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Conversion to Sl Units

To convert from

acre

angstrom

are

atmosphere

bar

barrel (42 gallon)

Biu (International Steam Table)
Btu (mean)

Blu (thermochemical)
bushel

calorie (International Steam Table)
calorie (mean)

calorie (thermochemical)
centimeter of mercury
centimeter of water
cubit

degree (angle)

denier (international)
dram (avoirdupois)
dram (troy)

dram (U.S. fluid)

dyne

clectron volt

erg

fluid ounce (U.S.)

foot

furlong

gallon (U.S. dry)
gallon (U.S. liquid)
gill (U.S))

grain

gram

horsepower
horsepower (boiler)
horsepower (electric)
hundred weight (long)
hundred weight (short)
inch

inch mercury

inch water

kilogram force

kip

knot (international)
league (British nautical)
league (statute)

light year

To

square meter (m°)

meter (m)

square meter (m®)
newton/square meter (N/m’)
newton/square meter (N/m°)
cubic meter (m”)

joule (J)

joule (J)

joule (1)

cubic meter (m’)

joule (J)

joule (J)

joule ()

newton/square meter (N/m°)
newton/square meter (N/m")
meter (m)

radian (rad)

kilogram/meter (kg/m)
kilogram (kg)

kilogram (kg)

cubic meter (m”)

newton (N)

joule (J)

joule (J)

cubic meter (m”)

meter (m)

meter (m)

cubic meter (m”)

cubic meter (m")

cubic meter (m’)

kilogram (kg)

kilogram (kg)

watt (W)

watt (W)

watt (W)

kilogram (kg)

kologram (kg)

meter (m)

newton/square meter (N/m°)
newton/square meter (N/m")
newton (N)

newton (N)

meter/second (m/s)

meter (M)

meter (m)

meter (m)

Multiply by

4.046 x 10°
1055 1070
1.0 x 10°
1.013 x 10°
1.0 X 10°
0.159

1.055 x 10°
1.056 x 10°
1.054 x 10°
352 x 107
4.187

4.190

4.184

1.333 x 10°
98.06

0.457

1.745 x 10~
I L 3 e
1.772 %107}
3888 x 1077
3.697 x 107"
1.0 x 107
1.60 x 107"
1.0x 1077
296 % 107°
0.305

2.01 x 10°
4404 x 107
3.785 x 107"
1.183 x 107
6.48 % 1077
1.0 x 107°
7.457 X 10°
981 x 10°
7.46 X 10°
50.80

4536

2:54 %107
3.386 x 10°
2.49 x 10°
9.806

445 x 10°
0.5144
5.559 x 10
483 x 10°
9.46 % 10"
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xviii

To convert from

liter

micron

mil

mile (U.S. nautical)

mile (U.S. statute)
millibar

millimeter mercury
oersted

ounce force (avoirdupois)
ounce mass (avoirdupois)
ounce mass (troy)

ounce (U.S. fluid)

pascal

peck (U.S.)

pennyweight

pint (U.S. dry)

pint (U.S. liquid)

poise

pound force (avoirdupois)
pound mass (avoirdupois)
pound mass (troy)
poundal

quart (U.S. dry)

quart (U.S. liquid)

rod

roentgen

second (angle)

section

slug

span

stoke

ton (long)

ton (metric)

ton (short, 2000 pounds)
torr

yard

To

cubic meter (m")

meter (m)

meter (m)

meter (m)

meter (m)

newton/square meter (N/m°)
newton/square meter (N/m’)
ampere/meter (A/m)

newton (N)

kilogram (kg)

kilogram (kg)

cubic meter (m")
newton/square meter (N/m)
cubic meter (m®)

kilogram (kg)

cubic meter (M”)

cubic meter (m’)

newton second/square meter (N - s/m’)

newton (N) |

kilogram (kg)

kilogram (kg)

newton (N)

cubic meter (m")

cubic meter (m®)

meter (m)
coulomb/kilogram (c/kg)
radian (rad)

square meter (m°)
kilogram (kg)

meter (m)

square meter/second (m™/s)
kilogram (kg)

kilogram (kg)

kilogram (kg)
newton/square meter (N/m°)
meter (m)

Conversion to Sl Units

Multiply by

0.001

10% 10
2.54 X 107*
1.852 x 10°
1.609 x 10°
100.0

1333 x 10°
79.58

0.278

2.835 X 1077
Sl 502
2.96 X 107
1.0

8.81 x 107
1.555 x 10~*
5.506 x 107*
4,732 x 107"
0.10

4.448

0.4536

0.373

0.138

110-% 1073
9.46 x 107
5.03

2579 x 10°*
485 X 107"
2.59 x 10°
14.59

0.229

1.0 X 107
1.016 x 10°
1.0 x 10°
9.072 X 10°
1.333 X 10°
0.914



Bringing Costs up to Date

Cost escalation via inflation bears critically on estimates of plant costs. Historical
costs of process plants are updated by means of an escalation factor. Several
published cost indexes are widely used in the chemical process industries:

