- 1 - MONITORI NG SYSTEM FOR A MOBI LE STORAGE TANK
Field of the Invention [0001] The present invention
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storage tank in which a liquefied gas is stored within
a product container at cryogenic tenperatures. Mre
particularly, the present ihvaention relates to such a
systemin which data records of liquid Ievel and vapor
pressure within the o. along with
gl obal position data -6 : obal positioning
system are storedom @mmmw Tanansm tted from
arenote telenetry unit to a receiving station.
Background of the Invention [0002] Liquefied gases,
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are designed to mnimze product I"'oss through such
vaput ispdtdegmernthes 2ransmitted from a remote telemetry

unit to a receiving station.

Background of the Invention

[0002] Liquefied gases, such as liquid nitrogen,
liquid oxygen, helium, hydrogen and etc., are stored at
cryogenic temperatures within mobile storage tanks for
shipment to customers. Such mobile storage tanks are
incorporated into truck drawn trailers, rail cars, and
sea going tanks.

[0003] Although such mobile storage tanks are
heavily insulated and contain layers of vacuum
insulation, heat leakage by radiant heat transfer
causes vaporization of the liquefied gas during
shipment. The warm vaporized gas is vented and thereby
results in product loss. In order to minimize product
loss through vaporization, certain mobile storage tanks
used for the transport of value added products such as
helium can have thermal shields that are designed to

minimize product loss through such vaporization. The



thermal shield is a conductive netal sheet that
overlies the top of the product container and is
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shield fluid tank containing a cryogenic shield fluid,
such as nitrogen in case of helium is connected by
pi ping to the thermal shield.2Radi ant heat energy that
woul d ot herwi se pass to the product container hol ding
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is vented through the thermal shield to allow liguid
thermal shield fluid or gas to enter piping of the
thermal shield. The liquid or cold gas that replaces
the warm gas will eventually be vaporized and further
replaced. As the time of transit increases, the
product is also vented. In this regard, in mobile
storage tanks designed for helium transport, a helium
thermal shield is provided that underlies the nitrogen
thermal shield.
[0005] The current practice to control product loss
by venting is to control the venting by a pressure
regulator or flow meter and sometimes a pipe orifice.
Typically, the pressure regulator or flow meter ig
preset in accordance with a schedule that depends on
the predicted length of transit. The gettings of the
pressure regulators or flow meters are not changed
after departure because such setting has to be effected

by trained personnel.



by trai ned personnel .- 3 - [0006] As may be

appreci ated, due to unforeseen del ays, nobile storage
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a hi gh percentage of product [oss or enpty. For

i nstance, during a |lengthy ocean voyage, where the

storage tank is in custons f08 too long a tine, all

the product may be lost. In case of helium this can
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straightforward proposjtion. |In such storage tanks
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manner as in a fixed installation is not practical.
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shi@petabystation for managing the particular storage
tank. Low ligquid level can bé addressed by simply
refilling the storage tank with an amount of liquid
calculated to meet a customers needs.
[0008] The problem with implementing such a system
with respect to a mobile storage tank is that by
necessity, the mobile storage tank can only be provided
with on-board battery and/or -solar power. Thus, the
use of a remote telemetry unit in the same manner as in
a fixed installation is not practical. Additionally,
even with the use of a remote telemetry unit, mere
transmission of pressure, content level, and/or
temperature data are not very useful if the location of
the mobile storage tank is not known. For instance,
the actions that could be taken by a gas supplier with
respect to the mobile storage tank being shipped by

oceanic transport would be different depending upon



oceani c transport would be different dependi ng upon- 4
- whether the tank were in the port and del ayed in
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A's will be discussed, the present invention provides
a renote nonitoring systemfor a nobile storage tank
that utilizes a renote telemetdry- unit in such a way
that data is only periodically recorded and
1 ghsuhbtedso Jhal ald aby Janelo Ry e £AI3RIYeY, and
that in preferred enbodi nents can exercise a‘contro
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positioning systemis connected to the no |Ig st or age
t apkotocgeNepratrs gl obal position signals referable to
a gl obal position of the nobile storage tank in gl oba
| atitude and | ongitude coordinates. A renote telenetry
unslummarioed etheorearnddnhe nobil e storage tank and

is responsive to the Tevel signals, pressure signals
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product container for storing a liquefied gas at

cryogenic temperatures.

