
I AD AO7I $39 CONSTRUCTION ENGINEERING RESEARCH LAS ARMY) CHAP AISN IL fls 13/a NAPPI.ICATION cc TIC PACKAG E CONTROUXD—AIR, ICAT—RE COv ERY SOLID ——E TC ( uH ai 79 $ A HATHAWAY
UNCLASSIFIED CLM.—TR—t—151 NI.

I
~~ i—  —U

I _  _ _  _

4



i~
j
~ 1.0 ~ ~~ ~~25

~~ ~ 32 
111112.2

H ~
IIII~Hilt’ ~ IlIII~•~ IiItI~

MICROCOPY RESOLUTION IESI CE~AR1
NM!ONAI I3UR[AIJ (II S1AN UA kl)~, I~ft A



construction 
Un~~~~ St.t.~ Army -

engineering [I~~ 1co~::t~~
n..r. 

~~ TECHNJ9L REI~~~~~~
;
~~~

research
laboratory 

!/ I1

I

~~~~~~~

/
APPLICATION OF THE PACKAGE CONTROLLED-AIR ,

HEAT-RECOVERY SOLID WASTE INCINERATOR
ON ARMY FIXED FACILITIES AND INSTALLATIONS

~

i 
/ 

-

~~~~~~~~ 
—

~

— ——

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

.
,, •‘ 

-~~~.—— 
I —

~ ~~iJ~ - by
/ r • S. A. ’Hathaway

-
•

• U. UI I

WM
//

A ppi oved lor puhik reIeu~c : disi rihu (ion unlimi ed. 

. -~~~~~



The contents of this report are not to be used for  advert i sing, publication , or
promotional purposes. Citation of trade names does not constitute an
official indorsement or approval of the use of such commercial products
The findings of this report are not to be construed as an official Department
of the Army position , unless o designated by other authorized documents.

DESTROY THIS REPORT WHEN ITIS NO lONGER NEEDED
DO NOT RETURN IT TO THE ORIGIN.4 TOR



7

U~EB_LVALU~I1QN.~Qf_REPORI

REFERENCE : Techni cal Report E- 15 1 , i1’i li ’:t.i ’ n of ~~ i~~z .~ : j ’ ~
~i. 7( ’d—A 1 P , H eat ,—i?~ ~ ?~~~ P~

1 ~Y~ t Ld Was h I ! ~~~:: t, (
(. ‘~~~ A p”i~ Pi .r~~i i z ~ z~? I ~~~ i.n~i T~~ t z I

Please take a few minu tes to answer the question s below , tear out
this sheet, and retu rn it to CERL . As a user of this report , your
custome r comments will provide CERL with information essential for
improving future reports.

1 . Does this report satisfy a need? (Comment on purpose , re la te d
project, or other area of interest for which report will be used.)

2. How , spec ifically, is the report bein g used? (Information
source , desi gn data or procedure , mana gement procedure s source of
i deas , etc.) 

_____ __________________

3. Has the information in this report led to any quantitative
savings as far as man-hou rs/contract dollars saved, operating
costs avoided , efficiencies achieved , etc.? If so , please
ela borate . 

___________

4. What is your evaluation of this report in the followin q areas?

a. Presentation :

b . Completeness:

c. Easy to Understand : 
______

d. Easy to Implement: 
______ 

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



e. Adequate Re fe rence Material:

f. Rela tes to Area of Interest: 
______

g. Did the report meet your expectations ? 
_____

h . Does the report raise unanswered questions? 
_____

i. General Comments (rndicate what you think should be changed to
make th i s report an d future reports of th i s type more respons i ve to you r
needs , more usable , improve readability , etc .)

5. If you would like to be contacted by the personnel who prepared
this report to raise specific questions or discuss the topic , please
fill in the following info rmation.

Name : 
_____

Telephone Number: 
______ ____

Organ i zation Ad dress :

6. Please ma i l the completed form to:

Department of the Army
CONSTRUCTION ENGINEERING RESEARCH LABORATORY
ATTN : CERL-SOl
P.O. Box 4005
Champaign , IL 61820



0E
~~

’0T rtn(IILAEIrrATtrflJ DA V E READ INSTR UCT IONS
‘ I ~~~~~~ ~~~~~~~~~~~~~~ ~~ ‘? ‘  ~~~~~~ I BEFORE COMPLET ING FORM

I . REP~~RT NUMBER 
/ 

2 GOVT ACCESSION NO. 3. RECIPi ENT’S C A T A L O G  NUMBER

CERL-TR- E-15l 
_____________________________

4. T IT LE (end Subtitle) 5. TYPE OF REPORT & PERIOD COVERED

APPLIC ATIO N OF THE PACKAGE CONTROLLED-AIR , FINAL
HEAT - RECO V ERY SOLID W A STE I N C I N E RATOR ON ARMY _____________________________

F I X E D  F A C I L I T I E S  AND INST ALL AT IONS 6. PERFORMINGORG. REPORT NUMBE R

7. AUTHOR(a)  
—- 

8. CONTRA CT OR GRANT NUMBER(.)

S. A. Hathaway

9. PERFORMING O R G A N I Z A T I O N  NAME AN D ADDRESS 10. PROGRAM ELEMENT, PROJECT , TA S K

U.S. ARMY 
A REA & WOR K UNIT NUMB ERS

CONSTRUCTION ENGINEERING RESEARCH LABORATORY 4A763734DT09-Tl-002
P.O. box 4005 , Champai gn , IL 61820 

_____________________________

I I. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

June  1979
13. NUM BER OF PAGES

________________________________________________________ 
47

14. MONITORING AG ENCY NAME & AOORESS( !1 differen t from Controlling Office) IS. SECURITY CLASS. (of hi, report)

Unclassified
ISa . DEC L A S S I F I C A T I O N/ DOWN GRADING

SCHEDULE

16 DISTRIBUTI ON STATEMENT (of thia Report)

Approved for public release ; distribution unlimi ted.

17. DISTRIBUTION STATEMENT (of the ab.tract entered in flock 20. if different from Report)

16. SUPPLEMENTARY NOTES

Cop ies are obtainab le from National Technical Information Service
Spr ing f ield , VA 22151

19. K E Y  WORDS (Continu. on rever se aid. if n.c..aa.ry end identify by block numb.r)

m c i ner3tors
soli d waste
fuels
m i l i tary fac i l i ties

20. A S T ~~ACT (Cent~~u. reverse .f~~ if n cmazy sed identi fy by block nuatb.r)
— ~ I lii s investigation eva luated use of the contro lled~air . heat-recovery solid waste incin~

e r a t l l r  at Army fixed facilities and installations. Major equipment and unit operations .
i~ chnical l imitations , and imp lementation risks are discussed. The study recommends tha t
Army use of the control l ed-air system be accompanied by a thoroug h instrumentation
m d  p c r f u r n l a n c c  monitoring effort in order to better define expected technical and

C~. I ) I1OIT1IC  s y s t em parameters. This report furnishes technical and economic guidance that
I ac i lities and D istr ict  Engmeers can use to develop projects using the controlled-a ir
~ ,tc i f l  —

DO I f l )  1473 EDITION O Ft  NOV 65 IS OBSOLETE UNCLASSIFIED
SE CU RITY CLA SSIFIC A T ION OF THIS PAGE (IP~ten Data Entered)

____  ___  . 



FOREWORD

This investigation wi’s performed by the U.S. Army Corps of Engineers Construction
Engineering Research Laboratory (CERL ) for the Directorate of Milit ary Program s, Of-
£I I.C of the c hief of Lngineers (OCE) under Project 4.A7k3734DTO9, Energy Systems
task I . “Energy Systems ” : Work Unit  002 . “Dem onstration of Use of Package Incinera-
tors for Energy Recovery. ’ The OCE Technical Monitor was Mr. B Wasserman , DAEN-
MPO-U . The CERL Principal Investigator was Mr. S. h athaway of the Energy and Habit-
ability t)ivision (CERL -EH) .

Appreciation is extended to Mr. P . Stone , Navy Civil Engineering Laboratory, Port
hluene m e , CA; Mr. II . Kennedy , Southern Division , Naval Facilities Engineering Com-
mand , Charleston . SC; Mr. F. Hildebrand . Naval Facilities Engineering Command , Alex-
andr ia . VA; CPT R . Olfenbuttel , Civil and Environmental Engineering Development
Office , Tyndall Air Force Base , FL; Mr. J. Roth , Chief of Utilities , Fort Eustis , VA; and
Mr. J . Miller . Chief of Utilities , Fort Detrick , MD , for ideas which contributed to various
technical portions of this report . Administrative support was provided by Mr. R. G.
Donaghy, Chie f , CERL-EU .

COL J. E. h ays is Commander and Director of CERL . and Dr. L. R. Shaffer is Tech-
nica l Director.

/

L~~~~~~~~~~~~~~~



NTS

DO FORM 1473 1
FOREWOR D 3
LIST OF TABLES AND FIGURES 5

INTRODUCTION 7
Background
Objective
Approach
Mode of Technology Transfer

2 THE CONTROLLED -A IR INCINERATOR 8
Description of Equipm ent and Unit Operations
Technical Limitation s and Implement at ion Risks
Limitations of Applica tion Guidance

3 APPLICATIO N GUIDANCE 1-i
Introduction
General Consideration s
Plant Technical Aspects
Technical Considerat ions in Project Development
Economic Considera tions in Project Development

4 CONCLUSIONS 43

5 RECOMME NDATIONS 43

REFERENC ES 43

DISTR IBUTION

4



TABLES

Number Page

I Requirements and Cost Factors to Consider in Refu se
Disposa l Method Selection 13

2 Solid Waste Parameters for Incinerator Design 16

3 Genera l Operational Aspects of the Controlled-Air
Inc inerato r 19

4 General Site Selection Factors for Heat-Recovery
Incinerators 28

5 h eat. Recovery Incinerato r Plant Records 30

6 Example Daily Waste Survey Work Sheet 31

7 Example Daily Waste Survey Summary Sheet 31

8 Example Waste Survey Grand Summary Sheet 32

9 General Sii.e Grades of Mixed Solid Waste 32

10 General Condition Grades of Mixe d Solid Waste 32

I I  Determinat ion of Plant Capacity 33

12 Incinerator  Selection 35

13 Determination of Waste Storage Area 36

14 Essential Equipment Dimensions for Use in Plant Sizing 36

15 Solid Waste Periodicals 38

16 Organiiations amid Associations Providin g Resource.
Recovery Information 38

FI GURES

I Scale of Waste Generation in Three Major
Army Commands is

2 Contro ll ed-Air Incinerato r With Small Afterburner
Confi guration (End View) 19

3 Controlle d-Air Incinerator With Small Afterburner
Conf iguration (Side View) 

195



FIGURES (cont’d)

Number Page

4 “Piggyback’’ Contro l l ed- Air  Inc ine ra to r  Corif ’i g u ru t io mm 20

5 Controlled-Air ln c i i ie r ator Ram-Feed Cycle 2 1

6 Mod u lar h eat Exchange Section on Controlled-Air System 22

7 Stack Bypass System on Controlled-Air Incinerator 23

S General Process Flow of a Control led-Air ,
(teat-Recovery System 24

9 Charred Materials 26

It .) Pallet Crusher 27

I I  Examp le Layout of a Controlled-Air , Heat-Recovery
Inc inera tor  Plant 29

12 Maximum i)eni~nd Growth Curve 34

13 A n n u a l  Load [)uration Curv e 34

14 Average Dail y Load Curv e 

356



A PPLICATION OF THE PACKAGE Of the  numerou s package heat-recover ) inc i nera to rs
CONTROLLED-AIR , HEAT-RECOVERY current l y marketed , t ire control led-air  conf igurat ion
SOLID WA STE I N C I N E R A T O R  ON A R M Y  has the longest operations history (about 7 years) and
F I X E D  FACILITIES AND INSTALLATI O NS is felt to have high po t en t i a l  for instal la t ion use. 9’’°

Accord ingly ,  the Army has planned to use several
controlled heat-recove ry systems dur ing  the next  4

1 INTRODUCTION years and has encouraged ins ta l la t ions  to con t inue
deve loping pro;ect s for reclaiming energy from solid
waste. 11 . 12  Project development efforts freque~it ly

Background h ave been inhibited both by lack of t cchnical / econ-
Ai WV imIterest  in waste- t o-cuer ~v conver sion syste m s omical data on control led-air  sy stems arid by apparent

is r t t r i l r v a r c i by t i re  desire r o conse rve costl y amid scarce conll i ct s between ac lua l  equipment  performan c e in
c o i i v e n t r o r i a l  t i i e t s .’ to  ci n duc t  wa s te  d ispos i t ion  the field and the pert or i i i ance claimed by m anufac i -
op erat ions  in a in ire c i i v i r o n i i i e n t a l l y compatible  urer s and vendors.  These pr obier n s have made apparent
, i i an r i c r . 2 :oid to r i i i r i i r im iz e  the  costs of i n s t a l l a t i o n  the riced to provide Facil i t ies and Distr ict  Engineers
waste I i r a r r a g e n r e n t . 3 Syste r i r s  whic h are e i t h er pre - wi th  cur ren t  conceptual information and techn ic a l /
se t i th  or expected to be commercially available for economic data for developing projects usi n g the con-
i n s t a l l a t i o n  use w i t h i n  t h e  near  t e r r i l  (less than  7 \ ‘ears ) trolled-air . heat-recovery i n c i n e r a t o r  system .
inc lu d e  package and s i t e - e r ec ted , heat-recovery
in c i ne ra to r s  . and supplementary  use of solid amid Objective
pyroly tic gaseous refuse-derived fuel I RI )F) in exist ing The objectiv e of (his investigation was to provide
bor l crs . 4 conceptual information arid technical / economic data

l’or u se by Facilit ies and District Eng in eer .~ ill deve l op-
Site -er ected h ea l - recovery  inc in era tor  system s have ing wast e -to~ nergy conversion projects at Army

a sv cll- est ahl rs h ed h istory of successfu l operation and fixed facil i t ies and installati ons using the control led
rii a~ he used ecorri on ica l ly at i u s ia l l ati oii s genera t ir i g  heat—recovery incinerator .
Si il id Was IC at  a m a te  of ’ I 00 t iiis/da v (9 I m t ) or

s” Conversely. use of solid RIW in existing Approach
in ’;t a l lauori- sc ale  c e n t ra l  boilers is several years away This investigation was conducted in the  fol lowing
fr ’ iii conclusive d et im or i s i  rat mit . and no pyr ol ysis steps:
sys t e m s are avai l ab le c omr i ic r c i ah l v  ye t . k

I .  Design concept in6 rr n ab on and tech i i ic ah /
eco nomic data on the controlled-air ,  heat-recovery

it ~ ’ imm l ’MCrgi ’ Plait (I tea dq ua rte rs . I)epariineiii ol ihe inc inera tor  were gathered f r o m  the following major
Ai m y ,  I q7 8). sources: l i t e ra tu re  review; n i anufac turers  and vendors;

2 1,np r oving Military Solid Waste Management Lconomj e field inspection of operating municipal  p lants: research
and ~tnrz ronmen zalBcneJus Gener:tt Accounting Office , I 977~ being co n duc ted  b y Navy. Air Force. Depar t r n ent  of

.5 t h i i t i a way ,  Recopepy of Energy /P orn So/id Waste a! Energy, and U.S. Environmental  Protection Agency :
A rmy Installations , t ec hn ica l  Manuscr i t t L- I I 8/ADA 1J448I4 and architect / eng i neers experienced in waste-to-

U.S. A r my (‘uns rruction Engineering Resea rc h Laboratory
[( t R L J  - August 1977 1 energy syste m s (( li apter .~).

4 S. A. IIath~iway m d R. I. I)ea ly, Tec hnical Ei ’aluation
of - Iron - Scale Waste-to-Energy Systems, In re nim Report
1. -I t (t /AI )A0 4257 8 (CURE., July 1977 ) .  ______________

5. 5 Il1l i t iaw;my . “ l- . v a I t , i t i o ~ mit Sniiill-Scate 5t.j s t e  to - ~W. Ve r l ecke , “Using Solid Wj sIC I fle rg5 Sources - mm Miii-
I.nc rgy Sy~rems . l” oceedings , I hird Internationa l ( ‘ i n te r enc e rary Inst , i l la t ions .” Military !-Mgineer (Ju ly-A ueust I 9’~8)
)fl Inviro nineriral Prcit ,lcmc in the I St r a c t iv e  Ind ustr i es , i O ~ A l lat l iaw y. Design Features oj Package- lnci,u’ra :or

t )~iy i o ~ , Oil ( l 9 77 )~ Svstep n~. Interim Report l -10 6 /A D A0 4 0 743  tCt RL. May

~‘ Ll J. (o llnins , ‘‘Refuse . lIre Urban Ore .” Military Engineer 1977 t .
( Septemb er ~~ m Iner 1977). II Letter . DALN-I-l U, WASH DC, “Energy Conserr ,imion

l I l ’’eld l e t  Using coal d-RD/ ’ Bleprds in Spreader lnvcst mnenr Program (I (’IP) Guidance ” (7 Novemt er 1977 ,.
,S’fr- A~,’r f ired Botler~ 

(~‘ny s iemr is  Icclnno hngy ( nrpc , I 97)9 . 12 \R 42 (1-29 , Heat ing. Energy Selection and Fuel Storage
nL ’ in L’ers I rain it Resou rce Recove r >  Sc ’ ,s i omi , ” had ,- l) istrihution . and I) ispenring Syst ems (Departme nr of the

Aec Ju ly  1978) . Arm y,  1976 ) .
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Th e steps u~,c- !i in the p tu ~e cn deve lopn ient  op to c ig h in  t imes  r i m  h ou r  d u r i n g  i , , , r r i al opera t ion
sI:i ges were exa ni t i i i ed  or c u r r e n t l y op e r a tn i i g  and Combust ion in t I n e  l u r n i c e c  r akes  p lace at  lc: s than
p l ani r r ed f a c i l r t : e s .  This e t f o i t  inc luded methods used s t r i i ch io t i i e t r i c  air  Prod~ c l ’. I this  dt ~t i h l a t i i ; n  process
f i i r  ~~:rs tc  c l i : m m a  t e r i / a t n o m i , e m e a n i o n  nt desi gn con — pass t h r o u g h an ] a f t e m h r n m i i m m g  sec ’ i m t r  where  air and
cepts ,  selectio n of c q m i r p t t r e m i t . env i r e i nnn cn i ta l c onsid— I L i C I  arc added to cnn i ip l e tc  Ir ~ t r  c m t i ! . : r c t i o u m  Products

— er at ions ,  and  ec o m in i t n i c  analy si s .  These da ta  were t h e n  i f co m b u s t i o n  ths’i i pas~ t i m r n i m g l  a teat exc ha n ge i
es : t lu ated  and arrange d as step-b y-step guidance  to wher e e i t h e r  s team or c i t  wa cm : : i tm he Produced.
:i s s i s t  developing pr ot ec ts  usi n g t i re  c o n t r o l l e d — a i r  W ole c on i r r I led a i r  i t r e i n i e r a l r s weic  first  mama-
m n e i i t c r a t o r  f ( ’h apt t ’r $1 , f a c t u r e d  ni t he  ear ly  1 ) 5() ~ t h e i r  nc inn l r e , m m  rec overy

is ni iore r ec et i t . h , ivj m r g  b e g u n  in abou t  I 1 7 2 . ~~ 1 here
Mode of Technology Transfer are t l iiw noire t h a n  I V O  J i  / et  ot t  t r o l l e d  . u m r .  heat-

Ut i n dan ee p m n n \  md ccl ni (‘h-ap te r  3 will  he pnb lished as recover y soli d w a s t e  u t c i r i e l  t t o r  s\ s I ’ ~~m s i t t  t I r e  U n i t e d
art  h . : m g i u r c c r  Technical  Note  ar i d  incorporated i n t o  a S tates
revision ‘ 1 \l 5-~ 1 4 5 . l#u f,iera tors

A typica l  e on t r o l l ed - a i :  hc : t ; - r e cn v e r v  i n t c ! m i e r a t o r
p lan t  consists of up to l i v e  -~e pLt r a t c  l u tn ace- ho ihen
l ines.  Incoming  solid sv : t c  rs d i am iped nm a ti pp ing2 THE CONTROLLED-AIR INCINERATOR f lour  amid handled by a f r o n t end load ~ r Plant  layout
inc ludes  ar e a s  or doe k~ nm a C  m m m m n )da t e hyp aw and
hu lk y conri bust ha le ~s :isr es U V p J s s  w a s t e s  usual l y ’  are

Description of Equipment and Unit Operations hauled to disposal w i t h  ash arid m e s ’ c l ue . Special low-
A c on t r o l l e d -a i r  system consis ts  of package , or horsepower sh redder s cant F e  i mi s t : i l l e d  to ieduce t i re

t iso dul ar . etnns ponlcnts. The maj or connpo n ents are the size of bulk y co t t ih us t  ih le w:n~Ie s so t h a t  t hey  c a n t  he
ft r rn ac e  and heat exchanger .  Mod u la r  components  fed to the  f u r n aces. Th~ I i pp m m I ~ t i n i e r is I i b . r a l l y  sized
typica l l y :m m c  off-shelf - predesi gned . (tt ghway -uthi ppable to  accommodate sun c’ s i t t  solrd ss t ste h el t er v and
e q u i p m e n t  wInc h  have a procurement  tin ie usual l y  t e t t ip ora ry  s t o rag e  is Im u i l e i l  by p l i a n t  m n p e r a t i n l g
no g r e a t e r  t han  ~ months .  Furnace arid heat ex cbr ang e schedule and backup fu n m ;m/c  a p a h n l i l s
modules i r e  h i l ly  shop—erec ted  arid h y dros ta t ica l ly
le st  e l  - a i d  n i o r t u ah l y  h ave ci imbu st  ion equipment  and Solid waste is led h ’ the both : t-  a ~. d r au l t e
con i t r i t l s  t n i n u r i t e d  at  the  fa cl ory prIor  to shi pment . r ant ]  fee der b efore  emi ’ eh i t ’u t : m i u c e ’  ( h i r e i n g  takes p la ce
ltc ’c amrse ’ r i f  s t / c  l i n n r i l i a t i u n i s  i t r i p r t sed  b y t r an t s po r t a t i o n i  about  eig h t  h o n es  an t o u r ,  a n d  I h i n m i t c h b y feed
cr i t er ia , t i r e  solid waste th roug h put  capaci ly  of t i r e  hopp er capac i ty .  i u r r i a c c ’ meat  rc - lc:ise r a t e  md wa ste
c o n t r o l l e d — a i r  i n c i n e r a t o r  is l i m i t e d  i t t  a p p r o x i m a t e l y  bu rnou t  a l e .  ~¼’e and d’A s~ c i :  i t  i t :  he used f or
I t i m  hour  (0. ’) l  m t / h r )  h e n ce , the  average in s l a l l a -  ash r en t i m v a l .  ( t i r r e t i t  d a m n s  as m r w i t  ss s i e m i t s  where

t i i I I i , W h l t e l i  geni cra t i ’s  sol id waste al ,i at e  of a pp r ox— as h is pushed by t I l e  it l c or ’ in tg  c~ m 3 m e ’  t h i r m .m t r gh i ~iO c x ii
i n i t : i m e i \  $2 t ons kh : iv  I 29 ml las 1. 13 could e~ts ils pro— po9 ill the  h o t t o i t  car if the I o n  ne  ‘o a b a t h
ccss I t s solid \ S ; I s l e ’ nm a p l ai n equipped svit h Isv Inic l i n e d d rag  c’n r m s c y m u r s  r e t t t i i v :  que n ch ed u s lm to con i —
n i c t n i c ’r a t n r - h n i l l e r  l ines  opera t ing  t h r e e  s l u f t s / d a y .  t a iners  which are p e r i o d - e m i l y  lr ,rok ’d to disposal.

l i i i ’ c o m m n r n h l e d — a i r  r n n c m n e r a t o r  has the  longest opera— Air p e i l i i i t i nn  c o n m t r l cq i t n ~n n: e r m m  cv ussi, ‘is not
t iona l  h i s to r y  of al l  marke ted  package in ci n erators t4  i nc luded in i n t i t i u t l  c , i n l s t r u e m : , t m  . o e i ’ : t u s -  c u r r e n t l y
A lso known :ts t h e  ‘‘s l a rved - a i m ’ a rid “pyrol yt ic ’’ opera t in g  con t r o l l e d - a i m  s y s m c ’I t s e or t i t l > w i t h  c \ r s r t m i g
i n c i n e r a t o r , it  con sistS of a m e l r a c t o r y - f  aced , s ta t io n ary p a r n i c i n l : i t e  m a t t e r  e n n m s s i n m n  g u i l ’ i i t n e s . ‘ ‘ N e v e r  n l ieless ,
bed , ho o i u n t a l  cy l indr ica l  t u r n n a c e  wh ich  is ba tch  fed p lan t designs a l low I ’ m  t I m e  l e t  ‘( ‘H of su ch equi p.

‘ S A I Ia t t t awj y  and R . J Dealy , Ir ’c ’/ in ica l l i ’aluation 5 Er ’a /u a!io,t of 5’’, !! ( I n / n  in ’ / l i U1e ’,!t ‘, S tPZ . l i i iP tm c ipa l
of 1 r io ‘ Sra l ’ Waste to- En ergy Sy s icon t.  t o tem mi Report Pla n is I R , ss II ol nn ianmr \ s’. it r e v . I 9 Ci
I I I’ (/ A DA042 57 8 ( I  RL , Jut s 1977i . ro~~ inli ne’ , a nd F a p m  ase S m a r t s  I m e r e m  Re n t S

i 4 5 A I Imn h uiw rt y ,  I) esi ten Features of Package /?n c i,nc ra to r f irm Wastes ( t m  ann A ut n nn , t ’ n t , ’ A’ .sennhlt Ptjtn t l O S T  1-
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and m c’st . ur ee recovery areas can ‘edt c ’ t h e  c l I n t ’  t i t i e s
/ i l S ! I ’ i i, ’ i ’ n? IüJ f j O i I  of av a i l a b le  w:~~Ic if -a n ew’ eom p e t i r m ~ pno ee ssin g

I k I d  e’ \p e l i e t t c r - t n  da te  has c lear ly  i n d icated tha t  a l t e r n a t i v e  is i i np i e t uc r t t ed .
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sys te m us  cost .
I l i u m  aii m,
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s u c h  a m i g ht c o r t Ve t s in i n  ra t io . Onìe p lant  is s t i l l  s u f f e r -  sys t enrs  and e h h n e n  d i s c i m r t t t n m u , m :  n i t  m c v u s i n t s  sv licntev er
big poor b u r n o u t  and  is u nde r gnu inn g  i t s  t h i r d  gen eratio n services relied on the  h n c a t - r c n v c u y  fm ~ u h i I v

‘I I i i r na c e  t t m d i t i c a t i o n  t m  reduce t Im e carbon content
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n n m n s n i i t u i r i n i g  cmis t s .  l r ann n_’’s t r e i t r e  e L S e  c e r u l m n s ’ i n r g  I : m m g r ’ t o Sses m i t

sv’ ast e fr o r m n t i l e  s y s t e t r u  w o uld  j e o p m m m c l u / n ’ u/ c i m m n r r m l c
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: n r i s  l r e ’. i t — r e c o v e u s  i r r c i i e r a t i c ln i  ss s m e u r t .  st eam or hot w a t er .  R e u u n ’ m i m i s  t im In ‘ad _ f e mron id may

r ’ en t der  por t i ons it t he  p roduc t  m I t l i ’ ; i l ’i c ’ a i nd  t h i r ’r ef ore
W asic  Stream. \ i , i mn r i sk  f a c ’ t m n s  an ’ waste c out i posi— decrease e’ e’ n t r m n m i r i c  ben d m s .

t u n n u m  wu i st e’ t 1n : n r t l n t s  ar id  te ’n ’ l i m u u u l n m y ’ v  ch ia r rge  (‘ Inan ig es
ri 55 :is te  , m r t t p o s m l n u n n i  e m  lead I n n  reduced f ’r a c l i on  n t  Waste I ) i spuv a l.  1 lie m i t l i l u r  m n s k  a c t u l i s  : u s s n n c u a t c d

w i t h  waste  disposa l ar e ’ s i t u ’ capaci t y . si re Imi n t i o n , and
le gisla n ion -
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ns a low risk lactor . because hess waste would be degree of con fidence can be associated wi lh  informa-
i miv n m i ved than if t l nere  were no heat-recovery inc iner- tion provided for conceptual plant design . waste char-
ano r  f a c i l i t y .  acteri zation el ’forts , amid capita l costs. Conversely .

annual cost information specifi c to the controlled .
Chang ing the lo cat i i i n  of the u l t t i i ia te  disposal site air equipment consists of best current  es l imates and

for asln , resid u e , and bypass wastes could increase may be expected to vary within approximatel y hO
‘spc ra t l n r i  ~u w I s  because of a longer haul distance fro m percent. As operat ing experience and breadth of per-
l I e  f a c m i i t v .  formance measurement grow , more reliable project

development data will become avail able. Accordingly .
\ ‘~~‘‘ he g islat t or m may be n i rp l e rne in t e d  that  will the boundary  conditions of apply ing  the c iii r rolled -

r e c m u i r e  d c s m g ni  chan ìges f o r  l andf I l l s  (e.g.. liners to pre- air , heat-recovery solid waste im ic inera b ot  at A ru r t y
‘ ‘ t ;t  p ’ ! h i t t i m m  of gr on indwat e r  ). This can increase t h e  fixed faci li t ies and in s t a l l a t i tmmn s  will h e cmm mi i e n ) u )rC

“CI n i l  waste ir uu n mn g e niiem m t and rcsource .rccovery oper- clearl y defined.
: m ti im r is . hi nt is u ’xpected to be a low risk factor because
less waste wo uld he in volved th i an  if there were no
h u e a t - t e c & n v c n  v i i m c ine ra to n facil i ty ,

3 APPLICATION GUIDANCE
Limitations of Application Guidance

D erivatioin of the  application guidance provided in
(‘h :it~I er 3 was  h indere d by lack of long-term perfor-
;tcu :e data urn controlled-air systems. This proble rni has Introduction

t hree  mai n  origins. First , recordkeeping at operating More than a dozen operating municipal , indus t r ia l .
lac ihi t ies is o f ten incomplete , thus inhibiting the assess- and military controlled-air incinerators were reviewed
r i m e ni l of m ass processin g and volume reduction capabil - to obtain app lication data usefu l for developing pro-

n i es , 26 Second , operating controlled-air systems ace j ects at military installations. Conversations were held
‘h ara ct cristica lly uiid er inst r ume nted 27 This prevents with mnanagem nent personnel as well as with man u-
det ailed evaluation of technical processes and con- facturers , vendors , and experience d researchers to
5u m p t i t i n  ra tes  of auxil iary fuel , electrical power . determine how each facility was planned and irnp le-
proce ss wate r , etc. Finally,  industr ia l  competition h a s  niented and to obtain as much operating and perfor-
resulted in m any systen n is being marketed before inves t- mami ce data as possible to incorporate into applica-
iga li vc amid developmental phases have been corn - tion guidance. Principal interest in the p lanning aspects
ih eted ~ T l m u s has led to unnecessarily long debugging focused on how solid waste was charac terii ed with
r’e’ nd ., Jnmr in g  which t ine  tech n ical character of a respect to the processing capabi h il ies of the controlled-
s’ y t e t n ch anges . It has also effected so many Ongoing air system.
design and manufactur in g  adjustments that , of len.
n i t  m i n i  I~ pr u id uced d t i r ing  the same month are exactly Two findings of th i s study are noteworthy.  First - in
a l ike ,  p lanning current ly  operating controlled -air incinerators

burning mixed trash and re fu se , few efforts were made
App lica t io n  guidance provided in Chapter 3 is to characterize waste with respect to its daily genera-

i n ni le l b y the amount  of in format ion and data avail- ti ta n rate (rmiass and volu m e), content  of combustib les ,
able when th is investig at ion was conducted . A high general condition , and size . As a result, little is known

about the flexibility of the controlled-air incinerator
to process various types of waste ef f ic i cn a t ly .  Second .

— reco rdkeeping at operating facilities is generally m ade-
A. Hathaway and R I . Otfenbutt el , “Comments on quate . Many facilities cannot differentiate helween

l Itner and Wisely. ‘Case Stud y Fnergy Recovery from Wastes ignition amid a f terhurning fuel consun np l in n . r el iner’rem m an “tulomobile Asse m bly Plant.” Proceedings, ASM F
Solid Was le Processing (‘n,nfer enc e ( I  978) power consumption to tons of waste processed - or grve

a detailed account of water consurn pliun Sn i eh i  eIaI ~i’S. A. Ilatt i mu w ny .  Design Features of Package Incinerator
Systenns, In ne mim Re p n i r t  I. -106 /A t )AU4 0743 (CERL , May ar e required ir a cost analyses supponling Ia oI e c i

1977 n development in the r ma t l i t a ry enn s (mu ct i . iis prnrce ’. ’. n~ ll
2
~Report on, 1/me Status of !ec/nnolog v in the Recom’erj ’ 

~ 
availab le data were used to supporl t I r e’ applicaIn nnn

Resourc e ’s I”ronm Solid Waste’s t ( ’ou n i ty San i t a t ion  Districts , guidance fur n ish ed here. Where data  wer e no! a v a i l .
1976t able , experienced cs t i r r n a tes  were used
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‘dl d a t a  and e s t r n o m t n ’s were assena h ik ’d iii u t n n r t i i a l  of comn para u ive ly  sitia 1ik ’ dn ’s m g n m  . am td  l i b e r a t e s  useful
c i m p a t i h i l e  s~i t l n  r i t e  ~~ of app l ica l inn n  gund amiec  for energy mi t h e  fo r mnm m i t  h a L 21

u s ’  In ’s ~‘ I l i ii  i~C e t deve lsu pme r at - Ac cm mrd inigly . I he first
l e S S  s c c l i n m t i s  n i t  t h i s  c h i i p l e ’r review l ine g en eral  aspcc is l) isadvantages of Incinerat ion . 1 l ie  d i s a d v a n t a g e s  of

m l  i n e i m n e r : t l n , n n . r m u I i t m i ~y solid w ,mst e generat i on.  an nd i n n c i n i c r t n t i i n n  in ic l u t h e  gt ’nis ’ r a t t l m m m i t  i r n u \ i n u ,  or~ t o x i c
— c , r m r t b u s i i o n . Sm th s n ’ j t i e n I  sect ions p r n n vide  mle ’ r a i l s  about  gases . sn i n i k e ,  and s m n h id  p t u r t i c u l a t c s :  h eavy depende itce

tie e’ : h r m n i e c m n t m n n m i u n _ mis pe ct s of planning a cnn i imr o l l e ’ d — i n  t ine p e m l n n n t t i a r u c e ’ n i t  mn c e h n t n n t i : : m t  cqu i~’ n u i n m n l t ;  app lic-
a n n ,  h i e a t — r e e u n n n ’rv s in l id w as te  i n c i n i e ’r a t i n n n  system . a b i l i t y  n m n l y  u r n  d te c n n n u i h u s t  l aI n ’  p mu t i u n n  nt  a waste

stmean i : cnnn ip : i r a l i v c lv  h i g h i m m i t i m u l  umul  r e c u r r i mm ~ c m sts :
Genera l Considerat ions arid t r e q u e n a t  d e p e r n c h e n n e e  mint  sk i l le t ; ‘t id L m ! e n m t ’ c I  t a h u n r

I lu’s d I i ; n p t e ’ u 1mi , .v i de’s t eel t r i ie ’mm l t im i d m ’ c n n n n m t n i i e  gn n i ml for proper hardware  pc t n r r u i a t u :~ at i u l  hlm m n m!ev i t y
.111Cc i n n  ris e 1w l ; n c i h i i n c s  arid I ) n s t r u c t  E ng ineers  t i n
m m m n p Ie ’ : m n e r m t i r n ~ thm ~— 1’acL~m gn ’ c n n n t m m m l l e d — a i r _ h i e a l _ r e c n m v e ’ry  Packtt ge i n i c i n e r t i t m n r s  ar e’ used In  n u i i ’ i n n t i i i e  l m t a l
s u i t  n s m m s r e  i n i e i i l c r m n l n u m  at ‘ t i n n y  t i x e ’il f ac i l i t i e s  and i r r v e s t n n n e n t  ir a a waste i n r c i t t e r t m t i o n m  sy s t em.  N e v e r t h i e —

r i s t , u l l m t m n i n t ’ , ~ le ss, lt ne ’ cu ns ts  n u t  su p p o r t i t r s  t a c i t i t i e ’’, an ie t  a t n x u l m t i r i e s
tom p l a n t s  using pack amm e i m i c i u u e ’ r a t o r s  mire of te n u n u m i m p n m r -

( ;e ?mn ri! lsjm e ct s m m f  / i t C iI t t r Qt nn ’ ?i  able’ In t hnnm s e ’  f i r  S i t e -  n u t  n u h - n _’r e c t e ’el s y s t e r m i e  t n t  s imi l a r
R ationale.  I n n c n t t e r a t i n n n n  us ino l  aim u l r imnn a te  waste capaci ty.  w h i l e  

