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ABSTRACT

This document is the second special repert the High Altitude Sampling Program
(HASP) . DASA-532 was the first special report, recalibration of the U=-2 ducts has
diminished the previous discrepancy noted in the flow rates. Absolute values of
radionuclide concentrations are increased 8 to 13% by this recalibration, A discussion
on the structure and nature of the 0,1 to 1.0 micron family of naturally occuring
stratospheric aerosol is presented. This dust layer of ammonium sulfate appears to
be generated in the stratosphere and may play an important role in lower stratospheric
fallout processes. A detailed discussion of stratospheric concentrations of a number
of nuclides is presented. Sr-90 and W-185 inventories and distributions from August
1957 to May 1960 are discussed. By May 1960 maximum tungsten values are found in the
lower altitude equatorial regions while maximum strontium values are found in the
higher altitude polar regions. The tungsten stems from low altitude HARDTACK shots
only while the strontium appears to show influx from Teak and Orange. The tungsten
and strontium concentration variations shed considerable light on stratospheric
mixing processes. Ba-140, Sr-89, and Ce-144 concentrations assist in determining
the age of debris and thus allow following of stratospheric mixing and transfer
processes. A number of definite seasonal effects are noted,p Teensfer—from-the
tropics to the polar regions is greatest during the winter all but ceases during
the fall, Various possible modes of tropospheric-stratosphefic interchange are
discussed. A detailed discussion of fallout from Teak and Ofange debris is presented,
Rh=102 data suggests at least 10% of Orange was in tu.e lower|stratosphere by May 1960,
Ce~144 and Sr-90 data suggests that 25% of the debris ia the|polar regions in early
1960 was from Teak and Orange. A half residence time of aboyt 5 years in the
mesosphere for Teak and Orange is suggested, Entry into the 'lower stratosphere
apparently proceeds through rapid downward mixing in the polar regions during the
winter night, A study of natural radionuclides in the stratosphere is presented
and assists in measurement of stratospheric processes, Elements studied include
C-14, H-3, Pb-210, Be-7 and P-32, Be-7 and P-32 concentrations in the sir tosphere
are about that expected from cosmic ray production., Pb-=210 in the stratosphere may
Partially result from equatorial bomb tests, Comments are made on surface fallout
measurements which corroborate the HASP measurements., Seasonal and latitudinal
effects are noted, The contribution of French tests are calculated, The hazard
of radioactive fallout is assessed by nuclide and dose type, The 30 year genetic
or whole body dose in the U, S, from Cs~-137 and elements of shorter half life is
shown to be less than 100 millirem or less than 3% of the natural background, The
lifetime, 70 year, somatic bone dose to children in the U, S, is shown to be about
200 millirem of which half is from Sr-90, This is less than 2% of the population
MPD., Finally several appendices provide U-2 operational scenes, useful constants
and conversion factors, and a summary of nuclear detonations,
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ABSTRACT

This document 18 the second special report on the High Altitude Sampling Program
(HASP) . DASA-532 was the first special report., A -ccalibration of the U-2 ducts has
diminished the previous discrepancy noted in the flow rates. Absolute values of
radionuclide concentrations are increased 8 to 13% by this recalibration, A discussion
on the structure and nature of the 0.1 to 1.0 micron family of naturally occuring
stratospheric aerosol is presented. This dust layer of ammonium sulfate appears to
be generated in the stratosphere and may play an important role in lower stratospheric
fallout processes. A detalled discussion of stratospheric concentrations of a number
of nuclides 18 presented., Sr-90 and w-185 tnventories and distributions from August
1957 tr~ May 1960 are discussed, By May 1960 maximum tungsten values are found in the
lower altitude equatorial regions while maximum strontium values are found in the
highcr altitude polar regions, The tungsten stems from low altitude HARDTACK shots
only while the strontium appears to show influx from Teak and Orange. The tungsten
and strontium concentration variations shed considerable light on stratospheric
mixing processes. Ba-140, Sr-89, and Ce-144 concentrations assist in determining
the age of debris and thus allow following of stratospheric mixing and transfer
processes. A number of definite seasonal effects are noted, Transfer from the
tropics to the polar regions is greatest during the winter and all but ceases during
the fall, Various possiblie modes of tropospheric-stratospheric interchange are
discussed, A detailed discussion of fallout from Teak and Orange debris is presented,
Rh-102 data suggests at least 10% of Orange was in the lower stratosphere by May 1960,
Ce-144 and Sr-90 data suggests that 25% of the debris in the polar regions in early
1960 was from Teak and Orange. A half residence time of about 5 years in the
mesosphere tor Teak and Orange 18 suggested. Entry into the lower stratosphere
apparently proceeds through rapid downward mixing in the polar regions during the
winter night, A study of natural radionuclides in the stratosphere i8 presented
and assists in measurement of stratospheric processes, Elements studied include
C-14, H-3, Pb-210, Be-7 and P-32, Be-7 and P-32 concentratifons in the stratosphere
are about that expected from cosmic ray production., Pb-210 in the stratosphere may
Parcially result from equatorial bomb tests, Comments «.e made on surface fallout
measurements which corroborate the HASP measurements. Seasonal and latitudinal
effects are noted. The contribution of French tests are c&lculated. The hazard
of radioactive fallout 18 assessed by nuclide and dose type. The 30 year genetic
or whole bodvy dose in the U, S, from Cs-127 and elements of shorter half life 1is
shown to be less than 100 millirem or less than 3% of th~ natural backyround, The
lifetime, 70 year, somatic bone dose to children {n the U, S, is shown to be about
200 millirem of which half is from Sr-90. This is less than 2% of the population
MPD. Finally several appendices prcvide U-2 operational scenes, useful constants
and conversion factors, and a summary of nuclear detonations,

