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1.0 Introauction

This report has been prepared to assess the existing specifications
for dRDF to be used at military installations. The assessment has been
based upon the current state-of-the-art of ORDF production and that tech-
nologically feasible in tne near future. Tne specifications and reportea
properties for dRDF have been compared with those of coal and wood. The
comparison has been made in order to: 1) establish their similarities
ana differences, and 2) provide an overview of those fuels that may be

: used in the stoker-fired, traveling grate boilers operated by the mili-
tary. Also, as part of this work effort, site visits were conducted 1o
assess the proauction of aRDF at the Baltimore County, Marylana, resource

. recovery facility ang the oRDF receiving and firing system at Wright-
Patterson AFB. These assessments were conducted in light of the existing
aRDF specifications in order to document their suitability and compre-
hensiveness. The findings of this stuady show tnat certain deficiencies
exist in the present dRDF specifications, and that data are lacking tor
establisning certain necessary oRDF properties. In agaition, the range
of aRDF properties that :mady be met through exi1Sting resource recovery
technologies are presented,

? At the conclusions of the report, recommendations are offered for
defining an improvea set of aRDF specifications, improving the dRDF pro-
¥ duct presently being supplted to Wright-Patterson, anag establishing a

; comprehensive list of aRDF properties.

vy




e

e S

[ O

At A O ORI L . 4. DA G 05555 B U Vm

2.0 Soliwa Fuel Properties ana Specifications

2.1 DENSIFIED REFUSE DERIVED FUEL (dRDF) PROPEKTIES

Tne establishment of specifications for dRDF 1s a compromise between
the properties of the product that can be supplieu by a producer and the
properties that are required by the user I1n his combustion system. In
order to evaluate the product that can be supplied, members of CRS as-
sessed the properties of enhanced {or “high gquality") RDF ana dRDF that
have been reported for a number of different processing systems. En-
hanced RDF is that which has been subjected to some form of processing to
remove the major portion of the fine, inert materials commonly inherent
in unscreened, Shredded air classifiea light fraction. These inert mna-
terials are typically airt and glass fines. For the purposes of this
study, it has been assumed that densifying ROF changes only the density
of the fuel with only minimal changes n the other fuel characteristics.

An extensive matrix of RDF and dRDF properties 15 snown in Table 2.1
for nine different facilities. For some facilities, as shown i1n the ta-
ble, data are available for different time periogs. Table 2.2 presents
averages and ranges of properties of enhanced RDF based upon the entries
presented in Table 2.1. /

Some results of analyses of ash fusion temperatures are available
for dROF and are shown in Table 2.3. The dRDF for which the test data
are reported is air classified light fraction that has not been processea
for removal of fines. However, since the main coimponent of RDF ash is
glass (Si07), the fusion temperatures given in the table are aeemeq
representative of those to be expected of enhancea aRDF. For comparative
purposes, the fusion temperatures of glass are also shown 1n tne table.

The ash fusion temperatures of RDF are lower than those for coal as
will be discussed later in the report.

Existing dRDF Specifications

A comparison o# the average properties of enhanced RDF with the
specifications for dROF set forth by the Air Force (Table 2.2 shows that
the specification for heating value could probably be raiseq to at least
7000 Btu/ib on a dry weight basis. The upper limit on the specification
for heating value would probably be about 7500 Btu/lb 1inasmuch as the
standard deviation is on the order of 500 Btu/lb. On the other nand, as
shown in Table 2.2, the Air Force specifications for both ash content and
bulk density are greater than the average values that can be achieved.
Although ROF nhaving ash contents of 8 tu 15 percent can be producea,
these low values require careful processing and quality control, Such
levels of process control are not commonly exercised by production facii-
ities except for snort time periods. In other words, the average value
of ash content for enhanced RDF shoula be expected to be in the range of
15 to 20 percent unless there is an incentive to exercise tighter process
control., Penalties enacted for ash contents above 15 percent, or alter-
natively rewards for ash contents below 15 percent, shoula be considered
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Table 2.2. Average ana Ranges of Properties
of Enhanced ROF ana uROF

Number Awr Force
of Data Sta. dROF Speci-
Property Paints Range Average Dev. fications
E Heating Value,
& Btu/1b (dry) 14 6890-8431 7525 460 > 6500
. Ash Content,
percent (dry) 15 10-30 16.6 7.3 < 15
: . Moisture Content
§ (percent) 15 6-28 19.3 6.6 < 20
B Bulk Density
e (10/f13) 3 25-30 21.7 2.5 > 35
Pellet Density
(1o/ft3) 2 35-74 18) I None
-3/8" Fines
(as-received) 1 I [ I <5
Volatile Matter,
percent (dry) 8 60-77 66.9 6.8 None
Ultimate Analysis,
percent (dry)
C 5 31-43 37.6 4.8 None
N 5 0.4-3.0 1.1 1.1 None
0 5 23-41 35.2 7.1 None
S 6 0.1-0.3 0.2 0.1 None
: Ash Analysis,
b percent (ary)
3 Si07 2 28-47 none
Alo03 2 10-31 None
' NASO 2 4-7 None
Ca 2 5-15 None
Fep03 2 2-5 None
M 2 4.7 None
2 0.1-0.9 None

a) = Data only available from one source and was measured after shipwent
to the burn site.
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Table 2.3. Asn Fusion Temperatures for dRDF and Glass

