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INTRODUCTION

The ever increasing demand for energy dictates a judicious use of
all available resources. A renewable source of energy is inherent in
the large quantities of organic wastes generated daily. These organic
wastes, unlike fossil fuels, contain lower concentrations of sulphur and
their availability is guaranteed. These wastes, however, are generated
in varying ways and compositions, and have high moisture content. In
addition, means for shipping, storage, and handling are severely restricted.
Proper processing enhances the above properties and renders the product
adaptable for burning in Navy coal fired boilers. Densified refuse-
derived fuel (d-RDF) is the product of this processing and the subject
of this report.

Densified refuse-derived fuel is produced by extracting and densi-
fying into small pellets that fraction of solid waste which possesses
the bulk of the fuel value. These dense pellets are then substituted or
mixed with coal to produce steam in spreader stoker boilers. The d-RDF
manufacturing technology is feasible, but long-term reliability and main-
tainability of equipment and the consistency of product properties is
lacking. While a number of firms have engaged in the production of d-RDF
pellets both in this country and abroad, d-RDF pellets are not generallv
available today. However, a number of firms may be willing to produce
pellets if a stable market for the product exists.

The U.S. Air Force is conducting a multi~year evaluation of the
merits and problems associated with the use of d~RDF. Their experiences
with the handling and firing characteristics of d-RDF at Wright-Patterson
Air Force Base (WPAFB), Ohio, are presented. In addition, NCEL has con-
ducted studies aimed at identification and development of fuel specifi-
cations, equipment modifications, and operational procedures for the
procurement and utilization of d-RDF at Naval shore facilities.

The scope of this report is to survey the various processes that
have been under consideration and experimentation and to report on the
Alr Force experiences in co-burning d-RDF with coal at Wright-Patterson
Air Force Base,

d-RDF PRODUCTION TECHNIQUES

Air Force Research

Common to all manufacturing processes for producing d-RDF are those
shown in Figure 1. Dumping of incoming waste and cooling the product
are also used in certain processes. An Air Force study (Ref 1 and 2)
classified d-RDF production processes into two categories. In the first
category were existing plants capable of providing fuel suitable for the
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boiler facilities at WPAFB, where the fuel was to be used. The second
category consisted of processes considered developmental in nature with
unknown technical and economic risk.

The development processes classified in the second category are
totally unexplored and can be considered as primarily research concept
schemes. Their potential impact on d-RDF production in the near future
are extremely slight. These were cited in the appendix of the Air Force
study (Ref 1) and referred to as research briefs.

Under the first classification, seven systems are cited and are
summarized here.

The Maryland Environmental Service Plant operated by Teledyne
National. This plant has been supplying d-RDF to WPAFB for testing
purposes. Figure 2 shows the basic plant material flow patterns (the
aluminum recovery system is not being operated at all). The most sig-
nificant fact concerning this facility is that it has been on-line more
or less continuously for a number of years. The economic feasibility of
this facility is not known because of local, state, and government sub-
sidies. Other facts about the d-RDF product are also shown in Figure 2.

Plant capacity for incoming refuse is rated at 1200 tons/day, and
the overwhelming majority of this is landfilled. Only a small percentage
is processed into d-RDF (approximately 6000 tons from 1975 to the present),
and due to the relatively low yield, additional development is warranted.
Furthermore, the d~RDF quality produced is marginal when compared to Air
Force specifications, and fuel delivery rates have been lower than orig-
inally required (8000 tons/yr).

National Center for Resource Recovery Plant. This system included
a full scale facility (no pelletizing) in New Orleans (now terminated)
and a pilot plant in Washington, D.C. (also terminated). 1In general,
this system includes a Trommel screening process as a pre-shredding
separation step. The same types of problems existed here as in the
Teledyne-operated plant; i.e., d-RDF fuel quality was inconsistent and
delivery was far behind schedule. The National Center ceased operation
at its Washington, D.C., plant and the organization disbanded.

Raytheon Service Corporation (RSC). This plant was built in Monroe
County, N.Y., and follows the steps shown in Figure 1 for the production
of d-RDF, which has recently been added as an extension of refuse-
derived fuel production. Therefore, no production history is available.

Combustion Equipment Associates (CEA). This type of facility utilizes
a proprietary technology for embrittling the cellulosic fraction of refuse
followed by various steps to prepare the combustible fraction. The pilot
plant has operated satisfactorily after much development, but CEA dis-
continued operations and the full-scale facility scheduled was cancelled.

Black Clawson (BC). This system is totally different; it employs a
wet pulverization and separation process. A pilot plant is operating
and producing pellets, but problems have been encountered with slagging
in the furnaces. Though a major facility (1,500 to 2,000 tons/day) has
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been constructed on Long Island, operation has ceased due to concerns _
about toxic emissions from the stack. Therefore, no long-term data are -
available on the product fuel of this system. "

SPM Group, Inc. At this plant oversized materials are reduced by a
coarse low horsepower shredder. A separation process on a proprietary
type conveyor follows, and the product fuel is extruded into cubettes or
briquettes. The Air Force at WPAFB conducted a satisfactory burn test
on a 20-ton load, but the SPM pilot plant has a limited operating history.

Ames, Iowa Plant. The process used at this plant is considered a
possible preliminary step to the densification step for d-RDF production
in that no pelletizing is done. After instituting significant improve-
ments and modifications performed by Midwest Research Institute, the
Environmental Protection Agency (EPA), and the Department of Energy (DOE),
a combination of disc screens, shredders, and air classifiers has pro-
duced a high quality combustible product ready for densification. The
Ames plant produced an average of 35,000 tons of RDF per shift year.

The Air Force study recommends further consideration of this process for
possible incorporation into a local d-RDF plant in the greater Dayton
area.

NCEL Study ]

NCEL sponsored a study (Ref 3 and 4) which included the identifica-
tion of commercial systems (100 to 300 tons/day of d-RDF production) and
product characteristics, The following summarizes the findings.

