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PROPA K E V ol ENGINEERS, FABRICATORS & CONSTRUCTORS FOR OIL & GAS PROCESSING

SECTION 1: HAZARD WARNING

CAUTION CAUTION CAUTION

BEWARE! GAS PROCESSING UNITS ARE COMPLICATED AND
DANGEROUS PIECES OF EQUIPMENT IF YOU ARE NOT FULLY
TRAINED AND FAMILIAR WITH THEIR OPERATION.

BEFORE STARTING THIS UNIT
FAMILIARIZE YOURSELF WITH THE UNIT

A gas/air mixture under pressure can explode!!!
Sour gas is extremely poisonous!!!
You can be severely injured or killed.

Make sure the unit is sufficiently purged of any explosive
mixture and there are no gas leaks before starting.
Unit startup/shutdown procedure to be carried out by trained,
authorized personnel only.

Operational inquiries can be directed to Propak.

For replacement parts / maintenance assistance contact Propak.
After completing the above, begin proper starting procedure.

CAUTION CAUTION CAUTION

505 East Lake Boulevard, Postal Bag #2 Airdrie, Alberta, Canada T4B 2C3
Bus: (403) 912-7000 Fax: (403) 912-7095 email: email@propak-sys.com






ENGINEERSE FABRICATORS & CONSTRUCTORS FOR OIL & GAS PROCESSING

PARTS / SERVICE / COMPRESSION REVAMPS
EEEEEE NSNS NSNS EEEENEEEE

An authorized distributor for Dresser-Rand, Knox Western, Sullair and Mycom
compressors, offers a wide range of services for the following Quality
compression products:

OEM after-market market parts support for the following compressor products:

Dresser — Rand Knox Western Sullair / Mycom
oo HOS Series - - - Eagle Series-- Oil Flooded screw-
e VIP Series TP Series Compressors

e RHD/RDS Series

e Cub/ Supercub Series

e KOA/KOB /KOC Series

e Worthington

Services offered:

e Compressor Overhaul

Routine Compressor / Engine Maintenance
Field Revamps and Package Modifications
Complete Shop Re-packaging
Consignment parts agreements

Propak’s factory trained service technicians use only genuine OEM parts.

e Compressor Re-manufacturing
complete repackaging service for all makes of compressors that
covers re-engineering, modifying unit drawings and operating
manuals, cooler re-rating and manufacturing, vessel fabrication, field
installation / construction, and unit start up.

WITH PROPAK COMPRESSION
YOU CAN EXPECT MORE AND SPEND LESS

Contacts: Service  Dennis Richter - 403-912-7257
Parts Barry Sweetman 403-912-7251
Sales Winston McHardy 403-912-7281

Phone Sales: 403-912-7000 Fax:; 403-912-7011 Email: sales @propak-sys.com



P P /| ENGINEERS, FABRICATORS & CONSTRUCTORS FOR Ol & GAS PROCESSIN

COMPRESSION

PRODUCT & FIELD SERVICES DIVISION
AN

Propak’s Product & Field Services Division provides complete field

services for all your gas processing needs.

e Engineering Feasibility & Plant Optimization Studies
¢ Plant Troubleshooting
¢ Plant Mothballing
e Turnaround Planning
e Operator Training
e Maintenance & Repairs
e Vessel Repairs & Modifications
e Exchanger Re-tubing & Repairs
e Aerial Cooler Re-rating & Repairs
e Direct Fired Heater Re-rating & Burner Management
¢ Direct Fired Heater Coil, Burner, Refractory Repairs
e Tower Inspections & Re-traying
e Piping Modifications & Repairs
e Extensive Parts Inventory

e Mycom Compressor Parts & Services

AVAILABLE 24 HRS
QUALITY PRODUCTS AND SERVICE

Contacts: Service: Pat Randall 403-912-7260
Parts: Barry Sweetman 403-912-7251
Phone Service: 403-912-7000 1-800-408-4434 Canadian & US Customers

Fax: 403-912-7252 email: prandall@propak-sys.com






BASIS OF DESIGN

The following describes a modularized and packaged gas compressor, designed and fabricated for Apache Canada
Limited, consisting of a compressor, natural gas driven engine and aerial cooler being used for the compression of a

natural gas mixture for installation the Hamburg gas processing facility, LSD: 02-06-097-11 W6M.

The inlet flow is a natural gas mixture. Three stages of compression deliver the gas to the pipeline at 1200 kPag

(minimumy), and 49 °C. The gas mixture consists of the following components;

COMPONENT MOLE FRACTION
HYDROGEN 0.0
HELIUM 0.0003
NITROGEN 0.0063
CARBON DIOXIDE 0.0233
METHANE 0.9201
ETHANE 0.0360
PROPANE 0.0073
I-BUTANE 0.0012
N-BUTANE 0.0015
I-PENTANE 0.0010
N-PENTANE 0.0005
HEXANE 0.0005
HEPTANE + 0.0021
HYDROGEN SULFIDE 8 — 10 ppm
TOTAL 1.0000

Apache Canada Limited. — Hamburg Gas Plant, Alberta
Natural Gas Compressor, Propak Project #99404







DESIGN DESCRIPTION

PROCESS

All process piping and vessels have been designed for sour gas service, with 1/8” corrosion allowance.

Stage one suction has been designed for a pressure of 4516 kPag at 149°C. Stage one discharge has been designed

for a pressure of 4447 kPag at 176°C and has a full flow relief valve set at 3412 kPag.

Stage two suction has been designed to 4516 kPag at 149°C. The second stage discharge PSV has been designed for
full flow and has been set at 8720 kPag.

Stage three suction has been designed to 9067 kPag at 149°C. The second stage discharge PSV has been designed for
full flow and has been set at 11377 kPag.

INSTRUMENT AIR

The instrument air system is designed for a maximum pressure of 1034 kPag. Protection for this system must be

provided upstream of the compressor skid edge.

ENGINE FUEL AND START GAS

The engine fuel supply line is designed for a maximum pressure of 1034 kPag. Protection for this system must be

provided upstream of the compressor skid edge.

The engine start gas has been designed for 1034 kPag start gas supply pressure. Protection for this system must be

provided upstream of the compressor skid edge.

Apache Canada Limited — Hamburg Gas Plant, Alberta
Natural Gas Compressor, Propak Project #00162
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Apache Canada Limited
LSD: 02-06-097-11 W6M
2-6 Hamburg 1478 hp Compressor Package

Operations and Maintenance Manual
Propak Systems Unit #99404

The following text describes a packaged gas compressor unit, designed and fabricated
for Apache Canada Limited at the Hamburg Compressor Station, LSD: 02-06-097-11
W6M. Compression of the gas stream is provided by a 1478 hp gas engine driven,

three throw reciprocating compressor.

CAUTION: Operation and adjustment of this equipment should only be attempted by
qualified personnel, and accordingly the equipment descriptions and operating
procedures contained herein assume a thorough working knowledge of gas
compression systems, equipment, and safety procedures. Please refer to the standard
instructions contained in tab A of the Dresser-Rand Instruction and Parts list, enclosed

in the “Compressor” section of this manual for additional information.

WARNING!! Service to this equipment should never be undertaken other than by fully
qualified personnel, with specific training in the safety procedures required to work in
explosive or toxic gas (H2S) environments, and using only appropriate tools and safety
equipment. In no instance should any pressure component, instrument, valve, or other
part exposed to the process gas stream be removed, disassembled, opened, or
otherwise disturbed causing process gas to escape inside the compressor building
without first depressurizing, fully purging with non-toxic gas, and positively isolating all
process gas piping system connections from the compressor building. Approved

breathing apparatus must always be worn to prevent personal injury or death.
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Equipment safety alarms including electronic fire, and combustible gas detection

systems, should never be bypassed or defeated.

1.0 OVERVIEW

The compressor unit described herein is designed to compress a gas mixture in three

stages from a suction pressure range of 25-200 psig, to a discharge pressure of

approximately 1200 psig.

The new unit is a fully packaged modular gas compressor. All equipment is mounted
on a concrete filled structural steel skid, c/w cooling and lubrication systems, controls,
gas scrubbers, pulsation bottles, pressure piping and appurtenances. A self framing,
insulated steel building is installed on the skid base to enclose the equipment and c/w a
bridge crane for field service of heavy lift components. Care has been taken in the
design and detail of the equipment to ensure safe and reliable performance within the
design parameters. Unless stated specifically herein, never disarm or disable any
safety switches or alarms without first consulting the manufacturer. Always consult the
manufacturer prior to changing the operating parameters or loading configurations to
those outside the design performance envelope. The manufacturer should be
consulted immediately in the event of severe vibration, unusual mechanical noise, or
other abnormality. Among other various shutdown devices, process pressure
transmitters and temperature thermocouples are provided for both real-time indication
and to protect the compressor from extreme operating conditions, and to cause the unit
to shutdown in the event of process upset conditions (i.e. loss of inlet pressure, blocked
discharge line, failed valve, etc.). The pressure transmitters are mounted locally at the
process connection (inlet pulsation bottle nozzle and pressure piping downstream of
each of the discharge pulsation bottles) and are equipped with isolating block and bleed
needle valves' at the process pressure sensing point. The process thermocouples are
installed in the inlet suction piping to each stage and in the discharge pulsation bottle

nozzles.



CAUTION: These needle valves' are installed for service only and should always
remain fully opened. Never operate the unit with the needle valves closed, or the

control panel safety protection and shutdown system will become disabled.

2.0 PERFORMANCE

Stages 1, 2 & 3 compress inlet gas from the suction range 25-200 psig to approximately

1200 psig. Compressor discharge pressure is a function of the resistance of the flow

system downstream of the compressor.

Separate performance curves for stg-1, 2 & 3 are included in the “PROCESS” section
and are calculated at varying inlet pressures and VVCP settings. The discharge
pressure and engine speed are fixed for each performance curve, inlet pressure (psig)
varies across the x-axis, capacity (mmscf/d) and horsepower (bhp) vary on the y-axis of
the graph. Lines are alphanumerically labeled and each represents a different setting
(percent of total extension) of the VVCP (variable volume clearance pocket). The
compression horsepower read from the performance curves does not include the
approximately 58 bhp required to drive the cooler fan. This should be added to the
aggregate of the stg-1, 2 & 3 horsepower to obtain the total brake horsepower for a
given condition. Performance is calculated at rated speed, capacity and horsepower

may be corrected for actual operating speed as follows:

actual engine speed (rpm) x mmscf/d or bhp = corrected mmscf/d or bhp
1200 rpm

Refer to the Section 6 of this manual for the “PROCESS” section included with this

overview for flowrates at individual suction pressures.



2.1 COMPRESSOR PERFORMANCE DATA SHEETS

The following is a sample performance data sheet:

DRESSER-RAND GAS FIELD COMPRESSOR PERFORMANCE (DRSIZE copyright 1996-1997 V1.2)

PACKAGER: Propak Compression DATE: Jul 28, 1998
LOCATION: Alberta FILE: C17006H3.DAT " 1"
JOB/REF : 1700 Bhp Stock Unit CALC BY: Propak Engineer
JOBSITE : Amb T (F) il S5k Alt. (FT) : 3000. Atm ( PSIA): 13.17
Ref. Pressure ( PSIA) : 14.70 Ref. Temp. (F): 60.
COMPRESSOR: Frame : 6 HOS 4 Stroke (IN): 6.0 Rod Dia(IN): 2.500
............ Calc RPM : 1000.0 Max RPM : 1200.0 Cooler (HP): 70.0
DRIVER: Type : Gas Engine Avail (HP) : 1715.0 Model: G3606TALE

(1) Stage Number 1 2 3

(2) Gas Natural Natural Natural Ps= 150 psig

(3) Dry Gas Mol. Weight 18.827 18.827 18.827 Pd= 1400 PSIG

(4) Dry Gas Spec. Gravity . 650 .650 .650

(5) Cp/Cv @ 14.7/60 1.277 1.277 1.277 (1) stg 1 cyl N.A.

(6) Avg. Temp. Expon. (K) 1.268 1.256 1.275

(7)) Avg. Vol. Expon. (N) 1.257 1.253 1.295

(8) Gas Crit. Temperature R 384.092 384.092 384.092

(9) Gas Crit. Pressure PSIA 675.549 675.549 675.549

( 10 ) Z Standard .998 .998 .998

(11 ) Z Suction .970 .962 .915

(12 ) Z Discharge .965 . 961 .923

( 13 ) Inlet Temperature F 60.00 120.00 120.00

(14 ) Inlet Press. @ Cyl Flg PSIG 147.75 284.08 654.39

( 15 ) Interstage Press. Drop % 2.00 1.50 1.00

( 16 ) Disch. Press. @ Cyl Flg PSIG 290.14 664.55 1414.00

(17 ) Ratio of Compression 1.885 2.280 2.138

( 18 ) Adiabatic Disch. Temp. F 134.59 226.20 223.27

( 19 ) Est. Actual Disch. Temp F 146.98 239.38 232.03

( 20 ) Stg. Piston Displ. CFM 904.7 704.3 250.2

( 21) Stg. Inlet Capacity ACFM 754.6 452.2 191.4

( 22 ) CAPACITY ACTUAL WET MMSCFD 12.24 12.24 12.24

( 23) CAPACITY ACTUAL DRY MMSCFED 12.22 12.22 12.22

(24 ) TOTAL COMPRESSOR POWER HP 1645.00

{ 25} Stage number at (HE/CE) 1/1 1/1 2/2 3/3

{ 26 ) Frame Ext/Cyl. Bore #/IN 1/13.000 3/13.000 2/11.500 4/ 7.000

(27) Cylinder Pattern G12202 G12202 G12201 G12197

( 28 ) RDP PSIG 585.0 585.0 775.0 1500.0

( 29 ) MAWP PSIG 644.0 644.0 855.0 1650.0

( 30 ) Cyl. Action/HE Rod Dia. Act./IN NA/ .00 DA/ .00 DA/ .00 DA/ .00

( 31 ) Brake power / Cylinder HP 11.8 432.2 614.9 545.9

({ 32 ) HE Disch. Vol. Eff. % .00 49.52 26.50 41.32

€. 33 ) CE Disch. Vol. Eff. % .00 51.26 40.38 43.97

( 34) HE Inlet Vol. Eff. % .00 82.00 51.14 74.29

( 35 ) CE Inlet Vol. Eff. % .00 84.87 77.93 79.05

( 36 } Avg. Inlet Vol. Eff. % .00 B83.43 64.54 76.67

( 37 ) HE Clearance Regd. % 17.80 22.08 48.61 27.27

( 38 ) HE Clearance Min. % 17.80 17.80 18.80 17.70

({ 39 ) HE Pocket Open % .00 3.95 35.00 10.00

{ 40 ) HE Clearance Added IN3 .0 34.1 185.8 22.1

{ 41 ) CE Clearance Reqd. % 17.70 17.70 19.80 21.30

(42 ) CE Clearance Min. % 17.70 17.70 19.80 21.30

( 43 ) CE Clearance Added IN3 .0 .0 .0 .0

( 44 ) Valve Model - HE PF67 PF67 PF60 PF48

( 45 ) Valve Model - CE PF67 PF67 PF60 PF48

( 46 ) Valves / Corner (HE/CE) 2/2 2/2 2/2 1/1

{47 ) Vvalve Tift - HE IN .080 .080 .080 .080

{ 48 )} Valve Lift - CE IN .080 .080 .080 .0B0

{ 49 ) Valve Lift Area - HE SQIN 10.420 10.420 7.360 5.640



e —

Valve Lift Area - CE

API Inlet Vlv Vel Avg.
Flange Gas Load - T
Flange Gas Load - C
Max. Allow. Gas Load
Combined Rod Load - T
Combined Rod Load - C
Max Allow Rod Load
Racip. Weight @ XHD Pin
Reversal @ XHD Pin

SQIN

FPM

10.420 10.420
6251.3 6251.3

LBF
LBF
LBF
LBF
LBF
LBF

LB
DEG

~725
-725
60000
37587
-26939
60000
379.0
160.0

7.360

6889.6
17476
-19626
60000
28123
-27222
60000
378.0
175.0

5.640

6388.3
36257
-40914
60000
32265
-30896
60000
379.0
175.0

22292
-32446
60000
22277
-33149
60000
379.0
170.0



Following is a line by line chart for interpretation of the performance data sheets:
LINE # NAME DESCRIPTION
1 stage number data for each stage of compression [ollows in vertical columns
2-12 gas description gas properties: i.e.; molecular weight, specific gravity, ratio of specific
heats, pseudo critical properties, compressibility, etc.
13 inlet tempcrature Ts, — gas inlet temperature to each stage (°F.)
14 inlet pressure Ps, = gas inlet pressure at the cylinder flange (psig)
15 interstage AP AP, = estimated pressure drop (percent) through the interstage gas
cooler and scrubber
16 discharge pressure Pd, = gas discharge pressure at the cylinder flange (psig)
17 ratio of compression Re, = Pd/Ps for each stage, ratio of absolute pressures
18 adiabatic discharge Td, = adiabatic gas discharge temperature for each stage (°F.) )
temperature
19 estimated actual discharge temperature based on known efficiencies (°F.)
temperature
20 piston displacement cfin = total piston displacement or swept volume for each stage at the
(ff* per minute) calculated operating speed
21 inlet capacity acfm = gas flowrate at inlet conditions, swept volume (cfm) x
(actual ft* per minute) volumetric efficiency = acfin
22 actual capacity (wet) gross rated capacity wet (mmscf/d £3% at 14.65 psia & 60°F.)
23 actual capacity (dry) gross rated capacity dry (mmscf/d £3% at 14.65 psia & 60°F.)
24 total compressor power total compressor bhp at the specified operating condition, (includes
(brake horsepower) frictional hp and auxiliary hp)
25 Stage number at (HE/CE) Stage of compression for each cylinder end.
26 frame extension / cyl. bore | compressor frame extension number (crank throw) and cylinder bore
diameter (inches) diameter (inches)
27 cylinder pattern Dresser-Rand cylinder pattern number or casting reference number
28 RDP cylinder rated discharge pressure — maximum operating pressure (psig)
29 MAWP cylinder nameplate maximum allowable working pressure (psig)
maximum safety relief valve setpoint
30 cylinder action / HE rod DA=double acting; NA=non-acting; SACE=single acting crank end;
diameter (inches) SAHE=single acting head end / HE piston rod dia. (if used)
31 brake power per cylinder compressor brake horsepower (bhp) per cylinder
32 percent H.E. discharge cylinder head end VEd,n = calculated degrees of crank rotation where
volumetric efficiency the cylinder HE discharge valves are opened + 180°
33 percent C.E. discharge cylinder crank end VEd,n = calculated degrees of crank rotation where
volumetric efficiency the cylinder CE discharge valves are opened + 180°
34 percent H.E. inlet cylinder head end VEIL,n = calculated degrees of crank rotation where
volumetric efficiency the cylinder HE suction valves are opened + 180°
35 percent C.E. inlet cylinder crank end VEI 1 = calculated degrees of crank rotation where
volumetric efficiency the cylinder CE suction valves are opened + 180°
36 percent average inlet the numerical average of line 32 & 33; or ACFM + CFM =average inlet
volumetric efficiency volumetric efficiency
37 H.E. clearance volume total required head end clearance volume at the specified design
required (%) condition (inherent clearance plus added clearance)
38 H.E. clearance volume cylinder minimum or inherent head end clearance volume
minimum (%)
39 H.E. pocket open (%) variable volume clearance pocket (VVCP) percent open




LINE # NAME DESCRIPTION

40 H.E. clearance volume total in® of clearance volume added to the head end of the cylinder
added (cubic inches)

41 C.E. clearance volume total required crank end clearance volume at the specified design
required (%o) condition (inherent clearance plus added clcarancc)

42 C.E. clearance volume cylinder minimum or inherent crank end clearance volume
minimum (%)

43 C.E. clearance volume total in® of all clearance volume added to the crank end of the cylinder
added (cubic inches) (fixed spacers, clearance plugs, or VVCP)

44 valve model H.E. cylinder head end valve model number, size or type (description)

45 valve model C.E. cylinder crank end valve model number, size or type (description)

46 valves per corner number of valves installed in the cylinder H.E. / C.E. (minimum 2, one
H.E./C.E. suction and one discharge)

47 valve lift H.E. (inches) head end valve plate design lift (inches)

48 valve lift C.E. (inches) crank end valve plate design lift (inches)

49 valve lift area H.E. (in) head end fully opened valve lift area (sq. in.)

50 valve lift area C.E. (in) crank end fully opened valve lift area (sq. in.)

51 APl average inlet valve average inlet valve gas velocity (feet per second) calculated using API
velocity (fps) formulae

52 flange gas load - T (Ibf) static piston rod load (Ibs force in tension) that result from gas pressure

measured at the cyl flange, acting on the piston area
53 flange gas load - C (Ibf) static piston rod load (Ibs force in compression) that result from gas
pressure measured at the cyl flange acting on the piston area

54 maximum allowable gas maximum static piston rod load (calculated in lbs force) that may be
load (Ibf) applied to the frame (specified by the manufacturer)

55 combined rod load - T is the actual piston rod load (lbs force in tension), ie; the sum of all
(Ibf) static (gas) loads and inertial forces at the calculated rpm

56 combined rod load - C is the actual piston rod load (Ibs force in compression); the sum of all
(Ibf) static (gas) loads and inertial forces at the calculated rpm

57 maximum allowable rod the manufacturer’s rated maximum permissible piston rod or frame
load (1bf) load (lbs force)

58 reciprocating weight (Ibs) at | total weight (Ibs) of the reciprocating mass, measured at the crosshead
X-head pin pin (includes the M, ;, component of the con rod assy)

59 degrees reversal at the X- the calculated degrees (crank rotation) of crosshead pin load reversal

head pin

(180° = 50%, equal or perfect load reversal)




2.2 CAPACITY CONTROL SYSTEM

The compressor is equipped with an automatic stage-1/3 gas bypass system that
recycles stage-3 aftercooled gas back to stage-1 suction. Compressor suction pressure
is monitored via pressure transmitter (PT-100) at the inlet to the compressor. This
signal is used by the PLC to control the engine speed (I/P-219), and the bypass
pressure control valve (PCV-100). The goal is to maintain a constant suction pressure.
Under normal operating conditions, the engine is running at full speed (1200 RPM) and
PCV-100 fully closed. Setpoints allow the engine speed to react to the first 50-60% of
the signal and the bypass valve (PCV-100) to react during the remaining portion of the
signal. Some overlap is normal, ie: on a falling signal the engine speed may decrease
to approximately 900 rpm before the bypass valve begins opening. As the suction
pressure drops, the engine speed will respond by decreasing, followed by the bypass
valve opening to maintain the suction pressure set point at PT-100. As described in the
start sequence, once the unit is warmed up, the bypass control valve (PCV-100) PID
and the engine speed controller (SS-229) PID are switched by the operator to
automatic control.

Each compressor cylinder is a double acting design and the stg-1 and stg-2 cylinders
are complete with a manually adjustable head end variable volume clearance pocket
(VWCP). VVCP's enable the addition of clearance volume to the head end of the
cylinder, reducing the volumetric efficiency and thus reducing the flowrate and load.
The effect of adding clearance with the VVCP's is shown on the performance curves
enclosed in the “PROCESS” section of this manual. Additional fixed clearance can be
added to the cylinder by installation of spacer rings, valve spacers, or clearance plugs.
The cylinders can also be operated in a non-acting or single acting mode by removing
the suction valves from one end, or both the head and crank ends of the cylinder, to

provide large increments of capacity control.

CAUTION: The manufacturer should be consulted prior to removal of valves or
changing any cylinders to a single acting mode to ensure sufficient rod reversals exist
to provide lubrication, and also to ensure dynamic load limits are not exceeded. Severe

damage to the equipment may result from improper loading configuration.
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3.0 COMPRESSOR

The compressor is a Dresser-Rand 6HOS-4, three cylinder, balanced, horizontally

opposed reciprocating gas compressor, s/n: 6HF853. The compressor crankshaft is
forged alloy steel and has a 6.0” stroke, with a maximum rated operating speed of 1200
rpm. The package maximum speed limit is 1200 RPM and comes with a Metrix, non-
indicating vibration transmitter, (VT-288) mounted on the compressor to shut the
package down if any abnormal conditions occur that would cause excessive vibrations
during operation. The compressor cylinder bore diameters and component serial
numbers are specified in the following table and should be used for reference when

ordering parts:

bore |stage | type | crank | VVCP | MAWP serial
dia. (in) # throw (psig) number
15.00" ¢ 1 d/a #1 yes 495 | 6HC2654

9.50” ¢ 2 d/a #2 yes 1265 | 6HC2655
balance - - #3 - - -

6.00” ¢ 3 d/a #4 yes 1925 | 6HC2656

Each cylinder is double acting, the 15” cylinder contains Dresser-Rand “PFB7" series
plate type suction and discharge valves on both the head and crank end, the 9-1/2"
cylinder contains Dresser-Rand “PF48” series valves, and the 6” cylinder also contains
Dresser-Rand “PF48” valves. Process gas is admitted to the cylinder volume (at
cylinder flange suction pressure) through the suction valves. As horizontal piston
movement displaces volume in either the head end or crank end of a given cylinder, the
pressure of gas contained within the cylinder by the compressor valves (acting as one
way check valves) is increased to the discharge pressure of that stage, then is
displaced through the discharge valve for the duration of the stroke. The cylinder
castings are all nodular iron and gas cooled. All cylinder bores and pressure packings
are force feed lubricated by a positive displacement injection system. The pistons are
cast iron c/w combination rider bands/compression rings, piston rods are AlSI 4142
annealed carbon steel c/w rolled threads and 8-18 RMS finish in the packing travel

area. The cylinders are c/w standard single compartment distance pieces that are
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vented to the atmosphere (building eave) outside the compressor building (after
passing through the Packing Vent & Drain Seal Pot, T-130).

Care should be taken when ordering replacement service parts for the compressor in
that many common parts have been designed with special metallurgical consideration
that may not be readily apparent. It is recommended that the operator familiarize
himself with the compressor and its parts by reading the Dresser-Rand Instruction and
Parts Lists located in Section 7 under the heading “Compressor” of this manual. To
ensure the correct and genuine Dresser-Rand factory replacement parts and for
authorized warranty service, Contact Propak Compression at 1-800-408-4434 or (403)
912-7000 (24 hours).

3.1 COMPRESSOR RUNNING GEAR LUBRICATION

Long compressor service life and reliability is highly dependent on an adequate supply

of clean lubricant. Please refer to the “Compressor” section of this manual for the
manufacturer's recommended crankcase lubricating oil specifications.

The compressor frame running gear (crankshaft main and connecting rod bearings,
crossheads, pins and bushings) are lubricated by way of an integral positive
displacement gear pump that is direct driven from the compressor crankshaft. The oil
pump supply is drawn from the compressor crankcase sump (approximately 216 liter
capacity) and circulated through a shell & tube type lube oil cooler (E-277) and 10
micron full flow oil filter assembly (F-250). The oil filter is equipped with a local
differential pressure gauge (DPI-250), which is a canister type with a replaceable
element and is frame mounted. A pipe plug is provided and the bottom of the filter
housing to allow it to be drained. An externally adjustable oil pressure regulating valve
(set @ approximately 414 kPag), and a non-adjustable pressure relief valve (set @ 620
kPag) are provided to maintain a constant oil flow and pressure, and to protect the
equipment from overpressure. Cooled and filtered lube oil is returned to pressurize the
main oil gallery at approximately 345 to 414 kPag. Lube oil temperature and pressure
is continuously monitored by the unit control panel with low pressure shutdown

protection set for 241 kPag falling, and high oil temperature shutdown protection set for
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82°C rising. Locally mounted temperature gauges are also installed on the cooler inlet
and outlet for indication.

A WILDEN, model T2, pneumatic diaphragm pump (P-276) is provided for timed and
permissive prelube and timed postlube services. The unit control panel logic ensures
that the permissive has been satisfied before the “OK to Crank” signal is given. Timers
are adjustable by programmed logic in the control panel, however they are preset and
should require no adjustment. The pump is automatically activated from the control
panel via a shuttle valve (SV-276). The compressor frame oil level is regulated by a
Kenco LCE-9 automatic level controller (LC-270), c/w low oil level shutdown switch and
level indicator. Clean crankcase lube oil is supplied from the 400 liter daytank (integral
to the upper bridge crane rail) through a disposable, 17 micron spin on oil filter (F-270)
that requires only annual replacement to ensure free flow to the level controller. A
second pneumatically operated WILDEN T2 diaphragm pump (P-270), is included c/w
barrel fill hose to facilitate refilling the overhead storage tank. Used crankcase oil is
drained to an 800 liter waste oil storage tank located between the main skid members
behind the compressor inside the building, through a manual gate valve.

NOTE: Compressor oil should be sampled and analyzed monthly to establish service

intervals. The compressor oil filter should be serviced at every oil change.

3.2 COMPRESSOR CYLINDER AND PACKING LUBRICATION

The compressor is equipped with a force-feed injection lubricator driven by the

compressor main oil pump driveshaft. Oil is injected into the cylinder bore at high
pressure to lubricate the piston rings and valves, and into the pressure packing to
lubricate the piston rod and provide sealing oil for the packing rings. Each compressor
cylinder has a top and bottom connection that enables lubricant to enter the cylinder
bore, and a pressure packing lube oil feed connection. Excess cylinder lubricant is
entrained in the discharge gas flow and a packing drain line enables excess packing oil
to drain into the Packing Vent & Drain Seal Pot (T-130), which will periodically need to
be drained into the on-skid waste oil storage tank (T-284). The system is a distributor
block design which manifolds the individual pump outlets from the lubricator into a

single master distributor block, and then divides the oil flow into two distribution blocks
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servicing the various cylinder bore and packing injection points. Stainless steel
instrument tubing is used to direct the oil to from the distributor block to a check valve
installed at each injection point, that prevents high pressure gas from bubbling back into
the oil lines. Each injection pump in the lubricator box has an adjustable output, and by
varying the effective plunger stroke, the pump displaces an increasing or decreasing
quantity of oil to the master distributor block. The total flow rate can be monitored by
observing the cycle pin on the master distributor block or by counting the rate of oil
drops visible in the sight glass of each individual pumping unit. A Manzel Lube
Line Alert no-flow shutdown switch monitors the oil outlet flow from the pump manifold
to the master distributor block and the control panel will shut down the unit if the switch
senses a loss of oil flow. The cylinder lubricator oil supply is taken from the compressor

crankcase oil supply line (downstream of the oil filter, F-250).

Compressor piston ring and valve life are dependent upon a supply of clean lubricant
that is injected directly into the cylinder bore at high pressure. A properly lubricated
cylinder will have a uniformly wetted bore when inspected through an open valve cover,
and residual oil will not collect or form a pool in the lower part of the cylinder bore.
Excessive cylinder oiling may cause discharge valve plate and spring damage.
Likewise, injected lubricant is necessary for proper pressure packing sealing and
service life. Insufficient packing lube will result in gas leakage into the distance piece,
high temperatures, premature packing ring and piston rod wear. Prior to start up,
ensure the lubricator box has an oil level visible in the sight glass. During initial
commissioning or after an extended shutdown, each lubricator should be primed using
the hand plunger and the tubing lines bled of entrapped air. Please refer to the
“Compressor” section of this manual for a detailed description of the recommended

service and maintenance to the lubricator injection pump system.

3.3 COMPRESSOR FRAME AND CYLINDER COOLING SYSTEM

To minimize the formation of carbon deposits on the discharge valves, the maximum

process gas temperature of lubricated cylinders should be kept below 163°C (325°F), a

temperature that is well below the operating limits for the cylinder casting, piston, rings,
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and valve materials. High discharge temperatures often indicate the onset of a
compressor valve failure. The discharge cylinder temperatures are monitored by the
unit control panel logic. Alarm setpoints are set at 149°C (300°F) rising for each

cylinder and shutdown setpoints are set at 163°C (325°F) rising.

Coolant flow through the tubeside of the compressor lube oil cooler (E-480) is manually
regulated with a 1-1/2” globe valve. Locally mounted temperature gauges are provided
on the inlet and outlet sides of the shell side of the cooler. The compressor lube oil
cooler should be inspected for corrosion or fouling during annual or other major
inspections. The cooler end bonnets can be removed for internal inspection and
cleaning of the tubes. Proper treatment and maintenance of the auxiliary water system

will prevent premature tube corrosion or fouling.

All cylinders are gas cooled, whereby most of the frictional heat and heat generated
during the compression process is carried into the discharge gas stream. A smaller

percentage of this heat energy is rejected to the atmosphere through the cylinder walls.

4.0 ENGINE
The compressor prime mover is a Waukesha L7042GL natural gas fueled engine (S/N:
C-12970/1), with a rated maximum continuous load of 1478 bhp @ 1200 rpm. The

engine is a heavy duty, V-12 cylinder, turbocharged and intercooled, four cycle

overhead valve design. Refer to the engine manufacturer's detailed operation and
service instructions located in “Engine” heading under Section 7 of this manual for
detailed starting and maintenance procedures.

Always start the engine with the compressor start up bypass valves fully opened and
allow a sufficient warm up period before loading the engine. The engine is equipped
with a replaceable dry element air filter on each turbocharger inlet air housing, and the
intake air piping system draws cool air from outside the building. A manually operated
air diverter valve enables drawing (or mixing) warm air from the cooler discharge air

plenum during cold seasons.
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It is advisable to allow a brief cooling down period at 700-800 rpm with the compressor
unloaded prior to stopping the engine. This will ensure the exhaust turbocharger and
cylinder head temperatures are reduced and ultimately extend engine service life.
Frequent emergency or rapid shutdowns at full load can result in overheating of the
turbocharger shaft bearings as the cooling oil flow ceases, and coolant boiling inside
the cylinder head jacket water passages resulting in thermal stress cracking of the
cylinder head flame deck or exhaust valve ports. The unit control panel controls the
engine stop and start functions, pre-post lube cycle, and monitors the engine oil
pressure, oil level, oil and water temperature, vibration, and high exhaust temperature
shutdown switches. Engine speed (rpm) and total run time hours can be displayed on

the unit control panel display screen.

