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Figure 1: Eutelsat 70B at Wide Beam 
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Figure 2: Galaxy 16 at North America Beam 
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Figure 4: JSAT 5A at Japan Beam 
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Figure 7: Yamal 401 at Northern Beam 
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Yamal-401 Spacecraft 

 
Technical Reference and  

Orbital Debris Mitigation/End-of-Life Disposal Plan 

 

1. Introduction 

This Technical Reference and Orbital Debris Mitigation/End-of-Life Disposal Plan 
identifies the basic principles and operation of spacecraft Yamal-401 (“Yamal-401”) 
manufactured by JSC Information Satellite Systems (“ISS”) and contains information to 
ensure compliance with Russian State Standard GOST R 52925-2008 "Space 
Technologies, General Requirements to Space Systems to Limit Technogenic Pollution 
of Near-Earth Space” in the operation of spacecraft Yamal-401 to reduce GSO pollution.  

In addition, this document has been prepared for the purpose of demonstrating 
the end of life disposal and debris mitigation policies associated with the spacecraft 
Yamal-401 in satisfaction of the Federal Communications Commission rules 47 C.F.R 
25.114(d)(14) and 25.283(c). 

 

2. General Information on Yamal-401 Spacecraft 

Yamal-401 has been manufactured in compliance with applicable Russian 
standards and specifications and has a telecommunications payload manufactured by 
GSS. The spacecraft has an attitude and orbit control system based on thermocatalytic 
engines for spacecraft orientation (hydrazine propellant) and plasma thrusters for 
correction of the spacecraft orbit (xenon propellant). Yamal-401 was launched in 
December 2014; the estimated active lifetime is 15 years. 

 

3. Operation of Yamal-401 

All materials used on spacecraft Yamal-401 are selected in compliance with 
GOST R 50109-92 and have minimum weight loss factors. 

Operation of Yamal-401 in GSO, relocation  to a new operating slot in GSO (if 
necessary), and de-orbit from GSO after completion of normal operation is carried out 
under constant supervision and control of the ballistic group of Yamal-401 Operations 
Control Center (“OCC”), which ensures security of the flight and prevents collisions with 
other spacecraft in orbit. 

Yamal-401 is controlled continuously.  Orbit correction is carried out in a 
standard way, in accordance with the orbit correction plan. 

  



 

4. Orbital Debris Mitigation/End-of-Life Disposal Plan 

a. §25.114(d)(14)(i) – Spacecraft Hardware Design and Debris Release 
Assessment 

GSS has assessed the amount of debris released during normal operations by 
the spacecraft and determined that during operation in GSO and in the process of its 
deorbiting, any separations of structural or engine elements from Yamal-401 is 
impossible.  

GSS has also assessed and limited the probability of collisions with debris or 
meteoroids. Flux density, sizes and other parameters of particles for GSO are specified 
by Russian documents defining spatiotemporal distribution of particles for MM (meteoric 
material) and TM (technogenic material) (GOST 25645.128 and OST 134-1022 
accordingly). To protect from  collisions with such small bodies, the spacecraft hardware 
design will allow for individual faults without losing the entire spacecraft.  All critical 
components (e.g., computers and control devices) are built within the structure and 
shielded from external influences. Items that could not be built within the spacecraft or 
shielded (e.g., antennas) are able to withstand the impact.  

The spacecraft can be controlled through wide angle antennas. Antennas are 
made as open-ended waveguides and located by pairs at front and rear side panels of 
the spacecraft. Probability of both antenna pairs destruction by a single impact of a 
small body is negligible. 

b. §25.114(d)(14)(ii) - Accidental Explosion Assessment 

GSS has reviewed failure modes for all equipment onboard Yamal-401 to assess 
and limit the possibility of an accidental explosion onboard the spacecraft during and 
after completion of mission operations.  To ensure that energy sources on board the 
spacecraft do not convert into energy that could fragment the spacecraft in orbit, GSS is 
taking the following measures.  

