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ABSTRACT 

Project 27.1 of the Civil Effects T t Group performed detailed studies of the physical 
phenomenon of fall-out to provide info., mat1v 1 ~s l • o the proper evaluation of the possible 
hazards associated with i !-out. The project uncti ned during Shots 2, 3, 4, 5, and 7 of 
Operation Upshot-Knothole; samples and measurements were taken along existing trails and 
roads which crossed the various fall-out pattern at distances greater than 10 miles from 
Ground Zero. 

Shots 2, d 7 resulted in downwind areas of moderate to high-level contamination. The 
maximum sample station contamination was detected following Shot 7 at approximately 15 
miles from Ground Zero (sampling station Nye 1). Field measu.rements at this location indi­
cated a dose rate at H + i2 hr of 1630 mr/ hr. The surface contamination as determined by 
laboratory assays was 18,580 µc/ ft1. Eighty-five per cent of the activity was found to be as­
sociated with the 175- to 350-µ size fraction of soil at this location. The resulting integrated 
dose from measured fall-out time to infinity would be 176 r. The calculated sr•t-to component 
would approximate 20 µc/ ft1 in this area. 

Detailed sampling of airborne material was successful for Shot 7 only. A maximum 2-hr 
concentration of 9,9 µc/ m1 was det cted at the above location, with the 24-hr average concen­
tration being 1.1 µc/ m1. No relation between ai.rborne and surface concentrations was found. 

P·~.rticle-size studies of the settled material indicated an inverse relation between median 
diameter and distance. Following Shot 5, the median diameters of the radioactive particles 
were 450 and 225 µ along arcs 17 and 51 mlles, respectively, from Ground Zero. A signifi­
cant variation in particle-size distribution occurred at individual locations along each arc. 
The radioactivity per particle was determined to be approximately proportional to the surface 
area of particles greater than 150 µ and more nearly proportional to the volume for parUcles 
less th n 150 µ. The solubility of collected radioactive particl s approximated 1 per cent in 
H20 and 2 p r cent in 0.1N HCl. Particle-size studies of airborne material yielded inconclusive 
results. 

The decay rate of the collect d sampl s generally varied as ct.2, with vari.ations attrib­
utable to sample thickness and instrument sensitivity. The effective .,nergy of beta radiation 
varied between 0.4 and 0.6 Mev during the four months following the detonation. 

An empirical treatment of the data obtai.ned yielded the following relations during the first 
5 hr following a detonation: the total primary material falling out is approximately proportional 
to the kt yield; along any arc crossing the fall-out pattern, the average dose in milllroentgens 
per hour (mr/ hr) is one-third of the maximum dose; correlation of field and laboratory meas­
urements indicates that 1 mr/ hr corresponds to 10 µc/ ft1 beta radiation; th total material 
falll gout at any distance from Ground Zero is inversely proportional to th time of fall-out 
at that distance. These empirical relations describing the distribution and .rate of deposition 
f pr mary fall-out material are formulated as F = F0 t- within the limits from 0.5 to 5.0 hr 

alter d tonatlon. In the case of Shot 7 approximately 4 per cent of the estt.mated total (ission 
product produc d ls ther by accounted for in fall-out between 12 and 120 miles. 



It is concluded that the foregoing relations may be used to predict the fall-out pattern originating from a detonation at 300 .ft above the soil surface at Nevada Proving Grounds. By selecting proper conditions of wind, height of burst, and kt yield, contamination in a given area 
could be controlled. 

It is recommended, therefore, that the empirical treatment be expanded by theoretical analysis and confirmatory studies performed in subsequent test series, particularly to deter­mine the time interval over which the observed relations are valid. 
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CHAPTER 1 

INTRODUCTION 

1.1 SCOPE OF THE PROGRAM 

The proper evaluation of the po88ible hazards due to fall-out from an atomic detonation 
must include an understanding of the physical phenomenon of fall-out itself. As an aid in de­
termining the various types of information which would promote such an understanding, con­
ferences were held during the year prior to Operation Upshot-Knothole with representatives 
of the Atomic Energy Commission (AEC), Los Alamos Scientific Laboratory (LASL), U.S. 
Public Health Service, University of Rochester, and others who have been concerned with fall­
out programs in the past. From such discuHions and a review of the data obtained from Op­
eration Tumbler-Snapper by the Atomic Energy Project, University of California at Loa 
Angeles (AEP, UCLA), evolved the following specific objectives of Project 27.1: 

1. The determination of the pattern of fall-out activity distribution in terms of doae rate 
and integrated dosage. 

2. The determination of the distribution of residual settled fall-out material in terms of 
microcuries per unit area. 

3. The determination of a residual mr /hr: µc/unit area relation. 
4. The determination of the distribution and concentrations of airborne radioactive 

material. 
5. The determination of the particle-size distribution of both airborne and settled radio­

active particles. 
6. The investigation of the radioactivity of the fall-out particles as a function of particle 

size. 
7. The investigation of the physical and chemical properties of the fall-out particle. 
8. The investigation of radiation decay rates and energy spectra of the collected material. 
9. The development of a method of formulating the phenomenon of fall-out baaed upon 

meteorological observatfona and any empirical relations which might be indicated by the above 
investigations. 

10. Techniques of collection and analysis of sainples were to be studied in order to obtain 
more reliable and useful data. 

1.2 OTHER FALL-OUT STUDIES 

During Operation Upshot-Knothole, as in previous series, fall-out programs were con­
ducted as a part of the Radiological Public Safety Program of the Weapon Test Organization. 
These programs were conducted under the auspices of the Rad-Safe Unit, which directed the 



on-site and orf-site monitoring in populated areas within 200 miles, and the New York Opera­tions Office, which operated at distances of greater than 200 miles. 
During Operation Tumbler-Snapper, a fall-out study similar to the present investigation was directed by the Radio-Ecology Division, AEP, UCLA, under the designation of Program 22 of the Test Director's organization. The results of this investigation have been reported. 1 
Results of related investigations by other groups during previous test aeries, which pri­marily concern the test-site area, have been presented in the Weapon Test Report Series. 

1.3 CONCEPTS OF THE FALL-OUT PHENOMENON 

The subject of this report iR but one of the many physical phenomena associated with an atomic detonation. As such, it is related to, and is a function of, many factors. The ref ore the inclusion of a brief discussion of those factors which are presently considered by this group to play a major role in the determination of the mechanics and the characteristics of fall-out is nece sary. For other interpretations and a more detailed account, the reader is ref erred to any one of the numerous reports on the subject (see references 2 and 3). 

1.3 .1 Mechanics of Formation of Fall-out Material 
At the time of detonation, enormous amounts of energy are released in the form of heat and ionizing radiation. Within a few microseconds, an intensely hot, luminous sphere of com­pressed gases, called the "fireball," is formed. The fireball contains, in vapor form, the fission products as well as any of the remaining unfissioned primary materials. Also present are the vaporized bomb casing and any auxiliary equipment necessary for a particular test detonation. The fireball is extremely radioactive, due to both fission products and radio­activity induced in the bomb casing, tower, and auxiliary equipment. The fireball rapidly expands, reaching a maximum diameter in less than 1 sec and at the same time begins to rise in the air and cool. As it rises, a toroidal system develops with strong internal revolving or circulating air currents. Coincidental to this development, the thermal energy emittec! by the fireball strikes the surface of the ground, causing a disc­shaped cloud of dust and smoke to rise for considerable distances from Ground Zero. On striking the ground the blaa,t wave, reinforced by its reflected wave, travels outward from Ground Zero. This is preceded by a wave of increased pressure. As the pressure fronts pass over the soil surface, dense clourls of dust arise showing strong turbulent motions with the forward dislocation of both dust and large objects (drag effects or secondary missiles). Shortly thereafter, violent and high-velocity updrafts are created in the wake of the rising fireball. Large volumes of dust from the region of Ground Zero and at considerable distances from it are drawn in and up toward the fireball. This forms· a rapidly rising stem, containing tons of soil a.nd debris, directly beneath the rising fireball. Much of the material in the stem may be circulated through and around the toroidal-shaped fireball or perhaps even sucked in­to the fireball itself. Depending upon the height of the burst from the ground surface, a portion of this lifted material wm contain some neutron-induced radioactivity. This surface material may become either molten or vaporized, or, in the cooler regions of the cloud, it may remain unchanged. This phase reaction would be dependent upon the chemical properties of the soil, e.g., the melting point of silica is lowered by the p. ·esence of certain carbonates. The foreign material provides surfaces for the adsorption of vaporized fission products or nuclei for con­densation. As the fireball cools, one may expect particle growth and solidification. The physi­cal and chemical properties will be dependent upon the chemical content of the soil and the interrelation of the many reactions which take pla e during the process of radioactive particle formation i.e., the transition from a vaporized and/ or molten state to the final solldiflcat n of the fall -out material. The height of detonation influences the amount of material which, in addition to the fission fragments, is available for particle formation. Ultimately the cloud rises to an elevation where the density of the gases is the same as that of the. surrounding air, and the familiar mushroom-capped cloud with a long stem of debris is observed. Wind shearing may distort the symmetry of the cloud and stem at any level. 
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Thus we may group together all the phenomena of the detonation and the subsequent growth 
and rise of the f lreball, cap, and stem, as being some of the more important factors which give 
rise to the initial distribution of radioactive particles in the air over Ground Zero. 

1.3.2 Distribution of Fall-out Material 

The subsequent dispersal and the ultimate pattern of fall-out from the lnitlal particle 
distribution over and adjacent to Ground Zero is a very complex phenomenon depending, 
among other factors, upon the particle size, the particle density and shape, the distribution 
of particles as a r unction of height, and the various meteorolog.ical conditions following the 
detonation. Owing to the heights to which particles may rise and to the size spectrum, some 
particles may remain in the air for very long periods of time, their ultimate location being 
dependent upon various climatic influences. With even moderate winds opportunity is pro­
vided for large-scale movements with or without appreciable dilution due to turbulence. Thus 
large areas may be severely contaminated with probable local variations of large magnitude 
resulting from localized weather conditions and topography. 

1.3.3 Definitions of Primary Fall-out and Airborne Material 

Although all the radioactive material which settles out of the cloud may be described as 
fall-out, a practical distinction should be made between material which remains suspended 
for long periods of time and material which settles out within the "reasonable" time of the 
survey period and remains associated with the surfaces of soil, vegetation, etc. 'lbe dis­
tinction is primarily one of particle size. Throughout this report, settled fall-out material 
will be designated as "primary fall-out," or "fall-out," and material sampled while still 
airborne will be described as "airborne material." Some movement of fall-out material 
picked up from the ground and temporarily airborne by the local winds can be expected at 
any time, but, since this occurrence cannot be identified except on rare occasions, it wlll be 
mentioned only when directly observed. 

REFERENCES 
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CHAPTER 2 

METHODS AND MATERIALS 

2.1 OPERATIONS 

2.1.1 Nevada Teat Site and Area of Operations 
The Nevada Proving Grounds (NPG) are located in a sparsely populated mountainous des­ert. The shots in which Project 27 .1 participated occurred at or over test sites in Yucca Flat, which can be described as a "bowl," the floor of which is approximately 4500 ft above sea level, surrounded by mountain ranges which reach elevations of 7000 ft above sea level. The sur­rounding region of from 10 to 100 miles from Ground Zero was the primary area of routine operations for this project. This region consists of mountain ranges with elevations to 10,000 ft above sea level and over, which are oriented north and south and separated by wide, alluvial valleys. Within this area are very few improved roads. However, there are many trails in varying degrees of repair which have been established and used by miners and stockmen. See Fig. 4.1 for details of the area and terrain. 

2 .1. 2 Organization 

A total of no more than 55 men participated in Project 27.1 at any one time. Of these, 14 were temporarily assigned from other AEC contractors, 9 were full-time personnel from AEP, UCLA, and 32 were enlisted personnel from the U.S. Navy. The personnel were divided into three operational units: (1) the Field Group, consisting of 13 teams directed by 3 squad leaders, was responsible for the placement of equipment, collec­tion of samples, monitoring, and field observations, (2) the Laboratory Group was responsible for the preparation of samples and radiological assay of all collected samples, and (3) the Ad­ministrative Group was responsible for the direction and correlation of both laboratory and field efforts, including the necessary logistics and support. 

2.1.3 Operational Plan 

The dependence of the fall-out pattern upon meteorological conditions necessitated a mo­bile Field Group. In order to obtain as many data as possible, the Field Group remained at pre­viously assigned rendezvous points until after the final weather meeting was held (2100 hours, D- 1 day). At this time a prediction of the fall-out pattern was obtained from the Air Weather Ser~ice of the Test Director's organization. Instructions were relayed to the field via telephone or radio according to the prediction of the fall -out pattern. Stations were th n established in a pattern which covered approximately 30° each side of the estimated midline of fall-out at that time. Approximately 4 hr was allowed for the establishment of stations and the safe return of personnel to the rendezvous points. 
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Maximum use was made of air samplers which changed samples automatically every 2 hr. 
Thia stmpllfied compariaon of data obtained from different locaUons, aa well u greatly facil­
itating the mobile operation of the Field Group. A background sample waa taken, in moat case■, 
during the 2 hr prior to detonation. 

Approximately 10 hr after detonation the first group of air sample■ was collected by the 
field crews and transported to the laboratory by courier team. The first sample analyses were 
poaaible at approximately H + 18 hr. 

Throughout D-day members of the Field Group obtained monitoring information; the teams 
operated under the direction of the squad leader relJ)Onsible for an aaalgned a.rea within the 
fall-out pattern. · At H+24 hr the Field Group secured the sampling equipment, collei:led the 
various types of fall-out samples, and returned to the laboratory at Mercury. 

Owing to changes in the wind directions which could not be relayed to the field because of 
inadequate radio communications, deviations in the actual fall-out patterns of about 45° from 
that predicted resulted in total misses on three detonaUons. When adequate communications 
were obtained by use of a relay station carried in a USAF C-47 fiylng at an altitude ol 12,000 
ft, a revision of station locations according to a later weather prediction (H-5 hr) was pos­
sible, and a more complete coverage was achieved. 

2.2 FIELD SAMPIJNG STATIONS 

2.2.1 Station Locations 

Prior to the test series, sampling and reference locations were selected and posted. These 
served the following purposes: (1) permitted mapping of the fall-out patterns with reasonable 
accuracy, (2) permitted selection of areas where topographic influence was minimized so that 
results at each station could be more easily correlated, and (3) greatly facilitated the mobile 
operation of the Field Program. 

Stations were selected according to the following criteria whenever possible: 
1. At predetermined intervals along roads and trails which approximated arcs of 20, 40, 

and 80 miles around the test site. 
2. At least 200 ft from the road in the direction toward the test site. 
3. On level terrain, preferably with only graasy vegetation. 
4. In areas where no trees or shrubs over 2 ft high grew within 100 ft. 
At each station a general description of soil surface, slope, vegetation, and other observa­

tions was recorded. Each station was permanently marked with a vertical post with a reflector 
and a station code m1mber. The first word or number c1 the code identifled the arc or road, 
and the remainder c1 the code identified the station in sequence. Station locations are given in 
Table 2.1. 