41 ENGINE LUBRICATION

The engine main bearings, connecting rod bearings, piston pins, camshaft bearings,

valvetrain, and other internal components are pressure lubricated from the main engine
oil pump (P-250), which is gear driven from the engine crankshaft. Lubricating oil is
circulated through the remote mounted shell & tube oil cooler (E-241) and the full flow
oil filter (F-253). The oil filter is equipped with a local differential pressure gauge (DPI-
253) and a removable end closure to facilitate service and removal of the filter
elements. A 3-way thermostatic valve bypasses oil flow around the oil cooler during the
engine warm up period to maintain the minimum recommended oil temperature. A
pneumatic vane pump (P-226) is installed on the engine for timed and permissive
prelube (PT-257 set @ 70 kPag 1) & timed postlube services. The unit control panel
logic ensures that the permissive switch has been satisfied at the expiration of the
prelube timer before the “OK to Crank” signal is given. Timers are adjustable by
programmed logic in the unit control panel, however they are pre-set and should require
no adjustment. The pump is automatically activated from the control panel via a
solenoid valve (SOV-228) to the engine shuttle valve.

The engine crankcase oil level is regulated by a Kenco LCE-27 automatic level
controller (LC-262), c/w low oil level shutdown switch. Clean crankcase lube oil is

supplied from the 400 liter daytank (integral to the upper bridge crane rail) through a
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disposable spin on oil filter (F-261) that requires only periodic replacement to ensure
free flow to the level controller. Propak recommends frequent (monthly as a minimum)
engine crankcase oil sampling and analysis to ensure no contamination of the lube oll
exists. Engine oil is monitored with pressure and temperature transmitters, as well as
local temperature indicators. Alarm and shutdown set points are programmed into the
unit control panel to protect the engine. Engine oil filtration is handled with a primary
and secondary filter. The primary filter (F-253) is remote mounted with differential
pressure indicator (DPI-253) across the inlet and outlet of the filter. Filter elements are
to be replaced when the DPI reads 83 — 103 kPa (the oil pressure drop through new
filters is 14 — 21 kPa). Refer to the engine parts booklet for element part numbers. The
secondary filter is mounted on the inlet to the engine and serves as a final strainer,
straining the oil prior to reaching the internal injection points. The strainer has a
washable magnetic element.

A pneumatically operated WILDEN T2 diaphragm pump (P-260) is included c/w barrel
fill hose to facilitate refilling the overhead storage tank. Used crankcase oil is drained to
an 800 liter waste oil storage tank located between the main skid members behind the
compressor inside the building (note, this a common waste oil tank for the entire skid),
through a manual gate valve. Engine oil should be sampled and analyzed monthly to
establish service intervals, not to exceed 720 hours. More frequent service intervals
may be required if impurities are present in the fuel gas. The oil filter should be

serviced at every oil change.

4.2 DRIVE COUPLING
The compressor crankshaft is directly coupled to the engine crankshaft using a Thomas
CMR-700 flexible disk coupling (CPL-295). Care should be taken not to misalign or

substitute drivetrain components that might alter the torsional or mass elastic properties
of the system. The drive coupling can be accessed for service or inspection by removal
of the coupling guard. Excessive vibration often results from coupling misalignment,
broken or damaged coupling bolts or disks. Drive coupling misalignment can lead to
premature engine and/or compressor main bearing failure, and may present a serious

operating hazard from flying debris in the event of coupling failure. Immediately have
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the drive coupling and alignment inspected by a qualified serviceman if unusual
vibrations are present or misalignment is suspected. The unit should be fully
depressurized and engine starting and fuel gas systems positively shut off with locking

valves prior to removal of the coupling guard and manually barring the engine.

WARNING: Never operate the compressor without the coupling guard firmly secured to

prevent personal injury or death from the rotating machine elements.

4.3 ENGINE FUEL GAS SYSTEM

Clean, dry fuel gas is to be supplied at site to the skid edge connection. The fuel gas

supply pressure is to be regulated to 1034 kPag maximum pressure prior to entering
the skid. A skid edge ball valve enables isolation of the entire fuel gas supply system.
A fuel gas filter (F-220) has been provided and sized to remove 95% of particles in the
gas, 0.1 microns and larger. Periodic inspection of the filter is required and
replacement filter elements are readily available. Ensure the supply valve is fully
closed, open the manual drain valve and verify the gas pressure has been fully

depleted from the piping and vessel prior to inspecting or replacing the filter element.

A low pressure regulator supplies engine fuel gas at 172 kPag to the fuel gas shutoff
valve (FCV-223) that is automatically opened by a solenoid valve in unit control panel.
The fuel gas shutoff valve is a ‘fail-safe’ valve that will close on loss of power, ESD, or
shutdown signal, and will vent residual fuel gas from the downstream side to the
engine. The engine is equipped with a Fisher low pressure regulator for each cylinder
bank at the carburetor fuel inlet (c/w engine). Please refer to the detailed operating
description and service instructions for the fuel system, enclosed in the “Engine”

section of this manual.

4.4 ENGINE STARTING MOTOR

Sweet dry start gas is supplied to a skid edge connection, and can be isolated with a

manual 2” ball valve, with an isolating ball valve to prevent accidental engagement of

the starter motor while servicing the engine or compressor. Upon a crank signal from
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the unit control panel and following a satisfactory pre-lube cycle, a pilot valve (FCV-227)
will open and gas will flow through the turbine type starter, a TDI TURBO TWIN model
T112-60001-B1R pneumatic starter (STR-227). As the gas flows through the starter,
the engine will begin to turn over. At an engine speed between 30 and 100 RPM, the
ignition will be enabled, followed by the opening of fuel gas valve, FCV-223. As the
cylinders begin to fire, the engine speed will increase. At an engine speed between
100 and 200 RPM, the crank signal will be disabled. A wye strainer is installed
upstream of the starter, and should be frequently inspected to maximize the starter
motor service life. The starter motor gas is exhausted above the building eave through

a 3" vent line.

4.5 ENGINE EXHAUST SYSTEM

The engine exhaust is routed outside the building from the turbocharger outlet using a

stainless steel exhaust system with stainless steel expansion joints to allow for thermal
expansion of the piping system. The tubing is specifically designed for exhaust system
temperatures and flows, and has been insulated inside the compressor building with
ceramic wool and aluminum cladding for personnel protection and to keep excess heat
from radiating into the building on warm days. Care should be taken not to damage the
outer cladding of the exhaust system when handling the exhaust piping. Never apply
force or strain when reinstalling the piping to align the turbocharger flange bolts (excess
strain will cause distortion of the housing and premature turbocharger failure). Consult
the manufacturer's detailed operating and service instructions enclosed in the “Engine”
section of this manual. The package is equipped with a Silex model JAT-14 ‘critical
grade exhaust silencer (KS-225), located near the air cooler on a separate structural
steel support, to provide the maximum attenuation of exhaust noise. The lower head of
the silencer has a drain plug that can be opened to drain any accumulated water if the

unit has been (or will be) shut down for an extended period.

4.6 ENGINE ELECTRICAL CONTROLS:

The engine electrical controls consist of Waukesha Custom Engine Controls, Ignition

Module and Detonation Sensing Modules. The detonation sensing module monitors
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cylinder firing and can adjust the individual cylinder timing to improve fuel economy and
protect the engine against miss-firing, pre-ignition, etc. There is an alarm and shut

down switch to prevent any damage to the engine in the event of excessive detonation.

4.7 ENGINE PRE-LUBRICATION

Both the engine and compressor are pre-lubricated prior to each startup and post

lubricated following a shutdown. The engine pre-lube pump consists of a lubricator and
a gear pump, driven by an instrument gas motor. The lubricator needs to be filled
manually with oil, prior to start up and checked periodically, between start-ups. Engine
pre-lube is enabled by a PLC signal to energize solenoid valve, SOV-228, and the
engine oil system is pressured up. The engine pre-lube cycle is satisfied once the timer

expires, initially set for 1 minute at the time the package was built.

4.8 ENGINE COOLING SYSTEM:

The engine Jacket Water system is designed to cool the engine block, and has local

temperature indicators mounted on the piping. The auxiliary water system provides
cooling to the engine turbocharger inter-cooler, engine lube oil and compressor lube oil.
The auxiliary water also has local temperature indicators installed to the piping system.
The glycol surge tank, T-235A/B, provides adequate expansion for each water system,
as well as having low-level shutdown switches mounted to maintain adequate water

volumes for cooling.

5.0 AIR COOLER ASSEMBLY

A Propak model 1-SV-1-156-312-F process cooler assembly is installed on a separate

skid to provide intercooling and aftercooling of the process gas downstream of each
stage of compression, as well as glycol cooling for the Engine Jacket Water and
Auxiliary Water systems. The cooler is a sloped vertical bundle, forced draft fin tube
design with a Moore class 5000 model 60ED-VT 13’ (156") diameter, 11 blade
aluminum fan. The fan is belt driven via a jackshaft assembly from the engine
crankshaft front pulley. The jackshaft transmits power to the fan sheaves and is

mounted below the skid floor grating on sealed, self aligning pillow block bearings. The
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cooler fanshaft bearings and jackshaft bearings have grease connections manifolded
to a common point for ease of service, idler sheaves enable adjustment of the drive
belt tension. The fan blade pitch can be manually adjusted by loosening the u-bolts
that fasten the blade shaft to the fan hub, rotating the blade to the desired angle
(maximum pitch is 24°), and re-torquing the u-bolts to the specified value. These
should be set and maintained within the cooler manufacturer’'s specified limits to ensure
adequate cooling air flow and prevent overstressing the blades. The torque of the fan
blade mounting u-boits should be checked at routine service intervals to ensure they
remain properly tensioned. Access to inspect and service the fanshaft is by a mandoor

installed on the cooler structure.

The fan blades are installed on the drive hub using a clevis arrangement to enable
blade pitch adjustment. Access to inspect and service the drive belt is by a removable
guard. Mesh bug screen frames are affixed to the front of the cooler air inlet louver
frame to facilitate removal for cleaning. Please refer to the “Cooler” section of this
operating manual for manufacturer detailed operating and service specifications.

A Murphy VS2 vibration switch (VSH-225) is mounted on the cooler frame structure. In
the event of a broken fan blade, or similar failure, the switch will trip and cause the unit

control panel logic to shutdown the unit.

WARNING: To avoid serious personal injury or death, never operate the compressor
without the fan guard firmly secured to the cooler structure, and never allow any
persons to enter the cooler fan structure while the compressor is operating. Prior to
entering the cooler structure for inspection or service, always ensure the cooler fan
motor starter is positively locked out to prevent accidental or inadvertent engagement of
the fan.

51 PROCESS GAS COOLING SYSTEM
Individual process gas cooling coils (AC-210, AC-211, AC-212) are installed

downstream of each stage of compression, c/w SA-249 seamless steel tubes and post
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weld heat treatment of the header box assemblies. The gas cooler headers are
pressure vessels with Canadian Registration Numbers and ASME “U” stamps. Each
header nameplate provides relevant material and design information and although the
vessel requires no specific maintenance, the owner is responsible to undertake a
corrosion surveillance program (usually by ultrasonic NDE inspection) and periodic

internal inspection and cleaning as required.

CAUTION: Gas cooler headers are heat treated pressure vessels. Never apply a

flame heat source, strike an electric arc, or otherwise weld directly to the vessel wall.

Automatic louvres are provided on each gas coil, c/w individual Kimray model T-12
temperature controllers (TC-210, TC-211 and TC-220) installed at each cooler outlet
nozzle. The temperature controllers each sense the process cooler discharge
temperature for each stage, which then operates individual discharge air louvers over
each process gas cooling section. The normal design gas discharge temperature range
is 100°-120°F.

5.2 ENGINE JACKET WATER COOLING SYSTEM

The engine jacket water system absorbs heat from the engine block and cylinder heads

and rejects it to the atmosphere through the engine jacket water fintube coil (AC-230).
Coolant flows out of the cooler at 71°C, is circulated by the engine jacket water pump,
and a high temperature shutdown switch (TE-233) set at 93°C.7T protects the system
from overheating. The primary temperature control is the thermostat installed on the
jacket water outlet manifold of the engine, and manually adjustable aluminum louvers

are provided on the fintube cooling coils.

A jacket water surge tank allows for thermal expansion of the coolant and system make
up, c/w a visual sight glass and 7 psig pressure cap that vents to the atmosphere. A
liquid level switch (LS-230) will annunciate a shutdown at the unit control panel in the
event of low coolant level. When refilling the system, first ensure the surge tank

pressure cap is removed to vent any enfrapped air from the system. The
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recommended coolant is an inhibited 50% mixture of water and ethylene glycol, and
should be sampled and analyzed semi-annually to ensure purity and existence of

corrosion inhibiting additives.

5.3 AUXILIARY JACKET WATER COOLING SYSTEM

The auxiliary jacket water system absorbs heat from the engine turbocharger

aftercooler, engine lube oil cooler and compressor lube oil cooler, and rejects it to the
atmosphere through the auxiliary jacket water fintube coil (AC-220). Coolant flow out of
the cooler at 54°C. is circulated by the engine auxiliary water pump. Temperature
control is by the manually adjustable aluminum louvres are provided on the fintube

cooling coils.

A jacket water surge tank allows for thermal expansion of the coolant and system make
up, c/w a visual sight glass and 7 psig pressure cap that vents to the atmosphere. A
liquid level switch (LS-220) will annunciate a shutdown at the unit control panel in the
event of low coolant level. When refilling the system, first ensure the surge tank
pressure cap is removed to vent any entrapped air from the system. The
recommended coolant is an inhibited 50% mixture of water and ethylene glycol, and
should be sampled and analyzed semi-annually to ensure purity and existence of

corrosion inhibiting additives.

5.4 AIR RECIRCULATION SYSTEM

A cooler air recirculation system is installed on the cooler fan structure that enables the

warm discharge airflow to be re-directed over the face of the cooler and back to the fan
inlet at low ambient temperatures. This system is designed to minimize the risk of
hydrate formation or condensed water freezing off the gas coil tubes in cold weather. A
Fisher temperature controller automatically opens or closes the recirculation louvers.
Nylon mesh bugscreens are affixed to velcro strips on the face of the cooler fanguard to
facilitate removal for cleaning. Removable shoulder plugs with gaskets are installed in
the outside of the gas header boxes (plug sheets) that can be removed to inspect or

clean the tubes, tapered npt plugs are used in the jacket water headers. Please refer to
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the “Cooler” section of this operating manual for the manufacturer's detailed operating

and service specifications.

6.0 PULSATION BOTTLES
Gas pulsation bottles (V-121, V-122, V-123, V-124, V-125 and V-126) are installed on

the suction and discharge of each compressor cylinder, and are acoustically designed
to limit induced vibration by dampening gas pulsation to acceptable levels. These
vessels are constructed from carbon steel and contain internal choke tubes. The
pulsation bottles have no adjustable controls or instruments. The pulsation bottles
should be removed for visual internal inspection through the inlet and outlet process
gas nozzles or through the supplied inspection connection. A plugged drain connection
is installed on the lowest point of the discharge pulsation bottles. Suction screens
(stainless steel mesh over a carbon steel cage) are installed upstream of each inlet
pulsation bottle to prevent foreign matter from entering the compressor cylinders.
These screens are to be removed for inspection and cleaning at the first (500 hour)
service interval. Although these screens are often considered to be temporary “start
up” screens, we recommend leaving the screens installed permanently. As part of a
regular maintenance program, these screens should be periodically removed and any
accumulated debris removed from the piping and screen. The pulsation bottles are
pressure vessels with Canadian Registration Numbers and ASME “U” stamps. Each
vessel nameplate provides relevant material and design information, and will state the
design corrosion allowance (0.1250”). The vessel requires no specific maintenance,
however the owner is responsible to undertake a corrosion surveillance program
(usually by ultrasonic NDE inspection) and periodic internal inspection and cleaning as
required.

CAUTION: Pulsation bottles are heat treated pressure vessels. Never apply a flame

heat source, strike an electric arc, or otherwise weld directly to the vessel wall

7.0 INLET GAS SCRUBBERS
A vertical inlet gas scrubber (V-100, V-110, and V-120) is provided upstream of each

stage of compression, utilizing a non-replaceable stainless steel mesh pad demister
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element to remove any free liquid droplets prior to entering the compressor. Each gas
scrubber has been fitted with a liquid level sight glass, 1" npt manual drain valve, 1” npt
automatic drain, 1-1/2” pneumatic liquid level controller and a high liquid level switch or
level transmitter. The high liquid level shutdown function is hard wired to the unit
control panel. The scrubber manual drain valves should be opened periodically to blow
out any sediment that might collect at the bottom of the vessel, and should be opened
to fully depressurize the vessel prior to servicing any of the scrubber controls. The level
sight glass should also be periodically blown down to keep the gauge glass clear and
prove the connections. The Inlet gas scrubbers are pressure vessels with Canadian
Registration Numbers and ASME “U” stamps. Each vessel nameplate provides
relevant material and design information, and will state the design corrosion allowance
(0.1250”). The vessel requires no specific maintenance, however the owner is
responsible to undertake a corrosion surveillance program (usually by ultrasonic NDE

inspection) and periodic internal inspection and cleaning as required.

CAUTION: Inlet gas scrubbers are heat treated pressure vessels. Never apply a flame

heat source, strike an electric arc, or otherwise weld directly to the vessel wall.

8.0 PRESSURE PIPING SYSTEM

The on-skid process pressure piping system is designed and fabricated in accordance

with ANSI B31.3 specifications, and applicable Provincial codes and standards.

Process piping connections terminate at the skid edge.

A 60mm 300# RF x 89mm 150# RF, spring operated, pressure safety relief valve (PSV-
200) is provided on the discharge of stage one. The car sealed lockwire on the PSV
must be intact to indicate the setpoint (3412 kPag) has not been adjusted or tampered
with. The PSV should be cleaned and reset periodically to ensure reliable operation in

the event of equipment failure.

A 48mm 600# RF x 60mm 150# RF, spring operated, pressure safety relief valve (PSV-
420) is provided on the discharge of stage two. The car sealed lockwire on the PSV

25



must be intact to indicate the setpoint (8720 kPag) has not been adjusted or tampered
with. The PSV should be cleaned and reset periodically to ensure reliable operation in

the event of equipment failure.

A 48mm 900# RF x 73mm 300# RF, spring operated, pressure safety relief valve (PSV-
420) is provided on the discharge of stage two. The car sealed lockwire on the PSV
must be intact to indicate the setpoint (11377 kPag) has not been adjusted or tampered
with. The PSV should be cleaned and reset periodically to ensure reliable operation in

the event of equipment failure.

The PSV outlets are manifolded to a 114mm 150# RF high pressure vent header that

terminates at the skid edge.

An automatic, 33mm 900# RF, control valve (PCV-100) is provided to bypass from the
after-cooler to the initial suction. The bypass control valve is controlled from the unit

control panel.

A manual ball valve for start up bypass is also provided on the stg-3 discharge to stg-1

suction line. This start up bypass valve should be fully opened prior to starting the unit.

The process gas piping system also contains one manual depressurization (blowdown)
valve installed on the stg-3 discharge system and an automatic blowdown valve (ESDV-
101). When opened, the manual blowdown valve will fully depressurize the unit by

venting gas to the high pressure vent header.

WARNING: Always verify that the unit has been purged and fully depressurized prior

to servicing any pressure containing components.

9.0 LOCAL COMPRESSOR PLC CONTROL PANEL
The compressor unit has an on-skid Modicon programmable logic control (PLC) panel,

built by Propak Systems Ltd., which utilizes an Modicon Micro 110CPU61200 processor
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and a color Quick Panel Junior Touch-Screen operator interface. The PLC will perform
automatic control for the engine speed, and capacity control bypass valve, as well as

unit start-up and shutdown control and provide local operator interface of the unit.

The PLC input cards accept discrete (on/off) non-incendive inputs from local skid
shutdown switches and accepts and displays analog inputs from locally mounted
pressure transmitters, temperature elements (thermocouples) and vibration
transmitters. When the PLC logic circuitry senses a fault input from one of the
transmitters, it will initiate a unit alarm and will initiate a shutdown by grounding the
ignition and closing the engine fuel gas valve. The Quick Panel display will display all
alarm and shutdown status, and annunciate the “first out” channel until cleared by the
operator. Each of the discrete input channels can be configured as class A, B, b, or C.

There is one mode of shutdown described as “ESD”.

The “ESD” mode is the Emergency shutdown mode where the compressor is shutdown
and depressurized. The “ESD” mode will occur if the local “ESD” button on the PLC
panel is depressed, the local “ESD” button at either entrance to the building, a remote
ESD signal is received from the Plant PLC, any other shutdown listed on the shutdown

key in Appendix “A” occurs, or if the power fails.

Class “A” inputs are the most critical inputs. They are always monitored and never
bypassed, even when the machine is stopped. Class “A” shutdowns initiate a shutdown

immediately and will prevent start-up.

Class “B” inputs become healthy during start-up, such as oil flow and vibration. During
the Class “B” timer, these inputs are individually monitored as they become healthy.
After the Class “B” timer expires, all Class “B” inputs are monitored.

Class “b” inputs are inputs that must become healthy a short period after start-up, such

as lube oil pressure. They are monitored only after the Class “b” timer expires.
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Class “C” inputs are individually monitored as they become healthy (e.g. rise above the

“falling” setpoint) for the first time. No timer is associated with Class “C” inputs.

Refer to the “ELECTRICAL” section of this manual (SECTION 9) for compressor panel

details.

9.1 AUTOMATIC MODE

Compressor suction pressure is monitored via pressure transmitter (PT-100) at the inlet
to the compressor. This signal is used by the PLC to control the engine speed (I/P-
219), and the bypass pressure control valve (PCV-100). The goal is to maintain a
constant suction pressure. Under normal operating conditions, the engine is running at
full speed (1200 RPM) and PCV-100 fully closed. As the suction pressure drops, the
engine speed will respond by decreasing, followed by the bypass valve opening to
maintain the suction pressure set point at PT-100. As described in the start sequence,
once the unit is warmed up, the bypass control valve (PCV-100) PID and the engine

speed controller (SS-229) PID are switched by the operator to automatic control.

9.2 MANUAL MODE

The engine speed (SIC-229) can be manually controlled, if desired, by calling up the
PID screen on the Quick Panel display for the engine speed and pressing the “manual’
mode soft key. The driver speed may be varied by changing the controller output via
the soft-keys on the Quick Panel display. The output (0-100%) is displayed on the
screen while the speed is being manually adjusted. When the control is returned to the
“automatic” mode, the engine speed will return to its automatic control set point position

in a smooth “bump less” transfer.

The bypass control valve (PCV-100) can be manually controlled, if desired, by calling
up the PID screen on the Quick Panel display for the bypass valve and pressing the
“manual’” mode soft-key. The bypass control valve position may be varied by changing
the controlier output via the soft-keys on the Quick Panel display. The PID output (0-

100%) is displayed on the screen while the valve is being manually operated. When
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the control is returned to the “automatic” mode, the bypass control valve will return to its

automatic PID control set point position in a smooth “bump less” transfer.

9.3 QUICK PANEL OPERATOR INTERFACE

See Appendix “A” for HMI flow sheet.

10.0 COMPRESSOR PACKAGE START UP SEQUENCING AND CONTROL LOGIC
The following procedure outlines only the basic steps required prior to a routine cold

start of the unit. It is assumed the operator is familiarized with the equipment and has
thoroughly read the manufacturer's operating and safety instructions for each piece of
equipment that forms the compressor package. A qualified compressor technical
service representative or field engineer should be present when starting the unit for the

first time or after an extended shutdown period.

Prior to following the instructions below, the “Compressor Start-Up Check List”

and “After Start-Up Check List” from Appendix “A” must be read and understood.

It is recommended that a photocopy of the checklists in Appendix “A” be made in order

that a “clean” copy is available at all times.

10.1  CONTROL PANEL PRE START CHECKS

Before attempting to start, the operator must ensure that all shutdown devices on the

compressor skid are cleared. The Modicon “pull to start” ESD buttons locally mounted
on the engine, must both be pulled out. These buttons should only be pressed in an
Emergency situation, because manual intervention to pull them out again, prior to the
next start, is required. DO NOT use these buttons to stop the engine, if there is no
emergency, as this is not the normal shut down sequence. Confirmation that all
shutdowns have been cleared, can be achieved by viewing the Quick Panel
“Compressor Start” screen, where if all shutdowns are clear a “No shutdowns present”
message will be displayed. The final discharge to stage 1 suction automatic bypass

control valve (PCV-100) is in the open position at this point.
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10.2 START UP - COMPRESSOR

Press the “START” button and the following startup sequence will occur as displayed in

the “Compressor Start” screen (provided no shutdowns are present and the engine is

ready, i.e. no Plant ESD):

A) The Quick Panel screen will change to the compressor start screen and the engine
speed and bypass valve will automatically be switched to manual control.

B) Once a manual purge and pressurization has been completed the “Purge CMPLT"
soft key should be pressed to confirm that the purge was completed (once this
button has been pushed it will disappear).

C) The engine and compressor prelube cycle is started. The prelube and postlube
timers are configurable through the Quick Panel.

D) Once the prelube timer has expired and the compressor oil pressure (PT-281) is
satisfactory the engine will begin to crank (energize SOV-223).

E) Upon a satisfactory pre-lube, the start sequence continues on to the engine crank

cycle.

10. 3 ENGINE START SEQUENCE
ENGINE CRANK CYCLE:
A) Engine speed control is set by the PLC for manual control to IP-219 at 700 RPM.

B) Signal sent from PLC to energize SOV-223 which opens the engine start valve,
FCV-223. Flow of gas to the starter, STR-227 begins to crank the engine.

C) At an engine speed of 50 to 100 RPM, a signal is sent from the PLC to: enable the
engine ignition system and energize SOV-223. Energizing SOV-223 opens the fuel
gas valve, FCV-223 and fuel gas flows to the engine carburetor.

D) At an engine speed of 100 - 200 RPM, the crank cycle is satisfied and disabled
(reset). Upon closing start gas valve, control gas is vented to atmosphere in the
cooler plenum.

E) The engine will ramp to minimum operating speed of 700 RPM, as controlled by the
output to IP-219

4mA = 3 psig = 700 RPM
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20mA = 15 psig = 1200 RPM

F) S§S-229 counts the flywheel teeth (208) and this frequency is converted to an analog
signal for the PLC to read.

G) At this point the warm up cycle starts, engine speed will be at minimum and the
recycle valve will be fully open. This feature can be bypassed, if the unit is already
warm. When the warm-up timer is timing, manual engine speed control will be
disabled.

H) Upon completion of the warm-up cycle, the bypass valve and engine speed will be
set to auto control as described below, and the engine speed will be ramped up to
1200 RPM automatically. An auto-manual loading option is available in the local
PLC control panel for the operator to disable the automatic signal and manually

operate the capacity control bypass valve (see 9.2 “Manual Mode”, page 26).

WARNING! To prevent explosion, always ensure the compressor cylinders, piping system and

vessels are fully purged of any entrapped air prior to starting.

11.0 COMPRESSOR STOP AND SHUTDOWN SEQUENCING

11.1  COMPRESSOR STOP

The compressor unit can be stopped normally, via the “compressor stop” soft key on
the PLC Quick Panel display. During a normal stop sequence; the engine speed will
ramp down to 700 RPM, the compressor will be unloaded with PCV-100 slowly
opening, and the cool down timer will start, for 5 minutes (adjustable). Upon completion
of the cool down cycle: a signal from the PLC will be sent to de-energize SOV-223,
closing the engine fuel gas valve (FCV-223); the ignition will be disabled two to three
seconds later, and the engine will start to slow down; the post lube cycle will start. The
delay in ignition disabling allows the fuel to burn off. The post lube cycle operates the
engine and compressor pre/post lubrication pumps for an adjustable time period, set
initially for 2 minutes. The pumps will stop at the conclusion of the post-lube cycle, and
the unit will remain pressurized until the unit is either restarted or the auto-blowdown
timer expires, at which point, PCV-100 fails closed and the unit is automatically

depressurized as ESDV-101 opens.
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11.2 COMPRESSOR SHUTDOWN

The PLC will initiate a shutdown sequence automatically if a discrete or analog
shutdown setpoint is tripped. The shutdown sequence will follow the same steps as the

compressor stop cycle described above.

11.3 COMPRESSOR ESD OR PLANT ESD

The compressor emergency shutdown (ESD) is activated either locally via the ESD
pushbutton on the PLC cabinet, either ESD pushbutton located at the entrance to the
building, via a hard-wired ESD signal from the separate remote main plant PLC, or if
there is a power failure. The ESD sequence is an emergency situation and will follow

the same steps as the compressor stop cycle described above, with the following

exceptions:
e The engine and compressor post-lube oil pump cycle will not start.

» The automatic blow down sequence will be initiated immediately.

e There will be no cool down cycle.
Integral timers and explosion proof output relays control the system purge, pre/post

lube oil pumps, engine fuel gas valve, automatic blowdown valves, ignition system

ground, and starter motor crank valve.
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12.0 MAJOR COMPONENT SERIAL NUMBER RECORD

Item | Compunent Description Manufacturers
# Serial number
1 Waukesha 17042 GL gas engine C-12970/1
2 Dresser-Rand 6-HOS-4 compressor frame 6HF853
3 Dresser-Rand 15.00” ¢ stage 1 cylinder 6HC2654
4 Dresser-Rand 9.50” ¢ stage 2 cylinder 6HC2655
5 Dresser-Rand 6.00” ¢ stage 3 cylinder 6HC2656
5 Stage 1 inter-cooler section (AC-210) 99404-210
6 Stage 2 inter-cooler section (AC-211) 99404-211
7 Stage 3 inter-cooler section (AC-212) 99404-212
8 Jacket Water section (AC-220) 99404-220
9 Auxiliary Water section (AC-230) 99404-230
10 | Control Panel 99404-107
11 | V-100 1* Stage Suction Scrubber 99404-100
12 | V-110 2" Stage Suction Scrubber 99404-110
13 | V-120 3" Stage Suction Scrubber 99404-120
14 | V-121 1* Stage Suction Pulsation Bottle 99404-121
15 | V-122 1* Stage Discharge Pulsation Bottle 99404-122
16 | V-123 2" Stage Suction Pulsation Bottle 99404-123
17 | V-124 2" Stage Discharge Pulsation Bottle 99404-124
18 [ V-125 2" Stage Suction Pulsation Bottle 99404-125
19 | V-126 2" Stage Discharge Pulsation Bottle 99404-126
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13.0 APPENDIX “A”
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HMI FLOW SHEET

MAIN SCREEN
.
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Page 1 of 3
COMPRESSOR START-UP CHECK LIST )
Customer: Start-up Date:
Propak Unit No. LSD:
Serviceman: Location:
Customer Contact: Contact Phone:
Customer Unit No.: Contact Fax:
Compressor Model: Frame Serial No.:
Cylinder Serial No: 1: 2: 3 4 5; 6:
Cylinder Size No. 1: 2: 3: 4 5 6:
Compressor Crankcase Lube Oil : Cylinder Lube Oil:
Driver Make: Model: Spec:
Rated RPM: Engine Lube Oil: Coolant Type:
PRIOR TO STARTING
YES NO

1. Do you have parts books, instruction manual, special tools & spares?

). Check compressor design limitations such as rod loads, speed, discharge pressures
and temperatures. Determine what operating conditions are.

3. Determine the design operating conditions:

Suction Pressure: PSIG Suction Temp.:
Discharge Pressure: PSIG Discharge Temp.:
Maximum RPM: Minimum RPM:

4. Ensure unit is properly supported. Piles properly shimmed & welded on at least two sides
5. Have the driver feet been shimmed so unit is not twisted? Record pulldown readings.

Cooler End

6. Have the compressor feet & crosshead guide supports been shimmed so the machine
is not twisted or bent? Record pulldown readings

Coupling End

7. Check crosshead clearances on all corners.
8. Record minimum crosshead clearances:




cCo MRP [R E S A OK" ﬁ ENGINEERS, FABRICATORS & CONSTRUCTORS FOR OIL & GAS PROCESSING

9. Check & record inboard outboard piston rod runout.

Throw 1. Throw 2. Throw 3. Throw 4. Throw 5. Throw 6.
IN IN IN IN IN IN
ouT ouT ouT ouT ouT ouT
YES

10. Have the scrubbers, piping & supports been checked for any pulling or twisting?
Comments;

11. Have the coupling bolt torque’s been checked?
12. Check & record coupling alignment. (Maximum allowable .005 TIR)

RECORD INITIAL COLD INDICATOR READINGS HERE

FACE RIM

Crankshaft End Play

13. Check & record piston clearances:

Throw 1. Throw 2. Throw 2. Throw 3. Throw 4. Throw 5. Throw 6.
HE HE HE HE HE HE HE

CE CE CE CE CE CE CE

14. Ensure proper oil is being used with regard to ambient temp., special gases or
other extreme conditions.
Comments:;

15. Fill oil levels, prime filters, prime lubricator lines to cylinders & packing.
16. Install all shipped loose gauges, floats (if applicable)
16. Are the crankcase oil level controllers working, set to proper level & supply open?
17. Does the oil level shutdowns work?
18. Is the low oil pressure shutdown installed and tubed correctly to downstream
side of the filter?
19. Does the low oil pressure shutdown work?
20. Does the force feed lube shutdown work?

T
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21.
22.
23.
24.

25.

26.

27.

28.
29.
30.

31.
32.
33.
34.

35.
36.
37.

38

PROPAK—

Check lubricator blowout disc. & set lubricator pumps to % pump stroke.
TTas the cooler section been checked for twisting, proper footing & pull downs?
Are the cooler louvers free and have full travel with the actuators?

Is the fan pitch set to desired angle? ( Deg.) Torque blades & hub.
Fill coolant level & bleed off system.

Engine water pump Turbo wastegates

Turbo intercooler Compressor Cylinders

Aux. Water pump Engine outlet

Check jackshaft & idler bearings, sheaves & belts for alignment & torque.

Grease all fittings:
___ Compressor VVP’S ____ Engine water pump
__Aux. Water pump __ Cooler Bearings
___ Belt tensioner ___Idler Bearings
__ Govemor linkages __ Carburetor linkages
Check all control panel functions.

Are primary & secondary packing vents & the distance piece vents open?
Are the packing vent & drain lines tubed in such a way that oil will not collect
in the tubing & cause blockage.?

Is there a suction controller installed?

Are the suction, interstage & discharge shutdowns working?

Are there relief valves installed on the discharge of each stage?

Have all incoming lines been blown out to remove water, slag, dirt etc
LE. Suction gas, fuel gas, start gas etc.

Ensure suction screen is in place.

Set up compressor to desired performance curve.

Bring in gas & purge entire system to flare.

. Pressurize system & check for leaks. Repair as required.

Comments:

39.

40.
41.

42.

Bump electric motor drives for fans, lube pumps, water pumps & compressor
to ensure proper rotation.

Pre-lube engine & compressor.

Close suction & discharge. Open bypass & adjust pressure in compressor
approx. 500 KPA.