Bio-Solar R&D Corporation (Woodex). The Bio-Solar R&D Corporation
has licensed Woodex, Inc., to produce a densified fuel, commonly known
as Woodex, which is manufactured from organic fibrous materials through
a patented process. Apparently, the first step in the system includes a
compression step whereby the moisture content of the fuel is reduced to
about 25%. The material is then pulverized and the moisture content is
further reduced. Moisture removal is followed by densification under
"extreme pressure."

Woodex, Inc.,, operates a plant in Brownsville, Ore., and is capable
of producing between 250 and 300 tons of fuel per day. The cost for
purchasing the feedstock and producing the pellets was purported to be
about ¢15/ton in 1979.

Product
Characteristics Description or Value
Cylindrical shape 1/4 in, diam x 3/4 in. long
Specific gravity 1.3 g/cc
Bulk density 35 1b/fe3
Net heating value 8,340 Btu/1lb
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Guaranty Fuels, Inc, (ROEMCC). The main steps in this type of fuel
production are drying, size reduction, densification, and cooling. A
portion of the feedstock is used to fuel the processing plant.

One ROEMCC plant operates in Stillwater, Minn. The plant is capable
of producing approximately 40,000 tons of densified fuel per year., The
fuel is sold at about $26/ton.

Product
Characteristics Description or Value
Cylindrical shape 3/8 in. diam
Pellet density 1.14 g/cc
Bulk density 43 1b/ft3
Moisture content 157 (maximum)
Heating value 8,000 Btu/lb (as received)
Ash content less than 5%

LeHigh Forming Co. (The Palmer Process). This process has been
designed to process municipal solid waste. The unit processes include
(1) magnetic separation, (2) air classification, (3) size reduction, and
(4) densification.

Estimated cost for a plant capable of processing 52,000 tons of
waste per year is about $3.5 million. Operating and maintenance costs
can range from $12 to $60/ton, depending upon the quantity of material
processed.

A pilot plant capable of processing 10 tons of refuse per hour has
been operated in Easton, Pa., for the last 5 years.

Product
Characteristics Description or Value

Cylindrical shape variable

diameter typical 5/8 in. diam
Pellet density 1.3 g/ce
Bulk density 35 1b/ft3
Heating value 7,000 to 11,500 Btu/1lb
Ash content 10 to 20%

Koppers (Sprout-Waldron Division). The main components of this
process are two shredders, a dryer, pellet mills, and a cooler.

The production cost is estimated as about $22/ton at 15 to 18 tons/hr
and about $26/ton at 6 TPH.

i aad Al oalt Al S S

O LT
o LA A . - .
AR TN PPN S AP A AP W SOPE. V.

:

;. ty
Caar PSS L




Ay
Y

XA
o, taletat

4
2

T Y R T T S T T e e b dca
Product
Characteristics Description or Value
Cylindrical shape 1/4 in. diam x | in. long
Pellet density 1.1 g/cc
Bulk density 32 1b/ft3
Heating value 7,300 Btu/lb
Moisture content 12%

PAPACUBE (Energy Cube Densifying System). PAPACY is a process

originally designed to compress shredded newsprint. pitot plant of
the PAPACUBE process is located in San Diego, Calif. he overall system
is divided into five unit processes: sorting, size ‘uction, magnetic
separation, conditioning and metering, and densifice n.
Product

Characteristics Description or Value

Production rate 8 to 10 tons/hr

Shape 1-1/4 in.2, 1 to 2-1/2 in. in length

Ash content 15%

Heating value (day) 7,100 Btu/1b

Energy to Produce d-RDF

Energy input requirements for the production of d-RDF are of con-
sideration. Table 1l shows approximate energy consumption for the three
prevalent processes.

d-RDF CHARACTERISTICS
Closely associated with the production of d-RDF are the resulting
properties and characteristics of the fuel which must be considered for

the utilization of d-RDF.

Structural Integrity

This property allows the fuel to be shipped and handled without
disintegrating into smaller particles and dust. Experiments at WPAFB
have shown that dust was a persistent problem during raii car unloading
and in the fuel bunker serving the boiler. Health hazard potential,
spontaneous combustion, and equipment maintenance are reasons enough to
minimize and contain this problem. Solution approaches include:




1. Prouviding powered ventilation to remove the dust from the bunker
area and into the boiler overfire air system or a bag house.

2. Providing mist oiling of the d-RDF as it is removed trom the
storage silo. This solution, however, may cause fuel jamming in the
bunker because of resulting sticky surfaces.

3. Providing water or steam spray for the d-RDF with a resulting
penalty in boiler performance due to the higher moisture content,

Storage

At WPAFB, two storage techniques were used. First, a coal silo was
set aside for d-RDF storage. It was found, however, that the bearing
capacity of d-RDF prior to deformation was only 285 psf. Therefore,
only 20 feet of the silo's 70-foot height can be used without bridging
and jamming the chute. Second, outdoor storage was also explored, but
deterioration of the fuel quality resulted in a recommendationa that a
shed be constructed over the storage area to prevent the adverse effects
of inclement weather.

Heat Content

In the discussion concerning d-RDF production, the heat content
ranged between 6,000 and 11,500 Btu/1b. The more time and effort that
is put into the benificiation process so that the higher grade combustibles
are selected, the better the quality of the d-RDF produced is. However,
economics dictate that such a product would be relatively costly. 1t
should be noted that coal has an approximate heating value of 13,500 Btu/lb
and that spreader stoker boilers are designed to accommodate this type
of fuel. Therefore d-RDF, with an average heating value of 7000 Btu/1lb,
would be blended with coal under less than full capacity conditions.

Ash Content

The ash content is an important consideration because the higher
the ash content, the lower the number of Btu's delivered per unit weight
of fuel and the greater the expense of removing and discarding the ash.
It should be noted here that the ash content of d-RDF approaches twice
as much as that of coal. Therefore, since the heat content of d-RDF
averages half that of coal, the ash content of d-RDF would be quadruple
that of coal.