All batteries are monitored for pressure or temperature variations, and the 
batteries are operated utilizing automatic recharging scheme to ensure that charging 
terminates normally without building up additional heat and pressure. As this process 
occurs wholly within the spacecraft, it also provides protection from command link 
failures (on the ground).  

In order to protect the propulsion system, fuel tanks will be monitored in a blow 
down mode. This will cause the pressure in the tanks to decrease over the life of the 
spacecraft. 

The onboard equipment includes tanks under pressure – xenon storage and 
hydrazine storage and supply tank.  The possibility of such equipment destruction is 
virtually non-existent.  This is ensured with significant safety margin between the fill 



pressure of the tank and the pressure rating for the tank, and has been proven with 
ground tests. 

In order to ensure that the spacecraft has no explosive risk after it has been 
successfully de-orbited, all stored energy onboard the spacecraft will be removed. All 
battery chargers will be turned off and batteries will be left in a permanent discharge 
state. These steps will ensure that no power generation can occur resulting in an 
explosion in the years after the spacecraft is de-orbited. 

c. §25.114(d)(14)(iii) – Safe Flight Profile and Assessment Regarding 
Collision with Larger Debris and Other Space Stations 

GSS has assessed and limited the probability of the spacecraft becoming a 
source of debris by collisions with large debris or other operational spacecrafts. Yamal-
401 operates in a geostationary orbit at the orbital position 90° E in accordance with the 
filings to ITU and in accordance with all ITU legal standards.  Yamal-401 onboard 
systems and operation principles are organized in a way so that no single failure or 
wrongly issued command can lead to unauthorized engine start. Thus, a possibility of 
collision with other spacecraft due to the fault of GSS is minimized. 

GSS will monitor scheduled launches to determine whether other satellites will be 
located in close proximity to Yamal-401. If a new satellite is close to Yamal-401, GSS 
will coordinate station keeping activities with the satellite operator to avoid any risk of 
collision. 

d. §25.114(d)(14)(iv) and §25.283 -- Post-Mission and End-of-Life Disposal 
Plans 

At the scheduled completion of its mission, Yamal-401 will be removed from its 
geostationary orbit at 90° E to a perigee altitude no less than 300 km above the 
standard geostationary orbit of 35,786 km. This altitude exceeds that determined by 
using the IADC formula included in section 25.283(a) of the FCC rules regarding end-of-
life satellite disposal, as described in the attached Appendix. 

Sufficient propellant, inclusive of fuel gauging uncertainty, will be reserved to 
ensure minimum de-orbit altitude is obtained. Any remaining propellant will be 
consumed by further raising the orbit.  

Propellant tracking is accomplished using a bookkeeping method in which the 
ground control station tracks the number of jet seconds utilized for station keeping, 
momentum control and other attitude control events. The amount of fuel used is 
determined from the number of jet seconds. This process has been calibrated using 
data collected from thruster tests conducted on the ground and has been found to be 
accurate to within a few months of life on the spacecraft. Additional estimation of 
residual propellant is accomplished by telemetry data. 

  



4. Yamal-401 De-Orbiting 

At the end of its mission, Yamal-401’s post-disposal perigee takes into account 
gravitational perturbations and solar radiation pressure that could alter the satellite orbit 
in the years after decommissioning.  GSS has planned the tracking telemetry and 
control transmissions required for end-of-life repositioning so as to avoid electrical 
interference to other spacecrafts, and coordinated with any potentially affected satellite 
networks. 

Finally, as discussed in Section (b) above, and except as detailed in the attached 
Appendix, all stored energy sources on board the satellite will be discharged by 
discharging batteries, and other appropriate measures.1  

GSS provides for the following spacecraft deorbiting operations after its operation 
completion: 

1. The calculations stipulate the necessary reserve of propellant for deorbiting the 
spacecraft after its operation completion. 

2. Telemetry control of propulsion system propellant reserve is performed during 
the entire period of operation. 

3. In accordance with GOST R 52925-2008, orbital radius to which the spacecraft is 
deorbited must be greater than the GSO radius by at least 235 km plus an 
additional factor.  In view of the Yamal-401 characteristics and allowing for 
additional margin, the radius of the disposal orbit is customary to be greater than 
the radius of the geostationary orbit by 300 km.  See Appendix. 

