EXHIBIT FOR SEA TEL RADIATION HAZARD REPORTS

INCLUDES RADIATION HAZARD REPORTS FOR :

SEA TEL Model 9797 ANTENNA WITH 8 WATT BUC
SEA TEL Model 9797 ANTENNA WITH 16 WATT BUC
SEA TEL Model 9797 ANTENNA WITH 40 WATT BUC

SEA TEL Model USAT-30 and 3011 WITH 8 WATT BUC
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Analysis of Non-lonizing Radiation for a 2.4-Meter Earth
Station System

Thig report analyzes the nondonizing radiation levels for a 2.4-metsr earth statlon system. The analysis and
calcwations performed in this repori comply with the methods deseribed in e FOC Offica of Enginsering
and Teohnology Buliefin, No. 65 first published in 1985 and revised In 1907 in Edition §7-01. The radiafion
safety limits ussd In the analysls are In conformance with the FCC REQ 96-326. Bullelin No. 85 and the
FOC R&O specifies that there are two-separate Hlere of axposure limils thal are depandant on the siuatlon ih
which. the exposure fakes place andior the status of the Individuals who are subject to the exposure, The
Maximum Pemissibie Exposure (MPE) limite for persons In & General Populationineontnolied emWronimeant
are shown In Table 1. The General Population/Uncontrolted MPE Is & funciion of tranemit frequency and i
for &n exposure period of thiy minutes or less. The MPE limils for persons in an Oecupational’Controked
erwironment are shown in Table 2. The Ocsupational MPE is a function of transmilt frequency and Is for an
exposure period of sk minutes or less. The purpose of the analysls describad in (his report is to determine
the power flux density tevels of the earth station In the far-flald, near-field, transition regfon, between the
subreftactor or fead and maln reflector surfacs, st the main reflector suriace, and betwean the antenna edge
arid the ground and fo campare thesn levels to the specifiod MPEs, .

Table 1. Limits for Ganeral PoputationfUncontrolied Expostire (MPE)
iz) _ Power Density (mWicm’)

3001600  Frequency (MH2)*(0.8/1200)
1500-100,000 10 nn

Table 2. Limits for OccupationaliControlled Exposure {MPE)
_Freguency Range (MHz) Pawer'ﬁansﬂ_ {mWicme) ______

80300 D
300- 1500 Fréquancy (MHz)*4.0/1200)
J600-100,000 , 5.0

Table 3. Formulas and Parameters Used for Datermining Power Flux Densilies

Parametar __Symbol __ Formula Value Units
Antenna Disineter D Input 24 o om_
Antenna Surface Area Asurtozs 7 D*f 4 - 4.52 m
Feed Flange Diameter Dis_ Input 19.0 Sl
Area of Feed Flange Aty n Dy %4 283.53 G’
Frequenoy _F Ioput 14260 MHz
Wavelangth A 300/F 021058 in
Transmit Power P ‘ put . 673 W
Antenna Gain (dBl) £ m% 48.4 ¢ 5]
Antenina Gain (factor) G 10 _ 69183.1 nfa
X — x ~ Constant 3. 1415827 va
_Antenna Efficlancy 1 GRAD?) 054 i
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1.  FarFleld Distance Calculation
The distance to the beginning of the far fleld can be determined frem the following equation;

Distance to the Far Fisld Reglon Ry =060 D%/ {1
= 164.2 m

The maximum main beam power density In the far field can be determined from the following
equation: *

On-Axis Power Density in the Far Fiakd &r =GP/ nRy® 2)
=-1.376 Wim*
= 0.137 m\tliom?

2.  Near Field Calculation

Power flux densily is consldered fo be at a maximum valug throughout the entire length of the
defined Near Fisld region. The region is contalned within a cylindrical volume having the same
diameter as the antenna, Past the boundary of the Near Fleld region, the power density from the
anlenna decraases nearly with respect to Increasing distance. '

The distance to the end of the Near Field can be determined from the following equation:

Extent of the Near Fleld R = D%/ (4 2) (3
=884 m

The maximum power densily in tha Near Fiald can be determined from the following equation:

Near Field Power Density B = ;'320 “VS /(n D% 4
= 3,210 Wiy
= 0.321 rvWem?