Combustion Characteristics

In February 1982, boiler efficiency and emissions testing using
d-RDF (Teledyne National product) and coal were carried out at WPAFB
(Ref 5). The purpose of the testing was to quantify the differences in
the boiler pollutant emissions, precipitator efficiency, and boiler
thermal efficiency.
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The boiler is a Keeler Rotograte overfire unit with a rated capacity
of 150,000 1b/hr of steam. Design steam is 600 psi; but, during testing,
steam pressure was 385 psi. The electrostatic precipitator (ESP) is a
dual chamber unit designed by Precipitair,

RESULTS

The Appendix is an excerpt of Reference 5 and describes the sampling
and analytical procedures used, summarizes the results, and offers con-
clusions and recommendations. For the purpose of this discussion, however,
Table [2] (found in the Appendix) gives a summary of the tabulated results
while Figures [3] through [6] (also found in the Appendix) show the flow
path and sampling points of the tests.

The contractual specifications for d-RDF are summarized below:

Energy content 6500 Btu/1b (minimum) dry

Ash content 15%2 (maximum) dry

Moisture content 20% (maximum) as received

Bulk density 35 1b/ft?® (minimum) as received
Fines 5% (maximum) as received

Pellet size 1/2 in, x 1| in,

CONCLUSIONS AND RECOMMENDATIONS

l. The limited co-firing tests at WPAFB has demonstrated that 100% d-RDF
can be combusted in an existing spreader stoker, and with proper grate
control, clinkering and ash burnout is improved with no adverse impact

on the environment,

2. Per unit weight, d-RDF contains half the Btu content of coal and
twice the ash content. Therefore, for 100% d-RDF firing two points must
be addressed. First, the existing fuel handling equipment must be capable
of delivering twice the amount of fuel; otherwise, the boiler must be
de-rated. (The fuel handling equipment at WPAFB could not deliver the
required fuel during the 100% d-RDF test.) Second, the existing ash
removal equipment must be capable of handling quadruple the amount.

This could lead to major retrofit plans if the expected utilization of
d-RDF is to be 100%. Therefore, storage and handling of twice the quan-
tity by weight of d-RDF as coal to sustain the same Btu loading and a
drop of 3.5% of thermal efficiency are disadvantages.

3. The generation and accumulation of dust, especially in the storage
bunkers above the boilers, is another major problem encountered with the
handling of d-RDF. At WPAFB, dusting was extreme. Potential fire and
explosion hazard must be considered.
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4, It should be noted that the contractor (Entropy Environmentalists,
Inc.) experienced difficulties in obtaining the fuel quality specified
earlier. This indicates that either the specifications are too stringent
or that the production method requires further refinement.

5. Storage of d-RDF in an open area is not recommended because of
deterioration of fuel quality.

6. Local production of d-RDF is most desirable because long distance
transportation costs can run as high as twice the cost of d-RDF produc-
tion on a per ton basis.

7. The establishment of an integrated d-RDF facility to develop fuel
specifications and boiler performance test programs at WPAFB or other
such activity is also recommended.
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Figure 1. Typical d-RDF manufacturing process.
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Appendix

EXCERPTS FROM REFERENCE 5 ON BOILER EMISSION TESTS
USING d-RDF AND COAL AT WPAFB

SUMMARY OF RESULTS

The average pollutant emission results, average precipitator effi-
ciency results, and average boiler operating efficiency results for each
of the three fuel conditions, as well as the particle sizing, flow angle
and resistivity tests results, are presented in Table [2].

Due to the difference in the fuel types being burned, the maximum
steam loading obtainable for each fuel mix was not the same; since the
boiler emissions and efficiency are affected by the loading, care must
be used in comparing the results.

The "Boiler Emissions and Precipitator Efficiencies" and "Boiler
Efficiency" subsections present the individual run-by-run summaries for
each of the two main test objectives at each of the three fuel type test
conditions. A third subsection, "Conclusions and Observations,' presents
a discussion and interpretation of the results, The first subsection,
"Boiler Emissions and Precipitator Efficiencies," also presents the
F-factor values, the results from the flyash resistivity measurements,
and the flue gas flow angle data summaries,

The 40% RDF-60% coal ratio in Table [2] was calculated using the
average ultimate heating values for coal and RDF in conjunction with the
heating value obtained for the RDF/coal mixtures. Using this method,
the estimated percent of coal making up the RDF/coal mixtures averaged
60.2% dry, by weight. Samples 1, 2, and 3 were 64.0%, 49.9%, and 66.7%
coal, respectively.

Conclusions and Observations

Conclusions and observations can be grouped into two general cate-
gories: (1) the effect of the different fuel mixtures on precipitator
efficiency and pollutant emissions, and (2) the effect of the different
fuel mixtures on material handling systems (including boiler firing
chamber maintenance) and boiler efficiency.

