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ABSTRACT

Since 1960 EG&G, Inc. has developed and m aintained for  
the U S Energy R esearch  and D evelopm ent A dm inistration (ERDA)* 
a sta te- o f-th e- art radiation su rv e illa n ce  program  ca lled  the A eria l 
R adiological M easuring System  (ARMS). Radiological su rveys covering  
m ore than 300, 000 square m ile s  have been perform ed. In addition to  
the radiation detector gear, the sy stem  includes an in ertia l navigation  
system , radar a ltim eter, m eteoro log ica l probes, a ir sam pler, a ir  
sam ple analyzer, m u ltisp ectra l ca m era s, aeria l mapping cam era  and 
infrared scanner. The recen tly  im proved data acquisition system ,
REDAR, records all inputs d ig ita lly  on m agnetic tape and is  read ily  
mounted in fixed-w ing a ircraft or h elicop ters. The data an a lysis  system , 
REDAC, is  mounted in a m obile p ro cessin g  laboratory which accom panies  
the a ircraft on surveys. Radiation isop leth  m aps, both for g r o ss  counts 
and se lected  iso top es, can be prepared in the fie ld . Special com puter  
softw are enables the ARMS to detect changes of le s s  than 1. 0 pR /hr in 
exposure ra tes  between su c c e ss iv e  su rveys of a given site .

* F orm erly  a part of the U S Atom ic E nergy C om m ission  (USAEC),
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1. INTRODUCTION

The U S Energy R esearch  and D evelopm ent A dm inistration  
(ERDA)*, D ivision  of O perational Safety, funds the A eria l R adiological 
M easuring System  Program  to provide s ta te -o f-th e -a r t  a er ia l m easurem ent  
capabilities which enable the A dm inistration to:

1. Respond to a m ajor accident involving radiation  
sources anywhere in the continental United States,

2. Perform  radiation and other rem ote sen sin g  surveys  
at m ajor ERDA fa c ilit ie s , e. g . , Nevada T est Site,
Hanford, e t c . , and

3. Conduct a large area  terra in  radiation mapping 
program  around licen sed  fa c ilit ie s  to form  a b a sis  for 
rapid a ssessm en t of a m ajor radiation accident at 
such fa c ilit ie s .

This paper w ill b r iefly  d escrib e the m ajor new cap ab ilities that have 
recently  been added to the ARMS program .

Since 1960 EG&G, Inc. has conducted both a m odest developm ent 
and operational aeria l radiation m easurem ent program  for the ERDA.
In th is period, over 120 large area  su rveys have been perform ed, covering  
an area of 300, 000 square m ile s . F igure 1 show s the nationwide scope  
of ARMS survey activity.

On sev era l occasion s, the ARMS aircraft and crew  have 
su ccessfu lly  located lo st  so u rces  and have responded to em ergency  
ca lls  involving r e le a se s  of radiation. In 1968-^69, m u ltisp ectra l 
cam eras and an infrared scanner w ere added to the rem ote sensing  
capability of ARMS. A design for an advanced data acquisition  system , 
which would record  a ll output inform ation on m agnetic tape, was com pleted  
in 1970. This system  w as further developed for a sp ec ia l program  for  
ERDA's D ivision  of M ilitary A pplications. R ecently, the ARMS

* F orm erly  a part of the U S A tom ic Energy C om m ission  (USAEC).
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program  has utilized  th is system , mounted on h elicop ters, to obtain  
extrem ely  high resolution  radiation m aps of s e v e ra l m ajor AEC 
fa c ilit ie s  and te st  a rea s . ® New softw are has been developed to com ­
pare su c c ess iv e  y ea rs' radiation su rveys of individual fa c ilit ie s .  
Radiation surveys have been used ex ten siv e ly  in the past few years  
to determ ine the w ater equivalent of snow pack in w atersh ed s.

F inally , the ERDA/DOS has procured a new B eech  A ircraft  
Corporation, King A ir A-lOO to consolidate both terra in  and a ir  sam pling  
capabilities in a single  a ll-w eath er a ircra ft. The King A ir, shown in 
Figure 2, w ill contain s ta te -o f-th e -a r t  radiation and photo-optical 
sy stem s when it becom es fully operational by 1 July 1975.
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F ig u re  2. The B eech  A ircraft Corporation King A ir A-lOO is  used for routine, la rg e-a rea  
su rv ey s.