~
‘‘ e t i l t ve’ n n a i n n t e i i a t i c c  timid nepa i r

d i s I m u sat  m i w t ( m s i . h m i l  m i t l l u t m u r e l a t I v e l y  c a p i t a l —  and c i sIs  a r e ’ s u n t i n e t i t n i c s  hig h er .  Be : :n tn sc  n u m ~ r n m e n a t i o m i  is
l a b n n r - i n a t e n s i s e  s t e p  i nn t i n e ’ disp osal pr nee-ss in whic h  an n added s t e p  t i n  t i ne  w a s t e  d is i imsmnl  p r i n c e s s  r a t h e r  t l n a r n
w aste  hu lk  amid p u t t e s e r h i h i t y  are redurc ed A sound n n i e t h m n d  of u l t i m a t e  disposal l i n t  n e a r l y  all solid waste
w a s t e  d t spo sah  n ie th mn d  mn l us t  prevent  rm u ismm ncc  amid m a n a r e r i a l s , i t s  i i n p l e r i r e t a t a t i t m n  h a s  sm all i t u n p m u c t  m a m a
h ea l t h  and s, it e ’t v  lm ai. ar el s by contr o lling the’ t o h l n m w i m i g  re’ l u c i m i g  w a s t e  c m u h h e c t i m m r u  a tmd  hi ~ : i h i t ~mi cn s ly  and
agents  mm r c a u s a t I v e’ t a c n m n r s :  r u id en l s .  spread of m n n n r n n a l l y  d u n e s  t i n t  shen t ri m wtm l a n d f i l l s .  Ash , t e s idu e .
paaim nsge n s - . n tnss ’ ,  and ai m po hiu n t inan , sur f ace  and gr o u n d -  at nd bypass sv , istes c i t  cmnr r n pr i s e  n t p  t u  I tJ p ercemnt by
waler p u n l l tm t i o n .  timid hia t ardou s gases. A pm nm per l y  wei gl nt  of an i n s t a l l a l i o t i ’s ss mmsnn ;  s t i c a n m u  mo i s t  must s t i l l
designed tunnel mn p era be d  san i t a r y  landf i l l  will ticli ieve th i s  he’ disp ins ed n i l  even a f t e r  i n c i ’ r e m a i  ton i -

g ina ? .  h t t e m r m e r a t n u m n  is n n n r t n n a h l v  t oil  se lected n nver land—
t i l l i n g  min le ss ~t us t u r s t i t  nc ei . bot h c’enmnio ni i ca l lv  and lncjn cr alj on W ith  i-teal R -c sus c i v .  Tire  dua l  penrpose
n n t h i e r w n s e .  ( m u s t  s n t m d m e ’s if a l r e ’ m m i a l r s e ’ w a s t e  dm sp tn s a l n i l  h n e a t — r e c u n v e ’ry i t u c i n n e r a t i o i i  ns r ec h m mct i m n r d waste ar id
methods arc nr se d 1mm d e t e r n un n a e  tine nimost econ omic c u n r i s e r v a t m o u n  of c m u n n v e n i t i n n n a h  h t e ’ m t t i n i b  muri e l  c m n m t h i m t ~ fue l s .
select non - Wh en the le’tusr -cm n s t  svast e d ispmmsal met hod The’ emm t i tm o r i  prin ci ple’ mit  haca t - r ecm sn ’ n y  i ii cin ema l ion
din es n u t  t iaeet  s ta n dard s . t he  next  nni os l  e’ c nn n n n n i i i c a l  ‘ , s s t e l l t s  is r e e n m s r ’ m s  a m n e h usc n i l  t h e’ tea t  l i b e r a t e d  f r n m n n n
it n e t h iod  us sc i ec led .  I mi ss - c i n s i  a l t e ’ n i m a t m v e ’s t m m  s a n n r t a n v  w~n sle ’ c n n n m i h n l s t t n m n i  P r rns pe ’eI ’, I n n  mi p ~m t v i m m g  su it sySte n i is
lan dtI lh i nneIur dc  cnn nt i p mis l in i g  arid h o g  ‘ce’d in t g .  I able I ml A n n i m y  i r m s t m n l l a l i m n n i s  e ’ v n m l v e  i r mtn rm mi  pro h in c i t ig e i t her
lt st s  s p e c i m n t  r eq unren n ie l i t s  arid c u n s I  t , n e ’ t n nr s  to cons ider  low— mr i n i g h u — t c m n n p c i a t m r r e  m i n i  wa te r  nm r  s t e a u n r  f o r  i t e j u —
when eva l u t i tnn g a l t e m n a t i v e  SV t is t e ’ e lus p n ms : t l  i n e t h m m d s .  r ing mnn td  c o m i h m t m g .  Pae L a g ’  m u  n e ’ c  . ‘ n  s t m c i n e n a t e n r

t c’chnn u ln ngy  is l i m i t e d  inn s l c a n t u  p r o e t u c t ; . n r r  t im no greater
Advantages of Inc inerat ion . In cin erati on has than  2~ O psig ( 1 7 2 4  kh’ mt I s a t u m  i t - i !

n umerous advamitages  In wtnsle disposa l niper t nt ions . It
is app licable t i n  l i qu id .  gi rse nnti s . and solid wastes : A h i et i t .re n m v e i  v n n n c m n n e i a t : u m i  ss t c m m m  bia s till the
red lnee ’s tIne h u lk if many liq u id and solid wastes by advantages  amid d i smmd s ann tnge .c m ien ui n mu ed  f i r  mu i c inera -
nip to ~~ perce n t c m n t i v e r t s  n m m n s t  m i rg a n i c  (e .g.. c arh nn rn - t orn inn gem m e r al .  I nn ae l d i t i imm n . he’em n us e p m  k -age h ea t—
c n n n t a i n i n g )  mni tn t e r i a ? s  10 gases w h ic h are a l ready par t  rn ’c uu ve ry  mmi e’ m m r d r a t i n m m i  las ant  u h s s ’n a t i o r i a l  i u i s t n i r v  of
of t he n ut in ral at tr im m sp ln crc a id can he rele t r see1 di reel ly Ic’s s tIn tint ~ ye u s  I In c mc u e’ it Ii nre ’r  u u’ I fl knownn

n u t ) i t  ilSe ’ s readily available oxygem i ( m i n i air  as i ts  a SS n nc in m l e’el w i t i m  k o n g — t e n  iii n n p c r a t i m rm mind t r m a t n i t e’n ance
pr u ncup a l c h e n ni i ca l  agenl : en ta i l s  c lie n ii cmnl processes requiremeni ts  m m d  l engt h  n t  f u i t e t u u m t i t n l l i f e .  I i n s  5 au
I htn t  are c n m m u p t n r a t i v e l y  well  unders l o m nd  is readily added etisad s , m nu t a r  beca u se t Ine  r isk m n ssnme t il ed wi l l n
carr ied n u t i t  on h i n g e  q m n m n t m l n t t c s  n i t  m u m a l e m  i m u l s  i n n t npp a rat t us  usi n g su ch equ ip r nne n n l  is h i g h .  I e u i n i m n n i u c t m m i m l ysc s n m t

I In e ’ , , m  um t I e d-m i u r t n e  I nerm u i nur  is m l  Is m n n m w r n  u s  t Ine  ‘‘py m i  29 C’omlmustmo ,n I n u n J , , u n n um t i / u  in in tt ’asfp l,ucn,reration
ly nn ’ intl st msenb - ,inm ’ i n e i n e ’ r , u t n , r .  i n S S ’t i t - 11 1 .5 1
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Table I
Requirements and Cost Factors to Consider

in Refuse Disposal Method Selection
Type of
Disposal %‘uaste s for Requirements Factors to Consider
Method Which Suitable of Method n Cost Appraisal

l n c in neu , i t t on  .~I I Large i ni tma l  inves t ment  in ptmmnt with Capital eo ’Cts ;
h e a vy depen dence cnn mech anical Furnaces , buildings, stacks , fuel
eq uipment  storage . au xil i ary equipmenn ,

Req uirements  t or nuisance preventions Operating costs.
by isolation air  p o l t u t i u n n  cnm ntrn nl High m nmiimt n en a ncc . l abmnr . m ucl ,

ut i l i t ies

Sanitary Alt  but volati le , Suitable area or areas to allow use of Lan d cost.
landf ill tiam umab lc wmn si cs , method over a period of years. Equipment costs.

org anics (Certain ly throug h useful h it e of Labor Costs for operation and
required eq u i pnncnt ) maintenance .

Over h ead: te ’leption e . otuice , etc
Be nefits in rec l a im m iung useless land

Plain fi t l  or Noncombustibles , Sui table area. Land Cost.
disposal omn ash es Most material will require earth cover F u t u r e  use of land excavation in
la nd surface but restrictions are less severe because area where large concrete or stone

organiic matter  is absent, p ieces have been discarded is ver y
d i f f icu lt

(‘omp o stm ng All organ ics . Useful as road conditioner Cost of separate collections , segreg a-
noncombu sti ta le s Suff icient area h ur wind u ,w type ol tion or sorting of garbage fr nnm
removed com np osti n g nm an enclosed mec lnaniized other refuse

type of digester. Land , equip mi ient , unperation mund
Sortin g and grinding t a c i l i t ies .  mainte n ance  costs . ( m u s t ”  nn f
Useful outlet  for Fini shed compost separate disposal ii ott n er re fus c

Potent ia l  revenue fron a sate of
co mpost , salvage a t scrap. etc

Open t m urn in g  (‘ot ni bu sn ible s , Garbage mn n d ot h er sm oke and odor Consider mm n l y as adjunct  no som e
trash . volani l e mi nd producing mater i al  nm i us t  not be nict lwnd of separate garbage
ll am i in na b le wasres mixed in disposat.

Fi rebr e ’aks . water I n n  t i re  lig ht ing.  etc..
nnus l ac provided.

h o g  feen l ing Garbage Sui table ma rKe t for h og  fumo d guaranteed (‘ompare expected revenue wi t h
for an extended period ; cost of segregation , separate
a. To serve as su m le .~u p p ly for mni n m munn i  I mand l ing arid tra n sporta n ion to

efilcient s u e  farn n i ( 11 ) 0 vows plus point of use.
brood ) would re quire an installation
wit h comp lement of about 10 ,001) men

b. Hog heeding practices at contacting
farms must nw-el local , stat e , and federal
regulations tminiimuni requirement
sm er i l i zat f t nn by heating garbage to hold
l iq u i d component at 2 1 2 ’ I b r  ½ hn).

Garbage Garbage , i nimm i a l  Existing or proposed sewage dispo sal facili- (‘apita l and nper at ing cost 01 addi .
grind ing solids , organic ties musn be adequate for added organ ic n iona l sewage disposal facilities

wastes except lab load , required .
mind hospital Sewers must have adequate transport (‘ost of grinder instal lat ions
wastes contain- velocities. Cost difference between n iixed
ing pathogens refuse disposal and rubbish alon e

Value of added gas prod uc- t ion

Salvage ’ All Sortin g u u r segrega lin n n m t  salvage items. ( u nnnpare salvage value to c’. t t a
hand ling Costs

(I r u nm rn Des/gin Manual Mechamnicall’.’ngincering lN aval  Facilities I~ng in eer in g C ommand. 1 9 7 5 1 ) .
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p a c k a g e ’ hme ’ ; u t - i u .’ c m s ’ m v  sV ” t e ’ u n ”  I m , u s e ’ a t t e m n u p n ’nl t m  deal i n i s n a l l m n t r u m n  hs m m ’ n a ! l a t u i m n _  g m v m ; i g  ~, mucfu l a t n c n i t t n m n  not
t i n  t hes e  t m m t k n n u n w n i ’ , h ’ nm s e ’ m m n l l s  e s tn n n i mi t im ng  a n u t t n i a l l ~ o t i t ~ t i n  the  d ’. t u m n n t n l c s  -I  v, as ic ’ c ina t : mc t c t i s t i c s . hut  a hs n u

I n ,’,l i t u i n t m Z  C O ’  le g . .  t In e  d e b u t s  m s l u u p e ’t u l l u n n i  m ur iel  t i amni n u— I nn n hmum m n m i pa c t  of t h e  I m m ’ . u I . t e’e nsm ’ n y s~ m e n u  m m  t ime  in i t i a l —
le ’ n t m n n m c e )  ansi  c u n m i s e t s m u t i s e l ~ htu l r c : u l i s l i c : i l l s  e’ st i n n a t i n g  l : n t t n m u ’s t n u t a l  W a s l e  t l i m n m i a g e u n m e r n i  s~ s n e m i u . h n e a t n n g  p l anr
t I ne  va lues  ml h e m u e t t t s  i t t  h e r m i t s  ni t  t i n e  l a t e s t  a v a i l a b l e  u p e t a t m m i n t s . n m id . m t l i c ’ m s l I c _ s l i c , . j l u , ~ Ii t m m m s .

In c  I t  daLi .
Waste ( Ina r ac t t ’r i i at io n i .  ‘s u t m em i , u ; u ~ n i e t h m n d s  ar e use d

( l ,Ii lm l n # j S F l n \ f . l r i i i n  .‘n, u l i / t l i.c l i ’ / m ur Ineiner a t ( i n  I n n  c i n : m r a c t c t u i e ’ n n m i l i t m m n \  s m m l t n .l vs m s te s. 1 hm ese t i m et l i e nd s
I)el ’i m i i t i m m n i s . I l i e ’ t e r n n t  ‘‘snu lu d  ;s : m s l e ’’ i nuc l udes  t~n mige ’ t i u n n r n  d e s k t u u p  p u m e c I u n e s  m u ’ u i m i g  l a c i l t l v t e l ; u n e m l

e : n u i m , i m ’e . te ’ t u t s e  m nnd  m n l h n u . ’t s u n j i d  t t t : m l e r m m m l m .  m c s m n l l r m n u u  Om It Cnnt j sS tmunl  t a l u s  m m  tcsmm e ‘ . m r s t e n l s i s e  l ’icl et e v n l e i a t m n t ;
i l i s I l n i t t u i m u m i l .  u t n m h i i s n : u m u h .  c u m n n n t n i e m e m , m l , . u nud  .i~m m c u l t u r a l  nt  mu l l  pu n i n l l . ~ ml : e m m e r m I ; m n  mm md & l n . p n m s . i l .  I hug ~m es t  ss , m st m ’
u m p e r a n i o t i s ,  m i m i - I  ( m in i m e m n n t t n t i u i n n i u s  . l c l i V m t m e s . ~i u m m i t t g  c t m m u r a c n e ’ n u t m i t i u n i  : i c e m u r a e \  is i c l t i e ’ved s e i m e m u  mi tt i n i t eu s e’
ti m id a g c t L u l t m i i a l  ~. mmst e ’5. . im m i i . ar d sutis  waste’s , slu d ges , a rid t ieleh e l l u r t  m m ; c : mm m i - I  m n t m t  u ’ ’  t u m i l n u e d  p e u . s u m : u m m m l  l m a s i n m g
c u t n s t r u i e t l , mm mm m d d e n i m m n l t n n n m m i  i sm us t e ’s .m m c ’ n m n l  imi c ludeeh ! nn lr ’ . t e r t n t  p r a c t n c a h  I a n u u i l t a r u t v  w i t h  m m i s t a l l a n i n u m u  s ca s le
inn t i n t s  u, a l c g n u m \  (or  p t u r p ms es ml l m e ’, n m  R’ c u V e n y  i m i c i m i e r a -  mlnann mu g e n n i e m n t  m i p e r a t i n u u m s . t ’ m ’ pe: \ l lm ’C t j ( i ( i  m l  j n tCn t l e r :u t mn r
l m u n n i .  AR .12( 1.47 d e t m ! m e ’s p m nr l ic u lar  lvpe s  n I ’ sn n l id  p la n t ee lu i pt t ie ’nn i cp lds ‘n ’ :u c c u r an c  d m m t a .  I m I le 2
55.1St1 ’. n li sl~ lIme r e q u r i t c d  m l m m l a ,  Ut t L e sm ’ da~ n . p n u m \ i m t n a t e  a nmd

u l t i n n i a t e  ana ly ses arid c , i ln i t I l e  v : i t ues  c a n t  he d e ren  -
Army-Wide Solid Waste’ Generation Fi gmure  I shows mined w i t h  a cc ep t mtb i e  aee ’ t m i  m u ’S u s i m u g  i i ; i t iu l h n m n n k

the d u s t n  h u t i m u n  n i t  su mh i et  waste ge nme ra t inu la  lot FY76 at instead n u t  I lelel  ,uu d laho r a tor ’1 p i o e c d ’m t e ~ . (J i l t e r
I ’ ORS( ‘OM. 1 RAI) O( ’ . amid l)AR ( (J\1 i n i s l a l l m i n  immm i s , required da ta  i t n u s u  he n , h t ; i i t i c e l  f m n n m n i  a f ie l d l i r v e s u at
Dm nt a  are m i  lons/da . S eimu ~ s s s ee’k h:n st s  as cn n r n p u t e d  t I ne  i n i s t a l l a t i o n .
h n m i n m n  m i t t t i u n a h  cubic y ardage da ta  p rm uv id e d  inn Fac ilities
I ’ ng inn ’eri, zg il,iiumal .S’um,nar i ’ of  Op erations I ’iseal Insta llation I ’vmi ’t e ’ G e mi e i ’a t iu m nm Rates. l ine m ass
Year I V 7t n . u ’  A de’m t s m m y  u n f  191) lb / cu t  v i  (59  kg/rn 3 ) genera t ion  m a t e  ~tjmresseei  as m u u m ’ , ,~d av ( c t i s l o n n m a m n h y
n t i s  ,m s s m i m t u e d  t u u  e m m t m s e ’r l v m n h u t u t e  to m ass da ta  fn nr t h i s  5 days/we ’ek ba s is ,  and tine 5 i m u m u e  ; ‘ e n i m ’ m : i t i u u n  r a te
nl l n i s t i  J l i n u t m .  I lIe avet ag e u t i s t a l h a t n o r n  smu li d  waste genera- (cub ic va i d s ; e l a ’ v ) arc r e q u i t e d  I n n  mi ce um mi te  equ ipme n t
lion m a t e  svmnv a p p n m n x i m a t e i y  3 t n n n s / d : t v  I 29 n n h / d a y ) .  se lec t io n  ar id p l a i t  ml es ignm . Bo tb t the  avenage and
Tine’  mi tedia n i  ( 50 t h  p e n c e n i t i l e )  r a t e  sc m u s t a r  h e h e w  at 19 s t m u n u d a r e l  d e v i a t m i u n  mu m ass  t i n ,  u : u n i t m t m m c . genera t ion  mutes
t u m n i s d ;ny ( 1 7 n ii l ,; d m t y ) ,  a t td  the nuua’ smn iun l  com in puted  slonu ld be d e t e m m m u i n e c l  t h i r m n u g l t a be l l s u n v e y  t ake n
n a t C  was I 2t) t m u m i s da s. I 109 mt / day )- More t h an 75 per— ( m r  nun  less than  25 C n m n l m m m s m u n u u S  l : u m .i d m ty s .  A n e l i a b l e
cclii m u ihe u t u ~ t a 1 l a i ’ m u t n ’  gener at ed less than 50 tons~ tu ia ss getu e’ r m t t i m u t i  r a n c ’ is t c q m i t u m _’d 1cm m I s sil e the  val i d i t y
day (4 (  m i t t  c l ay ) ,  t imid  n t ore  l b n m n n  90 perc 1’ m i t  less n h n a n  nnf  su ib se quen i t  L m m n i l m m l m n n i n m u i s  h ) . I sCi t  Oi l ~n asic itm as . s ( suclu
X 0 t t u t m s / e t m m ~ (7 5 t n t / d a y  I. as c a ln i r i t i c  va lm ie ’ s s I m m c l s  us n’x p n e  s’,ed u s B t u / h b  ),

V n m h u t u i c  d a t a  m m m ’ n c ’ q ’ mi r e d  i n n  d e I c ’ t m t m inn ~’ p l a n u t  d e l i v e r y
Variabil i t y.  h n s l a l l a l i n n m n  w a s t e  genera t iom i  disp lays and h n m n t i d l i t m g  r e q u n i m e n n n ’ ! i i s  m m u m i  l i m e  p ’ i e n m m i m n l i nm pac t

h n m t i n  s l m m m t u m i l  mmm ii t t’ t n i p m m r a l  v a r i a h r l t t y ,  Waste charac te r .  n i t  ar t  i n i c i n t e m m n u n n m t ,s y s t e n u n  u I  i e ’ t i m e i t i g  t i m e  m a t e ’ oh ’ l a n i d —
m s l t c s  s v t l l  v ; n t y  b y m n i s t a h l m m l n n n n , Simple spat ial va r i ab i l i t y  1111 use , B ot h ni umu-m s tu tu v m n l t m m m i c  u lmm u u t m o s t  he t i c a suned
s t u n t  r e ss t lh  h ’r nn nii d i t ’l e rc t m c es  in g emag ap ln v , c l imate ,  d i r e c t l y . arid n m n u e  ,, !m n n i u l d  rue ’s-en ii , c n m p m n t e r l  ( m m m l i  the
p n n h n m l ; t t i u m t l ,  co l lec t io n p u m u c t i c e  . m nnd  n m n s t a h l a t i o t i  u n I t e r  l i s in ig  , u t h m ; r m t u i l v  su ’ l e c le ’mt k i n - u k  f au lmu rs  h u r
i i i i s s i m n n n .  ‘ l i n e  p l t y s i c u n — c h i e m t n i c z n l  n m n t n i r e  ui ’ wm rste a l snn cnn mt ve r s i u u mm ,
v m n r n e s  w i t h  tu nic,  Waste c h i m n r a c l e r i s t i c s  at nimie i n u s t a l l a —
t u n m n m  i i  t n n m n e  13 usua l l y will he d n t t e ’ r c m n t  lh i tni i  at t ime A Condition. W m s u c  ~ m n m m m i m l i n n n t  is mu n u m a l o r  I m i c l m m r  imn
W lne m i prmmp e’m ci ii , u n l c r a t m u n m i  us gmvcn to buI l t  spa t ia l  d e t e ’ run i mmuin i ~ u m t a t s ’m i a l s  se’ p . i m : m n i m n t m p n n t n .’ m m t i m u l hv ie’n n u . .
a nd b e m punr u i l  v a r m m n h m l i t y .  nneami in gfu l g en emali ~at i o ns 1m w., nnr hn i ghu - l e l u t m o l n n g y  l u t e t I u m  :s m m m d  c t i r c ’ c t ly  ah ’fec ts
ah n ut  the A r m y - w i d e  v i ab i l i t y  ot ’ heal -rec overy inc in .  special ha n d l i n g  t e q u i i m e n n l e m i t s  t u n t  m n i c i l m e m  . 1 1 m m  pla n t
er mi tn o mi are d i i l ’icu h t . ‘[‘his via b i l i t y  nuiu s t  be dcte mn tn ined  desig n am nd m p .’~ a t i u m I . ~\, s ’ m e i t n , u l t t \  ~Z i t t  m a n ge’ fr ot ni
________________ — hi gh grz tml e ( g m u u n d  t nm mt c r i a i s  s e ! i ; u i m m l n m m i  1iest ~ n i t i t t l , easn7 ssf

m nn ,tR ~~ 4 7  ~~~~~~~~~ ll ’a.v t u ’ .t’fa,magen’nn’mtr m l ) e p a r n menn  (ml tbn c ’ I i ; m n n d l m n g  b y cm t i v m ’ n ; u t n n n m ’ m h  m n m e ’: u u s . e u n n i d  : c m n h m m s t m h i h i t y  I
A r u m n y ,  t 9 7 7  1 m m  n i e a t ’ h m n n n t n n g e n i c n i m n s  s lu ~~ m l  in i Ie ’ n c ’ r n u u n m i a t e  c m n t n s h i t u —

51 /’ u t rut i t ie’n Entgu i mm ’ ’riiu~’ Annnua l S u m m a r y  n,J Operations cn u e ’y w h t t c h n  m m e s i ’ i t s  d m 1 1  m c u i l m i e s  I nn i u : n n e l h i m i ~m . snmmr m nge .
/“i,se’al / 1 ,6  t h ) e p a r t n n i e n m  ml t i n e  A m i i i v , 97 7). t ’eed mm tg . amid h u r u u u u i g
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Figure 1, Scale of wa ate generation in three major Army commands.
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Table 2 t h e r e l n n r e  cam u be t m t v  e t i  I n n  nc n l  e a s i l y  I ~ men n m m m t i i n g  the
Solid Waste Parameters cotu sti t  uencv un )  t h e  I u e ’ t e t n  ‘ gc ’n i e i n u  nsi ~ed su dud wa y n e
for Incinerator Design sI m em a m nt  is t e i h i u m n i s  anud c m m t im p lm ’\ . I e n h U e l n n  I ) t i i i 5  s trea mu i

cznt m he assun i me d  t i n  l i m e ’  ant  a - ’, l i m e d  I m e u t i m t g  v e s t ’  t h a tI m rum ~ n tn ~ n m~ \ m m , u b  5i5 rm nn nge s t r m n n n n  40013 I t t / lb  ‘i 3 ni k g l  lo S 59( 1 B t u / l bI n n I sn u R  
I I  2 .~ m im i k e ’) .  art  as hu t um i d r es m toe e m u n m e n t  01 20 perc et itV mn t ; nt mlc mmn u t tc ’r

I s e n t  e,nt lnun n by wc ’i g lu t t u m id a n n m m ’ ’ si m t ; e  c i n n u t e ’ mnt  i t t  20 pere ’en u t .
t - uu iess  t h e ’ l i e l e m m n s s e ’ m i e , ims s l o t :  is I t  ni l )’ n,’\ e ’ m.’p ti on lal ,

t ’ l t i m i m , m t e  t i m . u I s s i ~ t h ese ass t un m i p t ie iumm ,  wi l l  he a et e ’q u mmut e’ Im nu P u u m l d ’ct d e ve lop—
( , n m l u u , i u  m eri t pU r pnm s e’s It I S s t : o n 5 l V  m u C  I e ’r able ’  t n t  a i nn  wasteI l y u l r m n e u m n

sur v ey e t t n i r t t  l u m w m u t d  e s t , u i m i u s ! i m m m e m  , u m ,c ’ i m r a t e  gem t m e m a t t o nu s’ m m u, m m
S m u l t u r  r ates , ~ m m t u d u l i m u m n , s n u c’, h m o n m i u n g u , ’ n i e n u m t s  s i r c ’ mu mum n n u v e n i t n m m i e s .
n \S t i  ar id pr edie’ t i m m m u s  n i t  l u m l i t r c  r en ds,  ra l l i e r  t i tan t I n

( , m l n u n u t m e  Vj t u e ’  em n nu su n mie  m e’ s n m t i re e ’ i~ m n m m m ~ m n m g  .m ‘ i e ’ t : m k m l  sur s e ’ v mu
I i  t i er every c o n n s t i t u e t i t  inn t Ine  l i e r e r m u m s u ,  l i e ’n m U S  s tm emu t im .L m ,w er ( m s  b e n t )

Sta n ie lm tmd p rn n cedur c  mi~s t i t t i u ’’ tI m : m t  the  us i s l e’ n t t n .’ ;l t f l  is( .ener ,m i m i t t  R.u te - -Mu n sc ee’ I l u l u n s e  ((  t ’1 m un °S I , s v l m m e l m  s ’ r m m t m l s  e’ u n i u i b u s t m o t i  coh n—
V m u t m m m u i c ’  pu 1 m m h i  mimi s lo be cmii mm cmi in  l i t  mcmid i ly ss In ihe preserving

(‘ n n n i d i l u n n t n  t i ne  essential  c h ne run i em ul  le lc ’ m m m  m y  ‘ m l  t ui i xem l ~v ast c  as a
Sn / c  c n n n n b i n a t k n n  of l i y d m i n g e ’ m m  mud  cmi r b n n m n ,(‘u u n i s t m t u e n e y

I hm n ni mog emien n us ni t  special wastes
ll e ter engcmi emn u s W,mStcs Irni x eet  trash mind ret ’use) Predicti ons. A waste ‘ m i m s n ’V m s nu ot  com u i p le t e  unless

Preuii et i s’e’ time I otig — tet’ m m i v t m i l n i h i t s ’  ut m I s  m e s m u l l s  Is u5se ,ssed. Planne d
F uture mission changes recyc l imug p r n m g r m m m m t s .  p i u s s h i e  m m m is oon i  ch an ge . andRecycle prog r amn s changes in the svmi s tc ’gi’ m u e r : i u i n i g  popu lat inn nt  can mi ffe d(‘hanges in waste ge nerating population . ,

the ah i ln t v  to predict  t im e’ pu ut en i  t n a l  ot m m neat-recovery
incinera t ion sys t e n m i  i n S  e m i ts  ec u n tn , m : m ic . or func t iona l ,
l i fetime. Not all f u t u n c  c l ua nn2e ’ s  mire l mmr es e c - a h l e . N ever-

Size. Waste site’ d i rec t ly  aft ’ects  the desrgn of a tim eless. experienced i t i s t a l i a n i o t  pe t  ~m n mm ne i  sisoutd
h u a m n d l i n g  sys l en un amnd t I le  seleclion nu f  pn ’opem incinera tor  address this  quest i n m n as det i m n i l i v e ’ I \  as possible .
p l m m nt cqu ipn n cnmt .  Sonic combustible mater i als  may be
t n n m )  lmnmge Inn pass t h rough a predesigned feeder .incin - General l:’lenue,mrs (~ u O m / O m 5 p, n n m n ;
e r a t ( nm sys tem.  Inn th i s  case, it is necessary ten choose Definitions. ‘[‘hue l e r mt t  “ chm at mge ’ ’ i d e  I n n  t h e  hmuad  of
whe the r to preprocess these t ii ater n ah s by coarse m ixed solid wmns l e l~’d in t i m  l i n e ’ in i c i t ue ra to r ,  The
sh redding m r  t in  cnn n isider t he m as bypass wastes arid c in ntro l l ed-air  in c i n e rm n t mu m is led by a isu u l ta u l ic  t a rn
l memn t t h er m h -  rm t emm rns  m u t l i e r  t i tan  mnm cin e r a t k n n . Site n i l  feeder w h n ic l t  pus lu e’s i t t d i v i d m m . m i  c hnan g es  i n t u n  the
in put mate rna l  dc te m ni mnme s  not  n m n l y  feed h m m p per ar id p n i n n l a r y  c i u m i nu ih e r  m m mm l n i i u , i t  ba s i s .  I n t Ine  l a r ge s t
lu  m nn m nce teed I hi m n mat d in i i e nsnnn n i s  . ht r t  al s n select knn oh package uni ts  av ail :nh Ic . I t h u  nse’ I mit cmi I t n u n  u mm li i  (0 ,~)
h ) u lk y n i mm mte r i m n i s  sh red d ers , i t i l / h r ) ,  eac h chi mim g c wus ig l u t s  n p p m m n \ i m t i a l e l v  25( 1 lb I 1 1 3

k g).  A I t n m m t / I n u n i n m  (0 .9 m i n t / n m  I cm i i i  r m n l h e d . m n i m  m n i c m n e r a t m u r
Constituency. It  is often not so important  to inmo st he ted c’ve’t \  ~ ni t inu m les

precisely determine the cons t i tuency  of the m ixed
soh nd waste streanui  as it is t n n de vel nnp mn reliab le ini ven- Charge Comnposi lion. F lue ’ c b me n ui cm n h e m m n u l m ’ n m s i t n o n l  m nt
tory mnt  tIme types and quantit ies of homogeneous nu ixed solid w mi Sle ’ is h i g h l y  c nn n i mp lex , h nm u v i r ng  i i i  a lmost
wastes generated in ptmre s t r eams  at the inisl a l l at ion endless nunn u he r  tnt  ~u n n m n p & n i m n m u I s  1u mesennt m u  the is-
( e .g., ca rdboard ,  wood . AI)P cards timid paper . mm iotor  discarded m u nte m na l s .  TIme c ln c tn u i e ’al c u n t n n p u n s m l i u n m n  n i l
vehicle lubricant , e x n m t i c  m etals , higl’i grade paper n i ia temia l  feel inn th e  i n i c i m i e r m n t n n r  n u l l s  v a t ) ’  m : n e , i l l y  m n c c nund-
s t m nck , rubber . e tc . ) .  Some hom ogennnus wastes mitay ing tnu  ch arge arid the m t t n i c  in is i m i cimme n ’ m nne e h , Because
have salvage value as recycled n ui a ter m a l s , depending on ni l the cn t n ip lcx i l  am nd emi t i m m l m t l i h  m m t h e  ch e nn i e ’al
local n ii arket avai labi l i ty  and on the economics and r ialure m nt ’ so lid ss’ m s l C . II m s m i m u r u t i m i l l y  m s s m u m i i e d  ( l i n t  tIme
logistics m l ’ t l n e r r  recnnvery, storage , ha n dling and charge is cellulose . n h C l C u u n 4 ’Iil m i t y  e’ m m t n t b i n a t i o n  of
m a r ket ing.  T h e  h in m i u ge nm nnus .s t r ea n n t  can he mn substan-  h ydrogem i . ca r h m n nm . , - ir i s h  m \ \  ge ’tn . h i t s i s s n i t n m p n i i u n
tim i l p m m r l n n n r u  n i l  l ine h n n l a l  n m is l a l la t t ( imi  wast e stream and fac i l i ta tes  line ’ c m m u l u p u t m i t t n n m n  nt  c n m n u m b i i s t n i u r t  c akn i la i i o i i s ,
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Chin-ge Combustion. (‘n n n m b u s l i n n n  is a chenmical Combustion Air Requirements. The p recise amount
process inn w hich t I ne  t ( mm m ii  uI the charge is chat uge d and oh ’ nu xy gemm mes h uir ed I ’m ii c o n um p le t e co m m m hust  ion is termed
em ne rg \ - is released as tme a n arid lig h t .  Gen erally,  sm ul id “ t h i e n n r e t i c a l  aim. ” 1m m practice . Im nmwe v ’e r , an excess of
55 motc ’ h u r m t s  as l h m n m u g ht i t  is a m ix ture  in ! hydroge n ami d aim is required f n r  cm nninplete  co r i mh ust in n n.  The ex act
c a r h m u u m  tn mleI ’in mn tc  pr oportions. Several processes n m c c u r  amoun t  of’ excess aim depcm lds mnnm f u rnace  cen nm di t innm m s
wlt e’n m h u c  ci n mir ge ’ is i n e ’cted into the I’smr nm ac e : drying, and the material  beimmg burned. Excess air is expressed
gmn sr i n c a t mmmii  (ese ’ .m( m e ’ nil  v n la ti le s).  ignit ion , free co n m ibus ’ ‘as a percentage of the th emnre t ica l  aim require m ent
t k n n m.  am id ch ar bt i mn i nut , Because n i l  the highly hete m n m - h nemtce . 50 per cent  exc ess aim i s IS O perce n t t heor e tica l
gu ’n u e n n i i s  nm m i t i u re  nut  t h e  ch imirge cn nmi i p o sitm o n . these pro- air.  Maj or  air sources for time furnace are um m dert l re  a i r
cc” s ’s  t t sua l l v  n n c c n m r  s i m n n u l t a m m e n n n i s l y. Oxyge n re quired ( t h roug h inlets beneat h  t I t u s  fuel bed ) and inver h ire air
to sm t ppo r t  due’ c n n n m m b u s t k n n i  process is supplied wi th  ( i r mjec l ed  above time fuel  bed i’ Some oxyge n m ’ - supp lied
c u m m m i t n u s t i m u t i  a m . svl n mci i  by v, l m t n m i e  is approxinmate ly  t h i m ou e ’ Ji auxi l ia ry  fuel burmm e ms whic h  tire at excess m u m  -
21 pm ’ n c e n m t  n m x n , ge u i min d ahot ’t 79 pencent n itro gen. A tIme waste feed inlet , arid the waste itse lt ’. Stationary-
v e m ~ sm: umi l l  m i t n i n t i m n r  of the o.xyg emm for combustion is bed i nm c ine ra tm m rs  of tine control led-air  type may require
l’rn , m m n t ine  fuel in se l l ’. Carbo n nm t h e  charge combines up to 100 perce n t excess aim.  Less t h an op t ima l  c m l i i i -

t r i m u u \ V g e’Ii i i i  I lie conm ihus i  unri air 10 l n r t n i  ca rhn n nn  bust ion air supp ly resul ts  inn t i ne  t ’om nma l  tori ot Soot
d m n n x i d e  ( ( ‘

~
)
~ ) . I I ydr n nge t m c m nm b i mn es  wi l h i  oxygen In n mu m unb sn m ned  carbon . W lm e m t h eated w i t h  i nusu t i t c i en t  mu ir .

l u s r t m i  s v m n te ’n ( I  i~~) l . wh ich appears as a vapor at high ltydro c arhons Ih nern i a l l y  d ecnnm mn pose m I n i  t ree c a r bm nn i
lem t m p e r m i l  mir e s .  N i t  mo g cn i mi m i c s riot c nn i t r i bu te  to time amid h y drogen. I h eavie r h ydro carbo n s de c on iu p n m se
u m m m i i h u s l m n m n u  p tun c ess , b u n  ca rries away sonic h eat.  By rapidly and have a lesser tendency te n burn  sniokelessLy
em i t s en va t i nnn  nm f im m ass . t I me weight n mf t Ime charge , plus t i ma m m l ighter  hydrocarbo mn s . such as n a t u r a l  gas.
t hme fuel m u d  aim supp l ied for con umbustion equals the
weng lit  tn t ’ tnsh , other su lid refuse , and combustion gases Practical Burning. Mode’m n im l cinera t m nr  desigmi
e l msc i m . nm g ed t h mm s nugh the  s tack.  a t temm i pts  to opti m ize t ium i e , t e m u m pera tu re .  and t u r h u .

henc e for combustion. A deficiency in nine of these
(‘ommibtis tion Reactions. Com bust ion is a process of factors rm may of ten he compensated for by adjusting

n m x i d a t i m i n m  t i ne  cnn nm vers io n m of an eler n uent  int d its  oxide either or both of the other two . Some tin m e is required
tlrm nn imgh m comn i h i natmon wit h nnxygen. The conmiplet e to oxidize carbon to carbon dioxide (E q I) .  Insuf ilci-
h u m r i n n g  u t f u , mn ih nn is expressed as ent charge residence tinme in the t ’um nace usuall y results

C’ -f 0~ (‘O~ + A ( 169 . l I ( s  Btu / lb  mmmo l e)  Eq l J  
in immco num p l ete combustion . whic h can be detected by
tIme presence of carbon n ionxide am id/ or snmoke imm the

~ here A us t ine  quan t i ty  of heat released in the flue gases. The rate at wh ich the reaction takes p l ace
m ’ x m i t l n c m t m u i c . or l n e a t - i i b e m m t t i m u g .  react io n . Time ct nm mm p l e te  is gove rmmed par tly by te ni mperature .  Gemmeral ly .  the  rate
co n mu h ui s t  ion t n t ’  h ydrogen m~ increases wit lm h i gh e r  te i i i pera l t mr e s .  Correcti n g time

incn ) nl mp l e t e  com m ibust iomi  of a cinarge in t ime fu rnnace  can
II + /m0~ ‘ I i . ( )  + A I I ~~~ I BI n / lb  nmnnmle  I I E q 2 j  require increasi n g te m nupera tu res , w h i l e  t t m a i n t a i n n i n g

a c cept m u h le  residence t imes lm nr complete co m n m bust  ma nn .
l ncm um nip l e t c  c on i hi i s t m nnn results it t o n  I t I  t Ie nnxy g e m m iS In t ime cn nm n nm o l l ed-a i r  i n mcinera lor , allowable term ipera-
ava i l mi hle .  u .s eX ett i l ) l i t i e d  by the followi n g reac lknn tures usuall y do not exceed 1 600°F . (87 1 °C) since
i n vo lvi n g e arbnnmi , shaggi n g can heco nm te severely problematic above t h is

( ‘ + m , ( )  (‘() + A (47 ,400 Btu / l h  mole ) (E q ~1 
po int . (‘m u nhust i orn  u,’an i he en h anced by turbulent
nmmiximmg of the ch ange . whic h cnnn t inua l l y  exposes tres h
surfaces to c n m m m n h u s t i n n n  air  amid h e a t  r ad ia ted  fro mn m the1 i l t \  r e’ m u e n m o nt i i h n m s t  ra tes the hemief n ts nut rmn oimi tn n ming the