?
NCRR_dRDF?) b) |

- Glass
Reducing Oxidizing Oxidizing b
Atmosphere Atmosphere Atmosphere ¢
, ]
Initial Deformation 1875 1920 1580 :
Softening 1945 1998 - ;
Hemisnperical 2007 2068 1740

Fluidity 2160 2150 2000

a) Alter, H. and Campbell, J.A., "The Preparation and Properties of Den~
sified Refuse-Derived Fuel," American Cnemical Society, Thermal Con- i
version of Solid Wastes ana Biomass, 1980. The dRDF testea was air 1
classified Jight fraction and 1s therefore, not an ennanced RDF. How-
ever, the ash fusion temperatures are deemed representative of those
to be expected from enhanced dROF due to the fact that the asnh of RDF
fractions (enhancea and air classified light fractions) are typically
50 percent $10,.

b) Average of values reported for clear, brown, and green glass, "Pre-
vention of Fused Deposits on Incinerator Lower Sige Walls," Proceed-
ings of 1968 ASME National Incinerator Conference.




to inuuce suppliers to meet tne 15 percent iimit for ash content. A re-
duction of the ash content ot the fuel woulu minimize proplems associated
with hanaling, storage, ana aisposal of the ash. In adaition, environ-
mental as well as financial impacts associated with ultimate disposal of
the ash woula be reauced.

The specification of a minimum bulk density of 3> 1b/ft3 1s con-
sicerably greater tnan the range of 25 to 30 10/ft3 that has been re-
ported, as shown in Table 2.2. Based upon the limited amount of data
(tnree reportea values), it appears that the Air Force's bulk density
specification may be too stringent. The need for tnis specitication may
be mute since it may be supplanted by one specifying the moisture Con-
tent, density, diameter, and length of the pellets. A specification cast
1n this manner would serve not only to assure pellets of high integrity
(i.e. hard, dense pellets) but woula also assure pellets with a minimum
content of fines as a consequence of their high integrity.

The Air Force specification for moisture content (> 2U percent)
falls quite close to the average value shown by the vata (19.3 percent)
in Table 2.2. However, there 1s a significant standard deviation (7.3
percent) probanly due to the fact that tnere 1S a wide variapility of
refuse moisture content due to seasonal trends (e.g. moisture-lauenea
lawn ana garden debris during the spring and summer months). Since this
moisture will be pickea up by some of tne uther combustiple components of
RDF (e.g. paper), in the opinion of CRS 1t 15 seidom technically pos-
sible, on the part of the proaucer, to provide pellets over a yearly pe-
riog with moisture contents of less tnan 20 percent. In audition, mols-
ture changes 1n the dRDF can also take place during storage and transpor-
tation. A range of 17 to 24 percent should be expected unless a drying
step 1S wnposed during or after processing.

2.2 COAL

Properties of Various Coals

Coals may be classified in various ways: by rank, by variety, by
s1ze, and sometimes by use. Classification by rank 1s typically basea
upon the degree of change i1n the series between lignite ana anthracite.
The classification of coals by rank adopted by tne American Society for
Testing ana Materials (ASTM) is presentea in Table 2.4. Tnis classifica-
tion is based upon the fixed carbon and heating vaiue of the coal. Botn
of these parameters are calculated on a inineral-matter-free basis.

Coals can also be classified 1nto two general types according to
the composition of their ash. (Coals having a higher concentration of
Fep03 n their ash than the combined concentrations of Ca0 ana Mg0
are known as "Dituminous." [In the cases where the combined concentra-
tions of Ca0 ana Mg0 in the ash are nigher than that of Fep03, tne
coals are classifiea as "lignite."

The analyses of various ranks of coal on an as-receivea basis are
presented 1n Table 2.5. The data in the table show that the heating val-
ve of cual can vary from about 6,000 to 14,000 8tu/lb, The ash content
can fluctuate from 4 to 19 percent wnile the moisture content can be as
low as 3 percent and as high as 36 percent.
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The bulk density of coal is affected by the size distriputiun, Spe-
cific gravity, and moisture content of tne coal. However, 1n general,
coal can have a bulk gensity ranging from 40 to 60 lo/ft3.

The volatile matter content of coal can range trom 3 percent 1in
"Jow-volatile* coals to 36 percent in “high-vulatile" bituainous cvals.

Fixed carbon, the material that remains after the volatile wmatter 1s
ariven off, usually fluctuates between 30 anda 80 percent,

Coal consists primarily of carbon (40 to 80 percent) anu Ooxygen (4
to 45 percent)., Other constituents incluge hydrogen, nitrogen, and Sul-
fur, naving concentrations within 0.3 to 7 percent.

Knowledage of the composition of coal ash 1s extremely usetul 1n Qe-
termining the clinkering and slagging characteristics or the fuel withan
the fuel bed and on heat transfer surtaces. The results of ash analyses
of various coals, as well as a typical range of values, are presented In
Table 2.6.