2. ARMS SYSTEM DESCRIPTION

2 .1  King A ir A - 100 Configuration

For routine a er ia l su rv e y s  of large land m a sse s , such  as  
licen sed  power reactors or  ERDA resea rch  fa c ilit ie s , the King Air is  
em ployed. It has the following flight c h a r a c te r is t ic s :

1. Maximum Altitude: 31, 000 ft
2. Minimum Survey V elocity: 120 knots
3. Maximum V elocity: 226 knots
4. Maximum Landing Weight: 11,210 pounds
5. Flight Duration: 4 hours

2. 2 H elicopter Configuration

For lo w -lev e l or  em ergency radiation survey work, the 
helicopter is  a m ore suitable v eh ic le . V arious h e licop ters have been  
used, including the Marine CH-53, the Navy SH-3 and the A ir Force  
UH-IN. In this configuration, two detector pods are used, as  in 
Figure 3. Each detector pod contains twenty 5- x 2 -in . c r y s ta ls , as 
shown in Figure 4. The output from  a ll cry sta l photom ultip lier-pream p  
com binations is  summed and fed to a recording sy stem . Additional 
detector sy stem s available include (1) an alpha spectrom eter , (2) beta 
d etectors, (3) solid  state d etectors, and (4) neutron counters. F igure 5 
show s a Navy SH-3 equipped with both the gamma detection sy stem  (Nal 
pods) and a pair of B F -3 neutron d etecto rs .

2. 3 Recording System

The data acquisition  and record ing sy stem  com m on to both 
fixed-w ing and helicopter operations is  ca lled  REDAR (Radiation and 
Environm ental Data A cquisition and R ecorder), which is  shown in 
Figure 6. REDAR provides rea l tim e d isp lays and record ing of a ll 
system  sen so r  data.
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- . u r e s .  The A i r  F o r c e HU-IN equipped
With two gamuu. d c e c i c r pods.
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Figure 4. Interior view  of a gam ma pod containing twenty 5- x 5-in . Nal cry sta ls .



Figure 5. The Navy SH-3 equipped with gam m a pods (front) and
neutron detector pods (rear).
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Figure 6. REDAR: Radiation and Environm ental Data A cquisition and R ecorder.



2 . 3 .  1 Recorded P aram eters

The param eters acquired in clu d e:

Param eter

1. 300 channel pu lse-height analyzer  
plus liv e -tim e

2. 5 single channel an a lyzers with  
adjustable upper and low er  
discrim in ators

3. G ross count channel (sum s a ll 
counts)

4. Inertial navigation sy stem  (latitude 
and longitude)

5. Radar a ltim eter

6. Absolute p ressu re

7. Outside a ir  tem perature

8. Wind speed

9. Wind direction

10. R elative humidity

11. True a ir  speed

12. On-top m arker

13. System  configuration

14. Leg number

15. Tim e of day clock (HRS-MIN-SEC)

Frequency  

3 sec

0 .2  sec

0 .1  sec

1 sec

1 sec

1 sec

1 sec

1 sec

1 sec

1 sec

1 sec

A s required  
(operator push button)

1 sec  

1 sec

Outputs from  each detector are  sum m ed before being p rocessed  
by the m ultichannel o r single channel a n a ly zers . Windows are set on the 
single channel an alyzers to m onitor regions of the spectrum  pertinent to 
isotopes of in terest.
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2 . 3 . 2  On-board D isplays

The REDAR sy s tem  includes se v e r a l d isp lays which perm it 
r ea l-tim e  m onitoring of the data being acquired:

1. O scilloscope for spectra

2. Two dual pen str ip  charts for running tim e h istory  
record s of single  channel or m eteoro log ica l data.

3. LED num erical readouts of count ra tes or m eteo ro ­
log ica l data.

4. T im e-of-d ay  clock

5. P osition  inform ation

Data are perm anently recorded  on a n in e-track  digital tape 
record er capable of recording continuously for five hours. A ll data 
are recorded as raw, uncalibrated inform ation d irectly  from  the sen so rs . 
A ll calibration computations into appropriate engineering units are a c ­
com plished in the ground»based com puter. A typ ical operational config­
uration is  shown in Figure 7.

2 .3 .3  Inertial Navigation System

A ccurate position data are obtained from  a Litton Inertial 
Navigation System , LTN-51. The actual flight coordinates (latitude 
and longitude) are recorded on m agnetic tape. Special softw are, 
prepared by Litton to our sp ecifica tion s a llow s these data to be recorded  
with a m inim um  detectable d istance increm ent of 15 feet.

When these data are p ro cessed , the flight paths are overla id  
on a photographic map of the survey  area . The end points are m atched  
with the known positions of the start and fin ish  of each lin e . The position  
of the a ircraft is  then known at any point along the flight path with an 
uncertainty related to the flying tim e of ±1/2  second. For a typ ical survey  
conducted at an altitude of 100 feet above terra in  and at a speed of 100 ft/  
sec , th is im p lies that the location of the a ircra ft is  known with a m axim um  
uncertainty of 65 feet.

