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ABSTRACT

This DATA MANUAL presents, in convenient graphical and tabular form, cost information
for installed equipment item modules on separate data sheets. Each data sheet con-
forms to a uniform style providing information on the specific item and adjustments
to atypical installation, construction, or design.

The methodology used in developing this data and the techniques suggested for its
use are described in detail in the companion User Guide.

This report was submitted in fulfillment of Project Number 21AQJ. Contract Number

68-01-0717, by the ICARUS Corporation, Silver Spring, Maryland, under the sponsor-
ship of the Environmental Protection Agency. Work was completed as of March 1973,
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SECTION 1
CONCLUSIONS

, CAPITAL AND OPERATING COSTS OF POLLUTION CONTROL EQUIPMENT MODULES

called ENVIRONMENTAL PROTECTION COST MANUAL), comprising this DATA
companion USER GUIDE enables the user not expertly skilled in the
technical field of cost engineering/process economics to prepare
conceptual cost estimates for proposed environmental protection flow
facilities. The easily used graphical and tabular format used for the

presentation of data enable the user to rapidly evaluate alternative cost/process
decisions for proposed environmental protection flow processing facilities,

Using the data in this DATA MANUAL and methods presented in the companion USER
GUIDE, estimates of costs within 10 percent of actual constructed facility costs
were obtained.



SECTION 11
RECOMMENDATIONS

Based upon the results obtained in preparing this ENVIRONMENTAL PROTECTION COST
MANUAL, it is recommended that the following action be taken by the Environmental
Protection Agency:

@ The technique of preparing comprehensive cost engineering data using
a computerized detailed estimating system for this ENVIRONMENTAL
PROTECTION COST MANUAL as applied to the installed equipment item
module costs should be extended into the environmental protection
process area. This ENVIRONMENTAL PROTECTION COST MANUAL has directed
its efforts primarily toward the development of comprehensive cost
engineering data on individual installed equipment item module costs
which can be cumulatively developed into a proposed environmental
protection flow processing facility cost. This same technique can be
applied in developing overall process costs as a function of effluent
guideline, regional location, etc.

[ A procedure should be implemented so that the data in the DATA MANUAL
is updated on a bi-annual basis. The cost engineering relationships
in the DATA MANUAL are based upon 1972 technology. Technology in the
construction industry is rapidly changing and it is recommended that
these changes be tracked by bi-annual updates to the DATA MANUAL.

) Training courses in the utilization of the cost engineering information
and methods presented in this MANUAL should be implemented and offered
to technical personnel evaluating this type of information at the
regional and headquarters level.

[ The DATA MANUAL should be expanded to include additional installed
equipment item module costs representing the new pollution control
technology developed during the course of the development of the DATA
MANUAL but not considered in the initial contract.



SECTION I1I
INDIVIDUAL DATA SHEETS
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AC-2
AIR COMPRESSOR

1]

Installed air compressor cost includes purchased cost of air compressor, base plate,
coupling, driver, cooler, handling and setting, piping, concrete, steel, instrumenta-
tion, electrical, insulation, paint, and indirect costs (prime contractor engineering
and construction overhead).

INSTALLED AIR COMPRESSOR COST.$ = (INSTALLED BASE COST) (FD)(FR)

ANNUAL MAINTENANCE

Annual maintenance will vary from 0.91 to 1.57 percent of installed air compressor
cost.

i OPERATION COST

The air compressor will require between 0.03 and 0.039 operators per shift.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECTATION RATE EXPECTED LIFETIME
(percent) (years)
Heavy Chemical 0.05 - 0.091 11-20
0il and Gas Refining 0.063-0.071 14-16
Resins and Polymers 0.071-0.111 9-14
Food and Beverage 0.056-0.091 11-18
Pulp and Paper 0.063-0.100 10-16
Mining 0.063-0.100 10-18
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AIR CONDITIONING UNIT

INSTALLED BASE cosT (1972 DOLLARS)
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ACU-2
AIR CONDITIONING UNIT

Installed air conditioning unit cost includes purchased cost of air conditioning unit,
handling and setting, piping and ductwork, concrete, steel, instrumentation, electrical,
insulation, paint, and indirect costs (prime contractor engineering and construction
overhead).

INSTALLED AIR CONDITIONING UNIT COST.$ = (INSTALLED BASE COST) (FD + FR)

ANNUAL MAINTENANCE

Annual maintenance will be approximately 1.5 percent of installed air conditioning
unit cost.

OPERATION COST

Ailr conditioning units require no operator attention.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)

Heavy Chemical 0.071-0.091 11-14

0il and Gas Refining 0.063-0.071 14-16

Resins and Polymers 0.071-0.111 9-14

Food and Beverage 0.056-0.091 11-18

Pulp and Paper 0.063-0.100 10-16

Mining 0.063-0.100 10-18



AIR DRYER
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AD-2
AIR DRYER

Installed air dryer cost includes purchased cost of air dryer, handling and setting,
piping, concrete, steel, instrumentation, insulation, paint, and indirect costs
(prime contractor engineering and construction overhead).

INSTALLED AIR DRYER cosT.$ = (INSTALLED BASE COST) (FR)

ANNUAL MAINTENANCE

Annual maintenance will be approximately 1.56 percent of installed air dryer cost.

OPERATION COST

Air dryers require no operator attention.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)

Heavy Chemical 0.071-0.091 11-20

0il and Gas Refining 0.063-0.071 14-16

Resins and Polymers 0.071-0.111 9-14

Food and Beverage 0.056- .091 11-18

Pulp and Paper 0.063-0.100 10-16

Mining 0.063-0.100 10-18



AOT-1

AGITATED OPEN TANK
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AOT-2
AGITATED OPEN TANK

Installed agitated open tank cost includes purchased cost of agitated tank, impeller,
motor and drive, handling and setting, piping, concrete, steel, instrumentation,
electrical, insulation, paint, and indirect costs (prime contractor engineering and
construction overhead).

INSTALLED AGITATED OPEN TANK COST.$ = (INSTALLED BASE COST) (FM) (FR) (FD) (FT)

ANNUAL MAINTENANCE

Annual maintenance will vary from 7.38 to 10 percent of installed agitated open tank
cost and will depend primarily upon severity of process conditions (temperature,
cycling, viscosity).

OPERATION COST

Agitated open tanks require between 0.25 and 0.5 operators per shift.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)

Heavy Chemical 0.071-0.091 11-20

0il and Gas Refining 0.063-0.071 14-16

Resins and Polymers 0.071-0.111 9-14

Food and Beverage 0.056- .091 11-18

Pulp and Paper 0.063-0.100 10-16

Mining 0.063-0.100 10-18
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AGITATED PRESSURE TANK

Type
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APT-2
AGITATED PRESSURE TANK

Installed agitated pressure tank cost includes purchased cost of agitated pressure
tank (autoclaves include design by vendor, thermometer well, blow pipe,full vacuum
rating), motor and drive, skirt, handling and setting, piping, concrete, steel,
instrumentation, electrical, insulation, paint, and indirect costs (prime contractor
engineering and construction overhead).

INSTALLED AGITATED PRESSURE TANK COST.,$ = (INSTALLED BASE COST) (FD + FM + FP)(FR)
ANNUAL MAINTENANCE
Annual maintenance will be approximately 0.883 percent of installed agitated pressure

tank cost and will primarily depend upon process conditions (temperature, pressure,
viscosity, cycling).

OPERATION COST

Agitated pressure tanks require between 0.25 and 1.00 operators per shift.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
__(percent) (years)

Heavy Chemical 0.071-0.091 11-20

0il and Gas Refining 0.063-0.071 14-16

Resins and Polymers 0.071-0.111 9-14

Food and Beverage 0.056- .,091 11-18

Pulp and Paper 0.063-0.100 10-16

Mining 0.063-0.100 10-18
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AS-1

AERATION SYSTEM
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AS-2
AERATION SYSTEM

Installed aeration system cost includes reinforced concrete basin, floating
mechanical aerators, piping, concrete, steel, instrumentation, electrical,
paint, and indirect costs (prime contractor engineering and construction
overhead).

INSTALLED AERATION SYSTEM C0ST.$ = (INSTALLED BASE COST)(FR)

ANNUAL MAINTENANCE

Annual maintenance will be approximately 0.5 to 1.5 percent of installed aeration
system cost.

OPERATION COST

Aeration systems require no operator attention.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIEFTIME
(percent) (years)
Heavy Chemical 0.016 - 0.040 25-60
0il and Gas Refining 0.016 - 0.040 25-60
Resins and Polymers 0.016 - 0.040 25-60
Food and Beverage 0.016 - 0.040 25-60
Pulp and Paper 0.016 - 0.040 25-60
Mining 0.016 -~ 0.040 25-60
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BL-1
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BL-2
BLENDER

Installed blender cost includes purchased cost of blender, motor and drive, handling
and setting, piping and ductwork, concrete, instrumentation electrical, paint, and
indirect costs (prime contractor engineering and consttuction overhead).

INSTALLED BLENDER COST.$ = (INSTALLED BASE COST)(FD)(FR)

ANNUAL MAINTENANCE

Annual maintenance will be approximately 1.3 percent of installed blender cost and
will primarily depend upon cycling, product characteristics and batch time.

OPERATION COST

Blenders require between 0.125 and 0.5 operators per shift.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)
Heavy Chemical 0.05-0.091 11-20
0il and Gas Refining 0.063-0.071 14-16
Resins and Polymers 0.071-0,111 9-14
Food and Beverage 0.056-0,091 11-18
Pulp and Paper 0.063-0.100 10-16
Mining 0.063-0.100 10-18
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¢-1

CONDENSER
CONDENSER 100000
. T T
Lo e ]
» ) oL
o
<C
-
2 T n N ]
(=) A"——
Q i J_‘-‘/— - JF‘—‘ _"_.‘
i ! I
J | !
= ;
3 L
S 10000 } mu— o i L
» g
1
& o’ [
T
jo]
g —T -
-} | e
<C
2 1
= T 1
PR I S
BR
an
10004 ‘ b L !
10 100 1000
WATER RATE (GPM)
MATERIAL ADJUSTMENT
Material FM
CI 1.000
Ccs 0.779
Rubber Lined CS$ 1.209 REGIONAL ADJUSTMENT
Region FR
1 1.000
2 1.068
3 0.981
4 1.034
5 1.079
6 1.026
7 1.062
8 1.025
9 1.070
10 1.031

18



€-2
CONDENSER

Installed condenser cost includes purchased cost of barometric condenser, handling and
setting, piping, concrete steel, instrumentation, electrical, insulation, paint, and
indirect costs (prime contractor engineering and construction overhead).

INSTALLED CONDENSER COST.$ = (INSTALLED BAst cosT)(F,)(F)
ANNUAL MAINTENANCE
Annual maintenance will vary from 0.75 to 0.90 percent of installed condenser cost and

will depend upon severity of process conditions.

OPERATION COST

Condensers require no operator attention.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)
Heavy Chemical 0.071-0.091 11-14
0il and Gas Refining 0.063-0.071 14-16
Resins and Polymers 0.071 14
Food and Beverage 0.056- .083 12-18
Pulp and Paper 0.063 16
Mining 0.063-0.100 10-18
i
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CRANE
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CE-2
CRANE

Installed crane cost includes purchased cost of crane, field erection, steel, electrical,
paint, and indirect costs (prime contractor engineering and construction overhead).

INSTALLED CRANE c0sT.$ = (INSTALLED BASE COST) (FR)

ANNUYAL MAINTENANCE

Annual maintenance will vary from 2.11 to 2.14 of installed crane cost.

OPERATION COST

Cranes require no operator attention.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)
Heavy Chemical 0.05-0.091 11-20
0il and Gas Refining 0.063-0,071 14-16
Resins and Polymers 0.071-0,111 9-14
Food and Beverage 0,056-0,091 11-18
Pulp and Paper 0.06340.100 10-16
Mining ©0.063-0.100 10-18
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€0-2
CONVEYOR

Installed conveyor cost includes purchased cost of conveyor, motor, and drive,
handling and setting, ductwork, concrete, instrumentation, electrical, paint,
and indirect costs {prime contractor engineering and construction overhead).

INSTALLED CONVEYOR COST.,$ = (INSTALLED BASE COST)(FR)(FD)

ANNUAL MAINTENANCE

Annual maintenance will vary from .32 to 6.85 percent of installed conveyor cost
and will depend upon abrasiveness and particle size of material being transported.

Conveyors require no
processing functions

INDUSTRY GROUP

OPERATION COST

operator attention. Operator attention is determined at
at either end of conveyor.

PROBABLE ANNUAL DEPRECIATION RATE

Heavy Chemical

0il and Gas Refining
Resins and Polymers
Food and Beverage
Pulp and Paper

Mining

DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)
0.050-0.071 14-20
0.063-0.071 14-16
0.071-0.111 9-14
0.056-0.091 11-18
0.063-0,100 10-16
0.063-0.100 10-18
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APRON CONVEYOR

INSTALLED BASE cosT (1972 poLLARS)
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Co-4
APRON CONVEYOR

Installed apron conveyor cost includes purchased cost of apron conveyor, motor and
drive, handling and setting, ductwork concrete, instrumentation, electrical, paint,
and indirect costs (prime contractor engineering and construction overhead).

INSTALLED APRON CONVEYOR €0ST.$ = (INSTALLED BASE COST) (FR)
ANNUAL MAINTENANCE

Annual maintenance will vary from 0.142 to .265 percent of installed apron conveyor
cost and will depend upon abrasiveness and particle size of material being conveyed.

OPERATION COST

Apron conveyors require no operator attention. Operator attention is determined at
processing steps at either end of conveyor. :

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)

Heavy Chemical 0.050-0.071 14-20

0il and Gas Refining 0.063-0.071 14-16

Resins and Polymers 0.071-0.111 9-14

Food and Beverage 0.056-0.091 11-18

Pulp and Paper 0.063-0.100 10-16

Mining 0.063-0.100 10-18
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ROLLER CONVEYOR
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C0-6
ROLLER CONVEYOR

Installed roller conveyor cost includes purchased cost of roller conveyer, motor and
drive, handling and setting, concrete, instrumentation, electrical, paint, and indirect
costs (prime contractor engineering and construction overhead).

INSTALLED ROLLER CONVEYOR COST.$ = (INSTALLED BASE COST)(FW)(FR)
ANNUAL MAINTENANCE
Annual maintenance will vary from 6.56 to 6.67 percent of installed roller conveyor

cost and will depend upon usage conditions (cycling, hours per day).

OPERATION COST

Roller conveyors require mno operator attention.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)

Heavy Chemical 0.050-0.071 14-20

0il and Gas Refining 0.063-0.071 14-16

Resins and Polymers 0.071-0.111 9-14

Food and Beverage 0.056-0.091 11-18

Pulp and Paper 0.063-0.100 10-16

Mining 0.063-0.100 10-18

27



PNEUMATIC CONVEYING SYSTEM
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€0-8
PNEUMATIC CONVEYING SYSTEM

Installed pneumatic conveying system cost includes purchased cost of pneumatic conveying
system components, blower, motor, base, coupling, check valve, filter, field erection,
piping, concrete, steel, instrumentation, electrical, paint, and indirect costs (prime
contractor engineering and construction overhead).

INSTALLED PNEUMATIC CONVEYING SYSTEM COST.$ = (INSTALLED BASE cosﬂ(FD)(FF)(FR)

ANNUAL MAINTENANCE

Annual maintenance will be approximately 7.44 percent of installed pneumatic conveying
system cost and will depend upon hours of operation per day, cycling, fluid abrasiveness
and particle size.

OPERATION COST

The pneumatic conveying system will require no operator attention.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) {years)

Heavy Chemical 0.050-0.071 14-20

0il and Gas Refining 0.063-0.071 14-16

Resins and Polymers 0.071-0.111 9-14

Food and Beverage 0.056-0.091 11-18

Pulp and Paper 0.063-0.100 10-16

Mining 0.063-0.100 10-18
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BUCKET CONVEYOR
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LENGTH (FEET)
DESIGN ADJUSTMENT
Type Bucket Size Curve _EQ
Centrifugal Bucket 6 x 4 B 1.000 REG IONAL ADJUSTMENT
Centrifugal Bucket 8 x5 B 1.163
Centrifugal Bucket 10 x 6 B 1.503 Region Fp
Centrifugal Bucket 12 x 7 B 1.694
Centrifugal Bucket 16 x 8 B 2.007 1 1.000
Continuous Bucket 8 x5 B 1.283 2 1.036
Continuous Bucket 14 x 7 B 5.229 3 0.959
Continuous Bucket 15 x 8 B 6.525 4 1.027
T Width C F > Rt
e urve
pe (Inches) 2 ? 1.8i§
Closed Belt 36.0 A 1.000 8 1.044
Closed Belt 30.0 A 0.955 9 1.050
Closed Belt 24.0 A 0.889 10 1.018
Closed Belt 18.0 A 0.847
Open Belt 18.0 A 0.334
Open Belt 36.0 A 0.696
Open Belt 42.0 A 0.785
Open Belt 48.0 A 0.838
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€0-10
BUCKET CONVEYOR

Installed conveyor cost includes purchased cost of conveyor, motor and drive, handling
and setting, ductwork, concrete, instrumentation, electrical, paint, and indirect
costs (prime contractor engineering and construction overhead).

INSTALLED CONVEYOR COST.$ = (INSTALLED BASE COST) (FR)(FD)

ANNUAL MAINTENANCE

Annual maintenance will vary from .32 to 6.85 percent of installed conveyor cost and
will depend upon abrasiveness and particle size of material being transported.

OPERATION COST

Conveyors require no operator attention. Operator attention is determined at processing
functions at either end of conveyor,

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)

Heavy Chemical 0.050-0.071 14-20

011 and Gas Refining 0.063-0.071 14-16

Resins and Polymers 0.071-0.111 9-14

Food and Beverage 0.056-0.091 11-18

Pulp and Paper 0.063-0.100 10-16

Mining 0.063-0.100 10-18
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CP-1

CENTRIFUGAL PUMP
6PM X HEAD (GPM~FEET)

CENTRIFUGAL PUMP 100338000 1000000 10000000
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INSTALLED BASE cOST (1972 DOLLARS)

1000 L R -
1000 10000 100000

GPM X HEAD (GPM-FEET)

MATERTAL ADJUSTMENT

Material FM
Ccs 0.000
55304 0.047
Northite 5597 REGIONAL ADJUSTMENT
Ti 0.457 Region Fr
Monel 0.101
1 1.000
DESIGN ADJUSTMENT 2 1.067
Type Fp 3 0.978
American Voluntary 4 1.038
Standards Heavy Duty 1.000 5 1.083
Heavy Duty 1.101 6 1.026
Moderate Service 1.001 7 1.056
General Service High 8 1.027
Speed Open Impeller 0.950 9 1.068
General Service High Speed 0.976 10 1.030

General Service Medium

Speed Open Impeller 0.942
Turbine Driven Multi

Stage 1.190
Motor Driven Multi

Stage 1.421
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CP-2
CENTRIFUGAL PUMP

Installed centrifugal pump cost includes purchased cost of centrifugal pump, base plate,
coupling, driver, handling and setting, piping, concrete, instrumentation, electrical,
insulation, paint, and indirect costs (prime contractor engineering and construction
overhead).

INSTALLED CENTRIFUGAL PUMP cOST.$ = (INSTALLED BASE COST)(FD + FM)(FR)
ANNUAL MAINTENANCE

Annual maintenance will vary from 2.79 to 3.03 of the installed centrifugal pump cost and
will depend upon operational hours per day, pressure, temperature, and fluid abrasiveness.

