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FOREWORD

Tin s invest igat ion WaS performed for the Directorate of Mili tary Construction , Office
of the Chief of Engineers (0(L) ,  u nder Pr oje ct 4A7627 19AT4 1 , “Design , Construction
and Operations and M a mo t e nance  Technology for Military Faci I ities ’~ Task T7 . “Material s
Research and Development for \ l n l i t a r v  Construction ” ; Work U ni t  005 , “Alternatives for
Criticall y Short (‘onst ruct i on Materials. ” The app licable QCR is 1.0 1 .00 1(4).

This study v,as conducted by the Construction Ma ter ia ls  Branch (MSC) of the Mate ri .
als and Science Div i sion ( M S ) .  1~. S. Arm y Con struction Eng ineering Research Laboratory
(C L RL .I. CE RL personnel involved in this investigation were Mr . P. A. 1-lowdyshe il. Mr .  D.
C. Morse , M r.  R. I . Mui i c ~ . and Mr.  R . T. \cu~

Dr . C. R. Williamson is Chief of MS . and \ l F .  P. A. i lo wdysh ell  is Chief of MSC . COL J.
I . Hays is ( oni n i ander  and Director of CI RL.  and Dr. L. R . Shaffer is lechnica] Director. 
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USE OF FLY ASH AND H I G H -  in military construction were gathered from fly ash pro .
STRENGTH R E I N FORCING BAR S ducers and brokers and f r o m  the l i te ra ture .  The da la
IN M I L I T A R Y CONSTR UCTION for  fl y ash and reb ars were then ana lyzed separatel y.

I ly ash data  were an a l yíed for each m i l i t a r y  instal -

1 l at ion in t in e Un i t ed  States.  The anal y sis consis ted o f
INTRODUCTION opt im i / ing  the cost ol ’ a f ly ash mix of given strength

cnd workabi l i ty  and comparing its cost and enerD
intensity to those of an equivalent conventional con-

Problem cre te n iix.
ln cre a s i i i s  energy arid na tura l  ie~n urc e deficiencies

and ris ing energy costs can be expected to cause in- The high-strength rebar analysis was based on the
cre asing ly h igh costs and short supplies of energ y ,  and Anie r ican (‘oncrete In s t i t u t e ’s (AC!)  Building Code
res ource- in te nsive construct io n materials .  The Corps of Requir ements for Reinforced (‘oncrete (AC I 318~71) 1

Engine ers is the world ’s largest single user of pl a in and and expect ed material and labor costs.
re infor c e d concrete tine two construct ion mater ia ls
u sed most w ide ly in no nresidential  s t ructur e s .  Two of Background
tine components  01 these materials , rei nforcing steel As previousl y stated , two of the component mate-
and por t lan d  cement , ir e reso urce- and cost- intens ive . rials used to produce plain and reinforced concrete are
Thus , t ine rising cos ts and i I i cr ea sii ig ;v short supp lies resource~ (e nergy ) and cost-intensive — reinforcing steel
of constr uct i on materials may have a s i g ni f i cannt  nega - and port l an d cement. Tine energy consumed in process-
liv e ef fect on m i l i ta ry  cons t ruc t ion .  ing reinforcing steel and port land cement is about 43 ~

10 6 B tu / ton  (50 X 10 6 i/ k g) and 7 .9 X 106 Btu / ton
Alleviating these problem s svil l require ( ]  ) increasing (9 . 1 X 10 6 i /k g) , respectively. 2 The other material

prod uct i v i ty  w i t h  small er  :mmoU fltS of energ y and ma - const i tuents  of concrete . sand and gravel - ha ve a re la .
teria i resources , and ( 2 )  using available cons t ruc t i on  ti ve ly small process energy requirement of about 72 X
mate rials more e ftlcien tl ~ . \css dcsel op m ent s  must lO~ Btu ( to n  (84 X IO~ i/k g) . 3 The cost of energy
emp liasii .e ef f ici ency of design and the potent ia l  of ’ required to produce cement is presently about 25
a l te rna te  and perhaps unconventional  construct ion percent  of the total production cost. 4 As t he cost of
ma te r i a l s , e nergy goes up (i t  is expected to increase by fou r to

live times the present amount by the close of tine
Two a l t e rna t e  mater ials  w i t i n pro m ise f or signi li- century 5 ) and tine supply goes down , t he costs and

ea nt l v  reducing the q u a n t i t s  of c en ne n t  and re inforc ing  availabi l i ty of energy-intensive construction materia l s
stee l r equi red  to perfurm a given s t ruc tu ra l  function will follow similar t r ends .
are lv ash and i m i gh - s t re ng t in  re inforcing bars ( chars) .
I ins s ever , be f ore  t ine a dv antages  of e i t h e r  fly ash or It is thus  extremel y im portant  t h at procedures he
lug h - stren g ‘. r e h a i s  Can he rcah ied.  t he potent ia l  users imp lemented to reduce tine quant i ty  of reinforcing
must  be c o n f i d e n t  of their  econo m y . sa fet~ - and ae- steel and p ort i an d cement required to perform a given
c ep tab i l i t ~ . s t ruc tur zd  funct ion.  Two nn ater i a i s hold considerable

p romise for achieving th i s  goal: lv ash ar id high-s t rength
Objective cha r s (y ie ld strength g reater  than or equal to 60 ksi

The obj ecnn v e  of this  inse s t ig :m t ion  was to eva luat e
liv ash and logi n - s t r eng th  reb ars fo r  use in mi l i t a ry  -_______________

c Ins t ruc t i on  based ‘it t h eir  ci feet  on the cost arid Building C s/i Requf r enien ts  f O r  Reinfor ced Conere te ,
resource ( raw m a t e r i a l s  a nd en erg y ) i n n t e n i s i t s  of m iii- .s(’l 3 1 5- (A m er ican  Concrete I n s t i t u t e . 19 71
t a m ~ con st  r in d  io n. ~A.  Ii. \ l akhi j ani  an d A .  N .  L iehten he rg.  “Energy and \~ cli

J3e~ng, ” I f l mj p o n ~neOt . Vol 14 . N u .  5 (Jun e I 9 ’ 2 ) .
Approach

A B. \takhijan i and A. N.  L ic h t enbcrc ,
051 h e im e l  i t  and resource intens it s  * i n f o r n i a t m o r i

c o n c e r n i n g  t ine  use of liv 1 5 ) 1  and hi gh . st r eng th  chars 
4 J. I . I unn el  and I) . Johnson , A I u r t h e r  O p p o r t u n i t Y  to t

- 
‘ I I~ Ash Ut i!m,ation in Cement Production , ’’ I ’roc.’edmngs of TI :

R ,-~nii r~ e m n te n smt  is d:’ I m c d  is t h e  q u a n t i t y  i , m resou rces 1ourn/m lot ‘ ‘,a ti inu, l 1 s/i I tnl i:at io,m .Sin, P OSI U,iI Mar d i t ‘I S I
consumed ( b l i t l i  ener ev  amid las s m a t e r i a l )  in r r s h cmn r’  .u ~iv c n ~R.  A. I uie~sIer , ‘‘Energ y in Cr i s i s  m d  Fransu non. ” I ‘m~ u
ptod n et ,  i n ’  r ing V, ~, v k ‘eord , I ”-,, ‘u, : f /m e i’s f f 4  I •\ r r u l  30 . I 4 I

nusG~La1~i;G FA~~ NOT ~~~~~~~~
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. 1 p i t m I l n I  i t  t i m e  c’ e f u l e n i f  in du I i I d l e t c ’ amid .  I l i l i u r r i :  p u l / .  lij, !j , i ’ (or C “ : ic reIu ’ _ parag rap h 2 - l b  ‘ ‘ l ) u i m m i e  t ine
iu ’ l a m n m c  . i c n : : u l . .u id s i : e u i g t h  , u f l u e  Li i i  e t c  I i m e h u  u I . l i i t : u m n g  s i , i / d  u i  .1 p m u ’ f c u  - c u , m n s u d e r _ m n m s i u u  s i m o m i h i l  he
s l j e n : t li r O a r s  c m i  h u e m~~~l t o  redu ce m i m e  s o h i m n n e  i g I s e u u  to m i m e  .u i i p l m c : m h m l i t r  of f i r  m slu  ,j mmd - r~— r ~o//o .
m e n u m t o r c ’n u g  s t eel  in i e i i i ! u u ’ ’ d  c ’ : n c n e t e .  i a u i s . .m iu I speci a l  c e m m n r ’t n t s .

I IV ash us a j i o is~ i~’ i  d isO \~I l k I :  e~~i l t s  f r o n i m  t h e  2. ‘ l e c l m m i m c a i  ~s l a u m i m a l  I \ l I ~ ‘~~l 2. ( ‘
‘~ r i ,  ~~~~~~

c: n t m h n n s n i o n  m l  j uu l s e rm i ed  coal , I C - i n c  a h~’ p u u d u c t  -I  ,‘i m , i I  I ) u ’ ,s’mi , i  ( or / JuulJ in tgs . p a m a g r a p i u 2 .  R ,msms t i m
L’Il’ m f \  p u u i d i u c t i u t : . lv IS1I essc ’ f O i , f l l \  i a ,  a i d :  Cn’FC\ 1)esignn ‘‘

~\ l i e :  c u , i n n i e r c m a l i v  ava i lab le . c u n s u d e 7 , u l u -:l
u u l i c u i s m i ’ , 1) es p m ie i t s  p o t e n t i a l  to :  d e c i c a s i n g  l ie cc- should he ‘r ive n d u : u m m m i  t i ne  concre te  mm ii ’  des igi  s t a g e

h e l l r e q r m m u c : n e u I ot ’ a given c ’ u h c i e i e . r m u l r  a l : a ~ i~’ u u i  to  t ine  use of fl~ ash as a rep la cem n emi t  b r  a p0 1( 115
( a p p r o r s m m a i e i v  1 0 r ue : . e n t )  0 the ~ls ash p n c - ~uccd of ’ t ime por t la n d c e m e n t . ”
a I n r I u a l i v  froni t ime  m a p e r a t i o t n  u t  co a l - t i red  St e am -

g e n e r a t m n n g  s l u m -u s is u s ed .  In l ) T ~~, .4p ) u f i \ U 1 ’ a t C I \  i’ , m b ’ ,h f  ra p li ~~, I)es i gn (‘hnoi ce s  u u u i s i d e i a l i u i i  shal l
42 .d X 11) 6 m o m s ) ~ / I 0~~ k / I  \ s C u  C P r ’ ’ .l cCd , h u t  he gm ve::  I the use of Grade (0  re i n f ’orc m m lg  bars m u

~‘n l r  4 .~ ~ l t ) ~ to i ms (4 . !  l h ) ~ k~~ ‘, s eme  pu t  to use . ” lee ’, of ( r ade 40. ”

By r e d m u c i n g  m i m e  : i :u i o u n t  of ’ c :n e: gv re qu i red  t , ,  pro . .~ . ( u id e  Spec i f ica t ion  ( h  140 1 .01 . Standa rd ( ‘u i /c
d u L L ’ .m h u n t  v~ J u n : n ~’ i f  cuu ic : , ’tc . fi r ash a i m t c J : m ~ c t ine  “;5’ ~’, ’ (j ~’af j i ’, :s 1 ’’,’ (u omcr c ic. pa r a grap hu * — 

S

c u f e u c s  i r n t e n s m t r  amid  cost of conc: ’e t , : ‘ l i f e  e l m e l g r  , u , i a n m  “ I ’I s  a s h :  sh al l  he used to  rep l ace :, p u t i o t i  4 :1 t h e
5.i\ IiIcs m l i i : :  s t m h s t l I m m l ~~ :i m i t  f1~ isO ( m , r  t i  ‘ t e c u lt  - ‘ I  p : u r t I a m n d  c e n n e n t , mu o n  no exceed .. . p ercent  hs i seng l i t . ’

h r  p I ~‘ I i I ’ : i b  pr l ’d iuced  m n t i n e  t m i n e d  ~0 a h c ~
~ oii l i l  lu e .t ~~s a’ I i ) ~ ‘~ h u m  (4  ‘i t  10 115 i )  per r e a b
e ( t u u n v ; i i c m u i  l u  a h c ’ u t  n. ’) i n m l l i o n i  b a r r e l s  of d l i i i  - i l .

o i u i p a l e !  i i ’  f l ue  m n m o m e  c o i m v e t i t m o m n a i  ( ; i a d c  4 / i  c h , u s . 2 FLY ASH USE
il ig i m - s t r e n g l i n  e h : i u ~ ( ( , r a d e  0)) and nO ve l per m it  u s c

a s t u n a h i e m  v o i n m m t n e  of s teel  to p e r l o r n t n  t ine  saline I u nnc .
110 mm , Sin ce t u e  , m l l ’ -  ‘ m l  of c m n c i g r  req u ired t o  p rodu ce  Evalua t ion  of Economic Benefi t
h n m g i m — s t r e m i g t i n  r eh a ms  is n u i t  s n g n i f i c a i m t i v  d i O c r e m u t  f ’m ’ ::ni line Li ’ ’ ‘n u n ,  11. 1,1
t ha t  requ ired  to produce s t a m i d a  rd rch ars , use uI l imO -  To p rope r l r  d e t e r m m n i u n e  I t i e  ec u: r no mnni c  .uds  ui I ag e  , ‘t
st r e u m e l l :  chars  L u n u s e r v e s  en e r g y  In a d d i t i o n ,  it h a s  u s i n g  iv ash in con c re t e , a coo a rid e t u e : g r  c o i t ip a r i s o n
l ’e c nn d e t e r m i n e d  t h a t  sI m i d  in es u s i n g  i : m g l i ’ s t r e n n u r n i :  of t ss o I n s  p l i n i n e m i c a l  co rn cr c t e  m ixes  ss as performed.
‘c hars  cain e \ h i i h i t  c u a r e t u u l n e s s .  : es:st h i g h , u s e r l v m , l in , : , () nn e m i x  ssas a c o m i t ro l  m i s  c o n t a i m l i n g  n ’  f i r  ash .i:id
n u t t ic  econor m nic ah as ss e h i . 8 1 i c 1 u , n b c : e i e  R e m t n f o r c i t i e  t h e  u ’ n h i e r  n _ I s  a ilr’ a d :  tm~ p ropo r t i o n ed t u : i  equal

N 5 ’ei I t n s t m t u m t e  :cs : : n m n e n d s  t rade l i l t  C l i i i ’  ‘ i c ! ’ i /  5 t ’ ,’~ ‘ d l i u ’ : : i m , u n ~ e and : u n a x i t n n u n n n  ..‘c ’ i u u tn s  , T u e  d e s I g n  pa-
as t i l e  s t : u : i r t , u : d  :‘ : , u de f u n  e L , ’ n ’ u r : i \  “ r , i u l e i e i ~ u s ed I I ab l e  I I :mi e u a m l u e r  s t a n d a r d  ‘ i  mluI ’t

7 p us. ’~ , I i  ~s Ci Cr . I l es e uc ’ u n n o n s i n n p s  sin :u h d he re-Mode of Technology Transfer
ev a lua ted  I : :  ‘ s t r e rne l s  h i g h —  or i u u s ~ st r e t i n u h u  ~~u t n 5 i e i eTime m u n t o n t n l a n m o m l  ~“ ‘~ e : teJ  on t h i s  rep n t  n n as  I — c

- , ‘ i) . l ’C u , n t h e s e  p a r a m l i e t e m s , t he  5 ’ ’ u : i r o i m i n i s  ~ as p r u’‘m ser l  as .m m u m m u e  f o r  i j i U . h l i l i /  ( u u m ’ p ’. 0 I i c i u n c e n s  an nu l
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u ses ! mu the e d i : m m i u t m t i c  a m n a i r s i s  ( ‘ 5 ) ) ’ .  k m m m )  f ’nomn n a s t m i t m n h k  Ils  ash source,
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Fi gure S . I i s’ _ i l io f l  of s n g t u i l n e a r i t t r  l a i t y ’  s o u uc e s  of su table fir ash .