~~~~~~ u m l ’ (‘0 iii t h e  tit ie gases. (‘0 indicates imt com~ 
re fractory. Some incin erators hmnv e n iecha n iiea l sinkers
for th i s  purpose however , t ine cmnrmtro hi ed . air  incimmer—ph e le  e n  n n u n n n s l  n m n mm anid tIme need to imicrea se time supply
atom is a stat iommmiry .bed type imavim i g rio n iec lmanica ln u t  cm m m u n h u s l  mu un a i r  t o lin e I m i rmmacc. The c nmp lete corn-

hus t i n un u  m t  c e l l u hnus e  is given as l ’o l h n m w s  for stm inda rd equip mnne nt  t in agitmmte tIme charge , In th is seni se . lIme

c nm n ihu s l i un n  ca lcula t ions’  c n nnt mnnl lcd ’ a i r  incinera lor  is tec h n ically inferior to
mmm ovi ng .h ed types . Residence timmme and te m perature

Cm. Ii i u n 0s + ‘ (iCO 2 + ci 1 2 0 + A ’ I I ’~q 4 1 are the cnnm i tro l l immg I ’acto rs oh ’ operation in lime con-
ro l led—air u n mi l  . wit i n  t i n rh ii hence being sembsta ni t ia llv

where A ’ ns t in e ms . l i r e d  i n c a l i n n g  s ’ mm l ue nu l  t ine tm n a t e r m ah . l ess sigmii l ’ic a m m l .
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Plant Technical Aspects n u n u c h n  t n t  l i e  C i i , i i i t ,  u ’  du, ’ sI ‘S e’~ h 5 u l e s t i u c h i v e  dis tn l la -
l’as ’kagc ’ (~ mpt irn , I h ’ i1’..1 ur , Ih ’a t-Rei ”o’ n ’r t’ / P n ci.’uera!or t m u u n t .  n u t  p v t m m l s  sis I l u e t i c e ’ i lie ’ m n i t e i  n u a l  n v e l y  ni sed r mam mi es

Package Systems. lm mm~ L .im. ~e tn c nnu e rm u t i m m nm s~ s idnuum u  cmi- ‘‘s tan  Ve’et air ” ammd “ p~ t m n ) u ,’ m  c ’ n n n e t n u c r a t m  m l  Mnn s l  m n l
St s t  ni l  p im ’ ml m ’s m g m ; e ’d. u n l ( — s h n e l t . i n i g i mwmny ’ shmi ppa h l e ’ t in e p~ m n m i ~ ’.is p m n m J u t c t s  mime  ru ( h u e  m a ’  m eu se  (‘ n n n n n h m i s -
equi p n n n e n u n  v v h m i c l t  l i i s .i p m n n c u m e t n i e t u t  l n m n t e  usual ly mmm l ( r u in  is cn m i t t p i e t e d  s~ hi e ’ u n  ad n . I t i t m m n i a l  c m n m m m b s t s t i u u m m  a i r  and
grea ter  t i m m i n i  S t m t i n m t n l i s  ‘I l ie I u im n tm iee  mi t n d  hn e a l  cxch amm g e m e a n  I mu s r e q m m i m n d ) are ’ m mddcn l  mi t i m e ’ s e e m n n i d t n n  V c l i a um th r ’ i  -

i m u n i e l m t l e s  i re l m t l l v  s m ’ m p — e m e c t e d  m unid  I m v m l t i m .sn m u t i c a h i v  ‘I hne  u w u m — s l a g e  c m u m l u l m m e t e  c m n u n i h i i s t m u n u n  p r u n ’ .m ms s us shn nu ven i
t e ’st e ’eI , n n o m l u n m i l l v ,  hhmm r  e’u n t n n h u s l t n n n m  ee l tmip in ie nm amid mis I ’u n l h n m ~~s. vs’ i t h i  l i f t ’  b u r n i i n t g  u 1  e’i m ’ t m u u ’ t i t a !  c a r h ’n t m  as an
e n m i m t r u m l S  mire m n ioun i t ed  at  t ime f . i ~ ’t u n r y  p r i l u m  I n n  s l m i p m m i ent  exa tmmp le.
-l Inc t m m m c e d  i l m m n t ’t fart  n m u m i e  m u m  u n i m u s  m im I be’ n n i n m u n t e d ,
d e ’p cnm nhm i g in n t he  si/c m n f  t ine  m’e l n u i p n m n e m m t , Ve r y  large’ Pt t n t i a r ~ c i l m i n u n h e r :  I ~~~~~ ( () + A En fl
u n i ts (e .g. . op t i m 1 t n n n m / h n m m u r  (DC ) t u m l / h i r )  c apac i t y )
vs i l l  n :nv e m it least t I n e  c n n m u m h u s t i m n n u  e’ n n n n t m n m h s  n m i m n u n m t e e l . Se’e’ m n n t n i m u m y  c i n m n u i h e ’m : ( ( I  + (~~ ‘ ( ‘0 ,  + Cs ~h q
h i nt  h nme ee l  d m m i f t  t a u n , teed hoppe r . ab p m n l l u t i n n n  conm ~
t r nd  e n l u i p m u n e m n l  . sep mir mi me h n m i h e n  ( i f  r e m i m b ; u e’d ), aslt ‘[‘lie u,’ nn n m t r n u l h e m l - : i m m  n l m ’ s m g m m  I n i e ’ u e ’ t m s m ’-, m u m  , u m n m n u u l n n t  n i l
m e m m t n u v . m l  e’ q u i p t n t e m m l  sn , n u ,’k sVst cn t n . amme i m I m e r  commt m mm l s  t t i i ie  mnv m n uimt l m lc  f n n i  c m n i n t h u m s t n o n m  h~ u m m m s t m u i u / . m m m g  t Ine  v’ n m i u-