4. After Yamal-401 is deorbited to the disposal orbit, it will be subject to passivation, 
specifically: 

- transfer of correction and orientation engines to inoperable condition (switching 
off the power supply); 

- de-spin momentum wheels and allow them to stop spinning (i.e., have no 
remaining kinetic energy) 

- fire all unfired pyrotechnic devices 

- final discharge of batteries at after deorbiting the spacecraft from GSO; 

- switch off of onboard equipment. 

5. During deorbiting from GSO, operation of radio transmission line will be planned 
based on excluding the possibility of interference in the frequencies of other 
spacecraft. 

                                                        
1 §25.283(c) 



APPENDIX 

Yamal-401 will be removed from its geostationary orbit at 90E at a perigee 
altitude no less than 300 km above the standard geostationary orbit of 35786 km.  This 
altitude exceeds that arrived at by using the equation in §25.283 of the FCC rules 
pertaining to end-of-life satellite disposal (minimum altitude= 235 km + (1000•CR•A/m)) 
above geostationary orbit). 

Minimum Deorbit Altitude= 36,021 km + (1000•CR•A/m)  
CR = solar pressure radiation coefficient of the spacecraft = 1.25 
A/m = area to mass ratio, in square meters per kilogram, of the spacecraft = 0.032 

Result: 

Minimum Deorbit Altitude = 36,021 km + (1000.•.1.25.• 0.032) = 36, 061 km 
or 270 km above the geostationary arc 
 
De-orbiting the satellite at 300 km or above provides additional margin to the 

minimum de-orbit altitude. The propellant needed to achieve the minimum deorbit 
altitude is based on the delta-V required and specified by the spacecraft manufacturer. 

Based on IADC calculation, an estimated end-of-life mass of 2688 kg, and the 
delta-V required of approximately 11.1 m/s, 3.08 kg of propellant will be reserved to 
ensure minimum de-orbit altitude is obtained. It should be noted that Yamal-401 utilizes 
Xips thrusters (instead of normal bi-propellant).  Xenon is the basic fuel type, which is 
much more efficient. 

Any remaining propellant will be consumed by further raising the orbit until 
combustion is no longer possible. By the moment of complete spacecraft deactivation 
residual propellant on the board shall be as follows: 

Item Purpose Tank Volume Number of Tanks / 
Interconnected 

Initial 
mass of 
item per 

tank 

End of 
life mass 
/ volume 

 

Tank 
pressure 
rating / 
units 

End of 
life 

pressure 

Hydrazine 
(liquid) 

Attitude 
control 

26 liters BOL 
0.7 litre EOL 

3 Tanks / 
Interconnected 
 
Fuel and pressurant 
are located in 
common tank and 
separated by 
internal membrane. 

25 kg 0.7 kg/ 
0.7 l 

9.0 atm NA (1) 

Nitrogen Pressurant 14 liters BOL 
40 liters EOL 

0.25 kg 0.25 kg/ 
39,3 l 

9,0 atm 2.1 atm 

Xenon Orbit control 38 liters 4 / Yes 71 kg in 
each 
tank 

1 kg 
in each 
tank 

140 atm 2.6 atm 

 
(1) – Not applicable, as after hydrazine depletion, membrane-separator of 

hydrazine and pressurant is completely folded and hydrazine pressure is not 
guaranteed (at the worst, it does not exceed Nitrogen pressure) 

 



In the case of Xenon propellant, please note that the tanks are interconnected 
and the residual products are stated as the total dispersed between all tanks. The 
residual pressures above assume a temperature of 293 degrees K. 

 
During manufacturing the tanks are tested by the pressure 1.5 times higher than 

fill pressure. 



