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INTRODUCTION

The Navy currently operates more than 2,000 boilers to provide
space heating and process steam for shore facilities. Many of these
boilers are obsolete and inefficient, which has led many Navy field
activities to consolidate distributed boilers into modern centralized
boiler plants. The Navy has been directed to utilize coal in new boiler
facilities by the issuance of OPNAVINST 4100.6. Many of the larger Navy
boiler plants will be subject to Federal, state, and local emission
control regulations, including the removal of sulfur dioxide.

Seven commercial processes for extracting sulfur dioxide from steam
or steam-electric generating plants are analytically compared. The
operation and economics of lime and limestone slurry scrubbing, dilute
and concentrated double alkali, and dilute sulfuric acid processes with
gypsum disposal products are contrasted with sodium sulfite/bisulfite
and activated char sulfur recovery systems. Each process is critically
analyzed to yield system flows and operating expenses (including equip-
ment power consumption, product disposal costs or credits, reagent
requirements, and operating and maintenance costs). The laws for scal-
ing these results to any given plant capacity and coal sulfur content
are developed and parametrically graphed. This information is a valua-
ble guide for the Navy or utility engineer to perform accurate system
evaluations with ease.

BASES FOR COMPARISON

B
} Exhaust Gas Flow Characteristics
Exhaust gas volumetric flow rates from the steam generator are
] plotted in Figure 1 for conditions at the booster fan discharge prior to
: entering the absorber or prescrubber, as well as at the absorber exit
R ba saturated in water vapor. The predictions are based on combustion

1 calculations described in detail in a previous publication (1) and
experimentally verified shortly thereafter (2). The procedure is some-
what lengthy and is beyond the scope of this paper. The predicted flue
gas flows correspond to these conditions:

Unit Net Heat Rate 10,546 kJ/kWh (10,000 Btu/kWh)

Air Preheater Volumetric Leakage 10% incoming flow
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Figure 1. Steam generator exhaust gas volumetric flow rate.
(Multiply flows by 10 for 500 MW capacity.)
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Prescrubber/Absorber Inlet:

Gas Temperature 121C (250F)
, Gas Pressure 10.6 Nsca (15.4 psia)
'i- . Moisture Content 10% (molar)
R
v‘!
i Absorber Exit:
i Gas Temperature 52C (125F)
Gas Pressure 10.1 Nsca (14.7 psia)
Moisture Content 15% (molar)

The exhaust gas temperature and moisture content were obtained by
an iterative solution of the adiabatic humidification, illustrated in
the diagram and given in the equation

m, - (h,-&)*+*m.h ~h.)
-1 = 2 w2 w wl'w wl 1)
2 CPS/nﬂ

W w1l ~ ™

w2

Coal and untreated SO2 flow rates can easily be computed from

G F
T e

ko s Yp = 30w (k&/min;1b/min) (2)

and were plotted in Figure 2. The removal efficiency of the SO, process
necessary to meet the Environmental Protection Agency (EPA) standard of
oa performance is shown in Figure 3, indicating that a 90% design ef-
ficiency would satisfy this regulation for nearly all coal supplies.
The heat rate and coal heating value used throughout this paper are:

Unit Net Heat Rate 10,546 kJ/kWwh (10,000 Btu/kWh)

Fuel Higher Heating Value 23,250 kJ/kg (10,000 Btu/1b)
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Figure 2. Untreated sulfur dioxide flow rate. (Multiply
flows by 10 for 500 MW capacity.)
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Fan and Pump Power Requirements

The fan power equation is derived from energy considerations ap-
plied to the gas flow on both sides of the fan to yield:

: P v AP
s Vv AP w 8 4
P = 1.173x10 '8 8 kW acfm  in. wwc
s Mg
A
P = 1573x10 '8 8 hp acfm  in. vwe  (3)
w ﬂF
3V AP
P = 1.640 x 10 g8 kW acmm cm vwC

5 Ny

Fan power relative to the 802 system flue gas pressure loss is plotted
in Figures &4 and 5.

Typical gas pressure losses through system components are listed
and were utilized to arrive at fan power requirements for the following
SO2 processes:

Components cm VwC in. vwc
Venturi Prescrubber 13 5
Spray Tower 10 4
Fixed Bed Absorber 30 12
Mobile Bed Absorber 30 12
Activated Char Absorber 46 18
Mist Eliminator 3 1

A fan efficiency of 75% was used when applying Equation 3 to the candi-
date SO, systems.

A Similar analysis leads to the pump power relationship for process
liquor flows.
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Figure 5. Fan power required to drive exhaust gas through SO
system. (Multiply power by 10 for 500 MW capacity.)
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W, AP
P = 435x10% L L KW  gpm psi
» b
W, AP
P = 5.83x 10-4 b hp gpm psi  (4)

i T

W. AP
= 1.67 % 10"‘%’%‘

Parametric graphs of relative pump power requirements are shown in
Figures 6 and 7 for convenient analyses. A pump efficiency of 60% is
typical for slurry flows; 75% is more répresentative of clear liquor
flows. These flows were adopted to arrive at pump power for the can-
didate processes analyzed.

The relationship for prediction of liquor flow pressure losses in
piping systems is considerably more variable than the flue gas situa-
tiom.

o
|

kW - lpm nsc

A 2g > APsn ¥ APcv G)

b, = M (6)

The control valve relationship is a function of the flow margin
desired over nominal design conditions F,,. All terms but the pressure
loss due to pumpinngo higher elevations %pLH) are a function of dynamic
pressure drop (p,V.“/2g ). Figure 8 contalns the dynamic pressure drop
variation with liquor velocity, and elevation pressure losses appear in
Figure 9.

The following conditions were set for determining piping system
pressure losses for each of the candidate processes:
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indicated liquid velocity.
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Conditions

Liquor Velocity 3 m/s (10 fps)
10% Solids Slurry Specific Gravity 1.13
40% Solids Slurry Specific Gravity 2.00
Specific Gravity Soluble Salts in

Clear Liquor 1.12
Specific Gravity Low Solubility Salts in

Clear Liquor 1.00
Prescrubber or Absorber Height 24 m (80 ft)
Absorber Piping System Length 30 m (100 ft)
Liquor Transfer System Tank Height 6 m (20 ft)
Liquor Transfer Piping System Length 30 m (100 ft)
Absorber Recycle Flow Margin 0%
Liquer Transfer System Flow Margin 25%
Sum of Minor Loss Coefficients 10
Absorber Slurry Spray Nozzle Pressure Loss 14 nsc (20 psi)
Absorber Clear Liquor Header Loss 3 nsc (5 psi)

These yielded the following system pressure losses:

Systems nsc psi
Slurry Spray Absorber Recycle 57 83
Clear Liquor Absorber Recycle 41 60
10% Solids Liquor Transfer System 23 34
40% Solids Liquor Transfer System 46 66
Clear Liquor Transfer System 21 30

With few exceptions, these piping system pressure losses were generally
utilized for each of the candidate systems.

Process Flow Calculations

The mass flow rate demand by the absorber for any particular re-
agent to react with SO, is given by a relation involving the stoichio-
metric coefficients (v)“of the chemical reactions.

: Fo W
. & Mg RPSO,
wR x Z V) M F (M
1 802 wSO2 URP

Similarly, the mass flow of any one product generated in the absorber is
available from the following relationship

14
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R vPH
v P L
W, = 2:.___!L_p F W (8)
P 1 VRHwR RP "URP R

where the reagent is consumed by the reaction with SO, in Equation 7.

Slurried liquor flow rates required for absorber %leed streams to
remove product salts as they are generated in the recycle loop can be
calculated from known product and reagent mass flows.

W, =

e W ¢
LWty ¥ (- Fpp) Fep Wy
1 1 1

L ?SS

Py

Equation 9 was used to calculate all thickener underflows as well
as absorber bleed and return slurries. In this analysis, thickener
performance was fixed at 40% solids in the underflow, and vacuum filter
cake was assumed to be 70% solids. A slightly modified version is used
to calculate lime or limestone preparation slurries.