OPERATION COST

Centrifugal pumps require no operator attention,.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)
Heavy Chemical 0.05-0.091 11-20
0il and Gas Refining 0.063-0.071 14-16
Resins and Polymers 0.071-0.111 9-14
Food and Beverage 0.056-0.091 11-18
Pulp and Paper 0.063-0.100 10-16
Mining 0.063-0.100 10-18
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CRUSHER

INSTALLED BASE cosT (1972 DOLLARS)
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DESIGN ADJUSTMENT

Type Curve FD
Cone Crusher A 1.000
Gyratory Crusher B 1.000
Jaw Crusher B 1.092
Pulverizer B 0.358
Roll Crusher A 1.367
Rotary Crusher B 0.744
Sawtooth Crusher A 0.584
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(R-2
CRUSHER

Installed crusher cost includes purchased cost of crusher, handling and setting, ductwork,
concrete, instrumentation, electrical, paint, and indirect costs (prime contractor
engineering and construction overhead).

INSTALLED CRUSHER €OST.$ = (INSTALLED BASE COST) (FD)(FR)
ANNUAL MAINTENANCE

Annual maintenance will vary from 1.51 to 1.66 percent of the installed crusher cost and be
dependent upon abrasiveness of material being comminuted.

OPERATION COST

Crusher requires between approximately 0.5 operators per shift.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)

Heavy Chemical 0.071-0.091 11-14

0il and Gas Refining 0.063-0.071 14-16

Resins and Polymers 0.071 14

Food and Beverage 0.083 12

Pulp and Paper 0.100 10

Mining 0.063-0.100 10-18
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CRY-1

A CRYSTALLIZER
CAPACITY (GALLONS)
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Type Curve Fp
—_— 1 1.000
Batch Vacuum A 0.00 2 1.043
Forced Circulation B 0.00 3 0.949
Mechanical C 0.00 4 1.041
Oslo B 0.64 5 1.133
6 1.041
7 1.064
8 1.066
9 1.067
10 1.027
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CRY-2
CRYSTALLIZER

Installed crystallizer cost includes purchased cost of crystallizer handling and setting,
piping, concrete, gteel, instrumentation, electrical, insulation, paint, and indirect
costs (prime contractor engineering and construction overhead).

INSTALLED CRYSTALLIZER c05T.$ = (INSTALLED BASE COST) (FR + FD)

ANNUAL MAINTENANCE

Annual maintenance will vary from 1.68 to 5.38 percent of the installed crystallizer cost
and will depend upon fluid abrasiveness, temperature, and throughput.

OPERATION COST

Crystallizers require between .16 and 0.5 operators per shift.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)
Heavy Chemical 0.091 11
0il and Gas Refining 0.063-0.071 14-16
Resins and Polymers 0.071 14
Food and Beverage 0.056-0.083 12-18
Pulp and Paper 0.063-0.100 10-16
Mining 0.063-0.100 10-18
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CENTRIFUGE

INSTALLED BASE cosT (1972 DOLLARS)
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CT-2
CENTRIFUGE

Installed centrifuge cost includes purchased cost of centrifuge, motor and drive, handling
and setting, piping, concrete, steel, instrumentation, electrical, insulation, paint, and
indirect costs (prime contractor engineering and construction overhead).

INSTALLED CENTRIFUGE C0ST.$ = (INSTALLED BASE COST)(FD)(FR)

ANNUAL MAINTENANCE

Annual maintenance will vary from 0.326 - 4.39 percent of installed centrifuge cost and
will depend on cycle time, fluid clogging characteristics, temperature and pressure.

OPERATION COST

Centrifuges require between 0.10 and 0.25 operators per shift.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)
Heavy Chemical 0.05-0.091 11-20
0il and Gas Refining 0.063-0.071 14-16
Resins and Polymers 0.071-0.111 9-14
Food and Beverage 0.056-0.091 11-18
Pulp and Paper 0.063-0.100 10-16
Mining 0.063-0.100 10-18
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Cu-1

CUTTER
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Cu-2
CUTTER

Installed cutter cost includes purchased cost of cutter, motor and drive, handling and
setting, piping, concrete, steel, instrumentation, electrical, paint, and indirect costs
(prime contractor engineering and construction overhead).

INSTALLED CUTTER COST,$ = (INSTALLED BASE cosT)(Fp)
ANNUAL MAINTENANCE
Annual maintenance will vary from 1.33 - 1.39 of installed cutter cost and will depend

upon cycle time, material hardness and process throughput.

OPERATION COST

Cutters require between 0 and 0.25 operators per shift.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECTATION RATE EXPECTED LIFETIME
(percent) (years)
Heavy Chemical 0.091 11
0il and Gas Refining 0.063-0.071 14-16
Resins and Polymers 0.071-0.111 9-14
Food and Beverage 0.067-0.091 11-15
Pulp and Paper 0.063-0.100 10-16
Mining 0.063-0.100 10-18
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D-1

DRYER
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DESIGN ADJUSTMENT
Type Curves FD
Atmospheric Tray B 1.000 REGIONAL ADJUSTMENT
Pan B 3.766 )
Spray A 1.000 Region Fr
Vacuum Tray 1.681 -
1 1.000
2 1.057
MATERIAL ADJUSTMENT 3 0.964
] 4 1.041
Material FM 5 1.111
—_ - 6 1.036
cs 0.000 7 1.063
Ss 0.640 8 1.053
9 1.071
10 1.033
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D-2
DRYER

Installed dryer cost includes purchased cost of dryer and accessories (motor and drive
for appropriate types), handling and setting, piping and ductwork, concrete, steel,
instrumentation, electrical, insulation, paint, and indirect costs (prime contractor
engineering and construction overhead).

INSTALLED DRYER €0ST.$ = (INSTALLED BASE COST) (FD + FM)(FR)

ANNUAL MAINTENANCE

Annual maintenance will vary from 0.163 - 2.36 of the installed dryer cost and will depend
upon cycle time, and operating hours per year.

OPERATION COST

Dryers require between 0.2 and 0.5 operators per shift.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)

Heavy Chemical 0.050-0.091 11-20

0il and Gas Refining 0.063-0.071 14-16

Resins and Polymers 0.071-0.111 9-14

Food and Beverage 0.056-0.833 12-18

Pulp and Paper 0.063-0.100 10-16

Mining 0.063-0.100 10-18
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bC-1

DUST COLLECTOR
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DC-2
DUST COLLECTOR

Installed dust collector cost includes purchased cost of dust collector (motor and drive for
applicable types) handling and setting, piping and ductwork, concrete, steel, instrumentation,

electrical (if required), insulation, paint, and indirect costs (prime contractor engineering
and construction overhead).

INSTALLED DUST COLLECTOR COST.$ = (INSTALLED BASE COST)(FD)(FR)

ANNUAL MAINTENANCE

Annual maintenance will vary from 1.40 - 5.37 percent of the installed dust collector and
will depend upon air/media ratio, fluid abrasiveness, particle size, cycle time, and
operating hours per year.

OPERATION COST

Dust collectors require between 0 and 0.05 operators per shift.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)

Heavy Chemical 0.050-0.091 11-20

0il and Gas Refining 0.045 22

Resins and Polymers 0.045 22

Food and Beverage 0.045 22

Pulp and Paper 0.045 22

Mining 0.045 22
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DepP-1
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DCP-2
DRY CAUSTIC PEELER

Installed dry caustic peeler cost includes purchased cost of dry peeler, holding
tank, lye applicator, rinse tank, sprays, flight elevator, troughed conveyor,
pumps, drives, ductwork and chutes, handling and setting, piping, concrete,
steel, instrumentation, electrical, paint, and indirect costs (prime contractor
engineering and construction overhead).

INSTALLED DRY CAUSTIC PEELER €OST,$ = (INSTALLED BASE COST)<FR)

ANNUAL MAINTENANCE

Annual maintenance will be approximately 2 percent of the installed dry caustic
peeler and will be dependent upon cycling and throughput.

OPERATION COST

Dry caustic peelers require between 0.25 and 1.0 operators per shift.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)

Heavy Chemical 0.050-0,071 14-20

0il and Gas Refining 0.063-0,071 14-16

Resins and Polymers 0.071-0.111 9-14

Food and Beverage 0.056-0.091 11-18

Pulp and Paper 0.063-0.100 10-16

Mining 0.063-0.100 10-18
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DD-1
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DD-2
DRUM DRYER

Installed drum dryer cost includes purchased cost of drum dryer, motor, drive, handling
and setting, piping and ductwork, concrete, steel, instrumentation, electrical, insula-
tion, paint, and indirect costs (prime contractor engineering and construction overhead).

INSTALLED DRUM DRYER c0ST.$ = (INSTALLED BASE COST) (FD)(FR)
ANNUAL MAINTENANCE
Annual maintenance will vary from 0.46 - 0,55 percent of installed drum dryer cost and

will depend upon cycle time and operating hours per year.

OPERATION COST

Drum dryers require between 0.2 and 0.5 operators per shift.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)

Heavy Chemical 0.05-0.091 11-20

0il and Gas Refining 0.063-0,071 14-16

Resins and Polymers 0.071-0.111 9-14

Food and Beverage 0.056-0.091 11-18

Pulp and Paper 0.063-0.100 10-16

Mining 0.063-0.100 10-18
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DW-2
DUCTWORK

Installed ductwork cost includes purchased cost of metal and accessories, handling
and setting, and indirect costs (prime contractor engineering and construction
overhead).

INSTALLED DUCTWORK €0ST.$ = (INSTALLED BASE COST)(FR)

ANNUAL MAINTENANCE

Annual maintenance will vary from Z to 8 percent of installed ductwork cost and will
primarily depend upon gas/media ratio and fluid abrasiveness.

OPERATION COST

Ductwork requires no operator attention.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)

Heavy Chemical 0.050-0.091 11-20

0il and Gas Refining 0.045 22

Resins and Polymers 0.045 22

Food and Beverage 0.045 22

Pulp and Paper 0.045 22

Mining 0.045 22
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E-1

B.D EVAPORATOR
AREA (SQUARE FEET)
EVAPORATOR 1000000 0 - 100
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AREA (SQUARE FEET) CAPACITY (GALLONS)

REGIONAL ADJUSTMENT

DESIGN ADJUSTMENT Region Fr

Type Curve Fy Base Material 1 1.000

2 1.074

3 0.979

Forced Circulation A 1.000 cs 4 1.036
Long Tube B 1.000 ss 5 1.079
Standard Horizontal A 0.617 Cs 6 1.027
Standard Vertical A 1.137 CS 7 1.071
Jacketed C 1.000 Glass Lained CS 8 1.026
Long Vertical A 0.318 cs 9 1.069
Falling Film D 1.000 SSs 10 1.036

MATERIAL ADJUSTMENT

Material Base Material FM

Karbate Tube/CS Shell €S 4.458
Pb Tube/Pb Lined CS Shell CcS 1.852
Cu Tube/CI Shell CS 0.933
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E-2
EVAPORATOR

Installed evaporator cost includes purchased cost of evaporator, accessories, handling
and setting, piping, concrete, steel, instrumentation, electrical, insulation, paint,
and indirect costs (prime contractor engineering and construction overhead).

INSTALLED EVAPORATOR COST.$ = (INSTALLED BASE COST)(FD)(FM)(FR)

ANNUAL MAINTENANCE

Annual maintenance will vary from 0.20 - 4.31 percent of the installed evaporator cost
and will depend upon operating hours per year, fluid viscosity, cycle time and tempera-
ture and pressure.

OPERATION COST

Evaporators require between 0.2 and 0.5 operators per shift.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)

Heavy Chemical 0.091 11

01l and Gas Refining 0.063-0.071 14-16

Resins and Polymers 0.071 14

Food and Beverage 0.056-0.083 12-18

Pulp and Paper 0.063-0.100 10-16

Mining 0.063-0.100 10-18
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ED-1
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ED-2
ELECTRODIALYSIS

Installed electrodialysis module cost includes purchased cost of membrane stocks
pumps, and accessories, field erection, piping, concrete, steel, instrumentation,
electrical, paint, and indirect costs (prime contractor engineering and construction
overhead).

INSTALLED ELECTRODIALYSIS COST.$ = (INSTALLED BASE cosr)(FR)

ANNUAL MAINTENANCE

Annual maintenance will be approximately 5 percent of installed electrodialysis
module and will depend upon processing conditions and membrane 1ife.

OPERATION COST

Electrodialysis modules require between 0.25 and 1 operator per shift.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)

Heavy Chemical 0.05-0.091 11-20

0il and Gas Refining 0.063-0.071 14-16

Resins and Polymers 0.071-0.111 9-14

Food and Beverage 0.056-0.091 11-18

Pulp and Paper 0.063-0.100 10-16

Mining 0.063-0.100 10-18
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E6-1

ELECTRIC GENERATOR
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Type Curve Fpy
REGIONAL ADJUSTMENT
Portable B 1.000 Regi F
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4 1.026
5 1.128
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£6-2
ELECTRIC GENERATOR

Installed electrical generator cost includes purchased cost of electrical generator,
accessories, handling and setting, interconnecting if required, piping, concrete,
instrumentation, electrical, insulation if required, paint, and indirect costs
(prime contractor engineering and construction overhead).

INSTALLED ELECTRICAL GENERATOR COST.$ = (INSTALLED BASE COST) (FD)(FR)

ANNUAL MAINTENANCE

Annual maintenance will vary from 1.7 - 2.0 percent of installed electrical generator cost

OPERATION COST

Electrical generators require between 0 and 5 operators per shift depending upon type,
process application and size.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)
Heavy Chemical 0.036 28
0il and Gas Refining 0.036 28
Resins and Polymers 0.036 28
Food and Beverage 0.036 28
Pulp and Paper 0.036 28
Mining 0.036 28
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EJ-2
EJECTOR

Installed ejector cost includes purchased cost of ejector, handling and setting, piping,
steel, insulation, and indirect costs (prime contractor engineering and construction
overhead).

INSTALLED EJECTOR COST.$ = (INSTALLED BASE COST)(FD)(FP)(FR)

ANNUAL MAINTENANCE

Annual maintenance will be approximately 1.6 percent of the installed ejector cost.

OPERATION COST

Ejectors require no operator attention,.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)

Heavy Chemical 0.071-0.091 11-14

0il and Gas Refining 0.063-0.071 14-16

Resins and Polymers 0.071-0.111 9-14

Food and Beverage 0.056-0.091 11-18

Pulp and Paper 0.063-0.100 10-16

Mining 0.063-0.100 10-18
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ELEVATOR

INSTALLED BASE cosT (1972 DOLLARS)
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EL-2
ELEVATOR

Installed elevator cost includes purchased cost of elevator, motor and drive, field
erection by subcontractor, structural steel, subcontractors overhead and profit,
indirect costs (prime contractor engineering and construction overhead).

INSTALLED ELEVATOR COST.$ = (INSTALLED BASE COST) (FD)(FC)(FR)

ANNUAL MAINTENANCE

Annual maintenance will be approximately 1.6 percent of installed elevator cost.

OPERATION COST

Elevators require no operator attention.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)

Heavy Chemical 0.016-0.022 45-60

0il and Gas Refining 0.016-0.022 45-60

Resins and Polymers 0.016-0.022 45-60

Food and Beverage 0.016-0.022 45-60

Pulp and Paper 0.016-0.022 45-60

Mining 8.016-0.022 45-60

61



ES-1
EQUALIZATION SYSTEM
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ES-2
EQUALIZATION SYSTEM

Installed equalization system cost includes reinforced concrete basin, variable speed
centifugal pumps, floating aerators, piping, concrete, steel, instrumentation, electri-
cal, paint, and indirect costs (prime contractor engineering and construction overhead)

INSTALLED EQUALIZATION SYSTEM COST.$ = (INSTALLED BASE COST)(FR)

ANNUAL MAINTENANCE

Annual maintenance will be approximately 0.25 to 0.75 percent of installed equalization
system cost.

OPERATION COST
Equalization systems require no operator attention.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)
Heavy Chemical 0.016-0.040 25-60
0il and Gas Refining 0.016-0.040 25-60
Resins and Polymers 0.016-0.040 25-60
Food and Beverage 0.016-0.040 25-60
Pulp and Paper 0.016-0.040 25-60
Mining 0.016-0.040 25-60
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EX-2
EXTRACTOR

Installed extractor cost includes purchased cost of continuous centrifugal extractor,
motor and drive, handling and setting, piping, concrete, steel, instrumentation,
electrical, imsulation, paint, and indirect costs (prime contractor engineering and
construction overhead).

INSTALLED EXTRACTOR COST.$ = (INSTALLED BASE COST) (FR)

ANNUAL MAINTENANCE

Annual maintenance will be approximately 2 percent of the installed extractor cost and
will depend upon cycle time, operating hours per year and process conditions.

OPERATION COST

Extractors require approximately 0.25 operators per shift.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECTIATION RATE EXPECTED LIFETIME
(percent) (years)

Heavy Chemical 0.05-0.091 11-20

0il and Gas Refining 0.063-0.071 14-16

Resins and Polymers 0.071-0.111 9-14

Food and Beverage 0.056-0.091 11-18

Pulp and Paper 0.063-0.100 10-16

Mining 0.063-0.100 10-18
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FILTER
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DESIGN ADJUSTMENT
Type Curve FD
Sewage B 1.00
Rotary Drum B 1.36
Rotary Disk B 1.45
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Wet Leaf B 0.30
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Sparkler A 1.00
PLATE AND FRAME
MATERIAL ADJUSTMENT
Material FM
CcSs 1.00
Pb 2.15
Pine 0.82
Al 1.68
Bronze 2.91
SS 5.53

F-1

FILTER

N

10

AREA (SQUARE FEET)

66

100

A
DIAMETER (INCHES)

REGIONAL ADJUSTMENT

Region

jon

O WooIU o

= e O e

Fp

.000

.021
.930
.038
.151
.044
.062
.077
.061
.021

10

10

10
0

3



F-2
FILTER

Installed filter cost includes purchased cost of filter, (motor and drive when
applicable), auxiliaries, handling and setting, piping and ductwork, concrete,
steel, instrumentation, electrical, insulation, paint, and indirect costs (prime
contractor engineering and construction overhead).

INSTALLED FILTER ¢0ST,$ = (INSTALLED BASE COST)(FD)(FM)(FR)

ANNUAL MAINTENANCE

Annual maintenance will vary from 3.39 - 5.62 percent of installed filter cost and
will depend upon process thruput, percent solids, particle size, temperature and
pressure, and cycle time.

OPERATION COST

Filters require between 0.25 and 0.5 operators per shift.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)

Heavy Chemical 0.05-0.091 11-20

0il and Gas Refining 0.063-0.071 14-16

Resins and Polymers 0.071-0.111 9-14

Food and Beverage 0.056-0.091 11-18

Pulp and Paper 0.063-0.100 10-16

Mining 0.063-0.100 10-18
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FEEDER
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FE-2
FEEDER

Installed feeder cost includes purchased cost of feeder, motor and drive, handling and
setting, piping and ductwork, concrete, instrumentation, electrical, paint, and
indirect costs {prime contractor engineering and construction overhead).

INSTALLED FEEDER ¢OST.$ = (INSTALLED BASE COST)(FD)(FR)

ANNUAL MAINTENANCE

Annual maintenance will be approximately 3 percent of installed feeder cost.

OPERATION COST

Feeders require no operator attention.
»

) PROBABLE ANNUAL DEPRECIATION RATE
INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)
Heavy Chemical 0.05-0.091 11-20
0il and Gas Refining 0.063-0.071 14-16
Resins and Polymers 0.071-0.111 9-14
Food and Beverage 0.056-0.0091 11-18
Pulp and Paper 0.063-0.100 10-16
Mining 0.063-0.100 10-18
4
4
A
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FLAKER
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FL-2
FLAKER

Installed flaker cost includes purchased cost of flaker, motor and drive, accessories,
handling and setting, piping and ductwork, concrete, steel, instrumentation, electrical,
insulation, paint, and indirect costs (prime contractor engineering and construction
overhead).