3.  Transition Region Calculation

The Transition region is located between the Near and Far Fiekl reglons. The power densily
begins to decrease (neary with increasing distance in the Transition region. Whilg the power
density decreases invarsely with diglance in the Transition region, the power densily decreases
inversaly with the square of the distance in the Far Flald reglon. The maximum power density in
the Transition reglon will not excesd that caleulated for the Mear Fleld reglon. The power density
calculated in Section 1 Is the highest power densily the antenna can produce in any of the regions
away from the antenna. The power density at a distance R, can be determined from the following
aqualion:

Transition Reglon Power Density S =SyRy/R (8)
= 0.321 mWiom®
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4.  Regfon between the Feed Assembly and the Antenna Reflector

Transtnlssions from the feed assembly are directad toward the antenna reflactor surface, and are
cenfined within & conical shape defined by the type of feed assembly. The most common feed
assemblies are waveguide flanges, homs or subrefisctors. The energy betwesn the feed assambly
and reflector surface can be caloulated by determining the power densily at the feed assembly
surface. This can be delerminad from the following equation:

Power Density at the Feed Flange Sta =4000 P/ Ay . (8)
= 04,948 mWom*

5.  Main Reflector Region

The powar density in the main reflactor i3 determined in the same manner as the power density at
ihe feed assembly. The area is now the area of the reflactor aperture and can be determined from
the following equation:
Power Density at the Reflector Surface Suntses =4 P !Am,% ‘ {7}
= 5,051 Wim*
= 0,595 mWWicm®

8.  Reglon between the Reflector and the Ground

Assuming uniform lluminafion of the reflector surface, the power dansily betweern the antenna and
the ground can be determined from the following equation:
Power Danslty between Reflactor and Ground S =P/ Myes (8)
= 1.488 W/m®
= 0.149 mWiem®
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7. Summary of Calculations

Table 4. Summary of Expocted Radiation levals for Uncontrolled Environment

Calculated Maximum
Radiation Power Density Leve!

Region ' {mWiem® Hazard Assessment
1. Far Field (Ry = 164.2 m) Sy 037 Salisfies FCC MPE
2. Near Field (Ry; =684 m) o B 0.321 Satisfies FCC MPE
3. Transition Regfon (Ry < R, < Ry) 8 0321 Salisfles FCC MPE
4. Between Feed Assembly and Sin 84,845 Fotential Hazard
Antenng Reftector , N

B. Main Reflector o Swdie 0B85 Satisfies FCC MPE
8. Between Reflector and Ground S 0.148 Sallsfies FCC MPE

Table 6. Summary of Expected Radiation levels for Conbrolled Environment

Calculated Maximum
Radiation Povwar Densiby
Reglon o Lovel {mWicm®) Hazard Assessment
1. FarField (Ry= 1842 m) Sy 0.137 Satisfies FCC MPE
2. Near Field (R = 68.4 m) Sy 034 Satlsfiss FCC MPE
3. Transition Region (Ry < R < Ry) 5y 0.321 Satisfies FOU MPE
4. Betwesn Feed Assembly - and S 94,940 Potential Hazard
Antanna Reflector , e :
. S.ManReflector Switae __0.595 _Salislies FCC MPE
5 Between Reilector and Ground 5 0. 149 Salisties FCC MPE

it Is the applicants responsibliity to ensure that the pubdic and operafional personnel are not
exposed o harmiul levels of radiation.

8. Conclusions

Based on the above analysis it is concluded that harmiu! levels of radiation will not exist in regions
normally occupied by the public or the eanth station’s operating psrsonnel. The transmilter will be
umed off during anlenna malntenance so that the FCC MIPE of 5.0 mWrem2 will be compliad with
for thoss ragions with cluse proximity to the reflector that exceed avceplable lovels.
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The applicant agrses to ablde by the conditions specified in Condition 5208 pravided below:

Condilion 3208 - The licenvee shall take alf necessary measires fo ensive that the
arlertiic does Hot create polentiol exposure of huwans o radiofregeioncy radlation
in excess of the FCC exposure fimils deflned tn 47 CFR L1307} and 11310
wherever sich exposures wight occw, Measwres niust be taken to ensire
complionce with limits for both oceupationaliconirolled exposure and fov general
papmiationnncontrolled exposuve, o defined bt these rule sactions. Compliance
can be avcomplished in most cases by appropriate resirictlons swch as fercing.,
Raquivements for restrictions can be determined by predictions baved on
cafeulations, modefing or by fleld meoviremants, The FCC' OET Bulletin 65
{avallable on-ine of www foc.gov/oetfiafen) provides Iformation on predicting
exposire levels and o metheds for enstring compliance, imcliding the use of
warning and alerfing signs and protective equipment for worker.
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Analysis of Non-lonizing Radiation for a 2.4-Meter Earth
Station System

