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ABSTRACT

The objective of Project 32.3 was to evaluate some operational characteristics of a radio-
logical shelter and to determine values for some countermeasures-gystem parameters. The
operation consisted of two phases, the first involving mezsurements made by proiect pcrsonnel
in a manned station having the characteristics of a high-performance radiological shelter and
the second involving monitoring and reclamation operations in an area near the shelter be-
ginning about 1 hr after burst.

Measurements were made inside the shelter beginning at shot time to (1) test a simpie
shelter monitoring system, (2) test a proposed ventilation intake configuration inter.led to
eliminate a requirement for filtration of the chelter air supply, (3) determine the effective
gamma-radiation shielding afforded by an operational shelter, including two different exhaust
ventilation configurations and a simple eatrance configuration, and (4) determine those radia-
tion and fallout characteristics needed to evaluate the operational measurements. The second
phase involved (1) the test of a key-point initial monitoring technique, (2) the test of two pro-
posed techniques for determiaing reclamation effectiver.eas in advance of reclamation opera-
tions, (3) the test of the feasibility of achieving a residual number of 0.01 in a cleared area,
and (4) the test of a barrier as an alternative to % buffer zone.

Data were obtained on two shots (Diablo and Shasta). The shelter, having a minimum
earth-cover thickness of 3 ft, provided an average shielding ~eduction factor of about 10,000.
Al openings in the earth cover for ventilation and other purposes were asatisfactory from a
radiological point of view with the exception of the straight entrance way. The shelter moni-
toring system provided adequate information. The air-filter data showed no requirement for
air filtration at air intake flow rates of 300 to 800 <fm with the intake configuration used. All
objectives in the second phase were successiully met with one exception. It was not possitle to
obtain an adequate test of the feasibility of achieving a residual number of 0.01 in the staging
area because of the poor conditiun of the test area.
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Chapter 1

INTRODUCTION

.1 OBJECTIVE

The objective of Pruject 32.3 was to evaluate the performance of a number of important
components of a radiological countermeasures system'+? in ordes to fix minimum performance
requirements or to establish the feasibility of procedures proposed on theoretical grounds. One
group of components is involved in the emergency phase of the £, stem and is assoclated with a
radiologicai sheltcr Li a fallout area. This group of components was the s:-tject of phase I of
the project. A second group of components is concerned with the operational recovery phasc of
the system and involves operations in .he fallout area outside the shelter. This group was the
subject of phase II.

1.1.1 Phase I Objectives

All pha:e | objectives involved measurements made within, and from within, an occupied
undergroun:: shelter located in the local fallout area but beyond the region of significant blast
damzage. These objectives were as follows:

(a) Operational Monitor System: To evaluate the operational suitability and accuracy of a
simple low-cost device for determining from within the shelter the radjological situaticn out-
side the sheiter.

(b} Ingress of Contaminated Air: To evaluate the ability of a simple !ow-cost configura-
tion of the shelter ventilation system to sctisfaclorily prevent the entry of hazardous amounts
of radiological fallout into the shelter and to detern ine whather or not filtration cf the air
supply would be a requirement of ghelter design.

(c¢) Effects of Openings on Shielding: To evaluate the effective shielding provided by an
underground shelter and to determine the effect of the shelter entrance and two auferent
ventilation-upering configurations on the effective shielding.

(d) Supporting Technical Studies: To obtain information on radiological Jdecay, energy
spectra, and physicochemical characteristics of faliout necessary to interpret the resclts of
the operational measurements.

1.1.2 hase [I Objectives

Prase Il objectives inveived measurements outside the shelter {ollowing phase 1. Most ob-
jectives are concerned with the establishmient of a suitable staging area {or operational re-
covery. These were as {ollows:

{1; Initial Monitoring {rom Shelter: To evaluate a standard procedure {or determining
essential radiological information in 2 minimum amount of time and with a minimum exposure
of persounel

13
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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 the operational
residual numbers associated with this effort.

(c) Reclamation Test Methods: To obtain an initial feasibi)ity judgment on two techniques,
uroposed on theoretical grounds, for determining the effectiveneas 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. 2 buffer-zone method.

1.2 BACKGROUND

The radiological-defense system’"’ consists of three time phases of action following a con~
taminating nuclear event: (1) emergency ph.se, (2) operational recovery phase, and (3) {inal

ONLY SHIELDED OPERATIONS FEASIBLE g

NO SIGNIFICANT GAMMA
RADIATION \ HAZARD

RADIOLOGICAL HAZARD

ke
| | OPERATIONAL RECOVERY | FiNaL
EMERG ENCY PHASE RECOVERY
PHASE PHASE

IIME AFTER ATTACK

Fig. 1.1 — Phases of radiological defense.

recovery phase.! The technical basis for this phasing lies principally in tre manner in which
the gamma-radia ion hazard decreases with increasing time after burst. in general, the
gamma radiation decays very rapidly at early times and more and more slowly at later times
after burst. Gperations. consequently, muast be geared to this decay rate. In the central regions
of a fallout area, there exists a time period immediately following the arrival of fallout ir which
the gamma-radiation hazard may be so high that no unshielded operation:i are feasible without
casualties (or without exceeding the allowable personnel exposure). This time period con-
stitutes the emergency phase, as shown in Fig. 1.1. All operaticns durinj this phase must t.ke
place in shelters that provide adequate shielding against the gamma radiation. The fundamental
objective during this phase is the survival of personnel. Therefore, adecuate personnel shelters
are the minimum requirement for defense during this phase.

At some time after {allout has ceased, the gamma-radiation hazard will have decreased to
the point where short-term unshielded operations are feasible, although long-term or normal

*Residual number is a measure of radiological countermeasure »{{ectiveness and i1s de .
{ined as the ratio of the measurement with the countermeasure to the corresponding measure-
ment without the countermeasure.

14

I




functions are not. At this time the ability to perform short-term functions can be used to
create the necessary conditions {for the resumption of the longer term functions. The principal
meang available for tkis purpose is reclamation. This time period, which ha3 as its objective
the recovery and operation of the essential unprotected facilities, is the operational recovery
phase.

At a much later time, about one to two years for most of the contaminated area, the
gamma-radiation hazard will have decreased to a level where it 18 no longer significant. This
may be conrendently taken as the level at which the present permissibie exposure of 0.3 r/week
wcald not be exceed~d. T ~ final recouvery phase will begin at this time and will continue in-
definitely. Nonessential areas bypassed during the operational recovery phase can then be re-
occupied. External gamma radiation would no longer be a significant hazard, but the coitrol of
the internal alpha- and beta-radiation hazards could constitute a major public-health problem.

Participation was scheduled for Diablo and Shasta shots, with participation in Whitney and
possibly other shots conditional on the success or failure of the earlier participations.

The shelter (a standard ammunition-storage magazine of the type previously tested to 25
psi) was located in the most probable fallout area at a distance "-here the predicted blast over-
pressure would not exceed 3 psi. Average gamma-radiation intensity anticipated at thie range
(assuming that the shelter was downwind) was about 100 mr/hr meacured 1 hr after burst;
maximum radiation intensity expectecd was about 1 r/hr measured at 1 hr. Since fallout arrival
time would he a matter of minutes after burst, muck higher transient inter:sities were antici-
pated. Nevertheless, the relatively low levels of fallout anticipated indicated that measure-
ments within the shelter would be difficult and that phase II operations must be accompiished
beginning about 1 hr after burst. These conditions influenced the choice of objectives and the
experimental procedure.
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Chapter 2

PROCEDURE

2.1 GENERAL PLAN

The opcrating area tor the project is shown in Fig. 2.1. The general procedure was to
man the shelter on D-1 night with designated personnel (about 15 people). At H-30 min
mechanical ventilation was shut down, and blast closures were secured on all openings. Shelter
status was reported to the Control Point (CP) at required intervais 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, ar f2!'nut was ex-
pected to be complete approximately 30 min after burst. Phase I measurements were made
during the first hour. Approximate’:’ 45 min to 1 hr after t»1vst, the exact time depending on
the radiclogical situation resulting at 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 would be con-
ducted on that shot.

Phase I operations were conducted inside the underground radiological shelter (Fig. 2.2).
The sshelter, a standard 25- by 48-ft Armco Multi-plate ammunition-storage magazine, was
modified as shown in Fig. A 1. The new entrance unit, containing a Navy standard quick-acting
watertight door and two hooded ventilation intakes, was reached by an open ramp and a covered
passageway approximateiy 30 ft long (Fig. 2.3) The sheiter was buried side-on to the shot
arez beneath 3 {t of carth cover, the entrance facing away from Ground Zero (GZ). The roof cf
the sheiter housed t%; exhaust ventilators of differing configuration, two dosimeter tubes, a
periscope housing and 2n antenna lead tube. A small buried sampic ~nilection room was io-
cated adjacent to the end oi 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 ~fm. Design details of the shelter are given in Appendix A.

Phase 1l uperations were conducted in an area measuring 500 {t on 2 side. Three such
areas were prodesignated and staked prior to shot time. These areas are shown in Fig. 2.1,
The areas offered very duficult conditions {or land reclamation, compared wita arcas re-
claimed at Cperation Jangle.! becausc of the rocky condition of the sotl and the presence of
gullies aud w2 :hes. EBecause of thig, extensive preparation of the areas was nervssary to pro-
vitr even minimum conditions {5i successivi land reclamation by scraping. Large numbers of
stones and boulders were removed froim these areas Even with these efforts, scraping was
subsatituted for plowing as the oniy practicable buifer-zone method. Land-reclamation equip-
ment and other vehicies weie jocated about 3 miies southwes! of the shot towers, and the jeeps
were located tc \he rear of the shelter near the entrance. The jeeps were revotied and covered
with tarpauitsas during tix atiout eveat.
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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.
The system consists ol a 1-in. stcel pipe projecting abcve the shelter roof which is fitted with
a wooden rod drilled at the upper end to receive a stancard IM-9 self-reading dosimeter. The
dosimeter is charged within the shelter, run up to the exposed position for a measured period
of time, and withdrawn; the dose i< then read. The gamma-radiation intensity is obtained by
the fol'owing relation:

D x 60
t

1=

where I is the intensity in roentgens per hour, D is the dose in roentgens as read on the
dosimeter, and t ig the tim~ ot exposure in minutes.

The vaiue of 1 thus calculated 15 asgsociated with the time after burst c-.cresponding 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 down time while the dosimeter is b2ing read, the reading is being re-
cocded, and the dosimeter is being recharged, if necessary.

Two euch systems were {itted in the shelter for purposes ai intercomparisen, 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 ox
the other system, thus prcviding better resolution of the arrival time and peaking time.

The following information was to be obtained from tke system:

1. Time of arrival of fallout

2. Time and absclute 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
taken at at:out fallout cessation {about 30 min aftcr burst)

Items 1 and 2 were obtained directly from the intensily measurements; items 3 and 4 were
obtained by correcting the intensity measurements to 1 hr by means of the decay curve shown
in Fig. 2.6. Information obtained was evaluated following tae event by comparison with data ob-
tained under objective I{d) and data obtained by Project 32.4.

2.3 INGRFSS OF AIRBORNE ACTIVITY

Objective I{b) was concerned with the evaluation of a simple ventilation intake configura-
tion for the shelter whicih previous experiments had indirated should prevent significant
amounts of faliout from entering the shelter (FiZ. A.1). Air is drawn through the entrance
tunnel, which acts as i plenum chamber. At the shelter two intakes, protected by mushroom
heads that force » reversal of air direction, are locatec adjacent to the door. Air is taken into
the shelter by two M@ collective protectors,® delivering a total velume of 600 cfm (Fig. 2.7).
Afr velocity across the face of the entrance tunnel is approximately 30 ft ‘mirs. 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 ol contaminated air through the configuration was determined {rom activity
collected on the particulate filters in the collective protectors. These measurements 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 atr external to the shelter in order to further define the
conditions of test so that the results could ix evaluated for other contaminatirg events. For
this purpose me»surements were made both inside and cutaide the sheiter to determine the
activity concentration 48 a function of time and the average activity concentration during the
fallout period.

Four aerosocl ='mpling units and two coilective protector units were used to obtain the
data. Two aerosol sampling units (one automatic incremental sampler and one Ports. Vac
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sampler) were placed outside the shelter entrance (Fig. 2.8) to measure activity concentra-
tion with time and total activity during the fallout period in the open atmosphere. Two sampling
units (both Porto-Vac samplers) and the M8 units were located inside the shelter. One sampler
was used to measure the activity concentration in the plenurn chamber through an opering in
the docr, and the other unit was used to measure the activity concentration in the intak 2 of the
M6 unit (Fig. 2.9).

Aerosol sampling began when fallout reached the vicinity of the shelter indicated by the
Project 32.4 gamma intensity-time recorder {GITR) located outside the shelter. At this time
outside samplers were switched on. The two samplers inside ‘he shelter were operated for
sampling periods of 2-min duratioa with 1-min intervals bet#een sampling periods. Filters
from shelter samplers were replaced after each sampliag period and were stored for counting
after the end of the fallout event.

Aerosol sampling inside and cutride the shelter was stopped shortly after the end of the
fallout event. When the intensity outside the sheiter permitted, personnel recovered the fiiters
from the cutside samplers for counting.

2.4 EFFECTS OF OPENINGS ON SHIELDING

Objective I{c) was concerned with evaluation of the effective shielding against fallout radi-
ation provided by an underground shelter rnaving approximately 3 it of earth cover over the
crown. i has been pointed out® that, although 3 ft of earth cover may be expected to provide a
residua! number between 0.001 and 0.0005, the eifective 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 certer line.

The shielding effectiveness of the shelter in the vicinity of the air vents and entrance was
determined by measurements of gamma intersity and gamma dose inside and outside the
shelter and by measurements of the gamma-enerygy spectrum ing{de the shelter. On the ex-
terior the needed data were obtained by (1) continuous meas:rement and recording of intensity
and dose at {ixed locations above and near the shelter, (2) a gamma survey on and around the
shelter, and (3) neasurements made by Project 32.4 on total and incremental fallout collectors
around the shelter. Inside the shelter data were cbtained by (1) measurement of gamma inten-
sity and dose at a few fixed stations, (2) survey measurements at a large number of other stz -
tions distributed throughout the shelter, (3) a directional gamma -radiation survey along the
center line nf the shelter, and (4) measurements of gamma-energy epectra using 2 single-
charrel pulse-height anaiyzer.

2.4.: Dose Measurements

Dose measurements outside the shelter were made with film-badge dosimeters. Film
badges were secured near the top of the dosimeter tubes (zbout 2 ft 6 in. above the ground) and
to the center ventilater (about 6 in. above the grouna) (Figs. 2.5 und 2.10). These dosimeters
were collecte¢ upon completion of phase I; they recorded the dose both from initial gemma
radiation and trom fallout up to the time of collection. About 2 min after burci, when the dose
from initial gamma radiation had been received, another set of film badges was introduced
into the above locations from inside the shelter. Several {ilm 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 veut to an exposed location. These
badges recorded only fallout dose and were collected ai the same time as the original group.
The difference between the doses recorded by the two sets of badges was atiributed to initial
gamma radiation.

A limited number of dose medsurements were made inside the shelter. Because of the
high degree ul protection «lforded by the shelter, film-badge dosimeters were too insensitive
to be used Near shelter penings, where the Lighest doses were expected, sell-rrading 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 jine were 3, 6§, 9, and 12
above the shelter {loor. Three dosimeters wece located near the shelter door. All seli-
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Fig. 2.10—View of center ventilator, showing location of film-badge dusimeters.




reading dosimeters were read about 2 min after burst to determine the dose from initial
gamma radiation; final readings were made at the completion of phase I.

In addition to the above, a number of Victoreen background dosimeters (0 to 10 mr) were
charged by a manometer charger-reader about 2 min after burst and were placed in the well-
nrotected parts of the shelter to measure the anticipated low doses at these points (Fig. 2.17).

2.4.2 Intensity Measurements

Continuous measurement of intensity at a fixed location on top of the shelter (Fig. 2.12)
was provided by a Project 32.4 GITR with the recording console inside the shelter. This in-
strument was switched on 2 hr before shot time and continued t0 record until the completion
of phase 1I.

About 1 hr after burst, depending on the radiological situation, a gamma-intensity survey
was made using the AN/PDR-27C and AN/PDR-38/T1B) survey meters at the points shown in
Fig. 2.13. At the time these measurements were made the top of the cen! :r exhaust vent was
decontaminated by broom, and sandbags were piled around the vent to reduce the contribution
of the vent to the radiation field inside the shelter to a low level. A second survey was then
performed within the shelter.

Intensity measurements inside the shelter were made using modified AN/PDR-27C in-
struments. Seven such instruments were connected by cables to one 12-channel Heilzud
recorder. These instruments were used to take detailed survey measurements at a large num-
ber of survey stations inside the shelter. The survey was {nitiated after fallout cessation
(about 30 min after burst). Initially, monitors lined up at stations in row A {stations Al, A2,
A3, etc., in Fig. 2.11). On signal, all monitors read the instrument at the 3-ft height above the
floor and recorded the readings. At the same time the instruments were recorded for :0 sec
on 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 floor). A sec-
ond survey was made after the center vent had been shielded.

In addition to the above, AN/PDR-27C instruments, modified to record individually on
Brown recorders, were located as shown in Fig. 2.11; they recorded continuocusly.

2.4.3 Directional Measurements

The s« irce of radiation inside the shelter was investigated with a directional gamma-
intensity meter (see Appendix B). Measurements were initiated at fallout arrival time at loca-
tions along the center line of the shelter (row ). At each location the instrument was rotated
in a plane including the nearest shelter opening (entrance or ventilators).

¢.4.4 Energy-spectrum Measurements

A single-channel pulse-leight analyzer (Appendix B) was located at position A8, This in-
strument was used intermittently to determine the gamma spectrum at this point within che
shelter.

2.5 SUPPORTING TECHNICAL STUDIES

Obje<tive I(d) included a series of precise measurements to define more completely the
radiological situztion at the shelter. The tnstrumented area on top of the shelter is shown in
Fig. 2.12.

2.5.1 Interval-collector Dzta

Two inte~val collectors placed near the shelter were activated at about H+2 min The
collect'ng surface was a greane-cuvered plastic diak about 3 in. in diameter. Each disk was
exposed for a period of 1 min, and the collectors were operated to collect fallout up to about
H+1hr. At about H+2 hr, Project 32.4 personne] recovered the samples and returned them
to USNROL 'nr analvsis. These anaiyses were used to determine the tinme of arrival of fallout
at the shelter, the rate of arrival of fallout, the time of cessation of fallout, and, together with
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the GITR records and decay measurements, the transit dose at the stelter. In addition, the
samples were used to determine the range of fallout-particle sizes at the shelter.

2.5.2 Early-time Decay of Fallout Samples

Samples of fallout were collected by aluminum and plastic hexcell collectors and a hand-
operated eleva..r located in the shelter sample room. An aluminum tray was expoced at H—30
min and retrieved at H+2 min as a collection of possible throw-out inaterial. After recovery
of the aluminum tray, a 6- x 6-in. hexcell collector was placed on the elevator and raised into
collecting position. As soon as the GITR showed a rapid rise in the field intensity, the first
hexceil was recovered and a second was exprsed. The second hexcell collector was ex;osed
until cessation of fallout (or until such time as the first nampie had decayed to a low level).

Decay of the samples was measured in the USNRDL 47 ion chamber, an argon-gas ioniza-
tion chamber operated at 600 psig with a previously determined photon-energy response.*

2.5.2 Early-time Photon Spectra of Fallout Samples

At H+5 min (shot Diablio) a helicopter left the CP area and picked up an open-ciose collec-
tor located 75 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 spectruin was takea as soon
as possible cn the 100-channel anaivzer. Spectra of the sample were taken at periodic intervals.
Spectra of fallout samples were also obtained from the s:ngle-channel analyzer located in the
shelter. These data, together with the decay data and instrument response, were 10 be used te
determine an air-ionization (roentgens per hour) decay curve for the fallout.

2.5.4 Nature of the Fallout

The nature and amount of fallout at the shelter were determined from radiochemical and
quantitative analyses made on the six open-close coilector samples exposed above and about
the shelter by Project 37.4. The coliectors were actuated from withir. 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.

2.6 INITIAL MONITORING FROM SHELTER

The initial efifort in phase II was monitoring of the three prelocated reclamation areas. A
two-stzge key-point monitoring procedure wag followed. The first stage was to measure the
radiation-field intensity at the center of the area with an AN/PDR-27C. Tkhis reading, made at
3 !t above the ground, was reported by radio to the shelter. The single center reading was the
basis for selection of the area to be reciaimed. The secon stage was to measure 2nd report
in a sir.ilar fashion the intensity at the four corners of each area. These measurements gave
additional information, inciuding the gradient over the area. Radiclogical information based on
these key-point measurements was compared subsequently with the more detailed ..[ormation
obtained in the rext step to determine the minimum information required for decisions at the
beginning of the operational recovery phase.

