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FORWARD 

This report summarizes the results of a series of field 

experiments carried out by the Marine Corps Development Center 

to test warm fog modification techniques by use of helicopiers and 

hygroscopic seeding materials. The program philosophy evolved 

around the need to develop equipment and techniques for the dis¬ 

persal of warm fog to permit emergency resupply and medical 

evacuation in tactical areas during periods of fog or low stratus 

cloud cover. The experiments were conducted in three separate 

field tests: Quântico, Va., and Elmira, N. Y., August-September 

1970; Lewisburg, W. Va., August 1971; and Otis AFB, Mass., 

April, 1972. Separate project reports were prepared for the 1970 

and 1971 tests. This report covers the 1972 tests as well as a 

brief summary of the two previous tests. 
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1. INTRODUCTION 

a- Program Objectives 

(1) Purpose. This report describes a series of three 

field tests carried out in 1970, 1971, and 1972, by the 

Marine Corps Development Center and its contractor, 

Sierra Research Corporation. The purpose of the field 

tests was to examine the feasibility of using the combined 

effects of helicopter downwash mixing and hygroscopic 

seeding for the dispersal of warm fog. The general 

objectives of the tests were: 

(a) . Test the capability of hygroscopic seeding 

material, in combination with helicopter downwash, 

to produce operationally useful clearings in warm 

fog. 

(b) . Provide Marine Corps personnel with 

experience in operating airborne and ground support 

equipment associated with fog dispersal operations. 

(c) . Investigate the practical problems involved 

in applying the downwash seeding technique in 

forward operating areas. 

(d) . Establish preliminary tactics for the use of 

medium weight helicopters in warm fog dispersal 

operations. 

(e) . Collect meteorological and equipment perfor¬ 

mance data under actual fog conditions. Such data 

will be used to optimize the technique and to refine 

nomograms intended for tactical application of fog 

dispersal. 
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(2) Test Schedule. Tests were conducted in three 
progressive phases: 

(a) . August and September, 1970, Quântico, 
Va., and Elmira, N. Y. 

This initial phase was designed to assemble, 

calibrate, and demonstrate the external seeding 

pod using the CH-46 helicopter and hygroscopic 
seeding powders. 

(b) . July and August, 1970, Lewisburg, W. Va. 

Having established the feasibility of helicopter 

deUvery of dry hygroscopic seeding agents, the 

next logical step was the field testing of the heli¬ 

copter fog dispersal equipment and treatment 

procedures in actual fog. Thus the 30-day field 

test in West Virginia was designed so as to simulate 

the tactical situations whereby fog dispersal support 

would be provided by helicopters positioned at a 

staging base equipped with the necessary fuel 

reserves, seeding materials, and ground support 

facilities. A unique feature introduced in this phase 

was the helicopter borne Air Rescue Hovering Set / 

Electronic Location Finder (ELF), AN/ARD-21. 

(c). March-April, 1972, Nantucket Airport and 

Otis Air Force Base, Mass., (Cape Cod). 

This final test of the series was designed to 

apply the warm fog dispersal technique on low stratus 

and advective type fog in the Cape Cod area. Empha¬ 

sis was placed on the use of Marine Corps personnel 

in all phases of ground support and airborne operations. 

2 



(d). Previous Reports. 

The detailed results of the Quantico/Elmira 

and the Lewisburg tests were presented in separate 

reports. This report presents the results of the 

Cape Cod tests as well as a summary of the two 

previous tests. 

b. Background 

(1) Considerable progress has been made in the past 

five years relative to the understanding of warm fog 

(temperature above 0°C) characteristics and how they can 

be modified. This has come about largely by the applica¬ 

tion of computer models to study the fog and to aid in the 

determination of seeding agent particle size and concen¬ 

tration that will be most effective in the fog modification 

process. Jiusto (1967), Silverman (1970), and Koenig 

(1971), in extensive evaluations of the hygroscopic method 

of warm fog dispersal, showed that the improvement in 

visibility caused by the seeding is dependent on the size 

and quantity of hygroscopic material used. The effects of 

particle size and seeding concentration were further demon¬ 

strated in fog chamber experiments by scientists at Cornell 

Aeronautical Laboratories under contract to the National 

Aeronautics and Space Administration (NASA). The results 

of these scientific experiments of hygroscopic particle 

seeding confirmed earlie* hypotheses relative to the dis¬ 

persal of warm fog. 

(2) Significant success has also been made during the past 

few years in clearing certain types of fog by helicopter down- 

wash mixing. The '’Lewisburg Program" conducted by the 

U. S. Air Force, Army and Marine Corps, demonstrated this 
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technique and its applicability to certain fog conditions in 

which the fog depths are 300 feet or less. The report 

on this project by Plank et al (1970), is an excellent 

summary of the theoretical basis, its limitations, and 

recommended procedures for application of the technique. 

Results of field experiments related to the two techniques 

cited above gave strong evidence that a combination of the 

downwash and hygroscopic seeding methods would clear 

fog and stratus much more effectively than when used 
separately. 

