
UNCLASSIFIED

AD NUMBER
AD031508

CLASSIFICATION CHANGES

TO: unclassified

FROM: secret

LIMITATION CHANGES

TO:

Approved for public release, distribution
unlimited

FROM:

Controlling DoD organization. Chemical
Corps, Army Chemical Center, MD.

AUTHORITY
DTC D/A ltr, dtd 15 Sep 1972; DTC D/A ltr,
dtd 15 Sep 1972

THIS PAGE IS UNCLASSIFIED



Armed Services Technical Information. Agency
Because of our Upited supply, you are requested to return this copy WHEN IT HAS SERVED
YOUR PURPOSE so that it may be made available to other requesters. Your cooperation
will be appreciated.

i ".- r . ... ....

NOTICE: WHEN GOVERNMENT OR OTHER DRAWINGS, SPECIFICATIONS OR OTHER DATA
ARE USED FOR ANY PURPOSE OTHER THAN IN CONNECTION WITH A DEFINITELY RELATED
GOVERNMENT PROCUREMENT OPERATION, THE U. S. GOVERNMENT THEREBY INCURS
NO RESPONSIBILITY, NOR ANY - BLIGATION WHATSOEVER; AND THE FACT THAT THE
GOVERNMENT MAY HAVE FORMULATED, FURNISHED, OR IN ANY WAY SUPPLIED THE
SAID DRAWINGS, SPECIFICATIONS, OR OTHER DATA IS NOT TO BE REGARDED BY
IMPLICATION OR OTHERWISE AS IN ANY MANNER LICENSING THE HOLDER OR ANY OTHER
PERSON OR CORPORATION, OR CONVEYING ANY RIGHTS OR-PERMISSION TO MANUFACTURE,
USE OR SELL ANY PATENTED INVENTION THAT'MAY IN ANY WAY BE RELATED THERETO.

Reproduced 6y
DOCUMENT SERVICE CENTER

KNOTT BUILDING, DAYTON, 2, OHIO

SECRET



SECRET
SECURITY INFORMATION

CD0

NOTICE: THIS DOCUMENT CONTAINS INFORMATION AFFECTING THE

NATIONAL DEFENSE OF THE UNITED STATES WITHIN THE MEANING

OF THE ESPIONAGE LAWS, TITLE 18, U.S.C., SECTIONS 793 and 794.

THE TRANSMISSION OR THE REVELATION OF ITS CONTENTS IN

ANY MANNER TO AN UNAUTHORIZED PERSON IS PROHIBITED BY LAW.

SECRET
SECURITY INFORMATION



SECRET
SECURITY INFORMATION

Copy 3 0 of 30, Series A

S This document consists
of 196 pages

CHEMICAL CORPS, U. S. ARMY

BEHAVIOR OF AEROSOL CLOUDS WITHIN CITIES

Joint Quarterly Report No. 4

April - Juis 1953

Submitted bys

or or TO R Me PARSON GCKPAN
Stanford, California Pasadena$ California
Contr. No. DA-18-064-CML-1856 Contr. No. DA-18-064-CML-2282

"This material contains information affecting the national defense of
the United States within the meaning of the espionage laws, Title 189
U.S.C.9 Sec. 793 and 794, the transmission or revelation of which in
an manner to an unauthorised person is prohibited by law."

SECRET Page 1
SECURITY INFORMATION

-4



SECURITY INFORMATION

0 'A" -r - V PEW

7'e

-~:,-It

~1 %

J/Y,,IA

VIWOF MINNAPOTIS

Page 2

E C LZ .



SECRET
SECURITY INFORMATION

CONTENITS

TITLZ PAGE 1

CONTEMTS 3

LIST OF TABLES 4

LIST OF TETU.AL ILUSTRATIONS

I. SUmMARy

A. Operational and Adeiniutrativs Progles 
B aEvaluation of Winter Program in Minneapolis 8

I.F=EL OPERATIONS AND XANAGMNT

Ac Aftmis*= io n r 1.
B. & Yteorlogioal Surveys 17
Co Field Tests 24

131, WIN AEROSOL TESTS IN M MEALIS

A. Swwary and Scope of Operation. 33
B. Test Sites 38
C. Evaluation of Aerosol-Cloud Behavior in )inneapolis 52

APPENICES

Ao Able Arsa maLnespolis 68
Bo Baker Area, Xnneapolis 90
C. Charlie Ara, Mnn spolis 128
D. Dog AreaD ALnneapolis 140
1, Citywide,, mmneapolis 179

SECRET Page 3
SECURITY INFORMATION



SECRET
SECURITY INFORMATION

LIST OF TABLES

Table No. Title Me NO*

II-1 Field Office ftnhours9 Minneapolis 12

1-2 Field Office Nanhoursa, St, Louis 13

11-3 Field Office Xmhours, Winnipeg 14

n-I Yknometeorologieal Surveys. Minneapolis -
St. Louis - Wimnipag 19

11-5 Sumary of Data on St. Louis Tracer Tests 26

I-1 Swumary of Data for Selected Winter Aerosol-
Tracer Tests in Minneapolis 34

MI1-2 Nedian Values and Range of Values of C fo
Selected Wind Speed Ranges 55

in-3 Values of CVJho.ph per Oran at 10DOOyard
Downvind Distance by Areamp by Time of
Day and by Type of Source 59

InII Variation of Relative Dosages with Height 63

111-5 Mean Relative Dosages in Selected Height
Ratges for Three Dog Area Tests 64

11-6 Inside Dosages Relative to Outside Dosages
at the Same Height Level 65

III-7 Percentage Frequencies of inside Dosages
Relative to Outside Dosages at the Same
Height Level 67

E-I Building Data for Citywide Tests9 FT0s 0022
and 0023 196

SECRET Page I
SECURITY INFORMATION



SECRET
SECURITY INFORMATION

LIST OF TEXTUAL ILLUSTRATIONS

igumre Noe Title Pae No.

Frontispiece Aerial View of Minnesolis, Winter 2

1lI-1 Test-Area Locations in Minneapolis 39

111-2 Topographic Nap of Baker Area, Minneapolis 1

111-3 Aerial View of Baker Area, Minneapolis 42

1II-4 Topographic Map of Charlie Arsag Minneapolis 44

III1- Aerial View of Charlie Area. Minneapolis

111-6 Topographio Nap of Dog Areap Minneapolis 48

III 7 Aerial View of Dog Areap Mi"nepolis 49

mII-8 Oblique Aerial View of Daimtown Minneaolis
with Building Descriptions O-5l

II9 Relationship Between Wind Speed and the
Product of Dosage per Gram and an Exponential
Power of the Area Enclosed Within the Given
Dosage Isoploth 54

IIIrlO Dosage-Area Relationships for Daytime Re-
leases in Mimeapolis and in Salisburyn
England 57

M-3.1 Relationship Between C"VMhmph per Gram
and Downwind Distance for FT 0020 61

SECRET Page5
SECURITY INFORMATION

_-- - E rnu nI5 ,IIII I Irj! I! I i! l11I l



SECRET
SECURITY INFORMATION

I. SUMOARY

A. OPERATIONAL AND ADMINISTRATIVE PROORESS

1. Field Test Cities

In Minneapoli., the winter aerosol-test progra for 1952-53 was brought to

a close upon completion of the twenty-third field test (and the associated

sixty-third mesometeoroloioal survey), in which the sixty-third release of

fluorescent-particulate material (NJZ 2266) was made since the inception of

current studies in aerosol-cloud behavior.

Necessary equipment was shipped from Minneapolis to St. Louis 9 and, at the

close of the present quarterly period, 10 independent temperature surveys

had been completed, 4 wiresonds sites had been selected, and 35 releases con-

stituting 17 field tests, with their complementary measurements of the hori-

zontal and vertical temperature gradients, had been made, These tests were

conducted in How and Item Areas, two sites selected from a general five

square-mile test area to serve as the counterparts of Able and Dog Area in

Minneapolis, respectively residential-comaercial and downtown, Of the 35

releases which comprised afternoon, predawn, and mostly nighttime operationsp

two were made on a citywide scale.

Cooperative action on the part of the Canadian Defence Research Board, Civil

Defence authorities, and minicipal officials enabled establishment of field

quarters in Winnipeg, From the results of four mesoeteorological surveys,

a characteristic temperature struture was determined, wiresond stations

were established, and sites suitable for aerosol-cloud studies employing the

fluorescent-tracer technique were tentatively selected.
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2. Plans

A 8ummer a o.ol-test program is soheduled for MLnneapoliso In St. Louise

where additional quarters have been made available, tentative arrangements

have been made for possible fluorescent-partiole releases within the Ste

Louis industrial complex during the fall of 1953o Field testing is also

contemplated for Winnipeg,, field-test personnel to include 62 part-time

workere Data ,obtained from Ve St. lai 4 a PjV, mt r. , oir^a4tin ViU

be processed in the Minneapolis office*

SECRET Page 7
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B. EVAIUATION OF WINTER PROGRAM IN MINNEAPOLIS

Of the 63 releases (23 field tests) constituting the winter aerosol-test

program in Mnneapolis, 34 releases have been selected from 14 tests for

evaluation in the present report, These releases of NJZ 2266p compring

both point and line-souroe dispersal. from a surfae-mounted blower disper-

serp and including four releases on a citywide scale. were made in four

selected areas of varying topographical and land-use characteristics, In

the evaluation of wintertime aerosol-cloud behavior, some consideration

has been given to St, Cloud raob soundings and to associated measurement.

of the horizontal and vertical temperature gradients* Primary onsidera-

tion has been given to the results obtained from samplers exposed at sur-

face level,9 for studying hoiiszov4 distribution of aerosol dosage.; at

vayring heights, for investigating vertical distribution of aerosol dosagesi

at different locations within buildings, for ascertaining the degree of

cloWd penetration and with filter units exposed sequentially both inside

and outside buildings, for verifying (along with several time-resolution

samplers) that the lengt, of the sampling periods was sufficient to en-

sure couplete sampling of the aerosol cloudo

Pending further cofinaming data, the following observations may be made2

1. Dosage patterns are similar for releases made from a given point

within a three or four-hour period, provided there are no marked

charges in wind or stability conditionso When a release is made

in or upwind of a river gorge, the aerosol cloud is displaced

laterally and the dosage pattern,, therefore, is somewhat altered,

SECRET Page 8
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2. For comparing the areas covered by given dosagesp compensation

for the effects of wind velocity by simple multiplication of

Ct/gm by mph appears to be satisfactory for wind speeds up to

6 mph, but gives values which are too large at higher velocitieso

3o Comparison of CMD values (crosswind integrated dosages computed

for releases at regular intervals of distance dowmind to the

limits of the sampling array) indicates significant differences

only when daytime releases are made in a residential area (with

resulting low values) and when nighttime releases are made in an

open area (with resulting higher values) CWID values for re-

leases from points and short lines are more nearly comparable

than those for point and long line releases,

4 . Where comparisons are possible for tests conducted under similar

oonditions, there are no apparent significant differences be-

tween the values expressing the relationship of area and dosage

per gram for point-source releases of 1.5 to 133 grams and for

short line releases of 14.3 to 23,5 grams.

S. Wi-Ghin the height ranges of buildings used in studies of cloud

attenuation and at the given downwind distances from the source.,

there seems to be no significant decrease of dosage with height

in built-up areas.

6, Results from one test indicate that under generally unstable con-

ditions increased instability due to high building density can

cause a rapid dissipation of the aerosol cloud.

SECRET Page 9
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7. Penetration of downtown buildings by the aerosol cloud does

not appear to be a function of height and does not differ

appreciably from that noted within structures located in a

residential area.
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II, FIEW OPERATIONS AND MANAGEMENT

A. AMINISTRATION

1. Orgauization

There were no additions to the full-time field office personnel during

the current report period. The organization remains at 11 full-time

employees in Minneapolis and one in St, Louis*

As of 31 KNchs the total number of part-time employee in Minneapolis

was 180, During the current period, only two aerosol tests and the

corresponding meteorological surveys were performed in Minnepolis. Sev-

eral part-time employees normally assigned to perform field work were

trained for and utilised in laboratory analysis work. In Minneapolis the

major portion of the field force was inactive pending resmption of test

activity in the sumer. During the period. eight people were hired and 25

were separated, leaving a total of 163 on record as of 30 Juneo

At the start of the current quarterp as reported in JQR 3,9 the part-time

force in Sto Louis numbered 53o Some 157 people were hired, and 13 were

terminated. leaving 197 employees on record at the end of the quarter,

In Winnipeg, 62 part-time workers were hired in the month of Ju repre-

senting mainly the men used in preliminary meteorological surveys but in-

cluding those initially hired for the field test crew.

Tables 11-1. 11-2, and 11-3 show both full-time and part-time manhours

expended in the current period in Minneapolis, St. Louis, and Winnipeg,

respectively , broken down by months and activities.

SECRET Page U
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For performance of aerosol tests in St. Louis, additional space of approxi-

matelyv 3500 square feet was procured on a month-to-month rental basis. 'This

additional space adjoins the existing field office in the second-floor garage

at 5589 Pershing Avenue., and includes 500 square feet of office space to

accommodate the functions of aerosol-test administration. The balance of the

space is open-garage area for the equipment assembly area, crew assembly area,

battery-charging room$ instrument and tool crib, and the laboratory. The

latter three room are of :light knock-down construction, with wall and ceiling

panels prefabricated in Minneapolis, It was anticipated that these enclosures

would be utilized at-,field offices remote from i..apolia, and, therefore,

were constructed to permit easy assembly, disassembly, and transportation. The

0 only addiion to the St. Louis office to permit initiation of asmol tests.

other than mentioned above,, was a 220-volt, 3-phase electrical power srvice

to the battery-charging generators0

Some 12,000 pounds of equipment and facilities were shipped by one motor van

from )anneapolis t~o Ste Louis. Included in the shipment were all sampling

units~, two battery-charging generators, meteorological instruments, tools,

supplies on hand, prefabs, and office equipment* The complete move and re-

establishment of this siseable amount of equipment and facilities was accom-

plished in less than a week without significant damage to the transported

goods, At the end of the current period, with St. Louis tests completed,

facilities and equipment were in the process of transfer directly to Winni..

peg by a similar type of transportation*

SECRET Page 35
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For project operations in Winnipeg, quarters were procured by the Director

of Civil Defence of Winnipego The space consists of approximately 3000

square feet in two adjacent temporary buildings at Stevenson Air Field#

some 31 miles vest of downtown Winnipeg. These buildings are occupied in

part by the Air Cadet League of Canada to which the buildings are assigned*

Various store rooms and assembly rooms are used for administration, equip-

ment preparation and assembly, and laboratory functions* The arrangement

has been extremely satisfactory. Adequate parking space is available adja-

cent to the buildings, facilitating loading of sampling equipment and car-

mounting of meteorological instrumentso A 220-volt9 3-phase electrical

service was installed from an outside pole line to one of the buildings

for the battery chargers,

S3o Security

No special security measures were instituted in connection with the Winni-

peg operation. inasmuch as all evaluation of filters and computing of

meteorological and field-test data are performed in Nnneapolis.

SECRET Page 16
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B, ]METEOROLOGICAL SURVErS

1e General

The purpose of the mesometeorological surveys conducted during the

current period was to determine the horisontal and vertical tempera-

ture distributions to serve as a basis for the e i otion of aerosol-

test sites in St, Louis and Winnipeg, and to obtain data both for de-

termining any possible effect of these distributions on the diffusion

of aerosol clouds in Minneapolis and St. Louis and for investigating

the changing distributions in various weather situations in Minneapolis

and St. Louis.

In order to obtain the temperature data, traverse routes in all three

cities were designed to include the business area, most of the residen-

tial area, and sufficient undeveloped area to enable the establishment

of the characteristic distributions which affect aerosol diffusion. It

was found that eight routes were necessary for mininum coverage in Sto

7,ouis, and the routes were redesigned accordingly prior to starting the

aerosol-cloud tests, Only five instruments were available for the Minnes

apolis tests, although a minimum of six routes will be necessary for sum-

mer tests, It was found necessary to design six routes for Winnipeg tests.

As in the past, four to eight circuits were made on each route in accord-

ance with the requirements of each field test. Wiresonde ascents were

also conducted in both business and undeveloped-area locations, ascents

being made once each hour to coincide with traverse operations.

SECRET Pfte 17
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2. Test Data

Table 11-4 lists the three mesometerological surveys conducted in Minne-

apolis in the current period, the four surveys conducted in Winnipegs and

the 25 surveys'in St. Louis. This table shows the pertinent statistics

on the number of routes, run, wiresonde ancents, maps obtaineds and man-

hours expended during the period for various phases of the operation in

connection with these urveuys. The manhours expended during the current

period on surveys conducted in previous periods are not included,

3, Public Relations

Meetings were held with various city officials of St. Louis for the pur-

pose of completing arrangements for wiresonde and field-test operations*

Minor difficulties with the Park Commssioner were ironed out with the

completion of the change in city administration. The St. Louis police de-

partaent was quite cooperative at all times 9 and the fire department aided

in the recovery of a kytoon and thermistor which had become entangled in

a tree during gusty winds, The public showed considerable interest when

Forest Park had to be used for the undeveloped-area viresonde site, How.

ever9 no incidents of consequence occurredo

Civil Defence and city officiale of Winnipeg and surrounding municipalities

were exceptionally cooperative in helping to initiate mesomeeorological

operations in that city. As a result, considerable interest was shown by

the press and the public. Traverse car operations evoked little interest,

However, the first wiresonde ascents drew quite a large crowd, one teenage
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member of which had to be restrained from using the kytoon as a target for

his bow and arrow. Subsequent use of more remote locations eliminated

this difficulty.

4o Traverse-Route Planning

The general principles of traverse-route planning, as discussed in JQR 39

applied directly to all route planning completed during the current peri-

od. Additional factors exerting considerable influence on such planning

in Winnipeg were the number of unpaved streets,, which became impassable

during and after rainstorms, the existence of traffic bottlenecks at brid-

ges and railroad underpasses, and the large number of mapped streets that

did not exist. The routes as finally designed averaged 17 to 20 miles,

but the coverage of each route was not as comprehensive as similar routes

in Minneapolis because of the aforementioned factors.

The new routes designed for St, Louis early in the current period were

based largely on experience to date. Because of street patterns and

traffic conditions, it was necessary to limit these routes to 12 to 17

miles in length.

5. Traverse Scheduling

The scheduling of traverses during the current period was conducted in

accordance with the policy outlined in JQR 3.

SECRET Page 20
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6e Selection of Wiresonde Sites

In accordance with the principles discussed in JQR 3, wiresonds sites were

selected in both St. Louis and Winnipeg during the current period. The

St. Louis business-area location was established on top of a two-story

building on the northwest corner of Eighth and Delmar, very near the cen-

ter of the heat island. The undeveloped-area location was established in

Forest Park in the lowest accessible spot. An alternate undeveloped-area

location for use on Sundays or holidays was found at Wilmore Park on the

south edge of the city. An additional site was located in the aerosol-

test area on a three-story building on the northwest corner of Benton and

Leffingwell,

The business-area location selected in Winnipeg was the roof of the three-

story Dominion Motors Building on the northwest corner of Fort and Graham,

about 1000 feet from the center of the heat island and on the edge of the

high building area. A satisfactory undeveloped-area location was found

in an open field on the northwest corner of Watt and Melrose in East

Kildonan, three miles north-northeast of the heat island. The coldest

point in the area seems to be one-half mile further outp but trees pre-

clude the use of wiresonde equipment thereo

7. Wiresonde Scheduling

The scheduling of wiresonde operations during the current period was strict-

ly in accordance with the policy outlined in JQR 3.

S
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8. Mobile Meteorological Stations

The organzation, equipment, and function of mobile meteorological stations

as used during the current period were covered in JQR 3. Various criteria

for locating the surface-level stations were tried in an effort to obtain

the most representative data for use in evaluating the aerosol-test pat-

terns* None of these criteria has given completely satisfactory results,

and efforts are being continued to improve them. Wind directions taken at

the rooftop stations have been found to be mxoh more reliable both for plan-

ning dispersal operations and for evaluating the results.

9, Data Reduotion and Analysis

The procedures outlined in JQR 3 were followed in the current periodo Data

reduction and map plotting were in progress at the end of the period. How-

ever, the analysis of many of the tests was not completed because of the

Imediate pressure of operating dutieso With the completion of most of the

organizational work, more time will be available for analysis in coming

monthso

10o Personnel

As was anticipated, the tight labor market in St. Louis made it difficult

to obtain adequate personnel, particularly r.esponible personnel. The scope

of several of the tests was limited by failure of employees to report for

duty. it was necessary to discard some data because of obvious poor quality

and inccopletenesso The rapid personnel turnover. coupled with the geeraly
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disinterested attitudes made it extremely difficult to retain even a nu-

cleus of trained people*

In contrast,, the Winnipeg situation was considerably better* An adequate

number of people was available and a generally good attitude was exhibited*

Through the cooperation of the Official in Charge of the Weather Office,, the

services of trained observers were obtained who served as wiresonde captains

and Y bile Not crews.
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C, FIELD TESTS

1U General

During the current period, tests to determine the behavior of aerosol

clouds within cities were conducted principally in St. Louise In Minne-

apolis9 on 28 April 1953, two releases were made on a citywide scaleg

representing final winter operations in that city,

From the general five-square-mile area selected for Ste Louis aerosol

tests as outlined in JQR 3, two separate testing sites were selected. A

detailed description of these sites will be included in a subsequent quar-

terly report covering summer operations in St. Louis. The two areas con-

sisted essentially of a densely populated residential area including some

commercial and manufacturing areas (designated How Area, the counterpart

of Able Area in Minneapolis), and a downtown section encompassing most of

the tall buildings in St, Louis (P esignated Item Area, the counterpart of

Dog Area in Minneapolis).

A total of 17 field tests were conducted in which tracer material was re-

leased 35 times. The initial test in which no tracer material was released

consisted of two runs and was performed to train operating personnel and

to obtain samples of background particulates in the St. Louis area. In the

residential area 20 releases were made9 and in the downtown area 13 releases

were made, Two releases were made on a citywide basis.

Operations for the period in St. Louis represent a total of 50 field experi-

ment hours (during which aerosol clouds were being sampled), representing

SECRET 24
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an expenditure of 7511 manhours of fudll-time and part-time personnel to

accomplish the field and laboratory phases of the program, It is noted

that the field work was completed in the current period, but the labora-

tory work was only partially complete as of 30 June. Field tests were

conducted predominantly in the evening hours between 2000 and 2300 CST9

with several supporting experiments being conducted in each area during

the afternoon hours between 1300 and 1600 CST, and duing the early

morning hours between 0000 and 0500 CST.

2. Test Data

Table 3I-5 enumerates all field toots onducted in St. Louis during the

period covered by this reports Pertinent statistics are given relative

to the several main phases of a field operation and the attendant analysis

work. Total manhour expenditure figures in various operations and manhour

figures per unit operation are presented. The test data for the one field

test conducted in Minneapolis during the current period will be included

in a subsequent report with other Minneapolis teats.

