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his study investi gated the technical and economic feasibility of using refuse as an
energy resource at Ft. Bragg. NC. The technically proven system found to be most
cost-effect ive uses mixed solid waste generated at both military (Ft. Bragg, Pope
AFB) and civilian (City of Fayetteville) sources in the region. Refuse is delivered to an
energy-reco~ery plant near the 82nd Airborne Division Heating Plant at Ft. Bragg.
where it is processed into a refuse-derived fuel (RDF) by shredding and magnetic re- *
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conveyor to the incinerator feed hopper , from which it is ram-fed into the furnace.
The stoking mechanism is a three-flight double reciprocating grate. Saturated steam
at 160 psig is produced in the boiler section after the furnace and fed to the main
header of the nearby steam plant for distribution. Nearly 65,000 tons of refuse is
processed annually. ~ team production averages 54,000 lb/hour. An investment of
$6.8 million is requi~éd (FY81 dollars). Approximately 3.1 million gal of fuel oil can
be conserved ann~a1Iy. The savings/investment ratio is 3.74/1.0 with less than 3 years
to paybackJ~w~ystem requires that the City of Fayetteville regularly deliver its solid
wast~..ia ciT Bragg devoid of bulk y incombustibles and particularl y hazardous and
o~1~ xious materials.

~~Review of alternative systems reveals that if the civiI~an sector chooses not to par.
tici pate in the plan , energy recovery from the military refuse alone is still economically
att ract ive~~ he milita ry system consists of major equi pment described above but re~duced sonW~hat in size , and requires an investment of $5.3 million (FY81 dollars) .
Appr ox imat e~ly
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FOREWORD

This study was performed by the U.S. Army Construction Engineering Research
Laboratory (CERL) for the Directorate of Facilities Engineering (DFAE). Ft. Bragg,
NC , under Intra .Army Order F&A 88-75. MM J. MacMullen and Mr. C. Beard ,
DFAE , Ft. Bragg, were the Project Engineers. Mr. S. A. Hathaway of CERL served
as the Principal Investigator. Assistance provided by MM F. Trainor , DFAE ,
Ft. Bragg, and Dr. 0. Shih of the Energy Branch at CERL is acknowledged. Admin-
istrative support provided by Dr. D. J. Leverenz , Chief , Energy Branch , Mr. R. 0.
Donaghy. Chief , Energy and Power Division , and COL M. D. Remus , Commander
and Director of CERL during most of the project period , is acknowledged.

COL .1. E. Hays is Commander and Director of CERL, and Dr. L. R. Shaffer is
• Technical Director.
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TECHNICAL EVALU A TION STU DY:
SOLID WASTE AS A FU EL haulers and disposed ol in a variety of civilian land-
AT FT. BRAGG , NC tills. Antici pat ing the approaching end of the func-

tional life of the Ft. Bragg land fill ,  the Ft. Bragg
Facilities Eng ineer has been investigat ing alternative

I I NTRODUCTI ON means of disposing of military waste. According to
the Facilities Engineer , near by civilian systems ot

Background collecting and disposing of wastes have been found
to be of questionable environmental compa tibility.

Ft . Bragg (Fi gure 1) serves as the site of’ the U.S. efficiency, and economic viability; this has encour-
Army 82nd Airborne Division . the U.S. Army aged civilian officials to join Ft. Bragg in searching
Special Forces , the Airborne Communications and for improved means of waste disposal.

• Electronics Test Group of the U.S . Army Develop-
ment and Readiness Command , the U .S. Arm y Incineration has been recognized as a viable alter-
Combat Development Group . the U .S . Army Para- native to I andfi l l ing.  The advantages of waste incin-
chute Team , and the U.S. Continental  Army Corn- erat ion include reduction of residual bulk of many
mand Intelli gence Center (CONTIC) . Pope AFB ,~ solid and li quid wastes conversion of most ‘~~ganic
adjacent to Ft Bragg . and its mission is to support materials into gases which are alread y part of the
the 82nd Airborne Division. natural  atmosphere . and u~e ~t readily available

ox gen trom air as the princi pal chemical agent. ’
Dail y activities at Ft. Bragg and Pope AFB result Un l ike  I)~r~’l~~~ and oth er emerg ing energy-recover y

in generation of conventional and special wastes. technologies , incineration has proven applicable to
Traditionall y, these mil i tary wastes have been col- li quid ,  solid , and g as eou s wastes; it can he carried
lected and hauled by civilian employ ees of the in-
stallations and deposited in a sanitary landfill  at - 

. 
— 

•- (ombustu, , ,  F undamentals (~ r it ,, t, lncmerc,’t w,z IAmer tca n
Ft. Bragg. Wastes generated in the civilian sector are Society of Mechanical t n ~~ince r s  Research Committee on Indus-
collected and hauled by numerous public and private tria l and Municipal W ,,5 tc5 . l~I’~ ) p I X •
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Figure 1. General location map of Ft. Bragg and surroundings .

7

~~~~~~~~

-
• ~~~~~~~~

-
~-— ——

~~~~~~~ ~~~ .. • ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- 

~~~~~~~~~~~~~~~~



out rapidly on large quantities of’ materials in a rela- 5. Technically proven energy-recovery syst ems
ti vely simp le apparatus. applicable to site-specific characteristics were identi-

fied.
An advantageous by-product of waste incine ration

is generation of useful heat , which can be recovered 6. Fixed (cap ital ) and variable (annual) cost
and used to supp leme nt steam and hot water sup. elements associated with each alternative CRE

j plies. Imp lementing a CRE (converting refuse to system were estimated.
energy ) system can result in reduced consumption of
increas ing ly costl y conventio nal fuels, decreased 7 . A comparative present value economic sum-
landfill requirements , and , often , cost-saving adjust- mary of’ alternative CR E systems was prepared with
ments in the waste collection/hauling system. FY81 as the project base year and a fa cility economic

life of 25 years .
Recognizing the need to conserve conventional

fuels, the economic advantages of current CRE
systems , and the environmental  advantages nf solid S U M M A R Y  OF FINDINGS
waste reduction and sterilization by incineration , the
Ft. Bragg Facilities Eng ineer initiated this investi ga- Solid waste is generated at a rate of 135 TPD~*
tion into the feasibility of energy-recovery incinera- (tons day.  5-day basis) at Ft. Bragg and Pope AFB .
tion of solid waste at Ft. Bragg. The waste stream in the cit i l ian sector (the city of

1- av et t e s  ille and the small munic i pal /re sidential
areas in Cumber land Count y)  is generated at a rateObject ives . . . • • • - ‘of 465 1 PD 5. The annual  combined mil i tary-c iv i l ian

- . . - . waste stream is 155 .052 TPY (A ppendix A) .fhe objectives of this s tudy were thre ct olJ :

• • . .  The energy potential of the mil i tar y waste stream
- To assess the  technical  and economic f e a s i b i l i t y  • . -

• - - . • s 1919.0 MB tu / day .  on a 5-day basis. Waste gener-ot using refuse as an energy resource at f t .  Bragg. . . •

NC ated in the civi l ian sector has an energy value of
5434.0 M B t u / d av . S-day basis. The energy value of

- - . - the m i l i t a r v - Fa se t t e v i l l e  ‘saste stream is approxi-2. lo  determine the most economical proven • • , . -• . . marelr  1422 MB tu .  day , while tha t  ot the combinedsy ste m for converting refuse to energy (CRE system) . . - 
• . ‘ 

-• m i l i ta ry-c iv i l ian  waste stream is about 7306.8 MBt u
• , . . • das . 5-day basis (A ppendix B) .

• 
~~. io develop and provide engineering data in -

support of potential CRE system project develop- •Four ma lor l ieat ing /  industrial  boiler plants aremen • operated at Ft. Bragg. The largest plant (C- 1432 . the
82nd Airborne Division Heatin g Plant )  houses three

• Approach boilers, each rated at 95 M B t u / h r .  The plant pro-
duces 160 psi g saturated steam for heat ing and cool-

The approach taken in the study followed the ing. Average dail y steam production ranges between
seven steps listed below: 2 .630.000 lb (February ) and 976 .000 lb (Ma y) .

I .  Solid waste generated at Ft. Bragg , Pope AFB , Ft. Bragg has no electrical energy production
and the civilian sector was characterized , capabil i ty.  Electrical power is purchased fron t  Caro-

lina Power and Lighting at a rate of S0,0l37/kWh.
2 . Combustion parameters of each ssaste stream Peak demand charges for electrica l power are based

were computed and waste energy values were deter- on the monthl y 15-minute hi gh or 90 percent of the
mined , annua l  hi gh consumption rate, whichever is greatest.

The demand charge is $3. 75 kW . The electrical
3. Steam supp ly /demand st ructure  and electrical baseload is 100 uni t s ,  where I uni t  is 270 kW. Sp r i i i g

power requirements  at Ft .  Bragg were assessed, and summer monthl y demand hi ghs are 106 and l’3
units  (A ppe n dix C) .

4. A site was selected for refuse-derived fuel
(RDF ) processing , uti l ization , and heat recovery for • • - •

steam production and/or electrical power. S1 converSion factors are provided at the end the report .
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The investi gation reviewed several combustion sasings investment ratio is 3 . 4  1 .00, and the pay-
technolog ies t’or recovering energy front ~~aste ma- h ack period is 2 . 9 1 y ears.  If the civil ian sector elects
terials , including firing either processed f luff  or dust not to  participate in such an effort , a similar  system

• RDF in existing steam generators at C-1432. use of scaled to use mi l i t a r y  waste alone is cost-effective
densitied RDF on a mechanical stoker in new corn- (A ppendix F ) .
bustion hardware, a hi gh-temperature s lag-forming
incinerator . pyrol y t ic  conversion of waste to a
gaseous fuel , and conventional incineration. It was CONCLUSIO NS
found that  firing waste on a three-fli ght double
reci procating grate stoker in a ret’ractory furnace Use of refuse as an energy resource at Ft. Bragg is
with a staggered “D” type water tube heat exchanger technicall y and economically feasible.
in series could be recommended as a relativel y
superior system to~ converting waste to energy at The most cost-effective CRE system, Scenario 2A
Ft. Bragg (Appendix D) . tanalyzed in A ppendices F and G), has the following

major elements:
The recommended site for the (‘RE f a ci l i t y  is

about 1200 ft west of C-1432 on available unoccu- I.  Solid waste f’rom the City of Fayetteville ,
pied land. This location allows integration of the Ft. Bragg . and Pope AFB is delivered to and wei ghed
( ‘RE facil i t y into existing fac i l i t ies  at ( ‘- 1432 for at a ( ‘RE plant  near the 82nd Airborne Division
steam distr ibut ion , condensate return , and boiler Heat ing Plant at Ft. Bragg.
kedwater. It facilitates removal ot ash and residue in
that it is on the main route to the base sani tar y  land- 2 . Delivered solid waste is moved by front-end
till (A ppendix E) . loader from the ti pp ing floor to a pit conveyor which

moses it to a shredder. The shredded fraction moves
Two CRE scenarios were evaluated under each of through a magnetic pulley separator for removal and

three levels of ssaste management  operations: mi l i . recovery of ferrous metals. The shredded fraction is
tarv (Ft. Bragg and Pope AFB )  aione. mil i ta r y-  then conveyed to a storage hopper .
Favetteville. and mili tar y -civil ian reg ion (including
small  munici pal and residential areas in ( ‘umber- 3. RDF is moved from the storage hopper by
land Count y) .  One scenario treated production of screw conveyor to the incinerator feed hopper.
medium-pressure steam for heat ing and cooling.
The second scenario included production of steam 4. RDF is hydraulicall y ram-fed to the furnace .
for heating and cooling, with generation of hi gh- The stoking mechanism is a three-fli ght ,  double
pressure steam for electrical power generation occur- reci procating grate. Ash falls to a quench tank and is
ring S months of the year (A ppendix F) . conveyed to nearb y containers for disposal.

• The most cost-effective system is one in which 5. Gaseous combust ion products are drawn
solid waste generated in the mi l i ta ry  sector and at throug h an afterburning section . a watertube boiler .
Fayetteville is used to generate 160-psi g satu- and air pollution control apparatus . and pass
rated steam in a new CRE facility near C-l432 at throug h a stack to the atmosphere .

• I Ft. Bragg. The process flow includes wei ghing waste
• j deliveries on a standard platform scale , delivery on a 6. Steam produced at the CRE plant is run to the

ti pp ing floor , moving by front-end loader, coarse exist ing ntain header at the nearby 82nd Airborne
shredding. removal of ferrous metals , tempora ry Division Heating Plant for dis t r ibut ion.  Saturated

• stor age, combustion on a mechanical  stoker in a re- steam at 160 psi g is produced. Condensate is re-
fractory furnace, heat recovery in a water tube boiler , turned to the 82nd Airborne Division Heating Plant,
cleaning of off-gas~ and quench ing of bottom ash. makeup added. and treated boiler feedwater

• The system wil l  allow shutdown of (‘-14.32 for 5 delivered for use at the new CRE facili ty.
months of the ~car and will conserve 3. I mil l ion gal

• of fuel oil annua l l y. A cap ital investment  of $6.8 By implementing the system . Ft. Bragg will he
mil lion (FY81 dollars) is r equired.  Annua l  25 -y ear able to conserve about 3.1 mi llion gal of fuel oil
present value (1W) costs are an effect ive savings of’ annual l y  and comp letely shut down the adjacent
$ 17 .3 mil l ion , and the  total PV syst em cost is an heat ing plant  5 or 6 months of the year. A cap ital
effective savings of$ 10.5 mil l ion (FY81 dollars ) . The inv e s tment  ot’$6.8 ntill ion is required (FY8 1 dollars).
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Presen t value total system costs are an effective one , bu t smaller in scale (described in Appendix F).
sas tu g s of $10.5 million. On a 25-year life-cycle An investment of $5.3 million is required (FY81 dol-
b asis ,  the savings ’ investment ratio is 3.64/1.0. lars ) .  Present value total system costs are an effective

savings of $6 .3 million.
The system requires that  the Ci ty  of Fayetteville

d e i t s er  mixed solid waste (devoid of large incombust-
ibles and hazardous and particular l y obnoxious RECO MMENDATIONS
materials ) to the Ft. Bragg (‘RE plant.  No cost is
accrued to the civilian waste management operation It is recommended that Ft. Bragg approach the
other than throug h minor increases in haul distance . City of Fayetteville with a waste management plan
Should any transfer station be required ~n the proposal based on the (‘RE system found to be most
civilian sector , it should be built and operated at cost-effective in this investi gation.
civilian expense.

If the civilian sector does not choose to participate
If the City of Fayetteville does not elect to part ici- in a cooperative waste management plan . it is recom-

pate. refuse generated onl y at Ft. Bragg and Pope mended that Ft. Bragg take the steps necessary to
AFB can still be economically used as an energy re- imp lement the CRE system based on mil i tar y waste
source in a system resembling the most cost-effective alone which is techni call y described in this report.

10



APP ENDI X A : TableAl
F,. Bragg: Conatituency of Solid Waite at Landfihl

SOLID W ASTE CHA RACTER IZATION
Constituent Weight Percent

General
Paper and cardboard 55.2

This appendix summarizes that portion of the Garbage 12 I
Plastic (materials , packaging) 10 .8

study which characterized solid waste generated in w~~i 9.1
the military sector (Ft . Bragg and Pope AFB) and Misc. 5.9
the civilian sector (City of Fayetteville and Cumber- Metals 3.2
land County). Solid waste is generated at a rate of Glass/ceramics 1.9

Vegetation 0.8
about 135 TPD, at Ft. Bragg and Pope AFB to- inerts 0.8

• gether , and 465 TPD , in the civilian sector. Leather 0.1
Rubber 0.1

• Milit ary Solid Waste
TOTAL 100.0

• A 15-day wei gh survey was conducted at the aFt Bragg and Pope AFB aggregate waste stream 135.2 TPD 5.

Ft. Bragg sanitary landfill from 10 to 28 March 1975. Table A2
Collection vehicles delivering solid waste to the land-
fill front Ft. Bragg and Pope AFB were weighed on Nstl onalAverag. SoIldWute Composl tlon

General Electrodynamics Model M D400 portable Constituent Weight Percent
hydraulic scales provided by the U .S. Army Con-
struction Engineering Research Laboratory (CERL); Paper and cardboard 50.7

the survey was directed by the Ft. Bragg Facilities Food waste (garbage ) 19. 1

Eng ineer. This survey revealed that an average of Metals 10.0
Glass 9.7

131.9 TPD 5 solid waste is generated at Ft. Bragg and - 2.9
3.3 TPD , at Pope AFB . Textiles 2.6

Leathe r and rubbe r 1.9

CERL conducted site surv eys to determine the Misce llaneous I . ”
Plastic ’. 1.4constituency of solid waste delivered to the Ft. Bragg

landfil l .  Table A l  gives the constituency of 1~ ndfihl ed TOTAL 100.0
waste generated at both Ft. Bragg and Pope AFB.
Because of the brevity of the waste survey, the con- 5R eprinte d with permission of the American Society of

stituencies given in Table Al  are to be considered Mechanical Eng ineers . From W . R. Niessen and S. H. Chansky.
‘The Nature  01 Retuse, ” Pmci ’edings of 1970 Incinerator confer -only general . but of sufficient accuracy to support a 

~. 1970 .
feasibility study. Observations at the landfi l l  re-
vealed that  over-size bulky wastes such as app li- average of 4 ,500 cu yd of solid waste is generated
ances. pallets , and construction/demolition debris every 6 days in the City of Fayetteville. A pp l y ing a
are generated infrequentl y and in comparativel y solid waste emission factor of 3 lb/ person/day 2 to
small quantit ies.  Much of the wood generated is the population of Sl ,500~ results in a solid waste
large (bracing, pa llets , dunnage) . Wastes classified mass generation rate of 108 TPD 5 for Fayetteville.
as “Other ” in Table A l  include oil and paint  cans, Additional computation reveals a solid waste density
rags . drums,  cable , wire, and similar miscellaneous of 288 lb/cu yd , which compares to published fi gures
materials ,  for national average mixed munici pal/residential

solid waste densities (mix of compacted and uncom-
Civilian Solid Waste pacted). 4 To facilitate the feasibility stud y, it was

assumed that solid waste generated at Fayetteville
Data pertaining to the rate of solid waste genera - compares to the average national refuse composition

tion in the c i s i l ian  sector were provided by appropri- given in Table A2. Table A3 gives a general descri p-
ate civilian authori t ies to the Ft. Bragg Facilities tion of each constituent.

• Eng ineer , who transmitted the information to CERL ~~~~~~~ — • -

for use in the feasi bili ty s tudy.  Emission factor from NCRR Bulletin (S pring i9~ 3) .
• 3National Atlas of the United States (U.S. Geological Su rvey .

1970).
lhe log of da i l y  solid waste volume deliveries to 4lncinerution Standards ( Incinerator  Inst i tute  America .

the Fayettevi l ’e munici pal landfi l l  indicates that  an 1970).

• I I

• — - -  ii .:-~~i~ 

-

_ _ _ _ _ _ _ _ _ _ _ _ _



-1II~
, 

-—