(3) Two major factors which have previously delayed 

the operational employment of hygroscopic seeding 

techniques were; the lack of suitable hygroscopic materials 

dispensers and ground support equipment, and the lack of 

a practical method of accurately positioning the seeder 

aircraft over fog covered ground targets. Progress toward 

solving these problems has been made in the Marine Corps 

sponsored projects; the results of which are summarized 

in the concluding section of this report. 

4 



2. DISCUSSION 

a. General Description of Helicopter Downwash Seeding 
Equipment -- 

(1) Seeder Helicopters. The seeder vehicle used in 

this series of tests was the CH-46. This is a medium 

sized twin-rotor helicopter with a takeoff gross weight 

of approximately 23, 000 pounds External as well as 

internal dispensing pods can be carried as shown in 
Figure 1. 

(2) Target Finder Helicopter. The AN/ARD-21 

hovering set, consisting of an antenna array, two re¬ 

ceivers, and a control unit ara carried aboard the 

target finding helicopter to locate the ground target 

from above the fog. This electronic location finder 

(ELF) provides steering information that enables the 

helicopter pilot to locate and hover directly over any 

UHF radio. Figures 2 and 3 show views of a CH-46 

helicopter with the ELF installation. The portable 

ground radio used in these tests is shown in Figure 4. 

(3) Helicopter Seeding Pods. Pressurized rubber 

containers of the type shown in Figures 5 and 6 were 

used to dispense the seeding agent. The containers, 

fully loaded, carry approximately 2000 pounds of dry 

materials. When pressurized to 5 psi, the seeding 

materials can be released at rates varying from 50 to 

500 pounds per minute. Normally, two filled seeding 

pods were retained on the staging base helicopter pads, 

ready for use as fog occurred at the target site. 

(4) Urea Fog Dispersant. Powdered urea, milled 

and blended by Sierra Research Corporation, was 



Figure 1. A CH-46 helicopter transporting an external and an 
internal seeding pod. Each of the 66 cubic foot pods 
could carry 2000 pounds of the blended urea seeding 
agent.
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Figure 2. CH-46 target helicopter showing the 
ELF exterior antenna.
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Figure 3. The ELF flight indicator as installed above 
the instrument panel of the CH-46.
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Figure 4. The upper i^otograph shows the portable UHF 
radio used to provide the target signal for the 
airborne Electronic Location Finder (ELF), 
The lower photograph shows the battery 
powered TACAN that was also positioned at 
the fog target in Lewisburg.
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Figure 5. Close-up view of the pressurized rubber seedii^ 
pod, used to dispense seeding material from a 
suspended position beneath the CH-46 helicopter. 
The aeration and flow control valves are electri­
cally activated through the control panel that is 
carried in the helicopter.



Figure 6. CH-46 carrying an external seeding
pod. In the hover mode shown above 
the seeding plume can be seen as it 
spreads into the full rotor wake 75 
fee below the rotor blades.
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Figure 7. View of a CH-46 dispensing seeding material
from an internal pod at a flow rate of 400 pounds 
per minute. The off center release points, 
directly beneath the rotor blades provide a 
rapid and uniform distribution of seeding material 
ttiroughout the rctor wake.



specified as the primary hygroscopic seeding agent 

in these tests. While the material was not rigidly 

classified with respect to particle size (approximately 

90% below 75 micron diameter), it is accepted as a 

practical, commercial-grade, warm fog dispersant. 

The formulation of blended urea was varied slightly 

to determine the amount of free-flowing agent that is 

most appropriate for field use. It was founa that a 

2% by weight blend of fumed silica (trade name Cabosil) 

gave good results as long as proper protective measures 

were taken during the handling process. When increased 

amounts of Cabosil were tested there was a further 

improvement in flow properties, but these blends were 

not used regularly because of the insoluable residue 

that might accumulate on equipment in the fallout area. 

(5) Microencapsulated Urea. During the last test of 

the series, provisions were made to use an advanced 

form of microencapsulated urea manufactured by the 

National Cash Register Company. Although much more 

costly than the blended urea, the microencapsulation pro¬ 

cess produced a relatively uniform particle size distribu¬ 

tion, 15-50 micron diameter, and improved handling 

properties. Test circumstances prevented acquisition of 

data relative to the fog clearing capabilities of the micro- 
encapsulated urea. 

(6) Materials Handling Equipment. The basic items 

of equipment employed at the staging base consisted of 

a fork lift and a 90 cubic foot auger wagon used to trans¬ 

fer the dispersant into the seeding pods as shown in 
Figure 8. 
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Figure 8. Auger wagon used to transfer seeding materials 
into the helicopter pods. The portable shelter 
shown was equipped with a dehumidii'yer so as to 
protect the hygroscopic powder from moisture 
contamination.



(7) Materials Handling Shelter. During the early 

phases of the field tests, high humidity and frequent 

rains caused moisture contamination of the hygro¬ 

scopic seeding materials as they were being handled 

on site. These conditions as well as the problem of 

dust contamination were overcome by installation of a 

15 foot by 30 foot moisture and dust proof enclosure. 