/O’mvin, u/Iii m ’ h u e / i - s o h u m us in ss’ hmic h i  t i u : s  c u : n d m t n u u m u  e \ m s l s  are l i a s s u m i  _ , Sd,u s k a .
l i m e  np pemm mhix p t c s s ’ n i t s  ni :c’ d m ’ I h m i r  a u i l - ’ u m m i t s  is l m m c l m  nn i mi n u r ’  p a:  h i  i ’ l  l i n e  iss ’ s t ,  and pa i l s  of ’ %I a i i m e  and \c \s

could he sm is es l  t h n m u u u g h n time is ’ uI  l i v ~i s h i  u I m i uiimlmn i~ \ ‘u ui k ,
nns la i l a t n m n n s  l h i r m u m i g i i m u u i t  t ime  ( t u i l e d  Si , j tc s  I t  is is
de h e r m n u m n u e d  t h a t  Ion  l i n e  g ive n  f i r  ash d o n c r e m e  m m m i x . S imm c e  the C t l s ’ s’ t  u : h  fir ash use mu m  line pis ices s c t :e : g r
a positive c , :st  s~m s’nmng s won _ m id r e s u l t  f o r  i’ -’. p~~ceii I of : m n t c m n s m t s  01 s m m i u s ’r e t e  depends I , m i g e l y  m m ii  t i m e  a n u u o u m m l  oh
all  m i l i t a r y  m m m s t m u l l a t m o m u s  rn t ime I ‘ to t ed S t , i t e s  ‘l ine c e mm m cn n t  ansI sanid umui’ s’d , m smi t ip lc nelat mo m i si ni p s’\is Is
, m s’e t miu ’ s’ d ust s m m v n i i g s  mit  t h e s e  m m i s m a h l a m m , u n i s  s s m u u h d  be het is - c e u m  f l u e  I l s ash c’ s’ m n ic ’mO s’ , us l  pc’i ’ L’ s’ t l o m t ! c ’ a u n m h  l i n e
~~~~~~~ 5u m r d  ( 5 1 , 14 : ui ~~1, o h m I c l ime  m i n a x i : t m m m n m n  s,u v n t l g s  a m m r o u n n t  m n f  p u ’ s’ m ’ su c’ m i c i g s  saved  Since t i m e  . m v c m , m u ; s ’ is
would he 5 , l ( I ’ c u i  yd ( 5 2 . 75 t l i 3 ( . I uc ‘‘I fly m ul l  tn m s i m  c c u : u s ’::l ~,u sf  p e t c s ’ m : l m m ge C i i i  lie s , m l ~~u i l , i t c d .  t I m e  m i s c : ’
s’ i : n i s ’r e t e  i s m n f e a s n h i c  f u : r  t i n e  r e n n u m n m m m m n m g  22 l’ s’:s ’ s’ l u i ( i f  190’ p r i ’ m ’ ’ ’~’~ s’ i l , ’ l C \  s _ m s i m m g  s a r i  m h m c r c t ’urc he o h l m n m m m e d ,
m i l i t a r y  m n s t a l l m n t m o m m s  m m  t ime  I l m m m l e m ]  S t _ m u s s , I ‘ i i  t h es e i i g m m m c ’ 1’ i s , m p lot  m , f ’ 

~ l m u s ’ s’ss e m m e n g ’ , s u m m it s i’ s, liv .n s hn
m mns ta h la tn o mn s _ h i t s ’ liv’ m O m c e u t u c t i l  smOl  ps’:e c m u t _ t g c  ms cs- m m n i t t u t  du st peu ’ ss ’ u m l _ m gs’ . I i:e ‘ m m ’ s ’ s’ s’ e n e m g \  sa\’ tm ig i i ’ u
equa l  I or g m e m m m i ’m l i m a m i  SN 1 i e isc t m t - u s I u j c l t  i s  h u e  p o m m n t  a pmm r lm c uml ar m m n stzm llm i ti i m m i carl he m : h m m m i n m e d  h i s  I l i s t  s i e tem ’
at wh ic h usc oh li ~ a sh loses m m m v  e s i ’ im , m : : i : c  mm m ls m uun,ige s mummnni ni g t h i ~’ tl~ m m s lm s c m u u c ’ r m l  s , i s l percentage hm o mmn t i te
hi’s’ I i u i u u : s ’s I t h m m m m m m g bm $~ I l ls ’ gem m e ra l gs’ u m g i mm ~l l u m s ’ m i s _ n -  a l t p e m n d m \  aimc i t i m e mm u cmumt imm g t l i ~’ 5’ m u m m c s p o r t d i m t g  s ahue
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~~~~~~~

i t  s ! ’ m u u l d  I . e n o l ed  m h a m  onl y tr uck t r a n sp o r l a t i o n  of
‘ i ’ ,, t s ; ’ ’ ‘s ‘,-. ,ms - . - t u , s u , l c u e ’ .l in th us iuu u e s l i g . u m m m ’ : m .  ( I  b u g :

~00 - , , i i a r ’ l i i m e ’ , tO I b r n , , i ,P ,  : , te  . - / , 1unme d ‘5- si lu n g m , lns nan c e — , ,
- 

-

m u m  or ‘.u : g e  I L m n i s m t  i smi l  h e l p m m m s ’:easd lIme adsaum-
t _ m~.y’s ‘ ‘it  , u s j u i , t  f i r  ask  s s’nnh n mes p e d t  u s- t u c m m _ ’s am i d d us i

~ 400 ‘
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ rmt v ’,;, ~ so; :e i i t ic k  t r ’ a m m s p s u n t a t n o r m , a l t hou g h  usua l l y

15521 
~~~~~ m i l l s ’ d i l l  - .‘ t i e n l i .  is h r  I _ m i  u l ie  nnos m cush y amid m net ’hi-
“s,,,, 

d e n t ‘f i h t s  t h ree i ; t ’t s lCs  ot  h u l k  m nta te rm al

~ \ i t m c  _m . !, . , t , u _ ~).l/5 ‘ ‘ I  ,. — ,od  iv ‘ish mu c o i i 5 r e , c  san al so

1275) “\ he l i d ’  - I ’ , .: i t S  s)~e s i t r l i i ’  n I l - i t _ m r  s t i e n u t t h u s  mun stead  of

1’-o,mr ~ t t ~~’it l f i s  ‘sh,e t ;cvs ’: ‘,‘ss;h:~ . I l i e  a m i n m i u n t  m ’ t

~‘ u i J n e.tO - i ’ is’ , ” l .m e cd b lv ,i ., l ; s t d i ’ st is!s  oil

~ 
‘s ~~- e i - i ’ : l u  gm :mm _ l;:i;a5 - terusI u 5 ’s t _ - 51 u i m t es h m i t  time d’’n’

,. u ” i s . !7u: - ~ ,’ i l l ’ ’ s I ; , .’ i i s ’t h  g ’, nu tu in iv ash ; comicrete is
u ) u ’,,; : ‘ h , u u u  p lam m i s’ , - :n5 ’n e t e ,  r u e  m o n t e  _ m t  i shm ic i i  t h e

o
0 C 20 30 4C 50 60 s t lCd  t i ~~_m .s t i d u m g t l i  us u . .’d m : : u e s l  lua u a direct el tech 01] tim e

COST OF fl_Y ASH AS A P~ RC C NT OF ThE r ~ ‘, sy ,tyO ‘, , u - o ’~ flu .u sh , ‘ui t , l  m mi 111 /  - ‘io u ~‘t d .

Figure 6, Process em ;erg v u . mu - mu g s  fo r  t h e  g t s s ’r i lv’ ash
concre te  m m m i x ,  C I her  Cor ,su ie ra t ions

I ; ’, m d l : ; ‘ u n t i  ~
‘ ‘ i — c r s ’ m u i /  tir aterm al s amid s’ t l ’ .’ ! Cr  

, fir
mul ;  h u mus  u u ; j u : t  u ’ u , ’ ; u ’ ’ : i i ” s  u u t u m c i i  m u l u s ’ be e , t n s i d c t s ’d

Iro n Fi g ure 6. Based oEm t ime t :’ 5’t t h aI t ime  ms - t ee f i s  I h r :nst ,  mi i u m n p u o v ~’s t h i s ’ qu a l i t y ’  of c u : ; c r e t s ’ . A t ; t ’;’e

mdi s- e m i n e n t  cost pe ie entagc he l , ua ’  55 t ’cred ’. i :  5 5 _ m s  H i d  ~ F ’ ‘L’ t !l ~’5 S i l t ij i  - ‘ m i t t  f7s’ m m n i p n s us ’ed s t e  i s ’  ; ‘ k a h ’ i t i : s  -

31 .S per eeni - the aveiage pru:cess cncrv ’\ , imv u n gu fm , r  fi e 1:- ’ ,,; um l hr  p u , , :  ‘‘n atid Iluentn ai sIt ;ut u k .m ,t e te d t i c  I i , :

nnn ili ta ry instal lat ions at whm ic h lIme 055 ’ mum i ,  , ush i  us u s ’ ’- isimui m e ’ ,’ ii  C u i u H i l c  a I l s _ k .  , t t i s !  r emi uc t i sun t  or alkali-
f ’easi hl e would be 3, 12 X lO~ iOu ~ mm v i )  :4 3 1 .\ l i t 8 ,:ggt’,’g,i ts’ re , ;sul. ’m u ‘ P’ . t e c t s  ~~, tust rucmed usnig fir mis 1 ;

i/ mn 3) of concrete , ,“t ,,u ’ - ’ ; : t t i d i , u , h ~’ I lie Scm’s 1 m’wer . 3 t h :  - I lancock bi n , ’
m u ; ’.’ , j i ’ . ,  5\_m t e : h isser Place inn I, ltu5 ’_m g~u . I I . m mmd t h e