3. Public Relations

As previously outlined in JQR 19 advance meetings with Sto Louis city of-

ficials were held in the fall of 1952 in preparation for conducting aero-

sol tests in that city. In April of 1953 meetings were again held with

representatives of the Iyorgs office, with the Chief of Police and his

representatives,, and with members of the Park Board during which the

various phases of the summer test program were outlined.
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In preparation for the conduct of aerosol-cloud tests in industrial com-

plexes in the St. Louis area in the fall of 1953s meetings were held dur-

ing the current period with officials of Monsanto Chemical Company, Socony-

Vacuum Oil Company, Granite City Steel Corp., and the Board of Aldermen of

Granite City, Illinois. As a result of these meetings, the full coopera-

tion of these industrial firms was extended to The Ralph M. Parsons Company

in the prosecution of the testing program, with permission being granted

by all firms for use of company properties for field-test sites. Tests

are planned at a onsanto plant located in St. Louis proper, representing

a large chemicals manufacturing coplex; at the Socony-Vacuum refinery

in East St. Louis, Illinois, representing a large petroleum refining com-

plex; and at the Granite City Steel Corporation. representing a large

steel manufacturing complex, including blast furnaces, open hearth fur-

nacesB, and blooming and rolling facilities.

Mach less public interest and curiosity was aroused by the field-test

phase of the program in St. Louis than was experienced in Minneapolis,

How Area consists principally of a densely populated slum district, and

initial operations in this area were planned with particular precautions

being taken in the arrangement of equipment and scheduling of manpower to

minimie the possibility of loss of equipment. The Police Department re-

quested that it be notified prior to each test in this area in order to

be prepared to quell any disturbance resulting from the presence of the

test crew in the area. While the nature of the district justified such

precautions for each operation,) the whole program was conducted without a

single case of vandalism or disturbance. Those residents in the How Area
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contacted for location of sampling equipment in homes were found to be

extremely cooperative,

Although the St. Louis press was cognizant of the test program being con-

ducted, only a few small articles were printed during the periods Public

interest was at a minimum.

In preparation for conducting meteorological and aerosol-cloud tests in

Winnipeg, representatives of the Chemical Corps, Stanford University, and

The Ralph M. Parsons Company met in Yay of 1953 with a member of the Cana-

dian Defence Research Board in Ottawa. The operating phases of the pro-

gram were outlined, and at this time formal authorisation was given to

conduct the aerosol study in Winnipeg.

The field office received the utmost cooperation from cognizant repre-

sentatives of the Defence Board in setting up operations in Canada. Ex-

tremely valuable guidance and assitame were received from Civil Defence

authorities and municipal officials in Winnipeg. Only with such coopera-

tion could the field testing program have been initiated in a foreign

country in the shoit, time available.

4o Test Planning

Fleldtest arrays in St. Louis have been devised generally in accordance

with principles discussed in JQR 3. As previously stated, the extent to

which a change in sampler array may be made in the field to accodait a

general wind shift is controlled by time available for moving the equip-

ment and by the adequacy of field coumunicationso
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5. Sampling

Part-time e*loyees hired as sampler attendants in Ste Louis were pre-

dominantly family men normally engaged in various private and civil

occupations, in contrast to Mfnneapolis crews which consisted largely

of oollege students* Because of the greater maturity of men available

for hire, it was found possible in the initial Job interviews to select

qualified men for field crew captains to supervise the sampler field

crewso

This group of crew chiefs was given instruction in operating procedures

prior to initial assembly of the remaining ueubers of the crew, and these

supervisors were delegated the responsibility of disseminating such opera-

tional information to men under their cognizance at the initial training

sessiono The advantages of this procedure off ,et the generally uninter-

ested attitude prevalent among Sto Louis part-time employees and permitted

the organization of an efficient working force at the outset of the test-

ing program.

Remaining aspects of the air-sampling operation are described in JQR 3.

During the latter part of the St, Louis series of aerosol tests, in addi-

tion to the usual detailed sampling of the airborne cloud, clean glass

plates for the measurement of fall-out were placed at five to six points

up to 1500 feet downwind from the release point. These measurements were

desired to obtain an estimate of the nature and magnitude of the fallout

of FP material occurring during the St. Louis aerosol tests and to compare
0
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these data with similar studies made in connection with the Stanford field

experiments (SQR 1856-4), Results of this phase of the program will be

treated in a subsequent joint quarterly report on the St, Louis testso

6o Aerosol Generation

Organization of the aerosol-generator crew remained as described in

JQR 3.

A procedure calculated to preclude the possibility of contamination by

fluenS ent-tracer material of field office premises, in addition to those

outlined in JQR 3,, involved the storing and charging of the generator bat-

tery power pack at the location of generator storage, remote from the field

office, This procedure will be maintained during all forthcoming test

0 periods.

It was first noted in St. Louis that the finely powdered bulk NJZ 2266

material has a tendency to clump badly under high humidity conditions,

thus causing the material to feed poorly from the metering machansik into

the disperser generator* Unless special precautions are taken when opera-

ting under high huddity conditions, the feed rates fall below those calil

brated for given operating voltages. To remedy this condition, the fluores-,

cent material is heated in an oven until 1fluffy" and is then stored in an

air tight container until ready for use in the field.

7z To:t Direction

The field test direction procedures have remained as indicated in JQR 3,
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8. Equipment Preparation

An operational problem in St. Louis which did not arise in Mnneapolis

was the high ambient temperatures which limited the rate at which saa

pler batteries could be charged. With room temperatures consistently

above 900 F day and night, the temperature of the electrolyte on the

batteries was found to reach the manufacturer's recommended maximum of

310 ° F after only two hours of charging, and would then increase to

1300 F and above if allowed. In the interests of preserving battery life,

it was necessary in such cases to shut down the charging generators after

only a few hours of charging to permit the electrolyte to cool before re-

suming the charging operation. This procedure effectively limited the

number of samplers available for certain tests.

9. Laboratory Analysis and Data Processing

During the current period of field testing in St. Louis, all microscope

analysis of exposed filters, computation of total dosages, and plotting

of dosage distribution and wind-flow maps were performed in the Mnneao-

lis office. Exposed membrane filters were mounted on slides and identified

in the St. Louis laboratory and were then shipped to Minneapolis for pre-

llminary evaluation within a few days after a field test. Pertinent results

were then communicated to the field test director. In this manner, all work

of a possibly classified nature was performed by cleared personnel away from

the St. Louis office. and no special security measures incident to handling

of classified material were required.

0
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Filters exposed in certain tests in Sto Louis have shown a high percentage

of fluorescent particles of a green hue as contrasted with the distintI7

yellow hue of the tracer material, Evaluation to date indicates that the

locations at which the green particles are found beer no relation to the

path of the tracer aerosol and represent background contamination from one

to several unknown sources in the Sto Louis area*

General analysis procedures are outltJsd in JQR 3.
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III. WINTER AEROSOL TESTS IN MINNEAPOLIS

A. SUMMARY AND SCOPE OF OPERATIONS

The extensive winter aerosol-test program completed in the present quar-

terly period consisted of 23 field tests, in which 63 independent re-

leases of fluorebcent-particulate material# from either point or line

sourcesq were made in four selected areas of varying topographical and

land-use characteristics. In addition to Able Area , essentially resi-

dential as described in JQR 3, Bqker, Charlie, and Dog Areas® respectively

residential, open, and business--were employed in the aerosol-cloud studies.

Descriptions of the latter three area are given below in Section III-B*

Eighteen of the 63 releases constituting the winter aerosol-diffusion pro-

gram were reported in JQR 3; the remaining 45 releases (comprising 15 tests)

may be catalogued as follows,9 by number of tests9 corresponding number of

releasos , and testing siteg

2 tests (consisting of 6 releases) conducted in Able Area

5 tests (14 releases) in Baker Area

3 tests (12 releases) in Charlie Area,

3 tests (9 releases) in Dog Area, and

2 tests (4 releases) on a citywide scale.

Of theBe 45 releases9 34 have been selected from i tests for evaluation

in the present reporto They are suxmaried below (Table III-) in ters

of aarosol-generation data, meteakolcgical conditions,) and dosage-wea

information, For each test, whenever warranted9 the applicable isotherm

map for an associated temperature survey,, the synoptic meteorological

0
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0

sunury9, St. Cloud raob sounding,) wiresonde graphs9 adjusted dosage-area

relationships isodosage charts,, time-resolution graphs,, and building

summaries are given in the appropriate appendix devoted to the presenta-

tion of data for all tests conducted in a given area (see Appendices A-E).

Evaluation of the complementary temperature surveys, in terms of DT9

R/ATImin ., and other quantitative values, will be made in a later report.

Unlike JQ 3', which described only point-source releases in one area (Able),

the present report evaluates 11 line-source releases, as well as 23 point-

source releases from a vehicle-mounted blower disperser.* The length of

line release varied from 1500 feet, as in the case of FT 0019, to 7 miles9

as in the case of the citywide test FT 0023. Not only was Clinton School

used for studies of aerosol-cloud penetrationp as in Able test FT 0014,9

but Pioneer Hall, a dormitory on the campus of the University of Minnesota

(in Baker Areap FT 0019 ,,*. and seven downtown buildings (in Dog Area,,

*Not included are FT's 0016a and 0016b,, which were made from a roof-
mounted disperser as were the four releases (FTOB 0009b, 0010a0 0011a,
and 0OO1b) reported in JQR 30

**On the isodisage charts for FTOs 005a, OOOSb, 0006a, and 0006b (Appen-
dix B)9 there is no indication of the sampler array at Pioneer Hall.
since the building was not in the path of the prevailing wind direction
and hence of the aerosol cloudo

0
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FT9s 0015,9 0016, and 0017) were also employed. In addition, roof-located

samplers were arrayed on some 20 buildings. in the four line-source re-

leases of FTos 0022 and 0023 (Table 3-l)o

Like the tests evaluated in the last quarterly reportg those described in

the present were conducted kt night and included predawn releases (FTs

0017 and 0021)o Sampler-array procedures for these tests were essenoially

unchanged from those reported in JQR 3. For example, samplers in each of

the downtown buildings, as in Clinton School and selected residences (JR

3), were placed at different heights, some with holders extending beyond

the windows for measuring vertical attenuation of the aerosol cloud, others

completely inside for measuring cloud penetration. and including those with

filter units sequentially exposed during a given releases In Charlie, the

open area used as site for one series of tests, samplers were located on

the ground, with filter holders generally fixed to stakes at the four-foot

level. Though several samplers in certain tests had to be relocated out-

side the stake area and hence were placed at the sampling-unit level, all

units are nonetheless considered within the usual classification, as out-

side samplers at the one to six-foot elevation, Procedures for estimating

the fluorescent-particle count were likewise unaltered, though some diffi-

culty in arriving at a more definite count resulted when melted ice or snow

crystals on the filters exposed in the Charlie releases caused some parti-

cles to move to the edges of the filters, Dosages presented with the sym-

bol W (see Figso C-39 C-0,, C-1U, and also B-28) should therefore be re-

garded as conservative low values.

0
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Despite the broader scope of the aerosol tests presently considered,

their specific objectives are essentially the same as those listed for

the tests evaluated in JQR 3. They. too,, were designedt

1. to study horizontal distribution of the aerosol dosages near

the surface under various regional and meteorological condi-

tionsi

2. to ascertain the reproducibility of isodosage patterns under

given meteorological conditions;

3o to determine the relationship between point and line-souroe

releases in a given area, ioee, to determine whether the point-

source data from these tests are additive and may be converted

to line-source or multiple-point source data in any desired

combination for estimating muitions requirements;

4, to study. on a limited scale, vertical distribution of the

aerosol dosages;

5e to investigate0 on a limited scale, penetration of buildings

by the aerosol cloud; and

6. to verify that the length of the sampling periods was sufficient

to ensure complete sampling of the aerosol cloud*

0
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B, TEST SITES*

1. Baker Area

Baker Area, bisected by the Mississippi River meandering in an S-shaped

course from the northwest to the southwest corners, was selected for the

investigation of possible specific effects of the river on the local air-

flow patterns and hence on the aerosol-dosage patterns, as compared with

those obtained in Able Area. The Baker testing site is located approxi-

mately two miles southeast of the downtown area (Dog)., East of Cedar

Avenue Bridge are the St. Anthony Falls, and below these are the looks

presently under construction. Along both sides of the river there is

extensive deciduous tree cover which is particularly dense south of the

Washington Avenue Bridge. During the winter, the Mississippi is usually

frozen over for approximately two to three months, though such was not

the case during the period covered by this report.

The ground surface on either side of the river varies from 820 to 86

feet above sea level* Steep cliffs are located north of Washington

Avenue Bridge, on the east side of the river. The river surface, as

represented on the topographic map of the area (Fig. 111-2)9 is approxi-

mately 80 to 100 feet below the general ground level,

The University of Minnesota in located on the east side of the Mississippi

and on both sides of Washington Avenue. The campus is tree covered and

includes large old brick buildings, and several buildings under construction

*See Figure IIIl for map showing location of test sites in relation to each0other,
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in the southern section, The central heating plant is located on the

river. Only the never buildings are air conditioned and equipped with

steel-sash casement windows; double-hung, wooden-sash windows are gen-

erally found in the remaining buildings.

Railroads form part of the industrial complex north of Washington Avenue

and west of the river. Only the Great Northern Line 9 running north of

the University area, is depressed beneath the street and the general

ground surface. In additions the industrial complex consists of coal

docks, tank far" steel and brick warehouses, steel mill buildings, and

grain elevators of reinforced concrete (Fig. I1-3)o

Beyond the industrial structures are residences and commercial buildings.

The latter are generally two stories high, of brick construction, and are

located along the main streets, predominantly at the intersections of

poorly maintained asphalt roads. The first floor of a commercial building

is typically employed for business activities, vhile the second floor is

put to residential use. The typical home is a two-story wooden-frame

structure, approximately 30 years old. Apartment buildings are usually

brick structures from three to eight stories highs
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FIGURE M1-3

AERIAL VIEW OF BAKER AREA, MINNEAPOLIS
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2., Charlie Area

Charlie Area was selected as a test site to represent open flat terrain

subject to the same meteorological influences as the adjacent bziwt-up

area. It is located approximately eight miles south of downtown Minne-

apolis, and is bounded by Highways 5 and 100 on the south, by Thirty-

fourth Avenue South and Fort Snelling National Cemetery on the east 9 by

Seventieth Street an the north, and by Twenty-fourth Avenue South on the

vest, These boundaries ars the heaviest traveled roads affording access

to the Wold-Chaberlain Nmicipal Airport to the northeaste

The area consists of relatively flat terrain, with gradual variations in

elevation from 806 to 84O feet above sea level. The loest depressions

are found in the south-central portion adjoining the nominal Belt Line;

highest elevations are found in the southwest corner. The relative even-

ness of the terrain is further indicated by the A cross-section line (Figo

lII-4)1 the deviation from the general level, either above or below, is

not much greater than two feet, Variation in the B cross~section toes not

exceed 1}4 feet (818 - 832).

In winter, snow depth over the area averages about one foot, The low spots

are sometimes filled io a depth of 10 feet or more, while the relatively

high section in the center averages about 10 inches in depth. The lake

in the north-central portion of the area (Figs 111-5) comonly freezes

over during the season.

Buildings are scattered and few, and therefore have negligible effect on

the air-flow and temperature conditionso Grain and truck farming consti-

0 tutes the main activity in Charlie Area.
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AERIAL VIEW OF CHARLIE AREA, MINNEAPOLIS
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3. Dog Area

Dog Area# north of Able Area and northwest of Baker, is located in the

densely commercial segment of Minneapolis (Fig, III-1). It is bounded

essentially by Third Avenue and the outlying railroad complex on the

northwest, by the Mississippi River on the northeast , by Park Avenue on

the southeast, and by Eleventh Street on the southwest. The center of

the downtown section is traversed by asphalt streets; and the periphery,

by streets combining brick and asphalt. Main business thoroughfares

include Hennepin Avenue, Marquette Avenue9 and Nicollet Avenue between

Washington Aveme and Twelfth Street.

The ground surface varies in elevation from 854 feet above sea levelp

at Nicollet and Sixth Street, to 818 feet at First Street North and Prt-

land Avenue, As evidenced by the A cross-section line on Figure 1II-6

the gently rolling land tends to slope toward the Mississippi. The rail-

roads, which are most heavily concentrated along the northern and eastern

edges of Dog Area, run along the river? only at the northern edge are they

somewhat depressed below the general ground surface.

Tree cover is particularly extensive along the southern and western edges

of the area (Fig, IlI-7)0 No trees can be found in the dovntown section.

Along the railroad tracks are factories and warehouses,) and northwest of

First Avenue North are old brick and steel warehouses. Garages, gas sta-

tions9 small manufacturing plants, and other types of commercial buildings

are scattered throughout Dog Area.

0
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0Office buildings are predominant in the downtown sectiong from First Avenue

North to Third Avenue South, and from Washington Avenue to Tenth Streeto

Those toward the center of town, at Hennepin and Washington Avenues, are

oldj those at Marquette Avenue and Sixth Street are of comparatively recent

constr otiong Structures range from one-story to multistoried buildings

such as Foshay Tower, 32 stories highe Descriptions of individual buildings

used in the Dog Area field tests are given with Figure IIIO the oblique

aerial view which ...- -hose downtown buildings,

In the souther A and waesteru portLoh f the area are residences repre-

senting so' . of the oldest strutw j in Minneapolis, The typical house

it, two or three stories high, of t, me or stucco construction, and has an

attic. It is generally 50 years old, in poor condition, and equipped with

storm windows in the winter and with screens in the suimr, The numerous

brick apartment buildings are approximately 20 years old*

0
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FIGURE M1-7

AERIAL VIEW OF DOG AREA, MINNEAPOLIS
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Fi.fiuro TI1-8

Oblique aerial view of downtown Minneapolin showing array of buildings used In the Dog, Area

re eoases. Values obtainod from samplorn placed ithin the individual buildings Ar tabulated
in Appendix D (Figs. 1-7, D-19, and D-33). See also Appendix E (Table F-l).

1. AkDRUS BUILDING, at 532 Nicollot Avenue, is a commercial, ton-story building of steel
and brick constnction. Built in 1900, It has one full floor basemont and double-hung,
wood-sash windows. Storm windows are not used, nor is there air conditioning on the upper
floors. Steam heating is supplird from an ourtside source located in the Plymouth Building.

2. FIRST NATIONAL BANK BUILDING, a steel and concrete sLtrcture built in 19M1, is located
at Fifth and Maruette Avenue. It is 19 stories high, with an average floor space of 10,000
square feet. Ranking activities are conducted only on the first four floors; the remaining
floors are used commercially. In addltion to two full basemnts, the building has a small-
er basement for use as the power room. Coal is unsd Lo heat the premi-ses. The fourth
floor is the only floor that is air conditioned throughout; on all other floors single-room
units are placed at windows. Those windows are of the double-hung, stel-sanh type. There
are no storm windows in the building.

3. NORTI-rETEIM ELL TELEPHONE fIITI,D]MG, located at Third and Sixth Streots, Is a rein-
forced concrete stnuc ,u, 26 stories high. It in built in two sections' the first, com-
prising 11 floors, is the older, while the second is approxlmately 2) years old. Average
floor space for the first 12 floors is 20,600 square feet; for ihn next five floors, 19,365
squar feet; and for the l1th floor to the ruof, 20,600 square feest. It has three full
basements and steel-sash, double-hung windows, but nost,ors windows. Air-conditioning units
are employed " nly in the cafeteria; in the telephone-operator rooms, fan nro used.

I1. NOI}IF-.STEPRN NATTONAL RANK 13111,DI)O, located at Sixth Street and Marquette Avenue, con-
sists of 16 floors, although several penthouses give It a height approximating 19 stories.
Average floor space is 25,0OO square feet. Twenty-th|ree years old, the building is of con-
crete and steel construction to the eighth floor and of reinforced concrete t- the six-
toenth floor. The first five floors are used for banking activitles and the upper IL
stories for commercial purposes. Of the two basements in the building, one is used for
shops, hank vaults and stora e, and the second for housing the heating and power facilities.
For these basements and the first five floors only, a central air-conditioning unit is
employed. Small individual units are installed on other floors. Two largo fresh-air
ducts are located on the roof I-u, were not used during the Dog Area releases. (Ias is the
primary fuel used to heat the premises, while oil tn available on a stand-by basis. The
building employs two types of windows--tho double-hung, wood sash and Ihe out-swung steel
casement. For the latter type, approximately 175 storm windows are provided.

5. BAKER RirUTNC,, located nt 713 Mnrquette Avenue, is cons iructed of reinforced concrete,
i-Ith brick exterior. Erected in 1928, this commercial bil.ing has 12. full floors, each
consisting of approximately P500 square foot. In the basement, which extends beyond the
floor space of the building, is located the central pmer plant norvicing several large
structures within the area. Steam heating Is supplied by the central heating plant loca-
ted behind Baker Building. There is no air conditioning; however, fresh-air duicts are
located on the roof. The building is nlo equipped with Riche Browne windows, which are
similar to steel casements.

6. MEDICAL ARTS BIJLDrNG, located at 325 Ninth Street South, consists of two sections: the
first, built in 1925, is 10 stories high, averaging 11,000 square feet per floor, and the
second section, built in 1929, is 19 stories high, each averaging '000 square feet. The
building is constructed of reinforced concrete, with a brick exterior, and has one small
basement and a sub-basement. It is well-maintained d heated by vacuum steam. A fresh-
air duct on the second floor Is used in the basement. There are no storm v4ndows in the
bui liding.

7. FOSHAY TOWER, at 821 Marquette Avenue, is a steel and concrete building constructed in
1020. Tt consists of 32 stories, each averaging h5OO square feet. It is W17 feet high,
with an antenna extending another 160 feet. Of the four basements In the building, Lhe
first and second are used as garages, the third as the power plant, and the fourth as a
pump room. Steam heating in supplied from an outsi de source located in the rear of the
Raker Rjuilding. There is no overall sir-conditioning system in ibs commercinl bilding,
thouFh singPle alr-conditioning units are Installed in several offices. The Riche Browne
windows are out-swumg, steel-sash casements.
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C6 EVALUATION OF AEROSOL-CLOUD BEHAVIOR IN MINNEAPOLIS

1. Dosage Areas

The areas within selected dosage isopleths (particle-minutes/liter) have

been measured for all releases except in those oases where the disposition

of the samplers with respect to the cloud path was such that little confi-

dence could be placed in the areas derived from uncompleted isopleths.*

The areas enclosed by the selected isopleths have been plotted against ad-

justed dosage values obtained from multiplication of the dosage by wind

speed and division by the number of grams of FP material released, The re-

sulting graphs of "Adjusted Dosage-Area Relationships" are presented in

the appropriate portions of Appendices A through e

0 The consistent use of one set of doeage values in the isopleth analyses

precludes having the same set of Ctomph per gram values for all releasee

31we the area values are also non-uniform, exact comparisons of the ad-

justed dosages and related areas cannot be made between different releases

The isopleth values used are powers of 10; the areas enclosed within these

isopleths are listed in Table III-lJ) along with wind speedsp amounts of

FP material released, and other data pertinent to the individual release.