~~~~~~~~~~~~~~~~~~~~~~~~~~~

—-
~~~~

-

~~~~

-

• TabIe A3 Summa ry of Sol id Waste Characterization
l)escrtptlon of National Awer.ge Solid Waste Characteriotlcs

Tables A4 and AS summarize the characteristics
Constituent Deseilptlon of the military and civilian solid waste streams , re-

spectively. The combined military-civilian solid
Paper and cardboard Various types , some w ith  til lers ,

Packaging waste stream is 156,052 TPY , or about 600 TPD 9.
Food waste Garbage
Metal s Cans , wire , foil
Glass Pr imar i l y  bottles
W ood Packag ing. furni ture ,  logs , twigs Table A4
Textiles Cel lulos ic , protein , woven synthetics Ft. Br~~~ , Sunim.q of Military Solid Waite Characterizadon
Leather and rubber Shoes , t ires , t os s
Misc . Inorganic ash , stones , dust Weight Generation Rate
Plast ics Polyvin y l  chlor ide , polyeth ylene: ConstItuent Percent TPD , TPY

Stvr t ’nc . in packag ing.  housewares , —~~~~~~

• 
f u rn i tu re ,  toy s and nonwosezi Paper and cardboard 55.2 ‘4. ti 19.396
sy nthet ics Garbage 12. 1 16.4 4 .2M

• . • . Plastics 10.8 14.6 3, 796
5Repr in ied w i th  permission ot the American Society of 

~~~~~~~ ~ 12.3 3 198Mec h , ,n i~ .,l En gineers. From 55’ . R .  S,csscO arid S. H. Chansk y.
• • • Miscellaneous ~• 9 7 .9 2 ,OM

“The ~sa rur e ol Retuse, ” Pru,. ’,’drngs r / ‘~‘O lncg,u’rator co,:ter~ vIr al ’.  3 2 4 3 1 . 118
‘fl , d ’ • I I  

‘la ss ceramics 1. 9 2.6 676
\ cg cta t ion 0.8 I .  I 2.56

A 14-day waste sur ve~ conducted at the count y Inert ’.  ( ) .~ L I  286
- .. 

-
- I .t ,ather 0.1 (( .15 39landf i l l  ( C l t f tda le  l and f i l l , run by Cumberland Ru bber 0.1 0 15 39

County Department  ‘i Public Health)  from 7
throug h 20 Ju l y  l9 ”S showed that  ar s average of l t .UA I I (X) . 0  135. 2 35. 152
5.128 cu vd dii ’, S’d.u ’. ba sis ) of solid waste is gener-
ated within  Cumber land County (excluding Fayette- ~t Bragg and Pope AEB aggregaie waste stream.

vi lle and Ft. Bragg ) . A ppl y ing a solid waste e’mi ssion
factor of 3 lb per son das ‘ to the popu l a t t i n of
170. 000 (County less l - a s c t t  db ’) .~ r esu l ts  in  a corn-

• • ~~~ • •  Tab le ASputed solid waste mass generation rate ot 35 1 PD ,
• for Cumh er land Counts ’ . Addi t iona l  computat ion ~~ 

I t ,  Hr agg : Summary of C lrIIIa n Solid Waite Characterization5
• vea ls a solid waste den sit ’, of 139 lb cu vd , which

- 
‘ Weight Generation Rat ecompares to loose hulk  dens i t ies  shown to exist else ConstItuen t Percent TPD ’. TPY

where bir solid waste generated in rural residentia l  _____________________

areas •.~~’~t i facilitate the t c a ’, i h i l i tv  s t u d y , it was Paper and , , r , t ) ’ , ,,r l ~~~ 235.8 61.308
assumed that solid ‘.astc generated in Cumb er land Fixxt ’.~,, ’.,, c .” I ’ .’g’ 19 .1 88.8 23.088

Counl v  compares to average national  refuse compo- ~1 ‘~~ - 1(1.0 46.5 12,090
• 

‘ . , ( i.,’.’. ~~.‘ 45 I 11. 726sition given in rable ~\2  ss~~~j 2 13.5 3.510
I , s i , l , s  2 1 ,  12 . 1  3.146

‘t - r ’ i r , ’o ’r, t a . l ~ r (r ~,n~ .%( RI.? Bulletin Spring i~ 0 I ,  , , , )u’ i  ,,,,,( r ,u ) ’be’r I ’ I  (38 2.288
‘Naunnal 4,l,o of the I ‘m i d  Sta t , ’ , ~~~~~~~~~~~ 1 ‘7 ‘ 

~ 2.054
• ‘s. A Hath ~i,sas and J t ’ S” ’, ’,Is. ,r ,) 1. ’ . h ’,, u ’ ‘~ i I f l ~dI i ’ ’l I’I , , s t h s  I 4 6 5 1.690

St u dy I ,,,r~ , R ,‘ , , r . ’rs I tul,zat ,,, ’ , of V .a,1.- at I’~ t’,” .Sound — —
~~~~~~~~

• - ,S’uca l  Sh qi,~ r~I !(re ’n. ’rton. V . 4  Ii’~ h n t c a l  Repi ~ 10-i i t ’  S t u i  si 5 4n5 I )
Arms ( ‘n ’ . t r , , ’ . t , , , n  Engineer ing R, ’’.c.,r, h I ,,?~. r.,, u 1 RI  •~ 

— 

I ~~ 0 ‘I I ~~, I ,  i n t l  i ~~ ‘,- r u nt  oi, f i t s

4
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APPENDIX B: Combustion Parameters: Civilian
Solid Waste Stream

WASTE STREAM COMBUSTIO N Table B2 summarizes computations made to
PARAMETERS determine waste fuel characteristics of solid waste

generated at Fayetteville and Cumberland County .

General Combustion Parameters: Combined
MIlitary/CIvi lian Sol id Waste Stream

This appendix summarizes computations per-
formed to determine hi gher and lower heating Table B3 summarizes computations made to
values, and volatile , fixed carbon , moisture and ash determine waste fuel characteristics of the combined
content of the military and civilian solid waste solid waste stream from military (Ft . Bragg and
streams. Computations are given for the waste Pope AFB) and civilian (Fayetteville and Cumber-
streams individuall y and in combination. Computa. land County) sources.
tions were also made to determine potential energy
available to an energy-recovery incineration system Summary of Solid Waste Stream
based on individual and combined waste streams. Energy Potential
The energj potential of the military and civilian
waste streams is 1919 MBtu/day and 5434 MBtu/ Table B4 summarizes combustion parameters
day, respectively. The energy potential of the corn- computed in Tables Bi , B2, and B3 for solid waste
bined military-civilian waste stream is about 7307 generated at military and civilian sources. Table B5
MBtu/day . summarizes computations made to determine the

energy potential of the individual and combined
military /civilian solid waste streams. The fi gures in

Combustion Parameters: Milita ry Table B5 do not account for efficiencies of individual
Solid Waste Stream energy-recovery technologies, which are considered

in Appendix D, nor do they represent energy-re-
T~bIe BI summarizes computations made to covery system desi gn quantities , which normally are

determine waste fuel characteristics of solid waste determined by increasing the values by 25 percent.
generated at Ft. Bragg and Pope AFB. Design computations are presented in Appendix D.

Table HI
Ft. Br.ggi Computation ot Combuatlon Parameters of Military Solid Waite

Weight Heating Vslue(Btu/lb)

Constituent Percent % Moisture % Volat Ile. % Fixed Carbon % Aib Lower Higher

Paperand cardboard 52.2 4.99 “2 12 9.22 6.67 ‘.44.1 7 ,830

Garbage 12 .1 48. 93 46. 91 2.93 1.23 6.898 11, 298

Pla stics 11) 8 1.00 91.00 7.00 1.00 13, 000 15, 910

Wood 9 .1 10.00 69.00 18.00 3.00 4 , 779 9,000

Metals 3.2 1) 10 0.10 0.10 99.70 I
Glass/ceramics 1.9 0.10 0.10 0.10 99.70 I I

Inerts 0.8 — — — ioo .oo —
Leather 0. 1 4.31 62.08 8.17 25.44 9,071 9.426

Rubbe r 0. 1 0.10 66.90 8.00 25.00 10.500 15,000

Composite 100.0 1 1 . 9  69.0 8.2 10.9 7 .079 8.034

-1
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Table 82

Ft. Bragg: Computation of Combustion Parameters of Civilian Solid Waste

Weight Heating Value IBtu,’IbI
Constituent Percent % Moisture % Volatile. % Fized Carbon % Ash Lower Hlghei

Paperand cardboard 50.7 4.99 79.12 9.22 6.67 7.443 “ .830
Food waste (garbage) 19 . 1 48.93 46.91 2.93 1.23 6.898 11 ,298
Metals 10.0 0.10 0.10 0.10 99.70 I I
Glass 9.7 0.10 0.10 0.10 99.70 I I
Wood 2.9 10.00 69.00 18.00 3.00 4 , 779 9.000
Textiles 2.6 3.00 89.50 6.50 1.00 6.500 6, 780
Leather and rubbe r 1.9 2.21 64.49 8.09 25.21 9.785 12 .213
Miscellaneous 1. 7 29.97 52.49 5.23 12.31 4,500 7,500
Plastics 1.4 1.00 91.00 7.0(1 1.00 13 ,000 15 ,911

Composite 100.0 12.8 56.8 6.3 24. 1 5.843 ‘. 14”

Table 83

Ft. Bra gg: Computation of Combustion Parameter , of Combined MlIltar ,/Civlllan Solid Waite

Weight Heating Value (Btu /I b I
ConstItuen t Percent % Moisture % Volatil e. % Fixed Carbon % Ash Lower Higher

Paper and cardboard 5 2 ’ ~ 4.99 79. 12 9.22 6.67 7 .443 7 ,830
Garbage 17 .9 48.93 46.91 2.93 1.23 6.898 11. 298
Meta l s  8.6 0.10 0.10 0.10 99.70 I
t ,,las , , e r u n u , c ’. ( 3 2  0.10 0.10 0.11) 99. 70 1 1
W ood 4.3 10.00 69.00 18.00 3.00 4, ’79 7 ,500
Miscel laneous 5 3. ’ 22. 65 49.82 5.19 22.34 4 .400 7,300
Plastics 3, 6 1 .00 91.00 7.00 1.00 13 ,000 15,910
Leather and rubbe r 0.8 2 .2 1 64.49 8.09 25.2 1 9.785 12,2 13

Composite 100.0 12.8 58.9 6.8 21.5 6.087 ‘.428

• 5lnclude s text i les .  segetation , inert s .

Table R4

• - 
‘ Ft. Bragg: Summary of Combustion Parameter, of Individual and Combined MilItary/Civilian Solid Waste

Heating Value (Blu/Ib)
Waste Stream % Moisture % Volatile . % Fixed Carbon % Ash Lower Higher

Mi l i tar y 11.9 69.0 8.2 10.9 7 .097 8,034
All c ivi l ian 12.8 56.8 6.3 24. 1 ~ 1343 7, 147
M r I r t a r ~~Faye It esilIe 12.4 63.5 7.9 16.2 6 ,583 7 .731
Mi l i tary .a l l  c iv i l ian  12.8 58.9 6.8 2 1.5 (3 .08 ’ 1.428

Value s are wei ghted averages.

Tab le BS

Ft. Bragg : Summa ry of Solid Wa,s Stream Energy Pot entia l

Generation Rat e Lower Hetting Waite Energy Potential Unadjus ted Fuel Oil
Waate Strean, ITPD 3 ) Value (Btu / lb) 1105B 1u/day ) 

— 
Equlvalent (gal/yr)

M i l i t a r y  135.2 7 .097 1919.0 3,326 ,317
All civ i l ian 465.0 5,843 5434.0 9,418 ,916
M r l r , , , r s  I .,~ ,‘t t es Il ~’ 108.0 6,583 142 1.9 2, 464 ,675
M i l r t , , r s  . 111 , i s r l i , , n  600.2 b , 0t~ 7306.8 l2, 665, l8O~

l~rr ,ir , 1,iy ’ ii, r o und ,ru ~ procedure throug hout calculation method . 4
14
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APPENDIX C:
The Laundry Boiler Plant (2-5411 ) has three

STEAM AND ELECTRICAL POWER boilers ; two boilers are field-erected waterwall water-

SUPPLY/DEMAND STRUCTURE tube units designed to burn coal , and the third is a
gas-fired package unit. The plant produces low pres-
sure saturated steam for use in the laundry . As in the

Genera l case of C-1432 , this ph.nt cannot be converted to fire
waste fuel without comprehensive and costly hard-

This appendix summarizes findings pertain ing to ware modifications.
steam production capabilities and steam and elec-
trical power requirements at Ft. Bragg . The remaining heating and industrial plants at

Ft. Bragg (4-3124 , D-3529) house small-capacity

Steam Production Capabilities package boilers which are not candidate for supp le-
mental waste fuel firing.

Four major heating /industrial boiler plants are
operated at Ft. Bragg. Table Cl summarizes general Steam Production Structure
data pertaining to the major boiler plants. The
largest plant is C- 1432 . the 82nd Airborne Division Tables C2 and C3 summarize the monthly total
Heating Plant. For reasons stated in Appendix E, steam production for C-1432 and 2-54 11. respec.

C-1432 is the recommended location for an energy- tively, for calendar year 74, a representative year.
recovery facility. C-1432 houses three Erie City two- Implementation of absorption chillers at Ft. Bragg is
drum , waterwall watertube boilers each rated at expected to increase steam demand from C-1432 by
95 MBtu/hr output. The boilers were erected in 1953 approximatel y 15 percent during the warm season.
and designed to fire Eastern bituminous coal by Adjusted steam production figures for C-1432 based
spreader stoker (overfed chain grate). Approxi- on the 15 percent warm season increase are given in
matel y 10 years ago , the boilers were converted to Table C4. Steam production for the transitional
fire natural gas and fuel oil. There is limited capa- months of April and October was adjusted by 10 per-
bility at C•1432 to reconvert to solid fuel. Reconver- cent, while production for remaining warm season
sion to solid fuel would require additional operating months was adjusted by 15 percent.
labor , restoration or procurement of nearly all neces-
sary coal firing /l~~nd 1 ng equi pment . and addition Electrical Power Requirements
of retrofitted air pollution control equi pment. Re-
conversion to coal tiring at C-1432 requires mini- Ft. Bragg does not have the capability to generate
mall y 18 months and an estimated cost of$1,500 .000. electrical power. This utility is purchased from Caro-

Table Cl

General Inf ormation : Maj or Heating and Industrial Plants at Ft . Bragg

Plant/Building Number
Item C-1432 4-3124 D-3529 2.5411

N u m b e r o f h u i l d i n g s scrved 169 139 88 3

Area of buildings serv ed (0(X) sq 0) 290 1 858 1664 63

N umber o f  boilers 3 3 4 3

Boiler size ) M B t u / h r )  (3) 95 (3) 38 (4) 26 (1) 25. (1) 38, (1)  17

Boiler type (P = package. F field erec.) F (2 > P. ( 1) F F (2> F. ( I )  P

Primary fuel coal (2) gas , ( I )  coal gas (2) coal, ( I )  gas

Present fuel gas gas gas (2) gas . ( 11 coal

Alternate fuel  oil oil oil oil
6-mos coat conversion capability no no no no
Added pollution contro l to bum coal yes yes yes yes

Low sulfur coal available yes yes yes yes
Long term coal conversion capability 18 mos ( 1) 12 mos no ( I )  12 mos
Current annual  fuel consumption

Oil (M gal ) 0.5 0.2 0.2 0.2
Gas (M cu 01 642.0 235.0 160.0 125.0
Coal ( Lst , ktons ) 28.5 10 .2 

- 
7.2 5. 13
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lina Power and Lighting. Baseload power demand is Table C3

100 units ( I  unit equals 270 kW) . Peak demand Staam ProducdonSumnsazy for Headng and lndul*rW
occurs in the spring and summer months, with aver- ~~~~t2 S4 1l at Ft. BeaU, 1974

age highs of 106 and 173 units , respectivel y. Base- Steam Productlon ( klb)’
load power charges are SO.0 137/kWh. Peak demand MODII%Iy Minimum Maximum Aserage
charge is S3.75/kW , and is based on the monthly 15- Month Total Day Day Day
minute high demand rate or 90 percent of the annual
hi gh , whichever is greater. It is anticipated that the January 5525 151 375 240

annual cost of electrical power to Ft. Bragg will con. 4871 147 334 232

tinue to rise in response to general demand growt h April 3031 384 1550 1010
on the installation and the increasing cost of fossil May 3576 61 237 242
fuels to the utility . June 3171 62 169 144

July 3231 63 166 140
August 2810 96 163 127
September 2708 88 152 135
October 3789 133 224 180
N ovember 3958 145 24) 198
December 4377 145 244 208

Tabi ~~ ‘Steam 125 psi g saturated .
e Feedwater 220°F at l6o psig.

Steam Production Summary for Heating and Industrial
Plant C.1432 at Ft. Bragg , 1974 Table C4

Steam Production ( klb) Expected Monthly and Hourly Steam Demand
Monthly Minimum Maximum Average for C-I 432 at Ft. Bragg’

Month Total Day Day Day
Steam Production (kib)”

Januar s 75.052 1826 2931 2421 Month Monthly Total Average Hourly —

Februar y 73 ,648 2368 3033 2630 Januar y  75,052 100. 876
March 73 .207 1859 2705 2361 February 73,648 109,595
April 43 , 183 950 2203 1439 March 73,207 98,397
May 30.266 420 1434 976 A pril 47 .501 65. 974
June 30, 958 642 1308 1032 May 34,805 46.781
July 33,087 669 1218 1067 June 35.601 49.445
August  37 .611 914 1575 12 13 July 38,050 51. 142
Septembe r 30.899 635 1786 1030 August 43.252 58. 134

- . 
‘ October 35.362 654 2091 14 ) 1 September 35.533 49,351

N o s i r n h e r  59 .458 1324 2437 1982 October 38,898 52,282
I)ecemher 7 1, 858 2 11! 2544 23 18 November 59,458 82,581
— December 71, 858 96,583

‘Steam 160 psi g saturated.
- I Feedwater 220~ F at 4 lb. ‘Adjusted for increased steam consumption by new chillers .