l ) e t e r m n u i u m m i t i u i m n i f  the I m u t a l  s’ m n s ’r gs i t u t e m i s i t ;  : m i s , , b u s ’ s R , i m ± t u  B 5 t m ! - _ l i ’ t _ u in 1 u~- . \ I  ‘ m u ’ . ‘
~~~, h - S  I lv ash ,  s’ ’ l t i d r e t m i  i s

t I m e  c m m npa nns m u mi  ‘ I i  p t - s d ’ s  c ih’i ’ g\ i m n t ~’ ; u s i t v  s i ! ’, ; ’  I t _ m t O  , ‘- , t  u: ,’k , p m - - i I i d ui ‘- i ’; , u i i s’eny n _ i l l  bu i ld i : i , l s in m I t e
por tatmon energy- nmi ten isimv - I hue t ,it. u~ mill s’; ~‘e ‘as it i ~ . s ( ‘ l u i , ’ , m a , ’  ‘i re a ,
cm u m nn p unl ed  t ’uu r  each t : t : h l ’ ;u s  m n r t , m h i m m t m m m n  t i l e  ,iko nit-
p orl ed in t hi c  m n p p e u i s l u \ . A h u b , , ’ ’ i e t ,  m m us . , ’, - : \ pe s’ I 5 ’ I  t l :m m t
t ine t t a m n s ) . u r m m i , u m  u ’ m u e r g v ,c~~. u ’ ’  0- i i i ’. l i m e  lii ~~ li d ue c,.. C-i dm ’, i s c . s , i : u tc ; u , , H b e : : ; ’  m u su i c i a m e d  is m :lt
05 cr  I m i r g e  d i s t a m i c s’s m i r t i t i n t  ca tne s’l . ‘ , m t  f l u e  p : ’ s’esu cu e; - ;mss ’ ‘ i is oh b i t i t s -, i t i ’ , 1 u1 , ) s ’ ( I I  I s ’ l : u g u  - ,,~‘it s h u se s:
er s . i v i u i g s  in n s um s’ s_ uS C 5 , t h u s  d id  riot y o u i hs’ ;  ti e , O s ’t ; t  l s ’~~u u ; u c , .l t o i u t ’ ( a h i  , u l , I t t i , ’ y . ml m u i a t c rn ~n l—harn d lunmi
‘rime _ m v e nm mg s ’ l i m t m n l  e m m m ’m g y u ; ivu :mi i ’  si _ m s ,uun sh t o  I ’d 2 , 72 ,‘ s 1 i , t’ ‘me: m u t l t ~’ , , ,j _ b s  u ; ; ’ ; : u e  , i i u d  h a t c i m i m i g  ‘ l a t : I s .

l0~ I l I u m  c u m  ~d ) 3 . 75 “ h i 5 3 :u~~(. i t ; : 5  ci t e ; .  1 2 1  m I t e  ‘ ; .~‘i if ; s . - b i u t ~~ s~, i i , f c  - -~~e c p i s , 0 ; - ’ i u s  t ” r  fir ash
s aV mmmgs pci ~uhic yam , ! is sli t b ”mei s ’ml l Ii ’ m eal u b u e  .iss ’ u ’ , im . , miss ’ (3 u i l ~~ ; ‘ i . u ; u s . ’ u m - ’ : u , m i l , u h i l m t r  ‘‘I l iv , i s h u  Ui s , :u l s’
1 291) sq f t  ( 1 1 2 i i ’ I hu mus’ i i i  mOe s t _ i t s ’ , ‘t l i l t :  i . ’ i _  I u i  , i : u m ’ ’ l i ’ I t uc n ile , ’ Sl it s’s . mm m l (~ i i  t in s’ s ’ ; u r r m u u g  u~u m i b j t s
14 itours , 1 lie y earl y s’ i t , ’ i C r  m e ’ j m m m ; ’ e l u u ’ l  Is for 27 : - h  su n i .  m u s h  ‘ t a r t  p i n  t o p l a t o  ( nliif all  fir ,m u b i i s  s u i i t , u h l ’ ,’

b t , i u i s , i u m i h , l u  ~3 , m : ,s / u t ’t t O o 4 ,~~~t ‘~ i~~°’ i J  I c , m u m  l’e , . i  i ’ s ’ P t  ci
sm ipp l mem i  is m l i i  t he  e t :d u l ! \  i m ui’m m ig s  I i i ;  is u _ m u l d  accrue I ’’
s m m h s t i t u t m t i e  f i r  as im f m u u  I~ in c ide n t of ’ a !l I s  ‘s’ I 5’e l ;ns ’ t ; t

j u m ’ m u d u n c c d  r I m mO e I r u u m s , l  S t a t s ’s cm m ~ h r c u r

F i t e  m n p p e m m m i i x  also pr e scri ls  h u e  u i  ‘‘ s’ : u f t m n l  e e m m f e n i m
s , is’ n m t iz s per cubic  r a n s h  ml 5 o , l 5 r e t , ’ I f : - , u ’ , s ’ u , u , ’ , ’ s m m s i n , s
wou ld be 7 ib! cum r m l  ( 4 7  L~ t: ~~) m m m d  t Ine  mnmm ’, m n t ; u i n m i  ‘ ‘ ii . H i ’ ~~, u ’ ‘ , , ‘ i I . , m u u  R , ’s iem ’ .” ’, m / F’ ’ ”ma,’ / “ - ,
savIngs w m u u h u h be 102 h O ‘ . u j  vs1 9. , !  k i t  I n 3 ) m ’ I , ‘ , t~ i~’t — - ~m - ~~ S - , - ,, ‘\ t .i ’ t ”  u , p; ‘~~‘i



3 H I G H  STRENGTH REBAR S neq u ire s f , a l t l n i u g in t h us e s t ima te  is based man t ime  ul-
t m m m m a t s ’ s t r e n m g m i m  d e s u g m u  imi e t i mod ,  there  is a pote n t i a l

c s’e mn um u e a t e n  s a v imug s  ml t ine si on k ing Sm ress sl es ii _ ’ti
Considerations Affecting Cost and Energy Savings i n t e t l u s u d  is us e d. °~

-\u n n n d m c a t e d  inn ( ‘ i m a p l e r  I , t i m e  m i s ! s a m l t . m ~ mc o f ’ un s i m i g
hii g hi—s tr c mm un t i u rehars is med ums ’ mi um mm inn the i’u u h un nnie ‘I sts ’ s’ b 2. 1 lie sm g m: il ’ka u :e e of ’ lime effect of hi gh—st rem mg t ln me—
ar id mus s , : s ’ ia m cd process c nm c : e r  req u mired m u :  pet  m o r n m u  mm ban  on t i n e  u i t i m m m a t e  load capacm ly  of ’ c o l u m n s  m i l e :  eases
gtvcn m s t r u c t u r a l  f u m m n c h i o m m , * i , :  e x a n m i p is’ , I i i , ’  ( . m a d e  4 u u  o i t i m  e u ’ l un m i i  sit e , 20 ’ 2 m

~M rehaus w im n s ii i s ’s i st a l e m i s m h s ’ load oh I ’ 2 k i p s  ( IN I
k N  I al y ie ld  sln es s damn i s l e ; u l l r  he tep l ace u l  hr m m : u c  3 t uc ‘I h in g h i - s l r c n m g t i i  commen d s’ us i n m o m e  e f f e c t u s e
( , rasls ’ 51) ~~N rs’ha r . ss’ im i s ’h s’ mfl l r e s t : . i u m m  l I m e  sanm e Iuu a s h  i i i  m e d u i c ’mn i g  t i n s ’ s’ m u s l s  i f  s’ m t i u i i n m n s  t i m a i r  is os’ of i n m g l m —
at r’ is’ld s ln ess . i l ’ ’s ses ’ s’r . l i n u s  r e d m m c h m m n m n  , l u u s ’s n m m u m  a u n t ,  s t r e m m g t h  ms ,ha i so

n n a h m c m m h l v  prmu sln ce  an s’ , l i u u s _ m i e n m t  c ims l i e d i m e m i o m m ,  s ir u c s ’
hm i g h m — s l r e t i g t i m  rehm mm’ s are m m u ’ u u e  s’ m u s l l r  t i m _ m u m  m m m u m m i i n m a l  4 , I m u u c ; u u f ’ ’ : s ’ s’sl s’ i u n u s ’ i c h s ’ h e a m m m s  a r id  s t ; u m s m u m r m m l
( , r ade  41) reham ’s,  1 mm ;nu l dj h i o i i , l ine  c x f e r r t  In ,  w i t i c im ideal slab s , t l m s ’ umse ‘ ‘ I  Im m ut ,i m e r — s h i e n n m z t h m  t s ’h mi t s  ( g u s _ m OP t h a n
volunne r e d m m c l m u u m n  p u m t e m m t t m m i s  cant he reali/esl gns ’all ~ ( ‘ u  ,i,ls’ n O )  can ] s u g i i m f i c m m n n t l v  r e d u c e  h , u t l m  sm es ’I vo lume
depe n md s  on t ine  s’ u m : n : p , u t m h i l i u r  m l  i i i g h n - s n r e t m u t t i m  r ehans  a r ud  s usms  i . 24

w u t i n  c m m m n c r e m s ’
\s nin d us ’: m I cit in ( ‘ i m a p l e r  I - 

( ‘m a d e  60 i chars  h _ m i e
S a n i m i u i s  c ’ u i u t l i t  m i n i s  no ds t ie  t i m e  i n m l c i a c t u o m i s  he-  b ee n reco t r n m mme r ided  ms f l u e  s t a m i d a r d  grade f u r  s’s’ m t u i i t : u r

mo es’il s u ’ n s ’ i s ’i e  ‘mmd re h ars  a te  e\ps ’ . :Is ’d I , ,  b u s s ’ an , \ I I h i i m i m ~ l i i mig i m - s l r e n i e h i m  m e h a n s  cost r m u u m r e . h i i e ~ s t i l l
i i n p ; m c m  t i l l  l i m s ’ iu u m u t s ’ ; u , i l mu ni ul  s’ ’ ’ s i  s a s ’ i i i u m s , m s s u , s’ i . i i s ’ ,l , s u m u i  m u t t e r  t i t e  p i u t e n u h m m i l  I, :: m u s e m a l l  coil r e dus ’I m i : m i , Base d on
time use m u )  i img l m ’ s m n e m i g t i m  n’eham ’s ~\ m n u i m : g  t imese  c s u r m d m t i o m i s  l i n e  , m h ’ ’ue  1~ perce mnt  m t t a x i m n i u i m n  p o t c m i t i m i l  vo lu m m i ne
are ( I t  b : i i gs ’t lap s j i h i c imn g  l e m m g t i i . ( 2 )  l un igc t ’ dev elop-  s m u s m m u g s  wh en (n a d e  no char  is s u h s t n t u m m e d  f o r  ( made
n n m e n m t  I c n i g l u u s , (3 I s nm n a li er r ei m n f ’onci n m g bar spac ing s , mi n d 40 nebar , t i m e  co r respo mi u l in i t  cosh reduc t ion  is o mi t ime
( 4 )  larger d ehledh ioi i s , i Tine ,‘\ ( ‘ I  Bui ld ing  (‘ iude  Re- order  m m f  I S  penden m - T’ I mis  us based on : m n a m e r m a l  ~~I i s ’ s’s

u l m u r e m n e m u m s  f o r  R c m m i t m u i ’ c e uh ( ‘ ‘ u u c r e t e  ( ‘5( 1 3 ! 5.7 1 )~~ of ’ S400 arid S4 i 0 / t u u n  I S0, 44 arid ~U , 4S k g )  ho t  1
s t a t s’ t i m e  p r ovu s i~u m m s  f o r  d e sn gmnin g  re m m mf u u need  c u uui cm ’ e l e  40 arnd 60 , respect iveh y ,  a r id mu p lacement  cost oh ’ 52 3(i
o m h i m  imng l i . sm : s’ t i g m  it r e h m u ns . ‘ h i t s ’  St ‘I I i i m i l d i nng  ( ‘ uu d e ’s fou l  ( SO, I, kg I f o r  bot h  l v  Ps’’~ o f r eb ar . 2 Tine 25 pen-
tr cmi t m mn cmit of hm ig im .sl n e ii u t lhm rehars sias ex a n imi m med tm cemi r suh nst j m ut i ’’ mr isould have ~:: a s s o c m m u t c d  p io s ’s’ss

e vm nh u mi l e  h h m e m r  : m m h s m u i u m m i s ’ e s , s’ t i s ’i i t \  s m m s m t t m m s of ’ 10 5 ‘ l0~ I O u  norm ( 12 , 6  I U ”

J k g u  ~ t ( ; r ad c  60 nebar used ,

Technical and Economic Factors Associated Rice annul  ( u m s m a t s s u n m t’ b:av c speculated h i m a l  u i s u i l g

With High-Strength Rebar Use h : iuzhus ’r st r e m i u t h m . pm u s s i h l  ( rade .513 , rebm m rs  tiia ~ u u f t e n

S i n  , m i e r v i , ’u s u I  s ’an i m ’ u i s  s u u u m m s ’ s’s i s ’ n , m r d u t u e  t i n s ’ u , , 1 5 ’ t i _  even gns ’ater ad im m m n t age s . ‘s l t l u i u u n l u  t i lese  r eh a r s  ars ’ m i ’ ’ ’
t i al of ’ b u i u i h m - s t r e n m z m h  r ehar  i m n u h u u ’ , m t s ’d mime  h o h l o s s m i i n
t r em i s i s :

I hue  u : t , u s l  mtt t p uur l mum tl s i s ’p imm s’ ,’ll ss ’ ui m ) i m l m m  u t  r e in ~
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4 CONCLUSI ONS A N D  R E F E R E N C E S
R E C O M M E N D A T I O N S

- 5 ( 1  (‘ m u m i i i i l i t  tee I I  I . ‘ ‘ R e s u : m m i m i m e n i d c d  h ’ u _ m ’ .’f m 5e lo t  Se
Conclusions l e cmimng  i’ u i u p o i m i o n s  f o r  N o rm al \~‘ eig h i t  (‘ o m m c r d t e ’
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) I. pp 61 2-02 5 .
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5 % m m i u  u s ’spcct h I  t i ’, asim iiss’ , i t  ii i’ e S t n ui m i l e s l  t l u , m I  pp 7 7 — 1 1 .14
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~p ~~~~~~~

Bit :  c m i r d  ~3 , 75 ‘ I O~ J u u t 3 t u mf  l i v  ash c u m m m c i s ’t c  u ms c d .
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s p a mms _ , i l i u I  u m u t s ’ m u , ’ u  s’u~u o s t i t , ’ . St p u s ’ss’n ) , m I m e  nm mm ~ ii~m u m m m i
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Ns”_u ‘n ’ , i r k  , N ’s’ I l a n i i lm o iu  Twp,, NJ ( 1 1 3 1 1