2.7 STAGING-AREA RECLAMATION AND TEST METHODS

Objectives II(b) and ic) were accompliahed simuitanecusly. After selection of a satisfac-
tory area, perscnnei (three supervisors and {ive monttor-recorders) were dispatched to the
area. When these personnei icft the shelter, the reclamation-equipment operators (stationed
at a m< ‘e diswant iocation} were 2lertud to move t,ward the area. Detailed monitoring was
mage Gtk area Ezch af fuur monitors 1n turn started from the center :n the direction of
one of *™» four sides of the area. Readings were made at the center at 3-ft, -0 and 1-It
heights (Fig. £ ii’ Each monitor thern paced toward his perimeter, taking the 3-ft, 2-ft, and
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1-ft measuremeonts at 2 paces and a single 3-ft measurement at 4, 5, 7, 10, 15, 20, 30, and 50
paces and at the 50u0-ft perimeter line. A fifth monitor took readings at two separate check
points outside the area at 15-min intervals during the first hour and at 30-min intervals there-
after. All measurements were recorded along with the time of measurement,

As s00n as the survey team had cleared the centrnl area, an area 40 by 40 ft was clecred
by motor-grader. Three motor-graders ard a motorized scraper were maneuvered into posi-
tion at the cross-wind side of the 500-ft perimeter line while the above monitoring was being
done. They assumed a slant formation, with the scraper at the rear of the slant (Fig. 2.15).
The motor-graders were set for a 2-in. cut at the 40-ft perimeter line, and the blades were
set to move the windrow downwind toward the motorized scraper. The first grader cut and
buil® the first windrow, the second grader picked up the first windrow and cut and formed a
second winurow, the third grader cut and moved the windrow to the final position. The scraper
was set for rero cut and picked up the windrow for disposal beyond the 500-it perimeter. Two
passes were needed to create a 40- by 40-ft cleared area since the width from the forward
edge of the first grader to the rear edge of the third grader was 20 ft.

The 40- by 40-ft cieared area was then surveyed by conducting the previous survey to the
edge of the cleared area.

Next, the cleared area was enlarged 1o 60 by 80 ft by making a 10-ft pass arcund the 40-
by 40-ft area. Sides were done in order, north, south, west, and east. The windrow was left at
the outer edge by the graders and picked up by the scraper. The 60~ by 61)-ft area was then
surveyed as before.

Finally, the area was enlarged to 100 by 100 ft by making a 20-ft pass around the pre-
viously cleared area. Severa. tripa oi the scraper were required to remove the 100-ft
windrows. The 100- by 100-ft area waa then surveyed as before.

The area between the 100-ft perimeter and the 500-ft perimeter (a width of 200 ft) was
then scraped, using three motor-graders, two scrapers, aiad a follow-up grader. A final sus -
vey was then made which was identical with the initial survey.

During the above operations all personnel carried film badges and pocket dosimeters so
that operaiional-dose data could be obtained. The movement of all personnel was timed. If the
residual number at the center of the cleared area was greater than 0.01, the area was scraped
again and resurvcove”  Clearing operations in the 100- by 100-ft area were continued until a
residual number of 0.01 was achieved, or until it was obvious that further improvement was
impossible.

2.8 ALTERNATIVE BUFFER-ZONE TECHNIQUE

Cujective II(d), concerned with the test of an earth barrier as a substitute for a buffer
zone, was concucted separately and at a different time from the operations described in Sec.
3.7. A 100- by 100-ft area was surveyed and then cleared by motor-grader and scraper. The
area was then resurveved. A 3-ft-high earth barrier was then constructed around the
periphery of the scraped area by Lulldrzers. A final survey completed the operation.
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Chapter 3

RESULTS

3.1 GENERAL

Participation occurred in three shots, Diablo, Kepler, and Shasta. Full participation was
attempted on the first two shots; participation on Shasta was limited to the acquisition of ad-
ditional supporting technical data.

3.1.1 Shot Diablo

Shot Diabin was fired on a 500-ft tower 5300 ft scuth of the shelter at 0430 PDT on
July 15, 1957. The predicted wind structure was favorable for fallout at the shelter. Sixteen
persons occupied the shelter at the time of burst. The event schedule followed is given in
Appendix C. About 1 sec after the shot a iight double-peaked ground shocl: wave was felt; at
about 3‘/2 sec the air blast wave arrived. Some dust was raised in the ghelter, but ro 2amage
was evident. Later it was determined that the only biast damage consisted in the foilowing:
(1) the plywood wall between the entrance tunnel and the motor-generator rcom was blown
in (Fig. 3.1); (2) the tarpaulins were stripped from the jeeps; and (3) the jeep revetment was
partially demolished (Fig. 3.2).

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

Fallout arrival occurred at about § min 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 ccnsiderably higher than anticipated, ar. 4 they forced adjustments in
the experimental schedule. Phase II was postponed until D+2 dcy. Exterior measurements
on top of the shelter were made at about 5‘/, hr after snot time using AN/PDR-TID radiacs.
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 at 045C PDT on
July 24, 1957. The wind structure at time of burst was favorable fo. allout at the shelter.
However, the yield of Kepler was less than anticipated; consequently fallou! was negiigible.
No useful data were collected on this shot.

3.1.3  Shot Shasta

shot Shasta was {fred n a 500-1t tower 2 miles south of the sheiter at 0500 on Auz. 18,
1957. The predicted wind structure was very favorable for fallout at the shelter Five
persons occupied the shelier at the tirae of burgt. The event schedule {ollowed is given in
Appendix . Abuut 8 sec after the shot a very light double-peaked ground shock was felt; ai
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Fig. 3.1~ -Damage to wali between entrance tunuel and generator room after shot Diablo.
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Fig. 3.2—Damage to jeep revetment and tarpaulins after shot Diahlo.
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about 10 sec the air blast wave arrived. The air blast wave was shorter than experienced
on shot Diablo. No dust was raised in the shelter, and no damage was sustained by any of the
outside equipment.

No initial radiation during the first minute after burst was detected on the portable
radiacs; the Geiger-tube monitor under the center vent registered a pulse of radiation {rom
0.05 to 0.2 min with a peak at 0.12 mir of 0.1 mr/hr. (Preshot background was 0.03 mr/hr.)
Radiation from the rising cloud, as measured by this instrument, increased the radiation
intensity under the center vent from 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 9.7 min, after which time fallout started
to arrive.

After fallout arrival the intensity outside rapidiy increased to a peak of about 120 r/hr
(GITR reading) at about 18 min. Intensity at 1 hr was 25 r/hr (GITR reading). These inten-
sities were near those anticipated based on the data from shot Diablo and the predictions of
fallout from the H-! hr wind data. No reclamation experiments were planned for shot Shasta.

3.2 OPERATIONAL MONITOR SYSTEM

3.2.1 Shot Diablo

Date. obtained on the two dosimeter tubes during the first hour after burst are shown in
Tables 3.1 and 3.2, Standard inte.sities shown in the fin2i 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 intensgity-time record obtained by the GITR. Dosimeter-tube data
are in good agreement with GITR data, except for the abnolute measurements of intensity.

It was determined thet the threefold increase in the dosimeter-tube data was due to the
collection of fallout in the cups attached to the top of the dosimeter tubes to receive film
badges after the initial gamma radiation 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 extericr measurements made with calibrated
AN/PDR-39(T1B) radiacs. These results are shown in Table 3.3; the GITR reading was lower
than the other measurements.

Data obtained from dosimeter tubes were evaluaied in the shelter during the period of
measurement just as they would be in an operational shelter. Conclusions drawn were (1)
fallout arrived at about H+ 7 min, (2} peak intensity occurred at about H+15 min, {3) faliout
cessation occurred at about H+30 min, and (4) the predicted standard intensity was about
55 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 timeas are given in Table 3.4; the GITR readings are included for
comparison. The dosimeter-tube data are 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 Diablu after the dosimeter cups had been
cleaned out.

3.3 INGRESS OF AIRBOKNE ACTIVITY

3.3.1 Shot Diable

Data pertaining to the intake ventilation configuration were obtained (rom the {our air-
sampling vnits and from the particulate fiiters of one MG cuilective protector. The liiter
samples were ~ounted either with a calibrated weil-crystal (Nal) gamma counter or a
calibrated end-window crystal (Nal) gamma counter  The count rates were ali converted to
number »f fissions in the samples {rom rativs based on the radtochemical analysis of the Mo"
content of some of the samples and theii cound rates. The data {or the cyclic air sampler are
given in Table 3.5. The sample from the exterior Porla-Vac, which sampled continuously from
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TABLE 3.1-— FORWARD DOSIMETER-TUBE DATA, SHOT DIABLO

, . Measured Standard

Time after burst, n.in Exposure oaimeter intensity, intensity,

Up DNown Mean period, r.in reading, r r/hr r/hr

3 7 5 4 0.04 0.6 0.072
8 10 9 2 0.160+ 4.8+ 0.072++

14 15 14.5 1 3.0 180 42.0

18 19 18.5 1 3.0 180 53.0

20 21 20.5 1 3.0 180 58.5

27 28 27.5 1 3.0 180 77.1

29 30 29.5 1 3.0 130 83.2

31 32 31.5 1 2.5 150 73.8

33 34 33.5 1 2.0 120 63.4

35 36 35.5 1 2.0 120 66.5

37 38 37.5 1 1.8 108 63.8

39 40 39.5 1 1.6 96 60.0

41 42 41,5 1 1.4 84 55.0

43 44 435 1 1.2 72 49.7

45 46  45.5 1 0.4 24 17.0}(?)

47 50 48.5 3 4.4 88 68.5

51 54 52.5 3 2.4 48 41,0

55 58 56.5 3 2.2 44 41.0

59 62 60.5 3 2.4 48 48

63 65 64 P 1.2 36 39

* Off scale.

TABLE 3.2— AFTER DOSIMETER-TUBE DATA. SHOT DIABLO

Time after burst, min Measured Standard
Exposure Josimeter {ntensity, intensity,
Up Down Mean period, min reading, r r/hr r/hr at 1 hr
6 9 7.5 3 0.20+ 4+ 0.51+*
15 16 15.5 1 3.0 180 44.5
17 18 17.5 1 2.8 168 46.6
19 20 195 1 2.2 132 40.5
23 24 235 1 2,2 132 45.8
25 26 25.5 1 2.2 132 52.8
27 28 27.5 1 2.0 120 51.5
29 3 29.5 1 2.0 120 55.5
31 32 31.5 1 1.8 108 53.2
33 34 33.5 1 1.6 96 50.8
35 36 35.5% 1 1.5 90 50
37 38 37.% 1 1.3 7C 48
39 40 39.5 1 1.3 KL 48.5
41 42 415 i 1.3 78 50.8
43 44 455 1 1.2 712 49.7
45 46 45.5 1 1.1 66 482
47 48 ) 1 1.0 €0 .8
49 50 44,5 1 0.9 54 43.0
51 §¥4 516 1 0.9 54 45.0
a3 54 A5 | 0.7 42 31.0
KN KU 55.5 1 n.8 L) 43.6
87T A 878 1 0.8 36 34
A0 60 "8 1 07 2 42
(3} [ [ I ! 0.5 30 3
61 64 67 o 1

0.7 42 45

s ! xeale
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TABLE .'.1—— COMPARISON OF INTENSITY READIMNGS 5 HR 30 MIN
AFTER BURST, SHOT DIABLO

Instrumeni Reading r/hr
Foreward dosimeter tube 2.5
After dosimeter tube 2.1
AN/PDR-TI1B at 3-ft height 2.2+

GITR 1.5

*See Table 3,23,

TABLE 3.4— AFTER DOSIMETFR-TUBE DATA, SHOT SHASTA

Time after Exposure Dosimeter Measured GITR
burst, hr period, min re.ding, r intensity, r/hr reading, r/hr
18.0 7 n.103 0.88 0.87
a7 6 n.083 0.83 0.66
187 6 0.074 0.74 0.62
20.8 8 0.096 0.72 6.59
27.4 10 0.n84 0.30 0.45
27.8 C.44

12 0.107 0.54

TABLE 3.5 —CYCLIC AIR-SAMPLER DATA, SKOT DIABLO

Sample Sampiing period, Activity, Cumulstive activity,
No. min alter burst fissions > 1¢"1¢ fissions x 19”1
LA 0-9 0.0556 G.0956
1 ¢-11 0.366 0.451
2 11-13 2,338 2.799
3 1.-14 1.583 1.382
4 15-17 0.934 5.376
5 17--19 0,822 6.198
6 14-21 3. 046 7.144
7 21-21 0.384 8.004
R 23--25 0.269 8.273
@ 2527 3.152 8.425
in 27 -2y 0,.0410 8. 466
I 29- 1 n.n151 8.481
12 31 133 2.0168 8.498
13 3335 0,00843 R.%07
14 35 37 0.004923 8.517
15 37 -3 0.00535 8,22
1 ¥8 IOUNE 3 " 00983 8.532
7 4143 0.312 8,844
18 43 L5 0.,1%2 B u5%
149 45 - 47

n.00501 8.864

*dample {n positiona at time of blast; sampler not cperating,
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9 to 47 min, contained 9.57 x 10" fissious. The data for the cyclic air campler are plotted in
Fig. 3.4. Interior air-sampler data are given in Table 3.6 and are plotted in Fig. 3 5. Over
the sampling 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
a2 single large particle since the large oarticles contaired much more than 10! figsions and
the largest observed activity was only 2 x 10' figsiors. At early times the shelter-door
sampler collectod at a rate as much as flve times that of the M6 intake sampiler; at later
times, however, it was collecting at about cne-half the rate of the M6 intake sampler. Al-
though the M6 sampler was, in part, sampling against the pull of the M6 protuctive collector
(300 cfm vs. O cfm), the data suggest that the jower sampling rate of the M6 sampler at
early times was due to some fractionai size separations by the hood cap on the M6 intake.
A few of the fiiter samples were sxamined with a wide-field stereomicroscope (45Xx).
The observations are given in Table 3.7. The observations show that a few particies as
large as 500 ;. in diameter reached the shelter door but that most were less than about 20 p,
with sizes up to 120 u present in detectable concentration.

3.3.2 Shot Shaata

Data pertaining to the intake ventilatior configuration were obtained ir 2 manner simiiar
to that used for shot Diablc, except that cnly one M6 prctective collector unit was operated
to give a plenum-chamber air velocity of 15 ft/min. The generator-room door and wall re-
mained intact during the evont.

The data {or the cyclic air sampler are given in Table 3.8. The sample from the ex-
terior Pcrta-Vac, which sampled continuously from 18 to 71 min, contained 1.71 x 10°? fis-
sions. The cyclic air-sampler data are plotted in Fig. 3.6. The interior air-sampler data
are given in Table 3.9 and are platted in Fig. 3.7. Over the sampling periad, 18 to 71 min,
the outside Porta-Vac sampler collected almost twice as much activity as the cyclic sampler
collected. For shot Diablo the cyclic sampler apparently collected no large fallout particles
(black spheres). The shelter-door sampier generally collected at a rate 1.5 to 2.0 times
that of the M6 intake sampler over mos! of the sampling period. The dec..2se in aerosol
concentration cutside the shelter at 63 to 70 min (Fig. 3.8) was only partially manifested by
the interior sampler data in the sampies talien from 68 to 71 min.

Resuits of a microscope examination ol a few of the filters are summarized in Table
3.10. The observaiions show, in general, that few particles as large as 300 y in diameter
were collected but that most were less than 15 i, with sizes up to 80 . presen: in detectable
quantities.

3.3.3 Reduction of Air-sampler Data

The air-sampler data were reduced in order to estimate the concentraiion of acti ity in
the shelter during the fallout period if no filters had heen used. The limitations on gererali-
zation and extrapolation of the data to other shot conr.itions are discussed in Sec. 4.2.

It will be agsumed in reducing the data that the M35 collective protector filter was an
abaolute fallout {ilter; therefore all particles that were drawn through the ventilation opening
were coilected on the Nulter. For the M6 collective protector this is a valid assumption; in
each shot the back-up charcoal [ilter readings were background; therefore the relative
amount passing through must have been lesgs than ‘./,m, and hence the total coilected on the
miain ftiter was within 0.1 per ceni of tix total in the entering air.

The total collected on the M6 filter will be assumed to arrive at a rate proporticnal to
tha! observed i»r the M8 {rntake sampier. The factor of proportionality would be the ratic of
the total collected by each over the same sampling period. The M8 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 of the total
activity that would have been collected up to 2 given time of countinuous collection The ad-
ditioral complications were that (1 the M8 collective prolector was used as a s wurce of
ventilation air up to D+ 2 on shot Diabic and D+ 1 on shot Shasta before the {iiters were re-
moved a.d {2) the Intericr air samples up to 7! mun for shot Shasta did not cover the com-
plete fallcut p2riod. The data for Diablc show rates of collection after fallout ceased (29 min)

{Text contitoaes on aagy 533
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TABLE 3.86— INTERICK AIR-SAMPLER DATA, SHOT DIABLO

i Shelter-door sampier N.6 intake sampler

Activity, Activity

g Samnple Samplinrg period, fissions Sample Sampling period, fissions

] No. min after burst x 1071 Nc. min after bursat x 1071

& L= S

§ 1 7-9 0.104 1 7-9 0.0256

2 10-12 2.79 2 10-1? 0.549

a 13-15 3.94 3 13-15 1,09

4 16-18 2.18 4 16-18 0.581

: 5 19--21 2.19 5 19--21 0.481

5 22-24 1.87 6 22-24 0.373

7 25-217 0.310 1 25--27 0.107

8 28-30 0.000542 8 28 -30 0.0563
9 31-33 0.00375 9 31-33 0.158

10 34-36 0.00894 10 4-36 0.0162
1 37-38 0.00778 11 37-39 0.6244

‘ 12 40-42 0.00850 12 4042 0.v133

: 13 43-45 0.254 13 43-45 0.102

i 14 +6—48 ©.00708 14 4648 0.0189
15 49-5; 2.0i37 15 49--51 0.0140
16 5254 0.00739 16 52-54 0.0121

Y 55—57 0.00634 17 55— 5% 0.90849

: 18 5860 000588 18 58--6 0.00512
19 61—63 0.903%5 19 61-63 0.00705
20 64~ €3 0.06293 20 64- 55 0.00789

H 2 87-72 0.95708 21 6712 0.0i27

1 22 23 73178 0.0116

_‘ 23 79--94 0.00772 2% 79-109 0.0474

{ 24 95105 2,118 24 ~ 240 - ~ 260 0.0534
* Missing.

R
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TABLE 3.7— MICROSCOPE EXAMINATION OF FILTER SAMPLES
FROM SHELTER-DOOR SAMPLER, SHOT GIABLO

Sample
Na. Observations

4 A few suriace grains and black filameuts up to 500 u. A fairly dense concentra-
tion of black irregular particles 10 to 20 x4 in size and spbares from 10 to
120 4 in size. Also yellow irregular particles up 10 120 u. Approximate num-
ber of spheres per field of view:

Diameter, u Concentration, No. /field

-t

10
15
20
30
40
50
60
85
100
120

N el ol -

5 Similar to No. 4. General dispersion of material less than 15 .. Yellow filaments
and irregular particles up to about 120 .

6 Similar to No. 4. Slightly lower concentration of fires and fewe, larger sgicres.
Number of spherss per field of view:

Diameter, u Conceutration, No. /field

10
18
20
30
40
50

B e b4

Lol -

20 Imbedded yellow and black irregular particies of about 10 4 in size. Many yellow
irregular particles up to 70 u and & few up to 150 u and occasionally up to
500 ,. No =nheres preaent.
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TABLE 3.8 — CYCLIC AIR-SAMPLER DATA, SHOT SHASTA

Sample Sampling period, Activity, Cumulative activity,

No. min after burst tissions x 1071 fissions x 10~ 1"

0 0-18 0.0876 0.0876

1 18--20 5.02 5.11

jd 20-22 3.27 8.38

3 2224 3.22 11.60

4 24-26 3.26 14.88

5 26-28 4.06 18.92

6 2830 3.91 22,83

7 35-32 3.95 26.78

8 32--34 <.52 31.30

9 34-36 3.72 356.02
10 J6-38 5.07 40.09
11 38-40 8.60 46.69
12 40—42 5.72 62.41
13 4244 4.65 57.¢L
14 4446 4.60 81.86
15 46—-48 5.13 66.79
16 43-50 4.82 71.61
17 50-52 4.07 75.68
18 5254 3.39 79.07
19 54-56 2.78 81.85
20 5658 2.88 84.73
21 58—60 2.18 86.89
22 60-62 1.64 88.53
23 62—64 2.05 90.58
24 64— 56 1.64 92.22
25 66—68 1.53 93.75
26 68170 0.0848 93.84
27 70-71 0.0418 93.88

* Exposed from zero time.

