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ABSTRACT - Co -
Underground storage systems have operational characteristics and requirements that.

differ substantizily from those normally encountered. by an instrumentation and:. .-

controls design-engineer. It is necessary t havea-good basic understanding of these -
special characteristics, the nature of the limiting parameters and anticipated operat-
ing problems to develop an instrument and controls design: that will adequately .
protect the overall storage system. Pressure, flow contyol, measurement and mate-
rial halance are the principal control areas. This paper is nét inteaded as a com-
prehensive design guide, but rather ag a basic statement of operating.principles for
solution cavern underground storage systems as they relate to that field. One.version
of the isstrumentation and controls system thar might be used in a propane import
terininal supported by salstion cavern underground:storage is included in the paper

as an exampie.

INTRODUCTION

Underground solution mined storage systems and their
surface suppon facilities have become increasingly more
complex with the passage of time. When this storage
method was first developed and used, the operation, control
and surveillance of the system was almost entirely manual,
These early systems generally congisted of a few small-
capacity storage caverns, injection and recovery rates were
very low, the variety of products stored was very limited,
receipts and deliveries were generally fromdto trucks or rail
tank cars and almost all of the system was within sight or
hearing of the operator, Fank strappings were used for mes-
surement. In most instances, operation cycles were intermir-
tent, sometimes during daylight honrs only, fill took place
during the summer and withdrawal during the winter
months, Wellhead safety controls were very rudimentary.
Environmental constramnts, for all practical purposes, were
nonexistent. Solution miging procedures for development of
storage caverns were by trial and error. In most instances
the storage operator did not know the cavemn configuration,
and the storage capacity could not be verified until the
cavern was actually filled. Some operators did not maintain

protective blankets below the final cemented casing seat or
even hvdrostatically test the cavern before using it.

After the first few years, and as the number of sites
increased, considerably more sophistication in desige, con-
strucfion, solution mining techniques, instrumestation and
controls and operating techniques ook place, To a large
degree, this was due to major oil companies entering: the

field who had the engineering support capability that conld:
be directed to refinements in design and to carry our special.
studies related fo various aspecis of the- storage. systemn.

Several service companies developed special. tools, and

eguipment manufacturers put together “off-the-shelf’’

ttems or developed specialized end devices and control sys-
tems especially for application in this particular field. One
of the most important tocls developed was the eriented
sonar caliper which is desceibed in greater detail later in this
paper. . :

In recent years a greater variety of products are being
stored, the cost of these products is much greater than in the
past, the volume stored in individeal caverns has increased
manyfold, product injection and withdrawal rates have in-
cressed greatly, there are many mere storage wells at each
site, and operations are continuous. Major manufacturing
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plants use underground storage for surge capacity and are
aimost completely dependent on such sysiems to protect
themsclves from supply interruptions. kn some cases, solu-
tion mining operations are underway at the site, either for
commercial brine production or for enlargemant of storage
space, at the same time storage operations are being con-
ducted. Many sites handle products in and owt by pipeline
cnly. In some mstances these pipelines are batching differ-
ent products on close schedules and are operating at very
high flow rates. Environmoental constrainls are severe, par-
ticubarly in regard to alr quality and brine disposal, Some
storage sites are in the vicinity of heavily populated ureas
and any system upset of accident is given immediate and
wide publicity by the news media. Governmental agencies
have publisbed regulations in regard wo design and cpera-
tional criteria which must he complied with, These agencies
hold public hearings as a preliminary to granting construc-
tion and operating permits for underground storage systems
and must be convinced they pose no harzard to the public
wellare.

STRATEGIC PETROLEUM RESERVE

The Strategic Petroleum Reserve (SPR) plan of the
United States is now being implemented. The goal of this
program i$ to have one billion barrels of crude oil i reserve
storage by December 1983. A major portion of this reserve
will be stored in solution caverns. Mapy existing solution
cavemns are being converted to crude oil storage, but more
than one-half of the space will be in tewly created solution
cavern capacity—each new cavern will have a storage
capacity of wen million barrels (1.6 million cubic meters).
The total Reserve will be in some 95 to 100 solution caverns
and several dry mines. One of the basic design parameters is
that the Reserve be recoverable within a specified period of
time, This tme interval could be as short as 1530 days; how-
ever, the withdrawal period could be lengthened somewhat,
depending on the nuture of the supply intermuption and other
measures taken o control consvmiption rate. Injection of
crude o1l inte existing caverns will take place concurrently
with development of new caverns at cerfain sites. New
cavern development will use a construction technique
known as Lesch/Fill-by carefully conwolled procedures,
newly created storage space in the upper reaches of the
cavern witl be filled with erude oil on a continuous or inter-
mittent schedule as the space is produced concurrent with
development of storage space below the oilforine interface.
The individual SPR sites receive angd deliver crude oif via
pipeling at extremely high rates. These pipelines originate at
ports of entry of the imported crude oil. Tank farms at these
ports receive the crude oil at tanker discharge rates and it is
then pumped to underground storage at the design injection
rate of each particular site. When the seed arises, the crude
oil will be withdrawn from underground storage und re-
wmed through the same pipeline. When the oil reaches the

tank farm 1t is either pumped into existing erude oil distribu-
tion pipeling systems, fosded back in tankers, or distribution
is made by a combination of the two. System marntagement
control is from a centrzl operations office.

A greai deal of data transmission is reqoired between the
individual storage sifes and the operations office and a very
reliable and secure communications system is absolutely
essential. Storage sites will be manned and there will be a
tocal contral room. Because of the number of individual
welthead control points (in some cases thers are as many us
four entry boreholes into a single cavern) and variety of
other operations underway, it is necessary 10 have a very
extensive instrumentation, controf and sorveillance system.
Automatic shuidown systems on solution cavern wellheads
and pumping gear are & vital segment of this system. As an
tilustration, a single site could have oil injection, brine dis-
posal, und leach/fill operations being conducted concuy-
rently with oil reccipts from the pipelines and from a local
barge dock as a further complication. There could be as
fmany as ten to twelve sites feeding data into the Central
Cperations Office.

The Strategic Perroleum Reserve Program is a gigantic
undertaking—one that is far more ambitious than any un-
dergroand storage operation contemplated in the past and is
unlikely o ever be equalled in the future. It is not the
suthor’s intention to dwell further on this particular pro-
gram.