[0011] In accordance with the present invention, a
sensor system generates level signals referable to a
liquid level of a liquid phase of the liquefied gas and
pressure signals referable to vapor pressure of a vapor
phase of the liquefied gas within the product
container. In order to record the location at which
the liquid level and pressure were measured, a global
positioning system is connected to the mobile storage
tank to generate global position signals referable to a
global positioﬁ of the mobile storage tank in global
latitude and longitude coordinates. A remote telemetry
unit is located on board the mobile storage tank and is
responsive to the level signals, pressure signals and
global position signals to store data records
containing data referable to the liquid level and vapor

pressure within said product container and the global



pressure within said product container and the gl obal -
5 - latitude and | ongitude coordi nates. The renote

wo edosnss8y unit effects a wirel ess transm ssi oPCDUS1004034432
data records and a unique renote telenetry unit
identification in a standard nessage structure. The
W rel ess transm ssion can be rsecei ved by a ground unit
to determ ne the status of the product being shipped

W haLo Lhe mphi he.siiorage Jank 100L2] Prefecapiy. the
reffote telemetry unit has a control program The
contlemepryguanti & fifeatgsasmed ted gger tadnsalilsyiacat ofatée
the sensor system and the gl obal positioning system
angtd §F&Péyd§‘ BrGr & Pry RS 5*@8‘8%& H%lt

pr edehicned bici®n AtehvalkendAdd Henably stthereeatrolrhe
program al so activates the unit to effect the wirel ess
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unit, said global positioning unit and said sensor
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power . [0 An accel eroneter mul tiple
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accel eration signals referable to a change.in tion
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m getoread atfa efruttinee storage thereof is complete. Each of
said data records contains time data indicative of a
particular time interval in which the remote telemetry
unit, said global positioning unit and said sensor
system were activated. As may be appreciated, such
intermittent operation conserves limited on board
power.
[0013] An accelerometer or multiple accelerometers
can be provided to generate acceleration signals
referable to a change in motion of the mobile storage
tank. The remote telemetry unit is response to the
acceleration signals and data records also comprise‘
acceleration data referable to the change in motion of
the mobile storage tank. The advantage of such a
feature is that it allows remote operators to rapidly
detect accidental handling that might lead to future

failure of the mobile storage tank.



failure of the nobile storage tank.- 6 - [0014] The

| evel signals, pressure signals, and accel eration
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signals can be in a digital format. For such purposes,

the renote telenetry unit further has an analog to

digital converter to convert ®the | evel signals,

pressure signals, and acceleration signals to the
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shield fIU|gkbressure signals referable to a cryogenic
shihelsd afy ging lloggtiod digveblaggnaeshiesl dof kongrevapshe level
pressure of said cryagenic shiel.d fluid w thin the
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pressure signals and the data within said data records

ar 824Pso referable to the shield fluid | evel and the
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val ve can be provided to di sCharge shiel vapor
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heat _ener t hat woul d_ot herwi se pass into the praduct
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shield fluid liquid level and a shield fluid vapor
pressure of said cryogenic shield fluid within the
shield fluid tank. The remote telemetry unit is also
responsive to said shield fluid level and shield fluid
pressure signals and the data within said data records
are also referable to the shield fluid level and the
shield fluid pressure.
[0016] A remotely activated valve can be provided to
discharge shield fluid vapor from a thermal blanket
configured to intercept radiant heat energy that would
otherwise pass into the product container. The remote
telemetry unit has a controller to activate the
remotely activated valve. Further, the control program
has pre-programmed setpoints of unacceptably high vapor
pressure and low liquid level within the product
container and at least one subroutine activated by the
control program upon at least one of the vapor pressure

and liquid level reaching at least one of the



control programupon at |east one of the vapor
pressure and liquid |level reaching at |east one of
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deactivate the at | east one subroutine when upon each
of the vapor pressure is bel ow the unacceptably high
vapor pressure and the liqguid Fevel is above the
unacceptably low liquid | evel. The subroutine is
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second renotely activated valve. The at | east one
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ofpHe datmheg eeprd®land is configured to activate the
first remotely activated valve and the second remotely
activated valve. The at least one subroutine is a
first subroutine to intermittently signal the
controller to solely activate the first remotely
activated valve and at least a second subroutine to
intermittently signal the controller to activate the
first remotely activated valve and the second remotely
activated valve to assume the open position to
respectively allow shield fluid vapor to escape from
the thermal blanket to be replaced by shield £luid
ligquid from the shield fluid tank and the vapor of the
vapor phase.
[0018] The control program can be programmed to
continually store the plurality of the data records and
to add additional data records thereto upon a
communication failure. After a pre-programmed time

