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INTRODUCTION 

As a result of the development of nuclear fission devices with their 

potential for hazard to the population, however remote; it is now necessary 

to provide protection against radiation, blast, and the other effects of 

nuclear devices. To meet these additional requirements the United States 

Office of Civil Defense has designated areas in buildings throughout the 

nation as shelter areas. 

One basis for the selection of a shelter is the protection the shelter 

provides against fallout radiation. The amount of protection can be de-

termined by methods established by the Office of Civil Defense. 

The purpose of this investigation was to test by experimental analysis 

the validity of one of the analytical methods recommended by the Office of 

Civil Defense. To do this a model of a building was tested for the amount 

of protection provided by the shelter area. 
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LITERATURE REVIEW 

From a civil defense standpoint, buildings are rated on the basis of 

the pro t ec tion provided for the inhabitants from the effec ts of nuclear 

weapons. Since 1945, volumes of literature have been published on civil 

defens e against nuclear weapons. Several of these publications discuss 

both nuclear weapons and civil defense procedures and recommendations. 

Examples of these are Glasstone (2), Prentiss (3), Suggs (6), and Severud 

and Merrill (4). 

The Office of Civil De fense has many pub lications , tncluding manuals, 

pamphlets, and technical reports dealing with all aspects of civil defense. 

One of these is Shelter Desig~ and Analysis (7) . In this manual a method 

of ana lysis is presented for determining the protection factor of any 

structure. The effectiveness of a s tructure agains t fallou t radiation 

is given by the value of the protec t ion factor. This factor is a ratio 

of the radiation dosage received in the shelter to that received by a 

detector located three feet above an infinite plane of radiation on which 

there are no s tructures . 

Gamma r ays incident upon a barrier may interact in several ways, 

photoe lectric effect, Compton effect, pair produc tion, and others . Of 

these only photoelectric effect and Compton effect are considered to be 

important in the analysis because of the energy range and the materials 

consider ed . If the photon interacts with the barrier by the photoelectric 

effect or the Compton effect, it is termed absorbed or sca ttered radiation 

respectively . A pho t on which is scatter ed by the air i s termed skyshine 

radiation If the photon passes directly through the barrier, it is 
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t ermed direct radiation. 

The geometrical nature of a structure is expressed in terms of solid 

angl e fractions. These solid angle f ractions are the solid angles sub -

t ended at the detector by se l ected segments of the structure, expressed as 

a percenta ge of the solid angle of a s pher ical shell at the same dis tance 

f r om the detec tor. The dosage received by the detector integr ated over 

the volume of the so l id angle f r ac tion is t e rmed the direc tional response 

or geometry fac tor . Values of the geometry factor can be f ound as a 

function of the sol i d angl e f rac tion and the height of the detector above 

the ground from graphs in Shelter Design and Analysis (7). 

Bar rie r factor is the ratio of the emergent radiation from a barrier 

to the i ncident rad iation upon the barrier . It can be calculated for the 

appropr i ate material by 

Barrier factor e -AU: (1) 

where M.. i s the linc~ar attenuation coefficient of the barrier and t is the 

thickness of the bar rier . Values of the barrier fac tor as a functio n of 

mass thickness (weight per unit area) of t he barr ier can be fo und in graphs 

in She lte r Design ~'i Ana~ysis (7). 

The product of the geome try fac tor and the barrier fac tor is the 

r eduction factor . The rec.iprocal of the sum of the reduction factors for 

the entire structure is termed the protection factor . 

I n Shelter Des ~.s!! an( Analys is (7) various cases of structures are 

discus sed with the appropriate means for the calcula tion of the protection 

factor . The use of graphs and charts greatly simpli f i es the calculations . 
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Since the energy and the intensity of the fallout radiation possible 

is dependent upon the time, location, and the nature of the weapon, an 

assumed spectrum for 1 . 12 hours after detonation was used in the calcula-

tion of the correction factors. 

Several studies have been conducted on the effectiveness of structures 

in shielding against gamma radiation. Eisenhauer (1) cites two of these 

studies and compares their results to those by analytical methods. These 

studies involve tests on full-size structures as well as models. 

An experiment on a square concrete block house was conducted a t the 

Army Chemical Center in Edgewood, Maryland. The results of these experi-

ments were compared with the calculated values with agreement of about 

20 percent for cobalt- 60 radiation and 40 percent for cesium-137 radiation. 

In these experiments the geometry factors for the block house were close 

to unity and provided a test for barrier factors only . 

Another experimental check on the calculation of protection factors 

was conducted by Technical Operation, Inc. In this study a 6-story build-

ing was modeled in steel. This model was used to test calculations on 

geometry relationships between the source field and a structure. A 

comparison of some of the results is shown in Table 1. 

Another source of information on the calculation of protection factors 

and the validity of the civil defense methods is found in Spencer (S) . 

This publication gives the basic formulas and methods used to obtain the 

graphs for the manual on protection factors. 

The investigation discu.ssed in this thesis was based on a model study 

of a structure in which geometry and barrier effects are interrelated. The 

structure selected for the analysis is a modified section of a one-story 
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Table 1. Reduction factors in multistory steel model 

Detector 
height 
above H 3 ft. H = 6 ft . H 9 ft. 
floor 

Story Exp . Cale. Exp. . Cale . Exp. Cale. 

1 0 . 36 0.38 0 . 36 0.38 0 . 35 0 . 35 
2 0.19 0.26 0.24 0.28 0 . 27 0.28 
3 0.12 0.194 0.19 0.22 0.22 0.22 
4 0.096 0.154 0.15 0.176 0.18 0.179 
5 0.068 0.124 0 . 12 0.146 0.16 0.145 
6 0.054 0.102 0.11 0 . 119 0 . 14 0 . 117 

school building which is used as an example in Shelter Design in~ 

Buildings (7). 

The school is arranged with classrooms on the exterior walls and a 

shelter in the central hall area. The materials of construction were 

assumed to be those commonly used in this type of struc ture, with no pro -

vision made for fallout protection. The structure which was investiga t ed 

is shown in Figure 1 . 
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MODEL ANALYSIS 

A basic structure, as shown in Figure 1, was assumed as the prototype 

shelter to be analyzed. The basic parameters were determined and are 

shown in Figure 2 . 

t 

VA. 

£:?. N ~ I 
I 

1 

Figure 2. Parameters of prototype structure for model analysis 

These parameters are defined as follows: 

N0 = Counts emitted by gamma source (unitless) 

N = Counts received by detector (unitless) 

t = Thickness of wall (cm) 

1 = Length of structure (cm) 

" = Linear attenuation coefficient of the wall material (cm- 1) 

;. = Distance from the source to the detector (ca,) 

The counts received by the detector can be expressed as a function of the 

other variables . 

N= f(N0 , 1, t,>\,A>) (2) 
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The number of variables can be reduced by using a set of dimensionless 

variables. According to the Buckingham Pi Theorem, the number of dimension-

less ._. terms necessary is the number of variables less the number of 

dimensions, which in this case is five . If N, N0 , ~t, t/l, ~ /l are the 

5 7r terms, then 

If 

then 

and 

Ap/lp, M.ptp, tp/lp) 

~m/lm, .4{mtm• tm/lm) 

Norn = Nop 

~ /1 = rn m r1p/lp 

tm/lm tp/lp 

~m~ = gptp 

Nm = Np 

Nm/Norn = Np/N0 p 

(3) 

( 4) 

( 5) 

(6) 

( 7) 

(8) 

(9) 

(10) 

The relationship between the model and the prototype can be determined 

if we let 

(11) 

(12) 

where n is the length scale between model and prototype. For equation 8 to 

be satisfied 

K m= n 
.-'{ p 

(13) 

(14) 
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Figure 3 . Spectrum of fallout radiation at 1.12 hours 

In order to select the materials for the model, it was necessary to 

have the attenuation coefficients of the model and prototype materials be 

in a ratio of n . An average attenuation coefficient was calculated for 

various thicknesses of building materials using the assumed spectrum of 

fallout radiation at 1 . 12 hours shown in Figure 3. The results for 5 inches 

of concrete are shown in Table 2. 

Possible model materials and gamma radiation sources were determined 

from preliminary calculations, and the best selection was lead modeling 

for concrete and copper modeling for glass with a 0.66 mev cesium-137 

source. The attenuation coefficie nt for lead at 0.66 mev is 1 . 17 cm- 1, 

and thus n for the lead and concre t e was 
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Table 2 . Attenuation coe f ficient for concrete, t = 5 inches 

Energy 
mev 

3.40 
2.55 
2 .10 
1. 70 
f . 27 
1.02 
0 .85 
0.64 
0 . 50 
0.42 
0.32 
0.26 
0.22 

% 
of each 
energy 

0.2 
16.8 

5 . 8 
26 . 4 
10 . 8 
10 . 8 
10 . 0 
10 . 8 

0 . 3 
4.4 
3 . 4 
0 . 2 
0 . 2 

e -At = 0 . 194 
~ = 1.64 

.M. = 0 . 130 

n=Lll.=9 0 . 13 

JJ\.. 

cm- 1 """t e -~ 

0.0795 1.01 0 . 365 
0.0958 1.22 0.296 
0 . 1045 1.33 0 . 266 
0 . 1113 1.41 0 . 244 
0 . 1330 1.69 0 . 184 
0 . 149 1.89 0.150 
0 . 162 2 . 06 0.127 
0.184 2.34 0.096 
0 . 204 2.59 0.075 
0.220 2. 79 0 . 061 
0.247 3 .12 0 . 044 
0 . 270 3 . 43 0 . 032 
0.283 3 . 59 0 . 028 

= tl 
Io 

cm-1 for 5 inches of concrete 

I x 100 
Io 

0.073 
4 . 973 
1.543 
6 . 442 
1.987 
1.620 
1.270 
1 . 037 
0 . 023 
0 . 268 
0.150 
0.006 
0.006 

Since the facilities for conducting this experiment were limited in 

size, the length scflle neE!ded to be greater than 9 to model the prototype . 

To increase the magnitude of the length scale the source spectrum was 

degraded by placing mater j als o f various thicknesses around the source . 

The spectrum with 1 i nch of lead, shown in Figure 4, resulted in a value 

of 1 . 75 cm- 1 for the· a ttenuation coefficient (see Table 3) , which gives 

n equal to 13 . 6 . A length scale of 13 . 5 is also obtained when 0 . 375 inches 

of lead models for 5 inches of concrete . 

n = 1. 75 = 13 5 0.13 . 

ll = 5 ·0 13 5 0 . 375 = . 
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Figure 4. Assumed gHmma ray energy spectrum of model source 

Table 3 . Attenuation coefficient for lead, t = 0 . 375 inches 

% 1-\. Energy of each 
cm-l - At mev ener gy .u..t e 

0 . 66 63 . 0 1.17 l. ll 0.0330 
0. 55 11.6 1.47 1.40 0 . 247 
0 . 45 9.5 2 . 00 1.90 0 .150 
0.35 7 . 5 3 . 21 3 . 06 0.047 
0 . 35 5 . 3 7 . 10 6. 78 0 . 001 
0 .1 5 3 .2 20 . 87 19.89 0 . 000 

e-~t = 0 . 1889 = £ L 
~t = 1 . 665 I o 

>t = 1. 750 for 0 . 3 7 5 inches of lead 

0.9 1.0 

I x 1(10 
Io 

llf . 238 
2 . 865 
i.433 
() . 350 
0.006 
0.000 
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The glass windows in the prototype were modeled in the same manner . 

Using the degraded spectrum, copper was the most sui table materia l from 

the standpoint of cost and availability to replace the glass . The length 

scale between 0 .0432 inchPs of copper and 0. 5 inches of glass was 11.6. 
- 1 

The linear attenuation coefficients fo r copper and glass were 0.735 cm 

and 0 . 063 cm- 1 r espective l y . 

n = 0 . 735 
0 . 630 -· 11 . 6 

a.so 11 s 
n = ~ . 0432 = • 

A length scale c loser to 13 .S was impossible to obtain with available 

materials. To correct for the differences in length sca les, the length 

scale for the two sets o f materials were weighed by the area fraction 

of each wi th the resulting value of n equal to 13 . 4 . On this basis the 

model as shown in Figure 5 was constructed . 