INSTALLED FLAKER COST.$ = (INSTALLED BASE COST)(FR)

ANNUAL MAINTENANCE

Anrual maintenance will be approximately 2.75 percent of installed flaker cost.

OPERATION COST

Flakers require approximately 0.25 operators per shift.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)

Heavy Chemical 0.05-0.091 11-20

0il and Gas Refining 0.063-0.071 14-16

Resins and Polymers 0.071-0.111 9-14

Food and Beverage 0.056-0,091 11-18

Pulp and Paper 0.063-0.100 10-16

Mining 0.063-0.100 10-18
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FM-2
FLOATATION MACHINE

Installed floatation machine cost includes purchased cost of floatation machine, motor
and drive, handling and setting, piping, concrete, steel, instrumentation, electrical,
insulation, paint, and indirect costs (prime contractor engineering and construction
overhead).

INSTALLED FLOATATION MACHINE c0ST.$ = (INSTALLED BASE COST)(FR)

ANNUAL MAINTENANCE

Annual maintenance will be approximately 2 percent of installed floatation machine cost.

OPERATION COST

Floatation machines require approximately 0.25 operators per shift.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)
Heavy Chemical 0.056-0.100 10-18
0il and Gas Refining 0.056-0.100 10-18
Resins and Polymers 0.056-0.100 10-18
Food and Beverage 0.056-0.100 10-18
Pulp and Paper 0.056-0.100 10-18
Mining 0.056-0.100 10-18
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FN-2
FAN

Installed fan cost includes purchased cost of fan, motor and drive, handling and setting,
piping and ductwork, concrete, steel, instrumentation, electrical, insulation, paint, and
indirect costs (prime contractor engineering and construction overhead).

INSTALLED FAN coST.$ = (INSTALLED BASE COST) (FD)(FP)(FR)

ANNUAL MAINTENANCE

Annual maintenance will vary from 1.27 - 1.36 percent of installed fan cost.

OPERATION COST

Fans require no operator attention.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)
Heavy Chemical 0.05-0.091 11-20
0il and Gas Refining 0.063-0.071 14-16
Resins and Polymers 0.071-0.111 9-14
Food and Beverage 0.056-0,091 11-18
Pulp and Paper 0.063-0.100 10-16
Mining 0.063-0.100 10-18
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FR-1
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FR-2
FREEZER

Installed freezer cost includes purchased cost of freezer, refrigeration equipment,
structure, field erection by subcontractor, subcontractor overhead and profit, piping,
ductwork, indirect costs (prime contractor engineering and construction overhead).

INSTALLED FREEZER COST.$ = (INSTALLED BASE COST) (FT)(FR)

ANNUAL MAINTENANCE

Annual maintenance will be approximately 5 percent of installed freezer cost.

OPERATION COST

Freezers require no operator attention.

INDUSTRY GROUP

Heavy Chemical

0il and Gas Refining
Resins and Polymers
Food and Beverage
Pulp and Paper

Mining

PROBABLE ANNUAL DEPRECIATION RATE

DEPRECIATION RATE

(percent)

0.056-0.
0.056-0.
0.056-0.
0.056-0.
0.056-0.

0.056-0.
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EXPECTED LIFETIME
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12-18
12-18
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FU-1
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2 1.041
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Fu-2
FURNACE

Installed furnace cost includes purchased cost of furnace, field erection by sub-
contractor, blowers, motors and drivers, piping, concrete, instrumentation, electrical,
insulation, paint, and indirect costs (prime contractor engineering and construction

overhead).

INSTALLED FURNACE c0ST.$ = (INSTALLED BASE COST) (FD)(FM)(FR)

ANNUAL MAINTENANCE

Annual maintenance will be approximately 1.7 percent of installed furnace cost.

OPERATION COST

Furnaces require approximately 0.25 operators per shift.

INDUSTRY GROUP

Heavy Chemical

011 and Gas Refining
Resins and Polymers
Food and Beverage
Pulp and Paper

Mining

PROBABLE ANNUAL DEPRECIATION RATE

DEPRECIATION RATE
(percent)

0.071-0.0981
0.063-0.071
0.071-0.111
0.056-0.083
0.063

0.100
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EXPECTED LIFETIME
(years)

11-14

14-16



GP-1

GEAR PUMP

GEAR PUMP

100000 T —

IR
i
T

||
u
—1

10000 p——t— -

-
L

INSTALLED BASE cosT (1972 DoLLARS)

[j‘
b

1000
10 100 1600

CAPACITY (GPM)

DESIGN ADJUSTMENT

Type FD
— REGIONAL ADJUSTMENT
Canned Rotor 1.000 R

Mechanical Seal 1.351 Region Fr
(Glass Lined CS only)

1.000
1.062
0.982
1.033
1.073
1.025
1.055
1.026
1.064
1.031

WU NN

=

MATERIAL ADJUSTMENT

Material FM

CcS 0.000
SS 0.175
Bronze 0.287

80



GP-2
GEAR PUMP

Installed gear pump cost includes purchased cost of gear pump, base plate, coupling,

motor and drive, handling and setting, piping, concrete, instrumentation, electrical,
insulation, paint, and indirect costs (prime contractor engineering and construction

overhead).

INSTALLED GEAR PUMP COST.$ = (INSTALLED BASE COST) (Fy *+ F)(Fp)
ANNUAL MAINTENANCE
Annual maintenance will vary from 1.5 - 4.6 percent of installed gear pump cost and

will depend upon cycle time, operating hours per year, fluid abrasiveness, temperature
and pressure.

OPERATION COST

Gear pumps require no operator attention.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)
Heavy Chemical 0.05-0.091 11-20
0il and Gas Refining 0.063-0.071 14-16
Resins and Polymers 0.071-0.111 9-14
Food and Beverage 0.056-0.091 11-18
Pulp and Paper 0.063-0.100 10-16
Mining 0.063-0.100 10-18
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HAB-1
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HAB-2
HOT AIR BLANCHER

Installed hot air blancher cost includes purchased cost of hot air blanching unit,
conveyor belt, driver, gas fired heater, blower, handling and setting, piping,

and ductwork, concrete, steel, instrumentation, electrical, insulation, paint, and
indirect costs (prime contractor engineering and construction overhead).

B

INSTALLED HOT AIR BLANCHER COST.$ = (INSTALLED BASE COST)(FR)

ANNUAL MAINTENANCE

Annual maintenance will vary from 0.32 to 6.85 percent of installed hot air blancher
cost and will be primarily dependent upon product characteristics and cycling.

OPERATION COST

Hot air blanchers require between 0.05 and 0.25 operators per shift.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME

(percent) (years)
Heavy Chemical 0.050-0.071 14-20
0il and Gas Refining 0.063-0.071 14-16
Resins and Polymers 0.071-0.111 9-14
Food and Beverage 0.056-0.,091 11-18
Pulp and Paper 0.063-0.100 10-16
Mining 0.063-0.100 10-18

i
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HE-1
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Installed heat exchanger cost includes purchased cost of heat exchanger, handling
and setting, piping, concrete,
paint, and indirect costs (prime contractortengineering and construction overhead).

steel,

instrumentation,

electrical,

insulation,

INSTALLED HEAT EXCHANGER C0ST.$ = (INSTALLED BASE COST) (FD)(FP)(FM)(FR)

ANNUAL MAINTENANCE

Annual maintenance will vary from 1 to 2.3 percent of installed heat exchanger cost
and wi1ll depend upon fouling characteristics of fluid, temperature

fluid velocity.

OPERATION COST

Heat exchangers require no operator attention.

INDUSTRY GROUP

PROBABLE ANNUAL DEPRECIATION RATE
DEPRECIATION RATE

Heavy Chemical

0il and Gas Refining
Resins and Polymers
Food and Beverage
Pulp and Paper

Mining

(percent)

.05-0.091

.063-0.071
.071-0.111
.056-0.091
.063-0.100

.063-0.100
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and pressure, and

EXPECTED LIFETIME

(years)

11-18
10-16

10-18



HE-3
ELECTRICAL HEATERS
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HE-4
ELECTRICAL HEATERS

Installed electrical heater cost includes purchased cost of electrical heater, handling
and setting, piping, concrete, steel, instrumentation, electrical, insulation, paint,
and indirect costs (prime contractor engineering and construction overhead).

INSTALLED ELECTRICAL HEATER COST.$ = (INSTALLED BASE COST) (FR)

ANNUAL MAINTENANCE

Annual maintenance will vary from 1 to 3 percent of installed electrical heater cost.

OPERATION COST

Electrical heaters require no operator attention.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)

Heavy Chemical 0;05‘0.091 11-20

0il and Gas Refining 0.063-0.071 14-16

Resins and Polymers 0.071-0.111 9-14

Food and Beverage 0.056-0.091 11-18

Pulp and Paper 0.063-0.100 10-16

Mining 0.063-0.100 10-18
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HOIST

DESIGN ADJUSTMENT

Type

Hoist

Plain Trolly
Gear Trolly
No Trolly

1 Speed

5 Speed

INSTALLED BASE cosT (1972 DpOLLARS)

OO OOH

100000

10000 >

.000
.115
.325
.089
.510
.634

1000 L

HO-1

HOIST

1

g

1
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10 100

CAPACITY (TONS)

Region
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REGIONAL ADJUSTMENT
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Installed hoist cost includes purchased cost of hoist, field erection, steel,
electrical, paint, and indirect costs (prime contractor engineering and construction

overhead).
INSTALLED HOIST c0ST.$ = (INSTALLED BASE COST)(FD)(FR)

ANNUAL MAINTENANCE

Annual maintenance will be approximately 1.28 percent of installed hoist cost.

OPERATION COST

Hoists require no operator attention.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE
(percent)

Heavy Chemical 0.05-0.091

0il and Gas Refining 0.063-0.071
Resins and Polymers 0.071-0.111
Food and Beverage 0.056-0.091
Pulp and Paper 0.063-0.100
Mining 0.063-0.100
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EXPECTED LIFETIME
(years)

11-20
14-16

HO-2
HOIST



HORIZONTAL TANK

[

INSTALLED BASE coST (1972 DOLLARS)

\ N\

DESIGN
Type

Cylindrical
Vacuum Receiver

Jacketed Vacuum
Receiver
MATERIAL
Material
CS
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Ti
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HT-2
HORIZONTAL TANK

Installed horizontal tank cost includes purchased cost of horizontal tank, handling
and setting, piping, concrete, instrumentation, electrical, insulation, paint, and
indirect costs (prime contractor engineering and construction overhead).

INSTALLED HORIZONTAL TANK cOST, $ = (INSTALLED BASE COST)(FM)(FP)(FT)(FR) (FD)

ANNUAL MAINTENANCE

Annual maintenance will vary from 0.94 - 2.10 percent of installed horizontal tank
cost and will depend upon corrosiveness of fluid, temperature, and pressure.

OPERATION COST

Horizontal tanks require no operator attention.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)

Heavy Chemical 0.050-0.091 11-20

0il and Gas Refining 0.045 22

Resins and Polymers 0.045 22

Food and Beverage 0.045 22

Pulp and Paper 0.045 22

Mining 0.045 22
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HEATING UNIT

INSTALLED BASE cosT (1972 DOLLARS)
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HU-2
HEATING UNIT

Installed heating unit cost includes purchased cost of heating unit, accessories,
field erection by subcontractor, subcontractor's overhead and profit, piping,
concrete, instrumentation, electrical, insulation, paint, and indirect costs
(prime contractor engineering and construction overhead).

INSTALLED HEATING UNIT ¢cOST.$ = (INSTALLED BASE COST)(FR)

ANNUAL MAINTENANCE

Annual maintenance will vary from 2.6 - 2.9 percent of installed heating unit cost.

OPERATION COST

Heating units require approximately 0.25 operators per shift.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)

Heavy Chemical 0.071-0.091 11-14

0il and Gas Refining 0.063-0.071 14-16

Resins and Polymers 0.071-0.111 9-14

Food and Beverage 0.056-0.083 12-18

Pulp and Paper 0.063 16

Mining 0.100 10
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INCINERATOR

INSTALLED BASE cOST (1972 DOLLARS)
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I-2
INCINERATOR

Installed incinerator cost includes purchased cost of incinerator, field erection,
piping, concrete, steel, instrumentation, insulation, paint, and indirect costs

(prime contractor engineering and construction overhead).

INSTALLED INCINERATOR COST.$ = (INSTALLED BASE COST)(FR)

ANNUAL MAINTENANCE

Annual maintenance will be approximately 1.4 percent of installed incinerator cost.

OPERATION COST

Incinerators require no operator attention.

INDUSTRY GROUP

PROBABLE ANNUAL DEPRECIATION RATE
DEPRECIATION RATE

(percent)

Heavy Chemical

011 and Gas Refining
Resins and Polymers
Food and Beverage
Pulp and Paper

Mining

0.
0.
0.

05-0.091
063-0.071
071-0.111

.056-0.091
.063-0.100
.063-0.100
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EXPECTED LIFETIME
(years)

11-20
14-16



IVS-1
IMPRESSED VOLTAGE SYSTEM

IMPRESSED VOLTAGE SYSTEM
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IvS-2
IMPRESSED VOLTAGE SYSTEM

Installed impressed voltage system cost includes purchased cost of tank, anodes,
rectifier, handling and setting, piping, concrete, steel, instrumentation,
electrical, paint, and indirect costs (prime contractor engineering and con-
struction overhead).

INSTALLED IMPRESSED VOLTAGE SYSTEM COST.$ = (INSTALLED BASE COST)(FR)

ANNUAL MAINTENANCE

Annual maintenance will be approximately 1 to 3 percent of installed impressed voltage
system cost.

OPERATION COST

Impressed voltage systems require no operator attention.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)

Heavy Chemical 0.050-0.091 11-20

011 and Gas Refining 0.045 22

Resins and Polymers 0.045 22

Food and Beverage 0.045 22

Pulp and Paper 0.045 22

Mining 0.045 22
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IE-1

ION EXCHANGER
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IE-2
ION EXCHANGER

Installed ion exchanger cost includes purchased cost of ion exchanger, auxiliaries,
ion exchange resin, handling and setting, piping, concrete, steel, instrumentation,
electrical, insulation, paint, and indirect costs (prime contractor engineering

and construction overhead).

INSTALLED ION EXCHANGER €0ST.$ = (INSTALLED BASE cosr)(FD)(FR)

ANNUAL MAINTENANCE

Annual maintenance will be approximately 3 percent of installed ion exchanger cost
and will depend upon cycle time, and fluid characteristics, packing, loading,
temperature and pressure.

OPERATION COST

Ion exchangers require between 0 and 0.25 operators per shift.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)
Heavy Chemical 0.071-0.091 11-14
0il and Gas Refining 0.063-0.071 14-16
Resins and Polymers 0.071-0.111 . 9-14
Food and Beverage 0.056-0.091 11-18
Pulp and Paper 0.063-0~100 10-16
Mining 0.063-0.100 10-18
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K-1
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Tilting 1.328
Vacuum Tilting 1.764 REGIONAL ADJUSTMENT
Region Fp
1 1.000
2 1.034
3 0.942
4 1.033
MATERIAL ADJUSTMENT : T
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K-2
KNEADER

Installed Kneader‘cost includes purchased cost of kneader, motor and drive, accessories,
handling and setting, piping, concrete, instrumentation, electrical, paint, and indirect
costs (prime contractor engineering and construction overhead).

INSTALLED KNEADER COST.$ = (INSTALLED BASE coST)(FD + FM)(FR)

ANNUAL MAINTENANCE

Annual maintenance will be approximately 3 percent of installed kneader cost.

OPERATION COST

Kneaders require approximately 0.5 operators per shift.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)

Heavy Chemical 0.091 11

0il and Gas Refining 0.063-0.071 14-16

Resins and Polymers 0.071 14

Food and Beverage 0.056-0.091 11-18

Pulp and Paper 0.063-0.100 10-16

Mining 0.056-0.100 10-18
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LAGOON SYSTEM

INSTALLED BASE cosT (1972 DOLLARS)
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LS-2
LAGOON SYSTEM

Installed lagoon system cost includes excovation, aerators, piping, steel, electrical,
paint, and indirect costs (prime contractor engineering and construction overhead).

INSTALLED LAGOON SYSTEM COST.$ = (INSTALLED BASE COST)(FR)

ANNUAL MAINTENANCE

Annual maintenance will be approximately 3.89 percent of installed lagoon system.

OPERATION COST

Lagoon systems require no operator attention.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)
Heavy Chemical 0.040 25
0il and Gas Refining 0.040 25
Resins and Polymers 0.040 25
Food and Beverage 0.040 25
Pulp and Paper 0.040 25
Mining 0.040 25
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MILL
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M-2
MILL

Installed mill cost includes purchased cost of mill, accessories, motor and drive,
handling and setting, piping, concrete, instrumentation, electrical, paint, and
indirect costs (prime contractor engineering and construction overhead).

INSTALLED MILL cOST.$ = (INSTALLED BASE COST)(FR)

ANNUAL MAINTENANCE

Annual maintenance will vary from 6.1 - 6.5 percent of installed mill cost and will
depend upon material abrasiveness and process thruput.

OPERATION COST

Mills require between 0.25 and 0.50 operators per shift.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(Percent) (years)
Heavy Chemical 0.05-0.091 11-20
0il and Gas Refining 0.063-0.071 14-16
Resins and Polymers 0.071-0.111 9-14
Food and Beverage 0.056-0.091 11-18
Pulp and Paper 0.063-0.100 10-16
Mining 0.063-0.100 10-18



MX-1
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Portable Propeller C 0.185 4 1.034
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9 1.063
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MX-2
MIXER

Instalied mixer cost includes purchased cost of mixer, motor and drive, accessories,
handling and setting, piping, concrete, instrumentation, electrical, paint, and
indirect costs (prime contractor engineering and construction overhead).

INSTALLED MIXER COST.$ = (INSTALLED BASE COST) (FD)(FR)

ANNUAL MAINTENANCE

Annual maintenance will vary from 1.33 - 1.36 percent of installed mixer cost.

OPERATION COST

Mixers require between 0.1 and 0.5 operators per shift,

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)

Heavy Chemical 0.05-0.091 11-20

0il and Gas Refining 0.063-0.071 14-16

Resins and Polymers 0.071-0.111 9-14

Food and Beverage 0.056-0.091 11-18

Pulp and Paper 0.063-0.100 10-16

Mining 0.063-0.100 10-18



PUMP

DESIGN ADJUSTMENT

Type

Simplex
Duplex
Triplex
Diaphragm
Slurry
Rotary
Gear
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6 1.027
7 1.066
8 1.029
9 1.067
10 1.033
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Installed pump cost includes purchased cost of pump, motor and drive, base plate,
coupling, handling and setting, piping, concrete, instrumentation, electrical,
insulation, paint, and indirect costs (prime contractor engineering and construction
overhead).

INSTALLED puMp COST.$ = (INSTALLED BASE cosr)(FD)(FR)

ANNUAL MAINTENANCE

Annual maintenance will vary from 0.558 - 2.11 percent of installed pump cost and will
depend upon fluid velocity, temperature, pressure and fluid corrosive characteristics,

OPERATION COST

Pumps require no operator attention.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)
Heavy Chemical 0.05-0.091 11-20
0il and Gas Refining 0.063-0.071 14-16
Resins and Polymers 0.071-0.111 9-14
Food and Beverage 0.056-0.091 11-18
Pulp and Paper 0.063-0.100 10-16
Mining 0.063-0.100 10-18
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Bagging Machine 1,00
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Bagging Machine 3.23 REGIONAL ADJUSTMENT
-Bagged by weight Region Fr
1 1.000
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PKG-2
PACKAGING MACHINE

Installed packaging machine cost includes purchased cost of packaging machine,
accessories, motor and drive, handling and setting, piping and ductwork, concrete,
steel, instrumentation, electrical, insulation, paint, and indirect costs (prime
contractor engineering and construction overhead).