SV_ ui nwrigh i , I ‘ i n n  (‘e n t : . m i f m j  Plant 2270 133
F airbanks , AK C en n r ail m a , 55 5 (3653 1

Walt e r Reed Ar m y M e d.  (‘ en mme r  D i e k e r s m n  I’I a nt I S 22  1 .30  370.093 94
SV .mshin gio n , DC Dickerson , NI D ( 2 4 ’  ( 1 , 7 0 )  (510 . 7 1 4 1  b 5 6 )

W .nm erv ij et .S r sen:d \ l e t n m : u _ u c  Plant 13 1: 71
‘s’s .u ’ e n s i f c t , N’i (.‘ons ’ord . N I l  ( 209)

SVest P , u i nm \ I ih im a r y  Resm y n va ni on ‘slerc er l ’ lum n n 90 63
N s a  ber g, ~X I I lar imi! t m,nn I ‘.u ’p., NJ ( 1 4 5 )

Wh ine Sands ‘s l i s u l le  Range N _uvaj ’ ,  P lan t  430 69
SVh ime Sands. N St  f ’ :m ,te , ,N /, (692)

SVi lt ia rn Beaumont \ r : : : _ S ‘sled, Ccnler  N : n v , u 1 ’ ’  1’Iann 470 70
l ’ l Paco , U. N Page , -‘5/- (756)

5’s ’, , , d , I t ,  Leo nard L-,uhadm s ’ t ’l ant 95 27 1.04 3 2 3 ’ S _ S  1 / ’
Rum Ba , MO Labadie . Sf0 ( 1 5 3 )  1 1 . 3 1 / i  ~441/ , 7 8 3 (  b~~2 b

iu mki m.u I m ring (’eni er ( s’nm rai l ia  I ’ta n f 140 56 .02 29 , 1 2 9 1/

Yaki rna, S’i .-S ( ‘ u i n t m u i f m _ u , SN ,S ( 2 _ S _ S b  ( , ) i 3 )  m 4 b m , h 9 7 ,  b _ S b

Yu ma Proving Gnuu u nd S t , , h : , u s u ’ Plant 170 42 .3 1 19 2. 24 _ S 54
Yuni a ,  AZ I . , mmc ’ hn f n n , N V  2 7 4 1  . 4 1 1  (265, 291 )  ( 3 2 1



I t m Ole  - ‘53

I ( . m f , m  I u u m  , - \ mu  l ’ , m i c s ’ I m i s l a l l a h j t n i i s

I ly ,‘%shi
I ) is’  ( ‘enm e m i I ( ‘musi  1 m i t ud I nergy ( enm emm I

\u ’m m r s ’ sm t ance ( ‘ 051 Savin gs Savings Sa vings
M aj m mr Sum tmree ‘ ml nh Per ’ S cum y d 1( 1mm cu yd l l m s’u y ml

SI i l i  ta ry I us t alla t im u m i Suitab le I t~ S s f m 1k nil ccii tags’ I ni ‘ 1 ik i  mm ‘ ) I k g inn ‘ I

S I ’ ii~ -S I Ii 10)’ I I n m , s s :m I ’ f a m m t  211 ( 1 44 .2 1  l S 1 / ,(m~~1/ 4 1/
‘SI tu ’s , 1) 1’, I - a i r f i e ld ,  I N 4 _ S I )  ( . 3 0 1  ( 2 1 1 1 ,91/9 )  ( 2 5 )

\ n dnems s .51 B ( ‘hm al k “mi t l u  2 1  1 ,39 375 ,5 2 2  95
( ‘amp  S p n i u : m ’ s , SI !) S q t u . u _ u c o ,  ‘m ID ( 1 6 )  ( 1 . 8 2 )  t S l S , 21 ’u s m  I S ’

S : : u , , I ,f I mig in e er in g l ) sve t mm ~m mmne nt  ( ‘ en ler  ( ‘ ,u I I , u t i : i  Stca mi i  I’ la n m 1 / ’ ’  I N  1.5 1’ 367 , 59, ,  95
St , , u m , h u e s i e ,  I N  G-_u l lati is , I N  ( 12 9 ,  b 2 . ’i4 : f _ S 0 7 , 2 6 b , b  5 1 / b

Il . u n k s , l.i L’ S t  II Big h iss nm l ’lanm t I 70 31 . 116 2 11/3,244 ) i b ’
I h ’ ’ s s m e r ( m : m . I N I , m m r l i e t , f . ’lX 2 7 4 )  1 1 2 1  m 3 Y i u , S O O m  ( 4 ’ b

B ea fe ‘s I lt \ I o lm a se P1 _ un: 4101 6kb
S l u r s  s s m f f , ’ I N l . , m u e l u lj n ,  N ’ s ’  1 7 7 2 )

f ( e r , ’ s t t ’ ’ u u n  SI If l (m ~t I f runs u  n I ’Im m n ii 145 32 . 73 2 1 / 1 ,445 “
~~

\ , s s u m m m , I N  I a i r f i e ld , UN 1233 1 I ‘ i _ S 1  (38 8 .387)  146 1

l3I ~ m h i e s i l l e  N I  II I l l . A l l e mu  P1 _ un i t 65 16 I S’’ 3 ’ S , 363 09
I b i s  13 _ u  u m f i e  SR  ‘u t e n i m p f n i s . I N u l b ’ S  u 12. , ’’) ) b _SI  ,9 5 u , b  i _ S ’ I

f l - f l u , : ’ N I II I ’ u u i m , n n m i a , ’ R i v e r  t ’Ia n mi 1 m m  I l l  I , 6 i b  387 . 7 1 _ S
N’, , _ u i , mu c  u - i, f i (  .\ Ie ”. -_un d mn . u . ‘5 N t l ) u )  i m b ’ m b  ( S 3 5 , u i 3 2 1  m S N m

Bn ks  S I  II l I m e  I ( n , ’ s s n I’Ia m : t 22 11 4 1  . S u u  192 ,17 9 5b ~
San ‘ s u : r ’ m m : m , . , I N  I , u i r u u c f d .TX 13 54 1 t , 3 ’ u b  m 2 6 5 , 2 , b m m m  3 3 :

( ‘ , mn fl ’ u m ’m ‘m l  (I f : e n , i k e e  Sm ca n i  I ’ Iamnt  38)) 5 1 . 1( 3 “ 6, 5_S I  2 _ S
I ‘ ‘ v m s , N \ I  Denver . ( 1 1  ( 6 1 2 )  b ‘‘4 , b t t b S ,b b 5  I I  I l _ S I

I , m u ss u ms ll SI  I) l I m s  I lnmmss mm l ’ Imm n n  I L ) )  24 1 . 2 1 /  t t _ u .4~ b 2  92
I ‘ r i  Vu m m r m l n , I N I , m m n n u s ’ f d . I . N  ( 1 1 T h  m f , ” , ( 4 6 ’  I m s b I S _ S t

,ms t k ’  S t  II S l ’ ’ i i , m v , - l’l m m m n t  3 7 5  54 , t 4  ‘ i , u 9 7  lb
SI e t s s ’ ,f . m 5 l. . u u u r l u f m m m ,  N\ ’ 60.0 , ‘ ‘ S m  b ‘ ‘ .34 1’, ( 9 )

( ‘ Im m une  S I  It  I . f m , I ds ’,aids I ’ Ia mn I  O b b  9 I 4 3 1 / I  , 3 b m 1/  9”
R _ u n n , u i m t , I I  It ~um mmum mv mII , ’ , I t .  1 1 4 5 )  I l . ’.1 2 i  b 4 ’ b s .39 l m

( ‘Im a r l c sm , m n S I  B S’m ’ am e ree I ’b . , mm t s_S ~ m : 1 /7  3 1 s .2 i , I  “4
I I m . u t h e s t . . n u , Si I ,m s l . , s g ’~ . S( ( l 3 ’ b ( I . 13 I  : 4 7 4 , 01, ’ : b _ S m ’ u

‘ - f u m i t h u s  SI  IN ( - i t ) ’ ,’:: Sn emm i t u  t ’ I , m : u t  12 , 1  2 1  1.3 1’ 34 1m ,4 2 ”  Qs
I ‘ I u u m , P i u u s , SIS ‘m m d,’ , S I  I 193 1 m l  ‘‘ 5 ,  u 4 7 5 .’ . ’ u , m  u _ S u m

< r i m , ’ S I  It I . ( ( , , m s t ’ , u n l ’ f , m mm t Ii ” 2 _ S t . I ~ 3 4 $ i b s l  ‘u ~ u
Si ’ f u u m . m . St  SN n l s m i n m v m l l e . S I I t  i i i )  ( 1 . 5 ’ ’ ,  ( 4 7 2 , i b 2 b  m m  54

I ) , u m m s ’ S f u m n l l m j r n  S I  I; S t - ’ i u , , s s ’ P l a n t  ,l1 ( b (  5 7  m u  1 3 , 1 , 1 2  4
I t m s s m m n u , 5/ I . . m n m g h l m n i , N ’ s  m 4 1 / 3 u  m l  ‘.051 ,1 ‘b

Du , t”I ’ins ‘t I B S I ,  l 1 , i m u , , u e l n - .. S : k i u n s , u m u  I ’ t amml  2 m b  2 1 1, 36 3 ’3, 5 7 7  us
\ I . m m m e m t , m , ( , \  S : u u , : u m , , , G . S ( 3 2 1  I I . ” -’bb b 5 1 4 , ’’b, ( I _Sl i m

_  . ..,‘ 



1 a Ol , A2 (( ‘vmn t ’d )

Data for A i m ’ F’ m i n c e  Im i s t a l l a l i u mmi s

Fly Ash
Dis’ Cement Cost Total Energy Cement

Nctmjc s n  lance Cost Savings Saving s Savings
Major Su ’ u rc u ’  mf mi Per . S/cu yd Btu /cu y d lb cu yd

Military Insta llation Sui table l”l y Ash (k m ) cen lage ( m )  (ki  m ’s ) (kg . t m 3 )

I)over Al it ( dd, _ u t , i u , e  Station 55 14 1.79 381 ,946 100
Dover , Dl’. I d d y s t , , n e . l’ ,.N ( 89) (2 ,34)  (5 2 7 ,071 )  ( 5 9 )

Du luth International Airpori Allen S. K iuc  Plant 130 27 1 . 1 9  315 , 7 1 5  87
t ) u l ut b m , S IN Smill wat e r . ‘515 1 209 1 ( 1.56)  (435 .674) ( 5 2 m

Dyess S I B  t I m e IDea -n P lanI 22 : )  36 59 236 ,840 69
Abik’ne , I X  f a in te D , I X  ( 3 5 4 )  ( .7 7)  (326 ,830) 141

L dward s Al It M ohav e Plant 190 3(1 .56 22 5 .426 64
Rosamo nd . ( ’ N Laughlin , N V (306) (. 73) I 3 1 f , m~791 (38)

Eglin Al - to ( ‘f u n u s ’ Snean i Pl a n m 50 3m ’ .89 315 , 1 15  -52
Va ip r iso . I L Pensaco la , I L ( 80) ( 1 . 1 6 )  (434 , 846) m 4 ~

l, gl in A u u,  F ield a9 Chr isf Steam P lant 45 30 .90 3 16 , 1 55  82
‘slary I ’ stf u e r . I L Pensacola, F L  ( 7 2 )  ( 1 . 1 8 )  (436 ,2 8 2 1  149)

t’, ie lson Al B (‘entra ilia Plant 2270  133
S t im u lI I’m.ulst . ,5K (‘enttai1i’a. Vm’ ,~, (3653)

Lll in gmm .un Al B Big Brown P 1-a nn 180 32 . 79 274 .686 75
Genoa . ‘I X  I -air field , TX ( 2 9 1 3 )  ( 1 .03 )  ( 3 7 9 ,056) 4 1 / b

I . lJ swor tl m ‘sl It Dave Jofinsm , n Plant 195 36 . 6 1 24 1 . 009  1 / 1
Ik u ~ I ” I d e r . SD Gleni ma ck . SN’ s ’ ( 3 1 4 )  ( 1 / i ’ )  1332 ,51/ 3 1 (41 )

I ’ .Im en dum r f Al’  B (‘entr aili a Plant 2406 140
\ n : ’ . l m _ u n a g e, -S R ( ‘en n ra i l i _ u , W . -N (3 872)

I ngland N I  1 Big l lno wn l ’l an mm 23 _ S 37 .56 22 7 ,1, 1/i ’ 67
Alexandria , ‘5 N I-airf ield , TX (37 (1)  ( . 7 3 :  ( 314 ,1621 m ( i l i

I nn SI  B ( l :e : ’ ike e  Sheanmi PIa i iI 72  1 7 1 . 74 350 , 3 7 3  98
. ‘ I , i n , m d ’ ’  Spr in gc . (’O Denver , ( ‘ ( 1  ( 1 1 6 1  2 . 2 1 / )  (509 ,966) u _ S i l l

I i i rc l i i t d  -SI B (‘entrai lia M ann 27 ) :  48 . 1 ’ ’  1 1 6 .5 ‘ti 59
Sun s ’ s  ms f t c i g l m t s , Vu ‘s (‘ e n m r a i l i a . SN ’S ( 4 3 5 :  ( . 1 3 )  I I  6 m b .S 7 u b b  (35 )

I ‘ n m l e e  ‘ s l m i r m r m u t u : , , s s m u  M ann 85 27 1.02 326331 ’ _S 1/

Pe t ersb u rg, ‘5 -\ ‘mI org uj nn o sv nm , 511 )  ( 1 3 7 )  ( 1 . 3 3 1  ) 44 9 , 9 5 7 (  ( 5 2 1

I ,  , i u ’. i s  Vu , i ’ren n ‘ml B (‘hetokee Stea m I ’lant 110 2b u 1.54 352 ,02 11 05
Bm m u l d e r . SN ‘m Denv e r , (‘0 ( 1 1 7) ( 2 . 0 1 )  ( 4 1 / 5 ,7 ~4 : b _ S  7

General ‘ s i m m ,  m d l  I m I d  \ ‘aI fe ~ Plant  10 21. 1 1 .4 _ S 37 -_ u  (i ’5b U( ,
\ l i I ~~auk re . 5’, I S i i I ss , , um i ,ee , 55 1 ( I  6) ( 1 .90 )  ( 5 2 3 .1 / 1 , 1 )  (5

( , e , ur )’ e  SI  II S I , u fu , m s ’ e  Pl um nI 165 35 .68 2 5 2 .1 / 4 1  71
‘ s , I e f , m : : t ’ , , i ’ s  I . . a img fn lm nm , N’s ’ (266 )  (.89) 3411/ 1,35) ( 4 2 )
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I mml i i - .- \2 m l , , u m : t  si

11 , 1 1 . ,  ( m u :  N u t  I ‘ ‘ u , .~’ l m t s l a l l a t i m m n m s

F l y N ’ s ) ,
l) is (‘enien i  I. m u s m  I m) lal I’ ner gs (,‘en ment

N e , mne i b  land,’ ( ‘ ‘ m ’ s i Sas ’m mg ’. ‘s - m s i mmgs ‘sas m mugs
% l a t m n r  S m u i m m , c  m u m ’ nil (‘m r  S c mm y d B lu cu ‘,d IIm cu ml

M i l i t a r y  ln s t a l la t i uuu i  Su i t a l m le  I Is ‘ssli  I 0mm I ccii tag s’ I ni ‘ I I kJ nnm I ) ( k g m •

‘ , ‘ ‘ u fh .’ l I ’ i  .51 11 l I m i t ’  ‘ ‘,s ,: P lant  2 _ S 3  46 . 1 3  1 3 ” , 2 _ S O  4 1
S.m n ’s NmigeI ~m . I N  I , , u , t , ’ _ - t , i , I X  4 1 ( 1 1  1 . 1 7 1  ( i S ’ b ,4 l 2 1  1 2 4 :

( , m , m i n , I  I ‘ ‘k s  S I  II I I , ’ , ’ i  I . ,~~ - ‘ I I , , , , :  1 $ , ’  ‘ ‘m ‘ m ’ m  i ’ l _ S ,~~24 s4
I l m m m , ’ , _ , , l . ’ _ N I b  I , ‘m ~ , ,s  I .ml l s , ‘ u \  ) 2 m u ’ m b  ( 1 . 2 ’ ) ,  4 2 1 , 1 / I  l b  i 5 m u )

I’ m :  s b ’ , , ’  f , t u . ’,  i i , , ,  , . ‘ ‘ , , i  S u p .  ‘ m l  I - P . l ’ l m m I I  up s s, _u~~
,. ,, 2 ’ 2 3  I .14 . 7 < 7 , _ u ,  ,~~ ‘i _i

( ‘ m r . u p m f m s . I ’N  ‘~‘ u i m t t m  I I , ’ m ’ i , i s , (‘ -5 14 ’ ’ ,  ( I . ~~~: u S l i l ,6 2 l ) l  1 _ S R I

( , n m u u m s s  N I  II ‘ s t e n r u n i m  t ’ f . m m n m  2, 111 “ I
Rmumnn e , \ N  I ‘ r i .  - i ’ , N t (  1 3 2 2 1

Gnus ’ . ’, , i  SI ll I .  SN . s t . i m , u ‘ l o t ’  “ I ’ 2v , 1 . 1 1  33 3 .211.  1/1/
