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Chapter 1 

INTRODUCTION 

The objective of Project 32.3 was to evaluate the performance of a number of important 
components of a radiological countermeasures system',' in order to ~ -~ fix minimum performance 

group of components is involved in the emergency phase of the system and is associated with a 
radiological shelter in  a fallout area. This groupof components was the subject of phase I of 
the project. ~A second group of components is concerned with the Operational recovery phase of 
the System and involves operations i n  the failout area outside the shelter. This group was the 

or  to establish the feasibility of procedures proposed on theoretical grounds. One 

Subject of phase Il. - 

1.1.1 Phase I Objectives 

MI phase 1 objectives involved measurements made within, and from within, an occupied 
underground shelter located in the local fallout area but beyond the region of slgnificantblast 
damage. These objectives were as follows: 

(a) Operational Monitor System- To evaluate the operational suitability and accuracy of a 
simple low-cost device for  determming from wlthin the shelter the radiological situation-out- 
side the shelter. 

(b) Ingress of Contaminated Air: To evaluate the ability of a simple low-cost configurn- 
tion 01 the shelter ventilation system to satisfactorily prevent the entry of hazardous amounts 
01 radiological fallout into the shelter and to determine whether or not filtration of the alr 
supply would be a requirement of sheiter design. 

underground shelter and to determine the effect of the shelter entrance and two different 
ventilation-opening configurations on the effective shielding. 

spectra, and physicochemical characteristics of fallout necessary to interpret the results of 

(c) Effects of Openings on Shielding: To evaluate the effective shielding provided by an 

(d) Supporting Technical Studies: To obtain information on radiological decay, energy 

the operational measurements. ~~. 

1.1.2 Phase Il Objectlves 

jectives are concerned with the establishment of a suitable staging area for  operational re- 
covery. These were as follows: 

(a) Inltial MonitoringTrom Shelter: To evaluate a standanl procedure for  determining 
essential radiological information in a minimum amount of time and with a minimum eqmsure 
of personnel. - 

Phase ll objectives involved measurements outside the shelter following phase 1. Most ob- 
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(b) Staging-area Reclamation: To establish the feasibility of achieving a residual number 
of 0.01* in the preparation of a cleared staging area and to determine theopEFationa1 
residual numbers associated with this effort. 

k)-Reclamation Test Methods: To obtain an initial feasibility judgment on two techniques, 
proposed on theoretical grounds, for determining the effectiveness of a reclamation method on 
a small representative area before committing personnel to a large-scale operation. 

(d) Alternative Buffer-zone Techniques: To determine the relative effectiveness, as a -~ 
function of effort expended, of a barrier technique vs. a buffer-zone method. 

1.2 BACKGROUND 

r 

; 

~. 
The radiological-defense systema* consists 08 three t ime phases of action following a con- 

tamlnating nuclear event: (1) emergency phase, (2) operational recovery phase, and (3) final 

0 

K ONLY SHIELOED OPERATIONS FEASIBLE 
N 
4 
I 
J 
4 
u 

a 

Iv/h , S H O R T  TERM UNSHIELDED OPERPTIONS FEASIBLE 

t I FINAL 

L 

1 OPERATIONAL RECOVERY 
EMERGENCY W A S €  RECOVERY 

W A S E  PHASE 

T I M E  A F T E R  A T T A C K  

i Fig. 1.1 -Phases of radioioglcal defense. 

- \ recovery phase.' The technical basis  for this phasing lies principaily in  the manner in which 

gamma radiation decays very rapidly at early times and more and more slowly at later times 
after burst. Operations, consequently. must be geared to this decay rate. In the central re@ons 
of a Iallout area, there exists a time period immediately following the arrival of 1-llout in which 
the gamma-radiation hazard may be so high that no unshielded operations a re  feasible without 
casualties (or without exceeding the allowable personnel exposure). This time period con- 
stitutes the emergency phase, a s  shown i n  Fig. 1.1. All operations during this phase must take 
place in shelters that provide adequate shielding against the gamma radiatlon. The fundamental 
objective during this phase is lhe survival of personnel. Therefore, adequate personnel shelters 
a re  the minimum requirement lor defense during this phase. 

the point where short-term unshielded operations are feasible, although long-term or normal 

the gamma-radiation hazard decreases with increasing time aIter burst. In general, the i 
; 
i 

At some time after Iallout has ceased, the gamma-radiation hazard, will have decreased to 

*Residual number is a measure 01 radiological countermeasure effectiveness and is de- 
fined as the ratio 01 the measurement with the countermeasure to the corresponding measure- 
ment without the countermeasure. 
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2. Atomic Warfare Defense, NavDocks TP-PL-2, July 1, 1956. 
3 Radiologicd Recovery of F k d  MUitary Installations, NavDocks TP-PL-13, June 1, 1951, 
4 .  J. R. Earl et al.. Operation Jangle Report, WT-400, 1952. 
5 .  J. D. Sartor. H. B. Curtis, H. Lee, and W. L. Owen, Cost and EffeeUveness of &con&mina- 

t m  Procedures for Land Targets. Report USNRDL-TR-196, hC. 27. 1957. ~- 
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Chapter 2 

PROCEDURE 

.~ 
2.1 GENERALPLAN 

The operating area for the project i s  shown in Fig. 2.1. The general procedure was to 
man the shelter on D-1 night with designated personnel (about 15 people). At €7-30 min 
mechanical ventilation was shut down, and blast closures were secured on all openings. Shelter 
s ta tus  was reported to the Control Point (CP) at required intervals via phone (Appendix C).  
Telephone link was backed by emergency radio link. Immediately after the detonation, closures 
were removed, and ventilation was activated. Predicted fallout arrival time was 6 to 10 min 
after burst. The intensity was expected to peak about 20 min after burst, and fallout was ex- 
pected to be complete approximately 30 min after burst. Phase I measurements were made 
during the f i r s t  hour. Approximately 45 min to 1 hr  after burst, the exact time depending on 
the radiologma1 situation resulting a t  the shelter, the phase II initial monitoring routine was 
carried out. Information obtained was relayed to the shelter by voice radio. If none of the 
three prelocated areas had received a suitable level of fallout, no operations wo-uld be c m -  
ducted on that shot. 

The shelter. a standard 25- by 4 8 4  Armco Multi-plate ammunltion-storage magazine, was 
modified a s  shown i n  Fig. A . l .  The new entrance wi t ,  containing a Navy standard quick-acting 
watertight door and two hooded ventilation intakes, was reached by an open ramp and a covered 
passageway approximately 30 It long (Fig. 2.3). The shelter was buried side-on to the shot 
area beneath 3 11 of earth cover, the entrance facing away from Ground Zero (GZ). The roof of 

periscope housing, and an antenna lead tube.  A small buried sample-collection room was lo- 
cated adjacent lo the end of the shelter which was opposite the entrance. It was entered from 
the shelter through a crawl space. The shelter was ventilated by two M6 collective protectors, 
with a total capacity of 600 cfm Design details ol the shelter are given i n  Appendix A. 

Phase ll operations were conducled in an area measuring 500 f t  on a side. Three such 
areas  were predesignaled and staked prior to shot time. These areas are  shown in Fig. 2.1. 
The areas  offered very ddficull conditions for land reclamation, compared with areas re- 
claimed at Operation Jangle.' because of the rocky condition of the soil and the presence of 
gullies and washes. Because of this, extensive preparation of the areas was necessary to pro- 
vide even minimum conditions for successful land reclamation by scraping. Large numbers of 
stones and boulders were removed from these areas. Even with these efforts, scraping was 
substituted lor  plowing a s  the only practicable buffer-zone method. Land-reclamation equip- 
ment and other vehicles were located about 3 miles southwest of the shot towers, and the jeeps 
were located to the rear of the shelter near the entrance. The jeeps were revetted and covered 
with tarpaulins during the fallout event. 

, 

Phase I operations were conducted inside the underground radiological shelter (Fig. 2.2). 

the shelter housed two exhaust ventilators of diifering configuration, two dosimeter tubes. a - 
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2.2 OPERATIONAL MONITOR SYSTEM 

Objective I(a) involved the evaluation Of the low-cost monitoring device shown in Fig. 2.4. 
me system consists of a 1-in. steel Pipe Projecting above the shelter roof which is fitted with 
g -den rod drilled a t  the upper end to receive a standard IM-9 self-reading dosimeter. T& 
dosimeter is charged within the shelter, run UP to the exposed position for a measured period 
of time, and withdrawn; the dose is then read.~The gamma-radiation intensity is obtained by 
the following relation: ~~ 

D x 60 I = -  
t -  

where I is the intensity in roentgens per hour, D i s t h e  k in.:oentgens as read on the 
dosimeter, and t is the time of exposure in minutes. 

The value of I thus calculated is associated with the t ime after burst corresponding to the 
mid-point of the exposure period. The experimental procedure involves a variable exposure 
period ranging between 1 and 6 min, depending on the~dose recorded on the previous exposure, 
and a constant 1-min do-wn time while the dosimeter is being read, the reading is being re- 
corded, and the dosimeter is being recharged, if necessary. 

Two such systems were fitted in the shelter for purposes of intercomparison, one at each 
end of the shelter. The forward dosimeter tube is shown in Fig. 2.5. The exposure schedules 
for  the two systems were arranged to provide exposure by one system during the down time of 
the other system, thus providing better resolution of the arrival time and peaking time. ~ 

~~ 

The following information was to be obtained from the system: 
1. Time Qf arrival of fallout 
2. Time and absolute value of peak intensity 
3. Time of fallout cessation 
4. A prediction of the standard intensity (roentgens per hour at 1 hr) based on readings 

Items 1 and 2 were obtained direetly from the intensity measurements; items 3 and 4 were 

Fig. 2.6. Information obtained was evaluated following the event by comparison with data ob- 

taken at about fallout cessation (about 30 min after burst) 

obtained by correcting the intensity measurements to 1 hr by means of the decay curve shown 

tained under objective I(d) and data obtained by Project 32.4.  

2.3 INGRESS OF AIRBORNE ACTIVITY 

Oblective I(b) was concerned with the evaluation of a simple ventilation intake configura- 
tion for the shelter which previous experiments had indicated should prevent significant 
amounts of fallout from entering the shelter (Fig. A.l). Air is drawn through the entrance 
tunnel, whicn acts  as a plenum chamber. At the shelter two intakes, protected Dy mushroom 
heads that force a reversal of a i r  direction, a re  located adjacent to the door. Air is taken into 
the shelter by two M6 collective protectors,' delivering a total volume of 600 cfm (Fig. 2.7). 
Air velocity across the face of the entrance tunnel is approximately 30 ft/min. 'The combina- 
tion of low air velocity in  the tunnel and mushroom vent caps on the air intakes was the con- 
figuration being tested. 

The ingress of contaminated air  through the configuration was determined from activity 
collected on the particulate filters in the collective protectors. These measurement8 were to 
be made at USNRDL after shot participation. 

It was necessary to relate the activity concentration in the air moving through the system 
to the activity concentration in the air external to the shelter in order to further define the 
conditions of test so that the results could be evaluated for other contaminating events. For 
this purpose measurements were made both inside and outside the shelter to determine the 
activity concentration as a function of time and the average activity concentration during the 
fallout period. 

data. Two aerosol sampling units (one automatic incremental sampler and one Porta-Vac 
Four aerosol sampling units and two collective protector units were used to obtain the 
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I 8  1.1: 

2 ,4  
EFFECTS OF OPENINGS ON SHIELDING f ~~ 

objective I(c) was concerned with evaluation of the effective shielding against fallout radi- 
ation provided by an underground shelter having approximately 3 f t  of earth cover over the 
crown. It has been pointed Out’ that. although 3 ft of earth cover may be expected to provide a 
residual number between 0.001 and 0.0005, the effective shielding afforded by an operational 
shelter will be controlled by openings in the earth cover required for entrances, ventilation 
ducts, and other shelter appurtenances. In addition, a cylindrical shelter with a level fill will 
have an increasing thickness of earth cover for areas not on the center line. 

The shielding effectiveness of the shelter in the vicinity of the air vents and entrance was 

- 

determined by measurements of gamma intensity and gamma dose inside and outside the ~~ 

shelter and by measurements of &,e gamma-energy spectrum inside the shelter. on the ex- 
terior the needed data were obtained by (1) continuous measurement and recording of intensiv 
and dose at fixed locations above and near the shelter, (2) a gamma survey on and around the 
shelter, and (3) measurements made by Project 32.4 on total and incremental fallout collectors 
around the shelter. Inside the shelter data were obtained by (11 measurement of gamma inten- 
sity and dose at a few fixed stations, (2) survey measurements at a large number of other sta- 
tions dlstributed throughout the shelter, (3) a directional gamma-radiation survey along the 
renter line of the shelter. and ( 4 )  measurements of gamma-energy spectra using a single- ~~ 

channel pulse-height analyzer. 

2.4.1 Dose Measurements 

Dose measurements outside the shelter were made with film-badge dosimeters. Film 
badges were secured near the top of the dosimeter tubes (about 5 f t  6 in. above the ground) and 
to the cenler ventilator (about 6 in. a b v e  the ground) (Figs. 2.5 and 2.10). These dosimeters 
were collected upon completion of phase I; they recorded the dose both from initial gamma 
radiation and from fallout UP to the time of collection. About 2 min after burst, when the dose 
from initial gamma radJation had been received, another set of fi lm badges was introduced 
into the above locations from inside the shelter. Several film badges were pushed up each 
dosimeter tube and dropped into a CUP attached near the top of the tube (Fig. 2.5). Other film 
badges attached to metal rods were pushed up the center vent to an exposed location. These ~ 

badges recorded only fallout dose and were collected at the same time as the original group. 
The difference between the doses recorded by the two sets  of badges was attributed to initial 
gamma radiation. 

high degree of protection afforded by the shelter, film-badge dosimeters were too insensitive 
to be used. Near shelter openings, where the highest doses were expected, self-reading elec- 
troscope dosimeters (0 to 200 mr) were used. A line of dosimeters~was strung vertically be- 
low the ventilation openings. Measurement heights on the vertical line were 3, 6, 9, and 12 ft  
above the shelter floor. Three dosimeters were located near the shelter door. All self- 

A limited number of dose measurements were made inside the shelter. Because of the 

~~ 
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Fig. 2.8-Exrerlor air samplers near shelter entrance. 
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Fig. 2.10-View of center ventilator. rhmving location pf film-badge dosimeters. 

28 



,,,tensiQ Measurements 
2.4.2 ~.~ 

conunuou~ measurement of intensity at a fixed location on top of the shelter (Fig. 2.12) 
in- 

switched on 2 hr before Shot time and continued to record until the completion 
roolded by a Project 32.4 GRR with the recording console inside the shelter. 

:::Lent - 

I I 
i 
i 
1 i 
1 

! 

I 
I 
! 

, 

i 

of 
About 1 hr  after burst, depending On the r; ldiOlOgiCal  situation, a gamma-intensity survey made wing the AN/PDR-ZTC and m/PDR-39(TlB) survey meters at the points sh- i n  

the time these measurements were made the top of the center exhaust vent m s  was 
fig. 2.13. 
decontaminated by broom. and sandbags were piled around the vent to reduce the contribution 

of the 
performed within the shelter. 

struments. Seven such instruments were connected by cables to onel2-channel Helland 
recorder. These instruments Were used to take detailed survey measurements at a large 
ber of stations inside the &Iter. The survey was initiated after fallout cessation 
(about 30 min after burst). Initially, monitors lined up at stations in row A (stations AI, u, 
A3, etc., in Fig. 2.11). on Signal, all monitors read the instrument at the 3 4  height above the 
floor and recorded the readings. At the same time the instruments were recorded for 10 see 

the Heiland recorder. Monitors then moved to row B, and the process was repeated. Meas- 
urements were also made at Other heights of interest (6, 9, and 12 ft above the flwr). A see- 

survey was made after the center vent had been shielded. 
h addition to the above, Ah'/PDR-27C instruments, modified to record individuly on 

n. 

to the radiation field inside the shelter to a low  level.^ A second survey ws then 

measurements inside the shelter were made wing  modified AN/PDR-zIc in- 

B ~ ~ W I I  recorders, were located as shown in Fig. 2.11; they recorded continuously. 

2.4.3 Directional Measurements 

The source of radiation inside the shelter was inve 
lntenslty meter (see Append= B). Measurements were 
nons along the center line Of the shelter (row C). At ea 
i n  a plane including the nearest shelter opening (entranct ilr ventilators). 

2.4.4 Energy-spectrum Measurements 

~ r t e d  with a directional mmma- 
:ed at fallout arrival time at loca- 
:ation the instrument was rotated 

A single-channel pulse-height analyzer (Appendix B) was located at position A6. This in- 
strument was used intermittently to determme the gamma spectrum at this point within the 
shelter. 

2.5  SUPPORTING TECHNICAL STUDIES 

Objective I(d) included a serles of precise measurements to define more completely the 
radiological situation at the shelter. The instrumented area on top of the shelter is shown in  
Fig. 2.12. 

2.5.1 Interval-collector Data 

collecting surface was a grease-covered plastic disk about 3 in .  in diameter. Each dink wan 
exposed for  a period of 1 min, and the collectors were operated to collect fallout up to a b u t  
H+l hr. At about H + 2  hr, Project 32.4 personnel recovered the samples and returned them 
to USNRDL for  analysis. These analyses were used to determine the time of arrival of fallout 
at the shelter, the rate of arrival of fallout, the time of cessation of fallout, and, together with 

Two interval collectors placed near the shelter were activated at about 8 + 2  min.  The 
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& a d  decay measurements, the transit dose at the shelter. In addition, the 
us& to determine the mge of filllout-particle sizes at the shelter. Ge recor 

Early 

F' 
i tbe ymp~es were 

1 . 5 3  
Decay of Fallout Samples 

of fallout were collected by aluminum and plastic hexcell collectors and a h d -  
~ e ~ \ l e v a t o r  located in the shelter sample room. ~n a~uminum tray was exposed at ~ - 3 0  

@era retrieved at H + 2  as a collection of possible throw-out material. After recoveG- 
d n  pnd inum tray, a 0- X 6-in. hexcell collector was placed on the elevator and raised into 
o! the ition. As soon as the GITR showed a rapid rise in the field intensity, the first 
couectim recovered and a second was exposed. The second hexcell collector was exposed 
h ~ x c e ~ s ~ ~ o n  of fallout (or until such time as the flrst sample had d e c s d  to a low level), 
uti' 

of the samples was measured in the UQlRDL 4n ion chagkr, an argon-gas i o n i a -  Decoy tion chPmwr operated at 600 Psig with a Previously determined photon-energy response.' 

2.5.3 Enript ime Photon Spectra OfRUlout Samples 

~ At ~ + 5  min (shot Diablo) a helicopter left the C P  area and picked up an open-close collec- 
located 1 5  yards east Of the shelter. The Sample was returned to the Project 2.2 trailer lo- 

cated at Mercury. A counting sample was prepared, and the first  spectrum was taken as soon 

as Po 
Spectra of fallout Samples were also obtained from the single-channel .- analyzer located i n  the 
shelter. These data, together with the decay datavld instrument response. were to be used to 
de,ermine an air-ionization (roentgens per hour) decay curve for the fallout. 

2 , 5 . 4  Nature of the Fallout 

The nature and amount of fallout a t  the shelter were determined from radiochemical and 
quantitative analyses made on the Six open-close collector samples exposed above and about 
the shelter by Project 32.4. The COlleCtOrs were actuated from within the shelter at H + 2  min 
and closed at H +  1 hr (or after cessation of fallout). They were recovered by Project 32.4 and 
returned to USNRDL by air for analysis. The samples were analyzed for gross gamma activity, 
gross mass of fallout. fission-product tracer nuclides, induced activities, iron, and soil min- 
erals. 

sSjble on the 100-Channel aMlYZer. Spectra Of the sample were taken at periodic intervals. 

~ 

2 . 6  INITIAL MONITORING FROM SHELTER - .  

- 
- 

The initial effort in phase U was monitoring of the three prelocated reclamation areas. A 
-0-stage key-point monitoring procedure was followed. The first stage was to measure the 
radiation-field infensity at the center of the area with an AN/PDR-Z?C. This reading, made at 
3 f t  a b v e  the ground, was reported by radio to the shelter. The single center rea- was the 
basis for selection of the area to be reclaimed. The second stage was to measure and report 
i n  a similar fashion the intensity at the four corners of each area. These measurements gave 
addtional information, including the gradient over the area. Radiological information based on 
these key-point measurements was compared subsequently with the more detailed information 
obtained in the next step to determine the nirumum information required for  decisions a t  the 
beginning of the operational recovery phase. 

~- 

2.1 STAGMG-AFWA RECLAMATION AND TEST METHODS 
-~ 

Objectives II(b) and (c) were accomplished simultaneously. After selection of a saticdac- 
tory area, personnel (three supervisors and five monitor-recorders) were dispatched to the 
area. When these personnel left the shelter, the reclamation-equipment operators (stationed 
at a more distant loca t ionhere  alerted to move toward the area. Detailed monitoring was 
made of the area. Each of four monitors in turn started from the center i n  the direction of 
one of the four sides of the area. Readings were made at the center at 3-ft, 2 4 ,  and 1-ft 
heights (Fig. 2.14). Each monitor then paced toward his perimeter, taking the 3 4 ,  2 4 ,  end 

- .. , - 
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1-ft measurements at 2 paces and a single 3-ft measurement at 4, 5, 7, 10, 15, 20, 30, and 50 I 
paces and at the 5 0 0 4  perimeter line. A fifth monitor took readings at two separate thee 
points outside the area at 15-min intervals during the f i rs t~hour  and at 30-min intervals 
after. W measurements were recorded along with the time of measurement. 

As swn as the survey team had cleared the central area, an area 40 by 40 ft was cl-eq .I 

by motor-grader. Three motor-graders and a motorized scraper were maneuvered into ma- 
tion at the cross-wind side of the 5 0 0 4  perimeter line while the above monitoring waa king . 
done. They assumed a slant formation, with the scraper at the rear of the slant (Fig. 2.15). 
'The motor-graders were Bet for a %in. cut at the 4 0 4  perimeter line, and the blades were 
set to move the windrow downwind toward the motorized scraper. The first grader cut and 
built the first  windrow, the second grader picked up the first  windrow and cut and formed a 
second windrow, the third grader cut and moved the windrow to thelinal position. The scrawr  
was set for zero cut and picked up the windrow for disposal beyond the 5 0 0 4  perimeter. Two 
passes were needed to create a 40- by 4 0 4  cleared a rea  since the width from the forward 
edge of the first grader to the rear  edge of the third grader was 20 ft. 

edge of the cleared area. 

by 4 0 4  area. Sides were done in order, north, south, west, and east. The winmow was left at 
the outer edge by the graders and picked up by the scraper. The 60- by 6 0 4  area was then 
surveyed as before. 

Finally, the area was enlarged to lOO+ 100 ft by making a W t  pass around the pre- 
viously cleared area. Several tr ips of the scraper were required to remove the 1 0 0 4  
windrows. The 100- by 1 0 0 4  area was then surveyed a s  before. 

then scraped, using three motor-graders, two scrapers, and a follow-up grader. A final sur- ~- 

vey was then made which was identical with the initial s u x e y .  
During the above operations all peraonnel carried film badges and pocket dosimeters so 

Ulat operational-dose data could be obtained. The movement of all personnel waa timed. If tbe 
residual number at the center of the cleared area was greater than 0.01, the area was scraped 
again and resurveyed. Clearing operations in  the 100- by 1 0 0 4  area were continued until a 
residual number of 0.01 was achieved, or until it was obvious that further improvement was 
impossible. 

' 

. 

~, - 
The 40- by 40-ft cleared area waa then surveyed by conducting the previous survey to the 

Next, the cleared area was enlarged to 60 by 80 it by making a 1 0 4  pass around the 40- 
~ 

The area between the 100-ft perimeter and the 5 0 0 4  perimeter (a width of 200 ft) was 

2.8 ALTERNATIVE BUFFER-ZONE TECHNIQUE 

Objective II(d), concerned with the test of an earth barrier a s  a substitute for a buffer 
zone, was. conducted separately and st a different time from the operations described in Sec. 
2.7. A l O O - ~ O O - f t  area was surveyed and then cleared by motor-grader and scraper. The 
area was then resurveyed. A 3-it-high earth barrier was then ?onstructed around the 
periphery of the scraped area by bulldozers. A ftnaI survey completed the operation. 
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chapter 3 

RESULTS ~- 

3.1 GENERAL 

occurred in three shots, Diablo, Kepler, and Shasta. Full participation was 
ted on the first two shots; participation onCSbasta was limited to-Sacquis i t ion of ad- attemp 

ditional supporting technical data. 