This portable structure (see Figure 8) was equipped 

with a 150 cubic foot per minute dehumidifier, cap¬ 

able of maintaining the relative humidity at approxi¬ 
mately 30%. 

b. Treatment Procedures 

(1) Downwash Clearing. The theoretical and 

practical aspects of helicopter downwash clearing 

have been thoroughly studied and demonstrated in 

conjunction with other military and civil projects. 

The joint U. S. Army-U. S. Air Force report, Plank, 

et al (1970), was used as the basic reference with 

respect to downwash clearing techniques, helicopter 

wake dimensions, and volumetric computations. 

During the above cited project, operationally signifi¬ 

cant clearings were, in general, attainable without 

seeding agents in fog layers up to 300 feet thick. 

Downwash clearing patterns and downwash clearing 

techniques used in this series of Marine Corps tests 

were similar to those cited in the above reference. 

Figures 9 and 10 illustrate the approximate circulation 

and dimensions of helicopter wakes at different airspeeds 
and nltitudes. 

15 
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Figure 9. The circulation structure of helicopter wakes 

different flight altitudes, Plank, et al (1970). 
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Figure 10. Circulation structure of helicqpter wakes at 
different airspeeds, Plant, et al (1970). 
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(2) Seeding Patterns. During the orientation phase 

of the field tesi, two fog seeding methods were applied. 

Initially, seeding of the hover downwash was tested 

but the excessive speed in which the seeding agent was 

driven to the surface did not allow sufficient time for 

the seeding agent to modify the fog. Primary emphasis 

was then diverted to fog top seeding. Ideally, the fog 

dispersant should be distributed evenly above the fog 

layer at an appropriate upwind distance go that fog 

modification processes will be completed upon arrival 

of the seeded fog at the target. Figures 11 and 12 

illustrate how the helicopter, with its rotor-mixing and 

maneuvering capability can be effectively employed in 

the fog modification process. 

(3) Targeting. One of the most critical aspects of 

hygroscopic seeding by airborne methods is the posi¬ 

tioning of the seeded fog and resultant clearings over 

the intended target. Numerous factors such as the drift, 

thickness and physical character of the fog affect the 

modification process. All of these factors, as well as 

the matter of materials distribution, must be taken into 

account in targeting computations. In these test seeding 

material release was made at 100 feet above fog top. 

Figure 13 is a nomogram used to make the first approxi¬ 
mation of offset distance. 

(4) Seeding Concentrations. Estimates of seeding 

requirements were made using nomograms similar to 

those shown in Figure 14. While not based on precise 

mathematical computations, these nomograms do give 

consideration to theoretical results obtained by mathe¬ 

matical models and are suitable for field use. 

18 
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TARGET AREA 
AND TARGET RADIOS

LIMIT OF DIFFUSION
iliillli

liiililii
1200 FEET 

SEEDED VOLUME BOUNDRY

AT 50-40 KNOTS 
TIME«I MIN.

Figure 11. Typical track for release of seeding material 100
feet above fog top. For nominal fog drift (3-5 knots) 
the 1 minute pattern should be flown over the same 
track with respect to the ground. In this way the 
seeding plume should diffuse evenlv into the fog that 
drifts though the seeding track.



igure 12. Schematic of a fog clearing operation. In the 3-5 
knot drift situation shown, the seeding pattern is 
flown over the same track with respect to the 
ground, assuming that the seeding material flow 
rate is adjusted according to the fog depth. See 
Figure 14 (Flow Rate) 
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Figure 13. Nomogram for estimating offset distances when 
seeding drifting fog. Changes in fall rates due 
to droplet growth and downward transport 
caused by the helicopter wake are taken into 
account. 
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Figure 14. The above uomograms may be used to determine 
first order approximations of flow rates when 
'lying the seeding pattern shown in Figure 11. 
Suggested flow rates are shown for treatment of 
dense advection fog, moderately dense fog, and 
light radiation fog. The flow rates corresponding 
to the fog depths and fog drifts shown suggest „ 
seeding concentrations from .008 to .032 g/m . 
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(5) Clearing Technique (Seeded Fog). The hygro¬ 

scopic-downwash mixing technique illustrated in 

Figure 11 involves several distinct steps. In chrono¬ 
logical order they are: 

(a) . Targeting helicopter hovers over the UHF 

radio serving as target locator and flight refer¬ 

ence point for seeder helicopter. 

(b) . After verification of fog drift and depth, 

the seeder helicopter begins a figure eight seed¬ 

ing pattern at the appropriate offset distance 

upwind of the target helicopter. See offset dis¬ 

tance nomogram, Figure 12. 

(c) . Seeded fog drifts toward target as unseeded 

fog enters the seeding pattern. 

(d) . Downwash clearing pattern is initiated by 

the target finding helicopter when seeded fog 

approaches the target area. As a cleared area 

is attained, the target helicopter and/or other 

helicopters can land through the induced clearing. 
c. Summary of Quântico and Elmira Tests 

(1) A four week field test was conducted at Quântico, 

Va., and Elmira, N. Y., 14 August through 5 September, 

1970, for the initial calibration and demonstration of the 

hygroscopic seeding equipment. Only one fog episode 

occurred during the test period. However, valuable 

equipment performance data and experience were obtained. 