11
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Figure 7. The REDAR (mounted here in the H U -IN ) is  operated by a crew of one to three 

techn icians.



2 . 3 . 4  M eteorological Sensors

Absolute a ir  p ressu re  transducer, outside a ir  tem perature, 
wind speed, wind direction and re la tive  humidity are a lso  recorded  to 
aid in data an a lysis .

2. 4 Data P rocessin g  System

M agnetic tapes re corded during an ARMS flight are p ro cessed  
by a sp ec ia l purpose computer sy stem  ca lled  REDAC: Radiation and 
Environm ental Data A nalyzer and Com puter. This unit, shown in 
Figure 8, is  mounted in a m obile va’n which accom panies the survey  
aircraft in the fie ld  if  day-to-day survey resu lts  are required.

The key components of the com puter system  are: a NOVA 
com puter, two Cipher Data tape d rives and two Cal-Com p p lotters.
The data can be reduced im m ediately  a fter each  flight. The softw are  
developed for the NOVA com puter p erm its a rapid evaluation of anom alies  
in the ter re str ia l radiation signature. From  the recorded inform ation, 
isopleth  maps are made of each predom inant isotope present in a surveyed  
area. Further, the system  calibration  p erm its the isotop ic inform ation  
to be interpreted in term s of surface concentration units with a r e so lu ­
tion of approxim ately 750 feet.

2. 5 System  Sensitivity

The sen sitiv ity  of the ARMS sy stem  is  dependent on the energy  
of the gamma rays and the distribution in the so il of the radionuclide.
The fixed-w ing a ircraft flying at an altitude betw een 300 and 500 feet 
and a velocity  of 120-180 knots can detect point sou rces (energy grea ter  
than 50 keV) between 15-100 m Ci, with 300 foot line spacings. For 
planar distributed sou rces, the detection  lim it is  approxim ately 1. 0 
to 10 .0  uCi/m^.

13
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Figure 8. The REDAC (Radiation and Environm ental Data A nalyzer and Computer) mounted in 
a m obile van truck.



The helicopter sy stem  can detect a d istributed source between  
0. 1 to 1. 0 uCi/m^ and point so u rces  of approxim ately 2. 0 mCi or grea ter . 
The norm al helicopter survey  procedure is  to fly  at 60 knots at an altitude 
of 150 feet with a line spacing of 150 feet. A ll detection  lim its  are for  
gamma - ray - em itting nuclides of energy g rea ter  than 50 keV. If the 
energy of the gamma rays is  betw een 50 keV and 100 keV, the detection  
lim it is  highly dependent on the geom etry  of the source and its  distribution  
in the so il.

2. 6 Com parison Software

The surveillance capab ilities of the ARMS sy stem  have been  
dem onstrated at numerous com m ercia l nuclear power stations and AEC 
s ite s . The reproducibility of the survey data is  le s s  than 1. 0 ^R /hr in 
the exposure rate at 3 feet above terra in . ® The com puter softw are  
com pares approxim ately 5000 data points acquired on each survey  on a 
point-by-point b a sis . The com puter lo ca tes data points from  the two 
surveys that w ere acquired in the sam e area, within the f ie ld -o f-v iew  
of the detector sy stem  (1500 feet). The m ean and standard deviation  
are computed for the observed  d ifferen ces in te r r e s tr ia l exposure rates  
between the two surveys. O bserved d ifferen ces are plotted on an overlay  
map for the facility  to expedite subsequent fie ld  m easu rem en ts with 
ground-based instrum ents.

15



3. SUMMARY

The ERDA, D iv ision  of O perational Safety, m aintains a 
s ta te -o f-th e -a r t  a er ia l radiation m easurem ent capability in the ARMS 
program . This capability is  availab le to a ll e lem en ts of the ERDA for  
em ergency use and for participation in se le c ted  survey a c t iv it ie s .  
Recent additions to th is capability, including the isotope mapping 
system  and the su c c e ss iv e  survey  com parison  softw are with 1. 0 uR/ 
hr resolution , provide ex trem ely  u sefu l too ls for exam ining the ov era ll 
gamma radiation status of m ajor n uclear fa c ilit ie s .

Rapid response to an accident involving radiation so u rces  or 
fa c ilit ie s  w ill continue to be the prim ary m iss io n  of ARMS. The utility  
of the combined rem ote sen sin g  cap ab ilities  of ARMS w ill be in c r e a s ­
ingly valuable to both ERDA and lic e n sed  fa c ilit ie s  in the future.
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