3.1.1 Shot b b l o  
.. ~~ 

Shot Diablo was fired on a 5 0 0 4  tower 5300 ft south of the shelter at 0430 PDT on 
15,  1957. The predicted wind structure was favorable for fallout affhe shelter. Sixteen 

erSOnS occupied the shelter at the time of burst. The event schedule followed is given in 
PAppendlx C. About 1 sec after the shot a light double-peaked ground shock wave was felt; at 

3'4 sec the air blast wave arrived. Some dust was raised in the shelter, but no damage 
evident. Later it was determined that the only blast damage consisted in the following: 

( 1 )  the plywood wall between the entrance tunnel and the motor-generator room was b low 
In ( ~ g .  3.1); (2) the tarpaulins were stripped from the jeeps; and (3) the jeep revetment was  
partially demolished (Fig. 3.2). - 

The only damage that affected the eqe.-imental results was that to the wall since it - 
caused the motor-generator to draw its cocling air from the entrance tunnel, greatly in-  
creasing the flow rate in  the tunnel. 

Fallout arrival occurred at about 6 mii. after burst. Intensity rapidly increased to a 
peak of 55 r/hr (GITR reading) at about 15 min. Intensity at 1 hr (GITR reading) was 14 r/hr. 
These intensities were considerably higher than anticipated, and they forced adjustments in 
the experimental schedule. Phase ll was postponed until D+2  day. Eder ior  measurements 
on top of the shelter were made at about 5% hr  after shot time using AN/PDR-TIB radlacs. 
Shelter personnel left the area at about H +8 hr ,  two persons remaining to continue data collec- 
tion. 

3.1.2 Shot Kepler 

Shot Kepler was fired on a 500-ft tower 4.75 miles south of the shelter a t  0450 PDT on 
July 24, 1957. The wind structure at time of burst was favorable for  fallout at the shelter. 
However, the yield of Kepler was less than anticipated; consequently fallout was negligible. 
No useful data were collected on this shot. 

3.1.3 Shot Shasta 

Shot Shasta was fired o n a  5 0 0 4  tower 2 miles south of the shelter a t  0500 on Aug. 18. 
1057. The predicted wind structure was very favorable for fallout at the shelter. Five 
Persons occupied the shelter at the time of burst. The event schedule followed i8 given in 
Appendix C. About 8 sec after the shot a very light double-peaked ground shock was felt; at 

~- 
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Fig. 3.1-Damage to wall between enuance tunnel and generaror rwrn after shot Diablo. 
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about 10 sec the air blast wave arrived. The air blast wavewaa shorter than  experienced 
on shot Dfnblo. No dust was raised in the shelter, and 00 damage was sustained by any oi the 
outside equipment. 

No inillpl radiation during the first minute after burst was detected on the portable 
radiacs; the Geiger-tube monitor under the center vent registered P pulse oi radiation from 
0.05 to 0.2 min with a peak a t  0.12 min of 0.1 mr/hr. (Preshbt background was 0.03 mf/hr.) 
Radiation from the rising cloud, as measured 
intensity under the center vent f rom about 0.07 mr/hr  at 0.8 min to a peak of 1.1 mr/hr at 
4 min. The intensity then decreased to 0.3 mr/hr at 8.7 min, after which time fallout started 
to arrive. - 

After fallout arrival the intensity outside rapidly increased to a peak of about 120 r /hr  
(GITR reading) at about 18 min. Intensity at 1 hr was 25 r/hr (GlTR reading). These inten- 
nlties were near those anticipated based on the data from shot Dtablo and the predictions of 
fallout f rom the €I-% hr wind data. No reclamation experiments were planned for  shot Shasta. 

instrument, increaaed the radiation 

3.2 OPERATIONAL MONITOR SYSTEM 

3.2.1 Shot Diablo 

Data obtained on the two dosimeter tubes during the f i r s t  hour afte; burst are shown in 
Tables 3.1 and 3.2. Standard intensfties shown in the final column were obtained by correct- 
ing measured intensities to 1 hr  by the decay curve in Fig. 2.6. These data are plotted in 
Fig. 3.3, along with the intensity-time record obtained by the GITR. Dosimeter-tube data 
are in good agreement with GITR data, except for the absolute measurements of intensity. 
It was determined that the threefold increase in the dosimeter-tube data was due to the 
collection of fallout i n  the cups attached to the top of the dosimeter tubes to receive film 
badges after the init ial  gamma radiztion had been received. These cups were cleaned out 
when the exterior measurements were made, about 5 hr after burst. Data were again taken 
and were found to be in good agreement with the exterior measurements made with calibrated 
AN/PDR-39(TlB) radlacs. These results are shown in Table 3.3; the GITR reading was lower 
than the other measurements. ~. 

Data obtained from dosimeter tubes were evaluated in the shelter during the period of 
measurement jus t  as they would be in an operational shelter. Conclusions drawn were (1) 
fallout arrived at about Hi7 min, (2) peak intensity occurred at about H + 1 5  min, (3)  fallout 
cessation occurred at about H+30 min. and (4 )  the predicted standard intensity was abouf 
5 5  to 80 r/hr. 

3.2.2 Shot Shasta . 

The dosimeter tubes were not operated during fallout arrival owing to the lack of opera- 
tors. Data taken at later times a re  given in Table 3.4; the GITR readings are included for 
comparison. The dosimeter-tube data a re  consistently higher than the GITR readings. The 
film-badge cups used on shot Diablo had been replaced with wire-screen cups; thus the dif- 
ference was similar to the data obtained on shot Mablo after the dosimeter cups had been 
cleaned out. 

3.3 INGRESS OF AIRBORNE ACTIVITY 

3.3.1 Shot Diablo 

Data pertaining to the intake ventilation configuration were obtalned from the four air- 
sampling units and from the particulate fl l ters of one M6 collective protector. The filter 
samples were counted elther with a calibrated well-crystal (NaI) gamma counter or a 
calibrated end-window crystal (Naf) gamma counter. The count rates were all converted to 
number of fissions in the samples from ratios based on the radiochemical analysis of the MO” 
content of some of the samples and their counl rates. The data for the cyclic air sampler are 
given in Table 3.5. The sample from the exterior Porta-Vac, which sampled continuously from 
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TABLE 3.1-FORWARD DOSIMETER-TUBE DATA, S66T DIABLO 

/--- Meamred Standard 
Exposure Dosimeter intensity, intensity, Time sffer burst. min 

mull Mean period. min reading, r r h r  r h r  

- 7  5 
8 10 9 

14 15 14.5 
18 19 18.5 
20 21 20.5 

27 28 27.5 

33 34 33.5 

37 38 37.5 

29 30 23.5 
31 32 31.5 

35 36 35.5 

39 40 39.5 
41 42 41.5 
43 44 43.5 
45 46 45.5 

47 50 48.5 

55 58 56.5 
59 62 60.5 
63 65 64 

51 54 52.5 

4 0.04 0.6 0.072 
2 - OJ60+ 4.8+ 0.072+* 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

3 
3 
3 
3 
2 

3.0 
3.0 
3.0 

3.0 
3.0 
. 2.5 

2.0 
2.0 

1.8 
1.6 
1.4 
1.2 
0.4 

4.4 
2.4 
2.2 
2.4 
1.2 

180 
180 
180- 

180 
180 
150 
120 
120 

108 
96 
84 
72 
za- 
88 
48 
44 
48 
36 

42.0 
53.0 
58.5 

17.1 
83.2 
73.8 
63.4 
66.5 

63.8 
60.0 
55.0 
49.1 

68.5 17.0}(?, 

41.0 
41.0 
48 
39 - 

- 9 of f  scale. 

TABLE 3.2-ARER DOSIMETER-TUBE DATA. SHOT DIABLO 

Measured standard 
Exposure Doslmeter intensity. intensity. 

Time after burst. mi" 

Up Down Mean period. min reading, r r h r  r/hr at 1 hr 

6 9 7.5 
1 5  16 15.5 
17 1fl 11.5 
19 20 19.5 
23 24 23.5 

25 26 25.5 
21 28 27.5 
29 30 29.5 
31 32 31.5 
33 34 33.5 

35 36 35.5 
37 38 37.5 
39 40 3Y.5 
4 1  42 41.5 
43 44 43.5 

45 46 45.5 
47 48 47.5 
49 50 49.5 
51 52 51.5 
53 54 53.5 

55 56 55 .5  
57 58 51.5 
59 60 59.5 
61 62 61.5 
63 64 67.5 

- _  

3 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

s 
1 
1 
1 
1 

1 
1 
1 
1 
1 

0.20+ 
3.0 
2.8 
2.2 
2.2 

2.2 
2.0 
2.0 
1.8 
1.6 

1.5 
1.3 
1.3 
1.3 
1.2 

1.1 
1.0 
0.9 
0.9 
0.7 

0.8 
0.6 
0.1 
0.5 
0.1 

4+ 
180 
168 
132 
132 

132 
120 
120 
108 

96 

90 
78 
78 
78 
I 2  

66 
60 
54 
54 
42 

48 
36 
42 
30 
42 

0.51+* 
44.5 
46.6 
40.5 
48.8 

52.8 
51.5 
55.5 
53.2 
80.8 

50 
d r  

4q.5 
50.8 
49.7 

48.2 
45.8 
43.0 
45.0 
31.0 

43.6 
34 
42 
31  
1 5  

*Off scale. 
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TABLE 3.3-COMPARISON OF INTWSlTY READINGS 5 HR 30 MIN 
AFTER BURST, SHOT DIABLO ~ 

- 
Instrument Reading. r/hr 

Foreward dosimeter tube 2 5  
After dosimeter tube 2.1 
AN/PDR-TIB a t  3-fl height 2.2. 
GlTR 1.5 

*See Table 3.23. 

- TABLE 3.4-AFTERW8IMETER-TLIBE DATA, SHOT SHASTA 

Time after E q o s u r e  Dosimeter Measured GITR 
burst. h r  period. m h  reading. r intensity, r b r  reading. r b r  

- 
18.0 I 0.103 0.88 0.61 
18.1 6 0.083 0.83 0.66 
19.1 6 O . O ? L  0.14 0.62 
20.8 8 0.096 0.12 0.59 
21.4 10 0.084 0.50 ~-0 .45  
21.8 12  0.107 - 0.54 0.44 

TABLE 3.5-CYCLIC AIR-SAMPLER DATA, SHOT DIABLO 
~~ 

sample Sampling period. Actlvity. Cumulative activity. 
NO. min after burst fissions x 10-10 flssions x 10-10 

- 
0. 
1 
2 
3 
4 

5 
6 
I 
8 
9 

10 
11 
1 2  
13 
14 

15 
16  
11 
18 
19 

0-9 
9-11 

11-13 
13-15 
15-11 

11-19 
19-21 
21-23 
23-25 
25-21 

21-2Y 
29-31 
31-33 
33-35 
35-31 

31-39 
39-41 
41-43 
43-45 
45-47 

0.0956 
0.366 
2.338 
1.583 
0.994 

0.822 
0.946 
0.860 
0.269 
0.152 

0.0410 
0.0151 
0.0168 
0.00993 
0.00923 

0.00535 
~0.00983 
0.312 
0.0152 
0.00503 

0.0956 
0.461 
2.199 
4.382 
5.316 

6.198 
1.144 
8.004 
8.213 
8.425 

8.466 
6.481 
8.498 
8.501 
8.511 

8.522 
8.532 
8.844 
8.859 
8.864 

~~ ~ 

*Sample in poeition at  time of blast; mmpler  not operating. 
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g to 47 &, contnined 9.57 X 10'' IissionE. The data for the cyclic air sampler a re  plotted in 
mg. 3.4. Interlor air-sampler data are given in Table 3.6 and a r e  plotted in Fig. 3.5. Over 
the s m p u n g  period, 9 to 47 min, the two Outside samplers collected nearly the same total 
amount of activity. The cyclic sampler, being exposed upwards, apparently did not collect 
a single large particle since the large particles contained much more than 10" fissions and 
the largest observed activity was only 2 X 10" fissions. At ear ly  times the shelter-r 
sampler collected at a rate  as much as five times that of the M 6  intake sampler; a t  later 
times, however, i t  was collecting a t  about one-hnll the rate of the M 6  intake sampler. Al- 
though the M 6  sampler was, in part, sampling against the pull of the M 6  protective collector 
(300 cfm vs. 9 cfm), the data suggest that the lower sampling rate of the M 6  sampler at 
early times was due to some fractional size separationsby the hood cap on the M 6  intake. 

A few of the filter samples were examined with a wide-field stereomicroscope (45x1. 
The observations are given in Table 3.7. The observations show that a few particles as 
large as 500 p in  diameter reached the shelter door but that most were less than about 20 P, 
with sizes up to 120 p present in detectable concentration. 

3.3.2 Shot Shasta. 

Data pertaining to the intake Ventilation configuration were obtained i n  a manner similar 
to that used for  shot Diablo, except that only one M6 protective collector unit was operated 
to give a plenum-chamber air velocity of 15 it/min. The generator-room door and wall  re- 
mained intact during the event. 

The data for  the cyclic air samplerare  given in Table 3.8. The sample from the ex- 
terior Porta-Vac, which sampled continuously from 18 to 71 min, contained 1.71 x 10l2 11s- 
sions. The cyclic air-sampler data are plotted in Fig. 3.6. The interior air-sampler data 
a re  given i n  Table 3.9 and are plotted in Fig. 3.7. Over the sampling period, 18 to 71 min, 
the outside Porta-Vac sampler collected almost twlce as much activity as the cyclic sampler 
collected. For shot Diallo the cyclic sampler apparently collected no large fallout particles 
(black spheres). The shelter-door sampler generally collected at a rate 1.5 to 2.0 times 
that of the M 6  intake sampler over most of the sampling period. The decrease in  aerosol 
concentration outside the shelter at 68 to 70 min (Fig. 3.6) was only partially manifested by 
the interior sampler data in  the samples taken from 68 to 71 mln. -. 

Results of a microscope examination oi a few of the fi l ters are summarized in Table 
3.10. The observations show. in general, Ulat few particles as large as 300 fi in diameter 
were collected but that most were less than 15 p, with sizes up to 80 (L present in detectable 
qualitities. 

3.3.3 Reduction of Air-sampler Data 

The air-sampler data were reduced in  order to estimate the concentration of activity in 
the shelter during the fallout period if no fi l ters had been used. The limitations on generali- 
zation and extrapolation of the data to other shot conditions a re  discussed in Sec. 4.2. 

It will be assumed in  reducing the data that the M 6  collective protector filter was an 
absolute fallout filter; therefore all  particles that were drawn through the ventilation opening 
were collected on the filter. For the M6 collective protector this is a valid assumption; in 
each shot the back-up charcoal filter readings were background; therefore the relative 
amount passing through must have been less than '/loon, and hence the total collected on the 
main filter was within 0.1 per cent of the total in  the entering air. 

The total collected on the M 6  filter will be assumed to arrive at a rate proportlonal to 
that observed for the M6 intake sampler. The factor of proportionality would be the ratio of 
the total collected by each over the same sampling period. The M6 intake sampler was not 
operated to collect at consecutive time intervals as was the cyclic air sampler; therefore 
the rate curves given by Figs. 3.5 and 3.7 were integrated to obtain an  estimate af the total 
activity that would have been collected up to a given time of continuous collection. The ad- 
ditional complications were that (1) the M 6  collective protector was used as a source of 
ventilation air  up to D +  2 on shot Mablo and D+1 on shot Shasta before the filters were re- 
moved and (2) the Interior a i r  samples up to 71 min for shot Shasta did not cover the com- 
plete fallout period. The &ta for Dlablo show rates of collection after fallout ceased (29 min) 
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TABLE 3.6-INTERIOR AIR-SAMPLER DATA, SHOT DXABLO 

Acltvlty, Activity, 
sample Sampling period, fissions Sampling period, finsiona 
No. min after burst x 16'' No. min after burst x 16'' 

0.0256 -. 1 1-9 0.104 1 1-9 
2 10-12 2.79 2 13-12 0.549 
3 13-15 3.94 3 13-15 1.09 
4 16-18 2.18 4 16-18 q.581 
5 19-21 2.19 5 19-21 0.481 

6 22-24 1.87 6 22-24 0.373 
7 25-27 0.310 7 25-21 0.107 
8 28-30 0.000542 8 28-30 0.0563 
9 31-33 0.00976 9 31-33 0.158 

10 34-36 0.00894 10 34-36 0.0162 

11 37-39 0.00718 11 31-39 0.0244 
1 2  40-42 0.00850 12 40-42 0.0133 
13 43-45 0.254 13  43-45 0.102 
14 46-48 0.00108 14 46-48 0,0189 
15 49-51 0.0131 15 49-51 0.0140 

16 52-54 0.00139 16 52-54 0.0121 
17 55-57 0.00634 17 55-57 0.00849 
18 58-60 0.00588 18 58-60 0.00512 
1 9  61-63 0.00315 19 61-63 0.00105 
20 64-66 0.00393 20 64-66 0.00189 

21 ~ 67-72 0.00708 21 67-72 0.0127 
22 * 22 73- 78 0.0116 
23 79-94 0.00112 23 79-109 0.0414 
24 95-105 0.118 24 -240-- 260 0.0534 

*Missing. 
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Activity, 
fissions 
x 10-io 

0.0256 
0.549 
1.0Y 
0.581 
0.481 

0.373 
0.107 
0.0563 
0.156 
0.0162 

0.0244 
0.0133 
0.102 
0.018Y 
0.0140 

0.0121 
0.0084Y 
0,00512 
0.00705 
0.0078Y 

0.0127 
0.0116 
0.0474 
0.0534 

10.0 c I I I -1 

\ 

o SHELTER DOOR SAMPLER 
~~ 

A M 6  INTAKE SHELTER 

TIME AFTER BURST. MIN 

Fig. 3.5-Average (2-mi") rate of collection by interior Porta-Vac samplers. shot Diablo. 
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TABLE 3.7-MICRDSCOPE EXAMINATION OF FILTER SAMPLES 
FROM SHELTER-DOOR SAMPLER, SHOT DIABLO 

Sample 
No. Obaervalions 

4 A few surface grama and black filaments up to 500 ,.. A fnlrly dense concenlm- 
tion of black irregular parllcles 10 to 20 u in size md spheres from 10 IO 
120 4 in size. A180 yellow irregular pnnlc ies  up to 120 c. Approamate iuin- 
ber ol spheres  per field 01 view: 

Diameter. r Concentration, No./field - 
IO 1 
15 1 
20 2 
30 4 
40 1 
50 1 
60 1 
85 1 

100 1 
120 1 - 

c Similar to No. 4. General diepersion 01 malerial  Leas than 15 c Yellow filament8 
and irregular particles up 10 about I20 - 
Number uf spheres per I,eld o l  view: 

G Similar Io So. 4. SlighU) l o u r r  concentration of flnes and f eve r  larger spbereb. 

Diameter. c Concenlralion. No./field 

10 1 
IS 1 
20 2 
30 2 
I C  2 
50 1 

20 lmbedaed yellou ana blaw krregular p r l i c l e s  of abour 10 In elre .  Many yellow 
irregular p r t i c l e s  dp  I U  70 
500 - iiu spheres prenent. 

and a fen up to 150 c and occasronsll) up to 

- 
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Y yellow 
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TABLE 3.8-CYCLIC AIR-SAMPLER DATA, SHOT SHASTA 

/ 
sampling period, Activity, Cumulative activity, 
min after burst fission# x lo-" Gssiona x lo-'' 

BamPle 

- 
0. 
1 
2 
3 
4 
5 
6 

7 
8 
9 
10 
11 
12 
13 

14 
15 
16 
11 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 - 

0-18 
18-20 
20-22 
22-24 
24-26 
26-28 
28-30 

30-32 
32-34 
34-36 
36-38 
38-40 
40-42 
42-44 

44-46 
46-48 
48-50 
50-52 
52-54 
54-56 
56-58 

58-60 
60-62 
62-64 
64-66 
66-68 
68-70 
70-71 

0.0816 ~ 

5.02 
3.27 
3.22 
3.26 
4.06 -. 
3.91 

3.95 
4.52 
3.72 
5.07 
6.60 
5.72 
4.65 

4.60 
5.13 
4.82 
4.07 
3.39 
2.78 
2.88 

2.16 
1.64 
2.05 
1.64 
1.53 
0.0848 
0.0418 

~- 

0.0876 - 
5.11 
8.58 
11.60 - 
14.86 
18.92 
22.83 

26.78 
31.50 
35.02 
40.09 ~ 

46.69 
52.41 
57.06 

61.66 
66.79 
71.61 
15.68 
79.07 
81.85 
84.73 

86.89 
88.53 
90.58 
92.22 
93.75 
93.84 
93.88 - 

Exposed from zero lime. 

TABLE 3.9-INTERIOR AIR-SAMPLER DATA. SHOT SHASTA 

Shelterdoor sampler M6 intake sampler 

Aclivtty. Activity. 
Sample Sampling p e r l d ,  fissLons Sample Sampling period. fission# 
NO. m m  after burst x 10-1~ No. min after burst x lo-'* 

1 11.8-13.8 0.000303 1 11.8 -13.8 0.0304 
2 14.5-17.5 0.00352 2 14.5 -17.5 0.000787 
3 18.5-21.5 1.02 3 18.5- 21.5 3.68 
4 22.7 - 25.7 3.43 4 22.7 -25.7 0.952 
5 26.5-29.5 7.81 5 26.5-29.5 4.39 
6 30.5-33.5 6.91 6 30.5 -33.5 3.67 ~ 

7 34.5-37.5 9.05 I 34.5-37.5 5.73 
8 38.5-41.5 12.1 8 -  38.5 -41.5 1.53 
9 42.5-45.5 11.1 9 42.5 -45.5 6.80 
10 46.5-49.5 13.4 10 46.5 -49.5 8.09 
11 51.5-54.5 8.32 11 51.5- 54.5 5.23 
12 55.5-58.5 4.94 12 55.5 -58.5 3.37 
13 59.5- 62.5 4.21 13 59.5 - 62.5 
14 63.5- 66.5 3.65 14 63.5 -66.5 
15 68.0-11.0 2.16 15 68.0 -71.0 

.. 
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Flg. 3.6-Average (2-min) rate of collection by cyclrc air sampler outside rhelur. shot Shartn. 
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T I M E  AFTER BURST;MIN 

Fig. 3.7-Average (3-min) rate of collection by interior Porta-Vac samplers. shot Shasta. 
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TABLE 5.10-MICROSCOPE EXAMINATION OF FILTER-SAMPLES, 
SHOT SHASTA 

sample 
No. Observations' 

Cyclic a i r  sampler 

1 

11 

20 

3 

8 

13 

3 

Moat pmminent type particles 0tiSWed were red, yellow. and black grains and 
some reddish filaments. A 2-in. red circle was visible on filter. Upper Umit 
of grain s h e s  was abut  80 p; concentration w a s  10 . 

Moat prominent type particle w88 black and irregular.  ~ e s s  than 15 p in diame- 
ter; concentration was about 1 per field. 

Most prominent type particle was Mack and irregular,  less than 15 p m diame- 
ter ;  concentration was l e s s  than 1 per field. A few yellow irregular p r t i c l e s  
up te 50 P in size were present. 

LO per field. 
-~ 

Shel te rdoor  sampler 

Most prominent type prtiETe was black and i r regular ,  ranging in size from 5 to 
30 p; concentration was about 20 par field. Occasional Mack spheres and 
yellow grains up to a size of 50 p were present  -. 

Most prominent type particle was black and irregular,  l ess  than 15 p in diame- 
ter: concentration was 2 to 5 per field. 

Most prominent type particle was black and irregular.  l ess  than 15 P in diame- 
ter: concentration was less  than 1 per field. 