Average: 66.400th hr over 3-yr period . “Steam 160 psig saturated; feedwater 200°F at 4 lb .
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APPENDIX 0:
Package CRE Systems

DETER MINATION OF RECOMM ENDED
COMBUSTION SYSTEM Package CRE systems of the types reviewed in

Appendix H were found to be inapplicable. The
largest proven package incinerator currentl y avail-

Genera l able has a waste input capacity of approximately
19 MBtu/hr .  App lying package incinerators to the

This appendix summarizes findings pertaining to military waste stream alone (1919 MBtu/day , Table
identification of proven systems for converting refuse B5) would require minimall y five units operating
to energy at Ft. Bragg. Three general waste manage- 24 hr/day. To provide proper redundancy in a
ment scenarios were found to be possible: military package-base system would require at least an addi-
(Ft . Bragg and Pope AFB) alone, military-Fayette- tional three units. It was judged that operating and
yu le , and military-Fayetteville/Cumberland County. maintaining a battery of eight package incinerators
This part of the investi gation focused on develop ing would be so unnecessaril y costly and cumbersome as
a recommended CRE system design concept for each to wat rant no further consideration.
waste management scenario.

Identification of Field-Erected CRE Systems
Ba s ic Design Con cept R equirements

‘rhe investi gation revealed six field-erected CRE
The following requirements guided development systems for possible app lication at Ft. Bragg. Each

of a CRE system design concept for each waste system can be desi gned to accommodate the quanti-
management scenario: ’ ties of waste to be incinerated under each of the

waste management scenarios treated in the stud y.
I .  Dependability. The degree to which a desi gn The alternatives are:

follows a prior proven art , the potential of the de-
signed system to withstand predictable wear , and the 1. Conventional inclined grate (stoker 1 inciner-
degree of the system ’s comp lexity which would make ator
its proper performance contingent on hi ghl y skilled
personnel. 2. Reill y slag-forming incinerator

2. Experience. The combined utilization of simi- 3. Fir in g densitied refuse-derived fuel (DRDF) on
tar equi pment for combustion/ incineration of solid moving grate in existing boilers
waste.

4 . Suspension-firing fluff RDF in existing boilers
3. Consers’ation. The consumption of material or

energy which must be provided from external or 5. Suspension-firing dust RDF in existing boilers
virgin sources.

6. Pyrol ysis.
4. Environment .  Impact of system and facility on

immediate environment (atmosp heric , land, and Description of Field-Erected CRE Systems
water resources).

Conventional Inclined Grate (Stoker) Incinerator
5. Economics. Combined anal ysis of cap ital and

operational costs. Incineration of munici pal solid waste in conven-
tional inclined grate incinerators has a long and well-

6. Operation and Maintenance.  Ease and in. established history of success. Somewhat typ ical of
t ens l t v  of dail y operation , preventive routine and these types are two 225-TPIJ incinerator installations
cyclical maintenance requirements . procurement at Ft. Lauderdale, FL, and the Northeast incinerator
and instal lat ion of rep lacement parts. in Dade County. FL, rated 300 TPD. These

incinerators have capacities wi th in  the range of
_____ - 

quantities of solid waste to be burned under each
‘Pha se l Fva.sih , iui Studs’ Re/ i451 ’ Inc iner at or-Beat Reclama- waste management scenario. A typ ical section of a

Boiler I”acil itc Na val Stati on Mayp or t . Flor ida (Green lea f— refractory lined incinerator is shown in Fi gure D l .  A -:
lelesea. Inc. ,  Decembe r 1q7 5), hydraulicall y operated ram feeder introduces refuse
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r~AMPER DOUBLE / ASH QUENCH
RECIPROCATING AND REMOVAL
GRATES

FIgure Dl. Conventional incinerator.

into the primary combustion zone where it falls onto ReiIl,v Slag Forming Incinera tor ’0
an ag itated grate. The feeder has an adjustable rate
and effectively meters a known amount of refuse per A new furnace concept illustrated by Figure D3
unit time into the furnace. The recommended grate was considered , The two-stage slag-forming refuse
is the double reci procating stoker (Fi gure D2) which incinerator furnace uses excess combustion air to
effectivel y controls the distribution of refuse in the hold the furnace temperature below the slag-forming
primary combustion zone. 9 Efficient combustion l imit  of about 1 .800°F. The slagg ing chamber uses
control is achieved by modulating under fire and part of the hot , oxygen-rich flue gas from the con-
overfi re air. An afterburner is provided to burn corn- ventional furnace to incinerate the final 20 to 40 per-
hustibks remaining in the furnace gas stream. Hot cent of the combustible refuse .
gases then pa -s to the boiler section.

9C ’onsersiop, of (‘entra l Heating Plant Boilers to Riluse Deri ved “°Pha si ’ I F easihi lit,t’ Study: Retuse Incin~ ra tor/Hea t Reclama-
Fuel Firing )Department of the Army. New York Distr ict. Corps tion Boiler Facili ty ’ at Naval Station Slayp ort . FL (Greenleaf/

‘~ ) Eng ineers. 19~5). i’etesca . Inc. , 1975).

op

~Lo1,, STATIONARY
GRAT ES

MOVING GRA TES

Figure D2. Double reci procating grate stoker.
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-FEEDER

SLAGGJNG FURNACE SLAG REMO VAL

Figure D3. Reill y slag-forming incinerator.

The first stage furnace chamber , which is identi- damper is water-cooled and refractory-encased to
fled as the “primary furnace ,” is smaller than that in withstand the 1 .800°F flue gas. Since all flue gas
conventional incinerators . The short , inclined grate from the primary furnace must go throug h one of the
allows onl y 60 to 80 percent comp letion of burning of two passages. closing down the bypass damper in-
the combustible refuse introduced to the furnace, creases the gas flow throug h the slagg ing furnace ,
The unburned refuse and other solid residue from while opening it decreases the slagg ing furnace gas
the primary furnace fall from the primary grate to flow.
the “slagging furnace ” below , where combustion
continues. The slagg ing furnace is thus fed with hot, partially

combusted refuse and hot ( 1 ,800°F) oxygen-laden
The primary furnace feed system , temperature flue gas which combine to release additional heat.

control system. and general design ~re identical to The design of the process is aimed at accomplishing
those of present plants which have been in successful three functions:
operation for 3 years or longer. The ram feeder
meters refuse from a storage hopper at a controlled I .  Provide the extended residence time required
rate into the furnace, where it is aerated with hi gh to comp lete combustion of the refuse which was not
pressure jets and tumbled to a reci procating grate. consumed in the primary furnace.
Cc mbustion air is provided by two forced draft fans.
One fan supp lies the undergrate air requirement 2. Provide a temperature-resistant enclosure
while the other provides air to a series of overfire jets. which is not onl y insulated from outside atmospheric
The overfire jets not onl y provide the turbulence temperatures . but is also shielded to minimize radia-
essential to good combustion , but also dilute and tion losses from the slagg ing furnace to the primary
cool the furnace gases to prevent os’erheat ing the pri- furnace and connecting flues.
mary furnace. The dilution et ’t’ect . which is auto-
matically regulated to main ta in  a uniform pr imary 3. Provide sufficient gradient to the furnace
furnace tempera ture .  provides an oxygen ratio of hearth that  the molten residue and ash will flow to
about I I  percent in the furnace exit gas when the exit port and into the quench tank .
furnace temperature is mainta ined at 1. 800°F. This
figure varies sli ghtl y (depending on the moisture The primar y furnace, as noted earlier , is under-
content of the refuse ) from 11.8 percent for 25 per- sized in comparison to conventional incinerator fur-
cent refuse mOisture to 10. 7 percent for 40 percent naces so that  the existence of carbon monoxide and
refuse moi sture. the presence of excess air are distinct probabilities at

the prima ry furnace exi t .  The extensive residence of —

The flue gas from the primary furnace diside s to the flue gas at hi gh temperature levels in the slagg ing
flow either throug h the slagg ing furnace or throug h a furnace and connecting passages assures the ulti-
damper-regulated bypass breeching. ‘I’he bypass mate conversion of carbon monoxide to carbon
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dioxide. Such conversion would make additional can be successfull y co-fired w ith  coal in a waterwall
heat available to the slagging furnace and further in- watertube boiler equi pped with an overfed traveling
crease the latitude of operation. chain grate. The optimal mixing ratio of DRDF is

between 10 and 20 percent by heat release rate. It
The processes indicated for convey ing the flue gas was also shown that further development of DRDF

and slag residue following the slagg ing furnace are systems is required to reliabl y ( 1) control pellet mois-

cons ’entiona l . tested procedures which are presently ture content and proneness to structural deteriora-
in use in operating plants. A rugged drag conveyor in tion. (2) eliminate aluminum container pull tabs and
the quench tank removes all of the solid residue from injection-molded plastics . which can cause equip-
the process. including grate siftings. slag, and par- ment and/or pellet structur al failure , and (3) de-
ticulate from the flue gas. No further air-cleaning velop handling and mixing systems. Several ap-
requirement is antici pated. proaches have been taken in attempts to eliminate

these problems , including development of wet-pul p-
Althoug h this incinerator uses “conventional ” ing systems to produce DRDF . However , at the cur-

refuse incinerator equipment and processes and rent state of ~ne art , DRDF syste’ns cannot be guar-
offers min imal  secondary app lication prob lerns~ a anteed as dependable , proven energy conservation/
siagg ing furnace ins ta l la t ion does not now exist. waste disposal measures.
However , due to the potentia l of the system. it ‘aas
considered in the evaluat ion. Si/ .s/) ( ’f lSt tOl -I ’ i r if lg  F lu / I  RI) F

l) i ’ns it ied RI) !-’ H u l l ’ RDF is the shredded and air-classif ied l ig ht
t r a ct i on of nu ,xed solid ~ as te (Figure D4) . The

Use ,:f den s if ied ip e lleti z ed ) RDF on a traveling mater ia l  has been successt ’u l l~ co- ti red with  pulver -
gr at e was  evaluated. Densi t ied RDF is produ ced by ized coal at a mixing ratio between 10 and 20 percent
passing th e shredded li ght  t ra ct ion  of mixed solid ROE itt Union Electric Company ’s power ( u t i l i t y )
waste throug h a mechanical extrusion device (pellet- boilers at the St. Louis Meramec Plant .  Fluff RDF is
h er) (Fi gure D4) . Long-term use of densified RDF pneumat ica l l y tired tangent ia l l y  in the furnace
DR D F )  has not yet been proven , although success- t l i i ou g h burners  located between coal burners in

(u I demonst ra t ions  have taken place at Eugene . OR. each of tour  corners of the furnace.  While experience
Chanute  AFB . 11., and Wri ght~Patterson AFB , OH. u di this sy stem has been m:irked by onl y moderate
The demonstration conducted ov CERL at Chanute oper at iona l  prob lems . most of wh ich  have now been
AFB in September-October 1975 showed that  DRDF ‘o l s e l . ex t rapo la t ions  to sy stems tiring 1(X) percent

PROCESS PROCESS PROCESS
OUST DUST DUST

SOL I D  ~~TE
” SURI HR ‘CLASSIFIER 

TRO i L ,, ,S[Cc’~~~RY _______ FUR’.TC[

EULKIET OtJ T BALL ISTI C HL A VY r.ciji BAL L :~ 1tc or.v r’o
REJ ECTS F R ACT IO F) REJEC TS

it
PE L LET 1 7C R

TO OPTIOFtAL DENSIFIED iDE
ME TALS RECOVERY 

___________________

Figure D4. Process flow t or production of fluff and densified RDF.
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h u f f  RDF cannot be made easil y. Since no existing the re lative ease of d i s t r ibu t ing  the “fuel” (energy-
system uses 100 percent fl u ff RDF to produce steam , rich ot’l’-gases) t o  users throug h conventional gas
such systems are considered still in the develop- lines and the sterility of the quenched slag. However ,
mental stage and . there~’ore, cannot be guaranteed the energy conversion eff icien cy of current pyro lysis
as dependable , proven energy conservation/waste units is comparativel y low. Moreover , there is cur-
disposal measures. rently no continuously operating solid waste pyrol y-

sis unit  within the United States with sufficient
Suspension-Firing Dust RDF dependability to warrant  recommending the process

as a reliable energy conservation /waste disposal
Dust RDF is essentially an embrittled , pulverized measure .

form of fluff RDF (Fi gure D5). On-going research
and development focuses on improved dust RDF Selection of Field-Erected CRE Systems
production systems, pneumatic firing methods, and
the solid in suspension with conventional fuel oil. The investigation reviewed each potential CRE
There is currentl y no continuousl y on-line industrial system against the basic design concept require-
or utility-scale boiler firing dust RDF. Dust RDF ments set fo rt h earlier in this section. A comparative
sy st ~’n1s are still  in the developmental stage and , rating system ’’ in which each CRE system was
therefore , cannot be guaranteed as dependable. scored on a point scale of I t o  4 (best to poorest ) with
pro sen energy conservation waste disposal meas- a line total of 15 points possible (with the exceptions
ures. o f ” ex per ience” and “power usage ” ) was used. The

ratings.  shown in Table D l .  indicate tha t  the con-
Pt ru/i sis  ven t i ona l  refractory lined furnace  desi gn is the rela-

tivel y superior and , ther ef ~ re , preferred combustion

~es e r a l  solid waste pyrol ys is sy stems have been sys t em.
conceived which work on a simi lar princi p le: solid

is ted to a chamber where it is heated to hi gh
temperatures in an oxygen-lean ens ironn ient . and “Adapted from rating system used in Phase ! F eas ibilirt ’ S tudy ;
h y drocarbon-rich off-gases are comp letel y corn- Re(i1st ’ In cinerat or/Heat Reclamation Boiler Facility ’ a: Naval
busted in a boiler. lh e  advantages of ’ pyrol ysis are Station M aypor t , FL (Greenleaf ’Telesca , Inc ..  19”S) .

E M BR I TTL I NG , PROCESS PROCESS
AGENT 1 DUST DUST

_ _ _  

t 
_ _ _  

t
FLUFF ROF ______ 

CHEMICAL ,,,P U L V E R I Z E R  ~ AGITATED R
(FIGURE D4) TREATMENT (BALL MILL) SCREE~I 

DUST DF

BALLS
RECYCLED REJECTS

~
—I 

BURNED ItI
STERILIZEP.

STERILIZING KILN
FOR BALLS —I

FIgure 1)5. Process flow for production of dust RDF.
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Table DI

Ft. Braggt Comparathe Ratings of AIter,iatlve CRE Systems

Mternatlve
1 2 3 4 5 6

Econoni cs
Capit al cost 1.5 2.0 1.5 3.0 3.0 4.0
Operating cost 2.0 2.5 2.0 2.5 2.0 4.0

Score 3.5 4 .5 3.5 5.5 5.0 8.0

Environment
Air  3.5 2.5 1.5 3.0 2.0 2.5
Water 2.5 2.5 2.5 2.5 2.5 2.5
Land 3.5 3.0 1.0 3.0 1.5 3.0

Score ‘I ~ 8.0 5.0 8.5 6.0 8.0

Dependability
Prior art 1.5 2.5 3.0 2.5 2.5 3.0
Predictable wear 2.0 3.0 I S  3.5 1,5 3,5
Comple x i ty  2. 0 3.0 1.0 3.0 2.5 3.5

Score 5.5 8.5 5.5 9.0 ( i S  10.0

Experience

~so ot’ins t a l l a t ion s  1.0 3.5 4.0 4.0 3.5 4 .1 )
Operational history 1.0 .1.5 4.0 .4 (1 3.5 4 ) )

Score (2o poss.) 2.0 ‘.0 5 1  I 7 .0 b. ()

Conservation
Material r,’cov crv 2.5 1.0 2.5 3.0 4,0 2.0
Power usage (20 poss .) 4 1) 3.0 2.0 3 5 3.5 4 (I
Fuel usage 1.5 2. 1) 3 5  3.0 2. 5 2.5

Score 8.0 6 .0 ~~S ~.5 10. 0 8.5

Total Score 2~ .5 .14 . 1) 30.50 4( 1 ~~I 34 .5 42.5

*Descrip t ion ot A l te rna i t s e s ;
Convent ional  incinerator

2. Fluff R O E  (suspensi on)
- - 

3. Re il ly slag .t ormin g in cinerator
-
: 4 Dencitied Rt)F

5. (‘srol s’os
6. Dust ROE ( sl s p e n c l i i n )
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I

A P P E N D I X  E:
3. Soil ct i n d ii ions and grades are such that  soc-

CRE SYSTEM SITE SELECTION work is min imal .

Gen era l 4 . l ;x is t ing uti l i t ies ot require d capacity are near-
by.

This appendix summarizes criteria governing
selection of a site for the new CRE p lant and pre. 5. Location near an existing major boiler p lant
sents the r at ionale supporting sit ing adjacent to the alloss s use of existing water t reatme nt facilities and
exist i ng heat ing p lant C-l432. main steam header for steam distr ibution ,  thus

minimiz ing  construction and facility costs.

Basi c CrIteria
6 . The site is near the existing landfill , faci l i ta t ing

Basic si te  selection criteria are shown in Table El .  disposal of ash , residue, bulk y incombustibles. and
potent ial  excess waste fuel.

Site Selection
Because the si te  is near ma in roads to the land-

1 he r r i i lRlsed location b r  the new CRE plant  till . del iver ’~ ot s~ as Ic  to the new CR 1 faci l i t y  will not
adjacent  to the e s i s t i n g  healing plant C -I  432 ss a s require rerouting ~t ss ( s ic  collection veh ic les , which
chosen for  t he f o l l o w i n g  reasons: often ts re quired svhen a ~ aste disposal point is

changed.
I he si te  is accessible over main roads.

A get ie ra l  p lan of the proposed sit e is shown in

2 . Adequate  area and screening are av a i lable .  F igure I I .

Table Et

General CRE Plant Site Selection Fart ors

Factor Design Criteria Comment

.‘scces’.i h lll t \ - - - - Incinerator  should he near source i . . -

waste and near roads for t r u c k s ,

‘.% ,ist c .,t ,ra et ’ - 5V 111 ) dir ection and distance to other
buildings affect comp laints about
odors

Steam p luni e from scruhh ers  - . - - - Locate away from areas w h i c h  may be
affected by fal lout .