INSTALLED PACKAGING MACHINE c0ST.$ = (INSTALLED BASE COST)(FD)(FR)

ANNUAL MAINTENANCE

Annual maintenance will vary from 2.4 - 2.6 percent of installed packaging machine
cost.

OPERATION COST

Packaging machines require between 0.5 and 1.0 operators per shift.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)
Heavy Chemical 0.05-0.091 11-20
0il and Gas Refining 0.063-0.071 14-16
Resins and Polymers 0.071-0.111 9-14
Food and Beverage 0.056-0.091 11-18
Pulp and Paper 0.063-0.100 10-16
Mining 0.063-0.,100 10-18
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PR-1
PRESS
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PR-2
PRESS

Installed press cost includes purchased cost of press, setting and handling, piping,
concrete, instrumentation, electrical, paint, and indirect costs (prime contractor
engineering and construction overhead).

INSTALLED PRESS COST:$ = (INSTALLED BASE COST) (FP)(FR)

ANNUAL MAINTENANCE

Annual maintenahce will be approximately 2.5 percent of installed press.

OPERATION COST

Presses require between 0.125 and 0.25 operators per shift.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)
Heavy Chemical 0,05-0.091 11-20
0il and Gas Refining 0.063-0.071 14-16
Resins and Polymers 0,071-0.111 9-14
Food and Beverage 0.056-0.091 11-18
Pulp and Paper 0.063-0.100 10-16
Mining 0.063-0.100 10-18
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REACTOR

INSTALLED BASE cosT (1972 DOLLARS)

DESIGN ADJUSTMENT

Type FD
One Stage 1.000
Two Stage 2.358
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R-2
REACTOR

Installed reactor cost includes purchased cost of reactor, auxiliaries, handling and
setting, piping, concrete, steel, instrumentation, electrical, insulation, paint,
and indirect costs (prime contractor engineering and construction overhead).

INSTALLED REACTOR COST.$ = (INSTALLED BASE COST)(FD)(FR)

ANNUAL MAINTENANCE

Annual maintenance will be approximately 2.47 percent of installed reactor cost.

OPERATION COST

Reactors require approximately 0.25 operators per shift,

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)

Heavy Chemical .050-0.091 11-20

0il and Gas Refining 0.063-0.071 14-16

Resins and Polymers 0.071 14

Food and Beverage 0.056-0.091 11-18

Pulp and Paper 0.063-0.100 10-16

Mining 0.056-0.100 10-18
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Indirect Gas Heating 1.380 REGIONAL ADJUSTMENT
Vacuum 4,192 R
Jacketed Vacuum 5.870 Region Fp
1 1.000
2 1.059
3 0.957
4 1.045
5 1.123
6 1.040
7 1.074
8 1.058
9 1.074
10 1.035

116



RD-2
ROTARY DRYER

Installed rotary dryer cost includes purchased cost of rotary dryer, motor and drive,
accessories, handling and setting, piping, concrete, steel, instrumentation, electrical,
paint, and indirect costs {prime contractor engineering and construction overhead).

INSTALLED ROTARY DRYER COST.$ = (INSTALLED BASE COST) (FD)(FR)

ANNUAL MAINTENANCE

Annual maintenance will vary from 2.13 - 2.24 percent of installed dryer cost.

OPERATION COST

Rotary dryers require between 0.2 and 0.5 operators per shift.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)

Heavy Chemical 0.05-0.091 11-20

01l and Gas Refining 0.063-0,071 14-16

Resins and Polymers 0.071-0.111 9-14

Food and Beverage 0.056-0.091 11-18

Pulp and Paper 0.063-0.100 10-16

Mining 0.063-0.100 10-18

117



R0S-1
REVERSE OSMOSIS SYSTEM

REVERSE OSMOSIS SYSTEM
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ROS-2
REVERSE OSMOSIS SYSTEM

Installed reverse osmosis module cost includes purchased cost of reverse osmosis
module, membrane, membrane installation, handling and setting, piping, concrete,
instrumentation, paint, and indirect costs (prime contractor engineering and
construction overhead).

INSTALLED REVERSE OSMOSIS SYSTEM COST, $ = (INSTALLED BASE COST)(FD)(FR)

ANNUAL MAINTENANCE

Annual maintenance will vary considerably depending upon application and membrane
life. Average annual maintenance can be estimated to be approximately 10 percent
of installed reverse osmosis module cost.

OPERATION COST

Reverse osmosis system Trequire no operator attention.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)
Heavy Chemical 0.050-0.091 11-20
0il and Gas Refining 0.045 22
Resins and Polymers 0.045 22
Food and Beverage 0.045 22
Pulp and Paper 0.045 22
Mining 0.045 22
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RTC-1
RAILROAD TANK CAR

RAILROAD TANK CAR 100000

10000

INSTALLED BASE cosT (1972 DOLLARS)
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RTC-2
RAILROAD TANK CAR

Installed railroad tank car cost includes purchased cost of railroad rank car and
delivery.

INSTALLED RAILROAD TANK CAR COST,$ = INSTALLED BASE COST

ANNUAL MAINTENANCE

Annual maintenance will be approximately 4.9 percent of installed railroad tank car
cost.

OPERATION COST

Railroad tank cars require no operator attention.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)

Heavy Chemical 0.050-0.091 11-20

0il and Gas Refining 0.045 22

Resins and Polymers 0.045 22

Food and Beverage 0.045 22

Pulp and Paper 0.045 22

Mining 0.045 22
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RU-1
REFRIGERATION UNIT

REFRIGERATION UNIT 1000000
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RU-2
REFRIGERATION UNIT

Installed refrigeration unit cost includes purchased cost of refrigeration unit,
auxiliaries, field erection and indirect costs (prime contractor engineering and
construction overhead).

INSTALLED REFRIGERATION UNIT cosT.$ = (INSTALLED BASE COST) (FD)(FT)(FR)

ANNUAL MAINTENANCE

Annual maintenance will be approximately 5 percent of installed refrigeration unit
cost.

OPERATION COST

Refrigeration units require no operator attention.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)
Heavy Chemical 0.071-0.091 11-14
0il and Gas Refining 0.063-0.0 14-16
Resins and Polymers 0.071-0.111 9-14
Food and Beverage 0.056-0.091 11-18
Pulp and Paper 0.063-0.100 10-16
Mining 0.063-~0.100 10-18
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SCS-1

SUBMERGED COMBUSTION SYSTEM
SUBMERGED COMBUSTION SYSTEM
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SCS-2
SUBMERGED COMBUSTION SYSTEM

Installed submerged combustion system cost includes purchased cost of evaporator,
blower, drives, heating unit, handling and setting, piping, concrete, steel,
instrumentation, electrical, insulation, paint, and indirect costs (prime contractor
engineering and construction overhead).

INSTALLED SUBMERGED COMBUSTION SYSTEM COST.,$ = (INSTALLED BASE COST)(FR)

ANNUAL MAINTENANCE

Annual maintenance will vary from 0.2 to 6 percent of installed submerged combustion
system cost.
OPERATION COST

Submerged combustion systems require between 0.125 and 1.0 operators per shift.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)

Heavy Chemical 0.091 11

0il and Gas Refining 0.063-0.071 14-16

Resins and Polymers 0.071 14

Food and Beverage 0.056-0,083 12-18

Pulp and Paper 0.063-0.100 10-16

Mining 0.063-0.100 10-18
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S§-1
SEDIMENTATION SYSTEM

SEDIMENTATION SYSTEM
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S§-2
SEDIMENTATION SYSTEM

Installed sedimentation system cost includes purchased cost of tanks, pumps, notors

and drives, piping, concrete, structural steel, instrumentation,

electrical, paint,

and indirect costs (prime contractor engineering and construction overhead).

INSTALLED SEDIMENTATION SYSTEM €0ST, $ = (INSTALLED BASE COST) (FR)

ANNUAL MAINTENANCE

Annual maintenance will be approximately 5-16 percent of installed sedimentation

system cost.

Sedimentation systems require no operator attention,.

INDUSTRY GROUP

Heavy Chemical

0il and Gas Refining
Resins and Polymers
Food and Beverage
Pulp and Paper

Mining

DEPRECIATION RATE

OPERATION COST

PROBABLE DEPRECIATION RATE

(percent)

0.016-0.
0.
0.

016-0.
016-0.
.016-0.
.016-0.

.016-0.
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040
040
040
040
040
040

EXPECTED LIFETIME
(years)

25-60
25-60
25-60
25-60
25-60
25-60



STK-1
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STK-2
STACK

Installed stack cost includes purchased cost of stack, handling and setting, piping
and duckwork, concrete, steel, insulation, paint, and indirect costs (prime
contractor engineering and construction overhead).

INSTALLED STACK c0ST.$ = (INSTALLED BASE COST) (FD)(FR)

ANNUAL MAINTENANCE

Annual maintenance will vary from 0.2 to 1 percent of installed stack cost.

OPERATION COST

Stacks require no operator attention.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)
Heavy Chemical 0.050-0.091 11-20
0il and Gas Refining 0.045 22
Resins and Polymers 0.045 22
Food and Beverage 0.045 22
Pulp and Paper 0.045 22
Mining 0.045 22



THICKENER
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1-2
THICKENER

Installed thickener cost includes purchased cost of thickener, erection, site
preparation, pumps, piping, concrete, steel, instrumentation, electrical,
paint, and indirect costs (prime contractor engineering and construction

overhead).

INSTALLED THICKENER c0ST.$ = (INSTALLED BASE cosr)(FR)

ANNUAL MAINTENANCE

Annual maintenance will be approximately 1 percent of installed thickener cost.

OPERATION COST

Thickeners require no operator attention.

INDUSTRY GROUP

Heavy Chemical

0il and Gas Refining
Resins and Polymers
Food and Beverage
Pulp and Paper

Mining

PROBABLE ANNUAL DEPRECIATION RATE
DEPRECIATION RATE

(percent)

0.016-0.

0.

.016-0.
.016-0.
.016-0.
.016-0.
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016-0.
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EXPECTED LIFETIME
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25-60



TF-1
TRICKLING FILTER

TRICKLING FILTER
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TF-2
TRICKLING FILTER

Installed trickling filter cost includes purchased cost of mechanism, notor and drive,
rock packing, setting packing, concrete, steel, instrumentation, electrical, insulation,
paint and indirect costs (prime contractor engineering and construction averhead).

INSTALLED TRICKLING FILTER COST.$ ~ (INSTALLED BASE COST) (FR)

ANNUAL MAINTENANCE

Annual maintenance will be approximately 3.3 percent of the installed trickling filter
cost.

OPERATION COST

Trickling filters require no operator attention.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)
Heavy Chemical 0.025-0.050 20-40
0il and Gas Refining 0.025-0.050 20-40
Resins and Polymers 0.025-0.050 20-40
Food and Beverage 0.025-0.050 20-40
Pulp and Paper 0.025-0.050 20-40
Municipal Usage 0.025-0.050 20-40
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TH-1
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TW-2
TRAY TOWER

Installed tray tower cost includes purchased cost of tray tower, trays, handling and
setting, piping, concrete, steel, instrumentation, electrical, paint, and indirect
costs (prime contractor engineering and construction overhead).

INSTALLED TRAY TOWER cOST.$ = (INSTALLED BASE cosr)(FP)(FD)(FM)(FR) (FT)

ANNUAL MAINTENANCE

Annual maintenance will vary from 7.35 - 10.71 percent of installed tray tower cost
and will depend upon temperature, pressure, fluid corrosivity and fluid velocity.

OPERATION COST

Tray towers require approximately 0.25 operators per shift.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)

Heavy Chemical 0.071-0.091 11-14

0il and Gas Refining 0.063-0.071 14-16

Resins and Polymers 0.071 14

Food and Beverage 0.056- .083 12-18

Pulp and Paper 0.063 16

Mining 0.063-0.100 10-18
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COOLING TOWERS
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TW-4
COOLING TOWERS

Installed cooling tower cost includes purchased cost of cooling tower, basin,
handling and setting, piping, concrete foundations and footings, instrumentation,
paint, and indirect costs (prime contractor engineering and construction overhead).

INSTALLED COOLING TOWER COST, $ = (INSTALLED BASE COST) (FR)

ANNUAL MAINTENANCE

Annual maintenance will be approximately 3 percent of installed cooling tower cost.

OPERATION COST

Cooling towers require no operator attention.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent} (years)

Heavy Chemical 0.071-0.091 11-14

0il and Gas Refining 0.063-0.071 14-16

Resins and Polymers 0.071 14

Food and Beverage 0.056- .083 12-18

Pulp and Paper 0.063 16

Mining 0.063-0.100 10-18



PACKED COLUMN

TW-5

PACKED COLUMN

1000000 [ — T T
] -
g L ﬁ%ﬂ
3 RERIN/VY
{
= EERYY /e 4
——» T ] HEIGHT (ft) ' ﬂ ////
o™~ | 4/ 1
S 100 " — o //////
i —t V ;
— 70 __/-; | / /
8 60 — A
S 100000 — A
50 v — -
§ 40 1/1 ] _k’
e 30 2 e
| o) /
-] g - —
&’ 20 —=<% | —4-4—4_4~!
[
w
= -
j S ————— e |
| |
10000 L i Loy L |
10 100 1000
DIAMETER (INCHES)
MATERIAL ADJUSTMENT
Material FM
—_— REGIONAL ADJUSTMENT
cs 1.000 Regi r
SS304 1.042 egion R
$S347 1.060 —_—
Ni 1.801 1 1.000
Ti 2.420 2 1.076
Cu 3.365 3 1.073
Al 3.339 4 1.043
A 515 CS 1.007 5 1.097
A 204 CS 1.064 6 1.034
7 1.042
8 1.036
9 1.079
10 1.037
\ “ i T T T l l ﬁ " T T T T T T T T T
4.0 — PRESSURE ADJUSTMENT ——/%————L—XQ = 1.12 [ TEMPERATURE ADJUSTMENT
| — | 1
- 1.08
Fr T
7 ft t— 1.04 ‘A
£ i/
1.0 L L 1.00 Al
Yo 500 1000 1500 180 v o 500 1000

138

TEMPERATURE (°F)

1500



PACKING TYPE
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TW-7
PACKED COLUMN

T
oyl

Installed packed column cost includes purchased cost of packed column less packing
and packing installation, handling and setting, piping, concrete, steel, instrumenta-
tion, electrical, insulation, paint, and indirect costs (prime contractor engineering
and construction overhead).

PACKING

ME
INSTALLED PACKED COLUMN COST.$ = (INSTALLED BASE cosT) (F)(F ) (FI(F) + (F) YﬁLU

CUBIC
FEET

ANNUAL MAINTENANCE

Annual maintenance will vary from 3.60 - 3.97 percent of installed packed column cost
and will depend upon fluid corrosivity, temperature, pressure, and fluid velocity.

OPERATION COST

Packed columns require approximately 0.25 operators per shift.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)

Heavy Chemical 0.071-0.091 11-14

0il and Gas Refining 0.063-0.071 14-16

Resins and Polymers 0.071 14

Food and Beverage 0.056- .083 12-138

Pulp and Paper 0.063 16

Mining 0.063-0.100 10-18
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Us-1

ULTRAFILTRATION SYSTEM

ULTRAFILTRATION SYSTEM
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Us-2
ULTRAFILTRATION SYSTEM

Installed ultrafiltration system cost includes purchased cost of membrane modules,
membranes, pressurization pump, recirculation pump, handling and setting, piping,
concrete, steel, instrumentation, electrical, paint, and indirect costs (prime
contractor engineering and construction overhead).

INSTALLED ULTRAFILTRATION SYSTEM COST,$ = (INSTALLED BASE COST)(FR)

ANNUAL MAINTENANCE

Annual maintenance will be approximately 1 to 3 percent of installed ultrafiltration
system cost,
QPERATION COST

Ultrafiltration systems require no operator attention.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECTATION RATE EXPECTED LIFETIME
{percent) (years)

Heavy Chemical 0.050-0.091 11-20

0il and Gas Refining 0.045 22

Resins and Polymers 0.045 22

Food and Beverage 0.045 22

Pulp and Paper 0.045 22

Mining 0.045 22
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VACUUM PUMP

INSTALLED BASE c0ST (1972 DOLLARS)
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VP-2
VACUUM PUMP

Installed vacuum pump cost includes purchased cost of vacuum pump, motor and drive,
handling and setting, piping, concrete, instrumentation, electrical, insulation, paint,
and indirect costs (prime contractor engineering and construction overhead).

INSTALLED VACUUM PUMP cOST,$ = (INSTALLED BASE COST)(FR)

ANNUAL MAINTENANCE

Annual maintenance will be approximately 0.75 percent of the installed vacuum pump
cast.

OPERATION COST

Vacuum pumps require no operator attention.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)

Heavy Chemical 0.05-0,091 11~20

0il and Gas Refining 0.063-0.071 14-16

Resins and Polymers 0.071-0.111 9-14

Food and Beverage 0.056-0.091 11-18

Pulp and Paper 0.063-0.100 10-16

Mining 0.063-0.100 10-18
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VIBRATING SCREEN

INSTALLED BASE cosT (1972 DOLLARS)

DESIGN ADJUSTMENT
Type F

Single Deck
Two Deck
Three Deck
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Vs-2
VIBRATING SCREEN

Installed vibrating screen cost includes purchased cost of vibrating screen motor
and drive, handling and setting, piping and ductwork, concrete, instrumentation,
electrical, paint, and indirect costs (prime contractor engineering and construction
overhead).

INSTALLED VIBRATING SCREEN cOST,$ = (INSTALLED BASE COST)(FD)(FR)

ANNUAL MAINTENANCE

Annual maintenance will be approximately 1.87 percent of installed vibrating screen cost
and will depend upon material corrosivity and abrasiveness.

OPERATION COST

Vibrating screens require no operator attention.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECTIATION RATE EXPECTED LIFETIME
(percent) (years)
Heavy Chemical 0.05-0.091 11-20
0il and Gas Refining 0.063-0.071 14-16
Resins and Polymers 0.071-0.111 9-14
Food and Beverage 0.056-0.091 11-18
Pulp and Paper 0.063-0.100 10-16
Mining 0.063-0.100 10-18
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Vi-1

VERTICAL TANK

PRESSURE (PSIG)
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Vi-2
VERTICAL TANK

Installed vertical tank cost includes purchased cost of vertical tank (field
erection for large size vessels), handling and setting, piping, concrete,
instrumentation, insulation, paint, and indirect costs (prime contractor
engineering and construction overhead).

INSTALLED VERTICAL TANK c0ST,$ = (INSTALLED BASE cosr)(FD)(FM)(FP)(FR)(FT)

ANNUAL MAINTENANCE

Annual maintenance will vary from 1.93 - 2.61 percent of installed vertical tank cost
and will depend upon temperature, pressure, fluid corrosivity and cycle time.

OPERATION COST

Vertical tanks require no operator attention.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECTATION RATE EXPECTED LIFETIME
(percent) (years)

Heavy Chemical 0.050-0.091 11-20

0il and Gas Refining 0.045 22

Resins and Polymers 0.045 22

Food and Beverage 0.045 22

Pulp and Paper 0.045 22

Mining 0.045 22



WATER TREATMENT SYSTEM

INSTALLED BASE cosT (1972 DOLLARS)

WTS-1

WATER TREATMENT SYSTEM
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WiS-2
WATER TREATMENT SYSTEM

Installed water treatment system cost includes purchased cost of water treatment
system, pumps, drives, mnecessary closed pump station buildings (if required),
handling and setting, piping, concrete, basins, pits and foundations, steel,
instrumentation, electrical, paint, and indirect costs (prime contractor engineering
and construction overhead). E

INSTALLED WATER TREATMENT SYSTEM C0ST, $ = (INSTALLED BASE COST)(FD)(FR)

ANNUAL MAINTENANCE

Annual maintenance will vary from 0.1 to 8 percent of installed water treatment
system cost and will primarily depend upon influent water quality, flowrate, and
cycling.