M6 intake sampler 

Description, size.  and number of p r t l c l e s  for 1 sweep ac ross  filter (1.5 x 
4.6 An): 

Size. u 

7 
5 
15 
30 

150 x 200 

5 
7 

I0 
I5 
20 

30 
60 
75 
135 
15 

35 
120 
200 

- 

250 
12 
60 
15 
90 

300 
7 5  X 225 

120 x i s 0  
isn x 400 

No 

.1 
2 
1 
1 
1 

1 
2 
3 
3 
1 

2 
2 
1 
1 
1 

1 
1 
1 
1 
1 
1 
2 
1 
1 
1 

1 
1 

Dascrlption 

Black sphere 
Yellow-orange flake 
Yellow-orange flake 
Yellow-orange flake 
Yellow-orange flake 

Black irregular 
Black irregular . 
Black irregular 
Black irregular 
Black irregular 

Black irregular 
Black irregular 
Black irregular 
Black irregular 
Gray irregular 

Gray irregular 
Gray irregular 
Gray  irregular (black spots) 
Gray irregular 
Gray sphere 
Yellow irregular 
Yellow irregular 
Yellow irregular 
Orange irregular (dark gray scale) 
Orange needle 

Orange needle (glossy highlights) 
Orange needle (glossy highlights) 
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- TABLE 3.10 (Continued) - -~ 
Size, p No. Description - 

. 30 X 300 1 Metallic needle 
PW 1 Sand prticle with black and 

gray spheres attached 
-~ Total 38 

The most prominent type particle was  black and irregular (16). The total of 38 

Most prominent types of psrticies present wen-blackI irregular in size range 

Most prominent type pnrtlcle present was black and iwegular. mostly in size 

is about 10 per field. - 
8 

from 15 to 30 p; CoDceldTatiOn was less than 1 per field. 

1s 
range from 15 to 45 p;  COncMIratiw was about 1 Der field. ~ 

*Standard binocular microscope wlth field diameter of 1.5 mm. 

which decreased very rapidly; the integration of the low sampling rates  added only negligible 
to the total. Hence, the result of operating the M6 collectivegrotector for the longer 

periods should result in  only a &all overestimate of the air concentrations at the early 

,,timate the amounts of activity after 71 min; again, the amounts cannot be large since the 
&slde cyclic air sampler showed a large drop in air concentration at that time. 

The integrated activity for  the interior air samplers are plotted i n  Figs. 3.8 and 3.9 for 
Shot Diablo and shot Shasta, respectively. The data are summarized in Table 3.11 along with 
m e r  related data. The total fallout a t  the shelter on shot Shasta was 1.8 times that for 
,hot Diablo; however, the total collected by the M6 collective protector on shot Shasta vas 
4.4 times larger than on shot Diablo. On shot Diablo the integrated activity (to 4 1  min) for 
the shelter-door sampler was 1.9 times that collected by the outside Porta-Vac; whereas, that 
for the M6 intake collector was 0.49 of that collected outside. On shot Shasta the integrated 
activity (to 71 min) for the shelter-door sampler was 0.13 times that collected by the outside 
porto-Vac; whereas. that for the M6 Intake collector was 0.43 of that collected outside. 

After fallout cessation for  shot Diabio (20 min), the collecting rate (except for the period 
when the helicopter was present) of the interior samplers decreased approximately logarith- 
mically with time. Since the a i r  [low rate through the samplers for  each sampling period was 

ippproxlmately constant (9 cfml. the collecting rate is proportional to the a i r  concentration, o r  

In reducing the data for  shot Shasta, similarity between the two events wi l l  be used to 

coliecting rate, f ( f i s s ionshin)  
a i r  intake flow rate. v(cu ft jmin) 

C(fissions/cu It) = (3.1) 

Thus, if 

1 = 1 0 e-kt (3.2) 

where f, is the collecting rate ai about 28 min, then 

C = (f,/v)e-kt ~~ (3.3) 

If C is assumed to be proportional 10 the number of particles per cubic centimeter (uniform 
specific activity), then for Stoke's law of fall for small spheres in air 

k = 3.0 x 10' (p/h)d* (3.4) 

where p = particle density 
h = height for  the concentration 
C = sampling height 
d = median weight diameter of the particles 
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TABLE 3.11-SUMMARY OF DATA RELATIVE To Am SAMPLING 
AT SHELTER FOR SHOTS DJABLO AND SHASTA 

Shot Diablo Shot ShMta 

Standard intensity' 1 9  r b  36 r h  
Peak intensity 55 r h r  (GITR) 120 r b r  (GlTR) 
Cutaide Porta-Vac sampler (total) 1.71 x 10" fissionst 
Cyclic air-sampler (total) 9.39 x lot1 fissionst 
Shelter-door sampler  (total) 1.84 X 10'' f b 8 i O M t , S  1 . 2 5 ~ r 0 ' '  fissionst 

9.57 x IO'O fissionst 
8.86 x 10'' flssionst 

1.85 x 10" fis8ionst.S 
4.65 x 10'' i isaionst .P 

~- 4.76 X 10'' fissionsf .P 
8.67 x 10tl fissions 

- 

M6 intake sampler (total) 7.35 x l o f 1  fissionst 

M6 collective prolector 3.76 x lo" fissions 

Equivalent to AN/PDR-39(TlBL rending a t  3 ft. 
t To 47 rnin. - 
1 To 71 min. 
D Neglects rise due to helicopter a t  41 to 41 min. Sums including helicopter a r e :  shelter-door 

~- 

sampler. 1.86 x 10'l (47 minJ and 1.87 X 10'' (71 m i d :  - M6 intake sampler. 4.73 X 10" (47 rninl 
and 4.84 x lo i8  (71 m i d .  

- 

TABLE 3.12-COMPUTED CONCENTRATION OF ACTIVITY IN AIR 
ENTERING SHELTER, SHOT DIABLO 

Activity 
calculated far Adjusted Activity in Activity in 

Time a f t e r  10' ftssions: activity. entering air ,  entering air .  
burst. min d i s lse  c uc/fisslon fissions/cu It uc/cu It 

8 8.1 1.1 x 10- 7.6 x 10' 0.85 
11 6.1 8.2 x 10-0 1.6 X 10' 14 
14 5.0 6.5 .: lo-' 3.2 x 10' 21 
11 4.3 5.4 x lo-' 1.1 x 10' 9.4 

26 3.0 3.6 x lo-* 3.2 x 1-31 1.1 

29 2.7 3.2 x lo-' 1.7 x 10' 0.53 

35 2.3 2.5 x lo-' 4.8 x 10' 0.12 

4 1  1.9 2.0 x 10-1 3.9 x 10' 0.081 
44  2.8 1 .Y  x lo-' 4.8 x 10' 0.088 
47 1.7 1.7 x 10-1 5.6 x IO' 0.095 

20 ~ ~~~ 3.8 4.7 x lo-' 1.4 x 10' 6.6 
23 3.4 4.1 x 10-8 1.1 x 10' 4.6 

32 2.5 2.8 x IO-' 4.7 x 10' 1.3 

38 2.1 2 .3  x IO-' 7.2 x 10' 0.16 

50 1.6 1.6 x lo-' 4.2 x 10' 0.064 
53 1.5 1.4 x lo-' 3.6 x IO' 0.051 
56 1.4 1.3 x lo-' 2.5 X 10' 0.033 

62 1.3 1.1 Y 10-1 2.1 x 10' 0.023 
65 1 .I 1.0 x lo-' 2.3 X 10' 0.025 
89.5 1.1 9.4 x 10-1. 1.5 X 10' 0.014 

59 1.3 1.2 x lo-' 1.5 X 10' 0.018 

Unfractionnted radioactive nuclides. 
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ii F average sampling rate after fallout cessation (neglecting rise due to helicopter) is given 
3.10. The slope, 0.043 rain-' or  7.2 X IO-' sec-'; density 2.5 gm/cmTand sampling 

t, 5.5 f t  (170 cm), give a median weight diameter, d, of 4 p. This is in reasonable 
ent with the microscope observations. The total collection for this kind of settling of 

3.4). Using 3 f i  (from 0.75 x 4 based on a size ra t io  of 15:20 from microscope data) as  

The 
in Fig. 

~ 

aerosol for a long time would be f o b ,  in which fo  is the rate at time of cessation (t = 0 

median weight diameter for the Shasta particles at time of cessation, the value of k is 

Similarity in the plots given in Figs. 3.5 and 3.7 for the collecting rates  suggest co- 

the 
in E¶. 
the o,024 Din-'. The value Of 10 a d  the time of cessation were determined as follows. 

ordinate transformations in the sampling rate such as 

f '=af  ~~ (3.5) 
. 
~- 

in whfch f is the sampling rate for  shot Diablo and f '  for  shot Shasta a t  times corresponding 

to 
t' - t: = b(t - t.) (3.6) 

which 1, is 6.~0 min (for shot Diablo) and t; is 16.5 min (for shot Shasta). If F' and F are  In 
the integrated values of f'  and f ,  respectively, then 

F' = abF (3.7) 

It may be noted in Figs. 3.5 and 3.7 tkit the shelter-door and M6 intake sampling rates are 

IirSt estimate of the same fraction of the fallout period for  the two events, b in  Eq. 3.6 is 
2,6z and. using the average Values of the collection rates, 0.105 x 10" f i s s i o n t h i n  for shot 
Dfiblo and 0.68 X 10" fissions/min for Shasta, a is 6.5. The product ab is 17. At 26 min, the 
integrated activity, F, for  shot LXablo is 4.18 x 10" fissions; a t  69.5 min, the integrated 
activity. F', for  shot Shasta is 72.6 X 10'O fissions. The ratio F'/F = ab is 17; thus the f i rs t  

of a and b a re  satisfactory for  estimating the remainder of the collection rate 
of the M6 intake sampler for  shot Shasta from the Diablo data. The time of cessation 

for shot Shasta, from Eq. 3.6 is 77.5 min. Back extrapolating the M6 intake collector &!a 
in Fig. 3.5 according to Eq. 3.2 gives an f o  value of 0.015 x 10'O fissions/min at 20 rnin; the 
corresponding value of f; for  shot Shasta is then 0.098 x 10" fissions/min at 77.5 min. 

The integrated activity to infinity for  shot Diablo (equivalent to several hours sampling 
time) was estimated by adding the value of f,/k to the integrated activity collected up to 
29 min. The totals. omitting the amount due to the helicopter, a re  18.68 x 10'O fissions for 
the shelter-door sampler and 4.75 X 10" fissions for the M6 intake sampler. The totals, 

the amount due to the helicopter, a re  18.77 x 10" fissions and 4.84 x 10'O fissions 
for the respective samplers; the latter values a re  the ones to be compared with the M6 
protective collector filter. The factor for  adlusting the sampling rate of the M6 intake 
sampler to that for the M6 collective protector a s  representative of the activity that would 
be entering the shelter if the fi l ter  had not been used is given by the ratio of the sum of the 
activity actually collected on the M6 collective protector filter and M6 intake sampler to 
4.84 x 1O1O fissions. The factor is (8.57 + 0.04) x 10"/4.84 X IO", or  178. 

For shot Shasta, the integraled activity up to 78 min for the shelter door sampler is 
126 x 10" fissions, and for  the M6 intake sampler it is 75.0 x 10" fissions. The value of 
f;/k' is 4.08 X 10" fissions; hence the integrated activities to infinity are 130 x IO1' fissions 
and 79.1 X 10" fissions for the respective samplers. The factor for adjusting the sampling 
rate of the M6 intake sampler to that for  the M6 collective protector is (3.76 + 0.06) x lo"/ 

If the Porta-Vac samplers collected with an efficiency of 100 per cent at their rated 

each other at 26 and 69.5 min, respectively. Using each of these times a's a 

7.91 x 10'0, or  48.3. 

capacity of 9 cfm, the air concentration given by Eq. 3.1 would be 

c = 0.111f (3.8) 
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the multipliers given above and the rated capacity of 300 cfm for the M6 protective 
the entering air concentration from the M6 intake sampler data is given by 

c = 0.593f (3.9) 

C = 0.10lf (3.10) 

shot shasta. Thus, in comparison With the M6 collective protector, the Porta-Vac sampler 

the shelter-door sampler the f multipliers are 0.154 for shot Diab!o and 0.0880 for shot 
these latter Values are reasonably near the expected values. F?ii sampling in the 

e from 8 to 10 Cfm, the variation in the multiplier would be from 0.125 to 0.100, The 
rved values depend on the actual satephg velocities (which, in turn, depend on back 

lor er was not samPliIIg as efficiently o r  was not pulling in air at its rated capacity (or both). 

For 
sh;rsta; 
rang 
Ob@ 

Pr fissions collected * 
zerfilter. II the activity on the particles was proportional to the quare or  cube of the par- 
ticle diameter (surface area or  uniform specific activity), then the smaller particles would 

less activity per particle than the larger ones, and %e sample r s ,dec t ing  small 
r t iCle~  more efficiently than large ones, would give low estimates of the number of par- 

$les per unit volume of air  from data based on the activity collected. The large value of 
multiplier for  shot Diablo (0.593) i n  Eq. 3.9 suggests the presence of a larger range of 

sizes and also larger particles than for shot Shasta, which the Porta-Vac at 9 cfm Pa c o u m o t  remove from the intake tube going into the M6 protective collector a t  a rate of 
$,,o cfm. Although the ratio of the cross-sectional area of the two intake tubes was about 3 to 1 
(M6 porta-Vac), the relative air  intake velocity was still almost 4 to 1 in favor of the M6 
collective protector. 

ond or curies (1C = 3.7 X 10'' dishec) ,  an  estimate of the number of disintegrations per 
second per fission was made from the calculations of Bolles and Ballou' and the decay data 
given i n  Sec. 3.5. The comparison of the observed decay data with the calcuIated decay for 
.the USNRDL 4n ionization chamber showed that the fission-product rlements i n  the fallout 
cere severely fractionated (Sec. 3.5). The ratio of the ObSeNed ionization rates  on the 4n 
lon~c3imber l o  that calculated for unfractiomted fission products is plotted in Fig. 3.11. 
The curve was extrapolated linearly to zero time. Since the observed ionization rate is 
lower than calculated, the actual disintegraticn rate must also be lower than calculated. The 
photon-to-disintegration ratio and the mean photon energy at early times cannot be changing 
very rapidly (owing to thc large inmure of hall lives, photon energies, and photon abundances 
present). Hence, the ratios given by the curve i n  Fig. 3.11 were used in adjusting downward 
the disintegrations per second values lor the calculated decay of the fallout for  both shot 
Dlablo and shot Shasta. The calculations a re  given in the f i r s t  two columns of Tables 3 .:2 
and 3.13. The use of the curve in  Fig. 3.11 i n  making the calculations further assumes Aat 
the fractionation in the small particles collec.ed was the same as lor the gross activity out- 
side. The filter material and the small amounts collected made it imwssible to make both 
radiochemical and decay measurements on the filter samples. 

The activity in  the entering a i r  in  fissions per cubic foot  given^ in Tables 3.12 and 3.13 
were obtained by application of Eqs. 3.9 and 3.10 to the data i n  Figs. 3.5 and 3.1, respec- 
tively. The values in microcuries per cubic loot were obtained by multiplying by the cor- 
responding values of the adjusted activity values in microcuries per fi$sion. In terms of the 
amount of fallout (fissions) entering, the peak air concentration for shot Mablo occurs at 
about 14 min; the activity in  microcuries per cubic foot is also highest at this time. For shot 
Shasta the peak a i r  concentratTon in amount of fallout entering occurs at about 48 min; 
whereas the highest amount of activity in  microcuries per cubic foot occurs a t  20 min. Al- 
though the fallout concentrations entering the shelter on shot Shasta were highest, the 
"radioactive" peak Concentration was a b u t  the same a s  for shot Diablo. In estimating the con- 
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essyre, filter loading, and line voltage) and the distribution of activity on the particle sizes. 
particle contained the same amount of activity, then the number 
time would be Proportional to the number of particles per unit volume of air pawing 

In order to convert the activity concentrations from fissions to disintegrations per sec- 
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156 168 

XI. shot Shasta. 

of activity in the shelter, i t  will be assumed that complete mixing of the incoming air 
cenuatizol) with the shelter air occurs in I min Thus for  the first minute oi fallout 300 cu ft 
@Id aer ted air wil l  enter and mix With the 8helter air; also, 300 CY It of clean air w i l l  
d c o n ~ ~ l t e r .  For the second minute, 300 cu it more of contaminated air will enter and 
leave of ehelter Pir contaminated duringihe first minute will leave. For this method of 
goo c::tion the number of fissions remaining in the shelter volume at the end of the nlh 
CO"fte efter the first minute of collection is given by 

(3.11) 

= me running index 
wherei, = the colleellng rates for  the M6 intake sampler as given in Figs. 3.5 and 3.7 

a = a constant representing the dilution factor for the intake of 300 cu ft/mm 

g = 178 for shot Diablo and 48.3 for shot . Shasta 
= 1 min 

a e l t e r  volume W a s  1.18 X IO' C Y  ft (Yp X 12.5' X 48); thus a is 0.0254. The concentra- 
in fissions per cubzc centimeter, at the end of the nfh minute 18 given by The 

tlon, 

C, = 2.99 X lo-",, (3.12) 

where 2.99 x lo-' is the inverse of the shelter volume in  cubic centimeters. The activity 
in fiSSiOns per cubic centimeter of air i n  the shelter, as obtained by use of 

3.11 and 3.12, are given in Fig. 3.12. For shot Diablo the peak aerosol concentration 

TABLE 3.13-COMPUTED CONCENTRATION OF ACTIVITY IN AIR 
ENTERING SHELTER. SHOT SHASTA 

Activlty 
calcvlated for Adjusted Activlty in Activity in 

Time after 10' fissions. activity. entering air. entering a i r ,  
buret. min die/aec rcli ission fissioos/cu ft rc/cu it 

12.8 
16 
20 
24 
28 
32 

36 
40 
44 
48 
53 
51 

61 
65 
69.5 
15 
80 
90 

100 
120 
140 
160 
180 

5.4 
4.5 
3.8 
3.2 
2.8 
2.5 

2.2 
2.0 
1.8 
1.7 
1.5 
1.4 

1.3 
1.2 
1.1 
1.0 
0.93 
0.80 

0.71 
0.56 
0.47 
0.40 
0.35 

7.0 x lo-* 
5.8 x 10-1 
4.1  x lo-' 
3.9 x 10-1 
3.3 x 10-3 
2.8 Y 16' 

2.4 x 10-1 
2.1 x 10-8 
1.9 x 10-8 

1.3 x 10-1 

1.2 x 10-8 
1.0 x 10-1 
9.4 x 10-11 
8.2 x lo-@ 
7.4 Y 10-1@ 

1.7 X lo-* 
1.4 x lo-' 

6.3 x lo-') 

5.6 x lo-'@ 

4.0 x lo-" 

3.0 x 10-18 

4.5 x 10-11 

3.5 x lo-@ 

2.4 x 10' 
8.0 x 105 
2.0 x 10s 

2.0 x 10) 

5.1 X Id 
2.3 x 10' 

3.1 x 10' 
4.0 X 10) 
3.6 X 10' 
4.4 x 108 
2.8 x 108 
1.8 x 100 

1.5 x 10) 

1.0 x 10' 
2 8  x Id 

1.2 x Id 
9.2 x 10' 

3.5 x 10' 
2.2 x 10' 

1.3 x 10' 

1.5 X 10' 

5.1 x 10' 

1.4 X 101 

0.17 
0.0046 
9.4 
2.0 
1.1 
5.5 

1.6 
8.6 
6.8 
7.2 
4.0 
2.3 

1.7 
1.4 
0.94 
0.23 
0.11 
0.074 

0.052 
0.025 
0.014 
0.0076 
0.0040 

Unhctionaled radioactive nuclides. 
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occurred 41 25 min. when the GonCentratlOn Was 1.9 X IO'fissions/cm' (5.3 X 10' fissions/ 
cu it); the incoming air concentration was highest a t  14 rnin, when the concentration was 
3.2 x 10' fissions/cu f t  (11 min delay time). For shot Shasta the peak occurred at 57 min, 
when the concentration was 6.3 X io' fiSSi0nS/Cma (1.8 X 10' fiSSions/cu It), or  about three 
times greater than for shot Diablo. The incoming air concentration was highest at 48 min, 
when the concentration was 4.4 X 10' fissions/cu ft (9 min delay time). 

are given in Fig. 3.13; they were obtained by multiplying the values i n  Fig. 3.12 by the ad- 
lusted decay-curve values in  microcuries per fission as was  done tor the computations for  
the incoming air concentrations. Owing to decay, the peak concentrations in microcuries 
per cubic centimeter m ~ r  earlier than those in fissions per cubic centimeter. For shot 
Diablo the peak at 21 min is 1.5 X lo-' pC/cma (2.1 pc/cu it); the incoming air concentration 
peak was 21  pc/cu It at 14 min (7 min delay time). For'shot Shasta the peak at 51 min is 
8.9 x lo-' pc/cm' (2.5 w/cu  ft); th? incoming air concentration peak was 9.4 pc/cu ft at 
20 min (31 min delay time). The peak concentrations in microcuries per cubic centimeter 
for  the two shots are nearly equal. The compucd dilution of the activity with relatively 
clean outside a i r  after the fallout cessation indicates that it is a relatively slow process at 
300 cu ft/min. At comparable times after burst the concentrations in the shelter after shot 
Shasta would have been about eight times higher than for shot Diablo. The computational 
method, which impljed the assumption that only mixing Mth the shelter a i r  occurs, undoubtedly 
eves  hjgher concentration values. Many of the particles larger than a few microns would 
settle out, and smaller ones would adhere to the shelter walls and roof. However, no guide is 
available lor estimating how much such occurrences would decrease the computed air  concen- 
trations. 

The average a i r  concentration in the shelter for the first  2 h r  after fallout arrival (for 
drawing in 300 cu It/min of a i r  without filters) would have been about 1.8 x lo-' ~lc/cm' (10 
to 130 min) for shot Diablo and 3.6 X lo-' pc/cm' (20 to 140 min) for shot Shasta. These 
values were obtained by integrating the curves i n  Fig. 3.13 and dividmg by 120. If the inte- 
gration were carried further, the averages would be decreased. 

No estimates of the inhalation hazard associated with the estimated air concentrations 
in  the shelter were made since no precise data on the size distributions, solubility, and 
radioactive composition were obtained for  the materlal on the M6 protective collector ma- 
terial. Teresi and Newcombe' have estimated the maximum permissible concentrations 
(MPC) i n  water and a i r  for small soluble particlea (1 to 5 p) containing mixed fission products 
(presumably In soluble form) for exposure periods starting as early as 3.5 hr after fission 
and fo r  exposure periods as short as one day. The computations a re  based on a continuous 
exposure to the same aerosol concentration over the exposure period, taking into account 
radioactive decay. Actually. the  cited calculations would be more applicable to fallout from 
a deep sea-water detonation than to fallout from a land burst. 

For MPC calculations based on the concentration of certain fission products in  critical 
organs for fallout from land bursts which is only very slightly soluble, information on the 
solubility of each fission product a s  a function of time is required. Thus the use of the cal- 
culations 01 Teresi and Neacombe to assess  the degree of inhalation hazard that could have 
exlsted in  the shelter will result i n  a high estimate of the hazard. However, in  order to 
make the estimate of the MPC at exposures starting a s  early as 10 and 20 min after burst 
and for a 2-hr exposure. the data of 'Teresi were cross  plotted and extrapolated a s  shown in  
Figs. 3.14 and 3.15. The curves show that for a given dose the a i r  or water concentrations 
increase a s  the start of the eqosure decreases and as the period of exposure decreases. 
Relative to the one-day exposure starting at 3.5 h r  giving 150 rem i n  30 days, starting the 
one-day exposure at 10 rnin would increase the MPC from 4.1 x lo-' to about 1.5  x lo-* pc/ 
cm', which is a factor of 18. Similarly. decreasing the exposure period from one day  to 2 hr 
(0.0833 day), would increase the MPC by a factor of 49 (0.2 pc/cm' divided by 4.1 x 
irc/cm'). The correction factors and estimated MPC's are  summarized in Table 3.14. For 
shot Diablo the estimated shelter concentration w a s  1.8 x lo-' of the estimated MPC for 
IS rem in 90 days; lor shot Shasta, the estimated shelter concentration w a s  3.0 x IO-' of the 
estimated MPC for 15 rem in  90 days.  Thus no inhalation hazard could have existed in the 
shelter for either shot tor the conditions cited. 

