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ABSTRACT

A wind tunnel study has been carried out in order to simulate
mean flow conditions and turbulence characteristics in the vicinity
of the Tower Grid at Dugway Proving Ground. Significant modifications
of the upstream flow conditions were found to occur primarily in the
region between the Grid Center and the downstream meteorological tower

where the turbulence increased and local accelerations of the flow

occurred.
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I. INTRODUCTION

Boundary layer effects attributable to the presence of non-
uniformly distributed roughness elements within the atmospheric surface
layer are beyond the scope of current theoretical models. The three-
dimensional nature of such flows requires either a field study or the
simulation of field conditions by some sort of modelling procedure.
Whenever possible, it would be desirable to have both types of studies,
since adequate field data are usually much more difficult and expen-
sive to obtain than model data. Model studies can provide detailed
information on the mean flow conditions and turbulence characteristics,
but a certain amount of field data is required in order to verify the
degree of similarity between model and prototype. The Tower Grid at
Dugway Proving Grounds presents just such an opportunity to coordinate
a field study and a model study. The relatively simple distribution of
large roughness elements readily lends itself to a wind tunnel study.
Moreover, the data generated from the model study will provide back-
ground information for the eventual development of numerical models
suitable for the simulation of atmospheric flows.

The objective of the present study was to determine the extent to
which the Tower Grid affects the mean flow conditions at the Dugway
Proving Ground test site. This involved a qualitative study of the
effects of the Tower Grid on the mean flow by smoke visualization and

a study of the distributions of mean velocity and turbulence.



II. MODELLING THE TOWER GRID

In order to simulate the prototype flow conditions certain

requirements had to be met in the modelling.

(a)

Height
Diameter

Height
Diameter

All significant roughness elements interior to the circle
of radius 100-m were included in the model and scaled by
1/50th of their prototype counterparts. The size of the
wind tunnel however necessitated the removal of a few
samplers on either side of the wind tunnel model.

The individual roughness elements corresponding to the
prototype towers consisted of straight pieces of tubing or
rods. The two prototype elements were scaled according to

the following table

Model Prototype
13 in. 17-m

0.1 in. 12.7 cm.
1.2 in. 1.52-m
0.03 in. 3.8 cnm.

The metal segments were inserted into a 3/4 inch-thick plywood

base which extended the width of the tunnel floor. Simplified models

of the Gun and Rocket Towers, the Vault, Light Banks, and Meteorolog-

ical Towers were also constructed and affixed to the plywood base, at

the proper locations.

Since there were two primary wind directions it was desirable to

have the capability of changing the orientation of the model with

respect to ambient wind direction. Provision was therefore made for



the non-symmetrical model components to be moved to corresponding

alternative locations at the different wind directions. This proce-

dure replaced the original idea of rotating a 12 ft-diameter plywood

disc.

A ramp approach was used upstream of the model to compensate for

the upper surface of the plywood base not being the same height as the

top of the rough surface upstream.

(b)

(c)

The Reynolds number of the model based on the diameter of
the roughness elements must be equal or at least very close
to the prototype Reynolds number. This is achieved at a
tunnel wind speed of the order 50 ft/sec.

The impinging wind profiles, when scaled by gﬁ»ln (% ),
o

should be similar for both model and prototype. The model
zomust therefore be chosen to make the boundary fully

rough. On the basis of some recent computations by Nambudri-
pad and Cermak (1)., it appeared that a model zo character-
ized by a Nikuradse sand grain size of 0.1 inch would

ensure similarity between the model and prototype flow. The
value z, = 0.1" was used. However, it was still necessary

to artificially thicken the boundary layer in order to have
it sufficiently deep (23 in.) when it encounters the

model.

IT1I. EXPERIMENTAL EQUIPMENT AND PROCEDURE

The experimental study was carried out in the 12' x 12' working

section of the Colorado State University low speed Environmental Wind



Tunnel. Measurements were obtained for conditions of zero horizontal
pressure gradient and neutral stability and a wind speed of 50 ft/sec
in the two directions corresponding to the N.W. and S.E. on a proto-
type. Since the primary objective was to determine the extent to
which the Tower Grid affects the mean flow conditions, it was decided
to make qualitative determinations by smoke visualization and to base
more detailed conclusions on the distribution of mean velocity and
turbulence data.