Soil conditions - - - 
Affect foundat ions and drainage.

Grades Er t ip los Iw o levels where  possible to

t~ c t I t t , i t e  charging and ash rem oval
without  hoisting and improve drainage

it stor m a ater and sea age -

Storage fac i l i t ies  - - Required for waste and ash containe rs.

I- lect r ic  see, cc - Required b r  motors ,  l i g hts , and controls.

Steam d st r ih u t  - - - - Should he near ’ ‘s to reduce costs -

Plumbing service Hot water required (or washing ash con -  - - -

lainers ;  ..torni a nd s an i t a r y  svaer s  re
quired .

A t t ect s  i t  ~~~ I enclosure.

l’erni .j sen - (‘onsider possihi l i t  of Incinera tor porta .

- - 
‘i I i t ~ I i  use .,t another in s t a l l a t ion  -

2 .i
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A P P E N D I X  F: 3. Oversize bulk y  combustible wastes will be de-

ANALYSIS OF ALTE R NATIV E livered to Ft. Bragg. About 80 percent of oversize

CRE SCENARIOS bulky incombustible wastes generated in the civil ian
sector are separated from the mixed solid w aste
stream at civil ian solid waste transfer s ta t ion ( s ) .

General 4. No dump fee is assessed civilian haulers.  ~ hose
main responsibility is delivering mixed solid waste.

This appendix summarizes the process flow and with most oversize bulk y incombust ible  and other

baste  cost - development for the technically recom- hi ghl y undesirable was te s  rem osed . to the (‘RE plant

n’tended CRE sy stem under each of’ the following at Ft. Bragg.
w a st e  managentent  scenarios:

5. ‘l’he mi l i ta ry  sector achieves neg lig ible reduc-

I .  M i l i t a r y  alone Ft . Bragg. Pope AFB ) tion of ’ required capi ta l  and annua l  expendi tures  for
collecting and haul ing solid waste. Collection and

2. 5sl i l it3 r )  c ivi l ian (Favet tevi l le )  - hau l ing  solid ss aste at Ft .  Bragg and Pope AF B con-
t inue  according to the present sy s t e m ,  but  de l i s er ,  ‘s

3. Mil i tary-c ivi l ian  (Fa v et tevi l le ,  Cumberland tO ih C  CRE p lan t .  L y e  of land f i l l  cont inues . hut  for
Coun t y ) .  dis posal of ’ excess sol id asIc and ash and residue

front the CR1 - p lan i . (‘ s t des e lt ipmet i t  ci n sider ed

Fur each waste management  scenario , conside t ation the CRE plant  a pro t ect separate f rom (h u t ,  logist ic-

o as g is en to production of b oth heat ing - -’cu ol ing all~’ , integrated i n t o )  SI an d ing  oper at i i tt s an i t a r y

steam and elect rical power at Ft .  Bragg. h a u l i n g.

Guidelines Development of Design Points

‘Ih e  fol lowing re quirements  determined in consul~ Design points used in the investi gation are dis-
t a t i o n  w i th  the Ft.  Bragg Facilities Eng ineer guided p layed for each waste management scenario in
de v e l op m en t  of ’ process flows and basic costs for Tables Fl and F2 . Design points for civilian and
each technic a l ly  rec lin imended CRE system: mil i tar y  solid waste reflect a 25 percent increase over

measured quanti t ie s shown in Tables A4 and A5.
I .  In mi l i t a ry - c iv i l i an  sy stems , all solid waste is The desi gn point was determined onl y for the pur-

taken  to Ft .  Bragg. which will  landfi l l  excess. pose of hardware siz ing. In cost development , credits
for clean fuel disp laced by producing steam from

2. ‘I ’he mil i tar y  sector incurs all solid waste solid waste and reduction in purchased electrical
processing and using c(i sts. . ~~’he costs incurred by the power are determine d from real rather than desi gn
civ i l ian  sector are limited to construction and opera- quanti t ies.
lion of t r ans fe r  station ( s) ,  if re quired. and possible
minor  increases in hau l ing  costs due to change in Federal and State sta t io n a r ~ source emission
solid wa ste disposal / delivery point ,  standards app licable to incinerators and boilers are

Table Ft

Ft. Bragg: Summary of Mu. Design Points for CRE Scenarios

Generation Rate (TPD 5 ) Generation Rate (TPY ) Ash Removal Requi rement (TPY (
Scen ario Real Design Real Design Real 

______ 

Design

M i l i t a r y  alone 135 .2 169.0 35, 152 43.~~Q 4 ,406
M il i tary .

Fay et t ev i l i e 243.0 304.0 h3 , 232 79.040 14 .543 I S . I N

M i l i l a r v
Fa y ci te v i l l e ’
(‘t in t  l erland

465.0 581.0 I20. ’~X) 151,12 5 29 .893 
- 

3’.366

in clu de s IS percent cont i ngency.
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Table F2

Ft. Bragg: Summary of Heating Value Design Points for CkE Scenarios

Lower Heating Value Lower Heating Value
(MBtu/d ay ) (MBt u/yr )

Scenario Real Design Real Design

Military alone 1914 2393 497 ,682 622. 103
Mil it ary .Faye tt ev ii l e 5 2916 3645 758,160 ~4 .  00

Milit ary .Fayettevi lle-
Cumber land Coun ty 5434 6N2 1 , 41 2 . S3 1, 766 .047

*Based on 6000 Btu / I h  for combined waste stream.

Table F3

Ft. Bragg: Stationary Source Emission Standards for New Boileri and Incinerators

Regulation
Source App licability Particulate Oxides of Nitrogen

Federal Fossil fuel boilers 0.1 lb MBt u 0.7 lb MBtu
> 250 M~ tu hr

incinerat ors l) , S gr yd ~‘,one
> 5O TPI) (0 .16 lb “ M B t u )

‘s r i6  Carolina “Fuel b u r n i n g  sources ”5 (1 25 lb hr  —

l I t ) >  lIS t )  MBtu  hr (0. 18 lb i M B i u )

“Refuse burning equipment ”
> I IP H  4 11, hr

S ’I’ PH 10 16 hr
i O I’ PH 13) 6  hr  —

l e ’ i PH l 6 l h ~ hr —

2 OTPH 18 lb hr
2’ I I’ll 2 0 t h  - hr  —
SI; l P H  2~ lh hr —

OX ) TPH ~~Ib hr

~( omh u s i i on  a p par a t u s  or production ol steam or pow-er.

shoss n in I able  F ~~- ‘rhe mo st  s tr ingent  standard s incinerat ing solid waste , and producing saturated
must he followed , steam at 160 psi g nominal .  The steam generated will

he %~d to the exis t ing n ta in  header at the 82nd
Basic Process Flow Airborne  Division Heating Plant (Building C- 14 32 ) .

‘Fhe (‘RE plant takes preference in the general oper.
I n d i s i d u a l  process flows f or  the waste manage- a t ing  sequence of supp ly ing steam to instal l a t ion

ment  scenar ios out l ined above are generally compa- users l inked to C-l432. In i t ia l  materials resource re-
rab le. Ind iv idua l  differences are discussed under eoverv is limited to ferrous metals. The basic process

a l t ’ t r e a t m e n t  of each a l l e rna t ive  scenario . ‘[he steps are ( I )  preparation of solid waste int o ROE .
husk’ pr ocess floss is shown in Figur e F l .  (2 ) RD F storage and feed . 13) RDF incineration,

4) heat  recover y,  and (5) air pollution control.
(i ’?n’.’Ll/

RI)!” Pr ep a rutum
I he recommended t ac  I l l s  is a n iu l l i ple-purp ose.

sel f - co ntained i n s l a l l a f i on  which incorporates all V eh icles delis’ering solid waste to the CRE p lant
eq t t ip n i en t  and des tees necessar y for handl ing  and are weig hed on a s tandard platform Iruck scale at

26
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the entrance to the building. Solid waste is deposited moved the length of ’ the grate. Ash drops info a
by collection vehicles onto a tipp ing tloor inside the quench tank below the end of the furnace .
building.  A front-end loader moves the solid waste to
the shredder feed conveyor, which is an adjustable Hot off-gases and entra ined combustibles pass to
speed . heavy duty inclined steel piano hinge type , an afterburning section where heat is added to the
ssith fli ghts desi gned specifically for handling mixed stream and remaining combustibles are burned. The
solid waste. afterburning section also sustains boiler operat ion in

the absence of an RDF load.
Solid waste is conveyed to a hopper at the top of

the shredder , where it drops throug h the feed open- Neat Recovery
iti g. The recommended shredder is a top-feed .
bottom extraction , heavy duty.  reversible drive ham- Hot off-gases pass from the afterburning section
mermill with replaceable han imertips. Most ma- to the boiler. The recommended watertube heat ex~
t eria l is broken to minus  3 inches (with all particles changer is a staggered “0” type equi pped with soot-
less than 12 inches ) and drops directly to the dis- blowers and ash hoppers beneath gas passes. Satu-
charge conveyor. Ballistic rejects (material not capa- rated steam at 160 psi g nominal  is produced.
ble of passing thr oug h the shredder ) are ejected
through the ballistics chute for separate handling .  Gases pass from the hos t ler  at 600°F and are
RDF is conveyed throug h a load-leveling guil lot ine cooled to the max imum tempe rature allowable for

~o a pulley magnet for removal of recyclable ferrous the air pollution control apparatus. Althoug h addi-
material s .  RDF is then conveyed up an inc lined , t ion of ’ economizers would increase the overall wet
covered troug hed belt conveyor and deposited into a hotler eff i c iency ,  experience on refuse-fired boiler
l ive-bottom storage bin. s stems shows that  economizers are subject to corro-

sioti . Ilyash erosion , and clogg ing problems. Simi-
RDF Swr agr and F eed lark . esapora i te  spra y cooling is not recommended

because ii is an energy-intensi ve and inefficient
The storage bin i’- of reinforced concrete inte- approach when temperatures must he cooled liv onl y

grated into building structure and is of sufficient size about 200~ F, The recommended approach is
to hold 1 1  days of processed RDF. ‘rhe fuel is ambient air di lut ion cooling using automat ic  tern-
moved along the bottom of the bin to an enclosed perature-controlled louvre dampers .
screw conveyor along the bin frontwa ll .  The screw
convey or discharges onto a belt conveyor which Boiler feedss -ater is supplied f r o m  existing facilit ies
moves the ROE to the feed hopper of’ the incinerator ,  at nearby C-l432 (82nd Airborne Division Heating
The feed hopper is of sufficient capacity to hold RDF Plant ) .  Steam and water handl ing  facili t ies at
quan t i t i e s  for 1 hour of ’ incinerator operation (i.e., a C-1432 are integrated into the (‘RE sy stem.
head of ’ RDF is constant l y present in the incinerato r
feed hopper ) .  The boiler is pr ovided w i t h  a s a f e t y  heal d i s s i pa-

(ion f an / tube  heat exchanger capable of ’ dissi pat ing
I nt ’irit ’rutior i heat from steam generated in excess of demand.

ROF is periodically injected into the furnace by a Genera tion of LI t ’etr tea / Po wer
hy draul ica l l y  powered ram feeder mechanism. U pon
i nj e c t i on.  RI)F falls  upon the double reci procating Under Scenarios lB . 2B . and 3B. the CRE fac i l i t y
grate which  con t i nua l l y  niixes the charge dur ing is equi pped to produce electrical posser. Generation
combu st i on .  is an t i c i pated to take place dur ing  daytime for 5

spt’ing and summer  months .  At other times , steam
ROl-’ undergoes la rge ly  self-su stained combustion for healing and cooling is t h e’ p r i n c ipal  p lant

a l ter  in i t ia l  i gni t ion on cold start by conventional oil product.
burner . ‘l ’hr ee fli ghts ut inclined double reci pr ocat-
ing pr at e s  move th e burn ing  RDF throug h the ‘[he electrical power generation scenarios have a
f urnace.  Ad jus tmen t  of ran i feed rate . s toki ng rate , process flow generall y s imilar  to  t h a t  for Ihose deal .
and under l ire and overtire air  flow raft ’s insures ing wi th  producing steam for heat ing and cooling, A
m a x i m u m  burnout  of ’ the RDF by the t ime it has separ ate . clean fuel-fired steam superheater is pro-
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vided . Superheated , high pressure steam is used to Excesses
run a noncondensing steam turbine generator.
Under the optimal design concept, steam outlet con- At certain times under some waste management
ditions from the generator are compatible for further scenarios , waste in excess of heating /cooling steam
use for heating and cooling through the C- 1432 dis- requirements is available. The analysis presumed
tribution system. A portion of the hot combustion that during these periods, the CRE system is oper-

products from the superheater is routed to the waste ated at minimal load (about 60 percent) to reduce
incinerator for use as preheated combustion air, excess steam , which is circulated through a heat
thereb y reducing incinerator auxiliary fuel require- sink. Electrical power production was assumed to
ments. take place 5 months of the year (May throug h Sep-

tember) for the hours 1000 to 2200 (12 hr/day) .
The advantages of providing a separate super- Excess waste delivered to the new CRE plant is not

heater include plant flexibility and reduced super. burned, but is processed through the shredding and
heater material wastage rates due to its removal from metals removal stages. Under this operation , metals
exposure to dirty and chemically aggressive incinera- recovery continues. The bulk-reduced solid waste is
tor furnace off-gases. A major disadvantage is gener. then moved to the Ft. Bragg landfill for disposal.
all y lower plant efficiency, but this is somewhat The recommended vehicle is a 60-cu yd truck with a
counterbalanced by increased reliability over the hydraulic ejector. This type of disposal operation re-
‘.vstem ’s economic life . sembles the “shred-and-spread” system used in

numerous munici palities. Shredded waste , deposited
Air P ollut ion Control at the Ft. Bragg landfill , is compacted and covered

at the end of each operating day.
Gases passing from the boiler to the air pollution

control apparatus are cooled by ambient air dilution. CRE Scenario 1A
An automatic water quench system is included
before the air  pollution control apparatus to reduce General
gas temperatures to a level which will not damage
the apparatus and induced draft (‘an.  Particulate CRE Scenario IA pertains onl y to the military
material is removed from the off-gas stream by a solid waste stream and production of steam for heat-
multiclone dust collector designed to remove more ing and cooling. The process flow compares to the
than  90 percent of all particulates greater than 10 basic system process flow described above. Delivered
microns. Due Is)  the afterburning stage bet ween fur- solid waste passes through a shredder and magnetics
nace and boiler, emission of ’ particulate material and removal system to temporary storage. RDF is re-
comp lex organic compounds is expected to be rela- moved from the live-bottom storage bin by screw
tivel y minor and well wi th in  existing legal levels. Fly conveyor and dumped into the incinerator feed
ash from the bottom of the cyclone is collected in a hopper. RDF is hydraulicall y ram-fed into the in-
container for disposal. cinerator. The stoker is a three-fli ght double recipro-

eating grate. Ash falls to a quench from which it is
Contro ls conveyed to container s for disposal. Gases pass from

the furnace at 1800°F through a watertube boiler.
All operational controls are located at the contro l After the boiler , dilution air is added to reduce gas

room where operators have direct visual contact with temperature from 650°F to 490°F. Cooled gases pass
the receiving area shredder , storage bin,  and charg- throug h a multic lone for particulate removal and are
ing hoppers . Visual monitoring of other critical vented to the atmosp here throug h a stack equi pped
areas can be by video camera. with spark arrestor.

Building The desi gn steaming capacity is about 60.800 lb/
hr. The expected average steam production rate is

The recommended bu ilding is a steel-framed , in- 45,646 lb/hr .  Operation is 24 hr/day, 5 days/week.
sulated metal-clad structure hous ing the complete with weekends available for extended operation and
faci l i ty .  A free span roof is provided over the tipp ing routine maintenance. All steam produced at the new
area. A column-supported roof houses all process CRE p lant is run to the existing main header at
equipment.  C-1432 for distribution. All  steam produced at the
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new CRE p l a n t  is used . with product ion supp le- annual  cost of operating and m a in t a in ing  the r ic a
mented by bo i l e r s  at C - l 4 3 2 .  CRE facility ) total S4 I7 ,0(~ 1 vi - Credit s  are taken

for ( I )  avoided costs of ’ operating and m a i n t a i n i n g
I i i ~ I Sae tn~~s plant C-1432 , (2) fuel oil saved b~ u s i n ~ RDF to pro-

duce steam , and (3) use oh operation and mainte-
-‘es sl1s ~ss n in ‘Fable 14 . a n n u a l  fuel savings nance (O&M) items in the nest CR 1 -, p lant which are

total approximatel y 2 mil l ion gal . equivalent  to alread y budgeted for t h e  exis t ing  p lan t  C-1432 (such
5 ’3is , ’ 44 t r  as boiler t ’eed ssat cr . C redo s  tota l S~42 .~~X) . and do

not include indeterni in ate  r~ d u c I i s s r i s  in the Ft. Bragg
I ,6h~ f t  landf i l l  operation. The total a n n u a l  re qu ire m ent

i t .  I3rag~ : Compu t at ion of f uel Oil SavIngs (debits less credits ) is an e l i c e t i s  C ‘. 1 5  to gs of

‘ 
for Scenar io I A C R F S ~sI~tn S42 5 , 9((O - y r .  All  debits and credits are current

- 

F’~Thl dollars.
vs er ssge lio u r I ~ Steam
I)eman d for C- i 432  RDF~Derised Steam Rt)FSteam

- 
I af le ( 4  I s’ •‘ss t) eftt - tt~~ - 

t se Factor (
‘
i i t/ w i t  Ri ’quir ePnen s

J . tn u ar ~ 55.230 1~~ ’ I hi’ t - t are no cix i l i an  requ i re t i t e r i  Iv ,
Feb ru ar s  I)S l ;~ ‘4, — , 1 1)4 .5 I t O
51,.’ ii sM ‘1’  52 . 5t lOO ”o

i i  “- - ‘ ‘4 20 , 325 l( r ) ° 1
-i ‘st   1 .135 II XY’ Scenario lB

J une’ 4 44” — 3, ” 4Y 1 1 5 1  —

J i t I s  SI 112 ‘ i’s , l i t ) ’ ’ .
14 — 1 24 5 5  I M I  I

~~ol ,-n bs~r 4’S ~~ — 3, ilS 100%
O,,’ts ’he r 52 , 2” Is O tIs 100’ CR E  Scenario I B perta in ’  . snk  to the 1111 1 0 ir s

