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ABSTRACT 

Nickel-Cadmium (Ni-Cd) battery deployment in telecom is continuing and growing.  The NCX and STL type Ni-Cd batteries 
are primarily installed in Outside Plant (OP), Remote Terminal (RT) applications.  As they continue, recommended 
maintenance practices are confirmed and some are optimized. 

Low maintenance was a primary design goal when considering Ni-Cd for OP applications.  This paper focuses on the NCX 
which uses Sintered positive and Plastic Bonded negative Electrode (S/PBE) technologies and a built in Central Watering 
System (CWS).  Its flooded electrolyte design, only requires infrequent-periodic watering maintenance. 

Several trial sites were installed in the ‘hot’ regions of the United States.  Three trial sites were installed between 1997 and 
1999 and continue to be measured today.  With full instrumentation at each site, an evaluation between measured parameters 
and typical maintenance practice are made.  Related metrics like water usage rate (watering interval) and hydrogen 
generation rate are discussed.  Also, the importance of proper installation and how it impacts normal operation and 
maintenance is discussed. 

In addition, comparisons between lab data and field data are discussed. 

NI-CD TELECOM BATTERY SYSTEM 

The Ni-Cd Technology 

The low maintenance feature of the Ni-Cd is primarily due to the unique electrode design.  The sintered positive electrode is 
chemically impregnated with nickel hydroxide (NiOH) and the plastic bonded negative electrode is mechanically 
impregnated with cadmium hydroxide (Cd(OH)2).  Together, they are commonly referred to as the S/PBE technology.  The 
S/PBE electrodes are alternately stacked with a separator system to form a medium to low discharge rate design. 

The separator system mechanically isolates each electrode.  Layers of non-woven plastic and membrane material form a 
porous zone between the electrodes for free electrolyte flow while providing mechanical separation.  The non-woven plastic 
zone of the system ensures a continual contact of electrolyte on the surface of the electrodes.  The membrane provides 
mechanical separation and its sub-micron pore size minimizes gas transport between the electrodes. 

Each cell is flooded with alkaline electrolyte comprised primarily of potassium hydroxide (KOH, ≅ 20% by weight) and 
water (H2O, ≅ 80% by weight).  While the Ni-Cd technology will require periodic watering maintenance, the quantity of 
electrolyte included in each cell provides sufficient reserve to ensure infrequent intervals.  A Central Watering System 
(CWS) facilitates the watering process of a battery string. 

The electrodes, separator system and electrolyte combine to form a battery system with a volumetric energy density of 
63Wh/L.  Its energy density allows for a direct replacement of Valve Regulated Lead Acid batteries that are commonly used 
in Remote Terminal (RT), bulk power applications today. 
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FIGURE A.  An example NCX battery string.  Comprised of electrically and hydraulically interconnected blocks or 
modules, the 38 cell string operates on a typical 48V telecom buss.  A single flame arrestor (F/A) is installed on the (+) 
side of the string for single point gas exhaustion and explosion protection. 

Modular Blocks with Central Watering System (CWS) 

Battery strings are configured with 3 to 8 cell blocks with a nominal voltage range of 3.6V to 9.6V per block.  The variable 
size blocks allow for adaptation in customer specific footprints.  The example shown in Figure A illustrates four 8-cell blocks 
and one 6-cell block connected in series.  A complete string for a typical 48V telecom application, is comprised of 38 cells 
connected in series. 

The battery block design incorporates a Central Watering System (CWS).  The CWS includes factory installed chimneys that 
interconnect cells.  Each cell within a block shares a common gas space through these connections.  Each battery block 
within a string is connected with flexible tubes.  Each block, through these connections, will in turn share a common gas 
space.  A flame Arrestor (F/A) Assembly and a Shut-off Assembly are included at each end of the string.  The F/A, a porous 
ceramic plug, prevents a spark or flame from entering the battery string and further provides a central exhaust port for 
internal gasses.  The CWS channels internal gasses of the string to a central exhaust point (through the F/A) thereby enabling 
the string to operate at atmospheric pressure.  It further provides a single-point watering inlet when topping the string with 
water. 

