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Sommercial risk 2

IINEISeIUtIONTIS a partnership between
[IALEN e ,e,J JrJ,LJJ,rJej? — Northern First Nations

4 vay'
- until the penny drops !
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Vanouverabilitysand bad weather

MIOGENMIGESIGN 1OPIS (€. ? C rP can develop airship
eptimal shape, engines locat ~a'nd controls on the
clrzlinlef e hoard. /G rOJJ’JJ r“rrdv\ m|n|m|zed

HyDHARCHaTt(1TA) ma ( have more flexibility in
CONLOINEIFBUBYaNCY, altl ude and attitude

- Accurate weather rcasting allows route
optimization (" )

= A Hangar is still needed to protect from high winds or
snow load. ( ).
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MOdE Of;
LrdnNsport

Boat

Ice R&ads -

positives

Almost unlimitedioad.

Fast =200k}

»

eompELiGnWItnRaltermative transport solutions

ar round access is limited to ice-free

| ports. Relatively slow — 20 kts

Limited load, expensive to run (fuel),
requires ice-free water to land

Al AaSHUPILORZ00KES

Limited load, expensive to run (fuel),
Vulnerable to bad weather

Limited to 3 months in winter.
Very expensive to build.
Quite slow 30-40 km/h

Airships -

Moderate speed 70-90 kts cruising
Environmentally friendly — quiet
Economical. Potentially large loads

Vulnerable to bad weather.
Needs infrastructure at main hub
Lift gas required.
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AlShIpESPEnceEived negatives

5 Vulnerability to weather

—\Eea goodierecasting and route planning
SRoUnEREpsIWhEre possible )

— Hangarseipweatner: protection at main port

 Lift Gas availabili

_ Helium from USA and (p'otentially) Canada

_ Not trivial — but alternatives need too !
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Woenradwide Helllm Sources

Fast Hanover Salzwedel, Germany

J Helium Producing _ Field il
J Non-Helium Producing® f N 'F":f',Ngog;h : ,POla"d Orenburg, Russia
< .J,‘)' ¥ ( : 4 Irkutsk, Russia
R & " 1 '
British Columbia/ e ade Do P
¥ -~

Alberta, Canada

Riley Ridge,
Wyoming

Moab, : o J
Utah ——— = —— S . .
. I _J"’ “‘r"},./ﬁ - £ &
Four / _d Wy S -
Corners \ @Gk [ ¥ Sichuan,

Area

Southeast

Colorado - / rJ North A"
Hugoton/ . : & Field, 1
Panhandle e "’ Qatar NG SR

Fields ' o . '. \ E_reﬁlme
II-JP' ) |I leid,

A Hassi R'Mel . , Northern
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Australia

Reproduced with permission of Air Products and Chemicals, Inc.
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HEUMNIansSpert fflom source

LONTainFAShIp port (hub)

Roadiankersaliguid 8500-13500 gallons (4-6 tonne).

= PrePaly MEthod Used or Initia El]f.)ﬂ]f charge

SN UITERRIElIUMm density 1257kg)/m S (1 /3' /ater)

Tiankeroaa Caiaeliver: uthf sm3 gas (m3 at STP)
- SjiPA=sstandard ‘L@mperara C) & pressure (1.013 bar)

= Modest amoeunts (m-— das) in HP gas in tube trailer with
G 12: .f;‘:))J JJ‘" of

- _ (as stored Jl‘ )gJ bar gives ~4 - 5000 sm3

= Small amounts as IiM:'I in Dewars. (Vacuum containers)

= Or - transport in Airship itself...
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NgueEReiumitanker — inerting space shuttle

Reproduced with permission of Air Products and Chemicals, Inc.

Copyright © 2009 Air Products and Chemicals, Inc. All rights reserved.



NeminaijiguidiHelium Dewar Weights
oducts data)

EmpLy VWelght IV eight

bs  (kg) - B bs (kg)

30 1808 (82) \ - 190 (86)
50 190/ (86) 209 (95)
~10C 2100 (95) | 237 (108)

1250 375/440) (170 /200)  445/510 (202/231)
500 500/645 (227/293)  640/785 (290/356)

Weight of container is 78% to 95% of total full weight

David Limb Reproduced with permission of Air Products and Chemicals, Inc.
Copyright © 2009 Air Products and Chemicals, Inc. All rights reserved.
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AlldernEDEWar concept

cotlaranairshipicartysal Liguid helium Dewar
ONEPIENISIOSSES TATIIG Jnr? —

YESEIRIPHRGIPIE

»
A 100 IEIPEWEIFContains 12.5 kg o
Ol gasiSHIE) WhEN vapourised.

iquid => 74 cubic metres

rnJ,Jgn to'keep'a 10 tonne payload airship replenished for 2
MONTtAS. B
: \
= The Dewar itself weighs about 95 kg (empty)

(Assumed diffusion/leak rate 0.3 litre/m2-day)
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Airship) Port Overview

ccmg leezition) O kel Jor 11¢]s)

OIMIETSOINEISUggestsiasifar North as possible for conventional
,Jm,)orr

FOIREAVYAgOOUSEAIErgE redcetors ete may be constrained by road bridges
or trafsUore frzlnles

SOMEcanaidatess »

- Hay RivErgeaY ellowknife (ferres

- OnfExtenuedilYickenziemighway in NWT

- Fort McMuriaysersidigh Level intAlberta.