Figure 2.1, the operational map of Project 27.1, presents the relative locations of sampling 
stations. 

2.2.2 Types of Sampling Stations 

A distinction was made between the types of stations according to the equipment used as 
follows: 

(a) Routine Air-sampling Station. This station consisted of either a Low-volume (Lo-Vol) 
Automatic Sampler (20-mile arc) or a High-volume (Hi-Vol) Automatic Sampler (40- and 80-
mlle arcs) plus a gummed-tray aasembly, film badge, and soil sample. 

(b) Master Air-sampling Station. This station consisted of all the equipment of a routine 
station plus extra equipment intended for correlative work, e.g., many gummed trays for uni­
formity of fall-out distribution studies and both Lo-Vol and H1-Vol Automatic Samplers for 
comparison of efficien.ci.es. 
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(c) Tray Statio,s. Thia ltatlon coulated ci only a gummed-tray uaembly and a film badge. One tray ataUon wu located midway between tbe air-l&IDl)llng ltatlona. Field atatlon equipment ii Wuatrated 1n Ftg1. 2.2 and 2.3 and ii deacribed 1n Sec. 2.3. 

Table 2.1-SAMPLINO STATION LOCATIONS 

Approximate 
station in-

Station No. terval, mi 

201 to 211 2-3 
401 to 452 5 
801 to 828 10 
K-1 toK-8 5 

Nye 1 to Nye 5 2 

P-1 to P-10 ~ 
EV-1 to EV-10 2 

• GZ refers to Ground Zero. 

Location 

Along arc. ~20 mi from GZ• 
Along arc. ~40 ml from OZ 
Along arc, ~80 mi from GZ 
In Kawich Valley, from ~7 to 40 mi 

from GZ, oriented north and south 
In Nye Canyon, oriented north and south, 

- 10 mi eut of Yucca Flat 
In Papoose Lake area, north of Nye Canyon 
In Emigrant Valley from Groom Lake to Nye 

Canyon 

2.3 FIELD SAMPIJNG EQUIPMENT AND TECHNIQUES 

The primary requirements of field sampling equipment and techniques for this type of program may be stated as follows: 
1. Ability to withstand shock, vibration, and exposure to weather. 2. Stable automatic operation without constant attention. 3. Reproducibility of sample rates and volumes in the case of air samplers. 4. Ability to obtain the representative sample required. 5. Minimum error due to sample contamination or loss of sample. 6. Portability and ease of setting up under adverse weather conditions. Inasmuch as previously available air-sampling equipment generally failed to satisfy these requirements, specially designed air samplers were obtained. These units were, in one case, prototype models and in another were modified Chemical Warfare air samplers used at the Dugway Proving Grounds. 

All air sampling, gummed-paper fall-out collections, and film-badge exposures were made at 3 to 4 ft above the ground surface. Survey-meter readings were likewise taken 3 ft above the ground surface. 

2.3.1 High-volume Automatic Air Sampler 
Thirty automatic air samplers, which were prototype models of a design intended for field use, were purchased from the Ralph M. Parsons Company of Pasadena, Calif. These Hi-Vol samplers were primarily used at distances of from 40 to 80 miles from Ground Zero. This sampler consists of two basic integral units. One unit contains a belt-driven posltlve displacement air pump powered by a ½-hp constant-speed motor and the necessary timing and control devices for automatic operations and intermittent sample changing. The second unit, a sample magazine, contains eight 4-in.-diameter air filters designed to be completely inter­changeable. However, in practice it was found that better results were obtained by matching pump and magazine units. A time-delay mechanism permits a delay in the initiation of air sampling unW the desired hour. Programming ls controlled by a synchronous motor which ls set for the desired 2-hr sample lnte"al. An over-all accu.racy in timing and eampllng rate of 5 per cent wu claimed by the manufacturer. 
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Fig. 2.1-0perational map showing relative locations of all sampling stations established by Project 27.1. 
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Fig. 2.2 Example of field station organization and equipment. (A) Hi-Vol air ampler (A,) ample 
magazine unit. (A,) pump unit. (B) 1.5-kw Homelite generator. (C) auxiliary gasoline Lk 
(D) cascade impactor assembly attached to Lo-Vol ampler. (E) Lo-Vol sampler (F) sta­tion marker. . < > .i.

Fig. 2.3 Deuil of Lo-Vol air ampler and gummed-tray assembly. (A) Lo-Vol ampler. (A,) filter
magazine unit with attached ampling heads. (A,) pump unit. (A,) initial and auxiliary bat­
tery boxes. (A,) second series of ampling heads. (B) gumnred-tray asambly. (C) film badges.



The sampler require■ a source of 110-volt 60-cycle a-c power. Bomellte 1.5-kw portable power units, loaned to th1I project by LASL, were uaed primarily. Generator• with 2.5-kw out~ put were found to be preferable becau■e of the high current required to start the pump motor and to change sample a. • An inadequate source of power was the cause of the majority of the equlpmentfallurea. 
Mine Safety Appliance Company (MSA) Type BM-2133 filter pads were uaed in the Bi-Vol ampler■. Thia type pad was selected because of lta routine usage by other air-monitoring programs during Operation Upshot-Knothole and earlier teat aeries. Type AA Millipore (mem­brane) filters, manufactured by the Lovell Chemical Co., were used to a limited extent at master stations for uae in particle-size determinations. Calibration by means of a Back-Rack velometer yielded the following fiow rates for these samplers and the two filter media: 

Filter media 

MSA BM-2133 
Type AA Millipore 

Flow rate, m1/min 

0.706 
0.466 

2.3.2 Modified Electrolux Air Sampler 

2-hr sample volume, m1 

84.8 
56.0 

Six air samplers consisting of Electrolux tank-type vacuum cleaners modified to draw air through MSA BM-2133 filter pads were obtained from the Rad-Safe Unit for use in comparative studies only. The Electrolux sampler operates quite satisfactorily as an air sampler within the limits imposed by manual changing and the variations in sample rates with voltage and load due to the speed characteristics of a aeries-wound motor. 
A sample rate of 1.16 m1/min at 110 volts was determined from the average flow rates of the alx Electrolux samplers measured with a Back-Rack velometer. This yielded a 2-hr sample of 140 m1. 

The Electrolux samplers were used at master stations to determine the effect of the ori­fice position upon sampling efficiency and to obtain data directly comparable to those of the Rad­Safe Unit. 

2.3.3 Low-volume Automatic Air Sampler 
Twenty-five Lo-Vol Automatic Air Samplers were obtained from the Dugway Proving Grounds. These units were initially radio controlled but were modified to operate in the same manner as the 81-Vola. 
This sampler consists of three basic units. The first unit consists of a battery box con­taining a 6-volt storage battery and programming devices. The second, the pump unit, contains control devices and a 6-volt motor-driven posltive displacement vacuum pump. The third, a filter magazine unit, consists of a vacuum manifold which is connected in sequence to each of seven sampling ports by means of solenoid-operated valves. The sampling heads, each contain­ing one filter paper, are locked in position in these ports by rubber compression fittings. An auxillary battery connected in parallel with the first was necessary to obtain a 24-hr period of continuous operation. 
Type AA Millipore filter paper 1 in. in diameter was used. A flow rate of 10.2 liters/min yielded a total 2-hr sample of 1.23 m1. 

2.3.4 Modilied Casella cascade Impactor 
As one method to determine the size distribution of airborne material, cascade impactors were eubstituted for the regular sampling beads of the Lo-Vol samplers. The impactors were connected to two intake ports of the Lo-Vol by means of "tee" connections, giving a sample in­terval of 4 hr per impactor. 
The impactor used was a "Casella" four-stage to which was added a fifth stage contalning a 1-in.-diameter Whatman 141 paper. A now rate of 14.6 liters/min was obtained. The calcu-
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lated ma1& medJan diameter of each atage at thia now rate, baeed upon apherlcal particle■ haring a denaity of 2.5, 11 aa followa: 

Stage 

5 
4 
3 
2 
1 

2.3.5 Gummed-tray Fall-out Sampler 

Ma11 median diameter,µ 

0.49 
0.81 
1.58 
3.82 
8.97 

At each air-aampllng station and midway between atatlona, two 8- by 9-in. Kum-Kleen gummed cellophane sheets were expoaed to collect primary fall-out material. The cellophane sheets (covered with a pro1.ective kraft paper) were taped to squares of 10-gauge galvanized metal In the laboratory prior to each detonation. In the field these were attached to angle-iron fence posts by means of thumb screws with corner irons for supports. Finally the protective paper was removed. After an exposure of approximately 24 hr following a detonation, a single fold was made in each sheet to form a 4- by 9-ln. sample within which the collected material was sealed. The thickness value of this cellophane ls 5 mg/cm2• 

2.3.6 Soll Samples 

Surface soil samples were collected from selected areas where fall-out was known to have occurred. A single sample consisting of the composited surface soil of three 1-ft2 areas, as defined by a template, was collected with a hand trowel at each contaminated location. The depth of soil was not critical but ge: erally approximated 1 in. To provide for the posslblllty that prior contamination might account for appreciable activity, a background sample was col­lected at each air-sampllng station In the same manner prior to each detonation. 

2.3.7 Film-badge Dosimetry 

In addition to the sampling equipment described In Secs. 2.3.1 to 2.3.5, film-badge packets were placed at each sampling station. They were suspended 3 ft above the ground, by wire, from one of the fall-out trays. Each badge was exposed for approximately 24 hr following det­onation. 
In order to minimize the effect of transporting the films across a contaminated area and to reduce contamination of the film badges, the following procedure was used: Each team was is­sued a lead-shielded container for the transportation of the film packets. A "control" film was carried in the shielded container throughout each operation. Each film pack was enclosed In a "pllof ilm" envelope which was removed after exposure and before placing the exposed film In the container for transportation to the laboratory in Mercury. The film packs were packaged and shipped to the Health Physics Section, AEP, UCLA, for development under standard condi­tions and evaluation. 
Densitometer readings were made In the standard manner for gamma and beta-gamma ex­posures. Results are reported in roentgens and rems, respectively. The films used were East­man type Kand Du Pont 558 with a shielding due to the pliofilm container of 0.065 g/cm2• The film packets were developed and evaluated. 1 

2.3.8 Background Recorders 

Ten portable battery-operated background recorders were used to determine fall-out ti.me at the various sampling stations. These units consisted of either a Vlctoreen Model 263 G-M survey meter or a Tracerlab Model SU-10 ionization chamber survey meter, followed by a d-c ampllfler whose output was connected to an Esterline-Angus spring-wound recording mWiam-
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meter. These unite were developed by the Electronics 8ection, AEP, UCLA, and are described in detail elsewhere .1 

2.3.9 Field Monitoring 

The aurvey meters used in field monitoring were the Tracerlab Model TlB (ion chamber), the Jordan Model AG 500 {ion chamber), and the Precision Model 108 (G-M). All auney meters were calibrated with a Co11 source having a radiation field of 11,828 mr/hr at a distance of 1 ft. A callbraUon table was prepared and sent with each instrument. With the su"ey meters en­closed in disposable plastic bags, all readings were obtained uniformly at a distance of 3 ft above the ground and at least 30 ft from the vehicle. Only gamma radiation was measured. At the time of monitoring, all readings were recorded as dial reading and corrected reading in terms of mllllroentgens per hour, gamma. 
Monitor readings were taken at each station in the standard manner at times of station ac­tivation and sample change. These readings, when extrapolated to a common time (H + 12 hr), sene to correlate the various determinations made at each station. The instrument calibration and extrapolation of readings to a common time, by means of the mixed fission product decay formula, are apparently valid. This is indicated by the fact that individual readings, taken at the same location at different times by the same or different instruments, resulted in very good correlation. During the day of detonation and the following day, each team monitored its area of operations within the fall-out pattern, and a limited number of "roving" monitors, usually the squad leaders, completed the deflnltion of the fall-out pattern along the passable roads or trails. 
The instniment which proved to be the most satisfactory for this operation was the Jordan suney meter. This lnatrument utlllzes a low-voltage pressurized ionization chamber with an open grid electrometer tube amplUler. The open grid circuit results ln a logarithmic response to radiation. The response of this instrument ls essentially energy independent to gamma radi­ation from 0.1 to 1.25 Mev. The instrument has a characteristic of long battery life with a very low calibration drift. The small over-all dimensions, light weight, and elmpllclty of operation were also desirable. The principal disadvantage of the instrument le the small scale length and the difficulty ln interpolating between dial divisions on a logarithmic scale. However, this was largely overcome with practice and use of the instniment. Further information can be found in reference 3. 

2.3.10 ldentlflcatlon of Field Samples 
All field samples were ldentlfled by means of a code number which indicated in sequence the station number, the type of equipment, the sequence of the sample, and the shot. For ex­ample, a sample identified as 427-HV-2-O7 was from Station 427, a Bl-Vol air sample, the second serlal sample, and from Shot 7. 
Equipment was identified by the following abbreviations: HV, Bl-Vol Automatic Sampler; EL, modified Electrolux; L V, Lo-Vol Automatic Sampler; GP, gummed paper; SOIL, soil sample; FB, film badge; and Cl, cascade impactor. 
A data sheet bearing the proper code accompanied each sample or serial group of samples. Pertinent information, such as time of sampling, equipment operation, weather obsenations, terrain features, and mr /hr readings, was entered upon this data sheet. 