TRIAL SITES 

Ni-Cd strings were installed in several trial sites in the United States.  Sites with high average temperatures were specifically 
chosen as installed batteries are typically characterized as having an accelerated aging rate(1,2).  Table A summarizes the three 
trial sites of interest. 

TABLE A.  Summary of Ni-Cd Trial Sites of Interest 

# 
Rated 

Capacity 
# strings 
installed 

Date 
installed Zone(2) Cabinet Type 

O 100 Ah 1 Jun. 1997 IV Fujitsu 6200 
H 125 Ah 2 Mar. 1998 IV Reltech Reliance 101 
P 125 Ah 2 Sep. 2000 II Alcatel (DSC) LSC2030 
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As referenced in Table A, the Temperature Zone Model(2) defines the United States as four parallel and “horizontal” zones.  
The zone boundaries are 30N, 35N, and 40N parallels.  North of each parallel are Zone III, Zone II, and Zone I, respectively.  
South of the 30N parallel is Zone IV and in terms of average yearly temperature, it is the hottest region. 

Remote accessed data collection instrumentation was installed.  The instrumentation measures and records operating 
parameters of each string.  Periodically, at regular intervals, the data is remotely downloaded via a modem and dedicated 
telephone line.  The recorded parameters include: buss voltage; half battery string voltage; float current; re-charge current; 
discharge current; battery string temperature; internal cabinet temperature; internal cabinet humidity; a/c power input to the 
rectifier; and total rectifier output current. 

MAINTENANCE 

In general, for all regions, watering the Ni-Cd string at 5 year intervals is the recommended maintenance practice(3).  As 
learned through the trial sites, this recommendation is acceptable for most regions.  However, as some of the following 
results suggest, in the driest climate, a shorter interval should be considered (3 years).  This will ensure enough margin for a 
safe, long-lasting, and normal operating battery string. 

Charging and Water Usage 

Basically, water is consumed while over-charging the battery string, as a result of electrolysis (e.g., 2•H2O → O2 + 2•H2).  It 
is not consumed during discharge, initial re-charge followed by a discharge, or storage.  Other mechanisms such as oxygen 
(O2) recombination and evaporation can also affect water usage.  During overcharge, all three mechanisms (electrolysis, 
recombination, and evaporation) affect net water balance.  Defining the electrolyte as the control volume, electrolysis and 
evaporation use water whereas recombination creates water.  Or, the net change in the total amount of water during 
overcharge is: 

(Water created from recombination) – (Water used by electrolysis) – (Water used by evaporation) = Net change in water 

the control volume is the electrolyte 

Unlike the Valve Regulated Lead Acid (VRLA), the Ni-Cd is not designed to recombine overcharge gas (O2).  It is designed 
with a membrane zone in the separator system whereby gasses are largely prevented from mass transport within the electrode 
stack.  With minimal transport, gas recombination is also in turn significantly minimized. 

Overcharging only occurs when the battery string is float charging.  Figure B shows the typical recharge characteristics of a 
Ni-Cd battery string.  Starting with a fully discharged string, approximately 24 hours are needed to reach a ‘fully’ charged 
state.  Charging beyond this point is characterized as float charging or over-charging.  Electrolysis occurs during this period.  
The rate at which gas (O2, H2) is generated and expelled is directly proportional to the level of float current.  Higher float 
currents result in increased gas generation. 

Evaporation is a function of battery temperature and humidity.  The CWS maintains a ‘high-humidity’ environment, inside 
the battery, where evaporation is suppressed. 

Overcharge gasses (H2, O2, and H2O vapor), in the Ni-Cd, are all exhausted through the F/A (see Figure A).  See a detailed 
discussion about gas generation rates in the following section, Gas Generation. 