11



ACKNOWLEDGEMENTS

The HASP progras has been an extremely diverse and extensive project and has
been the culmination of the efforts of a broad spectrum of workers including
scientific, operational, diplomatic, and administrative as well as other planning
and support personnel. While it s thus impossible to acknowledge adequately the
assistance rendered by everyone who contributed to the success of the program, a
few may be singled out, The recalibration of the U-2 ducts »vas conducted and
supported by Dr, Hugh Dryden, Dr. Smith de France, and Mr. Gecrge Holden of NASA;
Prof. Elliott G. Reid of Stanford University; and Capt. Budd Knapp of the Air Force
Flight Test Center. The major analytical program was conducted by Dr, Johannes A,
Van den Akker of the Institute of Paper Chemistry; and Dr. Herbert W, Feely,

Dr. Jerome Spar, Dr. Philip W. Krey, Dr. Alan Walton, Dr. James P. Friend and

Dr. J. Laurence Kulp of J]sotopes, Inc., Helpful assistance and interpretive comment
was offered by Dr., Lester Machta, Mr. Robert J. List and Mr, Kosta Telegadas of the
U. S, Weather Buroau; Mr. Joshua Z. Holland and Dr. Harold A. Knapp ot the U, S,
Atomic Energy Commission; Dr. Edward A. Martell, Dr. Christian E, Junge, Dr. Marvin
1. Kalkstein and Mr. James E. Manson of the Air Force Cambridge Research Laboratory;
Dr. Luther B, Lockhart, Jr., of the U, S, Naval Research Laboratory; and Dr. willard
F. Libby of the University of California. Finally, special thanks are due to the
crews and support personnel of the Military Air Transport Service, the Strategic Air
Command, and the Air Research and Development Command who obtained the necessary
samples under conditions which could be overcome only by the acme of performance,

NOTR

This document was previously issued under the title, ''Second Special Report
to the Government of Argentina', Several minor corre.tions have been made at
various places in the text., In addition, a short sesction has been appended to
Chapter X which discusses HASP soil studies and another to Chapter XI which
discusses possible biological exposure from future tests. :t should be pointed
out that all conclusions in this report are based on weapons testing conducted
prior to 1 August 1961. Se:.:ral calculations were made on the assumption that
no further atmospheric testing would be conducted after that date.
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Chapter 1
INTRODUCTION
Backzround

Since 1957, the Defense Atomic Support Agency has conducted an atmospheric
sampling program using U-2 aircraft. Aknown as the High Altitude sSamplingz Program
(HASP). its purpose has been to determine the role played by the stratosphere in
the world-wide distribution of fission products from nuclear explosions., HASP has
been an integral part of the coordinated program of study of atmospheric radio-
activity which is being conducted by the United States Government(l)..

The purpose of this publication is to report some of the observations made
during Phases IV and V of HASP and the conclusions to be drawn from them. 3ince
June 1960, the semiweekly collection schedule has been curtailed and the DASA
program has merged with studies being jointly conducted by the U. S. Atomic Energy
Commission, the U, S5, Weather Bureau, and the Air Force Cambridze Research Lab-
oratory (AFCRL). Semiannual spot checks at various places in the world are being
conducted under this integrated program. Analyses of the samples obtained are
conducted at several laboratories, both contract and government. Radiochemical
analyses as well as particle size distribution and particle composition studies are
in progress, Anton(l) has reported the broad scope of the overall program,

The details of operation of the HASP meridional network and the analytical
procedures used to obtain the HASP data have been outlined in the previous special
report (DASA 532) and will not be repeated here. 3Some of the results previously