interval the control program controls the remote



to add additional data records thereto upon a
communi cation failure. After a pre-programred tine
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renotetelemetry unit to transmt the plurality of said
data records and the additional data records added
thereto. [0019] The |iquefi-ed gas can be helium and
the shiel d fluid can be nitrogen. Brief Descri pti on of
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drauiags £ which: pL0031] JFigure 1 i's a schemat ic
SUstration o renote nitoring systemapplied to
a nobi |l e storage tank contained in for instance either
a tank tra| I er qr_a liquid heI i, um cont ai ner aboard
fe BRI P t25t es a logic control
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renote telemetry unit . Detailed Description [0023]
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[0022] Figure 2 illustrates a logic control diagram
of the programming incorporated into the remote

telemetry unit.

Detailed Description

[0023] With reference to Fig. 1 remote monitoring
system 1 is illustrated in accordance with the present
invention. Remote monitoring system 1 is used to
monitor the conditions within the mobile storage tank
2 having a product container 3 that is designed to
transport helium and a shield fluid tank 4 designed to
contain a cryogenic shield fluid, such as nitrogen.
The nitrogen cools a thermal shield 5 located within a
vacuum insulation layer surrounding the product
container 3 to intercept some of the radiant heat that
would otherwise pass to product container 3 and heat

the helium.



the helium- 9 - [0024] A s will be discussed,
al though the present invention is described with
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thermal shield, it has broader application to any
nobi |l e storage tank having a product container that
stores a liquefied gas at cryobgenic tenperatures for

transport. [0025] Although not illustrated, but as
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to pi ping connected tq the shjeld fluid container .
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be-Thdied 24 thatt e i d shiieishyén %rﬁ%wﬁ B tahi LRst
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shield 5 will cause the nitrogen vapor to warm and
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[0026] Another known feature not illustrated, but
also well known in the art, are the various layers of
vacuum jacketed insulation. Typically, there is an
outer jacket and an intermediate jacket in which
cryogenic shield fluid, nitrogen in this example,
flows within pipes. It is to be noted, that liquid
nitrogen contained within the nitrogen thermal shield
will vaporize due to such heat leakage. Certain tanks
may in addition have an inner helium thermal shield in
which cold helium vapor serves as an additional
thermal shield.
[0027] In the illustrated embodiment, over long
journeys, interception of radiant heat by the nitrogen
thermal shield 5 will cause the nitrogen vapor to warm
and lose its thermal shielding effectiveness. Thus,
inevitably the radiant heat leakage into product
container 3 increases. This causes vaporization of

the helium product to be transported. In order to



contai ner 3 increases. This causes vaporization of the
hel i um product to be transported. In order to- 1 0
WO 2408108878511 S process as nuch as possi bl e, the PCT/USIPO$H034432
vapor is vented and partially replaced with |iquid
nitrogen within the pipes of thermal shield . As wl|
be di scussed, in one preferte aspect of the present
invention, the venting is not a constant prior art
fl ow prqoduce hr h pre- adjustnent. i an_assocj at ed
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structure. A cellular telephone transmtter and
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t eBeneley Mightdp.New Jersey, U.S.A, or Rosemount, Inc.,
U.S.A., a Division of Emmerson, Chanhassen, Minnesota,
U.S.A. or Control Micro Systems, Ottawq, Canada.
Remote telemetry unit 10 has input channels to receive
both digital and analog data. An analog to digital
converter is also provided to transform analog signals
introduced into analog input channels into digital
signals that can be stored as data within a digital
memory provided for such purpose. A message unit is
provided to read all of the data records and convert
the data records into a standard message structure. A
cellular telephone transmitter and receiver transmits
and receives the data in the standard message format
from an antenna 12 that includes a unique
identification of the remote telemetry unit 10.
Remote telemetry unit 10 has embedded software for
input/output purposes and for the modem. Memory for

storing data records and additional programming is



Renote telenetry unit 10 has enbedded software for

i nput /output purposes and for the nodem Menory for
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1 - provided. In this regard, a control program