With a fixed buss voltage setting of 54.4 VDC, the typical float current is approximately C/2000 (0.063 Amps for NCX125 
where C=125) and is dependent on the string temperature and buss voltage fluctuations.  Figure C shows the measured float 
current, for approximately one week, from a battery string installed in trial site P (see Table A).  While the provided data is 
from a single site, it is representative of data collected from the other sites.  As shown, the float current depends on the 
temperature and buss voltage. 

 5 - 3 



45

46

47

48

49

50

51

52

53

54

55

0 2 4 6 8 10 12 14 16 18 20 22 24

Charge Time (hrs)

St
rin

g 
Vo

lta
ge

0.000

0.025

0.050

0.075

0.100

0.125

0.150

0.175

0.200

0.225

0.250

C
-R

at
e

Rate factor (amps)
Amps=(C-Rate)*(Rated Capacity)

String Voltage

FIGURE B.  The typical re-charge characteristics of an NCX type telecom battery string.  At time zero the battery 
string is completely discharged.  The max. voltage setting = 54.35 VDC, max. available current = 0.1C (12.5 Amps 
for NCX125 where C=125) and the temperature was ambient room.  After 24 hrs, the string is ‘fully’ charged and 
‘float charging’.  Water is only consumed during this period of over-charging. 
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FIGURE C.  The measured float charge characteristics of an Ni-Cd battery string installed in trial site #P (see Table 
A).  Float current variations are a result of the temperature and buss voltage fluctuations. 
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Water Usage Rate 

TABLE B.  Maximum Water Usage Rate of Each Trial Site 

Site # 
Maximum Level/Weight 

Change Measured for Period 
Period of Operation for 

Measurement 
Usage Rate 

(cm3/month/Rated Ah/cell) 
O 2 mm (Note 1) 12 months 0.015 
H 74 grams (Note 2) 18 months 0.035 
P 2477 grams (Note 3) 9 months 0.058 

Note 1: The water usage conversion factor is 9 cm3/mm.  Measured from single cells.  Five cell samples used. 
Note 2: Total weight change from single cells.  Ten cell samples used. 
Note 3: Total weight change of a complete string of 38 cells.  Summed the total weight change for each block and averaged 

over 38 cells.  Two string samples used. 

To measure the water usage rate in field trials, the net change in water (see Charging and Water Usage) was quantified by 
either a weight change or linear level change at the block or cell level.  It should be noted that a weight or level change, of the 
block/cell, while the battery string is in operation, is due only to the water change from electrolyte.  For both methods, a 
baseline measurement of the level or weight was made.  After a period of time in operation, the weight or level was re-
measured.  Table B summarizes the results for each trial site.  Nominal and expected variations in water usage were observed.  
For the scope of this paper, only the maximum usage rate is reported. 

The water usage rate at site O, was observed to be the lowest.  This is not surprising since the Ni-Cd string was installed in 
parallel with two other VRLA strings and Temperature Compensated Voltage (TCV) control was operating.  The TCV 
control, while protecting the VRLA’s against thermal runaway, varied the total buss voltage inversely with the VRLA string 
temperature.  The average buss voltage operated well below the recommended voltage set-point for the Ni-Cd.  With this 
lower than recommended operating voltage, the float current of the Ni-Cd, was also lower than normal (measured range of 
0.012 Amps to 0.028 Amps).  The Ni-Cd design is optimized to operate with a constant voltage set-point (54.4 VDC for a 38 
cell string) and independent of battery string temperature.  It is not recommended to operate with TCV control.  With the 
lower than recommended buss voltage, the usage rate was also lower than normal.  Under TCV control conditions, the usage 
rate of 0.015 cm3/month/Rated Ah/cell was expected and lower than the average rate observed in lab experiments (without 
TCV).  With a constant voltage set-point of 54.4 VDC, the usage rate and available discharge capacity are balanced 
according to the specified needs of RT telecom applications(4). 

At site H, the water usage rate was average.  Over a period of one year, the battery temperature averaged approximately 39°C 
(102°F).  During the hottest time of the year, the temperature of the cabinet and battery string exceeded 45°C (113°F).  Figure 
D illustrates the cabinet and battery string temperature during one week at high ambient temperature.  These temperature 
characteristics were also observed at site O and P.  Without TCV control, the usage rate of 0.035 cm3/month/Rated Ah/cell 
was expected and agrees with average rate observed in the lab. 