PROPANE IMPORT TERMINAL

The intent of this paper is to present an overview of an
underground storage system instailation that industry might
construct, and to ser out the various facets of an instrumen-
tation, control and surveitlance sysiem adequate to safely
operate it with a reasonably-sized staff.

To make this mythical underground storage facility more
contemporary, it will be assumed o support a propane im-
port terminal equipped to receive refrigerated propane in
tanker cargo lots of approximately 330,000 bartels each,
Such a tanker draws somewhat less than 37 feet of water,
There are several salt domes along the Texas-Louiziana
Gulf Coast ressonably close to water vourses having suffi-
cient depth to accommodate such wankers.

Major components of this facility would consist of tanker
mooring facilities; a piatform on which loading arms, pip-
ing, valves, and manifolds could be mounted 10 tuke tanker
discharges; @ measurement system satisfactory to the United
Svates Customs for custady transfer of foreign propane 1o a
domestic buyer; insulated flow linas; shoreside refrigerated
storage tanks having sufficient volume and designed such
that the tanker can discharge at its full rate; Tow fempera-
jure, low NPSH pumps to move the refrigerated propane
through a heater t0 copventional pipeline pumps and theace
inta & pipeline connecting the shoreside instaliation e the
underground storage site. Ar the underground storage site
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there would be several solution cavemns, exch equipped with
a wellhead and a cased borehole comtaining the tubing
string. The size of the boreholes and tebing and the aggre-
gate volume of the solution caverns 1§ set [0 mee? the antici-
pated operating requirements of the facility. A variety of
pumps, {low lines, valves, manifolds, etc., are provided w
get the propane and brine info and owt of the swrage cham-
bers.

OPERATIONAL ASPECTS

A better perspective of overall operations may be gained
by study of the process narrattve covering the various sys-
tem functons that follows. A typical refrigerated tanker
carrying 330,000 harrels of propane al —50°F has just
moved into position alongside the dock. The various moor-
ing, breasting and spring lines have been run out to shore,
the ship has been secured and the engine room. “‘mung’’
down. The tanker crew stands by the tanker discharge con-
nection, the shoreside operator controls the pusitioning of
the hydraulically actuared loading arm by visual observation

and manipuiation of. radic controls. yati] the end.of. 1he arm;
matches up with the tanker dischargs flange. The tanker '

crew makes up this connection while the shore: operator is
moving znother series of Ioading arms in. position, ta-be
connected with the other liguid and vapor discharge connei-
tivns of the tanker. For the sake of simplicity, assume all
shoreside installations have already been cooled down by
secondary piping cireuit utilizing the tank-holding refrigera-
tion system and that shoreside tanks have some liguid in
them. Custom officials are af the site to approve the ship’s
papers and manifest, and a third party has witnessed and
verified the volume of carge on the tanker and in the shore
tanks prior o discharge. When Customs has cleared the
cargo for discharge and the tanker pumps are started up, the
refrigerated propane moves t the shoreside tanks and dis-
places vapors thereftom back to the tanker compartments
being dischurged, such that there is always an appropriate
systern pressure balance. Tt is lmponent o discharge the
tanker in the shortest practical ime 1o prevent accumulation
of very high demmurage charges.

At this particular site, studies have established the most
economical type facility 1o be refrigerated storage tanks as
opposed to making full tanker discharge directly to the un-
derground storage cavens.

The shore tanks provide for surge, which is an important
factor, since in every cperation it must be assumed that **if
anything can go wrong, it will go wrong.”" This surge capa-
bility also allows a smaller diameter connecting pipeline to
be used and fower propane injection rates mio the siorage
cavern; thus, smaller boreholes and tubing strings can be
used. Pipeline construction costs and borehole drilling costs
increase substantially with pipe size. Naturally, it is neces-
sary to have ar jeast onie borehole to selution mine the stor-
age chamber; a basic well design might handie up to
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5 MBPH and additional boreholes would be drilled and
cased as flow rates go up in this increment. Bach such dased
and equipped borehole costs approximately 5850.000, so
surge tank capacity can materially reduce investment. .

PRODUCT MEASUREMENT ON SURFACE

The measurcment procedures and equipment to be used-

must be approved by Customs. Positive displacement me-

ters and turtine meters with provers are assumed 0 be satis- -

factory to theny, although il is preferable thut shore tank.
strappings be bsed, since this approach is.the more econom-
ical-in Investment: apd: manpower and is also customary in
“frade: Itds; always: important that a third
panry watm _all gaugzs on.the. 1ank¢r and at the shore tank

becausa e_f th : &}ur vc,t;:me cf expenswe prodm.t hemg--.

'medwts: mﬂvememﬂ oft Iaqmd and vapor ﬂow 10 and frc:m.

the: shore: tanks. Meter readout in weight measurement umits
is-the prefcrred way’ of- accounting for the movements. of

refrigerated propane fiquid and vapor. 11 1s simple to-convert:.

tw any. other unis of measuremnent and to'standard volumes
at temperatures set out in.the sales contract. With an open-
mg inventory, accurate measure of all movements infout of
the shore tanks (both vapor and liquid} and a closing inven-
tory, a balance can be proved befween the volume of vapor
and Hquid arriving on the @nKer versus the volume ledving
on it as compared 1o change in volimes of vapor and liquid
i the shore lanks. _
The tanker discharge has now been completed und the
shove balance has been made. Assuming there are-twe:

shoreside refrigerared tanks, it is possible, of course, thet.
one could be gauged off and transferred 1o the underground
storage site whilg the second is being filled. Assuming a tank:

has been filled and gauged off (the temperatlirg s approX

mateiy 44“!-“ and is being held by ar extesmr hoidmg-_; '

the propane zhmugh a heater (which raises: ths& zempt:fatare :

from -44°F to approximately 40°F). The heated propanc
then enters the suction side of the hzg.h pressure pipefine
pumps at a handling emperature smtable for conventional
horizental split case centrifugal pumps The heat source
could be from exhaust gases .of turbine drives on the
pipeline pumps supplemented by. burners using liquid pro-
pane directly from the line. The pipeline pumps discharge to
the pipeline connecting the shoreside facilities with the un-
derground storage sites.