This report analyzes the non-lonkeing radialion levals for a 2.4-meder earh stalion system. The analysls and
calculations performed In this report comply with the methods described in the FCC Office of Engineering
and Technolopy Bullstin, Mo. B5 firat published in 1985 and revised In 1997 In Edition $7-01, The radiation
salely limits vesed in the analysis are in conformance with the FOC RSO 96-326. Bulletin No. 85 and the
FCC R&Q specifies that there are two separale ters of exposure limlks that are dependant on the situation in
which the exposurs ftakes place andfor the stalus of the individuals who are subjsct to the exposure, The
Maximur Permissible Exposure (MPE) Bmits for persons in & General Population/Uncontrolied emdronment
arg shown In Table 1. The General Population'Uncontrolied MPE is & function of tranamit frequency and s
for an exposure perod of thirly minutes or fess. The MPE limits for persons In an Oocupational'Controlied
ervironment are shawn In Table 2. The Oceupational MIPE s a function of transmit frequency and is for an
axposwe period of six minutes or less. Tha purpese of the analysis described In this report Is to determine
the power flux densily levels of the earth station In the fardleld, nearfield, fransition region, between the
subratiector or feed and main relleclor surface, al the main reflector surface, and betwaan the antenna edge

and the ground and to compare these levels to the specified MPES,
Table 1. Limits for General Population/Uncontralled Exposure (MPE)
Frequency Range (MHz) Power Density (mW/om®)

30-300 _ - 0.2
300-1600 Frequency (WHZ] (0.871200)
7500-100,000 1.0

Table 2. Lirkts for Occupational/Confrolied Exposure (MPE)
Frequency R,amga (MHz) _Power Donsity {mWicm®)

30-300 10
300-1500 _ _Frequancy (MHz) (4071200}
1800-100,000 5D

Table 3. Formulas and Paramelera Usad for Datermining Power Flux Densities

Parametor s»ymtml Formula Value Units
_Antenna Diamater [ mput 24 m
Antenng SUrace Are8 Ao w D%/ 4 4.52 me
_Feoed Flange Diameter D . Input 19.0 cm
“Avea of Feod Flange Ay nDy 4 28383 omi
Freguency F_ tnput 14250 MHz
_Wavelength X 300/F 0.021053 m
TransmitPowsr P Input 13.46 W
Antanna Galn (dBi) Gy _ lhg_l{ftm 48.4 dB
Antebna Gain (faclor) 8 - 601631 nfa
Pl i Consiani 314154927 ria

“Anftenna Efficiency W GuwDY 054 nia
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1. Far Field Distance Calculation
The distance o the beginning of the far fisld can be determined from the following equation:

Distance to the Far Fisld Reglon Ry =080 DF {5 (1)
= {64.2 m

The maximum maln beam power density in the far fisld can be determined from the following
equation. : :

On-Axis Fower Densily In the Far Field S =GP/ =Ry" {2)
= 2 750 Wim®
= 0.275 miltem?

2.  Near Fleld Calculation

Powevr flux density is considered io be af a maxirum value throughout the entire length of the
defined Near Field region. The region is contained within & cylindrizal volume having the same
diameter as the antenna, Past the boundary of the Near Fiald region, the power density from the
anlenna decreases Inearly with respect to increasing distance. .

" The distance to the end of the Mear Fisld can be detenmined from the following equation;

Extant of the Near Flali Rur = D' 4 3 (3)
= 88,4 m '

The maximum powst deneily in the Naear Flald can be determined from the following equation:

Near Field Power Density S = 1807 P/ {x DY ()
‘ = §.415 Wim®
= 0.642 mWiom®

3.  Transition Region Calculation

The Transition region is located bstween the Near and Far Flekl reglons. The power density
begins to decrease lineary with increasing distance In the Transilion region. While the power
density decreases inversely with distance in the Transition region, the powsr densily decreases
inversaly with the square of the distance In the Far Fleld reglon. Tha masimum power density In
the Transition reglon will not exceed thal celoulated for the Mear Field region. The power density
calculated In Section 1 s the highest power density the antenna can produce In any of the reglons
away from the antenna. The power density at a distance R, can be determined from the follawing

aquation:

Transition Reaglon Power Density 8 =8yRy/Ry {5)
= 0,642 myWiem?
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4.  Reglon between the Feed Assembly and the Antenna Reflector