The water usage rate was highest at site P.  Evaporation was a contributing factor in the high usage due to the low average 
Relative Humidity (RH) of the area. 

By comparing area climate data for all three trial sites over a period of time, the differences and similarities become more 

TABLE C.  Historical Climate Data for Trial Sites(5)

Site # Period Reported Avg. Yearly RH 
Avg. Yearly 

Temperature 
Avg. Yearly High 

Temperature 
Avg. Yearly Low 

Temperature 
O 26 years 73% 23°C (73°F) 28°C (83°F) 17°C (62°F) 
H 27 years 73% 21°C (69°F) 26°C (79°F) 14°C (58°F) 
P 47 years 29% 19°C (67°F) 27°C (80°F) 12°C (54°F) 
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TABLE D.  Calculated Watering Interval of Each Trial Site with 3.2 cm3/Rated Ah/cell Electrolyte Reserve 
Site # Usage Rate (cm3/month/Rated Ah/cell) Watering Interval 

O 0.015 17.7 years 
H 0.035 7.6 years 
P 0.058 4.6 years 

 
evident.  Table C summarizes historical climate data for the three trial sites.  The average yearly environment temperatures 
range from 19°C (67°F) to 23°C (73°F); a 4°C variation.  A similar range is observed for average yearly high and average 
yearly low temperatures, with 2°C and 5°C variations, respectively. 

Since the temperature variations between the sites are small, RH is the main contributing factor to the higher usage rate 
measured at site P.  Figure E illustrates the measured RH at site P, in a 3 month period.  The average for this period is 33%.  
For comparison, Table C shows the average yearly RH for all 3 sites.  Site P is significantly lower than the others. 

Watering interval is determined by the usage rate and total reserve volume of electrolyte.  The NCX type Ni-Cd has an 
electrolyte reserve volume of approximately 3.2 cm3/Rated Ah/cell.  So, for an NCX125 with a rated capacity of 125Ah, the 
electrolyte reserve volume is approximately 400 cm3/cell.  Table D summarizes the calculated watering interval of each trial 
site based on the measured usage rate and reserve volume of electrolyte. 

In summary, site O demonstrated a low usage rate as a result of the low average buss voltage, due to temperature 
compensated voltage control.  Site H has an average usage rate and site P has a high usage rate mostly affected by the 
relatively low humidity of the region.  Given the maximum measured usage rates in the field and reserve volume of 
electrolyte, the standard watering interval for Ni-Cd batteries should be once every five years.  In areas where the average 

 

FIGURE D.  The measured battery string and cabinet temperature at site H.  This one week period illustrates the 
operating temperature during the hottest time of the year.  The average battery temperature is higher since it is 
installed in the highest or the hottest part of the cabinet and the cabinet temperature is measured in the lowest. 
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FIGURE E.  The measured RH inside the battery compartment at site P.  For this 3 month period, the average RH 
was 33%. 

TABLE E.  Estimated “Worse Case” Hydrogen Generation Rate Based on the Total Water Usage Rate 

Site # 
Usage Rate  

(cm3/month/Rated Ah/cell) Rated Ah 
Hydrogen Gas Rate(Note 1)  

(cm3 H2/hour/cell) 
O 0.015 100 2.6 
H 0.035 125 7.5 
P 0.058 125 12.4(Note 2)

Note 1 For every gram of water used through electrolysis, 1237 cm3 of hydrogen is generated at Standard Temperature 
and Pressure (STP - 0°C, 1 atm). 

Note 2 See discussion in Gas Generation about an adjusted estimate. 

yearly humidity is low (approximately 29%), more frequent watering may be required (once every 3 years).  Even so, the 
watering interval of Ni-Cd batteries exceeds the replacement interval of other battery technologies. 