3.1. Velocity Measurements:

Mean flow velocity profiles were obtained using a pitot-static
tube and an electronic pressure transducer. Velocity profiles were
measured for the two ambient wind directions along the model stream-
wise centerline, and at five other base lines, Figs. (5) and (6). Addi-
tional velocity profiles were obtained in the pie-shaped segment down-
stream of the model center.

3.2. Turbulence Measurements:

An approximate distribution of the turbulence was measured with
a single-wire constant current anemometer unit, with the wire inclined
at 45° to the wind direction. Turbulence intensity profiles were
obtained at locations similar to those for the velocity profiles but
for only one (S.E.) wind direction.

3.3. Smoke Visualization:

Proper smoke visualization was impossible at the test speed of
50 ft/sec. However, puffs of Titanium Tetrachloride liquid released
upstream of the model produced streaks on the model floor which gave

some indication of the nature of the mean flow on the floor.



3.4. Thickening the Boundary Layer:

The boundary layer over the model was thickened so that all ele-
ments of the model (except the tall Rocket Tower) were within the
shear layer. The method consisted in laying roughness elements {con-
sisting of semi-rigid tufts) over a build-up of foil cans at the
entrance to the wind tunnel test section.

This technique for thickening the boundary layer seriously
modified the mean flow and turbulence characteristics. This accounts
for the boundary layers upwind of the Grid extending so far to the
tunnel centerline especially at the larger distnaces from the floor.
Farther downstream of the entrance region, the flow characteristics
recover from the modifications. However, this recovery was too far
downstream for all of the model to be placed in the fully developed

turbulent boundary layer.

IV. EXPERIMENTAL RESULTS

4.1, Smoke Visualization:

Puffs of Titanium Tetrachloride released upstream of the model
produced streaks on the model floor from which the nature of the mean
flow around the Tower Grid could be deduced qualitatively.

(a) The streaklines behind each circle of roughness elements

were practically continuous with those in front of the circle.
(b) Wakes of any considerable size existed only behind the

larger obstacles such as the Gun and Rocket Towers and the

Vault. The wakes behind the first two were small and 'per-

forated" on account of the non-solid construction of thesé

structures. Recovery of the streaklines was quite rapid



behind those Towers. The wake behind the Vault was the
largest and longest.

(¢) The streaklines showed very little lateral deviation any-

where except in the above-mentioned wakes.

The above observations indicate that the Tower Grid did not
qualitatively modify very much the mean flow through it, in the sense
that apart from quantitative obstructions to flow, the nature of flow
was virtually unchanged.

4.2 Results from Velocity Profiles:

Velocity profiles measured on five base lines are presented in
Fig.(5a) through (S5e) for each wind direction. Quantitative modifica-
tions to the general flow around the Tower Grid is, however, best seen
in Fig. (3), which is a plot of the wind speeds across the wind tunnel
at various heights.

At the height corresponding to the top of the horizontal samplers,
Fig.(3) indicates that the horizontal samplers cause only a small
defect in the flow velocity but no general deformation of the flow.
The larger roughness elements, the Gun Tower and the Vault are the
only appreciable obstructions to the flow, although the flow fully
recovers from their effects before the downstream Meteorological Tower
is reached. Apparently there is a flow acceleration downstream of the
large roughness elements. This flow acceleration which is observed
only a short distance behind the individual elements may be due to the
"'necking' effect of the bases of these structures. At the height cor-
responding to the top of the tall vertical samplers, the velocity
defect due to those samplers is quite considerable. The larger struc-

tures, especially the Gun and Rocket Towers, are the major obstacles



to the flow, however. In fact, the effect of the Rocket Tower persists
for quite a long distance downstream of the model. The wind speed
recorded at the top of the downstream Meteorological Tower is only
about 80% of the unobstructed wind speed.

Above the level of the Meteorological Towers, the Rocket Tower
constitutes the major obstacle. Its effect is definite and sizeable
and persists for long distances downstream. The flow over the Gun
Tower and the Light Banks appears to be slightly accelerated.