t 1 : m n m k e r  I l i l l . I N  h m i d l _ u m m , m p ’ , f n s , I N  ( I I I I  (1 , 4 _ S I  b 4 _ S ’ 1 , . 1 /21 / :  u _ S 2 (

( . ;unner  SI It I ( ‘ . h , u s t . - , ’  I ’ I , u : m :  1/5 24 1.25 3 4 9 ( 7 ( 1  92
\N ’ i ( ’ mns i fk . , S f u l u b 5 m ( 1 . 1 / 3 m  4 1 / 2 ,33 11 b 5 5 b

l l a mui i l l , u m i  -SI II S h i , I m , m s ’ ~’ I ’ l a m n :  5 1111  64
.5 , 5 , 1 - -  ( S L anm el ml in , 55 b S ’ l _ S u

I I zm n c,  - , k  I mclii ‘u l e r c en  t ’I_u m : m  2 2 ”
N , , n t l ,  S m :  s u s e . \ \  I l . m n m m l : , ’ m m I _ u p , N i  : 3 1 / 2 1

I l i v k , : u , , ,  Sf 11 S l , , I u . , s , ’ l ’ f , unn:  2 _ S o t  2 1 4
N’s , m m . m ) u m . , . I I I  I _, uu ~- f m l u m i . N ’ s  4 1  7 b l f

l u l l  S I  If N ., s , m ( , ’  l’ I.uim ( I b m ,  ~ i ‘‘4 ( ‘2 , 1 / b i t ’  10
I (m , i i i ~~ 1 ,1 t I I’ , , - , ,5/  4 1 / 7 ,  m b _u I  ,Su ” 4 4 b  m I l l

I l m u I , , n n m m m n m  “~I It N ., s . , t , ’  I ’ l , m u n u  4 t I , ~ I’ ”

‘s I , , m : t , , : u - - . ’ u , f , ’  - \ S u I’ , , , , , 5/ 11,44

I I , m m : : e s u , - , u , I  - ‘5 1  I I l I m i t  l f e n n d  I ’ l , m n : u  2 2 ”  5 1  i l l  Ss ’ :.4 2 ”
I I - ’ : :m c s : e _u d , I I I .m m m n l s ,m . I I . ( $ 6 2 ,  I -~ 4 ‘ I l l  “ .3 ” I I I I _ S I

R ecsl,’n N I  Il I t , m n u v  I ’ ’ ’ ss - , I’ t , , nt 1 / ’ ’  2~ I 2 2  3 7 5 , 4 1 , u  ‘ 17
f b m f ’ ’ s i . ‘mI S i l , m s k s . N I 1 1 2 ’ ’ )  m I m i ’ ’ ,  141. 7 b ’ b l l

K It s  Sf  lb lIm i t l ( nm ,s ’ . iu  I ’ I _ uui n 2 2 : ’  41 . 3 , ’ 1 ’ u 2 .1~~0 51’m
5 , , u i  S u u u ’ - : m u ’ ’ , I N  I . u i r t m , ’ f m J . I N  m . 7 54 ,  1 . 3 0 1  b I i ’. 2 l b u b b  33 1

R I  S . , m , ’, ’ ,’r S I  II 1 l’ , I ’ mml lm, , nvm I ’ I ,m m i t  14 ’s  l . : m ’ i t ~~~’m , s s, ”
( m m  1 m m , N I l  I m u ’,-, : f : ’  . 551 u 2 1 ’ s m  I f  4 ’o  3 ~‘ - ‘ ‘ ( 4 ,  m S u

I ( ‘  \ N . . ’ , , , I . ’ , k ,1,

kj n , ’l me l , m m ’ SI  I f I I I u’. . ( ‘ l i t  I ‘10 4’ - . 1 6  I _ S  l ’ib , 1, 44
k i n i ’ r ’ ’cs , N I l  I ssc’~ s u f I e , N i l  m ~‘ ‘ ( i b 1 . 2 1 1  1 2 1 2  4 , . ” I ( 7 1 ’ ,

N i : t I , m n m I  SI  II N , ,, , t , , I ’ f j m m i  t I m ,  55 I I
5 f l 1 , u i ) , , , - , , ( m m m - _ N Si ‘ , 5/  3 m ’ ’ ,

-4



‘I ,thk ~\ 2 1  (‘o l l l ’d )

D at m m I ’ m :  t i n  I , ir , -e I m t s t a U a n i , , : , s

l’l y Ash
I ) m s - Cement ( si Total Energy Cement

Searesl lance (‘ mist  Savings Savings Savings
Major Source mit ’ n ii Per ’ S cu d i t t u  cu yd lb . s t u y d

Military Instal lation Suitable I 1 N ’ s ) ,  ( km )  cent age I mum ‘ b (h i  flu ‘ I (kg, m 3 )

Lau ,tk land ,NI If Big Browrn l’l ant 22 5  42 .29 185 ,288 54
San , ‘ s n u t o u m b ’ l , I ’S I -airf i eld , 5 3 1/21 1 , 3 1 / b  (255 ,690) 13 = ,

Langley AF B  5Iorg ’.~n : .e _ u n P f _ u n t  (05 29 .90 3 10 ,900 84
Il a nip t on . ‘m ’s S l o r c , m n u : i ’ u ’ . i m , s f 1 )  ( 1 6 0 )  1 1 . 1 8 )  b 4 2 9 , t , m 3 ’ ’ I  u _ S I l l

I , a tuc lu lmn ‘NI B I t lo  Brown Mann 32 _ S 54 . um 4 5 . , 5~’7 16
Del R u m , TX I a i rf i eld . I N  1523 1  1.05) 17 2 , _S6 8 l  (9)

Laurence Il ansc u _ u m Al’ B Sierrimac P l u m n t  60 58
Bedford , N 1,S ( ‘ m .’ n , m s r . l , N f l  (97)

Little Rock Al- B I .  I I .  NI l e : ,  P l ant  125 21 l . 4 m t  345 , 1 ‘ 1 _ S 95
Jacksonville . -SR \ le nu t ’Imis . I ’ S I 2 b u I  I 1 1 .11 3 )  1475 .23 11  (56)

!. ‘, r in u r  A l i t  S I ” : s u : , t . , s ’ P l ant  34 ) ,  ( 17
Limes(on e , 511 ’ ( ‘n i t ’ , , , ) , N f l  (547)

Los Angeles . 5 1 8  Smi oluave I ’l , , n I  24 ’ :  43 .26 168. 962 50
Bo ro n , ( ’ A Laug l m lm n . N V  131/1 / )  ( . 3 4 m  1233 . 1 6 1 1  (30 1

Lowry 1, 1 lb ( ‘herok ee  St ear nn Plant t O  13 2.09 40 13.24( 1 101
Denver . CO De :uv ,’r , ( C )  ( 16) 12 , 73)  5 5 2 , 32 7 1  b u , b b b

Luke AF B 5 1 , 1 3 , _ u s e  P1 _ u n :  175 43 .23  17 5 , 1 / I l  50
L it chfield Park , AZ L aug ln l in ,  N V  1282 1 (.30 1 m 24 3 ,9 2 2 m  I 31. : u

Macdill A l i t  I , .m nn - .’rm M ann IS  27 I i l _ S  3 4 2 , 15” s7
Lynn Haven, I L l imp _ u . I I . ( 2 4 ,  11 .37 )  14 7 2 . 1 4 m  b _ S 2 1

SI m , l ’ sn r ’ um ’ s m Al’ I) t . m_uv ~’ J ‘ ‘ l : :u s ,  m m : P l an t  415 53 .134 244 .344 19
Great I” aj ls. N I l  I l e n : : -  - ‘  k . SN ’s’ (668 1 ( .05) 337 .185) I I I )

March AI lS N l , , f , , u ’ e  I l _ u n i t  175 36 .6 2  2 4 .344 69
Sunnymead . ( ‘ ,N I . , u n t i m i : , N ’s  ) 2 1 / 2 1  1.81 ) (30 9 .586) ( 4 1)

Sl a t h er Al B Nlm ,m ha v e I’ l an m 451 ’  57 0 1 .53 2 4
Sacramento , ( ‘ A L au g ln l in , 55 ( 7 2 4 (  I 1 6 . 0 _ S 2 b  1 2 b

Sia ’,sm e I l  ‘N I  II 1 . ( . G_ usi on I’l,m u n l 61) 25 1 . 1 7  343 , 2 1 / m b  90
Ni ’ n n t i ’ m m n : i s ’:~ , - N I . Wmls mmnv j lle . N I  ( 9 7 1  (1 , 5 3 b  14 73 .685 ) 1 5 3 1

Me( ’h ,mrd SI II ( c m , u r , , i f i , ,  P l a nt  45 3 1  97 3 ) m 1/ , 4 , m m t 80
I . m e m i m : m . m , SN ,’N ( ,‘ n u t , m i l i . , , SN ’ S ( 7 2 )  ( 1 , 2 7 1  ( 4 2 5 .511 ’’ ,  : 4_ b

Nt , ’( ‘Ieli m ~’m -S I Il S l , m i m . , s  ,‘ l ’ I, un’m i 41,5 51/
Sa c r umi nento . (‘A Laug h m li n i , N ’s  I ‘411 )

M c(’m m nn el  Al B I mm ( m u l e  St - m u - m u ,  15(1 34 . 7 1  266 , 77 3 74
Wichita , KS I .m ( 5~ ’t : , ’ . K S 1 2 4 1 1  1, 93 )  1 3 6 5 , 1 3 1 / I  1 4 4 b

Si,(;uir e -SI  B ‘ s l e r v e n  Plant 25 5’)
Wrights town , NJ I I amul tn , ni  I ’ wp , ,  NJ  I 4 b b l
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1 able -52 I ( I m n l d )

I) a la  t ’c, n r Si r I ~~~~ I m i s t a l l a t i m n m i s

(‘]y .SsIn
Di ’ .- Cement ( “.1 total I’ nergy (.‘em ent

Ne a re si  lance (‘ost Savings S as u nigs  Savings
Major , S uu mmr , e  of mu Per ’ S cu  y d B In cu y d lb cu y d

Mili tary In s ta l l a tmo m m Suitab l e I I~ ,‘t~hi ( kn m l ceutage (n i I ) (h i . nm 3 ) (kg nn ‘ I

Sl i nn.  Sm.  t’ .mu l S i m p i m u  Rltm ~ k I ) , , , i  I ’ l am ml I S  I ’)  1 , 74 3117 ,43’) 97

S l i n n e . i l m , , l i s , S IN  Slm, : :uc ’.u 1 i ’ i Im ~. SIN 124 1  2 .2 11 ) 1 52 7 , 7 5 1 1  I _ S 1 /~

N I i n m d  N I  II I e I . u u , d  (if ,) ’. l ’ f am ui  1 / l I  35 . 1,3 267 , 4’)’) 71
N l u n o m . N I  I S i , , m m u , - : n  SI  u 1 12 9 1  m . 1/ 2 b  1369 . 1 3 1 / b  ( 4 2 1

N 1 , i , i ,f~ SI II I I a n I I , ’e f l n . m m : c I ,  P I , , m u l  1 7 _ S  31/ 48 2 2 ” ,65 l  1 4
V_u I d , mc : . m . ) ,  S I a u ’ , n m , , n , b 5 ( 2 1 / 2 u ( . 6 3 )  3 14 , 1 5 , 1 1 (38)

N imnunt_u m n i  I l on ru e “ ml II ( ‘ en rmn _ uml i _ u  I ’ f _ un i  4 _ S u ’l 72
N l o u n n a i n  Il oni,, , I I )  ( ‘e n t r _ u m l m a ,  9, ‘s b ‘ 124 ,

S t y m I e  Bem uc ti ‘t I  II SN mm . r i te  (‘I - a nt  ( 1 5  33 .6(1 79 ,743 ‘6
M yr t l e  Bea clu . SI I .,‘. u , ’ s , ’n Sb 1185)  ( .89)  13 1/6 ,u1 3 4 b  1 4 5 1

Ne ll is  SI  B S f ’ i f , . , s c  I ’ l . , nun  9 _ S  31 .83 2 9 ( 1 , 3 3 7  1 / u i

l a ’ s  S cs~ i’ , ~~ \ ‘ t ._u u m r f m l i n . N N  (153 )  ( 1 (19) 14 1 1 . 6 9 3 1  b 4 b

Ness Orleans N , SS S ” . ( ,  11 m m : )  I ” i s m e n  M ann 1 5 5  3 2  . 79 2 ’9 , _S 16 ‘1/
Ness (ir l e ,mm: s , I ‘S I ( muc ks , 51 ( 2 49) I I  . b b 3  I 3 1/5 .7 2 1 )  146 )

N i _uu.’a:J I ’ aI ls .. N irp om m I _ u s u l , u k e  I I, , ,:  I 19( 1 4 1 .34  19 6 . 2 1 6  “6
Sm m me , mn _ u ) aIls . Vi I .~s f l . m k e . O I I  13 , 1 1 / b  ( , 4 4 (  b 2 ’ 1I b , 7 7 b i 1 ( 3 7 1

N - - n I - ’ : ,  S t  II \ l - . ) , . , ~ , ’ l ’ l _ ui i t  f~~5 36 .61 24 . 1 . 344 Ii ”
N , i u : i u  S, ,c ’ m . m u : , e : u : ’ ’ . ( ’ ’s I . u , m , ’ i t f u n : , N ’ s  b 2 1 / 7b  ( ‘ i m l b  m .7 .7’ , I ’ s _ S b  1 4 1 )

( ) t h m i t t  ‘ sf  II \ - - u u l ,  ( ) m m i , m l u , m  ‘si . , t m ,( nu 2: ’ 24 I 2 ”  1 , , o t , 4 1 /  ‘42
I f e l levue , N I l  b ) n u n , , I u , m .  N I :  3 2 m  I t  1 3 )  b 4 ’ i l S S b  u ’s~~m

1) ’t I _ u r e  .- N n r p m m r i  ( ‘ r ,u ss f , , r d  I’I , , n u 2 , ’  23 I . 2 ~ 354 ,~~ cu ‘ 13

Park Ridge . I I . ( ‘ iu nc . m . t , ’ , I I  b 3 2 m  ( 1 . 5 3 1  , “ - 3 , $ 1 / i  I ‘ 5 5 ’

Patrick -NI II f l u e  l fe n m , I  I ’ tmmmm n I I ”  35 1,2 2 61 , 3 1 / I  “ I
( ‘ ‘‘ e m i t ,  It emm ch . l 1.. I ,mmn p_u , I I  ( 1 1 / 5 )  1 , 1 / 1 )  m 3 5 U . 1/05~ 4 7 ,

Pea se i’s I II ‘ s i e n n m : m n , m c  P l a n t  45 57 . 5 ) b 7 , 1 / ’ b  4
N’ es’, mn i u’ u ’ ’ n . N I l  I • , u u c u , : , l , N I l  I ” 2 m  I l t . l ._S 0 b  , 2 b

l’,’nens , n m I’  meld ( ‘I: e: , ,ke , - S t e _ u u m n  I ’ f a n m ~2 I 7 I . 4  359 ,_S ‘3 ‘(1/
( ‘o ln n rado  Sprin gs . (‘0 I bm ’::se : , (‘0 I I I  I , (  1 2 , 2 1 / b  151 19 ,996)  1 5 1 / u

F’Ia nt sb ur e ‘ s I  II S I ’ ’ t i u i t u . t ,  I ’ f_u n n  ( ‘ I ’  511
I’Ia tmsl ,u i re , N’ ) I ‘‘mi,  u , )  - SI I I ‘17,

I’ ’ - t ’~’ SI ll R ’’’, I ’ , , r , ’ I ’ I , m n m n  ‘u , :  27  I b l b u  324 .0 15  1/7
S f m r m m m i t  l ike . N I R m , ’ , Ii , , r , , , Nb 1 1 4 5 )  i I , 3 1 m  ,4 4 b , .3” l I b  “ 2 1

Ra nd o lph S I  II (B e ( 1r ’i ss mu I I , , , , :  2 u u S  3 ,  39 2 u b _ S  4 4 3  5 ’)
I m m m s , ’n ’ sm m f (  mm ~~, I X  I , m u i u i r ’ I , f , I N  1 7 3 b m 1  . 5 1 )  , 2 1 / ,~. ”’ ’), m  3 _ S b

Rees e ‘SI B to m e 1 1 m ’ i s m mm I ’ l _ u n t  3 7 , u  5 2  ‘‘4 5 ~ , ‘43 19
I i i lml ’ ,,, ’ k I X  I m m ir l i eh d .  I N  ( 5 ’ I S (  I I ’ S ,  : ‘11, 7 1 7 )  l I l t  
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Table  A2 (( ‘~m m i t ’d)

Dat a  ) ‘m n n  .5) 1 I’ once In s t a l l at i ons

I ’Iy ,-Ss I i
I l l s  Cemen t ( m m s t  lotal I ’netgs’ Cement

Ne are s t lance ( ‘ost Savin gs 1/a s mn gs 1/as mmmgs
‘ s I aj m , r  Sour ce oh’ nmi Per ’ Sicu d Bm u cu d lb cu yd

Military Installation Suitable l l ~ ,Ssli (h un) ceiita ge (m ’ ) (ki m ’ I (k g m tm I

R ic h ,m rd s G m ,’haur ‘ml B l l awt l iorn c  S t a t i o n  2 _ S 23 1 .2 ( 1  363 , 5,1 3  93
