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i - •• Date: 1S October l95S 

TO: District Engineer 
Ala.ska District 
Corps of Engineers US ArIIIJ' 
Anchorage, Alaska 

FROM: Norris Plank 
Engineering Consultant 
Room 2!)7 Citizens lank Bldg. 
Tulsa, Okla. 

REPORT No. 10 Perioa l Ootober to 15 October l95S 

SUBJ.ID;T: Haines-Fairbanks Product Pipeline - Station control equipant 

SU.wARY: 

l. 'lbe writer .makes a detailed stuq of the control systems used at 
the pumping stations on the Haines-Fairbanks pipeline and. reports these con­
trols to be UJ1Sa.i'e am unsatisfacto17, Design changes are recco.mmended and 
suggestions are offered for guidance or the designer. 

ANALYSIS: 

2. The control S7Stem installed at the Haines pumping station has 
neTer operated s~hfactorily. During the past week the writer bas had. an 
opportunit7 to exam1ne the design installation am performance of this 
a,stem. The following paragraphs contain a description or the surve7, 
anai,,sis of the findings, ~d reccom.m.endations for correctiTe action. 

J. :Before •• start a studT of azq particular control a;rstem we mu.st 
understand what constitutes an ideal control SJ'Stea for the particular 
process which is to be controlled. We J111st fulJ.T understand the requiremen­
ts of the process before we attempt to determine the merits of the control 
s;rstem that bas been provided. 

4. There are six basic requirments r or a pipeline pump· station con­
trol system which may be described as follows: 

• 
(a) The maxjmnm engi..ne spe~d .am.st not be allowed to exceed the 

safe limit for the engine. 

(b) The min;f nn1m engine speed mu.st not be allowed to drop to 
the stalling point for the engine. 

(c) The speed of the engine (and pipeline pwap) JIil.st be modu­
lated to prevent the pump llicharge pressure from exceed­
ing the safe maxi mum working presaure of the pipe and fitt­
ing• in the pipeline. 

_ (d) The speed of the engine .amst be modulated to prevent the 
mi DiDJIP pump auction pressure from dropping below the flash 
point or vaporization point of the liquid being pumped • 

' 
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{e) The speed or response of the pneumatic control elements must 
be ver7 rapid. Three to five seconds response is required to 
proper~ cope with normal pipeline upset conditions. 

(f) Manual control .m.eana. · 
Some means must be provided to shift fro.m. Automatic Control ot 
the engine to manual control, far engine war.m-up am other pur­
p09es. 

s. The six features noted above refer to the normal modulating control 
s7stem. However, in addition to the regular control system we must have a 
number of em,rgenq features which will acco.m.plish a shut-down of the pump 
and engine in case of a fail.ure of any part of our mrmal control equipmut • 
In case ot such failure we must provide most positive and reliable means t.o 
atop the pumping process to prevent damage to our pipeline or engine. 

6. There are a number of features in the emergency shut-down group. 
The following list constitutes the proper items in this catago17 £or the 
Haines pumping station: 

(a) High speed cut-out for the engine. 
This device must pron.de positive and reliable means to force 
the fuel rack to the closed position iJl case of failure of the 
engine speed governor. fhis deTi.ce will probabl.7 be set to trip 
at 900 RPM. . 

( b) High discharge line · pressure shu:t-down. · · 
A mercoid pressure switch 1a usually used for this purpose. 
The set point at Baines Station should be for maxi a1m pressure 
of 1300 psi. 

(c) Low suction line pressure abut-down. 
This mercoid pressure switch .should be set at 5 psi. ad n:\ mnm. 

(d) Low engine oil pressure shut-down. 
This pressure switch should be set so.mewhere below the normal 
oil pressure level. 

( e) High engine jacket water shut-dom. 
This thermal Pitch should be set scmewbere above the nor.mal 
jacket. water te.mperature lenl. 

(f) Instrument air failure shut-down. 
Proper "fail sate 0 design will provide for automtic elesing 
of the fuel rack on instrwrert. air auppl.7 failure. However, 
a pressure switch m7 be provided to give a warning aignal 
instrument air suppl.7 pressure dro pa below JI) psi. 

{g) Electric power failure shut-down. 
Proper •tail sate" design will provide for engine shut-down 
when the coil in the emergenc7 air valve is de-energized b7 
power failure • 
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(h) Explosive mixture shut-down. 
A mine safety device located in the pump room should. sigcal for 
a shut-down in case the atmosphere in the pump room reaches a 
condition that will support combustion. 