At all heights, the flow seems to be accelerating between the
model center and the downstream Meteorological Tower. This is sugges-
tive of an expansive flow in that region of the Tower Grid. Hence,
releases from a source about the center of the Grid may be expected to
diffuse quite rapidly in the lateral direction.

4.3 Results from Turbulence Measurements:

The procedure used to thicken the boundary layer over the model
seriously modified the turbulence structure of the flow to such an
extent that only a few representative turbulence intensity profiles,
Fig.(7), have been considered worthy of presentation in the present
report. Shear stress distributions were found to be similar to the
turbulence profiles.

It is obvious, however, from the turbulence intensity profiles
shown that the turbulence downstream of the Tower Grid is considerably

increased.



(a)

(®)

(c)

(d)

V. CONCLUDING REMARKS

Apart from the wake regions of the larger obstacles, the basic
flow around the Tower Grid is directionally changed very
little by the roughness, presumably due to the rather low
size-to-spacing ratio within the Grid system.

The Tower Grid acts to increase the Turbulence in the flow,
which will result in enhanced diffusion downstream of the
Grid Center.

The expansive nature of the flow between the Grid Center and
the downstream Meteorological Tower, suggested by the
acceleration of the flow in that region, implies that diffu-
sion will be quite rapid there in all directions.

The turbulence immediately downstream of the Grid Center was
only slightly less for the N.W. wind than for the S.E. wind
due to the influence of the Rocket Tower in the former case.
In all other respects, the flow conditions corresponding to
the two prevailing wind directions were found to be nearly

identical.

VI. REFERENCES

Nambudripad, K.D., and J.E. Cermak, 1969: '"A Note on Roughness."
Unpublished Colorado State University Fluid Mechanics Report.






LB
GT
RT
MT

MC :

Fig. 20

Wind Direction: SE
Schematic Arrangement. of Model in the Wind Tunne!

(S-E Wind)

NW L/
/]
? 12' Z
ﬂ B K A _ iy LS
—— - A - }
/] l—~2'—~— / *
7 . |
% ? |
g ' L 63
/ 7 .
7 2
7 ¢
/
f ? __La {
Z % |
/] |
%4 5
z 7
; %
/] // L3
Z
/] 7
N / 7
: Light Bank (4) /] / 5
: Gun Tower
- Rocket Tower /
: Met logical N
Tower (2). Q )/2 L2
: Vault 7
Modei Center /] \?
: Vertical & Horizontal ? /
Samplers / ?
: Vertical Samplers /] 4 63
: Horizontal Samplers ? ¢ ?
/ H
/ 7
? __B A c_ /// L
/ 2o @
/] Left Right
. by
/ @



11

SE

— -
n < o —
] - - -
SO\ ////////////ﬂ, NN . W,/////////////, ANONNONNNN
< < §
1 ot m |
I s
< < ©L £
o
x ® o _ @ « -
o g
‘™
| - oL
[ | .m
]
N
SONNANNY O NN OIS NN N

Wind Direction: NW
Fig. 2b Schematic Arrangement of Mode! in the Wind Tunnel

(N-W Wind)



p———

Velocity ft/sec

6_.8_.1Q 14 20 23 30 35 40 43 S0
\\\\\\\\\\\\\\\\\\\\.\\\\'\\\\\\\\?\\\ \\\\l\\\\\\\\I\\\\\\\\I\\\\\\\\i\\\\\\ A
! T T

N N NN I S e e I I e M N e S N M S M M N N M N N N M S Y T T Y T U VD U U W VU L L W M N N NN N N NN
Height from Tunnel 1.0 in 10.0 ins. 20.0 ins.
Floor 5f Samples 17 m Masts Rocket Tower
Legend:
— — Location L,,—-—Location L,, ----Location Lz, — Location L 4,— -~ Location Lg

Fig 3 Effect of Roughness Elements on the Flow Past the Model (S-E Wind)

(Mean Velocity Profiles Across the Wind Tunnel at Three Heights and
Fiye X-L.ocations.)



