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ABSTRACT

;~ :.~~ti n i z in ~j radiat ion protection sr~~cial study of f ive  t y j~~~ cf weather
~:~st r u ments  was performed by the US Army Environmental Hy~~it ~r~e A~~~:~cy du r i I A ~
J m L i ry  1977 . It was determi~ ~d that the three ceilometers, one
L:an~ ill~ .~Sorfleter and a laser weather identifier did not represent (~~ tICO l
:1~ zarJs under normal use for expected viewing conditions. However, during
Lth i in tenance  or testing, it was conceivable that optically aided viewing
within the beams of these instruments could be hazardous. It is recommended
that appropriate warning statements be placed in the instrument manuals and
c.~jt the output characteristics of the laser weather identifier bL limited to

~ c~~~iude most viewing hazards.
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DEPARTMENT OF THE ARMY
/ .  / U. S. ARMY ENVIRONMENTAL HYGIENE AGENCY

ABERDEEN PROVING GROUND. MARYLAND 21010

IISE—RL/WP

NONIONIZING RADIATION PROTECTION SPECIAL STUDY NO. 42—0321—77
OPTICAL HAZARDS OF WEATHE R SERVICE INSTRUMENTATION

JANUARY 1977

1. AUTHORITY. Letter, US Department of Commerce , National Oceanic and
Atmospheric Administration, National Weather Service, Test and Evaluation
Division, Sterling, Virginia, 7 December 1976, to the Surgeon General ,
Department ,of the Army, subject: Evaluation of Lasers of NWS/T&ED , and
indorsements thereto.

2. REFERENCES. See Appendix A for listing of references.

3. PURPOSE. To evaluate the hazards to personnel operating and in the
vicinity of lasers and other high intensity optical radiation sources used in
weather instrumentation, and to make necessary recommendations to protect
personnel from exposure to potentially hazardous optical radiation from this
equipment.

4. GENERAL.

a. Background. The National Weather Service (NWS ) is presently
evaluating new meteorological instruments that use lasers and other high
intensity optical radiation sources that are potentially hazardcus. Earlier
instruments with optical sources have been in use for some time at weather
stations throughout the United States. Some of this equipment han been used
by the US Army and the other armed services. The NWS requested the US Army
Environmental Hygiene Agency (USAEHA ) to evaluate this instrumentaticiii
(paragraph 1). Personnel from USAEHA performed radiometric measurements of
representative equipment located at the NWS Test and Evaluation Division ’s
facility at Sterling, Virginia (Dulles Airport), on 4 January 1977. Moot of
the devices evaluated were cloud—height ceilometers:

(1) Sperry LIDAR Model LC5000/l Ceilometer, which used a galliurn—a o2ni Ie
(Ga—As) infrared—emitting laser diode.

(2) Impuisephysik Videograph, Model B, 147.122/222—Gl , which used a
xenon flashlamp.

(3) Crouse—Flinds Co. (or Carlisle and Finch Co.) Ceiling I , i .~~l i t

Projector, ML—121, which used a quartz—tungsten lamp.

~ Videograph is a registered trade name of Impulsephysik , Hamburg , West
Germany. Use of trademarked names does not imply endorsement Ly the US Army,
but is used only to assist in identification of a specific product.
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(4) Crouse—Hinds Rotating Beam Ceilometer Model K2ll, which used a
quartz—tungsten lamp with a near—infrared—pass filter.

(5) NWS Laser Weather Identifier, which used a helium—neon (He—Ne) laser
and a carbon—dioxide (CO 2 )  laser .

b. Instrumentation.

Cl )  EG&G Model 580 Radiometer System.

(2) Scientech Model 360 Disc Calorimeter.

(3) United Detector Technology Model 40X Optometer.

(4) Nikon F Camera with Kodak HIE—135 Infrared Film.

(5) Calibrated Circular Apertures.

(6) Corion Laser Line Filter (905 mm).

c. Abbreviations and Units. A table of commonly used radiometric units
and their abbreviations is supplied as Appendix B.

5. FINDINGS .

a. Sperry LIDAR Model LC5000/l Ceilometer.