 
Gas Generation 

Based on the measured usage rate (e.g., cm3/month/Ah Rated/cell) shown in the previous section, the gas generation rate can 
be calculated.  Hydrogen (H2) is only generated when water is consumed through electrolysis (e.g., 2•H2O → O2 + 2•H2), or, 
during overcharge hydrogen will exhaust from the battery string through the flame arrestor.  The rate at which it will exhaust 
can be estimated for a specific period based on the usage rate of water during the same period.  However, calculating the 
hydrogen generation rate based on the total usage rate will represent a “worse case” estimate since it is based on the 
assumption that all the water is consumed due to electrolysis.  In practice, water is also used due to evaporation where water 
vapor is exhausted and not hydrogen gas.  Table E summarizes the estimated “worse case” hydrogen generation rate for each 
trial site. 

As expected and as shown in Table E, site P was estimated to have the highest hydrogen gas rate.  Given the high 
evaporation rate assumed at site P, it is reasonable to adjust this worse case estimate based on a few other assumptions.  It 
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FIGURE F.  The current evolution of a Ni-Cd while under ‘starved’ electrolyte conditions.  The test was conducted 
at 50°C (122°F) and with a fixed voltage of 1.43 V/cell (54.4 V for a 38 cell string typically used for a 48V telecom 
application). 

Eventually, water 
was added and the 
current decreased to 
normal levels. 

Trend for current to 
decrease after 
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days. 
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can be assumed that the average usage rate of 0.035 cm3/month/Ah Rated/cell at site H is largely due to electrolysis and not 
evaporation, given the high average yearly humidity.  Given the same operating conditions and temperatures at both sites, it 
is reasonable to then assume that the difference in usage rate at site P (relative to site H) is largely due to evaporation.  Based 
on these assumptions, the adjusted estimate of hydrogen gas rate at site P would be approximately the same as site H in spite 
of the higher water usage rate at site P. 

THERMAL RUNAWAY 

Related to battery maintenance is a phenomenon known as “thermal runaway”(6).  If specific maintenance items go un-
checked, a failure mechanism potentially leads to a melt-down or, in the worse case, a fire and/or explosion in the battery 
compartment may result.  Thermal runaway is characterized by high charge currents and high oxygen recombination rates 
that, both, ‘feed’ each other and eventually lead to a melt-down.  Thermal runaway has been experienced with other types of 
battery chemistries in the field.  Control measures, such as temperature compensated voltage (TCV) and current limiters, 
were deployed to minimize its occurrence. 

For a Ni-Cd, watering is the only required maintenance.  Adopting and implementing a required maintenance program will 
maximize performance and expected life and ensure safe operating conditions.  However, worse case testing was conducted 
in a controlled laboratory environment to investigate thermal runaway risks if the Ni-Cd string is not watered as required. 

Several tests were conducted at different temperatures (20°C (68°F), 40°C (104°F), and 50°C (122°F)) on the NCX125.  
Today, they are ongoing.  The 50°C test is most interesting since it is a considered to be worse case in terms of operating 
temperature.  Before starting the test, the reserve electrolyte in each battery was ‘used-up’ by continuously overcharging at 
C/50.  Once the level of electrolyte was brought to its critical level, charging was continued at 50°C (122°F) and a fixed level 

 5 - 8 



of 1.43 V/cell (equivalent to 54.4 V for a typical 48V telecom application).  As charging continued, the current evolution was 
measured. 

The results of the test are illustrated in Figure F.  At time zero, the level of electrolyte was at the top of the electrode stack.  
At this critical level, the reserve electrolyte was used up.  As constant voltage charging continued, the current increased 
gradually and slowly for approximately 190 days.  At that point, the maximum current level (approximately 1.1 Amps or 
C/113 for the NCX125) was reached and a gradual decrease in current followed.  During this period of charging, the 
measured battery temperature remained at the controlled level of the environment (50°C) and unchanged.  Eventually, water 
was added to the battery and the current eventually decreased to its normal level of float current and continued to operate at 
that level. 