13

suoydang puim uiog ‘' sulesog -- ajyoid AoojaA DU
|
n/n

0

t by

Ol

Sl

SNIL

0¢

Ge

0]



30

25

20

YINS

u/U,

Fig 50 Velocity Profiles on Baseline L,

v



30 ¢

25

20 -

YINS

S-E Wind
N'W Wind

u/ Uy,

Fig. 5b Velocity Profiles on Baseline Ly

ST



16

01

¥ auiespg uo sajoid Apdojepa og bry

‘nsn

T e

SNig



|9PON 4O woalisumog * §-1 auijasog uo s3|140id ApoolspA  pg Big

17

'n/n
0 0
l —7 0
»
\\
!
-
]
\
f
? —oi
{
g
SNIg
-0z
PUM MN —=—— ¢
PUM 3§ —




YINS

Fig. Se

u/Uy,

Velocity Profiles in the Pie-shaped Region Behind
Model Center.

81



y inches

30k

ro
o
T

20

[$:3
T

S.E Wind
NW Wind

u/ U,

Fig 6 Velocity Profiles Along the Streamwise

Centerline

61



20

I'in Front of
I00m Circle

rd

’k Model Center
LIA

| I TN N N TN N | ] | I T 1

1 ] 1 1 |
I0 12 14 16 18 20

YINsS

Fig. 7 Turbulence Intensity Profiles



0.6

0.5
T
//
04 0"
VB-V° /
v /
0.3
Probe Cold Resistance = 2.65A
Overheating Ratio = 20%
Vo = L.OOV
02 U (fi/sec) = 54.0 / Ah
O.i
o)}
0 (oN| 0.2 03 04 0.5 06 07 0.8
Ah , mm Hg.

Fig. 8 Typical Hot-wire Calibration Curve

| ¥4



< £1ad
Security Classification

DOCUMENT CONTROL DATA - R&D

(Security classitication of title, body of abstract and indexing annotation must be entered when the overall report is classified)

1. ORIGINATIN G ACTIVITY (Corporate author) 2a8. REPORT SECURITY C LASSIFICATION
Fluid Mechanics Program, College of Engineering Unclassified
Colorado State University, Fort Collins, Colo, 2b GROUP

3. REPORT TITLE

WIND TUNNEL STUDY OF THE DUGWAY PROVING GROUND TOWER GRID

4. DESCRIPTIVE NOTES (Type of report and inclusive dates)
Technical Report

S. AUTHOR(S) (Last name, fitst name, initial)

J. Anyiwo and E. C. Nickerson

6. REPORT DATE 7a8. TOTAL NO. OF PAGES 7b. NO. OF REFS
November 1970 ~ 25 1
Ba. CONTRACT OR GRANT NO. 9a. ORIGINATOR'S REPORT NUMBER(S)
DAAB07-68-C-0423
b. PROJECT NoO. CER69-70JA-ECN39
c. 9b. OTHER REPORT NO(S) (Any other numbers that may be assigned
this report)
d.

10. AVAILABILITY/LIMITATION NOTICES

Distribution of this document is unlimited.

11. SUPPL EMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY

U.S. Army Materiel Command

13. ABSTRACT

A wind tunnel study has been carried out in order to simulate
mean flow conditions and turbulence characteristics in the vicinity
of the Tower Grid at Dugway Proving Ground. Significant modifications
of the upstream flow conditions were found to occur primarily in the
region between the Grid Center and the downstream meteorological tower
where the turbulence increased and local accelerations of the flow
occurred.

DD ,igﬂ‘ 1473 Unclassified

Security Classification



Unglassified  noiion

KEY WORDS

LINK A LINK B LINK C

ROLE wWT ROLE wT ROLF wT

Boundary layer effects
Roughness elements
Surface layer
Three-dimensional flows
Atmospheric flows

1. ORIGINATING ACTIVITY: Enter the name and address
of the contractor, subcontractor, grantee, Department of De-
fense activity or other organization (corporate author) issuing
the report.

2a. REPORT SECURITY CLASSIFICATION: Enter the over-
all security classification of the report. Indicate whether
‘‘Restricted Data’ is included. Marking is to be in accord-
ance with appropriate security regulations.