The major constituents of coal ash are typically silica (20 to 60
percent), alumina (10 to 35 percent) anu ferric oxiues {5 to 35 per-
cent). Calcium oxi1de is also founa in concentrations ranging from 1 to
20 percent. Concentrations of magnesium and sodium oxides generally
fluctuate between 0.3 anda 4 percent.

Properties of Coal Used in the Military

Properties have been compiled from coal anaiyses provided by tne
U.S. Navy and the Air Force, and are given in Tables 2.7 anu 2.8, re-
spectively. Tne properties of Coals used Dy tne Navy ana Alr Force are
.imilar. The heating values are in the neighoorhood of 14,000 Btu/lo.

Specifications of Coal Used in the Milrtary

Specifications for coal set by the wnlitary are presented 1n Taole
2.9 based upon information supplied to CRS by the U.S. Awr Force ang the
U.S. Navy. Data are presented for lump coal ornily, since this form of
coal 1s most analogous to RDF peilets. A summary of tne ranges of speci-
. fications for lump coal that exist tor tnhe Air Force and Navy, Table
2.10, shows the similarity among the specifications.

. 2.3 WO0D
Properties

The characteristics of various types of waste woou are presented In
Table 2.11. The data in the table indicdate that the heating value ot ary
wooa varies between 8200 and 9100 Btu/lb ary, wnile tne ash and moisture
contents fluctuate from 0.4 to 2.2 percent ana from 3o to 53 percent,
respectively,

i
1
i
i

The volatile matter of dry wood ranges from 7Q to 8 percent dang the
fixed carbon fluctuates from 17 to 27 percent.

11
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Table 2.6. Ash Analysis of ?ome Coals

(percent dry wt.)8

West Typical
Location Virginia Utah Wyoming Texas Range
- Rank Low Volatile High Volatile Subbitu- Lignite NA
Bituminous Bituminous minous
S0, 60.0 48.0 24.0 41.8 20-60
Al503 30.0 11.5 20.0 13.6 10-35
Naz0 0.5 1.2 0.2 5.6 1-4
Cal 0.6 25.0 26.0 17.9 1-20
Fey03 4.0 7.0 11.0 6.6 5-35
Mg0 0.6 4.0 4.0 2.5 0.3-4

a) Steam/Its Generation and Use, Babcock and Wilcox, New York, 1972.
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Table 2.9. Navy Lump Coual Specifications

Facility

Charleston

Cherry
Point

Speci-
fication
Range

Particle Size
(inches)

Heating Value,
Btu/lo (oven
ary basis)

Ash Content,
percent (oven
dry Dasis)

Moisture Content
{oven dry basis)

Volatile Matter,

percent {oven

ary basis) 41
28

Sulfur, percent
(oven dry basis) < 1.5

Ash Softening
Temperature { F) > 2300

Free Swelling Index <7

-1 1/4+1/4

> 13,500

-1 1/4+1/4

> 13,500

<1172

> 12,600-
13,500

a) NS = No Specifications




Table 2.10. Summary of tne Ranges of Specifications
for Navy ana Air Force Lump Coal

Navyd Air FurceD
Particle Size
(inches) <l1yz -1 1/¢ +1/4
Heating Value,
Btu/1lb {oven
dry Dasis) > 12,600-13,000 > 14,000
Ash Content, percent
(oven dry basis) < 8-10 < 7.5
Moisture Content
{oven ary basis) < 5-10 < 5.
Volatile Matter, percent < 41-46 39.0
{oven ary basis) > 28-30
Sulfur, Percent
{oven dary basis) < 1-1.5 < 0.7
Ash Softening Temp. °F > 2200-2500 > 2600

a) Charleston, Cherry Point, Bangor facilities
D) Wright-Patterson facility
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For comparative purposes, Sulie pruperties of var.ous virgin wooos
(unprocessed) are shown 1n Tadle 2.12. [tU is noteworthy th° . the range
of heating values ana ash contents ot virgin wood (8,700 to 9¥,.3J Blu/io
ang 0.5 to 0.8 percent) are narruwer tnan those for waste wood (8,20u to
9,100 Btu/lb and 0.4 to 2.2 percent}).

The major components of wooad are carvon (50 to 57 percent), oxyyen
(34 tu 43 percent), and nydrogen (5 tu 7 percent). Tne concentration of
nitrogen varies from 0.1 to 0.5 percent anc the sulfur content 1s gener-
atly less than 0.1 percent.

Specifications

There 1$ ndot a ri1gia set ot specifications for wood utilized as fuel.
Typically, virgin wood 1s not utilized as fuel. Waste wood and bark
(timper tnat nas undergone some form of processing and aiscarded) is used
for this purpose. In general, any wuod waste with a moi1sture content of
50 percent or less 15 a suitable canaidate for use as a fuel. By examin-
ing the data presenteq in Table 2.11, an 1dea can be haa of the proper-
ties of waste wooa utilizea as fuel ana consequently, wndt 1s acceptable
from tne standpoint uof combustion and energy production.