Eisenhauer (1) reconuoends that in model studies of t h is kind, the 

room dimension of the modi 1 be at leat 10 times the wall thickness . Also 

the barrier factor for equal weights per unit area of the mater i als be the 

same. Since in thi3 model analysis the model room dimension to wall thick-

ness are 

room leng ~.!!__ = 
wall thickr,ess 

9 . 5 
0.375 

25 . 2 

and the attenuation for t ' e model and prototype materials are the same , 

both of tht'sc criteria ar•.: satisfied . 
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EQUIPMENT AND MATERIALS 

Radiation Source 

A cesium-137 source rated as 84 millicuries on July 7, 1969 was 

utilized in this invE~stigation. The source belongs to the Department of 

Nuclear Engineering at Iowa State University and is numbered Cs - 5315. 

The source is a cylinder, '.l/4 inches in diameter and 3 inches long with the 

activity concentratec in the unnumbered end. 

To degrade the energy spectrum of the 0 . 66 mev gannna emitted, the 

cylindrical source was placed in a lead capsule shown in Figure 6 . The 

capsule measuring 6 inches in length and 3 inches in diameter was con-

structed of lead sheet . The capsule provided approximately 1 inch of lead 

around the source . 

Model Materials 

The model was constructed of 1/8 and 3/16 inch lead sheet to form 3/8 

i nch p ieces, 0.0216 i nch copper sheet doubled to obtain 0.0432 inches, and 

1/ 2 inch angle iron which served as a frameWi>l'k to support the roof . The 

lead and copper pieces wer(' soldered together and attached to the frame -

work as shown in Figure 7 . The model was built on a base cf concrete block 

and plywood . 

The copper, lead, ang:te iron, and plywood were purchased at the Iowa 

s tate University Central Stores , and the concrete block was available in 

the laboratory . 
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Apparatus 

The apparatus f or po sition~ng the source around the model was con-

structed of 1/2 inch stee l pipe, available in the laboratory. The central 

rod rotated to allow the angular placement of the source. The horizontal 

arm from which the s ource wa s suspended was 5 feet long and provided for 

the radial positioni ng of the source . The angular position was measured 

by a needle on a dial marked with 5° divisions, the needle rotating with 

the central rod. The rad i al position was measured by marked intervals 

of 1 inch on the horizonta l arm. The apparatus is shown in Figure 8. 

Detector and Equipment 

The detector used for this study was a Harshaw Integra l Line Scintilla-

tion Detec tor, type 12SS12/E, No . DU 209 . The crystal was NaI(Tl), 3 inches 

by 3 inches. It was opera ted at 806 volts for the spectra analysis and 

850 volts for the counting data. 

The equipment used for the spectra measurement was a Victoreen 

Instrument Co. Multi-Channel Analyzer , model PIP 400; a Fluke High Voltage 

Power Supply, model 412B; and a Victoreen Instrument Co. Pre-amplifier, 

model DS-J. For the coun t ing data a Nuclear Chicago Ultrascaler and High 

Voltage Power Supply , model 192A and Nuclear Chi cago Pre-amplifi.er, model 

DS-5 we re used. 
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Figure 6. Lead capsule 
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Figure 7 . Model without roof 
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Figure 8. Positioning apparatus and model 
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PROCEDURE 

The procedure consisted of two parts. The first part included a 

spectrum analysis of the ganuna ray energy from the cesium- 137 source in the 

lead capsule, and analysis of the spectra due to the capsuled source 

through various walls of the model . The second part was the experimentation 

to determine the protection factor of the model shelter area . 

Spectra Analysis 

Tl1e spect r a from the capsule were measured by placing the cesium- 137 

source in the lead c apsule• 2 feet f rom the detector . The detector and 

capsule were on columns o f concrete block in the center of t he room to 

eliminate scattering from adjacent objects . This was repeated fo r a cesium-

137 source without the lend capsule . 

The detector was placed in the central room of the model in a horizon-

tal position to measure the spectra through the various wall combinations . 

The detector was aligned with the source and located 2 feet from the lead 

capsule containing the so11rce . 

Protection Factor 

For the protection fnctor data the source was placed at various 

positio ns around the mode ~ , and the detector placed vertically i n the center 

of the model . The he i ght from the base to the center of the crys tal was 

2.5 inches. This height corresponded to a de tector height of 3 feet above 

the floor in the prototype . Readings were taken at each horizontal posi -

tion on the supporting arm and at a ngular positions of 10 degree intervals . 
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At each horizontal and angular position three one-minute readings were taken 

and recorded. After completion of one rotation, the source was moved to a 

new horizontal position and the procedure repeated. Intervals of 6 inches 

were used horizontally. 

To stimulate the fallout on the roof, the roof was divided into 

squares and the source placed in each square. At each position three sets 

of one-minute readings were taken. 

After two complete sets of readings were taken with the model, the 

model was removed and the procedure repeated to obtain two sets of data 

without the model. Background readings were taken frequently. 

It was necessary to correct for the dead time effect in the equipment. 

A set of readings was taken with the source suspended from the ceiling and 

the source placed directly below. The counts versus distance for 10 inches 

to 8 feet were plotted as shown in Figure 9. A theoretical Qurve of counts 

versus distance was also plotted. The ratio of the theoretical counts to 

the observed counts versus the observed counts was plotted as shown in 

Figure 10 . The counts observed from the model experiment were corrected 

by the factors given in the graph . 



Figure 9. Experimental and theoretical counting rate versus distance between source 
and detector 
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ERROR ANALYSIS 

The readings taken with the model study were corrected for background, 

dead time and area to obtain the necessary information for the protection 

factor. There were two cases dependent upon the size of the count readings, 

less than 800,000 counts per minute or more than 800,000 counts per minute. 

Ca = Average of three counts 

B Background 

Fa Area correction factor 

Fa = Dead time correction factor 

C(BD) = Counts corrected for background and dead time 

C(BDA) = Counts corrected for background, dead time and area 

Sa Standard deviation of area correction factor 

Sb = Standard deviation of background count 

Sc Standard devia t ion of count received by detector 

Sf Standard deviation of dead time correction factor 

The formulas for the corrected counts are as follows: 

Case 1. C 800,000 counts per minute 

C(BDA) = (Ca-B) x Fa 

C(BD) = Ca·B 

Case 2. C 800,000 counts per minute 

C(BDA) = (Ca-B) 

C(BD) = (Ca-B) 

( 15) 

( 16) 

( 17) 

( 18) 

The standard deviations for the two cases can be calculated from the 

contributions to the total variance by each contributing random error 

factor. (Strictly speaking only estimates of the standard deviations are 
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available . To simplify terminology these estimates will be called standard 

deviations . ) The formulas for the variances are: 

s 2 - s 2 C(BDA)l - a 

S 2 = s 2 C(BD)l b 

(Ca - B) 2 + Sb 2 (Fa) 2 + Sc 2 (Fa) 2 

< -1) 2 + s/ < 1) 2 

(19) 

(20) 

SC(BDA)/ = Sa2 (Fd (Ca-B) ) 2 + sb2 (FaFd) 2 + Sc2 (FaFd) 2 

+ S f2 ( Fa ( Ca - B) f ( 21) 

2 - 2 2 2 2 2 2 SC ( BD) 2' - Sb ( F d ) + Sc ( F d ) + S f ( Ca·· It) ( 2 2) 

A sample calculation for readings taken at the radial position of 31 

inches and 5° in sample 1 is shown as follows: 

F = 1\"( (R + 3) 2 + (R - 3 ) 2> 
a 30 x 22.5 (23) 

where R is the radial position and 22.5 square inches is the smallest area 

division of the readings. 

Fa= 121'R/81 

= 1.44 

The square of the standard deviation of Fa is 

s / = s/ (1211'/81 )2 (24) 

where Sr is the standard deviati.on of R. Since the measurement of R was 

accurate to 1/8 inch, 

Sa 0.0582 

The standard deviation of the counts was assumed to be the square root of 

the counting rate. 

(25) 

= 91 
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If Scl = Sc2 = Sc3 approximately and 

scl =~ (27) 

= ~2,231,000 

= 1,460 

sc2 = 3/9 (1,460) 2 

Sc 842 

The standard deviation of the correction factor for dead time is a 

assumed to be the accuracy with which the graph could be read. 

For this example Fd = 1 . 64. 

The standard deviation for C(BD) and C(BDA) is calculated below. 

2 - 2 2 SC(BD) - (0.01) (2,232,000 - 8,000) 

+ (842) 2 ( 1.64) 2 

SG(BD) = 22,300 

Sc(BDA) 2 = (0.0582) 2 (1 .64)(2,232,000 - t',OOO) 2 

+ (91) 2 (1 .44)(1.64) 2 + (842)a (1.44)(1.64) 2 

+ (O.a°l)2 (1.44)(2,232,000 - l-;000) 2 

Sc(!!DA) = 37,000 
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ANALYTICAL CALCUI.ATIONS 

The protection factor for the prototype structure can be determined 

using the Office of Civil Defense publication Shelter Design~ Analysis 

(7). The ground contribution is obtained by dividing the structure into 

angle segments of similar construction materials and idealizing the re-

sultant sections. The roof is divided into rectangular idealized sections 

to determine the roof contribution to the shelter. 

In the case of the assumed structure shown in Figure 1, there are only 

two types of exterior materials, glass and concrete. The idealized build-

ings are shown in Figure 11. In Figure 12 a quadrant of the structure has 

been divided into azimuths. Due to the different interior partitions, four 

types of wall combina tions need to be analyzed: 

1. Concrete exterior wall with no interior partition 

2. Concrete exterior wall with concrete partition 

3 . Glass exterior wall with concrete partition 

4. Glass exterior wall with glass and concrete partitions 

The ground contribution is calculated for the four cases and each case is 

weighted to determine the total contribution. 

The formulas for the ground contribution are 

Gg = [Gs(""u) + G8 (<•>1)) E(e) Sw(xe) + lcd(H,U>1) 

+ Ga(1o.11)] [ 1 - Sw(xe)J (28) 

(29) 

where 

w = v.> ( e, f ) (30) 

e = W/L (31) 
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f = 2Z/L 

Values of the terms can be found from the graphs and are 

xe(concrete) = 60 psf = xi(concrete) 

Sw(60) = 0 . 64 . 

Sw(7) = 0 . 15 

e = 0. 595 

fu = 0.323 

f1 0.111 

4'u = 0 . 63 

"" 1 = 0.88 

E(0.595) = 1.375 

Gd (H ,"'1) = 0.42 

Gs('"'u) 0.32 

Gs((.)1) = 0.13 

Ga(Wu) 0.078 

Be(3.60) = 0.26 

Be(3 . 7) = 0.84 

Bi(O) = 1.0 

Bi(60) = 0.26 

Bi(67) 0.23 

The ground contribution for each e~terior case is then 

Gg(glass) = [Gs( . 63) +Gs( . 88)) E( .595) Sw(7) 

+ (Gd(3, .88) +Ga( .63)) ll - Sw(7)) 

(32) 

= (.32 + .13)(1 . 375)(.15) + (.42 + .078)(1 - .15) 

= 0.517 
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Concrete Glass 
(63 psf) ( 7 psf) 
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Figure 11. Idealized structures 

Gg(concrete) = [Gs(.63) + Gs( . 88)] E(.595) Sw(60) 

~,- [Gd(3, .88) + Ga(.63) 1 [ 1 - Sw(60)] 

~ 
I -N 

<") 

~ 
I -<") 
~ 

(.32 + .13)(1.375)( . 64) + ( . 42 + . 078)(1 .64) 

= 0 . 576 

The contribution of the different azimuths is shown in Table 4 . 