~: ~~~ - ,tt 935 ict~”; solid xt asic s tream and production f 11) sa turated
Decembe r ‘Th , 5$~~ — - 1~~- ) ”~ niediun i-pr cssur e steam for t t c ; * t t m t g  and cos I t n g  and

— 
2 ) superheated steam for pr o d u c t i on  of’ c l c c t r t c a l

- ‘ power. The general proce ss floss is s i m i l a r  l~ t h at

Real steam pro ducti on 4~’ ts4l, lb hr ‘ , ‘~~s RDF is t’xee’si g is e 0  for Scenario 1 A. I h i s scet i arto adds a separ-
Fu el ‘ ‘ i t  c~~u is  5k - I l l  s a l i n a s )  usa ge fa cto r  = - s ’  ate l tired stea m sup e ’r h c a l i . r and a f l0 f l~~ I : i&l i . ’ ns in g

4 ” , ’ -o lb hr steam t u r b i n e  generator for production of electrical
101$ ~~~~ 4 - 10’ poster (luring 5 spring and summer  m ont h s  b r

n , - 41 4’ III’ I ) 9.’. ‘4 ), ’ 11)’ B t u ’h r
Ys’ ,t r ! .  ‘~~i , ”

~~~~ l l 24~~~~5 . 5 2 1 4 l , l 2 v l 0 ’  
12 hr d a y .  ~~davs  w e ’ )

As ’a ilahil i iv 1 4 )  12” ~ 10’ - I ’ ~ ‘ ‘ l ) ”  014  10’ Rtu ‘ yr t
- 

. 
l - i ’ ~ oil eq. 1 ) - ” Ill ’ I50 .000 ’-~ 2 , i) 4t s , 7 t 2  gal sr  ! Pts ’r~ \ ’ _ca vz,ig,s
1 , i s i oI l saluc 2, l ) 4t, , Th2 gal vi ~1 ~I )  It, gal = $~ 1~s $ 3 4  y r

- 

- 

F ue l  oil r ed t t s  achieved are e s s e n t i a l l y  t he  san t e

S*( 1412 li t i l L  I cont i nue S t operate but at redu ced o. und er  th e  ‘vs . Ti l t  t I \ CR F ’ ss st i  I) I 14o (-t 2

level. ca l  5 t l$~~~ ts , M34 v r l ,  } - l t ’ C l I t s .  ,iI power crc f i t s  are
t , \ 1 a 1 ) , ) , 1 ) 1 1 ,  1 9 - 5 ,  due SI a sa i l a b te  weekend ma i nt enance  lSs l s l i ) l d ,  l’he a n n u a l  electri c al energ y production

penods rate operat ing 21 .5 d ay s n t o t t t h .  12 h r  d a s  for ~
mou t h s  is 2 1. 5x  l 2 x  S ’s 4401s k W  or 5. hM3 . 40 k w h ,

(‘api ta l  Cost Rs ’qu ir ement ‘el ~( I l l  r i  k W It t h u s rs. ~~~~~~~~~~~ Is  a sax t I) g’. s t
s r .  In  a d , t i l t s s ’ i  , f i x .,’ m o n t h ) ,  peaks wi ll  he

l I l y  i t ’ . - s i  t o ’  ‘i i  r e qu i r e m e n t  for  the Scenario IA d i m i n t ’ 5 h i e d , r e s u l t i n g  in a sax u sgs oh 441 It ~ ~ 5
~ R I -  f a c i l i u x  is S3. ’~t ’ 1 , ( K M ) , as shown in the detailed 3, 75 ~M 2 . t1 I -~ x i  The to ta l  e k ’c l t - t e .u l  energ~
equi pmen t h r x ’ak d ’ss i i  in ‘Fable I 7. ( ost ’ .  are cur- sax t n gs  i’s $1 Ii I 161 ) x r .

re n t i i  ‘t 1 do l l . i r s  - l 5 r ’ s lx ’c t  costs based to U \ ‘M I are
sit ~ ‘n in A p ps . ’ t i -  f i x  G. (‘aputu l ( s i l l  /i’ - s / 1 5 1 r 5  01 ‘t~

‘1 o ts u u !  ( ‘s l I t  Requtr s ’rn s ’n t ‘[lie inves tment  req u ire ni cn l  for  the ’  Ss. c O a t S ’ I B
C RI  l. i . i ) o x  is ,Sf, , 3 l t’ . D(X l , .15 sh i t sa n in I , i l ’ ) i ’ f - 7 ,

‘l he a n n u a l  i s t  requirement  for  the ’ scenario I ,\ (. ‘ l i s t s a rc  c u r re n t  ) I - ’i i i  do l la rs ,  l’ t I ~ y, sl based
RE t . c ; I 1 I ’. is sun t t t i a t i i e d  in I able FM l )c ’h t t s  (the 10 f Y 6 1  are g iv e n in .A p p c t u l i  ( 1~

,30

‘JT .~~~~ ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— 

~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ - ,~~~~~~~~~~ 
.
~~~~~ --



Annual Cost Requirement Table F5

Ft. Bragg: Coinputadon of Fuel Ofi Saving.
Table F8 summarizes annual  debits and credits for ScenarIo 2A CRE Sy.tem

for the Scenario lB CRE system. Annual  operating
debits total $5~4,800, while credits (avoided costs) Average Hourly Steam

Demand for C.1432 RDF-Derlved Steam RDF Steamtotal $1, ’)IJ,400 . The annual  cost is hence an effec- Tab~~C4’ Ezceis Deficit” U..eFactor
__________________________________tive savings of $438,600 (FY76 dollars) .

January 100.876 — 46 ,751 100%
Civilian Requirements February 109 ,595 — 55 , 470 100%

March 98, 397 — 44 ,272 100%
April 65.974 — 11 ,849 100%There are no civilian requirements. May 46, 781 7 .344 — 86.43%
June 49 ,445 4 ,680 — 91.35%

CRE Scenario 2A July 51 .142 2. 983 — 94.49%
August 58, 134 — 4 ,009 100%

General Septembe r 49 , 351 4 , 774 — 91.18%
October 52 .282 1.843 — 96.59%
November 82. 581 28, 396 100%

CRE Scenario 2A pertains to the combined mili- 
~~ cember 96,583 42 ,458 100%

tar y -civi lian (Fayetteville ) waste stream , excluding
solid waste generated in Cumberland County outside Avg. ~“96.67

Fayettevi lle. The process flow compares to the basic
Real steam production = 54. 125 l b / h r  from RDFsy ste m’, process flow described above. Delivered 
Fuel oft equ is’alent Isavings )solid waste passes throug h a shredder and magnetics Steam 54 . 125 lb/hr

separator to temporary storage. RDF is removed Stu 54 , 125x t0 18 55, 10x 10’ Btu /h r
from the storage bin by screw conveyor and dumped Efficiency 55. lO x  10’/0 .85 =64 .82x tO’ Btu ’hr
into the incinerator feed hopper. RDF is hydraulic- Yearly 64 .8 2 x 1 0 ’x2 4 x7 ’5 2 = 5 O ö . 2 9 1x 1 0 ’ BI u/ yr

all y ram-fed into the incinerator. The stoker is a Availabil ity 566.291 x 10’ x 0.85 = 481 ,347 X 10’ Ht u - yr t
Usage factor 481.34 7 x 10’ Btu / yr X 0.9667 465.318 xlO’three -fl ight double reci procating grate. Ash falls to a BtU/ yr

quench from which it is conveyed to containers for Fuel oil eq. 465.3l8x 10’ /150 .000 =3. 102 . l2 l ga l/vr
removal. Gases pass from the furnace at 1800°F Fuet oil value 3. I02 .I 2 lga l ~ vr l ~~S0 .36/ga l=SI . l  Ib. r ’4 s’r
through a watertube boiler. After the boiler , dilution

‘Calculatedair is added to reduce gas temperature from 650°F to 
“C-1432 heating plant  has reduced operation with shutdown490°F. Cooled gases pass throug h a multic lone for for S m onths .

removal of particulate maf ter  and are vented to the ~A v ai l ab i l i t y  of 0.85 due to scheduled maintenance require -
atmosp here throug h a stack equi pped with spark nient and contingency.
arrestor.

Capital Cost Requirement
The desi gn s teaming capacity is 72 , 167 lb/hr .

-. ‘ t h e  expected average steam production rate is The investment requirement for the Scenario 2A
54. 125 lb /hr .  Operation is 24 hr /day.  7 days/week CRE facility is $4 ,886,600, as shown in the detailed

- 
- with  schedu led maintenance downtime during the equi pment breakdown in Table F7. Costs are cur-

year. Excess s team is producible S months of the rent (FY76) dollars.
year . Excesses can he eliminated by reducing boiler
load and land l i l l ing excess RDF. Steam produced at Annual Cost Requirement
the new CRE p lant  is run to the exist ing header at
( -  1432 (or dis t r ibut ion.  Winter  season steam re- The annua l  cost requirement for the Scenario 2A
quirernent s  are mel by increasing CRE plant boiler CRE facili t y is summarized in Table F8. Debits (the
load and operating uni ts  at C-l432. annual  cost of operating and maintaining the new

CRE facility ) total $634 ,400/ yr . Credits are taken
Fuel SavinRs for ( I )  avoided costs of operating and mainta in ing

p lant C- 1432. (2) fuel saved by using RDF to pro.
As shown in l’ahle F’S, annua l  fuel  savings total duce steam , and (3) use of O&M items in the new

3. 1 mil l ion  gal . equivalent to $1 , l16 ,674 yr.  CRE plant which are alread y bud geted for the exist-
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ing plant C-l432. Credits total $1 , 265,300, and do debits total $857 , 100. while credits (avoided costs)
not include indeterminate reductions in the total $1, 455,600. The annua l  cost is hence an effec-
Ft. Bragg landtil l operation. The total annual re- tive savings of $598,500 (FY76 dollars ) .
quirement (debits less credits) is an effective savings
of $630,900/ yr. All debits and credits are current Civilian Requirements
(F Y76 ) dollars . Cost analyses based to FY8 1 are pro-
sided in A ppendix G. The civilian sector must  deliver solid waste to the

new CRE plant at Ft. Bragg on a regular schedule.
Civilia n Requirements Transfer stations, it ’ required , wil l  be bu ilt  and oper-

ated at civilian expense in the civilian sector. Waste
The civilian sector must deliver solid waste to the delivered to Ft. Bragg should be devoid of bulk y in-

new CRE plant at Ft. Bragg on a regu lar schedule. combustibles (such as large app liances) and hazard-
Transfe r stations, if required , wi ll be built  and oper- ous and particular l y obnoxious materials.
ated at civilian expense in the civilian sector. Waste
delivered to Ft. Bragg should be devoid of bulky in- CRE Scenario 3A
combustibles (such as large app liances) and hazard-
“us and particularl y obnoxious materials. General

CRE Scenario 2B CRE Scenario 3A pertains to the combined mili-
t a r y - c i v i l i a n  (F ay e t l e v i l l e  and Cumberland County)

Gene ral svaste stream. The process tiow cu nspares to the
basic sy stems process flow described earlier.

CRE Scenario 2B pertains to the combined mi li- Delivered solid waste passes throug h a shredder and
t ary-c iv i l i an  (Fa ettev i l le) waste stream . Medium- magnetics separator to temporary storage. RDF is
pressure saturated steam for heating and cooling is removed from the storage bin by screw cons e~or and
the princi pal p lant  product. During 5 months of the dumped into the incinerator feed hopper. RDF is
ear . superheated steam for power generation is pro- hydraulicall y ram-fed into the incinerator. The

duced. The general process flow resembles that  of stoker is a three-fli ght double reci procating grate.
Scenario 2A. This scenario adds a separate super- Ash falls to a quench from which it is conveyed to
heater and steam turbine  genera t or.  containers for removal. Gases pass f’rom the furnace

at 1800°F throug h a watertuhe boiler. After the
Energy Savings boiler , dilution air is added to reduce gas temper-

ature from 650°F to 490°F. Cooled gases pass
Fuel oil credits achieved are essential l y the same as throu g h a mu l t ic lone for remox al of particulate

under the Scenario 2A CRF .  svsten s .  3, 102 . 121 gal/ yr matter and are vented to the a tmosp here throug h a
($l , 1l6 .674 vr ) .  Electrical power credits are two- stack equi pped with spark ar res lo t .
told , ‘rhe annual  electrical energy production rate
operating 21. 5 days/month , 12 hr /day,  for 5 months The desi gn steami isg  capaci ty is l 2ts , 4 15 lb /h r .
is 21.5 x 12 x 5 x 5224 = 6, 738,960 kWh . which at The expected avera ge steam production rate is
$0.0I3~ kWh . is a savings of $92 ,324/yr. In addi- 94 , 811 lb /h r .  Operation is 24 hr  d ay .  7 day s  week .
t ion . live month ly  peaks wil l  he diminished , result- w ith scheduled main tenance  doss n t in se  dur in g the
ing in a .,av ings of 5224 x 5 x 3. 75 $97 ,950/ yr. year.  Excess steam is producible 8 continuous

months of the year A pril th r oug h N ox emb er) .
Cap ital Cost Requirement Exce ss can be n i inin i i i ed b y operating at reduced

boi ler load and lan d f l l l i n g  excess RDF.  Steam pro-
‘t he in s es tment  requirement f ’or the Scenario 2B duced at the new CRE p lant  is r u t s  to  the ex i s t ing

CRI -~ fac i l i t y  is $i ,862 , 200 . as shown in ‘I’able F7 . header at C-l432 for s t i s t r j b u t i e i n ,  Winter  season
COSIS are current  I FY ” b) dollars.  Project costs based steam re quir em en i s  arc met iy increasing CRE plant
to FY~~I are given in A ppendi x C. boiler load and operat ing u n i t s  al (‘. 1432.

.4 nez ua/ Cost Requirement Fuel Sau ’uuM .s

Table F8 su m mar i / ~s a n n u a l  debits and credits A s shoss n in ‘table  Fh . a n n u a l  fuel savin gs total
for the Scenario 2B (‘RE sy stem , A n n u a l  operating 4 .1  mill ion gal , equivalent  to Sl , 4 9 ,27 1 yr.
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Table F6 include indeterminate reductions in the Ft.  Bragg

Ft. Bragg: Computation of Fuel Oil Savings landfill operation. l’he total annual  requirement
forScenarlo 3A CRE System (debits less credits ) is an effective savings of

$698,400/yr. All debits and credits are current
Average Hourly Steam (FY76) dollars . An economic anal ysis based on FY81
Prod uction fur C-1432 RDF’Derlved Steam RDF Steam

(Table C4)’ Excess Deficit” Use Factor dollars is given in A ppendix C.
(tb/hr ) t lb/hr >

Civilian Requirements
,lanuars- 100, 8’ t’ — 6,065 100%
February 109, 595 — 14 , 784 100% The civilian sector must deliver solid waste to the
March 98, 3~” — 3.566 tOO % new CRE plant at Ft. Bragg on a regula r schedule.
A pril 65, 974 28,837 — 69.58%
May 46 ,~’81 51, 630 — Transfer stations , if required , will be built and oper-
June 49 ,445 45.366 — 52.15% ated at civilian expense in the civilian sector. Waste
Jul ) 51 , 142 43, 669 — 54.26% delivered to Ft. Bragg should be devoid of bu lk y in-
August 58 134 36,6” ' — 61.32% combustibles (such as large app liances ) and hazard-
September 49 ,35 1 45, 460 — 52 .05%
October 52.282 42.529 — 55.14% ous and particularly obnoxious materials.
No s’emher 82. 581 12 , 230 —

December % . 58~ 1 .772 100% CRE Scenario 3B

As ~ = 73.10% General

Real steam production = 94.811 l b - h r  from RDF CRE Scenario 3B pertains to the combined mili-
Fuel ni t  e qu I ~ alent Isds ing sl t a r v - c i ’. i l ian  (F a se t lev i l le  and Cumber land Count y)

Steam ‘(4 , 81 I l b /h r  - -
Biu 94, 811 x 1018 = 9b.52 10’ Btu ~hr was te  stream. The princi pal plant product is
FI ’ti ci enc v 96.52 10’ 1) 55 = l l 3 .5 5X  tO’ Btu~hr med ium-pres sure st eam (‘or heating and cooling.
Yearly 1l3 . 55 x 10’ -. 24~ 7 x 5 2 991 ,974X 10’ B iu / v r  During 5 month s  of the year . superheated steam for
As a t l a b i l i t s  99! , 9 ’ -( lO’~ 0.85 = 843, 178 x 10’ Riu / yr (

U sa get actor  843,l ”8° I0’ x O . 7310 616 .363 X tO’ B tu  ~r 
power generation is produced. The general process
flow resensbles that  of Scenario 3A. This scenario

Fuel oil eq. i l b .363 ” l0’ ’lSO .OOO = 4 .109 .O87 gal /vr

~-u eI oi l value 4 . t0Q .O8” g al- ~~r @ $0.36/ gal = $ 1, 479 , 27 1 -  yr adds a separate superheater and a steam turb ine
generator.

‘( ,, lcula ied .
“ ( .I4~ 2 hea t ing  plant  has reduced operat ion with shutdown Energy Savings

t~sr 8 months .
-Si , i i l a b ( l i t s  it (( . 85 due to scheduled maintenance require -

mciii and contingenc y .  Fuel oil credits achieved are essentiall y t he sa m e as
under the Scenario 3A CR1 sy s t e m .  4 ,109 .)) 8 gal ; vr

Capital  Cost Requirement ($1 ,479 , 2 7 1  / yr ) .  Electrical power credits are 1” 0-

fold . The annual  electrical energy production rate
The investment requirement  for the Scenario 3A operating 21.5 days /month . 12 h r / da y , for  5 months

CRE f a c i l i t y  is $6 . 123 .400 as shown in the detailed is 21.5 x 12 x 5 x 9152 11 ,806.080 kWh . which , at
equi pment breakdo wn in Table F~ , Costs are cur- 50.0137 k Wh.  is a savings tif $16 1 .743 ;vr , In addi-
rent ( F Y ” b )  dollars. A cost anal ysis based to FY81 tion . five month l y  peaks will  he diminished , result-
dollars is g t s e n  in Appendix G. ing in a savings of 9152 x S 3.”S $17 1 ,b00,” vr.