(1) From Table [2] it is apparent that the type of fuel mixture
fired has little or no effect on the particulate collection efficiency
of the precipitator. This conclusion is reinforced by the fact that the
flyash resistivity remained essentially constant for the ash from all
three fuel mixtures. However, the steam flow rate for the 100% RDF tests
was only 66% of the steam rate for the 100% coal tests while steam load
for the RDF/coal tests was 77% of that of the 100% coal tests. The col-
lection efficiencies may or may not be similar if the steam flow rate is
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.
N
.~ held constant for all fuel mixtures. In any case, the particulate emis-
, sions are well below the limits set by the Ohio EPA (0.10 1b/MBtu), and
. any differences may be of little consequence. No U.S. EPA emission
1f standards apply to this boiler since it generates less than 250 MBtu/hr.
b It is recommended that a constant steam flow rate be among the objec-
o tives of any further test programs.
: Sulfur dioxide emissions were considerably lower using 100% RDF as
opposed to 100% coal. The RDF/coal mixture showed some reduction of
o sulfur dioxide emissions but not as dramatic a reduction as seen with
e 100% RDF. This is understandable in that the RDF is shown by ultimate
- fuel analysis to contain a lower percentage of sulfur and sulfur com-
e pounds than the coal.
?f: The nitrogen oxides emissions for the 1007 coal tests were consid-
\ erably higher than those of the 100% RDF and RDF/coal mixture tests.
p. Since higher temperature (among other factors) increases nitrogen oxide
.ui production, this suggests that the combustion temperatures were indeed
i:f higher while firing 100% coal. This could not be verified due to the
x}i lack of necessary instrumentatior.
o The differences in nonmethane organic emissions between the three
fuel conditions are more difficult to interpret. The 100% coal tests
N showed the lowest emissions while the 100% RDF tests showed an increase
.i: in emissions of approximately 70%., The RDF/coal mixture tests, which
s presumably would show an intermediate level of emissions, in fact
3f revealed emissions 50%Z higher than the 100% RDF tests. The implication
e, is that unknown thermodynamic conditions and/or stoichometric relation-
£ ships in the boiler were affecting the nonmethane organic emissioms.
" Particle size analysis results showed essentially what would be
fn: expected. The mass median principle diameter at the precipitator inlet
e during the 100% RDF tests was 3.0 microns which is lower than expected.
ﬁﬂ: However, since the excess air in the boiler was much higher with this
. fuel than during the tests with the other two fuels, the higher excess
air would have led to more complete combustion and, thereby, to smaller
oy particles exiting the firing chamber.
:a: (2) Using 100%Z RDF led to one problem associated with its low
A density and heat content, and another which was probably a result of its
:.: metal content.
;;\ The first problem was the inability of the material handling system
N to convey a large enough amount of fuel to the boiler to maintain a nor-
- mal (approximately 120 to 140 thousand pounds per hour) steam flow rate.
~ The sheer bulk of the RDF overtaxed the fuel feed conveyers and, inci-
- dentally, the counter mechanism for quantifying the amount of fuel fed.
e The RDF also created a large volume of fibrous dust which led to an
e increase in housekeeping efforts.
&l The second major problem is that the RDF (from visual inspection
A and conversations with boiler maintenance personnel) caused greater than
- normal slag buildup on boiler tubes and walls. This would probably lead,
A in the long term, to a drop in boiler efficiency and an increase in
27 downtime for firing chamber maintenance.
;’1 It appears from the data that boiler efficiency increased when the
o2 RDF/coal mixture was fired. Again, it must be taken into consideration
,:} that the steam flow rate varied between the three fuel conditions.
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Additionally, boiler instrumentation was inadequate to evaluate steam
quality. These parameters could be expected to change under different
steam flow rates and fuel conditions. Due to the lack of steam data,
steam quality had to be assumed to be constant even though it most likely
was not. The data seem to show that there are both advantages and dis-
advantages to the use of RDF as boiler fuel. It is recommended that
these data be used in conjunction with other past or future data to
determine if the fuel can be used to improve the economic and environ-
mental performance of medium sized boilers.

SAMPLING AND ANALYTICAL PROCEDURES

All sampling and analytical procedures used were those generally
recommended by the United States Environmental Protection Agency (U.S.
EPA), the Ohio Environmental Protection Agency, and the American Society
of Mechanical Engineers (ASME). Details of the equipment and procedures
used are described in the Federal Register, August 18, 1977.

The number and locations of the sampling points were determined
using EPA Method 1 [Figure 3]. The inlet and outlet ducts cross sections
were each divided into 48 equal areas, i.e., 12 points on each of the
four traverse axes, as shown in Figures [4] and {6] for the inlet duct
and Figures [5] and [6] for the outlet duct. The centroid of each equal
area was sampled for two minutes for a net run time of 96.

Velocity measurements were made according to EPA Method 2. The
flue gas composition and molecular weight were determined using EPA
Method 3 criteria. Particulate emissions at the inlet were determined
using EPA Method 5 procedures. OQOutlet particulate and sulfur dioxide
emissions determinations followed the procedures outlined in combined
EPA Methods 5 and 8. Nitrogen oxides emissions determinations used EPA
Method 7 criteria. EPA Method 25 was used in determining total gaseous
nonmethane organic emissions. Particle sizing was performed using a
cascade impactor sampling head attached to an EPA Method 5 probe end.

Boiler efficiency tests were performed at each condition according
to ASME Power Test "ode 4.1, section 4, which is the input-output method.

Flyash resistivity tests were performed according to paragraph 4.05
of ASME Power Test Code 28-1965. The flyash samples for resistivity
measurements were collected at the precipitator inlet following EPA
Method 5 procedures. For each condition, the filter catches for the
three runs performed were combined to make one sample. In the laboratory,
the test cell was filled with flyash and heated to 500 degrees F to
simulate inlet duct conditions. Two readings were taken for each sample.

The F-factor value used in the calculations was determined using
the ultimate analyses of the fuel samples.

All sampling equipment used was manufactured by Nutech Corporation,
Andersen Samplers, Inc., or Entropy Environmentalists, Inc,
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Table [2]. Average Results Per Fuel Condition
40% RDF/ o . o o,
60% Coal 100% RDF 100% Coal
Boiler Data
Steam Load, 1lb/hr 115,000 97,000 146,000
Efficiency, 7% 82.7 75.5 75.5
Precipitator Data
grains per dscf
Particulate Concentration
Precipitator Inlet 0.361 0.337 0.472
Precipitator Outlet 0.011 0.009 0.014
Collection Efficiency, % 97.0 97.4 97.0
Emissions to Atmosphere pounds per Million Btu
Particulate 0.026 0.024 0.029
Sulfur Dioxide 0.847 0.372 0.926
Nitrogen Oxides as NO 0.506 0.584 0.680
Total Nonmethane Organics
as Carbon 0.261 0.177 0.103

