ( ! IOo) ,  t o  t h e  o t h e r  s i d e  (1800) i n  150 i m r e -  

ments. Again, t h i r t y  I--second counts of t h e  soaroe e r e  made a t  eaab 

l o c a t i o n  and an average count raec computed. The data wesc normalized 

and graphed as shown i n  Fig. 22, 'X'hese r e s u l t s  indicate a symmetrical 

field-of-view out  t h e  r i g h t  s i d e  o f  t h e  van, wi th  the optisam count ing 

p o s i t i o n  located directly i n  front of t h e  ~reys ta l s ,  a s  expected.  Since 

the  d e t e c t i o n  system is m o b i l e ,  a l l  l o c a t i o n s  beilng scanned will pass 

through t h i s  optim~urs. d e t e c t i o n  a rea  as  the  vehicle travels by. A s  shown 

i n  F i g .  22 ,  t h e  l e a d  s h i e l d i n g  on Lhe d e t e c t o r  s i d e s  does ,  h o w ~ v e r ,  h e l p  

t o  focus  t h e  detectors on t h i s  optimum p o i n t .  

SQIL SOURCE COR%PH,ATION 

In an attempt t o   orr relate the d e t e c t i o n  system response t o  v a r i o u s  

c o n c e n t r a t i o n s  o f  2 2 4 ~ a  i n  surface s o i l ,  analyses of the  f o u r  area 

tailings sources (Table  1) were performed, The stationary van was posi- 

t ioned  on. B large, flat, open lot w i t h  the  detector i n  t he  o p e r a t i n g  

p o s i t i o n ,  and the average background eavnt  r a t a  determined.  In turn, 

each of the four small area  s a i l  sources  were placed on t h e  ground i n  

l i n e  with t h e  detector ( a t  t he  optimum count ing l o e a t i o n )  and the 

source- to-detector  d i s t a n c e  v a r i e d  in 1-n increments from 3 m %O 15 n. 

nir tg7  i--second counts  of the gross levels  a t  each 

S O Q P C ~  position ana t h e  average v a l u e  computed. results o f  these 

measurements are shown in. P i g .  23. 

Analysis  of the  s o i l  c a l i b r a t i o n  d a t a  shows that  t h e  d e t e c t o r  

response varied d i r e s t l y  with  t h e  source distance rand the average 2 2 6 ~ a  

c o n c e n t r a t i o n  i n  the s o i l .  D e t e c t i o n  ranges ( d i s t a n c e  a t  which t h e  

source c ~ u l d  be  s t a t i s t i c a l l y  d e t e c t e d  above background) v a r i e d  from 5 m 

for t h e  35 pcli/g source, asp to 15 m for t h e  1260 p C i l g  source. The 

optimum ~ounting d i s t a n c e  for t hese  small  area. SOUECBS was determined 

for a l l  four sources to be approximately 1 m from the side ~f the: van. 



c 

F i g .  22. Detector d i r e c t i o n a l  response - h a r i z o n t a f  plane 
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Utilizing the Scan Mode of operation, where the van is moving and 

the hit criteria employed, the same analysis of system response versus 

source distance was performed. By requiring the total Ra count rate to 

exceed a minimum level (see Data Analysis Technique section), the effec- 

tive detector range was reduced, as would be expected. The average 

redaction in viewing range was 30% for all four sources. The maximum 

range for the 35 pCi/p: source was determined to be 3 m a  and for the 

1260 pCi/g source, approximately 10 m. 

Obviously. as the total volume and area of 226Ra-contaminated so i l  

increases,, the ease in detecting it also increases. The source size 

(1 m 1 used in this correlation exercise was chosen to represent the 
smallest area for which the scanning system should be expected t o  

detect. 

range of values normally encountered in the field, although the limit 

currently established for remedial action is much lower ( 5  pCi/g in sur- 

face soil as specified in 40 CFR 192). Xt should be noted that no 

attempt has been made to establish a calibration factor for the scanning 

system (e.g., p C i f g  in soil per detector counts per second) since in 

practical applications the source-to-detector distance is unknown, the 

counting geometry variable, and shielding between the contamination and 

the detector potentially significant. 