R *
. ; WR
W= (10)
R
1
Feo p.. 1+ > s
ss Pw Feep, & R

If the product is completely dissolved, the liquor flow
relationship takes on a different form.

* QP
W. = (11)
L prRG

The product requiring the greatest liquor flow rate is the control-
ling factor in setting the necessary liquor flow. Product concentra-
tions were usually held near the solubility limit (SR) to minimize
liquor flow rates.

The listing or deriving of equations for crystalizer steam require-
ments, sand heater fuel flow, exhaust gas reheat fuel demand, condenser
or char cooler water flow rates, or heated sand recirculation rates are
omitted for brevity. These calculations are usually accomplished by a
simple heat balance, and results are included in Table 1, along with all
the other process flow rates. Space considerations have limited the
number of process liquor flows to the major ones shown in Table 1,
although all flows indicated on the process diagrams were determined and
included in these analyses.

15
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Energy and Reagent Unit Costs

Units

Electrical Power
Delivered Coal

Natural Gas

Steam Cost

Distillate Fuel 0il

90% Lime Delivered

85% Limestone Delivered
Filter Cake Stabilizer
Soda Ash Delivered

Fe (OH)
Activa%ed Char

Disposal Cost

Sulfur Credit

Capital Cost SO, System
Capital Cost of Steam

Delivered

Electric Unit

Costs

20 mills/kWh
$0.49/GJ ($0.52/MBtu)
$1.61/GJ ($1.70/MBtu)
$2.15/G6J ($2.27/MBtu)
$2.63/GJ ($2.77/MBtu)
$51/M ton ($46/ton)
$34/M ton ($31/ton)
$56/M ton ($51/ton)
$80/M ton ($73/ton)
$133/M ton ($121/ton)
$286/M ton ($260/ton)
$0.66/M ton ($0.60/ton)
$24/M ton ($22/ton)
$150/kwW

$350/kW

Sodium Salt Cake Credit
Maintenance Costs
Operating Labor Cost

$11/M ton ($10/ton)
2% Capital Investment/Yr
$15/hr

Economics

The basic operating cost relationships are quite simple to derive
and easy to use.

c, = U Wt L $/yr 12)

. glas
c, = %(;E—) mills/kWh (13)

10°u W
R C, = _Tﬁg;if— $/MBtu (14)

Process economics are tabulated in Table 2 for each candidate 302
removal system.
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SYSTEMS STUDIED

Lime Slurry System

The chemistry of lime slurry scrubbing is straight forward with
CaS0, and CaSO, produced in the absorber on reacting with 802. The lime
forms Ca(OH)2 dhen contacted with water.

Ca0 + H,0 » Ca(OH),

Absorber Ca(O!{)2 + SO2 - CaSO3 + H20

ZCa(OH)2 + ZSO2 + 02 > Casoa * 2H20

Approximately 40% of the SO, reacts to form CaSO, and 60% forms
CaS0, (3). A great deal of J&riahility in lime utilizatiou (F,,,) in
slur;y systems is reported in the literature, ranging from 50% thEOO%.
The fact that slurry scrubbing relies on suspended lime particles as the
reacting media renders high utilization values doubtful. A lime utiliz-
ation of 75% was selected for this comparison.

The process diagram in Figure 10 shows a closed loop operation,
which conserves water and reduces the size of the disposal pond. Ex-
tensive scale buildup in the absorber internals and sump area has
plagued the lime slurry systems over the history of their operation,
particularly during closed loop operation. A precipitator ahead of the
absorber is recommended to reduce the solids level in the absorber
slurry, and an open spray tower absorber design is a necessity to pre-
vent plugging of the gas flow and liquor flow paths. Basically, scale
buildup will always be a problem with slurry systems, since the return
liquor to the absorber is saturated in CaSO, and CaSO, and becomes
supersaturated in the absorber when the Ca(Oll)2 is converted to CaSO3 or
CaSo, .

aThe system advantage is that operation is relatively simple due to
the small number of components.

System disadvantages include:

1. Scale buildup causes high maintenance even with an open spray tower
absorber.

2. Mist eliminator scaling and plugging are continuous maintenance
items.

3. Particulate emission performance is well below that of clear liquor
processes, due to entrained solids.

4. Large quantities of lime and gypsum movement in and out of the
plant area conflict with power plant operation.

5. Water pollution is a problem of the CaSO

product, as are CaSO3
crystal growth difficulties in the thickeneéﬁ
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Limestone Slurry System

The process flow diagram for limestone slurry scrubbing is identi-
cal to that for lime slurry systems (Figure 10). The chemistry is also
similar.

Absorber CaCo, + 802 -+ (CaS0, + CO2

3 3

2CaC0, + 250, + O

3 2 »> 2Ca804 + 2C02

2
The comments delineated for lime slurry scrubbing apply to limestone.

Dilute Acid System

The flow diagram for this system is shown in Figure 11, and the
chemistry is quite simple.

Absorber S0, + H,0 » H,SO

2 2 273
21{2803 to0, ° 2H2804
Oxidizer 21{2803 + 02 > 2“2804 (To completion)
Reactor Thickener CaCO3 + H2804 > CaSO4 + CO2 + H20

The acid bleed from the absorber is reportedly (4) 2% by weight,
which corresponds to a pH of 0.4 if the acid is 100% ionized (or about 1
to 2 if partially ionized). The acid is partially neutralized to a 1%
acid solution by weight in the reactor thickener. Partial neutrali-
zation of the acid results in an extremely low calcium sulfate concen-
tration, that is unsaturated in the absorber due to make-up water addi-
tion and a favorable temperature solubility behavior for CaSOa. Lime-
stone utilizations are about 98%.

System advantages are:

Scale buildup in the absorber and mist eliminator are eliminated.
Limestone utilization is excellent.

Almost pure CaSOA is produced.

s W N -

Particulate removal performance is good.

System disadvantages include:
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Single Component S$..ution Complex Solution

NaZSOa 1.37 moles/1 N32804 1.16 moles/1
Ca(O}l)2 0.022 Ca(OH)2 0.0005

CaSOA 0.0151 CaSOA 0.0002

NaOH 27.3 NaOH 0.12 (equilibrium)

The design concentration for Na,SO, is appropriately 1 molar, but the
liquor bleed rate from the absorber is still determined by the fact that
only 0.06 moles/1 — or 6% — of the incoming NaZSO4 can be regenerated in
the reaction tank.

Process advantages include:

Scale buildup in the absorber and mist eliminator is eliminated.
Lime utilization is excellent.

Almost pure CaSO4 is produced for ease in filtering and disposal.

S W -

Good particulate removal performance is noted.
Process disadvantages include:
1. Large liquor bleed rates result in relatively large thickener,

clarifier, and surge vessels.

2. Slightly higher pump costs are noted with this process than with
some processes.

3. Large amounts of material movement in and out of the plant area
interfere with operations.

Concentrated Double Alkali

The process flow diagram for the concentrated operating mode of the
double alkali process is also shown in Figure 12, but the regeneration

3 chemistry is much more favorable than the dilute operational mode.
f Absorber NaOH + SO2 > NaHSO3
E Na2803 + SO2 + nzo > 2NaHSO3

4NaOH + ZSO2 +0, > 2Na,SO, + 2H,0

2 2774 2

+ Na,SO, + CaSO, + 2H,0

I
| ;
; Reaction Tank Ca(Ol-[)2 + 2NaHSO3 2504 3 2

Ca(Oll)2 + Na,SO, - 2NaOH + CaSO,+

2773 3

Ca(OH), + Na,SO, -+ 2NaOH + CaSO,+
2 2774

4
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g CaC03+ + NaZSO3

Reactor Clarifier N32003 + CaSo

The primary reactions for the removal of SO, from the exhaust gas
are the formation of NaHSO, from NaOH and Nazso . The scrubbing solu-
tion bled from the absorbe? usually contains “a 8.5 molar concentration
of NaHSO, and Na,SO, each, which represents the suppressed solubility
limits o% both in solution together. All the NaHSO, is converted to
Na280 in the reaction tank with a very favorable reaction rate. The
furthgr conversion of Na230 to NaOH is limited to 0.36 moles/l con-
verted (or 0.14 moles/l resigual) for an initial Na, SO, concentration of
0.5 molar (5). About 72% of the SO, is absorbed” by the NaOH in the
absorber return liquor, while 28% ot2 the SO, reacts with the residual
Na,S0,. Since such a high percentage of th% NaHSO, is regenerated to
Na&H %n the reaction tank, the liquor flows are lowe? than in the dilute
mode, although pump power is not a large operating cost item.