Annex A is a summary of the test missions flown at 

Quântico and Elmira. The detailed results of the test are 
discussed in an earlier report. 
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d. Summary of Lewisburg, West Virginia Tests 

(1) Warm fog dispersal techniques using downwash 

mixing and hygroscopic seeding were successfully 

tested on radiation type fogs at Lewisburg and White 

Sulphur Springs, West Virginia, 26 July through 29 

August 1971. The clearing capability of two medium 

weight helicopters (CH-46 and H-3) were observed on 

13 fog days. Annex B is a summary tabulation of the 40 

specific tests conducted on the 13 fog days. When 

interpreting the time and dimension values entered in 

the seeding and clearing col mns, consideration should 

be given to the fact that they were derived from air¬ 

borne and ground observer estimates which varied 

somewhat depending on their location relative to the 

particular event. 

(2) The results of the Lewisburg tests showed that 

the effectiveness of fog dispersal by helicopter down- 

wash is considerably enhanced when the fog layer is 

treated with a hygroscopic seeding agent (unsized urea 

in this particular test). Some quantative comparisons 

were made, but the most confident assessment came 

from helicopter pilots who unanimously described the 

seeded fogs as being "much easier to work” than the 

unseeded fogs. A detailed discussion of the Lewisburg 

field test is contained in an earlier report. 

e. Cape Cod Tests 

(1) Purpose. A third field test of warm fog disper¬ 

sal techniques using helicopters was conducted in the 

Cape Cod area of Massachusetts, 27 March to 21 April 

1972. The purpose of the test was to develop further 
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the Marine Ccrpe capabilities to conduct warm fog 

dispersal opeiations using the combined effects of 

helicopter downwash and hygroscopic seeding. Two 

additional objectives were included in the Cape Cod 
tests: 

(a) . To evaluate the effectiveness of the fog 

modification technique in warm advection fog 

and low stratus. 

(b) . To familiarize Marine Corps aircrews 

and ground support personnel with hygroscopic 

materials handling and application techniques. 

(2) Operational Sites. The Cape Cod tests were 

designed to disperse warm fog or low stratus over 

the runways of Nantucket Airport, M?ssachusetts, 

using CH-46 helicopters staging out of Otis Air Force 

Base. The Otis AFB runways were used as an alter¬ 

nate fog dispersal site when conditions were not 

suitable for operating at Nantucket. 

(3) Equipment and Materials 

(a) . Helicopters and Pods. Two CH-46 heli¬ 

copters were used in the fog dispersal operations. 

The seeder CH-46 was equipped to carry a self- 

contained seeding pod, either suspended below the 

helicopter or as an internal load. The pods weigh 

approximately 300 pounds and can carry approximately 

2000 pounds of urea fog dispersant. The pressurized 

pods are moisture proof and can be pre-loaded and 

used as open storage containers. 

(b) . Target Finding Equipment. One of the CH-46 

helicopters was equipped with an AN/ARD-21 Air Rescue 

Hovering Set (ELF). The ELF equipment on board the 



aircraft, and the portable UHF radio at the 

ground target provide steering information 

that enables the pilot to precisely locate the 

target while flying above the fog. 

(c) . Hygroscopic Seeding Material. Two types 

cf seeding material were available for use in 

these tests; blended urea manufactured by 

Sierra Research Corporation, and microen¬ 

capsulated urea manufactured by National Cash 

Register Company. While the blended urea is 

’Hmsized", the average particle size is about 25 

micron diameter, with 90% of the particles being 

under 75 micron diameter. The micro-encapsu¬ 

lated urea is a carefully sized product in the range 

of 15-50 micron diameter. 

(d) . Ground Instruments. The conventional air¬ 

port weather observations were supplemented by 

an instrument vehicle which provided a portable 

liquid water content sensor, a wind instrument 

and cameras at the target location. 

(e) . Sampling Aircraft. Airborne sampling and 

observations were made with a Cessna 401 aircraft. 

The following parameters were recorded automati¬ 

cally on board the aircraft: 

(1) Temperature 

(2) Dew point 

(3) Relative humidity 

(4) Liquid water 

(5) Vertical velocity 

(6) Altitude 
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(7) Airspeed 

(8) Position data 

(9) Time 

(10' Drop Size 

(f) . Photographic Equipment. Photographic 

documentation was provided by 35 mm hand 

cameras and 16 mm motion picture cameras 

positioned at the ground site, the target heli¬ 

copter and the Cessna 401 sampling aircraft. 

(g) . Materials Handling Facilities. Several 

specialized ground support items were pro¬ 

vided in order to protect the hygroscopic 

materials from moisture and to expedite ti e 

pod filling functions. The principal items 

provided on site were: a 15 ft x 30 ft portable 

shelter equipped with a dehumidifier; a gaso¬ 

line powered auger wagon for transfer of 

materials into the pods; and a conventional 

fork lift for maneuvering the pods. 

(4) Manpower Requirements 

(a). Marine Corps Operations Personnel. 