~t na y he’ s h i pped in mj e km ig e ’ el imm n m e l i,mle s  nm h eld a s s e m i m h i v  t m i e t m t m  t lnis v m u l e ’  n u t  a tm 1 m m  t I m e  h m r m l mm r~ ~i t ,n t i i h & ’i

wit h a t m i n m n i i m i u m m i  n u t  n nni— -~t t c  labor . R educinug  t h e  m u u i i n m t t r m t  i t  m i l u t m i m  v c l i m m u m i b e n  am reduces
t i n e  a m u t o n i m u t  n i t ’ Ine a t  w l m t e ’iu ous t  he a d d e d  t h r n m i i g h n

Equ ipn ne ’mi t .  T h e  hac k grmn sm mid in !  Ihe package u,’ n n n m -  a u i x m l m a r s  h t n r n m e m s  tnm m r t a i n n t a i m m  p u lper l ’ m m m p e t : m n  m i n e s .  l i m e
t m n d l e d — a i r  i m u c i n m e r m i t m m m  m n m i g i n m a t e s  s~’ i t h n  p :n sn ge’ m m e r a t i m m m n  c y h i n t d r i c a l  sh ape of t ine  l m u t t m ie’e’ is i n n i u l e u i u p t  I n n
b a t c h u - t e e d .  h m i e k - , m n d — mi iunmta r . t m i u l t i p l e - c l u m m m n n b e r  i nc i m n-  equa h i i e  heal r a e h i a t i t u g  i t m u n t u  t h e  r e t n a e ’uory m n im i te r i mi i
e rmi tor . ‘l ime ’ umm n mtro i!eel ’a i r  m me ’ imnemm n t o r  has been desi gned to n i tc  charge ’. ‘I’u r h u l e n s c  Is u m n m n t m n l m m m m l e d  u~ pr oper
I nn e ’ I i u i i i m n m u l e  p m i u h l e ’n u t s  e m i u : m m n m n i t e m e d  w i t h  i t s  m m u m i l t i p i e — m u m  i n ( e c l n m u u i  m n t td  gas b a t t l i n g  mm t h e ’ S en n l t t m t : m m y  u , i i a m i t b e r
cham isher (o l c i  u i m u t u m m rn : e ’xc nm ssu s-e e’’s e’e’ss am . ovem ch am g- wlseme b u itmo sm~ n u~ ~ :iS p h i mu p\ m m  ‘h sis p m n m d n i n ’ ts and
ing , poor cha rge  h n n m t m u n u i t . In iss n i m a u m i l a i m t a h i i n t y .  and air sn i t i d  p h ase n n i m b u r t m e d  n. m m r h n t i  u m c u , ’ ( i m S .

p u n l l u t m n n m b ,
t i n i l i k e  m i g i l m u m e m l — h e n I  i t n e ’ b t n / u , m n mrs t h m m n t  are e’ m u ipp em l

I ’ lue c n n u m l m n n l l e e j - -a ir  unt ~ u n m e ’ i a t n m r  s’ nm n t s i sus  oh ’ two w m t h  mmn nn v t nmg  m n i m ,’J m m u n m : e : u t  s t n n k e r s , ti me , :usn ~n’m u Ued-a ir
e’i t m i t t i h e ’ t~ , l i me’ p r i n n n m n r ~ c h i m n t i n h e ’ r is mi ret ’r a c l n m r y — t a c e d . m m t c i m u c r m n t n n r  h a s  m t n m  tmim ’ : m m m ~ ‘ i t  m n m n x n n g  Ims ’ e’ l nam ge ’ . Wi th
i m u s u i l m u t e n i , s t m ’e’ i -c l mi n ,I , i m m m m u , u n t m b m m i , m ’ s l n r n d r i c a l  c i t a m mmber  cem t a i n t  u i n a n e r i u l s  h ike  ‘, n ’, v m l n n s t , . l m ’\5 i l e ’med s l u d ge .
I n n  vs i i i c i n  t i l e ’ c i i m u i u t m ’  us d ehi ~ e m e ’ m t u n n n n  mm a d j n n i m i i n g .  n n m n n n u n r e ,  a n t n m m m m l h e d d m n n g .  a n td  e’v- ’ n n n ’ x n e ’ m i s mv e i y p te .
I n m n n n t . n m n u n u n n n t e d  u m n n n n ’ ( m ’ e’ nI h n u m p p e u  , ‘I lie ’ sem _ u u t m e l , i m v  prmnce s s cd  u i i t 5 . e n f  s m n h m n t  \5’.l’, l n ’ . dic e m ’, mm m ’nd ee\ t nnv , :n rd
ch imi m nihem i s h n m c m u m e ’d ,i l sn i s e  t I l e ’ p r i n u l m i n u , c lum i m i mbem ar id  i5 s n i r t t i e ’ e’ e’ r u i s t i t u u t  m mnnu l  u u m ’ m n m i m p l e l e  h m i u u n u u u i l  event  vs l i i
m m l s n m r e ’ t r m n c n n n n s . t m n c c d . i n u s i m i m m n e d . m n nte i  s t ee l  cla sh ; thus  l mnn ig  r esme l e t me ’c t u l l e ’ s . l , n t ’ n i u  5 Im ’ . m s  ‘‘ n n b c ’ g e mm e’ m a l  umpe na -
c h i m n m u n h c i  t u t m n e t i m m t t s -a s min i a t t e r b u m r n i n i g  are m u 1 m m  p n nm vide  l i u n i m m n l  :uspe ~’ 5s n i l  ( t i c  c u n i t u m n f l m ’ ’. l . . m u i  o n u ,’ m f l e ’ r m u t o u  nt t e r n b n s
cu u t i i p h e l c  h i n m i u n n u t  n i l  d i s h i h i a t i n m u m  p m n i d m i m : t s  I ’romti time nut ’ pt ’m m h l e n m t s . cm n m l’ .cmu . mut m m ,I m u n n i m i h m ’ m n m ’ . As i n n ’ t m n  m e d  by

pn ’ im m n a r y  c l n m m n u n h e n . i iet it  m ’x e ’ l u m n n n g e  c q u i p t u l e n n t  m s ’ ,nd et eel l’mnh i e 3 , t u ni c mi n d i- ’ m t m sn ’ m am n i n e ’ , m n e t i n e  i t u u u u m i m m : n m i t
t i t ter  line s e c n u n t d m n r s  c h m m u m : i h m ’m \ I u n s t  av mu i l ah l e  c u u t m n m m u i l e d .  l ’m n c t u n r s  m m  e’ m m m i t m n t l l e m l . , m mr  m n p e m m m t n n m n m  t ime r e n i m m , _ e d  m u l e

m u m  n n u m ,’ i t m m ’ u m n t m n u s  m m n ’ se’ l t ’ s u u n p m m m l i n u g  aund  t u n e ’ i m n S e i i s i t i V e  plm nyed ii~ charge m u n m \ l m i : ’ is t\ ’ p m n ,’ah mit  h a t c h —led .
small  dn ’s m . i ( m n u i u s  t r i n n o  l e v e l .  ,s l m u l i i n m i m m u \ ’ _ l m s ’nI m n i c i m n e m m n t n u i s .

Princi ple of Operation . A m m m l i mm u n p e’rmn t i n n m n a l  pnit l  . Configurations. I 5 5 m m  mm m ii m m  m n  i i t  igu r a n  i n  m um s of pack-
cmp h e u t l i i i ’ n n u n n t n n i l l e ’ d . a n r  i m n c i n n e r a t n m m  is i t s  m mh i l i ty  tnn age u.’ nm n t r m m t l e m i m u i m  i t i e t r u e ’ m , i t m u m s  m c  , m v m n m l a h l e ,  The
c u n n m t r n n l  t Ine  q u l . n m m n u u s  m ind n u e ’ m t n i m u m n  nnl  e n n t u n h u s t i n n n  a i r  n m r m g m n a i  c n n n t l g u r m m t m u m n i  l nne ’l m i e l e’s mu e e l  ( m c m i i e v m n m m d r n c a l
supp lied t i n  t i m e  n imn i l .  Inn ide ’ , u I  m i p e t a l i u n n l . less thamu s c cnnnd m nry  c l m a m m u h e ’ m m m m i i i  a ’ , I m n ~ , t t i V  m m m n e m n t e d  a fter ~
t lnenn m c ’ n i c m i l  a ir  ix s tn pp hm en .l I n n  the ch arge in (he  pr imary hornier ( h i g m m n e ’s 2 m ud ( I me ’ se’ e n i t i s i : n u ’ u c l i m m n m i h er  ns
c h i a m i m l i e r , Air V C l u n e ’ i t v  he’hunw . t h i r n n u i g l u .  m i n d  urn top oh ’ v o l u m u i e t r i c a h l y  t ih nmt i t  m m n t e - t t n u r l h u  l i m e  st , m ’ i f t h e  p r i nmia r v
n ine I mi e l  h t ml u ’  n u n  n t n u l , n u m e d h e l n u w  lt’u .’ e’is required tnn c i nat tu h er . \ h u m n m ’ m e c e m n r  u t u n i t s  mmmv ’ a i m u m ~,’e’i  . lmn u n i i . nm nm t a I
e’ t i t i , m t t u  i i . m m n n c i u l , n t s ’ m i t m n t  m m  mn n nnh e m l u t s  it m u m i t  n i l  t i te  pri ’ c y h in me i r i c a l  secnn rnd arv u,’ I i ~i m m m b e r  , i u t d  e n t h i e m  mm l u n ’ r i , m n m i l a l
n ml m i rs ’ e ’ l m m m i u m b , u ’ m  ~mu ’ n n l m  h i ss u h i m m m n  l h n e ’ n m i e ’t u e , i $  mnim m u d  ,il m r imuch i m med  m u l t e m t ’ n m i r ru e m ( l i g n i t e  41. lime mme ~ ’er nmmn nt ’ig u—
I e n n n l e i , n b m n ! e ’s t i p  I n n  , i l ) p ! m n\ m ’ u m , i lC l V  ( t I l l )  i ( 87 1 ‘ ‘ ( ‘ I. u , i l m n n n m  m m n m n u , he l m t n n m ’c adv m u m m t , u i ’ e’ n n u i s  t l n m i t n  i t s  p i e l e ’ ~ e w s n m u
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Tab le 3
Genera l Operationa l Aspects of the Controlle d-Air Inciner ator

Pr obt em Cause Solution (Relation)
Unitnur ne d t unm ut em m a t mnmn ash eu u m l v e ’ y o r  I ced rate too tn i glt R e t u e e  teed ru n e ( t i m e)
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( ‘lmann el ing of ch arge ’ R eturnu  t m n onm gnn al teed rate ( m m m c m

( S m  C s s i S m ’ c a r tm m nm in ce ruilihe ’r e’t’t l t n e ni t  l’r inia r y etma nub er t em pe r .mt ur c  I n u w Restart  burner  ( temp.)
S m n m u uke t ’r mum u stmue~ ( bt mmum k. grey, btowru ( (n ssmt [tntien t fl’.ntiiepomt air Increase fla mep msnt a ir (temp. . turb .(

Bur ner failure Reset burner  Ini gher t emperamu re ( temp. )

S c m  n ’ t m n l . m r y  ~tu.uni ib er Ie tnp e r ature  hig h ln snj i’t ’ie i eunt air  I ncrea se I’tamep ort air (t cni p.t
Feed rate tom hig h R un due c feed rate ( t inme )

Sn’c’om nm la ry  c’lu amn ib e r tenm np m mtat ur e kiw I xcessi ve’ cutt i b u st i mun i mu ir Decreice ft-a m wep ort aim m temnip . I
Feed rate too low Imuerease feed rare ( t i m e)

B a ck ul rat ’tmn g Excessive combustion mmir Decrease t iameport air ( t enmp , ,  tu rb . (
D maft  too hig h In crease damper counterweigh t t t i m e (
l” eed ra te  too tnt g tn Reduce feed rate ( t ime)
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Figure 2. Controlled-air incinerator with small Figure 3. Controlled .ai r incinerator with small
af terburner  configuration (end view) , afterburner confi guration (side view).

because the sccn m mdary chamm m ber is equal in volunme to Feeders. Each of the two controlled-air confi gura-
the primary chamber. This “piggyback” design (ions is fed on a batch basis by a re m ote-control led ,
pr mnvide s a greater t ime for burrmnnut  unt ’ combustibles hydraul ical ly  driven rain -feeder. Figure 5 shows the
h rnmnim lI m e ’ pr inmary ch ianmber and has better mixing feeder ’s general operational cycle. The cycle from
capabi l i ty .  Nun field niata are available to conclude hopper feeding to restart can require up to 4 minutes.
wh ich con f igura to nn will  prov ide bet ter  se rvice al Ar my Incinerators rated at I ton /h our (0.9 r m i t / hr)  must be
in s t a l la l i o n s . fed approximatel y every 8 minutes and the r et ’ore
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— A t m e r b u r n , r  r ec m mverv h n m i h m ’i min e ce’ n i m ’ m ; ’ I l s  l I m e ’ s ‘ m e  as tint . n nn ~

package h m n j l e m’ , l_ n i e ’ , m n m n n n i  u i em im m mii  e’’s u s m m m ’ m ’ h n i i I ~’’ ~m l a m u h
- or ‘. t c m t m m m  h u e ’  m i s  a l u mn i m i m e  u s e ’ m l  c ’,.is n n o ~ I n ’ cdw :ut c ’ u
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600°F Ash Renmoval. \ \CI  a n n d  d i v  as h n’ m , n m n v ’ m n I  ‘~~ ~j e ’u~~ mire
ava i lab le  w i t h u  e:m e ’ b m n ’ n , t u m r n i i d ’n l - m n  m m c m t m m ’ n m u t o r  e m m m f u g n i r m l .

o o o o o o o a o l ion . Smmnmm e elr ~’ \ \ s l c m i m s  t t t d ’ I I  m mlv  l ’ ’ mt ~ I u , wh en l : i rg e’
q u m t n m t i t i e s  ut  m mxl i  m mm d re’’, I m i m a  l m a u ’ n m : m ’ ,’ c m m m u u m u l m u t e d  inn t Ine

Combuit ion A,r Suppiied At Hugh VI(oc itm e* pr i nu mary chn m umu mb e n . tine s’, l c imu  is u m n miu l ed  ( hm iW m t . and
burned .o r mt  n m i m u t e r i m u h  is re’ m u i ’ m s ’ e , mu n u n i m m u i t y  d i r u m u g i n  mm

Figur e 4. “Piggyback” nm on lmohl ed- air incinerator rear ha t ch ,  ~m h m m m e ’ m e ’ c e m m t - m m ’ n , de ’] m y  s~’ s t c m n m s  l r m m v i d e
c o m i t i g u r a t i o n ,  positive d i s p l u c e i m t c t i l  m l  m m d i  ‘ m m  a ‘car p i n t  t in  a c oum—

ta m er mum concrete ~Lmn ss m m c m l  mm m i c \ v c l m m n r u e us l ed ,
Avai lab le  wet s y s t e m I c e i mm e o ch m d i ~~i ’n l , n , m ’ m I u ’ l m  e i t i n e r  by

requ i re  m nea r l y  c o n s t a n m l  mit t endamuce  by ant oper ator . w ater  spi’ m u y or sv : m t ~ m hmi t i m , i n  the I : m m t m .  n ease , q u e m n c h i e d
Sys tem i t s  e arn  he selected inn w h mic l n  eac h mii a l n nr slep in mis i t is n ’en m nnnv c m l b y i i t c i i t i c m l  drmm f’ . : n m ,’ n v d ’ V u n ’ t i m  n mc arby
t i ne k ’e ’ml cyc l e  cmiii he c n u n i h i m m l h e ’ m l i n n d i v t d i i a h l y  t i m m n  c cn n m, m u i mn et ’ s ( ‘nit’ t mm g m mh ~mi re’ t m m , m v ; i t  In s  m I t i t m i m i t e ’  d i s p um sal .
wh ic h I m i h m u l cy cle ’ n u p e r a t m u n m i  us mi c t ivm i ted  b y a sin u g le I 3 n m t h i  dry u t u d  wet n l i ’ p I . m n c’ m ! m e’ m I  ~V st eu i i s re ’ l n m c s c T i t  a tm
swi t c h , D is r e c n n t m m n m n e n m d e d  t i t t i t  a ss ’muter  s mu nin ce  he c fft m r t  1mm nn imt k c c n n m l i m e m t i d ’ m i . m n i  m u p e n i u m i n i n i  u um or e c o t i —
m m t s l m n h l e m i  nea t  I h ic  t i m e  d u n n n m  t i m  q r n e n i e ’ I m I m u r i m i g  t u r a t e m i m n i s  t i m m u n n u s ,  l ’lme w i S e r  ba t i t  s v s i e m m i  is re’ c i u m t m m n m e m i d c m l .
v s l t i c i n  nmi i g l tn  he v v i t h i d r a w m m  l ’m n n n i i  t Ime  p t u ’ t t a r y  c l i am umb er  pamt icu imm r l v  beca msc mmt ’ i t : ,  ‘ m i m m l m i c  m m u c m i c l m i t n g  amid ~Iust
m is t i l e ’ r m m n n m  re t i n i t i s  l i n e  s t /c ’ m m! t i n e  wasle wh ich car be m u m n m c h i n i m a t i m n u m  c a p a h i I i l t m ’~ l~s dis m l v ’ s m m i m m m e ’s i t n c l u d e
t ired mx l im i t ed  h~ I nn n pp e r  i n p e n m i n u g  d n m n u e n s i o n s .  whn i c h i , o cc m is in j mi m ul  c n m l i ’ m ’ m ’V u m m  j m i l i m m m p .  Cu m : r n u d m n m n i  n i t  i m m m u t e ’ n m , u l s . mnn eh
t ’um r I t m m m n  i no t im (0 , 9 u n i t / h u m )  u n n i l s . average 3.5 te en wmiter  t r e a t i m i c m m t  re’e i u i l c t m m e m l l s . ( ‘ i n u t i o m n  is ,uc i ’.j s e ’d wh en
1106 .8 c m i i )  in i e m n g t h n  by 2, 5 (‘eel (7D .2 cnn )  in w m d t h m . c n n nn s ider immg e l m s u i n , m m e m m n n , m  mush q m m m ’ i m m ’ i m ‘ s a t c m  m n  ; i  sar m ita m v
A c c n n r d i m n g l y. if h u t h k y  n. m mn t im h us t i h l c s  mire tn t  he fir ed , sewer , because t h is w, i  m u m  c ’ u m i t u j m m s  n C m I V \ ’  t o t a l s  mi n d
t h ey require  cn iar se site m e d u c t m n m n m  t n n  en able t i n e n n i  t n t  h a s  a l n w  p 1 I ‘m o p e r  d e s t p n i  m l  m i n i s  S S S t m t u i  s l i e m m u i e l  mm mdii -
pass t hroug h the teed m m i g systenn i n n n t u m  t Ime pr in im ary  m im u t e’ d r ipp imug nil q u m e m m c h m  scal d I m m m l i i  v eh nici c s  m a u l i n g
c l manmthe r .  Snnnim c co n i t ro II ed — ~ni m imucinemat o rs  m mu nw iiave queruchec l  m mxli m m  e h isp na sm nl .
secondary.  larger heed pnnrts  ahnnve tIne rammi feeder tin
pernu m mi nm an muah chia rg nr mg n i t  larger waste tnna t e r i a l s .  Utilities. I Ie’ m I  m c ’e’nmvem y’ l i t m u s  ‘, t i n n l t l nl n d’ p i t nv i s t e d

wi t h tvv mu —ss m~ e l e c l r i c n l  ‘ ‘ m d m i  m e l m i c ’ m ’ p l a i n t  u u u u t m i g e
Heat Exchangers . Tw(n types nut h eat exchange p m ’m n h a b i l i t ~ (, p r i u n m . m r s ’ ’, mm t e l  s l m i m n e i b y  v ’ m u te n s u l n t m l v . ‘d’WCI

systet mis are enmp lt myed . dependinm g u n  time i n c i n n e r a l o r  sem ’vice t’nnm s m u n n i t a m  V tool p m m m  ‘ u s d  m i m i  n c r . l e l ep i m m in i e  and
cnunn l ’igu r a l m i n n  s e l ce l em l , Inn l ime piggy bac k sy s te t i m , ‘ire a l m n n’ mn t l ome ’s , , i l i ’ m l i m m u v  m u n c h  s u m p p l v .  m m m c l  a u i m n ’, ul n s  m l

cmi nu ih u st rn n n p n nnn iuc t s  pass direct ly  I ’rnn mm u time secu m midary l n m n m m n h l i n t g  l ine p lmmm i t p r m m m h n n c ’m ( ‘ , l i ’ i mi i  m n r  m i n t  Wmn le ’ m
ch m minu nher  I i  .n s epmnmat c package h umiler .  1 lie favn ren l
boiler is mi l ) .typ e wmnt er ivihe boiler hav ing  sn mt hho w inmg l ’lt c mnver m tg e’ c’le’c’t r m e . i l  s e ’mv n e ’m’ u m c ’c’ m h ’d l m n r  m u n c ’ m m n e m ; n t n u m s
c a p a h t h i t y  m u d  ash h u n u p p e n s  h e m i e m n t i n  l ime pmisses . F i r e t i t h e  m u t e d  u t  I t u m m n u u u t m u  ( ( 1 9 l i n t  m l  ( m t i m ’ i m m i f i ’ s 2 5 d ) - v n u l t ,
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Figure 6. M endu l a r  heat  exc lman ge sec l iom i on con t rol led-a i r  sys t en im .

3-p h ase . 60-cycle , I 00 -anm ip ar id I i  0 - v m u l t , 60.cycle . is used t m u r  s m n m n t h h n s w i n g ,  simn ee s tea n mu i m m n e i n g  is loch .
20-amp. Au e lectr ical  subs tmnt ion us sn sum nil y required.  i rm tc. nsive.  P r opm mru c is m e q o m m e i t  us t r om nt ’ e n d  icnmu e i en t t ie l
I~s scmmt im u h eq umpm m ment , cn un mtr t m i s , anmd i i ms t runmen m ts  comi- nt anu in m e loi tr  ti pp ing h our -~ s l e m m u  is ~l ummseiu  , S m n time
sun m e t Ime  enmergy p r n ndnmccd  f m n n t n  between 25 and 40 p lan t s  in clude a s teanuu  c l e a m i t n u g  t ’:u ~ i l m t ~ f m mr p i m m ni t  t l u im , m .
k W bt / t onu  (82 and 13 1 t t mJ ~ u m m n ) of waste processed. Timi s c c nnta inm e n s . mimic! sm i um met inu u cs  (‘mum c m m h l e c t i u u n m  v e Iu i c h ~s, ( on-
fi gure can rise h I  60 kW lm / tm nn ( i 97 n u i / t u i t )  if waste S u m t i p l i n ) n m  cmon he m is h i ip l  n j s  ,m~ (U Ih ( 3~~~u lcm ~) pe r
p rep r u nc e ’ s s tnng  amid a im p m ) l l u t i on  cn m tmo l  e quip ni me n i t ire vehicle , c l epe nm d i m mg mii i  p r e m i s m u i c  - uc’ tmip er a t ure  , vo lu tmi e .
inch tmded . N a t u r a l  gas, ligh t oil , and s iu nui e t imes  l iqu id  m n mud sn n i h im m g cond i t ioums ,  C l e a n i i n i g  m m i e d m m u  mi re usually
wastes cant he used as m i ux i h i a ry  f ue l ,  A day tank  h aving n imixed wi t i t  det ergct t ts , d e m u dsnr m in i t s , and insecticides ,
m i t lean xl mm 3 ‘day tue  I so pply is Sn mmcl i  ntmes i ni eluded inn
t Ime p l amnt  des tgt n . A u x i l i a r y  hue ! c o m isu n imp l ion mannges Maintenance . Rosi t i n ie  and cy c l i c  I smeventive t um a m n l e .
between I S  M l3 tu / ton ( 1 , 7  gJ / nmn ) mind 30  M i l lu / ton  nuanice mind ne ’pair req l i i r cm n e n i t s  mm l ’ t ine  package con-
( 3,4 gJ , n i t  ) . General  p lmmm n l  w at et  is cn n nm s u mcd at ap- t m o h h e d - a i t  , i i e a n l - n e c i m v c ’ r y  s v s l e m t u  mire not svehh knu os mm
proxi ni mate ly  20 gprmm (16  ~‘ n m t i m m ) ,  as lm qu en ch wa te r  up becaus e nit  i u s  i e l a t i v e l v  h m m c ’t ’ o p e r m m t i n m m i m n l  t i i s t o u y  In us
tn )  5 gp m mn / u n i t  ( I t )  ~Iun i t  ) . mmmd wet scrubber water nt  widely agreed , lmn m~ie v m ’ u  that sv ill mnm ot in lem msis e’ up keep
a p p r n u x m m n n a l c h y ,0 gp m i i / u n i i t  ( 228  ~/ t u m n i t ) .  ‘l ’iic cost t’n n r t ime sys t e m um wil l  mini S h i m i ve m m l n _m mn ~ t n m n n m nl h i t e  cmu n m i panah l e
ch en mi i c al t reat  nume m n I I nn  adjust  tIne p11 nut  qu emichn si m t c r  t i n t ha t  u sua l ly  mmssn ,oiat eml wi t  In sc’ nm IWt n u a n n e n t  and
a n R t / tm r  Se ’h m mhh e r water  can average ~ I .2 5 per t n m nm p e r n n m a m m e m m t  ac m hi t ie s , Repa i r , mu the  a m u t i c ’ up m u nm ’d rep l.icc ’-
(~ I .37/ nit ) ni t ’ wasle prnn cessed. A p nu eun m iat tc  air source mt me ti (  m l  nmu a~m ,r e & um u i p n mne n i t ’  ehu i r t nme iii ’ m n n n ’’ m t i i , a t ion m
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13 t  pn ’ in i r a ry  c h n m n t i n h e r  t em in pera l ure- se t  quenc lm hor  over-
I ucm i t i n sg  ino te ct icmmm , (4  ( (tot control system tor r am-teed
h opper , ( 5 )  a i r  t umodu la t t o im  con trols .  (6 ( on —ut ’!’ pri mi l ary
h o rn ie r  cu n t r i n l , ( 7 )  n modu ham t i n ig  secon ielary bu rne r  con-