2.4 RADIOACTIVITY ASSAYS 

2.4.1 Equipment and Techniques 

Radioactivity determinations were generally limited to standard counting procedures. The possible numbers of samples to be processed for each detonation (in excess of 1200) and past field experience indicated that laboratory equipment and techniques should fulfill the following requirements: 
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1. Ability to detect sample activities between 10 µµc and 1 µc. 
2. Ability to radio-assay samples in the presence of high lnstrument background r .~.t, : 3. Mlnlmum error due to cross-contamination. 
4. Minimum time of assay. 
5. Accuracy of assay within 5 per cent probablllty. 
The primary counting instruments used, according to activity and physical si : Jf 1.:hti:! col­lected 1Jamples, were as follows: 
1. For high activity and large area samples, an unshielded thin ~Jtlndoll' (:·· .oer tiydro­chloridi3 film) 4- by 9-in. flat plate beta proportional counter followe·d by a 1.• .d~r amplifier (CMR-1', Model PA-6) and a binary scaler (CMR-7, Model SC-3B, scale. n1 ·J?. }}. 'fhese units were purchased from LASL. 
2 . . For low activity and small area samples, a Tracerlab Model 'T\~.; - ,L end-window G-M tube (approximately 1.5 mg/cm2) mounted in a 2-in. lead shield a.n.d fr :io, ~.1.Hi by a Keleket Autoscater Model K-280 (scale of 256). 
Counting efficiencies were determined by the use of ei:~1.nda~·J, whi ch were prepared by plating c,ut aliquots of radium D + E standardized soluU.o:n on f;: :er paper. The standards were enclosed in aluminum foll to absorb the soft components :a.no r , pr t~ 'f·ent contamination. Indi­vidual standards approximated the physical size and sh,\P'· ~· ead 1 of the various collected samples .. The radium D + E standards compared iavor~'.JIJ to 'the Sr" standards used by the Off-site Rad-Safe Unit. Differences in energy (.~haractr:1 .. sU ·.:a between fission products and the radium standards result in an error of undeter ml.r1F:r. '"agnitude. Such an error would be pres­ent regardless of the standardizing isotope '.!hosen t.Jca\1 He of the rapidly changing energy spectra o.f the fission products during th.e early dr ..:ay period. 
Depending on the distance of the sample 1· ill the window, the proportional counters had counting ,~fficiencies of from 5 to 25 per cer.~ md the G-M instruments of from 0.5 to 10 per cent. 
Colnc:idence corrections Wf:.r€ detr r. lned from data obtained by counting two samples in­dividually and together. 
Radic1actlvlty values are :;,r•,t~s, ;.t~d ir. terms of mlcrocuries wherever possible, the validity being deptmdent upon energy~~ --.~, a:; previously described. Since the activity of mixed fission products varies with tb 1 to the -1.2 power (approximately), all values are corrected accordlngl.y either to ». c.omr.,or tir,1e· or to the midtlme of sampling for purposes of comparison. The common Ume WIL: arb'• -:~rlly .chosen as H + 12 hr. 
The following c r.~\,lat1 . whhh describes the decay rate of mixed fission products, was used in calculations hr•,Dlvi' , ,ec~,:,· of collected field samples: 

A = J 1· ·t.2 

where A= :1t \111 {or di.\ se rate at any time t 
Ao = ac1 i - :' y ,y.- Jose rate at an initial time t1 T = ratio of time t to time t1 

Accumulated dosage over the time interval t 1 to t2 was calculated using the equation 

Dose = lTa A T-1•2 dT 
T1 0 

which on solution yields 

Dose = 5Ao [-
1
- - -

1
- ] t~·2 t~·2 

(2.1) 

(2.2) 

(2.3) 

In practl.ce extrapolation factors for decay and dosage determinations were obtained from prepared tables and nomographs based upon Eqs. 2.1 to 2.3. 



2 .4.2 Determination c1 Airbom Radioactivity Concentrations 

The racUoacttvtty of Bi-Vol aamples was determined on proportional counters and that of Lo-Vo samples on G-M eount r . The activity concentrations were calculated in the following manner: 

µc/ m1 (midtime) counts/ min x T-1,2 
101) x volume 

v,here T = mldtime of sample interval (H hr) 
time of aeay 

(2.4) 

The activities of the cascade impactor slides were determined on G-M counters. The nec­E·asary calculations for parUcl -slze determinations, based upon cascade impactor samples, a.re described elsewhere.• 

2.4.3 Determination of Fall-out Activity per Unit Area 

The folded 4- by 9-in. gumm d papers were counted directly on the proportional count-ers, and unit area ttvlt t H 12 hr were determined from the average count rate of the two samples as follows: 

µc/ ft2 (H 12 hr) = av. counts/min x T-1•2 geometry (2.2 x 10 ) x 0.5 ft (2.5) 

12 
where T - time of assay (H hr 

Soil samples r quir d th following pr paration and counting techniques: 
1. Samples representin 3 ft

2 
of surface soil were dry-sieved through a 2-mm screen for 10 mln, and the coarse fraction waa discarded. (Pulverization prior to sieving was generally not required; in exceptional a a mortar and rubber-Upped pestle were used to break up ag-glomerates.) The total wel ht of th <2 mm soil f ractton was determined, using a 4-kg-capac­ity torsion balance. 

2. Triplicate 200-g samples ol <2 mm soil fraction were uniformly distributed over the surface of 4 by 9 by 1 in. d p rdboard containers and were counted on the proportional counters. 

3. Self-absorption of beta radiation by the soil required that activities be extrapolated to 2ero-mass. (On D +2 day th half-thickness of soil was less than 4 mm.) The necessary fac­tor was deter ned by eel tin on soil sample from each detonation and assaying mass in­crements from 5.00 to 250.00 g per 36 in. 2
, the area of the cardboard container. The resulting activities per gram were plotted as a function of sample weight, and the activity at zero mass was determined by extrapolation. A self-absorption factor (activity at zero mass: activity per 200 g) was then calculated. Thia factor was determined periodically to account for changes in t e energy spectrum with Um . 

4. A small number of sampl , having high ctivities which resulted in very large coinci-• ence corrections or exc d th capacity of th scaler, were counted through an aluminum absorber to reduce the count rat • In uch case a weight series (as above) was counted with and without the absorber and th per cent transmission through the aluminum at zero sample i: ass determin d. Th f tor ntroduc d into Eq. 2.6 wh n required. 
Unit area a tiviti ed upon ll sampl w r d t rmtn d a follows: 

/ g 
200 g (2.6) 
or to zero thickness 
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µc/ft2 (H + 12 hr) = µc/ g x g/3 ftz sample x T-1.1 
3 

12 
where T = - ---- (H + hr) 

time of assay 

2.4.4 Determination of Particle Size of Fall-out Material by Means of Soil Samples 

(2.7) 

The <2 mm soil fraction described in Sec. 2.4.3 was subjected to the following treatment 
for the determination of particle-size distribution: Single 200-g samples per sampling location 
were fractionated by 30-min dry-sieving in nests of sieves having openings of 833, 350, 175, 
125, 88, and 44 µ. Fraction weights were determined by torsion balance. The <44 µ fraction 
was further fractionated by a method of air-elutriation of 10- or 15-g samples into 5- to 44-µ 
and 0- to 5-µ fractions, and their weights were determined by analytical balance. 

Triplicate 1.000-g samples for each fraction (with the exception of the 5- to 44-µ and O-
to 5-µ fractions) were placed in plastic cups 11/a in. in diameter and '/4 in. deep and assayed on 
the G-M counters. Activities of all fractions of each sample were generally determined within 
30 to 60 min of each other. Corrections for decay were therefore necessary in only the few 
cases where counts of different fractions were not performed on th sam day. Activities were 
not corrected for sample self-absorption on the assumption that difference in the self-absorp­
tion characteristics of soil samples of different particle size but of equal weight would be neg­
ligible. 

In the case of the 5- to 44-µ and 0- to 5-µ fractions, single samples of equal weight were 
assayed, as determined by the weight yield of the 0- to 5-µ material. The relative activities of 
the 5- to 44-µ and 0- to 5-µ fractions were then applied to the percentage of th total activity 
which is represented as the total <44 µ fraction previously determined. 

Where sampling areas had been contaminated by previous detonations, the background ac­
tivities of comparable fractions were deducted prior to the determination of distribution p r­
centages. 

The distribution of activity with respect to particle size was determined as follows: 

. av. counts/min/g Activity per fraction = ------'---_;_::: x weight of fraction, g geometry 

Total activity = sum of fraction activities 

(2.8) 

(2.9) 

. activity per fraction 
Per cent total activity per fraction = total activity x 100 (2.10) 
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CHAPTER 3 

RESULTS 

Project 27.1 participated in the following test detonations: 

Shot Type Date Fireball yield, kt 

2 300-ft tower 3/ 24/ 53 24.2 ± 10% 3 300-ft tower 3/ 31 / 53 0.18 ± 25% 4 ...,6000-ft airdrop 4/ 6/ 53 10.8 ± 10% 5 300-ft tower 4/ 18/ 53 27.4 ± 10% 7 300-ft tower 4/ 25/ 53 51.5 ± 10% 

For each of the tower shots, stations were activated at distances ranging from 10 to 80 miles from Ground Zero in a direction .'-ependent upon predicted weather conditions. The geo­metrical distribution of these stations was according to the basic plan set forth in Sec. 2.1.3. In the case of the airdrop the operational plan was altered to cover the area between 80 and 200 miles while adhering to the basic geometry as closely as possible. 
In terms of completeness of fall-out sampling, the Shot 7 operation was the most success­ful. Changes in wind conditions caused the fall-out patterns of Shots 2 and 5 to differ consider­ably from those predicted approximately 8 hr before shot time. As a result the stations es­tablished for Shot 2 received neither airborne nor fall-out activity, and only a small percentage of those established for Shot 5 received either airborne or fall-out activity. However, following each of these tests, soil sampling and field monitoring were used to describe the primary fall­out areas. 

The detonations of Shots 3 and 4 yielded very little fall-out material, as was expected, considering the small size and the height of burst of the respective devices. 

3.1 SHOT 2 (24.2 KT± 10 PER CENT) 

3.1.1 Dose Rate and Integrated Dosage Measurements 

Figure 3.1 presents in graphical form the distribution of fall-out material originating from Shot 2. The distribution is indicated by isointenslty lines (at H + 12 hr) as determined by field monitoring and is further described by plotting the mr /hr and calculated int gr ted d sage values detected along two roads crossing the fall-out path. 
Since the fall-out pattern was displaced from the pattern of established sampling stations, neither film-badge nor background recorder measurements were available.- The integrated dosages were therefore calculated from the estimated fall-out times as indicat d by trajectory analysis (see Table 4. 7 for wind velocities). 
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3.1.2 Primary Fall-out Activity 

(a) Soil Samples. Samples from off-site areas contaminated by Shot 2 were collected e days following detonation. No determinations of activity per unit area were made, the sample, 
being used for particle-size analysts and to establish laboratory techniques necessary for unit 
area analysts. 

The results of particle-size analysts of soil samples are presented in Table 3.1. For com­parison mr /hr values are included. 

(b) Gt4mmed Papers. Collections were succeHful only at those stations located within the 
bowl. One station was located in the primary fall-out area downwind from the detonation, and the remainder were in fringe areas. The station in the primary fall-out (8 miles, 355° eut of 
north from Ground Zero) collected 272 µc / ft 2, whereas those in fringe areas collected activities which varied from 10-s to 10-1 µc / ft2 at H + 12 hr. Since the location of these stations with 
respect to the midline of fall-out was not determined, the values cannot be interpreted. 

3.1.3 Airborne Radioactivity 

Two air-sampling stations within the bowl collected measurable amounts of at.rborne radio­activity. Airborne activltles detected at one station ( 5 miles, 17 8° east of north from Ground Zero) averaged 2. 7 x 10-z µc / m1 for the period B to H + 4 hr. The activity at the other station (4 miles, 75° east of north . rom Ground Zero) was 1.6 x 10-s µc/m 1 during the 2 hr following detonation. All other samples had negligible activity. 

3.2 SHOT 3 (0.18 KT± 26 PER CENT) 

3.2.1 Dose Rate and Integrated Dosage Measurements 

Shot 3 was detonated under conditions of relatively low wind velocities; ~herefore it yielded a very small cloud of debris rising to approximately 15,000 ft and did not provide detectable 
levels of fall-out activity at most stations. 

The cloud traveled toward the southeast with a wide shear. Known passable roads were 
monitored, but, though "bot spots" (approximately 10 mr /hr) were located, a general pattern of fall-out was unobtainable owing to the inaccessibility of the contaminated area. 

3.2.2 Primary Fall-out Activity 

(a) Soil Sampl . No soil samples were collected owing to the low mr/ hr values. 
(b) Gummed Pap r . Seven sampling stations from approximately 15 to 80 miles from 

Ground Zero collected measurable amounts of primary fall-out material. All concentrations 
w re less than 0.5 µc / ft2• The values are presented in Table 3.2. 

3.2.3 Airborne Radioactivity 

Four sampling stations collected measurable amounts of airborne activity. The airborne 
cone ntrations persisted for only 2 to 4 hr at each location. The concentrations, which varied 
from 10°""' to 10- 1 µc / m3, are presented in Table 3.3. 

3.3 SHOT 4 (10.8 KT 10 PER CENT) 

Owing to the absence of cavenging debris and surface material, the quantity of fall-out 
from a high airburst d n t approach that produced by a tower shot. The extremely small 
particles expected to be produced may be regarded as being primarily airborne rather than 
fall-out material. Project 27.1 functioned during this test primarily to determine the. distance from Ground Zero at which these small particles might produce significant ground-level 
a tivity. 
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Table 3,1-SOIL CONTAMINATION AND SIZE DISTRIBUTION OF PRIMARY )1'ALL-OUT, SHOT 2• 

Distance Per cent total activity associated with 
from Bearing, various soil siz,;, fractions,µ 

target, degrees 2000 833 350 175 125 mi E of N Mr/ hrf to 833 to 350 to 175 to 125 to 88 
3.5 3.7 9,7 12,2 10,4 19.0 12 26 176 3.2 81.6 5,7 0.5 0,5 19.5 31 147 0,4 1".6 80.2 0,5 0.7 25.5 28 137 0.3 1.8 84.5 0.4 0.6 34.5 28 72 1.8 1.8 57.9 0.8 24,3 42.0 27 48 0,2 23,5 66,0 1.2 1.5 43.0 34 48 0.5 0.7 65.9 20.5 0.6 

•Son samples were collected Mar. 30, 1953. 
tcorrect d to H + 12 hr. 

Table 3.2-OUMMED-PAPER COLLECTION OF PRIMARY 
FALL-OUT. SHOT 3• 

Stations ~15 mi Station ~80 mi 
from Ground Zero from Ground Zero 
Station µc / ft2 Station µc / ft2 

Ny 4t 0.48 828.5 0.052 
Ny 5 0.34 829 0.38 
Nye 5.6 0.031 830 0.43 

831 0.18 

•value are corr ct d to H+ 12 hr. 
tSee Fig. 3,2 for d tail d tation locations. 

Tabl 3.3 - AffiBORNE ACTIVITY CONCENTRATIONS , SHOT 3 

Miles from Midtime 
Station Ground Z ro ampl int rval 

Yucca Flat ~7.5• H+3 
H+5 

434 ~51 H+3 
829 ~79 H+ 11 t 

69 H 5 

•a aring from Gr und Z ro : l 7f'r E f . 
t MJdtim orr t to n ar th ur. 

30 

µc / m3 x 10-4 

3.8 
1.7 
7.6 

28.0 
4.3 

88 
to 4• 

22.7 
0.6 
1,2 
2,6 
2,4 
5,6 
3,3 

44 
to 0 

22,3 
7,9 
2.4 
9.8 

11.0 
2,0 
8.5 



- ----------, 

3.3.1 Dose Rate and Integrated Dosage Meuurementa 

The monitoring teams, using field-su"ey instruments, did not detect any levels of gamma radiation above background within the (approximate) 200-mUe distance from Ground Zero which was studied. 

3.3.2 Primary Fall-out Activity 

One gummed-paper sample having an activity of 1.4 x 10-2 µc/ft 1 was collected approxi­mately 175 miles from Ground Zero (61 miles northeut of Kingman on U. S. Highway 66). Stations on either side of this location (3-mile intervals) did not collect meuurable primary fall-out. 

3 .3. 3 Airborne Radioactivity 

The radioactivity values of air samples collected following Shot 4 are presented in Table 3.4. 

Table 3.4-AIRBORNE ACTIVITY CONCENTRATIONS, SHOT 4 

Location, and 
distance from Midtime 

Kingman, Ariz., Miles from of sample 
mi Ground Zero interval• µc / m3 10- , 

15S ~190 H+18t 0.42 

46NE ~175 H+3 27.0 

52 NE ~175 

58 NE ~175 

*Midtime correct to nearest hour. 