.-4nnual Cost Requirement Cap ital Cost Requirement

The a n n u a l  cost requirem ent for the Scenario 3A The investment requirement  for the Scenario 3B
(‘RE system is sumnsar i ,ed in ‘Fable FM . Debits (the ( ‘RE facil i ty is $9 .61 1 . 100, as shown in Table F7 .
a n n u a l  cost of operating and ma in t a in ing  the new Costs are current ( F Y ” b )  dollars. Project costs based
CRE facility ) tota l  $1 ,019 ,000 . Credits are taken for to FY81 are g iven in Appendix G.
( I )  avoided costs of operating and main ta in ing  plant
C.l432. (2 ) fuel sas-ed by using RDF to produce Annual Cost Requirement
steam, and (3) use of O&M items in the new CRE
plant which are alread y bud geted for the exist ing Table FM summarizes annual  debits and credits
p lant C- 1432. (‘redits total 51. 7 17 .400, and do not (‘or the Scenario 38 CRE system. A n n u a l  operating

33

—.,-.-- - ~~~——- -- ‘ —- -- “ -“—- - - — -,-- - 

~~~~~~~~_ _ . . 7~~~- ~~~~~~~ - -~~~~~~~~~
. -~~~ . ----- --‘~‘



~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ , -

Table Fl

Economic Development of CRE Scenarios: Capita l Investment Requirements 
_________

Energy. Recovery Scenario
I A lB 2A 2B 3A 3B

Cap ital  Ins esimeni Requirement
I.  tIDE Prep ar , i t i on

Ptat torm sc, i)e  ~ eii~h ~t. t t ( on 18.6 18.6 18.6
Front -end loader 20.0 20.0 30.0
E l e sat ing tèed c oli c -/or 15.0 19.6 29 .0
Solid waste shredder 2 16.0 315.5 387.5
Shredder discharge feeder 41.0 54.0 61.0
Ferrous removal sys tem 47 .0 63.8 70.0
Elevated eons’evor 50.0 60.0 69 .0
Mi sce l laneous elecir icat 60.0 65.0 68M 

—
~~~~~~~~~

Total 4ti ’,h 467 .6 616.5 616.5 733 , 1 23 , 1

2. RD E Storage
Live ’bottom hoppe r 102.5 138. 7 185.0
Scress conveyor 11, 7 16.4 19 .8
Miscellaneous c le c t r i ca l  2 1 .5 22.8 24 ,0

Total t35. ’~ 135. 7 177 . 9 177 .9 228.8 22 8 . 8

.1. Inc inera tor  Heat Recovery
Feed hopper 9 ,2 16.8 2 1.5
Hy draul ic  r am feeder 49 .0 5”. 5 73.2
‘Three-n i ght double reci procat ing grate stoker 95.6 176. 1 226.6
F.m - and blowers “ 5 1 1  112.5 156 ,4
Emergenc y quench packag e 5.0 5.8 6. 1
Mut t i e lone  par t icula te  collection system 45 ,3 51.0 87 .0
Drag flig h t  residue consc’\ ir 7 1 .0 84.5 98.5
Mon ol i th ic  retraetory furnace “05.0 992. 4 1,350.0
Oil gas a f ter b urner  7 , 1 8.3 10 .4
Stack,  spark arr ~~ior 57.0 63.4 55.0
Roilc r lc arertube st.m gg c ’rc ’d “D” type ’ ) 120.0 180.0 215 .0
Heat sink package 14.0 17 .5 25. 4
Steam lin e in C  14 .12 18.0 19.5
Feedwater tine from C I 4 ( 2 . t ank  13.0 18.2 24. 9
I n s t r u m e n t a t i o n  and controls 61.5 65.5 66 .9
M i’.. e’ t laneous mechani cal equipment

( p ip ing ,  ductwork )  81.6 119 . 5 94 , 7 135.0 102 .5 146. 9
M is ce l laneous  ele ctr ical  “9~. 5 88.1 100.0

‘Tot al 1 , 509.8 1, 548.0 2. 052 0 2 ,092 .1 2 .6~ S. 9 2.”20.3

4 . Ele ctrical  P s i  y r  Genera t ion
Steam superheater  package — 24 ’~O 275.0 — 325.0
Steam iu r h i n e .  generator — 1,640.0 — 1,965 .0 — 2 . 246 ,0

M i , c e ( ( ar i e o u s  mechanical — l~~~. 4 - - - 20 .0 — 29.0
Mi sc el laneous ele ctr i cal  — 18 . 7 

— 
20.0 — 3 1 . 2

i a )  — 1, 925. 1 — 2,280 .0 — 2 . 6 ,11.2

5, ~m iel  Supp ls
F o u l  oil l ine f rom u k  at ( - 1432 , t ank  10.3 24.8 12.4 31 .5 16.5 39 .0

~ at ur aI gas t ine  4 . 1  5.9 5,6 (i .2 6 .2 13. 0

to ta l  14 .4 30. 7 18.0 P . 7 22. ‘
~ 52.0
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Table Fl )cont ’d.) 
____________

Energy.Recovery Scenario
IA lB 2A 2B 3A 3B

6. Buildin g
Slabon grade 104.9 125. 4 190.0
Slab ahove grade 61.2 73.1 85.6
Walls 144.0 165.6 195.0
Machinery base 9.2 10.4 12.0 12. 9 18.5 19,5
Masonry 6.5 1 9.2
Preeng uneered steel-clad building 335.2 382.5 415.0
Internal  8.5 9.7 10.0 12 4 16.5 18.0
HVAC 8.1 9.6 12.5
Stairs , ladders , rail ing 39.5 44.5 5’.8
Miscellaneous mechanical 21.6 32.4 22.5 36.1 23.9 S_ _ S
Miscellaneous etectrical 49.8 55.9 51.0 5~ 0 54.0 42 . 6
Expense items 25.0 25.0 25.0

Total 813.5 832.8 928.3 95 1.2 1,103.0 l . 1”~’, 7

Sitework
Earthwork 4 1.2 50.0
Fence and gates Is . )) 19.S 20.0
Pi p ing “ . 1 8, 1) 9 .4
Pa s’ing 3.ti 4 4 5.9
Gras s and landscape 5,9 5 4  5 9

Total 75.8 75.8 87.8 8 .8 99.1 99.1

‘Total Equipment (items 1-5) 2 . l 2 ~ .5 4 , 107 .0 2 864 .4 5.204 , 4 3,660.5 6 , 35 5 . 4

F ia l F , m c i l j t ~ ( items 6 , 7) 889.3 908.6 1, 016. 1 1 ,039.0 1.202. I , 2” t 8

Total E qui pment and Facility 3.016,8 5,015.6 3,880.5 6,243.4 4 ,862.6 “ .6 ,12, 2

Accumula te  8’ Contingency ( m d . s ta r tup )  3.258.! 5,4 16 .8 4 ,190.9 6 , 742.9 5,2 5 1.6 8,24 2. 5
Ac cumula t e  10% Contractor Profit 3 , 584.0 5,958.5 4 ,610.0 7 .4 17 ,2 5.””b .S ‘t 3k, . t
Ace um ul ate 6 ”o A l - Design 3. ’~99 (l 6 , 316.0 4,886.6 “ .862 ,2 6 ,1 2 3 .4 9 . 6 i1 . I

Project Cap iia t (FY ’ts  dol lars )  3, ’99 . 0 6 ,316.0 4 ,886.6 “ 862.2 6 , 123.4 9 .61 1, 1

Tsbie F8

Economic Development of CRE ScenarIo.: First-Year Recurring Coat.

Energy Recovery Scenario
IA 10 2A 20 3A 38

Plant Operating and Maintenance Costs (Debits)
Labor crew Icos t s inc lude overhead , benefits. etc.)

RDF operator (front end loader , shredder; S8.50/hr) 53.1 “4 3 t 4 8. t s
Furnace-boiler operator ($8 .50/hr) 53.1 “4 ,3 “ 4 3
General maintenance ($6.75/br) 42.1 59.0 59.0
General maintenance  ($6 7 5- h r l  14. 0 19. 7 59.0
Hel per ($5.90 h r (  12.1 17 .2
Supervi sory admin i s t r a t ive  )$ l2 .50/hr )  13.0 13.0 13.0

Total l8’,4 I8~ . 4 2S1.S 25~ ,5 3’ I - I 3 l  -

Electrical power (50.013 7 k Wh I

Process equi pment 24. 1 31 .2 4 t ..l S6.l 82.8 0P .3
General plant  6.0 8.4 20.6

‘Total 30.1 1’. 2 51. 7 u.s 103.4 12” 9
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Table F8 (cont ’d.)

Energy Reeosery Scenario
I A lB 2A 2B 3A 38

Vehic le fuel $1) . ga l l
Front-end loaders (2 gal ton )  57 , 1 102.8 196.4 

_________

Total 57. 1 57 ,j  102. 8 102.8 196 .4 196.4

Combusto uel ISO.. gal)
Incinerator  12.2 16.0 41 ,3
Superheater — 70,~ — 12 ” .2 

— - 
2 44 0

Total 12.2 82. 9 16.0 143.2 4 1 .3  254
W .m t s ’r 5) 1,30 k g.m ( )

Steam generators C * * * * C

General plant  5.6 7.9 8. 1 
— - -

3 ota l 5.6 5.6 7 .9 7 ,9 8.1 5 . I
M a i n t e n a n c e  and repairs (3 ,% unadjusted cap ital)

Plant 105.6 175.6 135.8 2 15.5 169.8 26 ” .I

1 t a )  105.6 I ‘~S.s 135.8 218.5 169.8 26 ’. I
As h and residue disposal )Ft . Bragg landf i l l ;  $1.45- t on)

Plant  19.0 62. 7 128.9

Total 19.0 19,0 62. 7 62. 1 128. 9 12 8. 9

Total Plant  Operating Debits 4 17 .0 564.8 634.4 857 . 1 1, 0 19 . )) I

Credits (Avoided or Offset Costs)
La bor

M o n - y e a r s  available from C-1432 )$8.SOi hr ) 35.4 52.5 85.4
\ l a e -~ ear s available from landfil l  )Stc ”S- h r (  14.0

to t a l  49 ,4 49, 4 66.5 66.5 102.4 1)12 .4
Electrical power S0. 0 13 k W h )

Reduced purchased base toad and peak charges
throug h p roduction — 160.5 190,3 333.4

Reduced operation i) ( -1 432 23. 1 2’. 4 40.0

I t a )  23.1 183.6 21.4 2 17 ,1 4 (i )) P 3 4

W a t e r  SO 54) k g a ) )
Boiler f ’eedwater F al l in ex is t ing  C- 1432 bud get) * * C * *

- 
, 85% general p lant  ( in  ex i s t i ng  C-1432 budget )  1.2 1.6

l o ta l  1.2 1.2 1.6 1. 6 2. 7 2 . ’~F
- .. ‘ii a i n u t  , i  ice and repairs

Portion i f  ( . 14 3 2  budget via slowdown l~~7 22. 7 35.0

Total 15.7 15. 7 22. 7 22. 7 35.0 35. 1)
Recovered ferrous metals 1530 (8) t in )

P lan t  16. 7 30.4 
—

~~~~~~~~~ 5 s . I)

l i i  16. 7 16. 7 30.4 30. 4 58.0 ~s o
Fu el oil (50 Th ga l )

L ’ se of s i a st e -cj e rj v ed  steam 736.8 
- —

~~ 1 , 116. 7 L4”) 3

‘to ta l  736. 8 7 368 1, 116. ” 1 , 116 . 7 I . 4~ Q ., t ) 4 i  1

Total P lan t  Opera t ing ) re’d us 842. 9 1 ,003.4 1. 265. , ) 1 , 4 55.), I “P .4  21130. 8

Plant A n n u a l  I n n  Debit s Less Credits (FY76 Dollars ) —425 .9 — ‘135 ii —630 . 9 - ‘ — 1,95 4 ~.h t, ’ ()

I n eg .u t l ’e  sign is e f f e c t u s e  sas u n g s )

1 ‘,‘ I s i . u i , ’ ,- for steam gcr tcr .uI ’rs i i  C 14 .12 already budgeted , Full credit taken cancelsout debi t ,
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debits total $1,383,800, while credits (avoided costs) new CRE plant at Ft. Bragg on a regular schedule.
total S2 O50,800. The annual cost is hence an effec - Transfer stations . if required . will be built and oper.
tive savings of $667 ,000 (FY76 dollars) . ated at civilian expense in the civilian sector. Waste

delivered to Ft. Bragg should be devoid of bulk y in-
Civilian Requirements combustibles (such as large app liances) and

The civilian sector must deliver solid waste to the hazardous and particularly obnoxious materials.

F ..

37

~~~~~j __
_

_~ ~~~~~~~~ - ~~~~~~~ 
~~~~~~~~~~~~~ -.-

~~‘ 
- — — . — . — -.--- ~~

. ,
~~~ 

_‘__ 7__”_ - .—. —--- — _‘- — 
-

- ~~~‘ _ ‘ ““‘ ‘ ‘ ‘ ~‘- “ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
‘,‘1.,.~Cti ..— . -. — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—.



APPENDIX G: mine its present value over an economic life (n )  of 25
years with a discount rate (1) of 10 percent and a

COMPA RATIVE COST ANALYSIS given inflation rate (i). The PV mul t ip lier M is:
OF ALTERNATIVE CR E SCENARIOS

[E q G

‘ 
General ( l + l ) n ( l _ i )

The general  method of economic anal ysis follows The following examp le illustrates the derivation of
guidance set f or th  in AR 11-28. “ The present value the PV mult i plier M. Assume tha t  a special incinera-
IP V )  method is used to calculate  investment,  annua l , b r  requires an investment of S750.000 and in i ts  first
and total coSts of a p roject over its economic life in year of operation consumes 250.000 gal of fuel oil.
te rn ts of dollars at the has~ construction year. For The cost of fuel oil is $0.36 - gal .  and it inflates at a
a n n u i a l l ~ recurring cosl s. t he method considers infl a - rate of ’ 12 percent. yr. The economic life of the
lion rates  associated wi th  ind iv idua l  O&M items and sy s tem is assumed to be 5 years. In tabulat ing costs .
a 10 percent discount r ; u l c .  ‘l’he method also treats the compound-amount  f a c t o r  ( 1 ± j ) fl for the year
cost escalations between the ~‘ear in which the cost Ui r s t -o t -~ cai’ pa~ n 1cnt )  is used. Table GI tabulates
estimate is made (current  dollars )  and the project the costs. The PV t’ac(or I i ( l  1) is used to deter-
year (b a se y ea r ) .  mine the present value of the costs.  Table G2 tabu-

la tes these cost s .  In this  ex amp le. the present value
In the anal ys is made in th i s  inves t i ga tion ,  cap ital it the tuel  oil consumed over 5 years is $4~5. 148.

and a n n u a l  costs were derived in terms of current  sshi le the t i r s f .vc a r  fuel cost is $90 ,000. The calcula-
IFY7 6) dolla rs.  These c OSt s  are shown in Tables F~ ti ons are summarized as b il low s :
and 1-s . It ss as assumed that  the project year  would
he FY81. Cap ital and annua l  coSts wci’e escalated 

~~ 
— ~~ 

. 12 
+ 

( 1 12 ) 2 
+ 

( 1 .1  2)~
( in ( l a t edl for the years F Y 7 7 . FY~~ , FY79 . and 

— [i.10 I . l 0 ) ~ 11.  l 0) ~
FY80 to cypress them in terms ot ’ FY81 dollars, . It
us as then assumed tha t  the f a c i l i t y  would have an ( I . I 2 ) ~ ( 1 . l 2 ) ~~
economic l i fe  of 25 years from the base year , FY81. + (i 1O)~ 

+ 
~~~~~~ 

~Eq G2J

According ly , the annual l y recurring costs were ex-
pressed in terms of the ir  present va lue  for the time where PV is the  present va ltie amount .
period extending throug h FY2005. A dif ferent  infla-
don rate is associated with each recurring cost Table GI
e l enient ;  thus  their relative values change through
t ime .  The e sc a l at t o n  ra tes  from FY76 throug h FY80 . Exa nip~~~~~~~~~b lat l slng Comp und Amount Factor

and the 25-y ear inf l a t i on  factors were obtained from Yea r Cost Si

N a v y  guidance for l i fe -cy c le  (p resen t  v a l u e )  econo mi c - 
~~~~~~~~~~~~~~~~~~ 

- - - - ‘—“‘ “ , 
—

- (I
a n a ly s i s .  I I 5 ,  155’  1. 12 0  l 5 . S IW ’

2 5) ; p 5 ~~, . )  12 0 t 1 2 . SOt,

Derivation of Present Value Multiplier ‘~ ‘~ 1151 1 . 1 2 ) ’ i2 n , 444
4 51 ( H I  - I 1 2 ”  ‘4 1. 61”

. . 5 ~~~- - 1.12 0  155 . 6 1 1
J o t a c i l lt a l e  the present va lue  ana l y s t s , a mul t i -  - ________________ ____________

plier was derived . This factor is mul t i p lied times the
un i t  cost and nun ib er  of’ un i t s  of an O&M item re- T ablt G2

quired an nua I l ~ in an alternative ss’stem to deter- Fxamp le Coit Tabulati on ( sing PV F.ctor

Year P’s of Costa
~!. - , in , i t r i ui  . ‘I i u , u l i i u ,  and 1 ’c ’  r i p , ,  I- . i ,u /u4atg , i , u  (or R,, ,,ui rr - ,’ In Table GI

Sf i , ,u iu C , ’m, ’p it , A R  11.28 ( t Jepartrn en t it the Arm y ’ IH QDA — — - —
~~~~~~~~~~~~ 

______________

I i A (  -\ ( ‘AU ) . Decembe r 1) 1 .5 1.
‘F ,,n,,,nu, ‘I ~u a ) i  i i ,  H anuThook. N A S F A ( Document l’ 442 I 1 t 5 ’ . 8 tX ) I I  . 100 91 . 636

I l )epar ni en t  of the  N . iv y ,  t ’ F ’~5) ansi En, ’rgs ’ !.s, - u lat,i ,u Rut, ’, (or 2 I 12 . 896 (I  . 10) 2 93.302
S h irt I , ’rp r i (‘l i l i u sA ’  und l iii ’ ( ‘i- i / c  (‘i u u t u n g .  N A S I - AC ( is lu .’ 3 126 . 444 ( 1 . 1 0 ) 1

10 210 l)ep. r t rn en l  j u t  ho N , ,5 ’  - 23 A u g u s t  1976). See also S. 4 14 1 .61’ ( 1. 10) ’
H atha ’s ;is and J.  Wi slua r d , I ’eu’hniu ’u,l F i - u l , , ,u t i ’ p i Studs ’. / P u i ’ryi  5 I S M .h l t ,  ( I .  10)S

‘ru tJ i i I I . ’,u t uon o~ Wa ,u ’ at Puge t .5 i iund Nao u l  .Ships ’ard .
llr, ’,n , ’rt ,,p i W..l t e chnical  Report 1 /f9 ( ( ‘ FR I . .  1911,) 

— 
4 ’S . 145
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With F as the first-year fuel cost and using the r1 _ (~_±±~ l
nomenclature identified above , this calculation can 

M — 
( 1 +i) L k~ +1/ ‘ [E 010)be generalized as follows: — 

(1 + i~ _ [( 1 + n(1~-~)] 
‘~

I f i +~\’fl
+(~~~~~~y+(}~~ 4y1] [Eq G3] 

M ~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~ 

~ [Eq G I l )

where n = 5.