Nelson Cost Indexes (Oil and Gas J.), quarterly
Marshall and Swift (M&S) Equipment Cost Index, updated monthly
CE Plant Cost Index (Chemical Engineering), updated monthly

ENR Construction Cost Index (Engineering News-Record), updated weekly
Vatavuk Air Pollution Control Cost Indexes (VAPCCI) (Chemical Engineering),

updated quarterly

All of these indexes were developed with various elements such as material
availability and labor productivity taken into account. However, the proportion
allotted to each element differs with each index. The differences in overall results
of each index are due to uneven price changes for each element. In other words,

TABLE 1 Chemical Engineering and Marshall and Swift Plant and Equipment Cost
Indexes since 1950 :

Year CE Index M&S Index Year CE Index M&S Index
1950 73.9 167.9 1973 144.1 344.1
1951 804 180.3 1974 165.4 398.4
1952 81.3 180.5 1975 182.4 4443
1953 84.7 182.5 1976 192.1 472.1
1954 86.1 184.6 1977 204.1 505.4
1955 88.3 190.6 1978 2188 545.3
1956 93.9 208.8 1979 238.7 599.4
1957 98.5 2251 1980 261.2 659.6
1958 99.7 2292 1981 297.0 721.3
1959 101.8 234.5 1982 314.0 745.6
1960 102.0 237.7 1983 316.9 760.8
1961 101.5 237.2 1984 322.7 780.4
1962 102.0 238.5 1985 3253 789.6
1963 102.4 239.2 1986 3184 797.6
1964 103.3 241.8 1987 323.8 813.6
1965 104.2 2449 1988 3425 852.0
1966 107.2 252.5 1989 3554 895.1
1967 109.7 262.9 1990 357.6 915.1
1968 113.6 273.1 1991 361.3 930.6
1969 119.0 285.0 1992 358.2 943.1
1970 125.7 303.3 1993 3592 964.2
1971 132.3 3213 1994 368.1 993.4
1972 1372 332.0 1995 381.1 1027.5
1996 381.7 1039.2
1997 386.5 1056.8

Xix



Bringing Costs up to Date

TABLE 2 Nelson-Farrar Inflation Petroleum Refinery Construction Indexes since 1946

(1946 = 100)
Nelson
Materials Labor Miscellaneous Infiation
Date Component Component Equipment Index
1946 100.0 100.0 100.0 100.0
1947 1224 1135 1142 117.0
1948 139.5 128.0 122.1 1325
1949 143.6 137.1 121.6 139.7
1950 1495 144.0 126.2 146.2
1951 164.0 TS25 145.0 157.2
1952 164.3 163.1 15371 163.6
1953 1724 174.2 158.8 173.5
1954 174.6 183.3 160.7 179.8
1955 176.1 189.6 161.5 184.2
1956 190.4 198.2 180.5 195.3
1957 " 201.9 208.6 192.1 205.9
1958 204.1 220.4 192.4 2139
1959 207.8 231.6 196.1 2221
1960 207.6 2419 200.0 2281
1961 207.7 2494 199.5 2327
1962 205.9 258.8 198.8 237.6
1963 206.3 268.4 201.4 2436
1964 209.6 280.5 206.8 252.1
1965 212.0 294 4 211.6 261.4
1966 216.2 3109 2209 273.0
1967 219.7 3313 226.1 286.7
1968 2241 3574 2288 304.1
1969 2349 391.8 239.3 329.0
1970 250.5 4411 2543 364.9
1971 265.2 4999 268.7 406.0
1972 277.8 545.6 278.0 438.5
1973 2923 585.2 2914 468.0
1974 3733 623.6 361.8 522.7
1975 421.0 678.5 4159 5755
1976 4452 729.4 4238 615.7
1977 471.3 774.1 438.2 653.0
1978 516.7 824.1 474.1 701.1
1979 573.1 879.0 5154 756.6
1980 - 629.2 951.9 578.1 822.8
1981 693.2 1044.2 647.9 903.8
1982 707.6 1154.2 622.8 976.9
1983 7124 1234.8 656.8 1025.8
1984 735.3 1278.1 665.6 1061.0
1985 739.6 1297.6 673.4 1074.4
1986 730.0 1330.0 684.4 1089.9
1987 748.9 1370.0 703.1 11215
1988 802.8 1405.6 732.5 1164.5
1989 829.2 1440.4 769.9 1195.9
1990 832.8 1487.7 797.5 1225.7

1991 8323 1533.3 827.5 12529