Bel mont . MO K , r : s ,ms (“ m y ,  510 ‘ 4 ’ ’ i 1 1 . 6 7 1  1510 . 1 / 2 1 m b  ( 5 5 1

Ri c k c nh z i c ke r  S I ’  B I - SI ‘ I . , : ,  l ’ I _ ummt  .1 / I l  27  ‘(1/ 3 2 ’1 . 2 I _ S  ~ 7
L u n c kbourn m e , O I l  l ) a y n o n m . O I l  1 1 2 9 1  ( I  2 1 / b  1 4 5 1 . 54 3 m ( 5 2 )

Robbins  ,5F B t I , m r f l e e  Br .m m ucl m P l an t  51/ 23 I 22 335 , 11Th ‘I t
SN m ,m ner  R ,mbhinms , ( ,  S I .m~, ’ t m u . ’ : : , I , ,S ( 93 1  I 1.60 1 (4 52 , 7 0 _S I  b _ S ” I

Scuut t  AI lS B m m l d ’ _ u m n  P l mm n ui  35 20 1. 46 3 7 2 , 72 , ’  ‘II ’
Shiloh , I L  B . u l d m m m n , I I .  56 ,  1 1 . 9 1 1  1 5 1 4 , 1 7 9 m  u c 7 1

Selfrid ge SI ll St .  (‘ lair I I . , : , ,  25 14 I “0 3 9 1 , 434 1 1 113
SIt , I ‘ f e n m e n s , S t I  Belle R i s e r ,  N I l  ( 4 1 ( 1  1 2 . 2 2 )  54 ’’ . 164 1 4 5 9 :

Sur rnt .m u r .I ’ i I : m m s - ’ m :  R . ’~ f ’ , - , - ’  P l, i m nt  I l l S  29 . 9 ) )  3 1 ) 1 ,01, , , ,  1/ 4
( . i m h j ’ , f i i i n m m . N b  R m , ’ . I , , ,rci . Sc ’ ( t S ° m  ( 1 . 1 8 1  4 2 0 1 , 1 , 1 1  1 _ S l i m

St ,_ us ’ s  Al  B V u j u o r e ”  P t _ u n :  2 1/ 23 1 .2 3  362. 737 93
S ummi pme r . SI I _ u s u ’ ’ s e : , S ( ’  145 1 ( 1 . 1 / l I  ( S b l l b ,51t 3 b i _ S _ S I

S ( u c , u i s , ,  Al  11 (‘e n u n a i l i m m  P f . m n t  2 ’36 157
S f n e n u m y a .  5 K (‘c’n t r _ u i l i a ,  N) 5 1 4 4 1 3 1

Slme p p m rd SI B Il ig Bros ’s mm l ’ lm un i t  21 ) . ’ 37 .52 2 3 1.6 .1/5 57
S% ic - b nnta  I , m f f s . I N  I , u i r l ’iehd . I ’ S 1 3 3 1 / I  ( . 6 8 1  1 3 1 9 , 7 1 6 1 ( 4 ’ ’ ’

l i n k e r  SI  II I _uc \ e n e  S t a t i o n  2511 45 . 1 3  137 , 74 1/ 41
N lu d sme st ( mt s , OK l , a( \ e : :e , KS ( 4 1 1 2 )  1 . 1 7 1  ( 1°  u , I b 1/’b : 2 4 ,

‘1 r mmv is - ‘t I ll \ I i ’ i , , m s e  I ’I ,u nu 4 7~ 1 5’)
S f u , m l u c r , I S L m m cm urln l i n . S’s I ‘5 1 / b

I ’ ) nd ,ml l S I  II ( I,:) ’.: St~ati u I ’ I _ u nt  I l _ S  3’) .4 1 22 11, 71/I , 62
Spn m u m m ’i ’i~ Id , I 1. I ’ c n : ’ s _ u , ’ uI _ u ,  I L ( 1 8 5 1  1.54 1 ( 3 15 . 7 1 1 / I  13’ l

1 1/ Sf ‘ s , , , i i e u i m m  ( ‘ fu e r o k e e  S t e ant  P l an t  5 I u  1€ 1, 1/1/ 379 .1/is ’ ‘4 9
Nl , , n m m n r i , ’ u u : , ( 11  l ) en:s ’ en , ( ’O 1 1 / m m )  ( 2 . 33 ,  152 4 .2 2 2 )  I _ S ’ I m

Vance SI B I .,1S’ m , un , ’ Sn a fj u , : :  2 2 _ S  43 . 23 I 7 m l , ’3 5 b b
I m mm d , OK L_ u ( ~‘ e :me , KS ( 362) ( . 3 1 1 ,  ( 2 3 5 .1, 1 / b I b  u 3 , b m

V m u n d e r b u r m r  ‘s i  If SI , , ) , ,, it Plant  35 1, 53  ‘‘4 Ii ’ 1 , 1 / 4 1 /  I ‘I
L m mpoc. I ‘S I m u , ’ l m l u m i , SN 563)  ( . 1 1 5 1  51 , -m ~~~ , ( I f ,

We) ’), Al B l I m e  l1 r ,m m m n Pl a n t  32 H 53 ‘4 1,2 , ’ ‘~~ I ’ )
Big Spting . I S  I . u m r f m c l d , I N I S I S )  1 . 11 5 1  1/5 ,5 33 , 1 1 1 1

SNi ’ ’ s i u i v en .51 B Sl i ’ u , u i r u , , ’  P l , mn t  95 5 ’ 1
(‘Iiic ,m p ec. SI ,N I ‘ ‘n ,o nc l . N f l  ( 1 5 3 1

N N f n e c lem .51’ B \ I ’ , f , . , s ,  I ’ I_u n m t  2 5 9 1  2 1 b4
SN’ m1paImIm .  I l l  t . .m u.m g f n l m n . N \  14 1 7 b 1 )  
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I ),m t .m l u n i  ‘ Sm u  I ’ m :: c’ , l m m s t : m l l m u u  m u : : u s

( ‘ I ) Ss li
I l i s  (‘e m nme n t (‘ m s i  I ’  , t a l  I ner g~ ( ‘L’nmen

Neare st lan ce ( osl Savings Savin gs Savin gs
M m mj o r  Su i n r i e  m u m  mim i Per’ S cu yd B m u cu yd l Im cu d

Mil i t ary I n st a l lano n Sui table  I I )  S sIn ( k m  I cen ta ge (nm ’ ) ( k J  ‘ nm ’ I ( k g ni ‘ I

SN I n u n e m n u _ u mm N I  B \ l on : : ,u s ,.’ Sn , m m i , i : m  35 24 I 24 35 “ . 1 2 2  91
K n , m I ’ N ’s, , - : , Si ti ( ‘ tm m : I m m n u , 510 1 5 1 / b  I I . ( i 2 b  m 4 ’ ) 2 . 5 I 4 (  b _ S _ S b

N ’ m l l m a m n m s  •Nt B \ l ’ ’l c o e  I ’ l ; m nm :  2 2 m b  48 I 4 I 2 b 1 .5lJ I 35
( ‘Inandler,  5/ I wy ) : ! , ’,  5/, , 3 5 4 ~ 11. 1,2 1 ( 16 6 ,4 2 _ S m  ( 2 1 1

NI.u Il,,s ’s m i  - it ,’ S m:  R e s e t s , - I . m , , l , u ,  I , d d s s t m , m n e  S : . , : m ’ ’ ’ . m 4 1t 14 1 . 112 384 , 1611 I b l O
l I . m m t ’ , , u , m  I ’ S  I ‘iJ ~~s ’ , i u : ’ - . 1 ,-S I 7 b  1 2 3 % )  153 0 ,1 2 1 / I  (59)

SN n e) , :  I’, m i :,’ n ’ . m i n i  S I  B I ’ S t .  l a i n  I ’ I , m n mi  2 (1 22  1 .25 31,1/ . ”1 / 2  94
I , , , m I ’ ’ - m , , , 1) 11 l ) .m ~ I , mmm . b I ( t  1 3 2 )  I f  Ii t l _ S l b 1/ ,9 1 3 ’u  ( 5 6 )

1 ,1,
V u c m m i ’ s n n n i i l i  S I  II 11 . 1  - K ,, u m l  I ’ I anm m 75 311 X I  t m l ’ l , ’b I I  1 /2
Usci ’ nn,I , m , N I l  I s’.e’s ’.’ m I I e , 5 1 1  ( 1 2 1 1 ( 1 , 111/ I  ( 4 2 7 ,S l e s b  . 4 ’ ) ,

‘s un N l u n i c m p . m I  .- N m n p ’ m r n  I . R . I ’ ( u u I f m ~’s S : , , t m , .’ u: 5mm 2 2 1.44 )(‘) I . Y t I ,  ‘14
‘t m, ’ m m n m , m , t i l l  S - - , , u l u  f l e , g ) m m ’ s , ( ‘ 5  ( 1111 ( 1 111/ b  m 4 ’ I t s ,b i _ S l , m  15 1,1
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Table .53

Da 1’a I m m r  S _ u ’ s _ u i  l n i s t a l l ’ a t i u i n i s

Fly -5th
Dis~ Cement Cost Total Energy (,‘cmen l

Ne arest tance Cost Sat ing ’s Savings Savings
Major Source of mi Per ’ S cu ) d Btu cu y d lb cu yd

Military Installation Suitable I f~ ,NsJ m 1km) centag e (m ’ I ) k J , ni 3 ) (k g..m 3 )

Academy Chal k I ” , mn:  28 24 1 , 1 4  358 . 861 92
Annapol is , MD .Squa sco . \ t D  4 5 1  (1 , 49 1 1495 .2 14 ,  1 55 1

Aerospa ce & Regional ~u le d , C en ml e r Christ Ste a m P lant 20 26 1 . 1 1  345 , 0’ I ”  8
Pens acola, I L  l’ en is ,, , , ’ I _ u ,  I ’ ! . 1 3 2 ,  t . 4 5 I  1476 , 1 .1 93 1  1 5 2 1

Air Development ( ‘enter Stercen Plant 30 60
SS’mmr m i nster. PA l l a m m l m o n  ‘[‘~‘sp . . N J  4)0

Air Enginee r ing (‘en n er  Ni er c’cr Plant  30 6(1
Lak eh urs m , NJ  l l a u n i l n , m n  I n i , ,  NJ

Mr I ,u ,’ i t i u ’. 51 ,1 , . ,,, ’ P la n t  I 1 / b b  43 .2 3  I 76 . 2 ) ’ ’ 50
1 . 1 (‘en ltro . ( ‘ .5 l . , m u e ) , I m , i  . 55 129 10 1.30 1 1243 , I S 9 l  13 ( 11

Ai r  Propu ls ionu rest (‘enter  S f , , , ,  y ,  l ’ l _ un i  I S  60
Trenton , NJ t l a m i l l m .,n I ‘Ip - N J ( 2 4 )

‘Sir Re u ork F , i e i l i :y  5 1, 1,,,,, - P lant 500 64
Alameda, (‘A L au s l u l in . N ’s (805 1

‘Sir Rework I acu i ty  R , - ’ s l ’ , ’ : , ,  I ’I an m 165 36 .56 246 , 1111 69
(‘henry P,, mm n l ,  N( ’  R~ ” 5 ) ’ - , , , 51 1266 ) ( . 7 3 4  (339 .486 ) 41 1

,‘Ni r Re work I b e i l i t y  G annm m n M a n n 1 7 2  46 . 1 3  1 4 5 . 3 7 2  41
Jacksonvil l e , I I. , Tampa , I L ( 2 7 7 )  1 , 1 7) (20 0. 608) 24 ,

Si r  Rework I .m , i l i iy  Slorgantown l  P1_unit  115 30 .86 30 1 .51 / _ S  82
Si , n t , m lk . N A  Nlo rgamm mo s s n , St I) ( 1 8 _ S I  ( 1 . 1 2 1  14 16 . 176 1 149 ,

Si r  R e v , , m r k  I . , c i fm i )  SI , , h _u s ’,’ Pfa nn m 235 49 .07 109 . 1 32 32
S m ) :  l ’m I :nnd . ( ,S Laug lu l u u i .  SN (378 1  1.09 1 I I  S0 .5 01 / b  119)

Sin Rework I ’ a c i f i i )  ( ‘): n i s t  Steam M ann 20 26 “9 345 ‘ 1 :1 5  % ( 1
t’c’ns,uc ,i I m , I L l’en sa , - ,i fa . I L  13 2 1  m t . b ’ 3 (  u 4 ’ 1i , , b Q 3 m  ( 5 2 )

‘ s In  S n a i m u a n  Slohas ’e Pla mi t 511))  64
Alameda , ( .5 Laughl in .  N V  ( 8 b b 4 b

Si r  S l a t iun n , A t l an t a  Nic l ) m uno u m ,’ ln. .St km: msm mn I’I an n I l  0 1 . 46 3% 1, 1/4 % 07
M a r i e t t a ,  I N Sn u myrna . 1 - 5  1 1 5 ,  ( 1 . 9 11  ( 5 2 9 .1/1/51  1 5 1 / :

S u n  S m a n i o n  \ lo l : , mv e Pla nt  2 5 9 1  2 1 1 4
Barbers P oin t ,  I l l  I , i u c l : f i , i  NV 14 17 01

Si r  S t a t i , m n  % l e r m n n m a c  f ’ I , m nt  100 (‘1
t ln un sw l , ’k , 511 ( ‘oncond , N I  I 1 1 6 1 1

S u n  S t a l i o n . ( ec m f  I meld Big I f enm i P lm mn m 162 45 . 15 156. 928 44
Jacksonvi lle , I I .  l mm m p .i . f ’ l .  1 2 6 1 )  1 101 b l ! 5 . 5 ” 4 b  1 2 1 m b

S i r  S l m m t i u n n , ( ‘ l n , mse  f uel, )  Big B rown  t ’ f . u n u  265 47 . 12  I 2 1/ ’I.4 3%
II , ’e s m l l e , I X  I-airfield , I X  42 1,, ( I S )  ( l ” 4 , ’ m 2 Q b ( 2 3 )
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I) at a t ’or \ , ‘ s O l t ms f  a l l _ u t  i m , m t s

I t s  .Ssli
Dis’ Ce men ( (.‘ni st t o t al I uu er gs (‘emen l

\,‘ar esi t ance ( “ ms m Sas r igs Savin gs 1/a ’s mu g s
Sl a j umr Source uI nm i l’ c’r - S cmi cI RIo cu yd l Im cu d

Military Installation Su it a ble I- I ) ‘ s s f m  1km )  centa ge I mi: ‘ I (h i  ‘ nm I ( k g ni 3 )

‘Sir S t m t i m , n  10~ 11: - in : ,  I ’ l _ un t  3 ::,, S I  :3  1 /1 . 4 _ S I  2 _ S
(‘~unpu ’ i ( ’ I , r u s ~ m , I ’S I . , m u l m e , , l . ’F\  4 1 / 3 ,  ‘ ‘4 ,  ( I 1 2 , 3’,’ ’ m I  I l _ S b

-Sir S t a m m u i m u  I b m , ’ I f n m , s s n M m m i :  1/S 2 1 1.44 3 _ S _ S , (’~ _S 9 5
I i ,m I I ,m s , I N  I . , i , , ,I0 , I N  1 3 7 ,  ( I . %. is b  m 4 ’ ’ ’ . . i s S l )  , 5 5 (

‘Sir S I ,n i monn ‘m t - S , .,,, l~l_u n i  3 ’), ’ 55 : 4  3 1 / 3 1 , ’  12
ii . ’sN I .. . ,m ,, ’ I , I m: : . 55 ( 6 2 1 / )  ( m I S )  ,~~2 . 51i1 /b  “ b

Sir  S t _ u n i o n  I ’is k  I’ ,usser  Plan :  25 2 3 1 , 2 4  36 3 .5 ( 3  93
(;l en ’s ’ues s . Ii ,  ( ‘ 1 / i c _ u , - ,. IL .  ( 4 b ’ m  ( 1 . 5 2 m  b S l m I . 6 2 m ’ I  5 5 )

S m :  X m a m m , , n m  G _ u u u i m o n m  P m m v , e m  ( ‘ l i m i t  17 2  4 1/ . 1 3  1 4 5 . 3 7 2  4 1
,t .:, ’k s m , : i v : ! f , ’  I I, I . , , i , i ~., . I I ( 2 ” ” m 1 . 1 7 1  b 2 1 1 1 1 , 1 / l I 1 / (  124 1

‘Sir S: ,, : iuun  ifig l (end l’ l_u i i t  26:1 55 . 1) 3  4 1 . 3 1 m m ’  12
Key SN’ est . I’ F Tanmipa . I I , ( 4 1 1 / b  ‘ ‘4 ,  4 5 6, 9 9 2 )  ‘b

. N : r  S ta t ion  Big t( rm a ~ nn f ’ t a n t  32 ’ ’  53 . 114 (‘1.1 1 5 _ S  19
Ki n u ns vi l t e . TX h ’ u i n ) ’ ie l d , I S  , s l _ S j  ‘ ‘ 5 ,  11/5 .63 3 1 ( I l l

Sm:  S t . m i i , i i m  5 1, ’:,,’: I ’ f , u n m  3 11 I I I
l , . mke l mursu . N I  I I i n : i i l l m m m n  I o p . ,  NJ

Sin  SI . i i n i ’ n :  51 1, . , ’ ,  l’ f . m n : :  325 5~ , m4 1, I . 1/’i4 I ’ )