TABLE 3.9— INTERIOR AIR-SAMPLER DATA, SHOT SHASTA

Shelter-door sampler

M6 intake sampler

Activity, Activity,
Sample Sazapling period, fissions Sample Sampling period, fissions
No. mir after burat x 1071 No. min alter burst x 1071
1 11.8-13.8 0.000303 1 11.8 -13.8 0.0304
2 1¢.5-17.5 0.00352 2 14.5 -17.5 0.000787
3 18.5-21.5 7.02 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 1.87 5 26.5 -29.6 4.39
8 30.5-33.5 6.91 ] 30.5 -33.5 3.67
7 34.5-31.5 9.05 7 .5 -37.5 .73
8 38.5-41.5 12.¢ 8 38.5 -41.5 1.5
9 42.5- 455 1.1 9 43.5 ~45.5 §.80
10 46.5- 49.5 12.4 10 46.5 —49.5 8.09
1! 51.5- 54.5% 8.32 1t 51.5- 4.5 533
12 55 5~ 58.5 .9¢ 12 55.5 - 58.5 3.37
13 59.5- 625 &£ 13 59.5 -61.5 2.40
14 63,5685 3.8% 14 64.5 —-§6.9% .45
15 680-T1.0 2.1¢ 15 1.89

¢4

680-7T1.0
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FABLE 3.10--MI!"ROSCOPE EXAMINATION OF FILTER SAMPLES,
SHOT SHASTA

Sample
No, Observations*
Cyclic air sampler
1 Most prominent typ:: particles observed were red, yellow, and black grains and
some reddish filaments. A 2-in. red circle was visible on filter. Upper limit
of grain sizes was about 80 u; concentration was 10 to 20 per field.

11 Most prominent type particle was black and irregular, less than 15 u in diame-
ter; concentration was about 1 per field.

20 Most prominent type particle was black and irregular, less than 15 4 in diame-
ter; concentration was less than 1 per field. A few yellow irregular particles
up to 50 u in size were present.

Shelter-door sampler
3 Most prominent type particle was black nd irrcgular, ranging in size from 5 to
30 u; concentration was about 20 per field. Occasional blacic spheres and
yellow grains up to a size of 50 u were present.
8 Most prominent type particle was black and irregular, less than 15 g4 in diame-
ter; concentration was 2 to 5 per field.

13 Most prominent type particle was black and irregular, less than 15 u in dianme-

ter; concentration was less than 1 per field.
M6 intake sampler
3 Description, size, and number of particles for 1 sweep across filter (1.5 x

4.8 min):

Size, u No. Description
7 1 Black sphere
5 2 Yellow-orange fiake
15 1 Yeilow-orange fluke
30 1 Yellow-orange flake
150 x 200 1 Yellow -orange flake
5 1 Black irregular
7 2 Black irregular
10 3 Black irregular
15 3 Black irregular
20 1 Black irregular
30 2 Black irregular
60 2 Black irregular
75 1 Black irregular
135 1 Black irregular
15 1 Gray irregular
35 i Gray irregular
120 1 Grey irregular
200 1 Gray irragular (black sputs)
250 1 Gray irregular
12 1 Gray sphere
60 1 Yellow irregular
75 2 Yollow ircegular
%0 ! Yeliow irregular
300 \ Orange irregular (dark gray scaie)
T8 x 225 1 Orange needle
120 « 750 1 Orange needle (glosey highlights}
150 « 4§00 1 Qrange needle (gicasy highlights)
52




TABLE 3.10 (Contirued)

Size, u No. Description
30 x 300 1 Metallic needle
200 1 Sand particle with black and

gray spheres attacted
Total 38

The most prominent type particle was black and irregular (16)., The total of 38
is about 10 per field.

8 Most prominent types of particles present were black: irregular in size range
from 15 to 30 u; concentration was less than 1 per field.

13 Most prominent type particle present was black and irregular, mostly in size
range from 15 to 45 u; concentration was about 1 per field.

* Standard binocular microscope with field diameter of 1.5 mm.

which decreased very rapidly; the integration of the low sampling rates added only negligible
amounts to the total. Henze, the result of operating the M6 collective protector for the longer
periods should result in only a small overestimate of the air concentrations at the early
times. In reducing the data for shot Shasta, similarity between the two events will be used to
estimate the amounts of activity after 71 min; again, the amounts cannot be large since the
outside cyclic air sampler showed a large drop in air concentration at that time.

The integrated activity for the interior air samplers are plotted in Cigs. 3.8 and 3.9 for
shot Diablo and shot Shasta, respectively. The data are summarized in Table 3.11 along with
other related data. The total fallout at the shelter on shot Shasta was 1.8 (*%,) times that for
shot Diablo; however, the total collected by the M6 collective protector cn shot Shasta was
4.4 times larger than on shot Diablo. On shot Diablo the integrated activity (to 47 min) for
the shelter-door sampler wazs 1.9 times that collected by the outside Porta-Vac; whereas, that
for the M8 intake collector was 0.49 of that collected outside. On shot Shasia the integrated
activity (to 71 min) for the shelter-door sampler was 0.73 tines 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 Diablo (29 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 air flow rate through the samplers for each sampling period was
approximately constant (9 cfm!, the coilecting rate is proportional to the air concentration, or

colie ting rate, f(fissions/min)

Cllisstons/cu ft) = air intake flow rate, vicu ft/min) @.1)
Thus, if

f - fpe—kt (3.2)
where f, is the collecting rate at about 29 min, then

C = (fy/v)e—kt (3.9)

If C is assumed to Le proportional to the number of particies per cubic centimeter (uniform
specilic activity), then for Stoke's law of fa.l for small spheres in air

k3.0 x10* (p/h)d? (3.4

where ¢ particle density

height for the concentration

sampling heig..c

median weight dlameter of the particles

a
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TABLE 3.11—SUMMARY OF DATA RELATIVE TO AIR SAMPLING
AT SHELTEL FOR SHOTS DIABLO AND SHASTA

Shot Diablo

Shot Shasta

Siwandard intensity*
Peak intensity
Outside Portu-Vac sumpler (total) 9.57 x 10'? fissionst
Cyclic air-sampler (rotal)
Shelter~door sempler (total)

M6 intake sampler (to'al}

M6 colleztive protector

1% r/hr
55 r/hr (GITR)

8.86 x 10! flastonst
1.84 x 10°* fissionst,$
1.85 x 19" fissionst,§
4.65 x 10** figstonst,§
4.76 > 10" fiasionst .§
8.57 x 102 fiasions

38 r/hr

120 r/kr (GITR)
1.71 x 10'2 fisstonst
9.39 x 10'! fissionst
1.25 x 10" fiasionst

7.35 x 10" fissionsat

3.76 x 10" {1ss10n8s

* Equivalent to AN/PDR~3%(T1B) reading at 3 ft.
t To 47 min.
1 To 71 min,
% Neglects rise due to helicopter at 41 to 47 min. Sums including aelicopter 4re: sheiter-door
sampler, 1.86 x 10* (47 min} and 1.87 x 10" (71 min); M6 ‘ntake sampler, 4.73 x 10" (47 1uin)
and 4,84 x 10" (71 min).

TABLE 3.12— COMPUTED CONCENTRATION OF ACTIVITY IN AR
ENTERING SHELTER, SHOT DIABLO

Activity
calculated for Adjusted Activity in Activity in
Time after 10! fissions,* activity, entering air, entering air,
burst, min dis/sec uc/fission fissions /cu ft uc/cu ft
8 8.1 1.1x107* 7.6 % 107 0.85
11 8.1 8.2 x 107? 1.6 x 10° 14
14 5.0 6.5 x 107 3.2 x 10! 21
17 4.3 5.4 x 107" 1.7 x 10" 9.4
2¢ 38 4.7 x 107" 1.4 x 10° 6.6
23 3.4 4.1 %107 1.1 x 10° 4.8
26 3.0 3.6 x 107? 3.2% 108 1.1
29 2,7 3.2x10"" 1.7 x 108 0.53
32 2.5 2.8 x 107! .77 100 1.3
a5 2.3 25 1¢7? 4.8 x 10’ 0.12
38 2.1 2.3x107* 7.2 x 10! 0.36
41 1.9 2.0 x 107! 3.9 x 10 0.081
44 1.8 lLyx10? «.8x 10 0.088
47 1.7 1.7 x 107 5.8 x 107 6.095
50 1.6 1.6 x 107! ©o42x 10! 0.084
53 1.5 1.4 x 107° 3.6 x 10 0.051
58 1.4 1.3 x 107? 2.5 % 10" 0.033
9 1.3 1.2x 10 L5 x 6! 0.018
62 1.3 1.1 x 10" 2.1 10’ 0.023
8 1.2 1.0 x 107? 2.3 x 10’ 0.025
9.4 x 107" 1.5 < 10' 0.014

89.5

1.1

* Uafractiomted radioactive nucliden.
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The average sampling rate after fallout cess.iion (neglecting rise due to helicopter) is given

in Fig. 3.10. The slope, 0.043 min~! or 7.2 x 107 sec™; density 2.5 gm ‘cm?; and sampling

- height, 5.5 {t (17¢ cm), give a median weight diameter, d, of 4 u. This ia in reusonable

agreement with the microscope observations. Tle total collection for this kind of settling of

the aerosol for a long time would be fy/k, in which §, !8 the rate at time of cessation (t = 0

in Eq. 3.4). Using 3 u (from 0.75 X 4 based on a size ratio of 15:20 from mir roscope data) as

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

0.024 min~', The value of f, and the time of cessat.on were determined as follow:-.
Similarity in the plots given in Figs. 3.5 and 3.7 for the collecting rates suggest co-

ordinate transformations in the sampling rate such as

" =af (3.%)

in. which { is the sampling rate for shot Diablc and {’ for shot Shasta at times correspouding
to

-, =blt—tg) (3.6)

in which t; is 6.0 min (for shot Diablo) and ¢t} is 16.5 min (for sho. Shasta). If F’ and F are
the integrated values of f’ and f, respectively, then

F’ = abF (3.7

It may be noted in Figs. 3.5 and 3.7 that the shelter-door and M6 intake sampling rates are
approaching each other at 26 and 68.5 min, respectively. Using each of these times as 2
first sstimate of the same fraction of the fallout period for the two events, b in Eq. 3.6 is
" 85; and, using the average values of the coliection rates, 0.105 x 10" figsions/min for shot
Diublo and 0.£% x 10" fissions/riin for Shasta, a is 6.5. 1he product ab is 17. At 26 min, toe
integrateu ac:ivity, F, for shot Dizblo is 4.18 x 10! {iss’ons; at 69.5 min, the integrated
activity, F’, for shot Shasta is 72.6 x 10" fissions. The ratio F’/F = ab is 17; thus the first
estimates of a and b are satisfactory for estimating the remainder cf the collection rate
curve of the M6 intake sampler for shot shastz from the Diablo data. The time of cessation
for shot Shasta, irom Eq. 3.6 is 77.5 min. Back extrapolating the M6 intake coliector data
in Fig. 3.5 according to Eq. 3.2 gives an [, value of 0.015 x 10" fissions/mi~. at 29 min; the
corresponding value of {§ for shot Shasta is then 0.098 x 10!* fissiors/mir «* 77.5 min.

The integrated activity to infinity for shot Diablo (equivaient to seve.al lours sampling
time) was estimated by adding the value of fo/k to the intesraid activity collected up to
29 min. The totals, omitting the amount due to the helicopter, are 18.68 * 10'® fissions for
the sheiter-door sampler and 4.75 x 10* fissions for the M6 intake sampler. The totalg,
including the amcunt due to the helicopter, are 18.77 x 10! fissions and 4.84 x 10" fisgions
{or the respective samplers; the latter values are the ones to be compared with the M6
protective collecior filter. The factor for adiusting the sampling rate of the M8 intake
sampler te that for the M6 collective protector as representative of the activity tha. would
be entering the shelter if the filter had not been used is given by the ratio of the sum of the
activity actually collected on the M6 collective protector {ilter and M8 inuke sampler to
4.84 x 10" fissions. The factor is (8.57 + 0.04) x 10'*/4.84 x 10", or 178.

For shot Shasta, the integrated activity up to 78 min for the shelier door sampler is
126 x 10" fissions, and (> the M6 intake sampler it is 75.0 x 10" figsions. The value of
1/’ 18 4.08 x 10" fisnions; hence the integrated activities to inlinity are 130 x 10*? fissions
and 79.1 x 10" (issiors for the respective samplers. The factor for adjusting the sampling
rate of the M6 intake sampler tr ihat for the M6 collective protector is (3.76 + 0.06) x 10'3/
7.91 x 10", or 48.3.

If the Pc ‘a-Vac samplers collect.d with an efficiency of 100 per cent at their raied
capacity of 9 cfm, the air coarentration given by Eq. 3.1 wauld be

C-0.111it (3.8)
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Using the multipliers giver pove and the ratec capacity of 300 cfm for the M6 pro:ective
collector, the entering air concentration from .- 2 M6 intake sampler data Is given by

C =0.5931 3.9)
for shot Dizblo, and
C=0.611{ (3.10)

for shot Shasta. Thus, in comparison with the M6 collective protector, the Porta-Vac sampler
either was not sampiing as efficiently or was not pulling in air at its rated capacity (.r both).
For the shelter-door sampler the f multipliers are 0.134 for shot Diablo and 0.0980 for shot -
Shasta; these latter values are reasonably near the expected values. For sampling in the
range from 8 to 10 cfm, the variation in the multiplier would be from 0.125 te 9.100, The
observed values depend on the actual sampling velocities (which, in turn, deiend on back
pressure, {ilter lcading, ana line voltage) and the distribution of activity on the particle sizes.
If each particle contained the same amount of activity, then the number of {issions collected
per unit time would be proportional to tae number of particles per unit volume of air passing
the filter. If the a~tivity on the particles was propo-tional to the square or cube of the par-
ticle diameter (surface area or uniform specific activity), then the smaller particles would
contain leas activity per particle than the larger ones, and the samplers, collecting small
particles more efficiently than large ones, would give low estimates of the number of par-
t.cles per unit volume of air from data based on the activity collected. The large value of

the m.itiplier for shot Diabio (0.593) in Eq. 3.9 suggests the presence of a larger range of
particie sizes and also larger particles than for shot Shasta, which the Porta-Vac at 9 cfm
could r :* remove from the intake tube going into the M6 protective collector at a rate of

300 cfm. Although the ratio of the cross-sectional area of the two intake tubes was about 3 to 1
(M6 Porta-Vac), the 12lative air intake velocity was still almost 4 to 1 in favor of the M8
collective protector.

In order to convert the activity concentrations frem fissions to disintegrations per sec-
ond or curies (1C = 3.7 x 10" dis/sec), an estimate of the number of disintegrations per
second per fission was made from the calculations of Bolles and Ballou! ard the decay data
giver in Sec. 3.5. The comparison of the observed decay data with the catlculated decay for
the USNRDL 47 ionization chamber showed that the {ission-product elements in the fallout
were severely fractionated (Sec. 3.5). The ritio of the observed ionizatiun rates or the 4r
fon chamber to that calculated for unfractionated lission 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 disintegration 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 the large mixture of half lives, photon enargies, and photon abundances
present). Hence, ;he ratios given by the curve in Fig. 3.11 were used in adjusting downward
the disintegrations per gecond values for the calculated decay of the {allout for both shot
Diablu and shot Shasta. The calculationa are given in the first two columns of Tables $.12
ard 3.13. The use of the curve in Fig. 3.11 in making the calculations further assumes that
the {ractionation in the sniall particles collected wus the sume as for the gross activity out-
side. The filter material and the small amcunts col.ected made it impossible to make both
radiochemical and decay measurements cn the filter samoles.

The activity in the entering atr in {tesions per cubic {oot given in Tauies 3.12 and 3.13
were obtained by application of Eqs. 3.9 and 3.10 t» the data in Figs. 2.5 and 3.7, respec-
tively. The values in microcuriex per cubic fool were obtained by muitiplying by *e cor-
reaponding values of the adjuated activity values in microcuries per {ission. In terms of the
amount of fallout ({issions) entering, the peak air concentration for shot Diablo occure at
about 14 min; the activity in microcuries per cubic foot is also highest at this time. For shot
Shasta the peak air csacentration in amount of fallout entering oc *urs at about 48 min;
whereas the highest amount of activity tn microcuries per cubic fout occurs at 20 min. Al-
though the fallout concentrations entering the sheiter on shot Shasta were highest, the
“radioactive” peak concentration was about the same as for shoi Diablo. In estimating the con-
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centration of activity in the shelter, it will be assumed that complete mi- . g of the incoming air
(and aerosol) with the shelter uir occurs in 1 min. Thus for the first minute of fallout 300 cu ft
of contaminated alr w:ll enter and mix with the shelter air; aiso, 300 cu ft of clean air will
leave the suelter. For the secoid minute, 300 cu ft more of contaminated ai: will enter and
300 cu ft of she'ter air contuminated during the {irst minute will leave. For this method of
computation the number of fissions remaining in the ahieiter volume at the end of the ntk

minute after the {irst minvte of coliection is given by

Fp = AtK g (1 - a)n-! (3.11)
i=

where § = the running incex
{; = the collecting rates for ibe M6 intal:e sampler as given in Figs. 3.5 and 3.7
a = a constant represerting the dilution factor for the intake of 300 cu ft/min
4t = 1 min
K = 178 for shot Diabio and 48.3 for shet Shasta

The shelter volume was 1.18 x 10 cu ft (Y,x x 12.5? x 48); thus a is 0.0254. The corcentra-
tion, in fissions per cubic centimeter, at the end of the &tk minute is given by
Cp = 2.69 x 107'F, (3.12)

where 2.99 x 1C * is the inverse of the shelter volume in cubic ceriimeters. The activity
concentrations ‘n fissioas per cubic centimeter of air in the shelter, as obtained by nge of
Fgs. 3.11 and 3..2, are given in Fig. 3.12. For shot Diablo the peak aerosol concentration

1ABLE 3.13-— COMPUTEY, CONCENTRATION OF ACTIVITY IN AIR
ENTERING SHELTER, SHOT SKASTA

Activity
calculated for Adjusted Activity in Activity in
Time afier 10* fissions,® activity, 2ntering air, entering air,
hurst, min dis/sec uc/fission fissions ‘cu ft uc/on ft
12.8 5.4 7.0 x 107? 2.4 x 10! 0.17
16 4.5 5.8 x 107° 8.0 x 10° 9.0046
20 3.8 41 x107? 20 x 10" 9.4
24 3.2 3.9x10°* 51 <10 2.0
2 2.8 3.3x10"? 23 x 10° 7.7
32 .5 2.8 =107 20 x10° 5.5
38 2.2 2.4 x10°° 31 x1o* 7.8
40 2.0 2.1 x 107 4.0 % 10° 8.8
“ 1.8 1.9 x 107 3.6 x 10 (X
48 1.7 1.7 x 1070 €4 %100 1.2
83 1.5 1.4x10™! 28 x 10° 4.0
57 1.4 1.3x10”° 1.8 x 10° XY
61 1.3 WER I 1.5 x 10? 1.1
'3 1.2 1.0 x 197 13 x10° 1.4
9.8 1.1 9.4 x10"" 1.0 x 10’ 0.94
5 1.0 8.2 x10°" 18 x 10 0.43
80 0.93 1.4 x10"%W 1.5 x 10 0.1
90 0.50 63 x10"" 1.2x10 0.074
106 0.7 5.6« 10°% 9.2 x 10' 0.083
120 0.56 4.5 x10”% 5.7 x 10 6.035
140 0.47 10x 107" 35 x 30’ 0.0
160 0.40 3sxio ¥ 22 x10' 0.0078

13 6.3 Jox 1o idax 0t 0.u040

T e ot Al il 7 A A AR S it S St e

* Unfractionated radicactive nuc'ides.
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occurred at 25 min, when the cancentration was 1.9 x 10* fissions/cm?® (! - 1" fissions/
cu {t); the incoming air cuncentration was highest at 14 mir, whan the concentration was
3.2 x 10? fissions/cu ft (11 min delay time). For shot Shasta the peak occurr«d at 57 min,
when the concentration was 6.3 x 10 fissions/cm’ (1.8 x 10? fissions/cu {t), or about three
times greater than for shot Diablg. The incoming air concentration was highest at 48 min,
when the concentration was 4.4 x 10? fissions/cu ft (9 min delay time).