Propak’s start-up and operating instructions for the unit shall be reviewed with
the operator.

T
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AFTER STARTUP CHECK LIST

YES NO
1. Start unit & take note of any unusual noises, pressures, temperatures or vibration. - -
2. Check engine governor operation.
Set Minimum speed: RPM
Set High Idle: RPM
Check governor compensation, no load
Check & set Engine Overspeed: RPM
3. Bring unit up to speed and slowly load compressor. Watch pressures, temperatures
and liquid levels in scrubbers etc.
4. Did the oil pressure come up immediately? PSIG
5. Are the filter differential pressure gauges working?
6. Adjust lubricator rate to break in cycle. ( Drops per Minute)
Is the distribution block indicator pin moving?
7. Setlow oil pressure shut down to 25 PSIG, falling,
8. Set engine ignition timing to spec. ( Deg. BTDC)
9. Set engine fuel gas pressure to 5.5” - 6.0” H20
10. Set carburetor to engine manufactures spec. Be sure engine is firing on all cyl.
11. Adjust cooler louvers to control at proper temperatures.
12. Let unit stabilize & adjust high discharge temp. shutdowns to approx. 2 deg. C.
~ above operating temperature. Confirm safe operating temperature.
13. Check all engine temperature shutdowns to ensure correct shutdown points
14. Go through the operation on all controls to ensure proper operation:
___ Dump Valves ___ Engine speed control ~ Suction control
__ Auto/Manual stations ____ Discharge controller =~ By-Pass Controller
__ Blowcasecontrols ~ ESD & Blowdown
15. Are the scrubber dump & high level shutdowns working?
16. How often do they dump ( )minutes
17. Have all panel functions been tested to assure shutdown of unit upon
malfunction?
18. Are the rod packing vents blowing? Feel tubing for heat.
19. Are the wiper packing draining excessively?
20. Check for oil leaks. Shut down, repair leaks Comments:
Page 2 of 2
YES NO
21. Check and record coupling alignment while unit is hot and record. . -
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PROPAK =

FACE RIM

Pull suction screen, check for contamination & replace. Comments:

23.
24.
25.

26.

Purge unit and restart. Bring unit up to ratcd spced and pressure.
Record all readings, lube rates, temperatures & pressures on separate sheet.

Review proper operation with the operator and give contacts for parts &
service requirements. Leave unit manuals on site.

Comments on overall unit, problems encountered, things that could be done differently etc:




LOCAL PLC - ALARMS / SHUTDOWNS
PROPAK JOB # 99404

Description Device Device Tag Device Make/Model Device Alarm Shutdown Class
Locatlon Number Type Setpoint Setpoint

PRESSURE SET POINTS
Slage 1 LOW auction pressure S5TG1S PT-100 Wika 892.23.510 analogue 345 kPag, F 172 kPag F C
Stage 1 HIGH suclion pressure STG18 PT-100 Wika 682.23.510 analogue 1380 kPag, R 1520 kPag, R A
Stage 1 HIGH discharge pressure STG1D PT-210 Wika 892.23,510 analogue 2900 kPag, R 3070 kPag, R A
Slage 2 HIGH discharge pressure STG2D PT-211 Wika 892.23,510 analogue 6970 kPag, R 7800 kPag, R A
Stage 3 HIGH discharge pressure STG3D PT-212 Wika 892.23.510 analogue 9200 kPag, R 10200 kPag, R A
Stage 1 HIGH differential pressure STG1 LOGIC programmed LOGIC 2100 kPag, R 2300 kPag, R A
Stage 2 HIGH differential pressure STG2 LoGIC programmed LOGIC 5450 kPag, R 5600 kPag, R A
Stage 3 HIGH differential pressure STG 3 LOGIC programmed LOGIC 7580 kPag, R 8270 kPag, R A
Engine Oil LOW pressure engine mount PT-257 Wika 892.13.500 analogue 172 kPag, F 138 kPag, F B
LOW Compressor Oil Pressure Local PT-281 Wika 692.13.500 analogue 241 kPag, F 276 kPag, F B

TEMPERATURE SETPOINTS

Stage 1 HIGH suction temperature STG 1 SUCT TE-100 ATS Alitemp Al-8113 analogue 50°C, R 60°C, R A
Stage 1 HIGH discharge temperature v-122 TE-122A/B ATS Alitemp AI-8113 analogue 149°C, R 163°C, R A
Stage 2 HIGH suclion temperature STG 2 SUCT TE-110 ATS Alltemp Al-8113 analogue 70°C, R 80°C, R A
Stage 2 HIGH discharge temperature V-124 TE-124 ATS Alllemp AI-8113 analogue 149°C, R 163°C, R A
Stage 3 HIGH suction temperature STG 3 SUCT TE-120 ATS Alitemp Al-8113 analogue 70°C, R 80°C, R A
Stage 3 HIGH discharge iemperature V-126 TE-126 ATS Alltemp Al-8113 analogue 149°C, R 163°C, R A
Engine JW HIGH temperature engine mounted TE-233 - analogue 88°C, R 93°C, R A
Engine Oil HIGH temperature engine mounted TE-254 - analogue 90°C, R 96°C, R A
Engine Manifold (RHS) HIGH temperature engine mounted TE-271A - analogue 63°C, R 66°C, R A
Engine Manifold (LHS) HIGH temperature engine mounted TE-2718B - analogue 63°C, R 66°C, R A
Compressor HIGH oil temperature Local TE-281 ATS Alltemp Al-8113 analogue 77°C,R 82°C, R A

VIBRATION SET POINTS

Compressor Vibration Comp VT-288 METRIX 5484C-123 analogue 1.2 ips 1.5ips B

Drive Molor Vibration Motor VT-205 METRIX 5484C-123 analogue 1.210ps 1.5ips B

Cooler Vibration Cooler Fan V8H-225 MURPHY VS2EX descrete - field set B




LOCAL PLC - ALARMS / SHUTDOWNS
PROPAK JOB # 99404

Description Device Device Tag Device Make/Model Device Alarm Shutdown Class
Location Number Type Setpoint Setpoint

OTHER SHUT DOWN SWITCHES

Emergency Shutdown PLC - Red Button descrete - PUSH BUTTON A
REMOTE

REMOTE SHUTDOWN INPUT TO PLC CONTROL TERMINAL descrete = PLANT CONTROL A
Slage 1 Level Shutdown HIGH V-100 LIT-100 Rosemount 3051CD descrele - on high level A
Slage 2 Leve! Shutdown HIGH V-110 LSH-110 Murphy 1100-SS descrete - on high level A
Stage 3 Level Shuldown HIGH V-120 LSH-120 Murphy 1100-SS descrete - on high level A
Seal Pot Level Shutdown HIGH V-130 LSH-130 Murphy 1100-SS descrete - on high leve! A
Engine JW Level Shutdown LOW T-235A LSL-235A Murphy 1111 descrete - on low level A
Engine AW Level Shutdown LOW T-235B LSL-235B Murphy 1111 descrete - on low level A
Compressor Crankcase LOW oil Level Compressor LSL-270 Kenco LCE 8 descrete - on low level A
Compressor Cylinder No Flow Lube Oil Lubricator FSL-289 Manzel Lube Line Alert, P/N: M928 descrete . upon no flow B
Engine Crankcase LOW ail Level Engine LSL-262 Kenco LCE 27 descrete - on low level A
Engine Speed, LOW Engine 58-229 Dynalco P/N: M928 730 RPM, F 700 RPM, F B
Engine Speed, HIGH Engine 88-229 Dynalco P/N: M828 1275 RPM, R 1320 RPM, R B

NOTE: Setpoints are based on Design Point performance (see "Performance" section of the Operation &
Maintenance manuals). These setpoints are for compressor protection against such conditions as valve failure
or exceeding rod load limits. Should a shutdown occur, please consult the compressor operating manual and/or
contact a Propak Compression service representative @ 1-800-408-4434 or (403) 912-7000.
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Calc. By: JWS
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c/o Optima Engineers & Constructors Inc.

Hamburg, Alberta

2-6 Compression Project, Optima #20690

1478 hp Gas Compressor Perform

Pd (line) = 1200 psig
Speed = 1200 rpm

ance Curves

1 1 I
Dresser-Rand 6HOS-3 / Waukesha 7042GL
Propak 1SV1-156-312-F forced draft cooler

(1x) 15.00") stg. 1 cylinder @ 1200 RPM
(1x) 9.50"$ stg. 2 cylinder D.A. @ 1200 RPM
(1x) 6.00"$ stg. 3 cylinder D.A. @ 1200 RPM

Ts=110°F/Tipter =120°F/ Tener=110°F/S.G.=0.62
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Waukesha 7042GL lean burn natural gas engine
Continuous site power @ 1200 RPM = 1478 hp
J | Elevation = 2500 ft (762 m) asl / Cooler drive = §8 hp
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Propak S.0. #99404 / 99420 (two compressor packages)
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Project C RESSOR UNLOADI BLE Pd=1200 psig
#99404 / 99420
Customer: Apache Canada Ltd. Compressor: Dresser-Rand 6HOS-4
Location: Hamburg, Alberta Driver: Waukesha 7042GL engine, 1478 Bhp @ 1200 RPM
L.S.D.: 2-6-97-11 W6M Cooler: Propak model 1SV1-156-312-F, engine jackshaft drive
/ 15.00% \
o ||
#1 #3
Oil Pump End D’ees:g’é'_‘:"d ] Drive End
#2 #4
950" 6.00%
Stg-2 Stg-3
Cyl. Cyl.
Stage 1 Stage 2 Stage 3
Curve # Throw #1 VVCP Throw #3 WCP Throw #2 VVCP Throw #4 VVCP
15.00"% % open Balance % open 9.50"¢ % open 6.00"¢ % open
1 D.A. 0% - - D.A. 0% D.A. -
2 D.A. 25% - - D.A. 0% D.A. -
3 D.A. 50% - - D.A. 0% D.A. -
4 D.A. 75% - - D.A. 0% D.A. -
5 D.A. 100% - - D.A. 0% DA -
6 D.A. 100% - - D.A. 25% D.A. -
7 S.ACE. - - - D.A. 0% D.A. -
8 S.AC.E. - - - D.A. 100% D.A. -

N.A. = Cylinder is non-acting

D.A. = Cylinder is Double Acting S.A.C.E. = Cylinder is Single Acting, Crank End

CURVE NOTES:

(1) Curve information is calculated at 1200 RPM.
(2) Horsepower and capacity vary linearly with speed within the operating range of 800-1200 RPM.
(3) DO NOT OPERATE MACHINE OUTSIDE OF CURVE LIMITS. IF ADDITIONAL PERFORMANCE IS REQUIRED,
CONTACT PROPAK COMPRESSION @ 1-800-408-4434 or (403) 812-7000.
(4) Curve points are limited by available power, compressor rod load, cylinder volumetric efficiency and discharge
temperature.

Calc. By: JWS
Propak S.0. #99404 / 99420 (two compressor packages)



DRESSER-RAND GAS FIELD COMPRESSOR PERFORMANCE (DRSIZE copyright

1996~2000 V1.3a)

PACKAGER: PROPAK COMPRESSION DATE: Oct 2, 2000
LOCATION: Hamburg (2-6), Albarta FILE: 9404-420.DAT " 8"
JOB/REF : Apache Canada / Optima Engineers CALC BY: J.Saxinger
JOBSITE : Amb T (F) : 90. Alt. (FT) : 2500. Atm ( PSIA): 13.42
Ref. Prassure ( PSIA) : 14.70 Ref, Temp. (F) : 60.

COMPRESSOR: Frame : 6 HOS 4 Stroke (IN): 6.0 Rod Dia(IN): 2.500
esssanse-.s.Calc RPM : 1200.0 Max RPM : 1200.0 Cooler (HP): 58.0
DRIVER: Type : Gas Engine Avail (HP) : 1478.0 Model: 70426GL
Stage Number 1 2 3

Gas Natural Natural Natural Ps (line)= 200 psig
Dry Gas Mol. Weight 17.958 17.958 17.958 Pd (line)= 1200 psig
Dry Gas Spec. Gravity 0.620 0.620 0.620

Cp/Cv @ 14.7/60 1.287 1.287 1,287 Curve 8
Avg. Temp. Expon. (K) 1.264 1.271 1.285

Avg. Vol. Expon. (N) 1.262 1.273 1.308

Gas Crit. Temperature R 371.286 371.286 2371.286

Gas Crit. Pressure PSIA 672.998 672.998 672.998

Z Standard 0.998 0.998 0.998

2 Suction 0.975 0.956 0.922

Z Discharge 0.974 0.957 0.929

Inlet Temperature P 110.00 120.00 120.00

Inlet Press. @ Cyl Flg PSIG 196.00 382.15 693.64

Interstage Press. Drop % 1.75 1.50 1.00

Disch. Press. @ Cyl Flg PSIG 389.20 704.41 1212.00

Ratio of Compression 1.923 1.815 1.733

Adiabatic Disch. Temp. F 193.38 198. 62 195.16

Est. Actual Disch. Temp F 224.77 212.70 204.35

Stg. Piston Displ. CFM 715.9 570.2 215.2

Stg. Inlet Capacity ACFM 619.8 326.7 175.9

CAPACITY ACTUAL WET MMSCFD 11.87 11.84 11.82

CAPACITY ACTUAL DRY MMSCFD 11.80 11.79 11.80

TOTAL COMPRESSOR POWER HP 1418.93

Stage number at (HE/CE) 1/1 0/0 2/2 3/3

Frame Ext/Cyl. Bore #/IN 1/15.000 3/10.000 2/ 9.500 4/ 6.000
Cylinder Pattern G12203 BALANCE G12199 612196

RDP PSIG 450.0 0.0 1150.0 1750.0

MAWP PSIG 495.0 0.0 1265.0 1925.0

Cyl. Action/HE Rod Dia. Act./INSACE/0.00 NA/0.00 DA/0.00 DA/0.00

Brake power / Cylinder HP 533.9 0.0 441.9 386.4

HE Disch. Vol. Eff. % 0.00 0.00 19.39 54.47

CE Disch. Vol. Eff. % 51.58 0.00 53.59 52.72

HE Inlet Vol. Eff. % 0.00 0.00 30.97 82.95

CE Inlet Vol. Eff. % 86.59 0.00 85.57 80.29

Avg. Inlet Vol. Eff. % 43.29 0.00 58.27 81.62

HE Clearance Reqd. % 14.50 0.00 109.30 24.80

HE Clearance Min. % 14.50 0.00 17.10 24.80

HE Pocket Open % 0.00 0.00 100.00 0.00

HE Clearance Added IN3 0.0 0.0 392.1 0.0

CE Clearance Reqd. % 14.20 0.00 17.80 29.90

CE Clearance Min. % 14.20 0.00 17.80 29.90

CE Clearance Added IN3 0.0 0.0 0.0 0.0

Valve Model - HE PF67 XXX PF48 PF48

Valve Model - CE PF67 XXX PF48 PF48
valves / Corner (HE/CE) 2/2 0/0 2/2 1/1

Valve Lift - HE IN 0.080 0.000 0.080 0.080

Valve Lift - CE IN 0.080 0.000 0.080 0.080

Valve Lift Area - HE SQIN 10.420 0.000 5.640 5.640

Valve Lift Area - CE SQIN 10.420 0.000 5.640 5.640

API Inlet Vlv Vel Avg. FPM 10034.2 0.0 7279.6 5493.6
Flange Gas Load - T LBF 32230 0 19385 8707
Flange Gas Load - C LBF -962 0 -24718 -18061

Max. Allow. Gas Load LBF 60000 60000 60000 60000
Combined Rod Load - T LBF 51733 42942 279717 28943
Combined Rod Load - C LBF ~36841 -29381 -36283 -31732

Max Allow Rod Load LBF 60000 60000 60000 60000
Racip. Weight @ XHD Pin LB 362.0 295.0 362.0 295.0
Reversal @ XHD Pin DEG 140.0 160.0 170.0 155.0



DRESSER-RAND GAS FIELD COMPRESSOR PERFORMANCE (DRSIZE copyright 1996-2000 V1. 3a)

PACKAGER: PROPAK COMPRESSION DATE: Oct 2, 2000
LOCATION: Hamburg (2-6), Alberta FILE: 9404-420.DAT " 7"
JOB/REF : Apache Canada / Optima Engineers CALC BY: J.Saxinger
JOBSITE : Amb T (F) :  90. Alt. (FT) : 2500. Atm ( PSIA): 13.42
Ref. Pressure ( PSIA) : 14.70 Ref. Temp. (F): 60.

COMPRESSOR: Frame : 6 HOS 4 Stroke (IN): 6.0 Rod Dia(IN): 2.500
weesssesss-.Calc RPM : 1200.0 Max RPM : 1200.0 Coocler (HP): 58.0
DRIVER: Type : Gas Engine Avail (HP) @ 1478.0 Model: 7042GL
Stage Number 1 2 3

Gas Natural Natural Natural Ps (line)= 175 psig
Dry Gas Mol. Weight 17.958 17.958 17.958 Pd (line)= 1200 psig
Dry Gas Spec. Gravity 0.620 0.620 0.620

Cp/Cv @ 14.7/60 1.287 1.287 1.287 Curve 8
Avg. Temp. Expon. (K) 1.263 1.269 1.282

Avg. Vol. Expon. (N) 1.260 1.270 1.302

Gas Crit. Temperature R 371.286 371.286 371.286

Gas Crit. Pressure PSIA 672.998 672.998 672.998

Z Standard 0.998 0.998 0.998

Z Suction 0.978 0.960 0.928

Z Discharge 0.977 0.961 0.935

Inlet Temperature F 110.00 120.00 120.00

Inlet Press. @ Cyl Flg PSIG 171.50 343.40 634.44

Interstage Press. Drop % 1.75 1.50 1.00

Disch. Press. @ Cyl Flg PSIG 349.76 644.31 1212.00

Ratio of Compression 1.964 1.843 1.891

Adiabatic Disch. Temp. F 195.87 200.30 207.15

Est. Actual Disch. Temp F 227.72 214.77 216.75

Stg. Piston Displ. CFM 715.9 570.2 215.2

Stg. Inlet Capacity ACFM 616.3 318.4 169.1

CAPACITY ACTUAL WET MMSCFD 10.39 10.37 10.34

CAPACITY ACTUAL DRY MMSCFD 10.32 10.32 10.32

TOTAL COMPRESSOR POWER HP 1327.79

Stage number at (HE/CE) 1/1 0/0 2/2 3/3

Frame Ext/Cyl. Bore #/IN 1/15.000 3/10.000 2/ 9.500 4/ 6.000
Cylinder Pattern 612203 BALANCE G12199 G12196

RDP PSIG 450.0 0.0 1150.0 1750.0

MAWP PSIG 495.0 0.0 1265.0 1925.0

Cyl. Action/HE Rod Dia. Act./INSACE/0.00 NA/0.00 DA/0.00 DA/0.00
Brake power / Cylinder HP 482.1 0.0 397.8 391.1

HE Disch. Vol. Eff. % 0.00 0.00 17.64 49.06

CE Disch. Vol. Eff. % 50.39 0.00 52.61 47.09

HE Inlet Vol. Eff. % 0.00 0.00 28.56 80.05

CE Inlaet Vol. Eff. % 86.09 0.00 85.15 76.83

Avg. Inlet Vol. Eff. % 43.05 0.00 56.85 78.44

HE Clearance Reqd. % 14.50 0.00 109.30 24.80

HE Clearance Min. % 14.50 0.00 17.10 24.80

HE Pocket Open % 0.00 0.00 100.00 0.00

HE Clearance Added IN3 0.0 0.0 392.1 0.0

CE Clearance Reqd. % 14.20 0.00 17.80 29.90

CE Clearance Min. % 14.20 0.00 17.80 29.90

CE Clearance Added IN3 0.0 0.0 0.0 0.0

Valve Model - HE PF67 XXXX PF48 PF48

Valve Model - CE PF67 XXX PF48 PF48
valves / Corner (HE/CE) 2/2 0/0 2/2 1/1

Valve Lift - HE IN 0.080 0.000 0.080 0.080

Valve Lift - CE IN 0.080 0.000 0.080 0.080

Valve Lift Area ~ HE SQIN 10.420 0.000 5.640 5.640

valve Lift Area - CE SQIN 10.420 0.000 5.640 5.640

API Inlet Vlv Vel Avg. FPM 10034.2 0.0 7279.6 5493.6
Flange Gas Load -~ T 1LBF 29784 0 18166 10381
Flange Gas Load - C LBF -842 0 -23014 -19444

Max. Allow. Gas Load LBF 60000 60000 60000 60000
Combined Rod Load - T LBF 51853 42942 29680 27337
Combined Rod Load - C LBF -36302 -29381 -35818 -30476

Max Allow Rod Load LBF 60000 60000 60000 60000
Recip. Weight @ XHD Pin LB 362.0 295.0 362.0 295.0

Reversal @ XHD Pin DEG 145.0 160.0 175.0 160.0



DRESSER-RAND GAS FIELD COMPRESSOR PERFORMANCE (DRSIZE copyright 1996-2000 V1.3a)

PACKAGER: PROPAK COMPRESSION DATE: Oct 2, 2000
LOCATION: Hamburg (2-6), Alberta FILE: 9404-420.DAT " 6"
JOB/REF : Apache Canada / Optima Engineers CALC BY: J.Saxinger
JOBSITE : Amb T (F) : 90. Alt. (F'T) : 2500. Atm ( PSIA): 13.42
Ref. Pressure ( PSIA) : 14.70 Ref. Temp. (F): 60.

COMPRESSOR: Frame : 6 HOS 4 Stroke (IN): 6.0 Rod Dia(IN): 2.500
veessssss...Calc RPM : 1200.0 Max RPM : 1200.0 Cooler (BP): 58.0
DRIVER: Type : Gas Engine Avail (HP) : 1478.0 Model: 70426GL
Stage Number 1 2 3

Gas Natural Natural Natural Ps (line)= 150 psig
Dry Gas Mol. Weight 17.958 17.958 17.958 Pd (line)= 1200 psig
Dry Gas Spec. Gravity 0.620 0.620 0.620

cp/Cv @ 14.7/60 1.287 1.287 1.287 Curve 8
Avg. Temp. Expon. (K) 1.261 1.267 1.278

Avg. Vol. Expon. (N) 1.259 1.267 1.297

Gas Crit. Temperature R 371.286 371.286 371.286

Gas Crit. Pressure PSIA 672.998 672.998 672.998

2 Standazd 0.998 0.998 0.998

2 Suction 0.9861 0.965 0.935

Z Discharge 0.980 0.965 0.943

Inlet Temperature F 110.00 120.00 120.00

Inlet Press. @ Cyl Flg PSIG 147.00 304.35 574.64

Interstage Press. Drop % 1.75 1.50 1.00

Disch. Press. @ Cyl Flg PSIG 310.01 583.60 1212.00

Ratio of Compression 2,016 1.879 2.084

Adiabatic Disch. Temp. F 198.98 202.41 220.42

Est. Actual Disch. Temp F 231.36 217.34 230.86

Stg. Piston Displ. CFM 715.9 570.2 215.2

Stg. Inlet Capacity ACFM 611.9 308.3 161.0

CAPACITY ACTUAL WET MMSCFD 8.92 8.90 8.88

CAPACITY ACTUAL DRY MMSCFD 8.85 8.85 8.85

TOTAL COMPRESSOR POWER HP 1227.68

Stage number at (HE/CE) 1/1 0/0 2/2 3/3

Frame Ext/Cyl. Bore #/IN 1/15.000 3/10.000 2/ 9.500 4/ €.000
Cylinder Pattezn G12203 BALANCE G12199 G12196

RDP PSIG 450.0 0.0 1150.0 1750.0

MAWP PSIG 495.0 0.0 1265.0 1925.0

Cyl. Action/HE Rod Dia. Act./INSACE/0.00 NA/0.00 DA/0.00 DA/0.00

Brake power / Cylinder HP 429.6 0.0 352.9 388.4

BE Disch. Vol. Eff. % 0.00 0.00 15.57 43.48

CE Disch. Vol. Eff. % 48.97 0.00 51.45 41.27

HE Inlet Vol. Eff. % 0.00 0.00 25.62 76.58

CE Inlet Vol. Eff. % 85.48 0.00 84.62 72.70

Avg. Inlet Vol. Eff. $ 42.74 0.00 55.12 74.64

HE Clearance Reqd. % 14.50 0.00 109.30 24.80

HE Clearance Min. % 14.50 0.00 17.10 24.80

HE Pocket Open % 0.00 0.00 100.00 0.00

HE Clearance Added IN3 0.0 0.0 392.1 0.0

CE Clearance Reqd. % 14.20 0.00 17.80 29.90

CE Clearance Min. % 14.20 0.00 17.80 29.90

CE Clearance Added IN3 0.0 0.0 0.0 0.0

Valve Model - HE PF67 XXXX PF48 PF48

Valve Model - CE PF67 XXX PF48 PF48
valves / Corner (HE/CE) 2/2 0/0 2/2 1/1

vValve Lift - HE IN 0.080 0.000 0.080 0.080

Valve Lift - CE IN 0.080 0.000 0.080 0.080

Valve Lift Area - HE SQIN 10.420 0.000 5.640 5.640

Valve Lift Area ~ CE SQIN 10.420 0.000 5.640 5.640

API Inlet Vlv Vel Avg. FPM 10034.2 0.0 7279.6 5493.6
Flange Gas Load - T LBF 27285 0 16929 12071
Flange Gas Load - C LBF ~722 0 -21288 -20842

Max. Allow. Gas Load LBF 60000 60000 60000 60000
Combined Rod Load - T LBF 51973 42942 31407 25720
Combined Rod Load - C LBF -35761 -29381 -35351 -28909

Max Allow Rod Load LBF 60000 60000 60000 60000
Recip. Weight @ XHD Pin LB 362.0 295.0 362.0 295.0

Reversal @ XHD Pin DEG 155.0 160.0 170.0 185.0
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DRESSER-RAND GAS FIELD COMPRESSOR PERFORMANCE (DRSIZE copyright 1996-2000 Vvl1.3a)

PACKAGER: PROPAK COMPRESSION DATE: Oct 2, 2000
LOCATION: Hamburg (2-6), Alberta FILE: 9404-420.DAT " 5"
JOB/REF : Apache Canada / Optima Engineers CALC BY: J.Saxinger
JOBSITE : Amb T (F) :  90. Alt. (FT) : 2500. Atm ( PSIA): 13.42
Ref. Pressure ( PSIA) : 14.70 Ref. Temp. (F): 60.

COMPRESSOR: Frame : 6 HOS 4 Stroke (IN): 6.0 Rod Dia(IN): 2.500
..... +viene..Calc RPM : 1200.0 Max RPM t 1200.0 Cooler (HP): 58.0
DRIVER: Type : Gas Engine Avail (HP) : 1478.0 Model: 7042GL
Stage Number 1 2 3

Gas Natural Natural Natural Ps (line)= 125 psig
Dry Gas Mol. Weight 17.958 17.958 17.958 Pd (line)= 1200 psig
Dry Gas Spec. Gravity 0.620 0.620 0.620

Cp/Cv @ 14.7/60 1.287 1.287 1,287 Curve 8
Avg. Temp. Expon. (K) 1.259 1.265 1.274

Avg. Vol. Expon. (N) 1.257 1.264 1.292

Gas Crit. Temperature R 371.286 371.286 371.286

Gas Crit. Pressure PSIA 672.998 672.998 672.998

Z Standard 0.998 0.99%8 0.998

Z Suction 0.984 0.969 0.941

Z Discharge 0.983 0.969 0.950

Inlet Temperature F 110.00 120.00 120.00

Inlet Press. @ Cyl Flg PSIG 122.50 264.93 514.01

Interstage Press. Drop % 1.75 1.50 1.00

Disch, Press. @ Cyl Flg PSIG 269.89 522,04 1212.00

Ratio of Compression 2.084 1.924 2.323

Adiabatic Disch. Temp. F 203.01 205.11 235.36

Est. Actual Disch. Temp F 236.08 220.60 246.95

Stg. Piston Displ. CFM 715.9 570.2 215.2

Stg. Inlet Capacity ACFM 606.2 295.6 151.1

CAPACITY ACTUAL WET MMSCFD 7.47 7.44 7.42

CAPACITY ACTUAL DRY MMSCFD 7.40 7.40 7.40

TOTAL COMPRESSOR POWER HP 1115.63

Stage number at (HE/CE) 1/1 0/0 2/2 3/3

Frame Ext/Cyl. Bore #/IN 1/15.000 3/10.000 2/ 9.500 4/ 6.000
Cylinder Pattern G12203 BALANCE G12199 G12196

RDP PSIG 450.0 0.0 1150.0 1750.0

MAWP PSIG 495.0 0.0 1265.0 1925.0

Cyl. Action/HE Rod Dia. Act./INSACE/0.00 NA/0.00 DA/0.00 DA/0.00

Brake power / Cylinder HP 376.1 0.0 307.0 375.8

HE Disch. Vol. Eff. % 0.00 0.00 13.08 37.67

CE Disch. Vol. Eff. % 47.22 0.00 50.05 35.23

HE Inlet Vol. Eff. % 0.00 0.00 21.95 72.36

CE Inlet Vol. EfE. % 84.68 0.00 83.97 67.66

Avg. Inlet Vol. Eff. % 42.34 0.00 52.96 70.01

HE Clearance Reqd. % 14.50 0.00 109.30 24.80

HE Clearance Min. % 14.50 0.00 17.10 24.80

HE Pocket Open % 0.00 0.00 100.00 0.00

HE Clearance Added IN3 0.0 0.0 392.1 0.0

CE Clearance Reqd. % 14.20 0.00 17.80 29,90

CE Clearance Min. % 14.20 0.00 17.80 29.90

CE Clearance Added IN3 0.0 0.0 0.0 0.0

Valve Model - HE PF67 XXXX PF48 PF48

Valve Model - CE PF67 XXXX PF48 PF48
Valves / Corner (HE/CE) 2/2 0/0 2/2 1/1

Valve Lift -~ HE IN 0.080 0.000 0.080 0.080

Valve Lift - CE IN 0.080 0.000 0.080 0.080

Valve Lift Area - HE SQIN 10.420 0.000 5.640 5.640

Valve Lift Area - CE SQIN 10.420 0.000 5.640 5.640

API Inlet Vlv Vel Avg. FPM 10034.2 0.0 7279.6 5493.6
Flange Gas Load ~ T LBF 24720 0 15662 13786
Flange Gas Load - C LBF -601 0 -19525 -22258

Max. Allow. Gas Load LBF 60000 60000 60000 60000
Combined Rod Load - T LBF 52093 42942 33170 24083
Combined Rod Load - C LBF -35218 -29381 -34656 -26888

Max Allow Rod Load LBF 60000 60000 60000 60000
Recip. Weight @ XHD Pin LB 362.0 295.0 362.0 295.0

Revaersal @ XHD Pin DEG 155.0 160.0 170.0 160.0



DRESSER-RAND GAS FIELD COMPRESSOR PERFORMANCE (DRSIZE copyright 1996~2000 V1.3a)

PACKAGER: PROPAK COMPRESSION
LOCATION: Hamburg (2-6), Alberta
JOB/REF : Apache Canada / Optima Engineers

DATE: Oct 2, 2000
FILE: 9404-420.DAT " 6"
CALC BY: J.Saxinger

JOBSITE : Amb T (F) 90, Alt. (FT) : 2500. Atm ( PSIA): 13.42
Ref. Pressure ( PSIA) : 14.70 Ref. Temp. (F): 60.

COMPRESSOR: Frame 6 HOS 4 Stroke (IN): 6.0 Rod Dia(IN): 2.500
...... +«+ss.Calc RPM 1200.0 Max RPM : 1200.0 Cooler (HP): 58.0
DRIVER: Type : Gas Engine Avail (EP) : 1478.0 Model: 7042GL
Stage Number 1 2 3

Gas Natural Natural Natural Ps (line)= 150 psig
Dry Gas Mol. Weight 17.958 17.958 17.958 Pd (line)= 1200 psig
Dry Gas Spec. Gravity 0.620 0.620 0.620

Cp/Cv @ 14.7/60 1.287 1.287 1.287 Curve 7
Avg. Temp. Expon. (K) 1.264 1.260 1.279

Avg. Vol. Expon. (N) 1.261 1.262 1.299

Gas Crit. Temperature R 371.286 371.286 371.286

Gas Crit. Pressure PSIA 672.998 672.998 672.998

2 Standard 0.998 0.998 0.998

Z Suction 0.981 0.973 0.932

Z Discharge 0.980 0.974 0.940

Inlet Temperature F 110.00 120,00 120.00

Inlet Press. @ Cyl Flg PSIG 147.00 228.73 596.98

Interstage Press. Drop % 1.75 1.50 1.00

Disch. Press. @ Cyl Flg PSIG 233.04 606.28 1212.00

Ratio of Compression 1.536 2,559 2.008

Adiabatic Disch. Temp. F 163.51 243.93 215.31

Est. Actual Disch. Temp F 196.08 261.61 225.40

Stg. Piston Displ. CFM 715.9 570.2 215.2

Stg. Inlet Capacity ACFM 649.7 434.1 164.2

CAPACITY ACTUAL WET MMSCFD 9.47 9.46 9.42

CAPACITY ACTUAL DRY MMSCFD 9.40 9.40 9.39

TOTAL COMPRESSOR POWER HP 1320.22

Stage number at (HE/CE) 1/1 0/0 2/2 3/3
Frame Ext/Cyl. Bore #/IN 1/15.000 3/10.000 2/ 9.500 4/ 6.000
Cylinder Pattern G12203 BALANCE G12199 G12196

RDP PSIG 450.0 0.0 1150.0 1750.0
MAWP PSIG 495.0 0.0 1265.0 1925.0
Cyl. Action/HE Rod Dia. Act./INSACE/0.00 NA/0.00 DA/0.00 DA/0.00
Brake power / Cylinder HP 314.7 0.0 558.3 390.5

HE Disch. Vol. Eff. % 0.00 0.00 36.33 45.58

CE Disch. Vol. Eff. % 64.56 0.00 35.96 43.46

HE Inlet Vol. Eff. % 0.00 0.00 76.49 77.95

CE Inlet Vol. Eff. % 90.76 0.00 75.72 74.33
Avg. Inlet Vol. Eff, % 45.38 0.00 76.11 76.14

HE Clearance Reqd. % 14.50 0.00 17.10 24.80

HE Clearance Min. % 14.50 0.00 17.10 24.80

HE Pocket Open % 0.00 0.00 0.00 0.00

HE Clearance Added IN3 0.0 0.0 0.0 0.0

CE Clearance Reqd. % 14.20 0.00 17.80 29,90

CE Clearance Min. % 14.20 0.00 17.80 29.90

CE Clearance Added IN3 0.0 0.0 0.0 0.0
Valve Model - HE PF67 XXXX PF48 PF48
Valve Model - CE PF67 XXXX PF48 PF48
Valves / Corner (HE/CE) 2/2 0/0 2/2 1/1
Valve Lift - HE IN 0.080 0.000 0.080 0.080
Valve Lift - CE IN 0.080 0.000 0.080 0.080
Valve Lift Area - HE SQIN 10.420 0.000 5.640 5.640
Valve Lift Area - CE SQIN 10.420 0.000 5.640 5.640

API Inlet Vlv Vel Avg. FPM 10034.2 0.0 7279.6 5493.6
Flange Gas Load - T LBF 14061 0 23766 11440
Flange Gas Load - C LBF =722 0 -27884 -20320
Max. Allow. Gas Load LBF 60000 60000 60000 60000
Combined Rod Load - T LBF 51973 42942 33622 26324
Combined Rod Load - C LBF -36028 -29381 -33829 -29674

Max Allow Rod Load LBF 60000 60000 60000 60000
Recip. Weight @ XHD Pin LB 362.0 295.0 362.0 295.0
Reversal @ XHD Pin DEG 175.0 160.0 175.0 155.0
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DRHESSER-RAND GAS FIELD COMPRESSOR PERFORMANCE (DRSIZE copyright 1996-2000 V1.3a)

PACKAGER: PROPAK COMPRESSION DATE: Oct 2, 2000
LOCATION: Hamburg (2-6), Alberta FILE: 9404-420.DAT " 5"
JOB/REF : Apache Canada / Optima Engineers CALC BY: J.Saxinger
JOBSITE : Amb T (F) : 90. Alt. (FT) : 2500. Atm ¢ PSIA): 13.42
Ref. Pressure ( PSIA) : 14.70 Ref. Temp. (F): 60.