The following is obtained b y factoring M = 
(1 + I) n 

(Eq 0121

Finally:

±(

~~~~~~

)

3 

+(}~~~~
y’ 

~~~~~ 
[E q G4J M ~ + i) [U — ( 1 + iN lE q 01]

Letting

= [E 05] Eq Gl is solved as follows for the examp le problem
m +~ 

q in which 1 = 0.10, i = 0.12 . and n = 5 years .

and substituting into Eq 04, Eq Gb results in M _ ( 1. I2 ) ((1 . 1O)~ — ( l . l 2 ) ~) =527943 [E G13(1.10)~ ( 1 . 1 0 — l . l 2 )  - q
PV = F X [ l + X + X 2 + . . + ) O 1~~~J L E q G61

Multi plying the first-year cost of $90,000 by M . the
Eq 06 is identical to 5-year PV fuel oil cost of $475, 148 is obtained , which

compares to the result obtained by the relativel y

PV = FX [!~_-_~_] [Eq G7] lengt hy tabular method provided in Tables 01

where the mult i p lier M by which to find the PV cost
is self-evident: ComparatIve Present Value Costs

— 
[‘i — x ~1 The PV cost comparison is shown in Table G3.M — X [Eq 08] The least investment alternative is use of military

waste only in a system at Ft. Bragg to produce steam
Substituting the identi ty from Eq G5 into Eq G8, the for heating and cooling. The system with the largest
following is obtained: benefits is use of all military and civilian waste in a

system at Ft. Bragg to generate steam for heating
1+ 1 and cooling.