There are two design philosaphlcs s 10 where pipeline
pumps should be located. They may all be at shoreside and
put cut the full volume at sufficient pressure 10 move pio-

[



198 Fifth Imternational Sympasium ont Salt—Northarn Ohio Gaological Society

pane directly through the pipeline into the solution cavern
and displace the brine therefrom 1 the brine pit. Depending
on the distances between the shoreside installation and the
underground storage site, it s sommetimes more economical
0 have two sgts of pumps—one sct 10 move the propane
through a smatler dlameter pipeline 1w the storage site and a
second to inject & into the undergrovnd storage caverns. 1Cis
conceivable propane deliveries from the storage site o the
vonmecting paint on a distribution pipeline could be made by
uolzing the latter pumps. [t is important from an apera-
tional stundpoint (leak detection by naterial balance, ac-
counting for volume recegived at the terminal site, etc.} to
have a good messurement svstem on hoth ends of the
pipetine. It 15 generally assumed the measurement system at
the discharge end of a pipeline is the controlling one iasofar
as leak detection is concerned. The mensurerment system at
the storage site is also used 1o account far products moving
from storage into the distribution system. A check mefer
may be used in the shoreside area at the injection point o
the pipeline instead of a custody transfer meter, Meters arc
proven ut the storage site and the check meter can be ad-
justed to read with them. If the variation between the vol-
ume passing through the check meter and the volume
passing through the custody meter at the storage site is
abuve a preset timit, an alarm is sounded indicating the pos-
sibility of a leak in the pipeline. Propune is now at the
underground storage site and is being injected into the under-
ground storage cavern,

PRODUCT MEASUREMENT-—SUBSURFACE

It is appropriate here to cxplain the system pressures (see
Fig. 1) involved in an upderground storage operation
utihizing solution caverns. When propane 15 intreduced into
the annelar space of the boarehole (i.e., between the casing
and the tubing), it progresses duwnward toward the siorage
cavern below the ground surface and displaces brine there-
from through the tbing and surface flow lines to the brine
pit. In effect, a differantial pressure is created between the
two legs of this U-Tube system when .5 sp.gr. propane is in
the anular space and 1.2 sp.gr. brine is in the tubing space.
in addition, there is pressure created as a result of flow in
the annulus and the wbing and in the brine return system.
The magnitude of this pressure drop depends on the bore-
hole size, tubing size, and lhe size of the brine retum flow
lie, and is the direct function of the rate of flow. The
pressure reflected on a gauge at the prupsne side of the
storage cavern wellhead is the total of these pressures during
flowing conditions and increases progressively as propane
moves downward in the storage cavern, reaching a
maximum when the cavers i at the fifl point. The pressure
on the propane side of the welthead under static (no flow)
conditions is, of course, that of the U-tube pressure between
the brire and propane column.

An explanation of how the siorage cavem is calibraled
(strapping table} is also in order. Once it has heen solution
mined to the reqoired volume, a sonar caliper 38 run on 4
wireline from the surface into the storage cavern. This is a
rotating muniaturized sound pulse rransmitter and recaiver
which sweeps a horizontal circle. The vertical line foltowed
by the tool starts at the casing seat or at the fast point where
it contacts any fulcrum. The final falcrum will set the base
paint of the vertical swapping line. The signal pulse can be
compensated 1o take mito account the density of the media
surrounding it. 1ts minimum range is approximately a four-
fout radius and maximuom is essentially unlimited, but from
& practival standpoint, it 15 one-half the distance sound cun
ravel in the media within the time period between iwo
sound poises. The sound wave goes out, contacts the inside
face of the solution chamber and bounces hack w the re-
ceiver. A continnowns trace of this signal appears omn 2
cathode ray tube at the surface. The dwell time of the image
on the CRT is such that & Polaroid camera can photograph
the trace. A north pointing signal shows 45 a line on this
photograph and fixes the orientation of each race in relation
to magnetic North, The depth to each trace is known from
the cable footage reading or it can be tied back ino u collar
locator reading on the casing seat. A series of cross sec-
tional photographs of the solution cavern are made from top
to bottom at set intervals (uniess some peculiar charactens-
tic of the solution cavern is (o be nvestigated in derad).
These cross sections are then wranged in proper order, a
planimeter is used (0 measure the area of cach photographed
cross section and this informalion Is fed info g computer,
The comprer takes the cross sectional area of cach trace,
interpolates between successive ones and gives a readout in
barreis. This procedure is repeaied from top {o bottom of the
solution cavern. The resultant chart is the strapping table for
that purticolar cavern. It shows volume in barrels for each
successive section and the cumulative volume of the solu-
tiont cavern. The order of accuracy of this srapping is gen-
erafly stated as being = 3%, but acteal experience indicates
the aceuracy 18 better than this. The tool can also be rotated
approximately 170° ins the vertical plane to look at the bot-
1om and top of the cavern or 1w define major irmegularities in
the sidewalls of the cavern.

Ounce the above strapping table has been produced. and
presuming no further salt dissolution tkes place in the solo-
tion cavern, it can be used ag a basis for determining the
volume of propane in storage. A separate survey can be run
down the tebing to determine the interface between the
propane and the salt water in the solution cavern. This sur-
vey is quite acenrate when based on known reference points
““down the hole™ (casing seat, tubing collars, cte.). The
interface point is located on the strapping table ifrom the
sonar caliper survey), and the volume read off directly. This
procedure i3 the same as reading volumes off tank strappiag
tables, but it is, of course, reversed: top to bottom iastead of
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Figure 1. 'imrage of propane in a solution chamber.

boltom to top. An interface survey is teken periodically.
There are other interfuce locating devices that can be placed
on the bottom of the storage cavern. They “'look™ upward
and give a continuous monitering of the distance from the
bottom of the sehution cavern to the inferface. These types
of devices have not bieen developed to the point that they are
purticulazly reliable. A prototype system is now being tested
which is entirely surface mounted (no down hole compo-
nents). This umit can fake continious interface readings.
Once perfected, this type of interface detection system wili
be an extrerncly valuable, almost indispensible, instrument
for calibration of solution caverns at operating conditions of
temperature and pressure, allow optimum contral on leack/
fill type operations, be tied ino a microcomputer for
numerous antomatic contral and operations functions, eic,
laventory control by comparing results of strapping table
and interface survey with the cumulative volume of propane

measured by meter into the solui_mn cavern is ctise pos51ble,
however, if less than saturated brine or fresh water iz infro-
duced into the storage cavern; more salt will go:into salution

and strappings will change. Saturated brine taken frors the

pir at ambient temperatures and put into the solutien: savern
willl take salt into solution untit it has reached: bottony bole
temperatare. The latter should have minimal gffect but will
change the strapping table accuraey’'over an extended period
of time. Strapping tables can be adjusted periodically to
correct for these discrepancies buf such adjustrients must be
carefully documenied. In most instances, it is better to up-
date the strapping table on 2 continuous basis in preference
to using a strapping table thut is obvicusly cut of date.
Annual audits amite often are based on the strapping rable.
From u practical stindpoint, an operator shoudd plan to run
pew sonar caliper.surveya at periedic intervals, Scheduling
of surveys gets to be quite a problem. The sonar caliper will
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not peneteate steel, therefore, the mbing string must be re-
moved, The tubing cannot be pulled wnless all of the prod-
act is out of the storage cavern.