COMPRESSOR: Frame : 6 HOS 4 Stroke (IN): 6.0 Rod Dia(IN): 2.500
...... veess.Calc REM :+ 1200.0 Max RPM : 1200.0 Cooler (BP): 58.0
DRIVER: Type : Gas Engine Avail (HP) : 1478.0 Model: 7042GL
Stage Number 1 2 3

Gas Natural Natural Natural Ps (line)= 125 psig
Dry Gas Mol. Weight 17.958 17.958 17.958 Pd (line)= 1200 psig
Dry Gas Spec. Gravity 0.620 0.620 0.620

cp/Cv @ 14.7/60 1.287 1.287 1.287 Curve 7
Avg. Temp. Expon. (K) 1.263 1.257 1.276

Avg. Vol. Expon. (N) 1.260 1.259 1,294

Gas Crit. Temperature R 371.286 371.286 371.286

Gas Crit. Pressure PSIA 672.998 672.998 672.998

Z Standard 0.998 0.998 0.998

2 Suction 0.984 0.977 0.939

2 Discharge 0.983 0.978 0.947

Inlet Temperature F 110.00 120.00 120.00

Inlet Press. @ Cyl Flg PSIG 122.50 195.07 535.03

Interstage Press. Drop % 1.75 1.50 1.00

Disch. Press. @ Cyl Flg PSIG 198.78 543.38 1212.00

Ratio of Compression 1.561 2.671 2,234

Adiabatic Disch. Temp. F 165.35 249.14 229.99

Est. Actual Disch. Temp F 198.35 267.68 241.14

Stg. Piston Displ. CFM 715.9 570.2 215.2

Stg. Inlet Capacity ACFM 647.2 425.7 154.8

CAPACITY ACTUAL WET MMSCFD 7.97 7.96 7.92

CAPACITY ACTUAL DRY MMSCFD 7.90 7.90 7.90

TOTAL COMPRESSOR POWER HP 1204.76

Stage number at (EE/CE) i/1 0/0 2/2 3/3

Frame Ext/Cyl. Bore #/IN 1/15.000 3/10.000 2/ 9.500 4/ 6.000
Cylinder Pattern G12203 BALANCE G12199 G12196

RDP PSIG 450.0 0.0 1150.0 1750.0

MAWP PSIG 495.0 0.0 1265.0 1925.0

Cyl. Action/HE Rod Dia. Act./INSACE/0.00 NA/0.00 DA/0.00 DA/0.00

Brake power / Cylinder HP 273.5 0.0 493.2 381.4

HE Disch. Vol. Eff. % 0.00 0.00 34.40 39.70

CE Disch. Vol. Eff. % 63.48 0.00 34.02 37.34

HE Inlet Vol. Eff. % 0.00 0.00 75.06 73.92

CE Inlet Vol. Eff. % 90.41 0.00 74.23 69.52

Avg. Inlet Vol. Eff. % 45.21 0.00 74.65 71.72

HE Clearance Reqd. % 14.50 0.00 17.10 24.80

HE Clearance Min. % 14.50 0.00 17.10 24.80

HE Pocket Open % 0.00 0.00 0.00 0.00

HE Clearance Added IN3 0.0 0.0 0.0 0.0

CE Clearance Reqd. % 14.20 0.00 17.80 29.90

CE Clearance Min. % 14.20 0.00 17.80 29,90

CE Clearance Added IN3 0.0 0.0 0.0 0.0

Valve Model - HE PF67 XXXX PF48 PF48

Valve Mcdel - CE PF67 XXXX PF48 PF48
Valves / Corner (HE/CE) 2/2 0/0 2/2 1/1

Valve Lift - HE IN 0.080 0.000 0.080 0.080

Valve Lift - CE IN 0.080 0.000 0.080 0.080

Valve Lift Area - HE SQIN 10.420 0.000 5.640 5.640

Valve Lift Area - CE SQIN 10.420 0.000 5.640 5.640

API Inlet Vliv Vel Avg. FPM 10034.2 0.0 7279.6 5493.6
Flange Gas Load - T LBF 12504 0 22022 13191
Flange Gas Load - C LBF -601 0 -25647 -21767

Max. Allow. Gas Load LBF 60000 60000 60000 60000
Combined Rod Load - T LBF 52093 42942 33515 24650
Combined Rod Load - C LBF -35684 -29381 -32213 -27664

Max Allow Rod Load LBF 60000 60000 60000 60000
Recip. Weight @ XHD Pin LB 362.0 295.0 362.0 295.0

Reversal @ XHD Pin DEG 180.0 160.0 170.0 160.0



PACKAGER: PROPAK COMPRESSION
LOCATION: Hamburg (2-6), Alberta

JOB/REF : Apache Canada / Optima Engineers

DATE:

DRESSER-RAND GAS FIELD COMPRESSOR PERFORMANCE (DRSIZE copyright 1996-2000 V1.3a)

oct 2, 2000

FILE: 9404-420.DAT " 4"
CALC BY: J.Saxinger

JOBSITE : Amb T (F) 90. Alt. (FT) : 2500. Atm ( PSIA); 13.42
Ref. Pressure ( PSIA) : 14.70 Ref. Temp. (F) : 60.

COMPRESSOR: Frame : 6 HOS 4 Stroke (IN): 6.0 Rod Dia(IN): 2.500
B L AR . .Calc RPM : 1200.0 Max RPM : 1200.0 Cooler (EP): 58.0
DRIVER: Type ; Gas Engine Avail (RP) 1478.0 Model: 7042GL
Stage Numbexr 1 2 3

Gas Natural Natural Natural Ps (line)= 100 psig
Dry Gas Mol. Weight 17.958 17.958 17.958 Pd (line)= 1200 psig
Dry Gas Spec. Gravity 0.620 0.620 0.620

Cp/cv @ 14.7/60 1.287 1.287 1.287 Curve 7
Avg. Temp. Expon. (K) 1.261 1.255 1.272

Avg. Vol. Expon. (N) 1.259 1.256 1.288

Gas Crit. Temperature R 371.286 371.286 371.286

Gas Crit. Pressure PSIA 672.998 672.998 672.998

Z Standard 0.998 0.998 0.998

Z Suction 0.987 0.981 0.946

Z Discharge 0.986 0.982 0.955

Inlet Temperature F 110.00 120.00 120.00

Inlet Press. @ Cyl Flg PSIG 98.00 161.21 471.99

Interstage Press. Drop % 1.75 1.50 1.00

Disch. Press. @ Cyl Flg PSIG 164.33 479.38 1212.00

Ratio of Compression 1.595 2.822 2.525

Adiabatic Disch. Temp. F 167.89 256.02 246.78

Est. Actual Disch. Temp F 201.47 275.63 259.45

Stg. Piston Displ. CFM 715.9 570.2 215.2

Stg. Inlet Capacity ACFM 643.8 414.6 143.0

CAPACITY ACTUAL WET MMSCFD 6.48 6.47 6.43

CAPACITY ACTUAL DRY MMSCFD 6.41 6.41 6.41

TOTAL COMPRESSOR POWER HP 1074.50

Stage number at (HE/CE) 1/1 o/0 2/2 3/3
Frame Ext/Cyl. Bore #/IN 1/15.000 3/10.000 2/ 9.500 4/ 6.000
Cylinder Pattern G12203 BALANCE G12199 G12196

RDP PSIG 450.0 0.0 1150.0 1750.0
MAWP PSIG 495.0 0.0 1265.0 1925.0
Cyl. Action/HE Rod Dia. Act. /INSACE/0.00 NA/0.00 DA/0.00 DA/0.00
Brake power / Cylinder HP 231.8 0.0 425.5 360.5

HE Disch. Vol. Eff. % 0.00 0.00 32.03 33.56

CE Disch. Vol. Eff. % 62.05 0.00 31.63 30.95

HE Inlet Vol. Eff. % 0.00 0.00 73.14 68.87

CE Inlet Vol. Eff. % 89.93 0.00 72.24 63.51
Avg. Inlet Vol. Eff. % 44.96 0.00 72.69 66.19

HE Clearance Reqd. % 14.50 0.00 17.10 24.80

HE Clearance Min. % 14.50 0.00 17.10 24.80

HE Pocket Open % 0.00 0.00 0.00 0.00

EE Clearance Added IN3 0.0 0.0 0.0 0.0

CE Clearance Reqd. % 14.20 0.00 17.80 29.90

CE Clearance Min. L 14.20 0.00 17.80 29.90

CE Clearance Added IN3 0.0 0.0 0.0 0.0
Valve Model - HE PF67 XXX PF48 PF48
Valve Model - CE PF67 XXXX PF48 PF48
Valves / Corner (HE/CE) 2/2 o/0 2/2 1/1
Valve Lift - HE IN 0.080 0.000 0.080 0.080
Valve Lift - CE IN 0.080 0.000 0.080 0.080
valve Lift Area - HE SQIN 10.420 0.000 5.640 5.640
Valve Lift Axea - CE SQIN 10.420 0.000 5.640 5.640

API Inlet V1v Vel Avg. FPM 10034.2 0.0 7279.6 5493.6
Flange Gas Load - T LBF 10914 0 20199 14974
Flange Gas Load - C LBF -481 0 -23343 -23240
Max. Allow. Gas Load LBF 60000 60000 60000 60000
Combined Rod Load - T LBF 52214 42942 33742 22949
Combined Rod Load - C LBF -35339 -29381 -30619 =-25185

Max Allow Rod Load LBF 60000 60000 60000 60000
Recip. Weight @ XHD Pin LB 362.0 295.0 362.0 295.0
Reversal @ XHD Pin DEG 175.0 160.0 170.0 160.0



A,

DRESSER-RAND GAS FIELD COMPRESSOR PERFORMANCE (DRSIZE copyright 1996-2000 V1.3a)

PACKAGER: PROPAK COMPRESSION DATE: Oct 2, 2000
LOCATION: Bamburg (2-6), Alberta FILE: 9404-420.DAT " 3"
JOB/REF : Apache Canada / Optima Engineers CALC BY: J.Saxinger
JOBSITE : Amb T (F) : 90. Alt. (FT) : 2500, Atm ( PSIA): 13.42
Ref. Pressure ( PSIA) : 14.70 Ref. Temp. (F): 60.

COMPRESSOR: Frame : 6 HOS 4 Stroke (IN): 6.0 Rod Dia(IN): 2.500
tessaraassss-Cale RPN : 1200.0 ~ Max RPM : 1200.0 Cooler (HP): 58.0
DRIVER: Type : Gas Engine Avail (HP) : 1478.0 Model: 7042GL
Stage Number i 2 3

Gas Natural Natural Natural Ps (line)= 75 psig
Dry Gas Mol. Weight 17,958 17.958 17.958 Pd (line)= 1200 psig
Dry Gas Spec. Gravity 0.620 0.620 0.620

Cp/Cv @ 14.7/60 1.287 1.287 1.287 Curve 7
Avg. Temp. Expon. (K) 1.260 1.252 1.267

Avg. Vol. Expon. (N} 1.258 1.253 1.283

Gas Crit. Temperature R 371.286 371.286 371.286

Gas Crit. Pressure PSIA 672.998 672.998 672.998

Z Standard 0.998 0.998 0.998

Z Suction 0.990 0.985 0.953

Z Discharge 0.989 0.985 0.963

Inlet Temperature F 110.00 120.00 120.00

Inlet Press. @ Cyl Flg PSIG 73.50 127.16 407 .81

Interstage Press. Drop % 1.75 1.50 1.00

Disch. Press. @ Cyl Flg PSIG 129.67 414.22 1212.00

Ratio of Compression 1.646 3.042 2.909

Adiabatic Disch. Temp. F 171.66 265.34 266.34

Est. Actual Disch. Temp F 206.12 286.33 281.35

Stg. Piston Displ. CFM 715.9 570.2 215.2

Stg. Inlet Capacity ACFM 638.6 398.5 127.7

CAPACITY ACTUAL WET MMSCFD 5.00 4.99 4.95

CAPACITY ACTUAL DRY MMSCFD 4.93 4.93 4.93

TOTAL COMPRESSOR POWER HP 925.47

Stage number at (HE/CE) 1/1 0/0 2/2 3/3

Frame Ext/Cyl. Bore #/IN 1/15.000 3/10.000 2/ 9.500 4/ 6.000
Cylinder Pattern G12203 BALANCE G12199 G12196

RDP PSIG 450.0 0.0 1150.0 1750.0

MAWP PSIG 495.0 0.0 1265.0 1925.0

Cyl. Action/HE Rod Dia. Act./INSACE/0.00 NA/0.00 DA/0.00 DA/0.00
Brake power / Cylinder HP 189.4 0.0 354.2 325.1

HE Disch. Vol. Eff. % 0.00 0.00 28.95 27.12

CE Disch. Vol. Eff. % 60.01 0.00 28.54 24.24

HE Inlet Vol. Eff. % 0.00 0.00 70.37 62.35

CE Inlet Vol. Eff. % 89.20 0.00 69.37 55.73

Avg. Inlet Vol. Eff. % 44.60 0.00 69.87 59.04

HE Clearance Regqd. % 14.50 0.00 17.10 24.80

HE Clearance Min. % 14.50 0.00 17.10 24.80

HE Pocket Open % 0.00 0.00 0.00 0.00

HE Clearance Added IN3 0.0 0.0 0.0 0.0

CE Clearance Reqd. % 14.20 0.00 17.80 29.90

CE Clearance Min. % 14.20 0.00 17.80 29,90

CE Clearance Added IN3 0.0 0.0 0.0 0.0
Valve Model - HE PF67 XXXX PF48 PF48
Valve Model - CE PF67 XXX PF48 PF48
Valves / Corner (HE/CE) 2/2 o/0 2/2 1/1
Valve Lift - HE IN 0.080 0.0Q0 0.080 0.080
Valve Lift - CE IN 0.080 0.000 0.080 0.080
Valve Lift Area - HE SQIN 10.420 0.000 5.640 5.640
Valve Lift Axea - CE SQIN 10.420 0.000 5.640 5.640

API Inlet Vlv Vel Avg. FPM 10034.2 0.0 7279.6 5493.6
Flange Gas Load - T LBF 9289 0 18314 16789
Flange Gas Load - C LBF -361 0 -20972 -24740

Max. Allow. Gas Load LBF 60000 60000 60000 60000
Combined Rod Load - T LBF 52334 42942 34304 21267
Combined Rod Load -~ C LBF -34994 =29381 -29164 =-22666

Max Allow Rod Load LBF 60000 60000 60000 60000
Recip. Weight @ XHD Pin LB 362.0 295.0 362.0 295.0

Reversal @ XHD Pin DEG 175.0 160.0 155.0 145.0



DRESSER-RAND GAS FIELD COMPRESSOR PERFORMANCE (DRSIZE copyright 1996-2000 V1.3a)

PACKAGER: PROPAK COMPRESSION DATE: Oct 2, 2000
LOCATION: Hamburg (2-6), Alberta FILE: 9404-420.DAT " 5"
JOB/REF : Apache Canada / Optima Engineers CALC BY: J.Saxinger
JOBSITE : Amb T (F) ¢ 90. Alt. (FT) : 2500. Atm ( PSIA): 13.42
Ref. Pressure ( PSIA) : 14.70 Raf. Temp. (F): 60,
COMPRESSOR: Frame : 6 BOS 4 Stroke (IN): 6.0 Rod Dia(IN): 2.500
o [Shege onr = ....Calc RPM : 1200.0 Max RPM : 1200.0 Cooler (HP): 58.0
' DRIVER: Type : Gas Engine Avail (HP) : 1478.0 Model: 7042GL
Stage Number 1 2 3
Gas Natural Natural Natural Ps (line)= 125 psig
Dry Gas Mol. Weight 17.958 17.958 17.958 Pd (line)= 1200 psig
Dry Gas Spec. Gravity 0.620 0.620 0.620
Cp/Cv @ 14.7/60 1.287 1.287 1.287 Curve 6
Avg. Temp. Expon. (K) 1.260 1.263 1.280
) Avg. Vol. Expon. (N) 1.258 1.264 1.299
Gas Crit. Temperature R 371.286 371.286 371,286
Gas Crit. Pressure PSIR 672.998 672.998 672.998
2 Standard 0.998 0.998 0.998
Z Suction 0.984 0.970 0.932
2 Discharge 0.983 0.971 0.939
Inlet Temperature F 110.00 120.00 120.00
Inlet Press. @ Cyl Flg PSIG 122.50 258.60 601.95
Interstage Press. Drop % 1.75 1.50 1.00
Disch. Press. @ Cyl Flg PSIG 263.44 611.32 1212.00
Ratio of Compression 2.037 2.297 1.991
Adiabatic Disch. Temp. F 199.96 229.41 214.19
Est. Actual Disch. Temp F 221.46 246.28 224.22
Stg. Piston Displ. CFM 1452.2 570.2 215.2
Stg. Inlet Capacity ACFM 779.9 389.6 164.9
CAPACITY ACTUAL WET MMSCFD 9.61 9.58 9.54
CAPACITY ACTUAL DRY MMSCFD 9.52 9.52 9.52
- ) TOTAL COMPRESSOR POWER HP 1393.18
Stage number at (HE/CE) 1/1 0/0 2/2 3/3
Frame Ext/Cyl. Bore #/IN 1/15.000 3/10.000 2/ 9.500 4/ 6.000
Cylinder Pattern G12203 BALANCE G12199 G12196
RDP PSIG 450.0 0.0 1150.0 1750.0
MAWP PSIG 495.0 0.0 1265.0 1925.0
5 Cyl. Action/HE Rod Dia. Act./IN DA/0.00 NA/0.00 DA/0.00 DA/0.00
Brake power / Cylinder HP 446.2 0.0 499.5 390.8
HE Disch. Vol. Eff. % 13.12 0.00 30.20 46.04
CE Disch. Vol. Eff. % 48.38 0.00 40.98 43.95
HE Inlet Vol. Eff. % 23.11 0.00 58.30 78.24
CE Inlet Vol. Eff. % 85.18 0.00 79.10 74.67
Avg. Inlet Vol. Eff. % 54.14 0.00 €8.70 76.46
HE Clearance Reqd. % 95.80 0.00 40.15 24.80
HE Clearance Min. % 14.50 0.00 17.10 24.80
HE Pocket Open % 100.00 0.00 25,00 0.00
HE Clearance Added IN3 862.0 0.0 98.0 0.0
CE Clearance Reqd. % 14.20 0.00 17.80 29,90
CE Clearance Min. % 14.20 0.00 17.80 29.90
CE Clearance Added IN3 0.0 0.0 0.0 0.0
Valve Model - HE PF67 XXX PF48 PF48
Valve Model - CE PF67 XXXX PF48 PF48
valves / Corner (HE/CE) 2/2 0/0 2/2 1/1
3 Valve Lift - HE IN 0.080 0.000 0.080 0.080
e valve Lift - CE IN 0.080 0.000 0.080 0.080
Valve Lift Area - HE SQIN 10.420 0.000 5.640 5.640
Valve Lift Area - CE SQIN 10.420 0.000 5.640 5.640
API Inlet Vlv Vel Avg. FPM 10034.2 0.0 7279.6 5493.6
Flange Gas Load -~ T LBF 23613 0 22001 11299
Flange Gas Load - C LBF -25508 0 -26271 -20204
Max. Allow. Gas Load LBF 60000 60000 60000 60000
Combined Rod Load - T LBF 27187 42942 27223 26458
Combined Rod Load - C LBF -35057 -29381 -34217 -29861
Max Allow Rod Load LBF 60000 60000 60000 60000
Recip. Weight @ XHD Pin LB 362.0 295.0 362.0 295.0

Reversal @ XHD Pin DEG 175.0 160.0 170.0 155.0



PACKAGER: PROPAK COMPRESSION

LOCATION: Hamburg (2-6), Alberta
JOB/REF : Apache Canada / Optima Engineers

DATE:
FILE:

DRESSER-RAND GAS FIELD COMPRESSOR PERFORMANCE (DRSIZE copyright 1956-2000 V1.3a)

Oct 2, 2000
9404-420.DAT " 4"

CALC BY: J.Saxinger

JOBSITE : Amb T (F) t  90. Alt. (FPT) : 2500. Atm ( PSIA): 13.42
Ref. Prassure ( PSIA) : 14.70 Ref. Temp. (F): 60.

COMPRESSOR: Frame : 6 HOS 4 Stroke (IN): 6.0 Rod Dia(IN): 2.500
....... +.+..Calc RPM : 1200.0 Max RPM 1200.0 Coovler (HP): 58.0
DRIVER: Type : Gas Engine Avail (HP) 1478.0 Model: 7042GL
Stage Number 1 2 3

Gas Natural Natural Natural Ps (line)= 100 psig
Dry Gas Mol. Weight 17.958 17.958 17.958 Pd (line)= 1200 psig
Dry Gas Spec. Gravity 0.620 0.620 0.620

Cp/Cv @ 14.7/60 1.287 1.287 1,287 Curve 6
Avg. Temp. Expon. (K) 1.258 1.260 1.275

Avg. Vol. Expon. (N) 1.256 1.261 1.292

Gas Crit. Temperature R 371.286 371.286 371.286

Gas Crit. Pressure PSIA 672.998 672.998 672.998

Z Standard 0.998 0.998 0.998

Z Suction 0.987 0.975 0.941

Z Discharge 0.986 0.976 0.949

Inlet Temperature F 110.00 120.00 120.00

Inlet Press. @ Cyl Flg PSIG 98,00 212.59 521.93

Interstage Press. Drop % 1.75 1.50 1.00

Disch. Press. @ Cyl Flg PSIG 216.61 530.08 1212.00

Ratio of Compression 2.065 2.405 2.28B9

Adiabatic Disch. Temp. F 201.35 234.91 233,31

Est. Actual Disch. Temp F 223.63 252.171 244.73

Stg. Piston Displ. CFM 1452.2 570.2 215.2

Stg. Inlet Capacity ACFM 762.1 376.2 152.5

CAPACITY ACTUAL WET MMSCFD 7.67 7.64 7.61

CAPACITY ACTUAL DRY MMSCFD 7.58 7.58 7.58

TOTAL COMPRESSOR POWER HP 1222,27

Stage number at (HE/CE) 1/1 0/0 2/2 3/3
Frame Ext/Cyl. Bore #/IN 1/15.000 3/10.000 2/ 9.500 4/ 6.000
Cylinder Pattern G12203 BALANCE G12199 G12196

RDP PSIG 450.0 0.0 1150.0 1750.0
MAWP PSIG 495.0 0.0 1265.0 1925.0
Cyl. Action/HE Rod Dia. Act./IN DA/0.00 NA/0.00 DA/0.00 DA/0.00
Brake power / Cylinder HP 364.9 0.0 422.6 378.0

HE Disch. Vol. Eff. % 11.84 0.00 27.48 38.44

CE Disch. Vol. Eff. % 47.61 0.00 38.69 36.03

HE Inlet Vol. Eff. % 21.08 0.00 55.13 72.96

CE Inlet Vol. Eff. % 84.78 0.00 77.62 68.38
Avg. Inlet Vol. Eff. % 52,93 0.00 66.37 70.67

HE Clearance Reqd. % 95.80 0.00 40.15 24.80

HE Clearance Min. % 14.50 0.00 17.10 24.80

HE Pocket Open % 100.00 0.00 25.00 0.00

HE Clearance Added IN3 862.0 0.0 98.0 0.0

CE Clearance Reqd. % 14.20 0.00 17.80 29.90

CE Clearance Min. % 14.20 0.00 17.80 29.90

CE Clearance Added IN3 0.0 0.0 0.0 0.0
Valve Model - HE PF67 XXX PF48 PF48
Valve Model - CE PF67 XXX PF48 PF48
Valves / Corner (HE/CE) 2/2 o/0 2/2 1/1
Valve Lift - HE IN 0.080 0.000 0.080 0.080
Valve Lift - CE IN 0.080 0.000 0.080 0.080
Valve Lift Area - HE SQIN 10.420 0.000 5.640 5.640
Valve Lift Area - CE SQIN 10.420 0.000 5.640 5.640

API Inlet V1v Vel Avg. FPM 10034.2 0.0 7279.6 5493.6
Flange Gas Load - T LBF 19897 0 19903 13562
Flange Gas Load - C LBF -21441 0 ~-23548 -22073
Max. Allow. Gas Load LBF 60000 60000 60000 60000
Combined Rod Load - T LBF 31253 42942 29220 24297
Combined Rod Load - C LBF  -34446 -29381 -32897 -27149

Max Allow Rod Load LBF 60000 60000 60000 60000
Recip. Weight @ XHD Pin LB 362.0 295.0 362.0 295.0
Reversal @ XHD Pin DEG 180.0 160.0 165.0 160.0



DRESSER-RAND GAS FIELD COMPRESSOR PERFORMANCE (DRSIZE copyright 1996-2000 Vv1.3a)

PACKAGER: PROPAK COMPRESSION DATE: Oct 2, 2000
LOCATION: Hamburg (2-6), Alberta FILE: 9404-420.DAT " 3"
JOB/REF : Apache Canada / Optima Engineers CALC BY: J.Saxinger
JOBSITE : Amb T (F) :  90. Alt. (FT) : 2500. Atm ( PSIA): 13.42
Ref. Pressure ( PSIA) : 14.70 Ref. Temp. (F): 60.

COMPRESSOR: Frame : 6 HOS 4 Stroke (IN): 6.0 Rod Dia(IN): 2.500
teeaecensass.Calc REM : 1200.0 Max REM : 1200.0 Cooler (HP): 58,0
DRIVER: Type : Gas Engine Avail (HP) : 1478.0 Model: 7042GL
Stage Numbexr 1 2 3

Gas Natural Natural Natural Ps (line)= 75 psig
Dry Gas Mol. Weight 17.958 17.958 17.958 Pd (line)= 1200 psig
Dry Gas Spec. Gravity 0.620 0.620 0.620

cp/Cv @ 14.7/60 1.287 1.287 1.287 Cuxve 6
Avg. Temp. Expon. (K) 1.257 1.256 1.269

Avg. Vol. Expon. (N) 1.255 1.257 1.286

Gas Crit. Temperature R 371.286 371.286 371.286

Gas Crit. Pressure PSIA 672.998 672.998 672.998

2 Standard 0.998 0.998 0.998

Z Suction 0.990 0.980 0.950

2 Discharge 0.989 0.981 0.959

Inlet Temperature P 110.00 120.00 120.00

Inlet Press. @ Cyl Flg PS1G 73.50 166.38 440.72

Interstage Press. Drop % 1.75 1.50 1.00

Disch. Press. @ Cyl Flg PSIG 169.59 447.63 1212.00

Ratio of Compression 2.106 2.564 2.698

Adiabatic Disch. Temp. F 203.54 242.83 255.95

Est. Actual Disch. Temp F 226.94 261.87 269.63

Stg. Piston Displ. CFM 1452 .2 §70.2 215.2

Stg. Inlet Capacity ACFM 736.0 356.7 136.0

CAPACITY ACTUAL WET MMSCFD 5.76 5.73 5.70

CAPACITY ACTUAL DRY MMSCFD 5.68 5.68 5.68

TOTAL COMPRESSOR POWER HP 1027.68

Stage number at (HE/CE) 1/1 o/0 2/2 3/3

Frame Ext/Cyl. Bore #/IN 1/15.000 3/10.000 2/ 9.500 4/ 6.000
Cylinder Pattern G12203 BALANCE G12199 G12196

RDP PSIG 450.0 0.0 1150.0 1750.0

MAWP PSIG 495.0 0.0 1265.0 1925.0

Cyl. Action/HE Rod Dia. Act./IN DA/0.00 NA/0.00 DA/0.00 DA/0.00
Brake power / Cylinder HP 283.4 0.0 342.3 345.2

HE Disch. Vol. Eff. % 10.00 0.00 23.90 30.45

CE Disch. Vol. Eff. % 46.52 0.00 35.68 27.71

HE Inlet Vol. Eff. % 18.11 0.00 50.54 65.91

CE Inlet Vol. Eff. % 84.18 0.00 75.47 59.97

Avg. Inlat Vol. Eff. % 51.15 0.00 63.00 62.94

HE Clearance Reqd. % 95.80 0.00 40.15 24.80

HE Clearance Min. % 14.50 0.00 17.10 24.80

HE Pocket Open % 100.00 0.00 25.00 0.00

HE Clearance Added IN3 862.0 0.0 98.0 0.0

CE Clearance Reqd. % 14.20 0.00 17.80 29.90

CE Clearance Min. % 14.20 0.00 17.80 29.90

CE Clearance Added IN3 0.0 0.0 0.0 0.0

Valve Model - HE PF67 XXX PF48 PF48
Valve Model - CE PF67 XXXX PF48 PF48
Valves / Corner (HE/CE) 2/2 o/0 2/2 1/1

Valve Lift - HE IN 0.080 0.000 0.080 0.080

valve Lift - CE IN 0.080 0.000 0.080 0.080

Valve Lift Area - HE SQIN 10.420 0.000 5.640 5.640

Valve Lift Area - CE SQIN 10.420 0.000 5.640 5.640

API Inlet Vlv Vel Avg. FPM 10034.2 0.0 7279.6 5493.6
Flange Gas Load - T LBF 16148 0 17738 15858
Flange Gas Load ~ C LBF -17341 0 -20752 -23971

Max. Allow. Gas Load LBF 60000 60000 60000 60000
Combined Rod Load - T LBF 35354 42942 31942 22125
Combined Rod Load - C LBF -33826 -29381 -31179 -23957

Max Allow Rod Load LBF 60000 60000 60000 60000
Racip. Weight @ XHD Pin LB 362.0 295.0 362.0 295.0

Raversal @ XHD Pin DEG 175.0 160.0 170.0 150.0



DRESSER~RAND GAS FIELD COMPRESSOR PERFORMANCE (DRSIZE copyright 1996-2000 V1.3a)

PACKAGER: PROPAK COMPRESSION DATE: Oct 2, 2000
LOCATION: Hamburg (2-6), Alberta FILE: 9404-420.DAT " 4"
JOB/REF : Apache Canada / Optima Engineers CALC BY: J.Saxinger
JOBSITE : Amb T (F) :  80. Alt. (FT) : 2500. Atm ( PSIA): 13.42
Ref. Pressure ( PSIA) : 14.70 Ref. Temp. (F): 60.