H + 7 3.4 
H+ 17 2.1 
H+19 0.66 
H+ 21 1.0 

H+7 
H+9 

H+3 
H+7 

2.4 
2.4 

7.2 
6.1 

H+9 1.5 
H+ll 1.1 

ffotal sample interval of H + 12 to H + 24 hr; programming device failed. 

3.4 SHOT 5 (27.4 KT± 10 PER CENT) 

3.4.1 Dose Rate and Integrated Dosage Measurements 

Although the fall-out pattern again failed to coincide with the sampling station pattern, a detailed study was made by means of field-monitoring and soil-analysis techniques. The distribution of fall-out from Shot 5 is presented in the form of an isointenstty plot in Fig. 3.2. As was the case with Shot 2, neither film-badge nor background-recorder meas­urements were obtained. Therefore the integrated dosages were calculated from the estimated time of arrival of fall-~,ut activity (see Table 4. 7 for wind velocities). 

3.4.2 Primary Fall-out Activity 

(a) Soil Samples. Samples from areu contaminated by Shot 5 were collected at approxi­mately H + 24 hr from locations known to be within the primary fall-out area. The results of 
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activity per unit area and particle-size analyses of the collected samples are presented in 
Table 3. 5. For purposes of comparison, mr /hr values are included. 

(b) Gummed Papers. The placement of fall-out trays resulted in fringe area sampling 
only. Fall-out activities in these areas were too low for correlative data to be obtained by field 
monitoring. The complete results of laboratory analysts of gummed papers are presented in 
Table 3.6. 

3.4.3 Airborne Radioactivity 

Four stations collected measurable amounts of airborne radioactivity which are summa­
rized in Table 3. 7. 

3.5 SHOT 7 (51.5 KT± 10 l'ER CENT) 

A total of 31 sampling stations were activated and located according to a special 2300 D-1 
day forecast. This late fall-out prediction, in conjunction with a satisfactory revised communi­
cation system, permitted a more accurate placement of equipment and all of the stations acti­
vated received relatively high levels of both primary fall-out and airborne activity. The station 
locations with reference to the measured midline of fall-out are illustrated in Fig. 3.4 (page 36). 

3. 5.1 Dose Rate and Integrated Dosage Measurements 

(a) Field Monitoring. Figure 3.3 presents the isointensity lines within the fall-out area as 
determined by field monitoring. The presented values of integrated dosage are based on moni­
toring data and time of arrival of fall-out as measured by background recorders. 

The background recorders in the main line of fall-out recorded an initial burst of activity 
at fall-out time which then decayed with time. Though the drift characteristics of the instrument 
prohibited precise· decay determinations, the decay was similar to that of mixed fission products. 
This would indicate that the majority of the fall-out material at these locations was deposited 
during a short time interval (approximately 5 min at 16 miles and 20 min at 100 miles) and that 
subsequent arrival of additional material was not appreciable. This being the case, the inte­
grated dosages based upon monitoring data and calculated from measured fall-out time should 
be valid. 

(b) Film-badge Dosimetry. Film badges exposed at each of the air-sampling and tray 
stations gave results which are compatible with the calculated dosages from instrument read­
ings. The results of film-badge dosimetry are summarized in Table 3.8. 

(c) Beta-Gamma Ratio. To· expand the information regarding beta to gamma ratios, sev­
eral exposed gummed papers and Electrolux air samples were surveyed with a Juno ionization 
chamber. The measurements were made at D + 40 hr at maximum geometry for the instrument. 
Measurements were made through approximately 10 mg/cm2 of cellophane. The results are 
presented in Table 3.9. 

3.5.2 Primary Fall-out Activity 

(a) Soil Samples. Samples were collected at approximately H + 24 hr from areas known to 
have received significant primary fall-out. Many of these samples were taken at locations 
where there were other types of samples, which permits comparison of the activities collected 
by each method. 

The results of activity per unit area and particle-size determinations are presented in 
Table 3.10. Corresponding mr /hr values and gummed-paper activities are included for pur­
poses of comparison where soil samples were collected at routine sampling stations. 

(b) Gummed Papers. Primary fall-out activity at all sampling stations resulted from Shot 
7. Gummed-paper activities ranged from 0.3 to 25,700 µc / ft 2, depending upon the distance from 
Ground Zero and the location relative to the midline of fall-out. 
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Table 3.6-GUMMED-PAPER COLLECTION OF PRIMARY FALL-OUT, SHOT 5• 

Statton 

209,5 
210 

421.5 
422 
422.5 
423 
424 
425.5 
426 
426.5 
427 
427.5 

819 
819.5 
820 
823 
823,5 
5 mi SW of 

Glendale 
10 mi SW of 

Glendale 
15 mi SW of 

Glendale 

µc/ft2 

0 076 
0.011 

0,10 
0,11 
0.088 
0,074 
0.089 
0.085 
0,060 
0.12 
0.11 
0.054 

0.14 
0,091 
0.17 
0,056 
0.14 
0.090 

1.00 

79,3 

Location of 
stations 

~25 mi from GZ t; from 
13.5 to 12 mi N of 
mldline of fall-out 

~45 ml from GZ; from 
41 to 10 mi N of 
midllne of fall-out 

~85 mi from GZ; from 
68 to 3 mi N of 
mldline of fall-out 

•Values are corrected to H + 12 hr. 
tGZ ls used here for Ground Zero. 

Table 3.7-AIRBORNE ACTIVITY CONCENTRATIONS, SHOT 5 

Midtlme 
Miles from of sample 

Station Ground Zero interval• µc/m3 x 10_. 

424 ~49 H + 15 0.74 
425 ~50 H+12 3.8 
825 ~88 H + 9 8,5 

8+ 12 6.5 
827 ~86 8 + 7.5 not 

• Midtime correct to nearest hour; 2-hr sample intervals. 
t Maximum concentration detected; average mi dtime con­

centration , H + 6 to H + 24 hr: 0.0026 Jl(:, / m1. 



Table 3.8-SUMMARY OF FILM-BADGE DOSIMETRY, SHOT 7 · 

Calculated Measured film exposure, corrected to 
Reference 24-hr gamma common exposure time of H + 24 hrt 
location dose, r• Gamma, r Beta, rem Total, rem 

Nye 1 87 95 237 332 EV-l0t 30 39 166 205 427t 5.8 9.5 28.5 38 426.5 1.5 1.05 3.70 4.75 426 0.75 0.95 1.9 2.85 824 1.4 2.2 3.96 6.16 

-Calculated from monitoring data. 
t"The reported readings ... are greater than a theoretical in­

terpretation based on the gross density ratio of unshielded to shielded 
area or the film. These interpretations do not include dosage received 
from fl radiation received below an effective energy of 0.265 Mev, this 
assumption being based on the amount or absorber surrounding the 
film (0.065 g/cm2) ... " (From memorandum to K. H. Larson from 
Louis B. Silverman, Chief, Health Physics Section, AEP, UCLA, June 
17, 1953.) 

tStation at which background recorder was located. 

Table 3.9-RATIO OF BETA DOSE RATE TO GAMMA DOSE RATE, SHOT 7 

Sample Dial reading, Dial reading, 
location shield open shield closed Beta:gamma 

Gummed Papers 

Nye 1 ll00 15 73: 1 
EV-LO 2800 40 70: 1 
210.5 165 1• 165: 1 
426 400 2• 200: 1 
426.5 900 4 225: 1 
427a 2200 25 88: l 
427b 1400 17 82: 1 
427c 1400 22 64: 1 
427d 1300 23 57:1 
427 e 22ou 30 73: 1 427( 1250 15 83: 1 
427g 2300 21 109: 1 
824 800 4 200: 1 
824.5 1500 15 100: 1 

Electrolux 

427a 1450 3 483: 1 
427b 1500 1• 1500: 1 
427 2200 6 367 : 1 

•Those gamma readings whicb are l e s than 3 are 
qu tionable. 
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In addition to the standard horizontal gummed trays, a pair of gummed trays wu mounted 1n a vertical plane at each sampling location on the 20- and 40-mlle area. The vertical pair of gummed papers formed a "vee" pointing toward Ground Zero. The reaults of the pmmed­paper collection by the standard horizontal, u well u vertical, papers are aummari1ed 1n Table 3.11. Stations included are those stations at which air samplers were located (see Fig. 3.4). Field-monitoring data are presented for correlative purposes. 

Table 3.11-GUMMED-PAPER COLLECTION OF PRIMARY FALL-OUT, SHOT 7• 

Field 
Gummed-paper acUvity, 1M!/ft1 Location of survey, 

stations Station mr/hr Horizontal assembly Vertical assembly 

~16 mi from GZt at EV-7 2.52 41.5 9.07 2- to 3-mi intervals; P-9.5 3.45 13.1 2.52 from 8 to 1 mi N of EV-8 4.22 54.5 11.5 midline of fall-out EV-10 515 5,220 M.5 
Nye 1t 1630 25,700 4015 

~22 mi from GZ at 207 0.92 8.75 1.74 2- to 3-mi intervals; 208 Nil 2.08 15.6 from 17 to 9 mi N of 209 Nil 1.87 8.83 midline of fall-out 21oi 3.50 87.2 No sample 
~45 mi from GZ at 415 Nil 1.54 0.75 

5-mi intervals; 416 Nil 2.21 1.85 from 31 to 2.5 mi N 419 Nil 3.85 No sample of midline of fall-out 420 Nil 5.30 No sample 
421 Nil 18.6 20.7 
422 Nil 13,0 Nil 
423 1.33 15.5 3.15 
424 NU 16,4 5.02 
425 u 22.8 4.13 
426 20.3 296 8.17 
427t 169 2,950 2H 

~80 mi from GZ; Caliente Nil 0.386 No sample 
from 59 mi N to 6 818 Nil 20,2 No sample 
mi S of mldline of 823 2.2 52.3 No sample 
fall-out ROX 4.56 78,9 No sample 

824t 52.8 875 No sample 
825 Nil 0,256 No sample 

•values corrected to H+ 12 hr. 
tGZ ls used here for Ground Zero. 
tStatlon closest to midline of fall-out. 

Although the actlvltles collected by the vertical trays are, with very few exceptions, lower than those collected by the horizontal ones, a rather high efficiency of collection by impingement is indicated. Such data also suggest that samples collected by gummed papers may not be strictly representative of residual ground-surface activity, owing to subsequent collection of wt.nd-blown dust or even airborne material. 

3. 5.3 Airborne Radioactivity 

(a) Maximum and Average Concentrations. (See Appendix A for detailed tabulation.) The concentrations of airborne radioactivities collected during the 24 hr following detonation are given in Table 3.12. Values presented are the maximum concentrations detected and the average concentration through B + 24 hr. 
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Where more than one type of sampler was operating at a location, the values presented are those obtained by the sampler having the fewest periods of tnoperatton du.e to equipment failure. Where failures occurred, the time that the station wu inoperative ta noted, and the average 
value represents only those intenala during which a sample wu obtained. For comparison 
purposes the primary fall-out acttvttiea, as determined by gwnmed-paper sampling, are in­
cluded in the tabulation. 

Aa bas been noted in previous field tnvesttgattons, 1 no definite relation between airborne 
and primary fall-out activities ta indicated. Thia may be attributed to the fact that airborne 
radioactivity ts a transient phenomenon, influenced by such factors as diffusion, thermal effects, and vegetative cover, whereas the primary fall-out becomes relatively fixed to the aoll and vegetation surfaces. 

The data presented indicate that the greater the distance along an arc from the path of 
major fall-out, the later the time intenal during which the mutmum concentration occurs. Thia may be attributed to lateral dispersion due to local meteorological conditions. 

Shot 7 resulted in widespread distribution of airborne, as well u fall-out, material in con­centrations which were several orders of magnitude greater than those detected for Shot 5 
when similar wind condtttons prevailed. 

(b) Particle-size Determinations. Detailed tabulation of cascade impactor data is not in­
cluded since comparatively few of the impactor sets collected sufficient radioactivity during the 4-hr sampling period for an accurate analysis. Sets of cascade impactor slides were dis­
regarded if the count rate of any two stages was less than twice the background. Since the 
time required to process the samples for each detonation was several days, with priority being given to analysis of airborne concentrations and primary fall-out collections, many of the im­pactor samples had decayed to this level before assay. When time permitted, many of these impactor slides were recounted, and some 14 size-distribution studies were made. However, since large extrapolation factors were necessary, the validity and accuracy of the data are 
questionable. 

The data may be summarized as follows: The median diameter of the radioactive airborne material (based on the disintegration rate of the radioactive material collected per stage, 
rather than numerical count or weight of the particles per stage) varied between 0. 5 and 8 µ 
with, in some cases, as much as 70 per cent of the radioactivity being associated with particles of less than 1 µ in diameter. 

Several impactor slides were examined by electron microscope. An electronmicrograph 
of the collected particles ts included in the discussion of particle characteristics (see Sec. 
3.6.1 and Fig. 3.6). 

An experimental sedimentation technique for the determination of airborne particle-size distributions was also investigated. This technique is based upon the rate of sedimentation of 
the material in suspension as :ietermtned by a scintillation counter surveying a narrow slit in a sedimentation cell. Suspensions of airborne material were obtained by the solution of Ht-Vol 
membrane filters in acetone. Signtftcant results were not obtained, however, because of instru­ment instability. This technique warrants further study and is presently being evaluated at 
AEP, UCLA. 

(c) Evaluation of Air-sampling Techniques. The many failures of air-sampling equipment 
indicated in Table 3.12 were primarily due to power failure. The generator used was a 1.5-kw Home lite portable power unit. In some cases a 2. 5-kw unit was available and used to obtain 
better results. 

Comparison of results obtained by means of Lo-Vol and Hi-Vol samplers at the same lo­
cations indicates that the two methods yield compatible results. However, individual variations suggest that a considerable error may be inherent in any single determination due to failure to 
obtain a truly representative sample of the aerosol. 

A similar comparison of results obtained by modlfied Electrolux samplers oriented in 
dUferent directions (the orifice up, down, and horizontal} at the same location indicates that, while activities are of the same order of magnitude, the horizontal sampler consistently col­
lects the sample having the highest activity. 
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Such vartattou, uaoctated with different types of air samplers and 1&111pler orientation, 
suggest that only by tsoJdnetic aampling with proper instrumentation would truly repreaentattve 
samples be obtained. 

The Ht-Vol Automatic Samplers were deltvered following Shot 2 of Operation Upebot­
Knothole, and detailed engineering and calibration studies were not possible prior to their uae. 
Subsequent to the test 1erte1, examination of the air-fiow pattern with luminescent sine aulftde 
powder indtcated that some of the air can bypua the filter pad, reaulttng in errors due to 
sampling-rate inaccuracies and possible cross-contamination. 