M — }—
~

-
~ J~ 

- 7- —
~~~~—1 [E q G9J Tables G4 and G5 show computations of ’ the

L \1 + I) J savings/investment ratio of each CRE scenario
vi. s -a-v is the least cost alternative.  The niosl cost-

which is simp lified in the following steps to obtain effective system is Scenario 2/s . w i th  a r a t io  ju t
the f inal  expression for the PV mul t i p lier given in .l. 4/ l .00 and a correcpo nding pa shack period ot
Eq 01. about 2.9 years.
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Table G4

Summary of CRE Scenario PV Costa

Investment 20-Year Net PV 20-Year PV
Alternafive Cost O&M Cost Total Cost

I A 5,2 93.7 — I i .638.t — 6,344.4
2A 6,809.2 — 17 ,299.5 — 10 .490.3
lB 8,801.0 —1 1.528.4 — 2 ,727 . 5
3A 8,532.7 —20 .317 ,4 — 11 .784.7
28 10 ,955.6 —16 .139.1 — 5, 183.5
3B 13,392.6 —18 ,487.2 — 5,093.6

Table GS

Computation of SavIngs/Investment Ratios of CRF Scenarios

1. Least Investment Cost Alternative: IA All Cost Data $000
2. Test Alternatives 2A lB 3A 28 3B

3. Net investment Cost for Test Alternatives 6,809.2 8.801,0 8,532. 7 10.995 6 13 ,392.6
4. Net Investment Cost for Least Investment Alternat ive 5,293.7 5,293. 7 5.293,7 5,293.7 5.293, 7
S. Differential Investment for Test Alternatives (3 - 4) 1,515.5 3,507.3 3,239.0 5,701.9 8.098 9
6. PV Annual  Cost for Test Alternatives —1 7 ,299.5 — 1 1 ,528.4 —20 .317.4 —16 .139.1 —18 .487.2
7 . PV Terminal Value for Test Alternatives Negligible
8. Net PV Future Costs for Test Alternatives (6 . 7) —17 ,299.5 — 11 ,528.4 —20,317.4 —16.139 .1 — 18. 487 .2
9. PV Annual  Cost for Least Investment Alternati ve — 11 ,638.1 —11 .638.1 —11 , 638.1 —11 ,638.1 — 11 . 638. 1

10. PV Terminal Value for Least Investment Alternative Neg ligible
I I .  Net PV Future Cost for Least Investment Alternative (9. 10) — 1 1 , 638.1 —11 ,638.1 —1 1 , 638. 1 —11 ,638 . 1 — 1 1 . 638.1
12. Differential Savings for Test Alternatives ( 1 1  - 8 )  5, 661.4 — 109,7 8,679.3 4,501.0 6, 849.1
13. Savings/Investment  Ratios ( 1 2 ( 5 )  3.74 Negative 2.68 0.79 0.85
14. Years to Pay back 2.91 — 434 > 20 > 20
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APP ENDIX H:
menting a CRE system often effects changes in solid

DESCRIPTION OF PACKAGE waste collection vehicle routing that reduce overall

CRE SYSTEMS annual  disposal costs. By using solid waste as a fuel
to produce steam, substantial quantities of increas-
ing ly expensive conventional fuels can be conserved.

Introduction Recovery of large amounts of metals and glass in the
solid waste can bring in additional revenue .

This appendix provides a general technical discus-
sion of four currentl y available package CRE sys- Solid waste deliveries are wei ghed at the CRE
tems. Because the systems share a similar process facility ’s entrance by a standard platf ’orm scale. The
flow , the major thrust of the discussion is toward the weigh station may be manned or automatic .  While
uni queness of ’ the combustion equi pment. It is requiring a somewhat hi gher cap ital  outlay ,  an au to ~
emphasized that development of most package corn matic system usually proves less costly than a
bustors has been relativel y recent and that their manned one over the faci l i ty l ife.  An automatic
app lication to energy-recovery systems is not without system may include either a standard automatic
technical problems. printing device or a remote-reading electronic

system. In the latter case. wei ghts may be recorded
Process Fl ow in the operations office inside the CRE facil ity.  A

signal at the wei gh station indicate s when the truck
The process flow for all package CRE systems is wei ght has been recorded.

fundamental l y the same. Mixed solid waste is
collected and delivered to a CRE facility where it is There are various means of in i t i a l ly  h a n d l i n g  solid
wei ghed and processed. The main processing opera- wastes delivered to the CRE faci l i t y .  For larger waste
tions are usually size reduction by shredding . streams, a pit .ano-crane operation n ta v he desirab le ,
temporary storage. burning,  and use of heated off ~ Waste is dumped direct ly into the pit.  sehk’h i s
gases to produce saturated steam in a heat ex- usuall y designed to accommodate surge quanti t ies .
changet located after the furnace. A surge area is A ceiling-mounted crane moses mater ia l  from the pit
provided in the processing line. Appurtenances in- to fur ther  processing. Ove’r stted b u l k y  wast es are’ re-
elude water treatment , ash remova l , and pollution moved , and incombustible bu lktes  are separated for
control equi pment. disposa l or recycling. Combustible materials e ither

too large or of too great a s t ruc tura l  strength to be
Judicious desi gn of a package CRE system can handled with mixed solid was te  in subsequent

ef fect si gnificant economic savings over the facility processing stages ma~ be diverted to an aux i l ian ’
l i t e ,  l o  min inij , .e  cap ital and annual  costs , the CRE heavy-duty shredder For breakdown. A system u s ing
t a c i l i t v  usually houses all operations and is located a ti pp ing floor and front-end loader is an a l t e rna i t s e

P t i t h e r  near steam users or adjacent to a steam pro- to the p it-and-crane operation. Delivered solid waste
duction plant.  The CRE system should be desi gned is dumped on the floor and moved by the  lo ad er
ss i th a hi gh degree of redundancy to insure continu - either to a temporary storage area or direct l y  to
i l y  iii both waste disposal and energy production ; processing. Bulkies are handled as described above ,
sister uni ts  for moderate- and hi gh-maintenance Some munici pal scale systems emp lo~ floor hoppers.
hardware such as shredders should be provided. Delivered solid waste is dumped throug h the hoppe r
Labor requirements fu r  CRE systems designed to grate and conveyed to further  pro cessing. Such
acct mmodate the typical small-scale military solid sy stems have been moderatel y problemat ic from the
wa ste  stream are usuall y comparatively small .  Two stand point of controlling oversized bu lk y  materials .
fu l l - t ime men can operate a facil i ty tha t  processes up
to h tons /h r .  Fur larger capacity systems . the labor From the delivery point ,  solid waste mJ\  he con-
crew may include a wei ghm ascc r .  shredder operator. vcve d to temporary storage . to fu rt he r  pr ocessing . or
boiler operator . ash handler , front-end loader or directly to the incinerator. Althoug h most current l y
crane operator. general laborer s or helpers , and a marketed package incinerators are desi gned to
supe rvis or. New manpower r equir ements  can be re- accommodate unprocessed solid wast e ,  it is sonic-
duced considerab ly by des igning -i sy stem b r  m a x i -  t imes preferable to shred the m a t e r i a l  in CRE app li-
m u m  au t t i r n a t io n .  by locating the ( ‘HI tac i l t ’~ n ear  ca t iun s .  Shredding loosens and reduces the waste to
an exis t ing  boiler p lan t  and m a k i n g  t i s t -  ot Is staff ’, a smaller  and more east l~ hand leab le particle s u e
and bs specif s t r tg  m u l t i p le t a s k s  for workers .  Imp le .  r ange . increases the s u r f a c e  ‘volume ratio and hence
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the material ’s combustibility, and by mixing, makes The load-carrying and response characteristics of
the charge more homogeneous than unprocessed watertube boilers are superior to those of firetube
solid waste. Shredding increases the ease and effi- units. It is desirable to precede a water-tube boiler
ciency of thermal processing and gives stability to with a waterwall quench section where the bulk gas
heat exchanger performance. A wide variety of size temperature is reduced to below 1900°F. Above this
reduction hardware is currently available , and selec- temperature , entrained particles imping ing on tubes
tion of an appropriate unit  depends heavily on the tend to adhere , making cleaning difficult .  promoting
nature and quant i ty  of’ the solid waste. In general . fireside metal wastage , and upsetting the system ’s
heavy-duty, vertical-feed , reversible-drive hammer- desi gn heat balance.
mills with rep lacable hammer ti ps are adequate for
the typ ical military base solid waste stream. Corn- Whichever type of boiler is selected, it is necessar\
plete redundancy at this processing stage is desira- to install hoppers beneath the tube passes and to
ble, since shredders are hi gh-maintenance items, furnish sootblowers . The desi gn should also provide
and continuous, reliable processing of solid waste is for automatic ash handling. To ma intain consistent
necessary. steam output when incinerators are down, there

should be burners and kindred appurtenances for
As a rule , it is preferable to keep solid waste direct tiring of the heat exchanger with clean fuel ,

moving throug h a CRE system . This strategy avoids When heat exchangers are clean-fuel-tired , gases
many difficult handling problems associated with may be passed throug h bypa ss breeching around the
storage of nio ist , putrescible materials.  Often, how- air pollution control equi pment .
ever , temporary up to 3 days) storage is necessary .
which can be accomp lished in the receiving pit. Most ax a i l a b l e  pack age incine rators  include at
Shredded solid waste can also be stored in ag itated least sem icunh inuo u s ash and residue removal.  This
bins . hut  this approach usual ly  means hi gher capital phase is discussed separately in appropri ate inciner-
investment and operating costs. If a ti pp ing floor is ator sections.
used , it should be adequately sized to accommodate
storage and surge requiren t ents.  Proven, available air pollution control equi pment

is the next step in the package CRE system. Since
Shredded solid waste is fed into the -ekage inc in- mixed solid waste can contain up to 25 percent ash .

erator as required to operate the CRE system at hi gh mass emission rates may be expected . Wet or
nominal capacity. Incinerator feeding is either eon- dry pollution abatement systems can be used : how-
tinuous , semicont inuous, or batch , depending on the ever , wet systems consume large amounts of power
unit ’s desi gn. Batch-fed incinerators are usually un-  and cause a water treatment problem. Veituri
favorable in CRE app lications, because they make it scrubbers and hi gh draft water spray cyclones have
dif ’ficult to maintain continuity in steam production successfull y reduced emissions from CRE systems .
and solid waste disposal. but their use mi ght mean hig her cap ital and annual

costs from water treatment requirements. If a wet
The final stage of the incineration process is ash removal system is used, it is often convenient to

usual ly  afterhurning. In CRE app lications , after- use scrubbe r wastewater for quenching.  Use of’ a
burners should be temperature-activated and should scrubber usuall y requires a demister to inhibit
limit the temperature range of combustion products mechanical deposition of drop lets on the ID fan.
entering the heat exchanger. Bag houses and electrostatic preci pitators are the

chief alternative dry collection systems. To reduce
‘l’hree types of heat exchangers can be used, the possibility of filter t’abric damage , a cyclone

Steam is generated in watertube or firetube package separator is used before the bag house. Hi gh-temper-
boilers or. as in the case of the recentl y developed atur e corrosion and abrasi on-resistant media such as
augered-hed sy stem , in a coiled heat exchanger fluorocarbon are recommended. Ut i l i ty  operating
between the furnace and air pol lution contro l hard - costs of both s stem’, are generally comparable. A
ware . Firetu b e boilers have been used in series with hag house normall y  has a large ID fan horsepower
both rotary-kiln and s tar sed- a i r  incinerators with r equir ement . since pressure drops across the unit
onl y minor dif ’t icu l ty.  ‘l ’hc firetuhe boiler should he can he great.  Preci pitator s are large electricity con-
selected for once -throug h desi gn. since entrained fl y sumers A preci p itator-based desi gn places a low-
ash will he deposited it ’ there arc mul t ip le  turns  in et iic ienc ~ cyclone ahead st the ash storage bin to re-
the gas pass. move avi v hot cinders which may cause an explosion.
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Material collected in the cyclone for both the fabri c cylinder (Fi gures Hi and H2). in most commerciall y
filter anti electrostatic precipitator systems should be available units , the shell is prefabricated , so that the
quenched before being admitted to the ash bin. A kiln may be shipped as a unit. Refractory materials
preci p itator system may require precondit ioning of are customaril y made to specifications given in terms
the flue gas with sulfu r trioxide. Since solid waste of thermal tolerance and resistance to abrasion and
contains very little sulfur , the particulate material ’s corrosion.
resist ivit y at the collection electrode may adversel y
affect the unit ’s collection efficiency. Dur ing combustion , the kiln rotates around its

longitudinal axis of symmetry, continually mixing
Preparing and using solid waste as a fuel can the charge mechanically as it is being conveyed to the

create numerous environmental hazards. Air hoods discharge end. The constant motion effectivel y
are required for shredders whose off gases contain breaks cake layers on the charge ’s surface , continu- ’
up to 0,05 percent of the feed as enti-ained du st. ally exposing fresh surfaces and increasing comb us-
High chloride emissions f’rom the combustion tion efficiency . In a well-operated unit , there is
process a re possible . because the heavier fractions of’ approximatel y 92 percent combustion. The corn-
solid waste may  contain substantial quantities of bustible material dries quickl y. ignites , and burns
pol’s ’. iny lchloride s . If large quantities of plated thoroug hly. Combustion air is preheated by reflected
metals are present , hi gh concentrations of zinc , tin , heat from within the ki ln .  The ignition burner is
cadmium , lead , and antimony will be emitted as a located at the discharge end ot ’ the kiln and may be
suhn i icr on heavy aerosol l ’ormed h’s reducing and fueled with li ght or heavy oil ,  gas . or f lammable
esaporating these meta ls in the fuel bed and oxidiz- li quid waste material .  Temperatures sufficient to
ing the vapor as it passes throug h the flame front. st t s ia in  ignition are normall y maintained by the
The metals will either coalesce as a heavy metal aero- burn ing  charge after s tar tup.  Addi t ional  t’ue l can be
sol or plate out on the ash ma t r ix .  Because ot var y ing  supplied to the kiln when ~-ast es having a heat ing
r e sistis ities . some trace metals ma y pass throug h an value too low to support se lt -c on ibust ion are being
electrostatic preci pitator. By taking combustion air burned. This auxi l ia r y  fuel  may he mixed with the
Iron s solid waste delivery and storage areas , odors charge or burned in either an a u x i l i a r ~ burner or the
can be controlled effectivel y. Noise from shredding ignit ion burner ,
opera ti  us can be reduced either by properl y desi gn-
ing the unit  housing or b~ installing acoustic parti -  In CRE systems using the r o t a rv ’k i ln  un i t ,  the
t io n s .  For safety ,  shredders should be surrounded by package boiler is installed after the af terburner.  The
blast part i t ions.  with low-resistance blast panels in -  energy-recover ) efficiency of these systems can range
stalled on the ceiling , between 60 and 75 percent , including boiler and

breeching losses.
Depending on the na ture  and quan t i t y  of solid

~ astc ue ing processed , p r o f i tab le mater ia l s  rt-c ser ~ The rotary kiln can burn  mixed solid ~ aste as re-
stages ma y  he included in the CR 1- . s ’ . s t em .\ s a n d y  ceived , Oxersized bulk y wastes  are u su aU shredded
ot pro sen hardware is a v a i l a b l e  for ma gn e t t c s  re- to  insure coni~;lete combust ion wi th in  reasonable
cover ’. , and can he p laced either bct ’ore or after the detent ion times. Feeders on commerciall y available
shredd ing stage. It  economical .  .in a l u m i n u m  re- u n i t s  are desi gned to accommodate  feed var iabi l i ty .
covers sy ste m can fo llow m agn e t ics  recoser~ . Slud ges and si m i l a r  wastes  arc usual l y  mixed wi th  a
Separation t glass and ~u ll t ’t is more di l t ie u l t , variab le supply t solid waste before charg ing.
u s ua l l y  requir ing a d d i t i t ta l  shredding and ag itated
sc reen ing  and wet rci ’ u x e r %  sl .tgcs such as t i t a t t i n .  A tam feeder can he used to charge the pt -imarv
Such  rcu~~~cr ’. sy stems require hi gh inves tment  and chamber .  Ash is continuousl y discharged throug h a
op e r a t i ng  costs.  It has been demonstrated frequentl y port in the bottom of the refractor y -lined firing h ood
tha t  the most cc n rni ca l wa~ to isolate salvageable at the end of the un i t .  The discharge end tir ing hood
mater ia ls  t r ’m  t i ther  wa st e s  is to conscientiousl y is equi pped with lab yr in th  seals and heat-resistant
practice source segregation , gaskets to inhibit  air leakage.

Rotary -kiln Incinerator The detention time of solid material  passit ig
throug h the kiln is controlled by the cy linder ’s slope

‘l’he pr imary combustion chamber of a ro ta r y -k i ln  (usuall y 20 degrees) and i ts  rotational speed. The
incinerator is a sli ghtl y incl ined , refractory-lined velocity of gases passing through the  cylinder is
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determined largel y by combustion air requirements. thermal  loading in the combustion zone. (‘ounter-
Gas velocity is partially controlled by modulat ing the current operation is sui tab le for incinerating
induced draft fan and damper . located after the slud ges. Combustion produ cts are used to dry the
po l lution control equi pment. Gases from the pri- incoming charge . permitt ing hi gher combustion et’fi-
ma chamber pass in to the afterburner ’s section . c t cn ev .
where residual volatiles are combusted in an oxygen-
rich atmosp he re. Starved-air Incinerator

A u t o m a t i c  temperature controls are used . A pri . Starved-air incinerators have recently gained
mar ’s pyrometer monli rs the t en ipera ture of gases popu larity in solid waste incinerat ion , princi pall y
leaving the ki ln.  When the  ex i t  gas temperature falls because inexpensive, small-capacity un i t s  are being
below a predetermined set point , gas flow to the manufactured . Larger package uni ts  ( 1.25 ton hr
burners increases A second control monitors ga s  capacity range) are available in t w o  dift ’erent major
temperatures in t h e  a f t e rburne r .  When the after- confi gurations (Fi gures H4 , H~~. and Ho) . These
burner  temperature tal l ’ s  b e low the set po int , the un i t s  bo th  operate on the same princi ple: the charge
burner  heat release t sc r ~ ase s W h e n  t he  t e m p e r a t u r e  is ted t n t  a pr im a r~ ch am b e r , i gnited. and then
cxceed ’. t he upper set p i n t . the  burner au tom a t s  burned in a secondar) chamber to which “ xcess air

~alI y modulates d o w n w a r d  An a d d i t i o n a l  op t ional  and a d d i t i o n a l  heat are supp lied . A well-operated
te mperature  control a pp a r . t i u s  t r an s  a gas prec ole r  s t a rved-a i r  incin era t or  will  acht e ’ .e  between 80 and
5hu t s  dow n the burne r s ,  t an ,  and  feeder wh e n  gas ~l3  percent comhust i ’s
tempe ratures  exceed a sate upper l i m i t .  -\ t ; a l a r m  in
the control module  aen’. ales a f te r  s a f e t y shu i . t ow n ,  A drawback ihe star s- ed-a i r  S \ s~eiii is t h e  l.~ k f

charge ii’’ ~~g ‘l ’hi s de t ic t et sey  n o r m a i ly  prevents the
Rotar y .k i ln  inc inera tors  n rmal l  oper it ~~

’ ’
~ ith material from icing coml) let el~ b urned and often

14( 1 percent theoret ical  air in the pr imary chamber ,  causes furnace pulsat ions.  As a r e s u l t ,  cuer e ’ .  -
Operating temperatures in the k i ln  are usua l l y  recovery efficienc ies average onl y 55 percent ,  hut  can
t etween 1400°F and 2300 ’F . w i t h  a recommended be as hi gh as 75 percent. Temp erature  is conlrol led
operating r an L , .s between I 21)0°F a nd 2400°F. by adding au and aux i l i a r y  fue l  to t h e  , i t t c r h u r n e r

and sometimes n iodu l a t ing  the  air sup p l~ . 1 1 w  es-er ,
Due to thermal losses and the  addition of excess in an improp erly operated u n i t , the c, irh on content

air , gases leaving the afterburner section normall y of ash emitted from the fu rnace  is often hi g h.
range between 1500°F and 1880°F. I f these gases
must  pa ’s directly to the ai r  pollution control equi p. Several vendors have starved-air un i t s  w i t h  senti-
ment , the y must  be prec ooled by either a water au t o m a t i c  fe eder s and semi - . n s i n u o u s  a sh -rem to a l
spray , additio ’~ of tempering air ,  or a heat ex- s~ st ems. Curr en t l s  - how-es er , f u l l y  au toma t i c  ash re-
chan ger .  In the la t ter  case, recovered heat may be nso’,- a l  is not pros -en ‘ee h n l sg - Because of hi gh
used to heat  combustion air or u sed elsewhere in the temperature slagging in the p r i ma r ~ chamh ei . t he
pr ocessing p lan t .  uni t  has a c o mp a r a t iv e l ) large traction of downtim e.

with corr esponding hi gh operating and maintenance
Bottom ash and residue drop into a water-sealed cost s .  Most a’ ailah l e u n i t s  require moderate qt tant i -

a s h - h a n d l i n g  un i t  below- the k i ln .  A grate is Son ic nc’s it aux i l i a r y  fuel , a l thou g h recentl y des-eloped
lime ’s placed in tr ont it th e bo t tom a~h -h a n d l i n g  combust i on  controls which  a u t o m a t i c a l l y  modulate

4 
h a r d w a r e  to t rap oversized combust ibles  such as cxcv’s ’s a i r  in the a f te rburner  ha~~- reduced clean fu e l
ca ns and p i pes . hut  th i s  can cause exit blockage and r qwre m ents .  ~ ndertire air has been modulat ed in
as h backup.  II the bottom j sh is s u f f i c i e n t l y  tine, a t t empts  to achieve constant  qua l i ty  of ott-gases
wai i - r - cooled screw- augers can he used for  ash passing to the a f te rburner .  There are two basic
removal ,  s tarved-air  incinerat or confi gurat ions .  The first is

comprised of t w o  “piggy-back” combustion cham-
‘s t I l e  asa i lahl e rot ,tr~- k i i n  incinerators are bets , in which refuse is charged to the primary

equipped f or  e i ther  countercurrent  or concurrent or (lower ) chamber throug h an air cur ta in .  The entry-
gas ch .ir ~c tiow- (Fi gure H3) . Concurrent flow is ‘xa~ is ‘surrounded h~ an a n n u l a r  ring of ’ compressed
used for dri er , n’ore heterogeneous wast es, During air jets , which provide a conical air blast that  pre.
carb on iz a t ion t solid fuels , t lu e gases are corn- vents  flar ehack w h e n  t h e  charg ing door is opened. 1-
p le te l ’s  burned in the . i t t t ’ r h t t r ne r .  permit t ing hi gher When the temperature in the pr imar y  chamber
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FIgure H3 . Concurrent and countercurr ent operation of rotary-kiln incinerator.
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reaches approximatel y 600°F , a st ream of ’ air passes firing mixed solid waste as delivered , Available uni ts
over the fire. Incombustible materials preci pitate to have inpu t  capacities rang ing between 160 and
the grateless bottom of the chamber , and the re- 6000 lb/hr  of h A  Type 1 waste. The primary cham-
maining solids , gases, and odors rise to the upper or ber is an inclined (30 degrees) truncated cone-shaped
secondary chamber where excess air is added. grate supported by an extern~ I l y driven frame. The
Thorough mixing is maintained by baffling excess chamber is insulated , and the sh ell is normall y fabri~
air as it is added . Temperatures in the primary cated of’ structural steel plate.
chamber range to 1500°F, and usually to 1200°F in
the secondary chamber. The basket grate is semi-continuousl y charged

with material to approximatel y 20 percent of its total
Most units of this confi guration feature an auto- volume and rotated slow’l” around the cone center-

matic temperature-acti vate d indicator which si gnals line. The incl inat ion and rotation cause heavier
the operator w hen charg ii:g should beg in and end. materials to fall toward the larger (outer ) basket
On small units, the charge is delivered manuall y to diameter and the smaller materials to fall toward the
the primary chamber. Batch ram loaders are smaller (inner ) diameter. The three-dimensional
normall y provided with larger uni ts .  Commerciall y self-raking effect of the vir tual ly  endless grate maxi-
available package starved-air incinerators, which are mixes mechanical and thern ial destruction of the
proven in CRE app lications , range in capacity from charge.
200 to 2400 lb/hr  for Incinerator Inst i tute  of
America (h A) Type I waste. The charge is retained on the grate un t i l  it is re-

duced to a size which can pass throug h the grate
The second type ofs tar sed -ai r  incinerator (Fi gures slots (about 0.125 in. )  into an ash hopper or second-

H5 and H6) uses a substantial l y smaller secondary ary incineration chamber. Large incombustible ’s can
combustion chamber. Intermediate units can handle be removed periodicall y from the grate b y means of a
from 1350 to 8100 lb - load ing ,  and larger units can grated p late which can be lowered from the basket
be buil t  to specification. The largest proven incinera- bottom. Some problems have been experienced w ith
tor of this confi guration can accept a charge of more bulky in combustib les accumulat ing in the cone
than 36 .000 lb . which reduce available combustion volume , and with

fine combustibles sifting throug h the grate and
These uni t s  process the charge ‘similarl y to the burning ~n the ash hopper. Negative relative pressure

units discussed previousl y . The charge is partiall y within the primary chamber induces a ir  through the
pyrolyzed in the primary chamber , and the products ash collector , so that  ash and residue leakage is not a
are then passed throug h an afterburner located problem. An external fan  mounted on the swivel
above the primary chamber. The afterburner is clean frame supp lies primary air to the furnace. Distribu-
fuel-fired , and efTects comp lete combustion of the tion p i pes divert a portion of’ the air directly beneath
pyrolysis products  in an excess air environment , the firehed to provide under fire air. Part of the corn-
Newer models feature an afterburner tired by a mix-  bustion air is tangential l y injected into the secondan’
ture it p~rolysis products from the primary chamber combustion chamber located above the firehed. This
and preheated air , which reduces clean fuel require . causes a turbulence ione which  effects efficient mix-
ments ,  ing and combustion. Af ter hu rning  is normally self.

sus ta in ing .  Gases heave the ‘secondary combustion
The chief draw-hack to this  type of starved-air  chamber  throu gh the crown.

sy s tem is tha t  when the charge has been completel y
processed . the furnace must be shut down and Temperatures in the secondar ’s chamber r ange be-
allowed to cool before another  hatch can be loaded twe en 1 500°F and 2100°F- In CR1 app lications , the
sa fe l y. Recent desi gn innovations emp loying semi- a f t e r b u r n e r  is tired to m a i n t a i n  hi g h temperatures  in
continuous charg ing and ash remo sal have not been the gases beftw e they leave the ex i t  port and pass to
proven , the heat  exchanger.  ‘temp erature is controlled by

- 
automaticall y v a r ~tng the  quant i t ies  of’ air entering

Basket-grate Incinerator th e primary and secondary chambers in an inverse ly
pr oportional manner .  In normal  operation , hi gh off-

Like the ro ta r y -k i ln  and s tarved-air  units , the gas temperatures can be maintained at approxi-
basket-grate  incinerator  (Fi gure H 7) is capable of matelv 70 percent excess i i r ,  Aux i l i a r y  fuel is usually
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Figure 117. Basket -e~,t t e incinerator .

required onl y during st a r tup .  which can be corn- The augered-bed incinerator  is comprised of’ a
p leted in 15 m m .  After the unit has been broug ht ~~~~ refractory-lined c y h i n c h r ~ -al primary combustion
line and stabi l ized , no additional fuel is necessary . chamber that  contains a rotatable auger (Fi gure

Ava ilable uni t s  achieve ~(( to 96 percent reduc tion H8,. The chamber is fed continuousl y by a live-
of combustible materials  for h A  Type I waste. The bottom feed conve y or.  ( on ih u st i on  takes place in an
q u a n t i t y  of incombustib le residue remaining in the exc ess air environment as the auger conveys the
ash ra r el y exceeds 5 percent. Because the uni t  is cha rge  throug hout  the lengt h of ’ the chamber. i-h i gh-
desi gned to m a x i n i /e  combustion , energy-recover y temperature combustion products pass throug h a

‘I t  e r i c h ’ s  a ve r age ~lh percent.  coiled heat exchanger  where steam is produced.
Gases arc then cleaned in a wet cyclone before pass-

Augered -bed Incinerator in~ out t r n n i  the s t ack ,  Ash removal is automatic
and con t i nuous  -

Al thoug h the augered-bed incinerator is a v crx
recent development and ther efore unproven , sue- The unit  is capable of ’ proce ssing mixed solid
eess t’ul d em on ct r a f io ns  indicate that engineering w a s t e  as delivered , Oversized bulk y ma terials ‘oii
problems are r i ’ l a l i x e l v  minor.  Units  are expected to large Ii pass thr oug h the teed port are separated
go on- l i n e  w i th in  a year. and experience iOn there- t ro nt the delivered w a s h ’ . Was te  s t reams containing
, i t l v-r will  provide the operati ng data  necessary for a hi gh percentage i t  bulk y materials can he accom-
in ipr i i s ed des i gn.  ( u r r e n t l ,  - manufactured package modated by adding .t shredder between the delis-cr y
uni ts  has-c capacities of I and 5 lu ns hr .  point  and th e feed hopper.
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Figure 118. Augered -hed inc inera tor -

Processing is c i i i h t i n u o u s ,  Solid waste enters a \n i gnition burner ix located at the charg ing end
tl oo r - te x e l  hopper and is ~. i t-d on an inclined con- of the primar y chamber , Gas or fuel is normall y

~evor to the charg ing end i f  the pr imary chamber. used , but f lammable li quid wastes can also he tired ,
‘I he charge burns  as the s lowl y rota t ing auger moves In normal operation , the ignition burner operates
it throug h the prima r ~ chamber.  The auger conveys onl y dur ing sta r tup.  which requires about 15 m m .
ash and residue out the discharge end of the When combustion becomes self-sustained , no
chamber to a chain belt e i i nses i i r , which transfers auxi l iary fuel is required. The unit  can be shut dow-n
the n ni st l~ sterile , inert end product to temporary in 20 m m .
s t i i r a g e  before its u l t i m a t e  disposal.

Hi gh-temperature combustion products pass
The auger is a hollow sp iral fli ght carried by a throug h a coiled heat exchanger between the pri-

tubular  s h a f t ,  Combustion air is introduced into the mary combustion chamber and the air pollution con-
downstream end of the pr im ar ~ chamber and forced trol equi pment .  Saturated steam is produced from
throug h an air passage extending along the length of water  preheated in the sp iral Ili ght .
the spiral fli ght .  Forced air passes from the fli ght
inter ior  into the primary chamber  and is discharged A . a i l ah l e  un i t s  include induced-ai r , countertlow
wi th in  the charge being conveyed by the auger. A wet cyc lones  for air pollution control as part of the
water passage iii  the sp iral fli ght cools the auger. package sy s tem.
i’he air then enters the upper portion of the primar y
chamber where o f t  gases are burned in a second Variable drive controls are provided on all f’unc-
combustion zone. A well-operated uni t  achieves t i o T i s  to adapt to t~uct t t - ’ition s in the type  and quan-
appr o x i mate l y  i~s percent v o lume reduction.  t i i y  of solid w a s t e  being processed. Hy draul ic  drive
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systems are provided for the auger . feeder , and ash Army. New York District , Corps of Eng ineers ,
removal apparatus. and standard belt drives are pro- 19~5) .
vided for blowers.

Economic Analys is and Program Evaluation for Re-
Operating experience with the augered-bed incin- source Management. AR 11-28 (Department of

eration will provide data for improved design. Data the Army [HQDA DACA-CAF], December 1975).
are required concerning ( 1) possible fouling and tube
metal w’astage in the heat exchanger section caused Hathaway , S. A. and J. P. Woodvard , Technical
by exposure to combustion proc ss emissions; Evaluation Study: Energ y -Recovery Utilization of
(2) steam production performance; t3) results of Waste at Puget Sound Naval Shipyard, Brerner -
exposing the auger material to c~ nt inued thermal ton, WA. Technical Report E-89 (U.S. Army Con-
stres s : 4) extent of treatment required both for heat struction Eng ineering Research Laboratory , 1976).
exchanger feedwater and for slud ge from the air
pollution control equi pment;  (5) the degree of In cinE ’ru t,’o ’~ Standa rds (Incinerator Inst i tute of
maintenance required; and (61 the quant i ty  of clean America. 1 970) .
fuel  con sumed by the unit  in normal operation.

Na tionalA i/as oJ ’the United Starr’s (U .S. Geolog ical
The computed energy-recover y efficiency of this Survey , 1970) .

system is 65 percent ; operating experience is re-
quired to determine whether this is an accurate NCR R Bulletin (S pring 1973).
des ign parameter.
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Niessen. W. R. and S. H . Chanskv .  “The Nature  of ’

Ref’use.” Proceedings of 1970 Incinerator Con/ er-
(‘ombustion Fundamentals for Waste Incineration ence (American Society of Mechanical Eng ineers .

(American Society of Mechanical Eng ineers Re- 1970).
search Committee on Industrial  and Munici pal
Wastes . 1975) . Phase I Feasibilit y Stud-i’: Refose Incinerator~Hear

Reclamation Boiler Facilirs ’, Nat - al Station. Mat ’-
Con’~’t ’rs i.- n  ut Centra l Heating Plant Boilers to port , Florida (Gre en lcat ’ ‘Felesca, Inc..  December

Re/use Derived Fuel Firing (Department of the l9~S) .

SI CONVERSION FACTORS

Non-Metric Unit Dimension Mul tiplied By Yields Metric Unit

British thermal  unit ML2T 2 1.055 ~ I0’~ Joule
cubic  foot L3 2.832 X 10~ Cubic meter
Cubic yard L3 0.7646 Cubic meter
Fahrenheit  degrees 0 5/ 9  (°F-32) Celsius degrees
Foof L 0.1048 Meter
( ,al lon L3 3. 7M5 X 10”~ Cubic meter
Gallon L3 3. ~85 Liter
Inch L 2.54() Centimeter
Pound MI,! 2 0.454 Kilogram
Short t on MLT 2 907 .184 8 Kilogram
Short ton MI~F~

2 0.90~8 Metric ton
Square  toot L2 9.3 x l0~ Square meter
Square yard L2 0.836 1 Square meter
Yard L 0.9144 Meter
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