COMPRESSOR: Frame : 6 HOS 4 Stroke (IN): 6.0 Rod Dia(IN): 2.500
cevaseanans .Calc RPM : 1200.0 Max RPM : 1200.0 Cooler (BEP): 58.0
DRIVER: Type : Gas Engine Avail (HP) : 1478.0 Model: 7042GL
Stage Number 1 2 3

Gas Natural Natural Natural Ps (line)= 100 psig
Dry Gas Mol. Weight 17.958 17.958 17.958 Pd (line)= 1200 psig
Dry Gas Spec. Gravity 0.620 0.620 0.620

Cp/Cv @ 14.7/60 1.287 1.287 1.287 Curve 5
Avg. Temp. Expon. (K) 1.259 1.258 1.276

Avg. Vol. Expon. (N) 1.257 1.260 1.294

Gas Crit. Temperature R 371.286 371.286 371.286

Gas Crit. Pressure PSIA 672.998 672.998 672.998

Z Standard 0.998 0.998 0.998

Z Suction . 0.987 0.976 0.938

2 Discharge 0.986 0.977 0.946

Inlet Temperature P 110.00 120.00 120.00

Inlaet Press. @ Cyl Flg PSIG 98.00 201.29 546.54

Interstage Press. Drop % 1.75 1.50 1.00

Disch. Press. @ Cyl Flg PSIG 205.11 555.07 1212.00

Ratio of Compression 1.961 2.648 2.188

Adiabatic Disch. Temp. F 194.61 248.08 227.13

Est. Actual Disch. Temp F 216.79 266.45 238.06

Stg. Piston Displ. CFM  1452.2 570.2 215.2

Stg. Inlet Capacity ACFM 821.2 427.4 156.7

CAPACITY ACTUAL WET MMSCFD 8.27 8.24 8.20

CAPACITY ACTUAL DRY MMSCFD 8.17 8.17 8.17

TOTAL COMPRESSOR POWER HP 1314.82

Stage number at (HE/CE) 1/1 0/0 2/2 3/3

Frame Ext/Cyl. Bore #/IN 1/15.000 3/10.000 2/ 9.500 4/ 6.000
Cylinder Pattern G12203 BALANCE G12199 G12196

RDP PSIG 450.0 0.0 1150.0 1750.0

MAWP PSIG 495.0 0.0 1265.0 1925.0

Cyl. Action/HE Rod Dia. Act./IN DA/0.00 NA/0.00 DA/0.00 DA/0.00

Brake power / Cylinder HP 368.9 0.0 505.4 383.9

HE Disch. Vol. Eff. % 16.40 0.00 34.78 40.81

CE Disch. Vol. Eff. % 50.25 0.00 34.41 38.49

HE Inlet Vol. Eff. % 28.03 0.00 75.35 74.73

CE Inlet Vol. Eff. % 85.89 0.00 74.54 70.49

Avg. Inlet Vol. Eff. % 56.96 0.00 74.94 72.61

HE Clearance Reqd. % 95.80 0.00 17.10 24.80

HE Clearance Min. % 14.50 0.00 17.10 24.80

HE Pocket Open % 100.00 0.00 0.00 0.00

HE Clearance Added IN3 862.0 0.0 0.0 0.0

CE Clearance Reqd. % 14.20 0.00 17.80 29.90

CE Clearance Min. % 14.20 0.00 17.80 29.90

CE Clearance Added IN3 0.0 0.0 0.0 0.0

Valve Model - HE PF67 XXX PF48 PF48

Valve Model - CE PF67 XXXX PF48 PF48
Valves / Corner (HE/CE) 2/2 0/0 2/2 1/1

Valve Lift - HE IN 0.080 0.000 0.080 0.080

Valve Lift - CE IN 0.080 0.000 0.080 0.080

Valve Lift Area - HE SQIN 10.420 0.000 5.640 5.640

Valve Lift Area - CE SQIN 10.420 0.000 5.640 5.640

API Inlet V1v Vel Avg. FPM 10034.2 0.0 7279.6 5493.6
Flange Gas Load - T LBF 17922 0 22352 12866
Flange Gas Load - C LBF -19410 0 -26065 -21498

Max. Allow. Gas Load LBF 60000 60000 60000 60000
Combined Rod Load - T LBF 33285 42942 33531 24961
Combined Rod Load - C LBF -34440 -29381 -32509 -28118

Max Allow Rod Load LEF 60000 60000 60000 60000
Recip. Weight @ XHD Pin LB 362.0 295.0 362.0 285.0

Reversal @ XHD Pin DEG 180.0 160.0 170.0 155.0



DRESSER-RAND GAS FIELD COMPRESSOR PERFORMANCE (DRSIZE copyright 1996-2000 V1.3a)

PACKAGER: PROPAR COMPRESSION
LOCATION: Hamburg (2-6), Alberta

JOB/REF : Apache Canada / Optima Engineers

DATE: Oct 2, 2000

FILE:

9404-420.DAT " 3"

CALC BY: J.Saxinger
: 2500. Atnm ( PSIA): 13.42

Rod Dia(IN): 2.500
Cooler (HP): 58.0
Model: 7042GL

Ps (line)= 75 psig
Pd (line)= 1200 psig

Curve 5

JOBSITE : Amb T (F) : 90. Alt. (F'T)

Ref. Pressure ( PSIA) : 14.70 Ref. Temp. (F): 60.
COMPRESSOR: Frame : 6 HOS 4 Stroke (IN): 6.0
tesessseser.Cale RPM : 1200.0 Max RPM : 1200.0
DRIVER: Type : Gas Engine Avail (HP) : 1478.0
Stage Number 1 2 3
Gas Natural Natural Natural
Dry Gas Mol. Weight 17.958 17.958 17.958
Dry Gas Spec. Gravity 0.620 0.620 0.620
cp/Cv @ 14.7/60 1.287 1.287 1.287
Avg. Temp. Expon. (K) 1.257 1.255 1.271
Avg. Vol. Expon. (N) 1.256 1.256 1.287
Gas Crit. Temperature R 371.286 371.286 371.286
Gas Crit. Pressure PSIA 672.998 672.998 672.998
Z Standard 0.998 0.99%8 0.998
Z Suction 0.990 0.981 0.947
Z Discharge 0.989 0.982 0.956
Inlet Temperature F 110.00 120.00 120.00
Inlet Press. @ Cyl Flg PSIG 73.50 156.39 462.94
Interstage Press. Drop % 1.75 1.50 1.00
pisch. Press. @ Cyl Flg PSIG 159.41 470.19 1212.00
Ratio of Compression 1.988 2.848 2.572
Adiabatic Disch. Temp. F 196.05 257.19 249.37
Est. Actual Disch. Temp F 219.27 276.98 262.31
Stg. Piston Displ. CFM  1452.2 570.2 215.2
Stg. Inlet Capacity ACFM g802.8 412.7 141.0
CAPACITY ACTUAL WET MMSCFD 6.29 6.26 6.22
CAPACITY ACTUAL DRY MMSCFD 6.19 6.19 6.19
TOTAL COMPRESSOR POWER HP 1117.04

Stage number at (HE/CE) 1/1 0/0 2/2
Frame Ext/Cyl. Bore #/IN 1/15.000 3/10.000 2/ 9.500
Cylinder Pattern G12203 BALANCE G12199
RDP PSIG 450.0 0.0 1150.0
MAWP PSIG 495.0 0.0 1265.0
Cyl. Action/HE Rod Dia. Act./IN DA/0.00 NA/0.00 DA/0.00
Brake power / Cylinder HP 288.3 0.0 415.6
HE Disch. Vol. Eff. % 15.02 0.00 31.64
CE Dbisch. Vol. Eff. % 49.42 0.00 31.24
HE Inlet Vol. Eff. % 25.97 0.00 72.81
CE Inlet Vol. Eff. % 85.44 0.00 71.90
Avg. Inlet Vol. Eff. % 55.70 0.00 72.35
HE Clearance Reqd. % 95.80 0.00 17.10
HE Clearance Min. % 14.50 0.00 17.10
HE Pocket Open % 100.00 0.00 0.00
HE Clearance Added IN3 862.0 0.0 0.0
CE Clearance Reqd. % 14.20 0.00 17.80
CE Clearance Min. % 14.20 0.00 17.80
CE Clearance Added IN3 0.0 0.0 0.0
Valve Model - HE PF67 XXXX PF48
Valve Model -~ CE PF67 XXXX PF48
Valves / Corner (HE/CE) 2/2 0/0 2/2
Valve Lift - HE IN 0.080 0.000 0.080
Valve Lift - CE IN 0.080 0.000 0.080
Valve Lift Area - HE SQIN 10.420 0.000 5.640
Valve Lift Area - CE SQIN 10.420 0.000 5.640
API Inlet V1iv Vel Avg. FPM 10034.2 0.0 7279.6
Flange Gas Load - T LBF 14400 0 19935
Flange Gas Load - C LBF -15543 0 -23011
Max. Allow. Gas Load LBF 60000 60000 60000
Combined Rod Load - T LBF 37152 42942 33796
Combined Rod Load - C LBF -33831 -29381 -30394
Max Allow Rod Load LBF 60000 60000 60000
Recip. Weight @ XHD Pin B 362.0 295.0 362.0
Reversal @ XHD Pin DEG 175.0 160.0 170.0



DRESSER-RAND GAS FIELD COMPRESSOR PERFORMANCE (DRSIZE copyright 1996-2000 V1.3a)

PACKAGER: PROPAK COMPRESSION DATE: Oct 2, 2000
LOCATION: Hamburg (2-6), Alberta FILE: 9404-420.DAT " 2"
JOB/REF : Apache Canada / Optima Engineers CALC BY: J.Saxinger
JOBSITE : Amb T (F) : 90. Alt. (FT) : 2500. Atm ( PSIA): 13.42
Raf. Pressure ( PSIA) : 14.70 Ref. Teup. (F): 60.

COMPRESSOR: Frame : 6 HOS 4 Stroke (IN): 6.0 Rod Dia(IN): 2.500
vuiniimee e ase .Calc RPM : 1200.0 Max RPM : 1200.0 Cooler (HP): &5B.0
DRIVER: Type : Gas Engine Avail (HP) : 1478.0 Model: 7042GL
Stage Number 1 2 3

Gas Natural Natural Natural Ps (line)= 50 psig
Dry Gas Mol. Weight 17.958 17.958 17.958 Pd (line)= 1200 psig
Dry Gas Spec. Gravity 0.620 0.620 0.620

cp/Cv @ 14.7/60 1.287 1.287 1.287 Curve 5
Avg. Temp. Expon. (K) 1.255 1.251 1.265

Avg. Vol. Expon. (N) 1.254 1.252 1.280

Gas Crit. Temperature R 371.286 371.286 371.286

Gas Crit. Pressure PSIA 672.998 672.998 672,998

Z Standard 0.998 0.998 0.998

2 Suction 0.993 0.986 0.957

2z Discharge 0.992 0.987 0.967

Inlet Temparature F 110.00 120.00 120.00

Inlet Press. @ Cyl Flg PSIG 49.00 111.25 377.61

Interstage Press. Drop % 1.75 1.50 1.00

Disch., Press. @ Cyl Flg PSIG 113.47 383.56 1212.00

Ratio of Compression 2.033 3.184 3.134

Adiabatic Disch. Temp. F 198.48 271.59 276.64

Est. Actual Disch. Temp F 223.40 293.51 293.20

Stg. Piston Displ. CFM  1452.2 570.2 215.2

Stg. Inlet Capacity ACFM 772.8 388.4 119.0

CAPACITY ACTUAL WET MMSCFD 4.33 4.30 4.26

CAPACITY ACTUAL DRY MMSCFED 4.24 4.24 4.24

TOTAL COMPRESSOR POWER HP 886.50

Stage number at (HE/CE) 1/1 0/0 2/2 3/3

Frame Ext/Cyl. Bore #/IN 1/15.000 3/10.000 2/ 9.500 4/ 6.000
Cylinder Pattern G12203 BALANCE G12199 G12196

RDP PSIG 450.0 0.0 1150.0 1750.0

MAWP PSIG 495.0 0.0 1265.0 1925.0

Cyl. Action/HE Rod Dia. Act./IN DA/0.00 NA/0.00 DA/0.00 DA/0.00

Brake power / Cylinder HP 207.3 0.0 319.7 302.8

HE Disch. Vol. EfE. % 12.85 0.00 27.21 24.02

CE Disch. Vol. Eff. % 48.10 0.00 26.79 21.01

HE Inlet Vol. Eff. % 22.62 0.00 68.63 58.62

CE Inlet Vol. Eff. % 84.68 0.00 67.57 51.27

Avg. Inlet Vol. Eff. % 53.65 0.00 68.10 54.95

HE Clearance Reqgd. % 95.80 0.00 17.10 24.80

HE Clearance Min. % 14.50 0.00 17.10 24.80

HE Pocket Open % 100.00 0.00 0.00 0.00

HE Clearance Added IN3 862.0 0.0 0.0 0.0

CE Clearance Reqd. % 14.20 0.00 17.80 29.90

CE Clearance Min. % 14.20 0.00 17.80 29.90

CE Clearance Added IN3 0.0 0.0 0.0 0.0

Valve Model - HE PF67 XXXX PF48 PF48

Valve Model - CE PF67 XXXX PF48 PF48
valves / Cornex (HE/CE) 2/2 0/0 2/2 1/1

valve Lift - HE IN 0.080 0.000 0.080 0.080

Valve Lift - CE IN 0.080 0.000 0.080 0.080

Valve Lift Area — HE SQIN 10.420 0.000 5.640 5.640

Valve Lift Area - CE SQIN 10.420 0.000 5.640 5.640

API Inlet Vliv Vel Avg. FPM 10034.2 0.0 7279.6 5493.6
Flange Gas Load - T LBF 10835 0 17419 17643
Flange Gas Load - C LBF -11633 0 -19848 -25446

Max. Allow. Gas Load LBF 60000 60000 60000 60000
Combined Rod Load - T LBF 41062 42942 34716 20480
Combined Rod Load - C LBF  -33222 -29381 -28595 -21482

Max Allow Rod Load LBF 60000 60000 60000 60000
Recip. Weight @ XHD Pin LB 362.0 295.0 362.0 295.0

Reversal @ XHD Pin DEG 175.0 160.0 150.0 140.0



DRESSER-RAND GAS FIELD COMPRESSOR PERFORMANCE (DRSIZE copyright 1996-2000 V1.3a)

PACKAGER: PROPAK COMPRESSION DATE: Oct 2, 2000
LOCATION: Hamburg (2-6), Alberta FILE: 9404-420.DAT " 4"
JOB/REF : Apache Canada / Optima Engineers CAIC BY: J.Saxinger
JOBSITE : Amb T (F) 1 90. Alt. (FT) : 2500. Atm ( PSIA): 13.42
Ref. Pressure ( PSIA) : 14.70 Ref. Temp. (F): 60.

COMPRESSOR: Frame : 6 HOS 4 Stroke (IN): 6.0 Rod Dia(IN): 2.500
8000 00P 00000 Calec RPM : 1200.0 Max RPM : 1200.0 Cooler (HEP): 58.0
DRIVER: Type : Gas Engine Avail (HP) : 1478.0 Model: 7042GL
Stage Number 1 2 3

Gas Natural Natural Natural Ps (line)= 100 psig
Dry Gas Mol. Weight 17.958 17.958 17.958 Pd (line)= 1200 psig
Dry Gas Spec. Gravity 0.620 0.620 0.620

Cp/Cv @ 14.7/60 1.287 1.287 1.287 Curve 4
Avg. Temp. Expon. (K) 1.258 1.259 1.278

Avg. Vol. Expon. (N) 1.256 1.261 1.296

Gas Crit. Temperature R 371.286 371.286 371.286

Gas Crit. Pressure PSIA 672.998 672.998 672.998

Z Standard 0.998 0.998 0.998

Z Suction 0.987 0.975 0.935

2 Discharge 0.986 0.976 0.943

Inlet Temparature F 110.00 120.00 120.00

Inlet Press. @ Cyl Flg PSIG 98.00 213.41 568.91

Interstage Press. Drop % 1.75 1.50 1.00

Disch. Press. @ Cyl Flg PSIG 217.45 577.78 1212.00

Ratio of Compression 2.072 2,606 2,104

Adiabatic Disch. Temp. F 201.83 246.15 221.76

Est. Actual Disch. Temp F 224.41 264.20 232.29

Stg. Piston Displ. CFM  1452.2 570.2 215.2

Stg. Inlet Capacity ACFM 875.4 430.5 160.1

CAPACITY ACTUAL WET MMSCFD 8.81 8.78 B.74

CAPACITY ACTUAL DRY MMSCFD 8.71 8.71 8.71

TOTAL COMPRESSOR POWER HP 1395.38

Stage number at (HE/CE) 1/1 0/0 2/2 3/3

Frame Ext/Cyl. Bore #/IN 1/15.000 3/10.000 2/ 9.500 4/ 6.000
Cylinder Pattern G12203 BALANCE G12199 G12196

RDP PSIG 450.0 0.0 1150.0 1750.0

MAWP PSIG 495.0 0.0 1265.0 1925.0

Cyl. Action/HE Rod Dia. Act./IN DA/0.00 NA/0.00 DA/0.00 DA/0.00

Brake power / Cylinder HP 422.1 0.0 528.9 387.6

HE Disch. Vol. Eff. % 20.46 0.00 35.49 42,94

CE Disch. Vol. Eff. % 47.43 0.00 35.12 40.71

HE Inlet Vol. Eff. % 36.55 0.00 75.88 76.22

CE Inlet Vol. Eff. % 84.70 0.00 75.09 72.27

Avg. Inlet Vol. Eff. % 60.62 0.00 75.49 74.24

HE Clearance Regd. % 75.48 0.00 17.10 24.80

HE Clearance Min. % 14.50 0.00 17.10 24.80

HE Pocket Open % 75.00 0.00 0.00 0.00

HE Clearance Added IN3 646.5 0.0 0.0 6.0

CE Clearance Reqd. % 14.20 0.00 17.80 29.90

CE Clearance Min, % 14.20 0.00 17.80 29.90

CE Clearance Added IN3 0.0 0.0 0.0 0.0

Valve Model - HE PF67 XXXX PF48 PF48

Valve Model - CE PF67 XXXX PF48 PF48
Valves / Corner (HE/CE) 2/2 0/0 2/2 1/1

Valve Lift - HE IN 0.080 0.000 0.080 0.080

Valve Lift - CE IN 0.080 0.000 0.080 0.080

Vvalve Lift Area - HE SQIN 10.420 0.000 5.640 5.640

Valve Lift Area - CE SQIN 10.420 0.000 5.640 5.640

API Inlet Vlv Vel Avg. FPM 10034.2 0.0 7279.6 5493.6
Flange Gas Load - T LBF 20041 0 22991 12234
Flange Gas Load - C LBF -21589 0 ~26875 ~-20976

Max. Allow. Gas Load LBF 60000 60000 60000 60000
Combined Rod Load - T LBF 31106 42942 33567 25565
Combined Rod Load - C LBF  -34658 -29381 -33087 -28821

Max Allow Rod Load LBF 60000 60000 60000 60000
Recip. Weight @ XHD Pin LB 362.0 295.0 362.0 295.0

Reversal @ XHD Pin DEG 180.0 160.0 170.0 155.0



DRESSER-RAND GAS FIELD COMPRESSOR PERFORMANCE (DRSIZE copyright 1996-2000 V1.3a)

~ PACKAGER: PROPAK COMPRESSION DATE: Oct 2, 2000
j LOCATION: Hamburg (2-6), Alberta FILE: 9404-420.DAT " 3"
JOB/REF : Apache Canada / Optima Engineers CALC BY: J.Saxinger

JOBSITE : Amb T (F) : 90. Alt. (FT) : 2500. Atm ( PSIA): 13.42
Ref. Pressure ( PSIA) : 14.70 Ref. Temp. (F): 60.
COMPRESSOR: Frame : 6 HOS 4 Stroke (IN): 6.0 Rod Dia(IN): 2.500
csssaseaess.Calc RPM : 1200.0 Max RPM : 1200.0 Cooler (HP): 58.0
DRIVER: Type : Gas Engine Avail (HP) : 1478.0 Model: 7042GL
Stage Number 1 2 3
Gas Natural Natural Natural Ps (line)= 75 psig
Dry Gas Mol. Weight 17.958 17.958 17.958 Pd (line)= 1200 psig
Dry Gas Spec. Gravity 0.620 0.620 0.620
Cp/Cv @ 14.7/60 1.287 1.287 1.287 Curve 4
Avg. Temp. Expon. (K) 1.257 1.255 1.272
Avg. Vol. Expon. (N) 1.255 1.257 1.289
Gas Crit. Temperature R 371.286 371.286 371.286
Gas Crit. Pressure PSIA 672.998 672.998 672.998
2 Standard 0.998 0.998 0.998
Z Suction 0.990 0.980 0.945
Z Discharge 0.989 0.981 0.954
Inlat Temperature F 110.00 120.00 120.00
Inlet Press. @ Cyl Flg PSIG 73.50 166.15 481.24
Interstage Press. Drop % 1.75 1.50 1.00
Disch. Press. @ Cyl Flg PSIG 169.35 488.77 1212.00
Ratio of Compression 2.103 2.797 2.477
Adiabatic Disch. Temp. F 203.37 254.89 244.18
Est. Actual Disch. Temp F 226.97 274.32 256.59
Stg. Piston Displ. CFM  1452.2 570.2 215.2
Stg. Inlet Capacity ACFM 858.4 416.4 144.9
CAPACITY ACTUAL WET MMSCFD 6.72 6.69 6.64
CAPACITY ACTUAL DRY MMSCED 6.62 6.62 6.62

P TOTAL COMPRESSOR POWER HP 1187.29

.‘_ ————————————————————————————————————————————————————————————— -_ -
Stage number at (HE/CE) 1/1 0/0 2/2 3/3
Frame Ext/Cyl. Bore #$/IN 1/15.000 3/10.000 2/ 9.500 4/ 6.000
Cylinder Pattern G12203 BALANCE G12199 G12196
RDP PSIG 450.0 0.0 1150.0 1750.0
MAWP PSIG 495.0 0.0 1265.0 1925.0
Cyl. Action/HE Rod Dia. Act./IN DA/0.00 NA/0.00 DA/0.00 DA/0.00
Brake power / Cylinder HP 330.6 0.0 435.6 364.3
HE Disch. Vol. Eff. $ 19.20 0.00 32.41 34.47
CE Disch. Vol. Eff. % 46.58 0.00 32.02 31.90
HE Inlet Vol. Eff. % 34.71 0.00 73.46 69.69
CE Inlet Vol. Eff. % 84.21 0.00 72.57 64.48
Avg. Inlet Vol. Eff. % 59.46 0.00 73.01 67.08
HE Clearance Reqd. % 75.48 0.00 17.10 24.80
HE Clearance Min. % 14.50 0.00 17.10 24.80
HE Pocket Open % 75.00 0.00 0.00 0.00
HE Clearance Added IN3 646.5 0.0 0.0 0.0
CE Clearance Reqd. % 14.20 0.00 17.80 29.90
CE Clearance Min. % 14.20 0.00 17.80 29.90
CE Clearance Added IN3 0.0 0.0 0.0 0.0
Valve Model - HE PF67 XXXX PF48 PF48
Valve Model - CE PF67 XXXX PF48 PF48
Valves / Corner (HE/CE) 2/2 0/0 2/2 1/1
Valve Lift - HE IN 0.080 0.000 0.080 0.080
Valve Lift - CE IN 0.080 0.000 0.080 0.080
Valve Lift Area - HE SQIN  10.420 0.000 5.640 5.640
valve Lift Area - CE SQIN 10.420 0.000 5.640 5.640
API Inlet V1v Vel Avg. FPM 10034.2 0.0 7279.6 5493.6
Flange Gas Load - T LBF 16107 0 20469 14712
Flange Gas Load - C LBF -17299 0 -23683 -23024
Max. Allow. Gas Load LBF 60000 60000 60000 60000
Combined Rod Load - T LBF 35395 42942 33688 23199
Combined Rod Load - C LBF  -34001 -29381 -30850 -25548
Max Allow Rod Load LBF 60000 60000 60000 60000
Recip. Weight @ XHD Pin LB 362.0 295.0 362.0 295.0

Reversal @ XHD Pin DEG 175.0 160.0 170.0 160.0



f*

DRESSER-RAND GAS FIELD COMPRESSOR PERFORMANCE (DRSIZE copyright 1996-2000 V1.3a)

PACKAGER: PROPAK COMPRESSION
LOCATION: Eamburg (2-6), Alberta
JOB/REF : Apache Canada / Optima Engineers

DATE: Oct 2, 2000
FILE: 9404-420.DAT " 2"
CALC BY: J.Saxinger

JOBSITE : Amb T (F) :  90. Alt. (FT) : 2500. Atm ( PSIA): 13.42
Ref. Pressure ( PSIA) : 14.70 Ref. Temp. (F): 60.

COMPRESSOR: Frame : 6 HOS 4 Stroke (IN): 6.0 Rod Dia(IN): 2.500
I N ++..Calc RPM : 1200.0 Max RPM : 1200.0 Cooler (HP): 58.0
DRIVER: Type : Gas Engine Avail (HP) : 1478.0 Model: 7042GL
Stage Nunmber 1 2 3

Gas Natural Natural Natural Ps (line)= 50 psig
Dry Gas Mol. Weight 17.958 17.958 17.958 Pd (line)= 1200 psig
Dry Gas Spec. Gravity 0.620 0.620 0.620

cp/Cv @ 14.7/60 1.287 1.287 1.287 Curve 4
Avg. Temp. Expon. (K) 1.255 1.252 1.266

Avg. Vol. Expon. (N) 1.254 1.253 1,281

Gas Crit. Temperature R 371.286 371.286 371.286

Gas Crit. Pressure PSIA 672.998 672.998 672.998

Z Standard 0.998 0.998 0.998

Z Suction 0.993 0.986 0.955

Z Discharge 0.992 0.986 0.965

Inlet Temperature F 110.00 120.00 120.00

Inlet Press. @ Cyl Flg PSIG 49.00 118.65 391.75

Interstage Press. Drop % 1.75 1.50 1.00

Disch. Press. @ Cyl Flg PSIG 121.01 397.92 1212.00

Ratio of Compression 2.154 3.115 3.024

Adiabatic Disch. Temp. F 206.23 268.91 271.72

Est. Actual Disch. Temp F 231.54 290.44 287.50

Stg. Piston Displ. CFM  1452.2 570.2 215.2

Stg. Inlet Capacity ACFM 830.6 393.5 123.2

CAPACITY ACTUAL WET MMSCFD 4.66 4.62 4.58

CAPACITY ACTUAL DRY MMSCFD 4.56 4,56 4.56

TOTAL COMPRESSOR POWER HP 945.49

Stage number at (HE/CE) 1/1 0/0 2/2 3/3
Frame Ext/Cyl. Bore #/IN 1/15.000 3/10.000 2/ 9.500 4/ 6.000
Cylindexr Pattern G12203 BALANCE G12199 G12196

RDP PSIG 450.0 0.0 1150.0 1750.0
MAWP PSIG 495.0 0.0 1265.0 1925.0
Cyl. Action/HE Rod Dia. Act./IN DA/0.00 NA/0.00 DA/0.00 DA/0.00
Brake power / Cylinder HP 238.9 0.0 336.1 313.7

HE Disch. Vol. Eff. % 17.21 0.00 28.07 25.48

CE Disch. Vol. Eff. % 45.24 0.00 27.66 22.53

HE Inlet Vol. Eff. % 31.72 0.00 69.51 60.43

CE Inlet Vol. Eff. % 83.40 0.00 68.48 53.44
Avg. Inlet Vol. Eff. % 57.56 0.00 68.99 56.93

HE Clearance Reqd. % 75.48 0.00 17.10 24.80

HE Clearance Min. % 14.50 0.00 17.10 24.80

HE Pocket Open % 75.00 0.00 0.00 0.00

HE Clearance Added IN3 646.5 0.0 0.0 0.0

CE Clearance Reqd. % 14.20 0.00 17.80 29.90

CE Clearance Min. % 14.20 0.00 17.80 29.90

CE Clearance Added IN3 0.0 0.0 0.0 0.0
Valve Model - HE PF67 XXX PF48 PF48
Valve Model - CE PF67 XXX PF48 PF48
valves / Corner (HE/CE) 2/2 0/0 2/2 1/1
Valve Lift - HE IN 0.080 0.000 0.080 0.080
Valve Lift - CE IN 0.080 0.000 0.080 0.080
vValve Lift Area - HE SQIN 10.420 0.000 5.640 5.640
Valve Lift Area - CE SQIN 10.420 0.000 5.640 5.640

API Inlet Vliv Vel Avg. FPM 10034.2 0.0 7279.6 5493.6
Flange Gas Load - T LBF 12131 0 17842 17243
Flange Gas Load - C LBF -12965 0 -20378 -25115
Max. Allow. Gas Load LBF 60000 60000 60000 60000
Combined Rod Load - T LBF 39730 42942 34525 208489
Combined Rod Load - C LBF -33050 -29381 -28865 ~22036

Max Allow Rod Load LBF 60000 60000 60000 60000
Recip. Weight @ XHD Pin LB 362.0 295.0 362.0 295.0
Reversal @ XHD Pin DEG 170.0 160.0 155.0 140.0



DRESSER-RAND GAS FIELD COMPRESSOR PERFORMANCE (DRSIZE copyzright 1996-2000 V1.3a)

PACKAGER: PROPAK COMPRESSION DATE: Oct 2, 2000
LOCATION: Hamburg (2-6), Alberta FILE: 9404-420.DAT " 3"
JOB/REF : Apache Canada / Optima Engineers CALC BY: J.Saxinger
JOBSITE : Amb T (F) : 90. Alt. (FT) : 2500. Atm PSIA): 13.42
Ref. Pressure ( PSIA) : 14.70 Ref. Temp. (F): 60.

COMPRESSOR: Frame : 6 HOS 4 Stroke (IN): 6.0 Rod Dia(IN): 2.500
............ Calc RPM : 1200.0 Max RPM : 1200.0 Cooler (HP): 58.0
DRIVER: Type : Gas Engine Avail (HP) : 1478.0 Model: 7042GL
Stage Number 1 2 3

Gas Natural Natural Natural Ps (line)= 75 psig
Dry Gas Mol. Weight 17.958 17.958 17.958 Pd (line)= 1200 psig
Dry Gas Spec. Gravity 0.620 0.620 0.620

Cp/Cv @ 14.7/60 1.287 1.287 1.287 Curve 3
Avg. Temp. Expon. (K) 1.256 1.256 1.274

Avg. Vol. Expon. (N) 1.255 1.258 1.291

Gas Crit. Temperature R 371.286 371.286 371.286

Gas Crit. Pressure PSIA 672.998 672.998 672.998

Z Standard 0.998 0.998 0.998

Z Suction 0.990 0.979 0.943

Z Discharge 0.989 0.980 0.951

Inlet Temperature F 110.00 120.00 120.00

Inlet Press. @ Cyl Flg PSIG 73.50 178.37 503.99

Interstage Press. Drop % 1.75 1.50 1.00

Disch. Press. @ Cyl Flg PSIG 181.79 511.87 1212.00

Ratio of Compression 2.246 2.739 2.368

Adiabatic Disch. Temp. F 212.04 252.28 237.99

Est. Actual Disch. Temp F 236.11 271.32 249.82

Stg. Piston Displ. CFM  1452.2 570.2 215.2

Stg. Inlet Capacity ACFM 927.9 420.7 149.3

CAPACITY ACTUAL WET MMSCFD 7.26 7.22 7.18

CAPACITY ACTUAL DRY MMSCFD 7.16 7.16 7.16

TOTAL COMPRESSOR PCWER HP 1275.85

Stage number at (HE/CE) 1/1 0/0 2/2 3/3

Frame Ext/Cyl. Bore #/IN 1/15.000 3/10.000 2/ 9.500 4/ 6.000
Cylinder Pattern G12203 BALANCE G12199 G12196

RDP PSIG 450.0 0.0 1150.0 1750.0

MAWP PSIG 495.0 0.0 1265.0 1925.0

Cyl. Action/HE Rod Dia. Act./IN DA/0.00 NA/0.00 DA/0.00 DA/0.00

Brake power / Cylinder HP 386.4 0.0 460.1 372.6

HE Disch. Vol. Eff. % 23.93 0.00 33.30 36.70

CE Disch. Vol. Eff. % 43.40 0.00 32.91 34.22

HE Inlet Vol. Eff. % 45.61 0.00 74.19 71.58

CE Inlet Vol. Eff. % 82.70 0.00 73.33 66.73

Avg. Inlet Vol. Eff. % 64.16 0.00 73.76 69.15

HE Clearance Reqd. % §5.15 0.00 17.10 24.80

HE Clearance Min. % 14.50 0.00 17.10 24.80

HE Pocket Open % 50.00 0.00 0.00 0.00

HE Clearance Added IN3 431.0 0.0 0.0 0.0

CE Clearance Regd. % 14.20 0.00 17.80 29.90

CE Clearance Min. % 14.20 0.00 17.80 29.90

CE Clearance Added IN3 0.0 0.0 0.0 0.0

Valve Model - HE PF67 XX PF48 PF48

Valve Model - CE PF67 XXX PF48 PF48
vValves / Corner (HE/CE) 2/2 o/0 2/2 1/1

Valve Lift - RE IN 0.080 0.000 0.080 0.080

Valve Lift - CE IN 0.080 0.000 0.080 0.080

Valve Lift Area - HE SQIN 10.420 0.000 5.640 5.640

Valve Lift Area - CE SQIN 10.420 0.000 5.640 5.640

API Inlet Vl1v Vel Avg. FPM 10034.2 0.0 7279.6 5493.6
Flange Gas Load - T LBF 18244 0 21127 14069
Flange Gas Load - C LBF -19497 0 -24515 -22492

Max. Allow. Gas Load LBF 60000 60000 60000 60000
Combined Rod Load - T LBF 33198 42942 33558 23813
Combined Rod Load - C LBF -33418 -29381 -31423 -26474

Max Allow Rod Load LBF 60000 60000 60000 60000
Recip. Weight @ XHD Pin 1B 362.0 295.0 362.0 295.0

Raversal @ XHD Pin DEG 175.0 160.0 165.0 160.0



DRESSER-RAND GAS FIELD COMPRESSOR PERFORMANCE (DRSIZE copyright 1996-2000 V1.3a)

PACKAGER: PROPAK COMPRESSION DATE: Oct 2, 2000
LOCATION: Hamburg (2-6), Alberta FILE: 9404-420.DAT " 2"
JOB/REF : Apache Canada / Optima Engineers CALC BY: J.Saxinger
JOBSITE : Amb T (F) : 90, Alt. (FT) : 2500. Atm ( PSIA): 13.42
Ref, Pressure ( PSIA) : 14.70 Ref. Temp. (F) : 60.