The activity concentrations in miCrOCurieS per cubic centimeter of air in the shelter 
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E all conditions surrounding the two events were held constant (& intake flow rate, air in. 
configurations, particle sizes, etC.1 eXCept the amount of fallout thatarrived, the esti- 

ted MPC for  15 rem in 90 days would have been experienced if the standard intensity 
increased to 19/7.8 x IO-', or 240,000 r /hr ,  at 1 hr  for shot Diablo and 36/3.0 x lo-'. or 
12~,ooo r/hr,  at 1 hr  for  shot Shasta. For reasons previously given, the calculated MPC's 

are 
limits of the standard intensities would be low.& the other hand, only a small fraction of 
the activity (less than 1 per cent) was carried by particles smaller than 50 to 100 li a t  the 

For underground and surface detonations, more activity may be carried by the 
suer particles, depending on the type of soil at the point of detonatioiiand the down-wind s= 

from the shot point. Thus the simple estimates could be in considerable error for 
detonation conditions and ventilation configurations that differ greatly from those described 
in this report. A few of the important parameters that can influence the air concentrations 
in ,helters are mentioned in Chap. 4. 

ma 

overestimates of the inhalation hazard; therefore the estimates of the upper permissible 

TABLE 3.14-ESTIMATE OF MPC IN AIR FOR SMALL SOLUBLE 
PARTICLES O F  &\DIOACTNE FALLOUT FOR EXPOSURE TIMES 

AT SHELTER FOR SHOTS DIABLO AND SAASTA 

Item 

D08e 

150 r em in 15 r em in 
30 days 90 days 

Diablo 

MPC for 1-day exposure start ing a t  

Faclor for exposure start ing a t  10 min 
Factor for exposure period of 2 h r  
MPC for 2-hr exposure start ing at 

MPC far  1 rem in stated time. uc/cmS 
Concentration in  shelter 12-hr aver-e). 

Fraction of estimated MPC 

3.5 hr. ~ c / c m '  

10 min.  uc/cm' 

gc /cm' 

ShaSta 

MPC for 1-day exposure slilrllng a t  

Factor lor exposure starting a t  20 min 
Factor lo r  exposure period of 2 hr 
MPC for 2-hr expornre slarttng at 

MPC for 1 rem an staled lime. Gc/cm' 
Concentrauon in sheller 12-hr average) 

Fraction of estirnalrd MPC 

3.5 hr. &/em' 

20 min. uc/cm' 

uc /cmJ 

4.1 x lo-' 
18 
49 

3.6 
2.4 x lo-' 

1.8 x 10- 
5.0 x 10- 

4.1 x lo-' 
9.1 
49 

1.8 
1.2 x lo-' 

3.6 x lo-' 
2.0 x 10- 

3.7 x 10' 
17 
37 

U.23 
1.5 x lo-' 

1.8 10-5 
7.0 x 10- 

3.7 x 10- 
8.8 
37 

0.12 
8.0 X lo-' 

3.6 X loJ 
3.0 x 10- 

In addition to the possibility of an inhalation hazard i n  the shelter, the possibility of 
dose due to gamma radiation from the aerosol i n  the air or on shelter surfaces exists. The 
more simple calculation is that for the dose rate at 3 ft above the surface of the shelter; the 
results should be within a factor of 2 of that lor the activity uniformly mixed in the air. 
Hence for  this calculation it is assumed that all the entering activity is deposited uniformly 
over the shelter floor. The floor area was 1200 sg ft (25 by 48 ft). For shot Diablo the 
described dispersion of the aerosol afler fallout cessation would have given a surface con- 
tamination of 8.6 x 10"/1.2 x IO', or 7.2 X IO', fissions/sq ft. For shot Shasta the surface 
contamination would have been 3.8 x lO"/l.2 x lo', or  3.2 x lo'', f iss iondsq It. For un- 
fractionated activities from the shots, the ionization rate a t  3 ftabove an infinite smooth 
plane a t  1 h r  after burst' would be about 1.3 X IO-" (r/hr)/(fission/sq ft). Multiplying this 
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value by 0.335, as taken from Fig. 3.11, gives 2.5 X lo-'$ (r /hr  a t 1  hr)/(fission/sq ft). Thus 
for  shot Diablo the equivalent 3-ft radiation rate for an infinite smooth plane would be 1.8 
IO-' r /hr  a t  1 hr  (1.8 mr/hr); for shot ShaSta it would be 8.0 x lo-' r /hr a t  1 hr (8.0 mr/  
hr). For the 25- by 4 8 4  slab and for  a mean photon energy of about 0.85 MeV, the ratio of 
the ionization rate at 3 ft above the center of the s lab to that for the infinite plane' is about 
0.5. Thus the two 1-hr ionization rates from the above given amounts of contamination on ~- - 
the shelter floor would be about 1 and 4 mr/& at 1 hr, 3 ft above the center of the slab, for 
shot Diablo and shot Shasta, respectively. The ratios of these radiation rates to the standard 
intensities outside for the two shots are 0.000053 and 0.00011, respectively. The values of 
these ratios are about the same as those obtained for  the shielding Ss idua l  numbers for the 
shelter. Thus, if aerosol were increased by a factor of 2 (increasingunfiltered air intake 
rate from 300 to 600 cu ft/minl and the above assumptions held, the aerosol intake for  shot 
Shasta conditions would have contributed more to the dose i n  the shelter than the radiation 
from the outside fallout. 

If the activity were actually diIiited and mixed with the shelter air without settling, as 
was assumed for  the calculations plotted in Figs. 3.12 and 3.13, the dose rate near the center 
of a shelter floor can be estimated from 

- 

I = (10) 5.22 x lo-* pAEd x 3.7 x lO'C A''e-pI dl ~~ (3.13) 

where kA = the Klein-Nishina absorption coefkient  for air .- 

= average photon energy in  Mev/disintegration 
c = the air concentration in pc/cms 
lo = the equivalent spherical radius for tiie shelter volume 
I = dose rate in  r / h r  

Equation 3.13 neglects scattering since the build-up factor has been~set equal to 1; this 
should result in  less  than a 50 per cent e r ror  in the computation. At the times of considera- 
lion, E,, is about 1.1 Mev/dis. and the average photon energy is about 1.0 MeV. Thus the 
value of p A  is 3.6 x lo-' cm-I, and the value of p is 0.81 x lo-' cm-'. Substituting these 
values and integrating, Eq. 3.13 gives 

~~ 

' 0 )  .~ (3.14) ! l , h ~ l l l *  I =  470C (1 -e- 

- .  For the hemisphere out to the shelter side walls (I, = 12.5 f t  or 380 cm), the exponential 
term is 0.97; for a hemisphere out to  the sheller end walls (lo = 24 ft or  730 cm), the ex- 
ponential term would be 0.94. The equivalent spherical radius should give a value between 
0.94 and 0.97 lor the exponential term; the mid-value was used in the estimates given here. 
Equation 3.14 then i s  

I = 21c (3.15) 

The peak dose rate lor nonsettling of the aerosol lor  shot Diablo would have been about 
1.6 m r  /hr a1 H + 21 min, and. lor shot Shasta at H + 51 min, the peak dose rate from the 
aerosol would have been about 1.9 mrth-. The dose over the 2-hr exposure period from the 
aerosol would have been about 0.8 m r  lor shot Diablo and 1.5 mr for  shot Shasta. At H + l  
hr, the dose rate for shol Diablo due to the aerosol would have dropped to 0.2 mr/hr ,  and 
that for shot S h a m  would have only decreased to 1.6 mr/hr.  At this time, for shot Shasta, 
the radiation from the aerosol would have been about one-half the radiation in the shelter 
from outside fallout. 

.- 

3.4 

3.4.1 Dose Measurements. Shot Diablo 

Film-badge daIa from the outside station are given in Tables 3.15 to 3.17. The film 
badges on the stake stations (see Fig. 2.13) were placed at 1% to 21/, It above the ground. 

EFFECTS OF OPENINGS ON SHIELDING 
- 
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TABLE 3.15-EXTERIOR W S E  DATA FROM FILM BADGES 
ON STAKE STATIONS, SHOT DUBLO' 