- n mm m l , and (8) Factory Mutua l  cur Im a c tn m ry  h n msurance
— N O P N U e  KIM u\ s smoi at ion u burner  c ni nui r u ds  and smm t’egum irds , A m t d i t i o mmal

CXMA U!T OUMP IN U
h ACK i u t s l m n u t m m e m i l m u t i o n  mi t u d  c m n m i r r n n l s  (e.g.. t o m  separate b n u i l e r

SLP*R*T~ON mu i ) e ’m t t t  in t l  ) cain m m s i m m m h h y be pr uu vnded  upon request  at
mnde l i tm nnmah c m u s t ,

— Functiona l Life. Threme mine m i n t  op emmit  no rma l  da tm u  t en
POLLUTION CON m N O L
CHAWSI S s i tppn i t t  I lie mn sssu vu pt mon t irat  t i me c n u n hr nml led -mint , l i e ut-

/ 
Aul o MAruc recovery i m m c u n n e m m n t i n n m i  s vs t emuu  wi l l  h ave a I r t rmc t mn i t im u l  m e

/ I OP T uONA Li e m i s n o n u m a r i l y  m iss m ncia l ed w i t i m  p e r m u m a n m e m i t  a n n u l  s c unni-
ul c ino N J .._—j. _____ - - ‘ ‘I p e m m u m m n n i e m i t  t a c i h i t m e s  w i l h n o o t  t mn ajnnr  e q l m m p t u n e m m n , replace-

~u TO ~~ATuC A NA ,t~~,._.J , ‘ ‘R PNO V KN lo pi no NAc i n i i e n t  t .  ( urm e n I nndmcat io n ms pmnm mm l t n t  p r m t t t a r y  c h i a m u n b e r
mep l mice t m nenmt  a l t e r  7 to 10 years and seconudamy c iu am u mher

M A I N  rep l ace n mmenmt a f t e r  approximate ly  1 2 years . wi t im insi g-
CHA M SEK 

______________ n m h f ’ic an i t  t ermm i i n ma l value nmf time replaced equip n mc n i t .
LOADISA
DE VIC K

Uni t Operations
Process Flow . Fi gure 8 i l lustrates the general process

flo w of a controlled-air , heat-recovery in i c in tera t io n i
syste m . Essen tial operations inc i tmde load weigh irmg mmnmd

Figure 7 . Snack b ypass sys renmm nun cnu: in r u n l l ed . a i r  delivery , handling and separation of bypass wastCs .
i n m c i n i e n , m t u i n  , storage . feed ing. i n mcinmera t innn  and h eat  exc im a mmge . Size

reduction nit ’ separa ted bu lky  conmbust ibhe  wastes is
pc’rin md . is c u r m e t m t l ~ mm s sm um nmed  I n n  m n n m m t u a h i i e  up Inn  6.5 n m p t i n n n a l . Add i t i on  ot’ aim po l i u t in u n  commtrnnl  e q u ip nm nenm t
p e icemut  i t t  e c jnni p t u t cmu t  ca p nt a h C m i s l  I his t ’ae tnmr  us is shmow n as opt i m mnah. because it depends omn tIme perlom-
t n h ) h ) t n n \ m m n m i l e l V  ~0 h ie t e ’ e’ l l t  gmcmm le r  n i n a n u  tmmm um m m tenmarnc mt  u nnamm e e charmu c temis t i cs  oh ’ the chosen i n c i t t e n m t t o r  mit ch t i ne
n ’ s t i n u u m n t i n i g  l : ue ’ t m n r s  ( m u m  p n n l v c m i i c d — c m m u l - h u n m ’nn i n m g ~~~~~ p reva i lm nm g  p m n l h u t i n n n i  megu l a l in i mi s  at  l ime Inuc ’; ml i n i t i  m i t

~n l m t m i t s gis’ e’ui  t i n  ,\l( 4 0 _ ~~, i 2  OI l i er  es t imated repair  i n n m p l e n m i e n m t a t i o i i ,
C i  is u s  m m c i  u ml e m m ’ p imicc n im e’mi I o I t Ime p r immma my chia nm m he
c’vc ’ry  7 I i i  h O  yc’: i us  m u n c h  n ee ’ u u i t n i m m r y  c l u a n m n b e r  rep l ace- Waste Weighing. A c c u n a t e  p hmn nnt  p e r t n u u m n m a u n e e ’ i’s n l u m a-
n m n e m n u  u u c ’c imi  r i n u g  e v e r y  8 t u n  12 y e a t s .  Pi’cvemmti v e u m i a i m n t e -  l i on requine s Il mmit  wen gh it  r ee’ ou u is he n mmain i nm n n rm eul h t u m  m u ll
n n t u t i e ’c’ ( e .g.. h n t h m u e ’ m m t i o m i , smuna l l  p ar ts  m n mmd c q n n i p t n m e n t  r m n m n l e m i a l  ~n u . i s i i n g Inn  t im i d h ’m m n m n  the ’ p 1 m m  F \ i ’. l i t mm ’ scaI~s
m c h ’um u mr  m r  r c l s l a c e m m t e n i t )  is n u m m m n u a l l y asst m i mnc eh lo be cmnnn he use ml l ’n ur  t h in s  t a s k . h m n u w e v e ’r . ml m i n i  sc .u lc ’s .I ni ’

cmnmr ied n i t o  regular ly  by avmn nla h l e  pl m i nm l l ab or.  available , t i n e re com mtt n m enm d e d wen g ii s t m m t i m n n m  m m m u s i s l ’ . m l

mn sta mmdard ~,I a t t o rnm m . type  t r i te -k s e i l e ’ n n mi . I n i
Ins t nmme imtat ion and Controls. I mms t r u m m en ta t i onm m m -  c c nmm c me le  h’o u m m n d a t i n m r m ,  l ime wen g lu  ~s sr e m m i n t t a s  he t nIh

chides e q u i p n u i e m m t  l i t  i m u d m c a t e  anue h / nnr  recn rd physical a u t n n m n i a t e d  by apply ing  mini . i u t i m n n m a t n c  t t ~~k e ’t ~~ mcmii
cn n t u d m t i m n n m s  ~ h i i c h  mime relayed t i n o pe r mn t mn g  persn mnm nme l  as amid / m r e q u ip m mmem i t to r e n m n n n l e l v  me ’ c n mrd .m niu l  p r n n n t  ie ’h t ne l e
smg n n a n ls  (‘ n n m m t r o l s  are devices w h n m c h n  c h im m tmge opera t immg dmnta . date unti l  t m n m m c ,  amid lt n mi d~ el we t izh i t  m m t i n e  n m m 1 , n n r ’ m . u
cnu n n n h i l i m u n n s , munch n n i m i v  be e i t h er t imamnual  or m u t m l u n m n m a n i c ,  (or p i tmu i t  cnnmmtro l  roomm u .
(‘ u t r r e n m t l y  , m mnaim ut  actur ed cn m n l r o i l ed - m u i r . Im ea t - re cinve r y
t mmc m nm e’ m m m i m u u  s y s t e ’ u t t s  i nm iv e  mu m u m n m i i u n i m i m m n  n n t ’ i n m s l r u n i u c m i t m m t i o m m  Waste I)elivery . Wm u s l e de l i v enm es  m i tt s  lie tim. i ~hi’ I ns
mnrt h ~n n m u l r o h s , I l ne ’se inm el nrd e  ( I t  p u s h i b u i t t m n n i  s t m i r t  oh ’ usinmg p la in t  d r i v e - th m n iug h n nn r  h a c k - m n  s vs t en t i s . de pc mmd .
m n u t m n n i n m n t i c  u mi tmun  g i n u g  cyc l tn ig .  (2~ te ’ i t p c n m m l n n r e  tmnd ica t c nn ’ ing urn the land area available and Local Sm n t t 1~ patonos
m i n d  c m n m m l u ’ m u h l e r lint ~i r i u u n m n r y  amid s e ’cn nnmdm i t y  c i mamn h ers . TIme dri ve-t h rough system m u adds Inn p lan t  c i m sI  h~ icqum nr-

ing greater h u i l d immg area, html  is adva m n n a g e i u m m s  l’c’e mn i se
i t  keeps mmli  n n per m nt n nns  w i t b i i n i  m I m ic e’n i c lmno re  I Inn ’ h.i1k-

12 ,\ t~ ~ ,~i I K , I ui  tnnxi raj,un’d Ru qi nu rt ’nmu ’,n u ,c Rep or t,m m l  in system n ’. e I tu e  len t , general ly r e q u t r i n m e ’  hess ( su nm l u l r n i  g

i i i  t Im , ’ \ mnnn ’ . I’m ‘ l i i  arem i . 1)01 d m n e ’~ require mu tu r n minig  a l u m  inn I n u m n n i  mt l Ine
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bu il ding ,  ‘h’he back-in system of waste del ivery rs floor or storage area m m  the incinerator ram feeder ,
reconm mrne nm ded largely for economic reasons. Sonic designs h ave au tomated  this operat ion b y in-

stalling a pit and elevat ing conveyors and auto matn c
I)c’livei ~ doot clearanm e es should be at lea st 24 feet dump stations above each ram feeder, Such measures

( 730 ci mi ) .  w i u l i  a r m minim nm um ui  w id t h  oh 20 feet (608 cnn). are discourage d , h owever , because they add to  p lant
l’u tr e ’  hyp mn ss ‘wam t mm s such as white  goods and concrete  capi ta l  and O&M cost , wh ile reducing overm il l sys t em
shou l d bit delivered Ii ) t i l t inm i a t e  disposal af ter  weig hi n g re l iabi l i ty  A w ork i u m g wall shiould be provided m mm i two
amid u nI t  d e l ivered  to the in iut im i er mit or  p l a int .  If mm hulk ’~ sides oh ’ t I me ranmu lecUer . wi th  t ine ra rn m feeder t m m p  gate
en i tmi b us t ib le wastes sh redder is tu sed , such mi m at e rn a ls  ( comn pmn c t in n g  door ) f i mn e t m unn inu g mis the rear wo r k r ng wa ll

‘m m m v  lie sveiginc ’d mmmcl  del ivered d i r ec t ly  tO stoc k pn l c . w h ne m n i t  is n u t  t i n e ’  u u p e n n  p m n s i t i m u m i .  ‘l Ine rm nm nm Icedem nun d
nO h ier  e qu ip imtem i t  s l m mit m lcl  he mn ns tm nl l ed  sun ( l i a r  was l e’

l’ he d el ivem v mmcmi should he c om r n p lete iy visible h ’rn i mii  r iced fl in t  be li h ’te h to be dep m nsiled m I n i  in Fr’e’ dmt m g
t I m e ’ plan t c n n i t m n m l  m m n o m m i .  Exter ior  l ighted indicators  nmtmn v systenmm desig um shuou ld  include adeq u ate’ l i r e  sm u t ’e tv
be used to si gnal the drivers  about which delivery equiptm u ent . tire ex t iu mg um is h nng  devices. aimd h i i gh m - vo l m m nm m e
en i t ran e e  to rise , room vent i la t ion in case t im e ram (‘ceder w i t h m d r a w s

b urning or snm iohdering rmuater ia l s  on i ts  hack cvel ~ .
Handling and Separation . ‘flue ti pping hloor , f ront .

e nu i l  ln nmn de r  sy st etn  of in .p lant hand l ing is recomm u nmended Product. Time controlled-air systeiii niay he used t im
rs’er mI s c p tu - m num d -c nm m ne systenm . lime floor-loader sysne mn produce hot water or stean m . Hot water app l ica t ion m s

m.a nm h andle emp ten (n50 tons/day (592 nit m m l a y ) ;  however , can itu clude space heating and/ or cooling, amid feed-
U m mt p i t - a mm d ~cra ne syst em opem -ate s 0mm U first  in/ last  out water prelmeat for a larger heating or power plant
ha~is . is costl y,  amid ofte n causes difficulty in maintain- Steam production capabili ty generally does not exceed
m u g  desired levels of waste separation , pla n t sanitation , 250 psig ( 199 1 kPa ) saturated. There is mmnm evidence
and odor control .  Moreove r , crane outage , however that  the contro hlc d~air system hma s ever been used fo r
brief . wi ll slop all waste processing until repairs are electrical power production.  Most app li cat io n s prod u ce
made. u n l e s s  a redundant crane is installed at adder! saturated steam for either direct Imeating / cooh ing oh’
cost , II ’ time front .end loader breaks down , similar nearby buildings (i. e., h osp ital. large office building ) mit
equ i pt u ment for temporary rephace nm i ent is usually avail- feedinmg into an existing main header to join steammm
.nh l e c i l i t em onm the immstah l a t io m m or frnnnmm local comimmercial generated b y an existing heating or power plant. Steam
e m m t t s l r u c t i n n n  e ’q n i i p nm ment renta l  connipanies.  ‘l ’lme recom- quali ty and pressure depend on the nature  of use r
ime nud ed  t r n n n t - e n m d  loader uses prn m pa t me fueh , Imas filled demand. Location near an existin g heating or power

limes  to pn e v cnm t  blowout , and is equippe d with an plant allows use of existing facilities and equipn u ent
en c l osed . tot a l~visi bi l ity ,  air-conditioned cab having for product distribution and t’eedwater preparation .
appropriate communication and safety devices. Bucket thus reducing p lant in u vest mnent and operation ms ami d

apacity simould he at least I cubic yard (0.76 m 3 ). The ma intenance costs. Generally, the contro lhed .air syste n m m
I rm ) r mt -e nd  loader operator is responsible for separa ling will produce between 2.2 and 2.6 lb ( 1.0 and 1 .2 kg)
all bypass wastes ironm time incinerator feed stream , of steam ( 150 psi g [1034 kPa ] sa turated) per pound of
m i i an ia ginm g s t n t r ed  waste , and depositing waste in the solid waste , resulting in proportional clean fuel sasming s .
inc inera t or ran t feeder as required.

Disposition of Ash , Residue , and Bypass Wastes.
Storage. Depending on waste nature and condition , Tlmese materials , wlmich can conmmpr ise up to 50 p ercent

variabi l i ty  of daily waste generation , plant operating by weight of the installation waste stream , are a dis-
schedule , arid availabil i ty of altern ative means of waste posal requirement even when a heat .recovery incinera ~
p mn ice ssim i g or disposal , an in.p l m u n t  storage area cans tion system is implemented. All such materia ls should
pnnnvide  i mp Ii, 3 days ’ capacity. Adequate storage mm cm is be weighed so that overall plant processing efficiency
us e na hl y  provided by sizing the t ipp i n g flour to accom- can he calculated accurately.  Existing waste~hau h in g
u mmodate a waste pile from 8 to 10 feet (244 to 305 cnn)  ve h icles can he used to m ove thiese nmmater ia l s  t i n  u lti-
hig h; sufficient rooni should be allowed for workin g ,  mate disposal or salvage stock pile. Covered trucks are
e qu ipn mme nt clearance , and safe personnel evacuation usuall y required to haul ash and residue to reduce their
m i n i m  tes iii cause n nf  f i re,  windblown disperson during transport.

Feeding. Ti ne re c n mn nn m enmded feeding nn i ethod is by Pollution Control. Data to date indicat e tha t  a i r
f ron t - cu d loader ; waste is ted directly frot im the tipping pollutant  emissions from the controlled-air in cinerator
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are w i r h n i n u  mmm nm s t  l egmn l l i m m u i t s ,  o I mic l n mi lk nw s nn inns t  p l anmt  Waste Preprocessing. E xte m msive pret r e at r mment  en! ’
de s m gn ms t i n  exclude mitt  p n n l l n n t m c u n n  c c n n m t m u m l  m i p p a m m i t u s . wm isle before hur n i in m g in tIme c cnnmtr o l l ed .a i r  iocinerator is
\cv emthe le ss . p l mu n t  l mn s’ i u i m t  s i t n uu i l d  p m n m m ’ id e  I ’cmr t u t t m r e  ge’nm er mihl y discour aged . because it  adds subs tan t i a l ly  to
m i de t i t io mi of’ sudm ap p arat e m s in case emm i i s si im n l u ss s change pl a nut  capi ta l  amid op er a l i o mm s and n mmaimi temuance  Cu ) 5tS ,
or e’q u u pn ume nm t pit rt ’n m m ui s less smit i st ac I n n r m l y  t i mm u nn  expec te d .  wli ile sr i bt mac n irm g t ’ronmm overall p lant  sah ’ety arid mcl i—

m n b i l m n y  Aim aggressive source sepmmrat ionm pmogranmm mummy
Ash queni chi water  will  re qr t ir e t r e a t n i e tmt  fi n n ku w p hi  enuhn m n n u c e incinerator per t ’omn m ance , wh mile providing somuu e

mind hmemn v ~- u m i e t m u l s  r eum mm nval  i t  should  g enmer a l l y  mm o t be revenue to tIme  inmsu’ t i l a t ion i  if glass , nmeta l s , and other
dn s c h mmmrgee l  d i rect ly n n m t n m  m m s a rmi tm i my  se’wc u s y s t e m m m .  W a s te -  p n n t e n m t i a l l y  s ahv a gem m h l e waste nmmate r i a l s  are gemierated
waler  fruum ui n i ppinu g (m u ir wm m sh t in ig  t t m muy also require ins n m m a r k e t a h l e  quan t i t i es  arid condi t ion.  Bulky wood
tremnt u mmemm t heh ’nnre  disc h arge ,  wastes too large to be fed to tIme in cinerator can be

processed in a special low-h orsepower ‘ pallet crusher ”
I n m c i n m e m a t o m  ashm mmm d residue mm mc m m ever conmmp lete l y type shnredder  (Fi gure 10). Generall y, shredding can be

sterile or in ert 11mev c m i  c omitaimi arm mn p pmeciab l e quan . donme onmc e a week to process stock piled bulkies;  the
t i n y  nn l ’ i nicomump le te ly  bur n ed organm ic materials (Figure shredded immat erial  cmii be discharged directly to the

m~) 1,  t l l t i n u i a t e’ e l i s p n m s u l  c m l ’ t h ese u ima tcm i a l s  s hm nmu l d  be p l a u mt  ti pping floor.  Thuis type of shredder , wh ich can
u m m u d e m n a k e m t  u vi th m tIne sammme ge nmemmil e nmv irom u t u menta i  pre- he operated saf ’el y by o n e  persomm . can break d owni
c m i u m l k n n m s  mis disposal u nf  as ’collected waste n mmate r i a l s .  b u l k y  wonnd nmm atemia l s  to a top size ot’ about 18 in

(54o) clii ).
t h e  nm e m i s m nn c ut h ’mic t n m r  ot inmut i n e r mnt o m p lants is not how .

N m n m s e ’ , v i b r a t i o n . od or , wini dblowui mmm atem ia l , inmcreased General Plaint coinsiderations
t r a t ’l’mc levels , a t t r a c t i o n  of ’ pests m m md rodents , p l unue Location. Major factors governing tIme general loca-
v m s i b i h n u y ,  m m m d  genmeral  visual aest h etics are factors whic h ti omu of a h eat-recovery incinerator plant include lan d
numust  be comisidered h o t lm in site selection and plant  ava i l ab i l i t y ,  existing and p lanned instal lat io n hand-us c
elesmgn . A solid pu h h ic r e l a t i u nnms  ca nm mpaigmm begi n n ing  in p a t t e r r m s . haul  distances , and availabil i ty of support in g
time p l a rmnm inmg stages n u t ’ t ime heat-recovery inmcinera t o r  facil i t ies ( i . e . ,  stearmm distr ibution , p ower . etc.). Locat-
p lant will permmiit  public imm p ut  into tIne decis iomm -n i aking irm g a p lant  1mm residential  and other commiparatively
pr incess arid wil l  alleviate potem ut ia l tmm isunde r st andi ni g of densely populated installation areas is discouraged.
impacts  t h a t  the  plant  mmmig h mt Imave on tIme env i rnmn m ent . Inim p l en ui entati on costs will be reduced by selecting a
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Figure 10. Pallet crusher.
(Rep rinted by permission of Blower Applications Company.

manufacturer of time simred d er depicted.)

location near existing util i t ies service and product theret ’ore , site se lection m ust be made and inmmp l enmmcm i ta-
use r(s).  Tinm e spe mm t in moving waste from points of tion costs caret ’u Ily worked out durim ig tIme project
generat i on to time plant  and in re tu rn ing  to the collec- deve lopnmsent stage . Table 4 lists gen m erm u l site selection
i ti rm n route is usu ally nm sore important  than haul dis - factors t h at sh ould be ccn mmsidered. A controlled-air ,
tarmc e. It is sometinmes beneficial to locate ti m e plam it imeat -recov ery in ci nerator  p lant will require between
near garage and shnnp facilities for waste collection 1.5 and 3 acres (0.6 amid 1 .2 hectares) of’ land. inut lud-
vehicles. In s chonn s ing a h cm c a t ion for a heat-recovery ing ex te r io r  landsc am p ed peri immeter , depend ing on tI m e
incine ration pl an t .  considerat ion must  be given to a m m m o u n u t  oh ti pping floor area amid time number  of
inmsta l i a t i o n deve l opmmmem i t . redevelopment , change in im i ci nme rators required.
hand use and waste generation pat terns , arid fu ture
m ission change . Building. TIme recn m nm i mmmem m de d structure for h aving a

conutroll ed-a ir inc iuserat or system is a steel-clad . pre-
Site. Expe n ienm ce hums dem onstrated t h a t  site consi d~ engin m eered building m u m  m m poured concrete foundat innnm .

cra t i n nns  are inmiportant  in de t e rnmmi n im i g  the ecoumomic Sufhlci en m t r on nm s h mn m u ld  he provided fnir central i zed
viabi l i ty  n it ’ m m package heat .recovery incim m erator sy ste nmi ; cu n n i tro l  ot f i c e . hi n eker s and lavatory,  nmee lin g roonum .
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Table 4
Genera l Site Selection Factors for

Heat-Recovery Incinerators

Factor Duign Criteria Comment

,~ cce-’c n tn in i t y  ln c iner a mor ilnould be n ea r  source
tnt  wast e and nea r r n m m u d s  t n n r  t r u c k s ,

Wj sie St n ur m uge ’ Winud d i rect i on and dism a mm c u m
to n nt l u e r buildings at ’le’ct
e m n n m m p t u i n u m s  . i t ’ m ’ U t  od ni r s

S In.’zn mm n P l un ne Locate a v . n v  t r c n n m i  a reas
wh ich rmm a 5 tue at ’l em mt e d by
dispersiunn

Soi t Condition s Af lee-t t ’mnu n da t ion s and
drainage ,

Grades Employ two levels where possible
to facilitate charg ing and mush
re moval without hoisting and
irmiprove drainage of snornu water
and sewage.

Storage Facilitie s Requi ied for waste m m md ash
contai ners ,

E tee - n r m c Servm ce Required for m otors . lig h t s , and
controls ,

Plumimbing Service h o t  water required for washing
ash containers; storm and sa mm in a r y
sewers required ,

Climate Affects type of enclosure ,

Pernu i anuen cy Consider possibility of
nnovin g i ncin e r a: inr  for use at
ano rher in sna il ation ,

Product Distribu tion to user (s) nearby ,

storage m l  spare parts and maintenance equipment , has been provided for future addition of air pollution
waste delivery,  waste handlin g, waste storage , dock for control equipment .  a fourth mmmc inerator -boi ler line , and
by pass wastes , dock for ash removal , and access for a bulky waste shredder. Sufficient access h a s  been
furnace and b iniler remov al and rep lacement. A bulky allowed for re mm m ova l of nmiajor equi pnmment.  The plant
wastes shredder , if selected . mm iay be located outside the uses a back-in delivery mmmode wit l s a ti ppim mg floor opera .
building unless c l inmatic conditions warranm t encl insing it .  t ion. No lit ’ts are required to feed the incinerator ran’s
Major equipmmment requires special foundation supp ort . feeders. Ash is rerm ioved from the re ar of time building
Delivery and mim ain nmaiu mte nance doors should have a ti ) nmiim i ii im ize interh ’er emmce with delivery traf fic, Entire
minimal vert ical  clearance of 24 ft (732 cm) and a p lani f operation is visible l’romii time control ro ennm , TIme
minmn m’t unm w m dt l m of 20 ft (610 cnn) .  Existing buildings control and locker-lavatory r om mnis are accessible from
such as ware lmouses can be considered for conversion the exterior of the plan t . An extra room provided for
tin an in n cnn era tor  p lant .  em ployee meetings and/ or  nmmea l s h a s  its main orienta-

(ion away from the waste delivery and handling areas
Layout. Figure I I  us an exa imu p he plan view of a tow ard the outside.

c n n n m r r o h l ed - ,nir , heat-recovery inn cinerator pl ant for an
in s tal la tm o n generatin g mu ppr ox in im ately 35 tons/day (32 Exterior. Judicious design and exterior landscaping
mt / day )  (5 days/week basis) of solid waste . The plan t can emp hasize the b i mi ld i mig ’s positive aspec ts. When
t u me -ludes three parallel incinerator ~boi ler lines. The possible , trees arid shrubs should be planted around the
ser’onmdarv inc inerator  chanmb ers and boilers are ele- site per imm ieter to provide aim attractive overall appear-
vated to conmserve building area requ irement s . Space ance. Good landscaping shoum ld be comple mented by an
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Figtmre I I  - E xa m mmp l e l m m yo m nt  ot a control led-air . heat-recovery incinerator plant .

e tt cct mv ~ housekeepinmg pmo gr anum to n m i n m m n i m u z e  ex t e rnmah  gra te(l i n t o  p la nmt operation. Minimu m requirements for
i~ icr . I e~1ci nt ’ amid \‘ murc l l i g i u t s  s !mou ld be p r o v i d e d ,  and ven t iha t ionm arid illumnination sh ould be met or exceeded.
time e’tmt r m mmlc (s mm tine h i l amun site s i u u m n m h d  be secured Gemieral safety equi pmsien t such as first aid kits, lire

~l o r i m m g  o f t ’ l i mu m s extinguis h ers , fire hose (wall ni pples or imydranmts).
immte r c n i tm m . hi and h i ghts . and equipment-related devices

Sanitation . ‘\ u i c m le~ t i v n .’ p lan t  samii ta t io tm programum sh ould be lurnis li ed. Emm mphoyee safety equipnm ient (h ard,
in~ l um d es  n c n ’ n u H m u  c l emu mi ing  ~nt t ime t i ppins g floor and h san id l - hats . masks , goggles , protective clothing, safety shoes.
m u g e’n i u i i p u m i c m t t ,  ( h e a n m i n u g  n u n e di , m m u mmy be supp lenm i en ted tire b lanke t s . cots , amid stretchmers) should be provided.
w : u h  e n u d u i r m u m i t s .  u m u s n ,’ut c u d . ” - m m n i d d e t e rge m i t s .  Measures
-, b n m u u m l nh  I ’.’ u m m t n n  t n u  m u u u i i m u m m m , e ’ t I m e  ~ n . ’ ’~.’ ncc nt pests a m i d  Records . Table 5 is a gen era l l ist oh’ records kept m t
r i u d e n u t s  ri m mml  u m e m u n  t h i n’ l m h m m r t t ,  Plam mi i np e r ; m t no mi  s lm unu ld  miii i nc immer a to r  p lanit . Prevailing laws sh oul d he c n u m i —
mmi ~ hi mle am u ’u, i in lmm r p r i n g r . u n m s  n t u eu i t ov ing  l i t t e r  t’r nnumi t h e  stil led In n deter u niine wh at records sh ould he mmmain t m i imied
~r ’ i r m r n n l s , P lmm uu t  e’ t m np h n v ecs  s im on nl d  h . ’  u m u s t r u e t e d  m m  re le - fo r  report ing purposes.
v : m r u t  ;mSpec t s nut  h ) l m u i t l  s a n u i t a t i o n  amid perso u mal  Imy g ienme.