10)

reported(z' will be included to provide some continuity to the reader. A brief

resumé of the results obtained since 1 January 1960 and the contents of this

* All references are 1isted in Appendix IV,



report follows,

Recglibration of Ducts

Durin; the course of analyses of filter papers taken from the nose and hatch
ducts on the U-2 aircraft, a noticeable discrepancy appeared in the activity of
simultaneously exposed samples. It was felt that this discrepancy (about 20% more
activity on the hatch papers) was due to an improper calibration of the air flow
rates throuzh the ducts, A recalibration program was completed which produced new
flow rates in a direction which has tended to cut the discrepancy in half, In
addition, the inventories previously described are about 13% too low., At the
present time all the flow rates for papers collected since 1957 are being recalculated.
The final report on the HASP program (DASA 1300 in about six volumes, to be pub~-
lished in the fall of 1961) will contain all of tne HASP data with recalibrated flow
rates, An attempt will be made in this report (DASA 539) to distinguish clearly
between data that has resulted from recalculated duct flows and that which has not.
In zeneral, all data from Phase V result from recalculated flow rates while data

from previous phases do not,

Stratospheric Aerosol

Dusi particle collections suitable for study with electron microscopes and with
electron microprobes have been made since January 1960, These studies made by

d(ll) at Isotopes, Incorporated, and by Junge, et. al.(lz), at AFCRL, have con-

Frien
firmed previous balloon 1nvest1gations(13) which show a layer of stratospheric
aerosol with a maximum concentration at about 60,000 feet., The composition appears

to be a sulfate of ammonia produced in the stratosphere by the action of ozone or

sunlight on hydrogen sulfide and sulfur dioxide. These particles may play an



important role in scavenginyg of radioactive particles from the lower stratosphere,
This report will contain a discussion of these results and their impltcation on

stratospheric residence times,

Radiochemical Analyses

Since one of the major yoals of HASP has been to obtain the stratospheric
distribution of Sr-90 as a function of time, those data will be reported aionyg with
a discussion of their siynificance. Tunygsten-18% injected into the tropical
stratosphere in 1958 provided a unique tracer to follow a test series without olr-
scuration by other tests, These data and their implications will be reported. A
residunce half-time of less than one year for lower tropical stratospheric injections
13 suwgioested by these data with movement out of the tropical stratosphere by turbulent

“(14,15) (yrculation. Incursions of Sr-90

dlffusion(g) rather than Brewer-Dobson
from Teak and Orange, the two high altitude mepgaton bursts of the HARDTACK test
series, are noted in hoth the Northern and Southern hemispheres with the maxima
occurring at the highest altitudes and highest latitudes sampled. Another tracer,
Rh-102, produced in the Orange shot {3 detected and allows a measure of the residence
time of debris in the mesosphere to be calculated.

Other fission product nuclides 3uch as 5r-89, Co-144, and Cs-137, as well as
plutonium, have been detected. Use of some of these nuclides to determine the age
of debris in the stratosphere assists in describing the mixing and transfer of the
debris from place to place within the stratosphere and into the troposphere. A
fairly well documented picture as emerjzed which allows a selection from amony the
various theories of stratospheric mixin; which have been proposod.(g'ls'lﬁ)

Certain radionuclides such as Be-7, P32, C-14, H3, and Pb-210, occur as

natural by-products of cosmic radiation and decay of radon. Some are alsc produced



in nuclear detonations., Concentrations of these nuclides have been measured both
in the stratosphere and at sea level. A discussion of their distribution sheds

additional light on the stratospheric and tropospheric mixing processes,

Surface Measurements

A number of studies of radioactivity in rain and air samples collected at the
surface of the earth have been undertaken by many investigators since 1954, The
major fraction of the fission products measured in these programs has undoubtedly
come from nuclides which were ovriginally injected into the stratosphere. Many of
the results of these surface programs are consequently, directly related to strato-
spheric processes. An attempt will be made to compare some of these results with
HASP results., One important phenomenon, namely, the apparent rise in rate of

fallout during the springtime, will receive considerable attention.

Blolq;icnl Hazard

One goal of fallout measurement under the HASP and other programs has been
the assessment of the biological hazard associated with fallout, Sufficient time
has elapsed since the last large testing series and sufficient measurements have
been made in a variety of samples and locations to make rather accurate estimates of
the biological doses to be expected from the past nuclear weapons tests., The most
significant isotopes as far as internal irradiation is concerned include Sr-90,
Cs-137, I-131, C-14, and possibly plutonium., For external exposure, the significant
isotopes are Cs-137, Zr-95, Ru-103, Ru-106 and Ce-144. An evaluation of the amount
and type of dose to be expected from each of these isotopes will be presented.
Whiie no attempt will he made to minimize the hazard it will be seen that these doses

from world-wide fallout are small when compared to the dose received from the ever

present natural background of radiation from cosmic rays and rocks.