di scussed in nore detail below, is witten into such

menory to control the activithes of renote telenetry

unit 10 and to activate devi ce controllers that are

also in Orélporflnrél ther o si gnal operation of
reﬁ%‘?‘éjr‘gﬁ ct i Vit r R CHPFOhP I c8sed, the
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preset tine intervals, for instance, one hour.
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SRS TRt e e e Hdr ehut P e 1 by
co&@g@ﬁﬁ@&;z and 24. [0030] Simlarly, a differenti al
pressure transducer 25 is connected by instrunment
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prﬁ%é%ﬁ&ké“ﬁf&ﬂb&ﬁ@ér 20 is connected to the head space

within product container 3 to transmit an analog data

A

pressure signal referable to vapor pressure within the
headspace thereof. The level signal and the pressure
signal are introduced into analog input channels of
remote telemetry unit 10 by conductors 22 and 24.
[0030] Similarly, a differential pressure
transducer 25 is connected by instrument lines 26 and
28 to transmit an analog data level signal referable
to the level of liquid nitrogen shield fluid contained
within shield fluid tank 4. A pressure transducer 30
is connected to the head space within shield fluid
tank 4 to transmit an analog data shield fluid
pressure signal referable to vapor pressure within the
headspace thereof. The level signal and the pressure
signal are introduced into analog input channels of

remote telemetry unit 10 by conductors 32 and 34.



headspace thereof. The |evel signal and the pressure
signal are introduced into anal og i nput channels of
w0 20058878l enetry unit 10 by conductors 32 andPGHUS2004/234432
- [0031] The above nentioned | evel and pressure
signals are converted into data that is stored as data
records within the nenory of ipenote telenetry unit 10.
is understood that the analog to digital conversion
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signals that could be fed into digital input channels
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tofjfc}oqglé Inlgn% o%ca%%@ttakg% % %I%‘%l et%r%%%*t%lpscﬁr%%smn
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recorded by renote telenetry unit 10. [0033] An
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conventional manner. In this regard, global
positioning system 36 can be a board, chip set, or
system obtained from Trimble of Sunnyvale, California,
U.S.A. The global position data is introduced into a
digital input channel of remote telemetry unit 10 by
way of a conductor 40. The global position data is
also stored as data within the data records to be
recorded by remote telemetry unit 10.

[0033] An additional input may be provided by én
accelerometer 42 which may be a chip set or sensor
obtained from a variety of sources such as
MicroStrain, Inc., of Burlington, Vermont, U.S.A.
Accelerometer 42 is connected to mobile storage tank 2
and produces signals referable to changes in motion of
mobile storage tank 2 in three orthogonal planes.
These are analog signals and are introduced into an
analog input channel of remote telemetry unit 10 by

way of a conductor 44. The analog acceleration



nobil e storage tank 2 in three orthogonal planes .

These are anal og signhals and are introduced into an
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way of a conductor 44. The anal og accel eration- 13 -

signals are converted in the analog to digital

converter contained within-remote telenetry unit 10 to

digital signals which are stored as data within the

ords of

dat th thereof. |t is.to be noted
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[0034] The present invention, in its npost basic
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stored. within a renote telepetry unit along with
gld d%%i%%%%t%l%%o%%@w%&%da%ertgr}%ﬁlrepa?a.

Accessaf 0 Suphe dtdsd R ol dlsefdihe fif ambradeasts; at
preset tine intervals or by access froma receivVving
StIAPVIC & encywasrts a heysemtel tedeitsiringir tnodile

f ' cryogeni.c. sto e tanks. it.is known to
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that, the nobj|le storage tank 2 may be in a location in
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Fuptdesty e | inddrvol €l yr dfeld@sdffrom a receiving
station that contacts the remote telemetry unit. 1In
fact, with cryogenic storage tanks, it is known to
access data records by such methods. This is not a
particularly preferred method of accessing data in
that the mobile storage tank 2 may be in a location in
which it is not accessible by cellular communications.
Moreover, such data access requires the system to be
in a state in which it is constantly drawing
sufficient power to enable it to be contacted. This
is not particularly desirable given the fact that only
on-board battery power can be provided.
[0035] Furthermore, if it solely a matter of
monitoring the state of the product within the mobile
storage container, then as in the prior art, the
venting of the product and shield fluid vapor must be
preset. If conditions are discovered in which the

setting must be changed, then such monitoring will
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preset. If conditions are discovered in which the