The activity concentrations in microcvries per cubic centimeter of air in the shelter
are given in Fig. 3.13, they were obtuined by multiplying the values in Fig. 3.12 by the ad-
justed decay-curve values in microcurieg per fission as was done for the computations for
the incoming cir concentrations. Owing (o decay, thie peak concentrations in microcuries
per cubic centimeter occur earlier than those in fissions per cubic centimeter. For shot
Diablo the peak at 21 min is 7.5 x 10™* uc/cm? (2.1 uc/cu ft); the incoming air concentration
peak was 21 ;«c/cv {t at 14 min (7 min delay time). For siiot Shasta the peak at 51 min is
8.9 ¥ 10”% sc/cm?® (2.5 uc/cu ft); the incoming air concentration peak was 9.4 pc/cu ft at
20 min (31 n.in delay time). The peak concentrations in microcuries per cubic centimeter
for the two shots are nearly equal. The computed dilution of the activity with relatively
clean outside air after the tallout cessation indicates that it is a reiatively slow process at
300 cu ft/min. At comparable t‘mes after burst the concentrations in the shelter after shot
Shasta would have been about e.ght times higher thar for shot Diablo. "*he computational
methud, whizh implied the assumption that only mixing xith tne shelter air occurs, undoubtedly
gives hizner concentration values. Many of the particles iarg :r than a few microns would
scttle out, and vmaller ones would adhere to the ashelter walls and roof. However, no guide is
available for estimating how much such occurrences would decrease the con'puted air concen-
trations.

The average air concentration in the shelter for the first 2 hr after {allout arrival (for
drawing in 300 cu fi,/min of air without filters) would have been about 1.8 x 10~* uc/cm? (10
to 130 min) for shot Diablo and 3.6 x 10~% uc/cm? (20 to 140 min) for shot Shasta. These
values were obtained by integrating the curves in Fig. 3.13 and dividing by 120. I the inte-
gration were carried further, the averages would be decreased.

No esatimates of the inhaiation hazard associated with the estimated air concentrations
in the shelter were made since no precise data on the size distritutions, solubility, and
radioactive composition were obtained for the material nn the M6 protective collector ma-
terial. Terest and Newcombe? have estimated the maximum permissible concentrations
(MPC) in wuter and air for smal! soiuble particles (1 to 5 1) containing mixed fission producta
(presumably in soluble iorim) for exposure periods starting 18 early as 3.5 hr afier {ission
and for exposure pericds as short as one day. The computations are based o>n a continuous
exposure to the same aerogol 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 detcnation than to fallout from a land burst.

For MPC calculations based on the concentration of certain {ission products in critical
organs for fallout from land bursts w.ich is only very slightly soluble, information on the
solubility of each fisiion product as a Junction of time is required. Thus the use of the cal-
cuistions of Teresi and Rewcombe to assess the degsee of inkalation hazard that could have
existed in U.e sheiter will result in a high estimate of the hazard. However, in order to
make tne estimate of the MPC at exposures starting as early as 10 and 20 min aftor burst
and for a 2-hr expcsure, the data of Teresi were ~ross plotted and extr= otated as shown in
Figs. 3.14 and 3.15. The curves show that for z given doge (he air oc water concentrations
increase as the start of the exposure decreases and as the period o #xposure decreascs.
Relative to the one-day exposury starting at 3.5 hr giving 150 rem in 3C days, siarting the
onc-day exposure at 10 .nin would increase the MPC from 4 1 = 167 to about 7.5 x 107% ;¢
cem?, which is a facter of 18. Simtinrly, decreasing the exposure period from one day to 2 Ar
(0.0832 day), would inczease the MPC by & factor of 49 (0.2 ,.c ‘cm’ tvided by 4.1 « 107}
we/cm?). The correction [actors anc' estimated MPC's are summarit»d in Table 3.14. For
shot Diablo the egtiniated ghel* s corentration was 7.8 =« 107 of the cstimated MPC (or
15 rem tn 90 dayas, 10" Lhot Scaeca, the ¢xtirated sheller concentration was 3.0 + 107¢ of the
estimated MC ‘ar 1§ rea tn ¥0 Vayr . T hus no inhalation hazard could hace existed in the
sheiter (57 either skt {or the CiwiaiOng «un,
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If all conditions surrounding the twn events were held constant (air intake flow rate, air in-
take configurations, particle sizes, etc.) except the amount of faliout that arrived, the esti-
mated MPC for 15 rem in 90 days would have been experienced if the standard intensity
increased to 19/7.8 x 107°, or 240,000 r/hr, at 1 hr for shot Diablo and 36/3.0 x 1074 or
120,000 r/hr, at 1 hr for shot Shasta. For reasons previously given, the calculated MPC’s
are overestimates of the inhalation hazavrd; therefore the estimates of the upper permissible
limits of the standard intensities would be low. On the other hand, oniy a small fraction of
the activity (lese than 1 per cent) was carried by particles smaller than 50 to 100 p at the
shelter. For underground and surface detonations, more activity may be carried by the
smaller particles, depending on the type of soil at the point of detonation and the down-wind
distance from the shot point. Thus the simple estimates could be in - »nsiderabie error for
detonation conditions and ventilation configurations that differ greatly {1om those described -
in this report. A few of the important parameters that can influence the air concentrations
in shelters are mentioned in Chap. 4.

TABLE 3.14—ESTIMATE OF MPC IN AIR FOR SMALL SOLUBLE
PARTICLES OF RADIOACTIVE FALLOUT FOR EXPOSURE TIMES
AT SHELTER FOR SHOTS DIABLO AND SHASTA

Dose
- 150 rem in 15 rem in
Item 30 days 90 days
Diablo

MPC for 1-day exposure starting at

3.5 hr, pc/cm? 4.1x107° 3.7 x 107
Factor for exposure starting at 10 min 18 17
Factor for exposure period of 2 hr 49 317
MPC for 2-hr exposure siarting at

10 min, uc/cm® 3.6 0.22
MPC for 1 rem in stated time, pc/cm® 2.4 x 1072 1.5 x 1072
Concentration in shelier (2-hr average), ¢

uc /cm? 1.8 x 1078 1.8 x 107%
Fraction of estimated MPC 5.0 x 107¢ 7.8 x 107%

Shasta

MPC for 1-day exposure starting at

3.5 hr, uc/cm? 4.1x107% 3.7 x 107
Fa:tor for exposure starting at 20 min 8.1 8.8
Factor {or exposure periou of 2 hr 49 37
MPC for 2-hr exposure starting at

20 min, uc/em? 1.8 0.12
MPC for i rem in stated time, uc/cm? 1.2 x 1072 8.0 x 127}
Concentration in shelter (2-hr average),

jie /em® 3.6 % 107% c.6x1078

Fraction of estimated MPC 2.0 x 107% 3.0 x 107

In addition to the possibility of an inhalation hazard in the shelter, the possibility of
dose due to gamma radiation from the aerosol in the air or on shelter surfaces exists. The
mcre simple calculatior is that for the dose rate at 3 it above the surface of the shelter; the
results should be within a factor of 2 of that for 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 sq ft (25 by 48 {t). For shot Diablo the
described dispersion of the aerosol after fallout cessation would have given a surface con-
tamination of 8.6 x 10'2/1.2 x 10%, or 7.2 x 10° fissions/sq ft. For shot Shasta the surface
contamination would have been 3.8 x 10'3/1.2 x 10°, or 3.2 x 10'°, fissions/sq ft. For un-
fractionated activities from the shots, the ionization rate at 3 {t above an :infinite smooth
plare at 1 hr after burst® would be about 7.3 x 107" (r/hr)/(fission/sq ft). Multiplying this
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value by 0.335, as taken irom F'g. 3.11, gives 2.5 x 10~ (r/hr at 1 hr)/(fission/sq ft). Thus
for shot Diablo the equivalent 3-tt radiation rate for an infinite smooth plane would be 1.8 x
107 r/hr at 1 hr (1.8 mr/hr); for shot Shasta it would be 8.0 x 16~ r/hr at 1 hr (8.0 mr/
hr). For the 25~ by 48-{t slab and for a mean photon energy of about 0.85 Mev, the ratio of
the innization rate at 3 ft above the center of the slab to that for the infinite plane! is about
0.5. Thus the twe 1-hr ionization rates from the above given amounts of contamination on
the shelter floor would be about 1 and 4 mr/hr at 1 hx, 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 2.d 0.00011, respectively. The values of
these ratios are about the same as those obtained for the shielding residual numbers for the
shelter. Thus, if aerosol ware increased by a factor of 2 (increasing unfiltered air intake
rate from 300 to 600 cu it/min) and the above assumptions held, the aerosol intake for shot
Shasta conditions would have contributed more to the dose in the shelter than the radiation
from the outside {allout.

If the activity were actually diluted 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

- 1
1=(1/2) 5.22x107° 1, B, x 3.7 x 104C [ 'e-#lal (3.13)

where u, = the Klein-Nishina absorption coefficient for air
E4 = average photon energy in Mev/disintegration
C = the air concentration in uc/cm?
lp = the equivalent spherical radius for the shelter volume
I = dose rate in r/hr

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 error in the coinputation. At the times of consiriera-
tion, Ed is about 1.1 Mev/dis, and the average photon energy is about 1.0 Mev. Thus tae
value of 14 is 3.6 x 107° cm™, and the value of u is 0.81 x 10™* cm™!. Substituting these
values and integrating, £q. 3.13 gives

I=470C (1 — e-0-8xi07'y) (3.14)

For the hemisphere out to the shelter side walls (1, = 12.5 ft or 380 cm), the exponential
term ic 0.97; for a hemisphere out to the shel‘er end walls (1l - 24 ft or 730 cm), the ex-
ponential term would be 0.94. The equivalent spherical radius should give a val\e between
9.94 and 0.97 for the exponential term; the mid-value was used in the estimates given here.
Equation 3.14 then is

I=21C (3.15)

The peak dose rate for nonsettling of the aerosol for shot Diablo would have been about

1.6 mr/hr at H+ 21 min, and, for shot Shasta a’ H +51 min, the peak dose rate from the
aerosol would have been about 1.9 mr/hr. The dose over the 2-hr exposure period from the
aercsol weuld have been about 0.8 mr for shot Diabio and 1.5 mr for shot Shasta. At H+1
hr, the dese rate for shot Diablo due to the aerosol would have dropped to 0.2 mr/hr, and
that for shot Shasta would have only decreased to 1.6 mr/hr. At this time, for shot Shasta,
the radiation from the arrosol would have been about one-half the radiation in the sheiter
from outside fallout.

3.4 EFFECTS OF OPENINGS ON SHIELDING

3.4.1 Dose Measurements, Shot Diablo

Film-badge data from the outside station are given in Tables 3.15 {0 3.17. The film
badges on the stake stations (see Fig. 2.13) were placed at 1% to 2'/3 it above the ground.
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TABLE 3.15—EXTERIOR NOSE DATA FROM FILM BADGES
ON STAKE STATIONS, SHOT DIABLO*

Station No.t Dose, r
1 129
2 151
3 163
4 162
5 161
8 146
7 151
8 145
9 89

10 102
11 164
12 173
13 161
14 161
15 151
16 162
17 164
18 164

* Duration of exposure: H-hour to K +28 hr; height of fiim
badges: 1% to 2Y, ft.
T Befer to Fig. 2.13.

TABLE 3.16—EXTERIOR DCSE DATA FROM FILM BADGES
IN DOSIMETER-TUBE CUPS, SHOT DIABLO*

Dose, r
Badge No. 510 film 606 film
1 68 70
2 18 86
° 185 170
4 68 78

* Duration of exposure: H+3 min to H+ 5‘/, hr.

TABLE 3.17—DOSE DATA FOR OTHER STATIONS, SHOT DIABLO®*

Location Dosge, r
Shelter ramp 78,11
(outside)
Shelter ramp 1.9
(12 ft from door)
Shelter ramp 0.41

(3 ft from door)

* Duration of exposure: H to H+ 28 hr.
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These badges were expoced prior to shot time until 28 hr after bu.st. The filn. badges in
the dosimeter tubes wore ejected from inside the shelter through the dosimeter tube at 3
min after burst and were recovered at 5%, hr after burst.

According to the atake -station data, the average value of the dose received cutside the
shelter in the first 26 hr was .60 r. The large deviation shown for station 9 was due to
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-tube cups 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 we.c vied to estimate the initial dose outside the shelter: (1) dose-distance
extrapolation and (2) exposure-period adjustment. The extrapolation using douse (r) and dis-
tance (D) was based on dose data from badges close to the burst {1800 to 3000 ft). Extrap-
olation to 5300 ft was accomplished by using the established procedure of plotting log rD?
vs. r. The initial dose by this procedure was estimated to be 48 r.

The method of exposure periocd was based on the film-badyge data given in Tables 3.15
and 3.18 aad the cos>rved GITR data given in Fig. 3.16. The observed GITR curves were inte-
grated first from 3 min to 5% hr 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 1.63. This factor was
used to adjust the dose from the observed GITR data as integrated from 1 min to 28 hr, and
the adjusted integrated dose was subtracted from 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
in Table 3.18. Thus up to 28 hr after shot about 36 per cent of the outside 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
r idiation rate increases from 55 to 100 r/hr and the one-hour rate increas2s from 14 to
25.5 r/hr. Comparison of the adjusted GITR and some AN/PDR-39(T1B) readings are given
in Table 3.19. The calculated response of the AN/PDR-39(T1B) to an extended source of
fission products varies between 0.73 and 0.78; thus the adjustment of the GITR datz {rom
the film-badge data is in agreement with the AN/PDR-39(T1B) data.

The dose data for interior stations for varicus exposure periods are given in Table 3.20.
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 number:
(RN) for 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 at each loca-
tion; the results are given in Table 3.21. The shielding residual .mmbders for fallout radia-
tion given in Table 3.22 were calculated from the interinr dose ata and estimates of the
dose from fallout radiation obtained by integrating the adjusted GITR curve (Fig. 3.16).

Except for the 3-ft measurements, the residual nu.nbers for the initial radiation under
the center ventilator are about two times those for fallout radiation. At the rear ventilator
the values are o='v slightly higher (about 40 per cent on the average). In general, for initial
radiation, at heighi. less than @ ft the residual numbers were less than ¢.001.

For fallout radiation the shielding residual numbers based on dose indicate that residual
numbers better than 0.001 can be expected under the ventilator openings. The one exception
occurs at the 12-ft station under the center ventilator. For stations under ventilators the
resicdual numbers based on dose agree within a factor of 2 with residual numbers based on
dose rate. The residual numbers [or other stations show large discrepancies, probably
owing to the sinall 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 in Fig. 3.17. The data show that radiation h#s been reduced at the 3-ft level to 10 to
20 per cent of that at the 12-ft level.

3.4.2 Intensity Measurements, Shot Diablc

Measurements of gamma intensity were made on top of the shelter at H+ 5‘/2 hr with
AN/PDR-39(T1B) survey instruments. Resvlts cre shown in Table 3.23.
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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 88 57
Fallout (transit and deposit),
1 minto 28 hr 112 7] 103
Total, 0 to 28 hr 166 160 169

TABLE 3.18—COMPARISON OF ADJUSTED GITR AND
AN/PDR-39(T1B) READINGS

Time after Adjusted GITR AN/PDR-39(T1B) Ratio,
burst, hr reading, mr/hr reading, mr/hr (T1B/GITR)
5.5 2700 2200 0.81
21.5 370 260 0.70
30.0 320 256 0.78

Av, 0.76

TABLE 3.20—INTERIOR DOSE DATA, SHOT DIABLO

Height, Initial gamma dose, mr Fallout gamiaa dose, mr
Location * fi 1 2 3 1 2 3
Center Ventilatort
C4 12 200+ 190 i8¢ 110 110 9%
C4 @ 70 80 70 25 3% 30
Cs 8 30 30 20 12 10 10
C4 3 19 20 20 10 17 22
Rear Ventilatort
7 i2 30 30 20 20 o0 23
c? 9 10 10 10 8 20 11
C71 6 0 10 10 8 8 $
Cc? 3 3 7 4 0 5 5
Other Stations (I-ft Feight)$
Fallout gamma deose, mr
Initial gamma dose, 200-mr Backgrow !
Lncation* 100-mr dosimetsr, mr dosimeter dosimater

Al 4 30 10+

A4 4.5 3 4.5

A7 4 5 13+

El 0.5 18 10+

E4 2 10 10+

K6 3.5 1 0.5

* Locations are shown in Fig. 2.11.
t Initial sxposure was from H-“our to H+ 5 min; {allout exposure was from H+5
min - ™ 7& min.
acwure was (e, H-bour to K &' min; fallout exposure was from M +6
AN " min.
b nitial cepasere wus Inove B-howr o 4+ 3 min {80000 Oxposcre was from He B
mitto H*76 min,
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TABLE 3.21—SHIELDING RESIDUAL NUMBERS
FOR INITIAL RADIATION

Interior
Station Fa. ght, average Residual

No. ft dose, r No.*

Center Ventilator

C4 12 0.190 0.0033
4 it 0.067 0.0012
C4 ] 0.027 0.0005
C4 3 0.017 0.0003

Rear Ventilator

Cc? 12 0.027 0.0C05
C7 9 0.010 0.0002
C1 6 0.910 0.0002
C? 3 0.005 0.0001

* Exterior dose iaken 18 57 r (Table 3.18),

TABLE 3.22---SHIEL DINCG RESIDUAL NUMBERS
FOR FALLOUT RADIATION

Interior Exterior
Station average average Restdusl
No. Height, ft dose,* r dose.* r Ko,

Center Ventilator

C4 12 0.285 §5.5 0.0012
C4 9 0.030 58.5 0.00054
C4 [ 0.011 558.5 0.90920
Ct 3 0.016 55.5 0.00029
Rear Ventlator
C7 12 09,021 55.5 0.00038
C1 4 0.013 55.5 0.00024
C1 ] 0.0%6 55.5 0.60012
C1 3 0.005 55.5 0.00009
trher Stations
Al 3 0.030% 55.2 > §.06005
Ad 3 0.5045 65 2 0.060008
AT 3 0.010 55,2 0.50018
El 3 0018 £5.3 6.00033
E4 ] 0.010 55.2 0.00018
ET ki

0.000% £8.2 2.0000%

*8e Table 2.20 for time periods used.
t.n shicided location, unrepresentative of redistion through the door.
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The {irst survey of the interior of the shelier was made after cessation of fallout during
the period K +94 to H+ 108 min. Measurements made with AN/PDR-27C radiacs at the vari-
ous statious shown in Fig. 2.11 are given in Table 3.24. Residual numbers for each station
were ohtained by correcting the average of the exterior AN/PDJi-39(T1B) measurements to
H+ 100 using the observed GITR data (Fig. 3.16) for determining the de-ay correction factor.
The resporae of the AN/PDR-27C to the photon spectrum insicie the shelter was the same as
that of the AN/PDR-39(T1B) to the photon spectrum outside the shelter; hence the two sets of
measurements require no additional correctior in computing the residual numbers. The
response of the AN/PDR-27C to the photon spectrum inside 'he shelter is discussed in Ap-
pendix D.

Residual-number contours were dz2veloped {rom the daia in T.ble 3.24. Figure 3.18
shows contours on horizontal-plane sections at 3, 6, and 9 {t above the shelter floor, on 2
vertical section through the center line of the shelter, and on a vertical section through grid
column 4.

Residual numbers given in Table 3.24 and contours in Fig. 3.18 show that almost all the
shelter gave residual numbers better than 0.001; most ¢f the shelter gave residuai numbers
approaching 0.00001. Restricted areas near the enirance and within about 1 ft of the center
vent gave residual numbers poorer than 0.001.

Attenuation of radiation below the vents was determined from the daia in Table 3.24;
results are plotted in Fig. 3.19. Attenuation is essentially proportional to the distance from
the vent down to 8 {t from the floor. This rate is substantially greater thzr tae attenunation
based on dose measirements (Fig. 3.17).

A recond interior »urvey, made after sandbayging the center vent, gave the resuits
shown in Table 3.24. Shielding the vent did not result in appreciable improverment of resid-
ual numbers in most paits of the shelter. However, a threefold reduction wag noted directly
below the vent. Observable racductions aiso weie noted at stations C3, Ce, 204 C5. Residusl
numbers given in Table 3..4 for the second survey were obtajned by corzecting the intevior
readings to H+ 100 min using the obgserved GITR data and then compariag the interior read-
ings to the exterior readings corrected to the same time.

Additiosal {ntensity 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 kr are shown in Fig. 3.20, together with the interior survey measure-
ments made at the same lo-ations. The data are in fair agreement, the interior survey
measurements tending to be somewhat higher than the recorded dxta.