Despite the lack of a standard set of Ctomph per gram values, comparison

of the results of different releases may be made in a general way. When

the areas included within the dosage isopleths are plotted on log log paper

as functions of the corresponding adjusted dosages, it is found that the

*Releases not included, therefore, are FT's 0012ap 0012c, 0012d, 0013a
0013d, 0016a, OO16b, 0018b, and 0018c.
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plotted points for both short line and point releases approximate a straight

line. Therefore, the relationship for a given dosage per gram, wind speed,

and area enclosed within the given dosage isopleth may be expressed

Cm A a C. The lines obtained from the plot of values for different

releases have similar slopes; in general, a decrease of Ctomph per gram by a

factor of 10 is associated with an increase of area by a factor of 7. The

exponent for A in the expression above is thus established as 1.18.

To investigate the effect of wind speed as a possible explanation for the

lack of coincidence of the plotted values for different releases. the ex-

pression Ct . A1 1 8 has been evaluated for all corresponding values
gm

of Ct/gm (particle-minutes per liter per gram) and A (square yards) and

has been plotted against wind speed (miles per hour) in a scatter diagram

O (Fig. III-9). In addition to the tests included in this report, this dia-

gram includes points obtained from FT's 0003-0011, which were reported in

JQR 3, The amounts of FP material released ranged from l5 grams to 13.3

grams for point releases, and from 16o3 grams to 23o5 grams for short line

releases, ioeo, for lines less than 1000 yards in length. A plotting code

has been used to distinguish certain releasei from the others0  FT 0008

is the only test run under inversion conditions in the city, and, as might

be anticipated, the values are relatively high. FT 0017p which was run in

Dog Area, under very unstable conditions (Figs. D-279 D-28, and D-29).

shows the lowest values.

FT 0011 is also plotted distinctively. It is a daytime test with winds of

3-4 mph over snow-covered ground. It is interesting to note that the

S
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FIGURE 111-9

RELATIONSHIP BETWJEEN WIND SPEED AND THE PRODUCT
OF DOSAGE PER GRAM AND AN EXPONENTIAL POW~ER

OF THE AREA ENCLOSED WITHIN THE GIVEN DOSAGE ISOPLETH

Point-souirce releases

.9 0 FT 0008

108 0f FTO03
*FT 0017
x All other point releasse

in built-up areas

0 Short line. releases

I- Ct-uph - A 1 ,1 8  , * 0
gm2

I Ct in particle-miriutes/liter
A in. square yards

107

ct 1118

* 0

106

0 2 46 8 10 12

Wind Speed (muph)Pae5
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WSW points for this test on the 3.0 mph vertical line were obtained from FT

O011c, for which the release was made at surface levl. The other tbo

releases, FT's OO11a and OOllb, were made from a roof 35 feet above the

ground, and yet all three groups of plotted points are consistent.

A curve. based on a value of 3x107 for C in the formula Ct'm .A1 . 1 8 . C,
gm

has been fitted visually to the points of the scatter diagram (Fig. 111-9).

The suitability of this value for C is indicated by the median values pre-

sented in Table 111-2. The data included in this table are only from

those tests run under nighttime lapse conditions.

TABLE III-2

MEDIAN VALUES AND RANGE OF VALUES OF C*
FOR SELECTED WIND SPEED RANGES

S Wind Speed (mph) Number of Cases Median Rage

0.6 1.5 7 l.8xl07  7.1xi06 - 7.6xo7

1.6 - 2.5 14 2.7x0 7  7.6xi06 - 6.6xiO7

2o6 3.5 26 3olxlO7  i.o0I07 - 5.5xlo 7

3.6 - 4.5 21 3.4xl 7  2.Lx1O7 - 9.6xlO7

4.6 - 5°5 6 2.2xlO7 l.7xlO7 - 3.2X10 7

5.6 - 6o5 7 3.3xi07  2.1xiO7 - 3°7IJO 7

6.6 ,- 7.5 0 ......

7.6 - 8.5 2 6.2]1O7 5.8xl07 - 6.5xlO7

8.6 - 9.5 1 4.7x10 7

9.6 -lo.5 2 7.OxlO7  5.5xlO7  8.5xlO7

C- A1.18; Ct in particle-minutes per liter, A in square yards,
gm
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Thii Oto .r mb i, ii, , (:.eI rxnge jfl thf, only one for which the extreme

range of valueb of C nxcodn a factor of 10. This range is also the only

one below 6.5 mph for whil the median value differs from the visually

fitted val.ue of 3i107 by more than 27 per cent.

The promise that the effects of the wind on the dosage within a given area

can be compensated for by multiplying the dosage per gram by the wind

speed seems open to quo3A.ion when the wind exceeds six mph. For the lim-

ited number of cases in which the wind exceeded six mph, the r.roportional

application of w-ind speed to obtain adjusted values of dosage per gram

given products which are c~nsistently higher tUian the average of the

products in the lower wind speed ranges. This evidence of non-proportion-

ality supports the findings of tests conducted in Salisbury, England.*

These tests, performed with winds ranging from 5 to 10 mph, showed some

.n¢creaae in area with an Increase in wind speed.

A camparinon was prosented In AR 3 (Fig. V-21, p. 152) of average dosage-

area rlatlonghipH for daytime tests in Minneapolis and Salimbury. A

rovised preaent~at n Is given Lera in Figure I-10, where the Minneapolis

data l.-: b, ,on co;lrerted to t.ho units used in the original presentation of

the Salle;bury data. ReOeO. tests show that for each gram of FP material

rEL6,y.ed *..&cxlOl '( partic ie., have become airborne. Thus, one particle-

minute p,-,r 11 te' ib, equivalent to 3.,IxlO 5 mi-crogram-minutes per liter.

Since (.he Sallsbury f.low rates are expressed in cubic meters per minute,

KC. Jo M. Aanenei,, "Djffus on of Smoke Ln a Built-up Area," Porton Toch-
nical Papox No. 193, 19'O.
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FIGURE III-10

DOSAGE-AREA RELATIONSHIPS FOR DAYTIM RELEASES
IN MINNEAPOLIS AND IN SALISBURY, ENGLAND
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0 the conversion factor applied to the Minneapolis values stated in particle-

minutes per liter becomes 33X10- 2 . These converted dosage values, divided

by the number of grams released, then become comparable to the Salisbury

dosage values, which are expressed in microgram-minutes per cubic meter

per gram.

2. Crosswind Integrated Dosages (CWID)

CWID's were obtained by takiJg the area under the curve expressing the

dosages interpolated from the isopleths along selected orossi'd lines ex-

pressed in yards. To enable comparisons to be made between releases, the

particle-minutesCWID values, in ydliter have been divided by the number

of grams of PP material released and multiplied by the wind speed in mph.

Table 11-3 shows median values and the range of values for CWIDmph per

gram at a distance of 1000 yards downwind from the aerosol sourcee The

prevailing wind speeds indicate that the aerosol cloud should have com-

pletely passed the 1000-yard crosavind line in each case before the end of

the sampling period. Some subatantiating evidence is provided by the use

of time-resolution samplers in a few releases. In the final sampling

period, the maximum count shown on any of these samplers was five particles

(Figs. D-30 and D-31) or an incremental dosage of lees than oneo

0
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0 TABLE 111-3

VALUES OF CWID.MPH PER GRAM* AT 1000-YARD DOWNWIND DISTANCE
BY AREAS, BY TIME OF DAY, AND BY TYPE OF SOURCE

Time of Type of Number Dmh per Gram

Area D Source of Cases tan t.i

Able Day Point 2 1.8XiO3 9.9x102 - 2.64.03

Night Point 9 4o2xlO3 2.2x03 707x10 3

Night Line 4 4.6xl0 3  2.14103 - 7.3x10|

Baker Night Point 8 5.410l3  i.8x03 - 2olxl4

Night Line 3 3.x0 3  2.5xzl3 - 4.8xIO3

Charlie Night Point 2 7.8x1d4 7.8xO4 - 7o9x101

Dog Night Point 6 4.4103  o - 8.8x1 3

Citywide Night Line 4 1.3xlo4 6.7xl03 - l.8xl04

*CM is the value of the area under the curve expressing the dosages
a.ong the selected crosswind line expressed in yards.

Comparison of median values shows the highest value in Charlie Area and

the lowest during the daytime in Able Area, Except for these and the

citywide tests. no significant difference is apparent either between

testing sites or between different types of source*

The spacing of samplers in the arrays for the citywide tests was neces-

sarily great- than for the smaller area tests. Therefore, the confi-

dence that can be put in the computed CWI values for the citywide tests

is correspondingly less.

FT 0020 in Able Area is of particular interest since it was designed to

compare the CWID values at downwind distances obtained from a point

0
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release and from two line releases of sufficient length to have the effect

of an infinite line with respect to the sampling array. Figure III-U

shows the plot of the 0WID'mph per gram values with dowwind distance in

yards for the three releases. It will be noted that the difference be-

tween the values for the point release and either line release is generally

less than the difference between the values for the two line releases.

This relative agreement of CWID.mph per gram values between the point

source and either line release of FT 0020 emphaises the similarity be-

tween the results obtained from the other point releases of 1.5 to 13.3

grams and the short line releases of 14.3 to 23.5 grase. No significant

differences were found to exist between the two types of releases when

the area-dosage per gram relationship was investigated for the short line

0 releases (FT's 0014 and 0019). The relationship could not be evaluated

for FT 0020 since the line releases were of infinite length with respect

to the sampling array.

Point-source releases on a large soale, comparable to citywide tests FTIs

0022 and 0023, in which 400 to 800 grams were dispersed, may be desirable

to investigate the extent of the agreement between the results for line

and point-source releases.

3. Reproducibility of Dosage Patterns

The general appearance of the dosage isopleth patterns is quite similar

for releases made from a given point within a period of three or four

hours, provided there are no marked changes in wind or stability conditions,
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FIGURE Ill-U

RELATIONSHIP BETWEEN CWIDlMPH PER GRAM AND DOWNWIND
DISTANCE FOR FT 0020

Amount Wind

Release Typ (S (mph)

FT 0020a Line(infinite) 23.7(offective) 4.1

- - FT 0020b Point M. 3.6

----------------------FT 0020c Line(inifinite) 56.5(effective) 3.14

\ \CWrID in yd*Ct (Ct in particle-minutes per liter)

gm 4

%~ A

..............................................

0 0> 200 I00 610 800 1000 10
Downwind Distance (yd.)
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This similarity can be seen by comparing the analyzed charts for given

releases of a particular test, especially those in Appendix A for the

two line releases of FT 0014; those in Appendix B either for the two

rleases of FT 0006 or for the three releases of FT 0019; or those in

Appendix D for the three releases of FT 0015.

The dosage patterns for FT 0007 (Figs. B-178, B-18, and B-19) were some-

what different from those for the releases named above because of the in-

dicated marked diversion of the cloud by a river gorge. The first of the

three releases was made below the general terrain level at the edge of

the Mississippi River, and the others were made well back from the edge

of the 100-foot gorge, All releases were made from the south side of the

river with the wind blowing from the south. In all cases there is strong

0 evidence that the cloud was displaced along the river gorge in a direction

nearly perpendicular to the general wind direction. It appears that the

lee area of the bank on the side from which the wind came contributed more

to the lateral displacement of the cloud than did the exposed bank on the

opposite side,

4. Variations of Dosage with Height

Seven office buildings in Dog Area were used in FT's 0035g 0016 and 0017

to obtain data on dosage attenuation with elevation above the groundo*

*Dosage values obtained from samplers placed within the individual build-
ings are tabulated in Appendix D (Figs. D-7, D-19, and D-33). See also
Appendix E (Table El)o
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0
Filters were exposed outside of windows at different heights above the

ground and, in moat cases, samplers were also operated on roofs, The

greatest height at which filters were exposed was 27 floors above the

groundo

When expressed as percentages of the ground-level dosages, a considerable

range of values was obtained. Table rII-4 shows ranges for selected

height ranges. The median values and the ranges within which the middle

half of thT cases fall are also shown.

TABLE 1-4

VARIATION OF RELATIVE DOSAGES WITH HEIGHT

(Relative Dosages Expressed as Percentages of Ground-level Dosages)

Relative Doaes
Median Range of Riddle Extream

Height Range Number of Value 50% of Samples Range
(floors) S)le. W ( WJM .

1 - 4 33 112 76 - 1s 19 - 347

5 - 8 21 67 20 - 97 o- 143

9 - 12 35 99 77 - 126 0 - 196

13 - 16 16 84 61 - 102 7 - 136

17 - 20 24 98 68 - 156 31 - 191

21 - 27 8 86 78 - 98 54 - 114

Another treatment of these data shows an interesting difference between

FT 0017 and the other two Dog Area tests0 The mean of the outside values

at all levels for a particular building in a given release is used as a

base figure in terms of which all dosages are expressed as percents. For

the releases of a given test, mean values have been computed for selected
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height ranges. These means are based on all buildings which showed posi-

tive dosages on any release during a given test. These data (Table III-5)

show that dosages for FT 0017 were relatively greater at the higher levels

than near the ground, a relationship which was the reverse of that indi-

cated to exist for FT's 0015 and 0016o The suspicion thus seems to be

confirmed that a "bonfire" condition existed during the conduct of FT 0017,9

particularly during the last two releases.

TABLE III-5

MEAN RELATIVE DOSAGES IN SELECTED HEIGHT RAN3ES
FOR THREE DOG AREA TESTS

Height Range Number of Samples Mean Relative Dosages (%)
(floors) FT 0015 FT 003 FT 0017 FT 005 FT 016 FT OO17

1 - 4 13 8 12 131 171 79

5 - 12 24 18 15 98 74 94

13 - 20 16 8 15 85 75 117

5o Penetration

The degree that the aerosol cloud penetrates buildings has been investi-

gated by the comparison of dosages obtained from outside and inside sam-

plers.* As shown above for the Dog Area releases, there are considerable

variations in dosage with height above the groundo Hence caution is re-

quired in computing penetration values at heights well above street level,

*Dosages for these inside samplers (Figs, D-79 D-19, and D-33) indicate
that the values should be considered conservative , since in some cases
the second of the sequentially exposed filter units showed a higher
incremental dosage than the first. A longer total sampling period might
have given a greater total dosage,S
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S
Percentages of penetration at the higher levels will generally be lower

when based on an outside ground-level dosage than when based on an outside

dosage at the level of the inside sample. The comparison of the inside

and outside dosages at the same level appears to be a more valid procedure

for determining the percentage of penetration and has been used to obtain

the data in Table 111-6. This procedure has required the frequent use of

interpolated values since outside values often were not available at the

level of the inside sample* Outside ground-level values were used as

bases in determining basement penetration.

TABLE 111-6

INSIDE DOSAGES RELATIVE TO OUTSIDE DOSAGES
AT THE SAME HEIGHT LEVEL FOR SELECTED HEIGHT RANGES

Relative Dosmes
Median Range of Mi.ddle Extreme

Height Range Numb. r of Value 50% of Samples Range
(floors) Samples (%) (%)

Sub-basement* 27 13 U .31 0 - 173

Basement* 31 11 0 - 30 0 - 143

1 - 4 20 24 14- 52 o - 834

5 8 32 16 4- 34 0-1400

9 - 12 27 10 - 25 0 - 652

13 - 17 10 38 12 76 0 - 124

GROSS 147 15 0 37 0 - 1400

*Dosages at this level were compared to outside ground-level
dosages,

"Sub-basement," as listed in the "Height Range" column of the table, re-

fers to levels two or more floors beneath the ground floor. The lwest
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level at which samples were taken was three floors blow the groun2 floor

Basement"refers to the first floor below the ground floor. The highest

inside samples were taken on the seventeenth floor.

The gross median value of 15% for 147 samples taken during nine releases

is of the same order of magnitude as those reported in .QR 3 for Clinton

School and a number of residences. Clinton School had a gross median

value of 23% based on 71 samples taken during 12 releases. The gross

median value for the residences was 11,5% for 42 samples during seven re-

leases.

To obtain an indication of the frequencies with which various amounts of

penetration were achieved at the various height ranges, the data upon

which Table 111-6 was based have been treated differently and presented

in Table III-7o

Table III7 shows the percentage frequencies of inside dosages expressed

as percentages of outside dosages at the same level within the ranges

indicated by the column headings under "Penetration Ranges," For example.

28% of the total 147 samples showed no inside dosages when outside do-

sages were obtained at the same level, and 11 of the 147 samples showed

inside dosages from I to I0 of the corresponding outside dosages, Addi-

tion of the gross values of the last two columns shows that 20% of the in-

side samples were greater than 50% of the corze.ponding outside dosages,
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TABLE 111-7

PERCENTAGA FREUENCIES OF INSIDE DOSAGES RELATIVE TO
OUTSIDE DOSAGES AT THE SAME HEIGHT LEVEL FOR SELECTED

PERCENTAGE RANGES AND SELECTED HEIGHT RANGES

Height Range Number of Percent of Cases in Each Indicated Penetration Range (%)

(floors) .SMples 0 1-10 31-2O 21 _O 51-100 >100

Sub-Basement* 27 44 0 15 26 11 4

Basement* 31 39 10 13 29 3 6

1 - 4 20 10 10 25 30 10 15

5 - 8 32 22 16 22 19 9 12

9 - 12 27 26 22 19 1 15 7

13 - 17 10 20 0 10 30 30 10

GROSS 147 28 1 18 23 11 90
*Dosages at this level were compared to outside ground-level dosages.

S
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Fiure No, FIELD TEST OO14 3 March 1953 Pae No*

A-i Two.Meter Air Temperature Survey, M-55, and
Summary of Regional and Local Weather 69

A-2 Temperature Soundings, St. Cloud Raob, M-55 70

A-3 Comparative Temperature Soundings,
Minneapolis Wiresonde 71

A-4 Comparative Temperature Soundings,
Minneapolis Wiresonde 72

A-5 Comparative Temperature Soundings)
Minneapolis Wiresonde 73

A-6 Comparative Temperature Soundings,
Minneapolis Wirep;onde 74

A-7 Time Resolution Data, FT 0014b, Saipler No. 1 75

A-8 Time Resolution Data, FT 0014b, Sampler No, 2 76

A-9 Time Resolution Data, FT 0014c, Sampler No* 1 77

A-10 Time Resolution Data, FT 0014co Sampler No. 2 78

A-1i Clinton School Sampler Array and Results,
FT 0014 79

A-12 Adjusted Dosage-Area Relationships, FT 0014 80

A-13 Test Array and Results, FT 0014a 81

A-14 Test Array and Results, FT OOlb 82

A-15 Test Array and Results, FT OOlc 83

FIELD TEST 0020 18 March 1953

A-16 Two-Meter Air Temperature Surveyo M-58, and
Summary of Regional and Local Weather 84

A-17 Temperature Soundings,, St, Cloud Raob, M-58 85

A-18 Adjusted Dosage.Area Relationships,, FT 0020 86

A-19 Test Array and Results, FT 0020a 87

A-20 Test Array and Results, FT 0020b 88

A-21 Test Array and Results, FT 0020c 89
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SUMMARY OF REGIONAL AND LOCAL WEATHER
3 March 1953

(Survey M-55, Supplemental to FT 0014)

SYNOPTIC SITUATION

A strong ridge of high pressure extended from the Pacific Northwestern
states eastward to the Great Lakes, bringing relatively cold air across
Minescua. An intensifying low centered over Lake Erie served to in-
crease the surface gradient. There was some evidence of a very weak
cold frontal passage at Minneapolis on the evening of the test. At the
700-mb level, a broad slow-moving trough extended from Saskatchewan
southward to Texas and long-wave ridges lay just off the Atlantic and
Pacific coasts. The resulting gradient wind over Minneapolis was west-
erly at 35 mph.

WEATHER REPORTS FROM WOLD-CHAMBERLAIN FIELD (MINNEAPOLIS)

Cloud Dew Wind
Time Height Sky Visibility Temp Point Speed
(CST) (feet) Cover* (miles) Weather** (OF) (OF) Dir (mph)

1830 20,000 Broken 15 - 17 12 W 11
1930 20,000 Scattered !i5+ - 14 8 WSW 7
2030 None Clear 15+ - 13 9 WSW 10
2130 None Clear 15+ - 13 9 WSW 10
2230 None Clear 15+ - 14 9 W 15
2330 None Clear 15+ - 13 8 W 16

* Average cloudiness sunrise to sunset: 100%
'PAnd/or restriction to visibility

Sea-level pressure at 2130 CST: 1009.5 mb
Ground condition: Twelve-inch packed snow; main streets clear; side streets

clear but 50% ice from daytime melting; lake frozen
Tree cover: None

As
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Figure A-2

TEMPERATURE SOUNDINGS

St. Cloud Raob 3 Mar 1953
WINDS ALOFT (Supplemental to Survey M-55)
St. Cloud
3 Mar 1953

2100 OST

(Knots) 4004ooo - -
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20 00 . . .. _---

100

0 _ Surface at 10391 HSL
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Undeveloped, Run 1

- Residential, Run 2
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FIGURE A-3

COMPARATIV, TEMIPERATIJUE SnIq'jIi4GS

Minnonpolis Wiresondo
Undeveloped Vs ResidentUtal Area

2100 CST 3 Mar 1953
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FIGURE A-4

COMPARATIVE TEMPERATURE SOUNDINGS

Minnieapolis Wiresonde

0Undeveloped Vs Residential Area
2foo CST 3 Mar 1953
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] Undeveloped, Run 4
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600

500

400

d)

300

+43

Dry
Adiabatio

200 Lapse Rate \

J

100 I

7 8 9 10 1 12 13

Temperature OF
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COMPARATIVE TEMI'ERATURE SOUNDINGS

Minneapolis Wiresondo
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24OO CST 3 Mar 1953

Paso 74
SECRET

',f( URITY INFORMATION



SECRET
SECURITY INFORMATION

Figure A-7

TIME RESOLUTION DATA

FT 00114b 3 mar 1953
Sampler No, 1

Total No. of Particles: 1.79 x10
Flaw Rate: 10.2 liters/min
Dosage: 176 part-mici/liter

H iH

1000 -

Sapero Sampler off

(2120................... .T2144 CTT

5~ 0 5 10 15 20 25

Time (Minutes)

Dispersal Period
(2125 - 2129:30 CST)f
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Figure A-8

TINE RESOLUTION DATA

FT ool~b 3 mar 1953

Sampler No. 2

Total No. of Particlest 943
Flow Rate:t 10.6 liters/min

Dosaget 89 part-min/liter

1500

PI4
'%1000

Sampler on -i Sam ler off

Ti-me (minutes)

Dispersal Period
(2 T12T-f cT T
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Figure A-9

TIME RESOLUTION DATA

FT 001J.c 3 mar 1953

Sampler No. 1

Total No. of Particles: 3.09 x 103

Flow Rate: 10.8 liters/min
Dosage: 286 part-min/liter

3000 -- ' 1 T TF

04~ 200022 1? I

1000e on =L Sampler off
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Figure A-10

TIME RESOLUTION DATA

FT ool4c 3 mar 1953

Sampler No. 2

Total No. of Particles: 773
Flow Rate: 10.3 liter/min
Dosage: 75 part-mn/liter

3000

2000 I

z PIL

Smler on __p e

K Time (Minutes)

DisprsalPeriod
(2245 -225,0if0CWT
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CLINTON SCHOOL DOSAGES*

Dosages for a Given Release
Sampler FT 0014a FT O14b FT 0014c

A 24 93 62
B 3-2 13-4 10-4
C T-T 16-iO 9-T
D 2-T 10-lh 26-6
E 6 90 57
F 2 23 13
G O-T 16-4 9-3
H 15 ill 6h
I 3-3 16-16 2-0
J 12 105 49
K 18 75 65

* Dosages are expressed in particle-minutes per liter; T
represents trace dosage, i.e., a count not exceeding 15
fluorescent particles. A single entry expresses the dosage
obtained from a filter unit exposed during the e ,,ire sam-
pling perioc of a particular release. Double entries for a
given column represent incremental dosages obtained with
sequentially exposed filter tuits. Applicable incremental
periods for each sampler, as well as full sampling periods
for each release, are as follows:

Release Sampling Period Incremental Periods

FT OOJ4a 2000-2100 CST 2000-2045 CST
2045-2120 CST

FT OOl b 2120-2220 CST 2120-2205 CST
2205-2240 CST

FT 0014c 2240-2340 CST 2240-2325 CST
2325-2340 CST

Figures A-13, A-1h, and A-15 (Appendix A) show Building No. 11,
Clinton School, in relation to the grid complex and the dosage
pattern for the indicated releases,

0
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Figure A-13

TFST AURAY AND IiF."M,TS 3 mar 1953

FT OOJia 
2022 CST

AFROSOL GENFRATION

Point-nource relase of 8.9 gina of NJZ 2266 over a period of 5 minutes starting at 2022 CST from n vehicle-mounted
blower disperser located at point *

SAMP, INO

Location and Exposure

Membran-filter sampling equipwvnt located at I2 stations as shown on test-array map by the following symbol:

0 Otdoor sampler at height between 1 and 6 feet.

Results

All samplers operated to measure total doages. In addition, samplers in Clinton School were operated incremen-
tally; sampler array, full sampling periods, and applicable incremental dosages are presented in Figure A-il.