Technical Cons iderations in Project Developmen t
Emp l oyee Facilities and Safety. P lamut  de sigmi s hmn nu ld  / n,Thr ~nation Required for  Project Development

r n u ’ .iudc  mim i equa n e  h m n c i l m t i e s  f o r  pe rs nmnine l  hygiene , meals. Waste Characterization, Accurate waste characteri-
ar id  uui i ’ c t m u u ~ s ‘or w mn rk i mi g  pemsomin ~ 

n A nn oni going pro . zation is a fundamental requi renment tor sound project
~r ; u ’ i m ( I t  s m u t C t ’ 5 m n m s p c c m n u n n  mumud  t r a im s ing  shot i l d  he m i r e -  develo pment. Im i for m ation require d includes the da ily



Table 5 lot  purc h ase (~ ~n I 0I i 0/un ir ) i u !  le m mse (~~. ~0 i u n i t - n m m o n i t h )
Heat-Recovery Incinerator Plant Records t ’or t h is p imrpose , V o l u m u m m e  s h m o u i d  he’ m n i u t e d  fa~ visu alI~

ob servi img tIme f u l l n e s s  mm , n n m t m j j t m e ’ m ‘ ‘ m ~ n t l e cn i onm
Nature Type veh icle n,nh ’ known cmlp mm ’u is

Operational Scaled drawing
Safety pru i ced im n es A fin al Data Repo r t  s i in n ole  u u m ~ l~md e .ui least th ree
I’ qu npn m enmu mm i a n uals
Catalog sect io n s: c la th y  raw dmm t a , 5i m m i m \  ~a m u m u : u i , , m ~ ‘ l i t ,  and ~on m m-
Spare 1;art s list prc l mcmmsiv c survey per i u nu i  s u m m m m m m a m v  Umm i mi  I ab l e ’s  h , 7 ,
Work ta sk sclt cu tu le ari d 8 are ’ e x ammmphe s  nut ’ .u dads  - v ’  r~. s l e et  - a d a i l y
1-o rn i m m u l d r a w m n u g s  s u u u u u m m a r y  slue et . m umu l mu s au r ve ~ s m n m m m m  i t t ’ . - r e ’ p e m u i v e l y .

PerI ’m u r n u m m m n c c  R e s t dt i c  c l m a r m u c t n’r i s t u c s Each daml y dal a s hmn ’et c i i i  t mt i u5 L I I I  ‘c t i ,  ‘ u i c m u ’ . i m r e d  or
Vo lumne r e du c ij umu  obse rved v olum r t e and umna s s i n m f n n m m m m u t m u n u  . ,u ’, wel l m is ~i ,’C
% lm u ss  redu ctnon anmd eonditjmu mm data aceou hue i i .  t h e  J . . n S s i t t i , S t t o f l S
Residue numass show-mm in I able5 9 .m mi u 10, nes 1~’emuv ei’ 1’ .
Bypass wastes m uss

~st. m ss processed
Costs per ~~ 

‘[lie t m m i me of ~c ’ar mum svl ~: ’ ! ’  t o e’i i l i e l ~m C t  t im e waste
Smmpp l ies consum u med su rvey s t in u u l d  be select  -‘ci m u m  e , u m u ’ u f t m u t t ,  in ‘ .v Oh t ‘ns t alj a -
Mat erials  consu med tion personnel exp er ienced  in e aste disnosal op era t ions .
Stack Opacity emissions A permod represen Li t i S e ’ oh ’ m i i i  ma l  t m u s t a l h a ~ m otm a c t i v u t ~Plant ettncmency -

Waste to product sh ould be c lmm useum. l ime dai ly ~ m n m n u , i r -  report s lmou lui
Delivered and removed weig hts  note anmd exp l a m n m a m y  waste ~uc mue r a t i on i  na m e s  t l i o i tgh t to

- be unusually hig hu (e.2 . mu d;us fol hm w i n g  a holiday.l- urnace i cmn pe r atu r e data -

Hours of operation weekend , or mna 3 nm r  e q u u m p t u t e t m t  n.m i ,cc . ’e I

Total and excess air
Gas teusspsmmatu unms iii stack Waste Energy Content. Dail\ um ia ss p c t u e r a t m m m  rate

Heat Fxctmanger Productioni ~~~~~~ 
data are used to comum pnm t e time - in ;  u tm i  01 energy avai l .

Efficienmcy able fronum time \vastc m n n a daily h m u s i s . Unless  the wmss te
Blowdown is h i g h l y  u miusua l , in n ; u .uv he m i s ’ m i : u ued  t m l ma ’ .c  :1 mm as-tired
Soomb lowi ng sctm e dt m l e hea t ing  value r a n m g i u u ~ h e twee  4t IOU R t u ; ’lb (Q .3 t n’u J ( k gf

Utilities At! arid 5500 Btu .u / Ih ( I l  9 nJ - I. ~c u tem:n i ly im ucreasiru g

Orher Accidents ‘.vuth m better waste co n d i t i-n, m, ic  dal y waste en ergy

Suggestions con tent , I) . is est mm mma tc d . u si mmg Li 1 B ii. ’ he a t of direct l y
mmmeasured tield da ta :

Average ton i :  
x C ~~~~~~~~ 

= D [E q 6J
- 

day u n day
waste nmm ass an m d vohunme generation rates ( usually ex-
pressed as tons / day,  5 days/week basis): waste condi ’
tion. size . and constituency: and an assessment of how A ctuah values for t ’ a t .  1 1 . 0 ( ( ‘ .m t m d i t i o n  1 \ v a s l e ) ,  10,0
suc hm data may ch ange in the fu ture  at the installat ion.  (Com u d itiom i 2) ,  ~~ f C o r u d m t m o n  3 . m m m d  7.0 ( ( ‘ o m unl i t n o n
Tine waste survey must encompass both h eterogeneous 4 ) ,  For fract ional  m mv e rmu g e cn . r u : i i t m i i n s  (Table S).  linear
and h omogeneous waste strea m s, interpolation s r m say be used t i m  o b t m m nnm values of (‘

‘ hi sinmg
intensive field amud la ho rm i ton y mm nuls  sc’s . t he waste (neat-

Waste Survey. Time waste survey should be con- ing value iru the exa m u i pl e  s u u d s  s m m mmm i mar i ze d  in Table 8
ducted for nun  less than 25 comit inuous data days. Mass , was t’ound t i  be 552$ l3 t t m / lb  u i  2.~s m un a  L g F i r  t h us

v ( n l ummie , cond i t iomi . size , mmnd ( t o  a cert a in e x t e n t )  ~~r~- waste  streannm . time daily w as t e ’  enc m g ~ value was corn-
s: t i t u e mmcy cm iii he r c c inrde ch m u t l Ine  weig h survey point . puted to be:
TIne ideal location t’or the waste survey is betw een
collection of tine last commtainmer amid disposal. Existing louis lb — Btu 

—

scales can he used tn ) obtain weigh ts , provided that  05 -

~~~~‘.

- ‘~ .~000 
~~ 

~ ‘ - ~~~~ ‘ii~ 
—

they have been calibrated recently and are accurate to . l 3unm
~2, 5 per c enmt . Portable t ruck scahes are also available 387, 162.300 ~~~~ I g. l l ela ’5 ’ f  ~E q 71
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Table 6
Examp le Daily Waste Survey Work Sheet

m u , - 4 i t _ i  77

Se lu mn i c  I - u n rul y Luuaded Loami Empty Waste Density Con-
Id en l ir i -  S S t .  ~S t . Wt . Vol. Fraction Vol . (Ib) (per dition Size Consti-
c’mi t iolm I lb I  (ib) (I b ) ~ -u yui ) l ull (Cu yd) cu yd) Code Code tuency Comments

I t  iu m ’12 I 25 ( t u (  8700 6200 37.0 0.9 33.3 186 2 4 Mixed
I ~4 S K 5  t i l iU m ;  703011 7300 4t ) .5 0.9 36.5 200 2 3 Mixed
S t ;n k , ’ 111 ;; m l ;  ‘190(1 19(11 ) 1 ) 1 .0 0.5 5.0 38 t t 2 I Mi x ed Linus  of in t e r m i t iope

t m. ) t s - i l ; ;  23- tu t u  7800 74 4 1.0 24.4 320 ‘I 5 M ixe ’ d  W c i  s lm u p
I t  lu . - ’ - u  I 2 S u m n  19 3 10 680 u m 37,0 1.0 37.0 184 2 4 M i x ed
t t  ‘m u: ! t ~S u uu 18 50 ( 1  6000 37 .0 0.11 2 -1 .6 203 3 4 Mixed
St ,n k e  ~n u ; l ( (  I t u 2 Ot J 22 ( 10 10.0 1.0 10.0 220 2 4 Mixed
I 2 t 5 1 1 . ~ I 3 u ; i ; i ;  20800 71100 4 0 5  0.9 36.5 2 t 4  2 4 Mixed
I I  7694 I 25e1 19 1 ou,; o omo 37.0 0.8 29.6 223 3 5 Mixed

- 4 ( 4 7  I ~( n i I0  2 2 7 00 7 100 24. 4 0.9 22.0 323 I I Mi xe d Lots  m l  shop was t e
I I  -‘ m, ’m2 I 750m u I Q u um u o 65( 10 37 ,0  t ) . 9 3 3 . 3  195 2 4 Mixed
I’ m k u : ’  5000 5800 800 6.0 1.0 6.0 13 3  2 4 Mixed

( ‘7 ,000 I 33.5 I n u n u s )  303 2 2 78 1  3 1 43
\s’ e r. , i ’ c  5583 (2 .8  tm u mm s / l c na d )  25.3 232 2.58 3.58

‘-,t , , tm ~l :urnI I(, ’ v t : i . ’ i , i nm 2466 ( 1 . 2  l i n u s) 12.0 7 1 , 3  1 . 3 1  1 , 3 1

5le’~ r i ,  ( ‘ ‘ i i s e r s t u n n  l , n e l n u r s .  n lb  0 4 5  kg: I vu yd 0( 1 .76 mu 3 : ( tb / cu yd = ( .69 kg/m n 3 : I t  0.9 n n t , I

Table 7
Examp le Daily Waste Survey Summary Sheet

t ) :nt n’ : 4 Oct 77 -
\ u u m n h n e r  m u ! h au l s :  12

‘Io nnag e Cubic Yardage Den sity Size Condition

33.5 303 ,2 NA N ,”, N-s
2. 8 25.3 232 3 58 2 .58

S i z um mu lzu rd  l ) e vm a u i onn 1 .2  1 2 ( 1  7 1 .3  I 3 1 I 3 1
M , u xi mi u u m mnn 3.1 ) 37 .0 381) 5 4
S l n t u m t n u t u m n m  0 4  5. 1) 1 33 I

Nt , ’ t i c  (‘ mmm uvm. ’ T siummi I m i , m m n m ’. I m ‘ 11 .9 1 nn n:  I cu s i t  0.76 n u n ’tm . I 11)/cut yd : I 6~ kg/m um 3

I t ns c om i ven i cn nt  to state t hu is as 3 87.2 M Btu f day (408.1 Ash and Residu e Content. Daily mass generation
gJ / d m m y ) .  l lm id field amid laboratory mmnahys i s imot been rate data are used to com pute the daily quant i ty  of
carr ied ot m i t an t h is waste , a (‘ Factor of 11.0 would ash an m d residue whic hm n mmust be removed fronm the (meat-
have b cerm a ssunum m ed based ‘ m u m  waste condit io n , giving: recovery plant and disposed of. Genera ll y. aim ash and

residue content of 20 percent by weig h t  can be as-

35 05 / I I  I ) 385 6 M~i_~ti (406 .4 gJ / d ay )  l I~sI 81 s u m m e d .  For design purposes and econormmi c analyses.
dam y t in e ash and residue niass is increased by 25 perce lil .

For cxamnp I~ data in Table 8. the esUnsated ash and
If ’ li u m nmiu nge ’ mt cmm us wastes mire recmnrded separatel y 1mm residue quant i ty  is:
I hic l me tc rungcn e o m ns  numix e d  wastes dur ing the weigh
su rv ey .  I l me i r  dm ui l y waste cnmer gy values m a y  he added 

30.05 Y 0.20 X 1 2 5  = 7.5 t,~~s (6 ,8 .!! ~!) IF4 ~t i n  h u t. ’ v a l u m c  cm ‘ mu pun t  cml t m u m  t he  m n t n x e u ,l waste strean m s. day day day

.31



Table 8
Exam ple Waste Survey Grand Summa ry Sheet

l)mub,,. 7 Nov 77
Surv mm 5 Period Fmm ,t mm , 3 Oct 77

to :  4 N ov 77 I N m u . week end sl

Nuim u tne r  of Dmm t :u Days: 25
Num u nb u, ’r ,; t I h a u l s :  12

Cubic
Ions Yar ds Density Size Condition

(‘mu t a l  876 ,1 ( 03 11 4 . 6  N- s  NA
Avcragi ’/ l ) . u s  35 u ; 5 4 1 5 . 4 169 3.6 I . !
Sn a mmd a rd t ) ev i .u t m mut m 4 2 94 3 N A  l .2  0.7
\ i . u x i u m m u m n m u  4 1  599.5 NA 5 4
Nh un n iummum mi 26 3 1 (3 , 2  NA I

Metr ic  C’,u n v er s im n n u l ’a cn ors  I t ( 1 9 1  m E :  I vu ~‘d = 0 .76 mu m 3 ; I lb/ cu yd = 1 .69 kg/ni 3,)

Table 9 Table 10
General Size Grades of Mixed Solid Waste General Cond ition Grades of Mixed Solid Waste

Grade Description Grade Description
I Wide size range of materials. Substantial  bu lkies (pal- I Marked near-homogeneity ot’ waste st ream, lnuperfect

lets , skids. cartons) present. Nunm u erou s small nnamerja ls mixture wit h clean , un eonrami m m a ted const i tuents .
(paper stock , etc.). Bulky combustibles occupy 30 Salvageable nmaterials easily removed in market-ready
percent or greater s t mrfm u ce areas of t Im e aggregate cn.i~ d(tion , Cc’mnumtitmaeney is obvious, Waste m’athe m t hy .
waste stream, I ew materials less mt nan 3 ft (.9 mu) 1 Moderate nmmi \tur u ’ ol’ nmu ixed solid waste , Few “pock-niaximmiuni length. —

et s ” of clean , market-ready materials , Co n stitu en c~
2 Maternal  size range su mu a l ter. Bu lky commibustib le is is not obvious. Sub stammti al Contamination of all con-

subs t an t i a l  m u n i n i o r i t y ,  occupying less t l umun  25 percent  st i t u en t s  I s u m i t e d , wet) .
m n t  w:n stmi su r t a ~ e area. I ew t i u l k y n ncombu lt ib le s . 3 Hi g l m l y n nn x ed m ixed su uti o wasne win l i  nnu apparen tMost nna n erua t s  less than 3 I t  (.9 m mml  nu u ax inu u,mnu length. clean , mut m urket - ready  umma m er ia l s  Great  diversi ty oh

3 l. mmu u m t ed nmuater i a t  size rang e . h e w  bulky nmm a teria l s . con st it ue muc y Hig h degree of com ut ami nat iom i of con-
svtmich are i r regular ly  generated . Most nnater ia l s  less s n i t m m e m i t s ,  N u m e r o u s  po ckets  of wen sli ’p.
than 3 I’m ( .9  nut m ax innu nmm l emngth. 4 h i g h l y  n im i s ,cd mind soiled , c o t m ( ar uui nm m ted.  G reater t I tan

4 Small material  size range. Negligible anmm ount  of bulky 75 percenut is diverse wet slop of visually immdetermni .
materials.  Bulky combustibles could easily be sorted na te const i tuenc y
l’r u m un i bulky ine ombustib l es. Most materials less than
3 I n n . 9 ml m a x imu m length.

5 Small  amounn n I large materials (nearly all elenmernts
This is equivalent to a mmmass reduction of 75 percent.mm the waste would in u d iv idua l ly  f i t  in the nrunk of a

car wit l u ea set. Cubic yardage data taken durinig time waste survey are
used to estinmate volume or bulk reduction, emp loy ing
aim estimating factor of 0.20. hl e mic e . for exanmp le data
m u  Table 8 a bulk reductionm is estitimated. which ex-Incom u ibust ible b ypass wastes identified during the eludes the volume of bypass wastes that is added towast e survey dl) not enm l er  this calculationu . but their the dail y disposal requirement:

mim ass and ‘m u l i tnm u e gen ema ti u nm rates n iust be retained for
assessments of u l t i n imi t e  disposal require m ents.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ C. rds (63~~ lii3 )
Bulk Reduction. lime aiu i otmn it of redu ction for waste day day day

going to ul t imate  disposal. such as to a land fi ll , is [E q 10 1
estinuated 1m m terimis of vohumiie and mmiass. Mass reduction
can be est i m n ma ted using i-q 9 , where 30.05 — 7.5 = 22.6 T h e  above esti m ating fac lor of 0.20 is based on an
fewer tons / day (2 0. u m t / d a y )  will pass to u l t imate  expected actual  bulk reduction of 84 perce n t and a
disposal . ex e l ud imu g  separately identif ied bypass wastes. design factor of 25 per ce imt.
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Prod uct.  l ine m l n m n o u m n m t  of p ru d uc t  that ca n he pro- lmr tm duc ~ sh ould be estimated over 7 hours effective
duced dail y ~‘it h m availa bl e wm ist e energy depcm md s 0mm l)Io duCtion for a one-shift o1 erat ion. 15 hours for a
phmmnut  o~n e r a tm mmg sc imedule . s~ ste mi m wastc~to -produc t two-shift operat ion . and 24 hours for a three-sh i ft
c um nm se m s n i i us et ’tt cicn uc~ - p rs u duc t C h t ma h it y amid entha l py. operatiom m . Design quantities of waste-derived product
m m md fecdwater ctu tl na l py Flue corutrolled-air systemmu is shmou ld be used , based on a 25 percent allowance fac.
[m uted to pn s .m du c t ion ot h o t  water amid up to ~50 psig tor. For example an installation with 201 ,588 lb/day
(I 724 kl’a) smut tmra t ed ste atum. A cu .m versmon effici ency of (91 439 kg/ day) of waste-derive d steam potentially
)J .1aQ is used nmm product calculations. Eq Il mmiay he available would fInd that 16 .799 lb/hour (7 620 kg / h mr j
u m s e i l  to c a lc u h m m t c  t ime daily qu ammtity of waste-derived would be producible during a two-shift operation 0mm a
s t e u i i m  design basis for this level of comnpatibi l ity anal ysis:

l~t u m  ~ lb sie ammm 
,< = 

lb steam 
[E q i l J  lb steanm 

~ 1.25 ~ 
operating day 

=
day ( h f -‘ lu g ) day day 15 imours

l6799— (762 0~~ ) l E  12A system ui based onm data slm uuw m m m m  Table II with ‘ hour hr
3117.2 Ml3 ru / day  (408 .1 gJ/ day ) will yield 20 1 .588
lb ,’day m mf I ~5 psig sa tura ted  ste an im (vapor enthal py Equi pment. T h e  nunmber of con trolled-air incinera-
I I m t )  = 1190.5 l3tm uj ’Ib) , assum iming feedwater en t e r imm g tors requi red  is based on available daily waste energy .
time sy s t e m  :ut 70°F (2 1 °C) (hug 38.05 Btu / lb [88.48 a 25 percent design factor , a furnace limit of IS MBtu /
g . l / kg Jj .  St ea nmu anmd water emit lu a l pies can be found in hr ( 18.99 gJ/hr ), and t h me number of operatinmg sh ifts
sta n dard st e an i m tables. Time quant i ty  of steam pro- per day. A tabular met h od is used , as indicated in
dticed f’romm m auxiliary fuel is added to obtaimm total Table II . to determine actual and desi gn plant wa 5te -
plan t  steamum p roduc tuon .  energy inpu t  capacities as a function of the nunmmber of

possible operating shift s per day. Table 11 was created
Product Compatibility. Maximum benefit from a using examp le data fronm Table 8 and Eq 7 . where

w mus l c t m i - e m i e r g y  c u un ) vers i omu syste iu u canm be obtaimmed 387,2 MBtu / day  (408.1 gJ/ day) of available waste
m umu l y ml a l l  h u e  product  is usable. Genmera l ly,  since t i me emmergy was cal culated. Actual values are emp loyed 1mm
qu a in t  i t y  uf waste  pr odt mc l derived frommi a controlled- c c ommoiimic analyses wh e re credits are takem i for ot ’f.set
muir . i i e amn- recumver y  sys l enm u is substant ia l ly  less titan total convemitio nal fuel costs. Desi gmm values arc used in plant
miser de t u nm u nd.  t iner e mire nmo excess productiomi prob l e imms. su in g. Once data of time type shown iii Table I I  Im ave
(‘ u n u n i pa t ib i l i tv  nt ’ nIne  waste-derived product withm his- beemi commmp tmt ed . the minimal mmun n her of inc inera ~in rs
tor ic m il de i mmamid s will allow soimme freedom im in selecting required f ’or the array of plant immp o t  capacities can be
t h e  best p h a n u t  opera t ing sch edule throug h tradeoff determined.  Th is is done b y dividing each plant capa-
he t s~ee mu cap i t a l  mn nves tmumemu t  and labu .n r requiremmmcnts .  1mm ci ty  by 18 Ml3 tu/hr ( 18 .9 gJ/ h r )- —t lm e waste emiergy
sm iun i e  cases . (l ie ci n mi m pa t ib i l i t ~ of the product with capability of ’ the largest controlled-air incinerator cur-
ex i s t i ng  d c u t m m m t u d s  nay be quest ionable and require rent l y available (approximately I ton /h our [0.9 nit !
a deta i led ummv e s i m g mut i on .  lmm .de p th . tie-in amiahysis re- hour l  ). Table 12 illustrates data generated t ’ro nm data
quires comimparing hourl y waste-derived product output in Table I I  in this manj ier .  Time parenthesized values in
wi th user-based curves ummdicating mmmaxi munmm detumand Table 12 indicate the number of incinerators required
gr n w t in I i  igure I I.  annual  load duration ( Figure 13) wit h mm o redumidant capability. Th ese values were ob-
arid average .24-hour loads (Figure 14). Waste-derived tam ed by adding 0.9 to the commmputed values, and then

Table I I
Determination of Plant Capacity

M BI u/P la n ( Input Capacity for Variable Number
Ba sis MBtu ‘t)ay of Operating Shifts (Effec tive Burn Hours)

(‘ondition Days/Week Available I t7 ~ 2 1 1 5 1  3 (24 )

,‘u l m u  1 5 387 .2  55 7 25.8 1 6 . 1
I n es u ~ mi 5 48 4. 1 69 .2 32.3 20.2
‘i i  m m m l 7 276.6 39 .5 1 8.4 1 1 . 5

h ies n gum 7 145 8 4 9 4  2 3.1  14 4
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Figure 12. Maximum demand growth curve.
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Figure 13. Annual load duration curve.
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Figure 14. Average daily load curve.

t n t m u m c . i n u , n g  t i ne  sw um I’ m n m e’s a mm np lc . I ‘s ~ 0~
) 2 . 7 2: lmtc to u  m u d e l e m n i n m s m n i g  building site. Eon aesthetic . i mum-

t i m n i s , t~~~~i u u m ~ m m u n ’:, m t n ’ t s  s se m c h u u t i i m d  I u u  h u e u tccess m i u~ tom mm sau ce. sm m te t ~ a mid h n e m i l l h i  r easomis . im i —p h a n m n  wm i sn e st onmi g e
I ‘.‘~ i ~~~ ~~~~~~ , i j i c i  m m m i  ‘ mu uk’ s u e m n  h .u s us A p h mimi l  C m n t i s u s m  - c mm p aem m v sh i m n iu ld  mi u m n exceed 3 days  average ucc t imi iu l a-

& nt ’ t h m u e c  i n mL ’ i m m e r m m t m i m - h t u u l e m  I m m u e s . w i t h  I S s u i  i i i  parall e l  t io tm oh w ast e. 1 lie waste storage area is ca l cuiam ed l ’u o nmi
u n p e r m m t i i u n t  Iv. i m u t  u~. i l.u ~ - ‘

~ mI. u v s  v. eck . , n nm d t i ne  t h ird .uv e n :m u m c waste vmn l t i mmi e  d mi ta  dener m m u i mme d from uu time waste
m mvm i i i : uhk ’  1 m m  m i l i e u  m m. i me  amid  peak knm i d t i se . u i i mg ln l  he s t m m v c ~ P l m i mmni n g for a mi ma x i n nmunn i  pile l uemg h mt will  i i t i i i i—
-,ek c t i ~~I m m m i  t hus ’ t m ms us  i n )  d ; u , m mum I able I I . i k ’ c , n u u se  nt  mu t e  t I ne  p lai t h luuuum . u r e , u r e q u m n e u n n e m n t . Pile I mei g h it  does
l i n m in ~i t u s~ I r e q t m e t u c v . ml is u u u m m , I v m s .uhle t i n  p lant mmmi o p e t a u m n i g  m i nt  ec um e m i l l ~ ex ceed It )  I n  (305 cmii).  m m md probably
t t n m u u e  t i n a u t  t u n m i m  u m i c t m m c n : n m m m u s  u r n p a rm i l l e l .  s l m u u t i l d  t o u t  he g m e m i t e u  t h m a m m  S I t  t u u r  sm il ’emy reaso mi s .  A

d c smg m n la c l u n r  m t  25 p em e eti l  is tise sl to d e te rnm nmm t e  the
Tipp ling Floor. I hu e .m u e mm req u ired I m u m delivery.  h m a i u-  ss a st m ’ s lu nr age area A two-step com u puta t i o n  process is

i l l u n i g  m umud s c p m i r m m i m u n u m .  amid ss m m s t c  smmm rm lge  u s a dot i mina , mt  used to de termine tine storage area required. First .
Eq 13 is used to obtain the reqt n ired storage capacity

Table 12 imm cubic feet:
Incinerator Selection

MBtu /M Plant Capacity Number of days 
~ 

cubic yards 
~ 

27 cubic feet
(~1inima l Number of Incinerators Required ca pacit y 

- 
day cubic yard

per Operating Shift) X 1 .25 = 
cubic tee ,t (E q I Scap actty

Basis
Condition I)ays/W eek I 2 3 Fo r examimp ic , Table 8 data show tha t  m m generat ion

3 1  ( 4 )  1 . 4 u 2 t  0. 9 I I  rate oh ’ 415.4 cu y d/ day (3 15.7 m tm /day ) will head to
~ 3.8 u 4 u  1. 8 ( 2  I I  m 2 t  ml 3-day waste storage requ4rem ent ol 42.060 cu in

\ . u n m . ut  7 2. i u l m  1 1 1 ( 1 )  0 . 6 ) 1 1  3 . -
I ) es t ur m 7 2 7 ) 3 1  I .1 1 2 )  0 8 m I t  ( SI  966 in ). Tine second step n s co i n puta tm on m oh m i me

p i le side l em i gt h m . assuming tero re l m i xa t im n m i . as n e q m m n m e d
i t l ~ t r mm ( . m u s m ’ r s u u u m n  I .i ~ i n  ~l t t ! i n  m i s . t  n n m . t . I  l i n t  v mtmi ous pil c heigh t s  u sm n i g E qs 14 and I S



cubic t ed ~, l ,pml c 
= 

.s~~m a u c  fe et auca  
~ l4~ 

Table 13
i.’ m u p m u e m t  v ‘ I t  ln ig lt c m u pm uei t ~ ~ i Determination of Waste Storage Area

n / ~ Pile Hei ght (f t )  Floor Area )sq I t ) I Pile Side (I t )
/ sp imiie  feet  . u l c . u u  . . -