Propane receipts are measured at the underground slor-
age site with unidirectional meters and a prover. The meter
skid is manifolded at the outlet so that the full stream from
the shoreside insrallarion could go into the underground
storage, or to the pipeiine connecting it with distribution
net, or the stream can be split {a portion going to under-
ground storage and the remainder going to the distribution
net}.

The next step in the sequence of operations is the actual
injection of propane into the stosage cavern (Fig. 1), Bach
cavern borehole is equipped with a wellhead. Propane is
injected into the casing side (annulus) of this wellhead and
brine is forced out the tobing. Both streams are measured
with meters at the wellhead, There will be some normal
variation between these two voltmes. Propane is much
more compressible than brine. A barrel measored into the
storage cavern through the propane meter will be compressed
down hole because of the weight of the propane column
above it. Natarally the propane will displace a volume of
brine equivalent to the space the propane occupies af bottom
hole pressure and temperature conditions and because of
this a **surface barrel” of propane might displace less than
one barrel of hrine, Thix variation can be computed and
should be supplied w0 the operator or should be “'cranked’™”
into the computer which monitors the vartance between the
volumes of propase 'in”’ and brine “ouwt’’ and actuates
emergency shutdown systemns which will be discussed later
in this paper (Fig. 7).

CONTROL. INDHCATORS-
BRINE DISPOSAL WELLS

As has been previously discussed, each barrel of propane
pumped into the solution cavern forces out something less
than one barrel of brine, The brine then flows through a
pipeline to the brine pit. The brine pit is a necessary adjunct
in thig system fo provide surge. This allows the brine dis-
posal rate to be varied somewhat to compensate for factors
discussed below. The brine pit is lined with an inpervious
membrane and is generally of rectangular or square shape. It
should be strapped so that the volume in the pil can be read
from a gauging device. Puomps take suction from the pit and
move brine to the disposal wells. There are several prob-
femns involved in the operation of brine disposal pumps that
must be taken into account when instrumentation is de-
signed for thers. These will be taken up in the next paza-
graph under brine disposal wells.

Brine disposal wells are drilled into thick sands of high
porosity and permeability that generally susround salt
domes. A tubing string is run in the cased borehole and
“packed off’" above the disposal zone screen. The annular

space {hetween casing and tubing) is filled with a newtral
medium which has a positive pressure maintained on it to
verify “packoff”” and casing integnty., There are certain
limiting formalion pressures that must not be exceeded. The
sands have peostatic heads on them about twice that im-
posed by a columsa of 1.2 sp. gr. brine. Many unknown
formation and reservoir factors, as well as the rate at which
brinc is imjected into them, affect the wellhead pressure
required for disposal. Pressures can range from a vacoum
all the way up to formation hydrofrac, and flow rates from
“*fast as you can pump’ w0 zero. Some of these variations
wre inveived every tme a brine disposal well is put on the
line or accur over such a long interval that reference to
permanent reconds must be used to pin down their mag-
nimde. It cannot be assumed that the only step necessary for
brine disposal is to “‘dump’’ it down the hole and it will **go
away'’ on g vacuum. Protection must be provided in terms
of instrumentation to prevent damage to the disposal pump
apd driver, overpressuring the formation, to allow an
operator at a remote point to be aware at all tmes of aperst-
ing conditions at the disposal well, and to record pertinent
data for future reference to determine fong term effects in
the disposal reservoir or to satisfy the rules of various reg-
wlatory agencies. A sufficient number of brine disposal
wells must be provided to handle all the brine produced
during the propane injection phase. It is generally assumed
that recovery of such brine for reuse is impractical.

This compietes the operation sequence of getting pro-
pane into the storage cavern.

CONTROL INDHCATORS—STORAGE CAVERNS

Propane should never he allowed to enter the brine tub-
ing string. The tubing is equipped with thread seals to pre-
veat leaks from this source. It is always possible that if
tubing is in contact with the casing and thus subject to
mechanical ahrasion, or, the tubing is damaged while being
run into the hele, etc., at some point in time during the
filling process propane could enter the wbing—the most
critical point, however, is when the storage cavemn is near
ihe fill puint. Propane is ““constrained’’ within the storage
system by the wellhead, casing, and salt envelope of the
cavern. Any condition that “"lightens”’ the bring column
will cause brine flows 1w accelerate, since the propane will
“expand’’ 1o make the system come back into balance. The
pressure reduction on the propane side of the system may
not be rapid enough for reliable control purposes, particu-
larly if large volumes are in storage or propane mjection is
n progress. Propane will return to the surface with the brine
and be discharged to the atmosphere through the brine/
propanc separator and flare. If the quantity of propane re-
iurning is smatl, this creates little problem (other than the
loss of a valuable product); huowever, if the quantity is suffi-
vient to “blow"’ most of the brine out of the tubing, the
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Figure 2. Storage cavern, wellhead instrumentation,

propane will retorm to the surfuce at extremely high rates
dependent on the propane wellthead pressure at the time of
occurtence. This situation can arise if the rubing fails within
the propase storage area of the chamber or if the chamber is
filled past the end of the tubing.

A variety of indicators can be monilored o detect and
react 1o this type of operating problem. The brine flow rate
from the storage chamber and the propane flow rate inio the
chamber will increase, the tubing pressure will rise and the
propane wellhead pressure will drop {although this could be
““‘masked’’ due to other effects). There wiil be an abnormal
increase in flare stack discharge. Numerous devices have
been used to *“shuf in”* the well under these circumstances.
The most practical scems to be sensing the rate of rise in
brine flow; however, there are several operating situations
that can *‘fool’" all devices now in use.