3.4.3 Intensity Measuremerts, Shot Shasta

The observed GITR data for the GITR location on top of the shelter are given in Fig.
3.21. Data from ithe Geiger-tube rate meter underneath tic cento1 ventilator are glien in
Fig. 3.22; the rate-meter readings were converted to AN/PDP . J%{T1B) ionizaticn rates by
taking ssveral readings on the iatter instrument at the Geiger -tube locatien. 7 ne Geiger-
tubc position was protected on the sides by lead bricks; the opening pointed upward. Hence
the readirgs (znd residual pumbers) for the rate meter w.re somewaat lower than those
under the ventilator for an unshieldad reading.

Exterior rate measurements taken with the AN/PDR -39(T13) »nd their correlilion with
the GITR measuremencs are given in Table 3.25. The ratios of the corrected AN/PDR-3P
(T1B) readings tc the GITR resdings are i agreemant with the valae, 1.8, found on ahat
Diablo. The difference in the ritio between the two early measurements and the later one is
prolably due more to the calibration of the AN/PDR-I$(T1B) iasmrumen’ = {[irs! two were
on (nstruinents checked out from Rad-Safe) than to relative change in the response o the
two instruments with photon energy. For the compulatica of residail nunbers, the cbhaerved
GITR data were corrected to observed AN ‘POR-39/T1B) by multiplytng thens by 1.62 This
value of the ratiu s an average {or the {irst iwo measurements; it #ao used Since ill the
interior measurements were taker od, or converted to egulvcient readings ou, the Rad-Safe
caitbrated AN'PDR-I®T1IB) 1astruments. TRis treatment assumnes the same over-ali re-
sponse of th» AN ‘PDR-39{TiB) tu the radiation inside and cuiside the shelter {the energy
and geometries of the radiation were duferent).

{Tex: costinues on page 84 )
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TABLE 3.23— EXTERIOR SURVEY DATA. SHOT DIABLO*

Bl

Station Station Station
No.t Intensity, r/hr KNo.t Intanaity, r/hr No.t Intensity, =/hr
1 2.0 7 2.2 13 2.2
2 2.2 8 2.2 14 2.2
3 2.3 9 2.0 15 2.2
4 2.2 10 21 16 2.2
S 2.3 11 24 17 2.2
6 2.2 12 2.2 18 2.2

* Time of survey, k+5% hr; instrument, AN/I'DR-39({T1B).

t Refer to Fig. 2.13.

TABLE 3.24-—INTERIOR SURVEY DATA, SHOT DIABLO

First survey (H+ 100 min)

Second survey (H+5Y, hr)

Height, Reading, Residual Reading, Residual
Locstion® ft mr/hr No. mr/hr No.
Al 3 50 0.0050 3.5 0.0018
Bl 3 10 0.0010 5.0 0.0026
C1 3 14 0.0014 2.3 0.0012
D1 3 1¢ 0.0010 2.4 0.0013
El 3 5 0.0005 1.8 0.0G078
0.0003t

e 6 11 0.0011 1.5 0.00078
D1 3 9 0.3009 2.5 0.0013

H 6 21 0.0021 2.2 0.0011
Di 9 11 0.0011 1.4 0.00073
C1 3 13 0.0013 2.8 0.0015
c1 6 15 0.0015 4.0 0.0021
(03] ° 8 0.0008 1.8 0.0009%4
C1 12 2 0.0002 0.7 0.00036
B? 3 11 0.0011 3.5 0.0018
Bl 6 13 0.0013 3.0 0.0016
e 9 5 0.0005 0.9 0.00047
Al 3 32 0.0032 5.0 0.0026
Al 6 36 0.0026 4.7 0.0024
A2 3 A 0.0006 1.5 0.0007%
B2 3 5 0.0005 0.9 0.20047
C2 3 3.5 0.006035 1.0 0.00052
D2 3 3 0.00030 1.0 0.00052
E2 K] 3.5 0.0 2035 0.7 0¢.00036
E2 6 0.4 0.60021
D2 3 4.3 2.50043 0.8 0.90042
D2 6 3.2 0.00032 0.t 0.00042
D2 9 2.6 0.00026 0.6 0.00031
C2 3 3.4 0.00034 0.9 0.00047
C2 6 3.2 0.00032 0.8 ¢.00042
Cc2 9 2.1 0.0002% 0.4 0.00021
Cc2 12 1.1 0.¢0011% ¢.3 0.00016
B2 3 4.3 - 0.00042 0.7 0.006037
B2 (] 3.4 0.00234 0.4 0.000.1
B2 9 1.3 0.00013 0.4 0.G0021
A2 3 13 RS ] 1.7 0.00088
A2 8 0.00049 1.4 0.00073
A3 3 1.5 2.00015 0.30 0.00016
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TABLE 2.21 (Continued)

First survey {H + 100 min)

Second survey (H+5% hr)

Height. Reading, Residual Reading, Residual
Location® ft mr/hr No. mr/hr No.
B3 3 1.3 0.00013 0.25 0.00013
Cs 3 11 0.00011 0.17 0.000089
D3 3 0.7 0.00007 0.10 0.000052
E3 3 0.4 0.00004 0.07 0.000038
E3 6 0.5 0.40005 0.10 0.000052
D3 3 0.7 0.2 0007 0.12 0.090082
D3 6 0.6 0.0)096 0.09 0.000047
D3 9 0.3 0.1 0003 0.11 0.000057
C3 3 1.2 0.00012 0.15 1.000078
C3 6 1.2 0.00012 0.16 0.000083
C3 9 1.1 0.60011 0.14 0.000073
C3 12 11 0.00011 0.20 0.00010
B3 3 1.4 0.00014 06.25 0.00013
B3 6 11 2.00011 8.22 0.00011
B3 9 0.8 0.00008 0.19 0.000078
A3 3 1.3 0.00013 0.27 0.00014
A3 6 0.8 0.00008 0.25 0.00013
A4 3 ).2 0.00002 0.09 0.000047
B4 3 0.4 0.00004 0.15 0.000078
C4 3 1.6 0.00016 0.i7 0.000088
0.60022¢
D4 3 0.8 0.00008 0.17 0.000088
E4 3 0.4 0.00004 0.10 0.000052
0.00018¢
E4 8 0.4 2.00004 0.09 0.000047
D4 3 0.7 2.00007 0.13 0.000068
D4 o 0.3 0.00008 0.13 0.00( .88
D4 8 0.6 0.00008 0.11 0.000057
C4 -3 1.4 0.00014 0.18 0.000054
C4 t 1.4 0.00014 0.20 0.00010
$.00020%
C4 9 4.1 0.00041 0.21 0.00011
6.000541
C4 12 30 6.0630 2.0 0.0010
0.0019*
B4 3 0.3 0.00604 0.14 0.000073
B4 6 0.4 0.60004 0.16 0.000083
B4 9 0.4 0.00004 0.14 0.000073
A4 3 0.2 0.00002 0.09 0.000047
0.00008Y
A4 6 0.2 0.00002 0.11 0.000057
A5 3 0.2 0.90002 0.15 0.000073
B5 3 0.5 0.09005 0.18 0.000094
C5 3 1.0 0.00010 0.25 0.000i3
D5 R} 0.5 0.00005 0.17 0.060088
ES 3 0.5 0.00005 0.13 0.000068
ES5 6 0.2 0.00002 0.09 0.000047
D5 3 0.5 0.90005 0.15 0.000078
D5 6 0.5 0.00005 6.12 0.0000482
D& 9 0.5 0.00005 0.13 0.000068
Ch 3 1.0 0.00010 0.18 0.000094
Cs 6 1.3 0.00013 0.20 0.00010
5 9 1.4 0.00014 0.23 0.00012
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TABLE 3.24 (Continued)

First survey (H+ 100 min) Second survey (H+ 5’/, hr)

Height, Reading, Residual Reading, Residual
iocation® ft mr/hr No. mr/hr No.
C5 12 1.5 0.00015 0.21 0.00011
BS 3 0.6 0.00006 0.17 0.000088
BS 8 0.5 0.00005 0.12 0.000062
BE 9 0.4 0.00004 0.10 0.000052
AS 3 0.2 0.00002 0.12 0.000062
A5 6 0.2 0.00002 0.10 0.000052
A6 3 0.2 0.00002
Bé 3 0.3 0.00003
Ccé 3 1.5 0.00015
D6 3 0.5 0.00005
E6 3 0.3 0.00003
Eé6 6 0.5 0.00005 6.15 0.600078
Df 3 0.5 0.00005 0.15 0.000078
D6 6 0.4 0.00004 0.17 0.000088
D6 9 0.4 0.00004 0.15 0.00C078
Cé 3 0.7 0.00007 n.20 0.00010
Cé 6 1.0 €.00010 0.25 0.00013
Cs 9 1.6 0.00016 0.27 0.00015
Cé 12 2.7 0.00027 0.30 0.00616
B6 3 0.4 0.00004 0.15 0.200978
Bé 6 0.5 0.070¢5 0.10 0.000052
Bé 9 0.4 0.00004 0.10 J.000052
A 3 0.3 0.00003 0.08 0.000047
AS 6 0.3 0.00003 0.11 0.000057
A7 3 0.1 0.00001 0.05 0.00002¢
0.00018¢
B7 3 0.3 0.00003 0.08 0.000042
c1 R 1.0 0.00010 0.13 0.000068
0.00008t
574 3 0.5 0.00005 0.08 0.000642
E7 3 0.2 0.00002 0.04 0.000021
0.00601t
E7 6 0.2 9.00002 0.05 0.000026
D7 3 0.4 0.00004 0.10 0.000052
D7 6 0.5 0.60005 6.09 0.000047
D7 9 0.5 0.06005 0.07 0.00036
c7 3 0.6 0.00006 0.11 0.000057
C7 6 0.7 0.00007 0.14 0.000074
0.00011¢
C1 9 1.1 0.00011 0.17 0.000088
0.00024t
(o) 12 2.0 0.00020 0.7 0.00010
0.00038¢
B7 3 0.4 0.00004 0.07 0.008036
B7 6 0.6 0.00006 0.05 0.000026
87 9 0.3 0.00003 0.07 0.000036
A7 3 0.1 0.00001 0.06 0.000031
A7 6 0.4 0.00004 0.07 0.006036

* Locations are shown in Fig, 2.11.
t Residual numbers from dose measurements (Table 3.22) given for comparison.
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The residual number at the Geiger-tube rate-meter location under the center ventilator !a
plotted as a function of time in Fig. 3.23. Since the geometry for the rate mneter pointed up-
ward, the contribution of the radiation down the vent to the obse:ved count-rate on this instru-
ment was large. The data show a peak in the : esidual number at 6 to 7 min due to radicactive
sources directly over tlhie ventilator. This time was just prior to fallout arrival; therefore it
must have been due to radiation from the cloud overhead. After most of the fallout had arrived,
the residual rumber remained almost constant up to about 250 min (4 hr); the Jecrease after
250 min was probably due to a general decrease in the energy of the photons.

A single shelter survey was made at H+ ', hr using the AN/PDR-39(T1B) instruments;
the data and residual numrbers are given in Table 3.26. The AN/PDR-39(T1B) equivalent
reading from the GITR data at that time was 11.3 r/hr; this value was used in computing the
residual numbers. Except for the residual numbers for positions under the center vent and
open periscope (Cy, C,, C;, and Cg) and near the M8 collective protector (A,), the residual
numbers cn 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 ¢.0007 and 0.0008; heace the
requirement for a residual number of 0.001 was mel. The higher numbers could, in part,
be due to a higher relutive reepons: of the AN/PDR-39(T1B} to the 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
3.27. 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
47, the result of the directional survey should equal the measured intensity at the point of
interest. Figure 3.24 shows the result of & trarsverse rotation of the instrument in a plane
including the shelter door. Figure 3.25 gives the results of a transverse rotation midway
between the door and the center ventilator, showing the greatly reauced 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

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

3.5 GSUPPORTING TECHNICAL STUDIES

3.5.1 Shot Diablo

The technical supporting studies cn shot Diablo consisted in (1) the intensity-time
record from the GITR on the shelter roof, (2) the decay of fallout sampies measured in the
4r jonization chamber, (3) the rate and accumulation of fallout at the shelte- as collected by
the incremental fallout collector, (4) intengity-time records on an AN/PDR-27C inatrum=nt
inside the shelter, and (5) directiona! garima measureme:ts on top of the shelter.

The GITR data for shot Diablo are given in Fig. 3.i8. Figure 3.28 gives a comparison
of the planning decay curve, the Intensity-time record from the GITR, and the average decay
of failout samples measured in the 4 ionizaticn chamber. The measurements of the incre-
mental fallout coilector trays are given in Table 3.37. The early intensity-time data {rom
an AN/PDR-27C instrument attached to a Brown recorder are shown Ir Fig. 3.29. Directionai
measurements of the radiation field on top of the shelter are shown in Fig. 3.30.

The GITR data indicate fallout arrival at about H+ € min and peak intensitv at H+ 15 min.
The incremental-collector data show a slight increase from tackground titween H+ 5') min
ard H+6'4 min; in the following minute a single large particle counting about a millica
counts per minute at H+31% hr was coliected. The variaoility in the data betwe=n succes-
vive trays is a statistical one owing to small tray size. The bulk of the activily collected

(Text continues on page 94 )
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TABLE 3.25— COMPARISON OF AN/PDR-39(T1B) AND
OBSERVED GITR MEASUREMENTS, SHOT SHASTA

e b e LS T

Corrected Ratio,
‘Time after AN/PDR-39{T1B) AN/PDR-39(T1B) Observed GITH corrected
burst, hr reading, r/hr reading,* r/hr reading, r/hr T1B/GITR
10.0 2,2 2.9 1.3 .2
13.5 1.4 1.9 0.91 2.1
53.8 0.20% 0.27 0.19 1.4
* Relative responsc of 0.75 used to correct readings.
t+ AN/PDR-146(T1B) calibrated and used by Project 32.4 personnel.
TABLE 3.26-—INTERIOR AN/PDR-39(T1B) MEASUREMENTS, SHOT SHASTA
Reading, Residual Reading, Renidual
Location* mr/h No. Location®* mr/hr No.
Al 6.0 0.006053 AS 0.5 0.00004
Bl 10 0.00088 BS 1.0 0.00009
Cl 12 0.0011 Cs 8.0 0.00071
D1 14 0.0012 D5 11 0.00010
El 6.0 0,00053 ES 1.0 0.00009
A2 10 0.00088 A6 0.7 0.00006
B2 10 0.00088 Bé 1.4 0.00012
c2 12 0.0011 (of:3 4 9.0 0.00080
D2 8.0 0.00071 Dé 1.3 0.00012
E2 6.0 0.00053 E6 0.4 0.00004
Al 1.4 0.0012 AT 0.6 0.00005
B3 3.0 0.00027 a7 1.0 0.00009
C3 8.0 0.00071 Cc? 3.9 0.00027
D3 2.4 0.00021 D7 1.0 0.00009
E3 1.5 0.00013 E? 0.3 0.00007
Ad 0.7 0.00006 Al door 80 0.0071
B4 1.3 0.00012 $fifrcm 49 0.0043
door
Cé 8.6 0.00071 Outside 1% 0.0077
doort
9.} 2.1 0.00019 Chambar 1400 0.84
entrancel
E4 1.2 0.00011

* Locacttns are shown in Fig 2.11,
t Periscope lid off, periscope in up position;: Uume of survey. H+ 2.5 hr.
t Taken at K+ 10 hr; cutside reading. 2.2 r/hr.
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was contained in rather large spherical glassy fallout particles. The hottest tray (single
particle) was collected between H +10% and H+ 11%, min. The increase in collection due to
the dust -aised by the helicopter noted for the air samples is also shown in the incremental
collector data between H+40 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 sheiter ramp at 6.17
min; it may be noted, irom 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+ 17 min. Data from the directional gamma instrument, which was
pointed directly upward at shot time, are shown in Fig. 3.31, the curve indicat~3 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 — INCREMENTAL-COLLECTOR D *TA, SHOT DIABLO

Cumulative Cumulative
Activity,* activity, Activity,? activity,
Time interval, min cow.:ts/min counts/min Time interval, min counts/min couwrits/min
0-1.25 0 30.2-31.2 10 10,493,000
1.25-2.25 13 71.2-32.2 17 10,493,000
2.25—-3.25 17 32.2--33.2 0 10,493,900
3.25-4.25 14 33.2-34.2 0 10,493,000
4,.25-5.25 0 34.2-35.2 0 10,493,000
5.25-6.25 97 97 25.2-36.2 0 10,492,000
6.25-7.25 1,026,000 1,026,000 36.2-37.2 20 10,493,000
7.25—-8.25 417 1,026,000 37.2--38.2 0 10,493,000
8.25-9.25 1,671,000 2,697,000 38.2-39.2 0 10,493,000
$5.25-190.2 1,117,000 3,814,000 39.2-40.2 17 10,493,000
10.2-11.2 1,688,000 5,502,000 40.2-41.2 20 10,493,000
11.2-12.2 488,900 5,991,000 41.2—-42.2 34 10,493,000
12.2-13.2 163 5,991,000 42.2-43.2 167 10,493,000
13.2-14.2 1,208,000 7,199,600 43.2—-44.2 487 10,424.000
14.2-15.2 147 7,199,000 44.2—45.2 0 10,494,000
15.2-16.2 938,800 8,138,000 45.2—-46.2 22,460 10,516,000
16.2-17.2 541,000 8,679,000 46.2-47.2 0 10,516,000
17.2-18.2 97 8,673,000 47.2—-48.2 ) 0 10,516.000
18.2-19.2 434,600 9,114,000 48.2—49.2 0 10,516,000
19.2-20.2 60 9,114,000 49.2-50.2 0 10,516,000
20.2--21.2 70 9,114,000 50.2-51.2 0 10,516,000
21.2-22.2 33 9,114,000 51.2-52.2 47 10,516,000
22.2-23.2 168,000 9,282,000 52,2--53.2 34 10.516,900
23.5--24.2 308,900 9,591,000 53.2—-54.2 281 10,517,000
24.2--25.2 393 9,591,000
25.2-26.2 383,400 9,975,000
26.2-27.2 518,300 10,423,000
27.2--28.2 27 10,493,000
28.2-29.2 0 10,493,000
29.2-30.2 6 10,493,000

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

The normalized and average decay curve from the 4r ion chamber data observed at the
shelter was obtained from seven samples consisting of single particles (at early times} and
groups of particles. The shapes of the decay curves from the different samples were tne
same within a few per cent (measurement error); the curves were therefore normalized at
one time and averaged. The decay of particles later collected at station T2C (about 5 miles
downwind) was the same as those collected at the shelter. The radicactive composition of
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a1l the large fallout particles must therefore have been about the same. Decay data from
Project 32.4 fallout collectors and one cloud sample were obtained at USNRDL. The com-
bined data, together with a curve calculated fcr 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 as 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 ft above the top of the shelter (Fig. 3.30),
was very flat or uniform in the horizontal piane. The direction of the maximum observ.d
gamma count rate on the vertical pattern was 9°30’ below the horizon for both directions.
Except for the larger readings at 80° from the horizontal, the bumpe 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 radioactive sources
per unit of horizontal area.

The data in Fig. B.4 (Appendix B}, when integrated in 47 {or a thin spherical source
about the detector, show that greater than 99 per cent of the count rate comes irom the sur-
face area of the source intercepted by a cone of 15° solid argle at the detector; this solid
angle was used to estimate the fraction of the gamma radiation on top of the sielter which
was emitted from sources various distances away.

If 8, is the angle down from the horizon for the center line of the 15° cone, h is the
height of the instrument above the surface, and r is the aistance from the observation point
to the intersection of the center line of the corn: with ground, then

r =h co: 8, (3.18)

The distance, d, from the detector to the intersection is
d=—- 6, (3.17)

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

rt=dtn ¢ (3.18)

in which ¢ 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 ¢ can have values between 0° and 7°30’. Subst:tuting for d
in Eq. 3.18 gives

rt=—-——-7T (3.19)

The total area seen by the detector is that bounded by the angle limits, 8, + 7°30’ and ¢ =
0 1+ 7°30’. Since the cone angle is iixed, the corresponding vaiues ¢ and ¢y and ¢ can be
obtained from

PURILIE | (3.20)
and |

tan 6 = 0.1316y (3.21)
and

tan ¢ = 0.1316x (3.22)
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where tan 7°30’ = 0.1316. The values of the equation constants are equivalent to a cone
radius of 1 in. and a height of 7.6 in., where x and y are the courdinates of the base of the
cone (zero at the center). A few paired values of 6, ¢, r/h, and 1'/h for 6; = 15° are given
in Table 3.28; the surface area seen by the detector for the 15° sctting is shown in Fig. 3.33.
The area within the elliptical figure is given by

A = 7h%(A/2) cot 6 tan ¢/5in 8 (3.23)

in which (4/2) cot 6 is half the difference between the values of cot (6, — 7°30’) and cot (6, +
1°30’), § is defined by

cot 6 = Y [cot (6; ~ 7°30") + cot (6 + 7°30")] (3.24)

and ¢ is the angle correspunding to 7 viz Eqs. 3.20, 3.21, and 3.22. The angle & is the angle
to the center of gravity of the ellipse, and the distance from the detector defined by § 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/(zh?), are computed in Table 3.29. The lowest angle
used was 8°; at 7°30’ the maximum value of cot 6 and A/rh? would be infinity. At 7°30’ above
the horizon the detector observes only scattered radiation (assuming the raaiations all
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 mo-e
refined calculation could be made by using faligut 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 are 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 abave the ground, the center of gravity for
the 8° angle is 177 {t 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 {t. The values of the relative count
rate per unit area are plotted agalast distance to the center of gravity for the area in Fig.
3.34.