(1) Description. Figure la shows the LC5000/l Ceilometer, which was
being evaluated by the NWS and was not yet in general use at weather
stations. It measured cloud base height from 100 ft (30 m) to 5,000 ft
Cl ,525 m). The infrared transmitter consisted of an array of Ga—As laser
diodes which were fiber—optically coupled to produce a single source as shown
in the infrared photograph (Figure lb). The laser emission was collimated by
. t  reflecting telescope and directed vertically upward. The collimated laser
beam leaves the tubular shroud at a height of approximately 140 cm
aboveground. Figure lo shows the emergent beam irradiance pattern.

(2~ Manufacturer’s Specifications.

Output Peak Power: 350 W

Wavelength: 905 mm ± 10 mm

Source Aperture: 0.43 mm by 0.43 mm

Pulse Duration: 60—80 ns

Energy Output per Pulse: 2.4 x l0~~ J

2
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Average Power Output of Array : 0.12 W

Pulse Repetition Frequency (PRF) : 5 kHz

Emergent Beam Divergence: 0.1 mrad

Collimating Optics: Dal.l—Kirkhaxn F/2.0, 20—cm diameter , 40.6—cm
focal length , catadioptic reflecting telescope

The aforementioned output power is assumed to be from the array prior to

Losses in the fiber optics and projection optics.

( 3 )  Radiometric Measurements.

Estimated Projected Average Power: 8 mW

Wavelength : 905 mm

Emergent Beam Irradiance (7—mm aperture): 66 HW/cm

Beam Irradiance at 115 m (7—mm aperture): 50 ~W/cm

Beam Irradiance at 240 m (7—mm aperture): 20 uW/cm ’

Emergent Beam Average Power through a 10—cm aperture: 2.1 mW

Emergent Beam Average Power through a 7.5—cm aperture: 1.6 oW

Emergent Beam Average Power through a 5.0—cm aperture: 0.79 mW

Emergent Beam Average Power through a 2.5—cm aperture : 0.11 mW

Emergent Beam Average Power through a 0.7—cm aperture : 0.02u oW

Effective Emergent Beam Diameter: 8 cm

Effective Emergent Beam Divergence: 0.3 mrad based upon best t i t  O t

data as shown in Figure 2.

b. Impulsephysik Videograph®, Model B.

(1) Description. The Videograph (Figure 3a) was manufactured Ly
rmpulsei Ii~’:i ik in llamburq , West Germany . It was used to determine ,ItmO j I i i  ic

~O Videograph is .1 registered trade name of Impulsephysik , Hamburg, W o t

Germany . Use of t rademarked names does not imoly endorsement by the t t t ;  Army ,
but is ise l only to assist i n  identification of a spec if i1 -

4

.

~ 

~~~~~~~~~~~~~~~ 
—

~~~~



Noni ruzing Radn Prot Sp Study No. 42—0321—77 , Jan 77

100
I I I

0

0

10 —

~1

H
H
I- .’

S

1.0 — —

0.1 & I I l l i f i  I I I & I I I I I  & I I 1 1 1 1 1 1  I I L u l L ]

1 10 100 1000 10 ,000
0 i nqe (m)

Fiqur 2. lteam I r ra  ~ i , t i i  for Operry LIDAP M1 Ii l iC 00 I i i mot i

Ci ci a? . 1  i i  i O  I l i n t  s wit 1 1 )  1 i t i l  i t t  He im w. is  Si I i t t  l y l~ i

A l t r xim~I
P • i y 100 m on the t ) , v i . -e  M , i , ; i i  i t .

5

_ _ _ _ _ _ _  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



Nonionizing Radn Prot Sp Study No. 42—0321—77, Jan 77

U

4 .3

~

F’ [UR.E I. Impiji ci it /s Lk Videograp h ( top) and i i t  .1110 .1 i i i  t ioiraph ci
proj cc t~d SO? t i e ~bo t Loin )

b



Nonionizing Radn Prot Sp Study No. 42—0321—77, Jan 77

visibility by means of measuring the atmospheric backscatter. It used a
2—ky , 200—W— s xenon model GE FT—230 flashlamp which emitted 50—i~s I ulses at
3.0 ± 0.3 Hz. The beam is directed slightly upward and leaves the instrument
at a height of 140 cm to 170 cm.