Military personnel who participated in the Cape 

Cod Field Test were drawn from Marine Heli¬ 

copter SquadronOne (HMX-1) and the Marine 

Corps Development Center. One pilot and one 

NCO had participated in a previous fog dispersal 

field test. The categories of personnel employed 

in this test are listed below. This team configura¬ 

tion can be considered typical of that required for 

ground and airborne support of an operational unit. 
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The photography, data collection, aircraft 

maintenance and project supervisory personnel 

are not included in the listing below: 

(2) pilots and (1) crew-chief per helicopter 

(1) "dump master" per seeding helicopter 

(1) NCO to supervise ground support relative 

to transfer of materials into seeding pods, 

operation of materials handling equipment, 

and dispenser pod maintenance. 

(2) equipment technicians to operate ground 

support equipment and perform materials 

handling functions. 

(5) Treatment Procedures. The seeding patterns 

and clearing techniques employed in this test were 

as discussed in paragraph 2b. A more detailed 

description of seeding procedures, clearing patterns, 

equipment maintenance are contained in a "Handbook 

of Instructions for Warm Fog Dispersal Using 

Helicopter Downwash and Hygroscopic Seeding". 

(6) Fog Occurrences. The actual frequency of 

fog and low stratus was considerably below the 

Cape Cod climatological average for April. During 

the 4 week test period the ceiling-visibility was below 

300 feet and 1 mile (daylight hours) on only 4 days at 

the Nantucket test site. All of these fog occurrences 

were of less than one hour duration. Accordingly, 

none was suitable for evaluation purposes. One low 

stratus episode at Otis AFB, the alternate test site, 

was of sufficient duration to allow treatment and 

proper evaluation. This occurred on 12 April when 



the prevailing surface weather, 05:30 to 7:00 

hours local standard time was; 300 feet ceiling, 

7/8 mile visibility in fog, wind northeast 5 knots, 

and temperature 33 degrees. 

(7) Summary of Operations. A total of 12 test 

flights were conducted during the period. For 

details, see the summary tabulation in Annex C. 

As pointed out in paragraph 2e (6) above, there 

were no fog occurrences suitable for evaluation at 

Nantucket. The single actual dispersal operation 

flown was at Otis AFB, the alternate test site on 

12 April 1972. The results of this very successful 

test are presented as a case study in Annex D. 
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3. CONCLUSIONS 

a* General Assessment of Downwash Seeding 

The techniques applied in these tests were successial 

in dispersing warm fog to the extent that helicopters 

were able to descend safely through clearings created 

I in fog layers up to 700 feet thick. This Marine Corps 

test, like earlier laboratory and field experiments, 

demonstrated that the cloud phytics aspects of hygro¬ 

scopic seeding are sufficiently developed to produce 

meaningful modification of warm fog. Equipment 

designs and materials handling techniques were proven 

reliable for field use. One of the major continuing pro¬ 

blems in airborne seeding operations is targeting, i.e., 

placement of the seeding materials in the proper upwind 

location, so that the modified fog will drift ever the 

intended ground target. Fog drift, turbulence, and 

shear are some atmospheric variables which complicate 

the targeting process. This series of tests demonstrated 

that medium weight helicopter, because of their maneuver¬ 

ability, rotor mixing action, and slow flight capability, 

can minimize the deterrent effects of these variables, 
b. Target Finding Equipment 

The AN/ARD-21 (ELF) hovering set was an essential 

feature of the helicopter fog dispersal system. The 

success of these tests was greatly dependent upon the 

ability to precisely locate the ground target while hover¬ 

ing above the fog tops. The ELF, using a portable radio 

at the ground site, consistently positioned the target heli¬ 

copter over the fog target. Such a target locatioi device 
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would also be essential in tactical conditions. 

c. Seeding Pods 

The pressurized seeding pods, designed by Sierra 

Research Corporation and successfully demonstrated 

in the series of three field tests, have proven to be a 

suitable container for storage and dispensing hygro¬ 

scopic fog dispersants from helicopters. Both the 

internal and external type pods were found appropriate 

for Marine Corps use. The externai pods provide the 

feature of instant pick-up of loaded pods without degra¬ 

dation cf internal cargo capacity of fuel loads. On the 

other hand, internally loaded pods proved more conven¬ 

ient for long range flight and, due to the off-center 

delivery of seeding material close to the rotor blades, 

the seeding particles are distributed more rapidly and 

uniformly throughout the helicopter downwash. 

d. Clearing Capability 

(1) When hygroscopic seeding was used alone in these 

tests (single application at moderate concentration) the 

degree of visibility improvement was insufficient to per¬ 

mit safe visual descent of helicopters. On the other hand, 

hygroscopic seeding was found to be very useful in com¬ 

bination with downwash clearing techniques. 

(2) While quantitative data is limited, photography and 

helicopter observations clearly show that the effectiveness 

of fog modification using helicopter downwash is consider¬ 

ably enhanced by proper application of a hygroscopic 

seeding agent (unsized urea in these particular tests). 