If the distance from the detector to the center of gravity of the area seen by the detec-
tor is defined as T, then the total radiation that would be received by an unshieided detector
would be 27F times that corr "1g from the center of gravity (i.e., as a point source) to the
shielded detector. Since T is the same as h cot 6, new relative count-rate units will be ob-
tained if the values in Table 3.30 are simply multiplied by cot &. If a calibrated detector
were used, then the total radiation received from the distance I away would be given by

4Irco8f

M)~ §a cot 6) tan 3

(3.25)

in which I{f} ia the intensity at the unshieldea Jetector from the distance T, and 1, is the
intensity at the cnllimated detector from the area A {averaged for an equivalent point source
at the distance P). The values of I{F), in velative units, are plotted in Fig. 3.35 against cot 6.
The peak contribution comes from a distance of cot é equal to about 0.92, or ahout 2"’. ft
from the detecior ratl,cr than {rom an angle of about 10° (17 ft) shown in Fig. 3.3C for the
observed data.

Integrating the curve in Fig. 3.35 out to I(i}) - 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 urshieided detector. The reasults are given in Table J.3! and are piotied ir Fig. 3.36.

The unshiclded detector muxt have the wame response to the radiations as the shielded

detector that was used to take the measurements. For these calculations {rom the data, 50
par cent of the total comes {rom distances up to cot # 12 (36 1), 99 per <ent comes irom
distances up to ool & - 83 {249 11, and casentiaily 100 per cent comes (rom within a 300-ft

vivrie.
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TABLE 3.28-——COMPUTATION OF CONE-EDGE INTERCEPT
WITH THE SURFACE FOR 9, = 15°%

1 l"h P .&n_f
] ] r/h = cot @ ¢ tan ¢ sin 6 sin 8
0 15° 3.73 7°30’ 0.1316 0.259 0.508
0 15° 3.73 730’ 0.1316 0.2°9 0.508
+3%46 18°46’ 2.94 65°33¢ 0.1140 0.322 0.354
- 3°46’ 11°14/ 5.04 6°23’ 0.1140 0.185 0.584
+5°19/ 20°19 2.79 5°19/ 0.0930 C.347 0.268
-5°19 i 3 5.86 819 0.0939 (. 168 0.554
+6°33 21°3% 2.53 3°46’ 0.0658 0.367 0.179
- 6°33’ 8°27’ 5.73 I 46’ 0.0658 0.147 0.448
+7°30/ 22°3¢0’ 2.41 0 0 0.383 0
+7°30’ 730" 7.60 0 0 0.131 0
+7°16’ 22°1¢’ 2.44 1°5% 0.0329 0.379 n.0868
—-7°16' T°44’ 7.36 1°5% 0.0329 0.135 0.244
—3°42' 11°18 5.00 632 0.1145 0.196 0.584
*9 -9, 6}
. -
TABLE 3.29—COMPUTATION OF THE AREAS SEEN BY THE
DETECTOR AT SEVERAL VAL UES OF 4,
Ay Cot 4, (A/2) cot 8 Cot § tan ¢ sin 8 Afxh?
8° 7.12 95 49 59.10 0.0456 0.0169 150
10° 5.67 9.86 13.04 0.0874 0.0764 1.3
15° 3.73 2.6¢ 3.690 0.1145 9.196 1.52
22°30° 2.41 100 2.73 0.1245 0.344 4.363
30° 1.73 0.55% 1.86 0.1280 0.474 0.15
3T30 1.303 0.365 1.36 0.1300 :.592 0.0801
£2° 1.60 0.268 1.04 0.1304 0.895 0.0503
52°30° 0.767 0.212 0.788 0,1309 0.785 61,0353
80" 877 0.1748 0.590 0.1311 3,861 9.0268
[k i 0.414 0.154 0.422 0.1313 9.921 0.0220
15" 2 28R 0,141 0.273 0.1315 0.965 0.0192
210’ n.132 n.134 0.134 0.1318 .991 0.017¢

uey 1.000 0 1318 0.000 0.1316 1.690 0.0173
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CONTRIBUTION TO COUNT RATE PER CENT
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Fig. 3.36 — Contribution to radiation seen by an unshielded detectot up ..° & given distance from
the shelter, shot Diablo
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The calculations given are actually only first approximations of the contributions {rom
the varfous areas seen by the detector; these calculations and the actual fallout contour
values could be used to redetermine a more accurate relative count-rate value and location
i the center of gravity for each arza seen by the detector.

3.5.2 Shot Shasta

The technical supporting studies on shot Shasta consisted in (1) the GITR data, (2) the
incremental fallout collector data, and (3) the decay of faliout samples as measured in the
47 ion chamber.

TABLE 3.30-— CBSERVED COUNT RATES AND COUNT RATES
AT THE DETECTOR PER UNIT AREA OF SURFACE

Observed count rate, Average observed count rate/(A/rhY,
relative units relative units
Ay North East South Weat North East South West  Average

8 31.3 37.1 29.3 36.3 0.209 0.247 0.185 0242 0.223
10 30.9 38.3 30.7 37.4 2.74 3.39 2.72 3.31 3.04
15° 27.9 31.1 29.8 31.0 18.4 20.4 19.6 20.4 19.7
22°30' 4.0 214 250 23.0 68.1 59.0 68.8 63.4 64.3
30 20.7 17.6 18.2 18.3 138 117 121 122 124
37°30! 14.6 13.3 14.3 15.8 182 166 178 195 180
45° 13.6 13.2 14.4 14.3 270 262 286 284 275
52°30! 11.7 11.9 14.8 14,0 331 337 419 397 371
80’ 9.3 12.4 124 14.0 347 463 463 522 449
87°30! .7 11.8 11.8 11.8 441 5368 536 536 512
75° 11.2 10.2 11.0 15.3 583 531 573 797 620
82°30t 12.7 10.1 11.7 15.6 713 567 657 876 703
90" 14.2 13.8 14.2 13.8 821 798 821 798 810

TABLE 3.J1-—BUMMARY OF ACCUMULATIVE RELATIVE CONTRIBUTION TO RADIATION
AT AN UNSHIELDED PETECTOR AT THE SHELTER FOR UNIFORM
CONTAMINATION ABOUT THE SHELTER

Contribution to Contribution to
Cot @ count rate, % ! Cot § count rate, ¥
0 0 20 60.2
1 7.92 30 70.6
2 17.6 40 79.4
3 24.7 50 88.5
4 30.0 60 91.8
5 34.0 70 95.8
3 37.4 80 98.5
8 42.8 90 98.8
10 48.6 100 100
15 84,2

The GITR data are given in Fig. 3.21; the data indicate fallout arrival at H + & min and
a peak at H+ 18 min. The rate-meter data in Fig. 3.22 indicate a t.me of arrival of H: §.7
min. The ircremental-collector data are given in Table 3.32; th. se data show a t:me of ar-
rival between H+9 and H+ 10 min The peak rate of coliection occurred butween H+ 12 and
¥+ 13 min. After H+17 min only two {airly large particles were collected, one between
H+ 19 and H+ 20 min and the other between H+ 24 and H+ 25 min. Small amounts of activity
were collected after H+ 25 min, but, 80 [ar as the curaulative sum 18 concerned, the amounts
were negligible.
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The decay of five fallout particles and three groups of particles was taken at the shelter
startirg at H+ 24 min. Decay of [ive fallout samples collected by Project 32.4 was taken at
USNRDL. The data are plotted in Fig. 3.37. The averaged decay data are identical to those
observed for shot Diablo. 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 instrument used
to measure an extended source of fission products is shown in Fig. 3.38, where the ratio of
the AN/PDR-39(T1B) response to that of the 47 ion chamber for fission products is plotted
as a function of time after fission. The rauo was arbitrarily adjusted to 1.000 at H+1 hr;

TABLE 3.32—INCREMENTAL-COLLECTOR DATA, SHOT SHASTA

Cumulative Cumulative
Activity,* activity, Activity,* actlvity,
Time interval, min  counts/min  counts/min Time interval, min  countgz/min  counis/min
[
0 --5.25 429 34.2--35.2 280 12,210,000
5.25-6.25 159 35.2—-36.,2 355 12,210,000
6.25-7.25 3 36.2-31.2 220 12,210,000
7.25—-8.25 23 37.2--38.2 180 12,210,000
8.25-9.25 87 87 38,2-39.2 175 12,210,000
2.25-10.2 970,000 970,100 39.2-40.2 125 12,210,000
10.2 ~11.2 2,390,000 3,360,000 40.2~41.2 i8¢ 12,210,000
11.2 —-12.2 2.160,000 5,520,000 41.2—-42.2 165 12,210,000
12.2 ~-13.2 4,300,000 9,820,000 42,2--43.2 175 12,210,000
13.2 —-14.2 330,000 10,650,000 43.2—47 2 135 12,210,600
14.2 -15,2 420,000 11,070,000 44.2-45.2 225 12,210,000
15.2 -16.2 176,000 11,250,000 | 45.2-46.2 210 12,210,000
16.2 ~17.2 530,000 11,880,200 ll 46.2-47.2 195 12,210,000
17.2 ~-18.2 135 11,880,000 | 47.2—-48.2 160 12,210,000
18.2 -19.2 1,210 11,880,000 48.2-49.2 195 12,210,000
19.2 -20.2 126,850 12,010,000 49.2-50.2 180 12,210,000
20.2 —-21.2 75 12,010,000 [ 50.2-51.2 135 12,210,000
21, —22.2 40 12,010,000 i §1.2-52.2 185 12,210,000
22.2 -23.2 5 12,010,000 ! 52.2—-53.2 80 12,210,000
23.2 -24.2 110 12.010,000 f £3.2-542 85 12,210,000
24,2 -25.2 202,000 12,210,000 54.2--55.2 145 12,219,000
85,2 —u. 2 135 12,210,000 ‘ 55.2-56.2 50 12,210,000
26.2 —-27.2 95 12,210,000 , 56.2—-57.2 65 12.210,600
27.2 -28.2 115 12,210,000 '
28.2 -29.2 125 12,210,000 |
29.2 -30.2 115 12,210,000 I{
30.2 -31.2 165 12,210,000
31.2 -32.2 120 12,210,000
32.2 -33.2 200 12,.210.000
33.2 -34.2

* Counts per minute on an end-window gamma scintillation cot . ter at H+ 77 hr,

215

12,216,000

the maximum difference in the ratio up to H+ 200C hr (83 days) 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.

U calculated and observed decay curves become coincident at 4 laici aate, it may be
posstble to determine, by subtraction and curve resolution, some of the important radio-
nuclides that are missing in the {allcut samples at earlier times.

107




P

o S A M e

P 1 R YR 4B i

o T £

RO e

3.5.3 Comparison of GITR and Incremental-collector Data for 3hots Diablo and Shacta

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

The decay-corrected GITR dat» and incremental-collector data for shot Diablo adj:a.ed
to 14.0 r/hr at 1 hr are shown in Fig. 3.39. The rise of 1(1), roentgens per hovr 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 pericd; thus the small collectors (3 in. diameter) did not give a quantitative
meagure of the rate of fallout arrival.

If the time of fallout cessation is defined as the time when 99 per cent had been de-
positud, 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 2 cessation time for 99 per cent collection of 27.9 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 arrive at later times than
the large particles.

f fallout arrival is defined as the time when 0.1 per cent of the failout had arrived
(i.e., 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 trancit radiaticn gave 1(1)values that were greater than 0.1 per cent at the minimum. I
arrival time of 6.1 min is associated with the GITR data, then the defined fallout period was
20.2 min for that data and 20.4 min from the incremental-collector data.

The decay-corrected GITR data and the incremental-collector data for shot Shasta,
adjusted to 24.6 r/hr at 1 hr, are 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 ard 10.25 min
after burst, and, since additional large particles were collected in all intervals up to 16.25
min, all the early incremental-collector I(1) vaiues are further above the GITR I(1) values
than they were for shot Diablo. The time of ceasation values, however, again are in good
agreement; the 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 t +2v min for the GITR I(1) values is an indication of the presence of more radia-
tion contributing to the GITR reading than 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 for the outside cyclic air sampler was about 69 mir. The large
diifference in the cessation time between that for the *fallout” data and the “aeroscl” data
indicates the presence of many more small particies a.riving for shot Shasta (2 miles [rom
G2Z) than for shot Diablo (1 mile from GZ). The continuing arrival of small amounts of ac-
tivity is also shown by the incremental-collector datz ‘or shot Shasta (Table 3.32), but the
amounts are not large enough to make significant contributiona to the cumulative sum.
Actually, failout never ceases in an abgolute serse; extremely small particles [rom the shots
will be falling over the worid (including the shelter location) for many years o come. The
above definitions of arrisal and cessation time were rade 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 shct Shasta from the GITR data is 11.2 min,
which gives a defined {allout intervai of 12.8 min. The arrival time (rom the incremental-
collector data is 9.9 min, giving a delined fallout interval of 14.4 min. The minimum in the
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GITR data occurred at about 6 min with ¢ value of 0.00024 r/hr at 1 hr; this is much
less than 0.1 per cent of the total at fallo + .ation, and hence it was possible to obtain an
arrival time from the GITR dat:

The reiative amount of falinui collected up to a given fraction of the fallout interval is
given in Fig. 3.41. Althcugn t* ¢ sampling was undoubtedly statistically poor, the curves
show, qualitative!y, that, up to 0.s or 0.4 of the fallout interval, the fallout arrived at a more
rapid rate than it did toward the end of the period. On shot Shasta the shelter was nearer
the center, or hot line, of the fallout area than for shot Diablo. This may account for the
more rapid accumulation for shot Shasta during tne first half of the failout interval.

The relative decay-corrected GITR readirgs at fractions of the fallout interval are given
in Fig. 3.42. If the GITR readings inciuded no countribution fromw transit radiation and if the
incremental-collector data accurzteiy represented the accumuiation of failout at the shelter,
thc curves in the two fisures should be identic | for the respective shots. Except for the
bump in the curve tor the GITR data from shut Shasta, the respective curves are qualitatively
gimilar. This similarity was used t. tracc in the 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 abou* 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 9.2 of the fallout interval indicates the detection of
some transit radiation owing to the approach cf 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 collector) at the
times when the curves are the steepest is equivalent to about 0.14 to 0.18 of the fallou: in-
terval. This would be about a 3-min ¢rror for a 20-min fallout interval and larger than a
2-min error for a 13-min fallout interva). But, since the arrival and cessation times for
the two sets of data differed only by (.3 and 0.2 min, respectiveiy, for shot Diablo and 1.3
and 0.5 min, respectively, for shot Shasta, most of the error must have been due {o the poor
sampling statistics of the incremental collector.

Smoothed values of the rate of fallout arrival (GITR data) as a function of the fraction
of the fallout interval are plotted in Fig. 3.43. The rate curves show that the peak in the
rate of fallout occurred between 0.2 and 0.3 oi the fallout interval for shot Diablo, in real
time this would be between H+10.2 and H+12.2 min. For shot S: 1sta the peak rate occurred
between 0.35 and 0.45 of the lallout interval; in real time this wo..d be between o+ 15.7 and
H+16.9 min. Since the yields and heighs of detonation of the two shots were essentially
equal, the differonce in the two rate-of-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 {allout area. For shot Diablo {ghelter at 1 mi'c from GZ and on the edge of the failout
area), the rate curve is unsymmetrical, and the peak rate occurred early in the fallout inter-

vul. For shot Shasta (shelter 2t 2 miles from GZ and on the hot line of the fallout area), the
rate curve ig nearly symme?~ical, and the peak ra‘e occusred nearer 0.5 of the tallout intes-
val than for shct Diablo. The height of the peak is probably associated with the lateral dis-
tance of the location relative to the hot line (conter of path of failout) through the fallout
area. The shape uf the rate-of -arrival curve and relative poaition of the peak rate are
probably associated with the distance of the location from GZ. If the trends shown by the
two curves are general, then it might be expected that the peak in the rate of arrival would
shift toward 0.5 wi the interval at the distance sorrosponding to the area of maximum amcunt
of fallout [i.e., location at which highest value of I(1)occurs|, which is always located some
distance from G7, and lor greater distances the peak would remain at 0.5 of the interval,
Also, the shape . the rate curve would become symmetrical about the peak rate (approxi-
mately normally drstributed about 0.5) at this distance. It is also tikely that the peak rate
itsell would be a maximum at the location of the maximum value of 1(1jand would decrease
with distaace beyord this location. The data prescented here, of course, are insufficient to
verily these interpietations of the trends suggested by the two rate-of -{allout curves.
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3.0 INITIAL MONITORING FROM SHELTER, SHOT DIABLO

Because of the higi. intensities resulting from shot Diablo, initia) moritoring from the
shelter was delayed until 7 hr after burst. Measuraments were made at Areas 1 and 3 (Fig.
2.1); telemeter data showed that the reading on Area 3 wus 6 r/hr. The gradient was very
flat, the lowest reading being 5 r/hr and the highest reading 7 r/hr. The single-point reading
was sufficient for decision purposes at the shelter. The single-point reading in Area 1 at
H+7 hr was 3 r/hr. The gradient was also flat; the single-point reading was a sufficient
measure of the situation.

TABLE 3.33~-DATA TAKEN FOR PROOF OF TEST METHODS*

Height of reading, Center, mr/hr Twe paces, mr/hr

ft North East South West North East South West

Uncleared Area

3 280 270 290 290 280 280 290 290
2 280 290 310 310 2390 300 310 310
1 300 300 310 310 290 50 320 320

Afier Clearing 40~ by 40-ft Area

3 160 90 100 160 110 120 100 130
2 80 80 90 90 100 100 90 120
1 70 70 1y 80 80 86 70 139

After Cleas. 'nr 60~ by 60-ft Area

3 80 80 80 80 90 100 160 8¢

2 70 70 70 70 80 90 &0 76

1 60 60 60 60 70 70 70 50
After Clearing 100- by 100-ft Area

3 60 60 60 70 70 8o 70 60

2 60 60 60 60 60 70 60 50

1 60 50 50 50 60 60 60 50

*Data t-ken on D + 2 day.

3.7 STAGING-AREA RECLAMATION AND TEST METHODS, SHOT DIABLO

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 are2 was about 300 mr/hr. The residual numter in the center of the area
after one complete pass of the equipment was about 0.16. A second pass over the central
100- by 100-ft area reduced the residual numkber to 0.11. Working conditions for the second
pass were very poor; large numbers of rccks 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 spilis with a front-end loader and dump truck were unsuccessful.

Results of the proof test of the reclamation test methods are given in Tabies 3.33 and
3.34. Table 3.33 gives the actual readings made near the center of the area during the
process of successive enlargement of the square, Table 3.34 gives the resulting ratios ob-
tained from these readings. These data a-e plotted in Fig. 3.44 according to the vertical
method of predicting residual number. The measured value for the 500- by 500-ft area has
beei irtroduced as the criterion of successfuvl prediction.* Figure 3.45 gives the result of

e it was estimated in Sec. 3.5.1 that about 89 per cent of the initial reading was cor.-
tritmited by sources within 250 ft of the detector.
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applying the lLorizontal method of prediction. The measured value for the 500- by 530-ft
area has been introduced as a criterion of successful prediction.