Transmissions from the fesd assembly are directad toward the antenna reflector surface, and are
confined within a confcal shape defined by the type of fasd assembly. The most common feed
assamblies are waveguide flanges, homs or subreflectors. The energy between the feed assembly
and reflactor surface can be calowlated by detenmining the power density at the feed assembly
surface. This can be determined from the folowing equation:

Power Density at the Foed Flange Sy = 4000 P J A, {6)
' = 189,893 mWion®

6.  Main Reflector Region

The power density in the main reflector is determined In the same manner as the power density at
the feed assembly. The area fs now the area of the reflector aperture and can be determined from
the following eguation:
Power Density at the Reflector Surface Switsce T4 P Agepun M
= 11,801 Wim?
= 1,190 mom?

6. - Region between the Reflector and the Ground

Assuming uniform Hllumination of the reflector surface, the power density between the antenna and
the ground can be determined from the followlng equalion:

Power Density betwaen Reflactor and Ground Su = PV Auinee (8)
’ = 2076 Wim®
= 0.268 mWWom®
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7.  Summary of Calculations

Table 4. Summary of Expected Radlation levels for Uncontrallad Envirormeant

Calculated Maximum
o . Radiatlon Powor Denslly Lovel

Region {mWicm?) Hazard Assessment

1. Far Fletd (Ry = 164.2 m} Si 0,275 Satisfies FCC MPE

2. Near Field (Ry = 66.4 m) S 0642  Salislies FCC MPE

3, Transition Region (Ry < Ry < Ryl 5 0,642 Satisfies FCC MPE

4, Betwesn Feed Assembly and S, 180,893 Potential Hazard

_Antenna Rellector ‘ N N

5. Main Reflector Syues 1,180 Potential Hazard
6. Betwean ‘Refieclor and Ground 8 0208 Satishies FOC MPE

Table 5. Summary of Expected Radiation levels for Controlled Environment

" Calculated Maximum
Radiation Power Uens ity

Raglon o Level (inWiem®) Hazard Assessment
1. Far Field (R = 164.2 m) & _0.278 Balsfles FCC MPE
2. NearFleld (R =684m) Sy D.642 Satisties FCC MPE
_3. Transition Region (ij Re < Ry) % 0 D842 0 0 Batlsfies FCC MPE
4, Betwesn Feed Assembly and St 188,803 Potential Hazard
____Anfenna Reflector _ e
5 MainReflegtor Sputice 1,190 Salishies FCC MPE
8. Betwesn Reftactor and Ground 5, ~0.208 _Salisfles FCC MPE

It is the applicant's responsibilily to ensure that the public and operational personnal are not
exposed to harmbul lavels of radiation,
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8. Conclusions

Based upon the above analysis, it is concluded that hamnful levels of radialion may exist in those
regions nobed for the Uncontrolled (Table 4) environmesnt,

The earth station will marked with the standard radiation hazard warnings, s well as the area in
the vicinlly of the earth stalion, to inform those in the general population, whi may be working, or
otherwise present on the roof, deck, and in or near, the maln beam of the antenna.

Finally, occupational exposure will be limited, and the transmitter will be turmed off during periods
of malntenance, so that the MPE standard of 5.0 mw/em**2 will be compliad with for those regions
in close proximily to the main reflector, and subreflactor, which could be ocoupied by operating
personnel,

The applicant agrees to abide by the condilions apaciiad in Condiion B208 provided below:

Condition 5208 - The livensee shall toke oll necessary measures to ensire that the
ariternic dovs wot ereate povenilal exposure of hunrans (o radioffeguency radiation
In excess of the FOC exposure Hmits defined in 47 CFR 3, 130700} end 1.1310
wiherever such exposnres niight cocur. Mecstres wivist be Joker fo ensure
conplionce with fimits for both coenpationnl/comroled exposure and for general
populativniuncontrolied exposire, a5 defined in these rude seciions. Compliance
can Be aceomplisthad In most cases by apprapricie restricifons sueh us fencing,
Requiroments for restvicilany von be determined by predicions based on
calenlafions, wodelivg or by fleld measurements. The FUC'y OBY Bulletin 65
{ravariteible on-liine at ww Joe.gowoetifBaeny) provider infvmation on prediciing
eicposure fevels and on methods for ensuring compilance, Metiding the wse of
wanwing and aleriing signs and proteciive squipment for worker,
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Analysis of Non-lonizing Radlation for a 2.4-Meter Earth
Station Sysiem