Chapter II

CALIBRATION OF U-2 DUCTS
Introduction

During the course of the HASP program attempts have been made to determine
accurately the flow of air through the filter paper (IPC-1478) used in the sampling
ducts of the U-2., Originally a theoretical relationship was used based on an
extrapolation of data obtained from the F-33 sampler, a wingtip sampler which can be
mounted on T=33 or B-57 aircraft. This sampler had been previcusly calibrated in a
wind tunnel. Since there was some doubt as to the validity of the extrapolation, it
was decided to instrument the ducts and measure directly the face pressure and
pressure drop across the filter paper under sampling conditions., This program was
undertaken at Laughlin Air Force Base, Texas, in 1958, The results of this calibra-
tion were reported in DASA-532,

After 1 June 1959, a series of dual samplings using both the nose and hatch
samplers on the U-2 was performed. It became increasingly obvious that the activity
concentration on the hatch filter papers was about 20% higher than the activity on
the nose filter papers. Since the papers were exposed simultaneously, it was
expected that equal activities would be obtained. The calibration data for these
ducts showed the linear velocity of flow through the nose to be about 20% higher than
through the hatch, 8Since this difference could account for the noted discrepancy, it
was decided to recalibrate the ducts (of the same aircraft previously calibrated)
under better conditions.

Instrumentation

The nose duct has a circular opening 3.75 inches in diameter, while the hatch

duct has an elliptical opening 8.25 by 4.75 inches. (See Fig. 1) When the duct



doors are open an obstruction 0.25 inches high remains across the center of the
opening. The ducts gradually widen until the filter papers are reached. The
effective filter areas are 0.55 and 1.38 £t for the nose and hatch ducts
respectively.

An instrument theater supplied by the Ames Laboratory of NASA containing an
altimeter, airspeed indicator, clock, 2 temperature guages (free air, theater),
and 8 pressure instruments, was installed in the equipment bay of the aircraft
above the hatch duct. The instruments were photographed in a mirror by a camera
mounted in the plane of the instruments. Pressure lines connected the instruments
to the pitot-static system and to small openings in each duct at the entrance and
immediately fore and aft of the filter paper. Poppet valves to protect the instru-
ments when not in use were also installed. Figures 2, 3, and 4 show the installation
from the face, top, and bottom respectively. Figure 5 shows the arrangement of the
plumbing in the recording system. Six of the pressure instruments Wwere actually
airspeed meters of the standard drum type and two were helicopter airspeed meters

for accurate measurements in the low range.

Results

The calibration flights were carried out under the supervision of Professor
Elliott G. Reid, of Stanford University, at Edwards Air Force Base, California,
during July 1960, Several flights were made at varying airspeeds and altitudes at
light and heavy aircraft weight using precalibrated filter papers of nearly equal
bulk density and perforated plates of varying porosity.

Reduction of the data was performed by the method described by Reid(2,17,18)

Basically this amounts to measuring the pressure drop across the filter in flight
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and then det~mining the ielocity of flow thrcugh the paper from a pressure drop-
velocity characteristic curve determined by wind tunnel calibration of the filter
paper used in the duct,

The flight data obtained are remarkably ronsistant attesting to the excellence
of the instrumentation. The pressure at the face of the nose filter was about 97%
of stagnation pressure and the pressure drop across the filior varied from 70% to
80% of the dynamic pressure. As a result, the velocity of flow through the filter
was 70% to 80% of the maximum possible value which would be obtained {? the
pressure at the face were at the stagnation value and the pressure immediately af!
were at the ambient value, This drop i{n efficiency has two causes; first, the
filter paper {8 sufficiently porous that the flow velocity is about 5% of the free
stream velocity so stagnation pressure cannot be reached and, second, there is
considerable back preesure in the duct caused apperently by the manner in which {t
exits at the surface of the aircraft, The nose duct flcw rates seemed to be
independ2nt of the gross weight of the sairuraft, while the hatch duct flow rates
showed a change with gross weight of only a few percent,

In the case of the hatch duct, the filter paper face pressures were registered
to be consistently lower 1an those in the nose duct although the aft pressures
were the same. As a consequence, the face velocities of the hatch were calculated
to be about 10% lower than those of the nose at the usual sampling speed schedule.

(2)

Radiochemical data indicate that the face velocities should be the same,
There are several possible explanations for this difference.
1. The face velocities may really be different and the radiochemical data is

in error., Dual filter papers sometimes show as much as 0% difference in activity,

although the average difference, using the recalibrated duct data, 18 10% more

10



activity per unit volume sampled by the hntch.. (10% less volume sampled per unit
area of filter)

2, The effective areas of the filter papers may not be 0,55 and 1,38 ftz.
This posaibility cannot be completely ruled out although autoradiographs show
uniform density of activity acruss the filter papers and selected samples cut fram
various quadrants at different distances from the center of the paper show no trend
in activity denslty.(lg)

3. The pressurs at the filter face in the hatch (ps in Fig. 5) may have been
recorded at a value consistently lower than the actual pressure. It is not known
how much the asymmetry of the hatch duct affects the pressure around the periphery
of the duct in the vicinity of the filter face. Only one take-off point for the

o
apart was

measurement of ps was avallable while a two point manifold situated 180
available for the same measurement in the nose duct (p2 in Fig. 5). The nouse

duct 1s more symmetrical than the hatch duct. The difference between ps and pg was
about 9% of the dynanic pressure.