Total Dosage (particle-minutes/liter)

T - trace dosage

58 1 - malfunction or data missing

100,/j Dosage contour with values expressed in particle-mnutes per liter.

100

1ITEOI1OLOY

EquIpment and Menuremont

At street level, wind direction continuously recorded, and air and surface temperatures, wind velocity, and

other meteoroloical observations taken at stations designated ( , @ , and @ .

Similar obnervations at rooftop level (35 rent above surface) and wiresonde ascents made at meteorological

station 0 ,

2105
bO Virtual wind track, the length (drawn to map scale) and direction of each arrow

210O representing the virtual wind travel between the times indicated.

2100 Balloon track repremsnting wind-drift observation at the time Indicated.

Winds

Street-level winds southwesterly at 2.7 mph, roof-level winds southwesterly at 3.0 mph, and treetop winds
west-northwest to southwest at 8-10 mph.

Stability

l.h' F lapse from 6-300 ft.

Clear during test period.

Temperature

16-17 ° 
F at 2 ,meters in the test area.

Moisture

Mixing ratio of 1 .11 gm/kKm dry air.
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Figure A-Ili
TEST ARRAY ANDi RSuLTS 3 Mar 1953
FT ooih~i 2125 CST

AEROSOL GFNFRAT ION

Line-source release of 1Jh.3 gmv of NJZ "266 (nt a rate of 38.7 gis/mile) over a period of hi.5 minutes starting at
212q CST, from a blower iqperser mounted on a moving vehicle.

START to NI) 2000-ft track of vehicle-mountod blower dinperser at the indicated starting
(2125 CS9T) (2129230 CST) and stopping times.

SAMPL, IN1

Location and Exposure

1embrarm-filtor sampling equipmvent located nt 102 stations as shown on test-array map by the following, symbolst

* Outdoor sampler at height between 1 and 6 feet.

ATime-resolution sampler with station number.

Resultz,

All samplers operated to measure total dosages. In adiditinn, saimplers In Cl inton School were operated incremen-
tally; sampler array, full sampling period, Incremental periods, and applicable incremental dosages rem
presented in Figuire A-11. Time-resolution data are given in Figures A-7 and A-.

Total Dos a (p aricle-minutes/li tor)

* T - trace dosage

M - malfunction or data missing

10 0 Dosage cont.,ur with values expressed In pairticle-minutes per liter.

1'UTF0ROLOGY t00

Ljpsnt and ?basurenrnt

At street level, wind direction continuously recorded, and air ap_4 surf . tomperstiws wind velocity, and

other meteorological observations taken at statiunm designated Q3J ,~g ,and WS:

Similar o ,ervaitions at rooftop level (35, feet shove surface) and wiresondn ascents made at meteorological
station Q9 .

2005
-- 20l0 Virtual windi track, the length (draws to map qcale) and direction of each arrow

2000-- re presenting the virtual wind travel between the times indicated.

2000 Balloon track representing wind-drift observation at the time indieated.

Winds

Street-level winds west-southwesterly at 2.9 mph, roof-loyal winrds south-southwestorly at h~.1 mph, and treetop
windsq west-northwe9t. to so uthwest at 8i - 30 mph.

Stabil ity

1.2* F lapse from 0-300 ft.

Sk-y

Clear huring test period.

Tompe rature

l':' to If' F at 2 rwt(,rs In the test ares.

r ~itire
Mjxinr! ratilo or .I J Fe/kgm dry air.
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Figure A-Iq
TFST ARRAY AND RESITS 3 Mar 1953
FT 0Whc 221j< CST

AFROSOL OFNERAT TON

mlee-source release of 18.2 gin of NJZ 2266 (at a rate of 19.2 gain/mile) over a period of 5.17 minutes starting at
2745 CST, from a blower disperaer mounted on a moving vehicle.

START I END 2000-ft track of vehicle-mounted blower disperser at tho indicated starting
(22h5j CST) (22,10:10 CST) and stopping times.

SAMPL INO

Location and Kxposure

Mombrano-filter saqling equipment located at 102 stations as shown on tont-array map by the following symbols:

0 Outdoor sampler at hoght between I and 6 foot.

A Timo-resolution sampler with station number.

Results

All samplers operated to measure total dosages. Tn addition, samplers in Clinton School were operated increme.n-
tally; sampler array, full sampling period, ineremntal periods, and applicablo incremental dosages are

Total Dosage (particle-minuts/liter)

/T - trace donages

14 - mal function or data missing

O0o ' Donago contour with values exprensed in particle-minutes per liter.

METEOROLOGY

Equipment and lMuasuremant

At street level, wind direction continuol.91y recordedt, and air a~d siirf c temperaatre, wind velocity, and
other mteorological observations taken at stations designated , , and M .

Similar observations at rooftop level (35 feet above surface) and wiresonde ascents made at meteorological
station ( .

2005 2OI0 Virtual wind track, the length (drawn to map scale) and direction of each arrow
2990 representing the virtual wind travel between the times indicated.

2000 Jialloon track raprenenting wind-drift observation at the time indicated.

Winds

Street-level winds wst-southwsterly at 3.6 mph, roof-level winds wet-southwusterly at 10 mph, and treetop
winds west-northweat to southwest at 8-10 mph.

Stability

1.5" F lapse from 6-300 ft.

Clear during teat period.

Temperature

Th.7* to l'.7
° F at 2 metnr in the tont area.

Mo is tore

Mixing ratio of 1.A gMkgm dry air.
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SUMMARY OF REGIONAL AND LOCAL WEATHER
18 March 1953

(Survey M-58, Supplemental to FT 0020)

SYNOPTIC SITUATION

Associated vith a 996-mb low centdr 300 miles northeast of Duluth, a
weak dissipating cold frontpassed Minneapolis the night before the test
with no precipitation. Light snowfall accompanied the passage of a sec-
ondary cold front one hour prior to the test period. Following the
secondary front, a fresh mass of cold air in a weak high moved rapidly
from the northwest. At the 700-mb level, a rapidly moving trough passed
from Lake Superior through Indiana and Arkansas to Texas, and ridges lay
over the Rockies and the Appalachians. The 700-mb gradient wind over
Minneapolis was northwesterly at 40 mph.

WEATHER REPORTS FROM WOLD-CHAMBERLAIN FIELD (MINNEAPOLIS)

Cloud Dew Wind
Time Height Sky Visibility Temp Point Speed
(CST) (feet) Cover* (miles) Weather** ( (OF) Dir

1830 1900 Broken 15 - 35 33 W 24
1930 1900 Scattered 15 - 35 31 W 20

(gusty)
2030 2100 Broken 15 - 35 31 WNW 24

(gusty)
2130 2200 Broken 15+ - 33 27 WNW 20
2230 2500 Scattered 15+ - 32 25 WNW 24

(gusty)
2330 None Clear 15+ - 30 20 WNW 20

* Average cloudiness sunrise to sunset: 50%
** And/or restriction to visibility

Sea-level pressure at 2130 CST, 1006.8 mb
Ground condition: Two to four-inch packed snow and ice; 40% of snow gone;

streets clear; lake frozen
Tree cover: None

0
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0Figure A-17

TEMPERATURE SOUNDINGS

St. Cloud Raob 18 Mar 1953
WINDS ALOFT (Supplermntal to Survey M-58)
St. Cloud

18 Mar 1953
2100 CST

No Data 4000

\18 Mar
0900 CST

I i\

(Knnt.- \ I --

119 mar

* 0900 CST

2000 1

28I

1000 K_
18 mar

21000CST

0 L Surface at 1039' MSL

15 20 25 30 35 40

TEMPERATURE OF
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FIGURE A-18

ADJUSTED DOSAGE -AREA RELATIONSHIPS

FT 0020 18 mar 1953
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PEST ARRAY AND flI.MTS FgrA1918 Mar 195;3
FT 0020a 2005; CST

AFTMOOL 0ENRRATroN

Line-source release of 68.q; Pm@ of NJZ 2266 (at n rate of 39 gian/sue) over n period of 8.23 minutes starting at
2005; CST, from a blower disperser mountead on a moving vehicle.

STAlL!' END 9000-ft track of vnhi cle -mounte d blower disperser at the indicated starting
(2005; CST) (20ol3*1l4 CST) ad stopping times.

SAPL 1miG

Location end Exposure

Mombrane-rilter sampling equipment located at lCii stations as shown on test-array map by the following symbols:

* Outdnor sampler at height between 1 and 6 foot.

* Outdoor sampler at height above or below general terrain level as indicated by note.

Results

All sWaplerfl opeated to measure total dosages during full sampli-ng period, 2000-2100 CST.

Total Dose (art Ine-mi nutes/ liter)

TP - trace dosage

________ andM - malfunctlon or data missing

00---- Dosage contour with values expresse3d in partilel-minutes per liter.

WWTF0R0L00Y 100

Equipment and Me~asurement

At street level, wind direction continuously rocrwdod, and nir aW su~rfa temperatures, wind velocity, and
other meteorologcal observations taken at stations designated Q9 Andb

Simiilar obsor-vations At rooftop level (35 feet above surface) made at meteorological station ,whe re
equipment was also set up for wironondo measurements.

2005
201 VirtualI wind track, the iength (drawn to map scale) and diretion of each arrow

2000,-, rapresenting? the, virtual winut travel between the times indicated.

- -- - 200 Dalloon track representing wind-drift observation at the [inx indicated.

Winds

Street-level winds west-southwesterly at 3.8 mph, roof-level winds westerly at Q.8 mph, winds at treetop
westerly at 10-1'; mph, and above treetop level westerly at 20-30 mph.

Stability

No direct measgurement; wiresondp operations precluded by relatively stroop, winds.* These winds and supporting
mnob dta (Fig. A-l7) indicate adiabatic conittiona.

Proken clouds9 with bases 2100 ft above the suirface.

TeMerature

31;' to I';.'; F at. 2 meters in the t-est aros.

Mois iure

Mixinp ratio oa 3.6 gvi/ir dIrv air.
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TFST ARRAT AND Figure A-?O Mar 1953
FT 0020b 2125 CST

AFROSOL GENERATION

Point-source release of 9.7 ge of NJZ 2266 over a period of 5 minutos starting at 2125 CST from a vehicle-mounted
blower disperser located at point Ij.

SAMPL IMO

Location and Exposure

Membrane-filter sampling equipment located at 10li stationa an shown on test-array map by the following symbols:

0 Outdoor sampler at height between 1 and 6 feet.

Q Outdoor sampler at height above or below gnneral terrain level as indicated by note.

Results

All samplers operated to measure total dosages during full sampling period, 2120-2220 CST.

Total Dosage (particle-minutes/liter)

T - trace dosage

100 Dosage contour with values expressed in particle-minutes per liter.
00

Oguipment and Mnanun emnt

At street level, wind direction continuously recorded, and air ad surfacr temperatures, wind velocity, and
other meteorological observations taken at stations designated and

Similar obeervations at rooftop level (35 feet above surface) mae at meteorological station , uhere
equipment waR also st up for wiresonde measurements.

2105 2110
- Virtual wind track, the length (drawn to map scale) and direction of each arrow

210 1 reprosenting the virtual wind travel between the times indicated.

2100 Pci loon track rerrenenting wind-drift observation at the time indicated.

Winds

St reet-level winch west-northwnsterly at 3.i8 mph, roof-level winds wen -- o-r'we Iterly at 11.2 mph, winds at

treetop westerly nt 10-15 mph, and above tretop level westerly nt 20-30 mph.

Stability

No direct mnasurermnt; wiresoriidi operations precluded by relatively strong winds. Those winch and supporting

mtob data (Fig. A-17) indicate adiabatic conditions.

Prokn clouds with bases 2200 ft above the surface.

Tempo rature

3h.2' to 3i.iV F at 2 motors in the tot area.

Moisture

Mixing ratio of 3.1 gm/kgm dry air.0
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TEST ARRAY AND RF.qlgTS Figure A-2118 Mar 191;3
FT 0020c ?2h CST

AFROQSL OENFRAT ION

Line-source release of 163 gme of NJZ 2266 (at a rnto of 92.8 pna/mile) over A period of 8.83 minutes starting nt
2?is' CST, from a blower disperser mounted on a moving vehicle.

STAIN' 00 FND 900-ft track of vehiele-mountrd blower disperser at the indicated starting
(2245 CST) (2?3'fro QST) And stopping times.

SANPT 11O

Location and posure

Vombrane-filter sampling equipment located at lChi stationa am shown on teat-array map by the following symbols:

* Oitdoor sampler at height between 1 and 6 feet..

Outdoor sampler at height above or below general terrain 1*vel an indicated by note.

Results

All mamplerv operated to mnnsurn total dosages during full sampling period, 22110 - 23
1
40 UST.

Total Doa e {particle-minute/liter)

i T - Ipinlle0 ,I',u'nl~l

58 M malfunction or dnt,n minslng

100 -  1 fkl)omnf rntour with valuen nxpresndod In particlo-minutes per liter.
i0 0

W .TFOROIXT 
100

Fqiipment. and ,amurnmnnt

At et.rept, level, wind direction "ontinunusly rre,,rIv,I, and air a siirfa nge tomqpratures, wind velocity, and
other mnteorological obnorvatIona1 taken at. stationn d"trifnnted I and Q .

Similar ohnervationn at rooftop level (3'; feet above surface) made at mteorological elstion @ , where
equipment was also set up for wir son,1e maeuntromnnts.

2005 O2010 Virtual wind track, the length (drawn to map icnle) And direction of each arrow

2000 repronpnting the virtual wind travel botwoen the itmes Indicated.

200g ilniloon track representing wind-drift observation at the time indicated.

Winds

Street-level winds west-nouthvsterly at 1.2 mph, roof-level winds westerly at l~i.8 mph, winds at treetop
westerly at 10-I5 mph, and above treetop level westerly at 20-30 mph.

Stability

No dlre.t mnauremnnt; Wiresonde operatlons precluded by relatively strong wtnds. These winds and supporting
raob data (Fig. A-17) indicate ailabatic cnditiona.

Scattered clourl wit.h banes 25flo ft above the surface.

Temperature

").8 to lO.ql F at. 2 mtera in thp tent nrea.

Moi n Pure

0Mixlnrg ratio of 2.8 gm/kgm dry Air.
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APPENDIX "B"

Figure No. FIELD TEST 0005 26 January 1953 Page No.

B-1 Two-Meter Air Temperature Survey9 M-389 and
Summary of Regional and Local Weather 92

B-2 Temperature Soundings, St. Cloud Raob9, M-38 93

B-3 Temperature Soundings9 Residential-Area
Wiresonde 94

B-4 Adjusted Dosage-Area Relationships, FT 0005 95

B-5 Test Array and Results, FT OOOSa 96

B-6 Test Array and Results, FT 0005b 97

FIELD TEST ooo6 28 Janum-v I93

Two-Meter Air, Temperature Surveyp M-40, and
Summary of Regional and Local Weather 98

B-0 Temperazure uouad2.gs, s o ulouc naoo, n-4U 77

B-9 Temperature Soundings,, Residential-Area
Wiresonde 100

B-10 Adjusted Doeage-Area Relationships9 FT 0006 101

B-11 Test Array and Results, FT OO06a 102

B-12 Test Array and Results9 FT 0006b 103

Fl S TT 0007 30 anu _195.3

B-13 Two-Hter Air Temparatuare Surveyo MaIl and

Summary of Regional and Loeal Weather 104

B-14 Temperature Soundings , St. Cloud Raob9 M41 105

B-15 Temperature Soundingsa Residential-Area
Wiresonde 106

B-16 Adjusted Dosage-Lrea Relationships0 FT 0007 107

B-17 et Array and Results, FT O07a 108

B-18 Test Array and Results. FT 0007b 109

B-19 Test Array and Results, FT 0007v no

SECRET Page 90
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FIELD TEST 0019 4 March 1953 No.

B-20 Two-Meter Air Temperature Surveyp M-560 and
Suiuary of Regional and Local Weather 111

B-21 Temperature Soundings, Sto Cloud Raob9 M-56 112

B-22 Comparative Temperature Soundings 9
Minneapolis Wi:resonde 113

B-23 Comparative Temperature Soundings
Minneapolis Wiresonde 114

B-24 Comparative Temperature Soundings,
Minneapolis Wiresonde 115

B-25 Pioneer Hall (Building No. 21) Sampler Array
and Results, FT 0019 1i1

- Aujuuieu mouage-Area Ke.Lation1n.ps FT 019 117

B-27 Test Array and Results9 FT 0019a 118

B-28 Test Array and Results9 FT 0019b 119

B-29 Test Array and Results9 FT 0019c 120

FIELD TEST 0021 21 March 1953

B-30 Two-Meter Air Temperature Survey , M,599 and
Summary of Regional and Local Weather 121

B-31 Temperature Soundings, St. Cloud Rsob9 M-59 122

B-32 Adjusted Dosage-,Area Relationships, FT 0021 123

B-33 Test Array and Results, FT 002La 124

B-34 Test Array and Results, FT 0021b 125

B-35 Test Array and Results, FT 0021(' 126

B-36 Test Array and Results, FT 0021d 127

SECRET Page 91
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SUMMARY OF REGIONAL AND LOCAL WEATHER
26 January 1953

(Survey M-38, Supplemental to FT OO5)

SYNOPTIC SITUATION

A 1000-mb low-pressure area, centered 400 miles north-northwest of Minne-
apolis, was moving east at 20 mph. An associated warm front with scattered
snow showers was just past Minneapolis at test time. The cold front, ex-
tending northeast-southwest over northwestern Minnesota, was approaching at
about 30 mph. In the warm sector covering the test area, light westerly
winds prevailed. At the 700-mb level, a weak low system north of Duluth
produced only slight perturbation in strong westerly flow across the coun-
try. The 700-mb gradient wind over Minneapolis was westerly at 40 mph.

WEATHER REPORTS FROM WOLD-CHAMBERLAIN FIELD (MINNEAPOLIS)

Cloud Dew Wind
Time Height Sky Visibility Temp Point Speed
(CST) (feet) Cover* (miles) Weather** (F) (OF) Dir (mh)

1830 1400 Overcast 6 Haze 28 25 SSW UI
1930 1000 Overcast 6 Haze 28 25 SSW 9
2030 1400 Broken 6 Haze 29 26 SW 7
2130 None Clear 6 Haze 27 25 SSW 8
2230 None Clear 4 Fog 25 23 S 10
2330 None Clear 4 Fog 24 22 E 3

* Average cloudiness sunrise to sunset: 100%
** And/or restrictions to visibility

Sea-level pressure at 2130 CST: 1012.5 mb
Gi'ound condition: Frozen six-inch base; snow dirty; streets two-inch

packed snow and ice; river free running, open watert
lake frozen, snow covered

Tree cover: Bare
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Figure B-2

TEM4PERATURE SOUNDINGS
WINDS ALOFT
St. Cloud St. Cloud Raob 26 Jan 1953

26 Jan 1953 (Mupplemental to Survey M-38)
2100 CST
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Run&j\ 2000 CST

S.. .Run , 2100 CST

600 .. . . ........ Run A& , "  2200 CST

Curve for Run 2 from 640 ft. to
700 ft. represents a single value,
not the graphically averaged ascent

500 and descent value normally plotted,

II Adiabatic

I-1 VV . . ... ... e
SVI

4)' . . .N.

200 
A .Y .....

100. ...' Al

..... J...... ....

23 24 25 26 27 28 29 30

Temperature uF

FIGURE B-3

TEMPERATURE SOUNDImS

Minneapolis

Raidential-Area Wireeonde
M-38 26 Jan 1953
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FIGURE B-4~

ADJUSTED DOMAE -AREA RELATIONSHIPS

FT 0005 26 Jan 1953
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T'PT ARRAY' AND W'!T~26 Jan 1953
FT (00'~h 2138f CST

A'N~l G\e. ~FUAT ToN

Point-source rpleanio or 8f.0 gp of' NJ", ?266 over A perial otr' minuit.Pca sarting at. 213ff C.ST froin a vetuicle-o-nmted
blower 'tisperagri' ALto atoint

SAML11

Location ind T xpoaurv

W,.brane,-t'iltrr giampi tag, equuipmeni, located at 158 sitatlonn a9s hown on teai.-rray map by the follnwini symbols:

* Outtoor sampler at he llt. br'taeen 1 nd (, frt.

*Ouitdoor sampler at height above or below general terrain level as indicated by note.