-~ Need to lookfatHtiture infrastructure projects.

0 S‘ynergy opportunities
- Research park
- Medical centre - scanners

David Limb 15
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LY Northwest Territories

130 Yellowknife Highis
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MEIRPAIrRERESHID” basic facilities

SECUIEUPERMELES

H,JJ']U.JF(:))

W OIKSHOPNON rrp,ur_) SErvicing

COMMURICAUBAS cENT g “ontrol tower)

Weatnemeenue

Possibletrailispur with unleading facilities for freight /

liguid-helitm

Road access and freight handling.

= Administration block and passenger area — check-in
food hall etc.
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§aS RrJWJJJno facilities
auiVein - Hub®
IEeIameltm tankiand trans-fill station
WEIghHEFEN o tankers:
BOIIZ01I das r"omr)re.:ujo X
at

Eje|tife] nelum@ lg
UBENHAIIErS 1o, orage
Iijterconnecting ||ng to airship
SEIVIGING area >
Aj*separation plant (ASU)

- producing Liquid N2 with fill stations

- optional exygen production
- perhaps

airship envelopes.

David Limb

small amount of gaseous Helium.
= Helium purification unit for contaminated
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eenVersiontefiguid Helium to gas

n VVEMEEEMIENUMIdS aigas at ,Jm.)]v‘r t temperature for
USENnpIaniairship »-
SISOWVENEEH Lo convert from ligL id at
el e e aiorambient gas - ina controlled manner

J Latent heat of vapori *
water's LH) - Bh .

= Handling liquid can be a challenge!

David Limb
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REMOLENINSHI ort facilities

CUStOmMISEdrtoersultsfiunction Jnr scale of operation
MayAE LEMPOrialiy Of wrrrur nt

Initial reguirenents minimizec

No Hanegr= r\u_pm,)_) make round trip.

« Optionallielitm storage in tube-trailer for emergency
WELEYY) |
= Optional gas purification skid
. Fueldepot
= Basic Passenger amenities

David Limb 21
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" C fl Uid helium

Frelnk I
(LUBE trailer) storage

STie
DO BN EL

Je JJy pump the liguid to stor g pressure and then
diipIEnt:
VES e w,)ul cost and power consumption
COIMPreESSOor
eu Operation and proper overpressure
‘ I
o LIqUI e pUMp!I1s
super-insulated

very special item. Vacuum
suction side.

David Limb 30
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Reproduced with permission of Air Products and Chemicals, Inc.
Copyright © 2009 Air Products and Chemicals, Inc. All rights reserved.
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iC uﬂ gas e.g. liquid Helium

ants 4,447,195 and 4,559,786
-

‘n liquid helium containers)
|
h Nominal capacity is 75,000 SCFH)

as 6000 psic (400 bar g)

ent tI‘current gas compression alternatives
notor versus a 1200 HP gas compression system)

e 20 times m
(Pump use

..‘
J

e Meets product purity requirements of Space industry
¢ Successfully in use at the Aerospace Industry customers site

e Currently pumps available for leasing.

Reproduced with permission of Air Products and Chemicals, Inc.
Copyright © 2009 Air Products and Chemicals, Inc. All rights reserved.
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@ther Processing facilities

5 ClEdRuprelRcontaminated envelope gas

ENTNSIcrazyAterthrowiit-away. if still contains 80-90% helium
!

s AlNTMELOESIPrepably pre-compress the gas:
— Molectiarssieve adso%n of imﬂities —

alir aURVatERVapour:;, |

Eanterambpient PSA (adsorption) or

Cryogeniciadsorption after drying the gas

= Both deliver the purified helium at high pressure — useful for
putting INto storage.

- Membrane separation

= Delivers purified gas at low pressure - useful if to be fed
immediately into an airship envelope

PSA = Pressure Swing Adsorption
David Limb 33



HeliumrERVelope purification Process

USInGIMEmbranes
.