Thig: report analyzes the non-lonlzing radiation levels for a 2.4-meler sarth station system, The analysis and
cefculations performed in this report comply with the methods described in the FGC Office of Engineering
and Technology Bullelin, No. 85 fiest published in 1985 and revised in 1987 In Edition 97-01, The radiation
safety limits used In the analysis are in conformance with the FOG R&0D 96-308, Bullstin No. 65 and the
FCC REO gpacilies that there are two separate ters of exposure limits that are dependant on the situation in
which the exposure takes place andior the stalus of the Individueds who are subject to the exposure. The
Meximum Permizssible Exposurg (MPE) limis for persons in a General Population'Uncoatrolied enwironment
arg shown in Table 1. The General PopulatiordUncontrolled MPE e a luncilon of tansmit frequency and fs
for an exposure perod of ity minutes or lesa. The MPE limis for parsons In an Oacupational'Controlled
anvironment ang shown in Tabde 2. The Occupational MPE is a function of trangmit fraquency and Is for an
axposure period of gix minutes or lass, The purpese of the analysls described in this repont is to dsterming
the power flux densily lovels of the earth stalon in the far-field, near-liald, transition region, betwsen the
subreflector or feed and main reftector surlase, af the main reflector surlace, and betweon the antenna edge
and the ground and to compars wse lovels Lo the speolfied MPEs.

Tablg 1. Limits for General Population/Uncontrofied Exposure (MPE)
_Frequency Range (MHz} _ Power Densily (mWemy

20-300 0.2
300-1500 Frequenoy (MHz {0.8/1200]
1500-100,000 1.0

Table 2. Limits for OccupationaliGontrolled Exposure {MPE)
- _Frequency Range (MHz) __Power Densily (mWwicn)
30-300 1

30-1 e
300-1500 Freguancy {MHz})*{4.01200)
1500-100,000 5.0 , v

Table 3. Fonmulas and Parameters Used for Datenmining Power Flux Densities

Parampter Symbol  Formula Value Units
Anlenna Diameter D lput 24  m
Anlenna Surface Area Aum m D%/ 4 4,62 m
Fegd Flanpe Diameter Dy , _lnput 19.0 cm
Area of Feed Flange A n D14 283.53 om®
Frequancy F Input 14250 MHz
_Wavselength A J00/F 0.021053 m
Tranomit Power P Input 33.66 W
Antenna Gialn (dBi) Cog_ ) In% v 48.4 dBi
Anbenna Galn (facho) G 107" 591831 na
Pi C Congtant 31415827 nia
Anlenna ENliciency 1 GAIEDY 0.54 rva
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1.  Far Fleld Distance Calculation
Tha distance 10 the beginning of the far fleld can be detenmined from the following equation;

Distance to the Far Fiald Reglon Ry = 0.60 D%/} £}
= 1642 m

The maximum maln beam power density in the far field can be determined from the following
equation:

On-Axls Power Density in the Far Field Sy =GP/ {4 Ry @ -
= 6877 Wim®
= 0.688 mWiem*®

2. Near Field Calculation

Power flux density is consldered to be at a maximum value throughout the entire lengih of the
defined Nsar Fleld region. The region is contalned within a cylindrical velume having the same
diamster as the anlenna. Past the boundary of the Near Fleld region, the power density from the
antenna decreases linearly with respect to increasing distance,

The distencs to the end of the Near Fisld can be determingd Irom the following equation:

Exterd of the Near Field R = D'/ {40 (3)
= 8,4 mr

The maximum power density in the Near Fleld can be determined from the following ecuation;

Nesr Field Powsr Density Su = 16,01 ,:n,{ (‘KQDE} {4)
: = 16053 Wim
= 1.505 mWicm®

3.  Transliion Region Calculation

The Transition reglon is located betwesn the Near and Far Fleld regions. The power density
begine lo. decrease linearly with increasing distance In the Transition reglon. While the power

- density decreases inversely wilh distance in the Transition reglon, the power density decreases
inversely with the square of the distance in the Far Fleld raglon. The maximum power density In
the Transltion region will not excesd that calculated for the Near Figld region. The power density
caloulated in Section 1 Is the highes! power density the anlenna can produce In any of the regions
away from the antenna. The power density at a distance R, can be determined from the following
equation:

Transition Reglon Power Denslty S wSyRulR {5)
= 1.605 mW/fem?
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4. Region between the Feed Assembly and the Antenna Reflector