OPERATION COST

Water treatment systems require between 0.125 and 1.0 operators per shift.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)
Heavy Chemical 0.016-0.040 25-60
0il and Gas Refining 0.016-0.040 25-60
Resins and Polymers 0.016-0.040 25-60
Food and Beverage 0.016-0.040 25-60
Pulp and Paper 0.016-0.040 25-60
Mining 0.016-0.040 25-60



WTS-3
STEAM BOILER

STEAM BOILER
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WTS-4
STEAM BOILER

Installed steam boiler cost includes purchased cost of boiler, forced draft fans,
burners, soot blowers, boiler feedwater pumps, feed water deaerator, chemical
injection system, stock, handling and setting, piping, concrete, steel,
instrumentation, electrical, insulation, paint, and indirect costs (prime
contractor engineering and construction overhead).

INSTALLED STEAM BOILER COST, $ = (INSTALLED BASE COST)(FD) (FR)

ANNUAL MAINTENANCE

Annual maintenance will be approximately 3 percent of installed steam boiler cost.

OPERATION COST
Steam boilers require between 0.125 and 1.0 operators per shift.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECTATION RATE EXPECTED LIFETIME
(percent) (years)
Heavy Chemical 0.071-0.091 11-14
0il and Gas Refining 0.063-0.071 14-16
Resins and Polymers 0.071-0.111 9-14
Food and Beverage 0.056-0.083 12-18
Pulp and Paper 0.063 16
Mining 0.100 10



WTS-5

WATER STILL
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WTS-b
WATER STILL

Installed water still cost includes purchased cost of still, handling and setting,
piping, concrete, steel, instrumentation, insulation, paint, and indirect costs
(prime contractor engineering and construction overhead).

INSTALLED WATER STILL c0ST.$ = (INSTALLED BASE COST) (FR)

ANNUAL MAINTENANCE

Annual maintenance will be approximately 3 percent of installed water still cost.

OPERATION COST

Water stills require between 0.05 and 0.2 operators per shift.

PROBABLE ANNUAL DEPRECIATION RATE

INDUSTRY GROUP DEPRECIATION RATE EXPECTED LIFETIME
(percent) (years)
Heavy Chemical 0.050-0.091 11-20
0il and Gas Refining 0.045 22
Resins and Polymers 0.045 22
Food and Beverage 0.045 22
Pulp and Paper 0.045 22
Mining 0.045 22
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SECTION VI
GLOSSARY

Adjustment Factor - An additive or multiplicative factor for adjusting installed base
cost to obtain installed cost. The adjustments may be regional (for location of
installation), design (for the type of design), pressure, temperature, cost escalation,
or other pertinent parameters.

Cost Escalation Factor - See Adjustment Factor, a composite of the Marshall § Stevens
Index and the Engineering News Record Construction Cost Index.

Design Adjustment Factor - See Adjustment Factor.

Equipment Item - A piece of processing equipment. Generally refers to the piece as
purcEasea and before installation.

Installed Base Cost - The installed cost for an equipment module in a nominal location
with nominal design and operating characteristics.

Installed Cost - The cost including purchased equipment, material and labor requirements
for installation, contractors engineering and overhead. For processes, includes
contractors fee, contingencies, and land cost as well,

Installed Equipment Module - An equipment item together with its usual accessories, all
completely installed.

Key Cost Parameter - The single physical or capacity characteristic of an installed
equipment module which is most directly related to installed cost.

Labor to Material Ratic - The ratio of labor to material requirements in installed
equipment module.

Pressure Adjustment Factor - See Adjustment Factor.

Regional Adjustment Factor - See Adjustment Factor.

Subcontract Cost - The fee paid to another by the contractor for services, such as
erecting a building, completing yard improvements, etc.

Temperature Adjustment Factor - See Adjustment Factor.

Additional glossaries may be found in

1. Industrial § Engineering Chemistry 52 (&), 69 (1960).

2. Industrial § Engineering Chemistry 52 (7), 53 ( 960).

3. J. H. Perry, Chemical Engineers' Handbook, 4th Ed., pages 26-2, to 26-5.
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Cost Modules

Regional Data

Frost Depth

Isotach

Selected Material Costs
Cross Reference Index

Data Sheet Index
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APPENDIX A

CosT

MODULES

EQUIPILIENT COST ELEMENT

INPUT NPUT
FROM FROM
SYSTEM ,‘*‘1 USER
EXECUTIVE £
INPUT
TRANSLATOR

T

L

EQUIPMENT EXECUTIVE

STORAGE

Cost Symbals
Equipment Types
Equipment Costs
Unet Manhours
Craft Mix
Labor Rates
Equipment Rental

ALGORITHMS

Equipment Design
Sizing Technigues

Freld Labor Manhouss
Construction Equpment
Modular Refationships

4
FEEDBACK
oUTPUT ouTPUT
TO SYSTEM 4————
EXECUTIVE GENERATOR TO USER

Materiat Component

All equipment necessary for the processing plant
as indicated on flowsheets, equipment lists, etc

Labor Component

All labar operat:ons necessary 10 unload, store, set 1n
place erect and test process equipment on the job-
site Inciudes fabor to assemble, erect and dismantle
rigging poles and guy derricks when necessary

PIPING COST ELEMENT

NPyt INPUT
FROM L FROM
SYSTEM USER
EXECUTIVE INPUT

TRANSLATOR

L

PIPING EXECUTIVE

]

STORAGE

Cost Symbols
Materni Unit Costs
Unrt Manhours
Craft Mix
Labor Rates
Equipment Rental

ALGORITHMS

Sizing Routines

Line Specifications
Matens! Quantities
Field Labor Manhours
Construction Equipment
Madular Relationships

\ 4
FEEDBACK
TO SYSTEM 4—— s&uzrﬂon ——> 33{,’;";}
EXECUTIVE
Labor Component

Msterial Corm:portent
¢ Shop fabricated matenisl ~ process, suxihary, utility
® Field fabricated material — process, auxitiery, utility

¢ Fre d msemily material {valves, flanges, expansion joints,
e )

® Smail piping under 2 (screwed, socket In weld, steam
tracing, tubing, valves, etc )

* Underground piping (cast ron, vitrified clay, concrete
tranyite, etc }

& Spxcust fabricated systerns {rubber lined, glass lined, etc ,
as required by a particular process)

@ Shoes, guides, brackets, clamps, hangers, insulation
WPports, etc,

* Scatfolding as required

® Unload store, handle

® Field fabrication (alt labor operatons performed in the
jobsite weld shop such as cutting/beveling, preheating,
welding, x-ray, stress relief, etc }

» Pipe erection {all labor operations to erect shop fabricated
and freld tabricated spools in place, nstail pipe, vaives,
and other assembly matenial, coat ang wrap underground
piping, stress retief and x ray field welds, etc )

® Smait piping under 2 {ail 1abor operstions to nstalt
wcrewed, sock et weld, steam tracing, tubing, stc )

® Special fabricated systems (al! labor operatians necessary
10 nstall rubber lined, glass ined and other specusl
prefabricated components)

® Labor manhours to install shoes, hangers, quides,
brackets, e1c , necessary to support piping systems

@ Scaf‘clding labor as required
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CONCRETE COST ELEMENT

INPUT INPUT
FROM l l FROM
SYSTEM USER
EXECUTIVE INPUT

TRANSLATOR

v

L

CONCRETE EXECUTIVE ]

STORAGE

Cost Symbhols
Foundation Types
Structural Types
Materiai Unit Costs
Upit Manhours
Craft Mix
Labor Rates
Equipment Rental

v

ALGORITHMS

Design Rovtines
Material Quantities

Field Labor Manhours
Construction Equipment
Modular Relationships

FEEDBACK
TOSYSTEM <% GENERATOR 0 ustn
EXECUTIVE

Material Component

® Concrete {redi mix, cement, sand, aggregate add misc |
color, testing, etc )

@ Forming (plywoed, sonotube, metal forms, backup
lumber, nails, clamps, ete }

® Reinforcing {rebar, tie wire, mesh, etc )

® Accessorles {anchor bolts, curb angles, fireproofing
material, hardware, etc )

® Concrete pipe supports and sleepers

» Misceltaneous {trench covers, basin covers, marholes,
catch basins, manholes, etc }

@ Weather protection (shelters, heating equipment,
covers, etc )

® Scaffolding as requited

Labor Component

@ Unload, store, handle

@ Equipment foundations {all labor operations necessary
to istall rebar, forming and mass pour concrete}

® Pipe supports {all labor operations to install precast
supports, sleepers, poured in place 1tems, etc }

@ Basins, manholes, trenches (all labor operations to snstall
cooling tower basins, manholes, catch basins, pull boxes,
valve boxes, trenches, etc )

@ Concrete paving (all Jabor operations necessary to install
paving, roads, gutters, envelppes, e1¢ )

® Misceltaneous (all labor required to grout and finish
equipment setting, apply special coatings to foundation
stabs, basins, etc )

# Scaffolding labor as required

STRUCTURAL STEEL COST ELEMENT

INPUT
FROM

SYSTEM
EXECUTIVE

INPUT

FROM
USER

INPUT
TRANSLATOR

L

STRUCTURAL STEEL EXECUTIVE

1

STORAGE

Cost Symhols
Structural Types
Material Unit Costs
Ut Manhours
Craft Mix
Labor Rates
Equipment Rental

v

ALGORITHMS

Design Routines
Material Quantities
Field Labor Manhours
Construction Equigment
Modular Relationships

FEEDBACK

OUTPUT CUTPUT
TO SYSTEM <+—— —o
EXECUTIVE GENERATOR 10 USER

Material Component

® Steel structures (for process equipment access and sup-
port, including ladders, platform walkways, guard rails,
crane rails, all appertenances, etc }

® | adders, platforms, and walkways {when not attached
to vessels, bolers, and coolers, etc }

® Steel pipe supports and sleepers

® Scaffolding as required

Labor Component
* Unload, store, handle

® Steel structures {all labor operations to erect steel
structures on the jobsite)

» Ladders and platforms {al! labor operations to erect
on the jobsite)

@ Steel pipe supports {all fabor to assemble, erect or
mstall on the jobsite)

® Scaffolding labor as required
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INSTRUMENTATION COST ELEMENT

INPUT s INPUT
EROM FROM
SYSTEM USER
EXECUTIVE INPUT

TRANSLATOR

L

INSTRUMENTATION EXECUTIVE

i

STORAGE

Cost Symbots
Instrument Unit Costs
Material Unit Costs
Unit Manhgurs
Craft Mix
Labor Rates

/

ALGORITHMS

Material Quantities
Freld Lakor Manhours
Modular Relationships

FEEDBACK
ouTPUT OUTPUT
YSTEM 4——
eouve GENERATOR T0 USER

Material Component
# Major offiine items (analyzers, etc )

® Sensing devices (temperature, pressure, flow, gauge
glasses, level indicators, etc }

@ Control devices {control valves, power operators, etc )

® Miscelianeous (retief valves, steam traps, switches,
alarms, solenoids, etc }

® Field assembly matenal {piping, tubing, supports, tube
racks, etc)

® Covrol panels and pane! mounted instruments
® Scaffolding as required

Labor Component
® Unload, store, handle

@ Major offline 1tems {all tabor operations necessary to
install analyzers, etc )

® Locai instruments {all labor operations necessary to
nstall sensing and control instruments in the field)

® Miscellaneous {all labor operations necessary to instalt
rehef valves, steam traps, switches, alarms, solenoids,
etc)

@ Field assembly (all labor operations to install main
control tubing runs, etc }

® Check out, calibrate, and test

o Scaffalding labor as required

ELECTRICAL COST ELEMENT

INPUT INPUT
FROM FROM
SYSTEM USER
EXECUTIVE INPUT

TRANSLATOR

¥

ELECTRICAL EXECUTIVE

]

STORAGE

Cost Symbols
Uit Costs
Unit Manhours
Craft Mix
Labor Rates

ALGORITHMS

Materiaf Quantities
Labor Manhours

Field Labor Manhours
Modular Relationships

v
FEEDBACK
ouTPUT QUTPUT
TOSYSTEM <¢—
EXECUTIVE GENERATOR TO USER

Material Component

Power distribution and contro! {sub stations, switchgear,
maotor control centers, transformers, circuit breakers,
starters, bus ducts, etc )

Power feeders and motor runs (raceway systems, cable,
conduit, associated accessortes, etc }
Lighting (transformers, panels, centactors, transfer

switches wire, conduit support systems, floodights,
street Lights, etc )

Grounding and Cathodic Protection

.

Instrumentation {alt equipment and matenal for instry
mentation systems such as level pressure, flow recorder
signal transmission, thermocouple extensions, alarms,
interfock systems, etc }

Communications {telephone systems, intercom loud
speakers, fire reporting systems, etc )

Pole 1ines {nole mounted installation for power distribu
tion, motor runs hghting nstrumentation, COMMURNICE
tion, etc }

o Scaffolding as required

Labor Component
Unload, store, hangle

Power distribution and control  {All Jabor operations
necessary 10 install major 1tems of electrical equipment
This includes handhing, storing, setting n place and testing

Conduit work {all labor operations necessary to mstall
condurt and accessortes for power feeders and motor runs,
both above and below ground level}

Wire and cahle (all tabor operations necessary 10 install
wire and cable for power feeders and motor runs both
above and below ground level, instrumentation, communi-
cations, etc ] Test and check out

Pole tines {all labor operations necessary to instal! wood

poles set and dress, install conductors, etc ) Test and
check out

® Scatfolding labor as required




INSULATION COST ELEMENT

INPUT

INPUT
FROM FROM
SYSTEM USER
EXECUTIVE
INPUY
TRANSLATOR

¥

INSULATION EXECUTIVE

—

_|

STORAGE

Cost Symbols

ALGORITHMS

Material Quantities

Unit Costs Field Lahor Manhours
Unit Manhours Modular Relationships
Craft Mix

Lahor Rates

v
FEEDBACK
ouTPUT ouUTPUT
TO SYSTEM <4—
EXECUTIVE GENERATOR T0 USER

Material Component

® Equipment insulation matenial {special motding, covers,
ftat sheets, etc )

@ Piping, insulation matenal, molded pipe insulation,
covers, flange covers, etc

® Tiewire, mesh, et

Labor Component
® Unfoad, store and handle

® All labor operations to instal! insulation on equipment
1terns and piping as required

» Scaffolding labor as required

o Scaffolding as required

PAINT COST ELEMENT

INPUT
FROM

INPUT

SYSTEM
EXECUTIVE

!

FROM
USER

INPUT

TRANSLATODR

v

PAINT EXECUTIVE

STORAGE

Cost Symbols
Unit Costs
Unit Manhours
Craft Mix
Labor Rates

ALGDRITHMS

Matenal Guantities
Field Labor Manhour
Madular Relationships

)4
FEEDBACK
TOSYSTEM <+— ag?ngTRP:TTOR
EXECUTIVE

> OuTPUT

TO USER

Material Component
® Paint material special coatings, etc
® Sandblasting matenal as required
» Scaffolding as required

Labor Component
® Unload, store, and handle
® Labor to apply paint (spray, brush, etc )
® Scaffolding labor as required




PLANT BUILDING

COST ELEMENT

INPUT INPUT
FROM FROM
SYSTEM l ‘ USER
EXECUTIVE
INPUT
TRANSLATOR

PLANT BUILDING EXECUTIVE I
STORAGE ALGORITHMS
Type Symbats Bulding Costs
Foundations Service Costs
Shell Modular Relationships
Roof
Undt Costs
_Y¥
FEEDBACK
ouTPUT DUTPUT
TOSYSTEM 4+—
EXECUTIVE GENERATOR TO USER

Materiai Component

All materisl necessary to construct buildings as
required {(administration warkshops, control
rooms, steel structures, etc )

Labor Cornponent

All tabor necessary 1o construct buildings as
required {plus burden and overhead if buildings
subcontracted)

ENGINEERING COST ELEMENT

INPUT INPUT
FROM FROM
SYSTEM L * USER
EXECUTIVE
INPUT
TRANSLATOR

T

L

ENGINEERING EXEC

UTIVE

_|

STORAGE

Unit Manhours
Unst Rates
Indirect Relationships

ALGORITHMS

Direct Labor Manhours
Tndirect Costs
Modular Relationships

/
ToSvSTEN aurrar oureur
EXECUTIVE GENERATOR TO USER

Labor Component

Material Component

Al montes to cover the following home office
indirect costs

#Payroll burdens

® Office expense

®Office overhead

All home office iabor for the following engineering
activitres

® Project

@ Process

® Design

® Procurement

® Home Otfice Construction




SITE

WORK COST ELEMENT

INPUT USER
FROM INP
SYSTEM DATUAT
EXECUTIVE

INPUT
TRANSLATOR
l SITE WORK EXECUTIVE |
STORAGE ALGORITHMS
Work Items Work Item Quantities
Unit Costs
\'4
FEEDBACK
QUTPUT oUTPUT
TO SYSTEM <+——
EXECUTIVE GENERATOR T0 USER

Material Camponent

® Roads, watkways, paving

® Site clearing, excavation and grading
@ Sewers and underground

® Landscaping, etc.

All matenial and equipment necessary for site work

Labor Component
Al labor necessary for site work

® Roads, walkways, paving

® Site clearing, excavation and grading
® Sewers and underground

# Landscaping, etc.

CONSTRUCTION OVERHEAD

COST ELEMENT

INPUT
FROM L";”[}’J
SYSTEM ooh
EXECUTIVE
INPUT
TRANSLATOR

v

‘ CONSTRUCTIGN OVERHEAD EXECUTIVE j

STORAGE

Cost Relationships
Unit Manhours
Unit Rates
Labor Rates
Craft Benefits
Payroll Burdens
Equipment Rental Rates

ALGORITHMS

Temporary Construction Facilities
Construction Services

Field Supervision

Payroll Burdens and Insurance
Construction Equipment

Small Tools

Modular Relationships

v
FEEDBACK
ouTPUT OUTPUT
TOSYSTEM <——]
EXECUTIVE GENERATOR TO USER

Material Component

@ All material necessary to construct temporary facilities

@ Payroli burdens and expense on direct and indirect
field labor and supervision

@ Construction equipment rental and small tool cost

Labor Component

® All labor necessary to construct temporary faciiities
and provide construction services In the field

® Al field staff tabor and costs
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APPENDIX B
REGIONAL DATA

AVERAGE
b WIND FROST UNLCADED  SHOP FABRICATION
SPEED LINE SOIL SOIL SOIL  FIELD LABOR VS,
RANGE RANGE TYPE  LOADING DENSITY ~ WAGE RATE  FIELD ERECTION
REGION  (MPH) (INCHES) (LBS/FT) (LBS/FT?) ($/MH) (FT DIA)
1 67-100  25-60  DRY SAND 6000 100 6.08 13,5
2 67-100  15-45 SAND 8000 90 8.68 13.5
3 67-90 10-25  DRY SAND 6000 100 5.55 13,5
4 67-120 0-10  DRY SAWD 3000 90 6.88 13,5
5 67-100  10-60  DRY SAND 4000 9 - 8.61 14,5
6 67-100 0-15  DRY SAND 3000 90 6.89 15,0
7 67-100  10-45  DRY SAND 4000 90 8.23 15.0
8 75-100 5-60  DRY SAND 4000 90 6.81 15,0
9 60-30 0-10  DRY SAND 4000 90 .45 14,5

10 60-95 0-25  DRY SAWD 4000 90 7.17 14,5
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APPENDIX E
SELECTED MATERIAL COSTS

The following table lists some approximate prices for equipment item materials of

construction.