The Na280 is regenerated at the very low amount of 0306 moles/1
and is observé% as forming at the rate of 0.00153% SO,/10 scf-%O2 in
pounds of Na,SO, per pound of SO, in the absorber. fhis represénts
about 8% of the S50, absorbed at an“oxygen content in the flue gas of 4%
by volume. The absorber bleed must be sufficient to allow enough re-
generation to handle the rate of production in the absorber. The re-
moval of CaSO, is accomplished in the reactor clarifier as before.

Process a&vantages include:

Scale buildup in the absorber and mist eliminator is obviated.
Excellent lime utilization is noted.

Good particulate removal is accomplished.

S W -

Limestone can be used as the reagent in this mode, while the equili-
brium concentration in the dilute mode are so low the use of lime-
stone is precluded.

Process disadvantages are:

1. Large quantities of CaSO3 are produced with its inherent water
pollution potential.

2. Large quantities of material movement in and out of the plant area
interfere with operations.

Sodium Sulfite/Bisulfite Process

The sodium sulfite/bisulfite cycling system is remarkably simple in
concept. The process flow diagram appears in Figure 13, and the chem-
istry follows accordingly.
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Absorber N32803 + 802 + H20 > 2NaHSO3
N32003 + 2802 + H20 > 2NaHSO3 + 002 (make up soda ash)
2Na2803 + 02 »> 2NaZSOA

Evaporator 2NaHSO3 > N32503 + SO2 + H20
Na2303 + SO2 > Na28203 + 02

Of course, the primary reaction for SO, removal is the absorption
by NaZSO to produce NaHSO,, which is, ifi turn, regenerated in the
evaporator crystalizer. Th& SO, is driven off in the evaporator at
some 210F and a partial pressure of 0.27 nsca (0.39 psia), and the
evaporator is specified to operate at about 8.3 nsca (12 psia). Water is
condensed out of the evaporator off-gases to attain a 92% rich 802
stream. ‘

The producgion rate of Na 804 in the absorber is again equal to
0.00153% SO,/10 scf- in tergg of pounds of Na,SO, formed per pound
SO absorbe%. This production rate must be pnge from the system,
si%ce it cannot be regenerated in the evaporator. The concentration of
Na280 in the absorber return liquor was fixed at 0.8 moles/l, while
the N% SO, concentration was allowed to ride up to 1.0 mole/l in order
to minimize the absorber bleed purge. A small low temperature (40F)
crystalizer is used to treat the absorber bleed purge, the result being
the selective crystalization of Na,SO, and Na,SO, and a reduced sodium
loss to the system. The removal é% ﬁ%zso a&ﬁ éhloride buildup in the
system is accomplished by a 1 gpm direct 3urge to the salt cake dryer.
Both purges amount to about 4 gpm.

Process advantages are:

1. Scale buildup in absorber and mist eliminator is eliminated.

Sulfur and salt cake products are saleable.

Absorber operation can be decoupled from the balance of the
802 system.

4. Minimal movement of material in and out of plant area.

5. No disposal or water pollution problem exists with gypsum.

6. Operating costs are reduced.

The disadvantage is that the system may be somewhat more com-
plex to operate than some other systems.
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Activated Char Adsorption System

The process flow diagram for this system is available in Figure 14,
and the chemistry for the adsorption of 802 by activated char is as
follows:

Adsorber C + 2802 + 02 + 2H20 > 2H2504 +C

Regenerator C+ 2H2804 > 2802 + CO2 + HZO

The SO, is adsorbed as H,S0, in the porous cavities of the char,
which éﬁemically reacts witﬁ tﬁe carbon in the char on being heated to
649C (1,200F) during regeneration in the sand heater. This inevitably
leads to an enlargement of the char pours and a corresponding reduc-
tion in physical strength. A stream 50% (by volume) rich in SO, is
off-gassed in the regenerator for ultimate reduction to elemental s&ﬁfur
in the sulfur reduction plant. After regeneration, the char is water-
cooled to 200F for re-entry into the absorber.

Operating experience with sulfur reduction by coal at the pilot
plant level has not been successful to date (6), so operating costs for a
conventional Claus plant were applied to this system for comparison.
The char circulation rate around the system has been observed to range
from 4 to 7 kg-char/kg-SO, (8-16 1b-char/1b-502), with the more re-
presentative rate being 6 ig-char/kg-SO (13 1b=char/1b-S0,) as plot-
ted (6). Since the activated char system has not been op%rated with
all components simultaneously for a long enough period to establish char
attrition rates, estimates were made to bound the area of probable
consumption. The chemical losses are easily calculated to be 7 kg/min
(16 1b/min) for the regenerator chemical reaction. Char abrasion losses
are estimated from operating experience with thermal catalytic crack-
ers (7) where alumina balls are lost at a rate of 0.6% of the circulation
rate. This defines the lower limit of char abrasion loss. Unfortun-
ately, char is not as strong as alumina where a tensile strength ratio of
15, alumina to char, is easily shown. If char loss due to abrasion is
linear with tensile strength, the char attrition could be 9% of the cir-
culation. This higher char loss estimate is believed to be conservative
since the estimate makes no attempt to consider the further weakening
caused by increased porosity due to regeneration cycles.

The activated char system is also reported to have the capability
of removing NO from the exhaust gas, which is also an oxidation-
reduction reaction with an additional chemical loss to the system.

System advantages are:

1. Saleable sulfur product.

2. Somewhat smaller amount of material movement in and out of the
plant area.
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3. Requirement for stack gas reheat eliminated.
System disadvantages include:

1. Extreme risk in operating costs without conclusive char attrition
experience.

2. Low reliability and high maintenance of solids handling equipment.

Potential safety hazards in handling hot char ranging from 93C to
649C (200F to 1,200F).

SUMMARY

The process operating parameters of each candidate can be compared
in Table 1. Both dilute acid and dilute double alkali have high ab-
sorber bleed rates, which will be manifested in larger process vessels
and relatively high capital cost, but will have the more attractive
filter cake product (CaSO, rather than CaSO,). All processes except the
sodium sulfite/bisulfite %nd activated cha? systems involve large quan-
tities of material movement in and out of the plant area, both in the
form of lime or limestone (209 tons/day) and calcium salt products (300
tons/day). The only process utilizing significant quantities of process
steam is the sodium sulfite/bisulfite system. The only processes with
an attractive marketable product are the sodium sulfite and activated
char processes.

Operating costs are tabulated in Table 2 and plotted as a function
of fuel sulfur content in Figure 15. Operating costs for four of the
processes are bunched together in the narrow band shown in Figure 15, to
the extent that they are undistinguishable in cost. Limestone is some-
what higher and the sodium sulfite/bisulfite process is somewhat lower.
The sodium sulfite systems could be reduced an additional 0.25 mills/kWh
at 1% sulfur in the fuel if the evaporator were to be sized to run at
off-peak electrical demand periods (which makes it look even more at-
tractive). The extremely high risk in the activated char system is
indicated by the estimated range in operating costs because of un-
certainty in char attrition. Operating costs can be converted from
mills/kWh to $/MBtu by simply multiplying the numbers in Table 2 by 0.1.