Sulfur Dioxide
Nitrogen Oxides as NO
Total Nonmethane Organics
as Carbon
Flyash Resistivity, ohm-cm

Yaw Angle of Flue Gas, degrees

Precipitator Inlet
Precipitator Outlet

Particle Size, mass median diam,*

Precipitator Inlet, microns
Precipitator Outlet, microns

ppm dry by volume

315
261

519

4.7 x 10

116
248

295

[ASIRVS]
-— 0

392
397

231

17
3.6

*Taken from log-probability plot.
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Code 101.6 San Bruno, CA: Code 114C, San Dicgo CAL Library., San Bruno, CAL O9P 20 San Bruno, €A
RDT&ELO San Bruno. CA

NAVFACENGCOM CONTRACTS AROICC. NAVSTA Brookhn, NY; AROICC, Quantico. VAL Contracts
AROICC, Lemoore CA: Dir, Eng. Div.. Exmouth. Australia BFog Dy dirs Southwest Pace Manida, PLL
OICC, Southwest Pac. Manila. PL; OICC-ROICC, NAS Occania. Virgimy Beach, VAL O1CC ROTCC
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Balbou Panama Canal: ROICC AF Guam: ROIUC Code 495 Portsmouth VAL ROICC Kev West FIL.

ROICC, Keflavik. leeland: ROICC, NAS. Corpus Christe. TXC ROICC, Paahic, San Bruno CAL ROICC,

Point Mugu, CA: ROICC. Yap: ROICC-OICC-SPA. Nortolk. VA

NAVFORCARIB Commander (N42). Pucrto Rico

NAVMAG PWD - Engr Div. Guam: SCE. Subic Bav. R.P

NAVOCEANO Library Bay St. Louis. MS$

NAVOCEANSYSCEN Code (9 (Talkington). San Dicge. CAL Code 44738 (Tech by San Dicgo. CAL Code
523 (Hurley). San Diego. CA: Code 6700, San Dicgo. CA:L Code st San Diego, €A

NAVORDSTA PWO. Louisville KY

NAVPETOFF Code 30. Alexandria VA

NAVPETRES Dircctor. Washington DC

NAVPGSCOL E. Thornton. Monterey CA

NAVPHIBASE CO. ACB 2 Norfolk, VA; Code S3T. Nortolk VA: SCE Coronado. SD.CA

NAVRADRECFAC PWO. Kami Scva Japan

NAVREGMEDCEN Code 29, Env. Health Serv. (Al Bryson) San Dicgo. CA

NAVHOSP CO. Millington. TN

NAVREGMEDCEN PWD - Engr Div. Camp Lejeune, NC: PWO. Camp Lejeune, NC

NAVREGMEDCEN PWO. Okinawa. Japan

NAVREGMEDCEN SCE: SCE San Diego. CA: SCE., Camp Pendleton CAL SCEL Guam: SCE. Newport. RI:
SCE. Oukland CA

NAVREGMEDCEN SCE. Yokosuka. Japan

NAVREGMEDCLINIC A. Watanabe, Pearl Harbor. HI

NAVSCOLCECOFF C35 Port Hueneme. CA: CO. Code CHA Port Hueneme CA

NAVSCSOL PWO. Athens GA

NAVSEASYSCOM Code 0325, Program Mgr. Washington. DC: Code SEA QOOC Washington. DC: SEA (4E (L.
Kess) Washington., DC

NAVSECGRUACT PWO. Adak AK: PWO. Edzelt Scotland: PWO. Puerto Rico: PWO, Torri Sta. Okinawa

NAVSECSTA PWD - Engr Div. Wash.. DC

NAVSHIPYD Bremerton, WA (Carr Inlet Acoustic Range): Code 202.4, Long Beach CA: Code 202.3
(Library) Puget Sound. Bremerton WAL Code 380, Portsmouth. VA: Code 382.3. Peuarl Harbor. HI: Code
400. Puget Sound: Code 410, Marce Is.. Vallejo CA: Code 440 Portsmouth NH: Code 440, Norfolk: Code
440. Puget Sound. Bremerton WA Code 453 (Util. Supr). Vallejo CA: L.D. Vivian: Librarv. Portsmouth
NH: PW Dept. Long Beach. CA: PWD (Code 420) Dir Portsmouth. VA: PWD (Code 450-HD) Portsmouth.
VA PWD (Code 453-HD) SHPO 03, Portsmouth, VA: PWO, Bremerton. WA: PWO. Mare Is.: PWO.
Puget Sound: SCE. Pearl Harbor HI: Tech Library. Vallejo, CA

NAVSTA Adak. AK: CO Roosevelt Roads P.R. Puerto Rico: CO. Brooklyn NY: Code 4. 12 Marine Corps
Dist. Treasure Is.. San Francisco CA: Dir Engr Div, PWD, Mayport FL: Dir Mech Engr 37W(C93 Nortolk.
VA: Engr. Dir.. Rota Spain: Long Beach. CA: PWD (LTJG.P.M. Motolenich), Puerto Rico: PWD - Engr
Dept. Adak. AK: PWD - Engr Div. Midway Is.: PWO. Keflavik Iceland: PWO, Mayport FL. SCE. Guam.
Marianas: SCE. Pearl Harbor HI: SCE. San Dicgo CA: SCE. Subic Bay. R.P.: Security Offr. San Francisco.
CA.: Utilities Engr Off. Rota Spain

NAVSUBASE SCE. Pearl Harbor HI

NAVSUPPACT PWO Naples ltaly

NAVSUPPFAC PWD - Maint. Control Div, Thurmont, MD

NAVSURFWPNCEN PWO. White Oak. Silver Spring. MD

NAVTECHTRACEN SCE. Pensacola FL

NAVTELCOMMCOM Code 53. Washington, DC

NAVWPNCEN Code 24 (Dir Safe & Sec) China Lake. CA: Code 2636 China Lake: PWO (Code 266) China
Lake, CA: ROICC (Code 702), China Lake CA