Results

All samplerq operated to measure total dosages 'turinr full samp3 tnf' period, P130-2230 CST.

Total floqap (part.1oln-minut.ps/liter)

T -trace dosage,

058 1,1 mn Iilvi 1~~' 1 nii nr (intI, n m q In

-- fl,,aau'e rontuuur w ith val unis ox! resa,', I n nuurl.lu'e P1minu tesu rr Iit,

100
'lTEORIXOGY

Fguipmont andt M?'Iisuronent.

At street level, wtn't dilre'tton vontinuouuslv rncorkIt, nt~ air nt, surface- temprantoa, Wj~d veloc it8 and
other mteoroloi'ical obsorvatlon.a t.ato'n nt. one or more of the stntions 'tea pitr, Rn

Wirosondo nicantn mat, ' it .Ptorolorti'il ntil ton @ , at the 1InOIve ty parking lot.

21 5- - 2110 Virtual wind track, the length (rawn to map scale) and direction of each arrow

2100-- represfioting the virtual wind travel between the times indicated.

Winds

Street-level winds southerly at h&.2 mph.

Stability

2.2' F lapse from 6-300 ft.

Clear during test period.

Temperature

261 - 27* F at 2 meters in the test. area.

Moisture

Mixinp ratio of 2.11 pm/kgm dry Atr.
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SUM14ARY OF REGIONAL AND LOCAL WEATHER
28 January 1953

(Survey M-40, Supplemental to FT 0006)

SYNOPTIC SITUATION

A filling, stationary frontal system extended from British Columbia east-
southeast to eastern Iowa, and shallow waves along this system were accom-
panied by widespread snowfall. A weak 1020-mb high-pressure area, cen-
tered 600 miles north-northwest of Minneapolis, supplied cold continental
Arctic air across Minnesota. At the 700-mb level, a long-wave ridge over
the Rockies and trough over the Appalachians resulted in a west-northwest-

WEATHER REPORTS FROM WOLD-CHAMBERLAIN FIELD (MINNEAPOLIS)

Cloud Dew Wind
Time Height Sky Visibility Temp Point -Spee

(CST (feet) Cover* (miles) Weather**- 0F) ~ ir (mph)

1830 6,000 Scattered 15 - 10 1 NW 7
1930 20,000 Scattered 15+ - 8 0 WNW 7
2030 None Clear 15+ - 7 -3 WNW 6
2130 None Clear 15+ - 6 -3 WNW 8
2230 None Clear 15+ - 5 -4 W 7
2330 4,100 Scattered 15+ - 5 -4 WNW 6

* Average cloudiness sunrise to sunset: 90%
** And/or restrictions to visibility

Sea-level pressure at 2130 CST: 1021.0 mb
Ground condition: Four-inch packed snow; main streets clear; secondary

streets packed snow and ice; lake frozen
Tree cover: None
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Figure B-If

TEST ARRAY AND RESULTS 28 Jan 1953
FT 0006a 2015 CST

AEROSOL aUERATMIN

Point-source release of 9.0 pm of.Z 2266 over a period of 5 minutes starting at 2015 CST from a vehicle-mounted
blower disperser located at point

SA1MIRG

Location and Famosure

embrane-filter sampling equipment located at R3 satton;- as shown on test-array map by the following symbols:

* Outdoor sa)pler at height betueen I and 6 feet.

* Outdoor sampler at height above or below general terrain level as indicated by note.

Results

All samplers operated to measure total dosare during full sampling period, 2000-2100 CST.

Total Dosae (particle-minutes/liter)

T * trace dose

woo- ;; wuiUnCtion or data missing

10 DosAge contour with values exnressed In -
Ido

M ,MORO OOy

Fquipmen and Measurement

At street level, wind direction continuously recorded, and odr nd surface temporates, w; d velocit. and
other meteorological observations taken at one or more of the stations designated , . and

Wiresonde ascents made At meteorological station @ , at the University pnrking lot.

jJJO Virtual wind track, the length (dram to map scale) and direotion of each arrow
representing the virtual wind travel between the times indicated.

-2jO)O Balloon track representing wind-drift. observation at the time indicated.

Winds

Street-level winds northwesterly at 1.3 mph, and treetop winds predominately northwesterly at 6-7 nph.

Stability

1.20 F lapse from 6-300 ft.

Clear during test period.

Temperature

8.50 to 100 F at 2 metors in the test area.

Moisture

Mixing ratio of 0.8 gm/kgmu dry air.
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F igure 11-12
TEcF ARRAY AND igSrTS 28 Jan 1953
FT 0006b 23M,8 CST

AEROSOL GENFRATTON

Point-source release of 9.6 g of JZ 2266 over a period of 5 minutes starting at ?110' CST from a vehIcle-mnunted
blower disperser located at point 1 , approximately 5 feet above the river level.

SAMPLING

Location and Exposure

Membrane-filter sampling equipment located nI, 83 stations as shown on test-array map by the following symbols:

* Outdoor sampler at height between 1 and 6 feet.

* Outdoor sampler at height above or below general terrain level as indicated by note.

Results

All samplers operated to measnure total dosages during full sapling period, 2130-2230 CST.

Total Dosae (particle-minutes,/liter)

T - trace riange

-58 M - malfumction or data missing

00" )0,, - u,. vlui expresuen in partIcLe-mlnutes per liter.

- .TFOROLOOY

Equipment and Measurement

At street level, wind direction continuously recorded, and air and surface temperatures, wind velocit t and
other meteorological obscrvations taken at one or more of Whe stations deslrnnted 0 , @ , and

Wiresonde ascents made at mteorological station @ , at the 'iniveralty par)dng lot.

21O5 . O Virtual wind track, the length (drawn to map scale) and direction of each arrow

representing the virtual wind travel between the times indicated.

10-1
-2 - - O Balloon track representing wind-drift observation at the tim indicated.

Winde

Street-level winde northwesterly at 1.6 mph, and treetop winds predominately northwesterly at 6-7 mph.

Stability

1.3* F lapse from 6 to 300 ft.

sq

Clear during test period.

Temerature

7.5' to 8.5" F at 2 maters in the test area.

Moisture

Mixing ratio of 0.8 gp/kg dry air.
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SUM4ARY OF REGIONAL AND LOCAL WEATHER
30 January 1953

(Survey M-41, Supplemental to FT 0007)

SYNOPTIC SITUATION

A deepening low-pressure system, moving rapidly eastward, passed 200
miles to the north of Minneapolis during the test period. The associ-
ated warm front extended to the south-southeast, and the cold front to
the west-southwest. Neither front passed the station during the test
period, but very light intermittent snow was observed. A strong high-
pressure cell, 1000 miles north-northwest of the station was supplying
cold continental Arctic air to the north side of the system. At the
700-mb level, a weak ridge along the Atlantic coast, a stronger ridge
along the Pacific coast, and a shallow trough extending from Wisconsin
to Texas produced a west-northwesterly gradient wind of 38 mph over

WEATHER REPORTS FROM WOLD-CHAMBERLAIN FIELD (MINNEAPOLIS)

Cloud Dew Wind
Time Height Sky Visibility Temp Point Speed
(CST) (feet) Cover* (mles) Weather** (F) Dir (mph)

1830 700 Overcast 3 Snow grains 25 22 S 11
and fog

1930 500 Overcast 3 Snow grains 25 22 SW 10
and fog

2030 300 Overcast 2 Snow grains 24 22 SSW 12.
and fog

2130 400 Overcast 2-j Snow grains 25 23 S 12
and fog

2230 7500 Overcast 3 Fog 25 23 SSW 6
2330 9500 Broken 4 Fog 26 23 SSW 8

* Average cloudiness sunrise to sunset: 100%
1* And/or restrictions to visibility

Sea-level pressure at 2130 CST: 1011.2 mb
Ground condition: Four-inch to six-inch base snow; main roads clear; ice

in spots; residential and side streets two-inches packed
snow and ice; river open

Tree cover: None
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if. FIGURE B-16

* ADlJUSTED DOSAIGE -AREA RELATIONSHIPS
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Figure B-17
TEST ARRAY AND RESULTS 30 Jan 1953
IT 0007a 2012 CST

AEROSOL OFNERAT TON
Point-source release of 8.3 gns of NJZ 2266 over a period of 5 minutes stprting at 2012 CST from a vehicle-mounted
blower disperser located at point .

SAMLING

Location and Ervosure

Membrane-filter sampling equipment located at 75 stations as shown on test-array map by the following symbols.

0 Outdoor sampler at height between 1 and 6 feet.

0 Outdoor sampler at height above or below general terrain level as indicated by note.

Results

All samplers operated to measure total dosages during full sampling period, 2000-2100 CST.

Total Doe (particle-minutes/liter)

T - trace dosage

058 N - malfunction or data missing

too Dosage contour with values expressed in particle-minutes per liter.

1O0

TEORCLOO

Equipment and Measurement

At street level, wind direction continuously recorded, and air ad surfacbteeratures, wind velocity, and
other meteorological observations taken at stations designated 8 and

Wiresonds ascents made at meteorological station @ , at the University parking lot.

2105 _ 2O Virtual wind track, the length (drawn to map scale) and direction of each arrow
. - -- representing the virtual wind travel between the times indicated.

- -190 Balloon track representing wind-drift observation at the time indicated.

Winds

Street-level winds southerly at 3.8 mph, and treetop winds south to southeasterly at 5-6 mph.

Stability

2.3" F lapse from 6-300 ft.

tvercast clouds with bases 300 ft above the surface.

Temperature

23.9" to 24.90 F at 2 meters in the test area.

Moisture

Mixing ratio of 2.4 gm/kgm dry air.
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0 Figure B-18

TFST ARRAY AND RFSULTS 30 Jan 1953
FT 00O0b 2137 CST

AEROSOL 0FNF RATrON

Point-source release of A.7 gm of NJZ 2266 over a period of 5 minutes starting at 2137 CST from a vehicle-mounted

blower disperser located at point .

SAMPLINO

Location and Exosure

Membrane-filter sampling equipment located at 75 stations as shown on test-array map by the following symbols:

* Outdoor sampler at height between 1 and 6 feet.

o Outdoor sampler at height above or below general terrain level as indicated by note.

Results

All samplers operated to measure total dosages diring full sampling period, 2130-2230 CST.

Total Dosage (particle-minutes/liter)

T - trace dosage

M - malfunction or data missing

10 0 Dosage contour with valuen expressed In pnrtlcle-minutos per liter.

1000 F'.TFOROLOoY

Fquipmen. and Measurement

At street level, wind direction contlnuounlv recorded, and air arj SUrfac, temperatures, wind velocity, and
other meteorologicnl obhervations taken at stations uosignnted and b .

Wirenonde acents madO at mteorological station @ , at the University parking lot.

2105-- - LIO0 Virtual wind track, the length (drawn to map scale) and direction of each arrow
2109 representing the virtual wind travel between the times indicated.

Winds

Street-level wind southerly at 3.0 mph, and treetop winds south to southeasterly at 5-6 mph.

Stability

1.6' F lapse from 6-300 ft.

Sky

Overcast clouds with bases 400 ft above the surface.

Temperature

23.9' to 2l.3* F at 2 meters in the test area.

Moisture

Mixing ratio of 2.6 gm/kgm dry air.0
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Figure B-19
TEST ARRAY MD MSLTS 30 Jan 1953
FT 0007o 2305 CST

AEROSOL GENERATION

Point-source release of 8.3 gis of NJZ 2266 over a period of 5 minutes starting at 2305 CST from a vehicle-mounted

blower disperser located at points

SAMPL IW

Location and Exposure

Membrane-filter sampling equipment located at 75 stations as shown on test-array map by the following symbols:

* Outdoor sampler at height between 1 and o feet.

* Outdoor sampler at height above or below general terrain level as indicated by note.

Results

All samplers operated to measure total dosage during full sampling period, 2300-2400 CST.

Total Doe (particle-minutes/liter)
T * trace dosage

*58 M - malfunction or data missing

00ee"
-  iDosage contour with values 

expressed in particle-minutes 
per liter.

100
METEOROLOGY

Equipmnt and Measurement

At street level, wind direction continuously recorded, and air and surface temperat6es, wind velocitb and
other meteorological observations tAken at one or more of the stations designated , , and

Wiresonde ascents made at meteorological station @, at the University parking lot.

MP_ - no Virtual wind track, the length (drawn to map scale) and direction of each arrow
representing the virtual wind travel between the times indicated.

2100 Balloon track representing wind-drift observation at the time indicated.

Winds

Street-level winds south-southeasterly at 2.4 uph, and treetop winds south to southeasterly at 5-6 mph.

Stability

1.7* F lapse from 6-300 ft.

Sky

Overcast clouds with bases 7500 ft above tht surface.

Temperature

24.3* to 24.9* F at 2 meters in the test area.

Moisture

Mixing ratio of 2.6 gm/kgm dry air.
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SUMMARY OF RGIONAL AND LOCAL WEATHER
4 March 1953

(Survey M-56, Supplemental to FT 0019)

SYNOPTIC SITUATION

Most of Minnesota was covered by a cyclonic stream of cold air associated
with a 978-mb low-pressure center over Quebec. Rapidly variable cloudi-
ness and infrequent light snow showers accompanied a moderate wind, which
varied considerably in speed during the test period. At the 700-mb level,
a northwesterly gradient wind of 45 mph was due to a long wave-length pat-
tern consisting of a broad trough extending from Quebec to Florida and of
a strong ridge over the Pacific coast.

WrAMniln nuruni rnuiri WUjjV-ULDrjf1raJr ±r.LL (ri1tiruL.Lo,)

Cloud Dew Wind
Time Height Sky Visibility Temp Point T
(CST) (feet) Cover* (miles)_ Weather** (OF-) _( Dir

1830 12,000 Broken 15+ - 19 10 WSW 13
1930 11,000 Broken 15+ - 18 11 WSW 11
2030 11,000 Scattered 15+ - 17 9 WSW 12
2130 4,200 Scattered 15+ - 17 11 WSW 12
2230 3,500 Scattered 15+ - 17 10 WSW 15
2330 4,000 Scattered 15+ - 16 10 W 15

* Average cloudiness sunrise to sunset: 60%
And/or restriction to visibility

Sea-level pressure at 2130 CST: 1009.8 mb
Ground condition: Twelve-inch packed snow; main street clear; side streets

clear, but icy 50% because of melted snow; river tempera-
ture 340 F

Tree cover: None
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Figure B-21

TEMPERATURE SOUNDINGS

St. Cloud Raob 4 Mar 1953
WINDS ALOFT (Supplemental to Survey M-56)
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COMPARATIVE TEMNPERATURE SOUNDINGS

Minneapolis Wiresonde

Residential. Vs Business Area
Run 3, 2100 CST 4 Mar 1953

page 135
SECRET

SECURITY INFORMATION



0

.2

(D 0,

-li ~ ~ 4- -. C

4b 
-d-, 

C

=S

*4 &0~
ri 4 00 a

04 I

rm 0 Ag
u04 H o

0,4

R1. t I
0 0 4 g '
0 m e.0

F 00us

-ti U

*Ob. 4 ;g

*4-4 0.P

00

o l-1 .t co > Hit



PIONEER HALL DOSAGES*

Dosages for a Given Release
Sampler Location FT 0019a FT 0019b FT 0019C

A Surface** 5 13 23
B 1st Floor 5-o 12-0 0-15
C 2nd Floor 2-0 6-0 4-0
D 2nd Floor 5-T 0-0 O-T
E Basement T-0 T-T T-T
F 1st Floor T-0 5-0 6-0

* Dosages are expressed in particle-minutes per liter; T
represenTs Trace aosage, i.ce, a count not exceecing it.
fluorescent particles. Double entries for a given column
represent incremental dosages obtained with sequentially
exposed filter units. Applicable incremental periods for
each sampler, as well as full sampling periods for each
release, are as followst

Release Sampling Period Incremental Periods

FT 0019a 2000-2100 CST 2000-2100 CST
2100-2120 CST

FT 0019b 2120-2220 CST 2120-2220 CST
2220-2300 CST

FT 0019c 2300-2400 CST 2300-2345 CST
2345-24o0 CST

** In the absence of an adjacent outside sampler (0), at the
one to six-foot level, a value has been estimated, based
on the analysis of the overall isodosage pattern for a given
release. The estimate has been made in order to obtain the
base value needed to establish the percentage of aerosol-
cloud penetration,
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TEST ARRAY AND EULTS 4 Mar 1953

FT 0019a 2005 CST

AEROSOL 0NERAT IO

Line-source release of 23.5 ge of NJZ 2266 (at a rate of 78.9 gin/mile) over a period of 5.17 minutes starting at
2005 CST, from a blower disperser mounted on a moving vehicle.

START :2ND 1500-ft track (along high-ground elevation) of vehicle-mounted blower dispersey
(2005 CST) (2010,10 CST) at the indicated starting and stopping times.

SAMPLINO

Location and Exposure

Membrane-filter sampling equipment located at 101 stations as shown on test-array map by the following symbols:

* Outdoor sampler at height between 1 and 6 feet.

* Outdoor sampler at height above or below general terrain level as indicated by note.

Results

An samplers operated to measure total dosages. In addition, samplers in Pioneer Hall were operated incremen-
tally; sampler array, full sampling period, incremental periods, and applicable incremental dosages are nr-
sented in Figure B-25.

Total Doeae (particle-minutes/liter)

M - malfunction or data missing

R0YIOO-Dosage contour with values expressed in particle-minutes per liter.
M WTE0ROLOGT

Equipment and Measurement,

It street level, wind direction continuously recorded, and air anW surfg~ teurture, wjd velocity, mid
other meteorological observations taken at stations designated , , and

Wiresonde ascents made at meteorological station @ , at the niversity parking lot. usiness-arekwiresonden
(see Figs. 8-22, B-23, and B-24) obtained at 210 South Tenth Street, approximately 2 miles west of

2005 2010
_- Virtual wind track, the length (drawn to map scale) and direction of each arrow

representing the virtual wind travel between the times indicated.

.20 Baloon track representing wind-drift observation at the time indicated.

Winds

Street-level winds vest-southwesterly at 3.4 mph, and treetop winds westerly at 15 mph.

Stability

1.5' F lapse from 6-300 ft.

Skyz

Scattered clouds with bases 11,000 ft above the surface.

Temperature

18.9" to 19.8' F at 2 meters in the test area.

Moisture

Mixing ratio of 1.4 gm/kgm dry air.
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TST ARRAY AND RESULTS 
aFigure B-28

FT 0019b 4 mar 1953
2125 CST

AEROSOL ORNERATION

Line-source release of 19.3 gms of NJZ 2266 (at a rate of 6 4. 6 gs/mile) over a period of 5.5 minutes starting at
2125 CST, from a blower disperser mounted on a moving vehicle.

START REND 15OO-ft track (along high-ground elevation) of a vehicle-mounted blower dis-
(2125 CST) (2130:30 CST) perser at the indicated starting and stopping times.

S AMPL 1N

Location and Exposure

Membrne-filter sampling equipment located at 101 stations as shown on test-array map by the following symbols:

0 Outdoor sampler at height between 1 and 6 feet.

Q Outdoor sampler at height above or below general terrain level as indicated by note.

Results

All samplers operated to measure total dosages. In addition, samplers in Pioneer Rail (Building No. 21) wereoperated incrementally; sampler array, full'sampling pqriod, Incremental periods, and applicable incremental
dosages are presented in Figure P-25.

I te r)/
/ trace dosage

M - malfunction or data missing

w = tormation of ice on filter

- evidence of contamination

to0 0 0 Doqage contour with values expressed in particle-minutes per liter.
MWTEOROLXY

Equipment and Measurement

At street level, wind direction continuously recorded, and air gd surfge tem~prAtures, yind velocity, andother mrteorological observations taken at stations desirrnated I ,9 , and .
Wiresonde ascents made at wmteorological station @ , at the University parking lot. Business-aren wiresondes
(fee Figs. -22, B-23, and B-214) obtained at 210 South Tenth Street, approximately 2 miles west of

2005

? --2-040 Virtual wind track, the length (drawn to map scale) and direction of each arrow
representing the virtual wind travel between the times indicated.

2000 Balloon track representing wind-drift observation at the time indicated.

Winds

Street-level winds west-southwesterly at 3.is mph, and treetop win&' westerly at 15 mph.

Stability

2.1* F ]Rpse from 6-300 ft.

Sky

Scattered clouds with bases 4200 ft above the surface.

Temperature

18.7' to 19.5' F at 2 meters in the test area.

Moisture

Mixing ratio of 1.0 p.m/kgm dry air.
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Fig-u re B-29

TEST ARRAY AND JPSULTS B4 Mar 1953
FT 0019o 2305 CST

AEROSOL OENERATION

Line-source release of 21.3 gmas of NJZ 2266 (at a rate of 85.O ms/mile) over a period of 6 minutes starting at
2305 CST, from a blower disperser mounted on a moving vehicle.

START 0 END 15o0-ft track (along the river level) of a vehicle-mounted blower dispersner

(230 CST) (2311 CST) at the indicated starting and stopping times.

SAMPLN

Location and Exposure

Membrane-filter sampling equipment locatod at 101 stations as shown on tent-nrray map by the following symbolst

* Outdoor sampler at height between 1 and 6 feet.

* Outdoor sampler at heipht above or below general terrain level a indicatod by note.

Results

All samplers operated to moasure total dosages. Tn addition, samplers in Pioneer Hall (Buildin, No. 21) were
operated incrementally; sampler array, full sampling period, incremental periods, and applicable incremental
dosages are presented in Figure B-25.

Total Dosage (particle-minutes/liter)

P/ T - trnee dosage
M - malfunction or data miantng

100 Dosage contour with values expressed in pnrtileo-minutes per liter.

,TEOI3L1Y 100

Squipment and Moanurmmont

At street level, wind direction continuounly recorded, and air A6 f tnm rturen, tnd velocity, and
other meteorologicnl observations taken at stations designated , , , and .

Wiresonda ascents made at mteoroloRical station & I at the lniversity parking lot. Business-arewiresondes
(see Figs. B-22, B-23, and B-2h) obtained at 210 South Tenth Street, approximately 2 miles west of

_ Z5--- O Virtual wind track, the length (drawn to map scale) and direction of each arrow

10/ Orepresenting the virtual wind travel betw en the times indicated.

2000 Balloon track representing wind-drift observation at the time indicated.

Winds

Street-level winds westerly at 3.9 mph, and treetop winds westerly at 15 mph.

Stability

1.7' F larso from 6-300 ft.

Scattered clouds 3500 ft above the surface.

Temperature

18.8
° 

to 19.5" F at 2 meters in the test area.

Moisture

Mixing ratio of 1.5 gm/kgm dry air.
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SUMMARY OF REGIONAL AND LOCAL WEATHER
21 March 1953

(Survey M-59, Supplemental to FT 0021)

SYNOPTIC SITUATION

During the test period, a deepening 986-mb low center over western
Nebraska, moving northeast at 20 mph, and a 1020-mb high over Quebec
combined to produce a flow of warm air with a southeasterly gradient
of 35 mph. The low passed Minneapolis the following day with one-
half inch of rain. At the 700-mb level, a moderate ridge extended
from Georgia to eastern Lake Superior and a deepening trough extended
from Montana to New Mexico, producing a southerly gradient wind of
35 mph.