Another point is worth noting. The sonar caliper strap-
ping tabie is based on 2 vertical line. The tubing is assumed
o be on the same vertical line. The length of the tubing
string can be measured into the hole. The end of the tubing
string is the ““fill"’ point of the storage chamber. It is always
possibile that the end of the tubing is nor where it is sepposed
to be: The tubing could have been hent while ruaning i into
the holes, the last joint could have dropped off, someone
could have made a mistake in measurement o in addition. it
is always necessary to establish where the end of the ubirg
is vertically, in relation 1o a point on the strapping table (this
is the “*fill"’ point of the storage cavem). Thé end of the
whing is initlally located using a gyro stabilized azimuth
and deviglion survey and should be checked by cellar
locator each rime an interface survey is run.

Once the propane is in the storage cavern and the well is
in a static condition, propane wellhead pressure as related
to # known interface point is a fairly relisble indicator the
propane storage cavern system is secure. The interface peint
should be veritied periodically by an interface survey. The
interface point might go dows shghtly due to propane ex-
pansion with temperature rise, but the interface should not
retreat up the solution cavern unless this can be accounted
for by the volume of propane removed from the cavern.

The next step in the process is W remove the propane
from storage as it is reguired by the customer. This is essen-
tizlly the reverse of the propane imjection cycle. The pro-
pane will flow out of storage due to the differential pres-
sure. Brine is pumped down the tubing to maintain a required
differential pressure. A barrel of brine will displace some-
what more than a barre! of propane (at surface pressure
conditions) from the well. 1f less brine is put in than propane
removed, the propane wellhead pressure will drop; if more
is put in than removed, the pressuse will rise. Obvicusly
turbine meters at the wellhead must have ar “‘in"’ and
“‘out” counter and the operator must be able to mosnitor the
propane in, bring out, propane wellhead pressure, tubing
pressure and have the “*feel’” of the system to know every-
thing is functioning normally.

MOISTURE ANALYZER

Originally, the propane had a dew point better than
—44°F, When it was injected intc the siorage cavern R
contacted the wetted ceiling zad walls and brine trapped in
inverted pockets in the sidewalls of the cavern, and infer-
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faced with large water areas at the propane/brine conwict
noint. There is alwavs some circulation in the stored pro-
pane due to lemperature gradients from the bottom 1o the top
of the storage cavern and this conld cause upward move-
ment of moisture into the propane. If the storage well is
“worked'” quite often (e, propane put in and teken o
without actually emptving the cavern}, the propane in the
upper portion of the storage caveen could be quite dry while
that in the lowermost portion would be saturated at the
bottom hole emperature (90°- 100°F).

Propane is sold on & — 15°F dew point specification so it
must be dried before delivery is made. The product recov-
ery system has a dehydrator in it to perfarm this function.
The propane returning from the storage chamber first goes
through a “scrubber’” where any “'free water’’ is knocked
out, then it passes through a vartical pressure vessel contain-
ing a desiceant thar will remove moistiure, then through the
measarement uait and thence into pipeline and 1o the dis-
rribution ret, A comiposite sumple proportional to the rate of
flow is taken on & continuous basis and spor samples {if
there is no on-stream analyzery arc laken to verify the pro-
pane meets all sale specifications.

The moisture analyzer performs a secondary function by
indicating when the dehydrator desiceant is starting 10 be-
come ‘'loaded” wih warer. When this point has been
reached, 4 *"dry” tower is swiiched onto the line and the
“wel”” tower is regenerated (1., the moisture is driven out
of the desiccant by heat). The dehydrator regenerative sys-
rem has various indicating and recording instruments to
track Lhe course of the drying cycle and determine when it is
finished.

This completes the process narrative, Some steps have
heen skipped, others have been brushed over lightly, some
have probably been unduly emphasized. In anv event, the
reader should have a fair grasp of the various operational
aspects of the propane import terminal supported by an un-
derground storage facility. The various parts of the facility
can be literatly scattered over sguare miles of terrain with
major components separated by considerable distances.
Every part must mesh inte the whole if the end objective 1s
to be met in a safe and ecconomical manner. Operations are
carried on night und day, fair weather or foul, personnel are
widc awake and alert or Hred and listless, a pressure liquid
is treated with respect or considered as just another com-
modity, everything is steady and routine for hours and days
on end, then that sudden breuthtaking emergency can goeur.

SPECIAL PROBLEMS

tt would be somewhat misleadiog 1o infer that the prod-
vct handling and sworage systems described in this paper do
not have operating problems, Actually, new problems, in
particulur those associated with storage wells and disposal
wells, crop up frequently, invariably at night or on a

weekend. The atmosphere in the operating area seems to be
permeated with minute salt crystals, the soil is “het™ and
electrical and instrumentalion maintenance is 2 never ending
chore. The storage operators, maistenance and instrument
men have very few dull moments.

The brine side of the storage system scerns to give the
most trouble. Starming with brine at bottom hole temperature
in the storage chamber, say at $0°F BHT. the brine is 103%
satarated. For each 10°F remperature drop, 1% of the saht
will he precipitaied. Scime salt “"plates’™ out on the inside of
the tubing, as hrine Hows counier to the imcoming cool
propane on its way 1o the surface. The reduced tubing flow
area cuuses pressure fluctuations on the propane side of the
wellhead. The tubing can plug completely if proper operat-
ing procedures are not followed. The brine {low carries fine
“wands’” owt of the storage cavern and at times contains free
crystals of salt. These particles can piug small instrument
orifice openings, crode metal objects in thelr path, settle
behind orifice piaes in flow lines and in the brine pit. A
slight temperature drop can cause some salt fo *"fall gut™ in
the most unusual places. Saturated saltwater brine is gener-
allv considered to be a “difficult™ material in reference to
measurement {devices) and corrosion. Strangely enough a
saturated brine is not very corrosive. Attnospheric fallout of
sall crystais and “‘seep™ or “spray’’ residues permeate cracks,
fissures, linkages, eto., and in the presence of trace mois-
tare do greate corrosion points. Cast aluminum housings are
severely attacked. All instroment closures shovid be
weather tight. Ar éimes, it is advisable to use oil ““buffers,”
“*seals,” or diaphragms to separate brine from Hquid con-
fact instruments {pressure gauges, DP calls, pressure trans-
mitters, etc. ).

The brine disposal puings really take a “heating™ from
commesion {exteriorn, erosion (intetior), loss of suction, over-
ranging flows at startup {when brine disposal wells are on
vachum), varighle flow rates as disposal formation starts
taking brine (or flow line area decreases due to salt plating
owt), and no flow if the disposal well should plug. The
protective instrumentation svstems (high/low pressure, no
flow, etc.) on the pump must he effective.