2b. GROUP: Automatic downgrading is specified in DoD Di-
rective 5200. 10 and Armed Forces Industrial Manual. Enter
the group number. Also, when applicable, show that optional
fnax;;cings have been used for Group 3 and Group 4 as author-
ized.

3. REPORT TITLE: Enter the complete report title in all
capital letters. Titles in all cases should be unclassified.
If a meaningful title cannot be selected without classifica-
tion, show title classification in all capitals in parenthesis
immediately following the title.

4. DESCRIPTIVE NOTES: If appropriate, enter the type of
report, e.g., interim, progress, summary, annual, or final.
Give the inclusive dates when a specific reporting period is
covered.

5. AUTHOR(S): Enter the name(s) of author(s) as shown on
or in the report. Enter last name, first name, middle initial.
If military, show rank and branch of service. The name of
the principal author is an absolute minimum requirement.

6. REPORT DATE: Enter the date of the report as day,
month, year; or month, year. If more than one date appears
on the report, use date of publication.

7a. TOTAL NUMBER OF PAGES: The total page count
should follow normal pagination procedures, i.e., enter the
number of pages containing information.

7b. NUMBER OF REFERENCES: Enter the total number of
references cited in the report.

8a. CONTRACT OR GRANT NUMBER: If appropriate, enter
the applicable number of the contract or grant under which
the report was written.

8b, 8, & 8d. PROJECT NUMBER: Enter the appropriate
military department identification, such as project number,
subproject number, system numbers, task number, etc.

9a. ORIGINATOR’S REPORT NUMBER(S): Enter the offi-
cial report number by which the document will be identified
and controlled by the originating activity. This number must
be unique to this report.

9b. OTHER REPORT NUMBER(S): If the report has been
assigned any other report numbers (either by the originator
or by the sponsor), also enter this number(s).

|

INSTRUCTIONS

10. AVAILABILITY/LIMITATION NOTICES: Enter any lim-
itations on further dissemination of the report, other than those

imposed by security classification, using standard statements
such as:

(1) ‘‘Qualified requesters may obtain copies of this
report from DDC.”’

(2) “‘Foreign announcement and dissemination of this
report by DDC is not authorized.’’

(3) “‘U. S. Government agencies may obtain copies of
this report directly from DDC. Other qualified DDC
users shall request through

1’y

(4) *‘‘U. S. military agencies may obtain copies of this
report directly from DDC. Other qualified users
shall request through

1y
(5) *‘All distribution of this report is controlled. Qual-

ified DDC users shall request through

s
.

If the report has been furnished to the Office of Technical
Services, Department of Commerce, for sale to the public, indi-
cate this fact and enter the price, if known.

11. SUPPLEMENTARY NOTES: Use for additional explana-
tory notes.

12, SPONSORING MILITARY ACTIVITY: Enter the name of
the departmental project office or laboratory sponsoring {pay-
ing for) the research and development. Include address.

13. ABSTRACT: Enter an abstract giving a brief and factual
summary of the document indicative of the report, even though
it may also appear elsewhere in the body of the technical re-
port. If additional space is required, a continuation sheet
shall be attached.

It is highly desirable that the abstract of classified re-
ports be unclassified. Each paragraph of the abstract shall
end with an indication of the military security classification
of the information in the paragraph, represented as (TS). (S).
(C), or (U).

There is no limitation on the length of the abstract.
ever, the suggested length is from 150 to 225 words.

How-

14, KEY WORDS: Key words are technically meaningful terms
or short phrases that characterize a report and may be used as
index entries for cataloging the report. Key words must be
selected so that no security classification is required. lden-
fiers, such as equipment model designation. trade name, mili-
tary project code name, geographic location. may be used as
key words but will be followed by an indication of technical
context. The assignment of links. rules. and weights is
optional.