setting nust be changed, then such nonitoring will- 1

4 - allow a change in setti-ng4provi ded, however, that

the nobile storage tank itself is accessible. This

acc y_not be. possible during.rail or oceanic
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programmed through its controller to operate remotely
operated valve 46 to vent shield fluid vapor from the
thermal shield 5 to replace some of the vapor with
shield fluid liquid from shield fluid tank 4 and if
necessary to vent product vapor from product container
3 by operation of remotely activated valve 48. In
this regard, remotely activated valves 46 and 48 are
connected to the controller incorporated into remote
telemetry unit 10 by way of conductor 50 and 52,
respectively. As will be discussed, remotely
activated valves 46 and 48 operate in accordance with
a subroutine of the control programming of remote
telemetry unit 10 which is activated upon either or
both of the aforesaid upset conditions being reached
within product container 3. The subroutines
themselves can be located on read only memories

attached to expansion slots provided for such purposes
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telenetry unit 10 which is activated upon either or
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wi t hi n product container . The subroutines thensel ves

can be located on read only menories attached to

expansi on slots provided for 1such purposes- 1 5 - in

renote telenetry unit 10 or can be further

[ Lons, Wthin the control programming software
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commands from a central application program by
cellular modem. Such application programming is well
known to those skilled in the art and is routinely
effectuated for use with such modems. Such
application programs contain a communications protocol
specific to the particular modem, a decoder to decode
a message string containing the data records being
transmitted to and from the modem and suitable
instructions for displaying and storing the data
records. If during transit, the upset conditions
occur, the preselected program is automatically
activated to in turn signal remotely operated valves
46 and 48 to open in accordance with the pre-
programmed instructions of the selected subroutine.
If in fact conditions within product container 3 do
not improve, it is possible for the operator to
activate other subroutines in the same manner as such

subroutines were initially preset.
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subroutines in the sangémanner

subroutines were initially preset. [0038]
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appreci able liquid. [0040] As may be appreciated, it
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such as Progra
not improve within product container 3 after
activation of Program A. Program B could also be
initially activated in that it is designed for
shipment times of international scale of anywhere from
between about 10 and about 30 days. Program C
contemplates an international shipment where the
customer is being delivered gas without any
appreciable liquid.
[0040] As may be appreciated, it possible to
construct embodiments of the present invention in
which only one subroutine is present, such as Program
A or two subroutines are present such as Program A and
Program B.
[0041] With reference to Figure 2, the programming
logic is illustrated for the control program for
remote telemetry unit 10. Asg illustrated, it has

three major sections, namely a "Monitoring/Data
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programfor renote telenetry unit 10. As illustrated,

it has three mpjor sections, nanely a

“"Monitoring/ Data- 1 8 - Coll®gtton Process”, a

"Control Process" and a "Transmt Process". [0042]
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pries stold canckd eacelsidata dts 3% dyehaagatatsinqupsieif erential
pressure and |l evel presets as described above and as
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latitude and longitude and the particular time
interval of observation are all stored in local
monitoring database as shown at 59.

[0043] Turning next to the "Control Process",
pressure and level data is tested against upset
pressure and level presets as described above and as
indicated in block 60. If action is required, it is
first determined in block 62 whether any subroutine
has been activated by testing whether the execute
variable has been reset to "True". If not reset and
hence, equals "False", then the relevant subroutine is
executed as shown at 64 and the execute variable is
set at "True" as shown at 68. The program, from the
"Transmit Process", will eventually loop back to block
56. Assuming that action is still required at block
60, the execute variable will then egual "True'" as
tested at 62. At this point, the program will

continue as shown by block 70 and the continued



executed as shown at 64 and the execute variable is
set at "True" as shown at 68. The program fromthe
w0 0081038788 Process”, will eventually | oop backP€T/0S2004/034432
bl ock 56. Assum ng that action is still required at
bl ock 60, the execute variable will then equal "True"
as tested at 62. At this peinwo, -the programwl|
conti nue as shown by block 70 and the continued.- 1 9
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t heuTel 1s pinoseet e ddrar 0 actd viad esbiait el &ddwnt bgnsakt time
interval at 82. If the retry interval, "RI" is equal
to 0, as tested at 84, the execute and continued
variables are then tested at 86. If execute is equal
to "True" and continued is equal to "False", then a
first indication exists of upset liquid level and/or
pressure and the cell phone modem is immediately
activated at 88 to send and receive data. If the MI
variable is equal to zero, 24 hours have elapsed, and
the cell phone modem is activated at 88 to transmit
the data records that have accrued in the past 24
hours. Assuming such transmission has been completed,
the MI variable is reset to 24 and assuming that the
communication has been successfully completed, no
communication error, as shown at 92, the program loops
back to block 56.
[0045] In block 86, assuming that the default