Station N0.t Done. r 

1 -. ias 
2 151 
3 163 
4 162 
5 161- ~ ~ 

6 146 

~- 
151 -~ - 7  - 

E 145 
9 89 

162 10 
11 164 
12 173 

13 161 
14 161 
1 5  151 
16 162 
17 164 
18 164 

'Duration of exposure: H-hour to H + 2 8  hr: height of fllm 

t Refer to Fig. 2.13. 

~~~ 

-. 

badgen: l'/j to Z?? ft. 

TABLE 3.16-EXTERIOR W S E  DATA FROM FILM BADGES 
IN DOSIMETER-TUBE CUPS, SHOT DIABM' 

Done. r 

Badge No. 510 fllm 606 film 

1 68 70 
2 78 SF 
3 165 170 
4 68 78 

*Duration of exposure: H+3 mln to H+5'/2 hr. 

TABLE 3.17-DOSE DATA FOR OTHER STATIONS. SHOT DIABLO' 

Localion Dose. r 

Sheller ramp 78.77 

Shelter ramp 1.9 
(cutside) 

(12 R from door) 

( 3  11 from d w r )  
Sheller ramp 0.41 

*Duration of exposure: H to H+28 hr. 
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~h~~~ badges were exposed prior to shot time until 28 hr after burst. The film badges in 
the dosimeter tubes were ejected from inside the shelter through the dosimeter tube at 3 
min after burst and were recovered at 5 y  hr  after burst. 

According to the stake-station data, the average value of the dose received outside the 
shelter i n  the first 28 hr was 160 r. The large deviation shown for station 9 was dueto 
shielding by the steel ventilator to which the badge was attached. The average value of the 
dose indicated for  the period H + 3 min to H+ 5% hr  from the badges ejected into the dosime- 
ter-tubecups was about 75 r. The large deviation of badge No. 3 may have resulted from the 
badge’s falling onto the ground when it was ejected from the dosimeter tube. 

Two methods were used to estimate the initial dose outside the shelter: (1) dose-distance 
extrapolation and (2) exposure-period adjustment. The extrapolation using dose (r) and dis- 
tance (D) was based on dose data from badges close to the burst (180Lb3000 ft). Extrap- 
olation to 5300 f t  was accomplished by using the established procedure of plotting log r d  
vs.  r. The initial dose by this procedure was estimated to be 48 r. 

The method of exposure period was based on the film-badge data given in Tables 3.15 
and 3.16 and the observed GITR datagiven in Fig. 3.16. The observed GITR curves were Ute- 
grated first  from 3 min to 5v2 h r  and the integrated dose was compared to the film-badge 
data in  Table 3.16; the latter were found to be larger by a factor of 1.66. This factor was 
used to adjust the dose from the observed GITR data as integrated from 1 min to 28hr. and 
the adjusted integrated dose was subtractedfrom the average dose in Table 3.15 to give the 
second estimate of initial dose at the shelter. Results from the two methods are summarized 
i n  Table 3.18. Thus up to 28 hr after shot-about36 per cent of the outslcle dose was from 
initial dose delivered within the first  minute after burst. 

The average value of the dose from fallout, 103 r, was used to determine the correction 
factor for the observed GITR data, 1.82. When this is applied to the observed data, the peak 
radiation rate increases from 55 to 100 r /hr  and the one-hour rate increases from 14 to 
25.5 r/hr.  Comparison of the adjusted GITR and some AN/PCR-39(Tl.B) readings are given 
i n  Table 3.19. The calculated response of the AN/PDR-39(TlB) to an  extended source of 
lission products varies between 0.13 and 0.78; thus the adjustment of the GITR data from 
the film-badge data is i n  agreement with the AN/PDR-39(TlB) data. 

Three 200-mr electroscope dosimeters were  grouped at each height under the ventilators. 
The other stations had one 200-mr dosimeter and one I -mr  dosimeter. The residual numbers 
(RN) lor initial radiation were calculated by using the average outside initial dose of 57 r as 
given in  Table 3.18 and the average of the three interior dose measurements a t  each lo=- 
tion; the results a re  given in Table 3.21. The shielding residual numbers for  fallout radia- 
tion given i n  Table 3.22 were calculated lrom the interior dose data and estimates of the 
dose Lrom fallout radiation obtained by integrating the adjusted GITR curve (Fig. 3.16). 

Except for  the 3 4  measurements. the residual numbers for the initial radiation under 
the center ventilator a re  about two times those for  fallout radiation. At the rear  ventilator 
the values a re  only slightly higher ( a h u t  40 per cent on the average). In general, for initial 
radiation, at heights less than 9 It the residual numbers were less than 0.001. 

numbers better than 0.001 can be expected under the ventilator openings. The one exception 
occurs at the 12-ft stalion under the center ventilator. For stations under ventilators the 
residual numbers  based on dose agree within a factor of 2 with residual numbers based on 
dose rate. The residual numbers for other  stations show large discrepancies, probably 

The dose data for interior stations for  various exposure periods are given in Table 3.20. 

~ 

f o r  fallout radation the shielding residual numbers based on dose indicate that residual 

owing to the small doses recorded. ~. 

Attenuation of radiation below the exhaust ventilators is indicated by the dose measure- 
ments. A comparison of doses at various distances below the vent to the dose at the vent 
is given i n  Fig. 3.17. The data show that radiation has  been reduced at the 3-ft level to 10 to 
20 per cent of that at the 12-11 level. 

3.4.2 Intensity Measur-nts, Shot Diablo 

AN/PDR-39(TlB) survey instruments. Results are shown in Table 3.23. 
Measurements of gamma in tens i ty  were made on top of the shelter a t  H + 5% hr with 
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~- TABLE 3.18-ESTIMATES OF INITIAL DOSE AND 
DOSE FROM FALLOUT 

Dose. r 
Dose fraction Method 1 Method 2 - Average 

Initial. 0 to 1 min 48 66 57 ’ 
Fallovt (tx’mit nod deposit). 
1 min to 28 hr ~ 112 94 103 - 

Total, 0 to 28 h r  160 160 1 60 

TABLE 3.IB-COMPARISON OF ADJUSTED GITR AND 
AN/PDR-391TlB) READINGS 

Time afler Adjusted GITR AN/PDR-SI)(TlB) Ratio. 
burst. h r  reading. m r b r  -~ reading, m r h r  (TIB/GITR) 

5.5 2700 
27.5 378 
30.0 320 

2200 0.81 
260 0.70 
250 0.78 

Av. 0.7R 

TABLE 3.20-INTERIOR DOSE DATA, SHOT DLABM 

Initial gamma dose, m r  Fallout gamma dose. m r  Height. 
Location. ft 1 2 3 1 2 3  

c4 
c 4  
c 4  
c4 

c7 
c 7  
c 7  
c7 

Location. 

A 1  
A4 
A7 
E l  
E4 
E6 

Center Ventilator7 

12 2001 190 180 110 110 95 
9 70 60 70 25 35 30 
6 30 30 20 12 10 10 

IO 20 20 10 17 22 3 

Rear Venlilatorl 

12 30 30 20 20 20 23 
9 10 10 10 8 20 11 
6 0 10 10 8 6 5  
3 3 7 4 0 5 5  

Other Stations (3-11 Height)§ 

Fallwt gamma dose, mr 

Initial gamma dose. 200-mr Background 
200-mr dosimeter. mr dosimeter dosimeter 

4 30 1M 
4.5 3 4.5 
4 5 1W 
0.5 18 10+ 
2 10 lo+ 
3.5 1 0.5 

Lacalions a r e  shown in Fig. 2.11. 
t Inltial exposure was from H-hour to H + 5  mln; fallout exposure was from H + 5  

f Initial exposure was from H-hour to H+4’/, min; fallout exposure was f rom H + 6  

D Initial exposure was from A-bwr to  H + 3  min; fallout exposure was from H + 8  

min to  H + 7 6  min. 

min to H+71 min. 

mi” to H * 7 6  min. 
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TABLE 3.21-SHIELDING RESIDUAL NUMBERS 
FOR INITIAL RADIATION 

Interior 
Station Helght. average Residual 

No. ft done. r No. 

c4 
c4 
c 4  
c 4  

C? 
c 7  
C? 
C I  

Center Ventilator 

12  0.190 
9 0.067 
6 0.027 
3 0.017 

Rear Ventilator 

12  - 0.021 
9 0.010 
6 0.010 
3 0.005 

0.0033 

0.0005 
0.0003 

~ 0.0012 .~ 

0.0005 
0.0002 
0.0002 
0.0001 

*Exterior dose taken as 57 r (Table 3.18). 

TABLE 3.22-SHIELDMG RESIDUAL NUMBERS 
FOR FALLOUT RADIATION 

Interior Exterior 
Statlo" average average Reaidual 

NO. Height. f l  dose: r dose.. r No. 

Center Ventllalor 

c4 1 2  0.105 55.5 0.0019 
c4 9 0.030 55.5 0.00054 
c 4  6 0.011 55.5 0.00020 
c4 3 0.016 55.5 0.00029 

Rear VenlilalOr 

C I  12 0.021 55.5 0.00038 
C? 9 0.013 55.5 0.00024 
c7 6 0.006 55.5 0.00011 
c7 3 0.005 55.5 0.00009 

Other SlallO"* 

A 1  3 0.030t 55.2 > 0.00055 
A 4  3 0.0045 55.2 0.00008 
A7 3 0.010 55.2 0.00018 
E l  3 0.018 55.2 0.00033 
E4 3 0.010 55.2 0.00018 
E l  3 0.0005 55.2 0.00001 

*See Table 3.20 for lime prtods used. 
tln shielded lacatton. unrepresentative of radiation through the door. 
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The f i r s t  survey of the interior of the shelter was made after cessation of fallout during 
the period H+94 to H+108 min. Measurements made with AN/PDR-Z?C radiss at the vari- 
ous stations shown in Fig. 2.11 are given in Table 3.24. Residual numbers for  each station 

obtained by correcting the average of the exterior AN/PDR-3B(TlB) measurements to 
H+ 100 using the observed GITR data (Fig. 3.16) for determining the decay correction factor. 
The response of the AN/PDR-27C to the photon spectrum inside the shelter was the same 

measurements require no additional correction in computing the residual numbers. The 
response of the ANDDR-27C to the photon spectrum inside the shelter is discussed in Ap- 
pendix D. 

Residual-number contours were developed from the data in Table 3.24. Figure 3.18 
shows contours on horizontal-plane sections a t  3, 6, and 9 f t  above the>lter floor, on a 

of the AN/PDR-39(TlB) to the photon spectrum outside the shelter; hence the two sets  .- of- 

Bection through the center line of the shelter, and on a~ve r?ca l~sec t ion  through grid 

Residual numbers given i n  Table 3.24 and contours in Fig. 3.18 show that almost all the 
,helter gave residual numbers better-than 0.005 most of the shelter gave residual numbers 
.pproaching 0.00001. Restricted areas nea&e entrance and within about 1 It of the center 
vent gave residual numbers poorer than 0.001. 

Attenuation of radiation below the vents was determined from the data in Table-9.24; 
results a re  plotted i n  Fig. 3.19. Attenuation is essentially proportional to the distance from 
the vent down to 6 f t  from the floor. This rate is substantially greater than the attenuation 

4. 

~~ 

based on dose measurements (Fig. 3.11). ~ - . -~ 
A second interior survey, made after sandbagging the center vent, gave the results ~. 

shown in Table 3.24. Shielding the vent did not result in appreciable improvement of resid- 
ual numbers in  most parts of the shelter. However, a threefold reduction was noted directly 
below the vent. Observable reductions also were noted at stations C3, C4, and C5. Residual 
numbers  given in Table 3.24 for the second survey were obtained by correcting the interior 
readings to H+ 100 min using the observed CITR data and then comparing the interior rezd- 
lngs to the exterior readings corrected to the same time. 

Additiona. intensity measurements were taken in the shelter by five AN/PDR-27C low- 
range radiacs whose signals were recorded on Brown recorders. The traces of these instru- 
ments for  the first 2 hr a re  shown in Fig. 3.20, together with the interior survey measure- 
m e n t s  made at the same locations. The data a r e  in  fair agreement, the interior survey 
measurements tendmg to be somewhat higher than the recorded data. 

3.4.3 Intensity Measurements, Shot Shasta . 

The observed GITR data for the CITR location on top of the shelter are given in Fig. 
3.21. Data from the Geiger-tube rate meter underneath the center ventilator are given in 

taking several readmgs on the latter instrument at the Geiger-tube location. The Geiger- 
tube position w a s  protected on the sides by lead bricks; the opening pointed upward. Hence 
the readings (and residual numbers) for the rate meter were somewhat lower than those 
under the ventilator for  a n  unshielded reading. 

the GITR measurements are given in TaLle 3.25. The ratios of the corrected AN/PDR-39 
(TlB) readings to the GITR readings a re  m agreement with the value, 1.8, found on shot 
Diablo. The difference i n  the ratio between the two early measurements and the later one is 
probably due more to the calibration of the AN/PDR-38(TlBJ instruments (first two were 
on instruments checked out from Rad-Safe) than to relative change in the response of the 
two instruments with photon energy. For the computation of residual numbers, the obsemed 
CITR data were corrected to observed AN/PDR-Sg(TlB) by multiplying them by 1.62. This 
value of the ratio is an average for the first two measurements; it was used since all the 
interior measurements were taken on, or  converted to equivalent readings on, the Rad-Safe 
calibrated AN/PDR-3WTlB) instruments. This treatment assumes the same over-all re- 
sponse of the AN/PDR-39(TlB) to the radiation inside and outside the shelter (the energy 

.. 

- 

- .  

- 
- 

Fig. 3.22; the rate-meter readings were converted to AN/PDR-39(TlB) ionizatfon rates by ~~ 

- 

Exterior rate measurements taken with the AN/PDR-SB(TlB) and their' correlation with 

- 

a 

.. 

.1 

and geometries of the radiation were dif'erent). i 
(Text continues on page 84.) 
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Station station 
No.t Intensity, r h r  No.t Intensity, r h  

1 2.0 
2 2.2 
S 2.3 
4 2.2 
5 2.3 
6 2.2 

h t l m  
No.t Intensity. r/hr 

7 2.2 
8 2.2 
9 2.0 

10 2.1 
11 2.4 
12  2.2 

IS 2.2 
14 2.2 
15 2.2 
16 2.2 
17 2.2 
I8 2.2 

*Time of ByNey, H+5% hr; instrumsnt. AN/PDR-39(TlB). - 
t Refer to Fig. 2.13. 

. TABLE 3.24-li4TERIOR SURVEY DATA, SHOT DlABM 

First survey (H+100 mid Second survey (H+5'/, hr) 

Height, Reading. Residual Reading. Residual 
Lacation. ft  mr/hr No. mrAr N O .  

A1 
8 1  
c1 
D1 
El 

E l  
D1 
D1 
D1 
C1 

Cl 
CI 
C 1  
€31 
B1 
8 1  
A I  
A 1  
A 2  
62 

c 2  
0 2  
E2 
E2 
D2 

D2 
D2 
c2 
C2 
c 2  

CZ 
B2 
B2 
8 2  
A? 

A2 

3 
3 
3 
3 
3 

6 
3 
6 
9 
3 

6 
9 

12 
3 
6 

9 
3 
6 
3 
3 

3 
3 
3 
6 
3 

6 
9 
3 
6 
9 

1 2  
3 
6 
9- 
3 

6 

50 
10 
14  
10 
5 

11 
9 
21 
11 
13 

15  
8 
2 

11 
13 

5 
32 
36  

6 
5 

3.5 
3 
3.5 

4.3 

3.2 
2.6 
3.4 
3.3 
2.1 

1.1 
4.3 
3.4 
1.3 

13 

4 

0.0050 
0.0010 
0.0014 
0.0010 
0.0005 
0.0003t 

0.0011 
0.0009 
0.0021 
0.0011 
0.0013 

0.0015 
0.0008 
0.0002 
0.0011 
0.0013 

0.0005 
0.0032 
0.0036 
0.0006 
0 0005 

0.00035 
0.00030 
0.00035 

0.00043 

0.00032 
0.00026 
0.00034 
0.00033 
0.00021 

0.00011 
0.00043 
0.00034 
0.00013 
0.0013 

0.00040 

3.5 
L o  
2.3 
2.4 
1.5 

1.5 
955 
2.2 
1.4 
2.8 

4.0 
1.8 
0.7 
3.5 
3.0 

0.9 
5.0 
4.1 
1.5 
0.9 

1.0 
1.0 
0.1 
0.4 
0.8 

0.8 
0.6 
0.9 
0.8 
0.4 

0.3 
0.7 
0.4 
0.4 
1.1 

1.4 

0.0018 
0.0026 
0.0012 
0.0013 
0.00078 

0.00078 
0.0013 
0.0011 
0.00013 
0.0015 

0.002r. 
0.00094 
0.00036 
0.0018 
0.0016- 

0.00047 
0.0026 
0.0024 
0.00078 
0.00047 

0.00052 
0.00052 
0.00036 
0.00021 
0.00042 

0.00042 
0.00031 
0.00047 
0.00042 
0.00021 

0.00016 
0.00037 
0.00021 
0.00021 
0.00088 

0.00073 
A3 3 1.5 0.00015 0.30 0.00016 
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'/* hr) 

iidual 
io. 

018 
026 
012 
013 
0078 

- 

0018 
013 
011 
0013 

,015 

lo21 
10044 
10036 
IO18 
I016 

10041 
1026 
1024 
I0018 
I0041 

IO052 
10052 
)0036 
)0021 
I0042 

)0042 
)0031 
10041 
10042 
30021 

10016 
00031 
00021 
00021 
00088 

00013 
00016 - 

TABLE 3.24 (Continued) - 
~ - 

First survey (H+100 mid Second survey (H+57, br) 

Height, Reading. Residual Reading. Residunl 
lacat ion* f t  m r / h r  No. mrbr No. 

B3 
c 3  
D3 

E3 
E3 
D3 
D3 
0 3  

c 3  
c 3  
c3 
c3 
B3 

B3 
B3 
A3 
A3 
A4 

B4 
c 4  

D4 
E4 

E4 

w 
D4 
w 
c4 
c4 

c 4  

c4 

8 4  
B4 
8 4  

A4 

A4 
A5 
B5 
C5 

D5 
E5 
E5 
D5 
D5 

D5 
c 5  
c 5  
c5 

3 
3 
3 

3 
6 
3 
6 
9 

3 
6 
9 

12 
3 

6 
9 
3 
6 
3 

3 
3 

3 
3 

6 

3 
6 
4 
3 
6 

9 

12 

3 
6 
9 

3 

6 
3 
3 
3 

3 
3 
6 
3 
6 

9 
3 
6 
9 

1.3 
1.1 
0.1~ 

0.4 
0.5 
0.1 
0.6 
0.3 
1.2 
1.2 
1.1 
1.1 
1.4 

1.1 
0.8 
1.3 
0.8 
0.2 

0.4 
1.6 

0.8 
0.4 

0.4 

0.1 
0.8 
0.6 
1.4 
1.4 

4.1 

30 

0.3 
0.4 
0.4 

0.2 

0.2 
0 . 2  
0.5 
1.0 

0.5 
0.5 
0.2 
0.5 
0.5 

0.5 
1.0 
1.3 

0.00013 
0.00011 
0.00007 

0.00004 
0.00005 
0.00007 
0.00006 
O.OOW3 
0.00012 
0.00012 
0.00011 
0.00011 
0.00014 

0.00011 
0.00008 
0.00013 
0.00008 
0.00002 

0.00004 
0.00016 
o.ooo29t 
O.OOW8 
0.00004 
0.00018t 
0.00004 

0.00007 
0.00008 
0.00006 
0.00014 
0.00014 
0.0002Ot 

0.00041 
0.00054t 
0.0030 
0.0019* 
0.00004 
0.00004 
0.00004 

0.00002 
0.00008t 
0.00002 
0.00002 
0.00005 
0.00010 

0.00005~ 
0.00005 
0.00002 
0.00005 
0.00005 

0.00005 
0,00010 
0.00013 

I d  " nnn, d 

0.25 
0.11 
0.10 

0.01 
0.10 
0.12 
0.09 
0.11 

0.15 
0.16 
0.14 
0.20 
0.25 

0.22 
0.19 
0.21 
0.25 
0.04 

0.15 
0.11 

0.11 
0.10 

0.03 

0.13 
0.13 
0.11 
0.18 
0.20 

0.21 

2.0 

0.14 
0.16 
0.14 

0.09 

0.11 
0.15 
0.18 
0.25 

0.17 
0.13 
0.03 
0.15 
0.12 

0113 
0.18 
0.20 

0.00013 
0.000083 
0.000052 

0.000036 
0.000052 
0.000062 
0.000041 
0.000057 

0.000078 
0.000083 
0.000013 
0.00010 
0.00013 

0.00011 
0.000018 
0.00014 
0.00013 
0.000041 

0.000078 
0.000088 

O.OOW88 
0.000052 

0.000041 

0.000068 
0.000068 
0.000051 
0.00w34 
0.00010 

0.00011 

0.0010 

0.000013 
0.000083 
0.000073 

0.000041 

0.000057 
0.000018 
0.00009rl 
0.00013 

0.000088 
0.000068 
0.000041 
O.OOW18 
0.000062 

0.000068 - 
0.000094 
0.00010 - 

_. . "."""_. 0.23 0.00012 ~~ - 
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TABLE 3.24 (Continued) 

Firat aurvey (H + 100 m i d  Second survey (H+5% hr) 

Height. Rending, Residual Reading. Residual 
Location * ft mr/hr No. m r h r  bla 

c5 

B5 
B5 
B5 
A5 
A5 

A6 
B6 
C6 
D6 
E6 

356 
D6 
D6 
D6 
C6 

C6 
C6 
C6 
B6 
B6 

B6 
A6 
A6 
A7 

B7 

C7 

D7 
E7 

E7 
Dl 

D7 
D7 
c 7  
c 7  

c7 

c7 

B7 
B7 
B7 
A I  
A7 

12 

3 
6 
9 
3 
6 

3 
3 
3 
3 
3 

6 
3 
6 
9 
3 

6 
9 

12 
3 
6 

9 
3 
6 
3 

3 

3 

3 
3 

6 
3 

6 
9 
3 
6 

9 

.. 

- ~. 

12 

3 
6 
9 
3 
6 

1.5 

0.6 
0.5 
0.4 
0.2 
0.2 

0.2 
0.s 
1.5 
0.5 
0.3 

0.5 
0.5 
0.4 
0.4 
0.7 

1.0 
1.6 
2.7 
0.4 
0.5 

0.4 
0.3 
0.3 
0.1 

0.3 

1.0 

0.5 
0.2 

0.2 
0.4 

0.5 
0.5 
0.6 
0.7 

1.1 

2.0 

0.4 
0.6 
0.3 
0.1 
0.4 

0.00015 

0.00006 
0.00005 
0.00004 

0.00002 

0.00002 
0.00003 
0.00015 
0.00005 
0.00003 

0.00005 
0.00005 
0.00004 
0.00004 
0.00007 

0.00010 
0.00016 
0.00021 
0.00004 
0.00005 

0.00004 
0.00003 
0.00003 
0.00001 
0.00018t 
0.80803 

0.00010 
0.00009t 
0.00005 
0.00002 
0.00001t 
0.00002 
0.00004 

0.00005 
0.00005 
0.00006 
0.00007 
0.00011t 
0.00011 
0.00024t 

0.00020 
0.00038t 
0.00004 
0.00006 
0.00003 
0.00001 
0.00004 

0.00002- 

0.21 

0.17 
0.12 
0.10 

0.10 
ax2 

0.15 
0.15 
0.17 
0.15 
0.20 

0.25 
0.27 
0.30 
0.15 
0.10 

0.10 
0.09 
0.11 
0.05 

0.08 

0.13 

0.08 
0.04 

0.05 
0.10 

0.09 
0.07 
0.11 
0.14 

0.17 

0.20 

0.07 
0.05 
0.07 
0.06 
0.07 

0.00011 

0.000088 
0.000062 
0.000052 
0.000062 
0.000052 

0.000078 
0.000078 
0.000088 
0.000078 
0.00010 

0.00013 
0.00015 
0.00016 
0.000078 
0.000052 

0.000052 
0.000047 
0.000057 
0.000026 

0.000042 

0.000068 

0.000042 
0.000021 

0.000026 
0.000052 

0.000047 
0.00036 
0.000057 
0.000074 

0.000088 

- 

0.00010 

0.000036 
0.000026 
0.000036 
0.000031 
0.000036 

Locations are shown in F I R .  2.11. 
t Residual numbers f rom dose measuremenls (Table 3.221 given for comparison. 
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The residual number at the Geiger-tube rate-meter location under the center ventilator is 
plotted as a function of time in Fig. 3.23. Since the geometry for the rate meter pointed up- 
ward, the contribution of the radiation down the vent to the observed count-rate on tNs  instru- 
med large. The data show a peak in the residual number at 6 to 7 min due to radioactive 
sources directly over the ventilator. This time was just prior to falloutnrrival; therefore it 
must have been due to radiation from the cloud overhead. After most of the fallout baa-arrived, 
the residual number remained almost constant up to about 250 min (4 hr); the decrease after 
250 min was probably due to a general decrease In the energy of the photons. 

A single shelter survey was made at H + 2 %  h r  using the AN/PDR-SO(TlB) instruments; 
the data and residual numbers are given in Table 3.26. The AN/PDR-SO(TlB) equivalent 
reading from the GITR data at that time was 11.3 r/hr; thjs value was used in computing the 
residual numbers. Except for the residual numbers for positions under the center vent and 
open periscope (Csr C,, C,, and C,) and near the M6 collective protector (A,), the resldual 
numbers on the average are a little less than two times those given in Table 3.24 for shot 
Diablo. Under the openings the residual numbers are between 0.000'7 and 0.0008; hence the 
requirement for a residual number of 0.001 was met. The higher numbers could, i n  part, 
be due to a higher relative response of the AN/PDR-39(TlB) to khe radiations inside the 
shelter. 

3.4.4 Directional Gamma Measurements, Shot Diablo 

Data obtained by the directional gamma instrument are plotted in Figs. 3.24 through 
3.21. The instrument records have been corrected to 1 hr after burst. The unit of measure- 
ment is milliroentgens per hour per 10 degrees of solid angle. When properly summed over 
4 ~ .  the result of the directional survey should equal the measured intensity a t  the point of 
interest. Figure 3.24 shows the result ofa transverse rotation of the instrument in a plane 
including the shelter door. Figure 3.25 gives the results of a transverse rotation miciway 
between the door and the center ventilator, showing the greatly reduced contribution from 
the door. Figure 3.26 is a longitudinal rotation approximately under the center ventilator, 
and Fig. 3.27 shows two longitudinal rotations, one under the rear ventilator and one mid- 
way between the door and center ventilator. 

3.4.5 Energy-spectrum Measurements, Shot Diablo 

computations on the response of the AN/PDR-27C to the radiations in the shelter. 
Data on the gamma spectrum inside the shelter a re  given in  Appendix D along with the 

3.5 SUPPORTING TECHNICAL STUDIES 

3.5.1 Shot Diablo -~ 

The technical supporting studes on shot Diablo consisted i n  (1) the intensity-time 
record from the GITR on the shelter roof, (2) the decay of fallout samples measured in the 
4n ionization chamber, (3) the rate and accumulation of fallout at the shelter a s  collected by 
the incremental fallout collector. (4) intensity-time records on a n  AN/PDR-27C instrument 
inside the shelter, and (5) directional gamma measurements on top of the shelter. 

of the planning decay curve, the Intensity-time record from the GITR, and the average decay 
of fallout samples measured in  the 4n ionization chamber. The measurements of the incre- 
mental fallout collector trays are  given in Table 3.27. The early intensity-time data from 
a n  AN/PDR-Z?C instrument attached to a Brown recorder are shown i n  Fig. 3.29. Directional 
measurements of the radiation field on Lop of the shelter are shown in Fig. 3.30. 

The Incremental-collector data show a slight increase from background between H +  5% min 
and H+ 6$ min; in the following minute a single large particle counting about a million 
counts per minute at H+31$ hr  was collected. The variability in the data between succes- 
sive trays is a statistical one owing to small tray size. The bulk of the activity collected 

The CITR data for shoL Diablo are given in Fig. 3.16. Figure 3.28 gives a comparison 

The GITR data indicate fallout arrival at about H + 6  min and peak intensity at H + l 5  min. 

(Texl continues on page 94.) 
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TABLE 3.25-COMPAlUSON AN/FLJR-39(TlB) Ah'D 
OBSERVED GXTR MEASUREMENTS. SHOT SHASTA 

I ~- 
Corrected Ratio. 

mme after AN/PDR-39(TlB) AN/PDR-JO(TlB) observed GITR corrected 
bJrst. hr rending. r h r  rsldhg.. r h r  reading, r h  TlB/GITR 

~ ----- 
2.2 10.0 2.2 2. 9 1.3 

53.8 0.20t 0.27 0.19 1.4 

- 
13.5 1.4 1.9 0.91 2.1 

--- a~elat lve  reaponae of 0.75 used to correct nadings. , &.~/pDR-l46(TlB) calibrated md used by Project 32.4 pormnnel. 

TABLE 3.26-INTERIOR ANIPDR-39(TlB) MEASUREMENTS. SHOT SHASTA 

Reading. Resldual Repding. Resldual 
Location. ' m r h  No. m r h r  No. 

A1 
B l  
C l  
D1 
E l  

A2 
8 2  
CZ 
D2 

~- E2 

A3 
B3 
c 3  
D3 
E3 

A4 
E4 

c4 

M 

E4 

6.0 
10 
12 
14 

6.0 

10 
10 
1 2  
8.0 
6.0 

1.4 
3.0 
0.0 
2.4 
1.5 

0.7 
1.3 

8.0 

2.1 

1.2 

0.00053 
0.00088 
0.0011 
0.0012 
0.00053 

0.00000 
0.00000 
0.0011 
0.00071 
0.00053 

0.0012 
0 .oo 021 
0.00071 
0.00021 
0.00013 

0.00006 
0.00012 

0.00071 

0.00019 

0.00011 

- 

A5 
B6 
c 5  
D5 
E5 

A6 
B6 
C6t 
D6 
E6 

A I  
81 
CT 
Dl  
E l  

A i  dwr 
6 ft  from 

door 
Cmtside 

door1 
Chamber 

entrancd 

0.5 
1.0 
8.0 
1.1 
1.0 

0.1 
1.4 
9.0 
1.3 
0.4 

0.6 
1.0 
3.0 
1.0 
0.3 

80 
49 

11 

1400 

0.00004 
0.00009 
0.00011 
0.00010 
0.00009 

0.00006 
0.00012 
0.00080 
0.00012 
0.00004 

0.00005 
0.00009 
0.00027 
0.00009 
C.00003 

u.0071 
0.0043 

0.0017 

0.64 

Locations are shorn In Fig. 2.11. 
t Perlscope lid ofl. perlocope in up psltion: time of survey. H i  2.5 hr. 
t Taken at H+10 hr; outside reading, 2.2 rhr. 
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- 
was contained i n  rather large spherical glassy fallout particles. The hottest tray (single 

was collected between H+10Vz and H + l l ' / ~  min. The increase in collection due to 
the dust raised by the helicopter noted for  the air samples is also shown in the incremental 
collector data between H + 4 0  and H+46 min. The time of fallout arrival from the AN/PDR- 
27C inside the shelter indicated arrival of the first particle(s) on the shelter ramp at 6.17 
min; it may be noted, from Fig. 3.29, that the instrument was in a particularly good position 
to observe the radiation beam through the entrance tunnel. The peak in the record of 50 mr/ 
hr  occurred at about H + 1 7  min. Data from the directional gamma instrument, which was 
pointed directly upward at shot time, are shown i n  Fig. 3.31; the curveindicates fallout ar- 
rival between H+5 and H + 6  min. The AN/PDR-27C was probably the most sensitive indi- 
cator of fallout arrival; the best value of fallout arrival for shot Diablo was therefore 
6.2 min. ~ 

- 
~ 

TABLE 3.27-INCREMENTALCOLLECTOR DATA, SHOT DIABU) 
~~~~~ ~~ 

Cimdative 

Time interval. min counts/min counts/min 
Activity.' activlty, 

- 
Cumulative 

Time interwi. min counts/min counts/min 
Activity.* activity. 

0-1.25 
1.25-2.25 
2.25-3.25 
3.25-4.25 
4.25-5.25 

5.25-6.25 
6.25-7.25 
7.25-8.25 
8.25-9.25 
9.25-10.2 

10.2-11.2 
11.2-12.2 
12.2-13.2 
13.2 -14.2 
14.2-15.2 

15.2-16.2 
16.2-17.2 
17.2-18.2 
18.2-19.2 
19.2-20.2 

20.2-21.2 
21.2-22.2 
22.2-23.2 
23.2-24.2 
24.2-25.2 

25.2-26.2 
26.2-21.2 
27.2-28.2 
28.2-29.2 
29.2-30.2 

97 
1.026.000 
1,026,000 
2.697.000 
3,814.000 

5.502.000 
5.991.000 
5.991.ooo 
7.199.000 
7.199 ,000 

8.138.000 
8.679.000 
8.679.000 
9.114.000 
9.114.000 

9.114.000 
9.114.000 
9.282.000 
9.591.000 
9.591.000 

9.975.000 
10.493 000 
10.4Y3.000 

10.493.000 
io.453.oon 

0 
13 
17 
14 
0 

97 
1.026.000 

47 
1.671.000 
1.117.000 

1,688.000 
488,900 

163 
1.208.000 

117 

9 38.800 
541,000 

97 
434.600 

60 

I O  
33 

168.000 
308.9 00 

393 

383.400 
518,300 

27 
0 
6 

-~ 

- 
30.2-31.2 
31.2-32.2 
32.2-33.2 - 
33.2-34.2 
34.2-35.2 

35.2-36.2 
36.2-37.2 
37.2-38.2 
38.2-39.2 - 
39.2-40.2 

40.2-41.2 
41.2-42.2 
42.2-43.2 
43.2-44.2 
44.2-45.2 

45.2-46.2 
46.2-47.2 
41.2-48.2 
48.2-49.2 
49.2-50.2 

50.2 - 51.2 
51.2-52.2 
52.2-53.2 
53.2-54.2 

10 
17 

0 
0 
0 

0 
20 

0 
0 

17 

20 
34 

167 
467 
0 

22.460 
0 
0 
0 
0 

0 
47 
34 

281 

10.493.000 
10.493.000 
10,493,000 
10.493.000 
10,493,000 

10,493.000 
10.493.000 
10,493.000 
10.493.000 
10.493.000 

10.493.000 
10.493.000 
10.493.000 
10.494.000 
10.494.000 

10.516.000 
10.516.000 ~~ 

10.516.000 
10.516.000 
10.516.000 

10.516.000 
10.516.000 
10.516.000 
10.517.000 

*Counts per minute on an end-window gamma scintillation Counter at H+31.5 hr .  

The normalized and average decay curve from the 4n ion chamber data observed a t  the 
shelter was obtained from seven samples consisting of single particles (at early tunes) and 
groups of particles. Theshapes of the decay curves from the different samples were the 
same within a few per cent (measurement error); the curves were therefore normalized at 
one time and averaged. The decay of particles later collected a t  station T2C (about 5 m l k s  
downwind) was the same as those collected at the shelter. The ramoactive composition of 
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all the large fallout particles must therefore have been about the same. k c a y  data from 
Project 32.4 fallout collectors and one cloud sample were~obtained at USNRDL. The com- 
bined data, together with P Curve calcukted for unfractionated fission products,' are plotted 
in Fig. 3.32. It may be noted that the calculated curve and the curve from the cloud sample 
data are the same and that the data for  the fallout particles and samples fall below the 
calculated curve by as much 6s a factor of 3. However, at later times the curves are tend- 
ing to approach each other. Thus the fallout samples must have been depleted in many of 
the shorter lived fission products in order to exhibit the observed decay behavior. 

The radiation field, as measured at about 3 It above the top of the shelter (Fig. 3.30), 
was very flat or uniform in the horizontal plane. The direction of the m m u m  observed 
gamma count rate on the vertical pattern was 9"30' below the horizon for both directions. 
Except for the larger readings at QOo from the horizontal, the bumps in the curves occur at 
angles corresponding to a line of sight through the cone of the detector to the edge of the 
dirt fill over the shelter. In these directions the detector "sees" more rapdioactixe sources 
per unit of horizontal area. 

The data in Fig. B.4 (Appendix B), when integrated in 417 for  a thin spherical source 
about the detector, show that greater than 99 per cent of the count rate comes from the sur-  
face area of the source intercepted by a~cone  of 15" solid angle at the detector; this solid 
angle was  used to estimate the fraction of the gamma radiation on top ofthe shelter which 
was emitted from sources various distances away. 

If 8, is the angle down from the hrrizon for the center line of the 15" cone, h is the 
height of the instrument above the surface, and r is the distance from the observation point 
to the intersection of the center line of the cone with ground, then 

r = h cot 8, (3.16) 

The distance, d, from the detector to the intersection is 

r 
d=- -8  0 cos (3.17) 

The lateral distance, r', from the intersection of the center line of the cone (distance, d) is 
given by 

r' = d t a n  @ (3.18) 

i n  which r$ IS the angle at the detector between the vertical plane through the center of the 
cone and the line along the edge of the cone that connects the end of r' to the point of the 
cone at the detector. Therefore 6 can have values between 0" and 730'. Substituting for d 
i n  Eq. 3.18 gives-~.  

h t a n  @ r' r- 
sin 8, 

(3.19) 

The total area seen by the detector Is that bounded by the angle limits, 80 i 7"30' and Q = 
0 + 7'30'. Since the cone angle is fured, the corresponding v3lues 8 and 8, and @ can be 
obtained from 

and 

and 

xz + y' = 1 

t a n  e = 0.1316~ 

tan  0 = 0 . 1 3 1 6 ~  
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where tan T30' = 0.1316. The values of the equation constants are equivalent to a cone 
rpdius of 1 in. and a height of 7.6 in., where x and y are the coordinates of the base of the 
cone (zero a t  the center). A few paired values of 6, q5, r/h, and r'/h for  Bo = 15' are given 
in Table 3.28; the surface area seen by the detector for the 15" setting is shown in Fig. 3.33. 
The area wlthin the elliptical figure is @Veri bY 

A = ah'(A/2) cot 6 tan -jVsin B (3.23) 

in which (A/z) cot 6 is half the difference between the values of cot ( 6 ,  - 7'30') and cot (8, + 
7*30'), B is defined by - 

cot e = Y2 [cot (eo - 7030') + Cot (e, +  SO')] (3.24) 

via Eqs. 3.20, 3.21, and 3.22. The angle 8 is the angle and 6 is the angle corresponding to 
to the center of gravity of the ellipse, and the distance from the detector defined by fi was 
used as the distance of the equivalent point source from the detector. Using Eq. 3.23, the 
areas  seen by the detector, given as A/bh*), are computed in Table 3.29. The lowest angle 
used was 8"; at 7'30' the maximum valVeof cot 0 and Ahh '  would be infinity. At 7'30' above 
the horizon the detector observes only scattered radiation (assuming the radiations al l  
arise from a plane source). 

It will be assumed that the sources are uniformly distributed in estimating the con- 
tribution of the radiation from various distances to that measured by the detector. A more 
refined calculation could be made by using fallout pattern data in which the source strength 
from a given area would be weighted according to its pattern values. The observed count 
rates (values are proportional to those given in Fig. 3.30) and average count rate per  unit 
area a re  given in Table 3.30. All the count-rate values, of course, contain contributions 
from radiations scattered into the cone from sources outside the surface area seen by the 
detector. The relative contribution of the sources per unit area is relatively small from the 
areas  farthest away. Since the detector was 3 ft above the ground, the center of gravity for 
the 8" angle is 177 ft away, the distance to the farthest source in the area would be 344 ft, 
and the distance to the near source would be about 11 ft. The values of the relative count 
rate per unit area a r e  plotted agalnst distance to the center of gravity for  the area i n  Fig. 
3.34. 