Unclassified “
Security Classification




Commanding General 1)
U.S. Army Materiel Command

ATTN: AMCRD-TV

Washington, D.C. 2031S

Chief of Research and Development (¥3]
Department of the Army

ATTN: CRD/M

Washington, D.C. 20310

Commanding General 1
U.S. Army Combat Developments Command
ATTN: CDCMR-E

Ft. Belvoir, Virginia 22060

Commanding General 1)
U.S. Army CDC Combined Arms Group
Ft. Leavenworth, Kansas 66027

Commanding General 1)
U.S. Army CDC Combat Support Group
Ft. Belvoir, Virginia 22060

Commanding General (1)
U.S. Continental Army Command
ATTN: Reconnaissance Branch
0DCS for Intelligence
Ft. Monroe, Virginia 23351

Commanding General 2)
U.S. Army Electronics Command

ATTN: AMSEL-EW

Ft. Monmouth, New Jersey 07703

Commanding General (2)
U.S. Army Missile Command

ATTN: AMSMI-RRA

Redstone Arsenal, Alabama 35809

Commanding General n
U.S. Army Munitions Command

ATIN: AMSMU-RE-R

Dover, New Jersey 07801

Commanding General [¥3]
U.S. Army Test and Evaluation Command
ATTN: NBC Directorate

Aberdeen Proving Ground, Maryland 21005

Commanding General {2)
U.S. Army Natick Laboratories

ATTN: Earth Sciences Division

Natick, Massachusetts 01762

Commanding Officer 2)
U.S. Army Cold Regions Research and
Engineering Laboratories

ATTN: Environmental Research Branch
Hanover, New Hampshire 03755

Commanding Officer [¢3]

U.S. Army Ballistics Research
Laboratories

ATTN: AMXBR-B

Aberdeen Proving Ground, Maryland 21005

Commanding Officer {1)
U.S. Army Ballistics Research

. Laboratories

ATTN: AMXBR-IA

Aberdeen Proving Ground, Maryland 21005

Director [£3)
U.S. Army Engineer Waterways
Experiment Station
ATTN: WES-FV
Vicksburg, Mississippi 39181

Director )
Atmospheric Sciences Laboratory

U.S., Army Electronics Command

Ft. Monmouth, New Jersey 07703

Commanding General (12)
Deseret Test Center

ATTN: STEPD-TO-M-D(S)

Building 100, Soldiers' Circle

Fort Douglas, Utah 84113

MINIMUM BASIC DISTRIBUTION LIST FOR USAMC SCIENTIFIC AND
TECHNICAL REPORTS IN METEOROLOGY AND ATMOSPHERIC SCIENCES

Chief®, Atmospheric Physics Division
Atmospheric Sciences Laboratory
U.S. Army Electronics Command

Ft. Monmouth, New Jersey 07703

Chief, Atmospheric Sciences Office
Atmospheric Sciences Laboratory
U.S. Ammy Electronics Command

White Sands Missile Range, New Mexico 88002

Director, MUCOM, ORG
ATTN: AMSMU-DS-OR 1
Edgewood Arsenal, Maryland 21010

Commanding Officer

U.S. Army Frankford Arsenal

ATTN: SMUFA-N-3400 (H. Brodkin)
Philadeiphia, Pennsylvania 19137

Commanding Officer

U.S. Army Picatinny Arsenal
ATTN: SMUPA-TV-3

Dover, New Jersey 07801

President
U.S. Army Artillery Board
Ft. Sill, Oklahoma 73504

Commanding Officer
U.S. Army CDC Artillery Agency
Pt. Sill, Oklahoma 73504

Commnandant

U.S. Army Artillery and Missile School
ATTN: Target Acquisition Department
Fort Sill, Oklahoma 73504

Commanding Officer

U.S. Army CDC Communications-
Electronics Agency

Ft. Monmouth, New Jersey 07703

Commanding Officer

U.S. Army CDC CBR Agency
ATTN: Mr. N.W. Bush

Ft. McClellan, Alabama 36205

Commanding General

U.S. Army Test and Evaluation Command
ATTN: AMSTE-EL

Aberdeen Proving Ground, Maryland 21005

Commanding General

U.S. Army Test and Evaluation Command
ATTN: AMSTE-BAF

Aberdeen Proving Ground, Maryland 21005

Commandant

U.S. Army CBR School
Micrometeorological Section
Ft. McClellan, Alabama 36205

Office of Chief Communications-Electronics

Department of the Army
ATIN: Electronics Systems Directorate
Washington, D.C. 20315

