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A B S T R A C T

This report d escr ib es the A eria l R adiological M easu rin g  

System  (ARMS) designed and operated by  EG&G, Inc., for the E nergy  

R esearch  and Developm ent A dm inistration 's (ERDA)* D iv ision  of 

O perational Safety with the cooperation of the N u c lea r R egulatory  

C om m ission . D esigned to rapidly su rvey  large areas for lo w -le v e l  

m an-m ade radiation, the ARMS has a lso  proven ex trem ely  u sefu l in 

locating lo st radioactive sou rces  of re la tiv e ly  low activ ity . The s y s ­

tem  co n sists  of sodium  iodide sc in tilla tion  d etectors, data form atting  

and recording equipment, position ing equipm ent, m eteoro log ica l in ­

strum ents, d irect readout hardw are, and data an a lysis  equipm ent. 

The instrum entation, operational p roced u res, data reduction te ch ­

niques and system  sen sit iv it ie s  are d escribed , together with their  

applications and sam ple r e su lts .

^'Formerly the U. S. Atomic E nergy C om m ission (USAEC).
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F O R E W O R D

The A eria l R adiological M easu rin g  S ystem  (ARMS) has been  

m aintained and operated for the U. S. A tom ic Energy C om m ission  

and the U. S. Energy R esearch  and D evelopm ent A dm inistration, 

f ir s t  by the U. S. G eological survey (1958-1960) and subsequently  

by EG&G, Inc. (1960-present). The ARMS program  was im p le- 

m ented to perform  a er ia l m easurem ents of ground and airborne  

radioactivity and to develop techniques for refin ing th ese  m ea su re­

m ents and enhancing th eir  in te rp re ta tio n .^ ^  ^

A continuing program  of resea rch  and developm ent is  m ain­

tained for im proving the detection equipment, data co llection  p ro­

cedures, and data reduction and reporting m ethods. This program  

includes th eoretica l and experim ental studies of (1) the radiation  

environm ent, (2) detector resp on se, (3) operational proced u res, and 

(4) further automation of data reduction p r o c e s se s . This report 

covers those sy stem s and procedures em ployed by ARMS.

The ARMS system  becam e operational in Novem ber 1960, 

thus continuing the ARMS I program  of the USGS. The f ir s t  large  

area survey by ARMS w as made in June 1961. During the past fifteen  

y ea rs , ARMS has concentrated efforts on survey procedures for nu-
(2-3)

clear power rea cto rs . Surveys of ERDA fa c ilit ie s , ERDA T est

Sites and sev era l su c c ess fu l sea rch es for lo st  so u rces  have a lso
(4-7)been conducted during the sam e period.

The ARMS program  has been expanded to encom pass a wide 

variety  of environm ental m easu rem en ts. The name of the ARMS 

program  w ill be o ffic ia lly  changed to AMS (A erial M easuring S y s­

tem s), after publication of th is report, to re flec t the broader capa­

b ility  of the program .
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1. I N T R O D U C T I O N

The U. S. Energy R esearch  and D evelopm ent A dm inistration  

(ERDA), D iv ision  of O perational Safety in cooperation with the N uclear  

Regulatory C om m ission (NRC), funds the A eria l R adiological M easur­

ing System  Program  to provide s ta te -o f-th e -a r t  a er ia l m easurem ent 

capabilities in perform ing the follow ing functions.

1. Respond to a m ajor accident involving radiation sou rces  

anywhere in the Continental United S tates.

2. Perform  radiation and other rem ote sen sin g  surveys  

at m ajor ERDA fa c ilit ie s .

3. Conduct a large area  terra in  radiation mapping pro­

gram  around licen sed  fa c ilit ie s  to  form  a b a sis  for  

rapid a sse ssm e n t of a m ajor radiation accident at 

such fa c ilit ie s .

Since 1960 EG&G, Inc. has conducted both a developm ent and 

operational a er ia l radiation m easurem ent program . In th is period, 

over 150 large area surveys have been perform ed, covering an area  

of 325,000 square m ile s . F igure 1 show s the nationwide scope of 

ARMS survey activ ity .

On sev era l occasion s, the ARMS a ircraft 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.

There are now five a ircraft which support ARMS m iss io n s:  

a B eechcraft King A ir A-lOO, the B eechcraft Twin Bonanza, a M ar­

tin  404, and two Hughes H-500 h e lico p ters. Their prim ary m iss io n  is  

mapping te r r e str ia l radiation. B ecause of the addition of many different

- 1 -
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kinds of in stru m en ta tio n s  the sy stem  has considerab le flex ib ility . 

Such gear includes an air sam p ler , a neutron d etector, an alpha 

p artic le  spectrom eter, a H asselb lad  m u ltisp ectra l photographic 

array , a Wild RC-8 cam era and a Bendix therm al m apper. The 

capab ilities of each aircraft are  sum m arized  in Table 1.

The total capab ilities of the tv/o prim ary radiation mapping 

p latform s, the B eechcraft A-lOO, and the Hughes H -500 h elicop ter  

w ill be covered in som e detail in th is  report.

-3 -



Table 1. Perform ance Specifications for the EG&G-Operated A ircraft U sed in R adiological Surveys

A irp la n e s H e lic o p te r

A-lOO T w in B onanza M a rtin  404 H u g h es-500

N um ber of en g in e s 2 2 2 1

C abin  p r e s s u r iz a t io n y e s no y e s no

M axim um  a lti tu d e 25,000 ft 22.000 ft 25,000 ft 15,000 ft

Range 1,200 m i 600 m i 1,400 m i 275 m i

e n d u ra n c e 5 -1 /4  h r 4 h r 7 h r 3 h r

C ru is in g  Speed 230 k ts 150 k ts 200 k ts 110 k ts

M inim um  su rv e y  sp eed 120 k ts 120 k ts 120 k ts 0 k ts

A vailab le  eq u ip m en t p ay load  w ith  a  m in im u m  
of 3 -h o u r  fu e l 600 lb s 600 lb s 3 ,500  lb s __

M inim um  flig h t c rew P ilo t, N a v ig a to r , In s tr .  
O p e ra to r

P ilo t, N a v ig a to r , In s tr .  
O p e ra to r

P ilo t,  N a v ig a to r , C o- 
P ilo t,  I n s t r .  O p e ra to r

P ilo t,  In s t r .  O p e ra to r

N avigation  and p o sitio n  d e te rm in a tio n MRS, INU D o p p le r r a d a r ,  INU D o p p le r r a d a r ,  INU, MRS MRS

R a d a r a l t im e te r y es y es yes y es

C o m m u n ica tio n s sy s te m V H P. H F V H P, H F V H P, HP VHP

M eteo ro lo g ica l S e n so rs A b so lu te  p r e s s u r e  
T e m p e ra tu re  

Dew point 
T u rb u le n c e -  

T ru e  a i r  sp e e d  
W ind sp e e d  & d ire c tio n  

P r e s s u r e  a lt i tu d e

P r e s s u r e  a ltitu d e  
A b so lu te  p r e s s u r e  

T e m p e ra tu re  
W ind sp e e d  & d ire c tio n

P r e s s u r e  a lt i tu d e  
A b so lu te  p r e s s u r e  

T e m p e ra tu re  
Dew poin t 

T u rb u le n ce  
T ru e  a i r  sp eed  

W ind sp e e d  & d ire c tio n

P r e s s u r e  a ltitu d e

R ad ia tio n  d e te c to rs 28 4x4" NaI(T;l) 8 6x6" N a l(T t) V a rio u s 20 5x2" N a l(T i)

A ir  s a m p le r P a r t ic u la te  ( is o k in e t ic ) ’' 
W hole g a s ’''

P a r t ic u la te P a r t ic u la te •

P h o to g rap h ic  eq u ip m en t 4 - c a m e r a  H a sse lb la d  
R C -8  WKD 9x9" a e r ia l  

p h o to g ra m m e tr ic  sy s te m

4 - c a m e r a  H a sse lb la d 4 - c a m e r a  H a sse lb la d 4 - c a m e r a  H a ss e lb la d ’''

T h e rm a l m app ing  eq u ip m en t b e n d ix  IR sc a n n e r  
(L N -3)

B endix  IR sc a n n e r  
(L N -3)

B endix  IR s c a n n e r  
(L N -3)

I

I

-To be in s ta l le d .



2. AIRBORNE S Y S T E M S

2.1 KING AIR FIXED WING AIRCRAFT

2.1.1  A ircraft Specifications

The ARMS su rv ey  a ircra ft (shown in F ig u re  2) is  a King 

A ir A-lOO, m anufactured by the B eech  A ircraft Corporation. The 

A-lOO is  a turboprop tw in-engine a ircra ft w ith a cru isin g  v e loc ity  

of 128 m /s e c  (419 f t /s e c )  and a m axim um  operational altitude of 

9450 m (31,000 ft). At the norm al survey altitude of 150 m (500 ft) 

above terra in , the A-lOO has a m inim um  v e lo c ity  of 61 m /s e c  

(200 f t /s e c ) .  Additional sp ecifica tion s and perform ance data are  

shown in Table 2.

The radiation detection sy stem  includes four detector a rra y s, 

each of which w eighs 42 kg (168 kg tota l). The data acquisition  s y s ­

tem  is  housed in two equipment racks w eighing 170 kg. A ircraft  

position  data are derived from  three independently-operable sy stem s:  

an inertia l navigation unit, a m icrow ave ranging sy stem , and a radar 

a ltim eter. Their combined weight is  40 kg.

The flight crew  on survey  m iss io n s  co n s is ts  of a p ilot, a 

navigator, and an e lectron ic  sy stem s operator. With th is crew  and 

the equipment described  above, the A-lOO has a flight endurance of 

four h ou rs.

2.1.2 Radiation D etectors

The radiation detection sy stem  c o n sis ts  of 28 (4 in. diam ­

eter by 4 in. thick) Nal(TjJ) c ry sta ls . The d etectors are packaged  

in four boxes, each containing seven  detectors mounted in ethafoam  

insulation to reduce therm al and m echanical shock. The top of one

-5 -
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Figure 2. ARMS A ircraft, B eechcraft King A ir A -100.



Table 2. B eechcraft King A ir A -100

SPECIFICATIONS

W eights
M axim um  R am p W eight 11,568 lb s .
M axim um  T ake-O ff W eight (G ro ss  W eight) 11,500 lb s .
M axim um  Landing W eight 11,210 lb s .
Maximum Zero Fuel Weight 9,600 lb s .
E m p ty  W eight 6,728 lb s .
U seful Load 4,772 lb s.