The governing laws for scaling process flows and power consumption
are embodied in Equations 1 through 14. Careful examination and the
combining of these relationships demonstrate that all flows and pump
power scale linearly with fuel sulfur content and steam generator capa-
city. Fan power, on the other hand, is only a function of unit capa-
city. Operating costs follow similar rules. This analysis forms the
basis for the scaling laws outlined in Tables 1 and 2.
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NOMENCLATURE

Co Operating Cost (§/yr; mills/kwh)

Cpg Exhaust Gas Specific Heat (Cal/g-°C; Btu/1b-°F)

d Inside Pipe Diameter (m; ft)

FM Liquor Flow Rate Margin Over Nominal Design

FRG Fraction of Absorber Product Regenerated

FRP Fraction of Reagent R Forming Product P

Fs Fuel Sulfur Content

FSS Fraction of Suspended Solids in Slurry

FURP Utilization of Reagent R Forming Product P

f Pipe Friction Factor

G Steam-Electric Unit Generation Capacity (kW)

g, Gravitational Constant (M/sz; ft/sz)

H Absorber or Vessel Overall Height (m; ft)

HHV Fuel Higher Heating Value (kJ/kg; Btu/lb)

HRN Steam-Electric Unit Net Heat Rate (kJ/kWh; Btu/kWh)

hw Make-Up Water Enthalpy (kJ/kg; Btu/lb-dry gas)

hwl Water Vapor Enthalpy at Prescrubber Inlet (kJ/kg; Btu/lb)

hw2 Water Vapor Enthalpy at Absorber Exist (kJ/kg; Btu/lb)

KA Sum of Individual Pipe Fitting Loss Coefficients

L Piping System Overall Length (m; ft)

Lc Steam-Electric Unit Capacity Factor (Energy Generated/Capacity
X Period)

m, Mass Addition of Make-Up Water Per Unit Mass of Dry Gas

mo Mass Fraction of Water Vapor at Prescrubber Inlet (kg/kg;
1b/1b-dry gas)

m.o Mass Fraction of Water Vapor at Absorber Exit (kg/kg; lb/lb-dry gas)

MWP Molecular Weight of Product P (kg/mole; 1b/mole)

HWR Molecular Weight of Reagent R (kg/mole; 1lb/mole)

stoz Sulfur Dioxide Molecular Weight (kg/mole; 1b/mole)
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Number of Chemical Products From Reactions With SO2
Pump or Fan Power Requirements (kW; hp)

Number of Reagents Reacting With SO2

Solubility of Reagent R (kg/l; 1b/gal)

Exhaust Gas Temperature at Prescrubber Inlet (°C; °F)
Exhaust Gas Temperature at Absorber Exit (°C; °F)

Number of Hours Per Year

Unit Cost of Any Consumable ($/unit)

Exhaust Gas Volumetric Flow Rate (acmm; acfm)

Liquor Velocity (°C; °F)

Flow Rate of Any Consumable (kg/hr; 1b/hr)

Fuel Flow Rate (kg/hr; 1lb/hr)

Liquor Flow Rate (lpm; gpm)

Product Mass Flow Rate (kg/min; lb/min)

Reagent Mass Flow Rate (kg/min; 1b/min)

Sulfur Dioxide Mass Flow Rate (kg/min; 1b/min)

Product Concentration in Liquor (kg/l; lb/gal)

Control Valve Pressure Drop at Nominal Liquor Flow (msc; psi)
Exhaust Gas Pressure Loss (nsc; psi)

Liquor Pressure Loss Through Piping System (nsc; psi)

Liquor Spray Nozzle or Distribution Header Pressure Loss
(nsc; psi)

Fan Efficiency

Adiabatic Humidification Efficiency

Pump Efficiency

Reagent Chemical Reaction Stoichiometric Coefficient (moles)
Product Chemical Reaction Stoichiometric Coefficient (moles)

Sulfur Dioxide Chemical Reaction Stoichiometric Coefficient
(moles)

Liquor Density (kg/H3; lb/fta)
Density of Water (kg/l; 1lb/gal)




ABBREVIATIONS

acmm
acfm
c

kJ
kWh
Btu

Nsca
psia

molar

kg

min
1b/min
1bm/hr
gpm
kg/hr
MBtu
in. vwc
cm vwe

kW/cm vwce

hp/in. vwc
psi

lpm

Nsc

kW

; hp/psi
t kW/psi
t m/s

‘ fps

i e |

actual cubic meters per minute
actual cubic feet per minute
Celsius

kilojoule

kilowatt hour

British thermal unit
Fahrenheit

Newtons per square centimeter absolute
pound per square inch absolute
moles per liter

megawatt

kilogram

minute

pound per minute

pound-minute per hour

grams per minute

kilogram per hour

mega-British thermal unit
inches of vertical water column

centimeter of vertical water column

kilowatt per centimeter of vertical water column

horsepower per inch of vertical water column

pounds per square inch

liters per meter

Newtons per square centimeter
kilowatt

horsepower per pound per square inch
kilowatt per pound per square inch
meter per second

feet per second
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ABBREVIATIONS

m

ft

yr

hr
moles/1
scf

continued

meter

foot

year

hour

moles per liter
seconds per cubic foot
vertical water column
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ARMY DARCOM AMCPM-CS (J. Carr). Alexandna VA

ARMY ENG DIV HNDED-CS, Huatsville AL: Hnded-Sr. Huntsville, AL

ARMY ENG WATERWAYS EXP STA Library. Vicksburg MS

ARMY ENGR DIST. Library, Portland OR

ARMY ENVIRON. HYGIENE AGCY Dir. Environ. Qual. Edgewood Arsenal MD; Water Qual Div (Doner),
Aberdeen Prov Ground. MD

ARMY MATERIALS & MECHANICS RESEARCH CENTER Dr. Lenoe, Watertown MA

ARMY MISSILE R&D CMD Redstone Arsenal AL Sci. Info. Cen (Documents)

ASO PWD (ENSJ.A. Jenkins). Phifadeiphia, PA

ASST SECRETARY OF THE NAVY Spec. Assist Energy (P. Waterman), Washington DC

BUMED Code 41-1 (CDR Nichols) Wash, DC

BUREAU OF RECLAMATION Code 1512 (C. Selander) Denver CO

MCB ENS S.D. Keisling, Quantico VA

CINCLANT Civil Engr. Supp. Plans. Ofr Norfolk, VA

CINCPAC Fac Engrng Div (J44) Makalapa, HI

CNAVRES Code 13 (Dir. Facilities) New Orleans, LA

CNM Code MAT-08T3, Washington, DC; NMAT 08T246 (Dieterle) Wash, DC

CNO Code NOP-964, Washington DC; Code OP 323, Washington DC; Code OP 987 Washington DC; Code OP-413
Wash, DC; Code OPNAYV 09B24 (H); OP987J (J. Boosman), Pentagon

COMFLEACT, OKINAWA PWO, Kadena, Okinawa

COMNAVMARIANAS Code N4, Guam

COMOCEANSYSPAC SCE, Pearl Harbor HI

COMSUBDE VGRUONE Operations Offr, San Diego, CA

DEFENSE CIVIL PREPAREDNESS AGENCY J.O. Buchanan, Washington DC

DEFENSE DOCUMENTATION CTR Alexandria, VA

DEPT OF ENERGY L. Divone. Wash DC

DOD Staff Spec. Chem. Tech. Washington DC

DOE Dr. Cohen; Dr. Vanderryn. Washington, DC: E.E. Parry, Washington DC: FCM (WE UTT) Washington DC: P.
Jordan Washington, DC