(i) Push button shut-down. 
At least two "STOP" buttons should be ,PE"ovided for .manua.111' break­
ing the circuit to de-energize the emergency air valve coil to 
stop the engine. One switch located at the engine and one or more 
located at a remote point. 

7. As stated above the writer examined the design am performance char­
acteristics of the control system at the Haines station. I wish to report 
that I ran into design trouble before I could get started on the examination. 
In order to check the performa.nce of a pnuematic control system one must be 
able to observe the pressure level of the output signal from each separate 
control element in the syztem. The response rate and range from each trans­
mitter, controller and relay must be noted and checked by observing air press­
ure changes on properly located pressure gauges. No such air pressure gauges · 
were located on such vital points as the main output signal from. the dual 
pressure controller and the fuel rack actuator diaphragm. No iressure gaug-
es were installed at the vital points nor were any 11tee11 outlets available 
where a pressure gauge could be installed. 

I. It was necessary, therefore, to change the air piping fittings and 
install several pressure gauges on both air supply points as well as output 
signals before the performance check could be started. In 35 years ot e~er­
ience id.th pnuemtic controls I have never seen such poor installation prac­
tice. 

9. The suction and discharge controllers were checked o.k. up to the 
point where the control signal was delivered to the engi.m room. The press­
ure transmitters, the receiver-controllers, the l: l combining re.lay and the 
inverse derivitive relay were all observed to perform satisfactorily. How­
ever, the performance of the diaphragm motor which functions as a fuel rac; 
actuator was found very unsatisfactory. •· 

10. The standard diaphrajn motor is constructed in such a way to provide 
a full travel stroke with air pressure change of approximately J to 15 psi. 
The standard positioner unit functions as a booster relay; if booster service 
is necessary to overcome spring histeresis a.nd reduction of effective area 
of the diaphragm. The diaphragm motor used at Haines takes a i'ull travel 
stroke wit,h a pressure change of 4 to 8 psi. The positiooer unit acts to supp­
ress the controller signal in8tead of .magnifying it. 

ll. The attachment of the actuator stem. to the fuel rack lever is nor.m­
al.4 made with a positive acting over-ride force in one direction and a free­
parting non-force return. The Haines station actuator ,pplies a spring force 
on the return stroke which opposes and interferes with the normal operation 
of the mechanical fly-ball governor. 

12. The pnuematic relay which the designer specified in this control 
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syatem for the purpose of biasing the control signal am syncram.zing the 
engine speeds is classed by this writer as worse than useleaa. As presently 
operated it serves no useful purpose. It does, ho;vever, add considerable 
contusion to the control syst84. 

1.3. There is nothing right about the pllllematic control equipment which 
is attached to the engines in the Ha.in.es station. The bi.a.sing relay is a 
useless element. The positioner unit is improperly adjusted. The diaphragm. 
.rr.otor has kproper spring characteristics, the actuator stem has improper 
attachment to the !uel rack lever and the idea of applying the pnuematic 
control rorce dil·ectly to the fuel rack lever is wro.ng in principle. 

l4. This control system would work perfectly ii' a properly constructetl 
diaphragm motor w-.is installed in such a way to change the tension in the 
speeder spring on the mechanical .fly-ball fJJTernor through the range fro!ll 
idle speed setting of 450 RP'..! to !ull speed setting of 750 RFU. On the 
other ham the writer believes that no amount of work on the present design 
can result in fully satisfactory control. 

15. The above comments cover fii7 obserTations and conclusions on the 
.modulating section of the control syatem. :~e shall now proceed with a report 
on observations and conclusions resulting f'rom a study of the emergency 
shut-down facilities. 

16. The emergency shut-down device which is furnished by' the engine 
.manufacturer consists of a pnuematic cylinder and a solenoid. operated air 
valve. The cylinder contains a !'ree piston with a piston rod. The piston 
rod projects from one enci of the piston and makes a butting contact with 
the engine fuel rack lever. t'Jhen the coil on the solenoid valve is ener­
gized the valve opens and air is allowed to flow into the cylinder and 
force the piston and ~iston rod out to contact the fuel rack lever and force 
the fuel rack to close. idlen the solenoid coil is de-energl.zed the valve 
closes the air auppl.1" port aod opens the cylil'lder bleed port, freeing the 
piston and allowing the fuel rack to move toward the open position. i'ihen 
a shut-down signal is transmitted to this den.ca both electric power and 
air supply must be avail.able to make it operate. 