Compar150n of Sol1a Fuel Properties

Based upon the 1nfurmation thdt has peen collecied tor ROF, cual,
virgin wood, and waste wood, a range ot properties can be definea for
eacnh of tne aforementiunea solia fuels, Table 2.13. From the taole, 11
can pe seen tnat the properties of these fuels are, in many cases, Quite
susilar. From the standpoint of combustion, the notable exceprlions are
the realtively hign neating value of some types of cual (1.e. generaliy
acove 10,000 Btu/1b for bituminous anu anthracite coals), the relatively
high ash content of dRDF, and the relatively low asn fusion temperatures
of aRDF. Botn the low ash fusion temperatures and high ash countent of
dKkDF set it apart froum coal and wood waste fuels 1n that they can
putentially contribute to problems associated with ash hanaling,
slagging, and clinkering,

It should also be noted that arRDF and wooa fuels are typically low
in sulfur (1.e. less than 0.3 percent) while the typical range for coal
1s 0.3 to 4.0 percent. Also shown 1n Table 2.13 1s tne fact tnat the
major constituent of the ash uf dRDF, coal and waste wood 1s $10;.

Also, includeu for comparative purposes are the properties ot JRDF

ana military coals, Taole 2.14. The same observations pointed Ooul avove
also apply to tne data in Taple 2.13.
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Table 2.12. Typical Analyses of various Woods, Dry Weignt!

Heating
Value
c H S 0 N Ash Btu/lo

SOFTwW00DS
Cedar, wnite 43.80 6.37 - 44 .46 - 0.37 8,400
Cypress 54.98 6.54 - 38.08 - 0.40 9,870
Fir, Douglas 52.3 6.3 - 40.5 0.1 0.8 9,050
Hemlock, Western 50.4 5.8 0.1 41.4 0.1 2.2 8,620
Pine, pitch 59.00 7.19 - 32.68 - 1.13 11,340
white 52.55 6.08 - 41.25 - 0.12 8,900
yellow 52.60 7.02 - 40.07 - 1.3 9,610
Redwood 53.5 5.9 - 40.3 0.1 0.2 8,840
Averages 53.0 6.4 - 39.3 - 0.8 9,330

HARDWOODS
Asn, white 49,73 6.93 - 43.04 - 0.30 8,920
Beech 51.64 6.26 - 41.45 - 0.65 8,750
Birch, wnite 49.77 6.49 -~ 43.45 - 0.24 8,060
Elm 50.35 6.57 - 42.34 - 0.74 8,740
Hickory 43 .67 6.49 - 43,11 - 0.73 8,660
Maple 50.64 6.02 - 41,74 0.25 1.3 8,580
Oak, black 48.78 6.09 - 44 .98 - 0.15 8,130
red 49.4y 6.62 - 43.74 - 0.15 8,710
white 50.44 6.59 - 42.73 - 0.24 8,790
Poplar 51.64 6.26 - 41,45 - 0.65 8,920
Averages 50.3 6.4 - 42.8 - 0.5 8,700

ICombustion Engineering, G.R. Fryling, Ed., 1966.




Tabie 2.13. Range of Properties tur Ennanced JRUF, Cudl,
VIrgin Wood, and wWosle wouou
froperty Ennanceu Virgin Waste
dRDF toal Woou WOOd
Heating Value,
Btu/ip (dry) 6,890-5,431  6,000-:4,000 8,190-11,340 8,190-Y, 140
Ash Content,
percent (ary) 10-30 a1y 0.1-2.2 2-5
Moisture Content
(percent) 6-28 3-3u 23-6ua) 36-53
Bulk Density .
(1o/1t3) 25-30 40-60 20-459)
17-1y94)
Pellct Deusity
(10/£13) 35-74 NAD) NA NA
-3/8" Fines
(as-receivea) Ie) NA NA NA
volatile Matter,
percent (dry) 60-77 3-37 1 70-5¢
Jltimate Analysis,
percent (dry weignt)
H 5-0 2-7 0-7 5-7
C 31-43 40-50 49-59 »0-57
N 0.4-3.0 U.0-1.0 0.1-0.3 0.0-0.5
0 23-41 4-45 33-45 34-43
S 0.1-0.3 0.3-4.0 0.0-0.1 0.0-0.1
Ash Analysis,
percent (ary)
$10, 28-47 20-hU ] 2-32
A1,0; 10-31 10-35 0~
Nap0 3.7 1-4 -
: Cal 5-15 1-20 601
¢ Fe) 03 2-5 5-35 -0
| Mg0 0.1-0.9 0.3-4 41y
{ Asn Fusiun .
Temperatures, { F)
: Reducing Atmosphere
; Imit. Detormatiun  i,8759)  2,520-2,710 I 2,180-2,760
3 Softening i,945 2,620-2,780 2422U~2,8¢U
o Hemispherical 2,007 >2,800 -
: Fluidity 2,160 >2,800 2,470-2,330

a) Comoustion Engineering, G.R. Fryling, Ea., iYoo.

b) NA = Not Applicabie
c) 1 = Insufficient Data
! a) Results frum one site only (dRDF air classified lignt tracit . i
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Taple 2.14. Range ot Properties tur Enhancea
akDF anud Military Coals