DTNSRDC Code 284 (A. Rufolo). Annapolis MD

DTNSRDC Code 4111 (R. Gierich). Bethesda MD

DTNSRDC Code 4121 (R, Rivers), Annapolis, MD

DTNSRDC Code 42, Bethesda MD

DTNSRDC Code 522 (Library), Annapolis MD

ENERGY R&D ADMIN. INEL Tech. Lib. (Reports Section), Idaho Falls ID: Liffick. Richmond, WA

ENVIRONMENTAL PROTECTION AGENCY MD-18(P. Halpin), Research Triangle Park NC: Reg. VIiL, 8M-ASL.
Denver CO: Reg. X Lib. (M/S 541). Seattle WA

ELTCOMBATTRACENLANT PWO, Virginia Bch VA

FMFLANT CEC Offr, Norfolk VA

EAA Civil Aeromedical Institute, Oklahoma City. OK

GSA Office of Const. Mgmt (M. Whitley). Washington DC

HEDSUPPACT PWO. Taipei, Taiwan

HQ UNC/USFK (Crompton). Korea

KWAJALEIN MISRAN BMDSC-RKL-C
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MARINE CORPS BASE Camp Pendleton CA 92055; Code 43-260, Camp Lejeune NC; M & R Division, Camp Lejeune
NC; PWO, Camp S. D. Butler, Kawasaki Japan

MARINE CORPS HQS Code LFF-2, Washington DC

MCAS Facil. Engr. Div. Cherry Point NC; CO, Kaneohe Bay HI; Code PWE, Kaneohe Bay HI; Code S4, Quantico
VA; J. Taylor, Iwakuni Japan; PWD, Dir. Maint. Control Div., Iwakuni Japan; PWO Kaneohe Bay HI: PWO
Utilities (Paro), Iwakuni, Japan; PWO, Yuma AZ; SCE, Futema Japan; UTC Dupalo, Iwakoni, Japan

MCDEC NSAP REP, Quantico VA

MCLSBPAC B520, Barstow CA; PWO, Barstow CA

MCRD PWO, San Diego Ca

MILITARY SEALIFT COMMAND Washington DC

NAD Engr. Dir. Hawthorne, NV

NAF PWO Sigonella Sicily; PWO, Atsugi Japan

NAS Asst C/S CE Corpus Christi, TX; CO, Guantanamo Bay Cuba; Code 114, Alameda CA; Code 183 (Fac. Plan BR
MGR); Code 187, Jacksonville FL; Code 18700, Brunswick ME; Code 18U (ENS P.J. Hickey), Corpus Christi TX:
Code 6234 (G. Trask), Point Mugu CA; Code 70, Atlanta, Marietta GA; Code 8E, Patuxent Riv., MD; Dir. Util.
Div., Bermuda; ENS Buchholz, Pensacola, FL; Lakehurst, NJ; Lead. Chief. Petty Offr. PW/Self Help Div,
Beeville TX; PW (J. Maguire), Corpus Christi TX; PWD (M.B. Trewitt), Dallas TX; PWD Maint. Cont. Dir., Fallon
NV: PWD Maint. Div., New Orleans, Belle Chasse LA; PWD, Maintenance Control Dir., Bermuda; PWD, Willow
Grove PA; PWO (M. Elliott), Los Alamitos CA; PWO Belle Chasse, LA; PWO Chase Field Beeville, TX; PWO
Key West FL; PWO Whiting Fid, Milton FL; PWO, Dallas TX; PWO, Glenview IL; PWO, Kingsville TX; PWO,
Millington TN; PWO, Miramar, San Diego CA; PWO,, Moffett Field CA; SCE Lant Fleet Norfolk, VA:; SCE
Norfolk, VA; SCE, Barbers Point HI; Security Offr, Alameda CA

NATL RESEARCH COUNCIL Naval Studies Board, Washington DC

NATNAVMEDCEN PWO Bethesda, MD

NATPARACHUTETESTRAN PW Engr, El Centro CA

NAVACT PWO, London UK

NAVAEROSPREGMEDCEN SCE, Pensacola FL

NAVAL FACILITY PWO, Barbados; PWO, Brawdy Wales UK; PWO, Cape Hatteras, Buxton NC; PWO, Centerville
Bch, Ferndale CA; PWO, Guam

NAVAVIONICFAC PWD Deputy Dir. D/701, Indianapolis, IN

NAVCOASTSYSLAB CO, Panama City FL; Code 423 (D. Good), Panama City FL; Code 715 (J. Mittleman) Panama
City, FL; Code 715 (J. Quirk) Panama City, FL; Library Panama City, FL

NAVCOMMAREAMSTRSTA Code W-602, Honolulu, Wahiawa HI; PWO, Norfolk VA; PWO, Wahiawa HI; SCE
Unit 1 Naples Italy

NAVCOMMSTA CO (61E) Puerto Rico; CO, San Miguel, R.P.; Code 401 Nea Makri, Greece: PWO, Adak AK; PWO,
Exmouth, Australia; PWO, Fort Amador Canal Zone

NAVCOMMUNIT Cutler/E. Machias ME (PW Gen. For.)

NAVCONSTRACEN CO (CDR C.L. Neugent), Port Hueneme, CA

NAVEDTRAPRODEVCEN Tech. Library

NAVENVIRHLTHCEN CO, Cincinnati, OH

NAVEODFAC Code 605, Indian Head MD

NAVFAC PWO, Lewes DE

NAVFACENGCOM Code 043 Alexandria, VA; Code 044 Alexandria, VA; Code 0451 Alexandria, VA: Code 0454B
Alexandria, Va; Code 04B3 Alexandria, VA: Code 04BS Alexandria, VA: Code 081B Alexandria, VA: Code 101
Alexandria, VA; Code 1023 (M. Carr) Alexandria, VA; Code 1023 (T. D. Stevens), Alexandria VA; Code 1023 (T.
Stevens) Alexandria, V A; Code 104 Alexandria, VA; Code 2014 (Mr. Taam), Pearl Harbor HI; Morrison Yap,
Caroline Is.; PW Brewer; PC-22 (E. Spencer) Alexandria, VA; PL-2 Ponce P.R. Alexandria, VA

NAVFACENGCOM - CHES DIV. Code 101 Wash, DC; Code 102, (Wildman), Wash, DC; Code 402 (R. Morony)
Wash, DC; Code 403 (H. DeVoe) Wash, DC; Code 405 Wash, DC; Code FPO-1 (C. Bodey) Wash, DC; Code FPO-1
(Ottsen) Wash, DC; Code FPO-1SP (Dr. Lewis) Wash, DC; Code FPO-IP12 (Mr. Scola), Washington DC

NAVFACENGCOM - LANT DIV.; Code 111, Norfolk. VA; Eur. BR Deputy Dir, Naples Italy; LANTDIV (E.J.
Peltier) Alexandria, VA; RDT&ELO 09P2, Norfolk VA

NAVFACENGCOM - NORTH DIV. (Boretsky) Philadelphia, PA; AROICC, Brooklyn NY; CO; Code 09P (LCDR A .J.
Stewart): Code 1028, RDT&EL.O, Philadelphia PA: Code 111 (Castranovo) Philadelphia, PA: Code 114 (A.
Rhoads):; Design Div. (R. Masino), Philadelphia PA;: ROICC, Contracts, Crane IN

NAVFACENGCOM - PAC DIV. Code 09DG (Donovan), Peari Harbor, HI; Code 402, RDT&E, Pearl Harbor Hi:
Commander, Pearl Harbor, HI

NAVFACENGCOM -SOUTH DIV. Code 90, RDT&ELO, Charleston SC; Dir., New Orleans LA

NAVFACENGCOM - WEST DIV. 102; 112; AROICC, Contracts, Twentynine Palms CA; Code 04B; Code 114C. San
Diego CA; O9P/20; RDT&ELO Code 2011 San Bruno, CA