First order estimates indicate that the size and persis¬ 

tence of clearings produced during the seeding operations 
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are more than double those made in similar fogs 

using downwash only. 

e. Crew Indoctrination 

Results of the final field test, (Cape Cod April 1972) 

indicate that one week is a reasonable period of time 

to allocate for the purpose of Marine Corps ground 

and flight crew indoctrination. An instruction manual 

"Warm Fog Dispersal by Use of Helicopter Downwash 

and Hygroscopic Seeding" has been compiled for use 

as a guide in such indoctrination programs. 

f. Materials Handling 

(1) To avoid moisture and dust contamination in the 

field, emphasis must be placed on proper handling of 

hygroscopic material. In general, blended urea should 

not be exposed to ambient relative humidities of more 

than 50%. Since such dry conditions, including storage, 

may not prevail at operating locations, closed handling 

systems, including a de-humidified shelter, are manda¬ 

tory. Alternatively, pre-filling of the pods at a factory 

or depot under controlled environmental conditions will 

preclude contamination of the material, and minimize 

manpower and equipment requirements in the field. 

(2) Microencapsulated urea, with its ethel cellulose 

coating, is less vulnerable to moisture in handling and 

storage. The manufacturer states that the material 

remains stable at 90% relative humidity. 
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ANNEX B 

SUMMARY OF HELICOPTER FOG DISPERSAL TESTS 

In this annex, detailed information concerning the time of 

the tests, fog characteristics, seeding amounts, and 

clearing dimensions are tabulated for each test. 

The data contained in the tabulation are compiled from 

ground observers’ notes, photographs, and aerial 

observations. In interpreting the data, it should be recognized 

that estimates made of the same event by different observers 

could be considerably different due to variations in location 
and lighting conditions. 

Explanatory notes and abbreviations pertaining to the summary 
tabulation are listed below: 

(1) . Fog Coverage: 

OVC - complete fog coverage 

BKN - more than one half coverage 

SCTD - one half coverage or less 

vrbl - variable with time or in magnitude 

(2) . Visibility: Estimated (E) values determined by ground 

observers using visibility markers and landmarks. When 

no letter prefix is entered, the values are those computed 

from transmissometer readings. 

(3) . Fog Drift: Direction and speed (mph) of drift as 

determined by the hovering H-3 helicopter and surface 
observations. 

(4) . Dimensions: Seeded area and clearing dimensions based 

on input from ground observers, photographs, and aerial 

observations. Cleared dimensions apply to clearings at fog top. 
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ANNEX-D 

CASE STUDY 

Fog Dispersal Test, 12 April 1972 

1. FOG CHARACTERISTICS 

a. Weather Summary 

Shortly before midnight, 12 April 1972, the visibility at 

both Nantucket Airport and Otis Air Force Base decreased to less 

than 1 mile, with surface winds out of the north-northwest, 3 to 5 

knots. Temperatures were in the middle 30’s with a temperature 

dewpoint spread of 1°F. At 04:00 EST the Nantucket winds increased 

to 8 knots and shifted to the north-northeast. This wind shift was 

accompanied by drying in the lower levels and a rapid increase in 

visibility. The Cessna 401 observation made at 05:56 confirmed 

the fog break-up over the islands and adjacant waters. At Otis AFB 

(alternate fog target) the visibility continued below 1 mile. Accord¬ 

ingly, the decision was made to conduct operations on the fog and 

low stratus at Otis. Helicopter lift-off was scheduled for 06:00 EST. 

The prevailing surface weather at 05:56 was; thin obscuration, 

ceiling 300 feet overcast, visibility 7/8 mile in fog, temperature 

33°F, dew point 30°F, wind 010° 4 knots. The target and seeder 

helicopters lifted off at 06:01, reporting the base of the overcast 

stratus at 250 feet and tops at 900 feet MSL. Figure D-l shows the 

temperature and moisture distribution in the lower layer as deter¬ 

mined from aircraft observations and the 12:00 GMT radiosonde. 

2. DESCRIPTION OF TEST 

a. Observation Aircraft 

At 06:00 the Cessna observation aircraft flying in the Otis 

D-l 



area verified the stratus tops at 900 feet MSL and slightly convec¬ 

tive in appearance. Clearance was given to continue the test 

without delay. 

b. Downwash Clearing in Unseeded Stratus 

The target helicopter proceeded immediately to a hover 

position 100 feet above the stratus tops, using the ELF and Otis 

Radar to maintain its position over the taxiway ”J" fog target. At 

06:10 prior to seeding, a series of hover downwash clearing patterns 

were performed, but useful clearings were not attained. 

c. Downwash Clearing in Seeded Stratus 

(1) While the target helicopter was conducting clearing 

test in unseeded stratus, the CH-46 seeder, equipped with 

the internal dispenser and Sierra unsized urea, proceeded 

to the designated drop position 1/4 mile upwind of the 

target helicopter. At 06:12 the seeder was established in 

a "figure 8" pattern. By 06:20 the unseeded stratus tests 

were completed and the stratus had re-stabilized so that 

the seeding test could begin. 

(2) The urea drop began at 06:22 from an altitude cf 1000 

feet AGL, continuing for 3.3 minutes at 500 pounds per 

minute. The lateral distance across the pattern was 1200 

feet, airspeed 30 knots. The seeded layer of stratus 

drifted toward the target at 6 knots where the character¬ 

istic greyish, thinned appearance of seeded fog was noted 

by the target helicopter pilots. Four minutes after the 

drop began, drizzle was reported by ground observers at 

the ELF radio location and the helicopter parking ramp 

(See Figure D-2). 