Transmissions from the feed assembly are directed toward the antanna reflector surface, and are
cenfined within & conical shape defined by the lype of feed asssmbly. The most common feed
assemblles are wavegulde flanges, horns or subreflectors, The energy between the fead assembly
and reftector surface can be calculated by detsrmining the power density al the feed assembly
surfacs. This can be detarmined from the following equation:

" Power Densily at the Feed Flangs S = 00P/ A, (B}
w 474,872 mWfem®

8. Main Reflector Region

The power density In the maln reflector Is determined in the same manner as the powsr density af
the Tesd assembly, The area is now the area of the refleclor apsriure and can be datermined from
the: following equation: : '
Power Dansity at the Reflactor Surface Spvmn = 4PV Ay {7
= 20,762 W/m*
= 2,976 mW/em®

8. Region between the Reflector and the Ground

Assguring uniform lumination of the reflector surface, the power density balweaen the antenna and
the grourd can be determined from the following squation:

Power Density between Reflector and Ground 8y = P/ Ao (8)
' u 7440 Win®
= 0,744 rnWicr®
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7.  Summary of Calculations

Table 4. Summary of Expected Radlation levels for Uncontrolled Environment

Calculated Maximum
: Radlation Power Density Level

Region {imWiem®) _Hazard Assessment
1. Far Fisld {Ry = 164.2 m) Sy 0.688 _Satisfles FCC MPE

2. Near Field {(Ry = 68.4 m) Sy 1,605 Potential Hazard

3, Transilfion Region (Ry < B, < Ay = 1805 Potential Hazard

4. Between Foed Assembly and Sus 474.872 Potertial Hazard
o Antenng Reflector _ e

5, Main Reflector e Sowine 2078 Potential Hazard
8. Between Reflactor and Ground Sy 0.744 Satlsfies FCC MPE

Table 5. Summary of Expacted Radiation levels for Controllad Environment

Calculated Maximum
Radiation Power Densily

Reglon Lavel (mWicim®) Hazard Assessment
1. Far Field (Ry= 164.2m) St 0.688 Satisfies FCC MPE
2. Near Field (R = 68,4 m) S 1.605 _Sallsfies FCC MPE
3. Transition Reglon (R <R <Ry  — § 1.605 Satisties FCC MIFE

4. Botween Feed Assembly and
Antenna Reflestor

8y 474.872

Potartia! Hazard

_5. Main Refleclor Soe 2976 Salislies FCC MPE__
6. Between ReflectorandGround 8, 0.744 Salisfiss FCC MPE

It iz the applicant's responsibility to ensure thal the public and operational parsonnel are not

exposed 1o harmiful fevals of radiation.
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8. Conclusions

Based upon the above analysls, it is concluded that FCT BF Guidelings have besn exceeded in
the specified region(s) of tho Unconirolled (Table 4) environment. The applicant proposes to
comply with the Maximum Permissible Exposure (MPE) limits of 1.0 mWiem*2 for the
Uncontrolled Areas, and the MPE limits of 5.0 mW/icm™ 2 for the Conlrolled Areas,

The sarth station will be mounted aboard a ship, and the lower edge of the antenna will be at lsast
4 meters above the deck. Public accese to the sarth statlon will be rashrictad.

The appllcant will ensure that the main beam of the anterina will be pointad at lsagl one diameter
away from any building, or other obstacles in those areas that excesed the MPE levels. Since one
diamater removed from the center of the maln baam the levels are down at least 20 dB, or by a
factor of 100, these polential hazards do not exist for either the public, or for Ell’th station

paragnmel,

Finalty, the earth station's operating persornal will not have access fo areas that excesd the MPE
lavels, while the earth siation Is in operalion, The transmitler will be twened off during pedods of
mainlenange, so that the MPE standard of 5.0 mw/erm™*2 will be complied with for those regions In
close proximity to the maln reflector, which could be oscupled by operaling personnsl,

The applicant agreas to abide by the conditions speacified In Condition 5208 provided below:

Conmditior; 5308 « The lrensee shall take ol necesvary measires (o oisure that the
antenna does not creare potential exposure of hienans fo radiafrequency radiation
in exeess of the FCC expostre lmits defiveed tn 37 CFR 1 1307(h) and 11310
wherever saeh exposures might occur, Measures wuist be taken fo enswre
coitipliares with loots for both econpationalivontrolied exposyre and for gemerol
populationfimcontrolled expusive, oy defined In hese role sections. Compliance
can be acconiplished tn most cases by appropriate vestriciions such g fenclrg.
Regniremenis for vesiviciions oan be derermined by predictions dused on
‘calcrlations, modeling or by field measnrements, The FOCs OET Bulletin 63
favailable on-line at www oo gowoetfkafedy) provides informeation on predieting
exposiire levels mnd on methods for ersuring complionce, including the use of
warnlig and alerting signs and provecrive equipwent for worker.
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Analysis of Non-lonizing Radiation for a 0.75-Meter Earth
Station System