The roof can be divided into sections and each of these sections is 

corrected by an appropriate factor for the barrier effect of interior 

partitions . The idealized sections are shown in Figure 13 and the calcula-

tions shown in Table 5. 
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Figure 12 . Azimuth d i visions of a quadr ant of t he pro t o type s t r uc ture 
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Table 4 . Azimuth contr ibutions 

Ang l e % 

Al 166 . 4 0 . 461 0 . 517 0 . 84 0 . 26 

A2 23 . 7 0 . 066 0 . 517 0 . 84 0 . 23 

B1 154 . 8 0 . 430 0 . 576 0 . 26 0 . 26 

Bo 19 . 1 0 . 043 0 . 576 0.26 1.00 

The pro tection fac t or for the ground contribu tion i s 

C,,. = 0. 0818 
t > 

1 Pf= - -
Rf 

1. = 12 . 2 
0. 0818 

The pr otection factor for the r oof con tr i bu tion is 

Rf = C0 = 0 . 0458 

l I. 
Pf= Rf= 0 . 0458 = 21. 4 

The t o t a l pro t ection fac t or i s 

0 . 0818 + 0 . 0458 

'= 0 . 1276 

1 ·-
p f = if = 0 . 12 76 = 7 . 77 

c i 

0 . 0520 

0 . 0066 

0.0168 

O. OC64 

----
Cg = 0 . 0818 
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Figure 13. Ideal.ized roof sections of prototype structure 



Table 5 . Results of the roof contribution to the total protection factor 

Roof w L z 
Section ft . ft. ft. e f co Actual 

A 9-. 5 53 .67 10 0.176 0.370 0 . 26 0.027 
9.5 32.33 10 0.288 0.606 0.24 0.026 

Difference = 0.001 0 . 00016 

B 32.3 53 . 67 10 0.593 0.370 0 . 58 0 . 055 
24.67 32 . 3 10 0.780 0.625 0.47 0 . 047 
9.5 24 . 67 10 0.380 0.800 0.23 0.025 
9.5 53.67 10 0.176 0.370 0.26 0 . 027 

Difference = 0.006 0.00096 

c 24 . 3 24.67 10 0.960 0 . 800 0.41 0 . 041 0 . 0410 Vo,) 
VJ 

D 9 . 5 32.67 10 0.288 0 . 606 0.24 0.026 
9 . 5 24.87 10 0.380 0.800 0.23 0.025 

Difference = 0.001 0.0010 

E 14.0 32 . 3 10 0.447 0 .625 0.32 0.033 
14 . 0 24.3 10 0.596 0.834 0.28 0.029 

Difference = 0 . 004 0.00064 

F 24 . 67 32.3 10 0.780 0.625 0.47 0 .047 
24 . 3 24 . 67 10 0.960 0.800 0 . 41 0 . 041 
14 .0 32.3 10 0 . 447 0.625 0 . 32 0 . 033 
14 . 0 24 . 3 10 0 . 596 0 . 834 0 . 28 0 . 029 

Difference = 0 . 002 0.0020 

TOTAL 0.04576 
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RESULTS AND DISCUSSION 

Spectra Analysis 

The results from the spectra analysis with the capsule are shown in 

Figure 14, 15 and 16. To correct for the effect of the scattering in the 

detector crystal, the measured spectrum was corrected by the following 

procedure. The spectrum for the cesium-137 source without the lead capsule, 

shown in Figure 15, was multiplied by the ratio of the peak area of the 

spectrum from the cesium-137 source with the lead capsule to the peak area 

of the cesium-137 source without the lead capsule. In the euargy range 

from 0.6 to 0.7 mev the spectrum was assumed to be the same as the spectrum 

in that range due to the cesium-137 source in the lead capsule. 

The resulting spectrum has an average value of 149,580 counts per 

minute in the energy range of 0.0 to 0.6 mev and 133,380 counts per minute 

between 0.6 and 0.7 mev. This resultant energy intensity spectrum for the 

model source had an agreement of 1% with the one shown in Figure 4 from 

which the model materials were selected. 

Figure 17 shows the positions of the source for the spectra analysis 

through the model. The spectra through the walls of the model are shown 

in Figure 18, 19, 20 and 21. In comparison to the spectrum from the 

capsule at the same distance from the detector, these spectra show addi-

tional degradation of the energy due to the scattering in the model 

materials. The intensity and the energy of the resulting spectra differ 

due to the various combinations of wall types and the location of the walls 

with respect to the source. 
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Figure 17. Positions of detector and cesium source in lead capsule 
for gamma ray energy spectra readings through model 
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Prote c tion Factor 

As noted previously, the source was placed in a pattern of radial 

positions at specified radii. These are indicated in Figure 22, with each 

position of the source designated by an area for which the source is 

simulating fallout. 

The data from the simulated field of fallout are shown in the tables 

in Appendix B. The tables contain the counting data (C), the counting 

data corrected for background and dead time C(BD) , and the counting data 

corrected for background, dead time, and area of fallout C(BDA). 

Results of the experimental data and the analytical calculations are 

shown in Table 6. The total contributions from the radiation on the 

ground and the roof are broken into the sections which formed the basis of 

the analytical calculations . 

Comparison of the experimental and analytical results shows 16.8 per-

cent difference in the protection fac tor for the roof only, 8.2 percent 

difference in the protection factor for the ground contribution only, and 

2.06 percent differe nce in the total protection factor. The division of 

the roof and ground contributions into sections results in agreement between 

the experimental and analytical results of 1.16 to 308 percent in the roof 

contribution by sections and 7.72 to 49.4 percent in the ground contribu-

tion by sections. 

The lack of agreement between the results for the roof sections is 

attributed to the size of the divisions on the roof used in the counting 

procedure. Since the location of the interior partitions affect the 

contributions, the use of smaller area divisions could possibly improve the 
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agreement with the calculated values. 

A graph of the number of counts measured at the detector versus the 

position of the source with respect to the model is shown in Figure 22. 

The effect on radiation measurement due to geometry, barriers, and the 

distance from the detector can be easily seen. In the angle interval f r om 

20 to 30 degrees, it is possible to see the effect of the interior partition 

at the end of the shelter area stopping in order to form a hallway between 

the classrooms and the shelter area . The effect of the interior partitions 

and the increaeed thickness at the corners is seen in the angle interval of 

40 to 60 degrees. The values of the readings due to fallout on the roof 

show the effect of the interior partition between the classroom area and the 

shelter area . 

The accuracy of the experimental results is dependent upon the random 

errors in the counting data and the systematic errors in the model analysis. 

These systematic errors due to t1e spectra analysis assumptions and the 

dead time correction method are difficult to estimate accurately. A small 

change in the assumed spectrum for the model materials has a relatively 

small effect on the value of the linear attenuation coefficient and the 

length scale . The errors in the dead time correction factors also cause a 

relatively small effect in the total protection factor, since the protection 

factor is a ratio of the two sums corrected by the same dead time method. 

The accuracy of the analytical protection factor is discussed by 

Spencer (6). According to Spencer, plots for the barrier factors are 

accurate to 5 percent, the scattering factors are accurate to 10 to 15 per-

cent and the solid angle fractions and mass thicknesses are accurate to 

10 percent . 



Table 6 . Experimental and ana l ytica l r esults 

Counts ger Minute Average Calculated Protection divide by 1000 Con t ri bu ti on Contribution Factors 
Set 1 Set 2 % % Exp. Cale. 

Roof con tr ibu tions 

A 8 , 061 8,015 3.48 3.44 
B 19 ' 479 19,570 S.40 2.06 
c 174 , 743 175,009 75.50 88.00 
D 7, 437 7,255 3.20 2.14 
E 13 , 03 5 13,357 5.6 5 1.37 
F 8 , 650 8,632 3. 77 4.30 
Total 231,405 ±3021 231,838±3040 100.00 100.00 25.0 + 0.11 21.4 +"" a-
Ground Contributions 

Ai 309,905 310,864 58.6 63.5 
A2 26,379 25,337 4.9 8.1 
B1 167,106 163,785 30.9 20.7 
Bo 29,588 28,979 5 . 6 7.8 
Total 52 0' 43 3 ± 3 51 528, 905 ± 358 100.0 100.00 11.2 + 0.004 12 . 2 

Roof and ground contributions 

752 , 104 ± 3021 760,594 ± 3040 7 .62 + 0.001 7 . 77 

Contribution with no n~del 

5,824, 776 ± 9116 5, 789' 260 ± 9075 
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CONCLUSIONS 

The results of this i nvestigation tend to support the method of analysis 

recommended by the Office of Civil Defense. The agreement between the ex-

perimental and analytical results for the total protection factor i s within 

2.06 percent. The differ ences between the experimental and analytical re sults 

for the percentage of cont tibution of small sections is most likely due to 

the number and spacing of the positions at which experimental readings we r e 

taken. If in the model analysis the positions were selected at smaller 

intervals, the assuDlption of an average value of counts for an area would 

have been more valid. 

The agreement be tween the experimental and analytical resu l ts tends to 

verify the spectral analysis method used to determine the model source 

spectrum . 

Since the results confirm the basic method, the possibilit ies for 

further study could include additional model studies to test the validity 

of analytica l methods on structures with unusual material and geometry 

combinations . 
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APPENDIX 

List of Symbols 

Background counts 

Barrier reduction factor for exterior walls 

Barrier reduction factor through interior partitions 

Count measured by detector 

Counts corrected for background and dead time 

Counts corrected for background, dead time and area of fallout 

Total ground contribution to detector 

Individual ground contribution to detector 

Roof contribution to detector 

Eccentricity ratio, ratio of width to length of a structure 

Shape factor applied to scatter geometry 

Normality ratio 

Area correction factor 

Dead time correction factor 

Directional response for skyshine radiation 

Directional response for direct radiation 

Total geometry reduction factor for ground contribution 

Direction response for scatter radiation 

Height of detector above the contaminated plane 

Intensity of radiation incident on a barrier 

Intensity of radiation emergent from a barrier 

Length of a rectangular structure 

Length scale 
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Counts received by detector 

Counts emitted by source 

Protection factor 

Reduction factor 

Standard deviation of area correction factor 

Standard deviation of background counts 

Standard deviation of count received by detector 

Standard deviation of dead time correction factor 

Scatter fraction, fraction of wall emergent radiation that has 
been scattered in the wall 

Thickness of wall 

Width of a rectangular s tructure 

Mass thickness of exterior wall 

Mass thickness of interior wall 

Distance from the detector to an overhead plane of contamination 

A sol id angle fract ion at the apex of a pyramid or cone 

Upper solid angle fraction, defined by a wall segment above the 
plane of the detector 

Lower solid angle fraction defined by a segment of wall in 
elevation below the detector plane 

Linear a ttenuation coefficient 

Distance between source and detector 
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Experimental Data 

The data taken with and without the model is given in the following 

tables. The key to the posit i on notation used in the tables is shown in 

Figure 23. 

The readings taken at each position have been corr~~ted for back-

ground and dead time C(BD) and for background, dead time, and area C(BDA). 

The sum of C(BDA) for all positions is the contribution ~eceived by the 

detector due to that segment of the simulated radiation field. 

Columns 
1 2 3 4 5 

Rows l 

2 

3 

4 
5 

6 
7 
8 

Figure 23. Position notation used in the tables of experimental data 
for roo f 
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COIJ"lTT"ll. '1.\TA (CntJNTS PER MJNUTF / 1000 ) 

~f10~L, FIRST <;A~PLF, RA'HAL POSITION = lq INCHES 

l\NGl.F r: C(RfJ) c; T • C<BOA ) ST . 
OF r. . #1 fP . - #1 DEV . DF V. 

(' 4375 437~ 4372 971') 41 . 7 9715 7 1. 4 
1( 434c; 4 341) 4~43 9596 43.4 9596 7() . 7 
?<· 3 7( 4 3 7 •}J 17 02 7341 37.(\ 7341 56 . 5 
:. ( 2480 ?. 413'2 ~ 48? ? 806 ?4.7 3806 33 . 2 

1 c; ( 3569 3 c; l:i~ 3'l69 6873 35 . 6 6873 53 . f> 
16(: 2455 2 45~ ~454 37·37 2 4. ') 3737 3? . 7 
17r 42 \.'l 4t' Ol 41Q6 9120 41. 0 9120 67 . 6 
lA(' 4142 4 3 4'.2 433 7 q597 43.4 0"587 70 . 7 

lQO 4151 4 l 4Q 4~50 C)Q59 41.A 9059 67 . 3 
2r.r· 1-135 7 2A 59 7q55 4699 28.5 46q9 39 . 5 
?lr 3 r.73 3,, 74 3)71 52813 30.7 5268 43 . 4 
33r 32A l ? ? ~2 3'.283 5048 32. 8 5948 47. 7 

34 0 ?45( ?.44'1 245? 3725 ?4 . 4 3725 32 . 7 
3c::; c 1-.12 2 41 21~ 4121 AA27 41.2 AA27 65 . B 

~Vf:R /l';E R t\ C K r,q OU ND = A.7 
<;lJ"'1 nF C <~l1A) = 97327 2f"8 



54 

COUN TI NG DATA (COUNTS PER MINUTE/1000> 

MOO EL, FIRST SA~PLE , RADI AL POSITION= 25 t~CHES 

ANGLE c C <BD) ST . C (!'.\DA) ST. 
f)E G. #1 #2 #3 DEV. DEV. 