The proparne side of the systen: is not as (ricky, Propane
is “'nonlubricating’” on beurings or close tolerance moving
parts {P.D. meler clements) and they can bind. On the
retrigerated side of the system the intet liquid must displace
an apprapriate ammount of *in tank ' vapor back to the tanker
ko prevemt tank pressure buildup or tanker comparument
vacuum, The vapor generator and/or blower “'kicks in'’ to
prevent the lalter situation, snd the vapor relief (dump)
vilve prevents dangerous overpressure of the tank. When
hquid is taken out of the tank the pressure in the vapor space
must be muintained at an acceptable level. At —44°F it is
conceivable propane would not vaporize at a sufficient rate
te do this, The vapor generator {or purge gas) system must
make up the reguired volume or the vacuum relief (vent)

i
1
i
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valve wiil open and allow atmospheric air to enier {in pre~
ference to ‘‘pulling the tank in’") which is not such a happy
event. Needless o say, meeting and mastering the integra-
tion of actions and interrelated reactions can drive an irrita-
ble instrursent man mad.

Propane at atmospheric pressure and ambient tempera-
ture wilt vapoerize guite rapidly. The vapor is heavier than
atr, will flow downhill and fill any depressions. It is always
erpbarrassing to have any amount of propang leaking to the
atmosphere and downright dangerous if a pipeline shouid
develop a sizeable leak or rupture. It is advisable to have
tzak detection capability on any pipeline; H is particularly
important on one carrying a pressure liguid. Computer
comparison of “'in flows’" and “‘out flows with comec-
tions for variation in Hne fi !I due 10 tenperatiire or pressuge
change should catch & major leak, trigger block valves oa
each side of the leak and cause progressive shutdown of
shoreward faciliies back w main tank outlet valves. The
same type of arrangement should be used on-the line to the
distribution pipeline pump station with successive shut-
downs {automafic) hack to. the displacement pomp: These
sorts of instrumentation and measurement balance p_n.ib]em_s
are reasonably straightforward. :

About the only unusual type of problem at thc cu:araele
cavern welthead not previously mentioned is propane flow
line failure.. If the inhound flow line leak is large enough
during injection, the wellhead will shui down due to fow
flow inbound; alternately it would shut down because of
high back flow from the storage chamber to the leak. Dur-
ing the recovery cycle the wellhead would shut down due 1o
high flow outhannd. I the leak is not large enough to create
flow rates that will trigger this system, detection could ba by
hvdrocarbon sensing device, by sound detgction, or by
sight. Under such circumsiances, the entire system can be
shut down by manually activating the switch at remote shut-
down stations or by use of the master emergency shutdown
switch on the centrol room console,

SYSTEM PRESSURE CRITERIA

The waakest point in solution mined caverns is vsually at
the casing seat of the final cemented casing sring. The
wellhead is designed for the working pressure anticipated in
the systen. The casing is tested, sometimes before and
always after it has heen run and cemented, to a pressure well
above the maximum pressure expected to be exerfed in it
This pressure test is made before drilling out the casing
shoe. Most operators then drill some 10 to 15 feet below the
casing shoe and test the cemeniation jobh and formation at
the casing seat. The magnitude of this test is generally based
on a percentage of the expected hydrofracing pressure of the
overburden above the casing shoe, For instance, it might be
assumed that hydrofracing would occur at 1.0 psifft. times
depth of the casing seat and a test nm at 0.8 or 0.9 psi/fe. It
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must be understood that for & given design flow rate, the
flow areas in the product anrulus, in the brine tubing, in the
brine flow line to the pit, in the producrt refuern Hae to the
distribution system, the allowable erosion velocities in the
unnulus and fubing, the specific gravity of the stored prod-
uct and brine, the total depth w the end of the bring tubing
(fift point} in the storage cavern, and the operating pressure
safety fuctor desired all impact on the depth ar which the
casiftg seat must be set. When the cavern is solution mined
1o ity desired-capacity, it is again hydrostatically tested vnth
the desired safety racter
For example, given

I F]ow uress in pwdw.t :mnukus and brine wibing suffi-
cigpr, {hat erosicn velocity fimits are not exceeded.

. Prcduct 5peuhc gravity. = (},500).

. Brmc spcuf‘u gravity. o= "QU _

_ Aﬂew.ih[ﬁ nverhurdcn prcssur{. = 0 8 psi

.v_{aqmg seat. demh =1, 000 ftx; {a,s‘;utnedl

. Enad of mbing _ = 3._.0(}_0 i_'f_.‘.t‘._t_ (_ak_mmf,_d)_

C?\_Z_u\' -'Iusx Tad 1A

The leewmg :.aiculatzons can ‘b made 15 determme the
aperating pre“dre at the cusing seat under deslgn flow con-
ditions and the présstre to be exeried’ on ihL brme side
welthead gauge to test the sotution mined storage syster:

Pu + AF, + = P, Product side wellhaad gauge
AP, + AP, reading
P, — AP, +~ P, =P, Operating pressure at casing seat
P.. x .3 8F = P Test pressure at casing seat
Poo — Py =P, Test pressure on brine welthead
side goar
Py = Force exertad on casing seat by
product column weight
P = Force exerted on casing seat by
brine column weight
Where: ?._‘il
Pu = U-tuhe pressure effect at fill =909

point = 3000 x 433 (1.2 ~ .3)
AP, = Pressure drop in annulus at
design flow rate
AP, = Pressure drop in brine tubing at = 45 (assumed}
design flow rafe

it

36 (assumed)

1]

AP, = Back pressure in brine retum 20 {assumed}

system
Py = 1024
AR, =( 50)
P, (2000 x 433 % .50) - 433
Pex = 1407
Peg = 1407 x 1.3 = 1829
P, = 1829 - 2000 (.52} - 789
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INSTRUMENTATION AND CONTROLS

The format and sequencing of the subject 1nater in this
paper has been deliberate. It is hoped the reader’s interest
has been aroused by at feast a few of the operanional aspects,
and that various guestions now lurk in his mind-—' How
would I design this particular segmant of the Instrumenia-
tion?”’ *“What end device should 1 use?’’ " Are there prob-
lems [ see {re instrumentation) that the writer has not?””

Mast of the hardware is “‘off-the-shelf «nif”” and the
majority of the instrumentation design ts simple and rouline.
Some of the hardware has just recently been developed and
is subject to the usual “‘growing paing’'—=some is experi-
mental and very unretiable. This is not a complicated sys-
tem in comparison to a refinery or petiochemical plant, It is
a system, however, that handles a volatile and cxpensive
material at elevated pressures using a very imigue storage
scheme operating at refatively high rates of flow having
wideiy scaitared major units all of which must be integrated
and controtled 1o maintain a system balance.