2 

The 226Ra concentrations represented by these sources span the 

FIELD TESTING 

Prior to the initial use of the scanning van, field testing was 

performed at locations where radium-bearing residual materials were 

known to have been used in various applications on private properties. 

Some 40 properties were included in the testing program. Previous 

comprehensive radiological surveys of  these locations found onsite out- 

oor areas exhibiting surface gamma exposure rates ranging from 20 pR/h 

t o  700 pR/h over areas of less than 1 m2 and up to 15 m . The contam- 

inated material was in the form of bricks, wood, piping, and soil, and 
was found to be present at any number of locations on a property. Dis- 

tances from these materials to adjoining streets or alleys varied from 

less than 1 m to 28 m. The contamination was often shielded from the 

roadways by structures and was normally buried a few centimeters 

underground. 

2 





A mobile gama-rag scanning system has been developed by Oak Ridgh: 

argitory for  Use in the ~ e ~ ~ r t ~ ~ n $  of Ent?rgy's remedial 

acaian survey programs. e unit csnsists of a N a l ( " F 1 )  de tec t ion  system 

B1BulerS in a specia 'ly-cqaiyped Yml,  e system i s  spexator controlled 

h an an-boar mini-computer, with data output  p r s v i  ed on %he cam- 

uter v i d e o  S C K B ~ ~ P ,  s t x i p  chart  reccorders, and an an-line printer, Data 

storage is proviaad by a floppy disk system, &fts.kic annel analyois 

a b i l i t i e s  are i n c l u  f o r  q u a l i t a t i v e  radianaeli e identifieatinn, 
26 B a - s p e c i f i c  a lgor  to i d e n t i f y  l o c a t i o n s  Goatailalgag 

Laboratory cia1 i rat ion and fie1 t e s t i n g  have e s t a b l i s  

rasidurrT rardieun--beasing materials % 

tern sensitivity, f i e l d  of view,  and o the r  ~ e ~ ~ o ~ a n c ~  c h a r a c t e r i s t i c s .  

ese results, the unit was proven t o  be more sensitive than 

le, and nsovidieg a ~ s ~ ~ ~ ~ ~ n ~ t ~ ~ ~  

caprabil i t i e s  t a t  the other systems do n o t .  e ~ ~ t ? ~ ~ r ~ ~  a n a l y s i s  tecb- 

system m i n i l U i Z e  the d@teGtQh intexft2XeKkCeS 

that arise from g e o l o g i c  formations,  geometry factors ,  and other natlrxal 

~ ~ ~ ~ o a C t ~ Y ~ t ~  influences (e, r ick  buildings). 

e mobile s e a m i n g  s y s  Ben  proven t o  be bL tsseful tool in 

the i d e n t i f i c a t i o n  of proper t i e s  ~ o ~ t a ~ i n ~ ~ e ~  w i t h  residual 

ftaring m a t e r i a l s ,  ~ a ~ i a a t ~ ~ ~  of i s t o r i c a l  i n f ~ X ~ a t i Q ~ ~  gr 

veri f2cat ion of a e r i a l  snxvey resukts ,  and s tree t - -by- s tree t  wresning  o f  

arge areas are e a s i l y  and C ~ s t - ~ ~ f e ~ t l g ~ e ~ y  ~ c ~ a m p l i s h e a  by tbe a s e  of 

th i s  system. e system is l i m i t e d  only by access  r e s t r i c t i o n s  (e,,., 

lack of roads or alleys) and shielding pro lems (e.&., StrU6tUre$ black- 

ing the f i e l d  of view,  QX ear th  s h i e l d i n g  of buried m a t e r i a l s ) ,  which 

can only be O Q ~ X C O ~ P ~ ~  by comprehensive onsite radiological surveys.  



6 .  BermdPr F i e l d  Engineering Corporation, m - 0 2  Snrfscq...b; 
I Qstem, ----- prepared for the Envixomental Pnotection Agency, Office of 
Radiation P P o g P 8 m P #  I,as v o g a s ;  Nevada e BFRC-1981-7, SeptembeP 1981 .I 
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SCAN PROGRAM LISTING 
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