C2) Radiometric Measurements. Figure 3b shows the projected source
distribution. The characteristic spectra of a 2,000—V xenon—arc flash is
given in Figure 4. The output characteristics measured were :

Emergent Beam Aperture Diameter: 15 cm

Emergent Beam Irradiance (for 20° f.o.v.): 0.7 ,J/cm 1 per pulse

Illuminance : 6 lx’s

Irradiance to 70 cm: 0.58 uJ/cm2 per pulse

Illuminance at 400 cm: 3.5 lx’s

Luminous Efficacy of Radiation: 110 lm/W

Source Size: 3—mm arc

c. Ceiling Light Projector, ML—12l.

(1) Description. The IIL—121 Ceiling Light Projectors were manufactured
by Carlisle and Finch Co., Cincinnati, OH, and Crouse—Hinds Co., Syracuse ,
NY, and represent the earlier type of cloud ceilometer still in use. The
projector directed a fixed vertical beam (Figure 5). The NWS observer could
then view the projected light spot on the cloud at night with a Clinometer
from another fixed position and thereby determine the cloud height by
triangulation. This procedure permitted the determination of cloud hei ghts
up to 10,000 ft (3050 m). The Ceiling Light Projector is now only used at a
number of stations as a backup instrument. The fixed mount prevented a
person of normal height from being able to look into the direct beam of the
projector.

(.2 ) Technical Specifications.

Source: 6—cm tungsten—halogen lamp

Beam Luminous Intensity: 2,000,000 cd

Beam Spread: 4
0 (70 

mrad)7
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FIGURE 4. Spectrum of standard xenon flashlamps. The Impulsephysik
Videograph uses a 2,000—V flashlamp which, like the upper curve (5300
Amp/cm2), has a spectrum relatively rich in blue light.
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FIGURE 5. Ceiling Light Projector, ML—l21.
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Lamp Type: GE 420G25P 420—W tungsten—halogen lamp with 3150° K color
temperature

Project ion Optics:
Primary Reflector Diameter: 42.5 cm
Primary Reflector Focal Lencrth: 20.3 cm

( 3 )  Radiometric Measurements.

Unit Measured: Serial Number 9—61

Accessible Irradiance (20° f . o .v .) :  3.4 mW/cm~ f r om 400 no t~ , 95u
no

Accessible Illuminance : 3,700 lx

d. Rotating Beam Ceilometer 1 Model K2ll.

(1) Description. The Rotating Beam Ceilometer is now the most commonly
used ceilometer in the vicinity of airports in the United States. It is
manufactured by Crouse—Hinds Co., Syracuse, NY. Figure 6a illustrates the
devi.e. Figure 6b shows the projected source (coiled—coil tungsten
filament) as recorded by a camera at the beam port window using infrared
film. The source is not visible to the normal eye because of the
visible—blocking , infrared—pass filter cover. The beam scanned to permit
triangulation of a broad range of cloud heights (Figure 7).

(2) Technical Specifications.

Projection Optics (two reflectors):
Relector Diameter: 61 cm
Reflector Focal Length: 25.4 cm

Lamps (two each): Type DS 300, 625 W

Light Modulation by Shutters: 120 Hz

Rotation Speed of Lamp Assembly: 5 rpm (i.e., the beam scan rate is
10 i j I l , or one beam scan every 6 seconds)

(3) Radio rne t r i c  Measurements .

.-.sible Beant Radiant Exposure (static 7—mm aperture): 1 ,1 m 1/~ nc

P r oj & et . i  Source Size ( n e a r — f i e l d ) : 25 by 60 orad

10
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Source Radiance: 20 W/(cm 2•sr) (estimated) for 2900°K tungsten
filament for the 750 run — 1,400 mm region)

e. Laser Weather Identifier.

(1) Description. The Laser Weather Identifier is an experimental system
which was undergoing development and evaluation at the Dulles Airport
facility of NWS at the time of this study. It made use of two different
lasers: a GTE Sylvania Model 941 CO2 infrared continuous wave (cw) laser and
a Spectra—Physics Model 120 He—Ne visible cw laser. The emergent beams were
collimated and projected along two 25—rn parallel, horizontal atmospheric
paths approximately 175 cm above ground level (approximately at eye level for
a 6—foot—tall person). In future use, the beam paths would be 100 m long and
would presumably cross restricted areas of airfields but not across runways.
The CO2 beam was modulated at 10 Hz and directed from one shed to a detector
in a second shed. The He—Ne laser was unmodulated and was directed along the
same path as the CO2 laser.

