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ABSTRACT

I ~~~~~
This feasibility study assesses various long—lived , self—contained

30—watt power supplies for an Arctic Radio Repeater SyBtem . The study in—
volves a review of the state—of—the—art, availability and cost of five candi-
date systems; batteries, fuel cells, radiolsotopic thermoelectric generators,
fueled thermoelectric generators and windmill—battery systems. The above
five candidates were also assessed as standby power units. Reliability,
service and maintenance requirements are considered since the application
calls for one year unattended operation and servicing by light helicopter on
a single annual flight for all sites.

Only zinc/air batteries with lead/acid batteries for the standby
system are available now. Their cost is moderate, but zinc/air cells are
heavy and must be replaced each year. Other systems could be available in the
1980’s but they would require various amounts of development work and
evaluation in an arctic environment. Recommendations and priorities for
development of the systems which could replace the zinc/air cells at a later
date are given.

1
~

R S U

La présente étude évalue la possibilité d’alimenter un relais
- 

- hertzien dans l’Arctique ~ l’aide de blocs autonomes de 30 watts et de grande
vie utile. L’auteur donne un aperçu des plus récents perfectionnements dens
le domaine et livre une analyse de is diaponibilité et du coOt de cinq
diapositifs : lea accumulateurs, lea piles ~ combustible, lea générateurs
thermoélectriques ~ radio—isotopes, lea g~nérateurs thermoéiectriques ~
combustible et enf in lea accuaulateurs ~ éolienne. Ii examine également
l’utilité de ces dispositifa en tant qua dispositifa de secours . Il a
ëgalement tenu compte des exigences en mati~re de fiabilit~ et de entr.tien
lea dispositifa ne doivent néceasiter qu ’un entretien annuel, effec tué au
moyen d’un héiicopt~re lêger.

A l’heure actuelle, lea seuls blocs de secoura possiblea sont lea
accumulateurs au zinc at ~ l’air de mime que lea accumulateurs au p10mb .

iii
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Ceux—c i sont d’un coOt raisonnable, lea accumulateure au zinc et ~ l’air
pr*aentant toutefois l’inconvénient d’ótre lourds et de ne durer qu’un an. 

- -

11 aemble que lea autres genres de blocs d’aiimentation seront sur le marché
dens lea annéea 1980 male ii reste ~ lea perfec tionner at ~ en faire l’easai
en milieu arctique. L’auteur indique donc lea priorités du d~veloppement
des blocs d’alimentation qui pourraient remplacer un jour lea batteries
au zinc at ~ l’air.
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INTRODUCTION

Draft PDP G1413 defines an operational requirement to develop a new
two—way , medium—data—rate connunications system for CFS Alert to Ottawa (1).
This system would include terrestrial radio repeater stations from Alert t o
Eureka with a satellite link from Eureka to Ottawa . The terrestrial l ink is
necessary because atich of the terrain between Alert and Eureka is over the
horizon with respect to suitable satellites in stationary orbit.

It is anticipated that the radio repeater system will include 10 to
15 isolated i.f. repeater stations located in remote areas. The power re—
quirement of these stations will be about 30 watts and the stations must
op.~rate reliably between —55’C and +30’C in winds up to 120 mph with reli—
ability over a one year period of unattended operation . The equipmen t for
each station should be helicopter transportable and serviceable by light
helicopter on a single annua l flight for all sites . An additional require-
ment Imposed on the power supplies is the need for standby power. The re-
serve power units should function automatically, be able to operate 30 days
and have a standby capability of 5 years. The PDP would provide $IOOK tar
development of a power supply during the FY 77/78. The target date for
installation of the system is the s~~~er of 1978 or the summer of 1479 .
However , delays in obtaining approval of the PDP and constructing the s tat ions
make 1979 or 1980 more probable dates.

In March of 1976, Honeywell Incorporated was awarded a contract to
b u i l d  and test , by July 1977 , a demonstration radio repeater system for use

— in an arct ic environment ( 2) .  The system inc ludes two unat tend ed radio re—
pester relay terminals, complete with receivers , transmitters and power
supplies , which were installed 24 to 25 miles from Alert , the base s t a t i on.
In this demonstration system signals are transmitted from the base station
to the first repeater, back to the base station , then on to the second re-
peater and back to the base station, providing four relay legs over mountain
terrain , water and ice. The transmitted power for these terminals is 100 mW ,
about one—tenth of the power required for the actua l repeater stations . The
mini—systems were installed and tested during August and September of l~)7t~
and have worked well after a few installation and start—up problems (3).
Difficulties were encountered in anchoring one of the antt’uua stru..tures;
one could be anchored into rock while the other required surface weights to
provide stability . Power Is supplied by Cipel air depolarized primary cells.
Up to 24 alarm parameters can be monitored . These include ; high and low
temperatures , high and low battery voltages, high wind speeds , high anti low
power transmission and incoming signal strengths. More d e t a i l s  w i l l  he given
about the system in the next section; General Consideration for Power Supplies .
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The Honeywell demonstration system does not address the problem of
optimum choice of power supplies and it was necessary that DCEM, the direc—
torate tasked to carry out an indepth study of the system , gain knowledge of
the capabili ties , limitations and cost effectiveness of possible power
supplies for use in the Arctic Repeater stations. As a result, in March of
1976, DREO was taeked by DCEM to conduct a feasibility study of reliable,
long—lived, self—contained 30—watt power su~pliee for operation in the Arctic.
This study was to be done concurrently with the Honeywell feasibility tests
(4). The study which is reported here involves an assessment of the follow-
ing candidate power supplies: batteries, fuel cells , fueled thermoelec tric
generators , radioisotope thermoelectric generators, and windmill—battery
systems. Among the factors considered are present limitations of the systeum
and recommendations for future research and development work.

GENERAL CONSIDERATIONS FOR POWER SUPPLIES

TEMPERATURE AND CLIMATE

Climatic conditions influence various types of power supplies
differently. For batteries and fuel cells the operating conversion
efficiency and voltage decrease with decreasing temperature. In some cases
snow can be put to good advantage to act as an insulator for the power system.
The temperature under 6 feet of snow when the ambient temperature is —25 to
—30°C is only —8°C (5). However, preliminary investigation of the proposed
repeater sites showed that snow coverage is not significant to provide in—
sulation . The best sites for the relay stations are on the crests of hills
where there is the least amouflt of snow. The efficiency and voltage of
thermoelectric devices increase with decrease in temperature. However if
moving parts are involved they must be kept from icing up and open-flame type
burners must be protected from the wind. For windmill—battery systems, low
temperature can have an effect on the bearings and mechanical linkages.
Icing and fine granular snow , common on Ellesmere Island, can be a problem
especially if the structure is downwind from geological features such as
receding glaciers and open water.

At the present time, the exact sites have not been chosen and the
only data that exists on the actual conditions of wind and temperature are
for Alert and Eureka. While it is possible that the inland sites may be
colder in winter , the data for Alert and Eureka can be considered as a close
guide.

Figures 1 and 2 show in graphical form the average monthly
variation of temperature for Eureka and Alert respectively over a one—year
cycle. This is taken from DOT data for the period of 1931 to 1960 (6).
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The fol lowing data have been p l o t t e d  fo r  each  m o n t h :  mean eta l i v  t . m ~~ ’ r . i t  nr c ,
mean daily  maximum , mean d a l i  v m inimum , absol ute’ mon t h i  v max i mum • abso 1 ut  e
monthl y minimum , mean at month lv maximum and mean at  mont It lv  ml n i rtur~. As ca n
be seen the mean dai ly t empera tu re  d u r i n g  the w i n t e r  m o n t h s  is b e t w e en —

and —38 ° C. This in i t s e l f  does not present  ~i severe  prob l em t ~‘i l ie  most  pro-
mis ing power supplies. The des i red  output cait norma l lv be ma t n t  .i m c d  • the
power supply  can be kept in sulated or can supply enough hea t to keep itseit
warm as fo r  example; t h e r moe l e c t r ic  generators and fue l ccl is . However , t he ’
mean month ly  maximum and minimum curves l n d i c . m t e  t h a t  t h e  t e m p e r a t u r e
f luc tua te s  s i g n i f i c a n t ly  from the mean daily t e mp e rat u re .  t i t s u l a ti on  w ou l d
keep the ba t t e ry  warme r du r ing  a decrease in t emperature hu t  would also have
the adverse e f f e c t  of keeping the  power supp Iv  cool e  t t h.iu the ambient when
the’ temperature rises again .  Also some sy s tems  cannot  be e f f e c t i v e ly  i n s ul at e d .
for example , wind—mills , ai r — b r e a t h i n g  b a t t e r i e s  and tue l c e l l s .

It  is the re fore  nece ssary  t o  c o ns i d e r  t h e  ex t  Verne t e m per a t u r e ,
i.e. the absolute minimum when chaos ing a svst em. based on t h e ’ ava 1 l a U  ce
d a t a , — 55° C is not u n r e a l i s t i c .  The p r o h a b  l i l t  v of  s u s t aIn e d  per  lads of t i m e
at t h i s  tempera ture  even •it  i n lan d  s i t e s  wou l d  he ’ very  low , hu t  because ot
the nature  of the app l l ca t ion , cot~~unlcations dur tu g  ver~ low teua p et ’atur e
per iods  is v i t a l .  A de t a i l ed  t empera tu re  p r o f  lie for the actual sites is
essent ia l  to ~ee j ust how va lid the above assunipt ion

When chaos ing a sv s t e m  t h a t  is a f t  cc t ed  liv t ht’ t empe r at  ur e  and ‘or
other  c l i m a t i c  condit ions , one must consider three tac t ors . 1) Peas t t i c  temp er—
a ture  or ci. ima t Ic cond i t ions  have an e f f e c t  ha t  w o u l d  render  t h e  svs  tern  i n —
act ive penuanen t I ‘.‘ or fo r  an ext ended per iod o I t I me I t wits t be remembe red
tha t  dur ing  the  w i n t e r  months  servicing is virtua l lv i m p o s s i b l e  and th e’ co n—
di t ions such as low temperature , blowing snow or high winds w h i c h  may r ender
the sy st em  i nac t i v e  are the  same ones which could prevent ~e crew
t ravelling to service the b r e ak d o w n .  2) Does t h e  t empera tu re ’  have  .eti  c t oc t

on the ou tpu t  power capabi l  I tv  of the  s v s t o m ~ Th i s  w i l l  v . m t v  ro:~1 s v s t  em t o
sy s t em , in f ac t  some systems uuv be atfeeted in the  w ay s  di  sL -a s sOd  in both
Li and ~‘) . it  ir~a be necessary to overdesign and p ro t ec t  the  system i i i  t lie
first inst ance and then med i f v  It  as neces sar y  tin fut ure refurbish ings . ) The
th ~ ret cons I derat ion is wei ght  and si ~e - The larger and h e av i er  the  tin i t  • t he
mare t i - i  ss w i l l  he necessary t ar  i n s t a l l a t ion  and r ep e ni sh  i u~ . l’hi is ctn be
.‘i ye rv i m p o r t  ant cons i ~h’ ra t  ton  in ext ended p e r i o d s  at  h ad w e a t h e r .  A l  so t h e ’
bigger and lit ’. iV i or the u n i t s  .i re • the bet tar t h e wea titer cond it tans w ou l d
have t a ha t or reasons of s.c 1 at  v for t h e  t ransport tu g  crew .

P (Yi~ER REm~t 11~~Tl ON

The r e g u lat i o n  f o r  t h e  powe r supp lies w i l l  have an i n p u t — o u t  put
ctt.t rae t e r 1st Ic l ike  that  shown in Figure L The curve is t ha or the’ sv st em
with the 100 m~~ p ro to type  t r a n s mi t t e r , but  Is e’~ v is  toned to he esse’tt t ia l i v
t il e ’ same I or the ’  ac tua l  mode l which  is des igne’d to op er a t e  at  I wat t of
t r an s m i t te d  power.  The p r o t oty p e  uses 4 • 4 w a t t s  w h i l e  the  I w a t t  u n i t  is
expected to draw about JO w a t t s  from the powe r su p p ly .
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The regulator will accept voltages between 10.0 and 18.OV . Above
18.OV and below lO.OV the system is shut off. Between 13.6 and l8.OV the
output is 13.4V regardless of the input voltage. The input power to the
regulator in this range of voltage is essentially constant and the current
from the power supply will increase -as its voltage drops. Between 10.0 and
13.6V the output of the regulator follows the supply voltage with a slight
loss of approximately 0.2V in the regulator circuit . The load on the power
source below l3.6V can be considered constant and hence , the power require-
ment falls as the voltage and current drop .