Data were obtained on the doses receired by the grader and scraper operators following
the operation. The dose measured on self-reading dosimeters over an operating period of
approximately 3 hr was 175 mr. The equivalent free-field dose during this period was 820
mr. Thereforc 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 accomplished in Area 3

6n D+4 day. A harrier having an average height of 3 ft was constructed around a 100- by
100-ft cleared area. Results are given in Table 3.35. The r sidual number achieved by a

TABLE 3.34-~RATIOS FOR PROOF OF TEST METHODS*

Height of Center Two paces Grand
reading, ft average North East South West average
40-ft Clearing

3 0.345 0.393 0.429 0.448 0.345 0.3¢2
(0.655) {0.667)  (0.571)  (0.552)  (0.855) (0.608)

2 0.286 0.345 0.333 0.387 0.240 0.329
(0.714) (0.655)  (0.667)  (0.613)  (0.710) (0.671)

1 0.246 0.276 0.267 0.344 0.219 6.270
(0.754) (0.724) (0.733) (0.658) (0.781) (0.730)

680-ft Clearing

3 r.203 0.322 0.257 0.345 G.276 0.316
(0.717) (0.678)  (0.643)  {0.655)  (0.724) {0.684)

2 0,235 0.276 0.300 0.258 0.226 0.259
{0.765) (0.724)  (0.700)  (0.742)  (0.774) (0.741)

1 0.197 0.242 0.234 0.218 0.156 ¢.208
(0.803) (0.758) (0.766) (0.782) (0.844) (0.792)

100-ft Clearing

3 0.221 0 250 0.286 0.241 0.207 0.242
(0.779) (0.750)  (0.714) (0.759)  (0.793) {0.758)

2 0.202 0.207 0.234 0.154 0.162 ¢.200
(0.798) (0.793)  (0.768) {0.806) (0.838) (0.800)

1 0.172 0.207 0.200 0.188 0.156 0.184
10.828} (0.793) (0.800) (0.812)  (0.844) (0.81¢)

Final 500-ft Clearing (3 Reading)
Actual
reading,
mr 44 50 a5 89 40 45,2

Ratio, RM 0.156 0.178 0.123 0.210 0.140 0.159

® Valuews In parentheses are 1 — (Ry/Ry).

500- by 500-f; cleared area (from Table 3.34) is al30 given. TlLe results indicate that the
3-ft barrier 18 as effective as 2 200-ft-wide buifer :-.ie. The barrier required 1.3 h: of
work by a D-8 bulldozer; therefore the rate of cyeration was approximately 300 linear fret
of barrier per equipment-hour.
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TABLE 3,35—BARRIER TEST DATA, SHOT DIABLQO*

Center T v> paces
North East Scuth West Av, North East South West Av,

Uncleared area 230 240 240 240 2317.5 230 230 240 450 2317.5
100-ft area 50 50 60 60 55 89 50 60 60 57.5
After barrier 44 45 32 32 3s 44 40 NT) ] 38 38
Resi{dual number

without barrier 0.22 0.21 0.25 0.25 0.23 0.28 0.22 0.25 0.24 0.24
Residual number

with barrier 0.1% 0.19 0.13 0.13 0.16 0.19 0.17 0.12 0.15 0.16
Residual number

in 500-ft area 0.156 0.162

(see Table 3.34)

* Readings were taken at a height of 3 ft.

On D+7 a barrier approximately 4 ft high was constructed around a square 300 ft on a
gide in the center of the 500- by 500-ft cleared area in Area 1. The residual numbher
achieved by this effort has been introduced into Fig. 3.44. The effectivenes« 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 was 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 2bout air fiitration 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 lengthv delay in detonating shot Sha.ta, only partial partici-
paticn by the project was possible; on this shot some of the operational measurements and most
of the technical measurements were made. The results obtained were in good agi cement with
the measurements taken on shot Disblo. The results from the data are discussed in the foilow-
ing sections,

4.1 OPERATIONAL MONITOR SYSTEM -

The dosimeter-tube procedure was effective in providing information on the course of the
radiological event outside the shciter, despite the exaggerated readings introduced py the film-
bedge cup at the top of the tube (Sec. 3,2). There are some anomalies in the data for the forward
tube on shot Diablo; a constant inter sity was measured for nearly 15 min at the peak, and there
was wild oscillation in the measurer.ents at about 45 min after burst. Even these data would
have provided necessary radiologica' infocmation. Data for the after tube were much more
stable and closely approximate the G.TR information, except for absolute level for both shots.

Several additional pieces of operational data were obtained from the dosimeter tubes. No
significant problem was encountered conzerning the contamination of the dosimeter; industrial
wiping tissue was used to clean the dcsimeter 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 numbder of dosimeters covering the
possible range of intensities to be encountered.

Converting the measured intensity to standard intensities 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 ‘Lan the assumed decay during the {irst hour (Fig. 3.28) cansed a
peak in the standard intensity plot at fallout cessation (Fig. 3.3).

4.2 INGRESS OF CONTAMINATED AIR

If one sssumes that the M6 collective protective filter is an absolute filler, then no sig-
nificant hagsard die to (alalstion or to gamma radiation would have vesulted L the shelter on
either shot Diablu or shot Shasta with 2n intake ventilatinn (low rate of 300 or 600 cu ft min.
On ahot Diablo, where there was a blow-in of the wall separating the generator room from the
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plenum chamber, the Pcrta-Vac sampler at the shelter door, with a flow rate ot 800 cu ft/min,
collected about twice as much activity as the outside Porta-Vac sampler. This could have been
caused by the large air flow rate down the chamber, which would have accelerated particles
toward the shelter door from greater distances awzy than the sampling velocity of the Porta-Vac
alone would have. Many of the smaller particles, of course, were lost from the plenum cham-
ber into the generatc~ exhaust stack since they wouid make the turn into the generator reooin
more casily than the larger particles. On shot Shasta the shelter-door sampler, with a flow
rate of 300 cu ft/min, collected about 0.7 of the activity of the outside Porta-Vac sampler. The
two raiios show qualitatively the effect of flow rate on the fraction of aerosol that would be
available at the shelter door. Here, of course, the particle s.zes that are included in the term
“aerosol” arc defined as those collected by the Porta-Vac sampler.

The relative fraction of the total activity in the aerosol for the twe shots can be cstimated
from the totals collected outside the shelter and the standard intunsitiea. On shot Diablo, whe -2
the shelter was 1 mi'e from GZ, the total aerosol collected was 5.1 x 10? fissions/(r/hr) at 1 hr.
On shot Shasta, where the shelter wuas 2 miles from GZ, the tc.al aerosol collected was 4.8 >
10'° tissfons/(r/hr) at 1 hr. Thus, for shot Shasta, the collectable aerosol was 10 times the
{raction on ghot Diablo. The two ratios show the efiect of distaz~e from GZ on the {raction of
available aerosols (or fraction of activity arriving in small particles). If 0.1 per cent of the
tota! 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 1 mile and 10 per cent at 2 miles.

The maximum size of faliout particles that passed the ventilation system intake (plenum
chamber plus hooded vent) was about 120 u in diameter cn shot Diablo and about 80 y in diameter
on shot Shasta. The maximum size, as well as the total number of particles collected, is thus
aifected by the intake flow rate. At 300 cu ft/min the intake flow rate in the chamber was 15 ft/
min in the entrance tunnel. Since the tunnel was 30 ft long 2rd 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 maximum size particles were larger for shot Shasta, 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 ghelter-door sam-
pler ccllected C.7 of the amount collected by the outside ~ampler 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 discriminating against the larger particles in the aerosol cannot be clearly
shown because the M8 intake sampler was pulling air against the M6 collective protector.

The important factors ir. 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 2m2ong the particles), the outside 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 yieid and wind speed; for a given yield and wind speed, the mean particle
size should decrease with disiance from GZ. The outside air concentration shuuld increage
with the standard intensity but should decrease with the duration of the fallout period (i.e., 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 distance from
GZ and with a decreasing wind speed. The interaction of all these parameters are too compli-
cated or 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 opposite effects on diffe rent important factors. This should tend to limit the range of pos-
sibie 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 Diablo gave residual numbers for the sheller of

less than the required vajue! of 0.001. Dose-rate data nn shot Shasta 2130 gave residual num-
bers less than 0.001. In many locations in the shelter, resisual numbers less than 0.0001 were
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observed. The center ventilator, which was a mock-up of a combinacion exhuust ventilator and
escape hatch, was satisfactory lrom a radiological point of view. The periscope opening alsv
was gatisfactory, The major source of radiation in the shelter was shine from the outside ramp
down the entrance tunnel. Ore 90° bend ‘n the tunnel would reduce this contvibution to au ac-
ceptaole level.

4.4 SUPPORTING TECHNICAL STUDIES

The technical data, incjuding film-badge measurements, GITR measurements, 47 foniza-
tion chamber decay measurements, spectral measurements, and others, were introduced 'n the
report as they were used to interpret and evaluate the oyerationa) dawa. The several methods
used to determine the time of fallout arrival agreed well on both shiots, The GITR Jata gen-
erally gava low values of the ionization rate by almost a factor or 2; th's was probably due to
the shielding of one detector by otliers, to excessive shielding around the detectors, and to cali-
braticn methods. The two 4n ior: chamber decay curves were started earlier than any reported
in the literature to date. The data showec that the radioactive composition of the fallout from
shots Diablo and Shasta was the same, Since the 4r fonization chamber decay curve nus, to
within 6 per cent, the same shape as that for the AN/PDR-39(TIB) for extended radiation-{ield
measurements, the decay data on the samples will be continued beyond this roporting to deter-
mine whether the observed and caiculated decay curves join at some later time,

4.5 INITIAL MONITORING FROM SHELTER

The fallout radiation field resulting from shot Diablo was very uniform, Consequently, the
single-point measurements in the center of the areas were adegnate indicators of the radio-
logical situation in the general region. No significant additional information was provided by
either the cerner measurements or 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 ar. adequate basis for decisions with respect to operational recovery.

4.6 STAGING-AREA RECLAMATION

The aitempt to achieve a residual number of 0,01 i.. a cleared area was unsuccessful,
However, the soil conditions in the test area were extrewely unfavorable. A 3-in. layer of
clean fill had to be intiroduced ‘o establish the conditions for 2 single pass of the scraping
equipment, Since the desired residual number was kncwn to requir- muliiple passes of the
equipmert, serious difficulties were anticipated for thir objective when the areas were ini-
tially laid out. This experiment must be rescheduled under other scil 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 equipment
cperators. This is considerably better than the value of 0.8 currently used in planning for
operational recovery.! There appeared to be little variation in protection afforded by the vari-
ouz types of land reclamation equipment,

4.7 RECLAMATION TEST METHCDS

Bnth methods of predicting the af{ectiveness of reclamation methods on the basis of use
in a smai! test area performed well in this teat. The vertical methud gave a good prediction
in the 860- by €0-ft and 100- by 100-ft areas. The overestimate cof residual number for the
40- by 40-ft area was (argeiy due to spills at the edge of the area where the graders lifted
blades. The pass that increased the clearsd area to 30 by 60 * removed this source of ra-
diation. Although both methods gave good estimates, thé vertical method appears preferable
since less reclamation effort is required to get a result. The over-all tent requires less time
and therefor- exposes the test rrew to a smaller dose thar tle horizontal method.
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The results indicate that, for both methods, an accurate prediction can be obtrined only if
the ratios are based on the average of many readings around the center of the test area. Plots
of ratios based on individual readings 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 ft high
would effectively reduce the contribution of radiation {rom outside a reclaimed area io 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 plowing.
Scraping is even slower. Thus the barrier appears to be about twice as fast as the fastest
buffer-zone technique, It would be desirable to determine the eftect of barriers of other heights
than those tested as well as more detailed measurements of the radiation field over the cleared
area inside a barrier in order to deveiop an optimum procedure. For example, barriers along
access routes may need to b Juite 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 obtaine’. from
the measurements taken on shots Diablo and Shasta:

1. The standard Navy ammunition storage magazine (Armco Multi-plate structure), buried
80 as to provide 2 minimum thickness of 3 ft of earth cover over the crown and provided with
all necessary openings for entrances, ventilaticn, and control purpises, offers a high degree oi
radiciogical protection. An average residual number of about 0.0001 was observed.

2. A 2-ft-diameter straight exhaust ventilator that can be designed as an escape hatch is
radiclogicaily 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 radioloyiczl information for decision purposes within the sheltsr,

4. On shots Diablo and shasta therc was no need for filtration of the shelter air supply.
However, the data were not sufficient to establish a generalized conclusion with respect to this
requirement,

5. Both the vertical and horizontal methods of precictirg reclamation efiectiveneass give
satinfactory predictions in small test areas (less than 100 by 100 ft) under field conditiors
using land reclamation equipment.

6. An earth barrier 3 to 4 {t high is a satisfactory substitute for a buffer zone and can be
created with half the effort required for the fastest buffer-zone method.

7. Single-point monitoring gives adequate radiological information in radiation fields that
are relatively uniform for niaking generai decisions regarding sheiter stay-time, suitable stag-
ing areas, and selection of plans for reclaiming vital facilities.

8. The feasibiiity of obtaining a residual number of 0.01 in a cleared area by means of
multiple passes with lend reclamation equipment has not been established.
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Appendix A

DESIGN DETAILS OF RADIOLOGICAL SHELTER
AND ASSOCIATED EXPERIMENTAL EQUIPMENT
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Appendix B

INSTRUMENTATION

B.1 INTERIOR SURVEY EQUIPMENT

Gamma-radiation surveys were carried out inside the shelter using seven AN/PDR-27C
low-range survey instruments, Since it was possible that the interior intensities might be too
low to provide reasonable rate-meter indication, the output of these instruments was connected
to a Heiland oscillographic recorder. Each G-M tube pulsc appears on the recorder trace,
Very iow radiation icvels ran be accurately resolved by a pulse-counting technique, In addition,
the recorder traces 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-27C) were placed in the shelter at the lo-
cations shiown in Fig. B.2. The indication on each instrument was recorded, providirg a con-
tinuous measure of the radiation intensity throughout the shelter. Only one of the five ingtru-
ments was continuously connected to a Brown recorder, The other four were intermittently
connected to a second Brown recorder by a manually cperated 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 detaiis ay> shown in Fig.
B.2.

B.3 DIRECTIONAL GAMMA APPARATUS

Instrumentation used to determine directional propertics of gamma-radiation fluxes in-
side and outside consisted of 2 1- by 1-in. cylindrical sodiwin fodide crystal enclosed with an
associated photomultiplier tube in an elliptical lead collimator. This assembly was mnounted
on a rubber-tired metal dolly at a height of 1 meter above the surface. The apparatus was
consiructad sn that the lead collimator could be rotated through a complete circle.

The output of the crysta’ —photomultipiier combination, in the form of electrical pulseg,
was yaed to drive both ratc-meter ard pylse-counting circuits, as shows L. Fig. B.3. The out-
put of the logarithmic rate-meter circuit was recorded on an Esterline-Angus chart during the
firet 10 min after burst. At later times when directional measuremcents were being made,
counts were accumulated during 10-sec runs by a Berkeley Digitul Scanner, which made 2
permanent record o printed tape,

The angular resolution cf the system, as determined with a radium source, is shown in
Fig. B4,
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B.4 BSINGLE-CHANNEL PULSE-HEIGHT ANALYZER

Gamma spectra of fallout samples were obtained with an automatic step-scanning singie-
channel analyzer. Sampies were prepared a3 point sources and placed in & 4-in. lead collima-
tor with 2 %,-in. hole, The distance from sample to the detector was maintained at 49 cm. The
detector assembly consisted of a 3-in.-dlameter cylinder of NaI(TI) and photomultiplizs
(Dumont 6383). This was shielded by an iron-brick cave. The single-channel analyzer was a
USNRDL model 1, operated with a 5-volt window through a span of 100 volts, Data w~re re-
corded with a Berkeley Digital Scanner and were printed on tape. The aquipment is shown in
Fig. B.S.

B.3 USNRDL 4r ION CHAMBER

The USNRDL 4r ionization chamber is a high-pressure argon-gas chamber operated at
600 psig. The ion current is collected on a vcreen inside the chamber ard is measured by use
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 {ransferred to 1'}-in.-diametsr Lusteroid test tubes; the
ionigation current was measured by inserting the test tube into a cylindrical well extending
into the chamber from the top. Tnhe sample, when placed at the bottom of the well, is located
at the center of the chamber, Decay data can be obtained cither by taking measurements from
time to time or by leaving the sample in place and recording the ion current on the recorder.
The equipment is shown in Fig. B.0.
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Fig. 8.6~ View of 4z i0n chamber iu sample~collecting room.
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Appendix C

EVENT SCHEDULES

TABLE C.1 —8HOT DIABLO, PROJECT 32.3 EVENT SCHEDULE

Time relative Time relative

to shot tiine to fallout event Action Per-onnel
D-1 day Gas jeeps and deliver to CP Unruh, jJamison, Thrall,
Trolenberg, Phillips
Refuel gaelter generator Nuckolls
H--8 hr Leave NMercury for CP in carryall All personnel
and cedan
H-" br Arrive CP area; dress out at All personnel
Rad-Safe.
H-€%hr Man jeeps; clear check station fo: All personnel
station 2-32.3-8003
H-6 br Arrive at station 2-32.3-8003 All personnel
Start generator Nucholle
Report station manned to CP Strcpe
Communication check: check radta Sword, Unruh . Phillips,
link to CP. Monitors move by jeep Lee, Jaminon
tc: reclamation areas 2 and 3:
check portable radio net
Check all instrumentation ard shelier Millar, Work, Nuckolls,
equipinent Brown, Laurino, Giboney
Place jeeps in revotment, cover and Unrub. Phillips, Jamison,
tie down Lee
Report completion of check to CP Strope
K~-2hr S.Jtton up entrance; no personnel to Laurino
leave shelter until called for in
event schedule after H-hour
Report status to CP Strope
Star’ GITR Miller
- 30 min Stop ventilation, close intake vents Brows. Ciboney
Close exhaust vents (n) Center vent: Laurino,
Paillips
&) Rear vont: Thrail.
Trolenberg
House periscope; <t ack Aosimoter Stroge
rods
Charge Josime’ers Jamison. Lee
Deress out Uarun, PMiilips, Jamisoa,
Lee. laurino, Breva,
Giboaey, Work
H - 35 min Report completiioa of shelier ~losure Rrope

to CP; requust fallout predictios
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TABLE C.1 — {Continued)

Time relative

Time relative

to shot time to fallout event Actlion Personnel
H-5 min All personnel assume shot-time All personnel
position: sitting position cn center
line at rear of shelter: observe
audible count-idown
H hour Observe survey meizrs for initial All personiel
gamma pulse
Start timing watches Strope, Sword
Stact count-up Strope
H+ 15 sec Check condition of sheiter and Strope, Miller
personuel
Raise ladder, open periscope, then Trolenberg, LaSpada
open rear vent
Open vent intakes, start one M6 Brown, Giboney
Run up periscope, check condition Strope
of zuperstructure and vehicies
Switch count~-down Sword
Man sample room Nuckolls
" 1 min Report shelter condition to CP Stre
H- 1Y min Oven up center exhaust vent Lauriro, Phillips
Man Brown recorders LaSpada
H+ 2 min Run film badges up dosimeter tubes Thrail, Trotenberg
Run film badges up center vent Laurine, Phillips
Rezd all self-reading dogimeters; Lee. Unruk
charge backgrourd dosimeters and
place in measurement locaticns
H+3 min Begin 1(a) routine on forward dosime- Thrall
ter tube, using 6-mia cycle
H+ 4 min Replace dosliaeters Lee, Unruh
H+5 min Start second M8 Giboney
H+ 6 min Start I{a} reoutine on after dosimeter Trolerberg

R+ 6 min (est.)

H+ € to

H+ 10 min (est.)
H+15 m'n
H+» 20 main (et}

H.« 20 a.in

H+ 2 min

H+ J0Umin {ea™?