(.2) Technical Specifications.

Specification CO2 Laser He—Ne Laser

Output Power: 3.0 W 5—8 mW
Wavelength: 10.6 pm 632.8 nm
Collimator Objective Diameter 86 mm 50 mm
Initial Beam Diameter (l/e) 3.6 mm 0.6 mm
Initial Beam Divergence (l/e) 3.6 nirad 0.7 mrad
Final Beam Divergence (theory) 0.4 mrad 0.02 mrad
Hazard Classification of Final System IV or IIIb lIla

(3) Radiometric Measurements.

(a) CO7 Laser — not operable at time of studs .

(b) He—He Laser:

Emergent Beam Power (total): 3.4 mW

Emergent Beam Power through a 7—mm aperture : 0.18 mW, (5%)

Emergent Beam Irradiance averaged over a 7—mm aperture : 0.47 mW/cm

Emergent Beam Diameter: 3.2 cm at l/e—of—peak—irradiance points

13
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6. DISCUSSION.

a. Sperry LIDAR Model LC5000/l Ceilometer.

(1) Direct Viewing. The protection standard for a 5-kHz, 905—nm , € )_:~s
repetitively pulsed “point—source” Ga—As laser is 0.38 mW/cm2 on an
average—power basis (references 1—3, Appendix A). Therefore the beam is not
hazardous to view directly (i.e., by intrabeain viewing). It is, however ,
hazardous to view through optical instruments having a magnifying power
exceeding 2X.

(2) Hazard Classification. The Federal Laser Product Performance
Standard (reference 5, Appendix A) prescribes a Class I emission limit of
0.098 mW average. TB MED 279 (reference 2, Appendix A ) has a like limi t for
Class I. The ANSI No. Zl36.1—l976 (reference 3, Appendix A) standard ’s Class
I limit is slightly higher but is still less than one—fifth the total output
of the Ceilorneter through an 80—mm aperture. The device is therefore
classified as a Class Ilib system.

(3) Hazard Analysis. As the Ceilometer is presently used , there is no
personnel hazard for a vertical path. An individual standing and peering
over the exit tube would not be exposed to a hazardous level. Personnel in
aircraft flying overhead would not be exposed to a hazardous level since the
hazardous viewing condition with optical instruments applies only to fixed
staring into the beam for several seconds.

b. Impulsephysik Videograph. The flashlamp ’s projected pulsed radiance
was approximately 0.03 J/(.cnt’~~sr) which is well below criteria wh ich would b .
applicable to a visible laser source with a 50— s pulse duration which is
0.39 J/(cm 2

~ sr). The laser protection standard provides a conservative
estimate of the actual hazard of such a flashlamp and is approximately tOo
same criteria specified for an l8—mrad white—light source in reference 4 ,
Appendix A.

c. Ceiling Light Projector. A tungsten-halogen lamp with a color
temperature of 3151f K has a total radiance of approximately 70 W/~m 

. sr) and
a radiance between 400 no and 1,400 mm of 38 W/ (cm2.sr). This radiance is
not safe to view directly for 0.25 second for the source which subtends
approximately 70 mrad at close range. The radiance standard for viewirt 1 soot
a source is,/~7 ~t where t is the exposure duration up to 10 seconds and is
the angular subten4e in radians, i.e., the radiance limit is 2) W/(cm2•sr) tt

0.25s. Because of losses in the optical projection system, and an
overestimate of source size, this analysis must be considered very
conservative , but it does poin t out that direct intra.beam viewing of this
source represents at least a marginally hazardous condition. Since the beam
is not accessible to a person standing on the ground , and since the
opportunity to look into the beam from aircraft at close ran Ic 101 0 net
exist , there is no actual hazard except during maintenance.