programs have been executed at 64 and the continued



the data records that have accrued in the past 24

hours. Assum ng such transm ssion has been conpl et ed,
wo b@shBd73vari able is reset to 24 and assum ng POEUS100€034432

comuni cati on has been successfully conpleted, no

comuni cation error, as shown at 92, the program | oops

back to bl ock 56. [0045] In ®bock 86, assum ng that

t he default prograrrs have been executed at 64 and the

contln variabl e h een.s to"T "

t Niog ™+ éaxg(’?uthas ke e@oﬁtel%na’%d \%/h?af}lfgabﬁgsgglree %?%&S%aﬁ?%%

becaseved vasebblas egeuboet, "FhgsBedsuiagsd o upset

current value of M is greater_than zero (24 hours has

n@lasb@@ﬁuFéééhe&ﬁeéls 2EESEATa g7 CUTRE T o BT | Ol 18

g%att%xb'tﬂ% é@rg[ Q%%dﬁt%%u @@aggnbeabeaeﬁ ORI, S8 | 98

ror has occurre he Rl variable is reset at
anecisniedger &7,98hef progwstraioeps, bsgkt Hat block 56.

C catiqgn w .| t be attenpted, after 8 hours .
oY ce bl g B BorRIBL e 2] P00 2
t i 3ra9 bested ahe84r Radispdechieased:dy HNeadSinteger
shown at 94. |f after the subtraction at 94 R does

n&t Sgualfor d&stesced 8at 96 thefte cefﬂ@gmaw%b@% Batk pext
blb%me%T %%‘mp‘é@%ln a@ltgqa% (ﬁ%t('ﬁ:tsed %‘B.V\'[Ehg agggs of the

t her ef ore~equal’s communi cation is t tenpt ed
agaicy ratn &anc{e0®47]13V\h_meauel1e theeséntsi ntx/eeasltes@nahaeé}. RI
been descri bed W|th refer referrfd ﬁn‘ood ]gent

t
ad 8dacy ¥ OR5s &5 BAEd 3en Xhe a1t , SHuTBr

Changes.cadg ta'to@s.l @diddéfg§§id%n%q%l b esgedesvedhaut o6,
departing fromthe spirit and scope of the invention.-

2 the pparleal rhoopbs, badkerst dlaski B6ri nd'RBtRM Ra% a
g?c(tg)alru:nn gesdta%ro%gle t %Q) Ij%a\étlrﬁg t@lep:re%%%t e&qyglf‘é n&,r for
communication is then attempted again at 88.
[0047] While the present invention has been
described with reference to preferred embodiment, as
will occur to those skilled in the art, numerous

changes, additions and omissions may e made without

departing from the spirit and scope of the invention.



liquefied gas at cryogenic tenperatures, said renote

nmoni toring systemconprising: a sensor systemto
w@emsn3s7es | evel signals referable to a |iqui d PEWEE200§/034432

a liquid phase of said |iquefied gas and pressure

signals referable to vapor pressure of a vapor phase

of said liquefied gas wthin Zkaid product container; a

gl obal positioning systemconnected to said nobile

stora nk to generate gl obal position signals
SLPLagF, IR

to a global position of said nobile storage
tank in1gl obal rémdid usteniandri aggitdtdent gardianaices;lsand
a renote telenmetry unit on board said nobile storage
t afkOEHEE redPONRIVET ¢ RFadvelerostgiaes, foresdgrdng @

si gl sspng ghobal %ééﬂfcskgﬁgle%att%ﬁ?sﬁr &daf Femote

records contal ni ng a referab to t iquid level
anmonapor ipy eswsiren widnpui sand : pr oduct cont ai ner and

the global latjtude and | ongjtud di nat d t
effect a w rol ST dnGHi S81 0N BFPSAR Uard Teorte S

angde fe b TWIE: & €410L Bl £ enebey Bl & 1deptid eRldeo A aaid
standard nessage structure . 2 . The renote_nonitoring
syst@nebied| g and RiRTEIRS Sapaadensied eralbdsettoy vapor
unj r pLeg : riodical J.y .
ackTSorarg SEI it LA DE RO S e ek nin
posaidoprodusly stemtaintket;o0 store a plurality of said

data records at%@é deternmined.tinme interval s and

Q .
effect said W9 R shPRSPEn SEFEL ey fQPQ%ﬁQT& to said
plwbBl 14 Ys@brsad d£at ad e§ohdsaakbt ghobhe $Ridd@n signals