Il the distance from the detector to the center of gravity of the area seen by the detec- 
tor is defined as r. then the total radation that would be received by an unshielded detector 
would be 2nf tiines that coming from the center of gravity (i.e., as a point source) to the 
shielded detector. Since r IS the same as h cot 6, new relative count-rate units will be ob- 
tained iI the values i n  Table 3.30 are  simply mUltiplJed by cot 8. XI a calibrated detector 
were used. then the total radation received from the distance r away would be given by 

._ 

4 I ,A cos 6 __~ 
h(A Cot 8) t a n  6 I(r) = (3.25) 

i n  which I(r) is the intensi ty  a1 the unshielded detector from the distance T-, and IA is the 
intensity at the collimated detector lrom the area A (averaged for an equivalent point source 
at the distance T). The values of Ilr). in relative units, are plotted in Fig. 3.35 against cot e. 
The peak contribution comes from a &stance of cot 
from the detector rather than from an angle of about 10" (17 ft) shown in Fig. 3.30 for  the 
observed data. 

Integrating the curve in Fig. 3.35 out to I ( 3  = 0 and normalizing the relative values to 
the total should give the per cent contribution to the count rate up to a given distance from 
an unshielded detector. The results a re  given in Table 3.31 and are plotted in Fig. 3.36. 
The unshielded detector must have the same response to the radiations as the shielded 
detector that was used to take the measurements. For these calculations from the data, 50 
per cent of the total comes from distances up to cot = 12 (36 ft), 99 per cent comes from 
&stances up to cot 8 = 83 (249 ft), and essentially 100 per cant comes from within a 300-ft 
circle. 

equal to about 0.92, o r  about 2% It 
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TABLE 3.28-COMPUTATION OF CONE-EDOE INTERCEPT 
WITH THE SURFACE FOR O m  = 15.. 

~ 

0 
0 

+ 3.46' 
-3'46' 
+ 5.1 9' 

-5'19' 
+ 6'33' 
-6'33' 
+ 7'30' 
+ 7.30' 

~ +7'16' 
-7.16' 
-3.42' 

15' 
15' 
18'46' 
11'14' 
20'19' 

9'41' 
21'33' 

8'27' 
22'30' 

7'30' 

2716' 
7.44' 

11-18, 

3.73 
3.73 
2.94 
5.04 
2.70 

5.86 
2.53 
6.13 
2.41 
7.60 

2.44 
1.36 
5.00 

7-30, 
7'30' 
6-33' 
6-33' 
5.19' 

5'1V 
3'46' 
P46 '  
0 
0 

1'53' 
1'53' 
6 3 7  

0.1316 
0.1316 
0.1140 
0.1140 
0.0930 

C.0930 
0.0658 
0.0658 
0 
0 

0.0329 
0.0329 
0.1145 

0.259 
0.259 
0.322 
0.195 
0.347 

0.168 
0.367 
0.147 
0.383 
0.131 

0.319 
0.135 
0.196 

0.508 
0.508 
0.354 
0.584 
0.268 

0.554 
0.179 
0.448 
0 
0 

0.0868 
0,244 
0.584 

TABLE 3.29-COMPCTATIOS OF THE AREAS SEEN BY THE 
DETECTORATSEVERALVALUESOF O 0  

COl B o  U'21 cot R c o t  e' tan F sin Ahh' 00 
- 

8' 7.12 55.4Y 59.10 0.0456 0.0169 150 
10' 5.67 9.86 13.04 0.0874 0.0764 11.3 
15' 3.73 2.60 5.00 0.1145 0.196 1.52 
2T30' 2.41 1.00 2.73 0.1248 0.344 0.363 
30' 1.13 0.555 1.86 0.1280 0.474 0.150 

3T30' 1.303 0.365 1.36 0.1300 0.592 0.0801 
45' 1.00 0.268 1.04 0.1304 0.695 c.0503 
5230'  0.761 0.212 0.186 0.1309 0.785 11 J353 
60' 0.577 0.176 0.590 0.1311 0.861 0.0268 
6i-30' 0.414 0.154 0.422 0.1313 0.921 0.0220 

75' 0.268 0.141 0.213 0.1315 0.965 0.0192 
8730'  0.132 0.134 0.134 0.1316 . 0.991 0.0170 
90' 0.000 0.1316 0.000 0.1316 1.000 0.0173 
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me d c u h t i o n s  given are actually only first approximations of tbe-iXmtrlbutions from 
the various areas seen by the detector; these calculations and the actual fnlloutwontour 
vplues could be wed to redetermine a more accurate relative count-rate value and location 
of the center of gravity for each area seen bp the detector. 

3.5.2 Shot Shasta 

The technical supporting studies on shot ShaW3onsisted in  (I) the GITR data, (2) the 
incremental fallout collector data, and (3) the decay of fallout samples as measured i n  the 
4n ion chamber. - .~ 

TABLE 3.M-OBSERVED COUNT RATES ANWCOLJNT RATES 
AT THE DETECTOR PER UNIT AREA OF SURFACE 

Contributlon to 
cot  B c a n t  rate. ? 

0 0 
1 7.92 
2 11.6 

4 30.0 

5 34.0 
6 37.1 
8 42.6 
10 46.6 
15 54.2 

3 24.1 

~ ~ ~ 

Observed count rate, Average observed wunt rate/(A/m?. 
relative d t s  relative units 

8, North East South West North East South West Average  

Contribution to 
cat d count rate, 5 

20 60.2 
30 70.6 
40 79.4 

60 91.8 

IO 95.8 
80 98.5 
90 99.8 

50 88.5 

100 100 

8' 
10' 
15' 
2230' 
30' 

3 ~ 3 0 '  
4 5- 
5T30' 
BO' 
6~30' 

7 5  
8P30' 
9 0' 

31.3 37.1 
30.9 38.3 
21.9 31.1 
24.0 21.4 
20.7 11.6 

14.6 13.3 
13.6 13.2 
11.7 11.9 
9.3 12.4 
9.1 11.8 

11.2 10.2 
12.7 10.1 
14.2 13.6 

29.3 
30.7 
29.8 
25.0 
18.2 

14.3 
14.4 
14.8 
12.4 
11.8 

11.0 
11.1 
14.2 

36.3 
37.4 
31.0 
23.0 
18.3 

15.6 
14.3 
14.0 

11.8 

15.3 
15.6 
13.8 

i4.a 

0.209 
2.74 
18.4 
66.1 

1.98 

182 
210 
33 1 
347 
441 

583 
113 
821 

0.241 
3.39 

20.4 
59.0 
111 

166 
262 
331 
4 63 
536 

531 
561 
798 

0.195 
2.12 
19.6 
68.8 
121 

118 
286 
419 
463 
536 

573 
657 
821 

0.242 0.223 
~~ -3.31 3.04 

20.4 19.1 
63.4 64.9 
122 124 

185 180 
284 215 
391 371 
522 449 
536 512 

IS7 620 
8 76 103 
I96 8 10 
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Fig. 3.37-USNRDL 4n ionization chamber data. shot Sham. 
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The decay of five fallout particles and three groups of particles was taken at the shelter 
r tbg  a t  H+24 min. Decay of five fallout samples collected by Project 32.4 was taken at sta “ s ~ D L .  The data are plotted in Fig. 3.37. The averaged decay data are identical to those 

observed for shot LXablo. From about H+% to H+2% hr, the logarithmic slope is -1.46; a 
single line from H + 4  to H+1000 hr  gives a Slope of -1.14% The difference between the ob- 
served decay data of samples for  the 4n ion Chamber and those for  a radiac mstrunient used 
to measure an extended source of fission products is shown in Fig. 3.38, where the ratio of 
*e AN/PDR-3Q(TlB) response to that of the 4n ion chamber for  fission products is plotted 
as a function of time after fission. The ratio was arbitrarily adjusted to 1.000 at H+ 1 hr; 

- 

TABLE 3.32-INCREMENTALCOLLECTOR DATA, SHOT SHASTA 
/ 

Cumulative 

rime interval. min countdmin countdmin 
Activity.* activity, 

/ - 
0 -5.25 
5.25-6.25 
6.25-7.25 
7.25-8.25 
8.25-9.25 

9.25-10.2 
10.2 -11.2 
11.2 -12.2 
12.2 -13.2 
13.2 -14.2 

14.2 -15.2 
15.2 -16.2 
16.2 -17.2 
17.2 -18.2 
18.2 -19.2 

19.2 -20.2 
20.2 -21.2 
21.2 -22.2 
22.2 -23.2 
23.2 -24.2 

2 4 . 2  -25 .2  
25 .2  -26.2 
26.2 -27.2 
27.2 -28.2 
28.2 -29.2 

29.2 -30.2 
30.2 -31.2 
31.2 -32.2 
32.2 -33.2 
33.2 -34.2 

429 
159 

3 
23 
87 

970.000 
2.390.000 
2.160.000 
4.300.000 

8 30.000 

420.000 
176.000 
630.000 

135 
1,210 

126.850 
15  
40 

5 
110 

202,000 
135 
95 

115 
125 

115 
165 
120 
200 
215 

81 

910.100 
3.3W:&OO 
5,520,000 
9.820.000 

10.650,OOO 

11.070.000 
11.250.000 
11.880.200 
11.880.000 
11.880.000 

12.010.OOO 
12.010.000 
12.010.000 
12.010.000 
12.010.000 

12.210.000 
12.210.000 
12.210.000 
12.210.000 
12.210.000 

12.210.000 
12.210.000 
12.210.000 
12.210.000 
12.210.000 

Cumulative 

Time interval. min counts/min wunts/min 
Aciivity,. activity. 

34.2-35.2 
35.2-36.2 
36.2-37.2 
37.2-38.2 
38.2-39.2 

39.2-40.2 
40.2-41.2 
41.2-42.2 
42.2-43.2 
43.2-44.2 

44.2-45.2 
45.2-46.2 
46.2-47.2 
47.2-48.2 
48.2-49.2 

49.2-50.2 
50.2-51.2 
51.2-52.2 
52.2-53.2 
53.2-54.2 

54.2-55.2 
55.2-56.2 
56.2-57.2 

280 
355 
220 
180 
175 

125 
180 
165 
175 
135 

225 
210 
195 
160 
195 

180 
135 
185 
80 
85 

145 
50 
65 

12.210.000 
12.210.000 
12.210,ooo 
12,210,000 
12.210.000 

12.210.000 
12.210.000 
12,210,000 
12,210.000 
12.210,ooo 

12.210.000 
12.210.000 
12.210.000 
12.210,000 
12.210.000 

12,210,000 
12.210.000 
12.210.000 
12.210.000 
12;zi0.000 

12.210.000 
12.210.000 
12.210.000 

*Counts per minute on an end-window gamma sclnlillatlon counter at H + I I  hr. 

the maximum difference in the ratio up to H+ 2000 hr  (83Ays)  is about 6 per cent. Hence 
the shape of the ion-chamber decay curve would be almost identical to the shape of the 
roentgens per hour decay curve. 

II calculated and observed decay curves become coincident at a later date, it may be 
possible to determine, by subtraction and curve resolution, 8ome of the important radio- 
nuclides that a re  missing i n  the fallout samples at earlier times. 

101 

- >  



; 3.5.3 

&cay-correcting the GITR data to a @vex time after detonation should result in a cume 
with time after burst similar in shape to that for the accumulated activity from the incre- 
mental collector (1) if the GITR readings are due mainly to radiations from fallout deposited 
on the ground and (2) If the incremental collections are a reasonably reliable representation 
of the accumulation of fallout a t  the shelter during the fallout period. If, at any time, the 
contribution of airborne (falling) particles to the radiation intensity as measured by the 
is an appreciable fraction of the total, then the decay-corrected 6ITR data should lie above 
the accumulated act ivib data for the incremental collector when the two are normalized to 
the same value at the cessation of fallout. 

to 14.0 r/hr at 1 h r  are shown in Fig. 3.39. The rise of I/l).rwntgens per hour at 1 hr, for 
the GITR between 3 and 6 min after burst is due to transit radiation from the approaching 
particle cloud. The single particle collected some time between 6.25 and 7.25 min con- 
tributed about 10 per cent to the total activity in all the increments collected. The incre- 
mental-collector data show that only about a dozen large particles were collected over the 
whole fallout period; thus the small collectors (3 in. diameter) did not give a quantitative 
measure of the rate of fallout arrival. ~ . 

If the time of fallout cessation is defined as the time when 99 per cent had been de- 
posited, the GITR data give a cessation time of 26.3 min, and the incremental-collector data 
give 26.5 min. The same treatment of the data from the outside cyclic air-sampler data 
gives a cessation time for 99 per cent collection of 21.9 min. This result is reasonable 
since the cyclic air sampler collected none of the large particles that contained most of the 
activity and since the small particles, which did not contribute significantly to the GITR 
readings or  to the total count rate for the collector, continued to arr ive at later times than 
the large particles. 

U fallout arrival is defined a s  the time when 0.1 per cent of the fallout had arrived 
Le . ,  a measurable amount), the arrival time from the incremental-collector data was 6.4 
min. The GITR data cannot be used to determine an arrival time by this definition since 
the transit radiation gave I(1)values that were greater than 0.1 per cent at the minimum. If 
arrival time of 6.1 min is associated with the GITR data, then the defined fallout period was 
20.2 rnin for that data and ZL.4 mln from the incremental-collector data. 

The decay-corrected GITR data and the incremental-collector data for shot Shasta, 
adjusted to 24.6 r / h r  a t  1 hr, a re  given in Fig. 3.40. In this case a single particle that con- 
tributed about 10 per cent of the total activity collected arrived between 9.25 and 10.25 rnin 
aIter burst. and. since additional large particles were collected i n  all intervals up to 16.25 
min, all the early incremental-collector I(1)values are further above the GITR I(1)values 
than they were for shot mablo. The time of cessation values, however, again a re  in  good 
agreement; lhe time for 99 per cent deposited is 23.8 min from the GITR data and 24.3 min 
from the incremental-collector data. The depression In the difference curve between 
H+16 and H + 2 0  min for  the GITR l(1) va lues  i s  an indication of the presence of more radia- 
tion contributing to the GITR reading lhan can be attributed to that from the deposited ma- 
terial alone. Thus, at this time. a measurable amount of transit radiation was evidenced. 
The fallout cessation time Lor the outside cyclic a i r  sampler was about 69 min. The large 
ddference in the cessation time between that for  the “Iallout” data and the “aerosol” data 
indicates the presence of many more small particles arriving for shot Shasta (2 miles from 
GZ) than for shot Diablo (1 mile from CZ). The continuing arrival of small amounts of ac- 
tivity is also shown by the incremental-collector data for shot Shasta (Table 3.32), but the 
amounts are not large enough to make signilicant contributions to the cumulative sum. 
Actually. Lallout never ceases in  an absolute sense; extremely small particles from the shots 
will be falling over the world (including the shelter location) for many years to come. The 
above definitions of arrival and cessation time were made to bound the amount of fallout to 
within 1.2 per cent of that which is readily measured. 

The time of arrival for 0.1 per cent on shot Shasta from the GITR data is 11.2 min, 
which gives a defined fallout interval of 12.6 min. The arrival time from the incremental- 
collector data is 9.9 min, giving a defined fallout interval of 14.4 min. The minimum in the 

Comparison of GITR and Incremental-collector Data for Shots Mablo and Shasta - 
i 
; 

The decay-corrected GITR data and incremental-collector data for  shot Diablo adjusted 
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GITR data occurred at about 6 min with an I(1)value of 0.00034 r /hr  at 1 hr; thbis much 
less than 0.1 Per cent of the total at fal lOUt cessation, and hence it was possible to obtain an 

time from the GITR data. 
The relative amount of fallout collected up to a gtven fraction of the fallout interval is 

aven in Fig. 3.41. Although the sampling was undoubtedly statistically poor, the curves 

rapid rate than it did toward the end of the period. On shot Shasta the shelter was nearer 
the center, or hot IIn, 31 the fallout area than for shot Mablo. This may account for the 
more rapid accumula ... for shot Shasta during the first half of the fallout interval. 

in Fig. 3.42. If the GITR readings included no contribution from transit radiation and if the 
incremental-Collector data accurately represented the accumulation of fallout a t  the shelter, 
the curves in the two figures should be identical for ?lie respectfie shots. Except for the 
bump in the curve for the GITR data from shot Shasta, the respective curves are qualitatively 
similar. This similarity was used to trace in @e line on the curve for estimating the con- 
tribution from the deposited fallout for shot shasta. The difference curve (transit contribu- 
tion) shows that the peak contribution from transit radiation between 0.5 and 0.6 of the fallout 
interval for shot Shasta was about 10 per cent. On shot Diablo there was little or  no con- 
tribution from transit radiation after about 0.3 of the fallout interval. On both shots the 
curved portion of the plots from 0.0 to 0.2 of the fallout interval indicates the detection of 
some transit radiation owing to the approach of the falling particles. The incremental- 
collector data do not show any such curvature at the beginning of fallout. The discrepancy 
between the two sets of curves (decay-corrected GITR vs. incremental collect&r) at the 
times when the curves are the steepest is equivalent to about 0.14 to 0.18 of the fallout in-  
terval. This would be about a 3-min er ror  for  a 20-min fallout interval and larger than a 
2-min error  for a 13-min fallout interval. But, since the arrival and cessation times for 
the two Sets of data differed only by 0.3 and 0.2 min, respectively, for shot Diablo and 1.3 ~ 

and 0.5 min, respectively. for shot Shasta, most of the e r ro r  must have been due to the poor 
sampling statistics of the incremental collector. 

of the fallout interval a re  plotted in  Fig. 3.43. The rate Curves show that the peak i n  the 
rate of fallout occurred between 0.2 and 0.3 of the fallout interval for  shot Diablo; i n  real 
time th is  would be between H+ 10.2 and H+ 12.2 min. For shot Shasta the peak rate occurred 
between 0.35 and 0.45 of the fallout interval; in real time this would be between B+15.7 and 
H + 16.9 min. Since the yields and heights of detonation of the two shots were essentially 
equal, the Mference in the two rate-01-fallout curves must be due mainly to the difference 
in  the distance of the shelter from shot point and in the relative location of the shelter in 
the fallout area. For Shot Diablo (shelter at 1 mile from GZ and on the edge of the fallout 
area), the rate curve is unsymmetrical. and the peak rate occurred early in the fallout inter- 
val.  or shot Shasta (shelter at 2 miles from GZ and on the hot line of the fallout area), the 
rate curve is nearly symmetrical. and the peak rate occurred nearer 0.5 of the fallout inter- 
val than for  shot Diablo. The height of the peak is probably associated with the lateral dis- 
tanre of the location relative to the hot line (center of path of fallout) through the fallout 
area. The shape of the rate-01-arrival curve and relative position of the peak rate are  
probably associated with the distance of the location from GZ. II the trends shown by the 
two curves a re  general, men it might be expected that the peak i n  the rate of arrival would 
shift toward 0.5 of the interval at the distance corresponding to the area of maximum amount 
of falloul [i.e., location at which hghest value of I(1) occurs], which is always located some 
distance from GZ, and for  greater distances the peak would remain at 0.5 of the interval. 
Also, the shape of the rate curve would become symmetrical about the peak rate (approid- 
mately normally distributed about 0.5) a1 this distance. It is also likely that the peak rate 
itseIf would be a maximum at the location of the maximum value ol I(1)and would decrease 
with distance beyond this localion. The data presented here, of course, are insufficient to 
verify these interpretations of the t rends  suggested by the two rate-of-fallout curves. 

qualitatively, that, up to 0.3 or  0.4 of the fallwt interval, the fallout arrived a t  a more 

The relative deca: -corrected GITR readings a t  fractions of the fallout interval are given 

~- - 

~~ 

~ 

. 

Smoothed values of the rate of fallout arr ival  (GITR data) as a function of the fraction 

- 

111 



1oc 

9c 

z 8C 
W 
V 
U 
W 

a 7c  
d 
W 
I- 
V 
W 
j 60 
0 
W 
c 
3 

J 
2 50 
2 
LA 
0 
c 40 z 
3 
0 z 
a 
W 30 

a 
> 
c 
J 

- 

K 20 

IO 

f 

0 -  

' 0  0.1 0.2 0.3 0.4 

- 0 SHOT DIABLO 

A SHOTSHASTA 

FRACTION OF FALLOUT INTERVAL 

~ i g .  3.41-Xdatlve amount of fallout collected by the incremental 
collector up IO a given fraction of the fallout Interval. 

112 



r 

100 

90 

80 

I- 

V 
U 
W 

6 70 

a 
W- 60 
2 - 
I- 
z 
0 5 50 
m 
v) 
W 
W 

40 - - - 
H .. = - 30 
H 

20 

1c 

C 

o SHOTDIABLO 

A SHOT SHASTA 

j 
I I 1 1 ESTIMATED 
, CONTRIBUTION 
~ FROM TRANSIT 1 RADIATION 
' (SHOT SHASTA) 

-' I IJ 1 -  \+-I 
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

FRACTION OF FALLOUT INTERVAL 
Flg. 3.42-Relative decay-corrected GITR data at a given fraction of the fallout Interval. 

113 



I 

r 
- S H O T  SHASTA 1 

SHOT DIABLO E a 
a 0  

.. 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.0 0.9 1.0 
FRACTION OF FALLOUT INTERVAL 
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3.6 INITIAL MONITORING FROM SHELTER, SHOT DUBLO 

Because of the high intensities resulting from shot Diahlo, initial monitoring from the 
shelter .was delayed until I hr  after burst. Measurements were made at Areas 1 and 3 (Fig. 
2.1); teIemeter data showed that the reading on Area 3 was 6 r/hr. The gradient was very 
flat, the lowest reading being 5 r/hr and the highest reading I r/lu. The single-point reading I 

i -88 sufficient for  decision purposes a t  the shelter. The single-point reading in Area 1 at 
~ + 7  hr  was 3 r h r .  The gradient was also flat; the single-point reading was a sufficient 
measure nf the situation. ~~ 

~. 

I 

TABLE 3.33-DATA TAKEN FOR PROOF OF TEST HETHODS' 

Center, mrAu &-paces. m r h r  Height of reading, 
f t  North East South West North East South West 

Uncleared u area ~ 

3 280 210 290 290 280 280 290 290 
2 280 290 310 310 290 300 310 310 
1 300 300 310 310 290 300 320 320 

After Clearing 40- by 4 0 4 t  A r e a  

3 100 90 100 100 110 120 100 130 
90 120 2 BO 80 90 90 

1 IO IO 80 80 80 80 IO 110 
100 100 

- - After Clearing 60- by 6 0 4  Area 

3 
2 
1 

3 
2 
1 

80 80 80 80 90 100 100 80 
IO IO IO IO 80 90 80 IO 
60 60 60 60 IO IO IO 50 

After Clearing 100- by 100-ft Area 

60 60 60 IO IO 80 IO 60 
60 60 60 60 60 IO 60 50 
60 50 5 0  50 60 60 60 50 

~~ 
~~ *Data &en on D+ 2 day, 

3.7 STAGING-AREA RECLAMATION AND TEST METHODS, SHOT DUBLO 

The center area, Area 1, was selected for phase II operations. Because of the high in-  
tensity resulting from shot Diablo, these operations were conducted on D + 2  day, when the 
intensity In the area was abou: 300 mr/hr. The residual number i n  the center of the area 
alter one complete pass of the equipment was about 0.16. A second pass over the cell' :&I 
100- by 100-ft area reduced the residual number to 0.11. Working conditiom for the second 
pass were very poor; large numbers of rocks were turned up by the grader. Further at- 
tempts to lower the residual number by locating spills with AN/PDR-27C instruments and 
by removing the spills with a fronl-endloader and dump truck were unsuccessful. 

Results of the proof test of the reclamation test methods are given in Tables 3.33 and 
3.34. Table 3.33 gives the actual readmgs made near the center of the area during the 
process of successive enlargement ol the square. Table 3.34 gives the resulting ratios ob- 
tained from these readings. These data are plotted in Fig. 3.44 according to the vertical 
method of predicting residual number. The measured value for the 500- by 5 0 0 4  area has 
been introduced as the criterion of successful prediction.' Figure 3.45 gives the result of 

*I t  was estimated i n  Sec. 3.5.1 that about %9 per cent of the initial reading was con- 
tributed by sources within 250 f t  of the detector. 
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applwg the horizontal method of Prediction. The measured value for the 500- by 5004 
hps been introduced as a criterion of successful prediction. 
Data were obtained on the doses received by the grader and scraper operators following 

the Operation. The dose measured on self-reading dosimeters Over an operating period of 
approrlmately 3 h r  was 175 mr. The equivalent free-field dose during this period was 820 
mr. Therefore the residual number for this operation (because of equipment shielding and 
the effect of the reclaimed part of the area) was 0.21. 