Investlptions of the ftlter efftctency of the MBA BM-2133 filter pad are currently in 
progress at AEP, UCLA. Preltminary data tndicate that retention efficiency varies with "face" 
velocity and dust concentration. Laboratory sampling of a teat cloud of 0.47-µ particles of dust 
at a concentration of 0.27 mg/ft1 tndtcates a retention efficiency of O\'er 99 per cent at a now 
rate of 0.52 m1 /min. 

The magnitude of the error to which the air-sampling data are subject ta undetermined and 
probably varies with each 1&111pltng unit. Since the reaulta are reported in terms of 100 per 
cent efficiency of sampling, the values may be expected to be lower than actual concentrations. 

3.6 THE NATURE OF THE FALL-OUT PARTICLE 

3.6.1 General Obse"atlons 

Photomlcrographs of selected fall-out particles are presented in Fig. 3.5. Fall-out par­
ticles from tower shots are generally black, glossy, often magnetic, beads which appear to 
have soltdUted in the atr. However, individual particles have been isolated which vary from 
the so-called "norm" (bued on study of relatively few particles) in that they have clusters of 
smaller particles adhering to the surface, have pitted surfaces, are sponge-like, or appear to 
be cryatalltne with a milky-white coloring. These variations are thought to be due to the con­
dlttons under which solidification occurs in the "dust cloud." 

Figure 3.6 presents an electronmlcrograph of sub-micron particles collected by cascade 
impactors. Again, the particles appear to have ortgtnated from molten material which hu 
soltdifi ed in air. 

Solub1lity studies of fall-out particles, collected within 100 miles from Ground Zero, in­
dicate that generally less than 1 per cent of the activity ii soluble in HP and approximately 
2 per cent in 0.lN HCl. Individual beads have been found in which the solublltty ts several 
times greater than the norm. This app~ars to be related to the characteristics of the surface 
of the particle. 

Radiochemical studies ban been reported1 for particles obtained from Operation Tumbler­
Snapper. There ts reuon to believe that the particles from Operation Upshot-Knothole are 
similar because the decay and energy characteristics are approximately the same. 

3.6.2 Activity per Particle u a Function of Particle Size 

Results from Operation Twnbler-Snapper1 indicated that fall-out particles having diameter, 
from 300 to 900 µ have activlttes which are a direct function of the surface area of the particle. 
Additional lnveatlgattons were made during Operation Upshot-Knothole to determine tf this 
relation ii maintained u the particle size ts decreued. 

The relation of activity per particle to particle size was investigated by two methods: (1) 
individual particles were isolated, meuured, and radio usayed, and (2) samples of selected 
soil size f racttons were mounted on gummed paper, rad to usayed, and autoradlographed. The 
total activity detected was then divided by the number of particles, u indicated by the auto­
radlograph, to yteld the average activity per particle. 

Figure 3. 7 presents the series of autoradtographs from which data were obtained and Il­
lustrates the relative activities per size fraction. An autoradtograph refiecttng relative ac­
tivities of the separated particles shown in the photomlcrographs in Fig. 3. 5 ls also included. 
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m

Fig. 3.5 —Phoiomicrogr»phi of selected fill-out pirticles from Shot 7. (Ridloictlvity values cottected 
to H ♦ 12 hr.) (a) 723-)i diameter. 65.9 pc. (b) 555-p diameter, 25.6 pc. (c) 387-p diameter. 
47.3 pc. (d) 234-p diameter, 8.7 pc. (e) 115-p diameter. 0.95 pc. (f) 81-p diameter. 0.59 pc. 
(g) 20-pdiameter. 0.01 pc.



tf

Fig. 3.6—Elecoonmicrogttph of airborne particle, collected by cascade impactor.



Ftg. 3.7 Auloradiographt indicating reUlive radioactivity pet particle at a function of particle Use.
(apojure at D . 75 day.; radioactivities corrected to H ♦ 12 hr.) Individual particles described 
in Fig. 3.5 ate shown in a; b through h show selected soil samples, (a) Relative activity per 
particle: 5-min exposure (b) 833 - 35n-n diameter. 76 2 pc; 5-min expomre. (c) 350- 175- 
M diameter. 67.0 pc; 5-mln exposure, (d) 175 - 125-p diameter. 6.6 pc: 5-min exposure (e) 
125- 88-p diameter. 0.17 pc; 36-hr exposure. (0 88- 44-p diameter. 0.16 pc; 36-hr exposure 
(g)44 5 M diameter. 0.17 pc; 36-hr expoMire. (h) 44 - 0-p dUiisetet. 1.56 pc; 36-hr exposure



Data for the relation of acth1ty per particle to particle size appear ln Table 3.U. Figure 3.8 presents the data of Table 3.13 ln graphical form with count• per minute per particle plotted as a function of diameter or range of diameters. The figure lndicatea that u particle size is decreued, the activity per particle approaches a direct function of the TOlume of the particle. The divergence of point• ls probably due to varlatlona lD apecific activity of particles of the same size. 

Table 3.13-RELATION OF ACTIVITY PER PARTICLE TO PARTICLE SIZE 

Single-particle Counts/min µc/particle at diameter,µ. Description on D + 73 days H + 12 hr 

723 Spherical, brown-black, 121,000 65.9 
glassy, with a few 
smaller beads attached 

555 Spherical, brown-black, 47,000 25.6 
glassy 

387 Spherical, black, glassy 87,000 47.3 
234 Spherical, black, glassy 16,000 8.7 
115 Spherical, black, glassy 1,750 0.95 

81 Spherical , black, glassy 1,080 0.59 
20 Spherical, black, glassy 21 0.01 

Soil-fraction* Total 
diameter range , counts/ min No. of Counts/min µc/particle at 

µ. on D + 73 days particles per particle H + 12 hr 

350-833 113,000 11 10,273 6.93 
175-350 123,000 10 12,300 6.70 
125-175 12,100 2 6,050 3.3 
88-125 301 1 301 0.17 
44-88 262 8 32.7 0.02 
5-44 384 87 4.4 0.002 
0 - 44 3,050 312 9.8 0.005 

*Fractions do not represent single soil sample. 

3.6.3 Distribution of Activity Within a Particle 
A fall-out particle was measured microscopically by a sliding micrometer and radio as­sayed through a 1331 mg/cm2 aluminum absorber. This particle was then treated with hydro­fluoric acid for 90 sec, rlnsed ln distilled water, reassayed for radioactivity, and meuured for site reduction, if any. This procedure was repeated three times. The results are given ln Table 3.14. 
It is apparent that a large percentage of the activity is on or near the surface of the par­ticle. However, this should be largely dependent upon the type of particle, e.g., glassy, sponge­like, or bllster-like. 

3.7 RADIATION DECAY RATES AND ENERGY SPECTRA OF FALL-OUT MATERIAL 

The investigation of the decay rates and energy spectra of the collected fall-out material was designed to determine: 
1. The magnitude of variations in decay and energy characteristics of the bomb products from the published values of mixed fission products. 
2. The basic decay and energy relations necessary to perform dosage calculations. 3. The degree of confidence which should be placed ln data obtained by various field and laboratory techniques and methods of making such data more compatible. 
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The determlnattons of decay and energy were limited to the use of routine counting equip­ment and aluminum and lead absorbers. Consequently quantitative data, Including isotope iden­ttftcation, were not obt•1nable. However, for the purpose of evaluating field-sampling and labo­ratory techniques, these data were considered acceptable. 

Table 3.14-REDUCTION OF SIZE AND RADIOACTMTY OF ONE PARTICLE FROM SHOT 7 
UPON SUCCESSIVE TREATMENTS WITH HYDROFLUORIC ACID 

Diameter of Activity Original 
Stage particle,µ remaining, CJ, volume,% 

Before treatment 1101.6 100 100 
After first treatment 1086.9 55 96 
After second treatment 967.8 H 67 
After third treatment 490.0 6.5 8.75 

Table 3.15-APPARENT DECAY RATES OF VARIOUS SAMPLES FROM SHOTS 5 AND 7• 

Shot 5 Shot 7 
Type of Radiation No. of Av. decay No. of Av. decay 
sample detector samples constantt samples constantt 

Gummed-paper G-M 3 -1.23 10 -1.20 
Soll G-M 5 -1.38 7 -1.27 Lo-Vol G-M 0 2 -1.34 
Hi-Vol Proportional 2 -1.71 5 -1.43 

•Rate of decay measured between H + 100 and H + 1000 hr. 
tDecay constant is k in the equation A = Ao Tk. The values are averages derived by normalizing individual decay curves to a common activity at H + 100 hr, averaging the resulting H + 1000-hr activities, and then substituting in the above equation. 

3.7.1 Variations in Gross Decay Rates of Field Samples 
Table 3.15 summarizes the apparent decay rates of various types of samples from Shots 5 and 7 over a time interval of 100 to 1000 hr following detonation. 
As ls indicated, a considerable variation in decay rate can be expected among samples radio assayed by different types of detectors, samples from different detonations, and different types of samples from the same detonation. Samples from each group varied within the limits of counting error. 
It should be noted that no conclusions as to isotopic differences can be based upon such evidence. Variations in instrument characteristics and in the distribution of activity in or on the samples are sufficient to account for the above variation ln decay rates. 

3. 7 .2 Absorption Studies: Variation in Energy Characteristics with Respect to Time 
The energy spectra of each of the various types of samples from Operation Upshot-Knothole were studied periodically from the time of collection. The effect of changes in sample self­absorption with time, as indicated by decay curves, ts even more pronounced when aluminum­absorption curves are compared. This effect precludes the direct comparison of energy de­terminations of the several types of samples. 
Figure 3.9 compares the aluminum-absorption curves of a gummed-paper sample from Shot 7 at various times following detonation. Decay of activity ts indicated by the displacement of the curves. The change in shape of the curves, indicating variation of energy with time, ts apparent. 
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In order to better illustrate the variation of energy with time, the following approach wu employed: 
1. The best cu"e wu drawn through the plotted potnta of each abeorptlon series. 
2. At absorber thtclmeasea of 20, 50, 100, 200, 300, 400, 500, and 800 mg/cm1, the relatiYe 

change 1n count rate per milligram added abaorber over an Increment of 40 mg/cm1 wu de­
termined. The plot of change 1n count rate per mg/cm1 of added abaorber va total abaorber 
Indicates the rate of change 1n absorption u abaorber thtclmeH ls tncreued. ( Cunea so 
derived are only Intended to demonstrate variation 1n energy with time and not deftntte energy 
meuurementa.) 

Table 3.16-EFFECTIVE ENERGY OF BETA EMITTERS• 

Energy components 

Decay Half Maximum EffecUve enel'ff 
period, thickneBB, energy, of composite 
H + hr mg/cm1 Mev C ontrtbutton. 'I, sample, Mev 

5 A 187 2.8 
51.2} B 38 1.15 26.4 0.594 

C 4 0.21 24.3 
Total 101.9 

) 64 A 106 2.0 33.5 J 0.462 B 43 1.16 61.8 
C Could not resolve third component 

Total 95.3 

204 A 96 1.9 28.4 l 
B 49 1.29 60.5 f 0.440 

C Could not resolve third component 
Total 88.9 

'86 A 96 1.9 
30.4} B 43 1.16 48.0 0.406 

C 8 0.35 24.0 
Total 102.4 

1163 A 109 2.05 
39.6} B 30 0.90 36.8 0.414 

C 8 0.35 1.6.5 
Total 102.9 

2743 A 146 2.40 60.8} 0.547 B 14 0.52 34.9 
C Could not resolve third component 

Total 95.7 

•Gummed-paper samples collected from Shot 7. 

A family of curves derived 1n this manner from the absorption cu"es presented tn Fig. 
3.9 appear~_in Fig. 3.10. 

3. 7 .3 Effective Energy of Beta Radiation 

The effective energy of a beta emitter ls necessary for dosage calculations and experi­
ments. Table 3.16 presents the reaulta of resolution of the aluminum-absorption c~e• Into 
straight-line components by which the effective energy wu determined. The effective energy 
wu approximated u being one-third the maximum energy .1 

Standard graphical techniques and publlahed relations between half thlclmeaa and energy 
were used.' Resolution by this method has two readily apparent sources of error. First, the 
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method depends upon aucceastve subtraction with the re8'ult that errors are compounded. 
Second, tn the extrapolation to zero abaorber, where the mtntmum irreducible lbeorber (clue to the sample, window, and atr thtclme11) ts approximately 7 mg/cm1, tt ta poastble to loae a 
considerable portion of the beta spectra of the low energy emitters. 
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CHAPTER 4 

DISCUSSION AND ANALYSIS OF RESULTS 

4.1 INTEGRATED OOSAGE IN PRIMARY FALL-OUT AREAS 

The biological significance of the integrated dosage values determined in primary fall-out 
areas must be evaluated in light of the following terms: 

1. The total dose and the time inte"al over which the dose is received. 
2. The type of radiation. 
3. The effective energy of the radiation and its variation with time. 
Shots 2, 5, and 7, each of which was a tower shot larger than a nominal bomb, resulted in 

widespread distribution of moderate to high-level primary fall-out activity and correspondingly 
high dose rates. Shots 3 and 4 because of their small size and height of detonation, respec­
tively, resulted in relatively low, although not insignificant, concentrations of fall-out activity 
and negligible dose rates (see Secs. 3.1 to 3.5). 

4.1.1 Gamma Radiation 

The calculated total body exposure within the areas contaminated by Shots 2, 5, and 7 are 
presented by means of an isodose plot in Fig. 4.1. The isodose lines describe the areas within 
which infinite integrated gamma doses greater than 1, 5, 25, and 125 r were received. The 
gamma dose rate at each location, as determined by field monitoring, was integrated over the 
time intenal of measured or estimated fall-out time to infinity. The accepted decay charac­
teristic of mixed fission products was assumed. 

Shot 2, which was detonated under conditions of considerable wind shear, resulted in a 
wide fall-out pattern within which the maximum infinite isodose line of 2 5 r extended approxi­
mately 20 miles from Ground Zero. Shots 5 and 7, detonated under conditions of little shear, 
resulted in narrow fall-out patterns within which the maximum infinite isodose lines of 125 r 
extended approximately 22 miles from Ground Zero, and the 25 r isodose lines extended 55 
and 65 miles, respectively, from Ground Zero. 

Since the integrated dosage is a function of fall-out time, the region between Ground Zero 
and the operational area of Project 27.1 would be expected to have received correspondingly 
greater doses. However, no field measurements were made because of the inaccessibility of 
this region, and no attempt was made to extrapolate isodose lines toward Ground Zero, owing 
to the large errors which would result from slight errors in fall-out time estimation. The 
occurrence of a "skip" distance within this region is also a possibility. 

Within the areas described by the integrated infinite isodose lines , the fraction of the in­
finite dose which would be received during a shorter time interval is likewise dependent upon 
the fall-out time. Table 4.1 gives the time intervals during which given percentages of the 
integrated infinite dose would be received, as influenced by the time of fall-out. ( See Figs. 
3.1, 3.2, and 3.3 for Shots 2, 5, and 7 fall-out times along arcs croBBing the respective fall-out 
paths.) 
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4.1.2 Beta Radiation 

The rem dose due to the beta components of the fall-out material wu appnmmately three 
time■ that due to the gamma componenta. Thia ratio wu determined bJ film badp1 111apended 
3 ft aboYe the IUl"face and would be upected to tncreue manyfold u the dtatance from the 
IOlll'Ce ta decreued. lleuurement of the beta-pmma and the gamma doH rate• from col­
lected atr samples and gummed papers, at approximately 50 per cent geometry, tndtcate1 that 
the ratio may ranee from 50: 1 to 500: 1. (See Sec. 3.5.1.) 