NAVWPNSTA (Clebak) Colts Neck. NJ: Code 092, Colts Neck NJ: Code 092, Concord CA: Code 092A. Scal
Beach. CA; Maint. Control Dir.. Yorktown VA

NAVWPNSTA PW Office Yorktown, VA

NAVWPNSTA PWD - Maint Control Div. Charleston. SC: PWD - Maint. Control Div., Concord. CA: PWD -
Supr Gen Engr. Scal Beach. CA: PWO. Charleston. SC: PWO. Scal Beach CA

NAVWPNSUPPCEN Code 19 Crane IN

NCTC Const. Elec. School. Port Hueneme. CA

NCBC Code 10 Davisville. RI: Code 15, Port Hueneme CA: Code 155, Port Hueneme CA: Code 156, Pont
Hueneme. CA; Cade 25111 Port Hueneme. CA: Code 400, Gulfport MS: Code 430 (PW Engrng) Gultport,
MS: Code 470.2. Gulfport. MS: NEESA Code 252 (P Winters) Port Hueneme, CA: PWO (Code 80) Port
Hueneme, CA: PWO. Davisville RI: PWO. Gulfport. MS

NCR 20, Code R70: 20. Commander

NMCB FIVE. Operations Dept: THREE. Operations Off,

NOAA Library Rockville. MD

NORDA Code 410 Bay St. Louis, MS

NRL Code 5800 Washington, DC
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NSC CO. Biomedical Rseh Lab, Oakland CA: Code 44 (Sceurity Officer) Oakland, CA: Code 54 1 Nortolh.
VA: Security Offr, Hawaii

NSD SCE. Subic Bay. R.P.

NSWSES Code 0150 Port Hueneme. CA

NTC OICC. CBU-401, Great Lakes IL

NUCLEAR REGULATORY COMMISSION T.C. Johnson, Washington, DC

NUSC DET Code 131 New London. CT: Code 5202 (S, Schady) New London, CT: Code EAL123 (RS, Munn).
New London CT: Code SB 331 (Brown). Newport RI

OFFICE SECRETARY OF DEFENSE OASD (MRA&L) Dir. of Encrgy. Pentagon. Washington, (

ONR Code 221. Arlington VA: Code 481, Bav St. Louis. MS: Code THOF Arlington VA

PACMISRANFAC HI Arca Bkg Sands. PWQO Kekaha, Kauai. HI

PHIBCB | P&E. San Dicgo. CA

PWC ACE Office Norfolk, VA: CO Norfolk. VA: CO. (Code 10), Oakland, CA: CO. Great Lakes [ CO.
Pearl Harbor HI: Code 10, Great Lakes, IL: Code 105 Oakland. CA: Code 110, Great Lakes, 11: Code 110,
Oakland. CA: Code 120, Oakland CA; Code 128, Guam: Code 154 (Library), Great Lakes. [L: Code 200,
Great Lakes (L1 Code 200, Guam: Code V. Norfolk. VA: Code 300, Great Lakes. 11 Code 300, Pearl
Harbor, HI: Code 400, San Dicgo. CA: Code 420, Great Lakes. IL: Code 420, Oakland, CA: Code 424,
Norfolk. VA: Code 500 Norfolk, VAT Code S05A Oakland. CA: Code 600, Great Lakes, 1L: Code 610, San
Diego Ca: Code 700, Great Lakes. IL: Code 700, San Dicgo. CA: Library. Code 120C. San Diego. CA:
Library. Guam: Library. Norfolk. VA: Library, Pearl Harbor, HI: Library. Pensacola. FL: Library, Subic
Bay. R.P.; Library. Yokosuka JA: Util Dept (R Pascua) Pearl Harbor. HI: Utilities Officer, Guam

SPCC PWO (Code 120) Mechanicsburg PA

SUPANX PWO. Williamsburg VA

TVA Smelser. Knoxville. Tenn.: Solar Group. Arnold. Knoxville. TN

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

US DEPT OF COMMERCE NOAA. Pacific Marine Center. Seattle WA

US DEPT OF HEALTH. ED.. & WELFARE Food & Drug Admin. (A. Storv). Dauphin Is. AL

US GEOLOGICAL SURVEY Off. Marine Geology. Piteleki. Reston VA

US NATIONAL MARINE FISHERIES SERVICE Highlands NY (Sandy Hook Lab-Library)

USAF REGIONAL HOSPITAL Fairchild AFB. WA

US GEOLOGICAL SURVEY (Chas E. Smith) Minerals Mgmt Serv, Reston, VA

USCG G-EOE-4 (T Dowd). Washington. DC; G-MMT-4/82 (J Spencer)

USCG R&D CENTER CO Groton. CT: D. Motherway, Groton CT

USDA Forest Products Lab. Madison Wit Forest Service Reg 3 (R. Brown) Albuguerque. NM: Forest Service.
Bowers, Atlanta. GA: Forest Service. San Dimas, CA

USNA Ch. Mech. Engr. Dept Annapolis MD: ENGRNG Div. PWD. Annapolis MD: Energv-Environ Study
Grp. Annapolis, MD: Environ. Prot. R&D Prog. (J. Williams). Annapolis MD: Mech. Engr. De--.. (C.
Wu). Annapolis MD: PWO Annapolis MD: USNA:SYS ENG DEPT ANNAPOLIS MD

USS FULTON WPNS Rep. Offr (W-3) New York. NY

USS JASON Repair Officer. San Francisco. CA

ARIZONA State Energy Programs Off.. Phoenix AZ

AUBURN UNIV. Bldg Sci Dept. Lechner. Auburn. AL

BERKELEY PW Engr Div. Harrison. Berkeley. CA

BONNEVILLE POWER ADMIN Portland OR (Energy Consrv. Off.. D. Davev)

BROOKHAVEN NATL LAB M. Steinberg. Upton NY

CALIF. DEPT OF FISH & GAME Long Beach CA (Marine Tech Info Cir)

CALIF. DEPT OF NAVIGATION & OCEAN DEV. Sacramento. CA (G. Armstrong)

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

CALIFORNIA STATE UNIVERSITY LONG BEACH. CA (CHELAPATI)

COLORADO STATE UNIV.. FOOTHILL CAMPUS Fort Collins (Nelson)

CONNECTICUT Office of Policy & Mgt. Energy. Div. Hartford. CT

CORNELL UNIVERSITY Ithaca NY {Serials Dept. Engr Lib.)