——————————— Lump Coal—eeemea
Air Force
Ennangia Navy Wright-Pattersun
Property dROF Facilities AFB
Particle Size dla. = 1/2 to 1 -1 1/2+0 -1 1/4 + 1/4
(inches) fength = /2 to 3
Heating Value,
Btu/lb (oven
dry Das1s) 6890-8430 13,580-14,490 13,922-14,504
Asn Content,
percent (oven
dry basis) 10-30 5.2-10.2 2.7-7.0
Moisture Content
{oven dry pasis) 0-28 2.2-5.3 2.6-5.5
Fixed Carbon
(percent) NR ) 54.7-61.5 54.9-56.8
Volatile Matter,
percent (oven
dary basis) 60-77 33.3-36.3 37.1-40.5
Sulfur, percent
(oven dry basis) 0.i-0.3 0.7-1.2 0.69-0.71
Asn Softening
Temperature (°F) 1645 1c) 2620U-2780
Free Swelling Index NR [ 4-5

verages for nine dRDF processes.

a) A
b) NR = Not Reported
C)I=

Insufficient Data




3.0 Site VISts ang ASsSessiients

3.1 WRIGHT-PATTERSON GRDF USE

Burn tests were conuuCted 1n Bollers No. | anc 2 (bullding 770
using mixtures of GRDF and coal during the periud 0T May lv7y tnruugn May
148G. Tnese boilers are equipped wilh Stoker-tired, traveling grate Sys-
tems and ratead at 80,000 pounds per nour ot stead (approxunately 8u i
Btu/nr ot output). Discussion with Mr. Clyage Farris, tne steam plant
foreman, and Mr. Thomas Shoup, Chiet of Environmental Planning, pointead
out tnat tne fines content of tne dRDF caused various problems Guring Lhe
one-year dROF firing program at Building 770. Tnese provlems are Je-
scrinpec below:

1) Dust generation during unluading ana cunveyance of tne aRDF
was enougn to cause nulsance problems such as cuipluyee Cuil-
plaints, unsigntiy litter, and necessitdlec Clcalup work.

2} Llarry over of 1gnited fine urganic particlizss with tne coOm-
Dustion gases Into the cyclune cullectors causcu Smoluering
ang tires,

3) [Inadequate distrisution of tne GROF occurreu over tne
grates due to the high arag ond Short trajectory of Llnc
tines. Thnis situaltlon Caused a nun-unitorm ped gepin
resulting in uneven ourning and localized "hol spots”.

In agaition tyu the problems 3SSOCieled CireCliy with tne fines 1o
tne WROF, doutn slag ana clinker formation were experienced wiln coal/uRkiF
mxtures. In the case or slag formation mixture of uRDF and cual farov
no better or worse than coal-only firing, 1n tne upinion ot Mr, Faress,
Jn the other ndand, clinker formation was more extensive Tor coudl/usof
mixtures than for coal-only firing, dagain 1n Mr. Farris‘ upionion.,  iow-
ever, neither tne sfagging nor tne clinkering resulting trom coual/JuRDF
firing was considered by Mr. Farris to be a signmificant proulen.

[n summary, tne fines 1n the dkDF during the Buillding 770 test
firings were the major impediment to the buruing program.

Presently JuRDF is scheaulea for co-firing witn cval n Botler No. 3
at Builaing 1240, This unit is a hign temperature water umit rateu 4t
100 mm Btu/nr. To date, the problems experienced with aRDF/coal firing
from a compustion stancpoint have been similar to those experienced at
Builsing 770, namely, carry over ot Organic particles into tne coullectors
ana poor aistribution of aRDF over the grates due to unacceptaoly nigh
concentrations of tines in the dROF.

In aagaition to the proolems occurring at the pboiller, other problems
associatea with the akDF nandling systew locatea outsiage of Builluing
1240, a portion of whnich 1s snown n Figure 3.1, have been 1dentified anu
are listed below,

P




Fiqure 3.1 Part of tie d?07 and coal rard’ing
A

and storage system located at “uilding 1240
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1) According tu Mr. Shuup and unluading persunnel, Suilic over-
size material (1.e. particles yredter than 5 inches) nhas
accompanied the oKDF snipuents and proceeds to cloy tne un-
loaging grizzley bars (5 nch x 5> incn recCtangular grids)
during tne unloading ot pelict shipments. [n dudition,
vversize waterial nas alsu peen guserved tu cloyg the griz-
zltes (3 1nch x 5 inch rectanyuiar grias) lucated over tne
storage stlos. According to lne pellet contractor (Teleayne
National), the oversize material 1S a consequence of not
completely emptying the sulild waste from the packer Lrucks
usea for transporting tne pellets trum the proauction
facility to the storage warehouse.

2) Tne fines mn tne dRDF (ioose paper anuy plastic less Lnan
approximately 0.5 inches wnich apparently break apart from
the pellets during handling) o0i1sperse auring unloading
c¢reating uncomfortable working conditions for the univading
personnel ana litter apout tne unloading facility. An ex-
ample of tne accumulation of fines 1s snown 1n Figure 3.2.