The effectlYe beta enern of the bomb-product material wu apertmentally determtned to 
vary from 0.4 to 0.8 llev during the time tntenal atudted, wbtch wu 5 to 2743 hr after deto­
nation (Sec. 3. 7.3). By uae of the obaened values of effective enel'IJ and the uaumptton of 
geometry condtttona, the beta dose may be calculated. 

Table 4.1-INJ'LUENCE or FALL-OUT TIIIE ON INTEGRATED DOSE 

Fall-out time, Approximate time required to receive 

H+hr after 
Indicated percentage of tnf inite doae, hr 

detonation lO'I, 20'I, 50'I, 75'1, 

0.5 0.35 1.0 16.5 500 
1 0.7 2.0 31 1000 
2 1.4 4.0 62 2000 
4 2.8 8.0 124 4000 

4.2 DISTRIBUTION OF CONTAMINATION IN PRIMARY FALL-OUT AREAS 

The residual radioactive material becomes atgntftcant u a part of the environmental 
system tn proportion to its avatlabtllty to the biological cycle. The avatlabtllty in turn la a 
function of (1) the concentrations of fall-out material per unit area, (2) the size and other 
physical and chemical charactertattca of the fall-out particle, and (3) the chemical properties 
of the elements contained tn the particle. Measurement of these factors ts baste to the esti­
mation of avatlabtltty, either bJ dtrect ingestion by animals or by selective uptake by plants. 

4.2.1 Distance Relations 

The relation between residual fall-out material and distance from Ground Zero ta tllUl­
trated tn Pigs. 4.2 to 4.4, which present the mr/hr readings (corrected to B+12 hr) for Shota 
2, 5, and 7 plotted with respect to location along those roads which crossed the fall-out paths 
and approximated area about Ground Zero. 

Integration of the area beneath each cune by means of a polar plantmeter results tn a 
measure of the total fall-out activity deposited along each arc, the resulting unit being mr/hr x 
mtlea. Since the dose rate will be proportional to the contamination per unit area, mr /hr x 
miles ta equivalent to 

Activity x distance 
Dtstance1 

or activity per unit distance. 
Prom the curves and the integrated areas tt la evident that, as the distance from Ground 

Zero ta increased, the activity depo1tted per unit distance consistently decreuea. 
Table 4.2, which wu derived from data presented tn Ftga. 4.2 to 4.4, preaenta the ratios 

of average mr /hr : mutmum mr /hr occurring along the 1everal area about Ground Zero for 
Shot• 2, 5, and 7. A consistent relation ta lndtcated; with but two exceptions the ratio of anr­
age mr /hr: mutmum mr /hr closely approximates 1 : 3. 
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The ratio of 1 : S •uaeata that fall-out matertal ta dtaperNCI laterallJ accordlns to a 
standard dtatrtbution curYe which ls skewed according to the effect• of prenillng wlnda 111d 
local terrain. 

Table 4.2-RATIO or AVERAGE TO IIAXIIIUII IIR/HR VALUES ALONG ARCS CR08SING 
THE FALL-OUT PATTERNS OF SHOTS 2, S, AND 7 

Calculated 
Width of average Maximum Ratio 

Distance to fall-out, Total activity,t mr/hr mr/hr average: maximum 
arc, mi• road mi mr/hr x mi along arc detected mr/hr 

Shot 2 

19.1 15t 1200 80.0 234 1: 2.93 
42 .81 32t 930 29.1 18 1:2.34 

Shot 5 

17.5 8.8 3410 440 1280 1: 2.91 
31.3 St 1350 272 910 1: 3.35 
51.7 5.5 680 124 407 1: 3.29 
83.9 8.8 400 45.5 128 1: 2.81 

Shot 7 

14.7 10.7 6390 597 1780 1: 2.96 
45.8 12.0 1510 125 410 1: 3.28 
711 15.3 1220 79.7 205 1: 2.57 
83.7 10.9 1080 99 352 1: 3.55 

•Distance from Ground Zero to point along arc receiving maximum fall-out. 
tDerived from Figs. 4.2 to 4.4. 
tComplete width of arc not determined. 
IRoads monitored do not approximate arcs as closely as desired. 

Table 4.3-LOCAL VARIATION IN FALL-OUT DISTRIBUTION, SHOT 7 

Residual No. of Mean activity,• Standard Coefficient of 
Station mr/hr• samples p.c/f~ deviation variation, 'I, 

423 1.33 12 19.52 4.45 22 .8 
EV-7 2.52 12 34.49 4.97 14.4 
427 169 12 3373 237 7.03 

•Corrected to H + 12 hr. 

In order to determine the magnitude of the local variation ln dlstrlbutlon of fall-out acttvlty 
to be expected at any given location, six pairs of fall-out trays were mounted within an area of 
12 ft1 at three sampling locations. The lndlvldual papers were collected and radio-assayed, 
and the data were summarized as a group per location. Table 4.3 presents the statistical vari­
ations of the samples collected. 

Although the trays were mounted ln areas receiving relatively high levels of contamlnatlon, 
a trend toward greater variation with decrease ln concentration ls indicated. Such a trend ls to 
be expected in so far as the activity level reflects, ln part, the number of contributing particles. 
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4.2.2 Activity per Unit Area Relations 

It wu originally intended to base measurements of activity per unit area prtmartly upon gummed-paper collections. However, placement of cwnmed papers generally yielded fridge area sampling (u lndicated in Chap. 3), necessitating the use of soil samples u the primary source of activity per unit area meuurements u well u particle-si1e dlstrtbuttona. In general, gummed papers yielded slightly higher activity values than corresponding soil samples. This may be attributable to the ab111ty of cwnmed paper to collect residual material being translocated by local wlnd8 after fall-out time, the error being compounded by cor­responding losses in soil activity and/or to differences ln radto-uaay efficiencies evolving from self-absorption corrections for soil samples. 
Within the areu receiving the most concentrated primary fall-out measured, mulmum concentrations up to and greater than 20,000 µc/ft1 (B + 12 hr) were detected. In the fringe areu, and in the cues of Shots 3 and 4, activltles from 10-1 to 10 µ.c/ft1 were recorded. The relation between mr /hr and activity per unit area, as determined by the comparison of field and laboratory measurements, ls presented in Fig. 4.5. It will be noted that the ratio of mr/hr: µ.c/ft1, as determined by gummed-pap r sampling (Shot '1), ts lower than that by soil sampling, which reflects the activity differences described earlier. 
A variation in the ratios usoctated with Shots 5 and '1 also occurs. This variation may be the result of detonation characteristics or of errors inherent ln the extrapolation of soll ac­tlvltles and monitoring data by use of the standard 'decay formula. As the reason for this de­viation ls undetermined, the results of the analyses for Shots 5 and '1 have been consolidated. Bued upon all values presented, the ratio of mr /hr : µc/ft 1 approxlm~es 1 : 10. 

4.2.3 Particle-size Relations 

The enminatlon of particle-size analyses of fall-out from Shots 2, 5, and '1 (Tables 3.1, 3.5, and 3.10) indicates two relations between particle size and distance. The particle size associated with the major portion of the fall-out activity decreases u (1) the distance from Ground Zero along the main line of fall-out increases and (2) the distance from the main line of fall-out along any arc increases. 
The first relation ls illustrated by Fig. 4.6, which presents activity (cumulative per cent) as a function of mean particle size for three Shot 5 samples collected at different distances from Ground Zero along the mldline of fall-out. The median diameter of the radioactive material decreases consistently with distance. The presence of relatively high percentages of total ac­tivity in the smaller size fractions at short distances from Ground Zero may be attributed either to the initiation of fall at low elevations or to the entrainment of particles. The pos­slblllty of small particles adhering to larger ones or forming large agglomerates, which are broken up by sieving, may also be contributive. • 
The second relation of decrease in particle size with increasing distance from the mldllne of fall-out along an arc ls more subtle, and the data are not conducive to graphic presentation. A pronounced size fractionation in fall-out material sampled at adjacent stations near the mldllne of fall-out ls also indicated. This effect ls illustrated in Table 4.4, which summarizes a portion of the original Shots 5 and '1 particle-size analysis data obtained from soil samples. Size fractions, containing the majority of activity at adjacent stations, are tabulated in order of decreasing size range. It is evident from Table 4.4 that there ls no consistency of fractiona­tion with reference to the mldllne of fall-out. This phenomenon is probably explainable only by detatled meteorological investigations. 
The lack of a uniform particle-size distribution laterally through the fall-out path suggests that considerable error may be inherent in butng the relation between particle-size distri­bution and distance from Ground Zero upon individual samples from each arc. Consequently, a method of analysis based upon the size distributions along entire arcs wu Investigated. - The method of analysts, similar to that presented in Sec. 4.2.1 for the determination of . total activity per arc, bad the following development: 
1. Calculation of microcuries associated with each size fraction of the sieved soll samples. (Baaed upon the relation of 1 mr /hr = 10 µc/ft1 rather than the results of corresponding labo-
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ratory determtnationa of activity per unit area. The resulting value should be subject to leas 
sample variation.) 

2. Drawing of a smoothed distribution curve through the plotted points of microcuriea per 
fraction va distance along each arc. 

3. Integration of area beneath each size-fraction curve to yield a meuure of total activity 
in each aize fraction along the fall-out area with the resulting Wilt being µc/ft1 x mllea. 

So11 samples collected from Nye and Sheep Canyons following Shot 5 present a fairly good 
cross section of the fall-out pattern. The distributions of the mlcrocurte■ per size fraction of 
these samples are presented in Figs. 4. 7 and 4.8. The indicated area under each curve wu 
determined by means of a polar planlmeter. 

Table 4.4-SUIOIARY OF FRACTIONATION OF PRDIARY FALL-OUT SAMPLES AT 
STATIONS ADJACENT TO IIIDIJNE OF FALL-OUT 

Approximate 
distance 

from Ground Reference 
Zero, mi location 

17 1.4 mi 8 EV-10• 
1.0 mi S EV-10 

52 429.5t 
430-

15 EV-10 
Nye 1• 

48 427 
427.5• 

81 824• 
ROX 

Distance 
between adjacent 

stations, mi 

Shot 5 

0.4 

2.5 

Shot 7 

2.0 

2.5 

5.0 

•Station nearest mtdUne of fall-out. 

Size 
fraction, 

µ 

833 - 350 
350-175 
350 -125 
125 - 88 

833 - 350 
350 -175 
350 -175 
175 -125 
175 - 125 
88 - 5 

tStationa 429.5 and 430 were on either aide of midline of fall-out. 

Total 
activity,% 

88.9 
87.9 
90.0 
62.8 

90.3 
85.2 
52.5 
58.8 
64.7 
81.5 

Table 4.5 gives the resulting particle-size distributions of the total radioactive material 
deposited along the two arcs in terms of total activity per size fraction and per cent activity 
per size fraction. 

Figure 4.9 presents log-probabtllty plots of activity, as cumulative per cent, vs mean 
particle size for the two arcs. The two curves closely approximate straight lines, which indi­
cate skewed probablllty distributions. The effect of distance upon the total particle distri­
butions ls evident; the median diameter of the radioactive material at a distance of approxi­
mately 17 miles from Ground Zero is 450 µ, while at a distance of approximately 51 miles it 
is 225 µ. 

The ratio of the gross activities of both arcs, as determined by the above method (26,120/ 
5230 = 4.99), is approximately the same as the ratio of the integrated mr /hr distributions for 
the same arcs as plotted in Fig. 4.3 (3410/680 = 5.01). This comparison checks the accuracy 
of the method. 

Since the rellabllity of the method depends upon the number of soil samples collected along 
each arc, the results presented indicate the development of a valuable method for the determi­
nation of total particle-size distributions and the function of particle size in the mechanics of 
fall-out. 

The activity per particle has been found to approximate a function of particle volume for 
particles less than 150 µ and of surface area for particles larger than 150 µ (Sec. 3.6.2). Using 
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Table 4.5-PARTICLE-SJZE DIBTRIBUTION or TOTAL MATERIAL DEPOSITED ALONG 
TWO ARCS CR088JNO SHOT 5 FALL-OUT PA TH 

Nye Canyon stations Sheep Canyon 1tation1 (~17 m.i from OrolDld Zero) ( ~51 mi from Ground Zero) Particle-aiae Total activity, Total activity, range,µ. µc / ft1 x mi Total.I µc/ftl X mi Total, I 
833- 350 18,000 68.9 30 0.6 350-175 6,000 23.0 2000 38.2 175-125 700 2.7 1875 35.8 125 - 88 350 1.3 385 7.4 88-44 410 1.6 660 12.6 44-o 660 2.5 280 5.4 Total 26,120 100.0 5230 100.0 

Table 4.6-RELA TIVE NUMBER OF FALL-OUT PARTICLES PER SIZE FRACTION NECESSARY TO YIELD A GIVEN UNIT ACTIVITY. 

Size Assumed numerical Activity /particle Relative number range, median diameter, as function of of particles to µ µ diametert yield unit activity 

833 - 350 600 
( 150)

2 

6.25 600 
350 - 175 263 

( 150)
2 

32.5 263 
175 - 125 150 

( 150)
2 

100 150 
125 - 88 106 

(
150)

3 

282 106 
88 - 44 66 (~!ol 1,165 
44 - 5 25 (~!ol 21,600 
5 - 0 2.5 

( 150)
1 

21,600,000 2.5 

•One hundred 125- to 175-µ fraction particles yield unit activity. 
tExponent indicates relation between activity per particle and particle size; area function: exponent = 2; volume function: exponent = 3. 

these relations, the relative numbers of particles of each size fraction necessary to yield a given activity may be calculated as shown in Table 4. 6. 
The data presented in Table 4.6, in conjunction with the particle-size distribution studies, suggest that two phenomena due to particle size may be expected: 
1. The numerical size distribution of the total fall-out material is probably of the hyper­bolic type, i.e., the number of particles increases with decreasing size until the particles reach the dimensions of molecules or atoms. This is indicated by the large numbers of small parti­cles required to yield a given activity and the significant percentage contribution of the small fractions. 

2. Since th activity is directly proportional to the surface area of particles greater than approximately 150 µ, the total area associated with the number of particles required to yield unit activity would be independent of particle diameter. However, since the activity of particles less than 150 µ in diameter is more nearly proportional to the volume, the total area per unit 
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activity would be inversely proportional to the diameter. Therefore the rate of solubility of the radioactive components, which should be a function of the surface area, would be independent of diameter for large particles and would increue u the diameter decreuea for smaller particles. These speculations suggest that airborne material and fall-out which 1ettle out at great distances would be more 1oluble than the material conaidered in thl1 report. 