(' 3113 3 1 l'-t 311 4 5409 31.1 6464 48.7 
H 3085 3 0 85 3079 5318 30. 8 6355 48.l 
? t• 2408 ?40 1:> 24CQ 3623 24 . 0 4329 35.6 
3(' lA4 7 l 8 4'i l Fi48 2455 18.4 29"33 26.2 

4 0 1960 l 9 63 1::)64 2689 19 . 6 3214 28.l 
5( 683 6 81 6A O 6 73 0 . 3 804 3.9 
Ac:; 25G4 2 5 0J 1- 50 1 3859 25 . 0 6521 47.8 
95 244q 24 4f, 2450 3723 24 .4 6292 46. 6 

l 3C 687 68Q 68A 680 I) . 3 812 4.0 
l 4ti l(" 42 1c43 10 44 1117 10 .4 1335 14.0 
150 25 1 5 2 5 33 2512 3902 25 .l 4663 37. 7 
16( 184 8 l 84q 184 7 2457 18 .4 2937 26 .2 

1 7 C 300 ? 3 002 ?004 5085 30 . 0 6C77 46.5 
18( 3122 31 l Q 3119 5429 31 .1 6488 48.8 
19( 3 0 52 3 (' 50 3054 5227 30.5 6247 47.4 
? C 0 20 34 20 32 2•)33 2824 20 . 3 33 75 29.3 

2 l (, 20 54 2 053 2)53 2861 20 . 5 3419 2Q.6 
2 2 ( 1332 13 34 1333 1560 13. 3 18 64 18.3 
23 G 751 7 5.) 750 742 D. 3 A86 4.3 
2 65 ?'528 2 c:; 2'> 2 525 3916 25 . ?. 6618 48.~ 

275 2 369 ~ 3 64 2163 3528 23 . 6 5963 44.8 
31 ( 597 5 9 5 596 587 () • 3 707.. 3 .4 
32C 1G20 10 2) 1017 10 85 10 .l 1297 13.6 
3 3 ( z33c; 2 3 36 2 338 3464· 23 . 1 4140 34.4 

34r 1786 l 7 8Z 1780 2333 17.8 2788 25.2 
35 ( 2969 ? q 1 ·1 2Q65 4995 29 . 6 5969 45.8 

AVFRAGE RACKG~OUND = 8 .7 
S lJ~ OF C( BOA) = 1G2505 177 
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C OU~ T I NG f) AT A ( COU~TS PER MINUTE/ l r OO) 

~ (H)Fl , FI RST SAM PL E, RAOlAL POSIT!~~ = 31 I "ICHES 

A'\IGL F c C( BO) ST. C(BOA) ST . 
11EG . #1 II 2 1n DEV . DE V. 

.:; ::'23 ° 2 2 3' 2236 3236 22 . 3 4660 37. 2 
15 2166 ? l 71 2169 1 0 A4 21 . ,, 444 2 35 . q 
? ') 1267 1 267 126 5 144'> 12 . 6 20A l 20 . 0 
3 ') 1641 164'.J 1637 2( 87 16 .3 30 0'5 26.'> 
4 5 7lv 7 0 1 7( 2 692 0 .3 99 7 4 . 1 
55 4 9 7 498 400 489 1 . 1 704 2 . 9 

f-5 l AA6 l A A~ 11386 2 '5 39 lA . 8 3656 30 . 8 
75 179C l 7 ~q 1787 2142 17 . A 3373 29 . 0 
A'1 1976 l 971 19 71 2711 19 . 7 3904 32 .4 
9 ') 1 799 1 8 0) l 8t1 f' 2361 17.9 1400 20 . 2 

lC 5 1785 17 84 1781 233'5 17 . 8 3363 20 . 0 
115 1949 1942 19 4 3 2654 19 . 4 3823 31.9 

1?5 490 4 91) 4A9 41H ~ . 3 691 2 . 8 
135 ') 5 1 5 51 ') 52 543 () • 1 782 1 . 2 
14 ') 1071 1( 74 1J 75 1160 lJ. 7 1671 16.8 
15 5 1416 1415 l 41 ') 1691 14.l 2 4 15 2? . 5 
16 5 l4A 5 14~~ 1486 18( 7 14 . 8 2602 23 . 7 
17 5 2 196 2 1 91 21Q 3 3 117 21.9 4518 16 . 4 

185 22 17 2? 14 22 1 A 3187 22 . 1 4'5 89 36.B 
l 9 ') 2 152 2 l 37 2 13 8 3030 21 . 4 436 3 3'i . 4 
2r s 12.,, 2 12 3J 12 33 1384 17.2 19Q1 19 .4 
2 1 5 1656 l f> ') It 1655 2114 16 . 5 3('45 26.7 
?25 10 34 lC 35 103 5 1106 10 . 3 15Q1 16.l 
?35 488 4 8 7 486 478 0 . 3 689 2. 8 

24 5 lq 65 1 86) 1861 ?486 lA.5 35Al 30 . 4 
255 1655 16 51 1652 2 111 16.5 3040 26 . 7 
265 190<) 1 9 0 '3 t<~ O q 2585 19 . C 3721 11 . 2 
275 l 7(·9 l 7 C9 17CA 221)9 17 . 0 3182 21 . 1 
?85 1773 111? 1776 2118 17 . 7 3338 28 . B 
295 1854 1A51 18~? 2466 iq . 5 3551 30 . 2 

3 C 'i 539 5 41 539 531 ::> . 3 765 3 . l 
315 5() 5 5 0 4 50 5 496 :> • , 715 2 . q 
325 q1a 8 2~ 8 17 815 '3 . 1 1174 12 . 6 
33" 1469 l 4 6'i 1468 1 778 14.6 2'560 23 . 4 
345 14l 0 14 •,)7 1408 1680 14 . 0 2419 22 .4 
355 220 0 22 0J 2 194 3146 21 . 9 4531 16.5 

AVE ~AGE 8ACKGROUND = 8 . 7 
SUM nr C<BDA ) = 98974 153 
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COIJ!\JTJNG DATA <COUNTS PER. MINUTE/H·OO) 

"1llDEL, FIRST S~"1PLE, RADIAL POSITION = 37 INCHES 

1\1\JGL F c Ct BO) ST. C(BOA) ST. 
l)EG . fl 1 #2 "3 Of V. DEV. 

c 1650 l 648 164Q 2103 16.4 3650 31.0 
H 1647 1646 1646 20 99 16. 4 3641 30. 9 
?( ll9R 1196 1199 1329 11. Q 230 7 22.1 
3 ( 912 q l C' 91 0 947 Q. G 1644 16. 6 
4 C R54 8 ')f, A55 866 R.5 150 3 15.5 
5 C 377 3 77 3 76 36A ·1 . 2 639 2.2 

6 C 317 3 1 7 317 308 0 .2 535 1.R 
7 '' I, 125 ') 1249 1248 1414 12. 4 2454 2"'.\. l 
8( l C 82 l C Al 10 82 1172 10 .7 2033 19.8 
9 t 1232 12 3 ) 123? 1384 12.2 2401 22.7 

1( ( 1393 13 89 l :38<1 1651 13.8 2A64 2c;. a 
1 1 (I 11 5'+ 11 5) 1152 1268 11 . 4 22 0 0 21.2 

12 !' 1296 12 94 1295 1497 12. 9 2597 24.0 
1 3f ~69 36".) 168 360 0 .2 625 2.1 
14(' 675 673 673 665 0.3 1154 3 .9 
l 5 ( 12h4 1264 1261 1439 12.6 2498 23.3 
l 6 L 967 967 96'1 10 17 q .1, 1765 17. 7 
1 7 1 l 65 t; 1641:> 1646 2101 16.4 1645 31. 0 

1 Rl ' 165 7 166~ l 66 ') ?128 16.6 3692 31.3 
19(· 16 4 7 164"> 1647 2099 16.4 3642 31.0 
2c ( 1150 1 l 4q 1149 1263 11.4 ?193 21.1 
2 H 1 0 21 l p 21 1Jl 8 10 86 10. 1 1884 18.7 
? ? (' 6 74 6 73 67 5 665 0 . 3 1154 3.9 
2 3 r· 32 7 3?7 1?h "'.\18 0 . 2 552 1. 9 

240 362 361 161 353 0.2 612 2. 1 
? 51". 1248 1249 1249 1414 12. 4 2454 21. 1 
2A (, 11~ 6 11 ~9 1187 1316 11. A 2283 21.9 
27 ( 1148 1146 1146 1261 11. 4 2187 21.1 
2 Fl,(. 134 0 1~41 1345 1575 13.4 2732 24.q 
2qi. l C83 10 84 l)A3 1174 to. e ?038 19.9 

3( ·: 1242 1245 1244 1405 12.4 2438 23.0 
31 (' 332 3 "'.\l 33? ~23 :>. 2 561 1. 9 
3? ( 411 41) 411 402 :).2 698 2.4 
3 ' ( 1145 1146 1146 1259 11.4 7.185 21. l 
34(.' 8 78 6 7"> 877 801 A• r 1393 14.7 
3 5 ( 153q 1 s;44 1538 1903 15.3 3303 28.8 

AVERAGE ~ACKGROUNO = A.7 
SU~ OF C(BDA) = 74175 123 
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C OU "J T I l\J'; D I\ T A (C nU l\JTS PER MINUT~/lCOO) 

Mn'1FL , FIRST SAM PLE, RAn tAL POSITION = 43 INCHES 

l\"JG L f c C ( RD ) <; T • C<BDA) ST . 
DEG . ,, 1 fl 2 " 3 DE V. DE V. 

') 1273 12 73 1?74 1458 12 .7 2925 26 .8 
l 5 1239 l 2 '39 124 3 140 l l?. . 3 2809 26 . 0 
25 681 6 Ai' 6A l 673 '.) . 3 1350 4.0 
35 8 72 A 75 8 7'3 893 A.7 1792 18. 1 
4 5 355 3 55 355 347 0 .2 696 2.1 
5 ') 248 ?49 250 240 0 . 2 483 1. 5 

65 8 71 A 7 ._l 871 890 9 . 6 1784 18.l 
7'5 879 8 ":\ ) 8 2 9 830 q. 2 1664 17.2 
85 10(·0 999 1000 l (' 5q 9 .9 2124 20 . e 
95 92 1 8 21 822 8 18 A.l 1642 17. 0 

1 ( c: AS '5 A '54 853 86'> 8 . c:; 1 7 35 l 7. 7 
11 5 92 4 q21 Q26 964 9 . 2 19'34 io.2 

1 2 5 292 292 292 284 0 . 2 570 1. 7 
13 5 2Aq 2 9; 289 282 :) • 2 565 1. 7 
14 5 60 1 599 600 592 0 . 3 1187 3 .5 
155 Al. 4 A04 9C3 795 o .~ 1595 4.7 
l 6 'l A6 0 8 '>9 '360 A73 8 . 5 1752 17.8 
175 1 268 1 ?fd 1 268 1449 l?.6 2 9 06 ?h . 7 

1 8 c:; 1 3(? l ~ ('\ '3 l 3( 2 1511 13. (l 3031 27.4 
195 1297 12 95 1294 149A 12.9 3004 27 . 3 
2( 5 854 A 53 353 864 8 . 5 1713 17. 7 
2 1 5 All A l ..J 810 A03 A. O 1611 16.B 
225 ')0 7 5u8 50 A 49Q o . ~ 1002 3 . 0 
235 ?69 269 26R 260 0 . 2 522 1. 6 

?L.. 5 88 7 88 7 AAA 914 8 . 8 1833 18. 4 
255 Al9 819 810 815 8 .1 1635 17.0 
265 lOl G l 0u9 100 8 10 71 10 . 0 2 148 21 . 0 
27 ') 866 864 966 882 A. 6 1769 18.0 
285 R55 8 57 856 86A 8 . 5 1741 17 . 8 
29 '5 9 10 9 0 9 q(\A 946 9 . 0 1897 lA. 9 

305 315 313 313 306 0 . 2 6 13 1. 8 
315 286 2 P.1 286 278 0 . 2 558 1. 7 
325 483 4Al 482 474 ) . 2 qr;1 2 .8 
33 5 7 85 7 84 784 776 '.) • 3 1556 4.6 
34'i ~2 1 8?7 R2q 828 8 . 2 1660 1 7 . l 
1')5 1 269 12 69 l26Q 1451 12 . 6 ?909 26 .7 

AVERAGE RACKGROUND = 8 .2 
SU~ OF C(A OA) = 59 703 100 
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(()U/\IT TN~ DAT A ( COU/\ITS PER Mil\IUTE /1 C00) 

Mf!l1i:L , FIRST SAMPLE , RAOIAL POSIT I ON = 4q I NCHES 

f\ •\JGL E c C (BO> ST . C(BOA ) ST . 
DE<; . #1 #2 If 3 DE V. nE v. 