The air—depolarized cells used for the prototype stations worked
well (3). These were Cipel AD6O8Z, 2000 Ah cells. Twenty—four cell
batteries were used for each station, 2 parallel strings of 12 cells each.
Initially the voltage of the batteries , at around —3 to 0°C, was lS.7V with
a total current drain of 280 mA , for a power consumption of 4.4 watts. In
the winter of 1976/77 , a f t e r  use for 4 months the voltages and currents re-
mained in the ranges of 15.0 to 15,8V and 280 to 290 mA , respectively (7).
No correlation between temperature and voltage or power consumption could be
detected . However, the batteries were less than 25Z discharged and the re-
sults are not surprising. The results do show that these batteries appear
capable of supplying the required power. Preliminary studies by Honeywell ,

- 
1 during which they discharged a freshly activated cell at 150 mA for 30 days

at —62°C to —55°C showed no problems with the electrolyte freezing (8). The
battery maintained a l.3V output during the period.

TRANSPORTATION

Transportation costs were not taken into account at this time.
Rough figures are available but they depend upon the mode of travel and will
undoubtedly increase. It is expected that the most costly part of the trip
would be from Alert or Eureka to the actual sites. Total costs would then
depend on the distances to the sites az~d upon the total helicopter time
required to complete the deliveries and not necessarily on the actual weights
of the delivered equipment. However, transportation costs from $0.20 to
$2.50* a pound to Alert have been quoted and weight and sizes of the units are
given so comparisons can be made. It will be seen that for most systems con-
sidered, yearly replenishment of fuel will be affected by transportation
costs. The windmill—battery system and radioisotope thermoelectric generator
will incur transportation costs only for the initial installation as fuel
replenishment is not required on a yearly basis.

* This cost and all subsequent cost figures are based on 1976.

UNCLASSIFIED
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BATTERIES

The main parameters which must be considered with regard to battery
design are voltage , accessible capacity and the rate of discharge. These are
interrelated and depend also upon the operating temperature. Cenerally , both
the voltage and capacity that one obtains from a battery will decrease as
either the temperature decreases or the rate of discharge increases. Also
for any temperature , the voltage of the battery will decrease as it becomes
discharged . These effects are more severe for primary than for secondary
batteries . For the Arctic Repeater stations, installation of batteries in
late summer has the advantage that relatively fresh batteries would be used
during the winter and the more rapid decrease in voltage towards the end of
discharge is partially compensated for by an increase in voltage and available
capacity resulting from the higher temperatures of late spring and summer.

Fortunately, the current drains for the Arctic Repeater station are
very low (the one year rate). As a result, the decrease of capacity and
voltage at extremely low temperatures are not as severe as one would en-
counter if  the cells were discharged at the more usual rate, that is in 1
hour to 100 hours . To obtain low temperature data , the magnitude of the de-
crease In capacity had to be extrapolated from high current drain data obtain-
ed at h igher temperatures , with the freezing point of the electrolyte defining
the lower limit of operation. The assumption, supported by empirical data,
was made that above the freezing point of the electrolyte , the current
limiting factor is chemical in nature. This leads to the conclusion that the
minimum temperature one can operate the battery and obtain a certain constant
fraction of the nominal room temperature (20—25°C) capacity , will be a function
of the logarithm of the current drain. Therefore, from plots of the percentage
of the nominal room temperature capacity versus temperature for high current
drains , one can make graphical extrapolations to obtain a similar curve for
the current drain required for the system. Using this data , the battery can
be designed to meet the low temperature capacity for operating an Arctic
Repeater station. In most cases, a further 32 allowance was made to allow
for differences in individual cells.

With regard to the decrease in voltage with temperature and state
of discharge , some of this effect is compensated for in the allowance made
for the decrease in capacity with temperature as the data used is for the
same cut—off voltage regardless of temperature. However, further allowances
must be made to ensure there is always sufficient voltage above 10.OV to
operate the regulator . For this purpose a typical temperature coefficient
for voltage of 2.5 mV/C° was used . Therefore, to ensure lO.OV at -55°C
room temperature cut—off of 12.OV was chosen as one of the design parameters
in determining the number of cells one must connect in series for the battery .

UNCLASSIFIED



UNClASSIFIED 9

The above considerations provide redundancy in the system as I t  Is
difficult to completely separate all of the parameters , and in some cases
it is known that an effect may have been included in more than one calculation .
However , for the sake of reliability and since overdesign in the first In-
stance can be easily rectified on future refurbiehings , this approach was
chosen to provide a power supply at the earliest date without a separate
evaluation study in the Arctic .

The batteries considered are relatively maintenance free . Except
where stated later for specific systems , batteries need only be kept above
the freezing point of the electrolyte. Secondary batteries will need proper
charge regulation and checking and possible addition of electrolyte at one-
year intervals.

PRIMARY BATTERIES

The primary batteries that were considered are listed in Table 1.
More details on each of the systems are given in the following sections . A

- 
- wide variety of systems and conditions are included for comparison purposes

and to indicate the effect of temperature on the number of cells required .
One of the conditions considered besides 20°C and —55°C is operation at —8°C
which corresponds to batteries buried in snow when the ambient temperature
is —25° C to —30°C.

No data exists of cases of a discharge into the type of regulator
described earlier . Most of the data is for constant current drain or con-
stant load drain . For the purpose of this application , it was assumed that
the number of parallel strings required , would be that needed to prov Lde an
average current of 2.2A at 13 6V (i.e. 30 watts). Knowing the ampere—hour
capacity per cell and assuming that this capacity will be completely
utilized during the year of discharge, the average current for one year ’s
operation per cell and hence the number of strings needed can then be cal-
culated . This method can be expected to yield a larger quantity of cells
than actually needed . Above 13.6V, constant power is withdrawn and hence
the current will be below 2.2A . Below 13.6V, since the load is essentially
constant and the power drops as the voltage decreases , the current will de-
crease also and be below 2.2A. At 13.6V, the current will be a maximum of
the order of 2.2A. For an accurate calculation, one requires the integrated
charge needed and until this figure is obtained during an actual discharge
with a regulator under arctic conditions, this method is the closest safe
approximation one can make. A sufficient degree of redundancy, as discussed
earlier, is provided . For comparison purposes , to c hoose the most suitable
battery system one does not need the exact paramett s. All the systems would
be adjusted in the same proportion .

UNCLASSIFIED 
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TABLE I

30 Wa tt Pri.sry $atteri•. for One Year Op.ratton

.tt.ry Conditions Cells Weight Vo1 Cost
Type (Series by Parallel Arr angan ont ) lb cu.ft. $(a)

—17 c to 5484 12,418 146 20,000
—2 3 C (b) (12 x 487)

Dry
C.ll. Buried in 4596 9,767 122 16 755

snow at — 8 C  (12 x 383)
to 20’C

— S 5C 35.832 10,080 90 35,800
(12 x 2956)

Manganese
Alkal ine Started in 27 ,768 7 ,810 70 27 .800

snow. — 8 C  (12 x 2314)
0—st .. -

2 0 C  25 .704 7 .230 65 25 ,700
(12 x 2142)

— 55 C 1,614
IMATRA (3 x 538) 12 ,428 137 29 ,050
Manganes.
Alkaline Buried in 1.146 8,825 98 20,630

snow at —8 C  (3 x 383)
to 2 0 C

— 3 5 C 13,030 2 ,390 33 65.150(c)
Li/SO. (S x 2606)
D—Siz.

2 0 C  12,090 2 ,210 20 60,450(c)
(5 x 2418)

120 (d)

(12 x 10) 11,160 240 24 ,000
Cip.1 (17 ,160)
AD600
10,000 Ah (4)Buried in 24Air Cell , snow at — 8 C  (12 * 2) 2 ,323 42 4 ,800

to 2 0 C  (3 ,432)

Cip.1 (4)
AD6OSZ -55• to 2 0 C  120 3,000 56 3,960

2000 Ma (12 z 10) (4,200)

Mr C.11. —

$. Based on 1976 prices for cells only.

b. Fr..stn$ point of electrolyte.
c. Based an a projected quantity cost of $5.00 per cell.
4. Present s.all quantity cost $10.00 per cell.
4. Mon activated veight, .~mt in brackets is activated weight .
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#6 DRY CELLS

These cells are the largest convenient size in which the ordinary
dry cell is produced and are especially designed for low current applications .
A #6 dry cell can deliver 54 Ah. The average current required would there-
fore be 6.23 mA per cell. The weight and volume occupied by the cells are
2.12 lb and 0.0265 Cu. ft. respectively and present cost is $3.65 per cell.
The nominal voltage of these cells is l5V , but the voltage does fall off
gradually with discharge. A typical cut—off voltage is l.OV per cell. They
are not useful for the Arctic Radio Repeater because the electrolyte freezes
at about _l7eC or lower and are only included here for comparison purposes.
The decreases In capacity for operation at —20°C and —8°C would be 202 and
3% respectively of the room temperature values at the current drains expected.

MANGANESE ALKALINE

These cells are basically similar to conventional dry cells. The
main differences are the use of an alkaline electrolyte and in noise cases im-
proved electrodes which give better low temperature behaviour . They also
provide more capacity than the conventional dry cell. At the present time
the main types in production that are of interest are the D—size and a
Finnish battery with the trade name of IMA TRA . The latter uses flat plate
construction and multicell packaging but does not behave as well as the fl-size
cell at low temperatures and high rates because of the type of intercell
connector used . The low temperature behaviour could possibly be improved
with a re—design of the intercell connectors . Both types are capable of
operating down to —55 C at the current drains required .

The D—size cells have a nomiual capacity of 9 Ah and would be dis—
charged at an average current of 1.03 mA. Each cell weighs 4.5 oz and occupies
0.0025 cu. ft. Present cost is $1.00 per cell. At —8°C the decrease in
capacity would be 3% while at —55’C, one should obtain 752 of the room temper-
ature capacity .

The IMATRA batteries come in a 6—volt size with a nominal capacity
of 55 Ah . The average current drain would be 6.35 mA. Each module weighs
7.7 lb and costs $18.00. At —8°C and —55°C the capacities one can obtain are
respectively 952 and 662 of that at room temperature .

UNCLASSIFIED
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LITH I tIM BATTERIES

These batteries are relatively new and offer extremely good low
temperature performance and high e’nar.gy densities. Two t ypes are being pro-
duced on a limited scale at the present time , those (eg. Li/SO2) with organic
electrolytes and those (eg. Li/thionyl chloride) with inorganic electrolytes .
The manufacturers have experienced difficulties with these cells from the
safety point of view . There have been instances of explosions and fires
which have been caused by faulty cells and/or usage. At the present time
these cells do not have full approval for air transportation and require more
development work to make them safer . However , the low temperatures of
Ellesmere Island would he beneficial from the safety point of view .

The most convenient size of the 1,1/SO2 cells presently available is
the fl—size. Larger sizes have been built but the demand is low and they are
costlier because of the more limited production. This sy st em has a voltage
of approximately twice that of the manganese alkaline cells. They have a
nominal capacity of 8 Ah which would be discharged at an average current of

F 0.91 mA per cell in the Arctic Radio Repeater system. Each cell weighs
2.93 oz. At -~55° C one can expect in excess of 90% of the room temperatu re
capacity at the required current. Besides the hazards, another disadvantage
of these cells is the cost. At present they are approx imately $10.00 per
ce l l , but it is expected that the price will he reduced to $5.00 each when
large scale production is achieved . This latter figure was used in Table I
and even so it can be seen that compared to other systems these are pro—
hP’itivelv expensive .

Larger versions of the Li/thionyl chloride cells are being developed
by (;T~ .und Honeywell. These cells give indications that they will have low
t euaper.iture behaviour similar to the Li/SO2 cells. Cells in 30 and 200 Ah
s1ze~ have been bu iit for laboratory use. The 200 Ab cells are expected to
g i v e  153 to 175 14h/lh and 12—15 Wh/cu . in. One of the goals is t o  produce a
500 Ah cell with energy densities of 20 Wh/cu. in. and 300 Wh/lh at a cost of
about $35 per kwh. Therefore at 20°C, one would require 190 (5 x ~8) of the
500 Ah cells at a weight of 875 lb and a volume of 7.6 cu. ft. The cost
would he about $9200. For the 200 Ah cells, the weight would be about 1700
Ib; the volume, 12 Cu. ft. and 570 cells would he required . However , it must
he remembered that these cells are in the early stages of development and the
above calculations are based on design goals not yet attained . A conservative
estimate of availability would be the mid 1980’s.

UNCLASSI FIED
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CIPEL ZINC/AIR CELLS

These cells have been produced for a number of years and are very
simple in construction. They are designed to operate at low current drains
and low temperatures. A typical cell, AD6O8Z, which will give 2000 Ah is
shown in Figure 4. There is also a larger version, the AD600, which will
deliver 10,000 Ah. In both types of cells, a large porous activated carbon
cathode, which converts the oxygen in air to hydroxyl ions , is at the center .
The anode is a large annular ring of zinc which surrounds the carbon electrode.
The electrolyte is concentrated potassium hydroxide (20% K0H by weight). Solid
KOH is placed in trays inside the battery and the cell is activated by adding
water to dissolve the ROB.