Wing A rea and Loadings
Wing Area 279.7 s q .f t .
Wing Loading 40.8 lb s. / s q . f t .
Power Loading 8.38 lb s . / shp

D im ensions
Wing Span 45 ft. 10.5 in.
Stabilizer Span 22 ft. 4.6 in.
Length 39 ft. 8.5 in.
Height to Top of Fin 15 ft. 4.2 in.
Cockpit Height 57 in.
Cockpit Width 52 in.
Cockpit Door Width 20 in.
Cabin Length (Excludes P ilo t's

Com partm ent) 200 in.
Cabin Width 54 in.
Cabin Height 57 in.
Entrance Door 27 in. X 51.75 in.
E lectron ic Compartment Volume 16 cu. ft.
Aft Baggage Compartment Capacity 410 l b s . , 62.0 c u .ft .

P ressu riza tion  (4.6 D ifferential) Cabin Altitude
Actual A ircraft A ltitu d e .. .  10,500 ft. Sea L evel
Actual A ircraft A ltitu d e .. .  21,200 ft. 8,000 ft.
Actual A ircraft Altitude. . .  24,700 ft. 10,000 ft.

PERFORMANCE

C ruising Speeds
A verage C ruise Weight 10,500 lb s.

(High C ruise Pow er)
At 10,000 ft. 248 K ts. (285 mph)
At 16,000 ft. 243 Kts. (280 mph)
At 21,000 ft. 235 K ts. (270 mph)
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Table 2. Beechcraft King A ir A -100 (Continued)

C ruise Range for 470 Gal. Usable at 6.7 Lb. / Gal.
(Includes allow ance for fu el used  during starting, tax i, tak e-o ff, 
clim b, descent, and a 45-m inute r e se r v e  at m axim um  range 
power and standard atm osphere conditions.)

High C ruise Power
At 10,000 ft. 900 Naut. Mi. (1,035 Mi. )
At 16,000 ft. 1064 Naut. Mi. (1,225 Mi. )
At 21,000 ft. 1212 Naut. Mi. (1,384 Mi. )

Low C ruise Power
At 10,000 ft. 982 Naut. Mi. (1,130 Mi. )
At 16,000 ft. 1149 Naut. Mi. (1,322 Mi. )
At 21,000 ft. 1287 Naut. Mi. (1,481 Mi. )

Maximum Range Power 
At 10,000 ft.
At 16,000 ft.
At 21,000 ft.

1152 Naut. 
1272 Naut. 
1340 Naut.

Mi. (1,326 Mi. ) 
Mi. (1,464 Mi. ) 
Mi. (1,542 Mi. )

Rate of Climb at Sea L evel -  Two E ngines 
At 11,500 lb s.
At 10,600 lb s.

1963 Ft. /M in. 
2225 Ft. /M in.

Rate of Climb at Sea L evel -  Single Engine 
At 11,500 lb s.
At 20,600 lb s.

452 Ft. /M in. 
598 Ft. /M in.

Service C eiling -  Two Engines (100 Ft. /M in. ) 
At 11,500 lb s.
At 10,600 lb s.

24,850 ft. 
26,250 ft.

Service C eiling -  Single Engine (50 Ft. /M in. ) 
At 11,500 lb s.
At 10,600 lb s.

9,300 ft. 
11,600 ft.

Stall Speeds (Power Off at 11,500 Pounds) 
Gear Down and Flaps 100%
Gear Down and Flaps 30%
Gear Up and Flaps Up

75 K ts. ( 86 mph) 
81 K ts. ( 93 mph) 
90 K ts. (104 mph)
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Table 2. B eechcraft King A ir A -100 (Continued)

Take -Off D istance -  F laps Up
(Normal P ro c e d u re  at 11,500 Pounds)

L ift-O ff Speed 99 Kts.
Ground Roll 2060 ft.
Total over 50-ft O bstacle 3245 ft.

Take-Off D istance — Flaps 30%
(Normal Procedure at 11,500 Pounds)

Lift-O ff Speed 94 Kts.
Groimd R oll 1855 ft.
Total over 50-ft O bstacle 2681 ft.

O bstacle Take-O ff D istance -  F laps 30%
(11,500 Pounds)

L ift-O ff Speed 80 Kts.
Ground Roll 1349 ft.
Total over 50-ft O bstacle 2255 ft.

Landing D istance
(3° Approach Angle without R eversing  at 11,210 Pounds) 

Approach Speed 98 Kts.
Ground Roll 1302 ft.
Total over 50-ft O bstacle 2246 ft.

O bstacle Landing D istance
(6° Approach Angle with R eversing  at 11,210 Pounds)

Approach Speed 90 Kts.
Ground Roll 866 ft.
Total over 50-ft O bstacle 1843 ft.

D istance to A ccelerate and Stop at 11,500 Pounds — Flaps Up
D ecision  Speed 99 Kts.
Total D istance 4275 ft.

D istance to A ccelerate and Stop at 11,500 Pounds — Flaps 30% 
D ecision  Speed 94 Kts.
Total D istance 3877 ft.

M ission  Profile
(Operation based on the follow ing conditions: 6790 lb s. Empty 
W eight, 11,568 lb s. Ramp Weight, 11,500 Take-O ff Weight,
High C ruise Power at 21,000 ft. and 45 m inute r e ser v e ) .
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Table 2. B eechcraft King Air A -100 (Continued)

E ig h t occupants, plus 269 lb s . baggage, and 3149 lb s . of fuel 
before engine start.

Range 1394 M i. (1212 Naut. Mi. )
Speed (Average) 273 m ph (237 K ts. )
M ission  Tim e 5 H ours, 14 M inutes
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of the arrays has been rem o v ed  in  F igure 3 to d isp la y  the configura­

tion of the seven  d etectors. The four arrays are attached to the seat 

r a ils  in the  aft section  of the A -100 (F igure 4).

The pream plifier signal from  each detector is  calibrated  

w ith  a Y or ®^Na source. N orm alized  outputs of each detector in  

the array are combined in a 7-w ay sum m ing am plifier (upper left 

hand corner in Figure 3). Outputs of the four arrays are  

m atched and combined in a 4 -w ay sum m ing am plifier located  in the 

m ain acquisition system  package. F in a lly  th is  signal is  adjusted in  

the analog-to -d ig ita l converter (ADC) so  that the calibration  peak  

appears in a p re -se lec ted  channel of the m ultichannel analyzer of 

the REDAR (see  Section 2.5). A functional b lock diagram  of the 

data acquisition  and record ing sy stem  is  shown in F igure 5.

2 .1 .3  Positioning System

The construction of accurate radiation isop leth  m aps depends 

on p rec ise  a ircraft position  data. The A -100 em ploys three indepen­

dent sy stem s for th is p u rp ose: an Inertial Navigation S ystem  (INS), 

a M icrowave Ranging System  (MRS), and a radar a ltim eter .

2 .1 .3 .1  Inertial Navigation System  (INS)

P osition  data are obtained from  a L itton Inertia l Navigation  

System , m odel LT N -51. The INS has a p rec is io n , g y ro -sta b ilized , 

4-g im bal, a ll attitude in ertia l platform  and a gen eral-p urpose d igital 

com puter. The in ertia l platform  is  a referen ce  plane, undisturbed  

by aircraft m otion, from  which the r o ll, pitch and yaw of the aircraft  

are m easured . The d igital com puter p erform s data computation and

^Manufactured by Litton S ystem s, Inc.
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F ig u re  3. One of the ARMS detector a r r a y s  with the top rem oved to d isp la y  the geom etrica l 
arrangem ent of the detectors and seven  way sum m ing am p lifier .



F ig u re  4. Tlie fo u r d e te c to r  a r r a y s  mounted in the aft section  of 
the ARMS a ircra ft.
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A l O O  F U N C T I O N A L  B L O C K  D I AGRAM
DETECTOR A R R A Y S  (7-  4 ”X4" Nal(Ti) EACH)

#1 #2 # 3 #4

7-WAY 
S U M M E R

SU M M IN G  JUNCTION  
(4 -W A Y )

A.D.C. (512 C H A N N E L S )

MULTICHANNEL  
ANALYZER  

( 3 0 0  CH.)

SINGLE CHANNEL  
A NALYZERS  
(MAX. OF 5)

“G R O S S  C O U N T  
CO U N T E R

DIGITAL
DISPLAY

WEIGHTING & 
SUMMING CRT

DISPLAY
MATRIX
PANEL

STRIP C H A R T S

INERTIAL NAVIGATION  
UNITDATA  

S T O R A G E  & 
FORMATTER

RADAR ALTIMETER

M R S

.MAGNETIC 
\  TAPE

l̂ ’igure 5. AlOO Functional Block Diagram
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event p ro g ra m m in g . The la tter  function  provides accurate navigation  

inform ation based on a g r e a t-c ir c le  route from  a known position .

P r io r  to departure for a survey  m iss io n , the airport lon g i­

tude and latitude are entered in  the INS, which then com putes the 

changing coordinates as the survey  p r o g r e sse s . Latitude and lo n g i­

tude are recorded on m agnetic tape once ev ery  second. S p ecia l INS 

softw are, prepared by Litton to our sp ec ifica tio n s, allow  th ese  data 

to  be recorded with a m inim um  detectab le d istance increm ent of

4.6 m eters  (15 feet).

The inherent drift rate of the INS is  approxim ately 1900m  

(one nautical m ile) per hour. H ence, position  data m ust be corrected  

before map preparation. Data required for such co rrectio n s are  

provided by flying the a ircraft d irec tly  over a landm ark w hose co o r ­

dinates can be p r e c ise ly  determ ined from  a U. S. G. S. topographic 

map. Updates are executed ev ery  5-10 m inutes and indicated on the 

m agnetic tape by a "hack" m ark in serted  by the navigator and docu­

m ented on the navigation m aps by an appropriate sym bol. A ltern a­

tiv e ly , accurate coordinates for topographic features m ay be obtained 

from  the MRS position  data, which are sim ultaneously  recorded .

2 .1 .3 .2  M icrowave Ranging System  (MRS)

The M icrowave Ranging System  is  a T r isp o n d er /202A,* 

which co n sists  of a m aster  station  in the aircraft and two rem ote  

tra n sce iv ers  on the ground. The rem ote stations are rep etitiv e ly  

interrogated by the m aster; the average roundtrip tim e of t ra v e l for  

the pulsed m icrow ave signal is  m easured  every  250 m illiseco n d s. 

T h ese data are used to estab lish  the position  of the a ircraft with 

resp ect to the rem ote station s.