( 995 9q3 998 10 54 9.9 2 403 23 . 4 
1; 1 c (_ 9 l 11 \..•8 l ') l.J 8 1070 1 J . ( 2 4 41 23 .7 
2 1~ 761 1f>·J 761 752 0 . 3 1716 4 .4 
::H 561 ">62 562 554 :) • 3 1265 3 . 1 
4 ( 497 4 96 496 488 J . 1 1114 2 . 9 
') (. 2l q 211 21 0 202 0 . 2 461 l . ? 

f, ( 195 195 1°5 187 0 . 2 4 27 1 . 2 
7 ,·. 66 8 6 613 670 660 0 . 1 1506 ~ . 9 

P ( 599 59~ 597 589 :) • 1 1343 3 . 5 
or 763 762 76 3 7 54 (' . , 1720 4 .4 

1 L i"' 769 7 7.., 7 6Q 761 1 .3 1736 4 . 5 
l H 6( 3 6 d2 6 (. 2 594 ') . ~ 1355 3 . 5 

1?0 686 6 86 684 677 0 . 1 15 4 5 4. 0 
l 3 (. ?21 2 ?.1 226 218 ) . 2 498 1 . 3 
14 ( 296 2 97 296 288 0.2 65~ 1 . 7 
1 5L 726 7 25 7. 24 717 0 . 3 1636 4. 2 
1 f ~ 554 5 55 553 546 :i • 3 1245 3 . 2 
1 7 t 9 74 973 ~73 1026 9.7 2340 22 . 8 

l 8·~ 1 u 10 l v lt 1!13 10 74 l J . C 2450 23 .7 
19,. l CC 7 l C GA l ) 0 6 1069 10 . 0 2437 23 . 6 
2( ( 681 6Rt 681 672 ::> . 3 1533 4. 0 
2 1!' 6 213 621 627 617 ,'.) . 3 1 408 3 . 7 
22 C 377 ..,, 7 7 377 369 0.2 842 2 . 2 
23t 212 2n ~13 205 :l . 2 467 I . 3 

21.r 238 ? 37 237 229 0 . 2 523 1 .4 
? 5 < 669 A 70 671 662 ).3 1509 3 . 9 
26 \ 659 fi 59 659 651 0 .3 1485 3 . A 
?7 ( 6(·9 6 l ) 6C9 601 '). 3 1371 3 . 6 
28( 769 761 769 761 0.3 1736 4 . 5 
29 ( 6(. 2 60 1 6(. 2 594 n.3 1354 3. 5 

1C r 6 74 6 75 676 667 0.1 1521 3 . 9 
1 I c; 21 () 2 l ,J ~1 0 202 0 . 2 461 1 . 2 
32( 26 4 2 1 ·-} 2 79 266 :J • 2 607 1 . 6 
3 3<' 6t.9 6 71 6 72 663 ) .3 1512 3 . 9 
34l 529 529 5 ;~ 9 521 0.3 118 8 -,, . 1 
3 c; I . \,. 044 94~ <ht A 992 9 . 4 2262 22 . 2 

: 

AVERAGE RACKGRfJUNO = 8 . :> 
<\UM OF C (BOA) = 5;)093 59 
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COUNTING DATA (C OUNTS PER Ml~UTE/ 1 0 00 ) 

Mf'JnEL, FI RS T SAMPLF.: , RADIAL PnSITION = 55 INCHES 

ANGLE c Cl AD) ST. C ( FH1A) ST . 
r)E G • Ill ti 2 lf3 f>E V. OEV . 

') 82 4 A2S ~23 8 22 8.2 21 0 6 21.4 
1 c; Al' q R 11 qo 1 ROl ~ . o 2050 21 . 0 
25 44 7 41+6 446 4 38 D. 2 112 2 2 . 6 
35 555 5 5S 554 546 (j • '3 1399 3 . 3 
45 266 266 266 25 7 0 .2 659 l . 6 
c:; ') 181 l Al 182 173 J . 2 443 1. 1 

6') 526 5 ?'1 526 517 0 .3 1325 3 . l 
7 ') 517 c:; 15 ') l 4 5( 7 0 . 3 129 8 ~ . o 

85 6 2 '> 6 ?'> 626 617 0 .3 1580 3 . 7 
95 5C 7 5 0~ 5C7 49A 0 .3 1276 3 . 0 

H. 5 519 5 19 518 510 0 . 3 130 7 3 . 0 
11 5 564 566 566 557 0.3 1427 3. 3 

125 220 2 ?1) ~21 212 '.) . 2 542 1 . 3 
1 3 '3 197 1 98 198 189 :J • 2 486 1 . 2 
145 370 3 69 ~70 361 0 .2 925 2 . 2 
1 55 52 1 52} 522 512 c .~ 131 2 3 . 1 
165 549 ') r::., .J 55 0 541 0 . 3 1386 3 . 2 
17 5 All A 13 ~13 805 8.0 2062 21 . l 

l R5 869 864 865 882 8.6 22 59 22 . 6 
1 95 822 A 2·) AlQ 817 8 . 1 2092 21.3 
2<. ') 4 6 1 4 6 1 46 0 452 0 .2 1159 ? . 1 
2 1 5 582 5 9? 5AO 573 :> • 3 1467 3 . 4 
2 2 ') ?56 2 56 Z56 248 U.2 635 1 . 5 
235 189 l 89 1 89 180 0 .2 462 1 . 1 

?. 4 5 549 549 548 540 D. 3 1382 3 . 2 
255 5 1 5 514 5 1 2 505 0 .3 1294 3 . 0 
?65 635 6 37 637 62A 0 . 3 1608 3 . 7 
2 1r::.. 523 5 22 ') 2 2 513 0 .3 1315 3 . 1 
285 563 564 562 554 0 . 3 1420 3 . 3 
2<; 5 563 564 562 554 0 . 3 1419 3.1 

3C 5 33 1 3 30 ':\3 0 322 o. ? 825 2. 0 
31 '5 198 199 19 8 189 '.) . 2 486 1. 2 
32 5 33 1 3 31 332 323 ') • 2 827 2 . 0 
335 516 515 514 50 6 0 .3 1297 3 . 0 
3 4 5 540 5 39 539 531 0 .3 1360 3 . 2 
355 f3 2 3 823 f32 3 820 8 . 2 21 0 1 21 . 4 

A VF RAGE BAC KGROUND = 8 . 6 
SU'-1 nF C(R!1A) = 46128 54 
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COUl\.JTING OATA (COUNTS PER MINUTE/lOOOt 

MnDEL, i:: IR ST SAMPLE , ROOF POSIT TONS 

GR TD c C<BD> ST. C<BOA) ST. 
oos . #l #2 #3 DEV. DEV. 

1 1 32 3 322 322 314 0 . 2 483 27.5 
12 341 340 ?42 332 0 . 2 512 2°.1 
1 3 266 265 265 256 :> . 2 395 22. 5 
14 34 8 349 350 340 0 . 2 524 29.8 

1 5 324 323 323 314 0 .2 484 27.6 
21 531 5 31 530 522 0 .3 804 45. 7 
22 8C 3 804 804 7 95 0 . 3 1224 69.6 
23 2l" 0 9 2008 2000 2774 20.0 4273 244. 8 

2'+ 8( 9 8 09 808 800 A.O 1232 71. l 
25 533 5 33 532 '524 0 . 3 807 45.9 
31 2222 2 2 23 2220 3199 22 . 1 4926 2 82. 0 
32 30 94 3096 ? :.) 95 5355 30 . 9 82 46 4 71. 0 

33 3 447 3 442 3441 6481 34 .4 9981 569. 6 
34 '3?77 .,, 2 76 3275 5926 32 . 7 9127 521 . 0 
35 2216 2 216 2215 3184 22. 1 4904 280 . 7 
41 2 612 2611 2 6 C7 4L12 26. 0 6333 362 . l 

4? 440 l 4401 4411 9840 44. 0 15153 863.7 
4 3 51 0 2 5[1 qq 5100 13059 51.0 2011111 45.4 
44 4344 4347 434 7 9609 43 . 4 14798 843.5 
45 ?.576 2 5 7R 2579 4035 25 .7 6215 355.4 

51 292{1 29 1 ~ 29 16 4867 29 . l 7496 428.3 
52 4350 43 7l 4382 9694 4 3 .6 14929 850 . 9 
53 5498 5498 54<H 15506 54. q 238791359 .4 
54 4677 468A 4682 10920 46. A 16817 9 5 8.2 

c:;5 2727 2 726 2688 4332 21 . 1 66 72 381 .4 
61 ?. 31 7 2317 231 7 3422 23 . 1 52 71 301 .6 
62 3?.14 3212 3216 5714 32. l A801 502.5 
63 3 708 11oq 3704 7358 37 . 0 11332 646 .4 

64 33( 7 1308 3 '3 l l 6041 33 . 0 9303 5 31 . 0 
65 2417 2414 2419 3644 24.l 5612 321 . 0 
71 521 521 521 513 0 . 3 790 44.9 
1 2 806 8 0'> 806 797 0 .3 1228 69.8 
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C OUtll TI NG DAT A ( C OU"JTS PER MI NUTE / lCOO) 

MrJO EL , F I RST SAMPLE , ROOF POSITIONS 

GR Jn c Cf BD l ST . C( BOA ) ST. 
PnS . #l #2 N3 DE V. DE V. 

73 ? Cf.9 ?067 2071 2889 20 . 6 4449 2 54. 8 
74 seq 80-'J 808 800 0 . 0 1232 71. 1 
75 c:;5 l 5 5') 550 54 1 :> . 3 83 4 47.4 
81 3 25 323 323 315 0 . 2 4 85 2 7.6 

82 331 3 51 351 335 0 . 2 5 17 29 .4 
8 3 2 84 2 83 284 275 n. 2 4 23 24. l 
84 362 361 363 353 () • ;:> 545 31. 0 
8'"i 348 348 349 340 0 . 2 523 29 . l:' 

AV ER AG E BACKGROUND= 8 . 7 
SUM OF CC BOA l = 231689 30 21 
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r. nu NT I NG DATA (COUNTS PER MJNUTE/1000) 

N1 MOOE L, FIRST SA~PLE 

A"IGL F c C(RO> ST. C(BOA) ST . 
DEG . 111 112 H3 DEV. DEV. 