A comprehensive controf system, equipped with appro.
priate and refiable devices sending pertinent and timtely in-
formation 10 control points manned by @ single operator
backed with alarming and properly sequenced cmergency
shutdown systems is as vital in this systern as in any
other—-all functions requiring control must he recognized,
an instrumentation system must be designed such thar it will
perform the required function, be easily maintained, give

adeguate readouts on properly laid out panels, and *‘fail
safe.””

What instrumentstion is really needed? What is the most
relizble device to perform a particular function? Where
should it be located? What does the control reom operalor
need 1o know? How should data be displayed? How is the
signal to be transmitwed to the readout area? In what posi-
tion, and under whart conditions should it *fail safe’?

Table 3 at the end of this paper gives a list of local and
console-mounted indicators and recorders that might typi-
cally be used in a system such s this. It is not the intent of
this paper to recommend any parficular approach to in-
strumentation, to prescribe specific devices or to set out a
complele instrumentation design package. The paper should
be used as a reference only, and in ao event 1o be considered
as representing an existng design, a workable system, or a
complete equipment itemization. Mo attempt has been made
{0 cover protective instrumentation on machinery packages
¢such as vibration switches, high bearing temperature, no
flows, efc.}.

Figures 2 and 3 show an instrumentation concept that
might be sed on a storage cavern wellbead and on a brine
disposal wellhead.

Tt is best 1o start at the various control room consoles and
make the decision as to what readout, alarms, manual shut-
downs, etc., might he required there. The functional loca-
tion of status, indicating, transmitting and recording instru-
ments are shown for field and control room console on the
same chart for convenience {sce Table 3},

In w ______

L

i
BRINE_IN . ai@ﬂ E];

O O 0
FRT
QEesD ONLY
O TEST
WELLKEAD

STATUS PANEL

Figure 3. Brine disposal weil, wellhead instrumentation.
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TABLE 2

Standard Symbols Identification Chart
Instrumentation and Controls

Symbal

FA
i3
FE
FRC
FT
i.A
LG
Li
LT
MOV
MTP
PA
3|
FIT
PR
PT
TI
TR
TT

Identification

Flow Alarm, highflow

Flow Indicaror

Flow Recorder

Fiow Rate Controtler

Fiow Transmitter

Ligeid Level Alarm, high/low
Liguid Level Gauge

Liguid Level Indicator

Liguid Level Transmiter
Motor Operated Valve

Meter Ticket Printer

Pressure Alarm, highflow
Pressure Indicator

Pressure Indicator Transmitter
Pressure Recorder

Presaire Transmitter
Temperature Indicator
Temperature Recorder
Temperature Transmifter

cotee corvidar by ingecting prodnet 4 this fevel and withdrowitg produs Ty wse of

ums wed: EDSA-Bmwrgeney Sbheduws—Automatic Top. ESD- Emergency Shutdows—Mapgad 10, 24 0 - Pig Lauscn Lo FRI1= g Releover Deip 1L drdhaating
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TARILE 3

Indicaters
Tanker discharge
Liquid sdischarge arms
Wapor rethm arms
Liquid flow line
Vapor retmn line
Meter, flow ruie, propane
Valume, accumuiator readout (reset)

Refpgerawed tank
Liyuid
Level

High level, szt point
Low level, set point

Temperature

Main vaive position, inlet

Main vaive positien, oullel (1o booster)

" Yalve position, vutlet (1o holding refrigeration)

Vapor
Pressure, vapar space
High. set point
Low, set poind
Walve position, vapor to ranker
Meter flow rate, vapor to tanker
Blower, vapor booster, onvoff

Pumip, holding refriperation, on/off
Compressor, holding refrigeration, on/off (Neote 1)
Chilter
Meter, flow rate, propane to refrigerated tank
Temperature, outict

Pump, banster (fram tank to suction sule
pipeline pump)
Flow rate
Qufoff
Heater
Meter, flow rate, fuel, direct firing burner
Temperature, liquid, heater inlzt
Temperature, Hyuid, heater outlet
Temperature, gas rbine exhaust, tnlet to heater
Temperature, gas, heater stack

Pipeling pump
Pressure, discharge
Pressure, suctiop
Gt/ oo
Metcr, pipehing (shoreside)
Flow rate
Volume, sceumuiater teadow (reset)

Flare stack
Fiaw rate, mefer, vapor to stack
Pilat, on/off
Purge gas generator!
Sapply ek level
Flow to purge system
Pressure
Fire pumyKs) on line
Alagrms

Remote Master Shutdowsn has been triggered

Eocal

2D

]

@x

)

@

©)

D

EhE

=

®

Horn

Consale

1 I

G
@l |

MTP

@
@

ESDA
ESDA

=@

@
@ @

@

®
Mt

£

I

I

Horn
Il
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TABLE 3 iconty

i
i
+
i
i
H
i
i
14
4

Lacat Consele
Tanker
Propune discharge has stopped L
Vapor retwin flow has stopped L

Refrigerated tank :

Liguid level, high set point exceeded ' i :
Liguid Jevel, low set point exceeded 18
Pressure, vapor space, high sef point exceeded L
Pressure. vapor spuce, Tow set point cxceeded 1L !
Pump, hokfing refrigeration, off ling IL (blink}
Compressor, helding refrigeration, off line EL tblink)
Chiller
Temperature, outlet, high set paiat exceeded - i
Heater
Temperature, ouiler, inw set point exceeded iL
Temperatre, outlet, high set point exceeded : It
Pipeline pump o
Pressure, suctton, low set point cxceeded - iL

Meters, propane (shoreside vs. storage site)
Voiume, pipeline n vs, out, variance above
presat Hemit ’ iL (blink}

Flare stack
Pilot flame is oWl iL

Fire in shareside area TE (olink)

Emerpency Shigdowns

Master ESD ESD
Tunker doeck
Vaive, loading arm, lHgeid, shut FSD
Valve, loading arm, vapor, shat ESD
Retrigerated tunk
Valve, main liuid injet, shut E5SD
Valve, maia Hoguid outler, shut ESD
Valve, liguid outlet to bolding
refrigcration, shut 8D
Valve, vapor outlet to tanker, shut ESD
Valve, dump tunk 1o flare smck, open ESDA ES[
Valve, demp purge gas o tank, open ESDA ESD
Pump, hooster, off
Pump, holding refrigeration off ESD
Compressor, holding refrigeration oft ESD
Fuet
Vatve, fuel to heater, shut ESDA ESD
Vaive, fug] 1o gas turbine, shut ESDA ESP
blzinline valve, pipeline miections, shut ESDA ESD
Fire pamp, star ESD