The open circuit voltage Is l.45V. When put on discharge, at the
one—year rate, the voltage falls fairly rapidly to about l.25V until the cell
is about 10% discharged. Between 102 and 80—90% discharge the voltage re-
mains fairly constant, after which it falls rapidly again to the cutoff
voltage, normally l.OV.

These cells behave in the same manner as the other primary batteries
considered with regard to the decrease in voltage with temperature. But they
are different from the primary batteries in that they will deliver the rated
capacity so long as the drain is below a critical current which is a function
of the temperature. Because of the similar design and construction ot  the
two sizes of batteries, the values of the critical current are about t he  same
for the two cells. The reported critical currents based on batteries com-
pletel y discharged to an end point of l.OV per cell are as follows: above
—10°C, the critical currents are 1.8 and 2.OA for the 10,000 Ah and 2,000 Ah
cells respectively; at —40°C the corresponding values are 0.2 and 0. 15A. The

F data does not go below —40°C. Extrapolated values of the data supplied by
the manufacturer give 0.065 and O.09A respectively at —5 5°C.

However, the data supplied by Honeywell on the 2000 Ah cells dis-
char ged at O .15A at —55 to —62°C indicate that the critical currents are
higher for batteries that are not completely discharged. From Figure 1 and
2, it can be seen that  if the batteries are installed in August, they would ,
at most , be 502 discharged during the period that the minimum temperatures
are experienced . When 752 of the year has passed after installation , t h e
temperature would have risen above —40°C. DRFA) undertook a study to determine
the currents that can be drawn from the AD6O8Z cells with various 1(011 con-
centrations and states of discharge at temperatures down to —55 °C. At — SS°C ,
a depth of discharge of 50% and the optimum KOH concentration , the criti ca l
current at a l.OV cutoff was O.2A. At —55°C and 75% depth of discharge t h e
cell would not support any current drain and at —5 1°C, at a current drain ot
0.2A, the voltage was 0.86V. At 75% depth of discharge and at -40°C, the
critical current was 0.5A. For both 502 and 75% depths of discharge the c e ll
voltages were very sensitive to the current drain for temperatures be tween
—50 and —55°C. Tests are being done to determine if a hi gh KOH conce’ntrat ion
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has any  long t e rm e f f e c t  at  t he  t empera tu res  at which one exj’ec ts t hese  b at  t t ’ries
w i l l  have to operate. No significant performance deterioration is expected.

Above —8°C, one can use the nomina l c a p a c i t y  of the eel Is and the
.uc t ua 1 cu r ren t  drains  t o  det ermine the serf  e s / p a r a l l e l  ar rangement  of the
c e l l s .  Below — 8° C one must  base the  t o t a l  number of c e l l s  r e q u i red  on t he
c r i t i c a l  c u r r e n t  d ra in  and corresponding cel l  vo l t age .  I n  Table I , based on
the I)REO results , a limiting current of 0. .‘A per c e l l  at  — S S °C and 50g. dep th
of discharge was used tot both size s  of c e l l s  to determine the number of
c e l l s  requ i t  i’d . No a 1 lowanc e was made fo r  d i f f e r en c e s  in c apac i t  ~‘ of hid iv  I dua l
c e l l s  as the  nominal values quo ted are about 90% of that  vii icl i  can ac t  ua 11 v
he obt a ined .

At t h e  lO . O V c u t — o t t  of the  r egu la to r , an average of 0. SSV per c e l l
and .i c u r r e n t  of the order of 1 . 62A would he requi red . Twelv e eel is in ser i e s
would be .udequa t o to mee t the  v o l  tage requirement. Because of the ext rome

~ t’uts i t  iv ttv of the cell volt age to  the  current d r a i n , eleven eel Is  In series
would  resul t  in a vol tage  . it  — 5 5 ” t ’ that would he too close to  the lO.0\’ c u t —
o tt of the  r e g u l a t o r , e s p e c i a l ly  i f  the low t empe ra tu r e  occu rred when the
depth of discharge was greater than  50~~. For the AD€00 cells at —8° c and
above , two strings in p a r a l l e l  would be r e q u i r e d .  One s t r i n g  would only la st

~OO hours .  At — 5 5 °C , 10 p a r a l l e l  s t r i ngs  would  be r e q u i r e d  to produ~’c .i
minimum cur ren t of 1 . (i2A. For the  AD6 O8Z c e l l s  one would need 10 p a r a l l e l
st r i n g s  r egar d le s s  of the t empera tu re .  Th i s  arrangemen t would  meet the
m i n i m u m  current requiremen t .u t — ~ “ C and f o r  a l l  t empera tu re s  ~ i yes mor e  t h an
91 dO hours even i t  t h e  c u r ren t  dr . t  I n  was at  t h e  max in t un , I . e .  .~ . 2A , I or the
ent I i  c di scha r~~t ’ . As ment loned earl  icr , the actua l c u r r e n t  w i l l  he lower ,
between I . s 21 and 2 .  2A and thus , the .ic t na I run t Inc could be con side rab lv
g r e i t er  t itan ~) 1 00 hours .  Because o f~ the lar ge  cap. ic  i t  v of  the  ccl Is i t  wou l d
he ad~ i s ab i  t’ to have each st r i n g  of t h e  hat terv t i t t ed with a diode to pre-
vent damage to the  other strings , if cue ccli or s t r i n g  should happen to b e—
~‘om ’ l atul tv or short circuit ed. Twelve cell s in  ser ies  would provide
s t i t  I i c  len t allowance in voltage for the diode .

~‘h e .-\, ‘t~OS 2 ce l l e. ic Ii wei gh .~ ~ lb tin ac t i vat ca a tid ‘ lb .ic t i v at  ~‘d
tie v~’ I tim e occ t t ~ ted by e.ic h ce ll i s  0.4 ~~ cu . I t . The~’ c o s t  $ 1 per c c l i

he .-~‘r: esponding figures for the AITh00 cells are; 9 I II ’, I 4 1 l b . I . e n .  It
and $20i) pi’r cell.

SECONDARY BA Il’ FRI ES

Seconda rv batter i es a t e  not eons idered to be suit ah I e t or use as
he ma in power supply for thi s app lication. In genera l t hey w i ll he cost 1 1cr
aid heavier than primary bat ter  lea because of low energy dens it I i’s. Tvp i cal

i ’nergv dens i t ies  are of the  order of 7 to 12 W h / l h .  The h e a v i e s t  of
pr lm~urv  b.ut t or i e s  In  Table I , eg. the #6 dry c o i l s  and mang.uues e a 1k.’ I t ne ,
have energy densities of .‘S t o  45 WIt/lb. On the other hand , the L i  - S O ,
s v st  em can g ive 90 to 100 Wh/lb and the Ctpel  Z i n c / A l t  g ive s  (tO t o  80 Wh l b .
In add i t  ion c h a r g i n g  equl pme’n t would have to  be t r anspor t  i’d to the s i t  t ’~~ to
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recharge the b a t t e r i e s  on a yea r ly  basis.  For comparison purposes only, two
systems, nickel/cadmium and lead/acid were considered and arc listed in
Table 11*. The calculations ate based on batteries l i . t v t ng  l i  t o  14 vol ts
and g iving 9000 hours of operation at the maximum current the battery would
del ive r .  Since the current  drains aiid t empera tu re  c o e f f ic i e n t s  of voltage
are low , et the order of 0.1 to 0.5 mV/C ° (9), the voltage and capacit y re-
quired at a temperature of —55°C will not be significantly different f rom
that at room temperature.

The nickel - -‘ cadm ium cell has a nomina l open— c ire ti l t. Vol tage of I . 8V
and 10 ccl is would be needed in each series string . Pocket p l a t e  b at  t e t  its:
rather than the s in t er ed  t vpe were chosen even though the pocket plate type
have a lower discharge voltage especially at lower t em p er a t u re s .  However ,
this d i sadvan tage  is more than of tset by the lower cost . The 41 5—Ah cells
weigh 42 lb . occupy ü. lt ~ cu. ft. and cost $211.50. The weight and volume of
the 488—Alt cells , which cost $250.50 per cell , are comparable.

The lead/ac Id cells .tre cheaper  but heav icr than the nit’ kel /cadmium
cells. No sizes were considered . They are both of the stationary type
and designed for low current drains . Both sizes operate at .t nominal 2.0
volts per cell. One version can deliver 480 Ah/c ell and the other .‘100 Ait ,’cei l .
The expec ted life 01 these cells are 15 and 30 years respect tvt’lv at norma l
t emperatures . Each 480—Alt cell weighs 100 Ib , occupies O.8(t cu. ft . . and
costs $69.36 at the present time. The 2200—Alt cells we i gh tttt i’ lbs cact i ,
cccup\  3. 85 t’u. ft. and cost $474.65.

The lead/acid b a t t e r i e s  would  r equ i r e  m o d i f i c a t i o n  to the  electro—
lvte to allow them t o  operate down to —55°C. Norma l lv the elt ’ctrol~’t e 11.15 a
spec t I le gray i t v  ot  less than 1. 25 at 25°C**. t”lectr oi ~

‘ to of spec ific gr.tv it v
2 5 w i l l  I reeze .it — 5 5  “ C. Al so the  elec t  r e ly  t~ o cone out r at  ion dcc roast ’s .ittd

t he  t r e e .’ ing p o in t  i t ic reases as the bat t ory  Is d i scha rged . The spec it i c
g r a v i ty  increases w l iii dec roas ing t emperature. 1’lit’r~ t ore the spec it ic g r .t v  I
01 the electrol yte must be t’host’ti so tha t at the end ci d i sc h a r g e  or during
the period of minimum temperature , it is above j

Ccl 1,’; v i  tlt 1 . .‘S ,tnil I . 10 so . gr . 01 cc i  t ci e can hi’ ~L i sc i i . i  t ed I ~
and 2 t~ A lt pet  1 it ii ’ 01 cI oct i s  Iv  t c i cc pee t I ye lv be t  e t c  t hi’ ele ct ro 1 v t e
, , - a c l , , s I .  .‘~~ sp. ~‘, t . l’hcri’for e , for the 480—Alt cells which contain 22.
1 t i-~~~ 0 t ac Id • and t he 2200—Alt cell s , i f  oft’ were to  use I . 10 sp. ~‘,r . t ’ie~ —

tol ~ t o , out ’  could comp l~’tel v dtscli.t r e them and the t rot’: Lug po l i l t  o f  t ltt ’
•‘lc ~ t r ~’i vt e would t emaiti below —SS °C. Wi th 1.28 sp. gr . acid , I,t t t ’e:ing
pt~ i n  —~~ “ ‘C ’) OUt ’ cot i I ~l di scharge them 140 Alt and 1 S~ () Alt respect lye i v  be tore
the spec It Ic gray it v reached 1. 25. The I . 28 sp • gr . elect ro Iv t o  could ho

- . m o o  front Figures l and .‘, at ter 8 months of use (a s s u m i n g  August

* i i i  Table 11, s p e c i f i c  ba t  tory  s i zes and maou t at’ t ure rs  a re l i s t  i’d .
This Is not to be const ru ed as a recommendation as to the most ti e—
s i rab i t ’  size or brand . There art’ many m a n u fa c t u r e r s  who prod uce
b a t t e r ie s  of  comparable size , q u al i ty  and cost. For the purpose of
t h i s  r epor t  a l l  of the d i f fe r e n t  types were not compared . The bat t er—
lea chosen .ult ’ consIdered  to he t y p i c a l  of the  many produced .

** A l l  f i g u r es  quoted  f o r  s p e c i f i c  g rav i ty  of t he  su l f u ri c  ac id electro—
ly t  e in th i s and subsequent sect ions r e f er  to t he spec it Ic gi av i t  V
.tt .‘ ‘Y’t’/ 25 ° C and not the actual  s p e c i f i c  gt’av It v at t h e  I roe : lug point
quoted .
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TABLE II

Secondary Battery Systems for One Year Operation
at 30 Watts and —55°C to 25°C

System & Type Cells Required Weight Volume Cost
(series x parallel) (lb) (cu. ft.) $**

Arrangement

NiFe—Jugner
Ni/Cd 490 20,580 177 103,620
KAP 42 (10 x 49)
415 Ah*

NiFe—Jugner
Ni/Cd 410 17 ,265 148 102 ,710
L411 (10 x 41)
488 ~~~~~*

Lead/Acid 294 29 ,400 254 20 ,400

480 Ah* ( 7 x 4 2 )

Lead/Acid 63 42 ,020 243 29 , 900

2200 Ah* ( x )

* Or equivalent.