3) Tne fines also litter tne material handling equipiment and
transfer points. Dust frowm the axkDF was noticeu tu be U.>
to several inches tnick on and arounu the conveyors. The
fines on and around the conveyors tends to oe finer (per-
naps 14 mesh (U.05 inches) or less in particle size) raan
that opserved around the unluading area. Tne urigin ot
this fine material has not been 1dentified althougn fine
particles resulting from tne pelletizing process and not
sufficiently compressed Into pellet forwm may work thei-
selves l1oose during hanaling and thus contribute tu the
dust proolem.

4) MWet pellets (perhaps greater than 20 percent moisture)
cause plugging problems 1n the hoppers. wel peliets laca
sufficient integrity to resist the mdagnitude ot torces
exerted at the pottom of a twenty to tnirty foul uepth of
pellets. At such pressures, tne pellets ageform anu form a
cohesive @mass which only increases 1n density (compacCtiun)
1n response to offorts to move the mass by force. Typical
methods used to remove a clogged (or Stuck) nypper include
entering at the top of the hopper and using shovels, poles,
and clamshells to ai1g out tne material.

3.2 TELEDYNE NATIONAL aRDF PRODUCTION

Teleayne National presently 1s under contract with tne AVr Force tu
supply dRDF for the Wright-Patterson burn tests. uvased upon analyses
conducted by Howara Laboratories, the Teledyne dRDF exnibiteu the proper-
ties snown 1n Tapble 3.1 during tne period ot 3f March tnrough 27 August
1980. It shoula be noted that the analyses were conducted after delivery
of the dROF to Wrignt-Pattersan Air Furce Base.

The average laboratory values for the JRUF dnalyses i1ndicate that

the pellets are meeting specifications for neatiny value and moisture
content. On tne otner hand, average asn content, bulk agensity, anu fines

25
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This photo shows the accumulation of fines
along the curb bounding the unloading area.

L VNN s R e
Closeup of area around pencil shown in the top photo. Pieces of paper and
plastic that have worked loose from the pellets are visible at the left
center of the photo. In addition, fines are evident amonqg the nellets.
Fine material similar to that shown above also accumulated on and about
the dRDF material handling equipment.

Fiqure 3.2

26




Table 3.i. Teleuyne GRDF Properties

3/31/80 Throuyn 8/27/80

RFP~ Teleayne
Stangary Spec1f;ca- Guaran-
Property Average Deviation tion teeyVY
Heating Value,
Btu/1b (oven .
dry 0as1s) 8204¢ iugl 650U >7000
Asn Content,
percent (oven
dry basis) 16.39 a,7 <ib <la
Moisture Content®,
percent (oven
dry Dpasis) 17.2¢ 0.6 <20 <20
Bulk Densityv,
Io/ft3 (as-receiveu) 28.04Y 0.9 >3 >35
-3/8" Fines*e,
percent (as-received) 1,94 0.8 <5 <5

Sohicatation F3300179RNUB, Page né
Teledyne Proposal, Page 33

[}

Property value is within RFP and Teleayne guaranteed specification

Property value is not within RFP anu Teledyne guaranteed specification
Specified as FO3 WPAFB

T G

PRSPPI

et

27




J o T

content exceed speciticalivn. Ot Lne Lnree pruperties not contorinnyg tu
specification, tne latter (fines cuntenl) excecds the specification by
more tnan 200 percent anu 1s Jireclly contributing Lo dust generation
during unloading and conveying and Causinyg the nonunitorm distribution ot
JRUF over the yrates.

During visits to observe pellet pruduction at Teledyne, tne visual
quality of the peilets (as measured Dy the degree of gensification and
pellet geometry) nas peen opbserved to De guog. There 1s, nowever, nu
testing or analyses conducted on the pellets wsnealately arfter production
1n orcer to quantity what can be visually ouservea nor the variatiuns
(seasonal or aailly) that can be expected.
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4.0 ReCulwndalions

: gased upon site ViISILS Lo the Barliwore Cuunly tacllity dnd wright-
1 Patterson, an assessifent of the state-ui-The-art of HUF and dRDF process-
i Ing, anG the need to cevelop adedudle speciticalions tor military JrDF,

| the following recomnenddtions are preseiled here,

4.1 PRODUCTIUN ot aRDF

1) Sampie aRDF production stream dand perfuri laboratory anal-
yses siumilar to thyse 11sted 1n tne existing contract for
all subsequent contractors turnished JxkDF pending the de-
velupment of a comprehensive set of akDF specitications.
In order to assess the eftects of wmaterial nandling any
provide quarititative dala fOr determiniug a course ot
action to reduce the fines content ot GrRDF snipuents
reaching wrignt-Patterson, 1t flay De neCessary L0 sample
Teledyne drRDF from tne peliet mill dischdrge, truck dis-
charge at tne warehouse, and tne akDF being lodued 1ntu the
rail cars or truck traliers (1n addition tu scwpling from
the unloadeu pellets at wrignt-Patterson).

¢} lnvestigate tne potential of separating the 1nurganic fines
trom the peliet mili feed using adaitiondl processing
2quipment 1n order tu reduce the dash content of tne pel-
letized prouuct.

3) Minimize handling of tne peiiets In order to avold destroy-
ing their ntegrity, which results in Lhe production ofr
fine particulate matter.