NAVFACENGCOM CONTRACT AROICC, Point Mugu CA; AROICC, Quantico, VA; Code 05, TRIDENT,
Bremerton WA: Code 09E, TRIDENT, Bremerton WA; Dir, Eng. Div., Exmouth, Australia; Eng Div dir,
Southwest Pac, Manila, PI; OICC (Knowlton), Kaneohe, HI; OICC, Southwest Pac, Manila, PI; OICC/ROICC,
Balboa Canal Zone; ROICC (LCDR J.G. Leech), Subic Bay, R.P.; ROICC AF Guam; ROICC LANTDIV.,
Norfolk VA; ROICC Off Point Mugu, CA: ROICC, Keflavik, Iceland; ROICC, Pacific, San Bruno CA

NAVFORCARIB Commander (N42), Puerto Rico

NAVHOSP LT R. Elsbernd. Puerto Rico

NAVNUPWRU MUSE DET Code NPU-30 Port Hueneme, CA; Code NPU80 (ENS W. Morrison), Port Hueneme CA

NAVOCEANO Code 1600 Bay St. Louis, MS; Code 3408 (J. Kravitz) Bay St. Louis

NAVOCEANSYSCEN Code 3400 San Diego CA; Code 409 (D. G. Moore), San Diego CA; Code 52 (H. Talkington)
San Diego CA; Code 5224 (R.Jones) San Diego CA; Code 6565 (Tech. Lib.), San Diego CA; Code 6700, San Diego,
CA: Code 7511 (PWO) San Diego, CA; Code 811 San Diego, CA; Research Lib., San Diego CA; SCE (Code 6600),
San Diego CA

NAVORDFAC Security Offr, Sasebo, Japan

NAVORDSTA PWO, Louisville KY

NAVPETOFF Code 30, Alexandria VA

NAVPETRES Director, Washington DC

NAVPGSCOL Code 1424 Monterey, CA; E. Thornton, Monterey CA; LCDR K.C. Kelley Monterey CA

NAVPHIBASE CO, ACB 2 Norfolk, VA; Code S3T, Norfolk VA

NAVRADRECFAC PWO, Kami Seya Japan

NAVREGMEDCEN Chief of Police, Camp Pendleton CA; PWO Newport RI; PWO Portsmouth, VA; SCE (D. Kaye);
SCE (LCDR B. E. Thurston), San Diego CA; SCE, Camp Pendleton CA; SCE, Guam

NAVREGMEDCLINIC F. Hertlein I, Pearl Harbor HI

NAVSCOLCECOFF C35 Port Hueneme, CA; C44A (R. Chittenden), Port Hueneme CA; CO, Code C44A Port
Hueneme, CA

NAVSEASYSCOM Code 0325, Program Mgr, Washington, DC; Code OOC (LT R. MacDougal), Washington DC;
Code SEA OOC Washington, DC

NAVSEC Code 6034 (Library), Washington DC

NAVSECGRUACT PWO, Edzell Scotland; PWO, Puerto Rico; PWO, Torri Sta, Okinawa

NAVSHIPREPFAC SCE Subic Bay

NAVSHIPY D; CO Marine Barracks, Norfolk, Portsmouth VA; Code 202.4, Long Beach CA; Code 202.5 (Library)
Puget Sound, Bremerton WA; Code 380, (Woodroff) Norfolk, Portsmouth, VA; Code 400, Puget Sound; Code
400.03 Long Beach, CA; Code 404 (LT J. Riccio), Norfolk, Portsmouth VA; Code 410, Mare Is., Vallejo CA; Code
440 Portsmouth NH; Code 440, Norfolk; Code 440, Puget Sound, Bremerton WA; Code 440.4, Charleston SC;
Code 450, Charleston SC; Code 453 (Util. Suprj, Vallejo CA; L.D. Vivian; Library, Portsmouth NH; PWD (Code
400), Philadelphia PA; PWD (LT N.B. Hall), Long Beach CA; PWO, Mare Is.; PWO, Puget Sound; SCE, Pearl
Harbor HI; Tech Library, Vallejo, CA

NAVSTA CO Naval Station, Mayport FL; CO Rooseveit Roads P.R. Puerto Rico; Engr. Dir.. Rota Spain: Maint.
Cont. Div., Guantanamo Bay Cuba; Maint. Div. Dir/Code 531. Rodman Canal Zone; PWD (LT W.H. Rigby).
Guantanamo Bay Cuba; PWO Midway Island; PWO, Keflavik Iceland; PWO, Mayport FL: ROICC, Rota Spain;
SCE. Guam; SCE. San Diego CA: SCE. Subic Bay, R.P.; Utilities Engr Off. (LTJG A.S. Ritchie}. Rota Spain

NAVSUBASE ENSS. Dove, Groton, CT: LTIG D.W. Peck, Groton, CT: SCE, Pearl Harbor HI

NAVSUPPACT CO. Brooklyn NY: CO, Seattle WA; Code 4, 12 Marine Corps Dist, Treasure Is., San Francisco CA:
Code 413. Seattle WA; LTIG McGarrah, Vallejo CA; Plan/Engr Div.. Naples Italy

NAVSURFWPNCEN PWO. White Oak. Silver Spring, MD

NAVTECHTRACEN SCE. Pensacola FL.

NAVTORPSTA Keyport. WA

NAVWPNCEN Code 2636 (W. Bonner), China Lake CA; PWO (Code 26), China Lake CA; ROICC (Code 702), China
Lake CA

NAVWPNEVALFAC Technical Library, Albuquerque NM

NAVWPNSTA (Clebak) Colts Neck, NJ; Code 092, Colts Neck NJ; Code 092A (C. Fredericks) Seal Beach CA: ENS
G.A. Lowry, Fallbrook CA; Maint. Control Dir., Yorktown VA; PW Office (Code 09C1) Yorktown, VA; PWO,
Seal Beach CA: Qual. Engr. Ctr., Fallbrook CA

NAVWPNSUPPCEN Code 09 (Boennighausen) Crane IN

NCBU 405 OIC, San Diego, CA

NORDA Code 410 Bay St Louis, MS

NCBC CEL (CAPT N. W. Petersen), Port Hueneme, CA: CEL AOIC Port Hueneme CA: Code 10 Davisville. RI:
Code 155. Port Hueneme CA; Code 156. Port Hueneme, CA; Code 25111 Port Hueneme, CA: Code 400, Gulfport
MS: NESO Code 25! P.R. Winter Port Hueneme, CA; PW Engrg. Gulfport MS; PWO (Code 80) Port Hueneme,
CA; PWO, Davisville Rl
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NCBU 411 OIC, Norfolk VA

NCR 20, Commander

NCSO BAHRAIN Security Offr, Bahrain

NMCB 133 (ENS T.W. Nielsen); 5, Operations Dept.; Forty, CO; THREE, Operations Off.

NOAA L.ibraries Div. - D823, Silver Spring, MD

NORDA Code 440 (Ocean Rsch, Off) Bay St. Louis, MS

NRL Code 8400 (J. Walsh), Washington DC; Code 8441 (R.A. Skop), Washington DC

NSC CO, Biomedical Rsch Lab, Oakland CA; Code 54.1 (Wynne), Norfolk VA

NSD SCE, Subic Bay, R.P.