4.3 AIRBORNE RADIOACTMTY CONCENTRATIONS 

Tbe evaluation of the biological significance of airborne radioactivity concentration de­pends upon three primary considerations. These are (1) the magnitude and perslstence of con­centrations of radioactive material per unit volume of air; (2) the relative proportion of long­lived fisaion products; and (3) the size and other physical and chemical characteristics of the airborne particles. 
This diac\llsion ta confined to the results of Shot 7, owing to the limited succe88 of the air-sampling program on previous detonations. The small number and general low activity of samples collected during the earlier detonations indicate, however, that concentrations were generally lower and leH widespread than for Shot 7. 
Shot 7 produced a widespread distribution of high levels of airborne radioactive material, as has been indicated in Fig. 4.1, where the averages of the midtime concentrations over the 24-hr period following detonation are shown for each Rtation. The maximum concentration detected for a 2-hr sample period was approximately 10 µc/m1• This sample was collected at Station Nye 1, which was 14. 5 miles from Ground Zero and near the midline of fall-out. The station receiving the minimum 24-hr average concentration, Statton 415, had a maximum con­centration of 0.0009 µc/m 1 over a 2-hr period. 
The maximum airborne concentrations decreased with distance from Ground Zero and with distance from the midllne of fall-out, as indicated by the airborne concentration data presented in Table 3.12. The maximum concentrations appeared at each station during a later time inter­val as the lateral distance from the midline increased. 
The variations in airborne concentrations with time are further described in Figs. 4.10 to 4.12, in which are shown the concentrations at midtime of sampling, presented as assayed and also corrected to H + 12 hr, at two selected stations along each arc. The correction of ac­tivity concentrations to a common time permits recognition of movements of radioactive ma­terial which might otherwise be obscured by decay. 
Both midline and lateral stations were subject to additions of radioactive material sub­sequent to the original contamination. This occurrence ts particularly noticeable in Stations EV -8 and 423, where large increases occurred at a sample midttme of H + 19 hr. Presumably local surface-wind movements are responsible for such migrations of radioactive materials. While the airborne concentrations generally decrease with time, subsequent concentrations of lower magnitude may be of equal or greater biological stgntflcance than higher levels col­lected earlier because of the greater proportion of long-lived fission products. The lack of precise data with respect to particle-size distributions of airborne material prevents detailed consideration of potential lung deposition and retention. However, from the persistence of airborne concentrations of radioactive material, a low settling rate is indicated, and a high proportion of sub-micron size particles may be assumed. Uthe relation between activity per particle and particle size established for fall-out ma­terial in Sec. 3.6.2 may be extended to sub-micron size ranges, the radioactivity per particle becomes almost insignificant. However, if the particle is formed by a different method, e.g., by chemical combination of the vaporized fission products without dilution by inert material, much higher activities per particle would be expected. No measurements of activity per parti­cle of airborne material were obtained. 

4.4 MECHANICS OF THE DISTRIBUTION OF PWMARY FALL-OUT 

In order to anticipate the nature and extent of the radioactive environments arising from 
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fall-out, such apecUtc sampling data u those presented in the preced1ng aecttou muat be made applicable to generalized condtttona. Thia may be accompltabed by the eztractton of empirical relattona by meana of which the factors which characterize the fall-out phenomenon may be defined and correlated. 

4.4.1 Trajectory Analysts of the Fall-out Particle 

Table 4. 7 presents the trajectories of particles falling from varloua elnattou followtng Shots 2, 5, and 7. The trajectories are baaed on the uaumptlona that particles tn free fall will 

Table 4.7-RESULTANT HORIZONTAL VELOCITIES OF FALL-OUT PARTICLES 
INFLUENCED BY OBSERVED WINDS FROM SHOTS 2, 5, AND ,,. 

Initial Obeerved winds Resultant velocity 
elevation, Direction, Speed, Direction, Speed, ft , MSL deg knots deg mph 

Shot 2 
10,000 150 12 150 13.8 15,000 200 20 181 17.3 20,000 210 20 192 18.9 25,000 210 25 198 21.0 30,000 220 31 205 23.8 35,000 230t 33t 211 25.6 40,000 240 37t 216 27.6 

Shot 5 

10,000 270 17 270 19.6 15,000 320 30 302 24.8 20,000 290 35 297 29.8 25,000 290 43 295 34.6 30,000 310 46 299 37.9 35,000 300 54 299 42.1 

Shot 7 
10,000 260 9 260 10.4 15,000 290 9 275 10.4 20,000 280 26 277 16.7 25,000 280 22 277.5 18.7 30,000 280 41 278.5 24.4 35,000 280 36 279 27.2 40,000 270 48 277 31.2 45,000 270 30 276 31.7 

•See Appendix C for examples of trajectory computation. 
tNo observations available; values estimated. 

have a constant falling velocity and that the observed wind velocity at any elevation persists down to the next elevatt.on at which there is a recorded obsenation. The values listed are the horizontal components of the resultant velocities of particles initiating their fall at various elevations above Ground Zero, u influenced by the winds obsened immediately preceding or following the detonations. (See Apper.dlx C for an eDmple of vector analysts by which tra-jectory ts calculated.) . 
The areas described by the particle trajectories are presented ln Fig. 4.13 and very closely approximate the fall-out areas presented in Figs. 3.1 to 3.4. 
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U • 7 PART !CLE TRAJECTORY 
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Fig. 4.13-Fall-out particle trajectories for Shots 2, 6, and 7. 
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4.4.2 Comparison of Calculated Pall-out Time to Field Obaervatiou 
By meana of the reaultant horizontal Telocitiea preaented in Table 4. 7, the fall-out ttmea at each arc of particle■ ortgtnattng at the vartoua elevations may be predicted. Table 4.8 gtvea a comparilOD of the measured fall-out time at each arc to that predicted by trajectorJ analyala for Shot 7. Slnce no background recorders were in position near the mldllne of fall-out for Shots 2 or 5, comparable data are unavallable. 

Table 4.8-COMPARISON OF MEASURED TO PREDICTED FALL-OUT TIME, SHOT 1• 

Distance lleuured 
Predicted fall-out time from from fall-out 
elevations indicated,J min Ground Zero, time, 

stattont mi min 40,000 ft 35,000 ft 30,000 ft 25,000 ft 

EV-10 14.7 35 28.3 32.4 38.2 47.2 
427 46.5 110 89.4 102.7 114.4 149 
824 81.9 215 157.2 180.3 201 282 

•Fall-out time predicted by trajectory analysis. 
tStations nearest midline of fall-out at which background recorders were located. 
tBased on resultant particle velocities, Table 4. 7. •·) 

The predicted fall-out times from the 30,000- and 35,000-ft elevations are in close agree­
ment with measured values. Considering that fall-out time predictions are baaed on time of detonation rather than time of initiation of particle fall and that the effect■ of changes in air. 
density are neglected, the predicted time of fall from any elevation will be shorter than the 
actual. Consequently, the agreement between the measured and the predicted fall-out time 
from 35,000 ft should be the most algnlflcant. 

The elevation at which the Shot 7 fission cloud broke away from the dust column was ap­
proximately 38,000 ft. Thia elevation is in good agreement with the 35,000-ft elevation sug­
gested by Table 4.8. Aa shown in Sec. 3.5.1, the background recorder■ lndlcated that the ma­
jority of fall-out material arrived during a short time lnte"al. Therefore, for the purpose of further calculation, it can be usumed that the fall-out activity ls initially moat concentrated at a point which can be approximated aa the mulmum height of the dust column. 

4.4.3 Comparison of Calculated Particle Size to Field Observations 
Stokes' Law, which describes settling rates of spherical particles, may be approximated 

for fall tn air aa1 

h 
t = 0.35dlp 

where t = time of fall 
h = elevation 
d = diameter, µ 
p = density of particle (assumed to be 2. 5) 

(4.1) 

This approximation neglects the changes in the velocity of fall resultlng from increasing resistance of the air as the air density becomes greater at lower elevations. Owing to the method of size analysts by sotl fractionation, the appromnatton ts within the llmtta of error. 
Table 4.9 compares the calculated mutmum particle size to be found at various distances from Ground Zero, as determ.lned by Eq. 4.1, to a summary of the observed particle-Sile dis­tributions. The length of fall indicated is from the estimated mutmum height of the dust col­umn to 5000 ft, which approximates the average elevation of the off-site operational area. 
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The correlation between meuured and calculated particle atse further tadtcatea the n­ltdtty of auuming, for purposes of calculation, the tntttal dtatrtbutton of acttYitJ aboTe Ground Zero to be moat concentrated at the top of the dust column. · 
The obeened atze fractionation at adjacent atattona along tndlYidual area (Table 4.4) may be due to the error inherent in -umlng the tnlttal acttYity to be concentrated at a polnL If, tutead, the active material ta tnlttally distributed within a Yolume Which may be approDmated by a vertical cylinder over Ground Zero, a abeartng effect bJ the wlnda and atu fractionation reaulttng from the Y&rytng times of fall would be expected. Such uaumptton, wbile probably more enct, ts unneces1&ry for the purpose• of this calculation. In either cue, the fall-out times and particle sizes indicate that the primary fall-out acttYity ts more concentrated near the top of the column. 

Table 4.9-COMPARISON OF MEASURED TO PREDICTED PARTICLE SIZE, 
SHOTS 2, 5, AND .,. 

Summary of meuured 
particle-size 

Trajectory Distance from Fall-out distribution 
analysis I Reference Ground Zero, time,l Fraction, Activity, maximum size, locationt mi H+hr ,,. " ,,. 

Shot 2, 25,000-ft fall 

12 0.505 350- 833 86.1 260 202.5 19.2 0.806 175 - 350 80.2 208 410.5 41.7 1.75 175 - 350 66 140 

Shot 5, 25,000-ft fall 
1 mi S of EV-10 • 16.6 0.438 175 - 350 67.9 280 14 mi S of Sta 210 31 0.818 175-350 79.2 205 429.5 61 1.35 125-350 90.0 160 17 mi 8W of 86 2.27 44 -175 85.0 123 Glendale 

Shot 7, 33,000-ft fall 
Nye 1 14.7 0.584 175-350 85.2 270 427.5 46.8 1.83 125 -175 58.6 155 824 81.0 3.59 125 - 175 64.7 110 9.7 mi E of 96.2 4.22 88 - 176 61.2 100 Glendale 

•Particle size of primary fall-out predicted by trajectory analysis and Stokes' law at distances >12 miles from Ground Zero. 
tStations nearest to the m.idllne of fall-out at which soil samples were taken. lFall-ou.t time calculated for Shots 2 and 5 and measured for Shot 7. IValues determined from plot of Eq. 4.1. 

4.4.4 Concentration of Fall-out Material As a Function of Distance 
The dlatrlb\ltton of fall-out with respect to distance (or fall-out time) ls probably a complex phenomenon determined by a number of variables such as kt yield, the height of th~ dust column, the particle-size dlstrlbutlon, wind velocity, and shear. Present information does not permit detailed evaluation of all of these factors. 
An empirical relation between concentration of fall-out material and distance may be ob­tained as follows. U the total activities along each arc as presented in Sec. 4.2. l are plotted against fall-out time, as determined by background recorders (Shot '1) or by trajectory analy­sts (Shots 2 and 5), the relation presented in Fig. 4.14 is obtained. 
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Fig. 4.14-Relatlon between total activity distributed along arcs and time of fall-out for Shob 
2, 5, and 7. (Fall-out times measured for Shot 7 and estimated on the basis of ob­
served winds for Shots 2 and 5.) 
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In each cue the total acttvtty along any arc decreue1 u the dlatance from Ground Zero to the arc la lncreued, and a straight line may be drawn throup the plotted potnta. The 1lope1 determined may be due to the particular detonation charactertltic1. If thl1 ii not the cue, the data from Shot 'I, which 1hould be reprded with the molt confidence 1ince fall-out time wu measured, Indicate that the amount ·of actiYlty falling per unit diltance ii inYeraely proportional to the fall-c,ut time. 
The dlnrpnce from a 1lope of -1 In the cue of Shot 5 could be attributable to error• In eatlmation of wind nloclty. That ta, an lncreaae or decreue In Yeloclty after detonation would re1Ult In apprecllble error• In fall-out time estimation. The data from Shot 2 are quelttouble becauae monitoring wu limited to two road1, one of which did not cloaely approximate an arc. Therefore, baaed on- Shots 5 and '1, the inYerae relation between fall-out per unit dlatance and fall-out time (1lope of -1) may be considered to be correct u a first approztmatlon. Since the fall-out per unit distance ta directly proportional to the fall-out 'per unit time at a given velocity, the relation may therefore be apre1aed u 

where F = fall-out per unit time at time t 
F O = fall-out per unit time at H + 1 hr 

t = time of fall-out, H+hr 

and activities are exprP.ssed at a common time of H + 12 hr. 

4.4.5 Total Fall-out Activity u a Function of Kt Yield 

(4.2) 

It is logical to assume that under similar experimental conditions the total material de­posited during any time interval, as well as at any time, should be a function of the kt yield. A comparison of Shot 5 and Shot 7 fall-out with respect to kt yield ta presented In Table 4.10. The calculations are baaed on B + 0. 5 hr contaminations and Eq. 4.2 and are subject to the limitations of fall-out time estimation for Shot 5. 

Table 4.10-FALL-OUT MATERIAL DEPOSITED AT H+l HR AND TOTAL PRIMARY 
FALL-OUT AS A FUNCTION OF KT YIELI)$ 

Total primary 
fall-out from 

F1, curies H+0.5 to 
deposited H+5 hr, Fall-out 

Shot Yield, kt Kt ratio per mln t curies ratio 

5 27.4} 1: 1.86 
2,59 X loll 35.8 >< 10'} 7 51.5 4.36 x lo' 60,2 X 101 - l : 1.&8 

• Activity values are corrected to H + 12 hr. 
f(µc/ft2 >< miles) x wind velocity. Observed winds are assumed to be valid until H + 1 hr. 
icalculated value since fall-out time was not measured. 