This report analyzes the non-ionizing radiation levels for a 0.8-meter earth station system. The analysis and
calculations performed in this report comply with the methods described in the FCC Office of Engineering
and Technology Bulletin, No. 65 first published in 1985 and revised in 1997 in Edition 97-01. The radiation
safety limits used in the analysis are in conformance with the FCC R&O 96-326. Bulletin No. 65 and the
FCC R&O specifies that there are two separate tiers of exposure limits that are dependant on the situation in
which the exposure takes place and/or the status of the individuals who are subject to the exposure. The
Maximum Permissible Exposure (MPE) limits for persons in a General Population/Uncontrolled environment
are shown in Table 1. The General Population/Uncontrolled MPE is a function of transmit frequency and is
for an exposure period of thirty minutes or less. The MPE limits for persons in an Occupational/Controlled
environment are shown in Table 2. The Occupational MPE is a function of transmit frequency and is for an
exposure period of six minutes or less. The purpose of the analysis described in this report is to determine
the power flux density levels of the earth station in the far-field, near-field, transition region, between the
subreflector or feed and main reflector surface, at the main reflector surface, and between the antenna edge
and the ground and to compare these levels to the specified MPEs.

Table 1. Limits for General Population/Uncontrolled Exposure (MPE)

Frequency Range (MHz) Power Density (mW/cm?)

30-300 0.2
300-1500 Frequency (MHz)*(0.8/1200)
1500-100,000 1.0

Table 2. Limits for Occupational/Controlled Exposure (MPE)

Frequency Range (MHz)  Power Density (mWicm?)

30-300 1.0
300-1500 Frequency (MHz)*(4.0/1200)
1500-100,000 5.0

Table 3. Formulas and Parameters Used for Determining Power Fiux Densities

Parameter Symbol Formula Value Units
Antenna Diameter D Input 0.8 m
Antenna Surface Area Asurface nD?/ 4 0.44 m?
Feed Flange Diameter Dta input 6.0 cm
Area of Feed Flange A 7 Dry 214 28.27 cm?
Frequency F Input 14250 MHz
Wavelength A 300/F 0.021053 m
Transmit Power P Input 6.70 w
Antenna Gain (dBi) Ges Input 39.0 dBi
Antenna Gain (factor) G 10°es/10 7943.3 n/a
Pi T Constant 3.1416927 n/a
Antenna Efficiency n GA?/(n?D?) 0.63 n/a
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1. Far Field Distance Calculation

The distance to the beginning of the far field can be determined from the following equation:

Distance to the Far Field Region Ry = 0.60 D*/ A (1)
=16.0m

The maximum main beam power density in the far field can be determined from the following
equation:

On-Axis Power Density in the Far Field Sk =GP/(4nRg? (2)
=16.479 W/m?
= 1.648 mW/cm?

2. Near Field Calculation

Power flux density is considered to be at a maximum value throughout the entire length of the
defined Near Field region. The region is contained within a cylindrical volume having the same
diameter as the antenna. Past the boundary of the Near Field region, the power density from the
antenna decreases linearly with respect to increasing distance.

The distance to the end of the Near Field can be determined from the following equation:

Extent of the Near Field Ru =D?/(4 1) (3)
=6.7m

The maximum power density in the Near Field can be determined from the following equation:

Near Field Power Density Sy =16.0m P/ (xn D% (4)
= 38.469 W/m?

= 3.847 mW/cm?
3. Transition Region Calculation

The Transition region is located between the Near and Far Field regions. The power density
begins to decrease linearly with increasing distance in the Transition region. While the power
density decreases inversely with distance in the Transition region, the power density decreases
inversely with the square of the distance in the Far Field region. The maximum power density in
the Transition region will not exceed that calculated for the Near Field region. The power density
calculated in Section 1 is the highest power density the antenna can produce in any of the regions
away from the antenna. The power density at a distance R; can be determined from the following
equation:

Transition Region Power Density St =Su R/ Ry )
= 3.847 mW/cm?
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4. Region between the Feed Assembly and the Antenna Reflector

Transmissions from the feed assembly are directed toward the antenna reflector surface, and are
confined within a conical shape defined by the type of feed assembly. The most common feed
assemblies are waveguide flanges, horns or subreflectors. The energy between the feed assembly
and reflector surface can be calculated by determining the power density at the feed assembly
surface. This can be determined from the following equation:

Power Density at the Feed Flange Sta =4000 P/ As (6)
= 047.856 mW/cm?