NTC Code 54 (ENS P. G. Jackel), Orlando FL; Commander Orlando, FL; OICC, CBU-401, Great Lakes IL; SCE
Great Lakes, IL

NAVOCEANSYSCEN Hawaii Lab (D. Moore), Hawaii

NUSC Code 13t New London, CT; Code EA123(R.S. Munn), New London CT; Code SB 331 (Brown), Newport RI;
Code TA131 (G. De la Cruz), New London CT

OCEANAYV Mangmt Info Div., Arlington VA

OCEANSYSLANTLT A.R. Giancola, Norfolk VA

OFFICE SECRETARY OF DEFENSE OASD(1&L) Pentagon (T. Casberg), Washington DC

ONR: BROFF, CO Boston MA; Code 221, Arlington VA; Code 481, Arlington VA; Code 700F Arlington VA: Dr. A.
Laufer, Pasadena CA

PACMISRANFAC CO, Kekaha HI

PMTC Code 4253-3, Point Mugu, CA; Pat. Counsel, Point Mugu CA

PWC ENS J.E. Surash, Pearl Harbor HI; ACE Office (LTJG St. Germain) Norfolk VA; CO Norfolk. VA; CO, Great
Lakes IL: Code 116 (LTJG. A. Eckhart) Great Lakes, IL; Code 120, Oakland CA; Code 120C (Library) San Diego.
CA: Code 128, Guam: Code 200, Great Lakes IL; Code 200, Oakland CA; Code 220 Oakland, CA; Code 220.1,
Norfolk VA; Code 30C (Boettcher) San Diego, CA; Code 40 (C. Kolton) Pensacola, FL; Code 42B (R. Pascua),
Pearl Harbor HI; Code S0SA (H. Wheeler); Code 680, San Diego CA; OIC CBU-405, San Diego CA; XO Oakland,
CA

SPCC Code 122B, Mechanicsburg, PA; PWO (Code 120) Mechanicsburg PA

TVA Smelser, Knoxville, Tenn.

U.S. MERCHANT MARINE ACADEMY Kings Point, NY (Reprint Custodian)

USGEOLOGICAL SURVEY Off. Marine Geology, Piteleki, Reston VA

USAF Maj. Riffel, Rumstein, Germany

USAF REGIONAL HOSPITAL Fairchild AFB, WA

USCG (G-ECV) Washington Dc: (G-ECV/61) (Burkhart) Washington, DC; G-EQE-4/61 (T. Dowd), Washington DC

USCG ACADEMY LT N. Stramandi. New London CT

USCG R&D CENTER CO Groton, CT; D. Motherway, Groton CT; LTJG R. Dair, Groton CT; Tech. Dir. Groton, CT

USNA Ch. Mech. Engr. Dept Annapolis MD; Energy-Environ Study Grp, Annapolis. MD: Engr. Div. (C. Wu)
Annaplolis MD; Environ. Prot. R&D Prog. (J. Williams), Annapolis MD: Ocean Sys. Eng Dept (Dr. Monney)
Annapolis, MD; PWD Engr. Div. (C. Bradford) Annapolis MD; PWO Annapolis MD

AMERICAN UNIVERSITY Washington DC (M. Norton)

ARIZONA State Energy Programs Off.. Phoenix AZ

AVALON MUNICIPAL HOSPITAL Avalon, CA

BONNEVILLE POWLR ADMIN Portland OR (Energy Consrv. Off., D. Davey)

CALIFORNIA INSTITUTE OF TECHNOLOGY Pasadena CA (Keck Ref. Rm)

CALIFORNIA STATE UNIVERSITY LONG BEACH,CA(CHELAPATI)

COLUMBIA-PRESBYTERIAN MED. CENTER New York, NY

CORNELL UNIVERSITY Ithaca NY (Serials Dept, Engr Lib.)

DAMES & MOORE LIBRARY LOS ANGELES, CA

DUKE UNIV MEDICAL CENTER B. Muga, Durham NC

FLORIDA ATLANTIC UNIVERSITY BOCA RATON, FL (MC ALLISTER)

FLORIDA ATLANTIC UNIVERSITY Boca Raton FL (W. Tessin)

FLORIDA TECHNOLOGICAL UNIVERSITY ORLANDO, FL (HARTMAN)

FOREST INST. FOR OCEAN & MOUNTAIN Carson City NV (Studies - Library)

FUEL & ENERGY OFFICE CHARLESTON, WV

HAWAIISTATE DEPT OF PLAN. & ECON DEV. Honolulu Hi (Tech Info Ctr)

ILLINOIS STATE GEO. SURVEY Urbana IL

INDIANA ENERGY OFFICE Energy Group, Indianapolis, IN

VIRGINIA INST. OF MARINE SCI. Gloucester Point VA (Library)

KEENE STATE COLLEGE Keene NH (Cunningham)
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LEHIGH UNIVERSITY BETHLEHEM, PA (MARINE GEOTECHNICAL LAB., RICHARDS): Bethlehem PA
(Linderman Lib. No.30, Flecksteiner)

LIBRARY OF CONGRESS WASHINGTON, DC (SCIENCES & TECH DIV)

LOUISIANA DIV NATURAL RESOURCES & ENERGY Dept. of Conservation, Baton Rouge LA

LOW COUNTRY REG. PLAN. COUNCIL YEMASSEE, SC (BAGGS)

MAINE MARITIME ACADEMY (Wyman) Castine ME

MAINE OFFICE OF ENERGY RESOURCES Augusta, ME

MICHIGAN TECHNOLOGICAL UNIVERSITY Houghton, MI (Haas)

MISSOURI ENERGY AGENCY lJefferson City MO

MIT Cambridge MA; Cambridge MA (Rm 10-500, Tech. Reports, Engr. Lib.); Cambridge, MA (Harleman)

MONTANA ENERGY OFFICE Helena, MT

NATL ACADEMY OF ENG. ALEXANDRIA, VA (SEARLE, JR.)

NEW MEXICO SOLAR ENERGY INST. Dr. Zwibel Las Cruces NM

NY CITY COMMUNITY COLLEGE BROOKLYN, NY (LIBRARY)

NYS ENERGY OFFICE Library, Albany NY

OREGON Salem OR (State Office of Allocation & Conserv.)

PENNSYLVANIA STATE UNIVERSITY State College PA (Applied Rsch Lab)

POLLUTION ABATEMENT ASSOC. Graham, Corte Madera, CA

PURDUE UNIVERSITY Lafayette, IN (CE Engr. Lib)

CONNECTICUT Hartford CT (Dept of Plan. & Energy Policy)

SCRIPPS INSTITUTE OF OCEANGOGRAPHY LA JOLLA, CA (ADAMS); San Diego, CA (Marina Phy. Lab. Spiess)

SEATTLE U Prof Schwaegler Seattle WA

SOUTHWEST RSCH INST J. Maison, San Antonio TX; R. DeHart, San Antonio TX

STANFORD UNIVERSITY Engr Lib, Stanford CA

STATE HOUSE AUGUSTA, ME (MAINE STATE FUEL ALLOC & CONSERV. OFF.)

STATE UNIV. OF NEW YORK Fort Schuyler, NY (Longobardi)

TEXAS A&M UNIVERSITY COLLEGE STATION, TX (CE DEPT); College Station TX (CE Dept. Herbich)

UNIVERSITY OF CALIFORNIA BERKELEY, CA (CE DEPT, GERWICK); BERKELEY, CA (OFF. BUS. AND
FINANCE, SAUNDERS); Berkeley CA (E. Pearson); LIVERMORE, CA (LAWRENCE LIVERMORE LAB,
TOKARZ); LaJolla CA (Acq. Dept, Lib. C-075A); Off-Campus Facs & Energy Conserv., Davis, CA: Off-Campus
Facs & Energy Conserv., Davis, CA; SAN DIEGO, CA, LA JOLLA, CA (SEROCKI); Vice President, Berkeley,
CA

UNIVERSITY OF DELAWARE Newark, DE (Dept of Civil Engineering, Chesson)

UNIVERSITY OF HAWAII Dr Chiu Honolulu, HI; HONOLULU, HI (SCIENCE AND TECH. DIV.)

UNIVERSITY OF ILLINOIS Metz Ref Rm, Urbana IL; URBANA, IL (LIBRARY); URBANA, IL (NEWARK)

UNIVERSITY OF KANSAS Kansas Geological Survey, Lawrence KS

UNIVERSITY OF MASSACHUSETTS (Heronemus), Amherst MA CE Dept

UNIVERSITY OF MICHIGAN Ann Arbor MI (Richart)

UNIVERSITY OF NEBRASKA-LINCOLN Lincoln, NE (Ross Ice Shelf Proj.)