COMPRESSOR: Frame : 6 HOS 4 Stroke (IN): 6.0 Rod Dia(IN): 2.500
esssencssv..Calc RPM : 1200.0 Max RPM : 1200.0 Cocler (HP): 58.0
DRIVER: Type : Gas Engine Avail (HP) : 1478.0 Model: 7042GL
Stage Number 1 2 3

Gas Natural Natural Natural Ps (line)= 50 psig
Dry Gas Mol. Weight 17.958 17.958 17.958 Pd (line)= 1200 psig
Dry Gas Spec. Gravity 0.620 0.620 0.620

Cp/Cv @ 14.7/60 1.287 1.287 1.287 Curve 3
Avg. Temp. Expon. (K) 1.254 1.252 1.267

Avg. Vol. Expon. (N) 1.253 1.253 1.283

Gas Crit. Temperature R 371.286 371.286 371.286

Gas Crit. Pressure PSIA 672.998 672.998 672.998

Z Standard 0.998 0.998 0.998

Z Suction 0.993 0.985 0.953

Z Discharge 0.992 0.985 0.963

Inlet Temperature F 110.00 120.00 120.00

Inlet Press. @ Cyl Flg PSIG 49.00 127.87 409.20

Interstage Press. Drop % 1.75 1.50 1.00

Disch. Press. @ Cyl Flg PSIG 130.38 415.64 1212.00

Ratio of Compression 2.304 3.037 2.900

Adiabatic Disch. Temp. F 214.98 265.40 265.89

Est. Actual Disch. Temp F 240.71 286.40 280.83

Stg. Piston Displ. CFM 1452.2 570.2 215.2

Stg. Inlet Capacity ACFM 902.7 399.0 128.1

CAPACITY ACTUAL WET MMSCFD 5.06 5.02 4.98

CAPACITY ACTUAL DRY MMSCFD 4.96 4.96 4.96

TOTAL COMPRESSOR POWER HP 1019.06

Stage number at (HE/CE) 1/1 0/0 2/2 3/3

Frame Ext/Cyl. Bore #/IN 1/15.000 3/10.000 2/ 9.500 4/ 6.000
Cylinder Pattern G12203 BALANCE G12199 G12196

RDP PSIG 450.0 0.0 1150.0 1750.0

MAWP PSIG 495.0 0.0 1265.0 1925.0

Cyl. Action/HE Rod Dia. Act./IN DA/0.00 NA/0.00 DA/0.00 DA/0.00

Brake power / Cylinder HP 280.3 0.0 355.9 326.1

HE Disch. Vol. Eff. % 22.12 0.00 29.04 27.26

CE Disch. Vol. Eff. % 42.03 0.00 28.63 24.39

HE Inlet Vol. Eff. % 43.06 0.00 70.45 62.51

CE Inlet Vol. Eff. % 81.81 0.00 69.45 55.92

Avg. Inlet Vol. Eff. % 62.44 0.00 69.95 59.22

HE Clearance Reqd. % 55.15 0.00 17.10 24.80

HE Clearance Min. % 14.50 0.00 17.10 24.80

HE Pocket Open % 50.00 0.00 0.00 0.00

HE Clearance Added IN3 431.0 0.0 0.0 0.0

CE Clearance Reqd. % 14.20 0.00 17.80 29.90

CE Clearance Min. % 14.20 0.00 17.80 29.90

CE Clearance Added IN3 0.0 0.0 0.0 0.0

Valve Model - HE PF67 XXXX PF48 PF48

Valve Model - CE PF67 XXXX PF48 PF48
Valves / Corner (HE/CE) 2/2 o/0 2/2 1/1

Valve Lift - HE IN 0.080 0.000 0.080 0.080

Valve Lift - CE IN 0.080 0.000 0.080 0.080

Valve Lift Area - HE SQIN 10.420 0.000 5.640 5.640

Valve Lift Area - CE SQIN 10.420 0.000 5.640 5.640

API Inlet Vlv Vel Avg. FPM 10034.2 0.0 7279.6 5493.6
Flange Gas Load - T LBF 13742 0 18357 16749
Flange Gas Load - C LBF -14622 0 -21025 -24707

Max. Allow. Gas Load LBF 60000 60000 60000 60000
Combined Rod Load - T LBF 38073 42942 34287 21304
Combined Red Lead - C LBF -32552 -29381 ~-29195 ~-22720

Max Allow Rod Load LBF 60000 60000 60000 60000
Recip. Weight @ XHD Pin LB 362.0 295.0 362.0 295.0

Raeversal @ XHD Pin DEG 175.0 160.0 155.0 145.0



DRESSER-RAND GAS FIELD COMPRESSOR PERFORMANCE (DRSIZE copyright 1996-2000 V1.3a)

PACKAGER: PROPAK COMPRESSION
LOCATION: Hamburg (2-6), Alberta

DATE: Oct 2, 2000
FILE: 9404-420.DAT " 3"

JOB/REF : Apache Canada / Optima Engineers CALC BY: J.Saxinger
JOBSITE : Amb T (F) 90. Alt. (FT) : 2500. Atm ( PSIA): 13.42
Raef. Pressure ( PSIA) : 14.70 Ref. Temp. (F): 60.

COMPRESSOR: Frame : 6 HOS 4 Stroke (IN): 6.0 Rod Dia(IN): 2.500
eisseseessss.Calc RFM : 1200.0 Max RPM : 1200.0 Cooler (HP): 58.0
DRIVER: Type : Gas Engine Avail (HP) : 1478.0 Model: 70426GL
Stage Number 1 2 3

Gas Natural Natural Natural Ps (line)= 75 psig
Dry Gas Mol. Weight 17.958 17.958 17.958 Pd (line)= 1200 psig
Dry Gas Spec. Gravity 0.620 0.620 0.620

cp/cv @ 14.7/60 1.287 1.287 1.287 Curve 2
Avg. Temp. Expon. (K) 1.254 1.257 1.276

Avg. Vol. Expon. (N) 1.253 1.259 1.293

Gas Crit. Temperature R 371.286 371.286 371.286

Gas Crit. Pressure PSIA 672.998 672.998 672.998

Z Standard 0.998 0.998 0.998

Z Suction 0.990 0.977 0.939

2 Discharge 0.989 0.978 0.948

Inlet Temperature F 110.00 120.00 120.00

Inlet Press. @ Cyl Flg PSIG 73.50 193.93 532.92

Interstage Press. Drop % 1.75 1.50 1.00

Disch. Press. @ Cyl Flg PSIG 197.62 541.24 1212.00

Ratio of Compression 2,428 2.675 2.243

Adiabatic Disch. Temp. F 222.29 249.34 230.52

Est. Actual Disch. Temp F 246.79 267.91 241.71

Stg. Piston Displ. CFM  1452.2 570.2 215.2

Stg. Inlet Capacity ACFM 1017.0 425.4 154.4

CAPACITY ACTUAL WET MMSCFD 7.96 7.91 7.87

CAPACITY ACTUAL DRY MMSCFD 7.85 7.85 7.85

TOTAL COMPRESSOR POWER BP 1389.79

Stage number at (HE/CE) 1/1 0/0 2/2 3/3
Frame Ext/Cyl. Bore #/IN 1/15.000 3/10.000 2/ 9.500 4/ 6.000
Cylinder Pattern G12203 BALANCE G12199 G12196

RDP PSIG 450.0 0.0 1150.0 1750.0
MAWP PSIG 495.0 0.0 1265.0 1925.0
Cyl. Action/HE Rod Dia. Act./IN DA/0.00 NA/0.00 DA/0.00 DA/0.00
Brake power / Cylinder HP 461.3 0.0 490.9 380.8

HE Disch. Vol. Eff. % 29.35 0.00 34.33 39.50

CE Disch. Vol. Eff, % 39.82 0.00 33.95 37.13

HE Inlet Vol. Eff. % §9.57 0.00 75.00 73.77

CE Inlet Vol. Eff. % 80.80 0.00 74.17 69.34
Avg. Inlet Vol. Eff. % 70.19 0.00 74.59 71.56

HE Clearance Reqd. % 34.83 0.00 17.10 24.80

HE Clearance Min. % 14.50 0.00 17.10 24.80

HE Pocket Open % 25.00 0.00 0.00 0.00

HE Clearance Added IN3 215.5 0.0 0.0 0.0

CE Clearance Reqd. % 14.20 0.00 17.80 29.90

CE Clearance Min. % 14.20 0.00 17.80 29.90

CE Clearance Added IN3 0.0 0.0 0.0 0.0
Valve Model - HE PF67 XXX PF48 PF48
Valve Model - CE PF67 XXX PF48 PF48
Valves / Corner (HE/CE) 2/2 o/0 2/2 1/1
Valve Lift - HE N 0.080 0.000 0.080 0.080
Valve Lift - CE IN 0.080 0.000 0.080 0.080
Valve Lift Area - HE SQIN  10.420 0.000 5.640 5.640
Valve Lift Area - CE SQIN 10.420 0.000 5.640 5.640

API Inlet V1v Vel Avg. FPM 10034.2 0.0 7279.6 5493.6
Flange Gas Load ~ T LBF 20964 0 21961 13251
Flange Gas Load - C LBF -22295 0 -25570 -21817
Max. Allow. Gas Load LBF 60000 60000 60000 60000
Combined Rod Load - T LBF 30779 42942 33512 24593
Combinad Rod Load - C LBF =33391 -29361 ~32159 -27581

Max Allow Rod Load LBF 60000 60000 60000 60000
Recip. Weight @ XHD Pin LB 362.0 285.0 362.0 295.0
Reversal @ XHD Pin DEG 170.0 160.0 170.0 160.0
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DRESSER-RAND GAS FIELD COMPRESSOR PERFORMANCE (DRSIZE copyright 1996-2000 V1.3a)

PACKAGER:

JOB/REF : Apache Canada
JOBSITE : Amb T (F)
Ref. Pressure (
COMPRESSOR: Frama

PSIA)

PROPAK COMPRESSION
LOCATION: Hamburg (2-6), Alberta

/ Optima Engineers

DATE:
FILE:
CALC BY: J.Saxinger

Oct 2, 2000
9404-420.DAT " 2"

Stage Number

Gas

Dry Gas Mol. Weight
Dry Gas Spec. Gravity
Cp/Cv @ 14.7/60

Avg. Temp. Expon. (K)
Avg. Vol. Expon. (N)
Gas Crit. Temperature
Gas Crit. Pressure

Z Standard

Z Suction

Z Discharge

Inlet Temperature
Inlet Press. @ Cyl Flg
Interstage Press. Drop
Disch. Press. @ Cyl Flg
Ratio of Compression
Adiabatic Disch. Temp.
Est. Actual Disch. Temp
Stg. Piston Displ.

Stg. Inlet Capacity
CAPACITY ACTUAL WET
CAPACITY ACTUAL DRY
TOTAL COMPRESSOR POWER
Stage number at (HE/CE)
Frame Ext/Cyl. Bore
Cylindexr Pattern

RDP

MAWP

Cyl. Action/HE Rod Dia. Act./IN

Brake power / Cylinder
HE Disch. Vol. Eff.

CE Disch. Vol. Eff.

HE Inlet Vol. Eff,.

CE Inlet Vol. Eff.
Avg. Inlet Vol. Eff.
HE Clearance Reqd.

HE Clearance Min.

HE Pocket Open

HE Clearance Added

CE Clearance Reqd.

CE Clearance Min.

CE Clearance Added
Valve Model - HE
Valve Model - CE
Valves / Corner (HE/CE)
Valve Lift - HE

Valve Lift - CE

Valve Lift Area - HE
Valve Lift Area - CE
API Inlet V1lv Vel Avg.
Flange Gas Load - T
Flange Gas Load - C
Max. Allow. Gas Load
Combined Rod Load - T
Combincd Rod Load - C
Max Allow Rod Load
Recip. Weight @ XHD Pin
Reversal @ XHD Pin

s 90, Alt. (FT) : 2500. Atm ( PSIA): 13.42
: 14.70 Ref. Temp. (F): 60.
: 6 HOS 4 Stroke (IN): 6.0 Rod Dia(IN): 2.500
: 1200.0 Max RPM : 1200.0 Cooler (BP): 58.0
: Gas Engine Avail (HP) : 1478.0 Model: 7042GL
1 2 3
Natural Natural ©Natural Ps (line)= 50 psig
17.958 17.958 17.958 Pd (line)= 1200 psig
0.620 0.620 0.620
1.287 1.287 1.287 Curve 2
1.253 1.253 1.269
1.252 1.254 1.285
R 371.286 371.286 371.286
PSIA 672.998 672.998 672.998
0.998 0.998 0.998
0.993 0.983 0.951
0.992 0.984 0.960
F 110.00 120.00 120.00
PSIG 49.00 139.66 431.41
% 1.75 1.50 1.00
PSIG 142.39 438.19 1212.00
2,496 2.950 2.755
F 225,64 261.67 258.81
F 251.85 282.12 272.83
CFM  1452.2 570.2 215.2
ACFM 995.7 405.3 133.8
MMSCFD 5.58 5.83 5.49
MMSCFD 5.47 5.47 5.47
HP 1114.25
1/1 0/0 2/2 3/3
#/IN 1/15.000 3/10.000 2/ 9.500 4/ 6.000
G12203 BALANCE G12199 G12196
PSIG 450.0 0.0 1150.0 1750.0
PSIG 495.0 0.0 1265.0 1925.0
DA/0.00 NA/0.00 DA/0.00 DR/0.00
HP 336.6 0.0 380.9 339.9
% 27.76 0.00 30.20 29.52
% 38.45 0.00 29.79 26.73
$ 57.63 0.00 71.853 64.95
% 79.82 0.00 70.57 58.83
% 68.73 0.00 71.05 61.89
% 34.83 0.00 17.10 24.80
% 14.50 0.00 17.10 24.80
% 25.00 0.00 0.00 0.00
IN3 215.5 0.0 0.0 0.0
% 14.20 0.00 17.80 29.90
% 14.20 0.00 17.80 29.90
IN3 0.0 0.0 0.0 0.0
PF67 XXX PF48 PF48
PF67 XXX PF48 PF48
2/2 0/0 2/2 1/1
IN 0.080 0.000 0.080 0.080
IN 0.080 0.000 0.080 0.080
SQIN 10.420 0.000 5.640 5.640
SQIN 10.420 0.000 5.640 5.640
FPM 10034.2 0.0 7279.6 5493.6
LBF 15805 0 19009 16121
IBF -16744 0 -21846 -24188
LBF 60000 60000 60000 60000
LBF 35951 42942 33995 21883
LBF -32173 -29381 -29627 -23592
LBF 60000 60000 60000 60000
LB 362.0 295.0 362.0 295.0
DEG 170.0 160.0 170.0 145.0
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DRESSER-RAND GAS FIELD COMPRESSOR PERFORMANCE (DRSIZE copyright 1996-2000 V1.3a)

PACKAGER: PROPAK COMPRESSION DATE: Oct 2, 2000
LOCATION: Hamburg (2-6), Alberta FILE: 9404-420.DAT " 1v
JOB/REF : Apache Canada / Optima Engineers CALC BY: J.Saxinger
JOBSITE : amb T (F) ¢ 90. Alt. (FT) : 2500. Atm {( PSIA): 13.42
Ref. Prassure ( PSIA) : 14.70 Ref. Temp. (F): 60.

COMPRESSOR: Frama : 6 HOS 4 Stroke (IN): 6.0 Rod Dia(IN): 2.500
............ Calc RPM : 1200.0 Max RPM : 1200.0 Cooler (HP): 58.0
DRIVER: Type : Gas Engine Avail (HP) : 1478.0 Model: 7042GL
Stage Number 1 2 3

Gas Natural Natural Natural Ps (line)= 25 psig
Dry Gas Mol. Weight 17.958 17.958 17.958 Pd (line)= 1200 psig
Dry Gas Spec. Gravity 0.620 0.620 0.620

Cp/Cv @ 14.7/60 1.287 1.287 1.287 Curve 2
Avg. Temp. Expon. (K) 1.251 1.248 1.261

Avg. Vol. Expon. (N) 1.251 1.249 1.276

Gas Crit. Temperature R 371.28B6 371.286 371.286

Gas Crit. Pressure PSIA 672.998 672.998 672.998

Z Standard 0.998 0.998 0.998

Z Suction 0.996 0.989 0.962

Z Discharge 0.995 0.990 0.974

Inlet Temperature F 110.00 120.00 120.00

Inlet Press. @ Cyl Flg PSIG 24.50 84.81 326.86

Interstage Press. Drop L 1.75 1.50 1.00

Disch. Press. @ Cyl Flg PSIG 86.56 332.04 1212.00

Ratio of Compression 2.637 3.517 3.601

Adiabatic Disch. Temp. F 232.43 284.76 296.19

Est. Actual Disch. Temp F 262.11 308.69 316.61

Stg. Piston Displ. CFM 1452.2 570.2 215.2

Stg. Inlet Capacity ACFM 951.2 365.0 101.2

CAPACITY ACTUAL WET MMSCFD 3.23 3.18 3.14

CAPACITY ACTUAL DRY MMSCFD 3.12 3.12 3.12

TOTAL COMPRESSOR POWER HP 781.38

Stage number at (HE/CE) 1/1 0/0 2/2 3/3

Frame Ext/Cyl. Bore #/IN 1/15.000 3/10.000 2/ 9.500 4/ 6.000
Cylinder Pattern G12203 BALANCE G12199 G12196

RDP PSIG 450.0 0.0 1150.0 1750.0

MAWP PSIG 495.0 0.0 1265.0 1925.0

Cyl. Action/HE Rod Dia. Act./IN DA/0.00 NA/0.00 DA/0.00 DA/0.00

Brake power / Cylinder HP 210.2 0.0 258.8 255.7

HE Disch. Vol. Eff. % 24.69 0.00 23.61 18.70

CE Disch. Vol. Eff, % 35.81 0.00 23.17 15.47

HE Inlet Vol. Eff. % 53.60 0.00 64.60 51.04

CE Inlet Vol. Eff. % 77.75 0.00 63.38 42 .22

Avg. Inlet Vol. Eff. % 65.67 0.00 63.99 46.63

HE Clearance Reqgd. % 34.83 0.00 17.10 24.80

HE Clearance Min. % 14.50 0.00 17.10 24.80

HE Pocket Open % 25.00 0.00 0.00 0.00

HE Clearance Added IN3 215.5 0.0 0.0 0.0

CE Clearance Reqgd. % 14.20 0.00 17.80 29.90

CE Clearance Min. % 14.20 0.00 17.80 29.90

CE Clearance Added IN3 0.0 0.0 0.0 0.0

Valve Model - HE PF67 XXXX PF48 PF48

Valve Model - CE PF67 XxXxx PF48 PF48
Valves / Corner (HE/CE) 2/2 0/0 2/2 1/1

Valve Lift - HE IN 0.080 0.000 0.080 0.080

Valva Lift - CE IN 0.080 0.000 0.080 0.080

Valve Lift Area - HE SQIN 10.420 0.000 5.640 5.640

Valve Lift Area - CE SQIN 10.420 0.000 5.640 5.640

API Inlet V1v Vel Avg. FPM 10034.2 0.0 7279.6 5493.6
Flange Gas Load - T LBF 10542 0 15894 19077
Flange Gas Load - C LBF -11088 0 -17940 -26631

Max. Allow. Gas Load LBF 60000 60000 60000 60000
Combined Rod Load ~ T LBF 41607 42942 35663 19161
Combined Rod Load - C LBF -31193 ~-29381 -27830 -19554

Max Allow Rod Load LBF 60000 60000 60000 60000
Recip. Weight @ XHD Pin LB 362.0 295.0 362.0 295.0

Reversal @ XHD Pin DEG 165.0 160.0 155.0 140.0
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DRESSER-RAND GAS FIELD COMPRESSOR PERFORMANCE (DRSIZE copyright 1996-2000 v1.3a)

PACKAGER: PROPAK COMPRESSION

LOCATION: Hamburg (2-6), Alberta

JOB/REF : Apache Canada / Optima Engineers

DATE: Oct 2, 2000
FILE: 9404-420.DAT " 2¢
CALC BY: J.Saxinger

JOBSITE : aAmb T (F) ¢ 90, Alt. (FT) : 2500. Atm ( PSIA): 13.42
Ref. Pressura ( PSIA) : 14.70 Ref. Temp. (F) : 60.

COMPRESSOR: Frama : 6 HOS 4 Stroka (IN): 6.0 Rod Dia(IN): 2.500
I r Calc RPM : 1200.0 Max RPM : 1200.0 Cooler (HP): 58.0
DRIVER: Type : Gas Engine Avail (HP) : 1478.0 Model: 7042GL
Stage Number 1 2 3

Gas Natural Natural Natural Ps (line)= 50 psig
Dry Gas Mol. Weight 17.958 17.958 17.958 Pd (line)= 1200 psig
Dry Gas Spec. Gravity 0.620 0.620 0.620

Cp/Cv @ 14.7/60 1.287 1.287 1,287 Curve 1
Avg. Temp. Expon. (K) 1.252 1.255 1.271

Avg. Vol. Expon. (N) 1.251 1.256 1.287

Gas Crit. Temperature R 371.286 371.286 371.286

Gas Crit. Pressure PSIA 672.998 672.998 672.998

Z Standard 0.998 0.998 0.998

Z Suction 0.993 0.982 0.947

Z Discharge 0.993 0.982 0.956

Inlet Temperature F 110.00 120.00 120.00

Inlet Press. @ Cyl Flg PSIG 49.00 155.24 460.77

Interstage Press. Drop % 1.75 1.50 1.00

Disch. Press. @ Cyl Flg PSIG 158.24 467.99 1212.00

Ratio of Compression 2.750 2.854 2.584

Adiabatic Disch. Temp. F 238.63 257.48 250.00

Est. Actual Disch. Temp F 265.00 277.31 263.01

Stg. Piston Displ. CFM 1452.2 570.2 215.2

Stg. Inlet Capacity ACFM 1118.9 412.2 140.6

CAPACITY ACTUAL WET MMSCFD 6.27 6.21 6.17

CAPACITY ACTUAL DRY MMSCFD 6.14 6.14 6.14

TOTAL COMPRESSOR POWER HP 1240.35

Stage number at (HE/CE) 1/1 0/0 2/2 3/3
Frame Ext/Cyl. Bore #/IN 1/15.000 3/10.000 2/ 9.500 4/ 6.000
Cylinder Pattern G12203 BALANCE G12199 612196

RDP PSIG 450.0 0.0 1150.0 1750.0
MAWP PSIG 495.0 0.0 1265.0 1925.0
Cyl. Action/HE Rod Dia. Act./IN DA/0.00 NA/0.00 DA/0.00 DA/0.00
Brake power / Cylinder HP 414.9 0.0 413.3 355.4

HE Disch. Vol. Eff. % 34.25 0.00 31.55 32.45

CE Disch. Vol. Eff. % 34.41 0.00 31.15 29.79

HE Inlet Vol. Eff, % 76.87 0.00 72.73 67.85

CE Inlet Vol. Eff. % 77.24 0.00 71.81 62.29
Avg. Inlet Vol. Eff. % 77.05 0.00 72.27 65.07

HE Clearance Reqgd. % 14.50 0.00 17.10 24.80

HE Clearance Min. % 14.50 0.00 17.10 24.80

HE Pocket Open % 0.00 0.00 0.00 0.00

HE Clearance Added IN3 0.0 0.0 0.0 0.0

CE Clearance Regd. % 14.20 0.00 17.80 29,90

CE Clearance Min. % 14.20 0.00 17.80 29.90

CE Clearance Added IN3 0.0 0.0 0.0 0.0
Valve Model - HE PF67 XXX PF48 PF48
Valve Model - CE PF67 XXXX PF48 PF48
Valves / Corner (HE/CE) 2/2 0/0 2/2 1/1
Valve Lift - HE IN 0.080 0.000 0.080 0.080
Valve Lift - CE IN 0.080 0.000 0.080 0.080
Valve Lift Area - HE SQIN 10.420 0.000 5.640 5.640
Valve Lift Area - CE SQIN 10.420 0.000 5.640 5.640

API Inlet Vlv Vel Avg. FPM 10034.2 0.0 7279.6 5493.6
Flange Gas Load - T LBF 18528 0 19871 15291
Flange Gas Load - C LBF -19545 0 -22930 -23502
Max. Allow. Gas Load LBF 60000 60000 60000 60000
Combined Rod Load - T LBF 36993 42942 33809 22648
Combined Rod Load = € LBF -31749 ~293861 -30340 -24744

Max Allow Rod Load LBF 60000 60000 60000 60000
Racip. Weight @ XHD Pin LB 362.0 295.0 362.0 295.0
Raversal @ XHD Pin DEG 170.0 160.0 170.0 155.0



DRESSER-RAND GAS FIELD COMPRESSOR PERFORMANCE (DRSIZE copyright 1996-2000 V1.3a)

PACKAGER: PROPAK COMPRESSION
LOCATION: Hamburg (2-6), Alberta

DATE: Oct 2, 2000
PILE: 9404-420.DAT " 1"

JOB/REF : Apache Canada

/ Optima Engineers

CALC BY: J.Saxinger

JOBSITE : Amb T (F) :  S0. Alt. (FT) : 2500. Atm ( PSIA): 13.42
Ref. Pressure ( PSIA) : 14.70 Ref. Temp. (F): 60.

COMPRESSOR: Frame 6 HOS 4 Stroke (IN): 6.0 Rod Dia(IN): 2.500
sasasssassaCalc RPM : 1200.0 Max RPM : 1200.0 Cooler (HP): 58.0
DRIVER: Typea : Gas Engine Avail (HP) : 1478.0 Model: 7042GL
Stage Number . 1 2 3

Gas Natural Natural Natural Ps (line)= 25 psig
Dry Gas Mol. Weight 17.958 17.958 17.958 Pd (line)= 1200 psig
Dry Gas Spec. Gravity 0.620 0.620 0.620

cp/Cv @ 14.7/60 1.287 1.287 1.287 Curve 1
Avg. Temp. Expon. (K) 1.250 1.249 1.263

Avg. Vol. Expon. (N) 1.250 1.251 1.278

Gas Crit. Temperature R 371.286 371.286 371.286

Gas Crit. Pressure PSIA 672.998 672.998 672.998

Z Standard 0.998 0.998 0.998

Z Suction 0.996 0.988 0.960

Z Discharge 0.996 0.989 0.971

Inlet Temperature F 110.00 120.00 120.00

Inlet Press. @ Cyl Flg PSIG 24.50 95.21 346.85

Interstage Press. Drop % 1.75 1.50 1.00

Disch. Press. @ Cyl Flg PSIG 97.14 352.34 1212.00

Ratio of Compression 2.916 3.367 3.401

Adiabatic Disch. Temp. F 245.92 278.96 288.26

Est. Actual Disch. Temp F 275.80 302.00 306.93

Stg. Piston Displ. CFM  1452.2 570.2 215.2

Stg. Inlet Capacity ACFM 1085.2 375.5 108.8

CAPACITY ACTUAL WET MMSCFD 3.68 3.62 3.58

CAPACITY ACTUAL DRY MMSCFD 3.56 3.56 3.56

TOTAL COMPRESSOR POWER HP 878.36

Stage number at (HE/CE) 1/1 0/0 2/2 3/3
Frame Ext/Cyl. Bore #/IN 1/15.000 3/10.000 2/ 9.500 4/ 6.000
Cylinder Pattern G12203 BALANCE G12199 G12196

RDP PSIG 450.0 0.0 1150.0 1750.0
MAWP PSIG 495.0 0.0 1265.0 1925.0
Cyl. Action/HE Rod Dia. Act./IN DA/0.00 NA/0.00 DA/0.00 DA/0.00
Brake power / Cylinder HP 262.4 0.0 283.3 275.9

HE Disch. Vol. Eff. % 31.65 0.00 25.15 20.82

CE Disch. Vol, Eff. % 31.82 0.00 24,72 17.68

HE Inlet Vol. Eff. % 74.53 0.00 66.41 54.27

CE Inlet Vol. Eff. % 74.94 0.00 65.26 46.08
Avg. Inlet Vol. Eff. % 74.73 0.00 65.83 50.17

HE Clearance Reaqd. % 14.50 0.00 17.10 24.80

HE Clearance Min. % 14.50 0.00 17.10 24.80

HE Pocket Open % 0.00 0.00 0.00 0.00

HE Clearance Added IN3 0.0 0.0 0.0 0.0

CE Clearance Reqd. % 14.20 0.00 17.80 29.90

CE Clearance Min. % 14.20 0.00 17.80 29.90

CE Clearanca Added IN3 0.0 0.0 0.0 0.0
Valve Model - HE PF67 po.0ed PF48 PF48
Valve Model - CE PF67 XXXX PF48 PF48
Valves / Corner (HE/CE) 2/2 0/0 2/2 1/1
Valve Lift - HE IN 0.080 0.000 0.080 0.080
Valve Lift -~ CE IN 0.080 0.000 0.080 0.080
Valve Lift Area - HE SQIN 10.420 0.000 5.640 5.640
Valve Lift Area - CE SQIN 10.420 0.000 5.640 5.640

API Inlet Vl1v Vel Avg. FPM 10034.2 0.0 7279.6 5493.6
Flange Gas Load - T LBF 12360 0 16497 18512
Flange Gas Load - C LBF -12957 0 -18693 -26164
Max. Allow. Gas Load LBF 60000 60000 60000 60000
Combined Rod Load - T LBF 40269 42942 35243 19683
Combined Rod Load - C LBF -30517 -29381 -28095 -20302

Max Allow Rod Load LBF 60000 60000 60000 60000
Recip. Weight @ XHD Pin LB 362.0 295.0 362.0 295.0
Roversal @ XHD Pin DEG 160.0 160.0 155.0 140.0






APACHE CANADA LIMITED
EQUIPMENT LIST - PROPAK SO# 99404
HAMBURG 2 - 6 COMPRESSOR STATION

o | 1 3 | 4 LSD: 02-06-097-11 W6M
DATE |[ 1227 J[ 1019
REV || MFS || SKID QUOTE TAG DESCRIPTION [SIZE (MODEL) MAKE DUTY |[POWER| DESIGN || DESIGN [[REMARKS
4 # # # KW HP KkPag 7(¢°C) llteg SHELLSIDE MAWF)
PROCESS
1 4 V-100 1ST STAGE SUCTION SCRUBBER 813 mm OD x 1930 mm /S PROPAK 4516 -28/149
0 4 V-110 2ND STAGE SUCTION SCRUBBER 660 mm OD x 1626 mm S/S PROPAK 4516 -28/149
1 4 V-120 3RD STAGE SUCTION SCRUBBER 508 mm OD x 1473 mm S/S PROPAK 9067 -28/149
1 4 V-121 1ST STAGE SUCTION BOTTLE 610 mm OD x 1778 mm S/S PROPAK 4516 -268/149
1 4 V-122 1ST STAGE DISCHARGE BOTTLE 457 mm OD x 2235 mm S/S PROPAK 4447 -28/176
1 4 v-123 2ND STAGE SUCTION BOTTLE 457 mm OD x 914 mm S/S PROPAK 4516 -28/149
1 4 v-124 2ND STAGE DISCHARGE BOTTLE 406 mm OD x 1016 mm S/S PROPAK 8908 -28/176
1 4 V-125 3RD STAGE SUCTION BOTTLE 406 mm OD x 914 mm S/S PROPAK 9067 -28/149
1 4 V-126 3RD STAGE DISCHARGE BOTTLE 356 mm OD x 1016 mm S/S PROPAK 11377 _| -28/176
0 4 KC-200A/B _ |1ST STAGE COMPRESSOR CYLINDER 381 MM DIAMETER DRESSER RAND 3413 -28/149
0 4 KC-202 2ND STAGE COMPRESSOR CYLINDER 241 MM DIAMETER DRESSER RAND 8722 -28/149
0 4 KC-203 3RD STAGE COMPRESSOR CYLINDER 152 MM DIAMETER DRESSER RAND 13273 | -28/149
1 4 AC-210 1ST STAGE INTERCOOLER PROPAK 277 4447 -28/149 |COMMON AIR COOLER
1 4 AC-211 2ND STAGE INTERCOOLER PROPAK 376 8908 -28/149 |COMMON AIR COOLER
1 4 AC-212 3RD STAGE AFTERCOOLER PROPAK 316 11377 | -28/149 |COMMON AIR COOLER
ENGINE FUEL AND START GAS SYSTEM
0 S F-220 FUEL GAS FILTER 385AP, C/W 70-C ELEMENT HEADLINE
1 5 P-226/M-226 ENGINE PRELUBE PUMP C/W ENGINE WAUKESHA
1 5 KD-200 COMPRESSOR DRIVER L7042GL WAUKESHA 1478 1478 BHP @ 1200 RPM
1 5 STR-227 ENGINE STARTER T112-60001-B1R TODI
1 5 KS-225 COMPRESSOR SILENCER JAT-14-8012 SILEX
GLYCOL COOLING SYSTEM
0 6 AC-220 JACKET WATER COOLER PROPAK 117.4 ATM 28/149 |COMMON AIR COOLER
0 6 AC-230 AUXILIARY WATER COOLER PROPAK 22.7 ATM -28/149 |COMMON AIR COOLER
0 6 E-241 ENGINE OIL COOLER SUPPLIED WITH ENGINE WAUKESHA
0 6 T-235A/B JACKET/AUXILARY WATER SURGE TANK 160 / 74 LITER CAPACITY PROPAK ATM -28/100
ENGINE LUBE OIL
0 5 F-253 ENGINE OIL FILTER SUPPLIED WITH ENGINE WAUKESHA
0 i E-241 ENGINE OIL COOLER SUPPLIED WITH ENGINE WAUKESHA
1 7 KD-200 COMPRESSOR DRIVER L7042GL WAUKESHA 1478 1478 BHP @ 1200 RFM
0 7 P-250 ENGINE OIL PUMP C/W ENGINE WAUKESHA
0 o F-256 ENGINE OIL STRAINER C/W ENGINE 'WAUKESHA
0 z T-260 LUBE OIL SUPPLY TANK 425 LITER CAPACITY PROPAK ATM 281100 |RHS CRANE RAIL
0 7 F-261 LUBE OIL SUPPLY FILTER BF-914 HOUSING BALDWIN C/W BALDWIN BF-915 ELEMENT
1 7 P-260 PNEUMATIC DIAPHRAGM PUMP T2, M/N:AAAB/BN/BN/ABN WILDEN CRANE RAIL FILL PUMP
COMPRESSOR LUBE OIL & GLYCOL
0 8 P-276 COMPRESSOR PRE-LUBE PUMP T2, M/N:AAAB/BN/BN/ABN WILDEN
0 8 F-250 COMPRESSOR LUBE OIL FILTER C/W COMPRESSOR DRESSER RAND
0 8 E-277 COMPRESSOR LUBE OIL COOLER C/W COMPRESSOR DRESSER RAND
0 3 F-270 COMPRESSOR OIL SUPPLY FILTER BF-914 HOUSING BALDWIN C/W BALDWIN BF-915 ELEMENT
1 8 K-200 COMPRESSOR BHOS -3 DRESSER RAND
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APACHE CANADA LIMITED

EQUIPMENT LIST - PROPAK SO# 99404
HAMBURG 2 - 6 COMPRESSOR STATION

o | 1 3 4 LSD: 02-06-097-11 WeM
DATE |[ 1227 || 1078 !
REV || MFS || SKID QUOTE TAG DESCRIPTION i IZE (MODEL) MAKE DUTY |POWER| DESIGN || DESIGN |[REMARKS
# # #* # ] KW HP KPag T(C) |lte g. SHELLSIDE MAWP)
1 8 P-270 PNEUMATIC DIAPHRAGM PUMP T2. M/IN:AAAB/BN/BN/ABN WILDEN CRANE RAIL FILL PUMP
0 8 T-270 COMPRESSOR LUBE OIL SUPPLY 425 LITER CAPACITY PROPAK ATM |i -28/100
0 8 T-284 WASTE OIL TANK 800 LITER CAPACITY PROPAK ATM |! -28/100
CYLINDER & PACKING LUBRICATION
0 9 V-130 PACKING VENT AND DRAIN SEAL POT 273 mm OD x 813 mm S/S PROPAK ATM |I -28/100
BUILDING UTILITIES
1 11 EF-241A/B_ |EXHAUST FAN ET 122 ENERTECH C/W XP MOTOR, BIRD SCREEN & HOOD
1 11 H-240A/B |BUILDING HEATERS XL 416-575360-15 kW RUFFNECK 15

Page 2
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4 AIRFLOW
DIRECTION

AIRSEAL DIAMETER
EQUALS FAN SERIES
_ NUMBER MINUS 3.5°

COUNTER-CLOCKWISE ROTATION
(FAN BLOWING IN OBSERVER'S FACE)
LEFT HAND BLADES
__'-—-""-'_'___'_-__—___—"'——-...