^Manufactured by D el Norte T echnology. Inc.
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T he d is ta n c e s  and (see  F ig u re  6, a  ty p ic a l se t-u p ) a re  

recorded on m agnetic tap e  once every  second. In order to re la te  r̂  

and rg to the survey coordinate sy stem  the MRS b ase (b) i s  m easured  

after the trisponders have been positioned . Then d istan ces and 

and the angle 0 (between the MRS and survey  b a se lin es) can be 

calculated and used  as inputs to a softw are routine. The com puter 

plots a ll data rela tive  to the survey  coordinate sy stem , in  term s of 

H and V:

H = X  co s 6 - y sin  0 - (2-1)

V = V - X sin  0 - y cos 0 (2-2)o

w here

K - 1/2 Fb + (2-3)

rg - x)(ro + x)l (2-4)

The u n c e r ta in ty  in aircraft position  v a r ies  over a survey  

area because it is  a com bination of sy stem a tic , geom etric , and 

sta tistica l u n certa in ties. The system atic  erro r , shown in F igure 7, 

is  e lectro n ica lly  com pensated. The m axim um  erro r  is  4m , at a 

range of approxim ate!y 30.5 km. The position  erro r  m agnification, 

in  Figure 8, is  due to the angle betw een the aircraft (m aster unit) 

and the two rem ote stations.

S ta tistica l uncertainty is  due p rim arily  to variations in s ig ­

nal propagation tim e in the atm osphere and in the e lectron ic  c ircu itry  

of the m aster  and rem ote tra n sc e iv e r s . The m anufacturer quotes 

the follow ing uncertainties in range accuracy: typ ical ±3m , long  

term  ±6m.

In a survey th ese  uncerta inties are com bined. T yp ica lly  the 

position  of the aircraft can be determ ined with an accuracy of ±15m 

at d istan ces up to 80 km from  the rem ote tra n sc e iv e r s .
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MRS COORDINATE 
SYSTEM  ORieiN

AIRCRAFT
POSITION SURVEY COORDINATE 

SYSTEM  ORIGIN

SU R V EY  BASELINE

Figure 6. Typical MRS set-u p  to re la te  the a ircra ft position  r e la ­
tive to a survey coordinate sy stem .

-1 7 -



CO
I

0.0305 

40

30

a:o
DCOC 20
UJ
UJ
Oz
<

10

0.305

R A N G E  (KM) 
3.05 03.5 305.0

1 1 1 1 1 M  1 1 .............. 1"""”  1 1 I r ' T ' i ...................... 1 .......... 1 1.......... r — ( - - j - f - ' i ... 1 t 1 1 T J  1 1

- -

- -

1 ..............1.— J ------- 1------1— U J h + t ---------- - ~ i  '  1 ........................................ 1 1 1 1 1 1 j  1

C O M P E N S A T E D  
(WITH R E T R O F I T )

1 1 1 I 1 1 1 I

100 1,000 10,000

R A N G E  (FT)

100,000 1,000,000

F ig u re  7. S y stem atic  Range E rror Curve for D el Norte M icrowave Ranging S ystem  .



CD
I

OH
Z
0
I-<oIL
zo<5
SLoirX
IXJ

AX3 5  -

AY

A R

M ASTER30

25 ^

A X 1

AR SIN (0/2) C O S (0/2)REMOTEREMOTE

1 0 -

NORMAL OR OPER A TIN S ANGLE RANGE
5 - -

AX

A R

10 20 30 40 50 60  70 80 90  IOC 110 120 130

M RS REMOTE INTERSECTION ANGLE a  (DEG)

140 150 160 170 180

Figure 8. The err o r s  in the m agnification ra tes  AX/AR a s  a function of the MRS 
rem ote in tersection  angle a .



The MRS t r a n s c e iv e r s  operate at frequencies of 9350 MHz 

(m aster unit) and 9450 MHz (rem ote u n its). The peak tran sm itter  

power is  1000 watts (minimum ), with a pu lse repetition  frequency  

which v a r ie s  from  581 to 1381 p u lses per second. The pulse length

is  ap p ro x im a te ly  0.5 p sec .

2 .1 .3 .3  Radar A ltim eter

The radar a ltim eter tran sm its  a pulsed rf s ign al. P u lse s  

reflected  from  the nearest ground o b jec t are detected by a rece iv in g  

antenna on the aircraft. The A - 100 has a CoUins ALT -50 radar a l­

tim eter , which tran sm its at 4300 ±15 MHz with a 3-db bandwidth of

1.5 MHz. The transm itter power is  150 m illiw atts.

The elapsed  tim e of the return pulse is  converted to an a lti­

tude m easurem ent with an accuracy of ±1.5m , plus three percent of 

actual altitude. For typical A-lOO surveys the altitude is  150m. 

H ence, the altitude uncertainty is  ±6m. The altitude is  a lso  recorded  

on m agnetic tape once every  second.

2 .1 .4  M eteorological Sensors

The A-lOO is  equipped with sev er a l t r a n s d u c e r s  for accu ­

rate m easurem ent of m eteoro log ica l p aram eters. T h ese  include 

absolute barom etric p ressu re , outside a ir  tem perature, dew point, 

wind speed and wind direction. A ll of th ese  d igita l data inputs are 

displayed and recorded on m agnetic tape at one-second  in terva ls .

2 .1 .4 .1  Absolute B arom etric P ressu re

A bsolute barom etric p ressu re  is  m easured in the A-lOO 

with an LX3702A lin ear p ressu re  transducer.*  It co n s is ts  b a sica lly  

of a diaphragm and a p ie z o -r e s is t iv e  stra in  sen so r , assem b led  in a

^Manufactured by National Sem iconductor Corporation.
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sm all, hybrid in te g ra te d  circu it package. The p ressu re  ran g e  is  0 

to 15 p sia . Since the transducer is  in ternally  therm ostatted  to p ro ­

vide a p rec ise ly -co n tro lled  tem perature environm ent, it has an 

accuracy of ±0.23 p si and a stab ility  of ±0.04 p si.

2 .1 .4 .2  Outside A ir Tem perature

Outside air tem perature is  m easured  with a M odel lOlAA  

total tem perature sensor.'"' The transducer i s  a 500-ohm  platinum  

res ista n ce  w ire, h erm etica lly  sea led  in a platinum  sh e ll. Its te m ­

perature range is  -70° C to ±350° C. The res is ta n ce  of the w ire  

changes p r e c ise ly  with the tem perature T of the outside a ir . The 

Rt v s . T calibration  to lerance is  ±0.25° C plus 0.5 percent of the 

magnitude of the tem perature in d eg rees  C e ls iu s . A fter appropriate 

signal conditioning the tem perature is  d isplayed and recorded in 

digital form  on the REDAR.

2 .1 .4 .3  Dew Point

The dew point m easurem ent is  provided by a m odel 137-C 3- 

53 se n so r,* *  which has a range of -50° C to  ±50° C. The sen so r  con ­

tains a platinum res ista n ce  w ire (Rq = 100 ohm s, approxim ately) 

which is  one leg  of a bridge circu it designed to convert the output to  

a low im pedance lin ear 0-5  volts dc s ign al. The sen so r  has su ffi­

cient m irro r  cooling capability to m easu re dew points corresponding  

to  10 percent re la tive  humidity at the sen so r  operating tem perature. 

The dew point i s  m easured with an accuracy of ±0.5° C above 0° C, 

±1°C below 0°C.

^Manufactured by Rosem ount, Inc. 
^^Manufactured by Cambridge S ystem s.
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2 .1 .4 .4  Wind Speed and Wind D irection

Wind speed and wind d irection  are derived  from  the INU d e­

scribed  in Section 2 .3 .1 . The INU esta b lish es  an in ertia l referen ce  

platform  which is  not perturbed by aircraft m otion. R oll, pitch, yaw  

and translation  in any d irection  are m easured with resp ect to th is  

platform . A ccelerom eter  m easu rem en ts are transm itted  to the com ­

puter where the d esired  quantities are calcu lated . In th is  ca se  the 

m easured airspeed  is  v ec to r ia lly  subtracted from  the ground 

veloc ity  Vg by reso lv in g  the a irspeed  into platform  coord in ates. The 

com ponents of wind veloc ity  are:

Vw X = V x  -  V a  c o s  9 z  ( x  -  c o m p o n e n t )

Vw Y = Vy = Va sin  6z (y - component)

where and Vy are the x -  and y-com ponents of Vq and 6z is  the 

heading of the platform  with resp ect to the a ircra ft, as m easured  by 

the platform  azimuth synchro. Hence:

Vw = '/ (Vw X f  + (Vu Y (wind speed)

and

+ tan“  ̂ (wind d irection),

where a  is  the platform  wander angle.

2 .1 .5  Data A cquisition System

Data are continuously acquired and recorded  in  the A - 100 

by a system  known as REDAR (Radiation and Environm ental Data 

A cquisition and R ecorder). The REDAR sy stem , shown in F igure 9, 

record s all of the follow ing data at the indicated rates:
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P aram eter Frequency

1. 30 5-channels of p u lse-h eigh t data, 2̂ ® coun ts 3.0 sec  
fu ll sca le  (each channel) and liv e -t im e , accu­
rate to 0.01 second

2. F ive single - channel an a lyzers, upper 
d iscrim in ators a d ju stab le  with d igital

and low er  
sw itches

0.2  sec

3. G ross count channel (sum s a ll counts) 0.1 sec

4. P osition  m easurem ent (INS) 1.0 sec

5. MRS distance m easurem ents 1.0 sec

6. Radar altim eter 1.0 sec

7. A bsolute p ressu re 1.0 sec

8. Outside a ir tem perature 1.0 sec

9. Wind speed 1.0 sec

10. Wind direction 1.0 sec

11. Dew Point 1.0 sec

12. T rue air speed 1.0 sec

13. On-top m arker A s required

14. System  configuration

15. T im e-o f-d a y  clock  (HRS-MIN-SEC)

(operator push­
button)

1.0 sec

1.0 sec

Outputs from  a ll d etectors are m ixed before being p ro cessed  

by the m ultichannel or single-channel an a lyzers. Windows are set on 

the single-channel analyzers to  m onitor regions of the spectrum  p e r ­

tinent to iso top es of in terest.