RAO I AL DISTANCE = 10 I NC HES 
(. 7935 79?3 7908 62735 79.3 370137 3320 

9C 7qc; g 7943 793c:, 50065 79.4 295384 2664 
18(- 7772 77 71 772 7 57954 77.6 341932 30 71 
2 7 (, 7786 7 A 23 7824 c;9632 78.2 351830 3158 

R A'1 I AL DISTANCE = 16 I NC HES 
(' 7461 75 33 7538 51972 75. l 348738 2769 

Q ( 7568 7 r; 57 751. 8 53225 75. 6 357144 2834 
1 8( 7448 7430 7442 49510 74.4 332215 2641 
2 7 ( 74G3 7392 7199 48274 74.0 323920 2577 

R A1 I AL DISTANCE = 22 I NC HES 
{" 6231 6 2 3) 6?.27 20944 62.1 193527 1238 

9( 6356 6 348 6346 22298 63.3 206037 13<' 6 
1 8(' 623?. 6 2 7.1 6?.2 8 20944 62 .1 193526 1238 
?. 7 l' 63A4 63 7~ 6382 22608 63. 6 20A898 1322 

R A'1T AL DISTANCE = 28 I NC HES 
(' 4842 4847 4842 11620 48.2 120857 788 

90 5033 5(.. 33 r;o 3 3 12551 5:'.l. l 130538 839 
l8C 4880 489J 4~89 11846 48.6 123198 800 
2 1 r: 4754 4 754 475q 11191 47.3 116392 765 

R 6!) I AL OISTANCE = 34 I NC HES 
(I 3763 3 766 3766 7472 '37.4 106483 661 

9(1 3 8 1-t3 3 8 3q 3840 7706 38.2 109819 677 
18(' 3827 38 25 31:~23 7639 38.(' 108865 673 
?7C 3f>29 36 27 1625 7026 36.0 100 l 3 3 631 

R A1)t AL DISTANCE = 40 l NC HFS 
(' 29A2 2986 2981 4991 29. 6 83614 560 

9(' 2q16 2 975 29 73 4970 29. 5 83258 558 
18 C 1027 3(. ?5 30?5 5103 30.0 85482 56q 
27( ?862 2 86~ ~~65 4675 28.4 78314 53 5 

RA·) I AL DISTANCE = 46 I NC HF S 
v 23 77 2 373 21 7 2 3511 23.5 67598 4A8 

qc 232 7 .~ 324 2179 3406 21.0 65616 478 
18( 2 43 0 2 4 34 2435 3644 24.l 70164 501 
21(1 225 7 22 5~ 2256 3243 22.3 62446 462 
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(DUNT I NG DATA <C<lU~TS PE~ Ml~UTE/lC.00) 

Nf) MODEL, FIRST S~MPLE 

h~Gu= c C(BO) ST. C<RDA) ST . 
f1E G. #1 IP " 3 DEV. DEV. 

~Ai)IAL DISTANCF. = 52 I NC HES 
l 1959 1934 1935 2618 lQ.2 57022 439 

qr 1875 18 75 1877 2480 18.5 54020 423 
18(' 1990 l Q92 1991 271 3 19.7 59090 451 
2 7« 1835 l R 15 1839 2399 18.l 52261 414 

R An I AL DISTANCE = 5A t NC HES 
G 164 0 l 643 1639 2C59 16.2 49948 406 

9( 1563 l 562 1564 1Ql6 l i:;. 4 46464 386 
l ~(" 1679 16 77 1679 2126 16.5 51557 416 
~1(' 1527 l "i 2 7 1526 1A4A 15.0 44820 377 

R ~D I AL D t ST AN C E = 64 I NC HES 
(' 1455 l 4 '54 1454 1727 14.1 46474 395 

9( 13(, 2 1 301 l29A 14 76 12. A 39720 351 
1 AC 148 l 14 78 1478 1768 14.6 47573 40 2 
2 7(• 1345 1346 1346 1553 13.?. 41791 364 

RAD t AL [)IS T ANC E = 70 l NC HES 
c 126 5 12 69 1267 1417 12 .4 41513 371 

or 1226 12 25 1222 1343 12 . 0 39328 3'i8 
1 R( 1246 12 54 12 52 1389 12. 3 4C674 366 
21r 1255 12 56 1257 139A 12. 3 40 939 368 

AVF~AGE AACKG~OUNO = 25 .1 
SUMnFC(ADAl = 5789260 90 75 
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(' flt Jl\JT [l\JC; nl\TA (COUNTS PER MTNUTF /l OOO l 

"100FL, <:. C:r: n NO <;o\"1PLE , RAOTAL POSITION = 19 J NC HFS 

t\l\J!.L F c C ( AD) S T. C(BOAl ST. 
f)f G. #l fl?.. tr~ l)f: v. DE V. 

r 4164 4 '3 77 417 6 q715 43 . 7 9715 71 .4 
] ,. 4134 4117 4115 0517 41 . 2 951 7 10 . 2 
?r 3693 1 2 "'"i' 3? 5 c:; 6367 14 . ~ 636 7 50 . 3 
3 (' 2471 2 5 21 252 2 3870 25 . (' 3A70 33 . 6 

15 0 3 'i 6 C "'3404 14q5 6683 35.l 6683 52 .4 
l Af .?445 2 5 0·) 2 5f'4 3Rl2 24.8 3812 33 . 3 
1 7,·, 41q 0 4156 4164 901? 41. 7 9012 6 7. 0 
lP f '• 3 3? '•4 73 4476 qq·:n 44.2 q931 12 . A 

1 qr 4174 41Q~ 418R 950 1 43. 1 9501 70 . l 
2 (( 2A4° 2R11 29 (} Q 4605 28 . ? 4605 38 . 9 
21r 1064 ? ? ?O 32 14 4633 2R . 1 4633 3q . l 
33r 1273 '141 1l1R 5624 11 . A 5624 4 5 . 6 

~4( 2440 2 5 1 ~ 2::; 13 383 1 24. A 383 l 33 .4 
1 " P 4114 41 R3 4 l P4 8973 4 1 .6 89 7 3 66.7 

l\ VER AGE BACKGROUND = R. O 
s "~ nF C( ROA) = 96082 201 
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cou"' T I~G f)AT A (COUNTS PER MINUTE/1000) 

MOOEL, SECONll Sl\"'1PLE, R AfJ I Al POSIT I ON = 25 INCHES 

.~NGL E c ccqo, ST. C<BOA) ST. 
DEG. #1 #2 #3 DEV. DEV. 

C' 3172 ? 166 3171 5581 31.6 6670 49.9 
10 3128 313?. 3122 5453 3 1.2 6517 49.0 
2( 2363 2 3 59 23 5 3 3515 23.5 4200 34.8 
3 C l 773 l 7 7'J 1770 23 14 17.6 276·6 25.0 

4 0 1323 13 2) 1319 1541 13.1 1841 18. l 
5 C 671 697 693 679 ~ .3 012 4.0 
85 2419 2 417 2414 3646 24.1 6163 45.9 
95 2393 7- 4 0 1 2 40 3 3605 23.9 6092 45.6 

13( 7 0 3 7 00 6 99 692 0 .3 A27 4.0 
l4G 10 56 10 56 10 56 1137 10 .5 1358 14. 2 
l 5 l 2 517 2 5 lt 2 516 3891 25.1 4650 37.6 
l 6 C 183 8 1 8 3q 1 835 2436 18 .3 2911 26.l 

l 1C "30 13 ~c 12 3vl2 5113 30. 1 6110 46.7 
18 ( 3 () 94 3 0 9 2 1092 5350 30.9 6393 48. 3 
19( 3l.J22 3024 102 3 5144 30 . 2 6147 46.9 
2C C 2C 9 R. 21 02 ?.099 2946 20 .q 3520 30 . 3 

2ir 2000 2004 200 4 2110 20 .0 3310 28.8 
22 l 1360 13 54 1358 1599 13.5 1910 18.6 
23(' 70 4 705 70 3 696 0 .3 032 4. 1 
265 z4q4 2 49.J 248 2 3A26 24.8 6467 47.5 

27 5 2511 2 513 251 0 3883 25.1 6563 48.0 
3 l l. 565 5 A'> 58A 571 0 .3 683 3.3 
32(' l C0 3 l 005 1 00 5 1065 10. 0 1273 13.4 
3 3( 2 32 3 23 20 2 320 3433 23.1 4103 34. l 

34( lAlZ l 7 85 1780 2350 17.9 2808 25.3 
35( 3013 30 12 30 l 2 5113 30 .1 6111 46. 7 

AVE RAGE BACKGROUND = R. O 
S U~ OF C<BDA) = 101 0 50 176 
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c nu \J T I "JS n A T A <C OUNTS PER MtNUTE / lCOO) 

Mnf1fl , SFCO"JD 5 A~PLE, RADIAL POSITI ON = 31 INCHES 

Ai\JGL F c C<RD) ST . C(BDA) <; T • 
11E r, • #1 #.? ll 3 DEV . DfV . 

5 2?.3 1 2 2 34 223? 3225 22 . 3 46 4 4 37 . 1 
1 5 2 167 2165 2165 3080 21 . 6 4436 35 . 9 
?5 1242 12 41 1246 1406 12 . 4 2025 19 . 6 
35 1620 1 6 27 1627 2066 16 . 2 2975 26.2 
4c:; 55A 5 58 557 549 :) • 3 791 3 . 2 
55 476 4 77 47 6 468 0 . 2 6 7c; 2 . $\ 

t> c; 1929 1 9 25 19?7 2621 19.2 3 7 75 31. 6 
75 1736 l 736 l 734 2256 17.3 3248 2A . 1 
P5 10~9 1941 1939 2646 lQ . 1 3810 31 . 8 
05 1 733 173") 1730 2248 17 . 2 3238 28 . 1 

lC 5 172q 1726 1735 2246 17 . 2 3234 28 . 0 
11 c; l 875 18 7A 1A74 2516 lA . 7 3.623 30. 6 

125 544 5 4.? 540 534 0 . 3 769 3 . 1 
135 7( (., 7 01 70C 692 ;) .3 997 4 . 1 
145 1142 1 l 4J 1141 1254 11 . 3 1806 17 . 9 
15 5 1422 142) 141A 1700 14 . l 2448 22 . 6 
1f,5 1483 14 '13 1482 1803 14 . 8 2596 23 . 7 
175 2 175 2 1 75 21 71 3096 ?l. 7 4459 36 . 0 

1 R c; 22 17 2 2 2') 2 21 7 3192 22 . 1 4596 36 . 9 
1q5 ?094 2 o q5 20Q4 2936 20 . 9 422A 34 . 6 
?. c 5 1191 1194 11 <n 1323 11 . 9 1905 lA . 7 
215 1629 16 3J 1629 2070 16 . 2 29Al 26 . 3 
225 9 16 916 QlA 956 9 . 1 1376 14. 2 
235 467 466 46A 458 0 . 2 660 2 . 1 

2 4 5 1755 l 7 51 1752 2284 17.5 3289 28 . 4 
255 1579 15 q1 l5Al 1981 15 . 7 2853 25 . 4 
265 193? 1 q25 1Q25 2622 19 . 2 3775 31 . 6 
275 171A l 7 1 q 1 715 2225 l 7. 1 3204 21 . 0 
2P5 1 7( 9 1 7 J9 1702 2 2(. 8 17 . 0 3179 27 . 6 
2c;5 179u 1788 1787 2343 17.8 3375 29 . l 

3( 5 450 450 450 442 0 .2 637 2 . 6 
3 15 665 664 665 656 :> . 3 946 3 . 8 
32 5 895 895 905 926 8 . 9 1333 13 . 9 
335 1443 1444 1445 1739 14.4 2504 23 . 0 
345 1 352 l 3 5J l 34 8 15A7 13.4 2285 21 . 4 
355 22 GA 2 2 C)1 ~205 3163 22 . 0 4555 36 . 6 

AVERA~E BACKGROU ND = 8. 0 
SUM OF C(Af)A ) = 97246 151 
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cnU\JT I NG DATA <C OU "'4T S PER MINUTE/l COO) 

~nn E: 1 , SfCn "rn S AMPL E , RAO t AL POSIT ION = 37 t NCHE S 

f\NG L E c C (AD) ST. C<BO A) ST. 
f)E G. Hl # ? 1n f)E V. DE V. 

l 1622 16 21 16 19 20 54 16 . l '565 30 .5 
}( 16 17 16 21 16 17 20 50 16 . l 3557 3C.4 
21.. 1169 1 1 A8 11 70 1291 11.6 224 1 21 . 5 
3 1 8 86 888 AR 4 912 8 . 8 1583 16 . l 
4 l 13? 5 821 92 0 820 8.2 1424 14 . 9 
5( 3 ( ' 31)4 3'.1 3 2 9'> n . 2 513 1 . ~ 

f. .__ 34 8 349 ~4 8 340 0 . 2 591 2. 0 
7 1. 1286 1 2 A7 1284 1480 12 . 8 2569 23 . A 
Pl 1004 l •• 9t., 10 9 4 1191 l J . 9 20 67 2c . 1 
9( 1 274 1 2 7S 12 77 1463 12 .7 ?538 23 . 6 