3.8 ALTERNATE BUFFER-ZONE TECHNIQUE, SHOT DIABLO 

The test of a barrier as a substitute for a buffer zone was first accompliahed in Area 3 
- 

on D+4 day. A barrier having an average height of 3 ft was constructed around a 100- by 
1 0 0 4  cleared area. Results are given in Table 3.35. The residual number achieved by a 

TABLE 3.34-RATIOS FOR PROOF OF TEST METHODS. 
- -~ 

Two pces  
Helght of Center Grand 

readlng. I t  average North East south wesc average 

3 

2 

1 

3 

2 

1 

3 

2 

1 

Actual 
reading. 
mr 

Ratlo. RN 

40-ft Clearlng 

0.345 0.393 0.429 0.448 
(0.655) (0.607) 10.571) (0.552) 
0.286 0.345 0.333 0.387 

(0.714) (0.655) (0.667) ~ (0.613) 
0.246 0.276 0.267 0.344 

(0.754) (0.724) (0.733) (0.656) 

60-It Clearing 

0.283 0.322 0.357 0.345 
10.717) (0.678) ~~ - 10.613) (0.655) 
0.235 0.276 0.300 0.258 

(0.765) (0.7%) (0.700) (0 .742)  
0.197 0.242 0.234 0.218 
(0.803) (0.758) (0.766) (0.782) 

100-it Clearing 
0.221 0.250 0.286 0.241 

(0.779) (0.750) 10.714) (0.759) 
0.202 0.207 0.234 0,194 

(0.798) (0.793) 10.766) (0.806) 
0.172 0.207 0.200 0.188 

10.828) 10.793) (0.800) 10.812) 

Final 500-fl Clearmg (3-11 Reading) 

44 50 35 60 
0.156 0.176 0.123 0.210 

0.345 
(0.655) 
0.240 

(0.710) 
0.219 

(0.78 1) 

0.276 
(0.724) 
0.226 

(0.774) 
0.156 

(0.844) 

0.207 
(0.793) 
0.162 

(0.838) 
0.156 

(0.844) 

40 
0.140 

0.392 
IO. 608) 
0.329 

(0.671) 
0.270 

10.730) 

0.316 
(0.684) 
0.259 

(0.741) 
0.208 

(0.792) 

0.242 
(0.758) 
0.200 

(0.800) 
0.184 

(0.816) 

45.2 
0.159 

*Values In parentheses are 1 - lR2 /R, ) ,  

500- by 50041 cleared area (from Table 3.34) is also given. The results indicate that the 
3-11 barrier is a s  effective a s  a ZOO-ft-wide buffer zone. The barrier required 1.3 hr  of 
work by a D-8 bulldozer; thereiore the rate 01 operation was approximately 300 linear feet 
of barrier per equipment-hour. 
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TABLE 3.35-BARRIER TEST DATA, SHOT DIABLO* 
7 

Two paces Center 

North East Soutb West Av. North East South West AT. - - 
uncleared area 230 240 240 240 237.5 230 230 240 250 237.5 
100-17 area 50 50 60 60 ---55 60 50 60 60 57.5 
After barrier 44 45 32 32 38 44 40 30 38 38 

Residual number 
witbout barrier 0.22 0.21 0.25 0.25 0.23 -0.26 ~ 0.22- 0.25 0.24 0.24 

Residual number 
wlth barrier 0.19 0.19 0.13 0.13. 0.16 0.19 0.17 0.12 0.15 0.16 

Resldud number 
in 500-A area 0.156 0.162 

(see Table 3.34) 

*Readings were Wen at a height of 3 ft. 

. 

On D + 7  a harrier approximately 4 ft high was constructed around a square 300 ft  on a 
side i n  the center of the 500- by 5 0 0 4  cleared a rea  in Area 1. The residual number 
achieved by this effor t  has been introduced into Fig. 3.44. The effectiveness of the barrier 
appeared to be equivalent to a cleared area of infinite extent. 
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Chapter 4 

DISCUSSION - 

The complete experimental plan for the project waa carried out on shot Diablo. Measure- 
ments covering all project objectives were made, and all project objectives were met, except 
two: (1) the aerosol sampling data, together with the fallout conditions from the two shots, were 
not sufficient to allow a generalized conclusion to be derived about air filtration requirements 
in shelters and (2) the requirement for a staging-area residual number of 0.01 was not fulfilled 
by the reclamation procedure on Nevada Test Site soil. These exceptions are further noted In 
the following sections. Owing to the lengthy delay in detonating shot Shurta, only partial partici- 
pation by the project was  possible; on this shot some of the operational measurements and moa 
of the technical measurements were made. The results obtained were in good agreement with 
the measurements taken on shot Diablo. The results from the data are discussed in the follow- 
ing scctions. 

- 
4.1 OPERATIONAL MONITOR SYSTEM 

The dosimeter-tube procedure was effective in providing information on the course of the 
radiological event outside the shelter, despite the exaggerated readin88 introduced by the f . h -  
badge cup at the top of the tube (Sec. 3.2). There are  some anomalies in the data for the f o m r d  
tube on shot Diablo; a constant intensity was measured for nearly 15  min a t  the peak, and there 
w a s  wild oscillation in the measurements at about 45  min after burst. Even these data would 
have provided necessary radiological information. Data for the after tube were much more 
stable and closely approximate the GITR information, except for absolute level for both shots. 

Several additional pieces of operational data were obtained from the d o s h e t e r  tubes. No 
signiflcant problem was encountered concerning the contamination of the dosimeter; industrial 
wiping tlssue was used to clean the dosimeter before reading. The 200-mr dosimeters were 
quickly overtaxed as the intensity increased, forcing a shift to the 5-r dosimeter. Experience 
proved that an operational dosimeter tube would require a number of dosimeters covering the 
possible range of fntensilies to be encountered. 

Converting the measured intensity lo standard intensitiell by means of an assumed decay 
curve proved to be an effective way of determining fallout cessation. The fact that the actual 
decay was somewhat faster than the assumed decay during the f i rs t  hour (Fig. 3.28) caused a 
peak in the standard intensity plot at fallout cessation (Fig. 3.3). 

4.2 INGRESS OF CONTAMINATED AIR 

If one assumes that the M6 collective protective filter is an absolute filter, then no sig- 
nificant hazard due to inhalation or to gamma radiation would have resulted in the shelter on 
either shot Diablo or shot Shasta with an intirke ventilation flow rate of 300 or 600 cu ft/min. 
On shot Diablo, where there was  a blow-in of the wall separating the generator room from the 
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chamber, the Porta-Vac sampler at the shelter door, with a Qm rate of 600 cu ft/mi, 
collected about twice 98 much activity as the outside Porta-Vac sampler;-This could h v e  been 
@used by the large air flow rate down the chamber, which would have accelerated particles 
toward the shelter door from greater distances away than the sampling velocity of the portn-vac 
done~would have. Many of the smaller particles, of course, were lost from the plenum cham- 
ber into the generator exhaust stack since they would make the turn into the generator rmm 
mom easily than the larger particles. On shot Sha8ta the shelter-door sampler, with a flow 
mte of 300 cu fl/min, collected about 0.7 of the activity of the outside Porta-Vac sampler. The 
two ratios show qualitatively the effect of flow rate on the fraction of aerosol that would be 
available at the shelter door. Bere, of course, the particle sizes that arSincluded in the term 
"aerosol" are defined as those collected by the Porta-Vac simpler. 

The relative fraction of the total activity in the aeroaoi for  the two shots can be estimated 
from the totals collected outside the shelter and tlie standard intensities. On shot Diablo, where 
tbe shelter was 1 mile from GZ, the total aerosol collected was 5.1 x 10' fissions/(r/hr) at 1 hr. 
on shot Shasta, where the shelter was 2 miles from GZ, the total aerosol collected was 4.8 x 
10" fissions/(r/hr) at 1 hr. Thus, for shot Shasta, the collectable aerosol was 10 times the 
fraction on shot Diablo. The two ratios show the effect of~distance from GZ on the fraction of 
available aemsols  (or fraction of activity arriving in small particles). E 0.1 per cent of the 
total activity were carried by the small particles at 1 mile from GZ, then 1.0 per cent of the 
total would be carried by the same sizes at 2 miles. For surface and underground detonations 
of the same yield, the fraction of the total in the small particles would be higher at both loca- 
tions, probably more like 1.0 per cent at l mile and 10 per cent at 2 miles. 

The maximum size of fallout particles that passed the ventilation system intake (plenum 
chamber plus hooded vent) was about 120 p in diameter on shot Diablo and about 80 p in diameter 
on shot Shasta. The maximum size, as well as the total number of partlcles collected, is thus 
affected by the intake flow rate. At 300 cu ft/min the intake flow rate in the chamber was 15 ft/ 
Z n  in the entrance tunnel. Since the tunnel was 30 ft long and 8 ft  high, all particles falling 
faster than 4 ft/min (about 25 p) should have settled out In the tunnel if gravity fall  only oc- 
curred. Since the maxlmum size particles were larger for shot Shnsta, there must have been 
considerable turbulence in the entrance tunnel, perhaps due, in large part, to the exposed 12- 
by 2-in. studs along the tunnel walls and ceiling. However, the fact that the shelter-door a m -  
pler collected 0.7 of the amount collected by the outside sampler shows that the concentration 
of the larger particles was reduced in  the air  passing through the entrance tunnel. The effect 
of the hooded vent on discrimmating against the larger particles in the aerosol cannot be clearly 
shown because the M6 intake sampler was pulling air against the M8 collective protector. 
~- The impr tan t  factors in  determining the amount of contaminated air are the design of the 
air  entrance path, the flow rate of the air, the particle-size distribution of the fallout (and ac- 
tivity distribution among the particles), the outslde air concentration, and the time after deto- 
nation when fallout occurs. At a given distance downwind from GZ, the mean particle size 
should increase with yield and wind speed; for a given yield and wind speed, the mean particle 
s u e  should decrease with distance from GZ. The outside air concentration should increase 
with the standard intensity but should decrease with the duration of the fallout period (Le., with 
decreasing wind speed and increasing yield). The activity in the aerosol, of course, decreases 
rapidly at early times after detonation; thus the radiation dose decreases with dish& from 
GZ and with a decreasing wind speed. The interaction of all these parameters 2re too compli- 
cated o r  too little known to be given simple treatment for making estimates of the ingress into 
structures in  a variety of contaminating situations. It may be noted that some of the parameters 
have oppostte effects on dlfferent important factors. This should tend to limit the range of pos- 
sible aerosol hazards; therefore the results of the data reported in Chap. 3 may have more 
general application than presently considered, 

- 

4.3 EFFECTS OF OPENINGS ON SHIELDING 

Both the dose and dose-rate data on shot Diahlo gave residual numbers for the shelter of 
less  than the required value' of 0.001. Dose-rate data on shot Shaata also gave residual num- 
bers less than 0.001. In many locations in the shelter, residual numbers less than O.ooO1 were 
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observed. The center ventilator, which wah a mock-up of a combination exhaussventiator M 
escape hatch, was satisfactory from a radlalogical point of view. The periscope opening also 
was satisfactory. The major source of radiation in the shelter v18 shine from the outside ramp 
down thesntrance tunnel. One 90' bend in the h n e l  would reduce this contribution to an ac- 
ceptable level. 

.. 4.4 SUPPORTING TECHNICAL STUDIES 

The technical data, including film-badge measurements, GITR measurements, 471 ioniza- 
tion chamber decay mepxmements, spectral measurements, &nd others, were introduced in the 
report as they were w e d  to interpret and evaluate the operational data. The several methods 
used to determhe the time of fallout arrival agreed well on both sho-he GITR data gen- 
erally gave low values of the ionization rate by almost a factor of 2; this was probably due to 
the shielding of one detector by others, to  excessive shielding around the detectors, and to cali- 
bration methods. The two 4n ion chamber decay curves were started earlier than any reported 
in the literature to date. The data showed that the radioactive-composttion of the fallout from 
shots Diablo and Shasta was the same. Since the 471 ionization chamber decay curve has, to 
within 6 per cent, the same shape as that for  the AN/PDR-SB(T1B) for extended radiatlon-field 
measurements, the decay data on the samples will be continued beyon&thts reporting to deter. 
mine whether the observed and calculated decay curves join at some later t:me. 

4.5 INITIAL MONITORING FROM SHELTER 

The fallout radiation field resulting from shot Diablo was very uniform. Consequently, the 
singEpoint  measurements in the center of the areas were adequate indicators of the radio- 
logical situation in the general region. No significant additional information was provided by 
either the corner measurements o r  the detailed survey. Since the fallout field was similar to 
that expected in  most of the region contaminated by large-yield nuclear weapons, it would ap- 
pear that single-point measurements obtained from within shelters or by early monitoring 
missions provide an adequate basis for decisions with respect to operational recovery. 

4.6 STAGING-AREA RECLAMATION 

- 
The attempt to achieve a residual number of 0.01 i n  a cleared area was unsuccessful. 

However, the soil conditions in the test area were extremely unfavorable. A 3-in. layer of 
clean fill had to be introduced to establish the conditions for a single pass of the scraping 
equipment. Since the desired residual number was known to requlre multiple passes of the 
equipment, serious difficulties were anticipated for this objective when the areas were ini- 
tially laid out. This experunent must be rescheduled under other soil and terrain conditions 
before the range of feasibility can be evaluated. 

The operational-dose data gave a residual number of approximately 0.2 for the eqiirpmeni 
operators. This is considerably better than the value of 0.5 currently used i n  planning h r  
operational recovery.' There appeared to be Ilttle variation i n  protection afforded by the vari- 
ous types of land reclamation equipment. 

4.1 RECLAMATION TEST METHODS 

Bath methods of predicting the effectiveness of reclamation methods on the basis of we 
in  a small test area performed well i n  t h i s  test, The vertlcal method gave a good prediction 
in the 60- by 60-ft and 100- by 100-It areas. The overestimate of residual number for the 
40- by 4 0 4  area w a s  largely due to spills at the edge of the area where the graders llfted 
blades. The pass that increased the cleared area to 60 by 60 ft removed this source of ra- 
diation. Although both methods gave good estimates, the vertical method appears preferable 
since less reclamation effort is required to get a result. The over-all test requires less time 
and therefore exposes the test crew to a smaller dose than the horizontal method. 
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The results indicate that, for both methods, an accurate prediction can be obtained only it 

the ratios are baaed on the average of many readings around the center of the test area. PI& 
of ratios baaed on individual reading8 are relatively unreliable. 

4.8 ALTERNATE BUFFER-ZONE TECHNIQUE 

Two tests were made of the barrier technique. Both indicated that a barrier 3 to 4 f t  high 
would effectively reduce the contribution of radiation from outside a reclaimed area to a neg- 
ligible amount. A rate of about 300 linear feet per equipment-hour was observed. The same 
length of buffer zone 200 ft wide would require approximately 2 equipment-hours of plowiag. 
scraping is even slower. Thus the barrier appears to be about twice M fast as the fastest 
wfer-zone technique. It would be desirable to determine the effect of barriers of other he@& 
than those tested as well as more detailed measurements of the radiation field over the cleared 
area inside a barrier in order to develop an optimum procedure. For example, barriers along 
=cess mutes may need to be quite high to shield vehicle occupants properly. 

- 
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Chapter 5 _- 
~ 

CONCLUSIONS 

The following conclusions are offered as a result of the analysis of the data obtained from 
the measurements taken on shots Dtablo and ShastP: 

1. The standard Navy ammunition storage magazine (Armco Multl-plate structure), buried 
so as to provide a minimum thickness of 3 ftof earth cover over the-crown and provided with 
aI1 necessary openings for  entrances, ventlhtion, and control purposes, offers a high degree of 
radiological protection. An average residual number of about 0.0001 was observed. 

2. A 2-ft-diameter straight exhaust ventilator that can be designed a8 an escape batch Is 
radiologically acceptable. 

3. A simple device consisting of a 1-in. pipe projecting through the shelter roof and fitted 
with a rod carrying a self-reading dosimeter will provide the shelter commander with all nec- 
essary radiological information for decision purposes within the shelter. 

However, the data were not sufficient to establish a generalized conclusion wlth respect to this 
requirement. 

satisfactory predictions in  small test areas  (less than 100 by 100 fl) -der field conditions 
using land reclamation equipment. 

created with half the effort required for the fastest buffer-zone method. 

are  relatively uniform for making gene-al decisions regarding shelter stay-time, sultahle stag- 
ing areas, and selection of plana for reclaiming vital facilities. 

8. The feasibillty of obtaining a residual n m b e r  of 0.01 in a cleared area by means of 
multiple passes with land reclamation equipment has not been establlshed. 

4 .  On shots Diablo and Shasta there was no need for filtration of the shelter air supply. 

5. Both the vertical and horizontal method5 of predicting rectamation effectiveness give 

~ 

6. An earth barrier 3 to 4 ft high is a satisfactory substitute for a buffer zone and can be 

7. Single-point monltoring gives adequate radiological information in radiation fields that 
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Appendix A 

DESIGN DETAILS OF RADIOLOGICAL SHELTER 
AND ASSOCIATED EXPERIMENTAL EQUIPMENT 
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Appendix B 

INSTRUMENTATION 

B.l INTERIOR SURVEY EQUIPMEhT 

Gamma-radiation surveys were carr ied out inside the shelter using seven AN/PDR-ZIC 
low-range survey instrumenls. Since it was possible that the interior intensities might be too 
low to provide reasonable rate--meter indication, the output of these instruments va8 Connected 
to a Aeiland oscillographic recorder. Each G-M tube pulse appears on the recorder trace. 
Very low radiation levels can be accurately resolved by a pulse-counting technique. In addition, 
the recorder t races  provide a check on the accuracy with which the instruments were read by 
the operators. Details of the system are given in Fig. B.1. 

B.2 FIXED SURVEY-INSTRUMENT SYSTEM 

Five low-range survey instruments (AN/PDR-Z?C) were placed in the shelter at the lo- 
cations shown in Fig. B.2. The indication on each instrument was recorded, providing a con- 
tinuous measure of the radiation intensity throughout the shelter. Only one of the .five instru- 
ments was continuously connected to a Brown recorder. The other four were intermittently 
connected to a second Brown recorder by a manually operated selector switch. An operator 
was required to switch the output of the instruments, in sequence, to the second recorder and 
to periodically adjust the range switches of all instruments. System details are shown in Fig. 
B.2. 

- 

B.3 DIRECTIONAL GAMMA APPARATUS 

Instrumentation used to determine directional properties of gamma-radiation fluxes in- 
side and outside consisted of a 1- by 1-in. cylindrical sodium iodide crystal  enclosed with an 
assoclated photomultiplier tube in an elliptical lead collimator. This assembly was mounted 
on a rubber-tired metal dolly a t  a height of 1 meter above the surface. The apparatus was 
constructed so that the lead collimator could be rotated through a complete circle. 

was used to drive both rate-meter and pulse-counting circuits, as shown in Fig. B.3. The out- 
put of the logarithmic rate-meter circuit was recorded on an Esterline-Angus chart during the 
f i rs t  10 min after burst. At later times, when directional measurements were being made, 
counts were accumulated during 10-sec runs  by a Berkeley Digital Scanner, which made a 
permanent record on printed tape. 

Fig. B.4. 

The output of the crystal-photomultiplier combination, i n  the form of electrical pulses, 

The angular resolution of the system, a8 determined with a radium source, is shown in 
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B.4 SINGLE-CHANNEL PULSE-HEIGHT ANALYZER 

Gamma spectra of fallout samples were obtained with an automatic step-scanning single- 
channel analyzer. Samples were prepared as point sources and placed in a 4-in. lead collima- 
tor Kith a %-in. hole. The distance from sample to the,detector was maintained at 49 cm. The 
detector assembly consisted of a 3-in.-diameter cylinder of NaI(T1) and photomultiplier 
(Dumont 6363). This was shielded by an iron-brirr~rave. The single-channel analper WaB a 
USNRDL model 1, operated with a 5-volt window through a span of 100 volts. Data were re- 
corded with a Berkeley Digital Scanner and were printed on tape. The equipment is shown In 
Fig. B.5. 

B.5 USNRDL In ION CHAMBER 

- 

~ 

The USNRDL 4n ionization chamber Is a high-pressure argon-gaa chamber operated at 
600 psig. The ion current is collected on a screen inside the chamber and is measured by we 
of an electronic electrometer. The current is read on a sensitive ammeter and is recorded 
through an amplifier by an  Esterline-Angus recorder. Fallout particles, which were received 
in the sample-room collector, were transferred to  ly,-in.-diameter LusAeroid test tubes; the 
ionization current was measured by inserting the test tube into a cyliniiicP1 well extending 
into the chamber from the top. The sample, when placed at the bottom of the well, is located 
at the center of the chamber. Decay data can be obtained either by taking measurements from 
time to time or by leaving the sample in place and recording the ion current on the recorder. 
The equfpment is shown in Fig. B.6. 
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Fig. 8.6-Vlew of 4n ion chamber in sample-collecting room. 
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Appendix C 

EVENT SCHEDULES 

TABLE C.l-SHOT DIABLO, PROJECT 32.3 EVENT SCHEDULE 
- ~~ ~ 

Time relative Time relative 
lo shot time to fallout event Action 

D-I. day Gas jeeps and deliver to C P  

H-8 hr 

H - 7  h r  

H - 6 1 / ,  h r  

H-6 h r  

H-2 hr 

H-30 mln 

H-25 min 

Refuel shel ter  generator 
Leave Mercury for C P  in carryal l  

Arrive C P  Brew dress out at 

Man Jeeps; clear check station for  

Arrive at station 2-32.3-8003 
Start generator 
Report station manned to C P  
Communication check  check radio 

l ink  to CP. Monltor6 move by jeep 
lo reclamallon areas 2 and 3: 
check portable radio net 

equipment 

tie down 

and sedan 

Rad-Safe. 

station 2-32.3-8003 

Check all  lnatrumentatlon and s h e l t e ~  

Place jeep6 in revetment. cover and 

Repon completion of check to C P  
Button up entrance; no personnel to 

leave shelter until called for In 
event schedule after H-hour 

Repon status to C P  
Start CITR 
Stop ventllatlan. close Intake vents 
Close exhaust venU 

Home periscope: check doslmeter 
rods 

 char^ dosimeters 
Dress  out 

Report mmpletlon of shel ter  closure 
lo CP: request fillout predlctioa 
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Personnel 

Unruh. Jamison. Thrall, 
Trolenberg,  P h i l l i p  

Nuckolls 
All personnel 

AI1 personnel 

All perSOIlUe1 

AI1 personnel ~ 

Nuckolls 
s t r o p  
Sword. Unruh. PhilUpa. 

Lee,  Jamison 

Miller. Work. Nuckolls. 
Brown, Laurlno, Glbaney 

unruh. phiiiip. J ~ ~ I S ~ ~ .  
Lee 

Strope 
Laurlno 

strop 
Miller 
Brown. Glbaney 
(a) Center vent: Laurino, 

bJ Rear vent: T h r d l .  

strope 

JamIson. Lee 
Unruh. P h i l l l p .  Jamlaon. 

Lee. hurlno.  Bmm. 
Mbomy. Work 

Phllllps 

T m l e n h a  

strope 



TABLE C.1- (Continued) 

Time relative Time relative 
to shot time to fallout event Action Personnel 

H - 5  min 

H hour 

H +  15 sec 

H+ 1 mm 
H+1y2min 

H +  2 min 

H r 3 m l n  

H f 4 m l n  
H.5 mi" 
H - 6  mm 

H f 6 min (est.) Approach 01 
fallout 

H - 6 1 0  Fallout 

H f 15 mln 
H +  10 mi" (est.) arrival 

H + 20 mi" (est.) 