** Based on 1976 prices.
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i n s ta l l a t i o n )  the period of minimum t emperatu re  would have been p assed and
the t empera tu re  should be above —4 0 °C. Less than 320 and 1470 Ah would have
been drained from the 480 and 2200—Ah c e l l s  r e s p e c t i v e ly  d u r i n g  t u e  8 month
period.

One ot the reasons that long life is obtained from the lead/acid
cells is the slow rate of self—discharge with the low concentra t ion of the
electrolyte that is used (1.22—1.25 sp. gr.). The higher the concentration ,
the higher is the s e l f — d i s c h a r g e  and deterioration. However , at the low
ambient tempera tures  in the north , the se l f—discharge  and corros ion processes
w i l l  be a i g n i t i c a n tl y  decreased and this  should compensate for any adverse
et f e c ts  of the  use of a h ig h e r  concent ra t ion  of electrolyte.

CONCLUSIONS FOR BATTERY POWER SUPPLY SYSTEMS

It  is obvious f rom Tables I and 11 that  the most inexpensive
battery power source for the application being considered is the Ci pe l AD6O8Z.
In its unactivated state and for operation at —55°C, the AD6O8Z system is at
least a fac tor of three lighter and a factor of about two smaller than the
other systems with the exception of the Li/SO2 system. The cost would be loss
than one-fifth of the other systems. This is true even when one compares
the operation of the AD6O8Z cells to the A.D600 cells. The low limiting
current of the 10,000 Ah cells dictates the use of a battery with over four
t imes the required capacity. The zinc/air cells must be chosen over the
p r e s e n t ly  ava i l ab le  Li/SO 2 cel ls  on the basis of cost. If the l i t h i um / t h i o ny l
chlor ide cells mentioned earlier are developed to the extent antici pated they
may be a possible rep lacement fo r  the  ADbO 8Z cel ls .

I t  would be cost e f f e c t i v e  to ship the ba t t e r i e s  In the unac t iva ted
sl at e  to E l le smere  Is land . The cel ls  then could be f i l l e d  wi th wa ter a t a
base s ta t i o n  and t r ans t erred to the s i t e .  The t r i p  f rom the base s tat i o n  to
tue site would be beneficial in helping to thoroughly mix  the e l e c t ro lyt e .

It  is rea l i zed  t.h.~t ~‘one of these b a t t e r i e s  permi t  s e rv i c ing  of a l l
~~l the  s i tes  h~’ one y e ar l y  l ig ht l ’e licopter  f l i ght , however , the bat t ory  is
t~te only known power supply that coeld definitely be ready for  use in 1979.

FUEL CELLS

Fuel ce l l s  are  e l ect r o c h e m i e ,m l devices in which  the energy of a
fuel and of an ox idan t  are t r ans tonned  in to  d i rec t  cu r ren t  e l e c t r i c a l
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energy *. However , unl ike  b a t t e r i e s , t h e  chemica ls  are s to red  o u t s i de  the
cell. The reactants are fed into the cell and are usually in  the  form of
gases. The main advantage of fuel cells Is the high energy density achiev-
able when a relatively large quantity of energy must be generated .

At present there are no readily avai lable  systems in the  30—watt
range . Fuel cells have been used in space , but were very costly and whil e re-
liability was important , they were not designed for , or capable of , extended
continuous operation . Industry is still doing development work so units are
available on a specially made basis. In essence , use of fuel cells to this
date has been only for very special or experimental applications . Acceptance
by the users still has to be achieved.

Basically , the reactants used for almost all fue l cells are
hydrogen and o xy g e n .  The fue l and oxidant  need not n e c e s sa r i ly  be in th t -  tot -tn
of t he  pure gases. The hydrogen can be obtained f rom any hydrogeneus material
t ha t  can be made to  give up i t s  hydrogen.  Conven t ional f u e l s  such as natural
gas , gasol ine , diesel  fue l  and methanol  can be re forme d t o  p roduce  hy drogen
and carbon d ioxide .  Genera lly , sui table t r e a t m e n t  of t he  gases formed , to
remove i m p u r i t i e s  and unwanted gases is necessary . This r e q u i r e m e n t  can add
c o m p l e x i ty  to the  sys tem .mn d reduce the  o v e r a l l  e f f i c i e n cy . Hydrides can he
decomposed to generate  hydroge n gas. H y d r a z in e  has been used d I r ’ c t l v  by
addi t ion to the electrolyte. Oxy gen cart be obtained f rom a i r  or  by the de-
compos i t ion  of an oxide or oxygen containing compounds such as a c h l o r a te .

Since  the reac t ion  occur r ing  at  the e lec t rodes  are chemica l  in
nature (i.e. oxidation of hydrogen and the reduction of oxygen to produce
water and electrical energy) the rate of reaction andhence the limiting
cur ren t  one can draw from the cell is, as It is for batteries , greatly de-
pendent upon the temperature. However, the conversion processes Involved in
practical fuel cells are not 100% efficient , and the losses can provide heat
to maintain a proper operating temperature . This internal heat generation is
especially useful for cells which are operated at elevated temperatures.

Fuel coils can be classified into three types based on the three
kinds of e l e c t r o l y t e  used ( 9 ) .  The e lec t ro ly t e  can be: m o l t e n  sa l t , alkal ine
or m e l d .

MOLTEN SALT FUE L CELLS

M o l t e n  s i l t  fue l cells normally use mol ten  carbonates  at about
~00 °C,  in a porous ceramic  m a t r i x , as the elect r e l v t e .  The salts can he .1
m i x t u r e  of  lithium , sodium and potass ium carbona tes .  This system can operato
on r e f o r m e d fue l  w h i c h  con ta ins  carbon d iox ide . The carbon d ioxide  doe s not

* Th i s  sec t ion  w i l l  not  deal w i t h  a l l  of t h e  a d v a n tag e s  and di  s.idvant ices
of fue l cells or the many types . For I urther i n f o r m a t i o n  the  r e a d er
is r e fe r r ed  to r e f e r en c e  10.
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have  to be removed as it  is a n e c e s sar y  r e a c t a n t  in t h e  process at  the  cathode

~e l ect r o d e)  where  i t  c ombines w i t h  o xy g e n  to produc e ’ c a r b o nat e  Ions , t h e
c h ar g e  carry ing species  in the  e lec t  r o l v t e .  These sys tems  are in a very earl y
s tage  of deve lopment  and ar e  in tended to be used in large-power  a p p l i c a t i o n s .
I t  i s  ex p e c t e d  t h a t  they  w i l l  p lay  .iim important role for a p p l i c a t i o n s  r e q u i r -
ing tens otT k i l o w a t t s  of power . None are a v a i l a b l e  at the p resent  t i m e  and
the deve lopmen t  work  necessary to produce a s u i t a b l e  power s u p p l y  f o r  t he
A r c t i c  R a d i o  Relay  system would be ve ry expensive . In a no r the rn  e n v i r o n m e n t
it may be d i f f i c u l t  to ma in t a in  good e f f i c i e n c y  f o r  a 30W u n i t  in v iew of t he
h i gh t empera tu re s  requi red  to keep the  e l e c t r o l y t e  m o l t e n .  The deve lopmen t
cos t is d i f t  I cult t o  e s t i m a t e , b u t  i t  w o u l d  be g r e a t e r  th an  f o r  t h e  o t her
systems and molten sal t fue l cells would not be a v a i l a b l e  b e f o r e  the m i d  or
late l~)80 ‘s. Molten silt fuel eel Is cannot  be cons idered  to he a fe’,iH ible
system for the appi ication of interest here .

ALKALINE FUEL CELLS

These fue l cells have aqueous potassium hy droxide as their elec-
t rol yte. They offer the highest efficiency in converting hydrogen amid oxygen
to e l ec t r i ca l  energy  (and wa te r )  so would requi re  the smallest  amount of
consumables of any f u e l  cell  sys tem.

However , a lka l ine  fue l cells are not recommended f o r  t h i s  app li-
cat i o n  f o r  several  reasons.  Water  is produced in the e l e c t r o ly t e  by the
t e a c t i o n  of hydrogen and oxygen and a c a r e f u l  balance of heat  and gas cir-
c u l a ti o n  is requ i red  to remove it. The complexity of the  necessary controls ,
aggrava ted  by the need to operate the  f u e l  cell in t h i s  very small sy s t e m
w i t h  a wide range of amb ient t empera tu res , is p r e d i c t e d  to  ser i o u s ly  degrade’
t h e  overal l  e f f i c i e n c y  and the  sy s tem r e l i a b i l i t y. A n o t h e r  concern  is cell
life; prev iously c e l l  v o l t a g e  degraded below pract i c .i l limits b e f o r e  2000
hours  of ope ra t ion  b u t  recent  t e s t s  on c e l l s  us ing a p ot a s s i u m  t i t a n a t e  m a t r i x
~m av e d em on st r at e d  10 ,000 hours of ope ra t ion  w i t h o u t  ser i o u s  v o l t a g e  decay .

P rob! ems can be caused by ox ides  of carb on i t  p r e s en t  in t he
r ’~l c t a n t s  . Carbon monox ide can p o i s o n  p l a t i n u m  e l ec t  r ou ’ a t . m l v s t s ,  e~ p t c  L i l  l v

~l it ’n e l e c t r o de s  ar e opera ted  at modera t e  t e m p e r a t u r e s  ( .e . b e l o w  .~00° C~
l~ irbon d i o x i d e  p resen t  in a ir  and in  i m p u r e  hydrogen such as t h e  m e l  p roduced

~v reforming a hydrocarbon must also be avoided; the carbon dioxide reacts
with po~ assiunl hy d r o x i d e  to yield carbona tes  which  degrade  f u e l  c e l l  per -
formon~ e. For t h e  Arctic Rad io Repeater  appi  ication , pure hydrogen and oxygen
could he suppl ied and then e l e c t r o l y t e  con tamina t ion  would not he a p r o b l e m .

Cons ide rab le  work has been done nit a d i rec t  oxida t ion me than o l f uel
c e l l  which uses an a l k a l i n e  e l e c t r o lyt e  ( I i ) .  However , development of thi s
system is not receivin g s i g n i f i c a n t  a t t e n t i o n  a t  the present t i m e ’ .
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ACID ELECTROLYTE FUEL CELLS

Acid  e l ec t ro ly t e s  are more su i t ab le  than  a l ka l i n e  fo r  a i r  b r e a t h i n g
fue l cells because carbon dioxide does not  affect the acid. There art’ two
types of acid cells t ha t  war ran t  cons idera t ion , phosphoric  acid and solid
polyme r e l e c t r o l y t e  (SPE) fuel cells.

PHOS PHORIC ACID FU EL CELLS

The use of phosphoric acid fue l  cells is t e c h n ic a l l y  poss ib le
today . They have been run on pure hydrogen and on Itydrogemi/ea rhomi dioxide

m m m l x  t u i’s oh Lii I ned b y r e fo rming  hydrocarbons. In I a rgt’ sizes , these I nd c e l l s
are in a h i g h  s t a t e  of development , but they cannot be readil y sc.iled down
to  smaller sizes and be developed for installation in 1979 . No phosphoric
a c i d  f u e l  cell sys t em has been a c t u all y run troub le free for the 8600 hours

Ir a  t const I tu tcs  one year ’s cont inuous  ope rat  ton . Both Un i ted Techn ol tig Iei’i
and En ge ’lha rd  have d e m o n s t r a t e d  opera t ing  t imes  between 1000 and 5000 hours.
During the past few years , Engelhard was developing a smal l (30-100 watt )
fue l el i w h i c h  used evaporation techniques to remove w at e r . This urn i t  was
tOnS lered to he capable of opera t ing  on ai r , w i t h  t h e  w at e r  produced ex—

cml to the  atmosphere or collected . However , i t  has r ecen t l y been l ea rned
th ;m t P imp e l im ; i rd is p u t t i n g  ens emphasis on this eel I In  favour of an S PP I vpt ’
ot  e m ’ I I for  fuel i ’m ’ I lii UI) tO 30 w a t t s .