L

- 2-stage membrane £

X Alr

N |

@f@f ‘

p—

'L:'

Water separation

IR velope Purified helium

o

Second Airship Envelope e
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United States Patent (19 fi1] Patent Number: 4,675,030
Czarnecki et al. [45] Date of Patent: Jun. 23, 1987
{54] PURIFICATION OF HELIUM 3,713,271 1/1973 Franz et al. .......ccccvvviinvnnnnn. 55716
. 4,239,507 12/1980 Benoit et al. ..... . 55/158 X
[75] Inventors: Bogdan A. Czarnecki, 4,482,360 11/1984 Taketomo et al. ..o 55/158 X
Westhoughton; David I, Limb, ’
Stockport; both of United Kingdom FOREIGN PATENT DOCUMENTS
[73] Assignee: Costain Petrocarbon Limited, 637837 9/1963 Belgium .....cccoococmrerereerucearennee 55/23
Manchester England 724479 12/1965 Ca::nada rerrreeseenreenne 953/16
’ 1017637 9/1963 United Kingdom .
[21] Appl. No.: 713,572 1059945 11/1963 United Kingdom .
‘ 1115413 9/1965 United Kingdom .
[22] Filed: Mar. 18, 1985
. o o Primary Examiner—Robert Spitzer
£30] Foreign Application Priority Data Attorney, Agent, or Firm—Browdy and Neimark
QOct. 11, 1983 [GB] United Kingdom ................. 8327143
Jul 29, 1984 [GB] United Kingdom ..occo...... 8419090 [57] ABSTRACT

[51] Imt. CLY s BO01D 53/22

Helium contaminated with minor amounts of air, water
vapor and carbon dioxide and from an envelope (10) is
compressed in a compressor (12) and thereafter cooled
in cooler (18) and fed via water separator (20) to a first
of two substantially helium-permeable, oxygen/nitro-
gen-impermeable membranes (28,34), the permeate
from which is substantially pure helium. The imperme-
ate still containing helium is fed to the second mem-
brane (34), the permeate from which is recycled to the
first membrane while the impermeate is rejected with
little loss of helium. The method is useful in purifying
helium in an airship or balloon.

12 Claims, 2 Drawing Figures

[52] US.CL . verre 55/163 55/23;
55/68; 55/158
[58] Field of Search ....................... 55/16, 23, 68, 158
[56] References Cited
U.S. PATENT DOCUMENTS
2,540,152 271951 Weller ....ccovvvmvvnssnmrarenserens 33716
3,085,379 4/1963 Kiyonaga et al. . 55/23
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3,246,449 4/1966 Stern et al. . 55/16
3,250,080 5/1966 Garwin .. 55/16 X
3,256,675 6/1966 Robb ......... 55/16
3,324,626 6/1967 Dresser et al, . .. 55/16
3,350,844 11/1967 RODD .eeeeevvcecvccrerecsesiicnsnanns. 35716
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Sumn

OleNaneus nurdliesien r.or to an established
aifShipiuianisporissystem for Northern Canada, the
requiredinirgstructure can be reasonably well
defineds »

- Whilst there; aré some challenges and different

- technolc gIES peculiar to handling helium and its

unique nature, the solutions to these issues are

Knowr and ev

= SO what are we waiting for?

David Limb 36
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AlsIPNEIEEEhelitim demand estimate

Net payload tonne 10 20 50 100 200 500
efficiency - estd. % 70% 70% 70% 70% 70% 70%
Total weight tonne 14.3 28.6 71.4 142.9 285.7 714.3
Lifting capacity kg/m3 1.056 1.056 1.056 1.056 1.056 1.056
r Envelope volume m3 13528 27056 67641 135281 270563 676407
r = L/D of envelope - 4 4 4 4 4 4
ellipticity e - 0.9682 0.9682 0.9682 0.9682 0.9682 0.9682
length, L m 74.5 93.9 127.4 160.5 202.2 274.4
diameter, D m 18.6 23.5 31.8 40.1 50.6 68.6
surface area, A m2 3511 5574 10268 16299 25873 47658
specific leak rate, q litre/m2-d 0.3 0.3 0.3 0.3 0.3 0.3
leakage rate, Q sm3/day 1.05 1.67 3.08 4.89 7.76 14.30
Loss per year sm3/yr 385 610 1124 1785 2833 5219
Percent of charge % per year 2.8% 2.3% 1.7% 1.3% 1.0% 0.8%
Loss per tonne PL-yr |sm3/tonne-yr 38.5 30.5 22.5 17.8 14.2 10.4
Notes

1 A fleet of 4 x 50 tonne airships and 2x 10 tonne airships
would require 5266 sm3/year

2 One 1000 tonne/day oxygen plant recovering 80% of the
helium in the feed air would recover this same amount.

3 Envelope shape assumed to approximate prolate spheroid

David Limb