WEATHER REPORTS FROM WOLD-CHAIBERLAIN FIELD (MINNEAPOLIS) 0
Cloud Dew Wind

Time Height Sky Visibility Temp Point - Spee

CS T. (feet) Cover* (miles) Weather** (OF) (OF) Dir _&h

2230 6,000 Overcast 15+ - 47 33 ESE 19
2330 5,500 Overcast 15+ - 46 32 E 15

0030 5,500 Scattered 15 - 45 34 ESE 19
0130 5,500 Scattered 12 - 41 35 ESE 16
0230 20,000 Broken 10 - 41 34 ESE 22
0330 20,000 Scattered 10 - 41 35 ESE 23
0430 20,000 Broken 12 - 41 36 ESE 20
0530 20,000 Overcast 12 - 41 36 ESE 23
0630 5,000 Scattered 10 - 42 37 ESE 21

* Average cloudiness sunrise to sunset: 80%
** And/or restrictions to visibility

Sea-level pressure at 0230 CST: 1000.3 mb
Ground condition: Two-tenths snow remaining (two to three inches); streets

clear; lake frozen
Tree cover: None

0
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Figure B-31

TO PATURS SOUNDINGS

St. Cloud Raob 21 Mar 1953
WINDS ALOFT (Supplemmntal to Survey M-59)
St. Cloud
21 Mar 1953
0300 CST

No Data 14000

No Data 3000 -20 ft-_
100CS /

__ __ ______/ _ ____

52
(Kots)

1000 ____ ____

33

SECURIT INFORMATIONao ~t].)7 k

13o3 140I~ 14 S 5£

Page ia?

SECRET
SECURITY INFORMATION



SECRET
SECURITY INFORMATION

FIGURE B-32

ADJUSTED DOSAGE - AREA RELATIONSHIPS

FT 0021 21 Mar 1953

S.munt Wind

ST 00•*11 Pbint 8.2 6.0
: . O--U.--- -- 1 oo i't 12.8 10.4

S .  ------ - point ,5 7.6

Doeae (ct) n .tdoi.4-oinutea per liter I
* Ru

103

Ct~nijh
gm

io. ,. . '

gm. . ! . . .

0 ! I.. .

, , . ,I

*1 : ."j'i ' .

10 A

0

Area (yd 2 )
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Fir~ure B-33
TFST ARRAY AND WSULTS 21 Mar 1953
FT 0021a Oc5 CST

AEROSOL GENFRATION

Point-s,urce release (92 ft above river level) of 8.2 pims of NJZ 2266 over a period of 5 minutes startinr at 0045

CST from a vehicle-mounted blower disperser located at point .

SAMP'LING

Location and Fxposure

Membrane-filter sampling equipment located at 104 stations as shown on test-array map hy the following symbols :

0 Outdoor sampler at height between 1 and 6 feet.

Outdoor sampler at height above or below general terrain level as indicated by note.

Results

All samplers operated to measure total dosages during full sampling period, 0030-0130 CST.

Total Dosage (particle-minutes/liter)

T - trace dosage

@56 M - malfunction or data missing

* - evidence of contamination

100 Dosae contour vrith values expressed in particle-minutes per liter.

100

Fquipment and Measurement

At street level, wind direction continuously recorded, and air aw surf~e temperatres, wind velocity, and
other neteorological observations takon at stations designated , , and q .

Wiresonde equipment located at meteorological station , at the University parking lot.

0 5 - *.,05J0 Virtual wind track, the length (drawn to map scale) and direction of each arrow

0509 - representing the virtual wind travel between the times indicated.

--------------- 000 Balloon track representing wind-drift observation at the time indicated.

Winds

Street-level winds easterly at 9.8 mph.

Stability

No direct measurement; wiresonde operations precluded by relatively strong winds. These winds and supporting

raob data (Fig. B-31) indicate adiabatic conditions.

Scattered clouds with bases 55OOft above the surface.

Temperature

41.6" to 42.2* F at 2 meters in the test area.

Moisture

Mixing ratio of 4.1 gm/kgm dry air.
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0Figure B-34
TFST ARRAY AND WSULTS 21 Mar 19'3
FT 0021b O235 CST

AFROSOL GNFRATION

Point-source release at river level of 12.8 gms of NJ, 2266 over a period of 5 mirrtes starting at O235 CST from

a vehicle-mounted blower disperser located at point 9
SAMTLTNO

Location and Fxposuro

Me-rane-f ilter samplinf equipment located at iI stations as shown on test-array map by the following symbols:

SO(utdoor sampler at height betwren 1 and 6 feet.

Outdoor sampler at height above or below general terrain level an indicated by note.

Results

All samplers operated to measure total dosagO durinfg, full samplinp period, 0200-0300 CST.

Total Dosage (partcle-minutes/liter)

T - trace dosage

I., " ".: :IC., ) , laia oi: j~ing

v - videnco of contamination

Donag e. ntour with valuoe expressed in partloe-mnutes per liter.100 /
MrT7YOROL OY 

100

1gulpmpnf and 1'eAnirn.ment

At, street level, wind direction continuously recorded, and air and surfare temporatures, wind velocity, and
oth~r ttonrologrel obnervations tanlen at stations denim'sated as @ , @ , and 0 .

Wires',n,)e equipment lorated at meteorological station @ , at r In livrs ity arikdng lot.

0505 -_0510 Virtual wind track, the length (drawn to map scale) and direction of each arrow

0 representing the virtual wind travel between the times indicated.

0500 Balloon track representing wind-drift observation at the time indicated.

Winds

Street-level winds east-southeastorly at 11.6 im h.

Stability

No direct measurement; wiresonde operations precluded by relatively strong winds. These winds and supporting
raob data (Fig. B-31) indicate adiabatic conditions.

sky

Broken clhuds with bases 20,000 ft above the surface.

Temperature

40.9" to hl.9 ° F at 2 meters in the test area.

Moisture

Mixing ratio of 4.3 gm/kgf, dry air.
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0
Figur P-3(

TFST ARRAY AND RFsin'rs 21 Mar 1953
FT O(Vile 0350 CST

AEROSOL OENERATION

Point-sourve release (5O ft above river level) of 8.9 gin of N 2266 over a period of q minutes starting at 0350
CST from a vehicle-mounted blower disperser located at point o

S AMPL l1

LoCAtjon nnd Exposure

iumbran-filter sampling equipment located at i 1 stations as shown on test-array map by the following symbols:

o Outdoor sampler at height between 1 and 6 feet.

Outdoor sampler at height above or below general terrain level as indicated by note.

Results

All samplers operated to me.aure total dosage during full samplinp, period, O330-J 0 023T.

Total ios (partic]e-minutes/l I t.r)

T * trace do age

! - malfunction or data miss lng

100 Dosage contour wit.h values oxpresed in partltclo-lnet; per liter.

m ~i. W OF u,O0 Y

Fqulpmnt and Measurement

At strep.t level, w Indi (it zctiton continuousl1y recordled 'IIAnd a1Ir I~ surfe ter'porajares, wind velocity, afli
other meteoroloricaI observations tnknn at stations de. IMated b I ) ( and 0

,'irenond e(pqipmnt located at reteorological stntion @ , at ue [InIversity p.'king lot.

0505 0510 Virtual wind track, the length (drawn to map scale) and direction of each arrow
0 0- representing the virtual wind travel between the time indicated.

0500 Balloon track representing wind-drift obeervation at the time indicated.

Winds

Street-level winds east-southeasterly at 12 mph.

Stability

No direct measurement; wiresonde operations precluded by relatively strong winds. These winds and supporting
raob dAta (Fig. B-31) indicate adiabatic conditions.

Sky

Scattered clouds with bases 20,000 feet above the surface.

Temperature

41.3* to 41.7" F at 2 meters in the test area.

Moisture

Mixing ratio of 4.3 gVkgm dry air.
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0
Figure B-36

T'ST ARRAY AND RFSULTS 21 a 1953
FT 0021d O515 CST

AI.ROSOL aENRATION

Point-source release at river level of NJZ 2266 over a period of 5 minutes starting at 0515 CST from a vehicle-

mounted blower disperser located at point T . flecauso of disperser malfunction, only 1.5 gins released.

SAMPLING

Location and Exposure

Membrane-filter saspling equipment located at lIi stations as shown on test-array map by the following symbols:

* Outdoor saipler at height between 1 and 6 feet.

Outdoor sampler at height above or below reneral terrain level as indicated by note.

Results

All samplers operated to measure total dosage during full sampling period, 0500-0600 CST.

Total TbsW (artiele-minutea/liter)

'P - trace (lo05 e

58 M - malfunction or data minning

/fl Dsnae contour with valueo expressed in particl-minutes per liter.
100'

100
MrTrOILOGY

Fqutpment and Measurement

At street level, wind direction continuously recorded, and air ari surfe t perat wn eoiy n

other meteorolorical observations tnknn nt station, dnignated , , and a .

Wiresonde equipmnt located at. m-toorlogicnl station , at the University parking lot.

0 - - ,j0 Virtual wind track, the length (drawn to map ecale) and direction of each arrow
0o.0c representing the virtual wind travel between the time indicated.

S-500 Balloon track representing wind-drift observation at the time indicated.

Winds

Street-level winds east-aoutheasterly at 8.8 mph.

Stability

No direct measurementl wiresonde operations precluded by relatively strong winds. These winds and supporting
raob data (Fig. B-31) indicate adiabatic conditions.

sky

Overcast clouds with bases 20,000 ft above the surface.

Temperature

hl.60 to 42.4' F at 2 eters in the test area.

Moisture

Mixing ratio of 4.5 gm/kgm dry air.
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Figure C-1

TMPERATURE SOUNDINGS

WPJ.\DS ALOFT St. Cloud Raob 16 Feb 1953
St. Clouid (Supplemiental. to Survey M-50)

16 Feb 1953
2100 CST

12
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4000- -1--

3000- -- - -- - . I )

p 6
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20001

19 16 Febi

10001

16 Feb
2100 CST I

e, 17 Feb
f 0900_CST - ---
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TEMPERATURCE SOUNDINGS
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Undeveloped-Aroa WiresondeI M-50 M Feb 1953
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Figure C-3
TEST ARRAY AND ESULTS 16 Feb 1953
7T 0012b 225 CST

AROSOL GENFRATION
Point-source release of ^.7 gms of .J2 2266 over a period of 5 minutes starting at 2254 CST from a vehicle-mounted
blower disperser located ,.;int

SAMPLING

Location and Exposure

Yembrane-filter sampling equipment located at 101 stations as shown on test-array map by the following symbol:

S Outdoor sampler at height between 1 and 6 feet.

Results

All samplers operated to measure total dosage d-ring full sampling period, 2240-2320 CST.

Total Dosage (particle-minutes/liter)

T - trace dosage

N - malfunction or data missing

W - formation of ice on filter

100."/ Dosage contour with values expressed in particle-minutes per liter.

.100

WTFOROLOGY

Equipment and Measurement

At street level, wind direction continuously recorded, and air and surfac tem eratures, wind velocity, and
other meteorological observations taken at stations designated an da ).

MI 5 1. 0___ Virtual wind track, the length (drawn to map scale) and direction of each arrow
219 representing the virtual wind travel between the times indicated.

2100 Balloon track representing wind-drift observation at the time indicated.

Winds

Street-level winds southwesterly at 1.8 mph.

Stability

1.9" F of inversion from 6-300 ft measured approximately 9 miles away at Wirth Park (see Fig. C-2), over open
terrain comparable to Charlie Area, at the western rather than at the southeastern periphery of Minneapolis.

Temperature

-4 to -7" F at 2 meters in the test area.

sky

Clear during test period.

Moisture

Mixing ratio of 0.6 gm/kgm dry air.
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Fi.gure C-4

TEMPERATURE SOUNDINGS

St, Cloud Esob 23 Feb 1953

1NDS ALOFT 
(Supplemental to Survey M-52)

St. Cloud
3 Feb 1953
2100 CST
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FIGURE C-6

COMPARATIVE TDMPERATURE SOUNDINGS

Minneapolis Wiresonde

Undeveloped Vs Business Area
2100 CST 23 Fab 1953
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FIGURE C-8

COMPARATIVE TEMPERATURE SOUNDINGS

Minneapolis Wiresondo
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COMPARATIVE TEMPERATURE SOUNDINGS
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0

Figure C-10
TEST ARRMY AND R9SULTS 21 Feb 1953
FT 0018a 2015 CST

AEROSOL OENERATIN

Point-source release of 11.7 g of NJZ 2266 over a period of 5 minutes starting at 2015 CST from a vehicle-mounted
blower disperser located at point

SAMPLINO

Location and Exposure

Membrane-filter sampling equipment located at 101 stations as show on test-array map by the following symbol:

& Outdoor sampler at height between 1 and 6 feet.

Results

All samplers operated to measure total dosage during full sampling period, 2000-2100 CST.

Total Dose (particle-minutes/liter)

T - trace dosage

0 5 " malfunction or data missing

W - formation of ice on filter

iOO-' Dosage contour with values expressed in particle-minutes per liter.
IMOOM 00

Equipment and Masurement

At street level, wind direction continuously recorded, and air d surface teporatures, vind velocity, and
other meteorological observations taken at stations designated , , , and

2105
- -'- ...Zj10 Virtual wind track, the length (drawn to map scale) and direction of each arrow

representing the virtual wind travel between the times indicated.

----- -- ----- 2 O0  Balloon track representing wind-dri t ibservation at the time indicated.

Winds

Street-level winds southerly at 1.7 mph, veering to southwesterly at treetop level.

Stability

12.30 F of inversion from 6-300 ft measured approximately 9 miles away at Wirth Park (see Figs. C-5 through C-9),
over open terrain comparable to Charlie Area, at the western rather than at the southeastern periphery of
Minneapois. Business-area wiresondes obtained at 210 South Tenth Street.

Sky

Clear during test period.

Temperature

211 to 25 F at 2 meters in the test area.

Moisture

Mixing ratio of 2.7 ge/kpm dry air.
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F igure C-11

TEST ARRAY AND RESULTS 23 Feb 1953
FT 0018d 2308 CST

AEROSOL GENERATION

Point-source release of 8.0 gme of NJZ 2266 over a period of 5 minutes starting at 2308 CST from a vehicle-mounted

blower disperser located at point

SAMPLINO

Location and xposure

Membrane-filter sampling equipment located at 101 stations as shown on test-array map by the following symbols

* Outdoor sampler at height between 1 and 6 feet.

Results

All samplers operated to measure total dosage during full sampling period, 2300-2400 CST.

Total Dosage (particle-minutes/liter)

T - trace dosage

M - malfunction or data missing
58

W - formation of 4ce on filter

100 Dosage contour with values expressed in narticla-mtnut.,, , , 14,.

9 1ROROLOOT 100

Equipmen and Masurement

At street level, wind direction continuously recorded, and air anMd surfj~ teporatures, wind velocity, and
other meteorological observations taken at stations desigated I Q9 I, and @ .

__ - -- 20 Virtual wind track, the length (drawn to map scale) and direction of each arrow
representing the virtual wind travel between thn times inuicated.

2100 Balloon track representing the wind-drift observation at the time indicated.

Winds

Street-level winds southwesterly at 1.3 mph; winds at treetop level also southwesterly.

Stability

12.4* F inversion from 6-300 ft measured approximntely 9 miles away at Wirth Park (see Figs. C-5 through C-9),
over open terrain comparable to Charlie Area, at the western rather than at the southeastern periphery of
Minneapolis. Business-area wiresondes obtained at 210 South Tenth Street.

Clear during test period.

Temperature

19" to 22* F at 2 meters in the test area.

Moi 1ture

Mixing ratio of 2.6 gm/kgm dry air.

I
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SUMMARY OF REGIONAL ANT) LOCAL WEATHER
24 February 1953

(Survey M-53, Supplemental to FT 0015)

SYNOPTIC SITUATION

A small 1020-mb high cell, centered in southeastern Minnesota, carried
continental polar air over Minneapolis. An occluded front at the Montana-
Dakota border was not yet close enough to affect the test area, although
an air-mass stratus deck did appear during the period. At the 700-ob
level, the northern portion of a trough was sheared off ovor Canada, and
the balance of this trough extended from South Dakota to Arizona. A
strong northwester.Ly low porsisLed over conLi/ral Canada, but the gradient
over Minnesota was relatively flat, resulting in a northwest 700-mb wind

WEATHER REPORTS FROM WOLD-CHAMBERLAIN FIELD (MINNEAPOLIS

Cloud Dew Wind
Time Height Sky Visibility Temp Point - "Speed

(CST) _ Cover* (miles) Weathera* (LF) (OF) Dir (M

1830 None Clear 15 - 30 23 NW 8
1930 None Clear 15+ - 25 20 WNW 7
2030 None Clear 15+ - 22 17 WSW 7
2130 1700 Broken 15+ - 20 16 W 8
2230 1500 Overcast 15+ - 19 15 WSW 7
2330 1700 Overcast 15+ - 18 15 WSW 10

* Average cloudiness sunrise to sunset: 80%
** And/or restriction to visibility

Sea-level pressure at 2130 CST: 1022.0 mb
Ground condition: Twelve-inch snow; main streets clear of snow but thin

ice in spots; side streets 50% clear; two-inch packed
snow and ice; lake frozen

Tree cover: None
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Figure D-2

TEMP.RATURE SOUNDINOS

St. Cloud Raab 24 Feb 1953
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SUMMARY OF BUILDI O t)SAKFS(I)
FT 0015 24 Feb 1953

BUILDING NO. 1 BUILDING NO. 2 BUILDING NO. 3
ANDRUS BUILDING FIRST NATIONAL BANK BUILDING NORTIWESTERN BELL TELEPHONE BUILDING

Outside Outside Outside
Sampler Sampler Sampler
Location Dosages for Given Release(3) ocation Dosages for Given Release(3) Locatio Dosages for Given Release( 3

)
(floor)( 2

) WM O15a TF 0].lb Z 00150 (floor)?2) FT O015a FT O01Y5 FT 00(5 (floor)t2) FT O0I T0 FT 0015b FT 0015o

surface( 4 ) 130 60 55 Surface( 4
) 52 95 The Surface(h) 11 50 35

7th T 92 122 building 10th 29 64 18
llth(Roof) 73 74 96 was not 20th 8 28 14
llth(Roof) 39 76 121 used in 27th(Roof) 14 33 16

this 27th (Roof) 17 21 18
release

Inside Inside Inside

Basement A 28 29 51 Basement A 6-2 T Basement A 0-0 T-1f 6-2
let(Lobby) 64 76 83 Basement A T-T 3 Basement B 19-0 0-31 i4-O
5th 5-3 2-19 58-9 Basement B 4-3 T Basement C 0-0 0-0 0-0
6th 10-5 4-10 29-9 lt(Lobby) 6-2 T 6th T-T T-3 7-14
8th 5-9 3-10 15-12 let 7 23 l4th 8 13 10
9th 35-6 8-5 4-6 lot 19 53 17th 14-T T-0 u-4
11th 6-4 5-13 17-8

BUILDING NO. 4 BUILDINO NO. 5 BUILDING NO. 6
NORTHWESTERN NATIONAL BANK BUILDING BAKER BUILDING MEDICAL ARTS BUILDING

Outside Outside Outside
Sampler Sampler Bampler
Location Dosaes for Given Release(3) Locatio e for Oven Releas(3) Locatio Dosas for Given Release(3)

Surface(
4
) 30 80 70 Surface( 4

) 1 7 10 Surface( 4
) 0 4 1

11th 12 14 40 2nd T 13 11 3rd 0 T T
11th 20 31 44 5th T 5 12 6th 0 T T
15th 19 57 36 7th T-0 M 8-0 12th 0 0 0
17th(Roof) 30 72 16 9th 0 10 8 2Oth(Roof) 0 0 0
17th(Roof) 23 30 55 lth 3-0 M T-O 20th (Roof) 0 0 0

13th (Roof) 0 4 9
13th(Roof) 3 6 9

Inside Inside Inside

Basement A T-T 2-3 6-3 Basement A T-T 2-T 3-4 Basement A O-T T-0 T-0
Basement B 9-T 0-12 15-2 Basement B 0-0 O-T 3-T Basement B 0-0 29-2 0-0
3rd 5-T 2-7 13-3 Basement C 0-0 0-0 0-0 Basement B 0-0 0-0 0-0
6th 3-T T-3 8-2 9th 0-0 0-0 0-0
12th 2-0 0-3 T-2 17th T-0 0-0 T-T

(1) See Figure 111-8 for oblique aerial view of downtown Minneapolis showing array of buildings used in
studies of aerosol-cloud penetration. A description of each building is given with Figure 111-8. For
the indicated releases, Figures D-9, D-1O, and D-11 (Appendix D) show the buildings in relation to the
grid complex and the dosage pattern.

(2) Samplers located on the same floor are listed according to their counterclockwise positions.

(3) Dosages are expressed in particle-minuts per liter. M indicates malfuncion, and T represents
trace dosage, i.e., a count not exceeding 15 fluorescent particles. A single entry expresses the dosage
obtained from a filter unit exposed during the entire sampling period of an indicated release. Double
entries for a given column represent incremental dosages obtained with sequentially exposed filter units.
Applicable incremental periods for each sampler, as well as full sampling periods for each release, are
as followst

Release Sampling Period Incremental Periods

FT oolSa 2000-2100 CST 2000-2045 CST
2045-211.5 CST

FT OOl5b 2115-2215 CST 2115-2200 CST
2200-2230 CST

FT o15c 2230-2400 CST 2230-2315 CST
2315-2345 CST

(4) In the absence of an adjacent outside sampler (0), at the one to six-foot level, a value has been
estimated, based on the analysis of thn overall isodosage pattern for a given release. The estimate
has been made in order to obtain the base value needed to establish the percentage of aerosol-cloud
penetration.
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TEST AIFT AND RSULTS Figure 0-9 24 Feb 1953
T 0015a 2006 CST

AEROSOL GENERATION

Point-aource release of n.0 ofg J 2266 over a period of 5 minutes starting at 2006 CST from a vehicle-mouted

blower disperser located at point

SAMPLINO

Location and !xposure

Yambrane-filter sampling equipment located at 110 stations as shown on test-array map by the following symbol,

0 Outdoor sampler at height between 1 and 6 feet.

Sampling stations included in buildings represented by numbered building outlines, identified as follows:

Andrus Building Northwestern National Bank Bldg

First National Bank Bldg Baker Building

Northwestern Bell Telephone Bldg I) Ydical Arts Building

Results

Al samplers operated to masure total dosages. In addition, samplers in given buildings were operated
incrementallyl sampler arrays, full sampling period, incremental periods, and applicable incremental dosages
are presented in Figure D-7.