As w t  tim a ika I Inc c e l l  s , w a t e r  removal  I m m  phosphoric .me I d I m m c l

c e l l s  is  .i p rob l em . For low t empera ture , remote app l i c a t i o n , t h e  e lee’ t io! v tm’
i l l  [ I I I  I ( i i i  an(i leakage are considered to he too  di  If l e t i l  t to  ove rcome and so
phosphor Ic  acid i-i’ u s  shou ld  not  he cons I di’ red si’ r I ous I y for thi s app I I c  . m t Lou

m l  t i m ,  p r e s e n t  t ime.

si ’i- : H u; i c, ; u,

‘l’li e lumoS t advanced t vpe of fime I cc’ 11 ~ t i i tab I ‘ for low tempo ma t  mit t ’
I iw p~~~er app I I eat Ions luOt ’i ; In ac Id ci cc t ro lv e wh I cli Is a ~~ 1 Id pol vmt’ r
l’lm i s  t yp , ’  Is being developed by G.E. and Engeihard , the 1 atm i ’ m  p1 .me limp em l i lm e.
eu low t cmp ’rimt tire operation . At the present I Into G .E .  ‘s tue  I ccii m l m p e  I F  S I ’

h i ’  m e t ,  ;m t lv . i iu ’ e’d and G . E .  ctiti t m i s  pertinen t p a t e nt s .  In these  I mi e l t e l l s ,
l i v  ii r , m ~’m ’n I ~-onv er  t ed  at one d e c  t rode ( th ‘ anode) e hydrogen I ens w li  I elm

L 

t l i en mmm l pu.m t m  through the ci  eet ro I y t e  to the oxygen e l e c t  rode ( t lie m i t  ho d m ’)
l’lu’ u - c ( 1 m m  I m vd r ’  pen Ions comb In c  wi  th hyd rosy I l i m i t s  , formed 1w the r,’,immc I ~‘ um
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3 me n t o r one t o one and one half years and $100K. The p r o d u c t i on — t y p e  c e l l s
would coat $25K each for the f i r s t  two and a p p r o x im a te l y  $ l . 2 K  for  each f ue l
cel l a f t e r  tha t .  They would have an estimated l i f e  of ,ut  l~~~st I y ear s
before  replacemen t would be necessary.

The best coat estimate for alkal ine fue l  cel ls  or phosphoric acid
systems with complex water removal systems would he between $500K and $1M.
The complete fuel cell system would require from three to f I v e yea r s mor e
t ime’ for development than the SPE fuel cell systems.

There are four methods that one could consider for fuel storage;
in high pressure gas tanks, in conventional cylinders , as solid fuel or
cryogenic storage. In arriving at the cost estimates (conservative at best)
that follow , it was aasuuued that an air—breathing fuel cell would he used .
It Is the most desirable type because it el tnt inatt’s the need to transpor t one
of the fuel cell reactants. If oxygen from the air cannot be used and oxygen
has to he provided , the cost, weight and volume of the remuctant storage
system would be about 502 greater than for provision of hydrogen alone .

A high pressure hydrogen tank with suf ficient fuel for one year
operti t ion would be a 38—tn. sphere weighing 930 ii’ Including 30 lb  o t
hydrogen. The shipping volume would be 12 cu. ft. The cost of a se’t ot two
tanks per site would he $641( after the initial development and too l ing cos ts
of $1SK. Time cost of the fuel would be of the order of $240 per site per
year. Two tanks would be required per set , one at the site and one In
reserve to be used for filling and transpor t ing the fuel from the hydrogen
source to the site. It is estimated that these tanks could be’ available in
1919 and tha t they would last 10 years.

The high pressure tank storage system is preferred to the ’ use of
conveu t t  tona l c y l i n d e rs  because the latter are two heavy . Twenty T—stze
m ’ y 11 mmd er s , each weighing 190 lb would he r equ fred I or ea t’lt i t  i’ . l’h ’ total
Wt’ igim i of the c v i i mdc rs w ou l t t  he’ 180() l b  as ,mh m lmels etl t 0 m) OO I t’i t Ile ’ It (ph
Itressure container . Over a 10—year period , the rental cost of a set ot
tanks for each site, based on $320* per tank, would be $6.4K for the hydrogen
m,’ont,miner . Transportation costs in excess ol $1.80 per lb and spread ov er
10 vi’ars would make the high pressure tanks less costly In the long run .

The hydride system for one year ’s operat ion would  wei gh abou t 100 lb
.mnti occupy 10 cu. ft. (12). The development cost tor th is fuel container
and method of releasing the hydrogen gas Is estimated tim he roughly equ ivalent
to the development cost for the high pressure tanks. Tlit• estima ted cost of
the I u il , based upo n use of ca lc ium hydr ide , would he about $6. SK per site
per yea r . Riwed upon a 10—year life I or the high pressure tanks, ~mver a
10—yea r period the two systems would have almost identical costs (neglecting
the investmen t aspect of present and future t’~xpend Itures). The main
advantage of the hydride system Is the lower weight  j un d the p o s s i b i l i t y  m i t  

* This I’ Igu re is based on an 18—month r enta l  ret’ hid tor  each year ot t i si ’ .

An add it lona 1 Ii months would he requi r ed  t o  t rtinspor t t ime cvii tider it  t i m

intl I romn the site. ‘i ’imi’ cos t  of pu rt’h. ms tng t he ’ cvi i ndei’ s you li t hi ’
comp•’ir~th l e  as 2 sets would he required per site.
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adopting other , possibly less expensive reactants.

It is more d i f f i c u l t  to determine costs fo r  c ryogenic  s t o I a g t ’
systems. The technology Is r e l a t i v e l y  new and amenab le to sudden improve-
ments .  Es t imates  between $ 1OK and $lOOK per tank have bee n made depending
upon whether the tanks would be tailor—made, whether the manufacturer has
experienc e , or whether use could be made of existing sizes. Experience w i t h
t abrication of cryogenic tanks for use in hydrogen—powered automobiles could
reduce the mass production cost , in the f u t u re , as low as $200 per tank tor
tanks of the capacity to supply h ydrogen I or one ve ’tm r to a 30—wat t  f u e l
cell (13) .  However , for  the purposes ot t lmis  repor t  $~~0K to $65K pe~- b i t t ’

has been adopted . Time cost and weight would be roughly the same as that  for
the hi gh pressure tanks and time volume comparable to that for the hydride
systems. A more thorough investigation would have to be carried out to
obtain more ref ined estimates.

Presently, the transportation regulations for lmy dremgen are stringent
and varied and depend upon the mode of storage. The regula t ions, espec ially
for air or sea t r an spo r t a t i on  would have to be inves t igated and poss ib ly
altered to make practical the provision of hydrogen to northern sites.

An assessment of a fuel  cel l system would involve the evaluat ion
of two u n i t s  in Ottawa followed by evaluation at Ellesmere Island . DREO
could conduct the evaluation in Ottawa since DREO is in the process of pro-
cur ing  two 30—watt SPE fuel cells through the U.S. Army . The SPE fuel cells
with suitable fuel storage could be r eady for evaluation at Ottawa by the
beginning of 1979. A 1—year evaluation could start in the Arctic in 1981.
if time eva lua t ion  r e s u l t s  warrant  i t , general ins ta l la t ion could occur in t h e
summer of l°8 I . The t i’St s  at Ellesmere Island in the per iod of 198 1 —8 2 would
be done using the fuel cell as the pr imary power supply on two s ta t ions, w i t h
tile ! m a i n  pow er supp ly which had been used up to that  t im e as the back up.

The tota l development costs for  a fuel cell and storage’ sy s tem
would be $200K over time next 4 years.  The ini t ia l  cost to produce the power
suppl ies  fo r  10 s tat ions  w i t h  2 f u e l  cells* and 2 sets of tanks  per s i te  for
h i gh pressure or cryogenic  storage would be $664K or $66.4K per s i te  ($640K
b r  t ,mnks and $24K for fuel  cel ls) .  Based on a 3—year l i f e  for  time fue l
i m ’ l i i ;  .i~ d .i 10- - ve.t r life for th e’ tanks , the cost per s t a t  lou per vetm r over a
10—year ,eriod** would be $9. 3K ($200K fo r  deve I opnmt ’ut. , $h . ’iO  I or Lim e taim k~;

$b5K fo r  the  l uel c e l l s  and $24K for  hydrogen) . Again  the  I nves tment  va lue
of money has been neglected . The corresponding cost per site per year for
time hyd ride system would be $9.2K ($200K f o r  development , $b SK for  fue l  cells
and $650K for the f u e l ) .

Fuel cells should not be eliminated because of cost. T~ i low weight
umma kea them a potentially acceptable power source. The technology of light
w e i g h t  ta nks Is advancing , if  fuel  cells are to be considered as the ’ pr ime

- 
* Thi~~ flsqume .s the re are 20 fu e l  cell s In all . One spare for  each s i t e

is rect rtmende’d fo r the f i r s t  p roduc t ion .  A f t e r  tha t 4 spares tota l
should be adequate.

** A 10—year per loch was chosen here and in subsequent ee’onomic consid er—
at  ions a the 1 owest e- onunnn per hid over whil e Im c o s t  i-i could he amer t I zed
f o r  compam - ison pt i rp o s e t t .
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power source, it is reconunended that studies be initiated on the  insu la t ed
container , the fuel storage system and on fuel cell development based upon
the first tests on the container and fuel . At this time the solid polvm e’r
electrolyte (SPE) fuel cell is the leading contender for this appl ication .
if the fuel cell is accepted , it is predict ed that major system n malum t t ’u m aumce ’
costs would be for  t ransportat ion and replacement.

FUELED mERI’IoELEc’rR IC (;ENERATO R S

Thermoelectric generators conver t heat into electrical energy
making use of the Seebeck effec t whereby two junc t ions of dissimilar  metals
at different temperatures set up a potential difference between the two
junctions that can cause an electrical current to flow in an external load .

There are basically three types ot heat sources tor heating time hot
junc tions. Radioisotopic sources will be deal t  w i t h  in inert ’ elt’tai 1 j i m  t he’
next section. Flame types burn the fuel with an open t Iame . The t h ird type
uses a hot catalyst bed to oxidize the fuel in to carbon dioxide , water and
heat.

The presently available units, based upon combustion , can he run on
readily available hydrocarbon fuels and can be very rugged . Low ambient
temperatures tend to increase the performance since ambient air is used to
cool the cold junction and the potential difference increases as the diftcre’tw e
in temperature between the hot and cold junctions Increase. Generally th ere’
are no moving parts so thermoelectric generators are simple and there Is
little danger of mechanical parts freezing up in cold weatimer .

On the  minus sid e , the ef f ic iencies  of generat ion of electric al
power ar e low , of the order of 3 to 7% based upon the heat content 01 the
fuel  used . Also to obtain optimum output  the hot junc t ions  of t ime ’ gene’rator
are somet imes operated near the upper temperature l i m i t  of the j u n c t i o n
mater ial and local hot spots and fai lure can occur . However , technology iu m
the area of burner and module design is well advanced and r e l i a b i l i ty  ot the
elements Is very good . In some models , fans and fuei  regulat ion t e ’aturi ’s
are incorporated to Improve cooling and combustion. These feature’s are’
beneficial for attended operation , but can severely limit rel i a b i l i t y  du r ing
unattend ed operation , especially at low t~ nperatures. Large aummimunt s i~ t w a t e r
vapour are produced by the combustion and must be exhausted wi thout  treezing
up the gas exit ports.

The main disadvantage of the open f lam e type for unat tended
operation is the possibility of flame—out due to time wind or temporary block-
ages in the fuel line. Tests have been conducted with a 12—watt 3M ge’u m i ’ r . i t i ’I
at DREO (14). There were instances of flame—out in high winds and the! unit
had to be’ restarted manually. Work has been done on better wind proofed
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burners, but the requirement to withstand 120 mph wind s is considered to be
beyond the present state of the technology. For units in the kilowatt range
the burner assembly and heat exchanger can retain suffic ient heat for a few
seconds to restart the flame, but for a 30—watt unit the heat content would
not be sufficient. The Department of Indian and Northern Affairs has used
this type of unit in the Kootenay , Wood But lab anti Watabu Nat iou , ~l parks

system since 1967 (15). They have experienced flame—outs and trouble with
keeping the propane flowing in the gaseous s ta te  in cold w e a t h e~r. l i l t ’ beu l I In g
point of propane Is about —42° C. Pressurizing the propane con t a i n e r  w i t i m
nitrogen causing the liquid propane to f l o w , and / or  heat  11mg t h e  t a nk s  an d gas
lines have el iminated most of these problems . The B.C. Coverummnent (lii ) has
recently converted many of the f lame—type genera tors  on micr owav e r epeater
stations to pr imary batteries because of the flame—out prob lems . None of the
systems mentioned above were designed for the long unattended pert;-Is of
operation required by the Arctic Rad io Repeater system .

The catalyst type thermoelectric generator i s  not ~;u- ;
~

- t~ i ’t  l b  Ie ~ to
flame—out as no open flame is involved . The combustion region is sufficiently
insulated and the temperature of operation is sutti ci e im tl y high to re— ignite
the f uel , and restart the unit automatically on resumption ot fuel flow after
the flow has been shut off for minutes (up to 20 minutes at 25°C). High wind
can have a small effec t by exerting a back pressure on the propane or by
diluting the propane—air mixture to a lower level . However the design is
such as to cut down the wind effect at the burner inlets.