Approach of
fall~ut

Failout
arrival

Peak
irnienalty

ralloat
cessation

tubc, using 6-min cycle
Start aerosol sampling
Open fallout collectors; start
incremental samplers
Begin directiona! gamma
Begin absorption measurements
Report fallout arrival to CP

Equipment operators, with Rad
Safe monitor, leave CI' for
equipment locat on

Repoi ! ;2ak {ntensity to CP

Helicopter makes samjle pickup and
returns to CP
Prepare {or l(c) survey

Terminawe dirvctional work
Terminate abaorption measurements
Termirate aurosol sampling

Shutl off exterior serusol samplers
Commencn l{c) survey routine

Kepor: {aflout censation time and
entimate of stardard inteasily
s CP

Py
->
sl

Brown, Giboney
Mil'>r, Laurino

Work, Jamison
Unrub, Phillips
Strope

Covey

Sirupe

Unruh, Phillips, Jamison,
Lee. Laurino, Work

Work, Jamison

Unruh, Phillips

Brown, Giboney

Miller

faurino, Unruh, Phillips,
Jamison, lee, Brown,
Work Gibuney

Mroe




TABLE C.1 — (Continued)

Time relative Time relative
to shot time to fallout event Act:on Personnel
H+ 30 min Equipment operators arrive at
equipment; start engines
H+ 35 min Make initial Phase II decision hased Strope, Miller, Sword
on standard intensity at shelter;
request available fallout infor-
mation from CP if shelter situation
is unsatisfactory
H+ 4y min (est.) Intensity less  Advise CP? of Phasc II situation; Strope
than 1 r/hr request permission to execute
H+ 45 min (est.) Terminate shelter survey
Two 2-man monitor teams msn Unruh, Piillips,
jeeps and execute survey of Jamison, Lee
reclamation areas 2 and 3
8tart exterior measurements Laurino, Brown, Giboney,
Work
Retrieve exterior air sampies Browu, Gitoney
H + 50 min Recelve first key-point measure- Strope, Milier, Sword
ments from mouitors; select
area most suitable or cancel
Phase II; advize equipment
crew and CP
H+ 55 min (est.) Receive second key-point Strope, Miller, Sword
measurements from monitors;
make final decision on Phase II;
advise equipment crew and CP
Phase II monitors move to selected Unruh, Phillips, Thrall,
area Lae, Trolenberg, Giboney
H+1 hr (=st.) Begin Phase II operations; monitor See second entry in preceding
area and record data item (plus equipment operators)
Cluse fallout trays; terminate Milier
{ncremental samplers
Set up Rad-Safe and dorimeter charge Brown
point at shelter entrance
Read all dosimeters Work, Jamison, Laurino
H+1 hr 10 min Grade and scrape 40- by 40-it area;
move syoil S6¢ ft from area
K+1 hr 25 min Monitor 40~ by 40-t area
H+1 hr 35 min Grade and scrape 60 by 60-ft arex
H+1 hr 55 min Moaitor 60- by 80-ft area
H+2hbr b min Grade and scrape 100~ by 100-ft srea
H+ 2 hr 35 min Monitor 140- by fuu-ft area
H+ 2 hr <5 min Flow around 100- by i00-{t area tc
S5v0-ft perimeler
min Moaitor 500- by 500-ft area
min Crade and scrape 100 - by 100-ft area
secnad tine
H + 5 hr 25 min Monitor 100- by 100-ft area
H+5 hr 30 min Further clearing of 190- by 100-Rt
arsa by front-end losder aad dump
truck
H-4 hr 45 <in Final monitoring of area
M5 ht 05 min Test compieted
H: % hr (est) Close down shelter. man jeepe; retura All peraonnel
to CP Rad-Safe area; process
through change station, return to -
Marcury in carryall and sedan

H: 4hr 4
He4h: ¢

L5

[+
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TABLE C.2-—SHOT KEPLER, PROJECT 32.3 EVENT SCHEDULE

Time relative Time relative

to ahot time to fallout event Action Personne!
D-1 day Re2fael shelter generator Nuckoils
H-6Y% hr Leave Mercury for CP in All personnel
carryall and gsedan
H-6 br Arrive CP area; dress out at All personnel
Rad-Safe
H-5%hr Man jeeps; clcar check station for Ali personnel
staticn 2~32.3-8003
H-5 hr Arrive at station 2-32.3 8003 All personnel
S.rt generator Nuckolls
Report station manned to CP Stiope
Communication check: check radio Sword, Unruh
link to CP
Check all instrumentatior. and shelter Miller, Work, Nuckolls,
equipment Brown, Laurino, Harris
Place jeeps in revetment; cover and Unruh, Jamison, Lee,
tie down. Osborne
Report completion of check to CP Strope
H-21* Button up entrance; no persnnnel to Laurino
leave ghelter until calied for in
event schedule after 2 nour
Report status to CP Strope
Start GITR Miller
H~-30 min Stop ventilation, close intak= vents Brown, Harris
Close exhsust vents (a) Center vent: Laurino,
Osborne; (b) Rear vent:
Thrall, Home
Houte periacope; check dosimeter Strope
rods
Charge dosimeters Jamison, Lre
H~25 min Report completion of shelter <iosure  Strope
tc CP; request fallout prediction
H-5 min All personnel assume shot-time All personnel
position: sitiing position on center
line at rear of shelter; observe
audible count--down
H hour Observe survey meters for initfal All personnel
ganmma pulse
Start timing watches Strepe, Sword
Start count- g Strope
H+ 15 sec Check condition of shelter and Strope. Miller
personnel
Raise ladder, open periscope, then Home, Covey
rear vent
Open vent intakes, start ore M6 Brown, Harris
Run up periscope. check condition Strope
of superstructurs .nd vehicles
Switch count-down Sword
Man sampie room Nuckollis, MucDenald
H:! min Report shelter condition to CP Strope
H+ 1Y% min Upen center exhaust vent Laurino, Osborne
H:2min Run fiim Ladgoes up center venl Lauiino, Osburne
Read all seli-reading dosimeters Lee, Uncub,
Charge backgruund dosimeters Schuert, Anterson
and place in measyrement
locations
Man Brown recorder Covey
H:3min Begin [{a) routine on {orward do- Thrall

simeter tube, using &6 -min cycle
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Time relative
tc shot time

TABLE C.2 — (Continued)

Time relative
to fallout event

Action

Personnel

H + 4 nmin
H+ 6 min

H+8 min (est.)

H+8 to

H+ 10 min (est.)
H + 20 min (est.)
H + 25 min

*1 + 30 min (est.)

H+ 45 min {est.)

H+1 hr (est.)

Approach of
fallout

Fallout
arrival

Peak
intensity

Fallout
cessation

Replace dosimeters

Start J(8) routine or after dosimeter
tube, using 6-min cycle

Start serosol sampling

Open fallout coliectors; start
incrementul samplers

bogin absorption messuriments

Report fallout arrival to CP

Report peak intenaity to CP
Prepare for I{c) aurvey

Terminate absorptioi: measurements
Terminate aerosol sampling

Shut off exterior aerosol samplers
Commence I{c) survey routine

Report fallout cessation time and
estimate of standard intensity to
Ccp

Terminate shelter survey

Start exterior measuvrements

Retrieve exterior air samyples

Start directional gamma measure-
ments on shelter roof

Close fallout trays; terminate
incremental sampling

Set up Rad-Safe 1nd cosimeter cherge
point at shelter entrance

Read ail dosimeters

Lee, Unruh, Schuext,
Anderson
Home

B. »wn, Harris
Laurino, Miller

Unruh, Osborne
Strope

Strope

Unruh, Osborne, Jamison,
l.ee, Laurino, Work

Unruh, Osborne

Brown, Harris

Miller

Laurino, Unruh, Osborne,
Jamison, Lee, Brown,
Work, Harris

Strope

Laurino, Brown, Work,
Harris

Brown, Harris

Work Jamison

Miller

Brown

Work, Jamison, Lauriro
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TABLE C.3—SHOT S8HASTA, PROJECT 32.3 EVENT SCHED(LE

Time relative

Time relative

to shot time to fallout event Action Personnel
D-1 day Refuel generator Nuckolls
H-~-2hr Leave LMercury for station All personnel
2-32,3-8003 in two jeeps
H-1% hr Arrive al station 2-32.3-6003 All personnel
Start generator Nuckolls
Report station manned to CP Miller
Check all instrumentation Miller, Covey, Nuckolls,
Sively, Johnson
Secure jeeps in revetment Ccrey, Sively
H-1hr Close entrance Miller
Report status to CP Milier
H-380 min Stop ventilatics, Giuse intake All perscnnel
and exhaust vents
H-5 min Assume shot-time position in All personnel
rear of shelter
H hour Observe survey meters for initial  All personnel
gamma puise
H + 30 sec Check condition of shelter Miiler, Covey
Open exbaust vents Covey, Sively
Open vent intake and start M6 Johnson
Man erample room Nuckolls
H+1 min Report ahslter condition to CP Miller
H+5 min Op:n sample collectors Miller
H +6 min Start incremental collectors Miller
H+8 min Start aerosol sampling Covey, Sively
H+10to Fallout arrival Report fallout arrival to CP Miller
H+ 15 min (est.)
H+15 to Paak [ntensity Reyport reak intensity to CP Miller
H+ 20 min (est.)
H+45 to Fallout cessation  Report fzliout cessation to CP Miller

K+ 60 min (est.)

H+2hr
H+6hr

Terminate ae rosoi sampling
Close fallout collectors

Make shelter survey

Recover faliout samples
Recover outside aerosol samples

Covey, Sively, Johngon
Miller

Ali personnel

Sively, Johnson

Covey

- ot . 4 it <
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Appendix D

g

CONVERSION OF R/HR AS OBSERVED
ON THE AN/PDR-27C TO TRUE R/HR

D.1 SOURCE OF DATA AND INSTRUMENTATION

LTy o R R

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

N D.2 TREATMENT OF DATA

; The spectral data taken at H-105 min were used as the shelter background, the backgrourd
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 spectrai 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.1. From this figure
and the net counts per time intervai, plots of the number of counts in a given energy interval
were made. It may be noted from Fig, D.! that the pulse-height analyzer was not #djusted 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 energy. Extrapolations from both linear and logarithmic activity vs.
channel curves were considered. When boia of thesc methods were applied to the H+11 min
measurements, the values obt2ined {roin the semilog plot were about 10 per cent higher than
those obtained from linear plot. Since this difference is negligible when considered in terms
of the over-all distributica and the attendant approximations in the calculations and since the
us? of the lincar plot was more convenient, linear extrapolation was employed.

With the aid of the extrapolition it became possible to estimate the relative number of
counts contained in selected ¢nerygy intervals as shown in Tuble D.2. From these estinates
the relative number of counts in each interval was determined. The data taken at H-hour were
not included becauas at thnat time the radiation levels {rom the {nitial gamma were changing
much more rapidly than the rate at which the data were being taken. The cata taken at H+140
min were considered to duplicale those taken at B - 118 min and H+ 129 min; therefore they
were not included (n the aralysis. inally, because many of the data taken at H+ 790 min were
near the background level, many of the resuitant net counts are subjoct to large uncertainties,
and consequently the K + 790 min data were not reduced. The relative distribution for the re-
mainder of the data is given ir Table D.2,

To convert from relative number of counts in a given energy interval to the relative num-
ber of incident photons in that interval one must [irst ¢ vides the former Qquantity by the do-
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tactor efficiency. The detector efficiency is dependent upon the median energy for the interval,
the size of the detecting crystal, and the geometrical arrangement of the source material with
respect to the detecting element. The latter quantity fur the shelter is ot known in any de-
tail, and, even if it were, it is unlikely that the corresponding detector efficiencies would 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 cm from the crystal. Inspection of the data in reference 1 shows that, although the eff!-
ciencies corresponding to ilie 20-cm distance are different in absolute magnitude {rom the
efiiciencies at, say, contact distance, the relative efficiencies, 1.e., ratio of efficiency at one
energy to that at another, are about the same. Becausze 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 numbers 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 erergy
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-Nishima absorption coefficient for air cor-
responding to the median energy.? Values for the latter quantity were obtained from reference
2 ana are listed in column 3 of Table D.3. The product is given in column 4. The instrument
(AN/PDR-27C) 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 lonization rate, Table D.5, to the gross response in roantgens per
hour as observed on the AN/PDR-27C requires that the ratio of the two quantities be known
for each energy interval, Data on the response of the AN/PDR-27C to various source geome-
tries as a function of source energy were furnished by G. A. Work.? The geometry most ap-
propriate to the present calculation is the one deaignated as the vertical plane in which the
source consists, in essence, of a unifor:mly active ring centered about the detector, located in
a vertical plane through the Jong axis of the instrument. The response of the AN/PDR-27C for
this geometry and for both ranges of detection on the instrument are presented in Fig. D.2.
With the aid of this figure it was possible to ubtain the relative response for each energy inter-
val given in the last two columns of Tabie D.3, The latter values were used to compute, in
relative terms, the contribution of the photons in each energy interval to the over-all respoense
of the AN/PDR-27C from the values given in Table D.5. The results are given in Tavole D.6;
the sum is included for appropriate columns. This sum, when divided into 100 yields the con-
version ratic for the AN'PDR-27C, i.e., the factor that converts observed reading in roentgens
per hour into the estimated value or the true ionization rate. The latter set of values are sum-
marized in Table D.7.

D.3 DISCUSSION OF RESULTS

It wiil be recalled that it was necessary to extrapolate the number of ccunts 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 dis.ribuiions is contained in the extrapolated region.
However, if reference is now made to Tables D § and D.6, it will be seen that the corresponding
relative contribution of the photons up to 0.15 Mev in energy is considerably asmaller. Thus at
H+118 min some 80 per cent of the photons in the ghelter are contained in the region of ex-
trapolation, but only 17 per cent of the true air ionization and 13 per cent of the AN PDR-27C
(low-range) response are contributod by these photons. Therefore it is apparent that errors
in the extrapolation would not contribute corresponding errors in the values of Table D.7. In-
spection of Tabie D.3 shows that the biggest change in the relative :istribution is brought abvut
by use of the product of the Klein-Nishina factor and the media: encergy. This iz prodably tl.e
most accurate sei of conversion numbers used. Althovgh mucn larger uncertainties arc ag-
sociated with the othar conversion factors, the smaller variation from interval to intervai does
not! inake the [inal resull equally sennitive to such uncertainties.
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From Table D.7 it can be seen that there is excellent agreement among the results in each
sensitivity range. This is noteworthy because the spectral distributions from which they were
computed are quite different, and the good agieement indicates that the conversion factor is
quite 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 distribution in the shelter, 1/1.37(0.73%),
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.
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TABLE D.1 — PULSE-HEIGHT ANALYZER DATA FROM PHOTON SPECTRA INSIDE THE SHELTER. SHOT DIABLA

Time relative to shot times

H-+ 313 min,

counts /13 sec counts: 15 sec

Channel H~-105 min, H+ 0 min, H+ 11 min, H+ 118 min, H- 129 min, H -+ 140 wmin,
No. counts/15 ser counts/15 sec counts/'. sec counts/15 sec coun‘a/l15 sec
0 189 =813 3632 3729 3324 2975
1 212 800 3680 2964 2728 2481
2 199 2501 3551 2485 2284 192%
3 161 2396 3466 2117 1904 17061
4 140 9408 3il0 1771 i514 1475
5 174 5387 3092 1565 1378 1217
6 147 6763 2891 3413 1191 1099
7 123 704 2709 1220 109s 996
8 140 7899 LT 1079 1027 a3n
9 104 4322 2451 1086 890 855
10 79 3563 2376 953 931 T41
11 107 702 2217 878 768 8% ]
12 87 949 2127 760 674 873
13 76 555 7085 731 5063 Y. ]
14 69 4649 1986 863 255 474
15 55 3173 1930 569 504 453
16 62 2286 1461 509 455 414
17 60 1650 1651 475 422 421
18 40 1166 1677 474 403 357
39 47 902 1655 425 351 340
20 23 704 1853 425 374 346
21 54 511 1601 389 307 315
22 40 435 1460 330 325 29”7
25 41 358 1463 320 296 277
24 24 315 1371 358 298 254
25 33 289 1230 322 273 248
26 39 239 1207 278 264 244
27 30 200 1193 269 226 216
28 25 145 1087 245 218& 201
29 34 156 987 229 235 263

ilng
1.~
995
9as
97
=72
763
HH()
34h
368

444
391
394
394
3432

262
259
20
186
201

210
149
195
227
17%

179
159
iil
143
10%
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TABLE N.1 — (Continued)

Time relative to shot times

Channel H-10(3 min, H+ 0 min, H+ 11 min, H+ 118 min, H+ 129 min, H + 140 min, H-+ 135 min. H- 790 min.
No. counts/15 sec counts/15 sec counts/15 sec counts/15 gec counts/15 sex counts/15 sec counts/1b sec ¢ounts/ 3 sec

30 23 139 9268 222 215 199 93 57
31 24 137 897 230 193 162 196 75
32 25 151 B83 195 200 168 93 CH)
33 23 138 853 208 201 154 42 ")
34 23 142 795 183 155 143 16 EYS
35 19 120 154 185 182 133 45 42
36 18 130 698 170 33 179 B6 i
37 18 133 700 188 158 125 73 4n
38 15 115 882 147 159 i28 e Al
39 21 122 620 147 124 125 »i 57
40 21 101 8086 143 114 101 74 . a5
- 41 14 109 628 132 96 115 70 59
b4 42 22 118 592 145 123 125 45 45
43 17 97 £55 130 129 99 73 49
44 21) 90 556 138 123 125 73 %
45 19 109 509 146 127 125 57 3i
46 a2 105 488 118 129 8 Ky 33
47 11 102 502 110 114 97 94 44
48 H 100 14 101 92 99 31 30
49 16 86 456 110 99 70 55 K
50 3 95 464 79 99 82 45 4
51 14 102 442 102 76 85 4 31
52 13 90 419 31 93 1 53 33
33 15 96 417 1:3 82 69 39 3a
54 15 98 376 68 81 5% 43 25
55 16 92 349 83 12 54 4 33
56 8 82 351 63 61 71 39 %
57 11 88 347 54 64 T2 35 22
58 11 114 341 74 75 50 37 29

58 10 100 322 70 58 53 31 g
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TABLE D.2— RELATIVE DISTRIBUTION OF CBSERVED PHOTON COUNTS
FROM THE PULSE-HEICHT ANALY7ER IN SELECTE.) ENERGY INTERVALS

Relative distribution (at indicated time after burst), }

Energy
interval, Mev H+1l1 min H-+ 18 min H+129 min H+ 315 min

9 -~0.06 14.7 3z.1 35.2 23.2
0.06-0.08 4.2 8.7 8.9 6.9
0.08-0.10 4.1 7.8 7.9 6.1
0.10-0.15 10.7 17.2 17.0 15.0
0.15-0 20 9.5 10.3 9.0 11.9
0.20-9.30 15.0 11.1 8.0 16.8
€.30-0,40 16.2 3.9 4.4 6.2
0,40 - 0.50 7.4 4 2.4 3.7
0.50-0,60 6.3 1.8 2.0 3.3
0.60 - 0.80 7.2 2.1 2.2 2.8
0.80-1.00 4.7 1.2 1.5 1.9
1.00-1.50 6.0 1.4 1.6 2.5

Total 100.0 100.0 100.1 99.9

TABLE D.3— FACTORS USED TO CONVERT SPECTRAL DATA TO

GROSS RESPONSE TO THE AN/PDR-21C

Crystal Klein-Nighina L~w range, High raage,

Energy efficiercy, factor x instrument instrument
interval, reiative Klein-Nighina Medign energy, ratio ratio

Mev units factor, 10%/cm iMev x 107% /¢ relative units  relative units

¢ -0.06 8.8 2.10 0.063 0.05 .18
0.06 -0.008 8.8 2.6% 0.184 B, 38 V.73
008-0.10 8.7 2.8¢ 0.252 0.56 0.91
0.20-0.15 8.5 3.92 0.378 0.72 1.06
6.15-0.20 8.2 .28 0.574 0.74 1.95
0.20-0.30 1.5 3.56 3.89 0.59 1.04
0.30 - 0.40 7.1 5.78 1.32 0.71 1.03
0.40-0.50 5.7 J.84 1.73 .73 1.0
0.50 - .60 4 3.36 2.11 .75 1.02
0.80- 0.80 6.1 3.7% 2.82 0,78 1.1
0.80-1.0 5.6 .64 3.4 (U 1Y) 1.0}
1.0 1.8 50 1.34 4.14 0.5%3 160
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TABLE D.4-- ESTIMATED ENERGY DISTRIBUTION CF
PHOTONS IN SHELTER, 8HOT DIABLO

Estimated energy distribution
(at indicated time after burst), }

Energy
interval, Mev H+11min H+118 min H+129 min 1+ 315 min

0 -0.06 12.2 28.7 32.5 20.7
0.06-0.08 3.5 8.1 8.3 5.8
0.08-0.10 34 7.3 7.4 $.5
0.16-0.1% 9.1 16.5 16.3 13.8
0.15-0,20 B.4 10.2 8.9 11.3
0.20-0.30 14.8 11.9 8.5 17.3
0.30-0.40 10.4 4.5 5.0 6.9
0.40-0.50 8.0 2.9 2.9 4.4
0,50-0.60 7.2 2.2 2.6 4.1
0.60-0.80 8.7 2.8 3.0 3.7
0.80-1.00 6.2 1.8 2.1 2.7
1.00-1.50 8.7 2.3 2.6 3.9

Total 100.1 100.2 100.1 98.6

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

Energy
intervel, Mev

Contribution (at indicated tim.2 after burst), %

H+11 min H+ 118 min

H- 129 min H+ 315 min

¢ ~0.08
0.06-0.08
0.08-0.,10
0.10-0.15
0.15-0.20
0,20-0.30

2.3¢-0.40
9.40-0.56
0.50 -0 8v
0.8 -0.82
.80 - 1.00
1.00-1.59

Total

0.5
0.4
0.6
2.4
3.3
8.7

8.4
9.%
10.4
15.7
13.9
5.0

9.8

2.8
2.2
2.8
9.4
8.9
18.0

8.9
1.5
7.1

3.1
2.3
2.8
2.2
7.8
li.4
9.8
7.5
8.1
11.8
104
16.1

1066.1

1.4
1.2
1.5
5.7
7.2
16.9

9.9
8.3
9.5
10,7
9.1
17.8

99.8
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