I. ,’n numu u mr , ’ . ( -S I . ,, m - ’ h l u m n .  N ’ s  m S 2 3 ,  m , , b ,S I 11/ , 71 b I l l )

,S ir S i a l m , i n m \! , ‘ I : .m sm ,’ I ’ I , ,mm: 24 1) .4 3 .11’ I u , i s .052 Sc m
Lm: s ‘N I _ u m O i , s . ( -N I . :mm , , lu l i m i . 55 13 1/h I I 3 4 m  233 . 1 6 1 ’  ( 3 , 1 1

Air  S : . , u u ” n  I’ . I t .  , Nf len t  I ’ l _ un u  2 3 13 1. 95 3 95 . 1 , 92 l I l t
N i e mp t u i s . I S  ‘s Ie rr n p f m i s , I N  ( 3 7 )  1 2 . 5 _ S I  (54 6 . 5 9 2 4  ( 1/ I b m

S m ,  S I a m m u , n  I1, : n ~ l’ , ’ss u ’n I’ l .m n m t 1 1 1 1  7) ~ 1/ ” 3 1111 , 949 1 5 ’
Nl er imi .m n . S IX I f i m , ’k ’., SI ( 1 Q 0 1  ( 1 . 1 4 ,  14 1 5 .3 13 1 49 )

S i r  S l .m~ m , , , u , N O n_u:: : , , ,  M i S u s e  M a n n  225  4 % .11 . 1 I 2 : , I ’(Q 35
Samm I ) i ,’e , ’ . ( S I .a u u g l:him : , 55 3 1 / 2 m  ( . 1 3 1  1165 . 87 b : (  2 f f

5 m m  S u , m m i , ’ i m , S I l t , ’ : ,  I ‘‘ 1,1 5 1 . - I , . , , , - P1 -a n t  47 ’~ 1/2
N i ’ ’ u n n u m n m  S me ss - ( .5 I , , , , , ‘ Im Im , : , 55 751 , ,

S in  S : . , u m i , n u  I f a r r ~ I’ i i s s ,’n t ’ I an n t  I _ S ’ s  32 ‘‘1 2 9 , _ S I t, 71/
Nes s Un I e,mn s . I S b u i c k s , .5 1 ( ‘4 ’) : ( 1 , 1 ) 3 1  I3 11 5 , ’ 2 1 )  4 1 . ,

S i r  Sna t mo n \ I ’ ’ r s , , n i l - ’ n n m  M i n t I t _ S  3 1’ . 1/1’ .7 , ’ l , ’s is~ 1/2
S , i n u , ’ I k , 5 5  S f - ’ , e , m n l . , n i : . MI ’)  I I % ~~b 1 1 . 1 2 1  I 4 1 6 , 1 ” Sl ‘4 ” ’

S u n  S I a tmm , n , N i : t ! ,  ls I , m m m d ‘ s I , i l , , , s e  I ’ l .m m um 23 5  3 ’) 1b 7  11.19 .13 1 32
San l ) m e , ’’ ,  . 1 5  I _ u m m m : I , I m : m , N ’ s  137 1/ I  . 15.0 n t _ S b I .S’i iO 19 ,

‘Si r S t , , t n - ’ m m . I b , , e . m i ,  , \ I , - , e , , : , I s ’ s - 1 l ’ l an m i 3 l ~ 32  .‘‘ 2 1/4 .34 1/ ‘11

V m r e u m m i a I f eac l n ,  5 5 S f , ’ : ’ ’ . m : : i -  sm 5 , ‘m I D I l l ) ’ ) )  1 1 . 1 1 1  I 7 ’i~~ 7 i s~ , I 4 1/ 



Fa ble .‘s3 ((‘om t t ’d )

Data R m i ’ N a va l  In s t a l l a t i ons

Fly Sshm
Di’s’ Cement Cost total Energy Cement

Nc ’a r c ,t lance CosI Savings Savings Savings
Majm m r Source um l ’ mi Per ’ S cu d Btu cu y d lb  cu y d

Mi litary Install a tion Suitable l”I y . ‘ s ’ sI m (km )  centa ge (nm ’ j (h i / n m 3 ) (k g ’ ni 3 )

Air S t _ u l u ,., nn Christ Steam Plant  20 26 1.12 345. 1)05 88
Pen s,m c ,, t _ u . I L  I ’,’m m s , ,cc ,Ia , I I  ( 3 2 )  ( 1 . 461 1476 , 1)9 3,  52 )

‘Sir Stat ion Mi_ uhav e P l a n t  300 48 ,I  1 114 , 161 35
Poi nt Mugu,  (‘A Lau gl mlin . 55’ ( 4 1 / 3m ( .14 1 ( 15 7 .5 38) ( 2 1 )

Air  Sm at ion . S mu l ley I” ie lc ( ( ‘hri s n Sm e ,u rn m Plant 2 26 1.14 346.891 1/8
Pezu sa col,m . I L  I’ en s.u ,’o fa ,  I L  1 1 9 ,  I I  49 ) 14” ?I .5 9I’ b 1 52 )

‘Sir Sfa l ion  ‘ s l e r r i u nm a ,’ P I _ u n u  85 5 11
S m i t h  N v eyn t ou t hm . MA (‘- -n , , , ’r J . X I I  ( 1 3 7 b

‘Sir Stat ion . SVas l min gn onm , DC ( ‘Salk t” m : m ’ , 10 2 1 1.39 375 .522  95
(‘amp S pn in es . NI D S I ) : m i t s ~~ - Si t )  1 1 6 1  ( 1 . 8 2 1  1 5 1 8 .20 6) 1 5 6 1

N u n  S m a t m o n .  SS Ii idbcy Is land ( e m u i r , m m l m . ,  PI un i  120 35 .71  260 ,507 80
Oak Harbor , 55 A ( d m 1  r . , m l m . , - ‘ s ’ s ’ s  (193 1 ( . 9 3 4  (359 ,490 1 ( 4 7 )

Air Sla t ion , W h i n i n g  I’ i e l d ( ‘ f nr i s n  S t eam Plant  22 76 1.1: 344 .534 1/1/
Mil ton , I’ L Pemu s ,m , , , , t .m . I l . ( 35 )  ( 1.461 14 7 5 .444 1 1 5 2 )

Sir Sta t iu ,n  I dd m st . , : m e S ta t ion  30 13 1.93 393. 115 4 101
Willoss I ; r m m s e , l ’ N  I .dJ ’, s : - i : I e , I ’ S  ( 48)  1 2 . 5 2 )  (543 ,5031 (60)

Air Test Center S l m m n e , , n : : i - ’ s m  m , Plant 35 23 1.25 360 .950 93
P atu ~ ent River . MD M o r g a n t m _ u w n n .  NIL ) (561 ( 1 . 6 3 )  (4 98 .097)  5 5 )

.- Sm n : nm .u Depot Pe t e r sbu r g  Plant 43 24 1.26 355 .1 ~5 92
( ‘ r u n , ’ . IS I’ e n e rs h ’ u n e . IN  (69)  ( 1 . 6 5 )  (490 ,072) ( 5 5 )

Smnm o Depmm n M u , lnas ’e  P lan t  29 1’ 47 .13  1 2 4 .551 38
I l aw nl mo m n i e . N’s ’ I , a u m ,lnl i mn , 55’ (467 )  4 . 1 7 1  ( I ” I , 1 / 7 6 )  113 1

Sm : : :nm , i  D ep unt  Big Brmmwm i  P lan t  2 1 :)  37 51 23 1 ,685 1m7

S1 , , S t e s t c : , OK I a i r f ie ld . ‘rx (33 8) 1 . 5 1 / b  (319 ,” 1 1 / b  1401

A nmphi h ious  If _ u s e  \ l m m h m u v e  P lan t  235 49 .07 109 , 1 3 2  32
Sanm Diego , (‘ A Laug t t l in ,  N V  1378 1 ( . 09 )  ( 1 5 1 3 . 5 9 1 / b  ( 1 9 1

A n n p h m i b i m n u s  l i _ use , L i t t l e  ( ‘ neck M m r g a n n o w n  Plant  12 11 31 .1,1 293 .306 8))
5 , i r t , , lk , V-N \ I - i :e . , i :n own.  511) ( 1 9 3 )  1 . 1 / I ’ m  b 4 1 ’4 , 7 5 1 )  14 7 )

Ss ’ m ’’ :m i , ” . I -a c i l i ty  I ’ . .  SN.  S t ’ u u l  l’lan ’t I 5 2 1  I 44 37~~,1/ 4 _ S 95
I mi d i mna p ’ , I i c . IN  I n m h i , m n : _ u p ’ i t i s . I N  ( S I  ( 1 . 8 1 / i  m S m i .b 1 3 t 1  ( S b)

(‘, inml p I I .  S I .  S mmi i tIn NI umfn , us ’ e  l’l an n 259 I 71 1 4
hl a lawa I l c i e f :  ts , I l l  l . a l m glmlnnm S’S 14170 1

5) s : e m :n  I.at , ( ‘ l i n i s t  Snean mi Pl ,m mnt  95 37 .511 25(1 ,2)10 1, 7
Pj nan mm a ( i : ’ , I I .  I’ ,’:m s. m , ’ ’ I. , . I I .  1 5 3 )  1 1 / S I  b 3 4 5 , 2 61’ I 4 ) ’ )

(‘m ’ n m n m u n i c , u t i m n n s  S i , u t : , i n . I t m : : ,  I i , . ’ ’ :: (‘e n t m m i l i a  I’ l .ummm 7556 14 %
,Sda k , ‘S R ( u ’n m m r . , i f u . , , S’s 5 1 4 1 1 3 1



I iii!,’ .53 ( ( o m m l ’d I

1.1, 11. , sir \ .,s . mI l n i s l a l l a t m u l i m s

I Iv SsIm
I in s -  (‘emin ent ( mm ~ n I m utal I - ner g~ ( e m ni ei i  t

Nearest lance ( m u s t  Savmnm gs  S’as in g s  1/as mim e s
Major Sumur c e m m no P er- S c m i  ‘, d Bt u cu ‘sd lb cu ‘. d

Mil i t a ry  In s la l l a t i m ) n  Sumi na lml , -  I ’ I ~. S s l ~ (h in t ) cen t a ge ( m m m ‘ I (hi mit 3 ) ( k g n1 3 I

m un i mn i u mm ic_ut  i,,ns S m _ u i  iomi SI m ,h av, ’ l’ I , ,,m 259 I 2 ,1 4
l l m u n o l m u l u ,  l I t  I , _ u u e I u I n r n  “s ‘s 14 1 7 1 ) ,

- ‘ : l : ,u : m , n , , ’ , m t i),’ns S~, , : u i , m:  i., anni , :n  P on er  Mau i :  260 55 .03 4 1 , 3 1 111 12
Kc, ’ S ’ se ’ s t ,  I L  I .o :,i’ ,, , I L  ( 4 1 8 )  1 , 1 1 4 ,  51 .99 2 ,  ( “ I

I - , ‘ , l u , : i m m m m u c m t i , - : : s  X t .m : , , ’ :m  .St , , r , , , : : .m , I ’ f _uni  13 1 1 54
Ness p~~: : . RI  ( ‘ uiu , ’ord , S f 1  1 2 1 1 9 ,

I, ,-,:, : : , ,m :m: , ’ , , I I , ’ m : s S t . , : u , , : ,  \l , ,r ,, . , ; ’, : , ’ ci , ,  t ’la m ,t I t _ S  3I~ 116 3 ’’ 1~~ SS 1/ 2
\ - , r t , i l k . S ‘S SI r e , , : :  ‘ - 5 5 7 ,  511 ) 1 185 1  1 1 . 1 2 )  14 16, 17 6 )  , 4 ’ m ~

‘ ‘ r n n v i l i n i , _ u I : , , : , s  S m a t i i i n n  Sf - I ,  s, t ’ I a u , t  23 _ S 49 . 1) ”  1(1 9 .132 32
S umi  l ) m ’,,’ . , , ( ’ S 1,. m , m , - l , I : n . 55 ’ ( 3 7 1 / ,  1 , 1) 9 )  1 1 5 , 1 ,5 ) 1 / b  1191

(‘ o n m n n t m n m c a : m , i n s  X l a I i , i , :  X , u n i  I r a m l , m s e c ,  ‘ml of : as~ P I m m u t  43 1 1 57 , 7 I I  3 ,53 1, ’ 1
S to~ k i , m n , (‘ S l , a l i e l u l i m n . N ’ s  592 ,  14 .5 7 1 )  ( S b

( ‘ m m r n n l u n n n , ’at m , , n s  S t . m t m , m n i , 55 .ms h i n e n o n n  I’ , ’ t i , m : , . m , R i v e n  t ’ I , , n i l  20 19 I .72  381 ,113( 1 97
(‘he ltcn h an: i  N Il )  , S l e \ u n c l r i _ u , S . 5 1 3 2 )  I I  99) ( S 2 _ S . 1 / 1 1 7 ,  5 1 / I

( ‘ ‘ m : m s : r m i c : m , , : :  I f a f t a l i o n  (‘ e n h e r  S t e r n i m m m ’ _ u e ( i f _ u n :  12 _ S  64
I ) a v m s v u i l e , R I ( ‘ ‘ ‘m , , , - , d . “ I I  12 11 1 1

(‘ ‘ ‘ n i s t r l u c t m m . ’ nm I l a t n a l i u , m t  I s m i l e r  l f _ u , r~ I’ ’’s’s”r I’ I _ u mn:  88 2~ 1. 19  13 1/4 9 1/  ci , ,

I u , f h p , u r f  M S hlimi ’ks , .51 . ) t 4 2 ,  1 1 . _ S I - I  4 1,4 .3 54 ,  , 53 I

‘‘ : i s : n u i , !i u, m i I f . m t t . m t n m , n  ( ‘,‘nn l er \ l . m I : , i v e  M i n t  2 17 ’s 45 .13 t 34 . 32 ,  4 1
I” -: :  I l u m en c mime .  ( S L . ,u ud n fi n,  \‘S 14591 1.17)  i I 1 1 _ S.$6 5,  ‘ 2 3 ’

I ) _ u : m , . u , ,’ (‘ ,, n : :r , i f  I r u t h :,, ( ‘ en t e r  I , lch)  s i i - , l , ’ S n , m : i m .mmm 11.1 1 1 2 . , ’I ”  4 ) I 4 5 ’ i c , 1 - 2
I m I : i f u d e l p l m m _ u . I’S I dd~ s Iiu m : , ’ , I ’ . S ( 161 ) 2 . ~~l (  m 5 5 1 , ..7 2 ’) m b t ’ l I

I - Ie,’ t r m n n m i c s  l a b  ( ‘e n m e r  \ l u u f , _ u s ,’ I ’ l , m nm t 235 49 :1” 1119 , 13 2  32
San l ) m e 1 ’, i , b S I , a um c f m l i n , N ’ s 1 3 7 % ,  m , ’’~~, I t ’ s ’ ’ ,,’s ’) 1 / ,  1 1 9 1

I a m I m t ~ , ( ape l f . , r : e r a s  R i m ’ s b o r s m  I I , , , , :  21 5  42 .2 9 1/1 .7 ” )  54
If u ’s t m ,mm m , NI ~~~~~~~~ Nb ’ : 7-0 ’ , ( . 3 1 / )  ( 2 S ,4 7 l ’ b  3 2 ,

I a c n l i t m  ( ‘ e mm tr , ,u l i , ,  I ’I .u nt  7_ S i 32 ‘ 17 294 . 172  s I ’
I _ u , , : , , ’ I b e . m , l m , SN ‘S ( e n t n a i l i a ,  SN N 1 1 2 1 )  I f  ,2 ~~b I I I ” , ’ ‘~~ 13 4 “ I

I leet , S m n n i s m u b n m i a r i n m e  I . m i : , u : , , ’  N 1 , , I , , m s ’ e  h ’ l m n m t  2 35 40 . 117  1 1) 9 . 132 32
San D ie , ’ - ’  . 1 ’ S I . , i e I~l n r n . N ’ s  1 3 7 1 / b  1. 11 91 ( 1 5 1 1 .5 9 1 / I  1 1 9 1

I lee : . tf , m f l i s t m , ’ N l n s s m f , ’ I m u m m e r  SN ,i n e re , ’ l ’ I , m n m ‘ I I I  3 1, 2 21 (, , “ 1/9 1/2
1 I , , m n f e s : , ’ , : . 1/I I . , s l ’ s e : , S( I t  4 ’ s )  I I ) ’ ’  ( 2 9 9 ,160 1 ( 4 9 )

I Ie,’t 1)p ~- r . : i i ’ , m m s ( i u m m t r , , I  ( a i m : ,  I S I - - I , . , , , ’ I ’ I ,m nm n 2 59 1 21)4
I s m m , m i . m . I I I  I . , , m , ’ I u f i , , . N ’ s ’  141 7b ) ~

I leet I r . m i n i m : m ’ ( i n , : - ,  U i , ’  Ben d ( ‘ I . , , ,  18’s 4% m m m l  12 3 ,4 19 35
S I . , ,  

~‘ ‘ ‘ ~~: . I I I , m n m m p : m ,  I I 12 9 1 / I  t I l l  I I  “ 11 , 3 t ‘ I ( I l l  



‘l’able .5, 7 ) (  ‘ - i ’ - I )