A ll of the above data inpu ts m ay be displayed by the 

electron ic  system  operator for  r e a l-t im e  m onitoring. D igital 

data, such as count ra tes , m eteo ro lo g ica l inform ation or tim e  

of day, are displayed on sev er a l LED readouts. Gamma ray  

sp ectra l data m ay be exam ined on the o sc illo sco p e  a s  the data 

accum ulate. At any point in tim e a spectrum  m ay be frozen  for
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cr itica l exam ination, w ithout affecting the continuous acquisition  and 

recording of data. A dual pen analog  str ip  chart record er  p erm its  

visual m onitoring of the tim e variation s in any two of the follow ing: 

g ro ss  count rate, count rate in any sin g le  - channel window, radar  

altitude, absolute p ressu re , outside a ir  tem perature, dew point or  

true a ir  speed.

D igital data are perm anently recorded  on a n in e-track  r e -  

corder""' capable of recording continuously for five hours (fifty m eg ­

abits of data). A ll data are recorded  as raw inform ation d irectly  

from  se n so r s . The data can be m an ip u la ted  after the flight by 

ground-based com puters.

The single-channel data can be w eighted, then added or sub­

tracted  from  any com bination of five channels with a m a tr ix  panel 

(Figure 10). The single-channels can be set to m onitor natural, 

cosm ic  or m an-m ade g a m m a -ra y -e m itt in g  rad ion u clid es. T h ese  

data can  be filtered  and plotted in rea l tim e on the strip  chart r e ­

corder with RC tim e constants betw een 0.2 and 16 secon d s. If one is  

search ing for a particular radionuclide, the appropriate sin g le  chan­

n els and m a tr ix  panel settings can be se t  to enhance the capability  

of detecting the source in re a l-t im e .

Cipher Data Products R ecorder, Model 85H.
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Figtare 10. M atrix panel for  sum m ing, w eighting and filter in g  sin g le  channel d igita l data for  
r ea l tim e str ip  chart d isp lay.



2.1.6 A ir Sampling System

The A-lOO aircraft has been equipped w ith an a ir  sam pling
(8)sy s te m  capable of both p artic le  and w hole gas sam pling. P a rtic ­

ulate sam pling is  achieved with a fo u r-sta g e  cascad e im pact or and 

fiber g lass  f ilter  paper. A pair of m otors and b low er pumps provide 

the n ecessa ry  0.5 atm osphere p ressu re  and ach ieve an isok inetic  

flow  rate of 50 cfm .* A nuclear counting sy stem  on board the a ircraft  

perm its m easurem ent of a ,  or y  activ ity  on a ir  f ilte r  sam p les. 

Whole gas sam pling is  accom plished  with different types of cryogenic  

sam pling sy stem s incorporating m olecu lar s ie v e s .

The A-lOO m ay a lso  be ca lled  upon to survey an area e x ­

periencing an explosion  or f ir e  which could produce airborne rad io­

active p a rtic le s. Hence a cascad e im pactor is  required  to determ ine  

the s iz e  distribution, the concentration and the rad ioactive sp e c ie s  

of p a rtic les  la rg er  than lju. T hese data, coupled with inform ation  

derived from  the f ilter  paper, would be invaluable for fa ll-ou t  

predictions.

Operating nuclear power p lants, nuclear p ro cessin g  p lants, 

and conversion  plants continually generate rad ioactive g a ses  such  

a s  Ar, X e, Kr and I. H ence, the system  is  designed to accom m odate  

cryogenic sam pling sy stem s which trap the rad ioactive sp e c ie s  in 

m olecu lar s ie v e s .

The system  is  a lso  flex ib le  enough to add on sp ec ia l in stru ­

m entation, such as a nephelom eter. This w ill enable the A -100 to 

support general a ir  pollution stu d ies a s  part of its  broader ARMS 

resp on sib ility  to ERDA's D ivision  of O perational Safety.

'I'Final installation of the a ir  sam pling system  is  in  p ro g ress  a s  th is  
report is  being published. O perational data are design  cr iter ia  or 
te st  bench m easurem ents.
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2.1 .6 .1  A ir Sam pler D esign

The a ir  sam pler was designed to sa tisfy  th ree survey  m is ­

sion requirem ents: (1) airborne radon daughter m easu rem en ts,

(2) m easurem ent of airborne p a rtic le s  and g ases from  a nuclear a c ­

cident or incident, and (3) m onitoring of radioactive g a ses  from  

stacks of operating plants. Radon daughters are heavy m eta l nuclei 

which p referen tia lly  attach th em se lv es  to a ero so l p a rtic le s  in the 

low er m icrom eter  s iz e s .  The co n c en tra tio n  of radon daughters is  

highly dependent on atm ospheric conditions. Since the radon 

daughters generate a sign ificant gam m a ray background, accurate  

su rveys of natural te r r e s tr ia l gam ma radiation require frequent 

m easurem ents of their concentration. Quantitative m easurem ent 

req u ires high effic ien cy  f ilte r  paper and isok inetic sam pling of the 

air .

2 .1 .6 .2  Cascade Impactor

The sam pling probe is  mounted on a rem ovable m odified  

escap e hatch cover, behind the co -p ilo t's  sea t, as shown in F ig ­

ure 11. The intake aperture h as an inside diam eter of 2.21 cm , 

follow ed by an expansion  cham ber. The entrance to the 13-cm  

diam eter sam pling chamber can be controlled  with a large shut-off  

valve.

The sam pling cham ber (detailed diagram  Figure 12) accom ­

m odates the cascade im pactor and the f ilter  paper. Both are a c c e s ­

sib le  from  the cabin in terior and can be changed m anually during 

flight. The cascade im pactor co n s is ts  of four slotted  m eta l d isc s . 

The slo t width d ecrea ses  in each  su c c e ss iv e  d isc; the higher  

im paction v e lo c itie s  created  by the narrowing flow  je ts  cau ses  

separation into three partic le  s iz e s :  >10/Lt, lOjU 5^, and 5^  1/i.
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TO AIR SAM PLER
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P U M P  M O T O R  
A S S E M B L YDETAIL OF 

AIR SAMPLER

TO  P U M P S

AIR SAM PLER
REMOVABLE ESCAPE HATCH

Figure 11. A ir sam pler installation . The three c irc led  b low -ups (from le ft to  right) are: the 
isok in etic  p artic le  sam p ler, gas transport sy stem , and pum p-m otor a ssem b ly .
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Figure 12. D etailed  diagram  of the a ir  sam p ler probe, expansion cham ber and p artic le  
sam pling cham ber.



P a r tic le s  of a diam eter le s s  than If i  are trapped in the f ilte r  paper 

im m ediately behind the cascade im pactor.

2 .1 .6 .3  A ir F ilter

A ccurate sam pling of the atm osphere req u ires that the 

sam ple probe project into a region  undisturbed by a ircra ft surface  

roughness. The probe m ust sam ple lam inar flow  and be p a ra lle l to  

a ir  flow stream line s at that point. The A -100 m eets  th ese  c r ite r ia ,

both th eoretica lly  and experim entally . A calcu lation  using the M ilne-
(9)Thompson derivation for strea m lin es  around a paraboloid approxi­

m ating the nose cow ling and m oving at the a ircra ft cru ise  v e loc ity  

was perform ed. The resu lts  indicate that strea m lin es  just forward  

of the escape hatch cover are uniform ly spaced and p ara lle l to the 

flight d irection to within ±5%.
/o \

These resu lts  w ere experim entally  v er ified  by a set of 

in-flight m easu rem en ts. Cotton tufts taped to the a ircra ft fu selage  

w ere photographed to validate the d irection  and uniform ity of the 

stream lin es. Pitot tubes w ere a lso  positioned  out to  s ix  inches from  

the fu selage to determ ine the p ressu re  gradient. A zero  ve lo c ity  

gradient was m easured  at a ll points beyond a 0 .2 -in ch  boundary  

layer. From  th ese  resu lts  it has been  estab lish ed  that the sam ple  

probe is  properly  located.

In order to accu rately  sam ple particulate m atter in the a t­

m osphere so  that the p artic le  s iz e  distribution on the f ilter  is  the 

sam e as that ex istin g  in the atm osphere, it is  a lso  n e ce ssa r y  that 

little  or no fractionation occur at the in let. T his condition, called  

isok inetic sam pling, demands that the lin ear v e lo c ity  of the inlet 

duct be equal to the linear v e lo c ity  of the free  stream . But the
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requirem ent for m easurem ent of subm icrom eter s iz e  p a rtic le s  n e ­

c e s s ita te s  the use of a high effic ien cy  filter  paper which a lso  p re ­

sents high air flow  im pedance.

The paper se lec ted  for the A-lOO sam p ler is  MSA 2206 B 

g la ss  f ilte r  paper. * At the a ircra ft cru isin g  speed  of 6 2 m /se c  

(120 knots), the 2 .21 -cm  d iam eter inlet accep ts 23.7 i / s e c  u n d er 

isok in etic  conditions. To ach ieve such a flow , two pum ps w ere in ­

sta lled  (see  Figure 11), to m aintain a p ressu re  d ifferen tia l of ap­

proxim ately 0.5 atm a c r o ss  the f ilte r . Each pum p is  driven by an 

a ir -co o led  3-hp e le c tr ic  m otor.

F ilter  sam p les m ay be analyzed im m ediately  on the a ir ­

craft. For h igh -effic ien cy  gam ma spectroscop y, a N a l(T l) cry sta l 

detector is  used. For high reso lu tion  work, a Ge(Li) detector is  

a lso  availab le. Beta m easu rem en ts are made with a thin p lastic  

s c in t i l la to r .^ ^ A lp h a  activ ity  can a lso  be m easured  on board with 

an array  of s ilico n  diode surface b a rr ier  d etectors mounted inside  

a sm all vacuum cham ber.

2 .1 .6 .4  Whole Gas Sam pler

Im m ediately dow nstream  of the sam pling cham ber is  a 

valve which perm its control of flow  rate. A venturi flow  rate  

m eter and p ressu re  gauges a llow s flow  rate m easu rem en ts so  that 

airborne contaminant concentrations m ay be quantified. Below  

th is are various taps for whole gas sam pling.

Manufactured by Mine Safety Appliances Company, 400 Penn Center 
B lv d ., Pittsburgh, Pennsylvania.
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2.1 .7  Photographic System

An in tegral part of the A-lOO's ro le  is  its  photographic cap ­

ability . Radiation contour m aps and other environm ental survey  

data m ust often be superposed on a er ia l photo m aps to provide accu ­

rate, tim ely  rep orts. The A-lOO is  equipped with a 26-in ch  d iam ­

eter  photo window, made of crown type g la ss , 0.885 inch th ick . The 

su rfaces are optically  ground and p a ra lle l.

The a ircraft can be fu lly  p ressu r ized  with the window in  

p lace. When the window i s  not in  u se , the hatch cover is  c lo sed  to  

protect the optical surface, as shown in F igure 13.