E. ANNEX A-5: Yamal 300 

 

A. Yamal 300K Coverage Map 

 

Figure 8: Yamal 300K at North Pacific Beam 

 
  



B. Yamal 300K Link Budget 



 



 

C. Yamal 300K Coordination Letter 





ANNEX A-6: NSS-6 

 

A. NSS-6 Coverage Map 

 

 
Figure 9: NSS-6 at North East Asia Beam 

 

  



B. NSS-6 Link Budget 



 



 

C. NSS-6 Coordination Letter 

 

  





D. NSS-6 Orbital Debris Mitigation Plan 

  



The NSS-6 satellite was manufactured by Lockheed Martin pursuant to well-settled 

U.S. standards and specifications, and is based on the A2100 bus.  The satellite was 

launched on December 17, 2002.  The following information describes compliance with the 

FCC’s orbital debris mitigation and satellite end-of-life disposal policies. 

§25.114(d)(14)(i):  New Skies Satellites B.V. (“SES”) has assessed and limited the 

amount of debris released in a planned manner during normal operations of NSS-6 at 95.0° 

E.L.  No debris is generated during normal on-station operations, and the spacecraft will be 

in a stable configuration.  On-station operations will be maintained within a ±0.05 degree 

E-W control box, thereby ensuring adequate collision avoidance distance from other 

satellites in geosynchronous orbit.  NSS-6 will be co-located with SES-8 at that orbital 

control box using the proven Inclination-Eccentricity (I-E) separation method.  This 

strategy is presently in use by SES to ensure proper operation and safety of multiple 

satellites within one orbital box at other orbital locations.   

SES has also assessed and limited the probability of the space station becoming a 

source of orbital debris by collisions with small debris or meteoroids that could cause loss 

of control and prevent post-mission disposal. The design of NSS-6 locates all sources of 

stored energy within the body of the structure, which provides protection from small 

orbital debris.  SES requires that spacecraft manufacturers assess the probability of 

micrometeorite damage that can cause any loss of functionality. This probability is then 

factored into the ultimate spacecraft probability of success. Any significant probability of 

damage would need to be mitigated in order for the spacecraft design to meet SES’s 

required probability of success of the mission. SES has taken steps to limit the effects of any 



collisions through shielding, the placement of components, and the use of redundant 

systems. 

§25.114(d)(14)(ii):  SES has assessed and limited the probability of accidental 

explosions during and after completion of mission operations. As part of the Safety Data 

Package submission for SES spacecraft, an extensive analysis is completed by the spacecraft 

manufacturer, reviewing each potential hazard relating to accidental explosions. A matrix 

is generated indicating the worst-case effect, the hazard cause, and the hazard controls 

available to minimize the severity and the probability of occurrence. Each subsystem is 

analyzed for potential hazards, and the Safety Design Package is provided for each phase of 

the program running from design phase, qualification, manufacturing and operational 

phase of the spacecraft.  Also, the spacecraft manufacturer generates a Failure Mode Effects 

and Criticality Analysis for the spacecraft to identify all potential mission failures. The risk 

of accidental explosion is included as part of this analysis. This analysis indicates failure 

modes, possible causes, methods of detection, and compensating features of the spacecraft 

design. 

The design of the NSS-6 spacecraft is such that the risk of explosion is minimized 

both during and after mission operations. In designing and building the spacecraft, the 

manufacturer took steps to ensure that debris generation will not result from the 

conversion of energy sources on board the satellite into energy that fragments the satellite. 

All propulsion subsystem pressure vessels, which have high margins of safety at launch, 

have even higher margins in orbit, since use of propellants and pressurants during launch 

decreases the propulsion system pressure.  Burst tests are performed on all pressure 

vessels during qualification testing to demonstrate a margin of safety against burst. 



Bipropellant mixing is prevented by the use of valves that prevent backwards flow in 

propellant and pressurization lines. All pressures, including those of the batteries, are 

monitored by telemetry. 