APPROXIMATE
COST*
MATERIAL BASE MATERIAL
{$/1b)

ALUMINUM 0.40 - 0.60

BERYLLIUM 500.00

BRASS 0.90

BRONZE 0.95

CARBON STEEL 0.07 - .11

COLUMBIUM 50.00

COPPER 1.00

CUPRONICKEL 1.20

GOLD 500.00

MAGNESTUM 0.70 - 2.00

MOLY BDENUM 30.00

MONEL 1.90

MUNTZ 0.85

NICKEL 2.20

PALLADIUM 550.00

PLATINUM 1800.00

RHODIUM 3000.00

STILVER 24.00

STAINLESS STEEL 0.25 - 1.20

TANTALUM 70.00

TIN 1.70

TITANIUM 2.00 - 4.00

ZINC 0.25

ZIRCONIUM 16.00

*3RD QUARTER 1972
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APPENDIX
CROSS REFERENCE INDEX

T0 FINDL LOOK UNDER IN
SECTION
A
ABSORBENTS SEE ADSORBENTS
ABSORBERS/ABSORPTION TOWERS SEE COLUMNS
ABSORBERS SEE PACKED COLUMNS» ION EXCHANGERS»
PACKINGS =
ABSORBER=CONCENTRATOR PACKED CULUMN TW
PACKING ™
ACCUMULATORS SEE RECEIVERe VESS:tL -
ACID £66S SEE VESSELSe REACTORSs TANKS -
ACIDULATORS SEE REACTORS: VESSELS -
ADSORBENTS PACKING ™
ION EXCHANGER 143
ADSORPTION COLUMN PACKED Cobumi T
TRAY TOWELR W
PACKING ™
AFTERCOOQOLERS HEAT EXCHANGER HE
AGGLOMERATORS SEE KILNS» MILLS -
AGITATED KETTLE AGITATED OPEN TANKS AOT
AGITATED PRESSURE TANKS APT
SEE ALSO REACTORS -
AGITATED OPEN TANKS MIXER TANK AOT
OPEN TOP TANK AOT
SEE ALSO VESSELS, REACTORS -
AGITATED PRESSURE TaNKS AUTOCLAVE APT
REACTOR APT
SEE ALSO VESSELS: xEACTORS -
AGITATED VESSELS SOITATED OPEN TANK A0T
AGITATED PRESSURE TANK APT
SEE ALSO AGITATORS: BLENDERSs MIXERSe
KNEADERSe TRAY DRYING SYSTEMS, -
DRYERS» ROTARY DRYERS» MILLS -
AIR=-CONDITIONERS AIR CONDITIONING UNITS ACU
AIR CONDITIONING UNITS AIR CONDITIONING SYSTEM ACU
WINDOW VENTED AIR CONDITIONER ACU
ROOFTOP AIR CONDITIONER ACU
FLOOR MOUNTED AIR CONDITIONER ACU
SEE ALSO REFRIGERATION UNITS -
AIR DRYERS AIR DRYER AD
SEE ALSO ION EXCHANGER: PACKED COLUMMg
DRYERS -
AIR FAN AIR COOLER HE
AIR FIN AIR COOLER HE
ALKYLATION REACTOR SEE HORIZONTAL TANKS: AGITATORS, -
REACTOKS
ALKYLATORS SEE REACTORS -
ATMOSPHERIC FILTRATION DUST COLLECTOR nc
FILTER F
AUTOCLAVES AUTOCLAVE APT
AZEOTROPIC DISTILLATION SYSTEM SEE DISTILLATION SYSTEM -
B
BAFFLE~-TOWER EXTRACTORS SEE PACKED COLUMNSs TRAY TOWERS -
BAG FILTERS SEE DUST COLLECTOKS -
BAGGER PACKAGING MACHINE PKG
BAGHOUSE CLOTH BAY DUST COLLECTOR ne
AUTOMATIC CLOTH pusST COLLECTOR nc
BEATERS KNEAKER X
MIXER X
BELT FEEDERS APRON COWVEYOR ~0
BIN STQRAGE TANK \T
LIGHT GAGE TANK vT
CONE ROOF TANK VT
CONICAL TANK vT
FLOATING ROOF TANK vT
LIFTER RUOF TARNK vT
SEE ALSO TANK!* VESSELe* RECEIVER -
BIO=OXIOATION UNITS SEE UNDER SPECIFIC ITEM -
BIOLOGICAL WASTE UNITS SEE UNDEw SPECIFIC ITEM -
BLENDERS {LENDER oL
ROTARY DoUBLE=CONE SLENDER AL
RIBBON BLENDER L
SEE ALSO KNEADERSe MIXERS -
BLOWERS FAN N
BOILERS bOILER wTS
BRIDGE BREAKER FEEUER FE
BUBBLE CAPS BUBBLE CaP TRAY TOWER T

BUCKETS

SEE ELEVATORSe CONVEYORS
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CALANDRI1AS

CALCINERS
CANNED=-MOTOR PUMPS
CATALYST

CATALYST oED REACTORS

CENTRIFUGAL PUMPS

CENTRIFUGAL CLASSIFIERS

CENTRIFUGAL EXTRACTOR

CENTRIFUGAL FANS
CENTRIFUGAL FILTEKS

CENTRIFUGAL SEPARATOR
CENTRIFUGAL SETTLERS

CENTRIFUGAL WET COLLECTOR
CENTRIFUGALS

CENTRIFUGLS

CHALN CONVEYORS
CHEMICAL REACTORS
CHILLERS

CHIMNEYS
CHUTES
CLARIFIERS

CLASSIFIERS
CLARIFIER
COILS

COLLECTION SYSTEM
COLLECTORS
COLUMNS

COMBUSTION EQUIPMENT

COMBUSTION UNITS
COMMINUTOR

COMPACTORS
COMPOUNDERS
COMPRESSED AIR SYSTEMS
COMPRESSORS

COMPRESSORSe AIR

C

SHELL + TUBE CALANDRIA

SEE ALSO HEAT EXCHANGER: EVAPORATOR

SEE ROTARY DRYERS

GEAR PUMPS

PACKING

PACKED COLUMN

ALSO SEE TOWERSe REACTORSe VESSELS

MODERATE SERVICE CLOSED IMPELLER

HEAVY DUTY SERVICE CLOSED IMPELLER

GENERAL SERVICE CLOSED IMPELLER

GENERAL SERVICE OPEN IMPELLER

AMERTICAN VOLUNTARY STANDARD CLOSED
IMPELLER

CLOSED IMPELLER

CENTRIFUGAL PUMP TURBINE DRIVER

CENTRIFUGAL PUMP MOTOR DRIVER

SEE ALSO PUMPS: FANS: COMPRESSORS

CENTRIFUGAL PRECIPITATOR

CYCLONE DUST COLLECTOR

MULTI=CYCLONE DUST COLLECTOR

CONTINUOUS CENTRIFUGAL EXTRACTOR

ALSO SEE CENTRIFUGES

FANS

FILTERS

CENTRIFUGES

DUST COLLECTORS

CYCLONE DUST COLLECTOR

CENTRIFUGE

CENTRIFUGES

DUST COLLECTORS

CENTRIFUGAL PRECIPITATOR DUST COLLECTOR

SEE CENTKIFUGES» FLOATATION MACHINES:
CRYSTALLIZERS, COMPRESSORS

AeToM. SUSPENDED CENTRIFUGE

SOLID 80wl CENTRIFUGE

RECIPROCATING CONVEYOR CENTRIFUGE

SCROLL CUNVEYOR CENTRIFUGE

HIGH SPEED DISK CENTRIFUGE

HIGH SPELD TUBULAR CENTRIFUGE

BATCH AUTOMATIC CENTRIFUGE

SUPER D HYDRATOR CENTRIFUGE

BATCH TOP SUSPENDEL CENTRIFUGE

BATCH BOTTOM SUSPENDED CENTRIFUGE

BATCH BOTTOM ORIVEN, TOP UNLOADING
CENTRIFUGE

BATCH BOTTOM DRIVEN, BOTTOM UNLOADING
CENTRIFUGE

SEE ALSO FLOATATION MACHINES

CONVEYORS

REACTORS

HEAT EXCHANGER

REFRIGERATION UNITS

CONDENSERS

FREEZERS

STACK

CONVEYOR

FILTER

THICKENER

FILTERS

CENTRIFUGES

DUST COLLECTORS

SEE SCREENS

THICKENER

PLATE COIL HEAT EXCHANGER

SPIRAL COIL HEAT EXCHANGER

SEE ALSO HEAT EXCHANGERS

DUST COLLECTOR

SEE DUST COLLECTORS, FILTERS

PACKED COLUMN

TRAY TOWERS

WASHERS

ALSO SEE VESSELS

FURNACES

HEATING UNITS

STACKS

SEE ALSO DRYERS» RUTARY DRYERS.
FIRED PROCESS EQUIPMENT

CUTTER

MILL

SEE PRESSES

SEE PRESSES

SEE COMPRESSORS

SEE AIR COMPRESSORSs GAS COMPRESSORS
FANSs TURBINES

SINGLE RECIPROACATING = ONE STAGE

SINGLE RECIPROCATING = TWO STAGE

SINGLE RECIPROCATING = THREE STAGE

DUPLEX RECIPROCATING =~ TWO STAGE

CENTRIFUGAL TURBINE DRIVE

CENTRIFUGAL MOTOR LRIVE

RECIPROCATING GAS ENGINE DRIVE

RECIPROCATING MOTOR DRIVE

SEE ALSO GAS COMPRESSORS» FANS
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COMPRESSORS+ GAS

CONCENTRATORS
CONDITIONERS

CONDITIONING TANK
CONDENSERS

CONICAL HOPPER

CONTACTOR

CONVERTERS
CONVEYOR sELTS
CONVEYORS

COOKERS

COOLERS
COOLING TOWERS

COOLING WATER SYSTEM

CRUSHERS

CRACKERS

CRACKING FURNACES
CRYOGENIC UNITS
CRYSTALLIZERS

CUTTER
CRUSHING ROLLS
CYCLONE SCRUBBER

CYCLONE VESSEL
CYCLONES

CYLINDERS

DEAERATORS
DEBUTANIZERS
DECANTER

DECOLORIZERS
DECOMPOSERS
DEDUSTERS
DEFIBERIZERS
DEFLOCCULATORS
DEFOAMERS
DEGASIFIERS
DEGUMMERS

DEHUMIUIF IERS

DEHYDRATORS

DEIONIZERS
DEISOBUTINIZERS
DEISOPENTANIZERS
DELUMPERS

RECIPROCATING GAS ENGINE DRIVE
RECIPROCATING MOTOR DRIVE

CENTRIFUGAL TURBINE DRIVE COMPRESSOR
CENTRIFUGAL MOTOR DRIVE COMPRESSOR
RECIPROCATING COMPRESSOR

SEE ALSO AIR COMPRESSORS» FANS
THICKENER

REACTOR

GC
GC
6C
6C
6C
T
APY

SEE AIR CONDITIONING UNITS» WATER TREAT-

MENT SYSTEMS
SEE REACTOR» VESSEL, BIN» TANK
BAROMETRIC CONDENSER
SEE ALSO HEAT EXCHANGERS
CONE ROOF VERTICAL TANK
LIGHT GAGE VERTICAL TANK
CONICAL TANK
PACKED COLUMN
ION EXCHANGER
EXTRACTOR
SEE REACTORSs VESSCLS
CONVEYOR
CENTRIFUGAL BUCKET ELEVATOR
CONTINUQUS BUCKET tLEVATOR
PNEUMATIC CONVEYING SYSTEM
ROLLER CONVEYOR
SCREW COLVEYOR
VIBRATING CONVEYOR
SPACED BUCKET ELEVATOR
APRON CONVEYOR
OPEN BELT CONVEYOR
ENCLOSED BELT CONVEYOR
SEE ALSO ELEVATORS
SEE DRYERSr TRAY DRYING SYSTEMS,

DRUM DRYERS+» ROTARY DRYERS
SEE HEAT EXCHANGERS
COOLING TOWER
COOLING TOWER SYSTEMS
COOLING TOWER
COOLING TOWER SYSTeM
PUMP
PUMPING STATION
CONE CRUSHER
GYRATORY CRUSHER
JAw CRUSHER
ROLL CRUSHER
ROTARY CRUSHER
PULVERIZER
SAWTOOTH CRUSHER
SEE ALSO MILLS+ CUTTERS
FLUIDIZE{ BED REACTOR
SEE ALSO REACTORS» VESSELSe TOWERS
SEE FURNACESes CRACKERSe HEATING UNITS
SEE UNDER SPECIFIC ITEM
MECHANICKL CRYSTALLIZER
OSLO GROwTH TYPE CRYSTALLIZER
BATCH VACUUM CRYSTALLIZER
FORCED CIRCULATION
ROTARY KIWIFE CUTTER
SEE ALSO MILLS
CRUSHER
ROLL MILL
CYCLONE
MULTI CYCLONE
SEE CYCLONES
CYCLONE QUST COLLECTOR
MULTI=CYCLONE DUST COLLECTOR
SEE COLUMNSe VESSELS

o

SEE MIXERS

SEE DISTILLATION SYSTEMS

SUPER D C(ENTRIFUGE

SEE ALSO SEPARATOR

SEE ABSORBERS+ACTIVATED CARBON

SEE AGITATED VESSELS

SEE DUST COLLECTORS

SEE CRUSHERS/MILLS

SEE CRUSHERS/MILLS

SEE MIXERS

SEE DEAERATORS/MIXELRS

SEt CENTRIFUGES» EVAPORATORS!
WIPED FILM EVAPORATORS

DRYERS

AIR CONDITIONING UNIT

AIR DRYEKS

SEE DISTILLATION SYSTEMSs DRYERSs ROTARY
DRYERS» TRAY DRYING SYSTEMS: EVAPORAT-

ORS» WIPED FILM EVAPORATORS: DRUM
DRYERS» FLAKERS

SEE ION-EXCHANGERS» SOFTENERS

SEE DISTILLATION SYSTEMS

SEE DISTILLATION SYSTEMS

SEE CRUSHERS» MILLS» MIXERS
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DEMINERALIZER

DENSIFIERS
DEODORIZERS

OEPROPANIZERS
DESICCATORS

DESILICIZERS
DESICCANTS
DESICCATORS
DESILTERS
DESLUDGERS
DESMOGGERS
DESOLVENTIZERS

DESORBERS
DESTRUCTORS
DESULFURIZATION REACTOR

DEWATERERS

DEWATERING SYSTEM
DEWATERING SYSTEM

DIFFUSERS

DIGESTERS

DISPERSERS

DISPOSAL UNITS
OISSOLVERS
DISTILLATION EQUIPMENT
DISTILLATION UNITS
DISTILLATION SYSTEM

DISTILLED WATER SYSTEM

DRUM

ORAINERS
DRIVES

DRYING SYSTEM

DRY CHEMICAL FEEDER
DRYERS

DUST COLLECTORS

DRUM DRYERS

DUST COLLECTION SYSTEM

ECONOMIZER

WATER TREATMENT SYSTEM

ION EXCHANGER

PACKED COLUMN

PACKING

SEE MIXERS

SEE REACTQRS: UISTILLATION SYSTEMS
DRYERS

SEE OISTILLATION SYSTEMS

SEE ION EXCHANGERS: PACKED COLUMNS:
PACKINGS

SEE ION=EXCHANGERS

SEE PACKINGS

SEE DRYEKSr PACKED COLUMNS: PACKINGS

VIBRATING SCREEN

SEE CENTKIFUGES» FILTERSe THICKENERS

SEE DUST COLLECTORS, FILTERS

SEE DRYEKSes DRUM DRYERSe TRAY DRYING
SYSTEMS, ROTARY DRYERSr EVAPORATORS:
DISTILLATION SYSTEMS

SEE COLUMNS: TOWERSe VESSELSs» REACTORS

SEE INCINERATORS

PACKED COLUMNS

SEE ALSO REACTORSe: TOWERS: VESSELS

SEE CENTRIFUGESs FILTERS» DRYERSe
ROTARY DRYERS: TURBO DRYING SYSTEMS

CONVEYOR

VIBRATING SCREEN

ROTARY VACUUM FILTER

CENTRIFUGAL PUMP

PUMP

DUST COLLECTOR

AIR DRYER

ORYING SYSTEM

INCINERATOR

RECEIVER

VACUUM PuMP

FILTER

HOPPER

SEE MIXEKS

SEE REACTORSe VESSELS

SEE MIXERSs BLENDERSs AGITATORS

SEE UNDER SPECIFIC ITEM

SEE MIXERS

SEE UNDER SPECIFIC ITEM

SEE DISTILLATION SYSTEMS

TRAY TOWER

PACKED COLUMN

HEAT EXCHANGER

REBOILER

CONDENSER

PUMP

CENTRIFUGAL PUMP

VACUUM PuMP

STILL

SEE ALSO RECEIVER

STILL

SEE ALSO DISTILLATION SYSTEM

SEE BIN+ RECEIVER» DRUM» VESSEL

SEE CENTRIFUGALS

SEE TURBINES

ORYER

ROTARY DRYER

TRAY DRYING SYSTEM

DRUM DRYER

FEELER

CONVEYOR

ATMOSPHERIC TRAY DRYER

VACUUM TRAY DRYER

PAN DRYEK

SPRAY DRYER

FLUID BEL DRYER

ALSO SEE ROTARY ORYERS? DRUM DRYERSe
TRAY DRYING SYSTEMSe FLAKERS

CLOTH BAY DUST COLLECTOR

CYCLONE COLLECTOR

MULTIPLE CYCLONE CULLECTOR

WASHERS

AUTOMATIC CLOTH FILTER DUST COLLECTOR

LOW VOLTAGE ELECTRICAL PRECIPITATOR

HIGH VOLTAGE ELECTRICAL PRECIPITATOR

CENTRIFUGAL PRECIPITATOR

SEE ALSQO FILTERS: SEPARATORS

SINGLE ATMOSPHERIC DRUM DRYER

DOUBLE ATMOSPHERIC DRUM DRYER

SINGLE ATMOSPHERIC DRUM DRYER

SEE ALSO DRYERS» FLAKERS» ROTARY DRYERS

DUST COLLECTOR

FAN

E

HEAT EXCHANGER
EVAPORATOR

WTS

TW
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EDUCATORS

ELECTRICAL GENERATORS

EJECTORS

ELECTROSTATIC PRECIPITATOR

ELEVATORS

EMULSIFIERS
ENGINES

EVACUATURS
EVAPORATORS

EXCHANGE RESIN

EXCHANGER

EXTRACTORS

EXHAUSTERS

EXTRACTORS

EXTRACT FURNACES
EXTRACTION COLUMNS
EXTRUDERS

FANS

FEED HEATER

FEED PuMP

FEED TANK
FEEDERS

FIBERIZERS

FIELD ERELTED VESSELS

FILTER BAOGS

FILTER CLOTHS
FILTER LEAVES
FILTER PRESSES

CONDENSER

REBOILER

BOILER

EJECTOR

STEAM JET REFRIGERATION UNIT

TURBO GENWERATOR

UNIT STEAM AND BOILER

PORTABLE GENERATOR SET

SEE ALSO TURBINES

SINGLE STAGE NON-CONDENSING EJECTOR

TWO STAGE - BAROMETRIC TYPE OF INTER-
CONDENSER

FOUR STAGE - BAROMETRIC

FIVE STAGE - BAROMETRIC

SEE ALSO REFRIGERATION UNITSe VACUUM
PUMPS

DUST COLLECTOR

PASSENGEK ELEVATOR

FREIGHT ELEVATOR

SEE ALSO CONVEYORS

SEE MIXEKS

SEE ALSO SEPARATORS

SEE TURBINESe ELECTRICAL GENERATOR
UNITS

SEE EJECTORS

AGITATED FALLING FILM EVAPGRATOR

FORCED CIRCULATION EVAPORATOR

LONG=TUBE RISING FILM EVAPORATOR

STANDARD HORIZONTAL TUBE EVAPORATOR

STANDARD VERTICAL TUBE EVAPORATOR

JACKETED VESSEL TYPE EVAPORATOR

LONG TUBE VERTICAL EVAPORATOR

SEE ALSO WIPED FILM EVAPORATORSs HEAT
EXCHANGERSe FURNACES* HEATING UNITS

PACKING

DACKED COLUMN

ION EXCHANGER

HEAT EXCHANGER

REBOILER

EVAPORATUR

CONDENSER

CONTINUOUS CENTRIFUGAL EXTRACTOR

SEE ALSO CENTRIFUGLS

SEE BLOWERS+ FANS» VACUUM PUMPS)
COMPRESSORS+ EJECTORS: GEAR PUMPS,
CENTRIFUGAL PUMPS

EXTRACTOR

AGITATED PRESSURE TANKS

CENTRIFUGE

SEE FURNACESs HEATING UNITS

SEE AGITATED VESSELSe VESSELS+ REACTORS

MIXER

F

CENTRIFUGAL TURBO HLOWER
CENTRIFUGAL COMPRESSOR
PROPELLEK FAN

ROTARY BLOWER

VANEAXIAL FAN
CENTRIFUGAL FAN

SEE ALSO GAS COMPRESSORS: AIR COMPRESS-

ORSe PUMPS
SEE HEATERS
SEE PUMP
SEE TANK: VESSEL
bELT FEELER
CHAMBER FEEDER
LOSS IN WwEIGHT FEELER
ROTARY FEEDER
SEE ALSO CONVEYORS
SEE MILLS
SPHERES
SPHEROILS
CONE ROOF TANKS
CONICAL TANKS
FLOATING ROOF TANKS
LIFTER ROOF TANKS
6GAS HOLDERS
OPEN TOP TANKS
AGITATED OPEN TAWKS
THICKENERS
TRAY TOWLRS
PACKED COLUMNS
API TANKS
STORAGE TANKS
LIGHT GAGE TANKS
SEE FILTERS: DUST COLLECTORS
SEE FILTERSs DUST COLLECTORS
SEE FILTLRS
PLATE + FRAME FILTER PRESS
HYDRAULIC PRESS
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FILTER SCREENS
FILTER UNIT