The A - 100 u ses  two d ifferent cam era  sy ste m s , depending 

on m iss io n  requirem ents. A 4 -ca m era  H asselb lad  sy stem  is  used  

for m u ltisp ectra l photography. A la rg e-fo rm a t Wild RC -8 is  used  

for a er ia l mapping.

2 .1 .7 .1  H asselblad Camera System

The A-lOO has two 4 -ca m era  sy stem s, e ither one of which 

can be hard-m ounted to the a ircraft floor as shown in F igure 14. 

Each sy stem  co n sists  of four 70-m m  500 EL H asselb lad  cam era s, 

one equipped with 50-m m  le n se s , the other with 80-m m  le n s e s . At 

a survey altitude of 3 km, the f ie ld -o f-v iew  is  3.3 km x 3.3 km with 

50-m m  le n se s , 2.2 km x 2.2 km with 80-m m  le n s e s . The cam eras  

are arranged along p ara lle l optical paths to record  id en tica l ground 

im age a rea s . The fram e s iz e  is  55 x  55 m m .

The shutters are actuated sim ultaneously  by an in tervalom -  

eter  which can provide betw een 10 and 80% forward overlap at 

m edium -to-h igh  altitudes. Each m agazine holds approxim ately 80 

fra m es. M agazines are read ily  interchangeable in flight.
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P H O T O iw w B liii i i lB  
IN C L O S E D  P O S I T I O N

Figure 13. A-lOO bottom view  with photo window c lo sed .
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F ig u re  14. H asse lb lad  m u ltis p e c tra l  c a m e ra  sy s te m  m ounted  in  th e  
A-lOO,
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By p ro p e r  s e le c tio n  of f ilm  type and le n s  f i l te r ,  e i th e r  s y s ­

te m  can cover any fo u r wavelength bands in the sp e c tru m  from  v is i ­

b le to  near-in frared  (0.4 to  0.9 ^m). F o u r  bands that are frequently  

recorded are the follow ing;

N orm al co lor  (w /haze filter) 0 .4  - 0.7 ^m

Infrared co lor  (w /y e llo w  f il te r )  0.5 - 0 .9  "

Panchrom atic (w /red  filter ) 0.6 - 0.7 ”

Infrared black and white (w /in frared  filter) 0 .7  - 0.9 "

2 .1 .7 .2  Wild RC-8

F or large a r e a  a e r ia l  photography a Wild RC -8 cam era  

with a 6 -inch  Aviogon len s is  mounted in the A - 100. The cam era  

mount is  m anually lev e led  at the tim e of each p ictu re . T h is cam era  

sy stem  is  a lso  equipped with an in tervalom eter and a navigation  

sight. The im age s iz e  is  9 x 9 inches; the m agazine capacity is  ap­

proxim ately 300 fram es.

For com plete coverage of an extended s ite , the a ircraft is  

typ ically  flown at an altitude of 6 km, which provides a f ie ld -o f-  

view  of 9 km X 9 km. At m edium -to-h igh  altitudes the in terva lom ­

eter  can be set between 10 and 80% forward overlap . N orm ally , 

fram es are taken with 60% forward overlap to provide photographs 

suitable for stereo  view ing. A variety  of co lor  or black and white 

negative or positive film s are used .

2 .1 .8  Infrared Scanner

Em itted infrared radiation from  the w avelength region  

of 8 -1 2 .5jU is  recorded with a Bendix Therm al Mapper Model 

L N -3. The unit co n sists  of an op tica l-m ech an ica l device that scan s  

an area approxim ately 100 d egrees beneath the a ircra ft as  it m oves

-36-



in a forward direction. A m e rc u ry -c a d m iu m -te l lu r id e  detector  

cooled w ith liquid nitrogen is  used  as the detector. The data are r e ­

corded in analog form  on tape or on photographic f ilm . Tem perature  

d ifferen ces of 0.5° C can be determ ined from  the data.

Other d etectors of indium antim onide and a photom ultiplier  

detector record  radiation in the 4-5 .5^  and 0.1 to 0.7 region  of the

sp e c tru m .

2.1 .9  Communications

The A-lOO has the standard VHF radios for transm itting  

and rece iv in g  on frequencies betw een 118.99 to 135.95 MHz in 

0.05 MHz increm ents. F or sp e c ia l m iss io n s , an HF radio can be 

in sta lled  which has 28,000 channels ran g in g  from  2.000 to 29.999 MHz.

A lso  available are  two freq u en cies in the VHF HI band ap­

proved for nationwide use by the Interagency R adiological A ssista n ce  

Plan (IRAP). Radio -telephone com m unica tion  can be estab lish ed  

with ARMS aircraft in m ost sec tio n s  of the United S tates. The "King 

Phone" number is  QM50427.

2.2 H -500 HELICOPTER

Hughes H-500 h e lico p ters  are used as p latform s for ARMS 

su rveys requiring detailed m easu rem en ts. These p latform s are  

considerably  sm a ller  than the King A ir, carry  le s s  payload, and 

have l e s s  range. T heir advantage l ie s  in the fact that they can fly  

low er and slow er than fixed wing a ircra ft, with a concom itant im ­

provem ent in spatial resolution .

Two pods, each containing ten  5-inch d iam eter by 2 -inch  

thick N al(T l)  d etectors, are m ounted  in the a u x ilia ry  fuel tanks as
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show n in Figure 15. A m ore com pact v ers io n  of the REDAR sy stem  

(Section 2 .1 .5) is  used for data acquisition .

Position  inform ation is  provided by the m icrow ave ranging  

sy stem  (Section 2 .1 .3 .2 ). Altitude data are provided by  an AL-101  

Radio A ltim eter System , which operates at 4300 MHz. Its range 

is  0 to 760 m (2500 ft). Up to 150 m , its  accuracy is  ±0.6 m  or ±2%, 

w hichever is  greater; from  150 to 760m , the accuracy is  ±5%.
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3 . S U R V E Y  P R O C E D U R ES

3.1 KING AIR

The b asic  survey pattern c o n sis ts  of a s e r ie s  of p ara lle l

flight lin e s , oriented perpendicular to the d irection  of any m ajor

geological form ations in the survey area . G eologic m aps of each

survey area are review ed to aid in the orientation of the survey

pattern. The flight lin es  are gen era lly  50 km in length and spaced

from  300-900m  apart. The line spacing is d ictated by the energy

and distribution of the radioisotope in the survey  area . F igure 16

re la tes  the area on the ground from  which the detector at 150 m eters

r e c e iv e s  90 percent of the uncollided flux due to an infinite planar

source of gamma ray en erg ies  from  0.20 to 2.62 MeV. The resp on se

of the airborne detector sy stem  to various gamma ray en erg ies  for
(1 2 )various source geom etries has been published.

Routine background surveys are flown with 900m line sp a c ­

ing. This line spacing rep resen ts  a com prom ise betw een isotope  

detectability  and survey rate.

The flight lin e s  are program m ed on U. S. G. S. topographic 

m aps. The navigator starts  the flight line on a se le c ted  topographic 

feature, along a predeterm ined m agnetic heading. The navigator, 

v isu a lly  tracking a ircraft p ro g ress  on the topographic m ap, guides 

it along the program m ed flight line and term in ates it over an ea s ily  

recognized  topographic feature. By th is  method the starting and 

ending points of each flight line are recorded  on the topographic map 

and on m ag tape. In the near future, a steer in g  indicator, which d e­

r iv es  position data from  the MRS, w ill be used to help guide the 

aircraft along each program m ed lin e .
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Figure 16. F ie ld -o f-V iew  of the detectors at 150m altitude.
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3.2 H-500 HELICOPTER

The helicopter s y s te m  is  u sed  when spatia l reso lu tion  better  

than ~1,000 feet is  required or when low e n e rg y  gam ma rays m ust be 

sen sed . A ltitudes betw een 100 feet and 200 feet are norm ally  flown 

with line spacings betw een 100 feet and 400 fee t. F light lin es  are  

laid  out on a er ia l photographs of the survey  area and resu lts  are  

presented  in the form  of radiation contours superim posed  on the 

photograph.
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4. DATA P R O C E S S I N G  S Y ST E M

Data are routinely p ro cessed  in the fie ld  with the Radiation  

and Environm ental Data A n aly ze r and Computer (REDAC). The s y s ­

tem  is  a com puter an a lysis  laboratory, mounted in a m obile van, a s  

shown in Figure 17. For m ost su rveys the van and the a ircra ft are  

based together at an airport c lo se  to the survey  s ite .

The RE DAC (Functional B lock D iagram , F igure 18) c o n sis ts  

of two Cipher Data tape d r iv es,*  a NOVA 840 com puter,** two Cal- 

Comp p lotters,***  and a CRT d isp lay  screen^  with a hard copier.^

All  p rocessin g  and an a lysis  can be accom plished  in the fie ld . An 

exten sive lib rary  of softw are is  routinely used for data p ro cessin g .

Pulse height windows can be se le c ted  over any portion of 

the gamma energy spectrum  (0.05 to 3.0 MeV), in addition to the five  

s ingle - channel windows, and plotted as a function of tim e or position . 

Weighted com binations of windows from  eith er the m ultichannel or 

s ingle - channel analyzers can be sum m ed together and the resu lt  

plotted as a function of tim e or position . By the proper se le c tio n  of 

windows and weighting fa cto rs , it is  p o ssib le  to  extract the photo- 

peak count ra tes for m an-m ade iso top es deposited on the terra in  in 

the survey area. The photopeak count ra tes  can then be converted  

to  isotope concentrations or exposure ra te s . Spectral data can be 

sum m ed over any portion of the s u rv e y  flight lin e .