~~~~~~~~~ 
- - j = pile side mm t ee t  l r.q m l  4 10 5 5 03

- 5 4 92
6 70 10 84

‘r mm hlc IS  \ l n m m w s  t i m e  u c smi l i s  oh m u pp l y imig F qs 14 and  7 u , u l l i 9  78
I S  l i m  d m m t m m  h n u u u u m  t a b l e  S t u n u  mu S -d m u v s t iu r ag e  ca p a ci ly .  8 51 5 8 73

1m m ( h u m s  i mi sm ’ . m m t l u u u m m  m u m e m u  i e q u u i e m m l e u u  m u )  S 158 sq f t  4 6 7 3  68
I t )  4Th6 65377 m mn ~ I u m ui gh ut  he selected tsu m ieco t uu tn imu da te  .u p ile I I  3~~24 62

S t t  ln mg h m .  r i le .s t m n u a g e  r e q u m m e t m i c n u t  is l i n e  m h o m m m i m i a m i t  1 7  3505 59
t a c n n n r  used tu i  d e t e r m u i n i m e  t i ppimug tloor m m m c m i .  In devel—
un pin ig  a genmerm i h p l m u nm l  i m m y u m m m t  . em u re t i i tms t  he taken to tl c t m m c  ( ‘i n , mv m ’ r su i nn I ai m o m .  I sq m u  u U 9  m nu . I I n (m 3 m u m. (

pr ovide  s t u f t ’i c ienmt  a ddi t iomimil  ane a tin t -  delivery. t’ront —
em u d-Im u m u der  t’unue t i on m _ and smtt ’e pers sumn mme h nmi oven mm en t . Labor. H is to r i ca l ly .  wmu~ti ’ i m i c m n t e t a t m u n u m  humus he emi a

u - e l a t i v eI y  I m i bo r - imu t e t u s i ve  n i p e r a t i o m i  . h - v c t i  s m m u a l l  p l a m u t s
General Building am id Com ustructio mi Requirememmts. mmmuy enmmp loy sip to eig h t  pe sniu t s  P~ 

sh if t . Re q m ui red
B u m l d i m m g  d i m n e n m s u n n u m s  arc de t erni u iniech b y several factors:  f s i l l— t imm n e labor immclude s mi t m m n n m  I—c mid-loader s’~m e m a In mm .
t m p p i m m g  f l i n n u r  amid  ssm u st e s t m u r m m g e  area requi renm ie nts :  mmm i i n m c i m m e r : m t n n r  op e rm utor . at In ’,t st onm e I , m h u n m e u  - ‘ m m d  i t t e m u
equ i ipn u i emu t d in u e nms t n n n u s :  space l’snm m n s nx i l imm r ies  such as a gemmer a l numeehum m mu mc.  l ) i rc et  super  vism ‘ u s  lab or c ins  t s
m m m c c h u m u m m n c m m l  m m md e l e c t r u c m u l  e q u m m p n m m e n u t . w a t e m ’ t r e m m l n m i e n m t . m mm ust  be mudded . a l nm n m g w i t h  less d m t e L ’t cost s i t i e l u m  cml t o m
mmmii i  s t m u r m m ge : c om n t r m u l  m m m i d o t h er r i u o mmm s:  m m m d u iau mi temm mm m m ce  increased a d n m m i m m i s t m u t i v e  t m u s k s  munud  bo i le r  u u t c u u d m m n t c c .
mi ci ’ess re qui  menu u enm Is . Addi  I nn uum ol ’ a html  k y wmmstes slu red— Emp loyee t rm u i ui im u g m t  p hamu t smp c n mut m u m ( am i d smi l e I y w il l
der wil l  m o nt coin l i i  h u m Ic to ( lie required overmill hui l d i mmg also he mm sigmmi hl cami I rect i m r i n l g  cx pe nu ~~

‘ . Dtmsp m m e su .mpc in or
anca ml m l 5’. Isseatest outs ide. but wil l ami d 1.~ t im e site s pl aminmmmg e f iu mr ts ’.u mu m i i m u c eun t im ’ d s . Imi bu u m t ml in mive u m m  im m c i mi —
l m um mm l r e m l u m i u ’ e u u m e m i t .  l a N e  14 pr e S en i ts  general size data crm mnur  p ha mmts  is hmi g i m m i un d e’m muse S l ) r u b l e t t t s  ml n m m a m n m t a i m m m u m g
t m n r  c s s emmnna l  e q u m p u m i e m u l mum a e o m i t r n m l l e d — a m r  m m i cinera tor  desired p la nmt  i’u c rFu nru mn m mn m ce  ln ’vcl s. I t  hm m ms beemu clearl y
p ham it  - ‘I Ites e dm uha amid time layout comicept shown m i  demonstrated tha t  snp e r a tou  tm ule n t amid ex penmen nee plays
I’ mg i mre I I  (p .  2 9)  may he used inn lieu muf u mmammufac tu r e r— a role equal lo or greater t l u m mm u ~l u mit  m i t  m m m n n d e m u u  equ ip -
supplied mn lsu r i m m atnom m tor project development put- mmient  desigmm in n cm nmnt r i l ’m tm l i um g  on su cce ssfu l  n iv m ’m al l
p ut s es . l ’ s s c n m t m : u l  eq u m pmmm e nmt  req tmmres  specum u l pad-type imicimie r a tor  p lamm t  m n p e r a t i u u n n .  I b i s  m uh i mn e  j u s t i t i e s  every
t’u u u n u d : m l m m m n i s .  I t  us r econ mmnmien d ed t ha t  time p r imary  effor t  tmn mmmaimi l a i n i  dmm i h ) l m n y dm ’ m nmi . thn e . j & nh  longevit y
L- l u : m m m l h e m  tic e lev a ted  sul ’t ’i c i e n i t ly  so t l u , u t  under f l re  air
pun r ts  c mmmi lie s a f e t y  reac h ed f or  periodic cl eanioum. Plant Reliability and 1)isposa l Backup. Ni ’ oper mu-
Ideall y . m u s tmmg ie s t r u c t u r e  h ouses tIme ent ire  plant .  In- t i m ma l  data are mu v mn i l m uh l e  I n n  ccnncl mi s ive ly ideni i l ’y t h e
mc,  k ur  c l em ur : n m mces  :mrc ennv e rned by del iver y velmi c le r e l i ab i l i ty  ol’ t ine conmt r m n l l e d - , tm ,  - ine mut  - m e c i n v e r y  inm e imi e r a -
d i m m m c m u s m n n m m s  m m m d .  In ) mu l esser d egre e , by e c l smi pnue nt tot sys tent i .  Most p m i n ) e c t  d e s e l u n p u u e n n t  e l t u u m t s  e s n u n u i m m m e
Imeig h mt . Wl n c mmever punss i h l e .  a p r e- eni gn neer ed steel chad 2 weeks schteduhed m u nm d .2 s~eek s  unn sc i nedu l c d  p l m m m u t
h ui l d inig unnu a puntmred concrete foundat io u m should be (nutage over an o p tmr mnt inmg v e mm r A scn v me e ah i h u u ~ ta ct nr
used. of ’ 0.904 is used,

Table 14
Essential Equi pment Dimensions for Use in Plant Sizing

Iteni Length (I t) Width (I t)  Height (I t )

Ram nm t ccci Iii up n m’ r ( I cm-d du nnr e lev a t ed)  20 7 I 2
P rm m nnmnry c mun u n lumtsm iu mu clnm unm i t.x’r 20 I 7 I t
Scm’ nmmu da r ~’ c’ un nu rhu msmju mn c’ h m m mm n bu. ’r 20 1 ( 1  1 ( 1
Bin d er ( I S  .( lb ho Ih/ lnuusmr I 68(14 k g/h r I capa m ’i my * * 26 t mu t
Ash q uen ch m ind ~u m nv eyor r crnn n val  7 n  8 6

I Jm u sus Piggyback eunn l ’i guma l ion , I umu m u / h u nu r cap ac ity
*SC( . mn fl d a l y  chamber elcvj ic d ,ubove pr imary  chamber
* Ru mple r can In c u ’ t ev. u n i - m I m m li ,  nyc m m s t u  rc’ mn i , vmi l mmcmi m m I s ecu nm i dary  dma un it n er lev el

m M emrim’  ( ‘ m n m m v , r s un n mn l a m t , , m  I I n  t ) i  mu I

3(1



~.m ’ s c u m u i  steps  cami be t m u k e m m  I i ’  u n t 4 ’ t e m m s e  m i m e  p l m u nt ’s p l a i t . Aim i u i cm mi em ’ a l i un plant  wil l  n u t  shnfl d owm m u l t i —
r h n c s n m c u t c : u h  sm - n st cd , u b m l n u \  . F im s t  - t Im e plaimi op erat m mmg inmate dispnu s a l operat io mms . bun u m nay n - educe a ssoci ated
s c h n e d i m l e  s i u u n u m l s l  In c d e t c u t m u i m m e d  k m :ulh nw t m m i u c  for cx-  l mu hi mr  amid eqmn i pm u mem mn costs. Imimp le nm men mtim u g a I meat —

n.’ u umic m i  i n  pe m u t m o t u  e u t h m e m  to c u n m m i p ct t s mim e knr downt im u me recovery ine ine ra tmun ’  s~ ste o t  will  umsuall y require addi-
or t i n  p~~icecs peak i i > . u ds . A n w o - s l n m t t  - S-dmiy operat ion timnnna l  manpower amid wil l  create addit ional  tasks for
sc l tc s l uhc  sv ih l  e v e  t i n e  t l n i r d  s l m i f t  m mmiii weckeni ds m u vai l-  manageme nt personnel. Time logistical aspects of inle-
m ulnic  h y m n  .‘ , ‘ l l u u u ’ ’ u m , y  grat ing a heat_ recove ry systemim in to  all a ffected facets

of ins ta l la t ion operations a ffects project feasibility as
“~C L i n t i d . t’m m r m t m u c c  scl~ ct i o m i  should he stm cl m t i mat  full- nioch as does the availability of proper equipment.

Ii m a i m m m s m’ is um c v cr  p l m mnm n ued  - This ‘d c r m m I i mm g ’ prm cedurc
.u l l n u w s  s m u u t u c  f l c \ m l ’ i l i t v  n u t  sy s i cu m t l t r m n n m g h p i nt ca pm m h i h i ty  tegal and Regulatory Constraints. All legal and
m mmd s muse d p u t  ml ~ hcc: mmi se m n v e m age m i l i t a ry  wm u ste r e guha t u n ry  cons t ra in t s  at ’l ’ect ing i m u mp l e m m m e u n n m m t u o m u  of a

gi.’ nu c  .n fly ma ’ .  ‘I lu u g l ue r  huc m m t rele muse I Im mu mu I he mmv er a ge I mem u t - r ec overy immci n merat o r  system muius o he evalum u l e d
t m m n u u m u - u t x u l — i’s u m t c u n t t : u l  t y p e  wa ste  ‘m u  s m - l t t c l m  t i m e  t ’t m m m m m u c e s  d u m r i m i g  p ro j ec t  dev el opm iienn .  Su ch cunmus t r a imi t s  mmn mm v
SS i ’ c  mli ’’ u w i ~’ l . R e f e i r t u n c  mu ‘I ’ ah l c s  I I m uun s l  2. t u e  l im i t — p c r tmu im m t n  po h h tmt amu t  en mu ission us . p e i l s n r tum amuc e  stmu m iml mn m ’mls .
(‘e l s u u l i t  I1~ ’s u i ’ i t t t ~ l i mi m u t s m i i — s h i t t  . ~ - m i m i y  opeu ’ m m l i u m u m  is p c r l ou m mz mmic c  r e por l imig ,  i mmspec l imun m s e l ne d m nles . h n i i l d i m m g

1 ( 1 1 )  .‘ u . 32 .3 I S o  h O  pem ce mm t  m i ni  mu d esig um h m msu ~ amid e q t i i p u n m c t m t  codes. amid muss c ssn i iem u t mn l ’ e m i v i m u m n n m m i c m i t a l
mnn n m!  I Ut ) / h .~l i  — 25~~ ) - S ~ = 25 p e r ce i i l  omm a nn m m ctnmm ul  i t im pmuct s .  Local , s ta te , amid Federal po l lu mt k nmm c m n m u t r u n l
h mus is  agenucics mmiay be comisu lted as sources mnt ’ i m m k m r n m m a t i u m m u .

h i n u r d . ~i t m t m n u u m i t y  inn ss mustc -pr o cessimig capabi l i ty  is Economic Considerations in Project Development
‘ ‘ n lm a nmced by m m de q u a t e l y sizin g tine p lar m t ’s waste stora ge I ”irsi Costs oj lmple mentation
c mm pm uci tv  s i  t i u m u l  wa st e  cani cu ) i m ( i mi ue  to he delivered t in General. First costs are ofteum termed as capitm u l or
t i m , .’ p r mtccss n n i g pomnt . despi te  si u om - I - I c r nm i  process o lm la ge. m u mves tmmment  costs , or t he costs of ownershi p. Specific

tlr sl costs discussed in this section are current as mit th ’e
F i m i a l l v . eq tmi p m u i e n n t  r e d u n m m l m i r u c v  cant inucm e msc t ime  b egim mn i ng of FY78 and should be used l’or proje ct

‘ vet - al l  r c l u a h i l t t v  n i t  wmust i . ’  p m n c c s s m m m g .  I’or exa m pl e . deve lm pm ent purposes onl y if siummilar data canmiot he
u c l e r r i u m g  I n n  e x a n u m p le datmm mnn ‘l’ah les I I  mm md 12 .  t h ree m ih ta i n ed  from manufacturers . ven dors , or ot her re li-
i n c m m i c r m m l u n r — h m i t l c r  h u e s  r m u i ghu t he ehi u m se m i instead m nf time able smntnces ot inm fm nrnm m at iou i .
m m m u m n m n t u m i l l v  m c q u m i u e ~I t w n n . w i t h  d a i l y  u n p c r a l i m n n m i s  m i l l e r —
m t m m l c n i  . i u m u m m m m g  p m m u n s .  l i i  t h i s  c i sc . p l mm m u n wmu cte- pr tnces s mmmg Info rmation Sources. Numerous sources of imifonn m ma-
I L’’, m h u i l m u  sm m I d  be 00 X ( 54  — 3 2 3  11 5 4  = 40.2 pen-  l ion m i m e  remim l ily available to time in i s ta l la t im - un developing
C e m u t  ul m ’ s t I ! t t  i ’, u s u n.  . u m n d  11 8) / ( S 4  — 25 .~ )/ S4 = 52 . 2 mm m ’ u n m m t m o h le d — mnir . l u c a l—r e covem y i n ic i mie rm ul ium i  p roj e cl .
p m , .’m ’ i u t  m u e t t u m n l  l m m i s i c  (Sce AR 4 1 5 — 1 7  l i n t  c i i ip i r ic mi l  c ns l e s t i n n u a l u m i g  g m ui d c .

un i t s mind  t m i c t m i m s j m ’m Nmm m nm mm n’oois s n h id  was te  p c r i u n m h i c m u h s
I u u i p l e t n m e n m n m u t n n m m u  ut  t h e s e  s t eps w u l l  in i ememi s e  t he  c i u n n t m u u n m  c u m r r e m m t  i n i t o r m u n m m t i m , m i  ott a l l  p lu :t ses mit ’ s m n h i d

\ 5 . u s I C  ~ m n c e s s u i m . ’  s % s t e u u n s mnver a ll te l i uh i h i ty  - Ne v emt lme-  waste nu am ma ge nu em u t (Table 15).  In additio n . nimmun m
less . ml  m s m u u n p u umm l e umn h u m  p l m u t i  t ’um r  s h iu mt ik nwm i  un l ’ u l t i m n i m m t e  Otg ai ii ’i . a t iomm s m ind assmnc i at iom u s cm un m provide r esosirce re-
mlm ~p i s .mt u m p e u m u l m i n u m s . such m u ’ . I m u t u d l i h l . w l iemm m mmi im m cimner m u — covery i uu l ( m rmmmat i m nmm (Table 16). Publis h ed m u mimmual ly .  the
l i i i pi t t  us u m u m p l e n m n e n t t e d  . As u m m i t e d  e a r l i e r . m m s h i , m e s i d u n e . 7/u nmas Register al p h abetica l ly lists nman m mes mi t  nima jon

m m m l bvp. i ss  wm u s lc s  w u l l  ren n amnu a d i s p n n s m m l  r eq t i i r eml i en mt  n m m m i m m u l ’ac turers  inn ( lie Un u i ted  States cross — refer emmced b y
s~l u e u u  t i ne  p l a n u n  us mm m i p e i a t i m n m i .  Morc m nv er . the con u ubim ie d prm nd u ct . 34 Several amunually published construction
s c lmcd u i l ed  m u d  uu i msc l m c du h ed  p lant  outage s will  mme c essi- c i ns t . e s t im mia t immg guides mire ava i lable , immc l ud iuig Richard-
t m u t e  lu ms i l im ig  \v :msuu .’ direct ly  to u l n i m m i a t e  disposal 1mm m i mi  semi ’s (;e imera ! construction Estimating Standards .3
n . ’ s t m u u n ; u t c d  4 weeks n u t ’ every y c mmr.

l umm p a ct  on Existing Waste Management System. u n -  tmmi Emp ir icaI Cost Estimates for  Military C’op ustr uction and
p le um m ’ u u t m m m g  ann u m i c u m i e r m m t m o m m  p l anu t will m m pact  time en t i re  Cost Adjustment Factors. AR 4 1 5 - 1 7  ( [)eparnn ment of the
‘pect in m l  i t i s ) m m h l m m t i n u n i  waste d i spunsu tm on  operatiom us. Army.  9 Au igust 1976 ) .
l i m e  c un l l ~ c l j u u u i  m i n d  I u m m u m h i m m g  m l ’ w m mst e wil l  he a f f ec t ed  n4 Thomas Register hThom as Publishing ( o . I 9 7 8 ~ .u n n m i y  s im g b u t i s  - , u m u n t  I hie su .’ n m m m p m i c t s  ml i i  i mn i im l ed  I murgely ( m l

~s mhIc , . l um m mu ui .’s u uu i mic k mi ~ sn ’ l m c d i m l u m i g  m imI / m m vehi cle  0( 1 (mn,mst rUctj o,u Estitnatinug Sta,mdard.c I R im ’hamd so n 4
u u u u m t u u u ~’ ml m. ’ l n~’ m u d u m u t .  m m m l  t I m e  I m n c m m t  m m m l  u I  I h i c  n n im .’ u u u , - r m m t u u r  l ’ umguuu eu. ’r n ng .Se mv i m cs . 19 7 1 1
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Th’mfl ’m ’S.% Pla nt t~ i,, SI r uc tlo, m 1-st imat ing Standard s , tm Auxiliary Fuel. Pm , u m ’isiomls fu n i  aux i l i a ry  f u e l inc lu de
and , ll en:,zs (~ ‘.st 1- stitn a ling Data. ~ ‘ l imies and ,  iii  m u mmy cmuses . a d ay I mumuk . The cmns ( of fuel

h imics u tm o s t  he es t innma ted  local l y Amm ab nve -grounid day
%Se igh St :mti o um. Flue inus t a l l e d cost of a p h a t t m n r m m m - t y p e  tzu mu k amid -auxi l i -ar ues . umusula ted . heated.  min d having  a

t r u c k  sca le mm m x c : m s m u t e d  c m u m m c r e t e  t ’ u un ud a t nomm . m nm e l ui d -  1 000-gal ( 3785-l i ter )  capaci t y ( immc l tmd mn i g valves. pu m ps ,
11mg tim mit t  t o m m u m u  t i e  cm eu g lmimn g  s s u c nnm mmnud r e m m m o t e  prmt i  t ou t . and gmmuges ) . ramuges in cosl het svee nm $9000 and SI  .3 .000.
u m im i cs ue t sx  cc- ut  520 001) mmmd 533 .500 , depc n dim m g min i
smut  ‘e qm mm u ’e u n t e m u t s . s l u u p p n n m g  d i s tmmmice . amid hype amid Air Pollution Control . Time i m ms l m ul l ed  cost of nm m odu l ar
c’m i j ) m u c u ) \  n i t ’ sc :m le selected.  wet scrubber ’. for par t ic u mla te  emimissions aba t e mi memm t  camm

mange between $70 ,000 and $2 10 ,000 per u t m i t .  imiclud-
1)eliver . N i  c q t u n p m m m n . ’ t u h  is mm ece ssm i ry for nmmost  de- ing inst run ienuta t ion amid controls , auxil iary c qmii pmmm e nt .

l m v ~ iy  ‘.~ s t e m n u s , mmm d o t l mer  c ’ms ts  um iust  h e est m nm m ated amid c l m u rif icat iomm t ank :  these costs dcpe nm d largely on gas
l i ’, . m ntl ~ - ( m n nc rc’te dr iveways amid :mpr onms . p lus mm t u rmmi m mg fl osv rate amid desired collection ef i l c iemucy.  Ma miufa c-
m m c m  i t  mm du t v c - t i m r o t m g l m  de l iver y  mumo de is not selected . t turers and vendors of control led-a ir  i n c i n e r a l u i r  systenmis
ci i i  ‘ m I d he i n m c i u u d e d  mn t ime de l ivery  de si; ’n m cost es t in u m :mtes.  usually c mii provide accurate installed cost es t im ’muat e s mit ’

air poll ut iomi con I ri d equi p n mmemm t .
h andling and Separation . Fmu nm t -enid  Imuder s mire re-

q m m i u c u l . m mmcl  m n b ’m e mm mire i t i c lud e d  mi s s ep armt t c l y  i ’un u ded  Steam Distribution and Condensate Return. Costs
i t e n m u s  I’r m m c t m r c u u m e n m l  cosl r anmgc s b etweenu $0500 amid ol ’ these i temmms immus be cst immmatcd locally. Cat h odic
$1 o.000 per u u i i t .  ‘f lu e cap m ta l  cost est inmmate shuould p m n ut ec t i o m i  sh ould be i tmc l t mded wimere apprumpr ia t e .
u n m e l  tide t ep l mucem mi emut m l  fronit-end Imi mud e rs a f ter  every 8
years m i t  ‘.etvtce . H ot Wate r Applications. Costs of luot water  dis-

t r ih u t io n m amid return h u e s  mmmust be estim ated locally.
Combustion Equipment. A sing le line cons ist inmg of ’ (‘athodic protection should be provided wluere appr mn-

rmmtii  feeder . pu g g~’h muck con t ro l led-a i r  imucinera tor  wi th  priate .
mu I t m n m t / h u r  (0 .9 m m m t / h u r )  n o m u i imi a h cmmpaci ty .  ash c i uemmc l m

mm md c m u m u v t ’y m n r . at ’ e rhuu ’ner. t’anis. eommtro l s  amid ins t ru -  Preprocessing Equipment. Time installed cost (.n f a
tu t e iu t mm t iu , n n.  mm m d r et ’ra ctory- limm ed stack can range in cost bulky waste shredder . immc luding feed and disch arge
he m c m c c t u  S 150 .000 and 5285 ,000 at t h uc site of nul anmu- comuveyors . ranuges hetweeum $40,000 a mid $85000 , de-
t mmct t n r e .  Imi s t a l l e d  cost depends 0mm shipping wei g h t , pending omm capacity and site requirements .
s i l i p u t u m l n u t  d is tauicc . a mid required sit e svuN k. Simulta-
u u c n u n t s  u n u s t a l h a n u n i n u  u m t  n m u u l t i p l e  I mm i es  can redu ce tIme Building. Bui ldim ig costs must be esti ru mated locally
u u u s u . m l l m i n u n m i  c i n c h  h~ 5 h u n  10 perce nt .  wi t h m consideration givemm to site-specific fac to rs  suc h

as soil geology and c l inmate .  lii n mmany reg im .n nms.  a pre .
hletu t E~chmang er. I lie m n n s t m u l l e d  em ust  of mm pa ckm ge engineered , steel-clad s tructure on poured conmcrc e

‘t ,t im’u t u m i u m ’ h n u m l e m  em i l i  he e s t i u i m m m t e m i  am $ l m 3 .2 5’Ih i ’l u p s lmib  l ’m n u m n m l m u l i i n m n  is s n m i h : u b l e .  ( J s t mm i l  estintia les ( ‘or such mm
mIm ’ sm ~ m um - mh c u e m m u m m u l u g  ~m u p m u c ’ m u V .  l I n u s  cost mm i c l tudes  comm l rol s , sn r u c l u r e  mini mu do ll m u m per square ((not basis are: general .
t m m n u s . mu s e p m u m m u t u m m . m~ h smmmien . mi n d suno iblo wen s.  html cx- 522.00 : plunmbing.  $0.40; electrical and mr iechan lc.ul .
c l inIc s t c m. ’ d w m i u e r  t r e : m t i m i e m i t . I / se mut l ’u r e lu he  boi l ers  is $ 1.44 : heating. SI  .53: odor control duc twonk  and
mi m I  n e c m n m i n i i e i i d u . ’ d .  v em m I s . $0.10: amid I ’ire protect ion system , $ 1.56 . The

total  mu $27.23 per sqt mare foot excludes special eq u mi p-
Feedwa t er 1 .‘eatmnent. Exi s t im i u lecdwat er  t r e a t n i memit  n uu em i t  foundations , site preparation , exterior ramps amid

t , u c u l n t m e s  s l l n n i m l d  he mu se d w l m e mmev e r  p m n s sm hlc  1mm m imim i in i mi , e  pav i nmg. special interior s tructural  work . su pp o r l i mm g
h u r s t  c’ n s t s  m i t  l ime  heat-recover y i m i c i m n e r m u t m n r  p lan t . In l’ac i h i t i e s . and post-conmstructio n I am m ds c ap in mg.
such c :uces , due cost m l ’ f e e dwa te r  tie-in is esti m ate d
h mucm m i l y ,  Ne w kedwaler ( re a tm mi em ml f ac i l i t i es  caui range Site Preparation. Site preparation cm ,n~t s nuu s he esim-
il l  u n s t . i l l ed  cu i s t  hetweemi 520 ,00(3 m mm d $65 ,000, de- m u m a ted knc mll y .  Such costs may imuc lude cl eari m mg . g rad i nm g .
p c n idmni g  imu w a t e r  pnm s pe r t i e s  mmmd m m t t e m m d a m m t  t r e a t m m m e m m t  excavatio n , backfi l l , and topsoil. Where ap pr mn pr m . i m c ’.
i’qi mt u c u mm n . ’ nm I s. erosion control provisions should be included

“ Poni’es,s Plant Constru c tion b.’stimnating Standards I k i c h ’  Supporting Facilities. Th ese costs Tmmtms t  he ccl mumm a ted
u n l’ . ,  n I mu g unu re rin g Sur r su cc ’ .u l inea l ly .  (‘onsidera tion n m ust  he given to e le c t ’m.  nh s t ub s .