17. The above device does not qualiiy as reliable and dependable, 
sinoe failure of either electric power or air supply would ren~er it inop­
erative. This device can not be cliaaed in the "!ail safe" category since 
failure of either electric power or air supply would leave the engine with 
no emergency protection. This device can be made reliable and dependable 
bf' making a slight change in design. 

a. A free-moTing over-riding leTel' should be attached to the engine 
fuel rack shaft which will contact the fixed fuel rack lever and force it 
to moae to the closed position. The over-riding lever should be loaded with 
either a dead ?1eight or spring ifhich will provide au!!icient .force to pos­
itively close the !uel rack • 
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19. The pnuematic piston, referred to above, should be rearranged to 
a position which allows the piston rod to contact the free lever anj oppose 
the force of the dead weight or spring and hold the free lever away from 
the fLxed fuel rack lever when air supply is admitted to the cylinder. 

20. The electric circuits and the solenoid air valve should be arr­
anged to provide for an energized coil and an open air supply valve all 
the time when the system is operating under norm.al conditions. Gn the other 
hand, any emergency signal will cause the coil to be de-energized, which 
in turn closes the air supply valve and bleeds the air pressure from the 
pnue.matic cylinder. This action, of course, releases the force of the 
weight or spring and alloi'iS the over-riding lever to contact the fixed 
lever, and close the engine fuel rack. Electric power failure will natur­
ally de-energize the coil and release the over-riding forces. Air failure 
will also result in closure of the fuel rack due to the "fail safe 11 nature 
of the design. 

21. It ~ust be noted that the coil in the emergency air valve is ener­
gized all the time the engine is in operation. This condition calla !or a 
he..i.vy duty coil designed for continuous service. I understand that a low 
voltage circuit has been provided for use in all the electro-magnetic 
elements in the station. 

22. The engine overspeed cut-out is the first item in the above list 
of the various features which should signal for an emergency shut-down. 
Present qesign provides for closing a circuit and energizing the coil in 
an air valve which causes the valve to open. The design should be changed 
to provide for opening the circuit and closing the air supply valve for 
the over-speed emergency slm.t-down. 

23. Both the high discharge line pressure switch and the low suction 
line pressure switch now sends a signal to dwnp the air load on the diaph­
ragm motor. This signal should dump the air from the emergency shut-down 
cylinder in the new design which I have proposed. 

24. Both low engine oil pressure and high engine jacket water temper­
ature should cause the coil to be de-energized and dump the air !rom the 
emergency shut-down cylinder. 

25. Failure of the instrument supply air co.mpressor should cause a 
warning li~t and buzzer to operate from a pressure sftitch set at 40 psi. 
This pressure switch was erroneously attached to output air signal line 

• from the pressure controllers by the constructors of the Haines station. 
It should be attached to the air supply system. Complete failure or air 
supply will auto.ma.tically cause engine shut-down in the proposed revised 
design. 

26. Electric power f ail.ure in the present design dows not shut the 
engine down. In the correct design, power failure de-e~ergi.zes the emer-
gency air valve and shuts the engine down • 
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27. No device is presently provided to shut the engine down when the 
atmosphere in the pump room becomes an explosive mixture. Good. design 
demands such a device !or proper protection or both property and personnel. 

28. Present push button stop .means are not positive and dependable 
because they depend on both electric power and air supply for operation. 
This feature should be redesigned to conform to 11fail safe11 practice 
described above. · 

29. The people who i'urnished the Chicago Pnuematic engines for the 
Haines station are prepared to furnish one diaphragm .motor with auitable 
bracket fittings for mounting on one of the engines in this ·station to 
re-position the setting of the governor speeder spring. The operators 
of the Haines station plar. to make this change:, and ether changes in the 
control system for one engine, to conform to·. the design plans described 
above. li this trial unit works out to the satisfaction of all concerned 
then further steps can be taken later to re-design other units here and 
at other points up the line. 

3(). The writer hopes to be able to help revise the· control equipment 
on the trial unit. I feel sure that the new design will. result in sare 
and satisfactory automatic operation. I feel equal.ly sure that nothing 
bu.t unsafe and unsatisfactory operation will result !rom use or the 
present equipment. · · 

31. While the conditions described in this report have reference 
to the Haines station only, it is a well known fact the, design used at 
Haines is generally" the same as that used at the other pumping stations. 
Therefore we can safely assume that if changes are indicated at Haines, 
the same changes will be ·needed at all stations. · 

REC0Ml4ENDATIONS: 

.32. I recommend that all pwnping stations on the Haines-Fairbanks 
pipeline be equipped with safe automatic control systems redesigned along 
the lines suggested in this report. .. 
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