At the end of operational life, after the satellite has reached its final disposal orbit, 

onboard sources of stored energy will be depleted or secured, and the batteries will be 

discharged. However, at the end of NSS-6’s operational life, there will be oxidizer remaining 

in the tanks that cannot be vented. Following insertion of the spacecraft into orbit, the 

spacecraft manufacturer permanently sealed the oxidizer tanks by firing pyrotechnic 

valves.  This is a design feature of the Lockheed A2100 series spacecraft that cannot now be 

changed or remedied.  Information regarding the residual oxidizer in the tanks is as 

follows: 

Tank Volume [l] Pressure [bar] Temp. [deg C] Oxidizer mass [kg] 

Ox 1 327.5 18.25 22.0 12.75 

Ox 2 327.5 18.25 22.0 12.75 

 

The oxidizer tanks are well shielded, and the residual pressure in the tanks will be well 

below their maximum rating. 

§25.114(d)(14)(iii): SES has assessed and limited the probability of the space 

station becoming a source of debris by collisions with large debris or other operational 

space stations. Specifically, SES has assessed the possibility of collision with satellites 

located at, or reasonably expected to be located at, the 95° E.L. orbital location or assigned 

in the vicinity of that location. 

Regarding avoidance of collisions with controlled objects, in general, if a 

geosynchronous satellite is controlled within its specified longitude and latitude 

stationkeeping limits, collision with another controlled object (excluding where the 



satellite is collocated with another object) is the direct result of that object entering the 

allocated space. 

Besides SES-operated SES-8 satellite, SES is not aware of any other spacecraft that 

are operational or planned to be deployed at or near 95.0° E.L. such that there would be an 

overlap with the stationkeeping volume of NSS-6.  SES is aware that the LUCH-5V satellite 

was launched on 28 April 2014 and is intended to be operated in the vicinity of 95° E.L.  

SES expects to coordinate stationkeeping with the operator of that spacecraft.  SES uses the 

Space Data Center (“SDC”) system from the Space Data Association to monitor the risk of 

close approach of its satellites with other objects.  Any close encounters (separation of less 

than 10 km) are flagged and investigated in more detail.  If required, avoidance maneuvers 

are performed to eliminate the possibility of collisions. 

During any relocation, the moving spacecraft is maneuvered such that it is at least 

30 km away from the synchronous radius at all times.  In most cases, much larger deviation 

from the synchronous radius is used.  In addition, the SDC system is used to ensure no close 

encounter occurs during the move.  When de-orbit of a spacecraft is required, the initial 

phase is treated as a satellite move, and the same precautions are used to ensure collision 

avoidance. 

§25.114(d)(14)(iv):  Post-mission disposal of the satellite from operational orbit 

will be accomplished by carrying out maneuvers to raise the satellite to a higher orbit. The 

upper stage engine remains part of the satellite, and there is no re-entry phase for either 

component.  The fuel budget for elevating the satellite to a disposal orbit is included in the 

satellite design.   



SES plans to maneuver NSS-6 to a disposal orbit at end of life and has selected a 

target minimum perigee of 300 km above the normal operational altitude.  SES intends to 

reserve 5.8 kg of fuel in order to account for post-mission disposal of NSS-6.  SES has 

assessed fuel gauging uncertainty and has provided an adequate margin of fuel reserve to 

address the assessed uncertainty.  This is consistent with the minimum perigee altitude 

requirement under Section 25.283(a) of the Commission’s Rules.  The Minimum Disposal 

Orbit Perigee Altitude as calculated under the Section 25.283(a) formula is as follows: 

 

36,021 km + (1000 x CR x A/m) = 36,071 km 

(or 285 km above the GSO arc (35,786 km) 

Where: 

Area of the satellite (average aspect area):  93.6 m2 

Mass of the spacecraft:    2278 kg 

CR (solar radiation pressure coefficient):  1.22 

  



 

 

 

 

 

 

 

 

 

 

 

 

ANNEX B:  

PROPOSED SATELLITE POINTS OF COMMUNICATION FOR  

MELCO ESAA TERMINALS 



ANNEX B-1: Galaxy 16 

 

A. Galaxy 16 Coverage Map 

 

 
Figure 2: Galaxy 16 at North America Beam 

 

  



B. Galaxy 16 Link Budget 

 



 



C. Galaxy 16 Coordination Letter 

 
 

 

 