EQUALS NOMINAL

SHAFT, BEARING AND
BEARING SUPPORT
BY OTHERS

MAXIMUM FAN DIAMETER
BLADE TIPS AT FAN CENTERLINE

FAN DIAMETER

pY. !Ff

]

NOTES

THE MOORE_COMPANY JOB NO. 60447-F

C = STOPPED

PROPAK SYSTEMS LTD. P.0. NO. 108732

PROPAK SYSTEMS LTD. JOB NO. 99404-238

POSMON OF

A = BLADE TP THICKNESS - 10° CLEVIS ANGLE
B = RUNNING POSION OF BLADES

BLADES
D = MINIMUM OBSIACLE CLEARANCE AT INLET
E = DECREASE OF MAXIMUM POSSIBLE RADIUS AT RUNNING POSIMON

H = MINIMUM OBSTACLE CLEARANCE AT OUTLET

COMPANY

BUSHING| F G MAX BORE
BLADE LOAD : 22 = 2979
100%  75% J 3.2 46" 3.750"
DA, A B C D H | MAX BLDS BUSHING
10 39 44 34 6.5 20 0.34" 7.0°
n 4 52 39 7.5 20 u.40° 7.0° 9.0 8 E
12 a1 6.1" 4.5 8.5 2.0 0.48" 2.00 ]
3 28 69" 54" o0 20 0.56" 7.0° 12 EOR J
14 24" 1.9 6.1 10.0° 20 0.66° 1.0°
SERIES 60 ENGINE DRIVE FAN LEFT HAND
CLASS 5000 - ROTATION

TMC-669-11/94
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MANAGEMENT SERVICE

CERT. NO. 950 99 0534

ENGINE DRIVE FANS
OWNER'S MANUAL

7

INSTALLATION

MAINTENANCE

OPERATION

ABOUT THIS MANUAL .......

The Moore Company is as interested as are its custom-
ers that Moore fans operate at top efficiency for many, many
years. This manual has been written to achieve that result
and is based on more than 50 years of experience as a
manufacturer of axial flow fans.

Moore fans represent the highest degree of axial fan
development and are in all respects, regardless of price, the
finest obtainable for their intended purpose. As forany fine
equipment, certain precautions aré necessary and certain
abuses must be avoided in order to insure the best perform-
ance over the longest period of time.

If you have any questions regarding the installation or
operation of your Moore fan(s), please contact the Com-
pany for assistance.

INSPECTION
All Moore units are carefully balanced, inspected and

packed at the factory. If any damage is evident before
or after unpacking, the delivering carrier should be
promptly notified so that an inspection may be made
by the claims adjustor. It is the responsibility of the
consignee to file damage claims with the carrier. Al-
though The Moore Company will not be responsible
for shipping damage, it is requested that any damage,
even of a minor nature, be reported to the factory at
once.

IDENTIFY YOUR FAN’S FEATURES

Section 1 consisting of your unit’s specifications
will be found in the pocket on the inside of this cover.
Section 2 Getting Started should be read carefully
before installation begins. Moore fans have several
unique features. Those unfamiliar with these units
should read the short summary of these important
features set out on the back cover.

PLEASE COMPLETE AND RETURN THE OWNER'’S REGISTRATION CARD ON THE BACK COVER

THE MOORE COMPANY

MARCELINE, MO 64658

PHONE (660) 376-3575 FAX (660) 376-2909

TMC - 672 - (Rev. C) - 11/99

Part No. P-924



1.0 ORDER INFORMATION

1.1 Fan Specifications

1.2 Dimensional Drawing(s)

1.3 Fan Curve(s) (if supplied)

1.4 Noise Data (if supplied)
The papers contained in this envelope provide
information about your fan(s) that should be
kept as a permanent record. This information

will be essential in future years for the proper
operation and maintenance of these units.




FAN GUARD

AIRSEAL DIAMETER
EQUALS FAN SERIES
NUMBER MINUS 3.5

SHAFT, BEARING AND

COUNTER-CLOCKWISE ROTATION
(FAN BLOWING IN OBSERVER'S FACE)

MAXIMUM FAN DIAMETER
BLADE TIPS AT FAN CENTERLINE
EQUALS NOMINAL FAN DIAMETER

LEFT HAND BLADES

NOTES

THE MOORE COMPANY JOB NQ. 61724-F

PROPAK SYSTEMS LTD. P.0. NO. 111862

PROPAK SYSTEMS LTD. JOB NO. 00136-138

A = BLADE TIP THICKNESS -~ 10° CLEVIS ANGLE
B = RUNNING POSITION OF BLADES

C = STOPPED POSMON OF BLADES

D = MINMUM OBSTACLE CLEARANCE AT INLET
€ = DECREASE OF MAXIMUM POSSIBLE RADIUS AT RUNNING POSITION
H = MINIMUM OBSTACLE CLEARANCE AT OUTLET

..,

BUSHING F G MAX BORE
E 2.8 2.7 2.875°
%Se?E L%%?s J 3.2 a6 3.750"
DIA. A B ] D E H MAX BLDS BUSHING
v 38 38 29 5.0 200 | 024 7.0° TIH
W0 3 a4 3 6.5 20 | 029 70° 8 E
1 3z 50 38 70° 20 0.33° 7.0 120 10 EORJ
12| 27 57" 45 8.0 20 | 039" 7.0°
SERIES 49 ENGINE DRIVE FAN LEFT HAND
CLASS 5000 ROTATION

TMC=G67 Rev A (11/14)




800 S. MISSOURI AVENUE

THE MOORE COMPANY riew woses:
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INSTALLATION MANUAL =5 et =
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SOLD TO PROPAK SYSTEMS LTD.

POSTAL BAG NO. 2 INVOICE DATE:
AIRDRIE AB T4B 2C3 MODEL NO. : 5449/12B-ED-9-A-7
CANADA PURCHASE ORDER NO:111862
CUSTOMER JOB NO:00136-138
SHIP REQUIRED:29-Jun-2000
SHIP TO PROPAK SYSTEMS LTD. PAYMENT TERMS:NET 30 DAYS
404 EAST LAKE ROAD ROUTING : AMERICAN
AIRDRIE AB T4B 2C3 F.0.B. POINT:MARCELINE, MO.
CANADA FREIGHT : COLLECT

CRATING : STANDARD DOMESTIC

QTY DESCRIPTION
2 5449/12B-ED-9-A-7

Serial Nos.: F93624 - F93625

CLASS 5000 ASSEMBLY DATA MATERIAL: ALUMINUM
SERIES: 49 DIA.: 9.00 BUSHING: J H DIM.: 3.264"
BLADES : 7 TYPE: MANUAL KEYWAY:0.750" X 0.375" BORE: 2.938"
ARRANGEMENT: 12B MOUNTS: 3 In STD. BORE TOL.: +.001" -.000"

CLEVIS ANGLE: 9.1° WETIGHT :
Englne Drive Left Hand ATIR OFF: HUB TRAVEL: N
HUB LENGTH C/L TO BASE: 3.2 STOP DROOP: 6.0 CUT DROOP 0.0
CH TO TIP: 34.00

4 INCH HOLE IN AIR SEAL: NO BALANCE WT. : COLOR CODE:

AIR PERFORMANCE DATA
ELEVATICON: 530 Ft. AIR TEMPERATURE: 117 ° DENSITY RATIO: 0.901
ACFM/FAN: 100006 RPM: 293 PHUD: 1.58 INLET CORRECTION: 1.3
STATIC PRESSURE: 0.700"WG_ VELOCITY PRESSURE: 0.199"WG TOTAL PRESSURE:0.899"WG
VELOCITY THROUGH FAN: 1888FPM TIP CLEARANCE: 0.27" EFFICIENCY: 0.81
BHP REQUIRED: 18.6 *MOTOR HP: 25.0 *MAXIMUM APPLIED TORQUE: 896 FT.LBS.
THEORETICAL NO. OF BLADES: 6.7 BLADE LOAD FACTOR:0.95

* MAXIMUM APPLIED TORQUE USING FACTOR OF NOMINAL TIMES 2.00
CAUTION: (FACTORY SHOULD BE NOTIFIED IF MAX. APPLIED TORQUE OR MOTOR HP IS
GREATER THAN THE VALUE SHOWN.)

ADDITIONAL NOTES: MARKS




1.0 ORDER INFORMATION 3.0 MAINTENANCE

1.1 Fan Specifications 3.1.1 Purpose
1.2 Dimensional Drawing(s)

1.3 Fan Curve(s) (If Supplied)

1.4 Noise Data (If Supplied)

2.0 INSTALLATION

2.1 Getting Started
2.1.1 Fan Identification
2.1.2 Planning the Installation

3.3.1 General

2.2 Install Hub and Air Seal

2.3 Install and Adjust Blades
2.3.1 Install Blades
2.3.2 Adjust Blade Angle 3.4 WARRANTY

2.4 Start-up Procedures

3.1 Periodic Inspection

3.1.2 Frequency of Inspection

3.1.3 Check Blade Position & Angle
3.1.4 Check for Wear on Clevises
3.1.5 Cracks, Dents and Corrosion
3.1.6 Hub Inspection

3.2 Annual Inspection
3.2.1 Clean Blades if indicated
3.2.2 Check System Pressure
3.2.3 Close Inspection

3.3 Vibration and Unbalance

3.3.2 Fan Unbalance
3.3.3 Belt Drive Units
3.3.4 Rough Gears
3.3.5 Throat Flutter
3.3.6 Field Balancing

CONTENTS

4.0 OPERATING CONDITIONS

4.1 Aerodynamic Abuse
4.1.1 About This Section
4.1.2 Normal Operating Conditions
4.1.3 Abnormal Conditions

4.2 Blade Overload

4.3 Causes of Improper Blade Load
43.1 Variation From Predicted
Conditions
4.3.2 Excessive Tip Clearance
4.3.3 Poor Entrance Conditions
4.3.4 Excessive Deflection

4.4 Checking Blade Load

4.5 Damaging Operating Conditions
4.5.1 General
4.5.2 Wind
4.5.3 Obstructions
4.5.4 Uneven Tip Clearance

3.5 DRAWING AND PARTS LIST

2.0 INSTALLATION

2.1 GETTING STARTED

2.1.1 FAN IDENTIFICATION

Every fan, or group of identical fans, is assigned a Job
Number. This number will be found on Section 1.1 Fan Specifica-
tions inserted in the envelope on the inside cover of this manual. If
non-identical fans are shipped together, a Job Number is assigned
to each fan or group and a set of Order Information Sheets will be
included for each Job Number.

The Job Number is writtcn in semi-permanent ink on each
blade, hub and air seal. All fan parts bearing the same Job Number
are entirely interchangeable. (Blades of the same Series and
Diameter are also interchangeable between Job Numbers.)

Fan components covered by more than one Job Number may
be crated together. The Job Number that is written on each part,
however, will make sorting simple.

Each individual fan produced by The Moore Company is
assigned a Serial Number. This Serial Number is embossed on a
permanent metal tag and attached to each fan hub. It will be found
on the side of the hub between two of the hub tubes.The Fan
Specification Sheet provided for each Job Number lists all of the

individual Serial Numbers of the identical fans covered by
that Job Number so that, in future years, reference to the Fan
Specification Sheets provided will identify the character-
jstics of each individual fan.

The Moore Company keeps records indexed by serial
and job numbers of all fans produced for at least forty years
in order to provide proper maintenance advice and informa-
tion on spare parts and replacements.

2.1.2 PLANNING THE INSTALLATION

The sequence given for the installation may be changed
if the conditions warrant. For example, the air seal may be
installed on the hub before the hub is installed on the drive
shaft. (In fact, for inverted fans, it is necessary to install the
air seal first.) The installation should be planned before
beginning so that the steps required are taken in the most
convenient order. If you need information not found here,
please contact The Moore Company.

Page 1
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2.2 INSTALL HUB AND AIR SEAL

L
o ) ( :

Hub Only Without Air Seal

On orders consisting of more than a small number of fans, the air
seals are crated separately and must be installed in the field. When
field installed, the air seal may be installed on the fan hub before the
hub is installed on the bushing if it is more convenient to do 50. The
air seal, however, must not be used to lift the hub.

BUSHING MAXIMUM TORQUE
SIZE FI-LBS M-KGS
SF 20 277
E 40 553
J %0 1244
STAINLESS STEEL
BUSHING STUD STAINLESS NUT
— (Specially Coated)

|__— QDBUSHING

] _ _L_.-——sum

HUB INSTALLATION ON @ D BUSHING

CLEVIS —

AIR SEAL CLAMP STUD

O

RESILIENT WASHER

ALUMINUM WASHER

|

- EEIZESB‘

ALUMINUM NUT —

RESILIENT WASHER
ALUMINUM WASHER

HUB TUBE j =

AIR SEAL INSTALLATION ON HUB

— ——~

Alr Seal Installed on Hub

To install the hub:

If the (3) stainless steel bushing studs are not already installed
in the fan hub, install them at this time. Hand-tighten only.

Slip the bushing onto the shaft and check the key for proper
fit. Be sure the shaft is completely through the bushing.

Carefully clean the bore of the hub and the outside of the
bushing with a clean, dry cloth. Use no lubricants in this
installation. Use of lubricants can cause hub breakage.

Do not clean or alter the lubricant coating on the hex nuts.

Lift the hub by grasping the clevises or hub tubes. Do not lift
the hub by grasping the air seal.

Install the fan hub on the bushing with the studs extending
through the bushing flange. Place the stud nuts on the studs and
tighten the nuts alternately, keeping the pull on all of them as nearly
equal as possible while drawing the hub onto the bushing until the
bushing tightly grips the shaft. Caution should be used to prevent
the hub from cocking on the bushing.

Tighten the nuts to the torque shown in the table at left. Do
not over-torque, Excessive torque can cause hub or bushing
breakage.

To install the airseal:

Locate the air seal installation hardware in the plastic bag
taped to one of the hub tubes. Remove the protective plastic caps
fromthe bolts or studs. Place one aluminum washer and one resilient
washer on each bolt or stud as shown in the drawings at left, Place
the airseal onto the bolts orstuds and install the remaining hardware,
following the sequence shown in the drawings. Do not lubricate this
end of the bolts or studs.

Note that the diameter of the resilient washers, before they are
compressed, is slightly less than the diameter of the aluminum
washers. Tighten each nut until the resilient washer's diameter is the
same as the aluminum washer. Do not overtighten. Overtighteness
exists when the resilient washer has expanded in diameter larger
than the diameter of the aluminum washer.

Note: Some air seals are provided with more mounting holes
than may be required. This is done intentionally to make the air
seals more interchangeable between units. For example, an air
seal with 8 mounting holes can be used with either a 4-blade or

an 8-blade unit.
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INSTALLATION

2.3 INSTALLAND ADJUST BLADES

2.3.1 INSTALL BLADES ON ENGINE DRIVE FANS

BOX SECTION

CLEVIS BOLT NUT

RESILIENT MOUNT

BLADE

r BEFORE INSTALLING BLADES. ...

Check to see that the hub is level. If the drive shaft is not
truly horizontal, causing the hub to be cocked, it will be dif-
ficult to adjust blade angles accurately. Eccentric rotation of
the fan can also cause serious vibration problems.

If misalignment, vibration or unbalance in the system is
present, it will be more easily identified and corrected at this

CLEVIS BLADE BOLT

L_time.
Moore fan blades are carefully balanced to the same moment at the
factory. Any blade of the same series and diameter may be installed
on any hub furnished on the job. They are completely interchange-
able.

Moore fans designed for engine drive have been
modified for the more severe requirements of this ser-
vice. Proper installation, with particular attention to
tightening nuts to the specified torque, is essential to
maintain the design integrity of these units.

To install, remove the clevis bolt and nut from the clevis
ears. Clean any grease or dirt from inside the clevis ears and inspect
the blade resilient mount faces. Note that these mounts are 3" long
and have a rough, high-friction layer on the faces. Other mounts
should not be used on Engine Drive Fans.

HUB TUBE

/

|
=

‘LK CLAMP NUT

Align the mount hole with the holes in the clevis ears and
insert the clevis bolt. Screw the nutonto the projecting bolt
threads loosely. When shipped from the factory, the nut
threads and the washer face of the nutare coated with alow-
friction grease. It is essential that sufficient grease for
proper lubrication is retained on the nut face.

Complete the installation of one blade by holding the
blade so that the blade extends straight out from the hub
tube and clevis. Holding the blade in this position, tighten
the nut using a torque wrench set to 100 ft-1b (14 m-kg).

After installing the first blade, manually rotate the fan
while moving the blade tip in and out to be sure the blade
clears the ring or throat at all points. When the blade is held
in alignment with the blade tube (that is, straight outward
from the hub), it should clear the fan ring by a distance
adequate to provide for any relative motion between the fan
wheel and the ring. Excess clearance between the blade tips
and the ring, however, should be avoided to prevent backflow
which seriously reduces fan efficiency.

Install the rest of the blades so that they are identical
with the first blade. Torque all clevis nuts to 100 ft-1bs (14
m-kg). If blades are installed properly, they will return to
their undisturbed position if the tips are pressed in the axial
direction with moderate force (10 to 20 1b).

THE MOORE COMPANY
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2.3.2 ADJUST BLADE ANGLE

Hubs are shipped from the factory with the clevises set for the
blade angle indicated by the design performance. A change in blade
angle is sometimes necessary, however, to adjust to actual site
conditions. Failure to adjust the blade angle when required may
result in blade overload. The causes of improper blade loading are
explained in Section 4.3 of this manual. Section 4.4 "Checking
Blade Load" provides a simple method of determining the maxi-
mum blade angle allowable in terms of static pressure vs blade
angle. Please refer to these sections before increasing blade angle.

WARNING: The fan is designed to consume the I
horsepower stated on the Fan Specification Sheet, The en-
ginedrive typically produces far more power than the fan can
absorb. Too great an increase in blade angle can cause serious
blade overload which will stall the blades. In this condition,
the fan will actually deliver less air and blade life may be
shortened. Blade load considerations are discussed in Sec-
tion 4.0 Operation in this manual.

Remove each blade from the fan
before beginning blade angle ad-
justment by removing the clevis
blade bolt and nut.

Manually rotate the fan un-
til one of the hub tubes is in a
horizontal position. Use a level to
be sure the tube is held or locked
in this position, If the tube is not
horizontal, the blade angle will
nol be correctly measured durj ng
adjustment.

Loosen the Hub Tube Bolt
Just enough to allow the clevis to
be turned. Place a protractor level
on the flat upper or lower surface
of the clevis as shown in the jllus-

CLEVIS
BLADE ANGLE

——p

HUB TUBE BOLT

CLEVIS BLADE BOLT

CLEVIS

\{/\'é“"
Lz Al

N\

J

lll
22 N

— CLEVIS BOLT NUT

HUB TUBE BOLT —

tration atright. (This is the point of measurement of the blade angle
stated on 1.1 Fan Specifications.) Make a permanent record of the
final clevis angle selected and take care that all blades on the fan
are set at the same angle. A typical adjustment may be +/-3°.
The maximum recommended clevis angle is 15°,

NOTE: Some recent fan models are furnished with a
scale marked in degrees attached to the hub tube and an arrow
machined on the clevis, In this case, blade angle is set by
simply aligning the arrow with the mark for the desired angle.
The hub tube may be in any position.

Retighten the Hub Tube Bolt to 150 ft-1b (21 m-kg).
NOTE: It is essential that bolts are properly tightened for
engine drive operation. Recheck the blade angle after tightening,

Reinstall the blades following the instructions under Section
2.3.1 on the preceding page. Be sure that sufficient grease re-
mains on the clevis bolt nut faces and that they are tightened to
the proper torque of 100 ft-lbs (14 m-kg).

2.4 START-UP

PROCEDURES

Before starting the fan, manually check all bolts or nuts to
see if they are tightened. Take care not to exceed the stated
torque limits,

Manually rotate the fan while checking each blade for proper
clearance.

Start the fan and watch it in operation. All blades should
move to the same operating position, indicating that the blade
angles are properly set and that all blades are equally loaded. If
vibration or unbalance is evident, see Section 3.3.

After the fan has been operating for several minutes, stop

the fan and observe the blades as the fan comes to rest. All of
the blades should return to their original position at the same
rate,

Inspect the inner surface of the fan ring and the blade
tips for any indication of scoring.

The horsepower given on the Fan Specifications is the
calculated horsepower (at the fan shaft) that is required for the
specified performance. Consult the factory or the fan curve
before increasing the blade angle for the fan to consume more
than the specified horsepower.

THE MOORE COMPANY
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MAINTENANCE

3.0 MAINTENANCE
3.1 PERIODIC INSPECTION

3.1.1 PURPOSE

Fan failure is most likely the result of destructive repeti-
tive stress acting over a period of time. These stresses may be
caused by mechanical abuse, ¢.g. rough gears or drive shaft
imbalance, or by aerodynamic abuse such as blade overload or
abnormal flow conditions. Fortunately, these stresses manifest
themselves in typical ways that may easily be detected on
inspection if one knows what to look for. The purpose of this
section of this manual is to describe the symptoms of potentially
damaging mechanical problems and how they can be corrected.
Aerodynamic abuscs are covered in Section 4.0 Operation.

3.1.2 FREQUENCY OF INSPECTION

The frequency of inspection varies widely in accordance
with the severity of service and a suitable inspection schedule
should be developed with experience over time. During the first
week of operation, at least one inspection should be made. At
these initial inspections, in addition to the items listed below,
check all nuts for tightness to make certain that all were
tightened properly at installation. Take care not to exceed the
stated torque limits. Following the first week, itis probable that
inspections of the fan need be made no more fregently than
inspection of the drive.

3.1.3 CHECK BLADE ANGLE AND RUNNING POSITION

Turn off the unit and waltch the blade tips. A looseness
in the hub tube bolt will permit a blade to flatten in angle. This
usually can be detected by looking at the tips of the blades while
the fanis slowing down. Atthe same time, before the unit comes
to a complete stop, watch the track of the blade tips to see that
all blades move to the same operating position. If one or more
blades is at a substantially different position than the other
blades, or if all of the blades are at a different position than at
the last inspection, investigate further. This condition may be
caused by:

1. A damaged resilient mount that requires replacement

2. Wear at the end of the box section against the clevis,
indicating that the box section has been riding against the clevis
during operation. If only one blade is affected, that blade is set
at a steeper angle than the other blades. This should be checked
and corrected.

3.1.4 CHECK FOR WEAR ON CLEVISES

Clevises should be examined at each inspection for
possible wear against the end of the box section. Since
contact between the box section and the face of the clevis
provides a stop to prevent excessive droop when the fan is
shut down, there will undoubtedly be a mark on the face of
the clevis at the point of contact. There should, however,

be no evidence of wear which would indicate repetitive

contact between the two parts during operation. If wear at this
point is indicated, a check should be made of blade loading as
set out under Section 4.4 Checking Blade Load. If blade over-
load is not responsible, the end of the box section can be dressed
off with a file to permit greater blade droop when the fan is not
operating so long as the greater droop will not cause the blade
to hit an obstruction. If the fan has been operating for a
considerable length of time and previous inspections have not
disclosed wear at this point, it is possible that arecent unusually
high wind condition might have disturbed the blades suffi-
ciently to cause them to temporarily make repetitive contact
with the clevis while in operation.

3.1.5 CRACKS, DENTS AND CORROSION

Skin cracking may be caused by the tips dragging on the
fan ring, or it may be the result of long-term fatigue due to
continued operation under conditions of vibration or unbalance
as discussed in Section 3.3 which follows. Skin cracking can
also be caused by continued operation under overload condi-
tions as discussed in Section 4.3 Causes of Blade Overload.

Cracking in air seals can occur if the airseal has been
improperly installed. See Section 2.2. Check to be sure the
resilient washers are present and the nuts properly tightened.

The fatigue strength of materials, whether metal or plas-
tic, may be lowered by long-term exposure to water.

Dents in blades are caused by objects falling into the fan
or the fan striking some obstacle. Minor dents may sometimes
be repaired by drilling a small hole in the center of the dent and
pulling outward on the blade skin. Blades may be ordered from
the factory for replacement. If there is any evidence of this type
of damage, the hub should be carefully inspected as discussed
in Section 3.1.6 which follows.

The Type 5052 aluminum, 2 marine alloy, used as the
blade material on Moore fans works well with either fresh or sea
water. Waters that are acid, alkaline, or contain copper salts,
however, should be avoided for all aluminum alloys. If you
have questions regarding the suitability of the fan materials
under certain water conditions, please contact the factory.

3.1.6 HUB INSPECTION

1f damage to the fan has occurred, the hub should be
carefully inspected since subtle damage may have been caused
that is not readily apparent. Check the hub for any sign of
bending or twisting of the hub tubes. Hub tubes cannot be
replaced in the field on manual fans and a new hub should be
ordered.

Bushings are frequently cracked during a fan wreck and
should be carefully inspected. Damage may occur to the stain-
less steel studs that attach the hub to the bushing. It is a good
idea to replace the studs when replacing a damaged fan blade.
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3.2 ANNUAL INSPECTION

3.2.1 CLEAN BLADES IF INDICATED

A smooth blade surface is essential for efficient fan
performance. If an incrustation forms on the blades it
should be removed. Use steel wool as an abrasive along
with a mild detergent or a very mild form of solvent. Lye
must not be used because it attacks aluminum readily.

3.2.2 CHECK SYSTEM PRESSURE

Radiator sections may be effected by the accumula-
tion of dust and dirt in some atmospheres. (Cottonwood
seeds are particularly troubling.) These accumulations
may significantly increase the static pressure. Adjust the
blade angle if necessary as described in Section 4.4 Check-
ing Blade Load.

3.2.3 CLOSE INSPECTION

The yearly inspection should be a very thorough one. All
nuts and bolts should be checked and careful scrutiny given to
all highly stressed areas.

Inspect the resilient mounts as follows: With the fan

turned off, grasp each blade and feel for looseness at the mount,

If in doubt, the blade should be removed and the mount assem-
bly visually inspected. Wear is indicated by afretting effect and
the resilient mount material will show signs of extruding from
the cavity, If these indications are not apparent, replace the
blade and continue normal operations.

Inspect the blade tips for any signs of cracking and the fan
ring for any scoring that might indicate that the blades have
been striking or rubbing against the fan ring,

3.3 VIBRATION AND UNBALANCE

3.3.1 GENERAL

No piece of rotating equipment is perfectly balanced. It
is always possible that the minute unbalances of the various
components may combine to provide a noticeable lack of
balance. This rarely occurs, since it is unlikely that all unbal-
anced components will become assembled with their heavy
sides in the same direction. Nevertheless, if unbalance is noted,
the various components should be rotated into different posi-
tions to see if this might cure the unbalanced condition.

If vibration or unbalance occur, either at the time of
installation or later during the operation of the unit, its cause
may be determined by following the directions below.

3.3.2 FAN UNBALANCE

Vibration is most likely to be caused by the fan if the
blades are not set at the same angle. If the blades are properly
set, the fan is the least likely cause of vibration. All fan
components are balanced to within +/-.02 fi-]bs,

If the fan is in an unbalanced condition, the frequency of
vibration of the structure will be that of the RPM of the fan and
is quite low. In the case of large fans, the frequency is often low
enough to be mentally counted along with the rotation of the
fan. A vibration of 500 RPM or less will be feltasa weave in the
structure rather than a vibration. Below 400 RPM, the vibration
may be mentally counted and above that point may be read with
a frequency meter.

Before assuming fan unbalance, check for loose bearing
seats or bearings journaling the shaft on which the fan is
mounted. This condition will cause the shaft to rotate eccentri-
cally, throwing the weight of the fan off-center, resulting in
unbalance of the frequency of the fan RPM.

After all checks have been made and the fan is still
determined to be unbalanced, field balancing may be accom-
plished as described below in Section 3.3.6.

It should be noted that the loads imposed on the drive
shaft and its supporting bearings by fan unbalance are negli-
gible. A rotating centrifugal load of 100 pounds, due to unbal-

ance, would be extremely objectionable and possibly even
damage the structure on which the drive was mounted. By
contrast, it would be unlikely that the drive shaft of a fan, of
perhaps 25 HP, would be supported on bearings rated less
than 2000 or 3000 pounds radial load. For higher
horsepowers, the bearing capacity would be correspond-
ingly increased. From this it is evident that speed reduceror
drive shaft bearing failure could never be caused by mod-
erate or even objectionable fan unbalance.

3.3.3 BELT DRIVE UNITS

The more common causes of vibration in belt drive
units are not the drives themselves but the result of shafts
that are too flexible or non-rigid supporting members.
Vibration can be caused by misalignment of the sheaves or
poorly adjusted belt tension. Consult the manufacturer of
the drives for information. The quickest way to identify the
cause of vibration in belt drive units is to operate the fan
with the blades removed.

3.3.4 ROUGH GEARS

Continued operation on rough gears and bearings is almost
certain to develop cracks in the blade skins. Rou ghgearsmay be of two
types:

1. Rough or failed bearings in the drives or gears will result in
a high frequency vibration being transmitted into the fan where some
areas of the skin will respond to the frequencies applied. Cracks will
appear in the blade skin and eventually, in some areas, the skin may
actually fall away.

2. The other type of rough gear occurs when the output shaft
accelerates and decelerates with each pinion tooth engagement. With
a six tooth pinion and a motor speed of 1800 RPM, or 30 cycles per
second, this gear misalignment impresses upon the fan a vibrating
frequency of 30x 6= 180 cycles persecond. Iftheengagement of teeth
is also included, the frequency is 360 cycles per second. This type of
high frequency vibration is at least as serious as that caused by bag
bearings.
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3.3.5 THROAT FLUTTER

Any fan that is effectively moving air at the tips of
the blades will develop a reduced pressure area (or suc-
tion) on the fan throat or ring at the tip of the blade. This
suction tends to draw the throat toward the tip of each
blade, which means that a four blade fan would tend to
draw the throat into something approaching a square while
a six blade fan would draw it into something resembling a
hexagon, etc. Since the fan is rotating, the effect on the
throat is that of continually drawing it into a rotating
polygon. The resulting throat flutter is frequently mis-
taken for fan unbalance.

A substantial throat or ring will be sufficiently rigid
that flutter will not exist. A weak or flexible throat,
particularly when used with a fan of a low number of
blades, will be greatly affected by this type of vibration.
Throat flutter is easily detected due to the fact that it is
invariably of a frequency of the fan RPM times the number
of blades on the fan.

Throat flutter will cause no damage to the fan so
long as the throat does not disintegrate and fall into the fan
blades. It may be eliminated by stiffening or bracing the
throat.

If in doubt that throat flutter is the cause of vibra-
tion, reduce the angle of the blades until the fan is doing
little or no work, If the vibration ceases under this condi-
tion, it is certain that throat flutter is present when the
blades are loaded.

3.3.6 FIELD BALANCING

Unbalance in older fans may develop because of
some structural change or by installing one new blade on
an old fan where the existing blades had changed in weight
in the course of operation.

Use wire to attach a small weight in succession to
each of the clamp studs until the best location for the
weight is found. The weight should then be increased or
decreased until the best balance is achieved. The perma-
nent weight may then be secured to the clamp stud, clevis,
or hub tube, whichever is the most convenient for the type
and shape of weight to be used. One or more pieces of
metal shaped like a washer could be placed over the clamp stud,
on the hub tube, behind the clamp stud, or over the threaded
portion of the clevis. Aluminum or stainless weights should be
used and weights should not be attached to the blade skin.

The Moore Company (the Seller) warrants only to Buyer, asits
purchaser for resale, that the fans manufactured and sold by
Seller to Buyer under this Agreement will be free from all
defects in material and workmanship under ordinary use fora
period of two (2) years from the date of shipment or one (1)
year from the date the fan is installed on acustomer's premises,
whichever occurs first. This warranty period shall apply only
if Seller receives written notice of any defect within the
warranty period. Upon receipt of such notice, Seller, at its
option, may require Buyer to return the fan at Buyer's cost to
Seller for inspection by Seller. If the fan is found to be
defective on inspection by Seller, as a sole and exclusive
remedy, Seller will, at its option, either repair or replace the
fan. This warranty shall not apply to damage on account of misuse,

3.4 WARRANTY

neglect or accident or shipping damage, or if repairs or part
replacements have been made or attempted without Seller’s prior
written authorization. SELLER SHALL NOT BE LIABLE IN ANY EVENT
FOR ANY INCIDENTAL OR CONSEQUENTIAL DAMAGES FOR BREACH OF
THIS OR ANY WARRANTY. THIS WARRANTY IS IN LIEU OF ALL OTHER
GUARANTEES OR EXPRESSED WARRANTIES AND ALL IMPLIED WARRAN-
TIES, INCLUDING THE IMPLIED WARRANTIES OF MERCHANTABILITY AND
OF FITNESS FOR A PARTICULAR PURPOSE. DUE TO THE VARIETY OF
CONDITIONS UNDER WHICH THE FANS MAY BE USED, RISKS OF RESULTS
OBTAINED FROM USE OF THE FANS, WHETHER USED ALONE OR IN
COMBINATION WITH OTHER PRODUCTS, 1S ENTIRELY BUYER'S. THE
ABOVE LIMITATIONS ON DAMAGE AND EXCLUSION OR LIMITATION OF
IMPLIED WARRANTIES ARE NOT APPLICABLE TO THR EXTENT PROHIBITED
BY STATE LAW.
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3.5 PARTS LIST

4
- L ——
@{ TNV 6 NOT TO SCALE: SOME DIMENSIONS
o AND ANGLES HAVE BEEN
EXAGGERATED FOR CLARITY
14
SHOP
——t DWG. PART
NO. NO. DESCRIPTION

77 [

2 1 913 22 MM ALUMINUM CLEVIS/BLADE BOLT
AR

2 644  SMALL CLEVIS CLAMP

3 914 22 MM ALUMINUM CLEVIS/BLADE BOLT NUT
4 912 HUBTUBE BOLT

5 608  CLAMPSTUD

6 169 16 MM ALUMINUM NUT

7 931  CLEVIS

8 939 LARGE MOUNT (3" LONG)

9 151 5/8" ALUMINUM FLAT WASHER

q T 10 52 5/8" RESILIENT WASHER
Y :

1 1345 10MM STAINLESS STEEL STUD FOR QDSF BUSHING (3)
1347 12 MM STAINLESS STEEL STUD FOR QDE BUSHING (9)
1558 16 MM STAINLESS STEEL STUD FOR QDJ BUSHING (3)

1 12 QDSF, QDE OR QDJ TYPE BUSHING

13 1346 10MM STAINLESS STEEL NUT FOR QDSF BUSHING (3)
1348 12 MM STAINLESS STEEL NUT FOR QDE BUSHING (3)
1559 16 MM STAINLESS STEEL NUT FOR QDJ BUSHING (3)

14 911 ANCHORPLUG

THE MOORE COMPANY MARCELINE, MO 64658 PHONE (660) 376-3575 FAX (660) 376-2909
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OPERATION

4.0 OPERATION
4.1 AERODYNAMIC ABUSE

4.1.1 ABOUT THIS SECTION....

It is widely acknowledged that the kinds of mechanical
abuse described on the preceding pages are destructive for all
types of operating equipment. Itisless well recognized that— for
fans — aerodynamic stresses are an even more serious hazard.
This section deals with the causes of destructive aerodynamic
stresses and how they can be avoided.