H + 20 man 

H +  25 min 

Peak 
intenslty 

H + 30 mln (est.) Fallout 
cessation 

All personnel assume shot-time 
position: sittlng position on center 
h e  at rear of shelter; observe 
audible count-dovm 

Observe survey meters for inltial 
pmma pulse 

start Uming watches 
start wunt-up 
Check condition of shelter and 

personnel 
Raise ladder, open periscope, then 
open Gar vent 

Open vent intakes, start one hi6 
Run up perlacope. check condition 

of superstructure and vehicles 
Swltch cwt -down  
Man sample mom 
Report shelter condition to CP 
open up center exhaist vent 
Man Brown recorders 
Run film badges up doelmeter tubes 
Run film badges up center vent 
Read all self-reading dosimeters: 

charge background dosimeters and 
place in measurement locations 

Begin I(a).routlne on forward dosime- 
te r  tube. wing 6-min cycle 

Replace dosimeters 
Start second M6 
Start Ita) routine on after dosimeter 

tube, wing 6-mln cycle 
start aerosol sampling 
Open fallout collectors: start 

incremental samplers 
Begin dlrecti3Ml gamma 
Begm absorption measurements 
Report lallou' arrival to CP 

All personnel 

All personnel 

Strope. Sword 
Strop- 
Strope. Miller 

Troienberg. LaSpnd.4 

Brown, Gibaney 
Strope 

Sword 
Nuckolls 

Laurino. Phillips 

Thrall. Trolenberg 
Laurino. Ph l l l i p  
Lee, Unruh 

%rope_ 

-pa& 

~- 

Thrall 

Lee, Unruh 
Giboney 
Trolenberg 

Brown, Giboney 
Mlller. Laurlno 

Work, Jamison 
Unruh. Phi l l ip  
Strope 

Equipment operators. wlth Rad- Covey 
Sale monitor. leave CP for 
equlpment lxat ion 

RepOrt peak intensity to CP Strope 

Helicopter makes sample p c h p  and 

Prepare for l ( 3  su rvey  

Terminate directional work 
Terminate absorption measurements 
Terminate aerosol sampling 
Shul 011 exterior aerosol samplers 
Commence I(c) survey routine 

returns to LP 

Report fallout cessation time and 
estimate 01 standard intensity 
to CP 

Uoruh, Phllllps. Jamison. 
Lee. Laurlno. Work 

Work. Jamison 
Uaruh, Phl l l ip  
Brown, Giboney 
Miller 
Laurino. UnNh. Phi l l ip .  

Jamison. Lee. Brown. 
Work. Giboney 

Strope-. 
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TABLE C.l- (Continued) 

son. 

ps. 
n. 

Time relative 
to shot time 

H r 3 0  min 

H + 3 5  min 

H + 4 0  min (est.) 

H + 4 5  min (est.) 

H+50 min 

H + 55 min (est.) 

H + 1 hr (est.) 

H +  h r l o m i n  

H +  hr 25 min 
H +  h r  35 min 
H +  h r  55 min 
H + 2  hr  5 min 
H + 2 h r 3 5 m i n  
H + 2 hr 45 min 

H + 4 hr 45 min 
H + 4  hr 45 min 

H + 5  h r  25 min 
H + 5  hr 30 mln 

H + 4  hr 45 min 
H + 5  hr 55 min 
H + 6 h r  (est.) 

Time relative 
to fallout event Action Persoonel 

Equipment operators arrive at 
equipment; start engmes 

Make initial Phase II decision baaed 
on standard intensity at shelter, 
request awllable fallout infor- 
mation from CP if shelter situation 

Strope. Miller. Sword 

is unsatisfactory 
Advise CP of Phase I1 situation; 

request permission to execute 
Termhate shelter survey 
TwaZ-man monitor teams man 

j e e p  and execute survey of 
reclamation areas 2 and 3 

Start exterior measurements 

Retrieve exterior air samples 
Recelve first key-point measure- 

ments from m i t o r s ;  select 
area most suitable or cancel 
Phase n; advise equipment 
crew and CP ----- 

Receive second key-point 
measurements from monitors; 
make final decision on Phase ll: 
advise equipment crew and CP 

Phase I1 monitors move to selected 
area 

Begin Phase I1 operations; monitor 
area and record data 

Close fallout trays; terminate 
incremental samplers 

Intensity less 
than 1 r h  

Unruh, Phillips. 
Jamison, Lee 

Laurino, Brown, ~ Giboney, 

Brown. Giboney 
Strope. Miller, Sword 

Work 

~- 

Strope. Miller. Word 

~~ 
~- 

Unruh, Phlllip. Thrall. 
Lee, Troienberg, Giboney 

See second entry in preceding 
item (plus equipment operators) 

Miller 

Set up Rad-Safe and dosimeter charge 

Read all dosimeters Work, Jamison, Laurino - 
Grade and scrape 40-  by 4 0 4  area, 

Monilor 41)- by 40-11 area 
Grade and scrape 60- by 6 0 4  area 
Monitor 60- by 6 0 4  area 
Grade and s c r a p  100- by 100-ft area 
Monitor 100- by loo-ft &rea 
Plow around 100- by 100-ft area to 

Monitor 500- by 500-A area 
Grade and scrape 100- by 100-ft area 

Monitor 100- by 100-It area . . ~  
Funher clearing of 100- by loo-ft 

Brown 
- .  pint at shelter entrance 

- 

move spll 50U ft from area ~ 

500-ft perimeter 

second time 

area by fmnt-eod loader and dump 
truck 

Final monitoring of area 
Test completed 
Close down shelter; man jeeps: return All personnel 

to C P  Rad-Safe area; process 
through change station; ret- to 
Mercury in carryall and sedan 

- 
~ ~. 
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TABLE C.2-SHOT KEPLER. PROJECT 32.3 EVENT SCHEDULE 

Time Time relative 
to shot time to fallout event Action Personnel 

D-1 day Refuel shelter generator Nuckolls 
H-6% h r  Leave Mercury for C P  in All personnel 

carryall  and sedan 
All personnel H-6 hr 

Rad-Safe 
H--5Y2 hr Man j e e p ;  c lear  check station for AI1 personnel 

station 2-32.3-8003 
All personnel H-5 hr 

Strope 

Arrive C P  area: dress out at 

Arrive at station 2-32.3-8003 
Start  generator Nuckolls 
RepoR station manned to C P  
Communication check: check radio. Sword, Unruh 

Check all instrumentation m d  snel ter  
link to C P  

Miller, Work, Nuckolls, 
-. 

H - 2  hr  

H-30 min 

H + l  min 
H + l'/, mln 
H r 2 m r n  

H + 3 m m  

equipment 

l ie down. 
Place-Jeeps in revetment; cover and 

Report completion of check to CP 
Button UP entrance: no personnel to 

leave shelter until called for in 
even1 schedule after H hour 

Report status to C P  
Start GITR 
Stop ventilation, close intake vents 
Close exhaust vents 

House periscope: check dosimeter 

Charge dosimeters 
Report completion of sheller closure 

to CP: request fallout prediction 
All personnel assume shot-time 

posltlon: sittlng position on center 
line a t  r e a r  of shelter;  observe 
audible count-down 

Observe survey meters  for initial 
gamma pulse  

Start  timing watches 

Check condition of shelter and 

Haise ladder. open periscope. then 

Open vent Intakes. Start one M6 
Run up periscope: check condition 
of s u p r s t r u c t u r e  and vehicles 

Switch count-down 
Man sample r w m  
Report shelter condition lo  C P  
Open center exhaust vent 
Run film badges up center vent 
Read all  self-readmg dosimeters 

Charge background dosimeters 
and place in measurement 
locations 

rods 

H-25 min 

H-5 min 

H hour 

- Start count-up 
H * 1 5 s e c  

personnel 

r e a r  vent 

Man Brown recorder  
Begin I la )  routine on forward do- 

s imeter  tube. using 6-min cycle 

Brown, Laurino. Harris 

Osborne 
Unruh. Jamison. Lee, 

%rope 
Laurino 

Strope 
Miller 
Brown, Harris 
(a) Center vent: L u r i n o ,  

Osborne: b) Rear  vent: 
Thrall ,  Home 

S t r o p  

Jamison. Lee 
Strope 

AI1 personoel 

All personnel 

Strope. Sword 
Strope 
Strope. Miller 

Home. Covey 

Brown. H a r r i s  
Strop 

Sword 
Nuckolls. MacDonald 
strope 
h U r i M ,  Osborne 
Laurino. Osborne 
Lee. Unruh. 

Schuert. Anderson 

Covey 
Thrall 
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- TABLE C.2-(ConUnued! 
- 

Time relative Time relative 
to shot time to fallout event Actlon 

~ c 4  min 

~ 1 6  mia 

fj + 8 min (est.) 

H + 8  to 

H + 20 min (eat.) 

H+25min 

H + 10 mln (eat.) 

H + 30 min (est.) 

Kr?15 min (est.) 

H + 1 h r  (est.) 

Approach of 
fallout 

Fallout 

Peak 
arrival 

intensity 

Fallout 
cessation 

Replace doslmeters 

Start I(a) routine on after dosimeter 
tube, using 6-min cycle 

Start aerosol sampung 
Open fallout collectors; amrt 

incremental samplers 
Begin ahsorptlon memurments 
Report fallout arrival to C P  

Report peak intensity to CP 

Prepare for I(c) survey 

Terminate absorption measurements 
Terminate aerosol sampling 
Shut off exterlor aerosol samplers 
Commence I(c) survey routine 

~ 

Report fallout cessation t h e  and 
estimate of standard intensity to 
C P  

Terminate shelter survey 
Start exterior meaeuremente 

Retrieve exterior air  samples 
Start directlonal gamma meaaure- 

Close fallout trays; termlnate 

Set up Rad-Safe and dosimeter charge 

Read nll dosimeters 

ments on shelter roof 

incremental sampling 

point at shelter entrance 

Personnel 

Lee, Unnrh, Schuert. 

Home 

B r o w ,  H a r r i s  
Laurino. Miller 

Uaruh. Osborne 
Strope 

Strope 

Unruh. Osbarne. Jamison, 
Lee. Laurlno. Work 

Unruh, Osborne 
Brown, Harrls 
Miller 
Lnnrino. Unruh, Osborne, 

Jamison. Lee, Brow,, 
Work, Harrls 

Anderson 

Strope 

hur lno ,  Brow.  Work, 

Brow.  Harrls 
Work, Jamison 

Miller 

Brown 

Work, Jamison. LDurino 

Harris 
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TABLE C.3-SROT SEASTA. PROJECT 32.3 EVENT SCHEDULE 

Tlma relative Time relatlve 
to shot time to fallout event Action Personnel 

D-1 day 
11-2 hr 

H - l y 2  h r  

H - 1  hr 

H-30 min 

H-5 min 

H hour 

H + 30 sec 

H + 1  min 
H i 5  min 
H - 6 m i n  
H + 8  mln 
H + l O t o  Fallout arrival 

H + 15 to Peak intensity 

H + 4 5  to Fallout cessation 

. 

H + 15 min (est.) 

H f 20 min (est.) 

H + 60 min (est.) 

H t 2 h r  
H + 6  h r  

- 
Refuel generator 
Leave Mercury for station 

2-32.3-8003 In two Jwpe 
Arrlve at station 2-32.3-8003 
Start  generator 
Report station manned to-CP 
Check all instrumentation 

Secure j e e p  In revetment 
Close entrance 
Report status to CP 
Stop ventilation. close Intake 

and exhaust vents 
Assume shot-time positlon in 

rear of shelter 
Obseme survey meters for initial 

gamma pulse 
Check condition of shelter 
open %nhaust vents 
Open Vent intake and start MB 
Man sample room 
Report shelter condition to C P  
Open sample collectors 
Start incremental collectors 
Start aerosol sampling 
Report fallout arrival to CP 

Report peak intensity to C P  

Report fallout cessation to C P  
Termhate aerosol sampling 
Close fallout collectors 
Make shelter survey 
Recover fallout samples 

Nuckolls 
All personnel 

All personnel 
Nuckolls 
Miller 
Miller. Covey, Nuckolls. 

Covey, Sively 
Miller 
Miller 
All personnel 

AI1 personnel 

All personnel 

Miller. Covey 
Covey. Sively 
Johnson 
Nuckolls 
Miller 
Miller 
Wller 
Covey, Sively 
Miller 

Miller 

Miller 
Covey, Slvely. Johnson 
Miller 
All personnel 
Sively. Johnson 

Slvely, Johnson 

-~ 

Recover outside aerosol samples Covey 

. 
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Appendix D 

CONVERSION OF R/HR AS OBSERVED 

ON THE AN/PDR-27C TO TRUE R/HR 
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D.l SOURCE OF DATA AND INSTRUMENTATION 

The photon distributions in the shelter on shot Diablo used in the following calculations 
were obtained by removing the lead collimator shield from the single-channel pulse-height 
analyzer described in Appendix B. The counts observed for a given time Interval and channel 
number are  presented in the columns of Table D.1. The number at the top of the varioua col- 
umna represents the time at which the measurements for that column were commenced. 

D.2 TREATMENT OF DATA 

The spectral data taken at A-105 min were used as the shelter background, the background 
counts were subtracted from the corresponding counts in the columns to the right. The ener- 
gies corresponding to the various channel numbers were obtained from observed spectral data 
on standard samples of radionuclides with well-known decay schemes. The energy calibration 
curve for the analyzer settings used in taking the data is shown in Fig. D.l. From this figure 
and the net counts per time interval, plots of the number of counts in a given energy interval 
were made. It may be noted from Fig. D.l that the pulse-height analyzer was not adjusted to 
zero energy and did not record photon energies below about 0.15 MeV. Since complete spectral 
coverage to zero energy was required for the analysis, it was necessary to extrapolate the 
observed data to zero energg. Extrapolations from both linear and logarithmic activity vs. 
channel curves were considered. When both of these methods were applied to the H+11 min 
measurements, the values obtained from the semilog plot were about 10 per cent higher than 
those obtained from linear plot. Since this difference is negligible when considered i n  terms 
of the over-all distribution and the attendant approximations in the calculations and since the 
w e  of the linear plot was  more convenient, linear extrapolation was employed. 

With the aid of the extrapolation it became possible to estimate the relative number of 
counts contained in selected energy intervals as shown in Table D.2. From these estimates 
the relative number of counts in  each interval was determined. The data taken at H-hour were 
not included because at that time the radiation levels f romlhe initial gamma were changing 
much more rapidly than the rate at which the data were being taken. Tbe data taken at H+140 
min were considered to duplicate those taken at H+118 min and A+129 min; therefore they 
were not included in the analyeis. Finally, because many of the data =en at HI 190 min were 
near the background level, many of the resultant net counts are subject to large uncertainties, 
and consequently the H + 790 min data were not reduced. The relative distributiofl for the re- 
mainder of the data is given in Table D.2. 

ber of incident photons in that interval, one must first divide the former quantity by the de- 
To convert from relative number of counts in a given energy interval to the relative num- - 
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tector efficiency. The detector efficiency is dependent upon the median energy for the i n t e w  
the size of the detecting crystal, and the geometrical arrangement of the source m a t e r u  am' 
respect to the detecting element. The latter quanti@ for the shelter is not known in any de- 
tail, and, even If it were, it is unlikely that the corresponding detector efficiencies w m d  be 
known. However, reference 1 gives the efficiencies for a crystal like that used in the pulse- 
height analyzer (Appendix B) for  a point source located at various distances up to a maximum 
of 20 em from the crystal. Inspection of the data i n  reference 1 shows that, although the effi- 
ciencies corresponding to the 20-cm distance are different in absolute magnitude from the 
efficiencies at, say, contact distance, the relative efficiencies, Le., ratio of efficiency at one 
energy to that at another, are about the same. Because a better choice was  not possible, it 
was assumed that this observation would also apply between the relative efficiencies corre- 
sponding to the 20-cm distance and the actual source geometry. The relative efficiencies for 
the 20-cm distance are  reproduced in Table D.3; these were applied to the fiumbers in Table 
D.2 to estimate the energy distribution of photons in the shelter. The results are given in Table 
D.4. 

To convert the spectra to the relative contribution to the ionization rate of a given energy 
interval, one must multiply the relative number of photons in each energy interval by the prod. 
uct of median energy for that interval and the Klein-Nishina absorption coefficient for a i r  cor- 
responding to the median energy.' Values for  the latter quantity were obtained from reference 
2 and are listed in column 3 of Table D.S. The product is given in column 4. The instrument 
(AN/PDR-S?C) ratios are given in the last two columns of Table D.3. The percentage of the 
ionization rate contributed from a given energy interval is listed in Table D.5. 

Conversion of the air ionization rate, Table D.5, to the gross response in roentgens per 
hour as observed on the AN/PDR-ZIC requires that the ratio of the two quantities be known 
for each energy interval. Data on the response of the AN/PDR-ZlC to various source geome- 
tries as a function of source energy were furnished hy G. A. Work.' The geometry most ap- 
propriate to the present calculation is the one designated as the vertical plane in which the 
source consists, in  essence, of a uniformly active ring centered about the detector, located in 
a vertical plane through the long axis of the instrument. The response of the AN/PDR-ZlC for 
this geometry and for both ranges of detection on the instrument are presented in Fig. D.Z. 
With the aid of this figure it was possible to obtain the relative response for each energy inter- 
val given in the last two columns of Table D.S. The latter values were used to compute, in 
relative terms, the contribution of the photons in each energy interval to the over-all response 
of the AN/PDR-Z?C from the values given in Table D.5. The results are given in Table D.6; 
the sum is included for appropriate columns. This  sum, when divided into 100 yields the Con- 
version ratio for the AN/PDR-ZIC, i,e., the factor that converts observed reading in roentgens 
per hour into the estimated value of the true ionization rate. The latter se t  of values a r e  6um- 
marized in Table D.3. 

D.3 DISCUSSION OF RESULTS 

It will he recalled that it was necessary to extrapolate the number of counts in the channels 
for  photons from 0 to 0.15 MeV. Inspection of Tables D.2 and D.4 makes it evident that a con- 
siderable fraction of these photon-energy distributions is contained in  the extrapolated region. 
However, if reference is now made to Tables D.5 and D.6, it will be seen that the corresponding 
relative contribution of the  photons up to 0.15 Mev in energy is considerably smaller. Thus at 
H + 118 min some 60 per cent of the photons in the shelter are contained in  the region of ex- 
trapolation, but only 1 7  per cent of the true air  ionization and 13 per cent of the AN/PDR-2lC 
(low-range) response are contributed by these photons. Therefore it is apparent that errors 
in the extrapolation would not contribute corresponding e r ro r s  in the values of Table D.7. In- 
spection of Table D.3 shows that the biggest change in the relative distribution is brought about 
by use of the product of the Klein-Nishina factor and the median energy. This is probably the 
most accurate set of conversion numbers used. Although much larger uncertainties are as- 
sociated with the other conversion factors, the smaller variation from interval to interval does 
not make the final result equally sensitive to such uncertainties. 
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From Table D.? it can be seen that there is excellent agreement among the reeults in each . 

sensitivity range. This is noteworthy because the spectral distributions from which they were 
computed are quite different, and the good agreement indicates that the conversion factor is 
,pite insensitive to changes in the photon spectrum. The relative response of the low range 
(50 mr/hr) of the AN/PDR-27C to the photon-energy distributton in the shelter, 1/1.3?(0.?35), 
is very close to that given in the text for the response of the AN/PDR-39(TIB) to the photons 
from a distributed source of fission products. - 

REFERENCES - 
I. E. A. Wolickl, Calculated Efficiencies of Nal Crystals, Report NRL-4833, Oct. 5, 1956. 
2. S. L. Glasstone, ‘The Effects of Atomic Weapons,” U. S. Government Printing Office, Wash- 

3. G. A. Work et al., Directional Response of AN/PDR-Z?C, private communication, USNRDL. 
ington 25, D. C., September 1950. 
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TABLE D.2-RELATIVE DISTRIBUTION OF OBSERVED PHOTON COUNTS 
FROM THE PULSE-HEIGHT ANALYZER IN SELECTED ENERGY INTERVALS 

- 
Relative distribution (at indicated time after bursti. % 

Energy 
Interval, Mev H + 11 min H+ 118 min H +  129 min H + 315 min 

0 -0.06 
0.06-0.08 
0.08-0.10 
0.10-0.15 
0.15--0.20 
0.20-0.30 

0.30-0.40 
0.40-0.50 
0.50-0.60 
0.60-0.80 
0.80-1.00 
1.00-1.50 

Total 

14.1 
4.2 
4.1 

10.7 
9.5 

15.0 

10.2 
7.4 
6.3 
7.2 
4.7 
6.0 

100.0 

32.1 35.2 23.2 
8.7 8.9 6.5 
1.8 7.9 6.1 

17.2 17.0 15.0 
10.3 9.0 11.9 
11.1 8.0 16.8 

3.9 4.4 6.2 
2.4 2.4 3.1 
1.8 2.0 3.3 
2.1 2.2 2.8 
1.2 1.5 1.9 
1.4 1.6 2.5 

100.0 100.1 99.9 

TABLED.3-FACTORSUSEDTOCONVERTSPECTRALDATATO 
GROSS RESPONSE TO THE AN/PDR-Z‘IC 

Crystal  Klein-Nishina LDw range, High range. 
E n e r a  efficiency. factor x instrument instrument 
~nterval. relative Klein-Nishina Median energy. ratio ratio 

Mev Unlt6 factor. lO’/cm (Mew x 10*)/cm relative units relative units  

0 -0.06 
0.06 - 0.08 
U.08-0.10 
0.10-0.15 
0.15-0.20 
1J.20-U.30 

0.30-0.40 
0.40-0.50 
0.50-0.60 
0.60-0.80 
0.80-1.0 
1.0 -1.5 

8.8 
8.8 
8.7 
8.5 
8.2 
7.6 

1.1 
ti .7 
6.4 
6 .O 
5.6 
5.0 

2.10 
2.63 
2.80 
3.02 
3.28 
3.56 

3.78 
3.Ul  
3.38 
3.16 
3.64 
3.34 

0.063 

0.252 
0.378 
0.514 
0.89 

1.32 
1.73 
2.11 
2.63 
3.28 
4.18 

0.184 
0.05 
0.38 
0.56 
0.72 
0.74 
0.69 

0.11 
0.13 
0.75 
0.78 
0.80 
0.83 

~ 

0.18 
0.73 
0.91 
1.06 
1.05 
1.04 

1.03 
1.05 
1.02 
1.01 
1.01 
1.00 
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TABLE D.4-ESTIMATED ENERGY DISTRIBUTION OF 
PHOTONS IN SHELTER, SHOT DlABLO 

Estimated enerw distribution 
(at indicated time after burst), 'g 

i n t e d .  Mev H+11 min H+118 min H a 9  mln H+315 min 
Energy 

0 -0.06 
0.06-0.08 
0.00-0.10 
0.10-0.15 
0.15-0.20 
0.20-0.30 

0.30-0.40 
0.40-0.50 
0.50-0.60 
0.60-0.80 
0.80-1.00 
1.00- 1.50 

Total 

12.2 29.1 32.5 
3.5 8.1 8.3 
3.4 -. . 1.3 1.4 
9.1 16.5 16.3 
8.4 10.2 8.9 
14.3 11.9 8.5 

10.4 4.5 5.0 
8.0 2.9 2.9 
1.2 2.2 2.6 
8.1 2.0 3.0 
6.2 1.0 2.1 
8.7 2.3 2.6 

100.1 100.2 100.1 

20.1 
5.0 
5.5 
13.0 
11.3 
11.3 

6.9 
4.4 
4.1 
3.1 
2.7 
3.9 

99.6 

TABLE D.5-CONTRIBUTION OF EACH ENERGY INTERVAL TO THE 
IONIZATION RATE IN SHELTER, SHOT DIABLO 

Contrlbutlon (at indicated t h e  after burst)). % Energy 
interval. Mev H+11 mln H+l18 rnin H+129 min H+315 m h  

0 -0.06 0.5 2.0 3.1 1.4 
0.06 -0.08 0.4 2.2 2.3 1.2 
0.08-0.10 0.6 2.0 2.8 1.5 
0.10-0.15 2.4 9.4 9.2 5.1 
0.15-0.20 3.3 8.9 1.6 1.2 
0.20-0.30 8.1 16.0 11,4 16.9 

0.30-0.40 9.4 8.9 9.8 9.9 
0.40-0.50 9.5 7.5 7.5 0.3 
0.50-0.60 10.4 7.1 8.1 9.5 
0.60-0.00 15.7 11.2 11.8 10.7 
0.80-1.00 13.9 8.9 10.4 9.7 
1.00- 1.50 25.0 14.3 16.1 11.8 

T o l d  99.8 100.0 100.1 99.8 
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