4. There may have been excessive leakzge around the filter papers peast the
inflatable seals.

Figure 6 shows the flow rates based upon the Reid data. Pigure 7, below,
shows the effective change of flow {in cach of the ducts compared to the flow data
previously published in DASA-532,

Notice that the hatch flow rates have been reduced about 8% while the nose
flow rates have been reduced from 8% to 18% depending upon altitude. The effect

of this change has been to {increase the HASP inventories from 10% to 13% over

those previously reported, The anlyses which depend upon isotoplic ratios are

*See Case 5, Table I, page 15
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unaffected 1f the values for the two isotopes are taken from the same paper.

{s the usual practice.
The effect of the

to amount to less than
discussion, 1t is felt

and that the hatch

Pl P Low "sEtor
-
-

1954

15

Intercompartson

flow rates are good to +20%,

1960  SCF

(= s )

This

variability of different filter papers has been lhO'n(zo)

6%. In view of thie fact and {p 1izht of the foregolirny

that the nose flow rates reported here are good to +10%

-0%.

Figure 7

DUCT PLuw FACTORY
(Recalibreted)

@ Hatch

SCF i

Altitude (Thousands of Peet)

with the B-57 Banmplers

Durin: the Afr Samplin; Program 1960(21.37),

Jasce, New Mexico,

conducted from Kirtland Air Porce

the opportunity presented 1tself to intercompare the Los Alamos

Scientific Laboratory and F-33 air sampling equipment mounted on B-57 alrcraft

with the nose sanpling equipment flown by U-2 aircraft at Minot Air Force Base,

North Dakota,

Three LASL-U-2 nose and two LASL-F-33 intercomparison tests werec conducted

tn March 1960 and the data are presented in Table 1,

aircraft flew tn close proximity to the U-2 and the

virtually simultaneously,

For cases ] and 2 the B-57
tl1ter papers were exposed

In casc 3 a space and time difference existed between
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Table | Sampler Intercaiibrations

LASL - U-2 Nose Sampler Comparison of 8§r--90 Data

Case 1 Case 2
Date: March 22, 1960 March 29, 1960
Altitude: 10,000 feet 10,000 feet
Alrcraft: B-37 U=-2 B-57 B-57 U-2
Filter No: wB 091 HASP 3161 wB 133 wB 131 HASP 3198
Open Lat. 50°15°'N 50°17'N 1607 'N 13°30"'N 50°17°'N
Lony-. 102°932°'N 102°31'w 100°10'w 100°30'w  102°31'w
Timeo 1100 2 1359 2z 1542 2 1610 2 1500 2
Close Lat, 5692\ 'N 56021 'N 38045'N 3RO 15'W 38°01'N
Long. 107910 w 102°03'w 99958 "' w 99°58'w  100°31'w
Time 1523 % 1525 Z 1700 2 1700 Z 1716 2
8r-90 dpm/10008CF 13.9+1.3 18.540.5 51.7+1.6 53.641.6 17.7+0.3
Average: 51.2¢1
Difference divided
by the mean: 10% 13%
Case 3
Date: March 29, 1960
Altitude: 15,000 feet
Alrcraft: B-57 B-57 Uu-2
Filter No: WB 135 wB 136 HASP 3501
Open Lat, 16950 ' N 13°45°'N 38°17'N
Long. 100°30'w 100°30'w 100°36'w
Time 1920 Z 1950 Z 1928 2
Close Lat. 13915°'N 10925'N 50°17'N
Long. 100°30'w 100015 'w 102°31'w
Time 1950 Z 2020 Z 2129 Z
8r-90 dpm/10008CF 78, 2. 1 62.0+1.7
Average: 79.2:2.!

Difference divided

by the mean:

21%

14



Table I (Cont'd)

Case 1. LASL-F-33 Sampler Comparison of Beta Activity (B-57)

Area LASL Sampler Filter Paper: 3.97 ttg

Area F-33 Sampler Fillter Paper: 1.73 1t

35,000 ft., Sampling Time 60 min., True Air 8peed 375 knois,
Flow Rate 1260 SBCP/min/ft2

LASL: Left sampler 787 ¢/m = 2,62 c/m/ 1000 BCF
Right sampler 757 ¢/m = 2,52 ¢/m/1000 SCF

N

F-33: left sanmpler 123 ¢/m = 3,20 ¢/m/1000 SCF
Right sampler 368 ¢/m = 2,78 ¢/m/1000 SCF

(%)

45,000 ft,, Bampling Time 60 min., T5u0 Alr 8peed 320 knots,
Flow Rate 610 S8CF/min/ft

lASL: Left sampler 4495 ¢/m = 30.9 c/m/ 1000 8CF
Right sampler 4551 ¢/m = 31.3 ¢/m/ 100G 8CF