^Cipher Data Products Company
**Data G eneral Corporation

***C alifo rn ia  Computer Products, Inc. 
^Tektronix Corporation
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Figure 17. Interior of the m obile van which h ou ses the Radiation and Environm ental Data 
A nalyzer and Computer (REDAC) sy stem , used  in a n a ly sis  of the survey  data.
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Figure 1 8. Peripheral equipment a sso c ia ted  with the NOVA-840 (REDAC) data reduction system



V arious other p a ra m e te r s  can be plotted on the CRT or C al- 

Comp units, such as radar altitude, outside a ir  tem perature, abso­

lute air p ressu re , MRS data, tim e, or dew point. Raw or p ro cessed  

data, or se lected  portions of eith er, can be tran sferred  from  the 

9 -track  tapes to read ily-portab le c a sse tte s .
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5. SENSITIVITIES AND DATA P R O C E S SIN G  METHODS

5.1 TERRESTRIALLY DISTRIBUTED SOURCES

In te re s t l ie s  p rim arily  in m an-m ade iso to p es, th eir  concen­

tration and co n trib u tio n  to  the exposure rate at the Im  le v e l. The 

factor for converting g ro s s  counts (those betw een 50 keV and 3 MeV) 

to exposure rate depends on the radionuclides p resen t, th eir  d is tr i­

bution in the so il, survey altitude, and other fa c to rs . If the m ix of 

radionuclides is reasonably constant and uniform ly d istributed in 

the so il, a s  in the case  of naturally-occurring rad ionuclides, gross  

counts can be calibrated against exposure rate . Due to the better  

counting s ta tis t ic s  a sso c ia ted  with g ro ss  counts, th is approach is  

usually applied to areas exhibiting no m an-m ade contam inants. A 

different approach is  applied to areas where m an-m ade contam inants 

ex ist . The latter approach is  based  on photopeak count ra tes from  

th ese  contaminants and is  designed to sp e c if ica lly  exclude effects  

from  naturally-occurring radionuclides.

The two approaches are  outlined in the next two sec tio n s .

5.1.1 Natural Background

5.1.1.1 Exposure Rate C onversion Factor

A constant conversion  factor is  used to convert the g ro ss  

count rate of ground origin  to an exposure rate at one m eter  above 

the ground. The norm al 500 ft, S. T. P. conversion  factor of 

683 ± 15% counts per second per m icro-R oentgen  per hour (/iR/h) 

can be applied to the King A ir g ro ss  counts a fter rem oval of the 

system  background, cosm ic  ra y s , and the contribution from  natural
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a irb o rn e  radon and thoron d a u g h te rs . The sy stem  background con­

s is t s  of natural radionuclides in the cry sta ls  and a ircra ft structure. 

The total contribution of a ll so u rces  of background counts can be de­

term ined if a large body of w ater (greater than 500m w ide) is  present 

in the survey area. The w ater background data is  subtracted from  

the g ro ss  counts m easured  over the survey area . The airborne  

background generally  does not vary sign ifican tly  over the survey  

area d urin g  the 3-4 hour flight.

The cosm ic ray exposure rate, as determ ined from  the a ir  

p ressu re  data, is  then added to exposure rate due to radionuclides  

of ground origin  in order to obtain the tota l exposure rate at the Im  

lev e l.

5 .1 .1 .2  Altitude Compensation

The norm al King Air survey altitude is  152m (500 ft) above 

terra in . The a ircraft can fly  at th is  altitude with m axim um  fie ld -  

of-v iew  and sen sitiv ity  for the detector sy stem , while retain ing an 

adequate safety  factor for an a ircraft m alfunction and for avoiding  

ta ll obstructions.

To com pensate for count rate variations due to altitude  

changes, the gamma ray data are norm alized  to the nom inal survey  

altitude on a second by-second-basis. The effective  relaxation  

length* for the spectrum  of gamma rays from  norm al background 

radio isotopes is  approxim ately 177 m eters , depending on the air  

density. The relaxation length in term s of a ir  m a ss  is  15.39 gram s 

of a ir . All data are norm alized  to 16.0 gram s of a ir  using an atten­

uation coefficient of 0.065 cm^ / gram:

*The relaxation length is  defined as the path length (or equivalent 
a ir  blanket th ickness, in gram s) through which gamma rays would 
travel before being reduced to an in tensity  of 1 /e , w here e = 2.718 
is  the base of the natural logarithm .
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^ ^ -0 .065(16.0  -p A )
C - Be

w here

B = count r a te  a t a ltitu d e  A 

p = a ir  density  

C = n o rm a liz e d  count r a te .

A ltitude com pensation  co e ffic ien ts  have no t y e t b een  d e te rm in e d  fo r  

the h elicop ter system .

5 .1 .1 .3  Dead Tim e C orrection

The an a log-to -d ig ita l converter (ADC) dead tim e is  r e ­

corded every  second. The g ro ss  count and sp ectra l data are c o r ­

rected  for counting lo s s e s  due to dead tim e in the ADC.

Typical counting ra tes at 500 feet above terra in  are betw een  

4,000 and 6,000 counts per second. Dead tim e lo s s e s  at th ese  count­

ing ra tes are le s s  than 5%. The ADC can p ro cess  counting ra tes  up 

to 100,000 counts per second with re lia b le  dead tim e correction , good 

sp ectra l resolution  and very  litt le  sm earin g  due to pu lse p ile-u p  

e ffects .

5 .1 .1 .4  Com parison of Repeat Surveys

The surveillance cap ab ilities of the older, le ss -so p h is t ic a te d  

Twin Bonanza ARMS system  have been dem onstrated at num erous 

com m ercia l nuclear power station s and ERDA s ite s . R eproducibility

of the survey data is  better than 1.0 /iR /h  in the exposure rate at one
( 1 3 )m eter  above terra in . The com puter softw are com pares approxi­

m ately  5000 data points acquired on each survey  on a point-by-point 

b a s is . The com puter locates data points from  the two surveys that 

w ere acquired in the sam e area , w ithin the f ie ld -o f-v iew  of the d e­

tector  system  (500m). The m ean and standard deviation are computed  

for the observed d iffe ren ce s  in t e r r e s t r i a l  exposure ra tes  betw een the
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two su rveys. O bserved d ifferen ces are plotted on an overlay  map 

for the fa c ility  to expedite subsequent fie ld  m easurem ents with 

ground-based instrum ents.

F igure 19 is  an exam ple of a repeat survey of a nuclear  

fa c ility  where the m ean exposure rate d ifference betw een the two 

surveys was 0.15 ± 0.75 p R /h .

5.1.2 Man-Made Contaminants

5.1.2.1 Man-Made G ross Count Indicator

A sen sitiv e  method has been  derived  to detect m an-m ade  

anom alies in the observed gam ma ray  data. The spectrum  is  d i­

vided into two tim e-reso lved  (1 -sec or 3 -sec) windows (see  F igure 20). 

The low er energy window #1 (0.05 to  1.39 MeV) bounds the y - r a y  e n e r ­

g ies  of m ost com mon m an-m ade iso to p es. It a lso  contains contribu­

tions from  natural iso top es. The higher energy window #2 (1.40 to

3.05 MeV) is  set above the energy of the y -r a y s  from  the com m on  

m an-m ade isotopes and thus has contributions p rim arily  from  the 

dominant natural rad ioelem ents (^°K, B i, ^°®T1 ).

The tota l g ro ss  count contributed by the m an-m ade isotop es  

(MMGC) is  the d ifference betw een the tota l counts in window #1 and 

the natural counts in window #2. Conceptually:

1.39 3.05

MMGC = (man-made + natural) - (natural)
0.05 1.40

The natural y -r a y  sp ectra l shape is  re la tiv e ly  in sen sitive  to v a r ia ­

tion in flight altitude, concentraion of airborne radium and thorium  

daughters, and the m ix and concentration of natural rad ioelem ents  

in the so il .  This im p lies that for background spectra , the low energy
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window counts are proportional to th e  high en e rg y  window counts.

1.39 3.05

(natural) ^  C (natural)
0.05 1.40

MMGC can then be w ritten in term s of m easurable quantities:

1.39 3.05

MMGC = (m an-m ade + natural) - C (natural)
0.05 1.40

The m ean value  of MMGC is  thus zero  for uncontaminanted  

area s . For m ost a rea s , which have m an-m ade iso top es w hose en ­

erg ie s  are bounded by window #1, the value of MMGC is  the true  

g ro ss  count due to m an-m ade iso to p es . In those ra re  instances  

where m an-m ade isotope en erg ies  extend into window #2 or when 

very  unusual natural anom alies occur, MMGC no lon ger ind icates  

absolute m an-m ade contribution. It is  s t i l l  an exce llen t indication  

that a significant sp ectra l shape perturbation has occurred .

The MMGC stripping technique enhances the data a n a ly sts ' 

capability to detect subtle changes in the surface te r r e s tr ia l rad ia ­

tion due to m an-m ade isotop es over a spatially-varying (in intensity) 

natural background  radiation fie ld . F igure 21 dem onstrates the en ­

hancem ent of s ign a ls  from  m an-m ade isotop es using the method d is ­

cu ssed  above. (Notice the two m an-m ade so u rces  at the start of 

the flight line that w ere obscured by variations in the natural back- 

ground le v e l .) The g ro ss count data, con sistin g  of counts betw een  

0.05 and 3.05 MeV, vary a factor of 2 or 3 or about an average of 

4000 co u n ts/sec , while the MMGC data are typ ica lly  0 ± 300 counts 

per second (at one standard deviation).
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The constant C can be determ ined in an area  c lo se  to, or 

in, the su rv ey  area that is  rep resen tative of norm al background. 

Careful inspection of the sp ectra l data in the b ack g ro u n d  referen ce  

area is  im perative to ensure that the area  has not been  contam inated, 

and that it is  typ ica l of the radiation from  the naturally -occu rrin g  

radioelem ents in the survey area . The m inim um  detectable lev e l  

of m an-m ade rad ioelem ents can be determ ined by the s ta tis tica l  

variation  of the MMGC in the b ackground  area . An exam ple of the
/G \

MMGC from  the Savannah R iver Plant Survey is  shown in F ig ­

ure 22. The data in the A region  correspond to norm al background 

in tensity  le v e ls , while the m inim um  detectable activ ity  (B lev e l) is  

se t at ±3 standard deviations (99 percent confidence lev e l)  for the 

MMGC m easured over the background referen ce  area . L e ss  than 

one percent of the data, th erefore , should y ie ld  erroneous B lev e ls  

due to the s ta tistica l variation  in the count ra te . A ll sp ectra l data 

for MMGC data points of B or greater are carefu lly  analyzed. The 

C le v e l is  se t a factor of two above the B , and the D le v e l a factor  

of two above the C, e tc . The le v e ls  gen erally  indicate a positive  

MMGC attributable to m an-m ade iso top es s in ce  the m ajority  of th e  

m an-m ade isotopes observed in environm ental su rveys em it gam m as 

with en erg ies below  1.39 MeV. A le v e l on the plotted isop leths  

is  se t for negative values of the MMGC which indicates sp ectra l d is ­

tortion due to unusual iso to p es, s ta tistica l varia tion s, etc.

5 .1 .2 .2  Exposure Rate Conversion Factor

Where m an-m ade contam inants e x ist , a photopeak window 

c o u n t- ra te  approach is  used to a rrive  at accurate conversion  fa ctors. 