In summary, if water is not added to the Ni-Cd string as prescribed, the preliminary test results suggest a ‘fail-safe’ trend 
where the current will reach a maximum level and gradually decrease over time.  Once water is added to the string, the 
abnormal level of charging current returns to normal.  It further suggests, based on the stable temperature of the battery, that 
oxygen recombination is minimized, even under ‘starved’ electrolyte conditions, due to the separator system design. 

It is important to note that the results of this investigation suggest a non-catastrophic outcome during abnormal operation.  
Even with such encouraging results, it is vital to restate that adopting and implementing a required maintenance program is 
essential for normal operation and to guarantee adequate performance. 

OTHER MAINTENANCE 

Periodic re-torque of the terminal connections are not required.  All cell terminals and inter-cell links are constructed of 
nickel plated steel.  With an additional corrosion preventative compound applied, corrosion is minimized and essentially 
eliminated.  Additionally, steel is relatively nonmalleable and not easily deformed which may result in a high impedance 
connection. 

Routine conductance measurements on a Ni-Cd are not required.  Current studies are attempting to correlate conductance 
measurements with the state of charge and state of health of a Ni-Cd. 

The Ni-Cd batteries are shipped from the factory either charged or discharged.  Discharged batteries, when stored, should 
remain in this state until ready for deployment to the field.  Maintenance charging of Ni-Cd batteries while in storage is not 
required. 

The flooded Ni-Cd does not require periodic specific gravity measurements.  The electrochemical reactions do not contribute 
to significant changes in the concentration of the electrolyte.  Hence, specific gravity also remains unchanged.  It is 
impractical to obtain state of charge information by measuring the specific gravity of a flooded Ni-Cd. 

CONCLUSIONS 

 Field trials to date have been deployed in many regions of the US for more than three years.  Ni-Cd battery operation in 
the hottest climates (Zone III and Zone IV) confirms that their operation is compatible with typical 48V RT applications. 

 Field trial experience, in RT telecom cabinets, confirms that periodically adding water to a Ni-Cd battery string is the 
only required maintenance and, in most cases, exceeds the replacement interval of other battery technologies used in 
uncontrolled environments. 

 From usage rate data, a ‘worse case’ hydrogen gas generation rate was estimated.  Through comparisons between the 
high humidity and low humidity sites, an estimation of the evaporation rate at low humidity sites was made. 
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 Preliminary results suggest that thermal runaway is improbable.  High charge currents cannot be sustained with the 
normal operating voltages of a typical 48V telecom application; even if water isn’t added, as prescribed, to the battery.  
Further tests are ongoing to reproduce and confirm the ‘fail safe’ nature of the Ni-Cd. 

REFERENCES 

1. Robert K. Jaworski, Effects of Nonlinearity of Arrhenius Equation on Predictions of Time to Failure for Batteries 
Exposed to Fluctuating Temperatures, Proceedings of the 20th International Telecommunications Energy Conference, 
San Francisco, California, October 4th to 8th, 1998. 

2. Generic Requirements and Objectives for Fiber in the Loop System, TA-NWT-000909, Bellcore, December 1993. 

3. Patrick Sanchez, Stuart Lansburg, Ole Vigerstol, Tear-Down Analysis of Old Ni-Cd Batteries and Reduced 
Maintenance Procedures, Proceedings of the 22nd International Telecommunication Energy Conference, Phoenix, 
Arizona, October 11th to 14th, 2000. 

4. Nickel Cadmium Batteries in the Outside Plant, GR-3020-CORE, Issue 1, Telcordia Technologies, January 2000. 

5. http://www.weatherbase.com, Tables of climate data for specific areas posted on March 2, 2001.  Compiled from the 
NCDC (National Climate Data Center). 

6. Bruce Fountain, Telecommunications – VRLA Battery Maintenance, Testing and Replacement, Proceedings of Battcon 
2000, National Battery Conference, page 20-7, Boca Raton, Florida, May 1st to 3rd, 2000. 

 5 - 10 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