4) Spread out storeu pellets to tacilitate dryinyg and prevent
decomposition (and subsequent loss of pellel 1ntegrity)
through aerobi1C or anaerobic processes.

1.2 PRUPERTIES OF uROF

In agaition ty tne properties presently specified by the Air Force,
tne following fuel characteristics need to be quantified in ordger to pro-
vide Dasic data thdal are lmportant for determining the materisl handling
cnaracteristics of tne JrRDF and tor understanuing, controlling, anu opti-
M1Z21ng aRDF combustion:

1. Pallet Density
As-receivea, 1b/ft3

2. dRDF Si1ze Uistrioution

3. Ultimate Anaiyses

wwoc20x
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4, Volatvie Matter
5. Ash Analyses ang Ash Fusion Teiperature

Siuy

AloU3

NaQ

Cal

K20

Fe,04

Mq0

6. Peliet Integrity
7. Pellet Biodegradatiun

Standara analytical procedures for coal (or draft ASTM RDF test metti-
0d$) can ne used to deveiup the data for i1tems 3, 4, anc 5. metnogs tor
geteruining pellet density ana dRDF size distribution (items | ana 2) necu
to be examined and written into the forw Of a specification. Tnere dare
several procedures for density ana size aistribution analyses (including
tnose ceveloped by tne ASTM, NCRR, anu Cal Recovery Systems) thal requir:
review, re-writing, and testing in order to make them specitic fur axDF
and the neegs of the Air force.

Simlarly, a method to measure the integrity ot arDF needs tu be ue-
veloped. Again, there are several inetnods that arg avaliable inCiuding
those developed Dy the Anerican Society of Agricultural Engineers, Natiungl
Center for Resource Recovery, and Cal Recovery Systems. However, these
nethods need tu De reviewad, regrganized, written, ana testeg In light ot
the specific requirements of the military.

Tne biodegrauatiun ot dRDF needs to be examined, espectrally from the
stanupoint of assessing Lhe integrity of the material uvver o lony period
of time (e.g. weeks or ionths), C(Certainly some decomposition due to
microbial activity takes place within tne dRDF after processing. [t 1y
possible that the process of decomposition contributes to the degraddation
of the JRDF during transport and storage. Tuue, temperature, moisture
content, and dRDF composition are some of the factors tnat 1nfluence tne
rapidity and degree of aecomposition., However, work has not veen carrieu
oul to determine whether or not biodegradation 1s a significant probiem
with cRDF. In aagaition, there are no standard procedures or measurement
techniques that have been developed specifically to study Dilodegradation
witnin AdRDF., Oue to its potential detrimental effect upon the 1ntegrity
of storea oRDF, tne problem of Dlodegradation needs to De audressed, 1t
only to lead to recommending temperature ranges for storage, storage
depths and volumes (gue to heat generation from exothermic decompusi-
tion), ana dRDF moisture contents.

After sutficient test data are availeble for 1tens 1-7, the vdlues
can be interpreted and subsequently 1ncorporated Intu a comprehensive set
of specifications.

4.3 MATERIAL HANDLING UF arOF

In Tight of tne facl tnat tne generation ana dispersion of tines ai
the unloading point and during conveyanCe at Wrignt-Palterson will
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probably remain a provlewm 1t the wanney vt dRDE produclivn dand material
nanaling remdins unchanged, the only viable solutions to the provlem arc
Just control ana collection devices. WiLh respect tu the matertial hand-
1ing systemn at wWrignt-Patterson, cuvered CONveyours with pneumatic dust
collection systems and/or water spray systems will reduce the nuisance
prodlem of dust dispersion. Control of dust aispersion at the unloaaing
area 15 mor2 airficuit, but a pneumatic collection system coula be de-
signed and installed.

Tne instatlation of aust contrul egquipment will present certain
technical questions regarding relro-titting an extensive n-place matleri-
al nanaling system as well as econonic questions. It snould be pointed
out, nowever, tnal even 1f pellets were produced at Wrignt-Pattersun,
procuction and dispersion of fines would almost certainly occur due tO
the degree of handling of the 4rRDF priur to firing in tne boiier.

it is tne opinion of CRS that specifying pellet density, muisture
content, and size disiribution would result 10 oKUF wmaterial that woulu
be of high inteyrity, easy to hanule, and relatively free of fines. Pel-
let aensities of 60 to 70 los/ft3 anu moisture contents of 1/ to 24
percent are technically acnievaule any would not unduly burden the JdROF
supplier witn significant processing costs. Botn pellet density ang
moisture content specifications are required in order to assure that
gense pellets are not the sole conseaquence of a pourly constituted pellet
with a hignh moisture content,

4.4 STORAGE OF aKDF

Tnere are a limited amount of data on the Storage cndracteristics
anu the pehavior of oRDF unger static and uynamic loads. Tests to deter-
mine the pasic oulk flow properties of wood pe]letg nave ueen conducted
for the U.S. Army and reporteu by Hathaway, et glé . In adaition,

limited tests to ascertain the degree of D]dagngdoLIUH of aRDF during
stordage have Deen carried out by the U.S. Navyb),

Tne U.S. Army report authored Ly Hathdway, et al, reports that
pressures 1n a typical comical storage vessel can range trow 200 to 60U
1o/ f12, although tne report does not cite the depth ut the stored Ma-
terial. The tests conducted tor the Army Showed that woud pellets pegan
to ch1p and break under a load of avout 350 ib/ftl.