F-32: Left sampler 1915 ¢/m = 30.8 ¢/m/1000 8CP
Right sampler 2026 ¢/m = 31.6 </m/1000 SCF

Case 5: Comparison of Calculated with Measured Relative Collection Efficiencies of
U-2 Hatch and .ose S8amplers Using 1960 Duct Recalibratior

Altitude Volume and Activity Ratios of Hatch/Nose
(feet) Volume Total B Sr-90 w-185 Ce-111

70,000 2.28 (29) 2.51 (29) 2,11 (28) 2.13 (15) 2.37 (10)
65,000 2.28 (125) 2.48 (121) 2,14 (122) 2.15 (56) 2,18 (26)
60,000 2.26 (97) 2.50 (90) 2.51 (H9) 2.52 (39) 2.58 (1)
55,000 2.20 (30) 2.57 (29) 2,11 (28) 2,51 {6) 2.19 (10)
50,000 2.21 (1Y) 2.51 (11) 2.50 (38) 2.11 (12) 2.50 (13)
145,000 2.23 (9) 2,11 (9) 2.31 (9) 2.38 (V) 2.55 (3)
10,000 2.26 (3) 2.53 (3) 2.59 (3) 2.58 (2) 3.18 (1)
30,000 2,26 (1)  ===-- 2,00 (2) 2,80 (1) = =m=——-
Averape 2.26 (341) 2,50 (325) 2.17 (319) 2.17 (135) 2.50 (77)
The number of samples included in each average are given, [t {s noted that the

Hatch has an apparent colliection efficiency which 1s 10% greater than that of the
Nose,

15



the B-57 and the U=2, and {1t may not be a valld comparison of sampling oqutlpment,
Case | shows the results of dual B=57 tliphts using LASL and F=334 ducts,

Since a 1 sanplers used the same type of ftlter paper (IPC 117K) and the
laboratortes that performed the tsotopic analvses werce intercaltibratel, 1t appears
that a larye part of the differences tn the Sr-90 data tn cases 1 and 2 are duc
etther to dificrences in the evaluation of the flow rates in the sanpling cquiprent
or to vartabtlity of the Sr-90 concentration in the stratosphere, The U= data
ar¢ bascd on the recalibrated flow rates,

It is dtfficult to make an accurate appralsal in the absence of nore data,
but, since the differences {n the simultancous compartso..s were relattvely sual.,
it can be assumed that the U-2 data can for all practical purposes be intecratec
with the B-57 data., Further data obtatined durin; Phase V substantiates this

concluston,

Flow Characteristics of [PC 1178 Filter Paper

During the recalibration program two pleces of IPC 1178 filter paper ~elghing
11.3 rams per ft2 were tested for thetr pressure drop-flow rate characteristics.
The results arce shown in Figure 8, The reduced pressure drop ~° F.LZ is plotted
against 7v/, where 'p 1s the pressure drop in psf, v is the face velocity In ft/ge.
and 7 and i are, respectively, the relative density and relative viscosity at the
face of the filter, An analytical expresston which acciurately describes this
result 1is:

-

o p/12 = 0.577 (~v/ )2 4+ 0.966 ~v'y - 0,12 (1)
This expression can also be uscd to fit the averapge value curve by Van den Akker

previously reported {n DASA-532 and DASA-1168 and ts an itndependent check of that

work.

16
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Stern has reported filter effictencies and pressure drop-flow rate charac-
tertstics of IPC 1478 filter paper at low flow rltoa.(zs) His generalized expression
for flow converted to Enylish units {s:

v = p (1l s 28,.65/p) (2)
whe o v {3 the tace velocity in ft/sec and . p and p are, respectively, the pressure
drop and face pressure in psf, It can be seen that equations (1) and (2) are not
compatiblo stnce one {9 a quadratic and the other is l!ineo>r and also one {s an
tmplicit function of the temperature (4 depends on the absolute temperature alone)
while the other 15 independent of temperature, For sea level conditions (SL on Fig.
8) equation (l) approaches equation (2) as an asymptote and 1s less than 10% off
bolow . p equul to 3 psf (1.47 cm HQO, the highest value of L p reported Ly Stern).
For conditions at higher altitudes and pressure drops ygreater than 3 psf equation
(2) does not give reliable results, as Stern was careful to point out. Table Il shows
the results of calculations of face velocity, v‘, using Reid's duct dats at various
altitudes compared to values of face velocity, v, using Stern's expression extended
to higher pressures,

Values as much as 76% different appear when . p 18 as high as 76,5 psf. One
explanation ot this difference 13 the possitility of compaction of the filter fibers
toward the rear of the paper when exposed tu a large pressure drop with a subsequent
decrvase in effective porosity. In addition, flow at high pressures 1s probably
quite turbulent,

(22) confirms the previously reported

The aerosul efficiency reported by Stern
nution that the filters {n the U-2 ducts are very nearly 100% efficient for collecting

particles in the U.i to 1.0 micron range.