The catalyst type of thermoelectric generator is the only one con-
sidered to be feasible for one year unattended operation in the Arctic .
Figure 5 shows an installation of a 40—watt unit being tested a t  l)REO . I t  is
a Telan 2 model produced by the Teledyne Corporation and operates on propane.
The main disadvantage in its use in the north is that propane would have to
he shipped to the site and maintained above —37°C, since the propane vapour
~-uressure at the pressure regulator for the burner must remain above 10 psig.
‘I~itg is not considered to be too serious. Only about 5% of the heat produced
by propa ne combustion is converted to electricity . The remaining heat is
available to keep the fuel warm. Also since the conversion efficienc y is
greater at low temperatures, surplus power can he used to electrically heat
the tank and fuel feed lines. At —40°C the unit will deliver 150 to 165% of
tim e power produced at 25°C.

The Department of Indian and Northern Affairs has been using a
number of 25—watt units of this type since 1971 without encountering serious
problems (15). Nitrogen was added to the propane, however timis may not be
feas ib le  in the Arctic as it could severely increase the weight and volum e
ut gases that have to be transported . Insulation and auxiliary heating of
t ime  fuel  when needed is preferred but this would require about $25K of
development work and in addition would cost about $200 per installation.

Maintenance is reported to be minimal. The only requirement is to
replenish the fuel and replace the catalytic burner which is expected to last
in excess of five years.

‘I me choice between a 30— or 40—watt  unit  cannot be made u n t i l  a f t e r
the  DREO evaluations are complete. There should be enough waste  hea t and
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extra power available from the 30—watt generator to ke’u ’p t h e  fn o l  and t u e l
l ines warm . However , this presupposes that an et f i c ien t hea t exchanger can
be designed. The performance of the two d i f f e r e n t  sized u n i t s  may be much
the same because the 40—watt unit would requ ire more heat since it need s
larger fuel tanks and quantity of fuel .

The weights would be 73 lb and 93 lb and the’ basic prices $2. ~K and$ 3 .5K t or the 10—watt and 40—watt u m m i t s  respectively. iioth occupy the sanme
volume, 5.4 Cu. f t .

The fuel consumption of the 40—watt  unit would be 7.8 Imper ial
gallons or 45 lb per week. This t rans la tes  to 405 gallons or 2 140 lb for  one
year ’s operation. Two tanks containing 235 Imper ial gal lons  of pr opa mm~’ would
give 16% extra fuel. Time tanks* will have a total combined weight of 4825 lb
(2413 lb per tank). A 30—watt system would use 5.8 gallons or 33.7 lb per
week and 302 gallons or 1750 lb for one year. To provide suffic ient reserve
f uel , this would require 350 gallons of propane and using one tank** will
result in a total weight of 3570 lb. The total cost of propane for one year
of operation of each station, at $14.00 per hundred weight , would be $380 for
the 40—watt and $285 for the 30—watt units. The tanks f or storing 235 gallons
cost $390 each, and the one for storing 350 gallons $515. The cost of the
tanks per site (assuming 2 sets for each site , one for operation and the
other for refilling or exchange) would be $l.56K and $1.03K rcspec t ivel~- .
The initial cost per site for the 40—watt unit would be $5.64K, $3.7K for the
generators and $l.94K for the tanks and fuel . Tile corresponding figures for
the 30—watt un i t  would be $4.OK per site , $2 .7K for the generator and $l.3K
I or time tanks and fuel . Averaged over a 10—yea r period the cost per site per
year for 10 sites would be $1.5 3K (total cost: $25K for development , $74K b r
the generators, $l5.6K for the tanks and $38.OK for  fuel) and $1.18K (tota l
cost: $25K Icr development , $54K for generators , $10.IK for tanks and $28.SK
for fuel) for the 40— and 30—watt units respect ively.

lime volume occupied by a I 3’~ U . S .  gal lon tank  is 115 cu .  I t  . Th i s
is for the rce’tangu 1,-u r or shi pping volume even though the t an k s  are’ c v i  i nd r  h a l  .
Tlmt’rc t om-e for the 4~)—w at t  u n i t  the two tanks would occupy 2110 cu .  t~t . For
t i m e ’ i0—~~m tt unit tile t ue l  supply would occupy 190 cu .  f t .

Bes ides evaluat  Ion for  the  Ar t ’ t ic  Rad io Repeat or sy stem , t i m e ’  purpose
e~ ohi :mintng a un i t  for  DRE O Was to s t u d y :  methods of d e ’s lg tming  a smm t U m b l e
hea t cxchanger  for the  tanks and fu e l  feed l ines , r e st a r t  ca p a bt l  i t  los ,
coed i t  ions nec easary for  minimum fue l  consumption and operat ing  t e m p e rat u r e .
A see’ondary a im , t imough nut spec If  Ical  I for  the repeater appl icat ton, Is to
cons id er ways of utilizing the waste hmea t to provide heat fo r  shm e d s or t ime
. ‘ i e ’c t t o n t c  package if it were requi red  at  a la ter  da te .

I t  is f e l t  tha t the ear l ies t  tha t  a t h e r m o e l e c t ri c  sy s tem camm he
av a i l u b i  e for  i n s t a l l a t io n  and operation is 1980. The p lan was to e’~-a I m m a t t ’ t h e
u n i t  a - ~RE0 aumd design a su i t ab le  ime’a t exchanger dur ing  t ime wi ntt ’1~ S 01

* Tanks are  I il lcd  to 85% capac i ty  so tanks w l t h m  134 U .  ~~. gal  ion  capae’ I t  v
~‘ a u m  he used .

** A t ank  w i t h  500 U . S .  ga l lon  c ap a c i t y  is s u i t ab l e .
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1977/78 and 1978/79. This should be followed by the operation of two u n i t s
for  one year at Alert during the winter of 1979/80. The evaluat ion at Alert
is essential. Operating data does exist for other similar sites which are,
on the average, about 10 Centigrade degrees warmer than Ellesmere Island ,
but at which the mean daily temperature in winter is a few degrees above the
cr i t ica l  temperature of —37°C for the fuel. On Ellesmere Island on the
other hand , the mean daily temperature is a few degrees below —37°C.

The above dates assume that all the tests are favorable and that
units and heat exchangers could be procured by early 1980. If changes are
required after the preliminary testing , the earliest and probably most
r e a l i s t i c  date for  installation would be early 1981 , to allow fo r  any redesi gn
and tes t ing .

RADIOISOTOP 1C ThEEI40ELE~TRIC GENERAT ORS

Thorough evaluation of this type of generator will have to await
comple t ion  of a contract wi th  AECL for  a f eas ib i l i ty  stud y to look at the
availability of radloisotopic thermoelectric generators, any development areas
that would have to be studied and possible solutions to the technical  problems
suggested ( 17) . The estimates quoted in the following par t s  of th i s  sec t ion
are based upon the best available data in 1977. Significant changes , either
as increase or decrease , could occur in the cost and l i f e  f i g u r e s .  Any delays
in availability dates would push the date fu r the r  in to  the f u t u r e .

At t ime presen t time , no work is b e i n g  done on 30—wat t  u n i t s  in
Canada or time U . S .  AECL no longer makes the Map le  series 01 low power
r ad loi so top i c  thermoelectr ic  generators . In te re s t  in the  U . S . is on l a rg er
(2 kW) isotopic thermomechanical devices using Brayton or Stirling engine ’s .
However , the  U . S .  are beginning to define a requirement in the 30—50 w a t t
range (18) . Generators produced in the U.S .  normally use S t r o n t i u m  90 as the
heat source. There appears to be a shortage of Strontium 90 , thus manutac-
turers of small  units will not quote on price and ava i l ab i l i t y .  AECL U S C ’S

Cobalt 60 because it is readily available and in use in their cancer timer~tpy
uni t s .  S t ront ium 90 would be preferable for time Arctic Repeater system since
it has a 25—year half—life compared to 5 fo r  Cobalt 60.

AECL foresees the necessity of a program to redesign the Maple
series to minimize radiation damage to the thermoelectric elements and scale-
up time electrical power output. A possibility is to put the elements outside
the radi-’tion shielding to decrease damage. If contracted to develop and
produce units , AECL will work on the thermal source and sub—contract work on
the thermoelectric elements.

-- 2~1~~
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AECL estimates tha t development of two prototypes would cost about
$ 500K over a two year per iod from the end of 1977 to the end of 1979 or ea r ly
1980. One year of evaluation at Aler t  from the summer of 1980 to 1 981 ,
followed by production , would result in an installation date of time sumumer of
1982. The cost of the production units with a life of 5 years is estimated
at $lOOK each. For a 5—year life, cost per year per site for ten years of
operation for 10 sites would be $25K, $2.OM for generators and $0.5H for
development. For a 10—year life this cost would be $l5K per site per year.
The individual units would weigh less than 3000 lb and occupy abou t 50 cu. I t .

The main advantages of this system are the lack of ma intenance
required and the ability of fulfilling the requir ement of serv ic ing and
replenishment  on a single yearly helicopter flight to all  s i t es ,  Also ,
rel iability should be high , because the generation ot electricity would not
depend on mechanically moving components.

WINDMILL-BATTERY SYSTEMS

The informa tion in this section will be ampl i f ied  in a subsequent
repor t  a f t e r a relevant task presentl y underway at DREO is completed (I ’~) .
The est imates quoted in the following parts of this  sec t ion are based upon
time best available data at the time of writing this r epor t .  No s i g n i f i c a n t
changes in information are expected .

REL IABIL IT?

The e f f ec t c f  low t empera ture and icing on mechanical pa r t s  and
I inkages in an Arct ic  env ironment will have to be assessed . Even tua l ly ,  as
b et t e r  DC generators become available they will also have to be assessed .

0 ascer ta in  the s ize  of the battery system needed , a ~lcta ilee l survey ot
wtndspeeds at the Arc tic sites will have to be completed . For a prel iminary
estimate , a battery twice the size of the recommended standby power supply
was chosen (see next section for details). This would provide 72 days of
utm tn to r rupted power even in the complete absence of windpower . Studies
carr ted out in the Northwest Territories m d  lc ’ate’ that tim is size of bat I cry

would be s u f f i c i e n t l y la rge so that the char g ing rates determined by wind
pr o f i les , in relat ion to the battery size, are sufficiently low that  charge
Is accepted even at the low battery temperatures expected . This would have
to  he confirmed . Some mechanical servic ing and rep l acement wi l l  he required ,
Isi t the’ amount of ma intenanc e is not known . I t  is expected that one ~ear l  \
h&’! tt ’opte’r flight for a l l  sites would he’ a l l  t ha t  wi l l  be r equired I or