(3) At 06:25 the target helicopter began a series of hover 
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clearing patterns at the top of the seeded layer, and 

within 3 minutes a clearing approximately 1200 feet in 

diameter was produced. The CH-46 target helicopter 

experienced no difficulty in making a visual descent 

through the induced clearing. Table D-l is a sequencial 

log of events reported by observers during the test. 

Table D-2 Is a summary of certain data pertaining to the 

test, and Figures D-3 through D-10 are photographs 

taken from the Cessna 401 during the clearing operation. 

d- Drizzle Fallout Area 

At 06:24 the ELF ground radio operator positioned at 

taxiway "J" detected the characteristic drizzle produced by hygro¬ 

scopic seeding. This was followed by reports of observers of 

similar drizzle at the helicopter ramp and outside the Base Operations 

building. Later in the day, when the induced drizzle dried on smooth 

surfaces such as auto windshields and taxiway lights, it was possible 

to identify the extent of the drizzle fallout area. The area in which 

the fallout was detected is shown in the airport diagram of Figure D-2. 

3. DISCUSSION OF RESULTS 

a- Dimensions of the Cleared Area 

(1) Airborne observation and photographs taken during 

the test on 12 April show that the broad and relatively 

shallow downwash of the twin rotor CH-46 was unable to 

penetrate the full depth of the 650 foot stratus layer. Thus 

visual contact with the ground could not be made through 
the unseeded stratus. 

(2) When the clearing ÿatterns were conducted above the 

layer of seeded stratus the downwash was much more 

effective. As in previous tests, pilots were able to 
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identify the seeded area by its characteristic grayish 

appearance, and after three minutes of hover clearing 

turns, produced a clear area approximately 1200 feet 

in diameter. In this case the cleared area drifted with 

the 5 -6 knot wind for 8 minutes before it closed in due 

to natural turbulent processes. 

(3) While it is not appropriate to draw firm conclusions 

from this single test of the helicopter seeding of low 

stratus, it is interesting to note that the clearing results 

were much the same as those obtained in the Lewisburg, 

West Virginia radiation fogs, 

b. Seeding Concentration Computations 

The unsized urea seeding material used in these appli¬ 

cations had an average particle size of about 25 micron diameter, 

with 90% passing through a 200 mesh (74 micron) screen. Anti¬ 

caking and fluidizing additives maintained the active urea crystals 

in a stable state so they could be stored indefinitely in the pressurized 

pods, yet be in readiness for seeding applications. 

In the test of 12 April, the helicopter dispenser valve was 

operated in the full open position, giving an application rate of 500 

pounds per minute. Seeding material was applied at this rate for 

3.3 minutes in a figure eight delivery pattern, 30 knots air speed, 

across a lateral distance of 1200 feet. Fog was drifting through this 

seeding pattern at 6 knots (600 feet per minute). 

With the seeding pattern described above, 500 pounds of 

dispersant was applied to a stratus area 1200 feet by 600 feet each 

minute. Converting these dimensions to metric units, the seeding 
concentration can be stated as: 

3 
227 X 10 grams_ = 3.4 grams per square meter 
366 meters x 183 meters 



This rate is within the general order of magnitude specified in 

hygroscopic seeding studies by Cornell Aeronautical Laboratories 

(Kocmond and Jiusto, 1968), Air Force Cambridge Research 

Laboratories (Silverman and Kunkle, 1970), and the nomograms 

developed in the earlier Marine Corps tests. 
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Figure D-l. Temperature (T) and dew point (Tj) distribution 

curves constructed from the 12:00 GMT radiosonde 

and Cessna 401 aircraft sounding?, made before and 

after the 06:20 EST stratus dispersal test. 
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Figure D-3 (06:10) Two CH-46 helicopters above the 650 foot 
layer of stratus clouds. The cloud base was 
250 feet above ground level, tops 900 feet 
and slightly convective. The target helicopter 
(ELF) in the upper left portion of the photo 
has just completed a downwash clearing pattern 
(before seeding). The hover downwash pro¬ 
duced troughs in the fog, but clearing did not 
extend through the full depvh of the cloud layer. 
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Figure D-4. (06:20) View of stabilised stratus tops as seeding 
began 100 feet above cloud tops. Seeding 
plume can be seen penetrating the layer; 
air speed 30 kts, penetration depth 300 feet. 
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Figure D-5 (06:22) Seeding continuing in a figure 8 pattern 
1200 feet lateral distance, 1/4 mile 
upwind of the target. 
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Figure D-6. (06:23) Photograph taken 30 second before seeding 
was terminated. Seeding rate was 500 pounds 
per minute; duration of seeding was 3.3 minutes. 
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Figure D-7. (06:27'/ CH-46 conducting a clearing pattern 
in the seeded stratus. 





Figure D-9. (06:30) View of the induced clearing as it drifted 
southwestward over Runway 5. 