Although this information is given primarily for the benefit
of operators of Moore equipment, it may be applied to fans of any
manufacture.

Unlike smaller fans, which are typically furnished com-
plete with their surroundings, the large fan wheel is supplied as an
unprotected component of the system and is installed in innumer-
able types of surroundings. Not only do the types and conditions
of the drives for these fan wheels vary widely, but the entrance and
exit conditions and the enclosure for the wheel assume a myriad
of possible combinations. In designing his product, the manufac-
turer of fan wheels must anticipate the operating conditions based
upon his knowledge of what is reasonable and customary for the
industry. He may over-design for abnormal stresses only until the
practical limit is reached to avoid excessive weight, cost and
inefficiency.

4.1.2 NORMAL OPERATING CONDITIONS
The fan manufacturer assumes a fairly reasonable atmos-
phere for the operation of his product, including the following:

The fan selection will be reasonably in line with the
performance the unit is expected to maintain, with an
adequate blade area for the pressure required at the given
RPM. Blades will not be loaded beyond their capacity to
maintain air flow.

A fan ring will be provided that is round, rigid and of a
depth at least sufficient to cover the tips of the blades. Tip
clearances will be uniform and controlled.

The approach air will represent a relatively uniform and
axial flow with, of course, some unavoidable turbulence
expected. Adequate open area will be provided at the inlet
of the fan.

Major obstructions will not be present at either the inlet or
discharge of the fan.

The RPM of the fan will be within the design limits.

The relative direction and velocity of approaching air to the
blades will be fairly constant and protection will be pro-
vided from extreme wind conditions.

Under such conditions, the unit stresses in the blades would not
be expected to vary more than plus or minus 50%. Fan design
based on such assumptions is entirely reasonable and, with
proper drives and installation conditions, has proven highly
successful.

4.1.3 ABNORMAL CONDITIONS

Abnormal operating conditions result in destructive repeti-
tive stresses that can seriously shorten fan life. The acrodynamic
abuses discussed in this section can cause repeated flexing of the
fanblades and hub. Violent displacement of the resiliently mounted
Moore fan blades may occur— a greater displacement than would
occur inrigidly mounted blades. The resilient mounting, of course,
minimizes the structural unit stresses which would be transmitted
to the root of the blade and into the hub and drive. Although Moore
units may be expected to resist greater stress than units of conven-
tional design, such repetitive stresses may exceed the capability of
theresilient mounts to absorb them. If so, fatigue of the mounts and
metal may develop, adjusting linkages may wear, and ultimate
failure becomes a possibility.

Some of the abuses set out in the following text are far
less important than others. All of them may occur in varying
degrees.

Specifically, abuse due to serious repetitive stresses can
lead to mount failure and, if carried to extremes, can cause clevis
breakage and failure in the box section due to the end of the box
section repeatedly striking the clevis as the blades are violently
displaced. In units of other manufacture with rigidly mounted
blades, repetitive stresses of this type may lead to blade breakage,
probably near the root or at the point of attachment to the hub
where stresses are highest, or may lead to failure of the hub itself.
The resilient mount design, unique with Moore fans, dampens
these vibrational forces and results in a fan that is far less vulner-
able to failure from these conditions than other units with rigidly
mounted blades. Even so, extreme conditions can cause damage.

A well-designed fan can be expected to operate for many
years without trouble under normal operation as described
above. The extreme repetitive stresses described below, how-
ever, will certainly reduce the life of the fan, causing failure
many years sooner than would occur if the fan were operated as
intended. Fortunately, these destructive conditions are readily
observable to someone who is knowledgeable about them, and
they can be corrected with reasonable effort and expense once
they are observed.
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4.2 BLADE OVERLOAD

Of all the aerodynamic abuses to be avoided in the operation of
a fan, the most important is that of overloading the fanblades.
Blade overload occurs because of insufficient blade area: In
other words, when there is an inadequacy in the number of
blades on the fan selected.

The Moore system of rating is based upon the pressure
that each blade will produce at a given RPM with good effi-
ciency. This pressure is called 100% blade load. When blade
load exceeds 110%, the fan will not only operate at lower
efficiency, it may be subject to structural damage as well.

In selecting a fan, the total pressure divided by the

_pressure to be produced by one blade determines the number of

blades required for the anticipated performance. Whenever
information is available, The Moore Company checks the
selection. Even so, underestimation of the pressure require-
ments by the system designer, or changes in the operating
conditions over lime, inay result in overload conditions.

Why is a blade overload condition of such concern? We
are all aware of the fact that an airplane traveling at a given
speed can carry only a certain load. If the speed of the airplane
is decreased or the load increased, stalling flow over the wing
will occur. In the case of an airplane, approximately two-thirds
of the lift provided by the wing is the result of the air flow over
the top or convex portion of the wing. Lift is provided as a
reaction to the flow of air being accelerated and deflected
downward as it passes over the wing. A negative pressure area
is thus formed on the top surface of the wing which tends to lift
it upward.

So long as air flow over the wing is smooth and clings to
the surface of the wing, little turbulence is present. When the
load is increased, or the speed decreased, the angle of the wing
to the air stream must be increased to a point where the air flow
breaks away from the upper surface of the wing. This isknown
as stalling or burbling flow, since the air, instead of clinging to
the wing, breaks away near the leading edge and leaves what
might be called a turbulent void above the upper wing surface,
nullifying the accelerated flow which was responsible for the
greater part of the lift of the wing.

When this occurs, the wing loses a large portion of its
lift. Flow, however, will re-establish briefly and break again,
the cycle being repeated continuously, resulting in a severe

AIRFLOW IN NORMAL FLOW
Downward flow provides lift to the wing

vibration throughout the aircraft as the flow alternately makes
and breaks. Anyone who has experienced a stall in an airplane
will be familiar with this violent phenomenon.

A fan blade is no different than an airplane wing except
that the air usually is being deflected upward rather than
downward, the convex side of the blade being the lower surface
rather than the upper surface as in the case of an airplane. The
result of blade overload is identical: When blade load exceeds
that allowable, a violent vibration will take place in the blade as
the laminar, or uniform, flow makes and breaks perhaps many
times a second.

__ Anather way of looking at this problem is to consider that.
the available number of blades are set at too steep an angle to be
able to move air at the axial velocity which is necessary to
maintain a smooth flow over the convex surface. In other
words, to move air at the velocity necessary for this blade angle,
plus overcoming the stalic resistance of the system, the total
pressure which would have to be maintained for an air flow
corresponding to this angle is greater than the total pressure
capability of the given number of blades at this RPM. Such a
condition can only be corrected by decreasing the blade angle
until smooth flow is obtained or by increasing the number of
blades and the total pressure potential of the fan until the fan’s
pressure potential equals the pressure necessary to move the
specified quantity of air through the system.

Continued operation under conditions of stalling flow, or
blade overload, will significantly shorten the life of the fan.
Operation under these conditions will also reduce efficiency to
a ridiculously low figure. See the chart under Section 4.4
Checking Blade Load which follows. Note that although air
flow remains constant or decreases, horsepower continues to
increase with increased blade angle.

In conclusion, if a given fan, in a given installation, can only
absorb forty horsepower, for example, the blades may be pitched
up to consume fifty horsepower without any increase in air delivery,
and possibly with a decrease. As a result, the extra ten horsepower is
totally wasted -- perhaps worse than wasted. Itis good practice o select
asufficient number of blades so that blade 1oad will amount to slightly
less than 100% of full blade load when consuming 100% of the rated
fan horsepower. There are a number of reasons for allowing this
safety factor which are set out in detail below.

Note lack of air deflection downward.
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4.3 CAUSES OF IMPROPER BLADE LOADING

4.3.1 VARIATION FROM PREDICTED CONDITIONS

Although those who design air coolers and cooling towers
undoubtedly do their best to accurately state the calculated static
resistance of the system, a number of factors may cause the actual
conditions to vary from the design conditions. When a
variation occurs, it may be found, upon testing, that the
static pressure for a given volume through the system is
higher than anticipated. In this case, the number of blades
provided may be inadequate to meet the performance. On
the other hand, the static pressure may have been overes-
timated and excess blade area provided, resulting in a fan
with unutilized capacity operating at low efficiency.

Inadequate Blade Area: The blade angle is se-
lected to move the anticipated volume of air and the
number of blades is selected to maintain the total antici-
pated pressure required to move this volume at a given
RPM. If the static pressure turns out do be higher than
predicted, the fan may then be operating in an overload
condition. If the RPM cannot be increased, the only solu-
tion to this condition is to reduce the blade angle until the
fan can carry the then reduced volume at the originally
anticipated pressure. Since reducing the volume, while
holding the total pressure as originally anticipated, can
only reduce the horsepower, it is then impossible to con-
sume the horsepower originally intended without over-
loading the fan. This is one of a number of reasons for
providing some safety factor in blade loading at the time
of original fan selection.

Excessive Blade Area: Occasionally, an excessive
number of blades may be specified in the interest of
making a conservative selection. If the static pressure has
been overstated, the theoretical number of blades will be
greater than needed. This theoretical number of blades is
usually a fractional number and the actual number of
blades used must, of course, be the next larger integer,
resulting in some "safety factor" in the selection. If, in
addition, a blade or two is added as a “safety factor” or in
anticipation of increased future requirements, it may be
impossible to meet the original performance requirement
efficiently. The only way to provide the original perfor-
mance and draw no more than the original horsepower is
to flatten the blade angle. There is a limit, however, in
how far the blade angle may be reduced before further
reduction will decrease airflow without a further reduc-
tion in horsepower. For belt drive units, the most practi-
cal solution to this problem is to reduce the RPM of the
fan.

4.3.2 EXCESSIVE TIP CLEARANCE

Unless the fan ring is very close to the tip of the
blade, air from the high pressure surface of the biade will
flow around the tip and nullify the negative pressure on
the underside of the blade for some distance in from the
tip. For a fan of, say, 12-ft diameter, the last 12 to 18
inches of the blade could be producing no pressure what-

ever and performing no useful function. The balance of
the fan blade toward the hub then must produce a higher
pressure to compensate for the portion near the tip.

Excessive tip clearance also leaves an unswept area
between the tip of the blade and the fan ring. Air that has
been pumped by the fan will return downward through this
unswept area at a velocity greater than that at which it
passed through the fan in the desired direction. This
condition adds even further to the requirements of the
portion of the blade which is doing the work and effi-
ciency will be greatly reduced.

With the loss of a foot at the tips of the blades, plus
the back flow between the tips and the ring, the 12-ft fan
in this example might be considered an effective 10-ft fan.
It would have to deliver sufficient air to satisfy the per-
formance requirements of the installation, plus the amount
of air which is returning in the void between the tips and
the throat. Under such circumstances, excessive blade
loading could occur even though the required system
pressure is not achieved.

4.3.3 POOR ENTRANCE CONDITIONS

Air will approach the fan from all possible direc-
tions, increasing in velocity as it nears the opening, then
accelerating rapidly as it enters. The air approaching from
the side must be turned through 90° to enter a ring whose
entrance terminates in a flat plate. If the inlet end of the
ring projects some distance out, with approach possible
from all directions, a portion of the air must be turned
through 180°. The inertia of the approaching air prevents
it from turning sharply and advancing parallel to the
desired flow. It consequently swoops toward the center,
leaving the outer area of the fan with reduced flow or even
reverse flow near the ring.

The effect of poor entrance conditions is similar to
that previously described for excessive tip clearance in
that the effective diameter has been reduced and excessive
blade loading could occur even though the required sys-
tem pressure is not achieved. Efficiency will be greatly
reduced.

4.3.4 EXCESSIVE DEFLECTION

The pressure which the fan can achieve is dependent
upon the square of the velocity of thc blades relative to the
air. If the air could be moved into the fan in an axial
direction and passed through the fan into the discharge
without changing direction, the relative velocity of the
blades to the air stream would be the true velocity of the
blades at any point. This, of course, is not the case. For
the blades to accomplish work upon the air, they must also
deflect the air in the direction of rotation of the fan. The
air when rotated with the fan is moving with a certain
velocity in the same direction as the rotation of the fan,
which reduces the relative velocity between the fan blades
and the air by some portion of this rotational velocity.

THE MOORE COMPANY MARCELINE, MO 64658
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Moore fans are designed in contemplation of a maxi-
mum deflection of 50° at the hub, decreasing to a very
small value at the tip. This deflection is considered in the
determination of the pressure which may be provided by
each blade over its full length. If fans are selected, or if
conditions exist, which cause the deflection to exceed 50°
at the hub, the velocity of the blades relative to the air is
less than anticipated and the blades will not provide the
rated pressure. The test below, however, will show the
full allowable pressure capability of the fan, even though
it does not reach the full rated pressure.

4.3.5 CONCLUSION

As can be seen by the various points discussed in
this section, there are a number of complex factors which
tend to cause fans to be operated in a condition of im-
proper blade loading which can shorten fan life or lower
efficiency. When blade angles are set to consume the
specified horsepower (at the fan shaft), the resulting per-
formance should be very close to the specified perfor-
mance. If this is not the case and the problem cannot be
identified or corrected, please contact The Moore Com-
pany for assistance.

4.4 CHECKING BLADE LOAD

One method of checking blade load is to run a
complete field test on the fan. Although laborious, this
method will provide ample proof so long as neither exces-
sive tip clearance nor poor entrance conditions are present.
If either are present, however, the conditions set out
above under Section 4.3.3 would apply and the fan could
be overloaded even though the total pressure indicated by
the test was within the allowable blade loading.

A better, more convenient and simpler method of
detecting blade overload, or determining maximum allow-
able blade angle, is set out below. The equipment needed
is a wrench, a torque wrench, a protractor and a draft gauge
(or manometer).

All fans are shipped with the blade angle set for the
anticipated performance requirements furnished to The Moore
Company by the purchaser. This blade angle is called out on
Section 1.1 Fan Specifications. This angle refers to the angle of
the top or bottom of the clevis with the horizontal. Hubs are
shipped with the clevises set at this angle.

To start the test, adjust the blades to an angle of
approximately half that called out on the specifications or
measured on the units. Connect the draft gauge to as
quiescent a spot in the plenum as possible, preferably in
the corner of the plenum and either ahead of or following
the fan, depending upon whether the application is_ in-
duced or forced draft. Since the figures obtained are
purely relative, it is not necessary that accurate static
pressure readings be obtained, but rather that the readings
taken represent a consistent series of pressures at the point
of reading chosen.

Start the fan and record on the chart provided the
blade angle and he static pressure indicated. Advance the
blade angle by one or two degrees and repeat the perfor-
mance, recording again these readings. Keep increasing

the angle and following this procedure until the motor is
fully loaded, in which case the fan is able to consume full
rated fan horsepower without overload OR until the curve
which will have started on a definite slope begins to
approach the horizontal. It will be noted that the static
pressure will be consistently increasing with increased
blade angle until the blade loading reaches maximum, at
which point it will level off.

Subsequent increases in blade angle may have quite
different effects, depending on the individual installation.
The static pressure curve may merely stay level or may
drop off sharply. In rare cases, it may level off and again
start rising as the fan begins operating as a centrifugal
blower.

Typical examples are shown in dotted lines on the
chart opposite. Operation beyond the first point of level-
ling, or in the area of the dotted lines, is indicative of
blade overload. Note that power consumption load will
continue to increase even though the fan has passed into
overload condition. The maximum blade angle allowable
is that which produces a static pressure about 5% below
the point where the curve becomes level. This represents
a safe loading, and the blades may be set and left at this
angle regardless of the location on the chart, assuming the
motor is not overloaded.

The point so selected will also approximate the
point of the most efficient operation of the fan. Due to
possible error in static pressure predictions, or in readings
which are intended only to be relative, as well as other
variables, the final blade setting chosen may fall below or
above the specified static pressure.

A typical performance chart is shown opposite for a
fan capable of a higher blade loading than origianally
specified. A blank chart is also provided for your use,
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e FACTORY-SET BLADE ANGLE o 100
.9 90
.8 80
STATIC T~ /
7 PRESSURE 7 /@ 70
6 / P FINAL % RATED FAN HP
. / ” 60
S // \ 50
4 / // \ 40
e — BLADE ANGLE VS % RATED FAN HP
3 30
2

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
BLADE ANGLE IN DEGREES

Note in the chart above that static pressure (and air flow) has reached  that the final selected blade angle is 5% below the point where the static
its maximum at an 11 degree blade setting and blade overload is  pressure curve becomes level. The horsepower curve has been added to
beginning. With further increase in blade angle, anything may happen, as  illustrate the point that in an overload condition, horsepower will increase
indicated by the dotted extensions into the shaded overload area. Note  without increased performance.

STATIC PRESSURE

BLADE ANGLE IN DEGREES

BLANK CHART FOR CUSTOMER USE
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4.5 DAMAGING OPERATING CONDITIONS

4.5.1 GENERAL

Any condition which causes repeated blade loading and
unloading is detrimental to fan performance, both in terms of
efficiency and structural durability. Normal obstructions, of
course, must be expected in the air stream. There are certain
conditions, however, which may be avoided by reasonable atten-
tion to the points briefly discussed in this section. Additional
information on the importance of inlet and discharge conditions
can be found in The Moore Company's General Catalog.

Ideally, air should approach a fan in an axial direction and
at a uniform velocity over the area of the fan. Air approaching a
fan at an angle tends to increase the relative velocity of the
blades to the air on one side of the fan and decrease the relative
velocity on the other side. This means that the fan blade during
one-half of its revolution is picking up a heavier air load due to
the higher relative velocity and, through the other half of its
revolution, a lower air load as it goes "down wind". The net
result is a repetitive loading and unloading of the blades at each
revolution of the fan. This condition can be quite serious if the
velocities are high and the angle of approach deviates considera-
bly from axial.

4.5.2 WIND

With a vertically mounted fan blowing outward into the
wind and surrounded by a short fan ring or stack, high winds
may cause some concern. The farther the ring extends beyond
the fan, the less effect would be expected from wind. It is a fact,
however, that wind across the face of the ring will affect the
direction of air flow well down into the ring. In the case of a fan
installed near the outlet of the ring, the direction from axial of
the fan discharge may be increased by as much as 45° under
high wind conditions.

In the case of a fan blowing inward in a short ring, the
condition is even more critical. In such an installation, the air on
the inlet side of the fan has a horizontal velocity which may be
quite high. It is necessary for the fan to pick up this air and
direct it inward. In a strong wind, the angle of air moving
through the fan may be increased more than 45°.

The illustration above assumes a fan operating with a tip
speed (V) of 10,000 feet per minute (114 miles per hour) with

Ve

\'/:]
VR= 94 MPH

a horizontal component of wind velocity (Vw) of 20 miles per
hour. Note that the velocity (Vr) of the fan blade relative to the
air varies by a factor of 1.43. The blade load varies as the square
of this velocity, or 2.05.

THE EFFECT OF AIR LOAD ON HUB AND DRIVE
Moore fan blades are attached to the hub by a pivot. As the
fan rotates, centrifugal force causes the blades to rise (as do the
blades of a helicopter). The air load (Fa) is uniform over the
blade, but there is a point (shown on the blade in the drawing
below) where, if the total load were applied at that point, the
effect would be the same. The resultant of the air load (Fa),
assumed in this example to be downward, and the horizontal
centrifugal force (Fc) is the force on the blade (FB). The blade
automatically positions itself in the direction of this force with

the result that the force is translated inward to the pivot point, as
illustrated by the dotted line. The effect of this arrangement is
exactly as if the total airload (Fa) were applied at the pivot point
rather than at the point outward on the blade. The maximum
bending moment applied to the shaft by the air load is equal to
the load (Fa) multiplied by the distance from the fan centerline
to the pivot point (Rp).

In conventional fans with rigidly attached blades, the
bending moment at the shaft due to the airload is equal to theload
(Fa) multiplied by the distance from the fan centerline to the
point of application of the force on the blade (RF). This moment
will be from 2 to 4 times as great as that produced by the Moore
fan under the same conditions.

P

Also of concern with the conventional fan is the bending
moment due to the airload at the point of attachment of the blades
to the hub since this is usually the structurally weakest area of the
fan. The moment due to the air load at this point is the load (Fa)
times the distance (D). For the Moore fan, this moment is zero
since the blades are attached at the pivot point.

A more complete discussion of the Moore fan design can
be found in The Moore Company’s General Catalog.
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In this rather common wind condition, then, it can be seen
that the blade load on the side where the blade is going against the
wind will be double the load on the side where the blade is going
with the wind. In a 40 mile per hour wind, the blade load would
vary by a factor greater than 4. In a 60 mile per hour wind, the load
would vary by a factor of more than 10! It is obvious that operation
under such conditions will impose tremendous repetitive loadings
on the fan blades.

In areas of unusually high wind velocities, it may be
advisable to shield the fan in some manner.

4.5.3 OBSTRUCTIONS

Obstructions of one type or another in the air stream, ahead
of or beind the fan, are to be expected. In fact, it would be virtually
impossible to eliminate all obstructions. Structural supporting
members, foundations and the like, need not be of serious concern
although all obstructions, even small ones, will increase the static
pressure and must be taken into consideration by the system
designer in specifying the fan performance.

The total free area from which the fan can draw air should
be twice the net area of the fan (fan area minus hub area). In other
words, the air approaching the inlet of the fan should have no more
than half the velocity of the air passing through the fan. This area

should be distributed reasonably uniformly. It would be unwise to
attempt to operate a fan with one-half or one-third of the fan area
completely blanked off. Such a condition would cause stalling of
the fan blade through one-half the revolution but create a condi-
tion of overload in the half which was not blocked off, Excessive
vibration would result. Any condition which forces the air to
approach the fan in a non-axial direction should be avoided.

4.5.4 UNEVEN TIP CLEARANCE

Where fan rings are out of round or not centered with the
fan, the tip clearance of each blade will vary as it makes a
revolution. If tip clearance is tight at one point and excessive at
another, proper flow will establish itself at the tight point, loading
the blade to the very tip, while at the loose point the air will flow
from the high pressure side of the blade through the opening
between the blade tip and the ring and nullify the negative
pressure on the under side of the blade. This will unload the blade
near the tip within the area of excessive tip clearance. Under this
condition, the blade will load and unioad near the tip one or more
times per revolution, resulting in an undesirable repetitive vibra-
tion. Every effort should be made to keep the tip clearance to a
minimum and to have this clearance as constant as possible
around the entire ring.
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IMPORTANT....

Moore fans are frequently sold to original equipment manufacturers who sell their products, including the fan, to their customers
who are usually unknown to The Moore Company. This makes it difficult for Moore to give prompt assistance to the owner in later
years when more information or parts are required. By returning the Owner Registration card below, you will assure that The Moore
Company will have accurate and detailed information about your fans in their permanent records, indexed by your company name,
which will be readily accessible in the future. Owner registration will also make it possible for Moore to keep you informed about fan

developments and new publications which may be of interest to you,

OWNER REGISTRATION

PLEASE
TAKE A
MOMENT TO
COMPLETE
AND
RETURN
THIS CARD
NOW!

OWNER AND ULTIMATE USER:

COMPANY NAME:

MOORE JOB NO(S):

MAILING ADDRESS:

OWNER'S ADDRESS AT SITE:

-SERIXL Nd(S): (IF JOB NO. IS UNKNOWN)

OWNER'S REFERENCE NUMBER(S):

OWNER'S REPRESENTATIVE AT SITE:

INSTALLATION DATE:
NAME:
TITLE: TYPE OF INSTALLATION
PHONE:

FAX:




For new users of Moore fans .....

Moore fans have a number of unique features. Some of these features are
summarized here so that our new customers will understand their important
advantages. If you would like to have more information about Moore fan design,
please request a copy of The Moore Company's Engineering Catalog.

Resilient Blade Mounting

Like the blades of a helicopter, Moore fan blades are
attached to the hub by a pivot. In operation, centrifugal
force causes the blades to rise to their working position.
The pivot itself is surrounded by a vibration-absorbing
resilient material. There are two major advantages to this
design:

1. Compared to fans with rigidly mounted blades, only
1/4 to 1/2 of the stresses caused by the air load are

transmitted to the hub_and drive, substantially increasing

the life of the fan driving mechanism.

2. Moore fans are ideally suited for operation by
variable speed motors — the most efficient method for
varying air flow — since resonant frequencies are
eliminated and there are no critical speeds to be avoided.

Low Inertia

Fan blades are jig-formed to the complex shape required
for high aerodynamic efficiency. This method provides a
blade that is rigid, yet lighter weight than possible with
other forming methods. This lighter weight results in low
blade inertia and lowers the possibility of fan damage in
case of sudden emergency stops typical of engine drive
operation.

Odd or Even Numbers of Blades

Moore fans do not require an even number of blades since
all blades are balanced {o a standard moment. Because
of the importance of avoiding either excess or insufficient
blade area for efficient performance, it is an advantage to

be able to select any number of blades up to the physical
limitation of the unit.

Two Hubs

The ideal size of a fan hub from an aerodynamic point of
view is much larger than the ideal size from a structural
point of view. If the fan hub is too small, the blades do not
terminate at the point where they become inefficient. Air
flow will deteriorate or even reverse near the hub, resulting
in wasted power. Yet, a hub of the size required by these
gerodynamic considerations woutd beranextremely heavy
and expensive structural member.

Moore avoids compromising on hub size by providing
two hubs — a structural hub and an aerody- namic hub —
each properly proportioned for its function. The
aerodynamic hub is referred to as the air seal.

Uniform Velocity from Hub to Tip

Uniform velocity over the entire blade area is the most
important criteria of efficient axial flow fan design. To
produce a uniform velocity throughout its length, a fan
blade must vary from a thin, narrow tip to a thick,
cambered root. Each point on the blade must have the
proper combination of chord (blade width) and angle. This
results in a great deal of twist in a properly designed
blade.

Moore fan blades are jig-formed to provide the
complex contour needed for high aerodynamic efficiency.
Extruded blades (which must be of uniform width) cannot
match the efficiency of blades that are properly
proportioned.

NO POSTAGE
NECESSARY
IF MAILED
IN THE
UNITED STATES

BUSINESS REPLY CARD

FIRST CLASS PERMIT NO. 4

MARCELINE, MO.

POSTAGE WILL BE PAID BY ADDRESSEE:

THE MOORE COMPANY
800 S MISSOURI AVENUE
MARCELINE MO 64658-9985

TMC - 672 - (Rev. C) - 11/99

¥



S234

r838 —1

637
154 64} 419

60 60 18 }25.35 9.2l (

41g
5
- / 1524
P A/(-ZULOI\ /
rfo
e GuioE Fren Pt i
Suppont g , 1524
Assénézy S lgee———
‘ ===3 457
\ NG

PLAN VIEW

Y — 1524 bs74-
= ‘tsa = — 574

657 +234|

i

3
Fuek Binve
\ Guing
FIXED
PiLare Suprort -

AsSkrBLy

ERonMT FI FwvAaTINON

4930

Propak Rev. 2

Prosecr Q9404- 352

R0, 115520

SELKIRK  EXHAUST SV

A CHEK Qe 19,2000




P

% NOZZLE SGHEDULEE :
MK I RATING | FACING | SCH SERVICE Fﬂ&:ﬂ]l’ﬁ
g NS | 15523!_ 300§ | REWN | 160 | INLET 254 .
% 7844 N6 | 168 RFWN_| 160 | OUTLET 254 -
UFTING LUGS (ENDTO™ ERD ™S GHANNEL): ¢ B A/B| C 4 SR AL, 170 — | VENT w/_PLUG = =
TYP. x 2) W A/B[CZ |41 |SURPUL 12UN | — |DRAN w/ PLUG S =
2555 DETAIL) ¢ So0iE C3 2 NPT — | IC c/w PLUG =
| # "'\I ¢
e | "? #2 [ #3 . *ﬁ"' ## LA ?#? NAYIMUN ALLOVAGLE
H ! 022 A
1408 HOLE~_ 1 || [ | e 74 R A e
G~ | ' | . Fx 1800 It
i | | Fy fy 2260 1b
| y . b p3 My F2 2260 1b
m
. . I | | Mx 3160 ft~Ib
| e—————enmee— = | S R My 4500 ft—lb
& i ) ) 2400 ft—1b
B
\__/
P
SCALE: 1:20
Fa
5
8078 C/C BOX
117
_ (TYP.)
INLET HEADER BOX 9
= ~
¢ ¢ ¢ ¢ ¢ ¢ t e
1 E ﬂl I ' m eil!nik i ﬂ
1 i ) i 4 I o
o L I i ] e | "; 1 ¥
OUTLET HEADER BOX
@
SCALE: 1:20
964 964 (8)-18® HOLES
~ NOTES;
FOR (4)-169UNC x 51 LG. SA-325 BOLTS 23 _280 25 1. HOLES SPACED 204 APART ARE FOR
5 .
180 ® @ fol WISHER. CoEK WRSHER & MUt E‘\j\ & " 305 OEEP SIDE CHANNEL. HOLES 280
180 N N APART ARE FOR 381 SIDE CHANNEL. NOTE;
25 5 o & 2. SHACKLE HOLE IS DESIGNED SO THAT WEIGHTS SHOWN IN DIAGRAM INCLUDE 50%
“ 22 N i THE BOTTOM OF THE SUSPENDED EXCESS FOR OYNAMIC LOAOING
2 BUNDLE WILL "KICK OUT" SLIGHTLY TO LIFTING DIAGRAM WE!GHT w/o IMPACT LOAD: 2200 KG,
> 83 204 63 = AID IN PLACEMENT.
4 vl 3. LUG SHOULD BE PERMANENTLY
y | 330 MARKED "2000 KG CAPACITY.
% e (3000 K6 DYNAMIC LOADING)", FOR AC—210
/ A= 4. ALWAYS USE 2 LUGS FOR LIFTING. >
(o] @&+ T ; 5. A SPREADER BAR IS REQD. T0 CAPACITY: 0.29 m3| SERIAL NO: 99404~233 CRN: ;
& Qo (o] 0%?7 (o] oooooooooo < 2 @ 0000 Q"'OOOOOO cooQ E ENSURE STRAIGHT UP LIFT. SURFACE AREA OF TUBES YEAR BUILT: 2000
oY -0 3 3 © OO0l ¢ 6. ALL MATERIALS SA-36. INCLUDING AINS: 564 m2 | |sp nou: -
N Q QOO @YeXeRsNoNeXoXo) Q.9 200 HOLE, ¢ WEIGHT EMPTY: 2200 kg | T
B = 43 FOR CROSBY 5—209 MWEIGHT.FULL.OF WATER; ....249Q kg | CODE: . i . -
¥ SHACKLE (WLL=6.5 TONS) g SgRFA'g:E PREPARATION: ASME SECT VIl DIV 1. "9 ADDENDA 99
. PRIMER: PNT 12 MAX. DES. PRES.: 4447 WPog
: N AINT: - DES. 5 .
g é) & 27 L) 3000 KG MAX. 0 KG MAX. E + 0 KG MAX msﬁa 1$0N: o CESoN Tolr 1'1rs c
, CORR. ALLOW: 318 mm
= PROD. IMPACT TEST REQ'D: NO HYDROTEST: 66;2 kng
SCALE: 1:10 ‘a_p MECH. LOADS GOV. PER UG22: NO MDMT: 0tirs KPod
SCALE: 1:10 IMPACT TEST: NO—-PER UG20(f) | MATERIAL: HDR BOXES: SA-516-70N
ERéUSABLEi ucs—66(a); UCS-66(c TUBES: (SMLS) SA-179
(2)~REQ'D. S RADIOGRAPHY: N/A
SCALE: 1:10 : CERT FULL ON PE WELDS QN NOZZLE
SERVICE: . NATURAL GAS o R&/M
P.WHIT.: YES .
MINIMUM TEMP: 584°C
FOR TIME: 1Hr
“SOUR SERVICE™
TAG NO: AC—210
| DRAWN APACHE CANADA LIMITED 440 Eest Lake Road,
2 Postal Bag #2
- == 1478 HP HAMBURG COMPRESSOR PACKAGE
E CHECKED | 18t STAGE INTERCOOLER Alrdrte, Alberta
AC~210 Ganada T48 2C3
— S [ MERTA 0_DR 15 SW_| T WG
g DATE: 2000.09.25 #:21pm __FILE_NAME: J:\jobsSI\OWG\B9404\Comp\Ninc\BOL-89404 ~233—SKT—01 .dwg %_f: REVISION BY | DATE "c%%ﬁ" SCALE |75 NOTED | @D—BDL-—99404—233-—SKT SHT. 1 OF "_]ﬁ'-




__NOZZLE SCHEDU
MK |_SIZE _|RATING [FACING| SCH _SERVICE . Wi
é N7 [ 114 600, RFWN_| XXH | INLET 254 -
N 7838 (END TO END OF CHANNEL) q N8 | 114 600 RFWN | XXH | OUTLEY 754 -

A/B T TY 29 12UNF 1 - | VENT - =
A/B | €2 ] 29 |SHDRADE 12UNF| — | DRAIN =
3 | 27 500 I NPT | = | TC c/w PLUG = =

- —re—

e S | L/—¢ OF COOLER
¢ (SEE DETAIL) ? l
#6 #5 i A f
- s T T
<§>— ) H 1
| | | | | g
| | 1 i yi b=
I 1 f T T T i g MAXIMUM ALLOWABLE
1 | I i I' AME PLATE 0 NOZZLE LOADS
u : ; :l : ; 1 ey Fs) % Fx 1500 Ib
23 } } : n ; Fy Fy 1200 lo
] Fz 1500 lo
Mx 1200 ft-Ilb
N My 1800 ft-Ib
BUNDLE PLAN VIEW 1200 ft—Ib
SCALE: 1:20

g
<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>