UNCLASSIF iED

_ _
~~~~~~~~~ - -



UNCLASSIF1F.1) It

servic ing . Estima t ed l i f e  is somewhere between ~ and 10 year s. A standby
battery would not be necessary for this sytem.

SCREDULINC

The studies at DREO are ~‘x~t’c ted t o  he comimp ~~ Ott at I t i C  end c i
1978. Sp ec i f i c a t i ons  .end award iim g ~~t a e’ont rae for t w ~’ prot ot vet’
models could be accomplished by the end of l~~79 w i t i m  ins tal  l , i t  io im of the
units  in the Arct ic  in 1981) for evaluation. Because of time possibl e detri-
mental e f fec t s  of the Arct ic  environment on the mec imanic al  p ar t s  and linkage’s
of the system, a 2—year evaluation is reconinended . A con t ract  for  the- re’—
quired ntmuber of uni ts  could be awarded in 1Q82 w i t i m  i n s ta l l at i o n  to t a k e
place in the summer of 1983 .

COST , WE IGHT S AND SIZES

The wind turbine system would he simi la r  to t h e  one i ns t a l 1 e~1 at
DREO shown in F igur e 6. The diameter of the wind turbine  would he 15 t eet
and the turbine would be erected about 8 feet above the ground on a frame.
The unit itself would have to be supported with guy wires. This would
involve more eite preparation than for the other systems. The cost ot the
two prototypes and two sets of lead/ac id batteries for evaluation at Alert
and the evaluation itsel f , would b e about $401(. Est ima t ed cost 01 the u n i t
would be $5K includ ing the charger for the ba t te r ies .  The cos t ~ t the
batteries would be $3.4K per site. Therefore, the initial capital costs
per site would be $8.4K. For a 10—year l i f e , the cost per year per s i t e
for  10 sites would be $l .2 4K , $40K development , $50K for  w i n d m i l l s  and ~~~~~~~
for  batteries. For a 5—year l i f e , the corresponding cost per si t e  per ~‘e.u
would be $l .74K. The weight of the system lees batter ies Is ex,pe’cted to he

500 to 1000 lb. The shi pping vol nine of the windmill if conm p 1 o t t ’ V s s i m mb 1 t ’d
would be over 3000 cu.  1 t. If disassembled time ’ volume could he’ ot  t h ~ ,‘t

of 150 to 201) cu. f t .  The ba t te r ies  would weIgh 4801) l b  .itmd t’t’cul~ -~ cu .

STANDBY 1~)WER SI STEMS

For the standby power units whicim must go on au t o m a t  teal lv m d
g [Vt ’ 30 days of operation, different considerations than these ot  t im m’ -~,m ti m
power supply must be taken i n to  account. The fue l  c e l l s ,  t i m e’rmot ’l t ’t ’ t m  mc
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genera tors  and windmill  system s are  not s u i t a b l e  as ttmey would have t o  h e
kept “ idling” and ready to prov ide f u l l  power at any t ime.  For w i n d m i l l
systems, one could not always count on there being wind . The other sy s t e m s
would requ ire a per iod of warmup to get the system up to operat ing cenditions .
Also it wou ld not be desirable to have an ident ical  system to r  time ba ckup
since the main sy stem would then be dupl icated in size and cost and there’
would also be the same re l iab i l i ty  implicat ions.

Pr imary  bat ter ies  are not the bes t choice. It is probable tha t
f a i l u r e of the ma in power supp ly would occur dur ing the extreme cold periods.
Sinc e time number of cells required depends upon the minimum t e m p e r a t u re  and
the duration of operation at that temperature , It does not follow that for
30 day s  of operation one requires one—twelfth the ’  number ol cells. In cal-
culating the number of cells req u ired fo r  the ma in power s u p p ly , use ~ .ms
ot the  f a c t  that  the system would be at  the low tempera tures  for  less th an
halt the t ime. For the standby mode the entire discharge could be at t t i t ’  low
temperature. Since the number of cells needed for the Cipe l  b a t t e r i e s  i s
determined by the current drain , to ensure operation at the required current
.m t  -~~5°C the sam e size of ADbOO battery and two—thirds the number ot APtiOS~’
bat teries b r  one year of opera t ion would be required . One s t r ing  of ADt -~di,)
cells could not give the required current. The AD6O8Z battery could maintain
th e required current for the 30 days since the battery would only he about
I S %  discharged at tha t t ime . For the other pr imary cells the s ize  of the
b a t t e r y  would be determined by capaci ty delivered . A fever number of c e l l s
wou ld be r equired , bu t each cell would be discharged at a higimer current drain
and t h at  would decrease the  a v a i l  able c.mp~mc I t v at  I ot ’ cmpt 1, 1  t or es.
cu r ren t  of about six times tha t used for  calculat ion of time s ize  of hatters-
needed f or  one year ’s opera t i o n , the available c a p a c i ty  at  -~~~°C would ho
abo u t  50~ of that at  the lower ra te .  There fo re , a h a t t c r ~- of one—sixth , not
Of l O — t ~s t ’ 1 ft i i  t i m e  si .~e of the t’n e — v , ’ , m m  l i t  t c t~~ wont J be i I I cd t o  Vt ’

0 day s  opera t ion a t  —55 °C. This b a t t e ry  would s t i l l  c o n t a i n  thousand s o~
,‘ oil s and intercell connec t ions which could cause prohi ems . A n o t h e r  d i  s—
advantage of the use of pr imary  cells as standby power supplies is that once
d Is~-har ged , th e~’ would have to he replaced . The l i f e  of these c e l l s  u’ou ld
he about  5 y ea r s .

Time only sui table  cells to use as standby power are secondar~- ce l l s .
Unlike primary cells they could be recharged from the main power supply if
d ischarged . In the event that the main power were to go off temporarily , say ,
because of extremely low tempera tures , secondary ba t t e r i e s  could e a s i ly
supp ly  the power . When t he  main power supp ly was back in service the s tandby
row er supply could be recharged . This system would require  a charger  capable
of keeping the batteries on trickle charge. The charging current would he
of the  order  of O.1A and would not impose any severe demand s on any ot t he
ma in power suppl ies selected . The only system that might be affected is the
.‘i nc/a i r  cell , hut sufficient redundancy was allowed to compensate for  th i s .
At low temperatures, the self—discharge rate would be extrenmely low. A
suitable charger that would allow the battery to be trickle charged at a
low current , yet not discharge the main power supply or the standby battery
if the main suppl y voltage fe l l  between 1OV and the voltage of the s tandby
power suppl y, could be bui l t  for  about $100 to $150 for the lead/ac id system .
The’ cimarger system for the nickel /cadmium system would be more complex .tt m el
mo re  costly.
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Table I l l  shows cha rac t e r  1st Ics t or secondary hat terv ~; C , m I m d h v
sy stem s ba sed on the  b a t t e i  ies li st ed  in Table 11* . At a con t  Inu ou s maximum
current drain of 2.2 amperes , fo r  10 days o per at i o n , 1584 Alt would be’ rt’—
quired . Ii is no t pøssthle to obtain exactly this capacity b ecause  ot  t i m e
sizes in wh ich  c e l l s  are  a v a i l a b l e .  Time number 01 ce l l s  in p a r a l l e l  ne eded
was determined by c a l c u l a t i n g  the least number of cells required to g ive a
minimum of l bOO A im . Time nickel/cadmium b a t t e r i e s  would del iv r 30 w a t t s  ot
power at  a vol  t. age of ~bou t 1 JV , sub t I c  i out to ope ’ at e  t i n ’  re~~u 1.1 t or  in  t he
constant power mode. Only ~ lead/acid cells in se’r ies are reco~mmmend ed b e r t ’
as opposed to / for t he  main power supp ly .  W i t h  the higher cotm cemmtr .mt ion of
electrol yte needed, such a lead/ac id standh~’ battery would he o p e r a t i n g  a t
about 12.8V and deliver 2b .5 watts. This is considered to be adequate b r  the
star.dby mode.

Or t ime  four  systems l i s ted  in Table I l l  and based on the cost and
weight  the V a r t a  480 Ah lead/ac id cells or equivalent are recotmnermded . The
w e i g h t involved should make t r a n s p o r t a t i o n  In one he l i cop t e r  b l i g h t  poss ib le.
These cel l s  hav e a l i f e  expectancy of 15 years , but  t h i s  is f o r  h ighe r
operating t emperatures and lower e~ ect ro 1vte ’  conc e n t r a t i o n s .  I t  would be
necessary  to use an e l ec t ro ly t e  w i t h  a s p e c i f i c  g r a v i ty  Ut  1. 29** . Ac cord  tu g
t~’ the calcu la t ions  of the  type done earl ier  on secondary b a t t e r i e s , the
e l e c t r o ly t e  would not reach a specif ic g r a v i ty  of 1 .2 5  and a f re ez i n g  po in t
ot —~~~°C u n t i l  a f t e r  t he  b a t t e r y  had been comp lett ’l~’ discharged . Studies  to
cvalu .-ite the  behaviour  and l i f e  expectancy of c e l l s  using the 1.2 ’) sp. gr .
el e c t r o l y t e  would cost abou t $25K .

CONt ’L U S I ON S

-r u e co s t s  and avai1~ibilttv of various candidate power suppi ies ~m r e
-~.unit ,, mr t oed and conm pa t  ed in Table IV.  The I irst two p ar a m e t e r s  .ire’ the dates
when the par t  i cu la r  sy st ems  w i l l  he a v ai lab l e  for installation and t h e i r
t’St r i i t e d  de v e l op m en t  cos t s .  In the cases where deve lopment  is r equ i re~1 • the
date s  and c o s t s  are bes t  es t imates .  The i n i t i a l  c a p i t a l  cost inc l udes o n ly
t h e  equipment  I t s e l f .  I t  does not includ e s i te  p r epa ra t i on , t r a n s p o r t a t i o n
or t h e  st andby  sys tem except wimere noted . The y e a r ly  r ecu r r ing  i te i u o  i n c l u d e’
such thing s as f u e l  or sy stem replenishment .  As ment ioned e a r l i e r , t r a i m s —
p o r t a t i on  cos t s  w i l l  depend grea tly upon the mode of t rave l , and the urgenc y
w i t i m  w h i c h  time a r t i c l e s  are required at  t h e i r  des t ina t ions. For this reason ,
w e i g h t s  and volumes only are  listed . In order to a r r ive  a t  a cost over

* As in the  e a rl i e r  section en Secondary B a t t e r i e s , t ime c e l l  s iz es  .mitd
brand s l i s t e d  are not necessari ly the  recoi~~ended ones. The~’ .t r t ’
nm~’r elv typ i c a l  of many brands .

** ~ .‘S °C / 2 5 °C.
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TABL E I ll

30-Day Secondary Bat tery  Standb y Systems
fo r Arctic Repeater System

Sy stem # Cell ii Ah Weiglm t Volume ’ Cost $**
(series x parallel) capacity (lb) (cu. ft.)

N i /Cd
KAP 4~ 

40

615 Mm * 
(10 x 4)  1660 1680 l ’  l~~b0

N i/Cd 40

488 Ah * (10 x 4) 1950 1680 15

Lead/Ac id 24
480 Ah* (6 x 4) 1920 2400 .‘i

Lead/Ac id 
6

(6 x 1) 2200 4000 21 

- - 

1 8 0

* or equ ivalent

** 1976 pr ices
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10 years , the cost per s i te  per year f o r  10 sites was c a l e ’u late ’d . l’ im is  anmo u im l
includes development costs , but excludes transportation , site’ p1 ep a rat  ion and
the standby system costs. Mainte’nance requ irements .-rnel general ~‘ommsi derat ions
complete the table.

Al though listed last in the table, time standby power s~’~4tenm w i l l  ho
discussed first as it is cotmuon to all  the ’ other systems . ‘l’i me b ’~~t a l l
around system is the Varta 480 Ah l ead/acid or equ ivalent  s\’ste ’m . Time ’ weight
and cost per s i te, both for  the i n i t i a l  i n s t a l l a t i on  and a m o r t i z e d  e ’v ,’t a
10—year period , are  moderate.  These ce l l s  are r e a d i l y  ava I l a h i  e t i n t  w ou l d
r equ i re  sign i f  Icant maintenance over a 10—year period . It is not (‘xpt - 3 - t ~‘d
hat time use of a higher concentra t ion o f elec trol yte would have any n i gim i t  I —

cant cIt cci on time life of the bat t er I es at the tcmperat ure’s of opera t ion i t m
time nortlm .

From the  dates  tha t the  systems will  be ready I or i n s ta  I L it  ion , i t
ca i m he seen that only one systcnm could be used In 1979 . ‘l ’lmls is t ime C i pel
,~in c /a ir  sy stem . It could be considered as an Inter im sy stem , be•&’~musc on t ime
ha s is of w e i g h t  and cost , it is by no means time best svstesm . Al so , the  s i t es
could not be serv iced on a single yearly ltd icopter f I i g I m t  o al l  sit es . One