The similarity of the respective kt and fall-out ratios suggests that the total primary fall­out is approximately proportional to kt yield. Based on a total yield of 266 megacuries of beta activity at H + 24 hr for a 20-kt bomb, 1 the total yields for Shots 5 and 7 would be 848 and 1590 megacuries beta at H + 12 hr, respectively. The total fall-out from Shots 5 and 7 during the time interval of B +0.5 to H + 5 hr therefore accounts for 4.22 and 3. 79 per cent, respectively, of the total beta yield. 
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4.4.8 bpected Fall-out Dlatrtbutton from a Tower Detonation Aa a Function of Kt Yield and Wind Veloctttea 

'flle integrated dose at any distance from Ground Zero may be estimated using the empiri­cal relations eatabltahed in the preceding aecttona. 
The nltdtty of the predtcttona ta dependent upon the validity of the following relattona: (a) The material deposited per unit time varies inversely u the time after detonation (F = r,t-1 (Sec. 4.4.4)]. 
(b) The .factor r, ta a direct function of kt and bu a value of 1.7'1 x 101 curies/min for a 20-kt bomb (Sec. 4.4.5). 
(c) The material along any arc la distributed ao that the average mr/hr la equal to one-third of the maximum mr/hr along that arc (Sec. 4.2.1). 
(d) 1 mr /hr == ,.,10 µc/ft1 (Sec. 4.2.2). 
( e) Relations a to d are valid during the time intenal of B + 15 min to B + 8 hr. An expression of dose u a function of dtatance and wind velocity may be derived from Eq. 4.2 as follows: 

R/hr x miles at B + 12 hr= r,t-1 
1

1 
tt ve oc y 

1 ( t )-I.I R/hr x miles at fall-out time= F,t-1 velocity 12 

[ 
-1 1 ( t )-1.11 Infinite dose, r x miles = 5t F 0t velocity 12 

24-hr Integrated doee, r X miles= Infinite dose [ 1 -(2~)'"'] 

where r /hr x miles = fall-out per unit distance 
F0 = fall-out per unit time at H + 1 hr 

t = time offall-out, B + hr 

(4.3) 

(4.4) 

(4.5) 

(4.6) 

Figure 4.15 Illustrates the dependence of integrated dose at any distance upon wind ve­locity. The values presented are for infinite and 24-hr exposures along arcs at various dis­tances from Ground Zero. The division of total dosage along any arc ( r x miles) by the width of the fall-out pattern yields the average dose at that distance. As indicated by relation c, this average approximates one-third the maximum. 
The use of Fig. 4.15 in the estimation of primary fall-out distribution ta llluetrated by assuming a wind velocity of 40 mph with a 10° shear and a minimum fall-out width of 5 miles; the fall-out pattern at a distance of 40 miles would be approximately 12 miles wide. From Fig. 4.15, the total infinite dose for a nominal bomb would be 95 r x miles. The average infinite dose would therefore be 95/12 or 7.9 rand the maximum approximately 23.7 r. Since 1 r /hr corresponds to 10• µc/ft1 beta contamination, the coritamtnatlon per unit area at any distance may be derived by dividing the infinite dose by 5t x 10'""'. Thus in the example just used, the maximum contamination would be 4.74 x 106 µc/ft 1 at H+l hr. 

4.4. 7 Estimated Distribution of Radlostrontium in Fall-out Areas 
The contribution of the long-lived isotopes to the gross fission produ.ct is important for the estimation of possible long-term hazards. One of the moat important of these long-lived isotopes is Sr'°. 
The following ratios baaed upon the Way-Wigner estimate of pile product composition1 

have been reported: 

Total strontium at H +24 hr = 0.0025 Total fission products (4.7) 
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sr" sr•· at B + 14 hr = 0.0088 
<•·•> 

From tbeae relatlona and the relation that 1 mr/hr correaponda to 10 µc/ft1, It follow that the total ltroattum contamination per mr/hr at B+ 12 hr would be 0.0107 µ.c/ft1, of which 0.00002 µc/ft1 la attributable to &r•. 
Thua the calculated total atrontlum contamination at Nye 1, where the doN rate wu 1 ao mr,lhr at B+12 hr following Shot 7, wu 17.5 µc/ft1, of which 0.032 µc/ft1 wu ar•. 
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CHAPTER 5 

CONCLUSION 

5.1 SUMMARY AND CONCLUSIONS 

Project 27 .1 of the Civil Effects Test Group performed detailed studies of the distribution 
and the various characteristics of settled and airborne fall-out material. The pirpose of these 
studies was to provide information basic to the proper evaluation of possible hazards due to 
fall-out. 'lbe project functioned during Shots 2, 3, 4, 5, and 7, of Operation Upshot-Knothole, at 
distances greater than 10 miles from the respective Ground Zeros. 

5 .1.1 Contamination Due to Primary Fall-out 

Three detonations resulted in widespread distribution of moderate to high levels of radia­
tion. Shot 2 produced a wide pattern of fall-out, and the area within which the infinite dose was 
greater than 25 r extended some 20 miles from Ground Zero. Shots 5 and 7 resulted in narrow 
primary fall-out patterns. Areas within which the infinite dose was greater than 125 r extended 
approximately 22 miles from Ground Zero for both detonations; areas of greater than 25 r in­
finite dose extended approximately 60 miles from Ground Zero. Shots 3 and 4, because of the 
small yield and the height of detonation, respectively, resulted in relatively low but not insig­
nificant levels of contamination. 

The muimum surface contamination at an established sampling station was detected 
following Shot 7 at a distance of 14.5 miles from Ground Zero. Field measurements at this 
location indicated that the dose rate, at H+ 12 hr, was 1630 mr/hr, and the surface contamina­
tion was 18,580 µc/ft2 beta radiation determined by laboratory assay. Eighty-five per cent of 
the activity was associated with the 175- to 350-µ fractions of soil. The resulting infinite dose 
would be 176 r. The calculated Srlt-N component would approximate 20 µc/ft 2 in this area. 

5 .1. 2 Distribution of Primary Fall-out Material 

The total primary fall-out material deposited ,nthin the time interval of H+0.5 to H+5.0 
hr varied approximately as the kt yield. The total material distributed along any arc crossing 
the fall-out pattern varied inversely as the time of fall-out at that distance. Along each arc 
the average mr/hr was approximately equal to one-third of the maximum. A uniform contami­
nation of 10 µc/ft2 beta radiation corresponded to field measurements of approximately 1 mr /hr 
at 3 ft. 

An inverse relation between median particle size and distance was indicated by individual 
samples taken along the midline of fall-out as well as by integrating the total material along 
each arc. Following Shot 5, the median diameters of the radioactive particles were 450 and 
225 µ along arcs 17 and 51 miles, respectively, from Ground Zero. A significant variation in 
particle-size distribution occurred at individual locations along each arc. 
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5.1.3 Dlltribution of Airborne Radioactive Material 

Detailed sampling of airborne material wu succeuful for Shot 7 only. The mulmum 2-hr concentration detected was approximately 10 µc/m1 at a distance of 14.5 mllea from Ground Zero. The corresponding 24-hr average con~entratlon was 1.1 µ.c/m1. The 14-br average concentrations ranged from the above maximum to 0.005 µ.c/m1 according to DJD­pllng location. No distinct correlation between 1urface and airborne contamination wu ob­
se"ed. Analysis of the data suaeata that both mldllne of fall-out and lateral atattona received additional airborne material subsequent to the orlglnal contamination. Particle-alse analy1i1 of airborne material yielded inconclusive reaulta. 

5.1.4 Properties of the Collected Material 

Microscopic examination of the collected particles indicated that they were generally spherical glassy beads which appeared to have been solidified bl air. Solubllltie1 of lea1 than 1 per cent in water and approximately 2 per cent in 0.1N BCl were determined. 
The actlvlty per particle wu approximately proportional to the surface area of particles greater than 150 µ. and more nearly proportional to the volume for smaller particles. 
The radioactive decay constant of the collected samples generally approximated -1.2, with variations attributable to sample thiclmesa and instrumentation characteristics. The effective beta radiation energy varied between 0.4 and 0.8 Mev according to time during the first 4-month interval after detonation. 

5.1.5 Mechanics of the Distribution of Primary Fall-out 

Based upon the empirical relations obse"ed, the distribution.of primary fall-out with respect to distance from Ground Zero within the limits of H+0.5 to H+ 5 hr may as a first approximation be formulated as • 

where F = fall-out per unit time at time t 
F 1 = fall-out per unit time at H + 1 hr 

t = time of fall-out along the arc in B + hr 

The fall-out per unit area and the resulting integrated dose would be determined by the wind velocity and shear. 
By integrating the above expression, the total Shot 5 and Shot 7 fall-out material deposited during the time interval H + 0.5 to H + 5 hr was determined to be approximately 4 per cent of the total fi11ion products produced. 
It ls concluded that the foregoing relations may be used to predict the fall-out patter n originating from a bomb detonated at 300 ft above the soil surface at NPG. Further, by the selection of proper conditions of wind, height of burst, and kt yield, contamination in a given area could be controlled. 

5.2 RECOMMENDATIONS 

It ls recommended that future studies should include: 
1. The expansion of the empirical treatment of the fall-out phenomenon. Thia should in­clude a theoretical analysis and the performance of confirmatory investigations during subse­quent test aeries, particularly to determine the time interval over which the observed re­lations are valid. 
2. A thorough investigation of the influence of Ground Zero soil characteristics upon the fall-out-particle-size distribution. This should include a more detailed definition of the particle size - distance relation, extending the study to distances up to 200 miles from Ground 



Zero in order to explore the poaaibility of certain areu being biologically more aiplficant owing to the greater concentrations of small particles. 
3. The close correlation of an air-sampling program with ltudtes of biolog1cal availa­bility in the 811\'ironment contaminated by fall-out. 'l1l1a abould include the improyement of , existing air-sampling equipment and techniquea and the ue of equipment capable of sampling 'the gaseous and/or colloidal components of radioactive airborne material. 
4. The performance of detailed meteorological investigations in conjunction with future primary fall-out and airborne studies to facilitate interpretation and to permit poasible ex­trapolation of observations to areas other than NPG. 

84 

SE 

, 
f 



APPENDIX A 

TABULATION OF SHOT 7 AIRBORNE CONCENTRATIONS 

Sample Concentratlma at atatlona aim, 20-ml arc, IJIC/m1 x 10-1 

interval, hf EV-7 P-9.5 EV-8 EV-10 Nye 1 207 208 11>1 210 

fftoH+2 80.5 1.27 155 2080 HOO 8.30 N.8.• 157 571 
H+2to8+4 248 43.8 18.5 130 2380 21.2 N.8. 41.1 157 
ff+4toff+8 100 10.5 43.8 47.5 750 3.70 N.8. 11.1 38.8 
ff+ltoff+8 57.3 8.95 NU 48.0 275 7.40 N.8. 11.3 115 
ff+8 to ff+lO 7.72 0.125 43.7 23.5 137 14.1 N.8. 1.18 39.0 

8+ 10 to 8+ 12 N.8. Nil 1.35 4.04 45.8 2.27 N.8. 2.11 81.4 
H+ 12 to ff+l4 N.8. Nil U8 25.0 173 1.38 UM 1.20 9.15 
8+ 14 to ff+ 18 5.43 NU 0.M0 4.88 84.3 0.933 0.807 G.118 0.N7 
H+ll to ff+ 18 3.18 NU 0.0985 2.78 5.15 0.131 UI U3 4.00 
ff+ 18 to ff+20 NU Nil 5.20 2.30 1.23 NU 2.33 0.331 2.98 
8+20 to ff+22 NU NU 0.0885 2.87 1.33 0.810 5.13 1. '71 3.00 
ff+ 22 to ff+H NU NU NU Nil 4.80 NU 0.285 1.18 0.MS 

sample Concemratlona at etatlona alone 40-ml arc, ,,e/m1 x 10-1 

Interval, hr 415 416 418 419 420 421 422 423 424 425 421 417 

8 to ff+2 N.s.• 813 8.33 Nil NU NU NU 11.7 N.8. UI 10.7 MIO 
ff+2toff+4 N.8. 177 7.61 2.51 NU Nil NU 1.23 N.8. '7.18 TU 4180 
ff+4toH+8 N.8. 78.1 N.8. N.8. NU Nil NU 4.01 N.8. 7.01 8'7 Ml 
ff+I to H+8 N.8. 8.08 N.8. N.8. NU NU Nil 10.1 N.8. 141 304 lJIO 
ff +8 to ff+ 10 N.8. N.8. N.8. N.8. Nil N.8. 147 9.11 N.8. 11.3 291 1090 

ff +10 to ff+l2 0.911 N.8. N.8. N.8. 33.5 N.8. 10.9 8.80 N.8. N.8. 31.7 417 
ff+ 12 to R+ 14 NU 0.141 4.15 31.1 3.81 3.73 22.2 2.50 11.3 H.0 81.0 101 
ff+14toff+18 N.8. N.8. NU N.8. 10.5 2.17 85.4 1.87 G.324 Nil 12.8 uo 
ff+ 18 to ff+ 18 N.8. N.8. N.8. N.8. 0.818 2.42 1.82 0.405 N.8. NU 1.11 4.15 
ff+18 to ff+20 N.8. N.8. N.8. N.8. 1.08 1.18 NU 19.8 N.8. NU 30.I us 
ff+20 to ff+22 N.8. N.8. N.8. N.8. 3.8' NU 1.58 0.411 N.8. 0.349 11.3 4.01 
ff+22 toH +H N.8. N.8. N.8. N.8. 0.121 N.8. 1.97 0.345 N.8. N.8. 3.11 T.11 

Concentratlona at atatlou alone 80-mi arc, 

Sample 
1MJ/•1 x ur• 

lntenal, hr Caliente 818 823 ROX 824 815 

ff to H+2 NU Nil 21.2 87.7 43.8 8.21 
ff+2 to 8+4 NU NU 4.51 80.1 87.0 o.790 
ff +4toH+8 NU 81.1 1.58 44.7 737 0,548 
ff +8toff+ 8 5.43 328 79.2 143 738 2.11 
H +8 to 8+10 13.9 81.5 111 10.1 51.8 0.IN 

H+ 10 to ff+l2 47.7 N.8.• 8.05 N.8. 40.8 N.11. 
H+ 12 to ff + 14 87.7 42.9 0.590 25.8 17.2 NU 
B + 14 to H + 16 55.8 10.2 4.18 N.S. 8.0 NU 
8+11 to ff+18 17.1 3.14 3.37 N.8. 4.38 N.8. 
H+ 18 to H+20 1.02 3.74 2.08 N.8. 2.38 N.8. 
H +20 to 8+22 8.41 2.02 41.4 N.8. 3.21 N,8. 
H+22 to H+H 4.10 1.01 2.88 N.8. 2.44 N.8. 

• N.8. , no aample collected due to equipment failure . 
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METEOROLOGY 

By 1. 1. Fuquay 
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APPENDIX C 

EXAMPLE OF FALL-OUT PARTICLE TRAJECTORY (SHOT 2) 

Elevation, 
ft , MSL 

10,000 
15,000 
20,000 
25,000 
30,000 
35,000 
40,000 

Observed poatahot wind .. 

Direction, Speed, 
Symbol deg knots 

Vt 150 12 
Vz 200 20 
Vs 210 20 
v, 210 25 
v, 220 31 
v, 230t 33l 
v, 240 37l 

A. Calculation of Trajectory 

Sum of vectors• Resultant velocityt 
Direction, Speed, Direction, Speed, 

Symbol deg knots Weight Symbol deg mph 

r1 150 12 1/1 Rt 150 13.8 
ra 181 30 1/2 I½ 181 17.3 
r, 192 49 1/3 Rs 192 18.9 
r, 198 73 1/4 . ~ 198 21.0 
r1 205 103 1/5 Ra 205 23.8 
r, 211 133 1/6 Re 211 26.6 
r, 216 167 1/7 a, 216 27.6 

• See step B. t See step C. t No observations availablei values estimated. 

.,, 
/ .,, 

11,,,,,,, 
/ 

B. VECTOR REPRESENTATION 
.,, 

/ ,,, .,, 

C. TRAJECTORY REPRESENTATION 

G.Z. 
G.2. 
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