H v 13 59 l '5'1 l 1'5 7 1600 13 . 5 2777 25 . 2 
l l C 1 10 6 1 1 ( q 11 0 8 12 10 11 . c 20 99 20 .4 

12( 1? 63 1 2 63 126 5 14 41 12. 6 250 1 23 . 4 
1 31 ~64 36'i 365 357 0 . 2 619 2 . 1 
14( 5 36 541 5 41 532 0 . 3 923 ' · l 15 (; 1 2< 2 1 l S8 l 2C 5 13 36 11. 9 2317 2 2 .1 
161.1 8 7 2 A 71 96 7 889 A. 6 1543 15 . 8 
1 7 ( 15v 2 15 :.i l:) 1 5( 9 184 3 15 . C· 1197 2~ . 1 

18 ( 16 52 16 51 16 4 8 2 106 16. 4 3655 31 . 0 
19C 1626 16 29 1625 2064 16 . 2 3582 30 . 6 
2 c ~ 1(. 2 1 1G 16 l ') 1 8 10 85 10 .l 1882 18 . 7 
2 1 ~ l C 5 0 11. 45 10 4 1 1123 10 .4 1948 19. 2 
22r, 7(1 6 7 •)3 7 (, 2 696 ) . 3 1208 4 . 1 
2 3 (' 374 3 71 3 1 2 365 0 . 2 634 2 . 2 

24 1) 369 3 66 365 359 ') . 2 623 2 . 1 
251 12 6 8 l 2 6~ 126 7 1449 12 . 6 2514 23 . 4 
26 L ll AC 1 l 7~ 11 75 130 3 11 . 7 22 6 1 21 . 7 
2 1 ( i un 1 P~2 1 1 82 1311 11 . 8 2 2 76 21 . A 
2 Rf'I 13 5 6 l 3 54 1 157 15 96 13 . 5 2 710 25 . 2 
?9 ( 1 v0 8 1 (. 96 llJ90 1196 l'.') • 9 20 75 20 . 2 

3(; L 1260 l 2 59 1257 1433 12 .5 2486 23 . 3 
31( 32 1 3 21 32 0 313 J . 2 543 1 . 9 
'3 2 (; 45 4 454 453 4 46 0 . 2 773 2 . 6 
33( 1 140 11 3R 1 l 4 C' 12 52 11. 3 21 72 21 . 0 
34 t ' ~ 5 1 8 54 " 5 l 863 8 . 5 l4Q7 15 . 5 
15 ( 14oq l 5 0 ... 1 l 5(' 1 18 32 14.9 ,179 20 . 0 

I\ VE RAGE AACK GROUND = A. O 
c; lJM nF C C BO~l = 7 271 9 121 
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cnuNT I NG DAT A ( COUNTS PF.R ~TNUTE / l C OO> 

"1 f"1 1') E: L ' SECO'J D SAMPLE, R AD I AL POSIT ION = 43 INCHES 

h"IG L f c C<BO) ST . C ( BO A) ST . 
l)E G . #1 # 2 -11 3 f') E V. DE V. 

c; 1?2 3 12 21 l2 2 4 1370 12 . 2 2 747 25.6 
1 c; 1193 1196 1197 1327 11 . 9 266 1 25.1 
? 5 6 40 6 4 J 6 41 632 0 . 3 1268 3 . 7 
3 5 83 7 R 37 q39 842 8 . 3 1689 17.4 
45 34? 3 41 341 334 0 . 2 669 2 . 0 
5 c; 252 2 51 2 c; 3 244 u. ? 489 1 . 5 

65 8 54 854 !35 4 A65 A. 5 1735 17.7 
7c; 841 8 37 8 3 A A43 8 . 3 1691 17.4 
8 5 9 96 995 996 10 55 9 . 0 2 115 20 . 8 
9 c; A45 847 8 47 A54 A.4 1713 17 . 5 

l L. 5 R60 8 59 9 c; Q 874 8 . 5 1753 17.8 
11 5 938 9 37 q3 7 9 81 9 . 3 1968 19 . 5 

12c; 3 66 3 6 '; 36 8 358 0 . 2 719 2.1 
1 3 5 281 2 Al 2 81 273 O. ? 548 1 . 6 
145 555 5 5 7 55 7 548 0 . 3 1100 3 .2 
1 5 c; 775 778 777 769 0 . 3 1542 4.5 
165 82 0 8?. l 8 18 8 17 8 . 1 1638 17.0 
17 5 1 2 27 12 32 12 34 1384 l?.? 277f> 25 . 8 

185 1214 1 2 l '> 1217 1 358 12 .1 2723 25 . 5 
19 c; 11 6 6 l l 66 116 8 1288 11 . 6 2584 24 .4 
2 ( c; 626 6 31 6? R 62 0 0 . 3 1244 3 .7 
2 1 5 A5 5 856 '3 60 870 R. 5 1744 17. 8 
225 3 1 8 3 H 3 21 31 ~ 0 . 2 625 1 . Q 

2 3 5 256 2 57 3 56 282 Cl . 2 565 1 . 7 

2 4 5 86 5 868 R65 8A3 A. 6 1771 lA.O 
255 7 99 80 1 803 793 0 . 1 1590 4.7 
?65 98 5 987 qe, 7 10 43 9 . A 20 92 20 . 6 
2 7 5 ~ 56 856 8 c; r:; 868 A. 5 1740 17.7 
? A~ A2 1 A 22 82 1 819 A. l 1642 17.0 
2qc; 9l 9 <?C5 q c6 943 9 . 0 1892 l~ . 9 

3( c; 3 5 9 3 58 357 350 0 . 2 702 2 .1 
31 c; 3C·2 3 J 4 3(. 5 296 0 . 2 5q3 l.A 
3 25 471 4 Tl, 474 465 0 . 2 933 2 . 8 
33 5 754 754 75 5 746 0 . 3 1497 4.4 
3 4 5 74 7 749 746 739 J . 3 148 3 4 . 3 
3 5 5 12 14 1218 1 2 1 8 1359 12 . 1 2 725 25 . 5 

AV ERA t;E BACKr,~OUND = 8 . 0 
S lJ ~ OF C ( BO A) = 569A4 en 
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COUr-.J T INI. OATA (C OU NTS PER MINUTE /1 000 ) 

~ ODf L , SECnNo S AMPL E , q AOIAL POSITION= 4 9 INCHfS 

ANG L F c C( BO ) ST. C (A OA) ST. 
l)EG . #1 # 2 ~ 3 DEV • DE V. 

( l l 3 7 l L' 33 l 0 2 4 110 1 10 . ? 2 51 1 24. 2 
1 \ 1 (..4; l l. 41 l ~> 4 3 1 117 10 . 4 2 54 A 24. 5 
ZL' 76 0 7 6 .. J 7Al 751 0 . 3 17 13 4.4 
~ c 580 5 ~2 5 A4 5 73 0 . 3 13 08 3 . 4 
4. ( 4 86 4 87 4 88 4 79 :> . 2 109 2 2 . 8 
5, 2( 2 20~ 202 193 (', . 2 441 1 . 2 

6<' 2CC 20) 2 1 (' 192 0 . 2 4 3 8 1. 2 
7 (.. 6C v 599 60 1 591 o. 3 13 4 9 3 .5 
P C.• 560 56V c:; 59 551 o. ; 1257 3 . 3 
9 (" 6 48 6 4 3 659 641 0 . 3 1462 3 . 8 

lC c 7 33 7 33 71 4 725 0 . 3 16 53 4. 3 
l 1 ; 5 74 c:; 73 5 7 ; 5 6 5 0 . 3 12 8 9 3 . 3 

1 2(, 6 47 6 47 6 4 9 639 0 . 3 1 4 57 3 . 8 
1 3 C ?29 2 zq 2?9 22 0 ::> . 2 503 l . 4 
14 ( 35A 3 57 35 7 3 49 0 . 2 795 2 . 1 
1 ? ( 7 5 5 753 7 r; 3 745 o. ; 1699 4.4 
16 ( 6 ( 2 598 59 7 590 D. 3 134 7 3 . 5 
1 71 1 C 0~ l OO'i l OC l 1 0 66 l 0 . (J 2 4 31 23 . 6 

1 8 ( 1 0 2 7 1 C26 l\125 1094 10 . 2 2495 24.l 
l 9 L 10 3 0 1 0 3J 1.132 1 10 0 10 . ? 250Q 24 . 2 
2cr 65 7 6 r::, 7 ,, 'i 'i 647 o. ; 14 77 3 . 8 
2 1('1 638 639 639 6 3(J :> . 3 1 4 37 3 . 7 
2 2 (.· 3£- 2 3 6'J 36 1 35 2 0 . 2 A04 2 . 1 
23( ? (. 9 2 0 9 2('. Q 200 0 . 2 45 8 1 . 2 

2 4 (' ? 4 A 2 47 ~ 44 238 0 . 2 541 1 . 5 
2 5 t A l 13 6U 6 14 6 06 J . 3 1383 3 . 6 
2 6< 623 62J 6 1 9 612 o. ; 1396 3 .6 
2 7 C 669 667 6 7 0 660 0 . 3 1506 3 . 9 
2 8( 738 7 37 7~ 8 729 0 . 3 1663 4. 3 
29 (.. 6 0 2 6 0 1 602 593 0 . 3 135 3 3 . 5 

1( ( 63? 6 4 ) 6 41 629 0 . 3 1434 3 .7 
31 0 2 10 2 ll 2 11 202 O. ? 460 1 . 2 
3 2( 2 7 8 2 79 2 79 ? 70 0 . 2 616 l . 6 
33 ( 71 ( 711 71 3 703 J . 3 1603 4.1 
34 0 5 71 5 7 2 5 7 3 563 0 . 3 12 8 5 3 . 3 
3 5 ( 08 6 q 9 i:; 987 10 42 9 . 8 2 3 7 6 23 .1 

AVER Ar,E BACKGROUND = 8 . 7 
SU~ OF Cf BOA) = 50 107 61 
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COUNT I "IG DAT A ! COUNTS PER MINUTf /l COO t 

MnnF.t... , SECOND <;AMPLE, RAl)[l\L POSITION = 55 I NC HES 

.\l\IGL F c C (RO) ST . C( BDAl <;T • 
OEG . #l 11-2 "3 OE V. DEV . 

c:; 829 A 16 821 819 A.l 209 7 21 . 4 
1 5 8(; 3 A03 803 795 () . 3 2035 4. 7 
2 c; 437 4 5) 446 436 0 . 2 1116 2 . 6 
35 559 5 59 560 551 () • 3 1411 3 . 3 
45 235 2 36 237 228 0 .2 583 1 . 4 
'3 "i l 7 (· 1 7?. 173 163 0 . 2 417 1 . 0 

65 534 534 534 525 () . 3 1345 3 . 1 
7r::, 504 5 0 1 5 (' 3 494 0 . 3 1265 3 . 0 
BS 6 19 619 621 611 ::> • 3 1565 1 . 6 
95 SL? 5 0 1 5 (13 494 0 . 3 1264 2 . 9 

1(. 5 51Q 5 lq 520 510 0 . 3 1308 3 . 0 
11 5 479 4 7, 474 467 0 . 2 1195 2 . 8 

12 5 1 q l l 93 192 1A3 0 . 2 470 1 . 2 
1 '3 5 229 2 2R 229 220 ) . 2 564 1 . 4 
145 346 3 47 348 338 0 . 2 867 2 . 0 
1c:;5 54 7 545 545 537 0 . 3 1375 3 . 2 
16 c:; 6(. 2 6 (' 3 603 594 0 . 3 1521 3 . 5 
l 7 c:; R44 847 ~ 47 853 8 . 4 2186 22 . 0 

l ~ "> 820 A 3 ) ~n 1 A31 0 . 2 2128 21 . 6 
19 5 795 816 ~ 15 AOO 8 . C 2048 21 . 0 
2r c; 45R 4 6'1 464 454 0 . 2 1163 7 . 1 
2 15 592 5R6 588 580 0 . 3 1486 3 . '5 
2?5 23( 246 2 47 232 0 . 2 595 1 . 4 
235 190 l q ) lClO 18 2 :) • 2 466 1 . l 

2 45 55L 5 5) 553 543 ::>. 3 1390 3 . 2 
?55 514 5 14 514 5( 5 0 . 1 l 29c; 3 . 0 
265 642 647 647 637 0 . 3 1631 3 . 8 
2 7 5 554 5 54 554 546 0 . 3 1397 3 . 2 
285 534 5 33 511 525 C.3 1344 3 . l 
295 575 5 71 578 567 0 .3 1451 3 .4 

3<.: 5 3 7 9 3B 379 368 0 . 2 943 2 . 2 
3 1 5 21C 2 11 211 202 0 . 2 518 1 . 3 
3? "i 332 3 3q 33A 327 0 . 2 839 2 . 0 
3 3 5 541 5 33 539 531 0 . 3 1359 3 . 2 
345 c; 83 ~ 71 572 567 0 . 3 1451 3 . 4 
355 831 833 835 835 A. 3 2139 21 . 7 

AV':R AGF. BACKGROUND = 8 . 7 
SUt-1 OF C: CB DA) = 46245 50 
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CC1U"lTING Do\TA ( CnUNTS PER MtNUTE/1000) 

MODEL , SfCCl"lO SAMPLE , ROOF POSITfONS 

';RID c C(BO) ST . C(BOA) ST. 
Pns . #l #2 #3 DE V. DEV. 