UNIVERSITY OF RHODE ISLAND KINGSTON, RI (PAZIS); KINGSTON, RI (SUSSMAN); Narragansett RI (Pell
Marine Sci. Lib.)

UNIVERSITY OF TEXAS Inst. Marine Sci (Library), Port Arkansas TX

UNIVERSITY OF TEXAS AT AUSTIN AUSTIN, TX (THOMPSON)

UNIVERSITY OF WASHINGTON Dept of Civil Engr (Dr. Mattock), Seattle WA; SEATTLE, WA (APPLIED
PHYSICS LAB): SEATTLE, WA (OCEAN ENG RSCH LAB, GRAY); Seattle WA (E. Linger): Seattle, WA
Transportation, Construction & Geom. Div

UNIVERSITY OF WISCONSIN Milwaukee WI (Ctr of Great Lakes Studies)

URS RESEARCH CO. LIBRARY SAN MATEO, CA

VENTURA COUNTY ENVIRON RESOURCE AGENCY Ventura, CA (Melvin)

VERMONT STATE ENERGY OFFICE MONTEPELIER, VT (DIRECTOR)

ALBANY FELT CO ALBANY, NY (EICK)

i s AMSCO Dr. R. McCoy. Erie, PA

3 ARCAIR CO. D. Young, Lancaster OH

ARVID GRANT OLYMPIA, WA

ATLANTIC RICHFIELD CO. DALLAS. TX (SMITH)

USNA Sys. Engr. Dept (R. McCoy) Annapolis, MD

BECHTEL CORP. SAN FRANCISCO. CA (PHELPS)

BELGIUM HAECON, N.V., Gent

BRITISH EMBASSY Sci. & Tech. Dept. (J. McAuley), Washington DC

BROWN & ROOT Houston TX (D. Ward)
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CANADA Adrian, Anderson & Assoc., Winnipeg: Nova Scotia Rsch Found, Corp. Dartmouth, Nova Scotia;
Surveyor, Nenninger & Chenevert Inc., Montreal; Warnock Hersey Prof. Srv Ltd, La Sale, Quebec

CAYWOOD, NOPP, WARD, AIA Sacramento, CA

CHEMED CORP Lake Zurich IL (Dearborn Chem. Div.Lib.)

CHEVRON OIL FIELDRESEARCH CO. LA HABRA, CA (BROOKS)

COLUMBIA GULF TRANSMISSION CO. HOUSTON, TX (ENG. LIB.)

CONCRETE TECHNOLOGY CORP. TACOMA, WA (ANDERSON)

DESIGN SERVICES Beck, Ventura, CA

DILLINGHAM PRECAST F. McHale. Honolulu HI

DIXIE DIVING CENTER Decatur, GA

DRAVO CORP Pittsburgh PA (Giannino); Pittsburgh PA (Wright)

DURLACH, O'NEAL, JENKINS & ASSOC. Columbia SC

EVALUATION ASSOC. INC KING OF PRUSSIA, PA (FEDELE)

EXXON PRODUCTION RESEARCH CO Houston TX (A. Butler Jr)

FORD, BACON & DAVIS, INC. New York (Library)

GENERAL DYNAMICS Elec. Boat Div., Environ. Engr (H. Wallman), Groton CT

GLIDDEN CO. STRONGSVILLE, OH (RSCH LIB)

GLOBAL MARINE DEVELOPMENT NEWPORT BEACH, CA (HOLLETT)

GRUMMAN AEROSPACE CORP. Bethpage NY (Tech. Info. Ctr)

HUGHES AIRCRAFT Culver City CA (Tech. Doc. Ctr)

MAKAI OCEAN ENGRNG INC. Kailua, HI

JAMES CO. R. Girdley, Orlando FL

LAMONT-DOHERTY GEOLOGICAL OBSERV. Palisades NY (Selwyn)

LOCKHEED MISSILES & SPACE CO. INC. L. Trimble, Sunnyvale CA; Mgr Naval Arch & Mar Eng Sunnyvale,
CA: Sunnyvale CA (Rynewicz); Sunnyvale, CA (Phillips)

MARATHON OIL CO Houston TX (C. Seay)

MATRECON Ouakland, CA (Haxo)

MCDONNEL AIRCRAFT CO. Dept 501 (R.H. Fayman), St Louis MO

MEDERMOTT & CO. Diving Division, Harvey, LA

MIDLAND-ROSS CORP. TOLEDO. OH (RINKER) )

NEWPORT NEWS SHIPBLDG & DRYDOCK CO. Newport News VA (Tech. Lib.)

NORWAY I. Foss, Oslo; Norwegian Tech Univ (Brandtzaeg), Trondheim

OCEAN DATA SYSTEMS, INC. SAN DIEGO, CA (SNODGRASS)

OCEAN RESOURCE ENG. INC. HOUSTON, TX (ANDERSON)

PACIFIC MARINE TECHNOLOGY LONG BEACH, CA (WAGNER)

PORTLAND CEMENT ASSOC. Skokie IL (Rsch & Dev Lab, Lib.)

RAYMOND INTERNATIONAL INC. E Colle Soil Tech Dept, Pennsauken, NJ

RIVERSIDE CEMENT CO Riverside CA (W. Smith)

SAFETY SERVICES, INC. A. Patton, Providence Rl

SANDIA LABORATORIES Albuquerque, NM (Vortman); Library Div.. Livermore CA

SCHUPACK ASSOC SO. NORWALK, CT (SCHUPACK)

SEAFOOD LLABORATORY MOREHEAD CITY, NC (LIBRARY)

SEATECH CORP. MIAMI, FL (PERONI)

SHELL DEVELOPMENT CO. HOUSTON,, TX (TELES): Houston TX (C. Sellars Jr.)

SHELL OIL CO. Houston TX (R. de Castongrene)

SWEDEN VBB (Library), Stockholm

TEXTRON INC BUFFALO, NY (RESEARCH CENTER LIB.)

THE AM. WATERWAYS OPERATIONS, INC. Arlington, VA (Schuster)

TIDEWATER CONSTR. CO Norfolk VA (Fowler)

TRW SYSTEMS CLEVELAND, OH (ENG. LIB.): REDONDO BEACH. CA (DAI)

UNITED KINGDOM Cement & Concrete Assoc (G. Somerville) Wexham Springs. Slou: D. Lee, London; D. New.
G. Maunsell & Partners, London: J. Derrington, London; Library, Bristol; Taylor, Woodrow Constr (014P).
Southall, Middiesex: Taylor, Woodrow Constr (Stubbs). Southall. Middlesex:" Univ. of Bristol (R. Morgan). Bristol

UNITED TECHNOLOGIES Windsor Locks CT (Hamilton Std Div.. Library)

WESTINGHOUSE ELECTRIC CORP. Annapolis MD (Oceanic Div Lib, Bryan): Library. Pittsburgh PA

WEYERHAEUSER CO. LONGVIEW, WA (TECH CTR LIB)

WISS.JANNEY, ELSTNER, & ASSOC Northbrook, IL (J. Hanson)

WM CLAPP LABS- BATTELLE DUXBURY, MA (LIBRARY)

WOODWARD-CLYDE CONSULTANTS PLYMOUTH MEETING PA (CROSS. 1it)




ADAMS, CAPT (RET) Irvine, CA

BRAHTZ La Jolla, CA

BRYANT ROSE Johnson Div. UOP, Glendora CA

BULLOCK La Canada

KRUZIC, T.P. Silver Spring, MD
CAPT MURPHY Sunnyvale, CA

! GREG PAGE EUGENE, OR

b | R.F. BESIER Old Saybrook CT

& %f‘ R.Q. PALMER Kaitua, HI

3 T.W. MERMEL Washington DC

CEC Donofrio, JohnL., LT

L4