or more fi lglmt s to each s i te  would he ’ requ ired. i f  eacim p . i r a l  I ci st r  ing in
the  b a t t  cry were I I  tt ed w i t h  a d iode and there was sui t I c len t space :mva I l ah i  e
at time sites I or two sets of batteries, i t  would be advantageous to remove t i m e
supposed l y spent b a t t e r i e s  a f t e r  two years ra ther  t itan a f t e r  one. Time used
battery womii d st 1 11 imave soimme capacib ‘- when the t lute came t o  roll  t a c o  it . i t
t ime used and the r eplac ement batter les were connec t ed in  pa ra l l e l , th e used
Ofle’ cou ld con ti nue to give electricity until it was exhausted to  a voltage
below the cutoff of the diode. It is conceivable that  this could  r e s u lt  In :m
s av i n g  ot one b.-ttte•rv in ten.

The r eimma l i m i n g  sys tems, s Lt mc e t lme y will not he available by 1979 ,
e’ an be’ d Iv Id e’~l int o  two cii tegor I m.’s depending upon wimethe r  d evel opimment , t i m I t  Ia 1
e’.m I’  I ta I and amortized costs ar e low or it igim . The low cost category lite’ 1 ‘~el es
he’ w i n d m i l l — b a t terv s Y s t e m  and fuel ed timerimmoel cc tr Ic generators. The im igl m

e ’ i ’ ; t  c . m t  e ’got ’\’ requ ir e extensive costly development and include fuel  cel l s
and rad t o  i sot o p  Ic t imermoel cc t r Ic generators. The im I gim cost systems would not
be available as soon .is time low cost sy stems .

~ t I he low cost systems , time windmill —hat tery system is  chosen t o  be
I in’ most o t t  t a  c ( i v  o a Inc e it does imo t I iwo I ye’ the transport a t  ion of f u el
Ilowt ’~~e’r , it r e’ I taLi li l t v has not been comp I et ci ~ checked and cx tr enmel y low
environmental t empera tures  could have an adverse efiect on ft. Even if Its
III e was only two years the cost per site  per year would be $ 1 . 94K ($40K (o r
development , $ 14K for  the batteries and $250K for  the windmi l l s ) .  However ,
a we ight of 500 to 1000 lb per s i te  would have to be transported only every
oilier y ear .  ‘th i s  In itself would result in considerable savings.

We can consider the i n i t i a l  capital cost and weight t ’t tanks and
fuel for time tue’ l eel thermnoelectr Ic’ generators to be comparable to  t ime weight
and c t ’ st  of Cl  pet eel  1 s. If the extra volume occupied by the propane tanks
dot’s not present too great an increased t ran spor tat ion  cost over time battery
system, t i me co s t  ot  replenishment of f u e l  is very much less than t ime r e p l ac e—
inent ot the C ipel bat icr ics . The 10—year anmort ized e’Ost Is on ly  one— quar t er
tha t of the- hatter ics and of t ha t  only one—quarter is for f u e l , t he r est Is
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t e ) r i n i t i a l  cap i t a l  cost and deve lopment .

Fuel ce l l s , w i t h  time except i omm of SPF fu el c e l l s , and rad l o i s o t o p i c ’
ther immoel ec t r ic  generators are hi gh e’OSt a st  ezmm s because of si gn i f  L e a n t ]  y ii 1gb —
er development and h u t  ha l  cap i ta l  costs .  Since a l a r g e ’ p or t  b i t  of time
amortized costs Is involved with the development o t i m e  u n i t s  and In it i:i l
pu r ch ases , s i g n i f ic an t  savings could be rea l ized If  time ’ advances made by t he
im~inu f . ic  turers were’ fol  loved tel SOe’ if uni ts can be’ purchased , SO t el spe.mk
o f f  — the— slid I , at  a la te r  eL.I to and at pr Ic e’S lover t luau those ’ quo t eel l i t
Tab Ic’ IV. Tim is approim elm could be espec iii 11 v betme’ I I c I a I f e lr  t i m e  dcv ci empmelm t
of time rad io isotop ic thermn oelec t r ic  generator ai me l time it Igim pressure or
cryogenic tanks for  fue l  eel Is.  however i t  is uni tke ’ly that  t i m e  sy st  ems wou ld
be avai lable on the dates  quoted in l’ab i  e I V .

Sl’E t uc’l cc’ 11 w i  ti m h igh  pressure or cryogen  Ic imycl m’emg emm t an ks  - m d
based On t i m e  anmort ized I Igures in Table IV , would be less t ’xj l o im s i vc  t han t i n .’
zi nc /a i r  b a t t e r i e s , if the cost of t r an spor t at ion  to Aler t a lone Is greater
than $2 .  60 per lb .  ‘rite correspondIng hr eakevemi I igur e I or time imy dr ide sv st  em
~~J U Ed be about  $1 .70 per lb.  Fuel cel ls , t he r e fo re , should imot he r u l e d  out
because of hi gh in i t i a l  and t r ammapor ta t ion  c o s ts .  Thei r  low we igimt
e’Spct’ (al lv when I t  Is  eat tmatee.1 tha t  the  cost 1 lest portion of time t r an sp or ta t  ion
11111 w i l l  be ’ I toni A l e r t  to time site’ may make tim emn time p re fe rz m h lc  sys t em .
Also , I t  is e’st [mated t ha t  time cost f o r  the Iue’l cc’l I Itsel f , if p u r ch a s e d
elt ( — t h e — s h e l f  would be about $2K imer year per s i t e .  They would he 1 ig lm te r am id
less cost ly  titan time Cipel batteries and f u e l e d  timemmoeiet’tric’ generators , hut
mo r e’ e’xpens (Vt’ titan t’me windmill —b~u t I e’ry sys t c’m Time’ omi l ~

‘ am’ ea i i i  vii i (‘ii t 1mev
could be better than the windmill system would he on a rel iability basis.

l i m o  low e s t  p m  Ice ’ otme’ Cc lii le t  e ’xp ec t t o  pa~’ I e l m  I lie t ad 10 I Sel l  0~ to
t ime’rnmc’ e’ I, t’c t r Ic generator won tel be about $7 ‘mK each. if these had a 1 ii e cli
10 y e a r s , t ime e’ c lS t  per yea r per site would be $7. 5K. At tim is pric k’, time
s Y s t e m  wocml d have to be compar ed closely to time fuel  cell sy s t e m s c’ost Lug

~‘2K t o  S 1K pc’r s i t e  because fuel would not he required every year . It  would
a I so have to he conmpared c’10i4ClV to time low c’ost sY stems because ’ of i t s
t~ ’ 1 1, 1111 1 i t  v and lack emf reqim ire .nment for ma I tmtctmance or I or t ranspot’ t at  I on o
I Ue’ I - A t a d  to isotopic timermoeicc tr  Ic generator w i t h  ~ I i-out I urn 90 amid a li t e
of 2 ’~ years would he the least expensive of a l l  time systems .

Time In i t ia l  ins ta lla t ion weights , includ i ng t im e stamidhy hat t ery
wher e ’ . t i m p i  icable , do not vary greatly. The C ipel ba t t ery  • w I ndmmm i I i and
r . id le ’Isotop lc  the rmoelectric generator sy stem are  a l l  In time 5000 to 5800
pou nd range and would involve similar in it I a l  t ranspor ta t ion costs. The
fue’ h eel thermoelectric generator wou ld be abou t ‘~0O pounds niO l e’ t im.itm time’ . i b 3 ’~~’ 3 -

m mme im t toned sy stems. Using the extreme f igures of $0.20 mmcl $2.  SO per pound
f o r  transportation would result in an incr eased cost of $100 to $1 .2~ K pev

~1te ’ . ‘rheac f igures sti l l  make the cost of using the fueled timernmoelec’tric
generator comparable to the Initial capital cost of the best system , th e’
windmill—ba t tery. The SPE fuel ce’ll , depend ing upon the fuel ~~~~ would
have a lower em it weight than time wineimil I or batteries by abou t 1 000 to
2400 pounds. ‘time corresponding saving in transportat Ion c’ost S would be
$200 to $6.OK and therefore deserve’s further conside ra t i on .  As can he aecum
from Table IV , the i n i t i a l  costs of time ’ fuel cells would st Ill he signif I—
cant l y higher  titan the other systems w i t h  time ’ exception of time rndioisoteiplc
thernme~t’1t ’otr Ic generator .
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Al I of t ime  sv St ellis e’Xe’ e’llt t h e ’ bmi I I e’r ies would requ I N s I It ’  p r o—
para ~ ton. Poss lim i v time ’ SYS I em r equ hr  I img the  BIOS t We)u I ci he tilt ’ wi tmdm Ill
w h i c h  would  need a ha Sc ’ pact or aim c Im om’ s I or’ t i t t ’  w I ne irn i l l  t ow er  p lus I hr oe’
anchors I or the  guy w I r e s  - l’lmt ’ el t imer  svs t t’iiis would a I so imt ’c’d al mc helr or ~~uv

- - w Ir L’S, but not to the e’x t eimt of t ime w i ndni I l l — h a t  t cry sv st c- tv . Ilowt’v er , tin.’
added cos t  is flc)t hel ieve’cl tel (10 si gn i f  i c m m m m t  be’c’atm se’ tim e uma )oi i t y  of cost W i l l
he in t ranspor t  t u g  the  crew and ma te r  Ia I s .  Time ’ ext  l’.i I line requ [reel te l ~ t C—
pa r t’ the site for t i m e  w iu me lmu l  1 would f o r m  a sina I 1 part elf t ime to ta l c o s t .

Ri ’~CITh~-tE N l)A l ’I0 NS

I .  A more’ de ta i l ed ‘ U t ~~~’ e ’V 01 t e ’mpc ’r ature and wind speeds tot t i m e  pro-
posed Sit c’S ShoUld b ’ cart it’d out  to de ’t ernm .ine if t her e  Is s uf f  Ic’ let -m t wi t -m d
and w lme’t imet’ —5 5 °C is ,i r e a l i s t i c’ min imum t e m p e r a t u r e .

2. Cipel z inc / a i r  b a t t e r i e s  equipped with diode pt’otec t ion slm c)u l d he
u s e d  as an Inter im powe r supply unt  i i a ll glmte r and/ d r less expensive system
c .mn be’ c lov e ’ L e p e d  . It Is further recemtmend .d that the bat t er lea be’ r emoved
at Icr I W d l V Olii s and not one ve’a r in se rv ice ’ . Since’ solmm €’ c ap ac ’ [tv w i l l  st i i  I
ile ’ . tva  I lab I e , i f  tel’ cl ime ’ \‘e’,i t’ o f u se , tilt ’ ellel and new ha It e’t los can t lmen be’
u-m e d  i i i  p .mr a  l i t ’ 1 nut II th e’ old elfle is e’eliim pt ete ’ i v  e’ximau s ted .

I - l~e’.id /ao Ed bmi t t  e’t ic ’s equ lv i i i cut  tel t im e Vat’ ta 480 Ai m eel  I simon let  be
U - . ., ‘o • is [lit’ m i t  .1 imdby power mm s- st  eimm . ‘rime ci et ’ t to 1 y t c’ spec it to gray It v Welt i Id
h m . mve ’ t c c  he Lime ’ reasecl t e l I . ‘C) at 2 1 °C . Stud ics slioui Id he’ umm d e ’r takc ’u Ic ’

e ’ te ’rm l i m e ’ i i  .m l m i g ime ’r .tc’ Ed cone’ en I r .m t i cm w i l l  imav e an adve’rse e’t I e’e~ Olt I lm e ’St ’
11,11 Icr 1 c m ’ .

W ork  m-i lmc ’ t i ld  ce l il t Inut’ ott t im e  W i imt i l l i i I I—ha t t e ’i \’ 5 V 5t  clii as .i poss ih l e ’

lo W  ~
‘ ‘‘ t p ’”~e’~’ supp l \ t e l  d et e ’rm i im e ’ I t s  re’I Ia m bi  I i t  v in an ,i t’ e’t i elmv l rel n n meflt

‘1 Wel rk shoci let cclii  t I flue’ d i m  t ime  e’Vml I uma I ioim [Ii .111 .1 i c ’ I I 0 e’lmV I ronmemm I
o I tim e.’ c i t  a I y t  Ic t im erm oe l  cc ir -Ic gene’t’a t or , t e l elt~t e ’l’lll inc i i  mm i t ’ I i m i l l  I l  i ty • mi m ei
ct I I c ’ I ci te ’ y m in d te l develop ,u sub tab  I e’ heat exchanger  fom ’ I lie  p m ’opaime fume I at
I ow I Cliipe’rit lu re ’s .  ‘h ’ii Is System shou Id he’ t’oims l et e’i’e’d as the mm] te ’r immm t iv c or
hack—up te l time wlndni i ii svmm te rn as mI low e’ clSt  power s u p p l y .

1’ . ‘ f h i e ’ I e’~i~~I h i I  Ity ’  cli using I ue’l c’e’l I s  wi t i m  v at  [Oti s I vpes ot imvd r elge ’n
uc’ I s  simon Ed lle Invest Igate’d I nr t lm er  . Fuel c’ eli mm should lle c’OflS idere ’el 1m m

sp i t e ’  c ’I  I I l i i  )~Ii limit i i i  c o S t ; ice ’t ’.i iimm e ’ c ’i time’ low we.’ [gu t c c l  he lt i i t ime ’ m y - s t em
m u d  t lie’ f m i e 1 r i’qu I r eel I’or rep 1 e’lm I slmnme’um I .

1. ~ P ’c  I t Ic ’ work ml i i  i . i t l  1015010)1 Ic’ timei’moe’ l ee’ t r IC ’ gemme ’i’ .m 101 mm im ’voimd I lie ’
h e r - si - it t  fe ’.im; t i m  I l  i Iv  ot  tid y wi tim A F.CL cannot be’ re’e’onummeueleel mi t t im is t ime. ‘l’ime’
c c - m I  pci tin it Ima s tel ilL’ u’ c’duc eel cIt time ’ o i t he  I ( ‘ I m e ’ v t ime ’ r e’mms e’d , amme l the ’  PEt ’s ent
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rel iability of fuel supply has to be increased. New developmer.ts should he
followed because of the long life and maintenance—free aspects of the system .
It could be a strong contender in spite of its high initial cost, especiall y
if time cost of transporting fuel from Alert or Eureka to the site is excessive.

8. Any system chosen to replace the interim Cipel batteries Should be
evaluated at an actual site. The power supply it is intended to replace and
stand by bat tery should be used for  back—up.

9. A more detailed study of transportation costs should be carried out ,
wit h emphasis on transportation from Alert or Eureka to the sites. This
could be done best by operations people who are more familiar vitim the actua l
costs mi nd with the varied and most efficient methods of transportation .
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