Total Dosage (particle-minutes/liter)

5/ T - trace dosage

653

100 / Dosage contour with values expressed in particle-minutes per liter.

MT0OROLOLY 100

Equipment and Measurement

At street level, wind direction continuously recorded, mnd air aI urfLce tenratures, wind velocity, and
other meteorological observations taken at stations designated N 1 , W , and
Similar observations at rooftop level mede at meteorological station , located 17 stories high on
Northwestern National Bank Building.

Wiresonde ascents made at meteorological station @ , at 210 South Tenth Street. Undeveloped-area wiresones
(see Figs. D-3 through D-6) obtained at Wirth Park, approximately 3 miles west of

2105
2.1 --- - - 10 Virtual wind track, the length (drawn to map scale) and direction of each arrow

representing the virtual wind travel between the times indicated.

2100 Balloon track representing wind-drift observation at the time indicated.

Winds

Street-level winds west-northwesterly at 2.5 mph, and roof-level winds west-northwesterly at 9.3 mph.

Stability

3.0' F lapse from 6-300 ft.

Clear during test period.

Temperature

24.8" to 26.5" F at 2 meters in the test area.

Moisture

Mixing ratio of 2.0 gm/kgm dry air.
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Figure D-10
TEST ARRAY AND MULTS 24 Feb 1953

IT 0015b 2155 CST

&IROSOL GENRATION

Point-source release of 9.8 gm of JZ 2266 over a period of 5 minutes starting at 215 CST from a vehicle-mounted
blower disperser located at point 9

SA r DINO

Location and Exposure

Newbrane-filter sampling equipment located at 110 stations as shown on test-array map by the following symbols

0 Outdoor sampler at height between 1 and 6 feet.

Sampling stations included in buildings represented by nubered building outlines, identified as follows

Afndrus Building Northwestern National Bank Bldg

First National Bank Bldg Baker Building

I Northwestsrn Bell Telephone Bldg * Medical Arts Building

Results

All samplers operated to measure total dosages. In addition, samplers in given buildings were operated
incrementally; sampler arr&y, full sampling period, incremental periods, and applicable incremental dosages
are presented in Figure D-7.

Total Dosage (particle-minutes/litr)

T - trace dosage

* = evidence of contaminationS
iOO/ / Dosage contour with values expressed in particle-minutes per liter.

)TEOROLOGT 100

Equipment and Measurement

At street level, wind direction continuously recorded, and air a d ufcetmrtesEJdvloiy an
other meteorological obeervations ta'vn at stations designated a ,& , . and. .

Similar observations at rooftop level made at meteorological station , located 17 stories high on
Northwestern National Bank Building.

Wiresonde ascents made at meteorological station , at 210 South Tenth Street. Undeveloped-area wiresondes
(see Figs. D-3 through D-6) obtatned at Wirth Park, approximately 3 miles west of

2105 _ 1110. Virtual wind track, the length (drawn to map scale) and direction of each arrow

210 representing the virtual wind travel between the times indicated.

2100 Balloon track representing wind-drift observation at the time indicated.

Winds

Street-level winde west-northwesterly at 1.7 mph, and roof-level winds westerly at 9.8 mph.

Stability

2.8' F lapse from 6-300 ft.

Overcast clouds with bases 1500 ft above the surface.

Temperature

20* to 22' F at 2 meters in the test area.

Moisture

Mixing ratio of 1.9 gm/km dry air.
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Figure DFb

TEST ARRAY AND RESULTS 24 Fab 1953
FT 0o;c 2235 CST

AEROSOL OENERATION

Point-source release of 10.6 gms of NJZ 2266 over a period of 5 minutes starting at 2235 ('ST from a vehicle-mounted

blower disperser located at point 4i
SAMPLING

Location and Exposure

tembrane-filter sampling equipment located at 110 stations as shown on test-array map by the following symbolt

0 Outdoor sampler at height between 1 and 6 feet.

Sampling stations included in buildings represented by numbered building outlines, identified as follows:

0- Andrus Building o Baker Building

Northwestern Bell Telephone Bldg (Medicl Arts Building

Northwestern National Bank Bldg

Results

All samplers operated to measure total dosages. In addition, samplers in given buildings were operated
incrementaslly; sampler arrays, full sampling periods, incremental periods, and applicable incremental dosages
are presented in Figure D-7.

Total DoaRge (particle-minutes/liter)

T - trace dosage

e * - evidence of contamination

,00 Dosage contour with values expressed in part icle -minutes per liter.
100WTEOROIXOIT

Equipment and Measurement

At street level, wind direction continuously recorded, and air so aurfe temeratures, Lind velocity, and
other meteorological observations taken at stations designated 9 , V , and § .

Similar observations at rooftop level made at meteorological station , located 17 stories high on
Northwestern National Bank Building.

Wiresonde ascents made at meteorological station @ , at 210 South Tenth Street. Undeveloped-amea wiresondes
(see Figs. D-3 through D-6) obtained at Wirth Park, approximately 3 miles west of OD .

2105 2110 Virtual wind track, the length (drawn to map scale) and direction of each arrow

2!09 --- representing the virtual wind travel between the times indicated.

2100 Balloon track representing wind-drift observation at the time indicated.

Winds

Street-level winds westerly at 2.2 mph, and roof-level winds west-northwesterly at 9.8 mph.

Stability

2.h* F lapse from 6-300 ft.

Sky

Overcast cl uds with bases 1OO ft above the surface.

Temperature
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SUMMARY OF REGIONAL AND LOCAL WEATHER
27 February 1953

(Survey M-54, Supplemental to FT 0016)

SYNOPTIC SITUATION

A nearly stationary cold front trailing from the weak system that passed
Minneapolis the previous day was oriented southeast-northwest through
Minnesota and western North Dakota. What appeared to be a weak stable
wave moved southeast along this front, its crest passing Minneapolis dur-
ing the test period. Multiple cloud decks and occasional snow flurries
accompanied this passage and a fresh surge of colder air followed the tem-
porary warming prior to its passage. A weak Polar continental high cell
was centerod over Kansas and a moderately strong Arctic continental high
was centered over northern Saskatchewan. At the 700-mb level, a west-
northwesterly gradient wind of 45 mph resulted from a broad trough extend-
ing from Ontario to Florida and from a wide weak ridge over the Rocky Moun-
tain states.

WEATHER REPORTS FROM WOLD-CHAMBERLAIN FIELD (MINNEAPOLIS)

Cloud Dew Wind
Time Height Sky Visibility Temp Point - Speed
(CST) (feet) Cover* JqL Weather* (F) Dir(h

1830 4400 Broken 15 - 24 13 W 5
1930 3700 Overcast 15+ - 24 14 SSW 5
2030 2900 Overcast 15+ - 25 18 SSW 5
2130 3500 Broken 15+ - 25 20 SSE 6
2230 3600 Broken 15+ - 25 20 SSW 4
2330 4000 Broken 15+ - 26 23 WSW 8

* Average cloudiness sunrise to sunset: 0%
i* And/or restriction to visibility

Sea-level pressure at 2130 CST: 1014.9 mb
Ground conditions: Twelve-inch snow; main streets clear of snow; thin ice

in spots; side streets 50/50 clear and two-inch packed
snow and ice; lake frozen

Tree cover: None

0
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Figure D-13

TEMPERATURE SOUNDIN0S

St. Cloud Raob 27 Feb 1953
WINDS ALOFT (Supplemental to Survey M-54)
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COMPARATIVE TEMPERATURE SOUNDINGS

Minneapolis Wiresonde

Undeveloped Vs Business Area
Run 3, 2100 CST 27 Feb 1953

Page 157
SECRET

SECURITY INFORMATION



-- - ~SECRET- _ _ _

SE~CUR[TY INFORMATION

600; .... _ .. ZdV~O

400.

300

D*~

100.

I I oof + 1motor
I 26.7 OF

21 22 23 24 ~ 25 26 27 28

Temperature OF

FIGURE D-17

COM{PARATIVE TEMPERATURE SOUNDINGS

Minneapolis Wiresonde

Undeveloped Vs Business Area
R~un )4, 2200 CST 27 Feb 1953

Pag0 38

SECRET
SECURITY INFORMAIION



SECRET
SECURITY INFORMATION

H .Undeviloped . , . .

600 . . . , , . I

0o

, o . , .... ..• -- ,.'I. -

, 'I. ,t

4~oo ''t . . . "

, ' I . . . .. ., : p e

300.. .. . ... . . ... ....... . .. . ... . .

200............... ........... ;... ......... € ........... •, +...... .........

* I I . . .t ... .I . . .

'4

*, , ;. " .. ... .', L _,.

22 23 24 25 26 27 28

Temperature OF

FIGURE D-18

COMPARATIVE TEMPERATURE SOUNDINGS
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SUWIAlIY OF 11U.1LII:U0N DOSA0EFS(')
FT 0016c 27 Fab o195

BUILDING N0. 1 BUItLD[ING NO. 2 BUILDTNO NO. 3
ANDRUS BUILDING FIRSt' NATIONAL, BANK BlUItLING NOHTINIISrTl1RN UF,. TELEPHIONE BUILDING

Outside Inside Outoido Inolde Outside Ineld.
sampler samplor FAiopLor Sanplor Sampl er Scp or
Locatioi Locatio to lo ocatto 0 ocatio,) Locatlol

(fioor)?2.) tbooage(3) (floo(
2
) Doai&,(3) MQ'"32 oor gM ~ (floor?2 'I osaj@(

3
) (floor)? Doae I) (floor)?

2
) Dosage (3)

Slarface(
1
4 7 Basemont A 30-T' Surface(

1
') 120 Banaoet A 20-6 Surraco(') 7 =1aont A 9-T

6th 2 1.1. 503 'OUi(Roof) SI, NAsomant 13 9-.. 10th 31 n sooent B ?-?
70h T 5thI 2-T P')th(Boor) 71 r, t 220 20Lh 4,3 Basemint C 0-0
llth( Roof) 2 8th 3-T 6th 3()-9 27th(Roof) 21 6th 2-T?
11th (Roof) 4o 90h 3-2 10th 96 P7th(RBoo) 31 111th IJI

10th1 0-2 12th 11-5 17th 0-T
V4 w. 120
16 th 3-8

BUIILDING NO. La H11PUIN1 NO. 5 BUILINGM NO. 7
NORTHlWESTERNJ NATIONAL BANK 111tt1N1 IIAKIII ll:1ILJ3111 VOIIAY TM3EP

DIM I do Inrids Ou to life I___ RRtnle Out!(tod Toold(e
NAMPior TA-MFUn F ~ T~ ro e -Dampwe lum 1r

Loctio tcl L LtlI LI,a 10, Location
Lroca)2)Don g( Lfjoto(2 ) noyw (floor12) L),5.( I Lr r (1) (flo ) Doafye (3 (floor) )2) Docago(3)

Surface 0- ) POO3 Damonol A "11-11 smrfaool) 910 Banonnt A 6-3 flmrraee('L) 0 boenmoot A T-0
pto 2311 Basnmmit, H1 lo,-, 2nd 111o Bocoment A T-4 1Pth 2 beocomont B 0-0

I11th 179 3rd 1-5_e I5tf ? 1 lanommn 7-1 V; th 0 DAROeMot. C fl-N
L5SUh 173 6th 6 -T 9th 3 Mu T-0 20t0 0 9th 0-0

l7tl(R-oef) 172 1,10 2-T? 1 l(Noof) I I1Ith 0)-T 32nd 1) 2th 0-0
17th(Roof) 121 1Ith(tloo) I 32nd 0

(1) So. Figure 111-8 for oIbllq*,n nortll elmo of .1oowii~own Ml o111,1o01 1 hou lr0, array Or I,:iI1111r i"And in
sodin of aeroool-Inloo pollotrw' rm'. A dmieri ti~nof' nitc lal, 'i Idlnfg In pion withI Fipure IT 1-8. For
the I ndIcatvid r.,1laoo, frnD-?[ (Avi-anmelx D) allows Lhp Ill lllon Iii rr Lotlo, to tho prlo complex
and the 'loqno poter,.

(2) Sipleril locRItd oo in Cho n floojr ar., Hs t.d A-011111i4- to thenir countol,, ockwiso politioln.

(3) Donaos or! Qxilronned in pa;,oll-il oiutom tor I tor. M leilloatos mairfooction, and T' re-prconnts trace
tJoqa,!e, I.e., it c~ount not x-cedhm o 1; f'loorosomt rlartlol's. A sI:,ip" entry nxpr.o Lhe 110004(0 obtained
from at ri Iter unit exponod hbirng0 thn o,,tIre O.oplirw porlod of ll lodicatod releaso. Dolol ontries for
a plv~o 'olun roproomot, lnoriommito don~,',on olbloloel with -wjintlIally exiposed filt tr unoto., Applicable
lnrr-atl perlodo, for nuili sonler, A-n win n rull inwiplilag poirlod for tlie rnleno, are tn foliowst

SooplliW' Por iot loorerntal eort edo

2239-P330 CST'2 1)1 CST'
7315-23h5q Cr?

(h,) In the abwmciof anl nal.ieot witileh oite1,lnr (0), at the ono to nix-foot, level, a valae lhas boon
etimatod, baoond on tie, analysiso of tLe' ovorall Ilosoe patern for a gilven rieioa~o. TIhe notimoto has
bneo -~d. In ord-r to obt;.i,. Lir boo,, vnl aooo, e to ,,itthlinh the, peimtage of nnromqol-ctord ponotration.
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FIGURE D-20

ADJUSTED DOSAGIE -AREA RELATIONSHIPS

FT 0016 27 Feb 1953
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Figure D-21
TEST ARRAY AND RFSULTS 27 Fab 1953
FT 0016a 2235 CST

AEROOL 0ENERATION

Point-source release of 11.6 gis of NJZ 2266 over a period of 5 minutes starting at 2235 CST from a vehicle-mounted

blower disperser located at point *
SAMLINO

Location and Exposure

Yambrane-filter sampling equipman, located at 110 stations w shown on test-array map by the following symbols

0 Outdoor sampler at height between 1 and 6 feet.

Sampling stations included in buildings represented by numbered building outlines, identified as follows:

Andrus Building 4 Northwestern National Bank Bldg

First National Bank Bldg Baker Building

I Northwestern Bell Telephone Pldg I Foshay Tower

Results

All samplers operated to masure total dosages. In addition, samplers in given buildings were operated
incrementally; sampler arrays, full sampling period, incremental periods, and applicable incremental dosages
are presented in Figure Di-9.

Total Dosa (particlo-minutes liter)

T - trace dosage

58

jOO I Deage contour with values expressed in particle-minutes per liter.

MITEROOWO0Y

Equipment and ?'*asuremont

At street level, vind direction continuounly recorded, end air ai s urfj~ te atures, 9ind velocity, and
other meteorological observations taken at stations designated g , ,en , and .; .

Similar observations at rooftop level made a . meteorological station , located 17 stories high on
Northwestern Bank Building, and at station o located 13 stories high on the Northern States Power Company
Building.

Wiresonds ascents made at ,mteorological station , at 210 South Tenth Street. n.&veloped-areawiresondes
(see Figs. D.lJ thrnugh D-lI1) obtained at Wirth Park, approximately 3 miles west of

2j9O- A Virtual wind track, the length (drawn to map scale) and direction of each arrow
representing the virtual wind travel between the times indicated.

- -2JOO Balloon track representing wind-drift observation at the time indicated.

Winds

Street-level winds southwesterly at 2.7 mph, and roof-level winds wst-northwsterly at 15.8 mph.

Stability

2.1* F lapse from 6-300 ft.

Sky

Broken clouds with bases 3600 ft above the surface.

Temperature

26.3' to 2B.3* F at 2 meters in the test area.

Moisture

Mixinp ratio of 2.3 gm/kgm dry air.
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SUMMARY OF REGIONAL AND LOCAL WEATHER
6-7 March 1953

(Survey M-57, Supplemental to FT 0017)

SYNOPTIC SITUATION

A 1035-mb high cell, oriented northwest-southeast and moving east-north-
east at 20 mph, was centered in northwestern Minneso.a, its ridge line just
west of Minneapolis at the start of the test period. The ridge line passed
the station during the period, bringing warmer and more moist air over the
station and resulting in low cloud cover. At the 700-mb level, a slow-mov-
ing, long wave-length pattern with a ridge off the Pacific coast and a
broad trough off the Atlantic coast resulted in a northwesterly gradient
wind of 50 mph over Minneapolis.

WEATHER REPORTS FROM WOLD-CHAMBERLAIN FIELD (MINNEAPOLIS)

Cloud Dew Wind
Time Height Sky Visibility Temp Point - peed
(CST) (feet) Cover* (miles) Weather** (OF) F Dir(mh)

2330 20,000 Scattered 2$ - 4 -11 WNW 6
0030 20,000 Broken 15 - 4 -11 NNW 5
0130 20,000 Overcast 15 - 6 -5 SSE 6
0230 20,000 Overcast 15 - 5 -6 SE 3
0330 20,000 Overcast 15 - 6 -6 SSE 5
0430 6,000 Broken 15 - 6 -6 SE 8
0530 6,000 Broken 15 - 5 -8 E 10

* Average cloudiness sunrise to sunset: 0%
* And/or restriction to visibility

Sea-level pressure at 0230 CST: 1037.6 mb
Ground condition: Ten-inch packed snow; main streets clear; secondary

streets 50/50 clear and packed ice and snow; lake
frozen

Tree cover: None

0
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Figure D-23

TZKPKRATURE SOUNDINGS

WINDS ALOFT Sts Cloud Raab 6-7 Mar 1953
St. Cloud (Supplemental to Survey M-.57)

7 Mar 1953
0300 CST
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Run W- 1900 CST

----- Run , 2000 CST
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FIGURE D-214

TEMPERATURE SOUNDINGS

Minneapolis

Undeveloped-Area Wiresonde
M-57 6 Mar 1953
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Run ] , 2300 CST

Run t , 2400 CST
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-Run 0200 CST500
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FIGUM D-25

TEMPERATURE SOUNDINGS

Minneapolis

Undeveloped-Area Wiresonde
M-57 6-7 Mar 1953
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- Run 0l 3000CST

600 - .--- Run O000ST6o0 .................. Run J~ J , 0500 CST

.Run 0600 CST
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FIGURE D-26

TIMPERATJ RE SOUNDINGS

Minneapolis

Undeveloped-Area Wiresonde
M-57 7 Mar 1953
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LEGI~XEND. AbO I METE
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FIGURE D-27

TEMPERATURE SOUNDINGS

Minneapolis

Business-Area Wiresonde
M-57 6 Mar 1953
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.LMND ROOFIMETER

6 R u n ® ,/ 2 3 00.. . . . . 6. O
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FIGURE D-28

TEMPERATURE SOUNDINGS

Minneapolis

SBusiness-Area Wiresonde
m-57 6-7 Mar 1953
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LEGEND ROOF + I METER

600 /Run 0300 n9T 6.1 OF
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FIGURE D-29

TEMPERATURE SOUNDINGS

Minneapolis

Business-Area Wiresonde
M-57 7 Mar 1953
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Figure D-30

TIME REOLUTION DATA

FT 0017a 7 Mar 1953
Sampler No. 1

Total No. of Partic].esi 13
Flow Rate: 6.9 liters/min
Dovage: 1.9 part-nin/liter

15

0~ 0
:~10

ii j

0 5 10 153 20 25 30 35 40( 4~5

Time (Minutes)

Dispersal. Period

Page 171

SECRET
SECURITY INFORMAi 0'.



SECRET
SECURITY INFORMATION

Figure D-31

TIME RESOLUTION DATA

FT 0017b 7 Mar 1953
Sampler No. 1

Total No. of Particlea 52
Flow Rate: 6.8 liters/min
Dosage: 7.6 part-min/liter

. . . .. I , I- Il

-~301_

.0

I .I 4I

.... .. I Iv

10

Samler on S le

-5 0 5 1o 15 20 25 30 35 40

Time (Minutes)

"Dispersal Period
(OZ11 - 021b GSTJ
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Figure D-32

TWX RESOLUTION DATA

FT 00170 7 Mar 1953
Sampler' No. 1

Total No* of Particless 0
Flow Rate, 6.9 lits/nin
Dosage: 0 part-mn/liter

0 0 15 20 25 30 35 4~0

Time (Minutes)

Dimersaj. Period
(0340 - 034j5 C
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SUMHABY OF BUILDING D AGF I'
FT 0017 7 Mar 1953

BUILDINO NO, I BUILDPI NO. I 3UII' 'Nd W). 4
ANDRUS BUII.DIN NORTIW1STERN BELL TELEPHONE BU;i(IB( N)RTIW S'IFR.? NA;._oNA!.,l .U I. .

Outside Outside to i
Sampler Samplor Sampler "
Location DOsaes for Oven Release(

3 )  
Location Dosagsa for Wiren Leiasu(

3
) Loca on Doeas for "'tee ,n

Pfor)2 T 107aF l T017 (floor) i
2

) 0~ _____0'~ T017 '1~r"lL'

Surface(h) 26 0 0 Surface(
h

) O O 0 VurfA.
1 4

) 16 C
4th 3-3 0-0 0-0 10th 0 0 0 8th 6 5
5th 8-3 r-O 0-T lh th 0 ,- 11th 13 4
llth(Iloof) 52 T 0 20th 0 )th 12 6
llth(Roof) 61 T 0 27th(Roof) 0 0 l7th(Rhof) 7 311 0

27th(Roof) 0 0 T 17th(R,)of) :i ) T
Inside ___nso ide - ,i

Basement A 10 T 0 Basement A O- 0 -0 0-H Basemen.. A 0-T :-T T'-'
let(Lobby) 0 0 0 Banemant B 0-0 0-0 0-0 Basemenl B 2-3 2-T 0-
3rd 7 T 0 BaementO -0 0-0 0-0 3rd 2 .8th T-8 6-T T-0 l7thJ T-0 0-T T-T 6th T-'O T -, T, ,'.
9th 0-T 4-r T-0 1h 0-0 0,-0 0-;
llth 0-5 0-0 0-0

BUILDING} NO. 5 BUItI!IN0 No, 6
BAKER BUILDING MEDICAL AR'TS lDlJ'LIW

Outside 0'4tSIde4

Sampler Salpler
Location Dosages for Given Release(

3
) Looation Donages for Given Release(

3
1

(floor)(2) F'OO17a FT 00176 FT 0017a

Surface(4) 8 0 12 Surface(4) 16 0 2
2nd 7 0 11 3rd 16 T 2
5th 7 T 10 6th 19 0 3
9th 9 9 15 12t 21 0 6
13th( Roof) 7 T 17 17th 10-6 8-7 3-5
l3th(Roof) 6 0 19 20th(koof) 10 0 3

20th Roof) 37 0 9

Inside Inside

Basement A 1'-? T-0 T-0 Basement A T-T T-M T-0
Basement B T-T 0-0 T-T Banment B 2-4 T-T 2-0
Basement C T-2 T-0 T-T Basement B 2-3 0-0 T-O
7th 0-T 0-0 O-T 9th 2-3 T-T T-0
]lth 0-0 T-O 0-0

(1) See Figure II-8 for oblique aerial view of downtown Minneapolis showing array of buildings ue.. to
studies of aerosol-cloud penetration. A description of each building is given with Figure Il-8. For
the indicated releases, Figures D-35, D-36, and D-37 (Appendix D) show tho buildings in relation o the
grid complex and the dosage pattern.