‘ u i  ,,,n~ C o S t Emtmna tomg Dat a 1k.  S. Mm’ j nn s ( , n  - I 977 1 s lah i m nn i  am i d d i s l r ihu t io m hin es . yard hi ght m mi g mu mum i t e mn c nng
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t e h ~~p I t n m m nc i m u t e r c i m n u m ,  wmm t e m  su i pp l ~ - s a n u u . u n i v  , mumd s h m m i m u u  c m u m m  he du t m e  c i t h i e n  b y c i u m m t m , u c t  m u m  by u n u s t a l l a t i m u n  per—
s c W C n S , I um el  l ines munud m u e l c i s , lure m ulmum mum l imit ’’ . deummo l i ’  son u me l - (‘ mi tmmp u ierii .cd ‘y s t e t u u s  m m m c  muv aj l ab l e  t i m  assist nn

u u i  u u t o d i t i m .’ : m t i m n m u  m l e x u s h i n u g  s u r m m c ’ u uu , c — ’, . c c h m i c l c  t I m e  p m m ’ p m u r m m l i i m n m  n u t  e n t l m e r  t i m e  I t t  ‘ i n  1 1 , ,, m s  (‘ cm I n n :

p m m t k i m i g .  mmum l m l m i c e s  h m i c h t m d c d  mu s s l m p p u u r l i n m g  t m m c ’ i l i t m e s ’, m u c ’ l m u u , u l  I I  -\ p m e h a r : m t u t n m m  t au t  u m u l i m i c  b e t ’.mc ~ m i ~ 10 ,000 mu nm d
s l e m m m t i  d i s u u i h u m t b m n i  un t i l  conmdemms : mte  r e l m m r n i , t c e d w m u t c u  ~iA0 .00U . mu mu d  C ( n S h S  t u m r  t u t m a l  I -  IS p m e p a r a t i o m m  t o m  r -anm gc

— t r e m u t t u i c m m t . m mmiml m m u m x i l u m a n ~ fuel supp l y.  mms discussed imm b e h we e nu  $30 ,000 min d S i  UU .000 . ml m i n i m u m .’ b y m m cm mnu-
p re v in i m s scc’ h m m m m u s ,  I r z u c l m n u -

Expemu se I tems. These c n s t s nm ius t  be e s m u m i m a t e d  The Line I tem Cap ital Cost. (‘a p m m a I  c nush  e s t i m m i a l e s
Imuc a l l y .  l ’ sp e m i se m u c o u s  t n u c h t m d e  h i c k s , t u b e  ~‘ a h m n m e l s .  m m u m m s u  i u m c h m m d e  t ime  c n s t ’ . it  p t . m c m t m ’ m u i e t u t . t r m m i l c p i m m t . m t u m n n ,
c lucks . sm . m s t e  c m n i m l m u m u n e m ’ s . hn i n u k  cm lxi ’s . c h u n h b u u m u g  h n m c k e r s .  m u t s t m i l l a t i m n u n _ s l m m r h u i p .  mind s h u a k e d i ’ c m m m . I t  us m u s I m m I  t i n

l m m mi i r m m h u u u ~ e q u m i p u m n ’ n m l . w m m s h i d m m w n i  h oses , anm h o t l mer  d i s t i n u g t mi s l l  bc t sve cmm c c n s t s  lm u i  e q t n u p t u u c n t t  munum l m’~nSt s  t o t

s m u m m i l m u r  t e nn i s . t l i n n s u  u n f  sv l i i c lm mmre u n h h m m i m i m m h l e  via th e  fac i I m t y .  Heat-re covery i n c i n e r a t m m ) n  eqwprn ent  cant  re-
(; e m i t ’ m - a h  Se m ’vj c i ’c A d m t m i u u i s t r m m t i m u t u ,  quire as muc l u  as 18 n m u o n t h . s m l  field deh u ggmng t immie .

dependi m mg mini t he  degree of imino s ’at ion . comm ip l exi ty .
Resotmrces omu Hand. tisc m l  res mnur ces mn n hand b me l p s  and pe t k urmi m a m ic c spe c i f i ca t i m ’m i s .  Th ese amid o ther  costs

to uti n u im u mi / .c  I l u s h  costs. Sr m cb u resources inc lude  p 1mm ’ :mss cn cimm l ed svit h m l u rmukey  equipnm i enmt re admness sluo t uld he
t n n r t i m  m r  mi t ime r  s u i t m m h i e  scales, f ronu t -enmd loaders, waste- imiclud e d w n ( l u  cac lu h imme u tenmm of e q t m u p n i u e m m t .  N u rnm u a l hy .
l m m u o l i n m g  veh icles t u n r  usi t  renm i ovmmh , mi n d ex pemuse i tems. suppor t ing  la c i lmt i e s  (e ,g. ,  u t i l i t i e s . bu i l d m nmg l ammdscap-

m u g )  do h o t  r e qtmiu’e such mu djust rm me n i  I .

Startup and Field Alignment. D ependim u g on systemmm
c m n t m n p h e x 0 y ,  s t m m r t u m p  m u mmd fi e ld mmhigm m nm mc n i t costs can range Line Item Capital Cost Adjustments. Time c u p i l a l
hc ms m’ e e mu 51 ( 3.000 mu n ud $50 ,000. cost fur a f u t u r e  project  year  u m i u s t  he c s t i u u m a t c d  hmm sed

0mm cur remut  d m u t m m .  These pro jec t i m nmis  l’or project  year Cost
Operator Training, Idea l l y ,  I r m u i m u i m u g  of operators .  mmius t consider time chmamigin g value of money with time .

sup em visnurs , m m m d b ackup personinmel sh ould heg ini w l uenm t inm m e - reh a ted  tec hm n ol ogucal ch anges, amid regm om u al ccii-
die p m m n~cc t is mum t Ime  desi gmi stages mmmd conu l imu t me  t h roug h m o nni m ic  d if l ’eremmces .  The mi m et h mu d for t r ea t ing  t l mes e
t i m e  h i u t t e  t b u m n t  die  sy s le nm u is m m m m - l i n m c .  (‘in st nil  t r m min inm g per— p i ien o m m ien : m is exp l a mm m e d iii  AR 4 1 5 — 1 7 ,
s imnni e l  t i m i d  he u m h h m i i i m e d  l ’m o nu i  t I m e  e qu i pmn men m l s umpp i ier .
‘I n n m m u l  

~‘~
‘ m n n m m u n e l  I m m u n e  r e qui red  I ’or t r : ’ i m m i m i g  mu ve r ages I ‘l ’imere mire t m i u r  m m m aj o r steps i t t  t he  ca l ) It m i l cost pro .

u n m m n m m l h m  p~’~ h u s o m u .  j ec t iomm.  Firs t , l I me pruject  c o n m s t r i m c t i m ; n m  m u mid p om mut  m u m u s u
he deter m mmim u ed.  If mu p r n u j e c t  r e q r m i r e s  I yea r f i r  con-

Compliance Tests. (‘omp h i a muce tests are required sirsi ction i - mm m d construct ion heginus onm 1 Oct i mb er  I 979
f ’mi u . at  mm m i u m n i t u m m u m n u m . m i t r  p u d l u t a n i t  emuu i ss io i is. ’l’ hue cost of ’ (FY 80) . t i me mm u idpoimit  will  be 1 Apr i l  197 ) ( l ’ Y 8 0 b
e n u m i s s i n n m i s  t e s t i n n g  cmii rm m n m ge h ctw e emm $2500 mumid $5000.
I . u ‘emil m ur st m ule  po11 U t  i iut i  cm in t l  r ( nh agen mci e s camm us t i m u lI ~ Seconi d , cacim cmipi tal  cost i l emmi mum ush be mmd j o shed  (‘or
provide i l l t u rnm u m u tmo n m a h m o m t  wha t  types of ’ cm nmmmp h i a nmce  geograp li ic e c m i n u o m m m m c  di l ’t’e d i ces (ad m ist mmmcmi t la ct snrs
tests at-c m lec ess m ur y amid mm general est immiate n i l  t h eir costs, are presemm t ed ins AR 4 1 5 - I  7). (‘he est i n u m a t c n r  must di’.-

t ingtmis h h et wee mm site-specifi c cm n s t  quo tes  w lmic l i  me qui re
Acceptance Tests. Ac c eptanice tests sh ould be car-  m i mu geograp iiic (‘ad m i t  adj u s l m n u e m u h .  m m m d  n a ( i o n m m m i average

n e d  omit ,  par t icular ly  m u  t u r n u k e y  type cunni  t r ac t s . to costs es t i m nmmut e d  f ’ r u i n mm source s such mis AR 4 1 5-I 7 w h michm
v e r i f y  l i n m m t  i i verall  systentm p cr l ’orm mi a nmce agrees wi t l u  require geo grapimic ad jus tnm u emi m -
spcci fi c atm ’ ns. U e nier a lh ~’ . suic h n tests s h uu u b d he carried
u m l i t  f u r  mm m u m n m i i n m u m u m m  md I week c u t  n m mnrm m i al  p l m ui m h opera- Th ird . ahl owamm e e mnmu s t  lie m mm ade  t m n m  l Im e c l uam m gmmmg
l i u m m u  cm ’ lue m m h~ h m i c m m l  im i l ) t i l  n t m m u l e r i m i l  is h u i r im e d (‘osts m l  value of money h etw eemi t ime da t e  u I  t Ime u ’s h i n m m a l e  amid
lx’r I o r u n u a n i c e  a c cm p l  alic e eval t im t u ni t m.’mui m rm m mige f r I  n m m m ( l ie t u b  tire consl ruc t i r i n i  n i u md pm n i n u  ( by u simi g I hue bui lding
55(tO(t l i i  us mnm u chm mis 575 ,000 dep en dim ig on p lan u t corn- m’ u nm t imudex figures givemi iii AR 41 5-h 7.
p lcx i t ~~. u n p e r m m l i i n m m  sch e d u l e . mmm d s t m u t l inug requirenmen (s.

Environmental Impact Evaluations. A lm nrma l envi- —

r m um m mm mc nm f mu l m m m i p m i c t  mm s s e ss mumc n m t  ( Iml A ) or. in many cases. ‘mm L ~ Urbami , el ~I , L’u,,n,nmn tc ’r .’lu ded Eni n ou u,u m t -ntal
mm I m i t  mm mm ml cmi vi nm m m i th em I ml mmmi pm mc I St mm (clime ii I (E m IS) w i l l  be Jnit,ac: .4 ,natysis b r  G, n n r rrn nm ’ r m , n , m .1  t i n  mi l ler , h echnu n. .m I R e pu u r I
required t i m  a Iu e:mI- rec o very i m u c im m era tmnr  p lan l . h’hese I.-S0 /A t )A0118 988 h ( I RL . M a r ci m l ’ ~ 7 S i
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i- c u m m i t t n . , m l l n u ssa nmc e mmmu s t  he m mmmmd c t m u m  c u ns t  g m o w t i m  N m u , 2 fu e l  m u il  mi s suupp l e l m m e m m h m m r v  f u e l . t l m c n u  m i mi ’  hou r l y
t e s t  mI tt mug I roumu I’d u nt il u u gm cm ul  cii mummg e by adjus t ing I Ime cle m m mm I mme I requ in c  m m m c ni t  mci uu Id be
gc i s g rm m p Int c, - mm m i il I i  time -mud I Listed cm ust - usim u g a tec h muo l og i—
c ,u l tmp d m m m i n t c  t m c t u m r . AR 4 1 5-i  7 l is l s  l hmis  factor as 1. 18 In 0.34 X 32.3 1 = 2.40 MB m u ~l nn ( 2 5  gJ. h u h  fuel
t u u m  ~‘ c u t m r - mmh h ea t  mumid  r c t r m g c r a t i o m m  p l : m m i t s .  ~~ I o j

Sum ming Capital Cost Adjustmem it s . TIme Imne i tem i m Tluc galk nmiage re quired is :
ca p m t a l  c,’ . ’ c t s  R ur  e m. h u ipmnn enm f mm m d f a c i l i t y  are s um mmm m mued

1 galm m f u c ’ m thme ’ have he enm adju .m su ed as desc ribed im ’u t Ime pie- 
2 

MBtu X 1 ,000.000 X 
139.000 Btue c m l u i n g  p m u m m u ~ r m mp Im . 40

17.27 gal/hr (65 u/h r)
l b  ree m u dj us I mime mi t ’ .  mm Fe hil mmd c I o due sunminmued capital

C Os t  1:m u , ,~ - h O  pe r c e mi l  of ’ tIme stmm is added as co mmtrac - Tim comumpute t h e  am ur mual cost , the yearl y clean m m m c l
p m I t t  - I u se  pe rc c nut  of t h is miew su m i m is t h en added gal lomiage can be determmmined l ro m n m t ime Iuou mr l y  con-

l i i i  s t u h l c ’ Fc ’ mst i inu mm m d m u d n m m i m m i s l n m m h i m n m m  coSts. Th is total  summmpt iumm.
r c h s esc ’ n i t s  t i u c  R u t a l  t u m n i m l c d  p o r t m i n i m n i t ’ t h e  pro m e c t  . Six
p e u c e n i  I m i t  ( i n c I m m m i m l e d  p m n r t i o m m  is flmc mi added as tIme t in- Other Fuel. Fuel cc n n m su nmp h io n of frm in t -end loaders
h ’tm mmd c d p u n r t l m n u m  - Time t m n ta l  represents the total  projec m ’s c amm mu o r i m m all y be estimi m a t ed by using 0.20 MBtu , imr ( 2 1 1
funded mmmd mmntmm nde d por t ions. gJ / h r )  of operationm . wh ich is approximately e quivalent

to 2 gal / hun (7 ~/ lu r) of li qu i d t’ue l .
Recurri ng ( i s p  m it ’ / , np lernetm tatio,m

Gemieral . R e c u m r r m m m g  costs of n n m i p l emi m enu ation are Water. Gener al p lant wafer requiren u men s may he
m m p c r a t i n n u m  m u num l  muua i m m ( en m amucc  cm ) StS w hu ic lu  m u m u mst  be paid e s dmmmated as 20 gpmmm (76 (

~/mi n i ) wit h ash quenc h re-
cvm.’ u Y  yemmu m l  t ime p l ammt ’s t’u m m c t i m n m m a h  l ife.  Th is section qu i r i n g  5 gpm/un it  (19 ~/m in ) amid wet scrubbers 60
p n m i v d c s  g emm e na l  gum idanuce for es t inmia t ing  t ime an m mua l  gpm/unit (~~ 7 ~(mitc), Ln fu ,irni-ation about watec con-
n ip et  a t i u n n n  am i d nm u a inmt c nmu n ce  d u s t s  of a co n mtro l l ed -m uir . sumption of other auxiliar ies (e.g. . furnace . quenmch)
ime at -r ecover ~ u u m c m u m e r m u t m n r  p lami t  Time last section of th u s must be obtained froni time equi pnment supplier. Boi ler
c h : m m p n e r  provides i m m f m n r n m m a t i o n  orm estimating tIme (an- feedwater should be accounted for only if it is additive
gi hh e h emn et i t s  of ’ um u mp l e t imen t a l momi . to wh at is used for current post h eating system opera-

tions. Time operation of nuost heat-re covery incinerator
Inform umation Sources. Sou rces of inmformmmation mmmcmi- p lammts relies on existinmg feedwater sys t erm ms amid r educes

t~csnmed em urh i e m amid listem i in s ‘I’.mhics 15 amid 16 may be feedwaten treatment requirements at a tie-in plant .
m cccl , \ln u r e uuve r . it  is t ec m nmmmummem u ded (limit personnel at

m u p e m m u h u t u g  c i , m u t r m n l l c m l - a i r  p l m i tmt s  he cu n mmthc ( ed  t in  o h t m m i m m  Water Treatment. Existing facilities for  water  t rea t -
c u l t  m c m i  I mum I m u  mm ml  m m i i i  m mli  operat mmnmm amid mmi ii t el m :m m l c e nment (e,g., hlo wdumwn . scrubber , and ash qu emu cli l i quor )
en ‘c t s ,  l u . :  h icum l mur  mit  h c l m h i o n i  s i mu t i l d  he givenn to ob ( m um n u ing  are usuall y used at imo cost increase. However . mm mi esti-
, m cm. i i i  mi te  c inch est m i m m a  t i’s liii a u x u l m : m r y fuel . elec tm ical mated additional cost ot’ $0. 1 0/toni (0. 1 1/ m t  ) of w mmste
pm cm i ’ m . l m m h m i r . a nnd r m m m u i n i t c m u a n c e  amid repam n . since tIme processed should be estimated for chemically t r eat i m m g
u nv ~ rm u ll e~’ i u m m u i n n i i c  et b ’c ct ivemiess  of mm control led-air . Imeat-  ash quench li qu or in time plant.
rec ’ iv c t  Y p la mmt  Is yen ’, se m i si t ive  t (n these ann m ua l  cost
l in e  t e n n i s .  Electrical Power. A plant ’s general i m o t m rhv  electr ical

power cou msun u ption nm u ay be estim um at ed mit I S  kW . and
Am u si l ia ry Fuel. Fiuc ignitio rn amid at’m erhurm u er (mmuxi li- daily waste processing power consunuption at 30 kWh !ar ~ ) lunch r e c l u i re n uu e u mt  is s ta ted  m m  ter rn ms of MBt u m / M Bt o ton ( 1 1 9  nm i/mt) of waste processed. Aim additio nmal 18

i l c x t g mm m~u m m m m m t i t y  waste to he pruicessed. The following kW per hour must be added for eaclm scrubber used.
e q u m u l m u n m u  m u mmy he used: Time power equi pmen t of a bulky wastes sh redder will

lnm IT / MBtu waste/hou nl = MBtu / h i r t’ue ! ~Eq 151 use approximately 35 kW pen h our of op e rat io m m.

Val u es m i l  I b’m ur di fl ’ere n b m i u x i l i m m r y  I ’mmc ls are mi s f o l l ow s ’ Maintenance and Repair. Annual  m i m a imnten t .u m i c e  ari d
No 6 (( 1.42). Ni m . 2 (0. 34). and n a t u m a l  gas (0.3 1 ). rep a ir  costs nmay be es t im mi a le d as 5.5 per cemim ‘‘ I  t i m e

t otal  c u mrre mul  year imms tal l ed eq um ipim m emil  c u u s m  w m b l l m u t i l
F u u c x m miu mp l e .  ml a p l amut  were designed Ii i  p mnu ccss  ad jus i mm i e n t  by gemu gr apl mic . c i n m m s t m l u c t m i u n u  n m u i m l p u n u u u t  . . m u u n t  4

.12 1 M l i h m i  1 mm ( 1 4  (t gJ / i m m )  u n l  w a s f c  ( l m m N e  I I )  m i s u m m g  I e c hmu m m n lo g ic a h  upd tml i nm g f a t ’ t m u r s
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Sani tation. ‘Fl it - anu n mua l  cm ust muf  gemmema l  p l m m mm I h ouse- Recurring Benefits of /nmplernent a tion
keep m nmg mmmiii  s m u m u i t a t i o m m  can he e st i mmm a ( e d as $0. 1 5/ton General. Recurr ing benefi ts  of ’ m nimp l e mi ienta t i o mm are
~h).  I (n u n i t )  cn l w m msue p ru ice ssed.  m ms u m a hl y  fuel savings gmuimmed by prom lue immg st eau ’mi mm h o t

wa te r  t ’rmi u m m waste instead m l  I n  uss i h I mmcl c i um mm h ust i o ru .
Pest and Rodent Control. Time a nmmiu m .m l i’Osh of pest Othuer offset or mmv o mded c u i s h s  m m m i ’ ,  im i s ’ m mh v e l m u h m nr  amid

mi nd r m ndemmt i’mm m mhro l  m aim he es h immial e d mis $O .90/t onm waste disposal.
(SO .~t I -“ nil ) of waste pm mu c ess c d ,

Ash . Residue , and Bypass Waste Disposition. Tin e Fuel. Fun d  s mu vimmg s mire g ivcnm iii t e rmmms mm1 h o w  n m mu mc l m
mmmumi t u m m i c u n c t  ol ’ d ms ~n musi u t g c ut ’ mms i u , rcs i m hmim ’ , munid  h ypas s c m m m r c m m m h y  u msed l u n c h  w n u l d  he c unmi sum mmied  1cm p mmmd u mce  b lue
mm. m n s t c s  c h u im u m i m h be c s u i i t m m i t t ’mi I m mc m il l ~ (‘imest ’ m u u m u t c n i m u l s  .s m m m i m i ’ m m m m m m u u m m m t  il p u m u d u c t  ( s l emunmm m nr ht m l s5 m i t cu ) pro—

cm i l l  hi’ c i icp ,  semi m t  u t u i r i m u g  ~() 4 perc eu l t  u m l ’ due m u p e r m m l —  d umc cd  by t I m e  l t em u t—rec mv e n y m m m c m m m c r m i t m .um p i m u m m m  Au ’ ) m m a h .

in ig ~e mum - Ike mn m m sc oh m m ii  f ’omes ~c mm mum u mh s cb med u leml p lmmi n mmm l d e stgm i - quami tu t i c s  of the  p rm nd mmct  i t i u s t  he use d uni

t n u m l m m g m ’ . t i m e  t u i t m u l  tm m m h ) mi u c d S sed  waste s t n eammm wil l  be t h i s  c o m m i p u t a t i o m t .  l i ne  fu e l - lo— puoduc t  eI ’fic ien mcy of the
i h i s 1m , n s e i i  m l ’ d u m r i n t g  9 .6 p ercemit mnf time operat ing year.  existing system niust be cons idered. For exanmp he. if ’ a

daily anm nun t  (Ow ) of 20 1.588 lb (9 1 ,439 kg) of 125
L..abor. l ime tota l employee cost (salary, plus over- psig (86 1 .9 kPa) waste-derived steam is to be produce d

h ead . et c  I mus t  he used to es l inmate the a n mm u al  labor and distr ibuted to an ex i s t ing  system u m using Ntn , 6 fuel
c i n c h  - i lie n m u i m m i m m m u m i u  labor requi r cmuie nt is one front- en m d m n i l ( 150 ,000 Btu/ ga l . ~F [4 1 .8 mmi J / t / °C~ ) wit h an over-
lu nmmd c m m m p c r a t m m r . m m m c  inmc inerator -b o i l er  oper ator . and all e fficiency ( F )  of 0.78 . a 220 0 1, ( 104 °C) feedwm u ter
cn n e i m e c l i a n t i c ’Iaburer per sb mift . Time cost of su perviso ry enuthal py (hm f )  of .Th .O5 B t u / hb  (88.5 kJ/kg) and a steam
lmuhou (e.g.,  a fm n rem m ian)  w h o  nmay mmot be in constant emi lh ahpy (h g ) 1190. 5 Btu / ib  (2.8 mi/kg).  the fuel
athem i dance sh ould be included , as well as tIme costs for savings are :
p lan t  mnmanuage mi ment  and admnin i s t r a t i ~mn ( t yp icall y 1/ 12
person-year) and any addit ional  labor required of prop- Q~,, 20 1 .588er h y disposal personnel for bypass waste salvage . — =

I Ir X F X  — 0.78 >~ h 5 0 ,000 X
Parts Inventory . Maintainin g a comnp let e invem itur y  (h g 11~ ) I I  52 .4~

muf rep hacem u ment  pa r t s  will h e l p iim in i :m mi i e  p lant down-
t i m m u e  t u m id ummaximumi z e  die hemietits m nf ( np enat i on.  Annual  = I t)I46 gal lons ‘ clay (751 1  ~ ‘ uia~ ) Eq Isj

i’ u n s t S  m l ’ n m n m u i m i t a i m u i i u g  suc h mmum im iv cmi lmur y  can range be —
h wi ’en $1000 t imid S 15 .000. lIme du st inm o st be deter- Labor. lii s u nmmm c d ,m se s . hue n iu u nnh c m mu mmcsm I it ’ r smm n m me l
n m i m m m c d  m u  ~‘ n m m i s t m  I :mt m cmi i  wm tI m t Ime equi  pnmuemm I sum ~r I  ic r. can he umi i m i im m mi ic d by im is p hem m i e n i t i ng  mu heat  - re cmim c rs m m  -

c ine r ak nr  p lami t - I’ inn  c x a n m p h e  - e sm st u nmg lam m d t l l l  eq u mup-
Indirect or Hidden Costs. O t h e r  identifiable costs mm m cm i t opera t m u rs  i i mmg h m u he reass igned to  u ipe ra te  I n  un (-end

associated wi t h  immup l emmmenmting  a h eat - recovery incinera-  lu naders In s mmn m c ,. muse s . exis l i nig h e a t i n g plant  h a h n n m  can
th in  system inc l u de  operation and maintenance of new he mused I ’imr p e r i m nd i c  h n m m i e r  a tmenudanc e  The i m m h u m e  i t
cm i thu u x l i c  p r u i t ec t m o rn  systems for nm nder g roumid pipes . exis t i mig  I mm h or ( sa lary plums m uve r hm e ad.  e tc . )  sm m v c d b~spec ial ho ller feedwater  t rea tment , operation of a
co hh ec t i nnn i  veh icle was im rack . and possibly knnmger haul  

u imip k n m m en t in i g  time hu ea t - r c c u mv ery  sys t em m u . ei t h er t hun o u mghi
reassigm uimment or ch im iu in m at ion . is a tangible benefit ,

distanc es to ( lie inm c in e rator  plant than  t in  ex is t ing  dis-
p osmm l points .  Th ese costs sh ould be im u cl uded in the
tota l, Disposal . Like labor sav mmigs . disposal savings must

he est l im m at e d loca lly - These savings can include landfill

Repair by Rep lacement. i3 ec au mse cml brief uper mi- e q u i p n i m c n m t  m n p c ’ r a t i n m n i s  and mmm a immte m iance  ami d ned ui ced

t i ( n na l  hui s t ( nry ,  t I me t ’u mnct io m ma l  life of m m control led-m u ir . I i au hi m mg c um s t s ,  Wmc ’ut e s l m m m m a t i m m g  t im e se sav imigs . t ime estu-

hmea l— r i ’ cmnvery  i m m c i n m e r a t n n r  system i m is mnnmk im mmwmm.  (‘u r ren t  u n m a t u n n  sh u m u i l d  r e n m uemmihen  l ime i u n t j l  w ast C sl re a nmi mm m us m hi’
opinions imudicate tiumu t t h e  furnace must he rep laced dms piu si- n l m l  at lejst ~1 .6 percent of t h e  plan l ’s opera t ing

every 7 to hO uperalimug years and thaI the secondary ear hceauise n u t  h m n l h  m m ntome sc ’en m m mcl scheduled m uu t ag e

chi anu h er m nmuus t  he rep laced a l i en  mm pp r oxi i mia i e ly 12
years. I e e m mmm s c t h ere is mmmi pr ecedemit . m m m i cost can be Indirect and Hidden Benefib . OIlmen avoided t u tu r e
assignu ed t i n  repair by replac eimi cm mu . l ime csl i iu m a t u r , iuu m m umil i’ u n ~ t s  m e s m i l l m m i g  t n u m n m m  h m e m m t ’ u c ~i i sc t v m ncmn cn a t mum
shou ld  n u u l e  t h at l i n u s  and per h aps m I m e r  cycl ical ly tip- p la m mt mn mmpk ’n i t ’n t a t i m n m m  u m n u i s t  h i m ’ m’~u n m m m m m u m ’i f bm c ,u lI~ . he-
pearing an m umu ab c u m s t s  will mnc cur ca u se th ey mi re ve ry  s u u n ’ spen. t ic
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