thereof is conplete; and each of said data records
COREBEHBL1¢ nEC Rt obrl esveion afpsatidcuioilEe meorage

inﬁgﬁﬂaini§ﬁgﬁgfri§%ﬁéhde and longitude coordinates; and

a remote telemetry unit on board said mobile
storage tank and résponsive to said level signals,
pressure signals and global position signals to store
data records containing data referable to the liquid
level and vapor pressure within said product container
and the global latitude and longitude coordinates and
to effect a wireless transmission of said data records
and a unigue remote telemetry unit identification in a

standard message structure.

2. The remote monitoring system of claim 1,
wherein:
said remote telemetry unit has a control
program programmed to periodically activate said sensor
system and said global positioning system and to store
a plurality of said data records at predetermined time

intervals and to effect said wireless transmission of



renote telenetry unit, said global positioning unit

and said sensor systemwere activated. 3 . The renpote
WOoRUsHas78hg system of claimer conpr sing : anPCT/US2004/034432

accel eroneter to generate accel eration signals

referable to a change in notion of said nobile storage

tank; said renote tel enetry-ubB2t-is response to said

accel eration signals; and said data records al so

co | at ko ta_ref I Q t.he an in
R e L
nobh¢oedhgisystepletecl a 2 , further conprising:

said nobile storage tank further having a cryogenjc
shield flui ae%%li’!t‘gfn%%lléi PRt Feshitéisy Fanialirafidne data

sai gy sensOve SYSt M bel Rgua afi Katnes %@&%Tr-\}éﬁﬂ tﬁ% i d&%{)@am

sensor systemto generate shield fluid |evel .
shrenet ¢ | tebepeesy uvel §i gsalis pdfobedbimetic iomimmgenitc and

shj [ d liquid level and.a _shield fluid vapor
prééagis,%rééé%%‘gﬁa?ﬁs‘%‘?“&o“é%ﬁ?caS%ilé’r"%eﬂ'ui d within said
shield fluid tank; and said renote telenetry unit is
al so responsive to said shield fluid |l evel and shield

fluid ptessutRe sTghlls BRELESTdNGaty shierhiaf sHiaimia.a

I ek Ar o 505143, - referable t o the shield fluid
| evel and the shield fluid pressure. 5 . The renote

noni t ori ng Sstaeeefecbaeiresd, tbugeheratenprdsilrgiataon
reéTPénealt]}/s a:l?etf}evnfjlébefe Vtacg Vg tc a%%%p?%t im\é%li%n of said mobile
storage tank;
said remote telemetry unit is response to
said acceleration signals; and
said data xrecords also comprise acceleration
data referable to the change in motion of said mobile

storage tank.

4. The remote monitoring system of claim 2,

further comprising:

said mobile storage tank further having a
cryogenic shield fluid contained within a shield fluid
tank;

said sensor system being a first sensor unit;

a second sensor system to generate shield
fluid level and shield fluid pressure signals referable
to a cryogenic shield fluid liquid level and a shield
fluid vapor pressure of said cryogenic shield fluid
within said shield fluid tank; and

said remote telemetry unit is also responsive
to said shield fluid level and shield fluid pressure

signals and said data within said data records are also



di scharge shield fluid vapor froma thermal bl anket
configured to intercept radi ant heat energy otherw se
W@awsiossy3s nt o sai d product contai ner; said renPCEUS2004/034432
telemetry unit having a controller to activate said
renotely activated valve; and said control program
havi ng pre-programed setpotnt3$ o f unacceptably high
vapor pressure and low liquid |evel within said
Pragiicl. santal Nere a0f; 8 ol #38h LASIYPLOU LA shicld
activated by the control programupon at |1east one o f
t hielwviabarrgesssare and |iquid | evel reaching at | east
one of the setpoints and deactivated by the contro
program when upon each of the vapor pressure being
bel ow the unpeeeptaBly hbgh tvaRoY RAesIH @rard ke s,
liquid level being above the unacceptably |ow Iiquid
| éagtthatheeoyobrbat@e bei ng responsive to the clock to
intermttently signal said.controller to activate.at
| east sai g FenBrRTLELE: AURESd VA VEIS dsaetan tadenY
pasi darrgndshhel @byl ak Bowaplrelrdoid W dheapen tQanket
escape from said thermal blanket to be replaced by
sHIHEFHRH PP glRBeFFEREs apdishite Pt GR@rcahletigrwise