DAMES & MOORE LIBRARY 1.OS ANGELES. CA

DRURY COLLEGE Physics Dept. Springficld. MO

FLORIDA ATLANTIC UNIVERSITY Boca Raton. FL (McAllistcr)

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

GEORGIA INSTITUTE OF TECHNOLOGY (LT R. Johnson) Atlanta. GA: Col. Arch, Benton., Atlanta. GA

HARVARD UNIV. Dept. of Architecture, Dr. Kim, Cambridge. MA

HAWAII STATE DEPT OF PLAN. & ECON DEV. Honolulu HI (Tech Info Ctr)

ILLINOIS STATE GE(Q. SURVEY Urbana IL

WwWOODS HOLE OCEANOGRAPHIC INST. Woods Hole MA (Winget)

KEENE STATE COLLEGE Keene NH (Cunningham)

LEHIGH UNIVERSITY Bethlechem PA (Fritz Engr. Lab No. 13, Beedle): Bethichem PA (Linderman 1Lab.
No W), Fleckstemner)

LOUISIANA DIV NATURAL RESOURCES & ENERGY Div Of R&D. Baton Rouge. LA

MAINE OFFICE OF ENERGY RESOURCES Augusta. ME
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MISSOURI ENERGY AGENCY Jetfterson City MO

MIT Cambridge MA: Cambndge MA (Rm 10-3000 Tech Reportss Fogr Dibys Cambrdece, M cHLlemang

MONTANA ENERGY OFFICE Anderson. Helena, M

NATL ACADEMY OF ENG. ALEXANDRIA. VA (SEARIE . IR

NATURAL ENERGY LAB Librars. Honolulu. Hl

NEW HAMPSHIRE Concord NH (Governor's Counail on bBnceey)

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

NY CITY COMMUNITY COLLEGE BROOKLYN. NY (1 IBRARY)

NYS ENERGY OFFICE Librarv. Albany NY

PURDUE UNIVERSITY Lataveue. IN (CE Engr. Tab)

SCRIPPS INSTITUTE OF OCEANOGRAPHY LA JOLLAL €A (ADAMS)

SEATTLE U Prof Schwaegler Scattle WA

SRI INTL Phillips. Chem Engr Lab, Menlo Park. €A

STATE UNIV. OF NEW YORK Baffalo, NY: Fort Schusler. NY (Longobardn

TEXAS A&M UNIVERSITY College Station TX (CE Dept Herbichy: W B Tedbetter College Station, 1N\

UNIVERSITY OF CALIFORNIA BERKELEY. CA (CE DEPT. MULCHELL 30 Berheley CA (B Pearsony.
Energy Engincer. Davis CAD LIVERMORE, CA (LAWRENCE LIVERMORE TAB. TOKARZ). [ Joll
CA (Acq. Dept. Lib, C-075A); UCSF. Phyacal Plant. San Franciseo, CA

UNIVERSITY
UNIVERSITY
UNIVERSITY
UNIVERSITY
UNIVERSITY
UNIVERSITY
UNIVERSITY
UNIVERSITY

OF
OF
OF
OF
OF
OF
OF

DELAWARE Newark., DE (Dept of Civil Engineening. Cheson)

HAWAIL HONOLULU, HI (SCIENCE AND TECH. DIV

TILLINOIS (Hally Urbana. TL: Mctz Ret Rmo Urbana 1o URBANALU 1L (LIBRARY)
MASSACHUSETTS (Heronemus), ME Dept. Amherst. MA

NEBRASKA-LINCOLN Lincoln. NE (Ross Ice Shelt Progy

TEXAS Inst. Marine Sci (Librars ). Port Arkansas TX

TEXAS AT AUSTIN AUSTIN. TN (THOMPSON)

OF WASHINGTON (FH-10, D. Carlson) Scattle, WAL SEATTLE. WA (OCEAN ENG RSCH
LAB. GRAY): Scattle WA (E. Linger)

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

VENTURA COUNTY PWA (Brownic) Ventura, CA

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

WESTERN ARCHEOLOGICAL CENTER Library. Tucson AZ

ARCAIR CO. D. Young. Lancaster OH

ARVID GRANT OLYMPIA. WA

ATLANTIC RICHFIELD CO. DALLAS, TX (SMITH)

BECHTEL CORP. SAN FRANCISCO. CA (PHELPS)

BRITISH EMBASSY M A Wilkins (Sci & Tech Dept) Washington, DC

BROWN & ROOT Houston TX (D. Ward)

CHEMED CORP Lak: Zurich Il (Decarborn Chem. Div.Lib.)

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

CROWLEY ENVIRON. SERV. CORP Anchorage. AK

DESIGN SERVICES Beck. Ventura. CA

DIXIE DIVING CENTER Decatur, GA

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

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

FURGO INC. Library. Houston. TX

GARD INC. Dr. L. Holmes. Niles. 1L

GEOTECHNICAL ENGINEERS INC. Winchester. MA (Paulding)

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

HALEY & ALDRICH. INC. Cambridge MA (Aldrich. Jr.)