For the case of aRUF witnh a bulk density of approxuuately 30 To/ft3,
the average static loau at the pottom of 4 thirty fool stourage silu can
be esthnatea to be In tne range of 750 to 1150 10/ftf 17 wall ettects
are neglectea. Wall effects woula lower the range ot pressures. The
aoove range of pressures (750 to 1150 lo/ft4) woula be an average over
the entire cruss-section uf the material being stored. LoOads on 103 IVIG-
ual pellets could pe mucn nigher.

a) Hathaway, 5.A., et al, Densified Biomass as an Alternative Army
Heating anu Power PTant Fuel, CERL Technical Report E-158, March
1980, pp. 83.

v) Lingua, M., Stability Tests for a-RDF, Draft Technical deworanuum,
CEL Naval Construction Battalion Center, January 1931, pp. 27.




[n order to auaress tne prublems usually encuuntered when sturing
QRDF, a test plan snoula be developed tu currelate Lhe I1ntegrity ot aRDF
to the penavior of pellets unger loads typical of thuse encountered 1In
storage silos. A first step would be to collect uasic fluw anu material
properties swnilar tu those obtained by tne Ariny for wood pellets. A
correlation of these data would be undertaken tullowea by eilther pilot
stuagies or full scale tests (e.g. using the Wrighi-Patterson storage
silos). The i1nfluence of biudeyradation on the integrity ot dRUF shoulu
be taken into account In the testing prugrai.

4.5 COAL AND aRDF ASH ANALYSES

Jue to tne prypensity of the ash ot aRDF ana d4RDF/coal mixtures to
fuse at signmificantly lower temperatures than the asn of coal, ¢ lavora-
tory investigation is recommended to document the ash characteristics ot
various mixtures of coal and dRDF. 1In particular, asn fusion tempera-
tures and composition need to be identified and correlated with the
slagging ang clinkering that has occurred at all tacilities ourning RUF
or coal/RDF mixtures.

4.6 ANALYSES OF aROF PROUPERTIES

The dRDF analyses presently being concucted Dy the laboratory under
contract to the Air Force, need to he evaluated for dccuracy anu preci-
S10n by conducting rounu robin testing among several laboratories. Tne
reason stems from the fact that analytical procedures for dRDF are 1n 4
dynamic state and often are laboratory specific. CKS nas found several
inconsistencies among laboratory analyses of processed retuse fractions.

In aagdition, laboratory analyses shuuld be counduCted using tne
latest proposed ASTM procedures. For heating value analyses, the pro-
posed ASTM proceaure for RDF-3 snoulu be uSed.

4.7 aRDF SPECIFICATIONS

Unit1) more data are availlavble, consideration snould be given to uti-
11zing as specifications the daverage properties for RUF anu uRDF tnat cre
reported in Table 2.2. When additional ¢ata andg information pecomes
available, aaditiunal specifications can be detineu, tor example those
ii1sted n section 4.2, pased upon proauction technology ana user
requirements.

Incentive and penaity clauses for exceeaing or tailing Lo meet spec-
ifications, respectively, need Lu De addressed vaSed upon the military's
requirenents ana tne range 1n properties thdt can pe tolerated by mili-
tary poiler units. Tne development uf tne property ranges most likely
would require @i1sCussions with those wilitary personnel awst clusely
associated with poller firing and tuel procurement,




Wrignt-Patterson dRDF Analyses Perforued by
Howard Laboratories, Inc,

3/31/80 Tnrough 8/27/80

High Heating

1 Oate_Sample Value % Ash MC Bulk Degsity -3/8" Fiues @

; Received by Btu/1b Oven—qry Oven-ary In/ft As-received
Laboratury Dry Basis Basis Basts As-received Weignt Basis

' 3/31/80 7889 11.16 14.26
4/07/30 9525 11.02 14.1/
! 7/01/80 7869 8.35 Y.26 35.00 B.o5

. 7/07/80 9787 12.03 S.17 35.00 27,105

‘ 7/09/80 9343 10.13 3.38 37.00 4.2
7/14/80 8237 13.59 14.28 28.90 12.55
7/16/80 8390 14.50 19.20 25.70 2.5
7/18/80 9118 21.52 18.70 27.00 7.51
7/121/80 7845 17.88 23.26 23.50 4.43
7/22/80 9345 18.27 22.18 12.22 15. 10
7/23/80 7922 15.88 8.92 19.84 13.95
7/24/80 8177 21.28 18.71 21.20 lb.5.
7/25/80 8833 23.01 31.87 21.82 10.10
71307830 7422 i18.70 24.90 21.29 15.04
8/18/80 7571 17.12 13.24 33.52 8.0s
8/19/80 6436 22.26 19.68 31.40 3.73
8/27/30 5751 20.80 22.03 35.00 22 .94
Avg. Std. 3204 16.30 17.2 28.0 oy
Deviation 1081 4.7 6.6 6.9 6.8
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