FILTERS

FILTRATE RECEIVERS
FILTRATE TANK
FILTRATION

FINISHER

FINISHING
FIRED PROUESS EQUIPMENT

FIRED ROTARY KILN
FLAKERS

FLOATATION MACHINES

FLASH LURUM

FLASH TOWtRS

FLOTATION UNITS

FLUE 6AS SCRUBBING SYSTEM

FLUIDIZED BED REACTOR

FLUIDIZING CONVEYOR SYSTEMS
FLOTATION UNITS

FRACTIONATORS
FRAME FILTER
FREEZERS

FUME COLLECTORS
FUME EXHAUST SYSTEMS
FUMIGATORS

FURNACES

GAS CONVEYING SYSTEM

GAS ABSORBER

GASHOLDERS

GAS SCRUBUER
GEAR PUMPS

GAS WASH COLUMN
GENERATORS

GLASS~LINED STEEL EQUIPMENT
GRANULATORS
GRINDERS

VIBRATING SCREENS

FILTER

SEE ALSO SEPARATORS
SPARKLER FILTER

ROTARY DkuM FILTER
ROTARY DISK FILTER

PLATE AND FRAME FILTER
PRESSURE LEAF=URY FILTER
PRESSURE LEAF-WET FILTER
SEWAGE FILTER SYSTEM

SEE ALSO DUST COLLECTORSr» SEPARATORS

SEE RECE1VERS

SEE TANKs VESSELs RECEIVER
FILTER

DUST COLLECTOR

WIPED FILM EVAPORATOR
EVAPORATOR

ORUM DRYER

ALSO SEE TUBULAR REACTORs REACTOR

SEE MILLS

FURNACES

HEATING UNITS
BOILERS

STACKS

DRYERS

ROTARY DKYERS

STILL

ROTARY DRYER

DRUM FLAKER

DRUM DRYER

SEE ALSO DRUM DRYERS
FLOATATION MACHINE
SEE ALSO CENTRIFUGLS
SEE DRUMSe VESSELS» REACTORSe
SEE TOWERS
FLOATATION MACHINE
SCRUBBER

DUST COLLECTOR
FILTER

FAN

PACKED COLUMN
PACKING

FLUIDIZEu BED REACTOR
SPHERES

SPHEROIUS

ION EXCHANGERS
WASHERS

SEE CONVEYORS

SEE FLOATATON MACHINEer THICKENER®

REACTOKS
SEE DISTILLATION SYSTEMS
PLATE ANu FRAME FILTER PRESS
FREEZER
SEE ALSO REFRIGERATION UNITS»
CONDITIONING UNITS
DUST COLLECTOR
SEE PUMPSe FANS
SEE VESSELS
PROCESS HEATER FURNACE
VERTICAL FURNACE
bBOX FURNACE
PYROLYSIS FURNACE
REFORMER FURNACE
SEE ALSO HEATING UNITS

G

PNEUMATIC CONVEYING SYSTEM

GAS COMPRESSOR

AIR COMPRESSOR

FAN

SEE ALSO RECEIVER! VESSELe BIN
PACKED COL.UMN

ION EXCHANGER

PACKING

GAS HOLOLR

SEE ALSO VESSELS

SEE SCRULBER

GEAR PUMP

CANNED ROTOR GEAR PUMP
MECHANICAL SEAL TYPE GEAR PUMP
SEE ALSO PUMPS» VACUUM PUMPS
SEE COLUMNS» TOWERS

TURBINES

ELECTRICAL GENERATOR UNITS

SEE APPROPRIATE EQUIPMENT ITEM
SEE CRUSHERS: MILLS

SEE CRUSHERS» MILLS

174

TANKS

AIR

[

11 IMMATMTAT | N

=M

co
GC
AC
FN

TW
IE
W
vT

oP
GP
GP

TUR
EG



HALOGENATORS
HAMMERMILLS
HEAT EXCHANGERS

HEAT RECOVERY UNITS
{EAT TRANSFER SYSTEM

HEATERS

HEATING UNITS

HIGH-EFFICIENCY CENTRIFUGAL
COLLECTOR
HIGH EFFICIENCY CYCLONE

HIGH VELOCITY SCRUBLER

HOISTS

HOLDING TANK
HOMOGENIZERS

HOPPER

HORIZONTAL PLATE FILTER
HORIZONTAL TANKS

HYDRAUL.IC CONVEYOR SYSTEMS
HYDRO~EXTRACTORS
HYDROGENATION REACTOR

IMPACTORS

IMPELLERS
IMPREGNATORS
INCINERATION SYSTEM

H

SEE MIXEKS

SEE CRUSHERS: MILLS

SHELL ANL TUBE HEAT EXCHANGER

SHELL ANL TUBE CALANDRIA

GLASS COIL IN GLASS SHELL EXCHANGER

FLOATING HEAD TYPE HEAT EXCHANGER

FIXED TUbE SHEET TYPE HEAT EXCHANGER

U=TUBE TYPE HEAT EXCHANGER

TANK HEATER =~ STEAM COIL

TANK HEATER = IMMERSION

JACKETED PIPE EXCHANGER

TANK SUCTION HEATER

TWIN SCREW

THERMASCKEW (RIETZ) SINGLE SCREW

TWIN SCRiw AGITATEL AND JACKETED

WASTE HEAT BOILER

CASCADE COOLER

PLATE COIL HEADER TYPE SERPENTINE TYPE

DRIP COOLER

FIN TUBE EXCHANGER

AIR COOLER

U=TUBE HEAT EXCHANGER

SPIRAL TUBE HEAT EXCHANGER

SPIRAL PLATE HEAT £XCHANGER

SEE ALSO HEATING UNITSe EVAPORATORS»
FURNACES» REFRIGERATION UNITS»

HE
HE
HE
HE
HE
HE
HE
HE
HE
HE
HE
HE
HE
HE
HE
HE
HE
HE
HE
HE
HE
HE

CONDENSERSe FREEZERSe AIR CONDITIONING

UNITS
SEE FURNACES? HEATING UNITS» BOILERSe
" HEAT EACHANGERS
HEAT EXCHANGER
CONDENSER
REBOILER
EVAPORATCR
WIPED FILM EVAPORATOR
COOLING TOWER SYSTEM
COOLING TOWER
HEATING UNIT
FREEZER
FURNACE
AIR COOLLR
REFRIGERATION UNIT
ALSO SEE DRYERs REFRIGERATION SYSTEM
SEE FURNACES» HEATING UNITS, HEAT
EXCHANGERS
UOWTHERM
PROCESS HEATER TYPE HEATING UNIT
SEE ALSO FURNACES
MULTI CYCLONE DUST (OLLECTOR

CYCLONE LUST COLLECTOR

MULTI CYCLONE DUST COLLECTOR

WASHER

SEE ALSO SCRUBBER

S5~SPEED ELECTRIC HOIST WITH MOTOR
ORIVE TROLLEY

HAND HOIST, PLAIN TROLLEY

HAND HOIST,» GEARED TROLLEY

HAND HOISTs NO TROLLEY

SINGLE=SPEED ELECTRIC HOIST, NO TROLLEY

5=~SPEED ELECTRIC HOIST+ NO TROLLEY

SEE ALSO CRANES

SEE VESSELer TANKr BINe DRUM

SEE MIXERS

SEE BINs TANKr VESSEL» RECEIVER

SPARKLER FILTER

VACUUM RECEIVER

JACKETED VACUUM RECIEVER

CYLINDRICAL VESSEL

SPHERE

STORAGE TANK

SPHEROID

SEE ALSO VESSELSe TANKS

PNEUMATIC CONVEYOR SYSTEM

SEE CENTRIFUGALS

PACKED COLUMN

I
SEE CRUSHERS: MILLS
SEE AGITATORS: MIXERS
SEE VESSELS
INCINERATOR
STACK
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INCINERATORS
INTENSIFIERS

INTERCOOLERS

INERTIAL wET COLLECTOR

ION EXCHANGERS

ION=EXCHANGE RESINS

ION RETARDATION UNITS

ISOMERIZATION KEACTORS

ISOSTRIPPER

JACKETED REACTOR
JET VACUUM EQUIPMENT

KETTLES

KILNS
KNEADERS

KNOCK=0UT DRUM

KYMER DIGESTER

LEACHERS
LOADER

MAIN COLUMN

MAIN FRACTIONATORS
MAKE=UP AIR UNITS
MAKEUP COMPRESSOR
MANCOOLERS
MASTICATORS
MECHANICAL COLLECTOR
METERING PUMP

METHANATORS
MICRONIZERS
MIX-COOKES

MILLS

MIXERS

MULTI-STAGE PUMP

MULLERS

FAN

CONVEYOR

TANK

INCINERATOR

MIXERS

BLENDERS

KNEADERS

SEE HEAT EXCHANGERS, AIR DRYERS

CENTRIFUGAL PRECIPITATOR DUST COLLECTOR

ANION TYPE ION EXCHANGER

HYDROGEN CYCLE CATION TYPE ION
EXCHANGER

SODIUM CYCLE CATION TYPE 10N EXCHANGER

SEE ALSO PACKED COLUMNS: WATER TREAT-
MENT SYSTEMS

PACKING

SEE ALSO ION EXCHANGERS: PACKED COLUMS

SEE ION EXCHANGERS+ REACTORS

SEE DISTILLATION SYSTEMS

SEE OISTILLATION SYSTEMS

J

REACTOR
EJECTORS
STEAM JET REFRIGERATION UNIT

K

SEE REACTORSe REBOILERS
CRYSTALLIZERS
SEE ROTARY DRYERS
STATIONARY,» UPRIGHT DOUBLE—ARM KNEADER
TILTING» DOUBLE~ARM KNEADER
VACUUMy TILTING-TYPE DOUBLE-ARM KNEADER
SEE ALSO BLENDERS. MIXERS
HORIZONTAL TANKS
VERTICAL TANKS
ALSO SEE VESSELSs TANKS
SEE REACTOR» VESSEL

L

SEE VESSELSe REACTORS
FEEUER

CONVEYOR

HOIST

ELEVATOR

]

SEE TOWERS
SEE DISTILLATION SYSTEMS
SEE BLOWERSs FANSe COMPRESSORS
COMPRESSORS
SEE FANSs AIR CONDITIONING UNITS
SEE MIXERSe AGITATORSs BLENDERS
DUST COLLECTOR
PUMP
GEAR PUMP
SEE TOWERSr COLUMNS, VESSELSe: REACTORS
SEE MILLS» CRUSHERS
SEE DRUM DRYER» DRYERe¢ MIXERs
TURBO DRYING SYSTEM
ATTRITION MILL
SWING HAMMER MILL
MIKRO=PULVERIZER
KROLLER MILL
BALL MILL
HAMMER MILL
SEE ALSO CRUSHERS
SIGMA MIXER
FIXED PROPELLER MIXER
PORTABLE PROPELLER MIXER
EXTRUDER=-STEEL CYLINDRICAL VARIABLE
DRIVE
EXTRUDER=-MULLER
SPIRAL RIBBON MIXER
TWO-ROLL MIXER
PAN MIXER
AGITATED OPEN TANK
AGITATED PRESSURE TANK
HOTARY BLENDER
RIBHON BLENDER
BLENDER
SEE ALSO BLENDERSsKNEADERS» AGITATORS
CENTRIFUGAL PUMP
PUMP
SEE MIXERS
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NEUTRALIZERS

NITRATORS
NODUL IZERS

OXIDIZER

PACKAGING EQUIPMENT
PACKAGING MACHINES

PACKED COLUMN
PACKERS
PACKING

PANS

PANEL FILTER
PASTEURIZERS

PELLETIZERS
PERCOLATORS
PILOT=SCALE EQUIPMENT
PIPELINE REACTOR

PLATE COILS
PLATE TOWER
PNEUMATIC CONVEYOR SYSTEMS

POLYMERIZER

POTS
POWER RECOVERY TURBLINES

PREBREAKERS
PRECIPITATORS
PREHEAT FURNACE
PREREATERS
PRESSES
PRESCRUBBER
PRESSURE FILTER

PRIMARY CLARIFIER
PROCESS COOQLERS

PROCESS HEATER

PROCESSORS

PRODUCT PUMP

PRODUCT TaNK

PROPANE ACCUMULATOURS
PULP DIGESTER

PUMPS

PUMPING STATION

PUMPING SYSTEMS

PURIFIERS

PURIFICATION SYSTEM

N

SEE MIXERSe VESSELS» REACTORS
REINFOKCED CONCRLTE ITEM

SEE VESSELSr REACTORS

SEE KILNS

0

SEE REACTORS» VESSELS* COLUMNS, TOWERS

P

VOLUME BAGGER

WEIGHT B,.6GER

BAGGING MACHINE PACKED BY WEIGHT
BAGGING MACHINE PACKED BY WEIGHT
PACKED COLUMN

SEE PACKAGING EGUIPMENT

SEE UNDER SPECIFIC ITEM

SEE ALSO PACKED COLUMNS: 10N EXCHANGERS

PAN MIXER

PAN DRYER

CLOTH BAY QUST COLLECTOR

AUTOCLAVES

SEE ALSO VESSELSr: RKEACTORS

ROTARY KNIFE CUTTEK

SEE VESSeLSr REACTURS

SEE UNDEK SPECIFIC ITEM

JACKETED PIPE HEAT EXCHANGER

ALSO SEE TUBULAR REACTORe HEAT
EXCHANGER» REACTOR

PLATE COIL HEAT EXCHANGER

TRAY TOWER

PNEUMATIC CONVEYINo SYSTEM

SEE ALSO FANS+ COMPRESSORS: YARD PIPE

AGITATED PRESSURE TANK

WIPED FILM EVAPORATOR

ALSO SEE REACTOR» TUBULAR REACTOR

SEE VESSELSe REACTURSs TANKS: DRUMS

TURBINE

ELECTRICAL GENERATOR

SEE CRUSHERS: MILLS

SEE TANKS» THICKENERS

SEE FURNACESr» HEATING UNITS

SEE HEATERS

HYDRAULIC PRESS

SEE SCRUBBER

FILTER

ALSO SEE SEPARATQR

THICKENEK

SEE HEAT EXCHANGERS, COOLING TOWER
SYSTEMS

HEAT EXCHANGER

FURNACE

HEATING UNIT

SEE REACTORSs DRYING SYSTEMS

SEE PuMP

SEE TANKs VESSEL» RECEIVER

SEE ACCUMULATORS

SEE REACTORe VESSEL

RECIPROCATING = SIMPLEX, STEAM DRIVE

RECIPROCATING = UUPLEX STEAM DRIVE

TRIPLEX OR PLUNGER MOTOR DRIVE

DIAPHRAGM TFE TYPE SLURRY TYPE

ROTARY PumpP

GEAR PuMP

SEE ALSO GEAR PUMPS, CENTRIFUGAL PUMPS,

VACUUM PUMPS» FAKS

CENTRIFUGAL PUMP

PUMP

PUMPING STATION

PUMPING STATIONS

SEE ALSO PUMPS: CENTRIFUGAL
PUMPS

SEE DUST COLLECTORS, FILTERSe CENT—
RIFUGESy DRYING SYSTEMS» DISTILL=-
ATION SYSTEMS

FILTER

CENTRIFUGE

DUST COLLECTOR

ALSO SEE SEPARATOR
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RAFFINATE FURNACES
RAILROAD TANWK CARS
REACTION VESSEL

REACTURS

RELOILERS

RECEIVER

RECYCLE CLARIFIER
REFRIGERANT CUNDENSER

REACTION SYSTEMS
REACTORS

RECYCLE COMPRESSOR
REFORMLRS
REFRIGERATION MACHINERY

REFRIGERATION UNITS

REGENERATURS

REHEATER
REPULPING VESSELS
RESIN

RETORTS
REVERSE OSMOSIS SYSTEM

RISER CRACKERS
ROASTERS
ROLLERS
ROTARY DRYERS

ROASTERS
ROTARY VACUUM FILTEK SYSTEM

ROTATING DRYER

ROTARY VACUUM SYSTEM

SAFETY EQUIPMENT
SAMPLING PUMP
SCaLES

SCALPERS

SCRAPER KETTLES
SCREEN CLUTH FILTER

SCREEN
SCREW PRYLRS
SCREW HEATEKS

K

SEE FURN,.CESs» HERTING UNITS
CHLORINE TYPE TANK CAR

SEE REACTORr VESSEL
AGITATED OPEN TANK

FLUIDIZEL BED SINGLE STAGE REACTOR
FLUIDIZEL BED DOUBLE STAGE REACTOR

AGITATED PRESSURE TANK
MIXER

ALSO SEE REACTOR,» VESSEL
KETTLE TYPE REBOILER
U=TUBE REBOILER

SEE ALSO HEAT EXCHANGERSs EVAPORATORS

HORIZONTAL PRESSUREL VESSEL
VERTICAL PRESSURE vtSSEL
ALSO SEE VESSEL» TaNKr DRUM
vIBRATING SCREEN

HEAT EXCHANGER
REFRIGERATION UNLT

AIR COOL&R

AIR CONDITIONING UnIT

SEE REACTORS» DISTILLATION SYSTEMS

REACTOR
AUTOCLAVE

HORIZONTAL CYLINDRICAL PRESSURE VESSEL

VERTICAL CYLINDRICAL PRESSURE VESSEL

TRAY TOWLR
PACKED COLUMN

JACKETED HORIZONTAL VACUUM VESSEL

JACKETED VERTICAL VACUUM VESSEL

AGLTATED PRESSURE VESSEL
AGITATED OPEN TANK
COMPRESSOURS

REFORMER FURNACE
REFRIGERATION UNIT

AIR CONDITIONING UnIT
FREEZER

MECHANICAL COMPRESSION UNIT
STEAM JLT REFRIGERATION UNIT
CENTRIFUGAL COMPRESSION UNIT

SEE ALSO FREEZERS+ AIR CONOITIONING

UNITS

!
SEE HEAT EXCHANGERS» VESSELSe REACTORS,

EVAPORATORSs BOILERS
SEE HEATER
SEE AGITATED VESSELS
PACKING
ION EXCHANGER

SEE DISTILLATION SYSTEMS, REACTORS

HORIZONTAL PRESSURE VESSEL

ALSO SEE PUMP» TUBULAR REACTOR»