Assistant Chief of Staff for Intelligence

Department of the Army
ATTN: ACSI-DSRSI
Washington, D.C. 20310

Assistant Chief of Staff for Force
Development

CBR Nuclear Operations Directorate

Department of the Army

Washington, D.C. 20310

Commander

USAF Air Weather Service (MAC)

ATTN: AWSSS/TIPD

Scott Air Force Base, Illinois 62225

Commander, U.S. Air Force Environ-

mental Technical Applications Center
Building 159, Navy Yard Annex
Washington, D.C. 20333

Commander

6th Weather Wing
Andrews Air Force Base
Washington, D. C. 20331

(2)

(2)

2)

)

&3]

1)

1)

)

)

1

(1)

a)

)

)

1)

(&)

1)

m

)

Commander (1)

Air Force Cambridge Research
Laboratories

ATTN: CRIW

L. G. Hanscom Field

Bedford, Massachusetts 01730

Chief of Naval Operations (1)
ATTN: Code 427

Department of the Navy

Washington, D. C. 20350

Office of U. S. Naval Weather (1)
Service

U.S. Naval Air Station

Washington, D. C. 20390

Officer in Charge - (1)
U.S. Naval Weather Research

Facility
U.S. Naval Air Station, Bldg. R-28
Norfolk, Virginia 23511

Director (1)
Atmospheric Sciences Programs
National Sciences Foundation
Washington, D. C. 20550

Director (€]
Bureau of Research and Development
Federal Aviation Agency

Washington, D. C. 20553

Chief (1)
Fallout Studies Branch

Division of Biology and Medicine
Atomic Energy Commission

Washington, D. C. 20545

Assistant Secretary of Defense (1)
Research and Engineering
ATTN: Technical Library
Washington, D. C. 20301

Department of Defense (1)
Defense Intelligence Agency

ATTN: DIAAP-1ES

Washington, D. C. 20301

Director of Meteorological Systems (1)

Office of Applications (FM)

National Aeronautics and Space
Administration

Washington, D. C. 20546

Director [¢))]
U.S. Weather Bureau

ATTN: Librarian

Washington, D. C. 20235

Director (1)

Atmospheric Physics and Chemistry
Laboratory

Environmental Science Services Adm.

Boulder, Colorado 80302

National Center for Atmospheric {1}
Research

ATIN: Library

Boulder, Colorado 80302

U.S. Department of Agriculture 1)
Forest Service

Lake States Forest Experiment Sta.
ATTN: E. P. Van Arsdel

St. Paul Campus, Univ. of Minnesota
St. Paul, Minnesota 55101

Chief, Techniques and Exploratory (1)
Development Technical Area

Atmospheric Sciences Laboratory

Pt. Monmouth, New Jarsey 07703

Director, Air Resources Laboratory (1)
ESSA

8060 13th Street

Silver Springs, Maryland 22910



	CER_Anyiwo_0001
	CER_Anyiwo_0002
	CER_Anyiwo_0003
	CER_Anyiwo_0004
	CER_Anyiwo_0005
	CER_Anyiwo_0006
	CER_Anyiwo_0007
	CER_Anyiwo_0008
	CER_Anyiwo_0009
	CER_Anyiwo_0010
	CER_Anyiwo_0011
	CER_Anyiwo_0012
	CER_Anyiwo_0013
	CER_Anyiwo_0014
	CER_Anyiwo_0015
	CER_Anyiwo_0016
	CER_Anyiwo_0017
	CER_Anyiwo_0018
	CER_Anyiwo_0019
	CER_Anyiwo_0020
	CER_Anyiwo_0021
	CER_Anyiwo_0022
	CER_Anyiwo_0023
	CER_Anyiwo_0024
	CER_Anyiwo_0025
	CER_Anyiwo_0026
	CER_Anyiwo_0027
	CER_Anyiwo_0028
	CER_Anyiwo_0029
	CER_Anyiwo_0030