Stripping procedures are used  to rem ove a ll counts from  th is  photo- 

peak window except those from  the contaminant of in terest. This
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Figure 22. Map of the m an-m ade g ro ss  covint isop leth s for the 
Savannah River Plant survey.
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p ro cess , as applied to  Co and Cs, is  d escribed  in  the next s e c ­

tion. Section 5 .1 .2 .2 .2  d escr ib es  the p r o c e ss  by which the stripped  

photopeak count rates are converted to concentrations and exposure  

rates due to each sp ec ific  contaminant. Stripping p r o c e sse s  and 

conversion factors for Co and Cs are d iscu ssed  h ere , but s im i­

lar procedures can be applied to any m ix of iso to p es .

5 .1 .2 .2 .1  Stripping Procedures for Co and C s

Equations can be form ulated to extract the Co and Cs 

contributions to the m easured  spectrum . Three windows described  

below  are used for th is purpose. F igure 23 show s the position  of 

th ese  windows on the com plete recorded spectrum .

E nergy Range
Window (MeV) D escription

A 0 .60 -0 .74  Cs

B 1 .40-3 .05  N atural background

C 1 .10-1 .39  ®°Co

Again, the natural background contribution is  rem oved from  w in­

dows A and C by m onitoring the counts above 1.40 MeV (window B). 

Shapes for Co and Cs pulse height sp ectra  and resu lting  s tr ip ­

ping coeffic ien ts are obtained by com paring natural background 

spectra  with spectra  gathered over a rea s  containing predom inantly  

one or the other contaminant.

The pulse height energy window encom passing each photo- 

peak generally  contain contributions from  the Compton ta ils  of 

higher energy gam m as from  other iso to p es. A constant a  can be 

determ ined for the particular survey  area  for the counts from  higher  

energy natural isotop es which appear in the Co photopeak window.
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The ®° Co extraction is  s im p ly  the re m o v a l of the b ack g ro u n d  counts 

due to window B that appear in window C. The net counts due to 

Co can be w ritten as:

Co = C - a B  (5-1)

The Cs extraction  has to take into account the p ossib le  

p resen ce of Co. The Cs window A contains counts from  the 

Compton ta ils  of photopeaks in the natural background and of any 

Co that is  present. Using j8 for the ratio  of the natural background  

counts from  window B that appear in the Cs window A and y  for  

the number of counts from  window C due only to Co, the net counts 

due to Cs can be w ritte n  as:

Cs = A -  ^ B - y C  (5-2)

Substituting the counts due to ® ° Co from  Equation (5-1) for C, the 

^^’’Cs extraction is:

Cs = A - jSB - y(C - a B )

or

Cs = A - y C + B (ay -

The extraction coeffic ien ts a  and ^ m ust be computed for each su r ­

vey area and detector system .

5 .1 .2 .2.2 C alibrations

In order to convert the a er ia l m easurem ent of the number 

of gamma photopeak counts to an exposure rate one m eter  above the 

ground, it is  n ecessa ry  to con sid er two important factors:

(a) the response of the N al d etectors to photons v ersu s  the 

angle of incidence (6 ) from  the v er tica l (see F igure 24), and

(b) the distribution of radionuclides in the so il.
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Two lim itin g  c a ses  of detector resp on se w ill be considered: is o ­

trop ic (uniform  resp on se for 0 ^ 0 ^  90° ) and cosin e resp on se (de­

c r e a se s  to zero  a t 0 = 90° ). S im ilarly , two lim itin g  c a se s  of source  

distribution in the ground w ill be considered: im ifo rm  (isotopes are  

u n ifo rm ly  distributed, both h orizontally  and v er tica lly ) and planar 

(isotopes are uniform ly distributed on the surface of the ground).

Four conversion  factors are calcu lated  with th ese  assum ptions, which 

can be combined to y ie ld  an approxim ate exposure rate conversion  

factor.

The counting effic ien cy  of the airborne sodium  iodide cry sta l 

detector package was determ ined by m easu rin g  the sign a l m inus back­

ground count ra tes  while fly ing over calibration  so u rces  of known 

strength. The photopeak window count rate, N c, when flying d irectly  

over a calibration source, can be w ritten  as

= i f ? -  <5-3)

where

d = distance betw een the point source and the detector  
(cm),

s = calibration  source strength (p h oton s/sec),

Xa = photon m ean free  path in a ir  (cm ),

A = effective detector area (cm^ ). This term  includes  
an effic ien cy  factor .

Case I. If we now assum e a flux tJs (photons /sec -cm ^  ) at the 

ground surface le v e l from  an infinite planar rad ioactive source  

uniform ly distributed over a ring of width dr on the ground and we 

assum e an isotrop ic detector resp on se , we can calcu late Ns i (the 

number of photons per second in the photopeak window detected by 

the isotrop ic detector at an a ltitu d e  h o v e r a p la n a r  s u rfa c e  source).
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jh^  + A a
dNsi = ^  -  - s ------ ^ -----   2rrr dr (5-4)

w here

r = radius of the  ring of d ifferentia l area.

Integrating over 0 ^ r ^ oo we obtain:

Nsi = El O n / X ) ,  (5-5)d, a

w h ere  Ei (h/X^) is  an exponential in tegral of the f ir s t  kind. By- 

e lim in a tin g  A between Equations (5-3) and (5-5) we obtain the 

gamma flux rjs at the ground su rface.

Vs =
o «-d/X a  s e

27rd^NcEi (h/Xa)
Ns, (5-6)

The exp ression  in brackets contains known p aram eters, for  the con­

v ersio n  of counts m easured  by the detector to an infin ite planar 

source distribution (photons /  cm^ - s e c ).

Case II. If the detector resp on se is  a function  of the cosin e of the 

angle 0 between the source d irection  from  the detector and the v e r ­

t ic a l, and additional factor of is  included in the e x ­

p ressio n  corresponding to Equation (5-4). For th is second ca se ,  

we w rite the exp ression  for Ns c (the total number of photons per  

second detected in the photopeak window).

„  Ahe"Vh^ + r ^ / X a  
dNss 2 . r d r  (5-7)
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Hence the count rate fo r  a co s in e -resp o n se  detector is

Nsc = ^  Eg(h/Xa)> (5-8)

w here  Eg is  an exponential in tegra l of the second kind.

By elim inating A betw een  Equations (5 -3 ) and (5 -8) we obtain;

-d/Xas e
2ird Eg(h/X a)Nc

Nsc (5-9)

C ase III. Now let us consider a third case  w here the gam ma flux rjy 

is  from  a source uniform ly distributed both on the surface and in 

the v e r t ic a l  z d irection , from  groxmd le v e l to infinite depth. For  

th is third ca se , we assum e that the detector has iso trop ic  resp o n se .

The number of gamma rays detected  in the photopeak window Ny i is

- z \ fh ^  + r^ /X sh
d^Nu,    s  , 3-V------------------   2irrdrdz (5-10)

47T(h + r  )

where

p = so il density (g/cm ^ )

Vv = so u rc e  strength

Xs = mean free  path of the gam ma rays in so il (cm) 

h = height of the detector above the ground (cm)

Xa = mean free  path of the gamma rays in a ir  (cm), 

r = radius of the r in g  of d ifferen tia l volum e.
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Integrating over r and z  we obtain;

Nu , = E3 (h/Xa). (5-11)

w here Eg is  ag a in  an exponential in tegral of the second kind.

We note that X s = l/)Li, where fx is  the lin ear  attenuation coeffic ien t. 

We elim inate the effective  area  A using Equations (5-3) and (5-11) 

to  obtain:

s e - d / X i

P 2 l T ( f  Nc Eg (h/Xa)
NMl (5-12)

C ase IV. F inally , if we assum e that the d etector response is  a 

function of the cosin e of the angle betw een the sou rce and the norm al 

to  the detector surface area, an additional factor  of r  ̂) is

included in the exp ression  corresponding to Equation (5-10):

-(/h^ + /Xa -z\/h® + r^~/Xsh

47T(h® + r^)
3/3 2w rdrdz, (5-13)

whe re again:

rju = gam ma source strength .

By integrating and elim inating A  we obtain:

-d/Xa
Vu =

s e
p 27Td̂ Nc E3 (h/Xa) NMi , (5-14)

where Eg is  an exponential integral of the third kind.
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The exp ression s derived in th ese  sectio n s convert photopeak
(14)

count ra tes  to ground concentrations. The data of B eck, et a l, 

can be used to convert ground concentrations to exposure rate at the 

Im  le v e l. Their com putations included the contributions from  gamma  

rays scattered  in both the s o il  and a ir  and w ere determ ined from  a 

polynom inal solution to the gam ma ray transport equation. The 

com position  by weight of the s o il  used  in the calcu lations is  shown 

in Table 3.

Table 4 l is t s  B eck 's con version  factors (J colum n), gam ma 

ray m ean free  path through a ir  (X„ colum n) and so il m a ss  attenuation
a.

coeffic ien ts (/i/p  column) for the source geom etries  of in terest and 

the two radionuclides p rev iou sly  d iscu ssed . These va lu es can be 

combined with m easurem ents and calcu lations using the p rev iou sly  

derived equations to arrive  at the King Air sy stem  exposure rate  

conversion  factors (CF) at 500 ft altitude (Table 5). An average  

value between an isotrop ic and cosin e resp on se has been  assu m ed , 

introducing erro rs  of ±15 percent. Note that th ese  King A ir sy stem  

conversion  factors are sen sitiv e  to source distribution in the so il,  

making so il sam pling m easurem ents an attractive support function  

w here m an-m ade contaminants e x ist .

Conversion factors for the H -500 sy stem  at the sam e a lt i­

tude should not d iffer from  th ese  by m ore than 20%. C onversion  

factors for low er altitudes, w here the h elicop ter norm ally  f l ie s ,  are  

le s s  sen sitiv e  to source distribution.