Mote {—Can be gas other thas propane

Lnderground Storage Site Instrumentation

Prapane frjection Cwfe

Indicators
Pipeline from shoreside PLT
Valve position, mainting - 1L

€
@

Pressure, propane, delivery
VYolume, propane in, accumulator
rexding (reset) MTP
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TABLE 3 (com.)
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Propane Receipts
Meter, pipeline (storage site)
Fiaw rate
Volume, propane, in,
accumulator readous (reset)
Mainkine valve, position, flow line
to distribotion pipeline

Vaulve, position, flow hne to storage chambers

Wellheuwd, storage chamber in use

1, €23, {3), (4}, ete. on line
Valve position, propane
Valve positian, brine
Pressure, propane [casing)
Pressure, brine {tubing)
Meter, tlow ratz, propane in
Mewr, flow rate, brine out
Meter volume, propane in,
aceumulator readout
Meter volume, brine out,
accumuiator readout

Liguid lever indicator, brinc pit

Pumps, brine disposal e use 1, (23, (3}, etc,
Pressure, discharge
WeHhead, brine disposal well in use
I, (2}, (3), {4), etc.
Meter, flow rate, brine in
{out of mpeline)
Pressore, brine (tubing)
Pressure, oil {casing)

Alarms
Remote Master Shutdawn has been riggered

Master Shatdown st Shoreside site
has been teipgered:

Flow has stopped from shoreside pipeline

Weilhend, storape chumber in use
b, (2}, {3}, {4}, etc.
Off line

Level, brine pit, above preset fimit

Pump, brine disposal, by use I, (2), (3), etc.

Off Line

Wellhead, brine disposal well i use
1023, {3}, (4), erc.
WY line

Flare stack, pilot flame, out
Fire i operating area
Emergency Shutdowns
Master

Pipeline
Mainling valve, shut

©L K

P17

€

ESD

ESDA

(Consale

MTP

1L {biink)

1L {hiink)
IL

iL

IL.

IL

IL

ESD

ESL
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Wellheud, storage chamber
Close propane and brine valves
Pressure, propane, aboveshelow preset limit
W rale, propane, in,
abava/below presat Hmit
Flow rate, brine, out,
ahave/below preset Hmit
Flow rate, propane in vs. brine ont, variance
above preset Himit

Pump, brine disposal
Shutdown
Pressure, discharge above preset limit
Flow rate, inlet below preset level

Welthead, brine disposal
Clase brine valve
Pressure, tubing, ahova/below preset limit
Pressure, casing, below preset limit

Propane Recovery Cycle
Indicarors

Pump, propane displacement, brine, in use
1, {2), (3. ete.

Pressure, discharge
Brine pit level

Wellhead, Stwrage Chamber in use
1, {2), (3), (4), etc.
Valve, position, propane,
Valve, posilion, brine,
Pressure, propane (casing}
Pressure, brine {tubing)
Meter, flow rale, propane out
Meter, fiow rate, brine in
Volume, propane out, accumulator readout
‘olume, brine in. accemulator readont

Dehydrator
Tower 1, (2) onfoff line
Moisture consent, propane
Valve position, by-pass valve is open/closed
Meter, master
Volume, propane fo pipeline, accumulator
readout {reset)
Pipcline to distribution system
Valve position, mainline, epen/closed
Pressure, propane

Alarms

Wellhead, Siorage Chamber
Storage well inuse 1, (23, (3), (4), =tc.
Off Line

Pump, propane displacement, brine
OFf tine

200

Local Console
ESD
ESDA
ESDA
ESDA
ESDA ESD
ESD
ESDA
ESDA
-ESD
ESDA
ESDA
FRC L

&

14
ESDA  Recorder
IL

MTP

IL {blink}
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TABLE 3 {cont.)
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Brine pit level
Below preset Hmit

Dehydrator
Tower in use is off the line
Matisture content of propane is above
preset limit

Meter, Master
Volume delivered to pipeline at storage site
is more than that received at pump station
(exceeds preset varignce Hmit)

Pipeline
Mainline valve is closed at Storage site
{delivery)
Mainline valve is closed at paump station
|recaips)

Emergency Shutdowns
Master (und remote masters) ESD

Pipeline to distribution system
Valve, mainkine. shut

Wellkend, storage chamber in nse

Close propane and brine valves
Prassure, prapane, below preset limit ESDA
Flow rate, propane out, sboverbelow
preset Jimits ESDA
Flow rate, brine in, abovesbelow
preset limits ESDA
Flaw rate, propans out vs. brine in, variance
above preset mit ESDA

Pump, product displacemen:, brine shutdown
Shutdown
Pressure, high/low ESDA
Flaw rate, infet, low ESDA

Dehydrator, shutdown
Free water knock ouf drum
Liguid bevel, high ESDA

Pipeline to distribution system
Mainline vaive, shut
Pressure, below preset limit ESDA
When volume measured into pipeline at
storage site is Iess Fan that received at
pump station {exceeds preset
variance limit) ESDA

Console

IL

L.

iL

1L (blink)

1.
IL

ESD

L

ESD

ESD

ESD

ESD
L



instrumentation and Controls

TABLE 3 (cont.}

Status Panet
Storage Chamber Wetlhead

Status Hghes {kamp *first™ out stays lit

Pressure, propane, high
Pressure, propane, low
Pressure, brine, high
Pressure, brine, low
Flow direction, propane
in
Chut
Flow rate, prapane, high
Flow rate, brine high
Flow rate, brine, high
Flow rate, propane in‘out vs. brine out/in
exeveds preser Hmit

Lamp test circuit button

Local Emergency Shutdown buiton (aﬁso Ctest

11

shutdown valve and sensing end device
operalion with time delay)

*Nonstandmd Symbols Used,
ESDA Emeigency Shutdown— Autamatic Trip

ESD
PLT
PRT
it

Emergency Shutdown.-Manugl Trip
Pig Limunch Trip

Pig Recsiver Trip

Indicating Light

MTP  Meter Ticket Pripter and Regiater

2N



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17