D-14 

MM 



Figure D-10. (06:31) The artificially induced clearing persisted 
for approximately 8 minutes, after initial 
clearing was attained. 
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TABLE D-l 

Date:^çy9^ 

MISSIO I SUMMARY 

Test No-_Í-Pod Load: Kob ^ A 

Seeder Helicopter:^v3lV C.CiX\^,0 AW, s^T.^X QCSQ 

Target HelicopterCftVT. VXV\vTV^ 

Prevailing Weather: (Local Standard Time) 
OfaiOQ -i^aThr _aoVM V5& îa'yaa» _ 

Ob',a?» - viftïi?-k\tyi Vtet.-», at. m 

so^ûô—iMift —avs’/b \tte._PQfc p\s.»t.<^Prt. z. <x.\**s 
Fog Characteristics: 

Gtöbft 
-Base:^^^- ^VLV(^ OÆ.W 

C.vVv<*lVtd 
-LWC:^q ^x/^Movement:^^^^ 

'Top: fXOrN. 

Vsby:_\_ tyvv ^ 

Location of Seeder: \ ^ T(V^e.Ti \Qci *r\ 

Release Pattern:^^ ^ \jvtt 

Release Time:(l)ft<>:a.o.ou«i>>a (2)_(3)_ 

Release Rate: Total Drop: 

Remarks: 
V. VMN't^ ¥VJ\-V V^WC. MtôfcViCxTufei tXCCU-WT 
\W fUU. fcOYtfL V^AV-t. ^a.-LSÂU^ ftT 5 VÇ>\ 
^0¾. b Crv T^ SL^VDLH TO V9SV DO^V^Cx LfV^X lû ’4^C. 

O* 
î. WLVilLi. St\t¿«.D «T '««ext.T «.«'û WtA«. '"S '■ 6<vi 

\f\ ÇÍLWOT CLO& %-A.ttNVtOVÿ^^ 

3. %o^Wt|ov \^eroTv^veo 

v>i\tOÔSVHVÎ.V_^S TISNLVOPtn UûtHTS CSU- 

-H.e\A-HW> C'fVN'x-va) * c-UAS-vroo* moû^^îlds Vto d\- 

fimt-TV«- , DC.SsC€,^\5L0 f\T Qk»‘.ac\ 
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TABLE D-2 

OBSERVER GROUND NOTES 

05:00 Nantucket (ACK) observation: 7 3 F 330/32° 360°/08kts, 

05:40 Cessna 401 takeoff Otis; fog breaking up to south and east. 

05:45 Otis AFB (FMH) observation: -X®3 1/2 F 010°/06 kts. 

05:45 ELF target radio set up at taxiway " J", Otis AFB 

06:00 FMH observation: -X®3 7/8F 010°/04 33°/30° 

06:00 ACK observation: -X 8®1F 350/52° 010°/08 knts. 

06:01 Helicopters lift-off; MX-19 (ELF), MX-21 (Seeder) 

06:05 Hear helicopters above; ELF look on. 

06:10 ELF helicopter reported downwash trough; unable to see ground. 

06:18 MX-21 gave 10 sec. warning for first drop. 

06:19 MX-21 reported no flow on first try; had to give back pressure 
on dump valve. 

06:20 Seeder helicopter reported dump valve full open; flow steady, 
plume excellent. 

06:23 FMH weather observation: -X©3 11/2F 010/08ft; fog Dispersal 
began 06:10. 

06:23 Seeder helicopter reported flow surging, pod almost empty. 

06:24 Drizzle noted at ELF ground radio and on helicopter parking ramp. 

06:25 ELF pilot noted thinning of seeded fog layer below; commenced 
back and forth clearing pattern in seeded fog. 

06:25 Drizzle ended at ELF ground radio. 

06:26 Large slightly elongated clearing over the runway; estimated 300 
yards in diameter. 

06:28 Maximum hole attainable 400 yards. ELF helicopter easily made 
visual let down and landing through cleared area. 

06:29 MX-19 on ground taxiing to ramp. 

06:30 Large hole above parking ramp drifting southwest. 
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06:35 
to C Ci’eck10fjunway £or evldence of heated drizzle. Unabl- 
twer lTed urea at interseo«on or in vicinity of control 

06:38 

06:40 

06:40 

06:40 

06:45 

07:00 

07:17 

07:20 

Taxiway MG" no trace of dissolved urea. 

MX-21 made GCA letdown. 

n nJ0ti!dalong approach end of runway ”5”; also on 
buildings and taxiway lights to the north of the barrier line 

Fog dispersal termination message passed to Base Weather. 

Bacín0111 aî.National Guard hanger. Trace on flood lights at 
0peratl0nS- Trace on Base Operation pick up ti4k 

Trace on cars in parking lot north of helicopter hanger 
Beer cans in wooded area southwest of runway "5" showed trace 

traniSOlVed Uïea' Trace alS0 noted near runway M5M inactive 
transmissometer and taxi lights on ramp south erf runway "S ’ 
touchdown point. No trace at control tower. n 01 5 

FMH surface observation: -XS>3 11/2F 060°/06 kts. 
34°/32°, Fog dispersal ended 06:45. 

FMH surface observation: -X4$V0»5F 

Rapid natural clearing continuing. 