(2) Samplers located on tho same -oor are listed acrording to their counterclockwise positions.

(3) Dosages are expressed .n particle-minutes per liter. M indicates malfunction, And T represents .rncy
dosage, i.e., a count not exceeding 15 fluorescent particles. A single entry expresses the dosage istaknd
from a filter unit exposed daring the entire sampling period of an indicated release. Double entri's for A
a given column reproont incremental dosages obtained with sequentially exposed filter unite. Appl. cable
incremental periods for each sumpler, as well. as full sampling periods for each release, are as froll 4e,

Release Sampling Period Incremental Periods

FT 0017a 0030-oJ5 CST 030-0115 CST0115-o145 CST

FT 0017b 0200-0315 CST 020o-o2h5 cbf
0245-0315 CS T

FT 0017r 0330-(VA5 CST 0)00-,195 C5T
NiZ1-0165 CIT

(h1) In the absence of an adjacent outside samplor (0), at the one to six-foot level, a value has baeen
estimated, based on the analysis of the, vorall inodoeage pattern for a given relasae. The ostimate has
boen rmads in order to obtain the base value needed to establish the percentage of aerosol-cloud penotraLion.
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TEST ARRAY AND RSULTS 7 Mar 1953FT 0017a 0053 CST

AEROSCO GENWAT ION

Point-source release of 9.0 W.- - NJZ 2266 over a period of 5 minutes starting at 0053 CST from a vehicle-mounted
blower disperser located at point 0.

SAMPLING

Location and Eoure

Membrane-filter sampling equipment located at 11 stations as shown on test-array map by the following symbols:

0 Outdoor sampler at height between 1 and 6 feet.

Time-resolution sampler with station number.

Sampling stations included in buildings represented by numbered building outlines, identified as follows-

Andrua Building Baker Building

Northwestern Bell Telephone Building Medical Arts Building

Northwestern National Bank Building

Results

All samplers operated to measure total dosages. In addition, samplers in given buildings were operated incremen.tally; sampler arrays, full sampling period, incremental periods, and applicable incremental dosages are
presented in Figure D-33. Time-resolution data are given in Figure D-30.

Total Dosage (particle-minutes iter)

0/ T - trace dosage

tOO Dosage contour with values expressed in particle-minutes per liter.

i" ~ NMOROLOGY

Eqipwmn lnd Yeasurement

At street level, wind direction continuously recorded, and air Id surf te ratures, dvelocity, and
othAe meteorological observations taken at stations designated I s, vecit, and

Similar observations at rooftop level mage at meteorc)-aical station , located 17 stories high on N ,Northwestern National Bank Building, and at station @ , located 13 stories high on the Northern States Power
Company Building.

Wiresonde ascents (Figs. D-27, D-28, and D-29) made at meteorological station @ , at 210 South Tenth Street.Undeveloped-area wiresondes (Figs, D-24, D-25, and D-26) obtained at Wirth Park, apprarintately 3 miles west of

- " O0 -- Virtual wind track, the length (dram to map sc ) and direction of each arrow

representing the virtual wind travel between the times indicated.

0500 Balloon track representing wind-drift observation at the time indicated.

Winds

Street-level winds north-northwesterly at 2.8 mph, 0 roof-level winds north-northwesterly at 5.8 mph, and* roof-level winds northeasterly at 3.8 mph.

Stabilit,

2,.2 F lapse from 6-300 ft.

Overcast clouds with bass 20,000 ft above the surface.

Temperature

5.1 to 7.1" F at 2 meters in the test area. COPY

Mixing ratio of 0.8 g /kg dry air.
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TEST ARRAY AND Figure D-36 7 Mar 1953
FT 0017b 0231 CST

AEROSOL (NERAT ION

Point-source release of 3-1.3 grm of NJZ 2266 over a period of 5 minutes starting at 0211 CST from a vehicle-mounted

blower disperser located at point .

SAMPLING

Location and R

Membrane-filter sampling equipment located at 111 stations as r ,wn on test-array map by the following symbol:

0 Outdoor sa'upler at height between 1 and 6 feet.

A Tim-resolution sampler with station number.

Sampling stations included in buildings represented by numbered building outlines, identified as follows%

Andrus Building 5 Baker Building

Northwestern Bell Telephone Building Mdical Arts Building

1 Northwestern National Bank Building

Results

All samplers operated to measure total doeages. In addition, samplers in given buildings were operated incremen-
tally; sampler arrays, full sampling period, incremental periods, and applicable incremental dosages are
presented in Figure D-33. Time-resolution data are given in Figure D-31.

Total Dosage (particle-minutes/liter)

/ T - trace dosage

58 X - malfunction or data missing

ioo Dosage contour with values expressed in particle-minutes per liter.

100

MTEOROLOOY

Equipment and Measurement

At street level, wind direction continuously recorded, and air d surface terwratures, 3nd yelocity, and

other meteorological observations taken at stations designatedO ,@ , , and

Similar observations at rooftop level made at meteorolgical station @ , located 17 stories high MIA
Northwestern National Bank Building, and at station , located 13 storis hi& on the Northern States Power
Company Building.

Wiresonde ascents (Figs. D-27, D-28, and D-29) made at meteorological station @ , at 210 South Tonth Street.

Unk"eloped-area viresondea (Figs. D-24, D-25, and D-26) obtained at Wfirth Park, apprcximately 3 miles west of

05050 ----- 5,0 Virtual wind track, the length (drawn to map scale) and direction of each arrow
representing the virtual wind travel between the times indicated.

0500 Balloon track representing wind-drift observation at the time indicated.

Winds

Street-level winds northeasterly at 1.9 mph, 0 roof-lavil winsk east-northeasterly at 1.3 mph, and
roof-level winds northeasterly at 5.7 mph.

Stability

2.3 * F lapse from 6-300 ft.

Overcast clouds with bases 20,000 ft above the surface.

Temperature

5.8" to 6.8" F at 2 meters in the test area.

Moisture

Mixing ratio of 0.7 gm/kgm dry air.
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Figr D-37
TEST ARRT AND MrULTS 7 Mar 1953
FT 0017o 0340 CST

AERO8OL ERAT I31

Point-source release of 10.4 gas of NJZ 2266 over a period of 5 minutes st arting at 0340 CST from a vehicle-mounted
blower disperser located at point

SAMPLING

Location and Exposure

Membrane-filter sampling equipment located at 1.11 stations as shown on test-array map by the following symbols:

0 Outdoor sampler at height between 1 and 6 feet.

A Time-resolution sampler with station number.

Sampling stations included in buildings represented by numbered building outlines, identified as follows:

Andrus Building 5 Baker Building

Northwestern Bell Telephont .uilding Medical Arts Building

Northwestern National Bank Building

Results

All samplers operated to measure total dosages. In addition, samplers in given buildings were operated incremen-
tally; sampler arrays, full sampling period, incremental periods, and applicable incremental dosages are
presented in Figure D-33. Time-resolution data are given in Figure D-32.

Total Dosage (particle-minutesAiter)

T - trace dosage

056 M - malfunction or data missing

Dosage contour with values expressed in particle-minutes per liter.
0OO

METEOROLOGY

Equipmnt and Measurement

At street level, wind direction continuously recorded, and air ar.d surface temperatures, wind velocity, and
other meteorological observations taken at stations designated , , , and

Similar observations at rooftop level made at meteorological station , located 17 stories high on
Northwestern National Bank Building, and at station @ , located 13 atories high on the Northern States Power

Company Building.

Wiresonde ascents (Figs. D-27, D-28, and D-29) made at meteorological station @ , at 210 South Tenth Street.
Un4ploped-area wiresondes (Figs. D-24, D-25, and D-26) obtained at Wirth Park, apprcximately 3 miles west of

0505
- U Virtual wind track, the length (drawn to map scale) and direction of each arrow

05O representing the virtual wind travel between the times indicated.

0500 Balloon track representing wind-drift observation at the time indicated.

Winds

Street-level winds easterly at 2.4 mph, ® roof-level winds easterly at 5 mph, and @ roof-level winds east-
northeasterly at 8.2 mph.

Stability

3.4 * F lapse from 6-300 ft.

Overcast clouds with bases 20,000 ft above the surface.

Temperature

5.5" to 6.40 F at 2 meters in the test area.

Moisture

Mixing ratio of 0.7 gm/kgm dry air.
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SUMMARY OF REGIONAL AND LOCAL WEATHER
24 March 1953

(Survey M-60, Supplemental to FT 0022)

SYNOPTIC SITUATION

A secondary cold front preceding a fresh outbreak of continental polar
air passed Minneapolis several hours before the test. A light snowfall
accompanied and followed this passage. A 1029-mb high system, centered
over Saskatchewan, dominated the upper Midwest, and resulted in moderate
north-northwesterly gradient winds over Minnesota. At the 700-mb level,
a sharp ridge off the Atlantic coast, a deep trough from Hudson Bay
south to Florida, and a narrow ridge from New Mexico to Saskatchewan,
all slow-moving, gave a 50 mph northerly gradient wind over Minneapolis.

WEATHER REPORTS FROM WOLD-CHAMBERLAIN FIELD (MINNEAPOLIS)

Cloud Dew Wind
Time Height Sky Visibility Temp Point Speed
(CST) (feet) Cover* (miles) Weather** L F) IE D (mp

1830 3000 Overcast 15+ - 34 27 NW 14
1930 4000 Scattered 15+ - 32 27 WNW 20
2030 None Clear 15+ - 31 25 WNW 17
2130 None Clear 15+ - 30 24 NW 17
2230 1800 Overcast 15+ - 28 23 NW 19

(gusty)
2330 1800 Overcast 15+ - 27 21 NW 17

. Average cloudiness sunrise to sunset: 100%
** And/or restriction to visibility

Sea-level pressure at 2130 CST: 1017.3 mb
Ground condition: Snow all gone; light flurries of snow during the evening;

streets clear, but damp; lake frozen
Tree cover: None
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Figure E-2

TE"MRTURE SOUNDINGS

WINDS ALOFT St. Cloud Raob 214 mar 1953
St. Cloud (Supplemental to Survey M-60)
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Figure E-4

TIME RESOLUTION DATA

FT 0022b 24~ mar 1953

Total Noe of Particles: 169 (Contamination Excluded)
Flow Rate: U.*6 liters/min
Dosage: 14.6 part-min/liter

To To To

40 1

110

Sam Th

0 10 20 30 Wj~ 5o 60 70 80

Timie (Minutes)

Contamination
Diajeersal Per:iod Disperser k

(?3007- 2330 CST) Passed Sampler
Location
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FIGURE E-5

ADJUSTED DOSAGE -AREA RELATIONSHIPS

FT 0022 24 Mar 1953
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Figure E-6
TEST ARRAY AND H TS 24 Mar 3.953
FT O22a 1958t4O CST

AEROSOL GENERATION

Line-aource release of 404 gem of NJZ 2266 (at a rate of 62.3 gas/mile) over a period of 27.67 minutes starting at
1958:40 CST, from a blower disperser mounted on a moving vehicle.

START - END 6.5-mile track of vehicle-mounted blower disperser at the indicated starting
(1958:40 CST) (2Ce6,20 CRT) and stopping time.

SAMPL2!N

Location and Exposure.

Membrane-filter sampl.,ig equipment located at 103 stations as shown on test-array map by the f ollowing symbolt

S Outdoor sampler at height between I and 6 feet.

Snpling stations included on top of buildings represented as follows

0 Numbered building with sampler located on roof.

Results

All samplers operated to measure total dosages during full sampling period, 1930-2300 C-X. Values obtained from
roof-located samplers we sumarized in Table E-1.

Total Dose (Particle-mintes/liter)

T - trace dosage

*58

10-'Dnrage contour with values expressed in particle-minutes per liter.
100

MTEOROWGY

Equipment and Measurement

At street level, wind direction continuously recorded, and air and surface temperatures, w.d velocity, andother meteorological observations taken at one or more of the stations designated , , C ,and @
Similar observations at rooftop level made at meteorological station ( , located atop the Northwestern
National Bank Builing, and at @ , located atop The Ra.h M. Parsons Company Building. Undeveloped-area
wiresonde (Fig. E-3) obtained at meteorological station

2000 2010
-, Virtual wind track, the length (drawn to map scale) and direction of each arrow

representing the virtual wind travel between the times indicated.

2000 Balloon track representing wind-drift observation at the time indicated.

Winds

Street-level winds westerly at 13.2 mph, and @ roof-level winds northwesterly at 16.8 mph.

Stability

0o.9 F lapse from 6-300 ft.

Clear during test period.

Temperature

459 to 46' F at 2 meters in the teei area.

Moisture

Mi1ino rnfo of 2.8 /m/k n dry 04,,
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Figure E-7

TEST ARRAY AND RESULTS 24 mar 1953
FT 0022b 2300 CST

AEROSOL GENtRAT ION

Line-source release of 822.6 gms of NJZ 2266 (at a rate of 126.3 gns/mile) over a period of 30 minutes starting at
2300 CST, from a blower disperser mounted on a moving vehicle.

START b END 6.5-mile track of vehicle-mounted blower disperser at the indicated starting
(2300 CST) (2330 CST) and stopping times.

SAMPLING

Location and Exposure

Yembrane-filter sampling equipment located at 103 stations as shown on test-array map by the following symbols:

S Outdoor sampler at height between 1 and 6 feet.

& Time-resolution sampler with station number.

Sampling stations included on top of buildings represented as follows:

MU Numbered building with sampler located on roof.

Results

All samplers operated to measure total dosages during full sampling period, 2300-0230 CST. Values obtained from
roof-located samplers are summarized in Table E-1. Time-resolution daTa are presented in Figure E-4.

Total Dosa. (particle-minutes/liter)

/ T - trace dosage0
5-8 M - malfunction or data missing

100 J Dosage contour with values expressed in particle-minutes per liter.

METEOROLOGY 10

Equipment and Measurement

At street level, wind direction continuously recorded, and air and surface temperat es, wd velocity, and
other meteorological observations taken at one or more of the stations designat3d W , , , and

Similar observations at rooftop level made at meteorological station @ , located atop the Northwestern
National Bank Building, and at , located atop The Ralph M. Parsons Company Building. Undeveloped-area
wiresonde (Fig. E-3) obtained at meteorological station

2005
-00 2 Virtual wind track, the length (drawn to map scale) and direction of each arrow

representing the virtual wind travel between the times indicated.

----------- 2O0 Balloon track representing wind-drift observation at the time indicated.

Winds

Street-level winds northwesterly at 13.7 mph, and ( roof-level winds west-northwesterly at 17.4 mph.

Stability

At 2100 CST, l.1 F lapse from 6-300 ft.

Overcast clouds with bases 1800 ft above the surface.

Temperature

38" to 40* F at 2 meters in the test area.

Wki sture

Mixing ratio of 2.4 piVkgm dry air.
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SUMMARY OF REGIONAL AND LOCAL WEATHER
28 April 1953

(Survey M-63, Supplemental to FT 0023)

SYNOPTIC SITUATION

A deepening 981-mb low, moving southeastward at 12 mph, was centered over
eastern Colorado, and a ridge of high pressure extended from northern
Canada to Ohio, From this pattern a strong southeasterly gradient wind
resulted over Minnesota and neighboring states. The overrunning from a
warm front, which extended from Colorado eastward to Virginia, produced
intermittent rain in the test area. At the 700-mb level, a slowly deepen-
ing low center over Colorado and a weakening ridge from Florida to Lake
Michigan resulted in a weak southerly gradient wind of 5 mph over Minneapo-
lis.

WEATHER REPORTS FROM WOLD-CHAMBERLAIN FIELD (MINNEAPOLIS)

Cloud Dew Wind
Time Height Sky Visibility Tamp Point Speed

(CST) (feet) Cover* - (miles) Weather** (OF) _F Dir mph)

1830 8000 Overcast 15+ - 48 35 ESE 17
1930 7000 Overcast 15+ - 47 34 ESE 17
2030 8000 Overcast 15. - 47 32 E 21
2130 7000 Overcast 15+ - 47 32 E 21
2230 6000 Overcast 15 - 46 31 ESE 22
2330 5500 Overcast 15. - 45 31 ESE 20

* Average cloudiness sunrise to sunset: 90%
** And/or restrictions to visibility

Sea-level pressure at 2130 CST: 1012.2 mb
Ground condition: Grass showing, not fully green; Wirth Lake 420 F;

Calhoun Lake 520 F
Tree cover: None



SECRET
SECURITY INFORMATION

TEMPERATR SOUNINGS

St. Cloud Raob 28 Apr 1953

WINDSALOFT(Supplemen~tal. to Survey M-63)
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Figure E-10

TIME RESOLUTION DATA

FT 0023a, 28 Apr 193
Sampler No. 1

Total No. of Particles: 257
Flow FHatet 9.7 liters/min
Dosage: 26*5~ part-inirliter

120

100

A p80
0.4$

Sampler on Sampler off

0 10 20 30 4o 5o 60 70 80

Time (Minutes)

Dis-eral] Period
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Figure E-11

TIME RESOLUTION DATA

FT 0023a 28 Apr 1953
Sampler No. 2

Total No . of Particlest 3.6 4
Flow Rate: 10.0 liters/min
Dosage: 1694 part-winlliter

100

80

4V 14KU

60 10 2 30 1f 0 6 70 0

Time (linuTeB

Dine erna Period Co toff
(ZUU- CST (Z3 rCST
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Figure E-12

TIME RESOLUTION DATA

FT 0023b 28 Apr 1953
Sampler No. 1

Total Noe of Particlest -13
Flvw Rates 10.0 liters/min
Dosages 11.3 part-mm/liter

0 6

40

20 102-3-r O 60 7

Time (Minutes)

Dispersal Period
(2205~ - 2235:3Y CS5T
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Figure E-13

TIME RESOLUTION DATA

FT 0023b 28 Apr 1953
Sampler No. 2

Total No. of Particles: 100
Flow Rate: 10.0 liters/mini
Dosage: 10 part-m~hliter

*6o

S!Mlr ont It- -Sampler off
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FIGURE E.-14

ADJUSTED DOSAGE - AREA RELATIONSHIPS

FT 0023 283 Apr 1953
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Figure -15
TEST ARRAY AND RESULTS 28 Apr 19S3
FT O( 3a 2000 CST

AEROSOL GENERATION

Line-source release of 69.3 )ge of NJZ 2266 (at a rate of .99.0 gin/mile) over a period of 28.17 minutes starting
at 2000 CST, from a blower 4-W'vrser mounted on a moving vehicle.

START 0 END 7-mile track of vehicle-mounted blower disperser at the indicated starting
(2000 CST) (2028:10 CST) and stopping times.

SAMPLING

Location and Exposure

Yembrane-filter sampling equipment located at 99 stations as shown on test-array map by the following symbols:

0 Outdoor sampler at height between 1 and 6 feet.

Tim-resolution sampler with station number.

Sampling stations included on top of buildings represented as follows:

[ Numbered building with sumpler located on roof.

Results

All samplers operated to measure total dosages during full sampling period, 2000-2200 CST. Values obtained
from roof-located samplers are summarized in Table E-1. Time-resolution data are presented in Figures E-10
and E-11.

Total Dosage (particle-minutes/liter)

T - trace dosage

M - malfunction or data missing

100 Dosage contour with values erpressed in particle-minutes per liter.
1OO

METEOROLOGY

ipmnt and Measurement

At street level, wind direction continuously recorded, and air and surface temperat res, w'd velcity,
othere teorological observations taken at one or more of the stations designated , 6
and

Similar observations at rooftop Ivel made at meteorological station ~Jlocated atop the Northwestern
National Bank Building, and at 9 , located atop the Northern States Power Company Building.

Wiresonde equipment located at meteorological station

2000 -2 00 Virtual wind track, the length (drawn to map scale) and direction of each arrow
representing the virtual wind travel between the times indicated.

20010 Balloon track representing V4 nd-drift observation at the time indicated.

Winds

Street-level winds east-southeasterly at 10.2 mph, and @ roof-level winds east-southeasterly at 16.1 mph.

Stability

No direct reasurement; wiresonde operations precluded by relatively strong winds. These winds and supporting
raob data (Fig. E-9) indicate adiabatic conditions.

Overcast clouds with bases 8000 ft above the surface.

Temperature

470 to 48' F at 2 meters in the test area.

Moiture

Mixing ratio of 3.8 gm/kgm dry air.
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Figure B-16

TEST ARRAY AND RESULTS 28 Apr 1953
FT 0023b 2205 CST

AEROSOL GENERATION

Line-source release of 384 gis o 11J7 2266 (at a rate of 54.8 gws/mile) over a period of 30.5 minutes starting at
2205 CST, from a blower disperser ,tu-ted on a moving vehicle.

START P END 7-mile track of vehicle-moumted blower disperser at the indicated starti.ng
(2205 CST) (2235:30 CST) and stopping times.

SAMPLNG

Location and Exposu

Membrane-filter sanpling equipment located at 99 stations as shown on test-array map by the following symbol:"I

0 Outdoor samp.Ler at height between 1 and 6 feet.

Time-resolution sampler with station number.

Sampling stations included on top of buildings represented as follows-

E3 Numbered building with sampler located on roof.

Results

All samplers operated tA- measure total dosages during full sampling period,2200-2330 CST. Values obtained from
roof-located samplers .'ea summarized in Table E-1. Time-resolution data are presented in Figures E-12 and E-13.

Total Dosaee(particle-minutes/liter)

T - trace dosage

058

100 Dosage contour with values expressed in particle-minutes per liter.

METEOROLOGY 100

Equipment and Measurement

At street level, wind direction continuously recorded, and air and surface temperatues, w;d velcity, gbd
othereteorological observations taken at one or more of the stations designated , 
and 09

Similar observations at-rooftop Ilvel made at meteorological station , located atop the Northwestern
National Bank Building, and at , located atop the Northern States Power Company Building.

Wiresonde equipment located at meteorological station

2010
2000 .99 -0. Virtual wind track, the length (drawn to map scale) and direction of each arrow

representing the virtual wind travel between the times indicated.

2OO) Balloon trac;k representing wind-drift observation at the time indicated.

Winds

Street-level winds easterly at 9.7 mph, and 0 roof-level winds east-southeasterly at 18.2: mph.

Stability

No direct measurement; wiresonde operations precluded by relatively strong winds. These winds and supporting
raob data (Fig. E-9) indicate adiabatic conditions.

Sky

Overcast clouds with bases 6000 ft above the surface.

Temperature

46* to 47" F at 2 mterslin the test area.

Moisture

Mixing ratio of 3.6 gm/kgm dry air.
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