Altitude

v/v®

Altitude

IAS

v is face velccity according

36K

180

370

76.5

15.6

36K

100

25.5

21.1

1.21

12K

180

153

7.1

12K

100

388

21.6

26,2

22,7

1.15

Table I1I

Comparison of Face Velocities

62,5

18K

100

297

25.C

55K

55K

100

228

25.6

28.8

26,1

1.09

to Stern's method.

v® is face veloucity according to Reid's method.

61K

130

200

61K

100

179

30.9

28,1

1,10

67K

100

70K

110

132

33.9

TOK

100

126

28,7



Chapter I11

NATURAL STRATOSPHERIC DUST

Introduction

During the HASP program a subsidiary study to measure the characteristics and
distribution of stratospheric particulate matter has been carried on. Originally the
effort was aimed at determining the size distritbution of the radioactive particles
which were being sampled. It was felt that this characteristic of the radicactive
debris might play an tmportant part in the sampling efficiency of the IPC 1178 filter
paper in use in the sampling ducts. Some of these results were reported previcusly
in DASA-332, Particles in the size range 0.01 to 1.0 microns were encountered but they
could nut be directly correlated with the sampled radioactivity. Based on a number
of considerations, the conclusion was drawn that the filter paper was very nearly
100% efficient in trapping the particulate radioactive debris sampled. This study
has lead into an investigation of the naturally occurring stratospheric dust,

Junge has suggested()a) that the "natural” population of the stratosphere nsists
of three families, one of tropospheric origin in a size range of less than 0,1 micron,
one of stratospheric origin in a size range between 0.1 micron and 1.0 micron, and
one of extraterrestrial origin in a stize range greater than 1.0 micron. Using a
balloon borne Aftken counter sensitive in the 0.01 to 0.1 micron region, Junge has
shown that the concentration of the "tropospheric’ particles diminishes with tncreasing
height above the tropopause to 1/10th the upper tropospheric concentration within
13,000 feet above the tropopause, (See Fig. 9) Vertical structure in the particle
concentration profile supggests horizontal layering of clear stratospheric afir with
the more contaminated tropospheric air and further suggests some type of horizontal

mixing between the troposphere and stratosphere {in the mid-latitude regions sampled.

20



cer

t

> > 2
1
1 }
- <4 * i
4
>
* o
1 : ' :
i E [
‘1 >
3 - » o
. P
M 9
s
- . >
T
. - i
| ,
g ¢
1 1 ‘; ol o
.
> g om
Y2 m
T 2k
) » -

(] )
l.f.l- m
3 -

- ) %
g o
i i
” 0
¥ -I
o <
v N

y
!

o ;'rh1 ‘h
el

PRI

N

il

40

cm?



Using a balloon borne General Mills tmpactor with poak collection efficiency
near 0.13 micron, Jungo(13) has also shown the existence of a dust layer extending
from above the tropopause to around 80,000 feet, with maximum concentrations near
65,000 feet. (See Pig., 10) Using an Electron Microprobe Analyzer, these particles
were shown to ccntain sulfur, probably in the form of ammonium sulfate. Junge
suggests that these particles are formed within the layer where they appear by a
primary process of oxidation of HpoS and 503 introduced by diffusion through the
tropopause. The sulfur density in the balloon collections was shown to be about

3 ot gaseous sulfur components in

3 x 10719 gml/cn3 compared to 1000 x 10713 gms/cm
the high troposphere.

Alrcraft Sampling

Since January 1960 two U-2 sircraft used i{n HASP sampling have had probes
installed on a mount near the nose of the atircraft (Sce Fig. 1 for location of mount).
The sanpler consizts of a removable cartridge housing two retractable impaction

2 area (See Fig. il1). The

surfaces, one of 1.2 cm2 area and one on the tip of 0.5 cm
impaction surfaces are extended and withdrawn simultaneously by the pilot after
reaching the sampling alti tude.

Collection has been at the rate of about one exposure every two weeks for 3
to 7 hours. Ailternate samples are analyzed at [sotopes, Inc., and at AFCRL. The
results obtained by Friend and Sherwood(10) gt Isotopes, Inc., are reported below.

The impaction surfaces conststed of formvar films coated on 200 mesh gold screen,
From each sample four 1/8 tnch discs were punched for use as electron microscope
speclmens, Several electron micrographs of each specimen were made in an effort to

ensure represertativeness for particle size - frequency measurements. Electron

micrographs of some typical stratospheric particles are shown in Figure 12,
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Most of these particles, which have radi! in the range from less than 0.10
~fcron to 1.5 microns, gave electron diffraction patterns corresponding to
anmontum persulfate, (Nﬂl)gb20H. Some of the particles were shown to be ammontum
silfate, (NH{)o SO, by measurement of crystal angles and by electron diffraction,