The previous d iscu ssio n s are  based  on the two lim itin g  

c a se s  of source distributions. B eck, et al have a lso  calcu lated  e x ­

posure ra tes  due to source d istributions that d ecrease  with se lec ted

exponential relaxation  depths in the s o il .  These data can be combined
(1 6 )with calculations using an HP65 com puter program  to obtain e x ­

posure rate conversion factors for source d istributions betw een the 

two lim iting c a se s .
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Table 3, C om position by W eight of Soil Used  
in Beck, et a l's  C alcu la tio n s

-A Ig O3 13,5%

FCs O3 4.5%

SiOs 67.5%

CO2 4.5%

HsO 10 . 0%

Table 4. Constants Used for Exposure Rate C onversions

^a /i/p  for soil^^^^
Isotope D istribution J (cm ) (cm^ /g )

surface 3 .4 (p R /h )/
(photons/cm^ -s e c )

13,000 -----

volum e 19 .6 (/iR /h )/
(p h oton s/gm -sec)

13,000 0.078

®°Co surface 5 .8(p R /h )/
(photons/ cm^ - s e c )

17,000 -----

volum e 38.4(juR /h)/
(photons / g m -se c )

17,000 0.057"'

*An average m ass attenuation coeffic ien t, / i /p  = 0.057 cm^ /g , w as 
obtained for photons of energy Ey^ = 1.333 MeV and Ey^ = 1.172.
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Table 5. A-lOO C onversion F actors at 152m Altitude and 
and a V elocity  of 7 7 m /se c

CONVERSION SCALE

Distribution 6°C0
cm CF MDA CF MDA

Surface 0.0416 3.2 0.0732 4.6
0.1 0.0374 2.9 0.0665 4.2

1.0 0.0288 2.2 0.0503 3.2

2.0 0.0269 2.1 0.0455 2.9

3.0 0.0260 2.0 0.0443 2.8

10.0 0.0251 2.0 0.0402 2.5

Volume 0.0251 2.0 0.0389 2.5

CF -  Conversion Factor (counts per second per /iR /h)

MDA -  In units of j i R / h  at the 99% confidence le v e l

Surface -  Infinite planar source with no v er tica l distribution

Volume -  Source is  uniform ly distributed from  the surface  
to infinity

Other distributions are ex p ressed  in term s of relaxation  depths 
for an exponentially distributed source
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The M inim um  D etectable A ctivity  (MDA) for a detector s y s ­

tem  depends on its  ab ility  to sen se  subtle changes in the te r r e s tr ia l  

radiation due to m an-m ade isotop es in the p resen ce  of a sp a tia lly -  

varying natural background radiation fie ld . The MDA for the King 

A ir system  w as calculated by m easuring the s ta t is t ic a l variation  of 

the stripped data for Co and Cs while fly ing over a typ ica l area  

of varying concentrations of natural isotop es producing exposure rates  

betw een 4 and 6 /zR/h. The MDA was set at ±3 standard deviations  

(the 99% confidence lev e l) for a p ositive  identification of th ese  i s o ­

top es. L ess than 1% of the data, th erefore , should y ie ld  erroneous  

indications.

The MDA's for the King Air system  (colum ns 3 and 5 in 

Table 5) w ere assum ed to be the product of three standard deviations 

tim es the conversion  factors shown in colum ns 2 and 4 of the sam e  

ta b le . The MDA's w ere calcu lated  using three-secon d  m ultichannel 

data. A weighted, m oving average can be applied to sm ooth the su r ­

vey data, reduce s ta tistica l varia tion s, and thereby reduce the MDA. 

G enerally, a seven  second f ilte r  is  used  for the King A ir data, which 

in tegrates the data over 540 m ete r s , the f ie ld -o f-v iew  of the detector  

sy stem . Longer tim e f ilte r s  can be applied to  elim inate spurious 

le v e l changes due to s ta tis tic s;  how ever, th is procedure can reduce 

spatia l resolution  if carried  too far.

5 .1 .2 .3  Com parison of A eria l and Ground Surveys

C onsiderations for relating  airborne r e su lts  to ground based  

m easurem ents are d iscu ssed  below . At 150 m eters  above terra in , 

the airborne detectors m easu re radiation from  an area  on the ground 

about 300 to 500 m eters in d iam eter. The situation can be illu strated  

by v isu a liz in g  that over 10  ̂ tons of surface s o il  are sam pled in a
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single  on e-secon d  airborne m e a su re m e n t. The airborne survey  r e ­

su lts , then, rep resen t a p seudo-average over a la rg e  area  of in v es­

tigation . To obtain such an average by ground sam pling req u ires a 

m ultitude of individual m ea su rem en ts . In attem pting to com pare  

a er ia l rad iom etric data with ground-based m easu rem en ts, one m ust 

a lso  consider the iso to p e 's  v e r tic a l distribution in the so il, the 

spatial distribution contam ination and terra in  e ffec ts , such as ground 

roughness or ground cover. The airborne detector cannot read ily  

distinguish  between a point source and a source d istributed  over an 

area whose lin ear d im ensions are com parable to the spatia l r e s o ­

lution a s  controlled by the a ircra ft altitude. Lower altitude fligh ts  

and c lo se r  spaced lin es  can provide b etter  reso lu tion  of lo ca lized  

"hot spots."  Previous surveys have shown that a sign ificant im ­

provem ent in revealing detailed  inform ation of an area can be ob - 

tained by fly ing at low er a ltitudes (50 m) and c lo se r  lin e  spacing  

(50m ) with the H -500 h elicop ter .

5.2 AIRBORNE SOURCES

Stripping procedures s im ila r  to those d escrib ed  p rev iou sly  

are used for airborne so u rces . C onversion factors that re la te  the 

stripped photopeak count ra tes  to airborne concentrations are c a l­

culated on the assum ption that the a ircraft is  surrounded by a cloud 

of activ ity  that is  term inated  by the surface of the ground. Thus,

conversion  factors w ill depend on altitude. Point source ca librations  
are made with the source both above and below  the d etecto rs , so  that 

correction s can be made for shield ing by P . M. tubes in the upward 

direction. The proper conversion  factor is  assum ed  to be an a v er ­

age between a cosine and an iso trop ic  resp on se for  so u rces  both above 

and below  the d etectors. U ncertainty due to the u se  of the average  

value d ecrea ses  with altitude and is  about 30% at 500 fee t.
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As w ith te r r e s tr ia l so u rces , MDA's for airborne d istr ib u ­

tions are controlled  by (1) counting s ta t is t ic s  in the windows se lec ted  

for m onitoring contaminants and background, and (2 ) the e ffe c tiv e ­

n ess  of the stripping technique in suppression  of unwanted s ig n a ls .

As an exam ple, the MDA for A t  at 1000 ft altitude is  a few  tens of 

pCi/m® when windows m ust be set to  sup p ress not only natural te r -
6 Or e s tr ia l background changes but a lso  contributions from  Co, which 

has a photopeak near the 1.29 MeV photopeak from  Ar.

5.3 DISCRETE SOURCES

A background com pensation technique is  a lso  advantageous 

when p rocessin g  data taken in sea rch es  for d iscre te  so u r ces . One 

approach is  to  u se  the sam e photopeak window used in the m ea su re ­

ment of te r r e s tr ia l d istributions, although th is technique m ay be 

m ore sp ec ific  than n ecessa ry  and not give m axim um  se n sitiv ity  for  

shielded  so u rces . F igure 25, which show s peak to tota l ra tio s  for 

buried so u r ces , illu stra tes  the fact that a portion of the photopeak 

photons lo st by attenuation due to shield ing can be recovered  by 

sen sin g  the low er energy scattered  photons. H owever, it should be 

borne in mind that wide energy windows a lso  accept m ore background 

photons and in crease  s ta tis t ic a l fluctuations on which the source s ig ­

nal is  superim posed. Optimum windows for d iscre te  source sea rch es  

are s t i l l  being investigated.

The m inim um  - dete ctab le , unshielded point source activ ity  

of Co and Cs was determ ined for  the windows described  in 

Section 5 .1 .2 .2 .1  by com paring source s ig n a ls  with m easured  v a r i­

ations in background signals over "typical" a rea s  flown at 500 ft 

with the King Air sy stem . The detector effic ien tly  in the photopeak

-7 0 -
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window w as determ ined by  fly ing  d irectly  over calibrated so u rces. 

Peak counting ra tes for la tera l d isp lacem en ts w ere calculated  on

the b a sis  of a resp on se proportional to  ^1 + a
r=

where r = d istance of c lo se s t  approach, d = la tera l d isp lacem ent,

A = gamma ray m ean free  path through a ir , and a  = ratio  of the side  

area to bottom area  of the cry sta l a rra y s. U se of th is exp ression  

assu m es that the peak signal is  proportional to  the cosin e of the 

angle of incidence on the cry sta l fa c e s . The side area  of the d e­

tec to rs  is  estim ated  to be 50% of the bottom  area  from  the geom et­

r ica l arrangem ent of the cry sta ls  in the detector packages. The 

source activ ity  giving a peak sign a l equal to  three t im e s  the stand­

ard deviation of the stripped "typical” background sign al w as 

assum ed to be detectable. R esu lts from  th ese  m easu rem en ts and 

calculations are shown in Figure 26.

A ll m easurem ents w ere made with one-second data accu m ­

ulation tim e, which is  not optimum for th ese  v e lo c it ie s  and d istan ces  

of c lo se st  approach. Optimum data accum ulation tim es  are approxi­

m ately  equal to the fu ll width at half m ax im u m  of the sign al p ro file , 

representative ones of which are shown in F igure 27 . These p ro ­

f ile s  w ere calculated for unshielded sou rces  overflow n at typ ica l 

King A ir v e lo c it ie s .

Sources not detectable with the King A ir sy stem  m ay be d e­

tectab le with the H-500 sy stem , s in ce  d istan ces of c lo se s t  approach  

can never be le s s  than the search  altitude, which is  500 ft for the 

King Air and m ay be 100 ft for the h elicop ter . The h elicop ter  a lso  

has the advantage of slow er speed with longer "time over target"  

to accum ulate source data. The p rice  paid for in creased  d etect­

ability  is  a slow er search  rate. T heoretica l m inim um  d etect­

able a ctiv ities  can be calculated for  both sy stem s according to 

procedures outlined in R eference 16.
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6.  S U M M A R Y

An integral part of the ARMS program  is  continuous effort 

to  im prove e lectron ic  design of data acquisition  equipm ent, data 

an alysis  techniques and the navigation instriunents used  for the p re ­

c is io n  fly ing required  during a er ia l su rveys.

The la te st m ic r o -p r o c e sse r s  are being integrated into a 

new REDAR system  to reduce the p h ysica l s iz e ,  weight and power 

required.

The com puter softw are is  updated as b etter m ethods of 

filter in g , sm oothing and stripping the gamma ray sp ectra l data are  

developed. In the near future, the sp ectra l shape of the a ircraft  

background, airborne radon, co sm ic  rays and the individual natural 

iso top es (^°K, and w ill be estab lish ed . The rem oval

of the aforem entioned sp ectra  w ill enhance the detection  of m an- 

made isotopes and provide a quantitative m easurem ent of the 

individual natural iso top es.
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