5. Main Reflector Region

The power density in the main reflector is determined in the same manner as the power density at
the feed assembly. The area is now the area of the reflector aperture and can be determined from
the following equation:

Power Density at the Reflector Surface Scurtace =4 P [ Asurface (7)
= 60.663 W/m?

= 6.066 mW/cm?

6. Region between the Reflector and the Ground

Assuming uniform illumination of the reflector surface, the power density between the antenna and
the ground can be determined from the following equation:

P /Asurface (8)
15.166 W/m?
1.517 mWicm?

Power Density between Reflector and Ground Sy
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7. Summary of Calculations

Table 4. Summary of Expected Radiation levels for Uncontrolled Environment

Calculated Maximum
Radiation Power Density Level

Region (mWicm?) Hazard Assessment
1. Far Field (R = 16.0 m) S 1.648 Potential Hazard
2. Near Field (Ry; = 6.7 m) Spe 3.847 Potential Hazard
3. Transition Region (Ry < Rt < Ry) St 3.847 Potential Hazard
4. Between Feed Assembly and Sta 947.856 Potential Hazard
Antenna Reflector
5. Main Reflector Ssurface 6.066 Potential Hazard
6. Between Reflector and Ground Sy 1.517 Potential Hazard

Table 5. Summary of Expected Radiation levels for Controlled Environment

Calculated Maximum
Radiation Power Density

Region Level (mW/cm?) Hazard Assessment
1. Far Field (Ry = 16.0 m) S 1.648 Satisfies FCC MPE
2. Near Field (R = 6.7 m) Syt 3.847 Satisfies FCC MPE
3. Transition Region (Ry < Ry < Ry) St 3.847 Satisfies FCC MPE
4. Between Feed Assembly and Sta 947.856 Potential Hazard
Antenna Reflector

5. Main Reflector Ssurface 6.066 Potential Hazard
6. Between Reflector and Ground Sy 1.517 Satisfies FCC MPE

It is the applicant's responsibility to ensure that the public and operational personnel are not
exposed to harmful levels of radiation.
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8. Conclusions

Based upon the above analysis, it is concluded that harmful levels of radiation may exist in those
regions noted for the Uncontrolled (Table 4) and Controlled (Table 5) environments.

The earth station will be mounted aboard a ship, and it is recommended that the lower edge of the
antenna should be at least 2 meters above the deck. If this is not the case, additional procedures
will be instituted to ensure the safety of the Public in the vicinity of the antenna.

The applicant will ensure that the main beam of the antenna will be pointed at least one diameter
away from any buildings, or other obstacles in those areas that exceed the MPE levels. Since one
diameter removed from the center of the main beam the levels are down at least 20 dB, or by a
factor of 100, public safety will be ensured.

The earth station will marked with the standard radiation hazard warnings, as well as the area in
the vicinity of the earth station, to inform those in the general population, who may be working, or
otherwise present on the roof, deck, and in or near, the main beam of the antenna.

Finally, occupational exposure will be limited, and the transmitter will be turned off during periods
of maintenance, so that the MPE standard of 5.0 mw/cm**2 will be complied with for those regions
in close proximity to the main reflector, and subreflector, which could be occupied by operating
personnel.

The applicant agrees to abide by the conditions specified in Condition 5208 provided below:

Condition 5208 - The licensee shall take all necessary measures to ensure that the
antenna does not create potential exposure of humans fo radiofrequency radiation
in excess of the FCC exposure limits defined in 47 CFR 1.1307(b) and 1.1310
wherever such exposures might occur. Measures must be taken to ensure
compliance with limits for both occupational/controlled exposure and for general
population/uncontrolled exposure, as defined in these rule sections. Compliance
can be accomplished in most cases by appropriate restrictions such as fencing.
Requirements for restrictions can be determined by predictions based on
calculations, modeling or by field measurements. The FCC's OET Bulletin 65
(available on-line at www.fcc.gov/oet/rfsafety) provides information on predicting
exposure levels and on methods for ensuring compliance, including the use of
warning and alerting signs and protective equipment for worker.