The sulfate and persulfate particles were hygroscop!ic and were found to be
somewhat volatile {n the electron beam, The identification of sulfate and persulfate
as constitutents of stratospher{c particles represents an tndependent corrouboration
of the work of Junge and co-workers,

Few of the parttcles with radii ypgreater than 1.5 microns contain sulfate., Most
of the ,e large particles have a higher electron optical density and wmore trregular
outlines than the sulfate particles., Occastionally spheres of high density with
diameters smaller than one micron were found. [t ts8 possit! e that some of these
nonsulfate particles are extraterrestrial {n origin,

The particles as they appeared in the electron micrographs, were counted and
classified according to radius, The number of particles {n each class was corrected
for tmpaction efficiency for a cylindrical surfauce according to the method of Ranz
and wong(23) using a particle density of 2 gmfcma. The density of (NH1)2 520H 1s
1.982, that of (Nul)zso‘ 1s 1.769, Because the impaction efficiency for particles
smaller than 0.1 micron radiug is very small («?%) the lower limit of radius of particles
classified was O.1 micron. Pigure 13 shows the average distribution of particle radit

—__dn 3
plotted as d(log r) per cm (concentration) vs r (radius), where dn is the number
of particles per cra of atr with radt! in the interval d(log r). The dashed portion
of the distribution represents an extrapolation from 0,16 to 0,10 micron radius, In
all, the results of classification of stateen samples, covering the altitude range
between 50,000 and 70,000 feet, were used to compute the average distribution of particle

radit, For altitudes lower than 60,000 feet the collection efficienctes for particles with
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radt! less than one micron are low and strongly dependent upon altttude, For this
reason the portton of the distribution curve shown Iin Filgure 13 for radit less than 0,16
mleron was determined primarily by theoe results of nine somples all collected at mean
altitudes greater than 61,000 feet, For particles with radil greater than or cqual
to 0,1 micron all sixtecn sampled were tncluded tn the averaging, thore not beirg a
itscerntble altitude dependence for particles in this size range. The averagce curve
viclds a number concentration of 1,1 particles cm3 and & volure concentration of

. -15 cat, 3
9.6 x 10 cm . The number concentration 18 determined almost entirely by
the number of particles in the smallest stze range constdered here (00,0791 r <

0,126 or ¢ = 0.100.). Although many particles of this size range were observed in

the samples, thelr concentration was determined by extrapolation as previously
explatned., It ts therefore considered that the number concentration .ay be in error
by as much as a factor of five. The volume concentration of particies in the
extrapolated region ig ahbout 17 of the total calculated from the average distribution,
Thus the error in the volume concentration Jue to the extrapolaticn {s probably not

+ 200%
m«cre than about - 10%. The volume concentration of particles with radii between one

micron and 6.3 microns (the largest particles found in the samples) (s about 7 x 10-16

CPJ*CmB, as computed from the averaye distribution,

Table [I] lists data pertinent to the nine samples collected tn the €5,000 feet
altitude reyton. The individual number concentrations and volume concentrations
listed were calculated usting collectton efficiencies based on the average distribution
and are therefore dependent upon the extrapolation as explatned above, Also listed

i3
fn the table are some strontium-90 (oncentrations ( in dpm/cm ) of the alr sampled
by the probes, The str.ntium-90 concentrations were obtalned fram HASP filter paper

samples which were exposed simultancously with the particle collections, and are

average values over the fitpht paths., There s indicated a relatively small

2K



Table III Summary of Particle and Radioactivity Concentrations

Sample Date Latitude Altitude nt . v‘s sr°% concentration
No. Collected (feet) (em=3) (cm“/cm®) (dpm/cm3)
w-3 3/16/60 27N212N 67,000 1.57 1.24 x 10714 3.61 x 1077
w-8 4/5/60 15N&28s 67,000 0.94 1.17 x 10714 2.70 x 1077
w-10 4/21/60 48N 65,000 3.56 3.36 x 104 6.17 x 10~7
w-12 1/30/60 66N—50N 65,000 1.19 9.43 x 10718 5.02 x 10"
w-13 5/9/60 15Nz26S 67,000 1.42 1.01 x 10714 3.03 x 1077

-14 ¥
w-14 5/12/60 16N—29S 65,000 0.86 1.31 x 10 2.84 x 10~7
w-16 11/17/60  62N—32N 64,000 0.10 Liezx WY e
w-17 11/21/60  155—20N 65,000 0.63 6.55 x 10715 iy

4+ Number comcentration (based upon extrapolation of particle size-concentration
distribution to 0.1 micron radius)

* Volume concentration ¢40% contributed by extrapolated portion of particle size-
concentration curve)

variation from sample to sample in the ratio of strontium-90 concentration to the
volume concentration of particles. The larger ratio exhibited by sample W-12 may be
explained in part by the presence of strontium-90 from the high alitude rocket
detonations Teak and Orange (See Chapter VIII) in addition to the strontium-90 from
the lower stratospheric injections of the HARDTACK test series. D<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>