Thead&ITRS € 81 £9K ANgrS¥skemMeht6lialdP,5, wherein: - 24

- sald renotely activated valve is a first renotely
activat ed vataedt pedosehsrdersdiny shiiél dafviimiod avapor

f the -.th | _b ket; . d tely tivated
| e rRL B ankel B sceondnammelt Attivalad.,
cgddoller is configured to activate said first

renotely activated val ve and said second renotely
said control program having pre-programmed

setpoints of unacceptably high vapor pressure and low
liquid level within said product container and at least
one subroutine activated by the control program upon at
least one of the vapor pressure and ligquid level
reaching at least one of the setpoints and deactivated
by the control program when upon each of the vapor
pressure being below the unacceptably high vapor
pressure and the liquid level being above the
unacceptably low ligquid level;

the subroutine being responsive to the clock
to intermittently signal said controller to activate at
least said remotely activated valve to assume an open
position and thereby allow shiel@ fluid vapor to escape
from said thermal blanket to be replaced by shield
fluid liquid from said shield fluid tank.

6. The remote monitoring system of claim 5,

wherein:



activated valve; and said at |east one subroutine is a

first subroutine to intermttently signal said
wa@oensnssBer to solely activate said first renoP€l/ys2004/034432

activated valve and at |east a second subroutine to

intermttently signal said controller to activate said

first renptely activated val ¢ and sai d second

renotely activated valve to assunme said open position

L respect el o ALLOI Sy ook (11 g vagore! s o5 oRpes:
fl:éird;deiflquihacbrf:tmné@imm etdl distdatgaksand shield fluid
vapor of _ the vapor phase. 7 . The renote nonitoring
syeReH Fre di et heBR kit aR%5RH/ control programis

programed to contin U@é&dté%&f &@ﬁ%&@&%ghif% Yaokcsaides

data records and. to add additional of said data
reaqrads dhesald wgoer splcasduni cati on failure and after

a pre-progr dtime jhterval to_transmt said. .
plurality of%rg%i W%%?%iﬁ%]éojr%sc%ﬂglggﬁ agai ?Fgﬁv%% 253t
recards adgedeifeset Dvaded Fhtveeantiesandi keebng remotely

systemof claim7, 1 further conprising:- 25 - an
agedlisrured eral ve gedefat e accel eration signal s

referable to,a ghange i o. mplon,giosaldembi Lersti-gFage

tank; said renote telenetry unit 1s response to said
asctherat loe s6giatsyrmandesald dagnaileserdscahspoller to

COMLRS Serheall ot dplscrelgoalle, QLo phATGEL0 ana

maRi t10dd Y SYSLesmal sthabiit invhebeliftermittently signal
said controller to activate said first remotely
activated valve and said second remotely activated
valve to assume said open position to respectively
allow shield fluid wvapor to escape from said thermal
blanket to be replaced by shield fluid ligquid from said

shield fluid tank and said vapor of the vapor phase.

7. The remote monitoring system of claim 6,
wherein:
said control program is programmed to
continually store said plurality of said data records
and to add additional of said data records thereto upon
a communication failure and after a pre-programmed time
interval to transmit said plurality of said data

records and said addition data records added thereto.

8. The remote monitoring system of claim 7,

further comprising:



said level signals, said pressure signals, and said

accel eration signals are anal og signals and said
w@b@babs7pbsi ti on signals are in a digital fornmtT/UsSI0d4/034432

said renote telemetry unit further has an analog to

digital converter to convert said |evel signals, said

pressure signals, and said -acteleration signals to the

| evel data, the pressure data and the accel eration

wher ei n sai 7| SUGFTSA0NSE CF s ‘RePLiaTaRg 3 SRrsie®
flalghabs ntéfegable to a change in motion of said mobile
storage tank;
said remote telemetry unit is response to
said acceleration signals; and
said data records also comprise acceleration

data referable to the change in motion of said mobile

storage tank.

9. The remote monitoring system of claim 8,

wherein:

said level signals, said pressure signals,
and said acceleration signals are analog signals and
said global position signals are in a digital format;
and

said remote telemetry unit further has an
analog to digital converter to convert said level
signals, said pressure signals, and said acceleration
éignals to the level data, the pressure data and the

acceleration data.

10. The remote monitoring system of claim 9
wherein said liquefied gas is helium and said shield

fluid is nitrogen.