SEE CRACKERS

SEE KILNS» DRYERS: REACTORS
SEE MIXERS

DIRECT RUTARY DRYER

BATCH ROTARY YACUUM DRYER
INDIRECT ROTARY DRYER

SEE ALSO DRUM URYExSe FLAKERSe

URYING SYSTEMS» LRYERS
SEE DRYING SYSTEMS
ROTARY VACUUM FILTER
VACUUM PuMP
EJECTOR
ALSQ SEE RECEIVER» VESSEL
ROTARY DRYER
DRUM DRYER
ALSO SEE DRYER

SEE ROTARY VACUUM FILTER SYSTEM

)

SEE UNDER SPECIFIC ITEM

SEE PUMP

TANK SCALE

SEE VIBRATING SCREENS

SEE REACTORS

ROTARY VACUUM FILTER

ROTARY DRUM FILTER

ROTARY DISK FILTER

PLATE ANL FRAME FILTER PRESS

VESSEL

TURBO

£LSO SEE ROTARY VACUUM FILTER SYSTEM

VIBRATING SCREEN
SEE SCREw HEATERS
ONE SCREw THERMASCREW
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SCRUBBERS

SCRUBBING TOWER
SECONDARY CLARIFIER
SEPARATORS

SETTLERS

SEPARATION VESSELS
SETTLING TANK

SEWAGE PUMP

SEWAGE TREATING EGUIPMENT
SHIFT CONVERTERS
SHREDDERS

SILOS

SILO HOPPER

SIMPLE CYCLONE
SINGLE-STuGE ELECTRICAL PRECIP~
ITATOR

SIZE REDUCTION EQUIPMENT
SOFTENERS

SOLVENT RECOVERY EQUIPMENT

SPARE PUMP
SPHERES

SPRAY CHAMBER

SPRAY CHAMBER WET COLLECTOR
SPARY MIXE&RS
'SPRAY TOWER

SPREADERS
STABILIZERS

STACKS

STAR FEEDER

STATIONS

STEAM HEATING SYSTEM

STEAM PLANT
STERILIZERS
STILLS

STIRRED VESSEL

STRIPPLRS

SUBLIMERS
SUCTION DRUM

SULFONATION REACTOR

SULFONATORS
SUMPS
SUPERHEATERS
SURGE BIN
SURGE HOPPER
SWING REACTOR

TWO SCREW THERMASCREW

SCREW CONVEYOR

WASHERS

PACKED COLUMN

SEE ALSO PACKING

TRAY TOWCER

ALSO SEE VESSEL

SEE SCRUBBER

SEE CLARIFIER

VIBRATING SCREENS

FILTERS

DUST COLLECTORS

THICKENEK

EXTRACTOR

VIBRATING SCREEN

ALSO SEE DISTILLATION SYSTEM» DRYER

SEE CLARIFIERS! FILTERSy DUST COLL~-
ECTORS:, TANKSes VESSELS

SEE VESSELS

THICKENER

ALSO SEE VESSEL

CENTRIFUGAL PUMP

ALSO SEE PUMP

SEE UNDER SPECIFIC ITEM

SEE COLUMNSe REACTORSs VESSELS

SEE CRUSHERS» MILLS,» CUTTERS

SEE VESSELS

LIGHT GAGE VERTICAL TANK

VERTICAL STORAGE VESSEL

CYCLONE UUST COLLECTOR

LOW~VOLTAGE ELECTRICAL PRECIPITATOR
DUST COLLECTOR

HIGH=VOLTAGE ELECTRICAL PRECIPITATOR

DUST COLLECTOR

SEE CRUSHERS+* MILLSs CUTTERS» KNEADERS

WATER SOFTENING SYSTEMS

ION EXCHANGERS

PACKING

COOLING TOWER SYSTEM

PACKED COLUMN

COOLING TOWER

SEE DISTILLATION SYSTEMS» DRYERS»

HEAT EXCHANGERSr TRAY DRYING SYSTEMS,

DRUM DRYERS» FILTERS
PUMP
SPHERE
SPHERIOD
WASHER DUST COLLECTOR
ALSO SEE SCRUBBERs VESSEL
WASHER DUST COLLECTOR
SEE MIXERS
WASHER DUST COLLECTOR
SEE ALSO REACTORSs VESSELS
COOLING TOWER SYSTtM
COOLING TOWER
PACKED COLUMN [
ALSO SEE SCRUBBERs VESSEL
SEE CENTRIFUGALS
SEE DISTILLATION SYSTEMS
STACK
ROTARY FEEDER
PUMPING STATION
3OILER
EVAPORATUR
WATER TREATMENT SYSTEM
AUTOCLAVES
STILL
AGITATED OPEN TANK
REACTOR
AGITATED PRESSURE TANK
THICKENER
AGITATOR
SEE COLUMNSs TOWERS, DISTILLATION
SYSTEMS
TURBO TRAY ORYER
VACUUM RECEIVER = nORIZONTAL
VACUUM RLCEIVER <~VERTICAL
ALS0 SEE VESSELSe REACTORS: DRUMS
AGITATED TANK
ALSO SEE VESSELe TUBULAR REACTOR
SEE REACTORSe VESSELS
SEE VESSELS
LOILER
SEE BIN
SEE VESSELS
SEE REACTORS
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TANK

TEXTURIZERS
THERMO=-COMPKESS0RS
THICKENERS

TOPING SECTION
TRAY DRYING SYSTEMS

TREATING TOWERS
TUBULAR CLOTH FILTER

T

STORAGE TANK

HORIZONT AL TANK

VERTICAL TANK

ALSC SEE BINr DRUM» VESSELs RE
SEE MIXERS

SEE COMPKESSORS

CONTINUOUS SINGLE COMPARTMENT THICKENER

DOUBLE COMPARTMENT THICKENER

SEE DISTILLATION SYSTEM

TURBO DRYER SYSTEM

BATCH TRAY TYPE DRYER

BATCH TYPE TRAY URYER

ATMOSPHERIC TRAY DRYER

SEE ALSO DRYERS» DRUM DRYERS:
DRYERS

SEE TOWEKRS

CLOTH BAY DUST COLLECTOR

AUTOMATIC CLOTH pUST COLLECTOR

CEIVER

ROTARY



TUBES
TUMBLERS

TUBULAR REACTOR

TUMBLE BURNER
TUMBLE DRYER
TURBINES

TURBO-COMPRESSORS
TURBO ORYING SYSTEM

TOWERS

TWO=STAGE ELECTRICAL PRECIPITATOK

ULTRAFILTRATION SYSTEM
UNLOADERS
UREA REACTOR

VACUUM COWVEYING SYSTEMS

VACUUM EJECTOR SYSTEMS

VACUUM PUNMPS

VACUUM SYSTEM

VAPORIZERS

VENT STACK
TVERTICAL TARNKS

VESSELS

SEE HEAT EXCHANGERSe EVAPORATORS

SEE MILLS» MIXERSe KNEADERS»
BLENDEKS

HEAT EXCHANGER

EVAPORATUR

WIPED FILM EVAPORATOR

CRYSTALLIZER

ROTARY DRYER

ROTARY DRYER

GAS TURBINE

SINGLE STAGE STEAM TURBINE
CONDENSING TYPE

SINGLE STAGE STEAM TURBINE
NON=CONLDENSING TYPE

SEE ALSO ELECTRICAL GENERATOR UNITS

SEE TURBINESs COMPRESSORS

TURBO DRYER SYSTEM

SEE ALSO TRAY DRYING SYSTEMS

PACKED TOUWER

COOLING TOWER

BUBBLE=ChaP TRAY TOWER

TURBO GRID TRAY TOwWER

SIEVE TRAY TOWER

WASHERS

SEE ALSO VESSELS» COLUMNS

LOwW=VOLT,.GE ELECTRICAL PRECIPITATOR
DUST CULLECTUR

HIGH~VOLTAGE ELECTRICAL PRECIPITATOR

DUST COLLECTOR

u

SEE REVEKSE OSMOS!S SYSTEM

SEE CONVeYQRSe ELEVATORS
CYLINDRICAL PRESSURE VESSEL
PACKING

ALSO SEE PACKED COLUMNe VESSEL

v

PNEUMATIC CONVEYING SYSTEM
SEE ALSO COMPRESSORSe FANS» VACUUM

PUMPS
EJECTORS
STEAM JET REFRIGERATION UNIT
MECHANICAL VACUUM PUMP
WATER=SEALED 20 IN HG VACUUM Pump
OIL~SEALED VACUUM PUMP
MECHANICAL BOOSTER VACUUM PUMP
SEE ALSQ PUMPS» GEAR PUMPS
HORIZONTAL VACUUM RECEIVER
VERTICAL VACUUM RECEIVER
VACUUM Pump
EJECTOR
CONDENSEK
EVAPORATURS
HEAT EXCHANGERS
WIPED FILM EVAPORATORS
FURNACE
HEATING UNIT
STACK
VACUUM RECEIVER
CYLINDERICAL VERTICAL TANK
SPHERIOOD
SPHERE
ASME CODt CYLINDRICAL VESSEL
ATMOSPHERIC STORAGE TANK
CONE ROOF TANK
OPEN TOP TANK
LIGHT GAGE TANK
GAS HOLDeR
JACKETED VACUUM RECEIVER
JACKETED
SILO HOPPER
CONICAL TANK
CONE ROOF TANK
STORAGE TANK
LIFTER T.NK
FLOATING ROOF TANK
SEE ALSO VESSELSe WGITATED VESSELS
VERTICAL TANKS
HORIZONTAL TANKS
AGITATED OPEN TANKS
AGITATED PRESSURE TANKS
TRAY TOWcRS
PACKED CULUMNS
ION EXCHANGERS
WASHERS
REACTOR
SPHERIOD
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VIBRATING SCREENS

VIBRATORY SEPARATOR

WASHERS

WASTE RECOVERY/TRLATING UNITS
WATER CONDITIONING SYSTEM

WATER CONUITIONING/TREATING UNITS

WATER POLLUTION EGQUIPMENT
WATER SOFTENING SYSTEM

WATER TREATMENT SYSTEMS

WEAK BASE=STRONG BASE ANIONIC
WEIGHING SYSTEM

WEIGH SCALES
WETTED=WALL COLUMNS

WIPED FILM EVAPORATORS

SPHERE
THICKENERS

SEE ALSO REACTORSe FIELD ERECTED
VESSELSs DRYERSe FILTERS: SCRURBERS

SINGLE DECK VIBRATING SCREEN
DOUBLE DECK VIBRATING SCREEN
TRIPLE DECK VIBRATING SCREEN
SEE ALSO SEPARATORS
VIBRATING SCREEN

VIBRATING CONVEYOR

ALSO SEE SEPARATQR

W

WASHERS

SEE ALSO SCRUBBERS

SEE UNDER SPECIFIC ITEM
WATER TREATMENT SYSTEM

ION EXCHANGER

PACKED COLUMN

PACKING

AIR CONDITIONING UnIT

AIR DRYER

WATER TREATMENT SYSTEMS
SEE UNDER SPECIFIC ITEM
WATER TREATMENT SYSTEM

ION EXCHANGER

PACKING

PACKED COLUMN

ALSO SEE PUMP
DEMINERALIZING SYSTEM
SOFTENING TREATMENT SYSTEM
FILTERING TREATMENT
PUMPING STATION

WATER STILL

STEAM BOILER

PACKAGED BOILER UNIT
FIELD ERECTED uOILER UNIT
COOLING TOWER SYSTEM

SEE ALSO UNODER SPECIFIC ITEM
ION EXCHANGER

SCALE

CONVEYOR

FEEDER

SCALES

EVAPORATOR

PACKED COLUMN

WIPED FILM EVAPORATOR
AGITATED THIN FILM EVAPORATOR

AGITATED THIN FILM EVAPORATOR = PACK=~

ED SYSTEM

SEE ALSO EVAPORATORSs DRUM DRYERS!

FLAKERS
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APPENDIX G

DATA SHEET INDEX

COMMON EQUIPMENT ITEM
MODULE NAME

PRI

AIR COMPRESSOR
AIR COMPRESSOR

AIR CONDITIONING UNIY
AIR CONDITIONING UNIT
AIR DRYER

AGITATED OPEN TANK
AGITATED PRESSURE TANK
AERATION SYSTEM
BLENDER

BLENDER

CONDENSER

CONVEYOR

CRANE

APRON CONVEYOR

ROLLER CONVEYOR
PNEUMATIC CONVEYING SYSTEM
BUCKET CONVEYOR
CENTRIFUGAL PUMP
CRUSHER

CRYSTALLIZER
CRYSTALLIZER
CENTRIFUGE

CENTRIFUGE

CUTTER

DRYER

DRYER

DUST COLLECTOR

DRY CAUSTIC PEELER
DRUM DRYER

EVAPORATOR

EVAPORATOR
ELECTRODIALYSIS
ELECTRIC GENEKATOR
ELECTRIC GENERATOR
EJECTOR

ELEVATOR

EQUALIZATION SYSTEM
EXTRACTOR

FILTER

FILTER

FEEDER

FEEDER

FEEDER

FLAKER

FLOATATION MACHINE
FAN

FREEZER

FURNACE

GEAR PUMP

HOT AIR BLANCHER

HEAT EXCHANGER
ELECTRICAL HEATER
HOIST

HORIZONTAL TANK
HEATING UNIT
INCINERATOR

IMPRESSED VOLTAGE SYSTEM
ION EXCHANGER

KNEADER

LAGOON SYSTEM

MILL

MILL

MIXER

MIXER

PUMP

PUMP

PACKAGING MACHINE
PRESS

REACTOR

ROTARY DRYER

REVERSE 0SMOSIS SYSTEM
RAILROAD TANK CAR
REFRIGERATION UNIT
SUBMERGED COMBUSTION SYSTEM
SEDIMENTATION SYSTEM
STACK

THICKENER

TRICKLING FILTER

TRAY TOWER

COOLING TOWER

PACKED COLUMN
ULTRAFILTRATION SYSTEM
VACUUM PUMP

VIBRATING SCREEN
VERTICAL TANK

WATER TREATMENT SYSTEM
STEAM BOILER

WATER STILL

*US GOVERNMENT PRINTING OFFICE. 1973-546-309/63

! DATA

DETERMINING ECONGMIC PARAMETER $SHEFT

- T————— t PAGF
DESCRIPTION : UNITS ¢ No.

INLET CAPACITY CUBIC FEET PER MINUTE AC=1
URIVER POWER BRAKE HORSEPOWER AC~1
CAPACITY TONS ACU=1
POWER HORSEPOWER ACU-1
CAPACITY CuBIC FEET PER MINUTE AD-t
CAPACITY GALLONS AOT-1
OVERALL CAPACITY oALLONS APT=1
CAPACITY MILLIONS GALLONS/DAY AS-1
ORIVER POWER HORSEPOWER BL=~1
CAPACITY CUBIC FEEY BL=1
WATER RATE GALLONS PER MINUTE C-1
LENGTH FLET CO=-1
CAPACITY TONS CE=-1
LENGTH FEET co=-3
LENGTH FEET CO=5
OVeRALL SYSTEM LENGTH FEET co-7
LENGTH FEET Cc0=-9
FLOWRATE AND HEAD GuLLONS/MINUTE = FEFT CP-t
FLOWRATE TONS PER DAY CR=1
FLOWRATE TONS PER DAY CRY=1
LENGTH FEET CRY-1
DRIVER POWER HORSEPOWER CT=-1
BOwL DIAMETER INCHES cT=-1
URIVER POWER HORSEPOWER Cy-1
EVAPORATION RATE POUNDS WATER PER HOUR D=1
HEAT TRANSFER SURFACE SQUARE FEET D=1

INLET CAPACITY
PRODUCT FLOWRATE

HEAT TRANSFER SURFACE
CAPACITY

HEAT TRANSFER SURFACE
CAPACITY

CAPACITY

CAPACITY

FLOWRATE

LIFT

CAPACITY

CAPACITY

UIAMETER

FILTRATION AREA
FLOWRATE

SIzZE

FLOWRATE

SURFACE AREA

CAPACITY

FLOWRATE

CAPACLTY

HEAT TRANSFER DUTY
FLOWRATE

CAPACITY

HEAT TRANSFER AREA
CAPACITY

CAPACITY

TOTAL CAPACITY
CAPACITY

CAPACITY

TOTAL CAPACITY

RESIN VOLUME

CAPACITY

DESIGN FLOW

PROUUCT CAPACITY
URIVER POWER

PROLUCT CAPACITY
DRIVER POWER

DRIVER POWER

FLOWRATE

BAGGING RATE

AREA

OTRAMETER

HEAT TRANSFER AREA
FLOWRATE
CAPACITY
CAPACITY
CAPACITY
CAPACITY

LENGTH

DIAMETER
CAPACITY
DIAMETER AND NO.
FLOWRATE
DIAMETER
CAPACITY
CAPACITY
AREA
CAPACITY
CAPACITY
CAPACITY
CAPACITY

TRAYS

AND HEIGHT

CuBIC FEET PER MINUTE DC=1

TONS PER HOUR NCP=-1
SQUARE FEET DD-1
GALLONS E-1
SQUARE FEET E=1
GALLONS PER MINUTE ED-1
KILLOWATTS EG~1
KILLOVOLT=AMPHERES E6-1
POUNDS AIR PER HOUR EJ-1
FELET EL=-1
MILLIONS GALLONS/DAY  ES-1
GALLONS PER MINUTE EX=1
INCHES F=1
SQUARE FEET F-1
CUBIC FEET PER HOUR FE=1
NUMBER FE-1
POUNDS PER HOUR FE=1
SQUARE FEETY FL-1
CUBIC FEET FM=1
CUBIC FEET PER MINUTE FN=-i
CUBIC FEET FR=1
MILLIONS 8TU PER HOUR FU=1
Gal.LONS PER MINUTE 6P=1
BTU PER HOUR HAB=1
SQUARE FEET HE=1
KRILLOWATTS HE=3
TUNS HO=1
GALLONS HT=1
MILLION BTU PER HOUR  HU=-1
PQUNDS SOLIDS PER HOUR I-1
GALLONS 1VS-1
CUBIC FEET 1E-1
GALLONS K=1
MILLIONS GALLONS/DAY  LS-1
TONS PER DAY M=-1
HORSEPOWER M=1
CUBIC FEET MX=1
HORSEPOWER MX =1
HORSEPOWER pP-1
GALLONS PER MINUTE P~1
BAGS PER MINUTE PKG=1
SQUARE FEET p-1
FEET R=1
SQUARE FEET RD=-1
GALLONS PER MIMUTE ROS~1
GALLONS RYC=1
TONS RU=1
MILLION BTU PER HOUR $CS-1
MILLION GALLONS/DAY §5-1
FEET STK=1
FEET T-1
GALLONS PER MINUTE TF=-1
FEET TW~-1
GALLONS PER MINUTE TW=3
FEET TW=5
GALLONS PER MINUTE US-1
CUBIC FEET PER MINUTE VP=1
SQUARE FEET vS-1
GALLONS V-1
GALLONS PER MINUTE WTS-1
POUNDS STEAM PER HOUR WTS-3
GALLONS PER DAY WTS=5
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This Data Manual presents, in convenient graphical and tabular form,
cost information for installed equipment item modules on separate data
sheets. Each data sheet conforms to a uniform style providing information
on the specific item and adjustments to atypical installation, construction,
or design. The methodology used in developing this data and the techniques
suggested for its use are described in detail in the companion User Guide.
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