LITHONIA LIGHTING Application eng. Dept. (B. Helton), Convers. GA 30207

MATRECON OQakland. CA (Haxo)

MCDONNEL AIRCRAFT CO. (Fayman) Engrng Dept.. St. Louis, MO

MEDERMOTT & CO. Diving Division. Harvey. LA

MIDLAND-ROSS CORP. TOLEDO. OH (RINKER)

MOFFATT & NICHOL ENGINEERS (R. Palmer) Long Beach. CA

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

PACIFIC MARINE TECHNOILOGY (M. Wagner) Duvall. WA

PG&E Library. San Francisco. CA

PORTLAND CEMENT ASSOC. SKOKIE. Il. (CORLEY: SKOKIE. 1L (KLIEGER): Skokic 11 (Rweh & Do
Lab, Lib)

RAYMOND INTERNATIONAL INC. E Colle Soil Tech Dept. Pennsauken, NJo B Welsh Soiliech Dept.
Pennsauken. NJ

SANDIA LABORATORIES Albuquerque. NM (Vortman): Library Dis.. Livermore CA

SCHUPACK ASSOC SO. NORWALK. CT (SCHUPACK)

SEAFOOD LABORATORY MOREHEAD CITY. NC (LIBRARY)

SHANNON & WILLSON INC. Librarian Scattle. WA
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e SHELL DEVELOPMENT CO. Houston I'X (C Scllars Jr )
'-_‘:«, TEXTRON INC BUFFALO. NY (RESEARCH CENTER [IB)
\‘, THE AM. WATERWAYS OPERATIONS, INC. Arhngton. VA (Schuster)
K TRW SYSTEMS REDONDO BEACH. CA (DAD
l‘. UNITED TECHNOLOGIES Windsor Lochs CT (Hamilton Std D Libraryg
™ WARD. WOLSTENHOLD ARCHITECTS Sacramento, CA
'_", WESTINGHOUSE ELECTRIC CORP. Annapolis MD (Oceamic Dy Lib, Brvany: Dibrany, Pittsbureh PA
' WM CLAPP LABS - BATTELLE DUXBURY. MA (LIBRARY)
WOODWARD-CLYDE CONSULTANTS PLYMOUTH MEETING PA (CROSS. 11D
'- BRAHTZ La Jolla, CA
o BULLOCK La Canuda
) ERVIN. DOUG Belmont. CA
_, KETRON. BOB Ft Worth, TX
L KRUZIC. T.P. Silver Spring. MD
- CAPT MURPHY Sunnyvale. CA
o PAULI Silver Spring. MD
:*_- BROWN & CALDWELL Saunders. E M. OQuakland, CA
T.W. MERMEL Washington DC
. WALTZ Livermore, CA
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INSTRUCTIONS
op .- . . . . . - . . . P - <
The Naval Civil Engineering Laboratory has revised its primary distribution lists. The bottom of .
the mailing label has several numbers listed. These numbers correspond to numbers assigned to the hist of |
Subject Categories. Numbers on the label corresponding to those on the List indicate the subject category and )
type of documents you are presently recewing. It vou are satisfied, throw this card away (or file it tor later
reference).
If you want to change what vou are presently receiving
® Delete mark ott number on bottom ot Libel ]
® Add  arcle number on hist 2
-9
® Remove my name trom all vour hists  check boy on hist ;
® Change mv address  ine out incorrect hine and write m correcnon (ATTACH MAILING LABEL). ¥
® Number ot copies should be entered atter the ttle ot the subjecr categonies vou selecat .
. Fold on line below and dropin the mail. )|
{- Note: Numbers on fabel but not listed on guestionnaire are for NCEL use only, please ignore them. k
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g PENALTY FOR PRIVATE USE. $300
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DISTRIBUTION QUESTIONNAIRE

The Naval Civil Engineering Laboratory is revising its primary distribution lists.

SUBJECT CATEGORIES

SHORE FACILITIES

Construction methods and materials Lincluding corrosion
control, coatings)

Watertront structures {maintenance/deterioration control)

Utilities including power conditioning)

Explosives safety

Construction equipment and machinery

Fire peavention and control

Antenna technology

Structural analysis and design (including numerical and
computer techniques)

10 Protective construction (including hardened sheiters,

shock and vibration studias)

11 Soilt/rock mechanics

13 8€EQ

14 Airfields and pavements

15 ADVANCED BASE AND AMPHIBIOUS FACILITIES

16 Base tacilities (including shelters, power generation, water supplhies)

17 Expedient roads/airfieids/bridges

18 Amphibious operations (including breakwaters, wave forces)

19 Over-the-Beach operations {including containerization,

materie! transfer, lighterage and cranes)

20 POL storage, transfer and distribution

24 POLAR ENGINEERING

24 Same as Advanced Base and Amphibious Facilities,

except limited to cold-region environments

OD®uDC LW N -

TYPES OF DOCUMENTS
83 Techdata Sheers
83 Table of Contents & Index to TDS

EEAE DA A

. el
e
MR I SN Sy

86 Technical Reports and Technical Notes

28 ENERGY/POWER GENERATION

29 Thermal conservation (thermal engineering of buildings, HVAC
systems, energy 10ss Measurement, power generation)

30 Controls and electrical conservation (electrical systems,
energy monitoring and control systems)

31 Fuel flexibihity {tiquid tuers, coal utilization, energy
from solid waste)

32 Aiternate energy source (geothermal power, photovoltaic
power systems, solar systems, wind systems, energy storage
systems)

33 Site data and systems integration {energy resource data, energy
consumpuion data, integrating energy systems)

34 ENVIRONMENTAL PROTECTION

35 Solid waste management

36 Hazardous/toxic materials management

37 Wastewater management and sanitary engineering

38 Ol pollution removal and recovery

39 Air pollution

40 Noise abatement

44 OCEAN ENGINEERING

45 Seatloor sois and foundations

46 Seafloor construction systems and operations (including
diver and manipulator tools)

47 Undersea structures and materials

48 Anchors and moorings

49 Undersea power systems, electromechanical cables,
and connectors

50 Pressure vessel facilities

51 Physical environment (including site surveying)

52 Ocean-based concrete structures

53 Hyperbaric chambers

64 Undersea cable dynamics

82 NCEL Guide & Updates ) None—
91 Physical Security

remove my name