1 1 339 338 336 329 ::> • 2 507 28.8 
12 341 339 339 331 0 . 2 510 29.0 
1 3 274 2 74 273 265 0.2 409 23.2 
14 353 3 51 350 343 ~ . 2 528 30.0 

15 312 312 312 303 0 . 2 467 26.6 
21 533 5 3?. 533 '524 0 . 3 807 45.9 
22 796 795 7q4 786 0 .3 1211 68.8 
23 1990 2048 2027 2804 2::>. l 4319 247.4 

74 8(, A 0oq 80Q 800 a.a 1232 71. 1 
25 52 7 5 2'3 ~9 519 0 . 3 800 45.c; 
31 2237 2 2 32 2232 3226 22 . 3 4969 284.4 
32 3ll,, 7 3116 3104 5396 31 . 0 A310 4 74. 6 

33 3425 34 24 3418 6428 34.2 9899 564.9 
34 3242 3 2 29 322 7 5780 32 . 3 8901 508.2 
3i:; 2261 2 261 2261 3293 2? . c; 5072 290. 3 
41 2649 2 651 2552 412·r 26 .l 6356 363.4 

42 4412 4410 4405 9859 44.0 15183 865.4 
43 5158 5160 5154 11384 51. c; 206121173.8 
44 4381 4377 4393 9759 43. 8 15029 856.6 
4i:; 256q 2 571 2575 4022 25 .7 6194 354.2 

51 2739 2 735 2737 4390 27 .3 6761 386.4 
52 4430 44 34 4429 9946 44.3 15318 873.0 
53 5442 5442 5441 15197 54.4 234041332.4 
54 4515 4513 4512 10276 45. l 15A26 901.9 

55 2798 2 792 2797 4533 27. 9 69Al 399.0 
61 2355 2352 2 34 7 3499 23.4 5388 308.3 
62 3377 3267 3262 6016 33 . 0 9265 5?.A.9 
63 3705 369C) 3694 7332 36. 9 11292 644.1 

64 33 36 3 3 32 3328 6123 33.3 9430 5 38. 2 
65 2433 2427 2424 3673 24.2 5657 323.6 
71 516 516 517 508 0 . 3 782 44.5 
72 8Ci 2 803 8G2 794 0 .3 1222 . 69. 5 
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C OUl\I T I NG DAT A (C OUNTS PER MINUTE/lOOOt 

MOOEL, SECOND SAMPLE, ROOF POSITIONS 

GKJO c C(BOt ST. C(RDA> ST. 
POS . ~l #2 fl 3 OE V. DEV. 

73 2 0 58 206J 2058 2A7l 2n. 5 4421 2 53 . 2 
74 810 8 l ·j 'H; 9 802 A•() 1235 71. ~ 
75 546 5 51 '5 52 541 l' . 3 833 47.4 
81 325 124 324 316 0 .2 486 27.7 

82 34 2 3 54 35 4 341 0 . 2 526 29.q 
A3 296 ?96 2Q6 287 0 . 2 443 2 c;. 2 
84 366 367 365 357 0 . 2 551 31. 3 
fl 5 342 3 41 152 336 ~.2 c; 1 8 zq.s 

l\VERAG E B ACK GR OUN D = 8 • 6 
SIJM OF C(BOA) : 2316 71 3Cl5 
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f 'll l\JTTl\J; 0 H fl ( C!llJ \JT' 11 F P MI 'HIH:/ 1 I 1 1) ) 

l\Jf' "'1'1)1'.L, si=cJ~o <:; A~PL E 

A \JG L r c C(Rf1) S T. ( ( ~01\l ST . 
'~ ~: . ~ 1 Ii L /l 1 f1!: v . nFv . 

Pl\llf\L '1ISTANCE = 1") I W HES 
7 7 . ( . '· 7 6 q,~ 77q? 5 7142 77.4 :n 714 0 11.· 2 A 

9• 7 "./ l 4 7"' 0'-{ 7q 1 2 6231R 10 . ? 367796 3?09 
l p . 77li !-{ 7 7 ~ ' t 771? 573q3 77."' 11A 6 lq '.\ ( 4 1 
? 1' 7 7· 2 7 7 : ') 7t..,(')~ 5f44? 7 7 . l 33'3 C1 l? 2qo? 

" l\'1J AL r)(<)TA'\JCE = l 'J INC HF'.<:; 
74 A7 74 77 7 l+ 7 1 5(''1')3 71t . 7 3~0?16 2hCf, 

Cl 7c,4r::; 7 "' '• ') 1-14 8 '12971 75. ') 355410 ?. A 2 1 
l Rl 74p, 747"'> 7 ~ 7 p, 5( f:> ') 1 74. R B<1R72 271 " 1 
2 7 ' 74 3~ 7 4 27 7 1+ 3 j 4<1 l 70 74 . 'l, ~?032"' ?h!O 

q l\)[/IL nISTAf\J <:: E = 2~ I NC HF<:; 
~?oJ '1 2 61 '>2~') 2 113 l 6? . 4 1 0 7 11)3 1 2 c; 7 

c. : A?P,<'l r, ? fl 1 (') 1 i", 1 2.!f.77 6., . 7 2 ) ( 3 ~1 l 1 2 75 
l p ( A2 17 .., 2? ~ ,., / 2 3 ?L, q 5"' 6? . :J lq/7 0 1 1231 
2 7 · 1">?'12 "J?Cl l t..,2 PR 21A'11 f..,2 . 7 2 : 1. l f.4 1?74 

I~ t-. ) T f\ l fl I <;T l\NCF = 2R TNCHr<; 
4 ~4 ') rt R '39 <'.t '13 ~ 11 so5 4~ . ? 1 2 1. ')Q'l, 7 8 7 

qt 4<'C4 4 qQ~ ! t ) p 7 1214A 40 . 1 12P427 8?R 
l p ; 1. R r; 8 ' • R 87 l t '\RR llR7l 4 8 . 7 1 21 4')R ~ ( ? 
?_ 7 L ! + 7 A S '•7 fJ-~ 1+ 7 fl? 1132~ 47 . 6 117818 771 

Rl\l TJ\l fllSTl\'\JCF: = v. P..J C HF<; 
'J, 7A l ~ 7 'ilt qi..,R 74 ')? 1 7 . '• l . 61 <H Ah () 

'f ' 1P l ?.. ~ q ,· .., 1 t,I 4 710 7 71, 7 . 1 1 <"' '14 1? 6 c; 6 
l Pl -\ 7 R ~ 1 7 ti ) \ 70 \ 7'i34 ': 7 . 6 lf736<'l 6f.A 
? 1 '. ~62 ~ ~ 64 "1 '(-, ') 4 7 , 74 16 . .... t ·..:·c q14 6 ~ "' 

P f\'1 I l\L f)!<:;TANCE = 4 (_ I ~C HF S 
?087 .? qQf, ? -~ 0 6 "' ' H ,9 ~0 . 7 1.p O ~) O 'it- ::> 

o . 29 6q 1 9 n'l } ) 64 4q c; 1 20 . 4 R?o3o c; ') 7 
18·' 3· 33 1 (. 'H ~ .1 2 q "11 R 3' • l P,C.7?.7 'i 7 ':' 
? 7 t '2 P. 3' ? R ~~ ~ ~ 3 7 45q 9 zq . l 7 6 P.7q S 2 A 

Rl\l I AL n rsTti NCJ: = 46 I NC HES 
( 2 4 l 7 2 4 _,, 24 l t 3"8'i 2 '3 • R 60( 36 495 

0 (. 3367 ?. 3 72 ~ ~ 7 l 4?74 76 . R qz? Ro 562 
1 p. t 2 43 ( ? L. 3'"> ? 1t 4 l ~6 5 ( 24 . l 7 L263 Sf'? 
2 7 : . ?274 '. 2 74 ~?72 3;iqz ?2 . 5 631R4 46h 
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C ,,L''\I r I \!:-; I"'.\ TA ( C0U 11H5 pCR_ "'1T\ltJTr11r J" ) 

"'...., "lr1'1 C: L , c:;r( IJ NO <;A ~PI F 

i\ NG L r c c ( rm l c:; T. C ( Anf\ I c:; r. 
rirr, . It 1 II ? in n~ v. nrv . 

P i\)IAL nt ) T /\NCF = c;:? I "JI HI= c:; 
!071 la n 1 ()7 ? ?h 1f., 1 Q . c; 'iA2Ac; 41. 6 

<: ' 1q 1 5 1 'H ~ l ) ? .~ ?'i(>O 1 'l • f') c:;c:;or,r, 434 
l p l ... l' i ? \.ol.., 2. Jl 5 ? f ";O, lq . o Ai l. 7 5 4~ 6 

? 7 ~ 1 °')1 1 q ')4 l ~ "i 1 :.' 4 ~ ') lq . 1 53 C 4 " 4] q 

R '\)I Al 0 I <; T A"IC F = c; q I"JC HI=<; 
l ~4 6 l "> 4~ l ':>46 2• "'7 ) l f., . 7 c; ( 2 ') ') 4 l A 

C t i 5cn l 5 'l : l c; 0 1 } Of, 7 1 '> . 1 4 77 0 1 103 
l At ! o R 1 : 6 ~') lARh ?11C\ 16 . A ')1 R47 41 q 
? 1 1 ':> '.\ q 154 ~ l ') 4 - l C\ 74 15 . ? 4"4'i (' '.\Q I' 

f"{ f\llAL n I<;TA"J CE = 64 IN\.HF.S 
14</q l 4 q 7 l 4qt,. 11 on 14 . 7 4 R3 7 1 4 < 7 

0 1 l 41 5 1415 : 4 l c; 1 6f. 4 13 . 0 4 L. 7 7 "' 1A 4 
1 Q, l<:; ( fl l 5 ; ) l S1 A 1 8 17 14 . ~ 4RR9"; 4 1 () 
'? 7 •. 1 J, ') 4 1 3 S't l H >l 1 c; 7 c:; 1 1 . 4 4 2;q 1 1nR 

Of\ )I AL O I <; Tl\ l\JCE = 7 .., T "JC HF S 
1 2 44 l ? 4-\ 1?44 1 1 7 A l ? . ? 4 ( 3 1 6 l,f..4 

0( 1? 7 ~ l? A1 l'A 3 14 l c; l ? . 4 ' t l4f- .\ 171 
1 H \ poq l 2. "1 'J t2°R 14 71 l? . 7 4 l. C 7 A ·H~ 

? 1 r 1 l a ': l l q ) l l <")3 P-tA l l • 7 3 ~(· 2 l l.4 q 

AVt{f\C.:: P. f\CK \,Q f;tJNO = ? c; • ., 
c:; 'J '-1 n F (. ( R ') f\ ) -= ')R?477A q l l t-