14
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d. Rotating—Beam Ceilorneter. The protection standard recommended by
reference 4, Appendix A , for continuous viewing , of a near—infrared source
with a 60—mrad angular subtense (u) is 10 W/ (cm2.sr) which is ~i facto r of two
below the radiance of the Ceilometer source. The actual momentary ex)oo.lre
repeated continuously would represent an average radiance much less than the
criteria. If the sources stopped rotating , continuous viewing ol the
tungsten source would not seem possible since there is no visual st inlul us
present to stare into.

e. Laser Weather Identification. Since the CO2 laser was not operatin;
at the time of this study , a complete hazard analysis is not possible.
Because of losses in the infrared optics and modulator , it is reasonable to
assume that the total output projected through an 80—mm aperture will t o t

exceed 0.5 W, which is the limit of the Class III laser category . I f  this
assumption is correct, then the hazard is limited to OXpOSUIC to the direct
beam through optical instruments. Indeed , for the CO laser, the o5tical
instrument would have to have specialized infrared transmitting elements.
The emergent beam irradiances were: 0.47 mW/cm- (He—Ne) and 20 mW/cm ’ (Cu
estimated). The protection standard for the He—Ne laser is 2,5 mW/cm ’ for
0. 2~ —s momentary exposure and 1.0 mW/cm2 for a 10—s exposure. The protection
standard for the CO laser is 100 mW/cm2 for exposure periods exceeding 10
.e~1’onds.

7. CONCLU SIONs. Several optical radiation sources used in NWS weather
in s t rumen ta t ion  are potentially hazardous under unusual viewing c u n d it ~~o~~~~.
::teps can be taken to warn persons potentially exposed to hazardous
conditions at close ranges.

8. RECOMMENDAT IONS .

a. Sperry LIDAR.

(1) I lace s warning in the instruction manual for this instrument, that
personnel  should not v iew the source from wi th in  the beam wi th  I j u i : y ing
op t ic , exceeding 2X , it the beam is horizontal and therefore acceosibli .

(2 )  Place a cautionary warning label on future devices as specit icd in
rt. t i r i nce 5, Appendix A.

b. In~~~,~~ephysik VLdeograph. None.

Ct i l i r i q  t ij h t  Projector. Place a warning in the mainten.in. I ’ m a n u a l
i i v  L SO lersonnel not, to stare into the lamp—source/pro ~ector—ov’.t i i .  I i i  no

main tenance  or t est ing .

d. ROta P . i n t  Beam Ceilometer. Place a warninq not ice  in the  m a i n t  O f l , i i ) O i ’
manual  fo r  tO . ; n strument  to advise personnel not to view the o on I ’ ’ w i t h  0

15 
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without the “black—glass” infrared filter in place, if the lamps are not
moving.

e. Laser Weather Identifier.

Cl) Attempt to limit the final projected output of the CO2 laser system
to 0.5 W and 0.1 W/cm2 and the output of the He—Ne laser system to 1-5 mW
with an irradiance below 2.5 mW/cm’~.

(.2) Use beam paths at 190 cm aboveground or higher if practicable.

DAVID H. SLINEY
Chief, Laser Branch
Laser Microwave Division

~~~~~~~~~ ~~~~~,  ~ ~~~~~WESLE Y J. MARSHAL L
Physicist
Laser Microwave Division

F ~ tL~tA) I:-. t~~~ \) (W~PEDRO F. DEL VALLE
1LT, MSC
Nuclear Medical Science Officer
Laser Microwave Division

APPROVED:

Chief , Laser Microwave Division

AM G. ARSON
COL, MSC
Director , Radiation and

Environmental Sciences
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APPENDIX A
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2. TB MED 27 9, Control of Hazards to Health from Laser Radiation , 30 May
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3. American National Standards Institute (ANSI)  No. Z136.l— i , C s t c  Y~~o 01

4. American Conference of Governmental Industrial Hygienists (.~tCOJ H),
“Threshold Limit Values for Chemical Substances and Physical Agents in t h e

Workroom Environment with Intended Changes for 197e , ” C i n c i n n a t t i, OH (1~~i’ ).

5. ‘i’ itlc 21 , Code of Federal Regulation (CFR) , 1976 ed., Psrt 154;),
Per lormoitce Standard for  Light—Emit t ing  Products,
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