D al a  I or N _ u s  ,I I ; i s t u l :,t b I l l ”

I f ’ , ‘ss t m
I ) ms’  Cement ( u u s t  Total Energy Cement

Nea test lance ( ‘ ns t  Savi n m g s Sasin igs Savings
Major Source oh ’ nO Per’ S cmi s,I B tu  cu yd lb cu yd

M ilitary Imi s ta l l a t mum n Suit a ble Fl y .‘Ssli 1k m )  centage (n i ‘ ) (ki m 5 ) (k g ’nm 3 I

I led I r . m : n , m e r  I ,‘ n : n e n  M ,u ) , a v e  M ann  235 49 .07 109 , 132 32
San l I m e s , , . ‘S I . a uu r lm l in , 55 ( 3 7 8 )  ( .09) (150 .598) ( 19 1

l ’ uel Dep t G a n n , m n  I’,m s ser  P lan t  180 48 .10 123 , 1 / I t  35
Ja ek s ,mnvi l l e . ( ‘ I Tan ’mp_ u , ( I ’  I 2 9 11b ( . 13)  ( 1711 ,1/51/I 12 1 1

I losp in a l  (‘Ima i k Point  211 24 1.14 358. 86 1 92
Ari m’7mpo lis , SI D . \ s~ u. ,se ,, . ‘m u , )  4 _ S i  ( 1 . 4 ~b b  1495 .2 14 ,  ( 55 )

Ilosp ita l \ ‘,‘ a u ere ,’ I l _ u ; , ’, 105 31 . 75 296 ,325 1/il
Be aufort . SC I astoven , %( ( 169 ) ( . 9 1 / I  (41)8 ,9 1 7 )  (47 )

Il osp it al R a s h - r i P lan t  165 36 .55 245. 11 11 69
Ch erry Point , NC Ros bu :m , , S( 12 6( 1 ( . 7 2 )  ( 339 ,4 116) ( 4 1)

Ho sp ital bu~ Ifnoss n Plan: 300 51 .03 S h  .4 _ S I  25
(‘orpu s Ct ,n is l i , T X l air:); t~I . TX (483)  1. 114 1 1 1 1 2 . 399 ) ( 1 5 )

h ospital Big LI en ,)  Plant 260 56 .04 27 .059 8
K ey West , I L  Ta mpa . I L  ( 4 1 8 )  1.05) ( 3 . 74 , b 7

Hospital SIoIu: :s e Plant  325 50 .06 93 .113 _S 29
Le moore . ( ’ ,.S Laug hl in . N ’ s 15 2 3 1  ‘ ‘ 1 1 / I  112 8 .6 19 1  ( 1 7 )

Hospital 1. II .  Af lenu  P lan t  23 13 1 , 9_ S 395, 1392 110
M emphms , I S  Memphis , ‘ I 7’s (3 7)  ( 2 . 5 5 )  54 1 .5 1 2 )  16111

Hospital  (‘entr _uil ia M ann  12( 1 35 - 7~ m 2 5 ,1 , S 1 1 ”  1/a
Oak Harbor. SV .-S ( ‘ en tna u l i a , S N ’ s  ( 1931  ( .92 1  (35 ’) ,4 9 ’ ’ b  1 4 ” I

Ilosp ilal Big t ) . , m ,I  P l an t  82 32 , 7 1/ 293 .1/20 “ s
Or I,u rm d ,m , I L  ‘[amp_u . I L  1 1 3 2 1  1 ‘12 ,  :4 ~ 1’s 1 1 / 4 ,  4 1, ,

I I m u s p i m a l  SI .  m:, ’, u , u : ’ , , s  n M a n n  35 23 1.24 3511 , 9_S m ‘a)
P a t u x e n n  Ri ver , ‘m ID Sf a:’ ,~ :: ,n, :  MD 1 5 1 / I  I I  l i 2 (  i 4 ’ 1 ’ s , l ’ m ’~ 1551

I l i s p i t _ u f  51 , i I , ,m se I ’ f _ u n m  2 1 / _ S  46 .13 134 .32 1 4 1
Por n I lm men eme . I - S  I , . , u u t I m f m i , . N V  4 5 0)  1 , 1 7 1  ( 1 / 5 1 1 / 5 )  m l 4 m

Ilospi oul Potomac R iser  P lant  28 19 1 . 5 ) 1  3 7 % ”” hi 9’
()ua nm ico . V-S  S Ie ’ s . , : : , f :u , ,  5 .5 (45)  11.96 1 SI  I t ’l l ,  I ( 58 )

S I , j h , m s u ’ Plant  2 5 9 1  2 ’ 4
t , ua l m m a lei , I I I  l . a mug ) u fnn m , SN 1 4 1 7 0 )

Mar ine  l ) , , r n . , , k s  N I ’ . , c . m m : r , ’ , s ,r M ann 1 15  30 . 1/h, 301 ,5 85 1 / 2
N , m n l m , l k , 5 .-N SI ’ ’ u ~~,m n m t , i s s ,: . M I )  ( 185)  ( 1 . 1 2 1  14 16 .1 7 I ’b  (49 1

N l arnne I farrack s S f , i I , , , s e  P lan t  2 5 9 1  21 ’4
Pearl Harbor . II I  I . ;mu m gtn tmn . NV 41 7 111

SI_ur ine  (‘ orp s Air S ta t ion  NN a t m : u e c  I ’ l an m I lb S 3 I . 75 295 . 3 2 ’ s  80
Beau lort ,  St I . ms t , ,v,’ r , S( 1 169 1  ( . 9 1 / I  4 11 ’ s ,’) 1 7 )  :4’ ,

(7



I abk ’ , \ )  ( (‘ o mit ’d

I ) ana lo u  N _ u s _ u i  I n m s l a l i a ( i m m m t s

I I ’, S ,) m
1)6 (‘emem n I (‘u m s h  I ’mima l  I- nergv (‘em tnen

N earest  ta mm ce ( mus t  Savings Sav inn gs S_ us n m m g s
N I’ j j nm r S u i t e , ’ m m m m mi  I’ er - S c m :  “ m l  I l ium s-u y d l Im ,u  yd

Mili tary  I i n s m a I I ; m n m , n , m  S~m m h _ u ) . t, ’ I k S~I , ( I , m mn l us’ n mt a gs ’ b u m ,  ‘ I (U .  m m ’ ) (k g mmm ‘ I

\ l .mni n c ( ‘‘np ’s . . 5 r  S t _ u n i o n  R , i ’dmm ,’ro I ’ la n n  I 65 36 .55 246 , 0 1 1  (i ’b
(‘h e r r ,  Im o in f , Sm R , m ,s i m m m ro . St 12 1,1, 1 ( . 7 2 ,  133 1 .4 116 ,  14 t

SI . m ni n i e  b , i , p s  ‘S~ %l . m I I ’ , mm m . I I  ‘l’ u , r , m  S t - - I , . , . , ’ P laru i 210 4 1) . 45 2i14 . 7 5 _ S  59
Santa Si : , , . , ,  ( ‘s l. a u e h , f i n . N \ ( 3 3 1 / b  I , 5 Q , 12 1 12 .5 54 ’  35)

S I _u r in e  ( .~ r~m s ‘S ir 5 : e l m ’ m n . K a n e c i f , e  Bay S I - ’ ) , . ’ t ’ l an t  2’ S ” I  2 114
(N mhu , I I I  f , , m , , , ,’ j , I i n : , N ’ s ’  14 1 7 b I ~

M a i m n e  ( ‘ ‘r ( ’s , Smr  S l a t m u n i  I ’ , ’ : , . m.e ,  R i s e n  I ’ l ;m n: m 21, 19 1 , 5 1 1  3 7 1 / 7 7 5  97
O u a n u i s m m , 5 .5 ,N l ,” ,.,: , , I n m : , , S’ S 1 4 _ S I  11. 96 1 5 2 2 , 596) ( 5 1 / )

SI _ ur i nme  ( ‘ ‘‘rp ’s ‘Sir S i ; m n m u , n  N I , , l :_ u s- e I ’Ia n ::  1 7 _ S  4 2  .2 ’)  191 .613 54
\‘unm t _ u.  ,‘u /. I , , i i m ~ l , f  i t , , N ’s ’  b 2 1 / 2 )  . 3 1 / I  (254 .4 1 1 / b  1 3 2 1

SI ; m r m n e  (‘onp s Sir  S i a lm ’ , n . Nes s R i s e r  R , ’ ’ s ( ’ o n , m  I ’ f :mni  165 36 .55 245.1 ) 1 1  (‘9
J acksonvi l le , S( ’ R , ’s h , , a , , N b  12 651 1. 72 1 (3 30 ,4 111/ )  1 4 1 ,

N I ., r i n , ’ ( ‘mn rp ’s A i r  S , . , m : , ’ : m  N I - ’ I , . u s s ’ P lan t  2 ’ , ) ’  3~ .511 2 16 .372  62
Santa S m m a . C  S I . : m u g f m l i : u . 55 ( 3 2 2 )  1 . 65)  298 , 5 1 / S b  13 7 1

N I _ u r i n e  ( anps Il_use ( ‘_ u m m i p  R ’ m 6, 7’ PIan o 165 35 .55 2 4 6 ( 1 1 1  6’)
Lej eune . \~ R - i ’s h i ’ , r , i . N ( 12661 I ‘2 1 1 $39 .4 1/1~ I 14 11

‘s t , , r m, : .’ (‘on ’s  Ifa se (‘ _ un :i p \ t . , I , . m i ’ c  P I , m , n I  2 2 , )  4 .11 I 311 , 74 ’) 3i’
P e n d l e m , m n ,  (‘ , \ L aur l n l i n , 55 ’ m 3 _ S 4 i  1 . 16 )  ( 1 8 , 1 .42 c m ) ( 2 3 1

“ I , rm ne I ’ - : p s  It_us, ’ S I - - ac  I ’ I ; : , m i  1 1 5  35 .59 26 1 .3 1/I 71
l ’. s c n i , n m n m e  I’a lun l s . ( N I . m m , , : I : t , n , N ’s  l I t ’ s _ S i  1 . 7 7 )  b 3 1 /~ 1 ,59~~l 4 2 :

5 1 , 1) : , , ’ I m p s .  I ) s ’ss ’ I .  .5, I 1 I ‘ - : , m i i , ., m m , I  f ’ ’ ’ , i , ,n . , ,  R i s en  I ’ f _ u n l  2 1/ 1° I , _ S , l  % ‘ .% “ “
~ , 9 ”

‘.h~, _ u n m t i c  . S S ,- N I e s ,.m n d , b , , , V ’ s  I . ) . ,  ( f . ’b ( , I , ‘ s 2 2 . (’ ’b ni l I _ S i ’ ,

“I . , n , n , e  ( ‘ , - r 1 n s  I I , l m 1 t : s  I ; , , : ,  , I m ’ , m :  1,,  k , ’ :s ’ , t ,  M ann : I S 2 2  1 , 3 1 )  .7” 1l . , 1 0 3  ‘14

‘e Dt t :,,k,’ i s , - ’., . 51 1) 2 4 ,  ( l , ’ I I ) _ S t I l , 7 1 4 1 I _ S I~ b

\ I . , : i i l e  I ‘‘rps Recru i t  l) , ’p m ,r  \ N a : e r e ’e I ’ l . m : , t  I S  33 1/1/ 27 ’l , ”4 )  ‘1,
I’ _ u r rm s  I s l , mn mml , Si I .m s i - m s e m . NI ( I s ’ s , 1 1 / 1 1  )~~~ ) , , l 3 4 ,  1451

N I , , n u u m , ’ ~ - ‘ ‘ l ’ ”  I ) c ’, , , m u l  I)m. ’pm mm SI - i ,  m u  Plani 2 3 _ S  4’) . 07 ‘I ’ l l  ~2 32
% . m m m 10,1 , 1 5 l . , m m , ’ ) m I , , , , N ’s i ) ’ 1 / m  b I m I :  m t _ S I ’  ._ S ’ m % b  1 1 9 1

S I . l m I r , ’ ( ‘ m ’r p s  Su p p ly ‘ s , t : c , t i  I , I , ( s s l , , , m , ’ S: . u : u ’ ’ :n 25 12 f ‘ I”  ,l ’m ’ u ,,A 2 2  I ’ l l
I ’ I imI_u dc f p lnm. u . I ’S  I . l , I c s : ’ mms , I ’S  1 4 m b ,  ( 2 . 5 1 / ,  I .’_ S I .32 ’s l m I l l

\ I , , , m , m i ’ ( ‘ mrps  S m m p p I~ ( e n t e r  I I ,m r l l ee  ( I , . , , , .  I ,  P 1_ uni t 14 5  I’ m ‘I I ,  IL ’ ’’)% 54
‘\t b a n ) , I ’  S I . m t ’ - : , : - ’ i , . l .  5 1 2 3 3 1  ( 1 . 2 6 1  4 7  “ . l ” ’ a ’  I 5 m ’ I

S I , m , m m , , - I m ,r p s S,i i ’ l ’ I 1  ( ‘‘ rh o ’ :  51 , 1 , . , , , ’ I ’ l a mnl  142  33 1 / I l  2” 4 .1. ’ I
I t . m n s t i , s s ( S I .om s ’l m l m m n . N ’s  ( 2 2 9 1  ( 1 , 1 ) 5 )  1 3 ’ u .I I I I ’ s m 1 4 _ u ,

\ . m t m i m r i , m I  \ , , 5 ,m f SI . l m , . u I  m c n n t c r  I m i , k ,  ‘ - s  I l _ u n , :  I I I  2 1 I . .~ 1 37 ’s ._S 2 2  ‘I .

IIenI , e s , I .m . 511) l l r m ) , ’:’, , , , , , 511 )  ( I b m  1 1 . 1 / l b  1 _ S I ’ s .2 m ’ l - ,

0~



‘Fable A3 ((‘ tunl ’d)

D,u n a  lur N a v a l  I t i sta l la t i ons

F l y  .-5s ) m
I)is’ (‘em in ent (‘ost total E nergy (‘en m enm

Nearest lance (‘ must  Savin gs Savings Sas imm gs
Major Su mm mr c e i u l  mmmi l’er ’ ‘m cli yd I ) t u , ’cu yd lIm cu yd

M ilitary I n sta l la t ion Su i ma lnl e  I I ) ,\s l m ( k m n i ) ecutage (1 mm ‘ I lk . I 1mm ‘ ) (k g nm I ) 1?

5.o _ul ( )h ~,’ r m . m m m , n y  D i ck e r sm , n  I’l ;m n i n I S  22 1 . 711 370, 1193 94
S’, . m mI : i ne t c i : , . DC Dic k en s oni ,  511) 12 4 )  ( 1 . 7 0 )  ( S I  0, 7 1 4 )  156) ‘ :1_u-I

\ .,v , m l Oh se r sat , , r ’, S : : mt j on  Na v ajm u I ’lant 135 38 .4 ’) 233 ,585 64
I I _u e s n .u I ’l , 5/. I’ ,mg ~ , 5/ (217 )  .64 )  I 322 .33 8( 131( 1

Did n ;mn s-e SI I ssu lc l est I .m, m I n t N ,m s a I ’ ’  P l a i m  1 44 1, 7b

55 lute S , m m m d s , 551 I’age . 5/ ( 7 1 1 1 / )

Ordnance S t ; m t i m i , n  Pcm mo m ac River  I ’Ian m 2 2  19 1 ,511 7 1/11 ,4 1 /7  97

I n d i an Ilead . M I ) .“sI ex a n dn ia .  5 .5 ( 3 5 )  1 1 . 96) ( 5 2 5 , 11 3 111 1 5 1 / b

Ordnance Sta m i , mn  ( ‘ and R mu n I’l an i 2) 7  l 1 /  1 .45 7 1/4 , 84 11 93
Loum sv ille , k ’ m l , u,uis v ill,’ . KY 1 3 2 )  11 . 9 1 ) 1  (531 .1)64) ( 5 8 )

I’.m cj t i , ’ \I ms s mle  R a n g e  Nl olua ve Plant  2 7 5  46 .15 135 , 3)14 41
I’ mmi nm Niu gu , (‘ S Laug lmlin .  N ’s ’ (443 1  ( . 2 ( l )  ( 186 . 7 14 )  ( 24 1

l’I m~ ’ t i m t n ; m p l~i~ (‘en ter  Polomac R n v e r  P lan t  1(3 11/ 1 .60 31/~ .715 98
W a sl n m ng non . IX’ Alexa ndria.  V,S ( 1 6 )  ( 2.091 153 5 . 1132 1 ( 5 1 / I

Pmml ; u ni c Missile I ,m, - i h n : v , 5: 1 _ u n : , ,  SN’ a n e ne e I’ l _ unt  95 3bb  82 305. 74 1/ 1 / 2
(. In; m r ) c s m o n .  %( I . u s n , , s e m . 1/1 (15 3 )  ( l A b 1 )  1 4 2 1 ,9 2 1 m b  m 4 ~~1

P u ,c t G r a du _ ume (‘ent er SI ‘ ( t a m e  P lan t  41) 5 ( i l l
\I , m n : e r e c  , I .5 I , _ uu~ l uIm n . SN ( 6 5 2 )  - .

Public SN , , r k s  (‘enter SN _ u m u k c ’c ,m nn I I ’ l ;mn i 10 22 1.31 37 1 ,4: 14 94
Great 1.akes . Ii . \N . , ’ , l . _ u : , , : ,  I I .  ( 1 6 1  (1 . 7 1)  ( 5 1 2 ,52 3 )  1561 4
Pu blic SN , m n Ls  (‘ ent er 5Ioo ’ , um: : , - s sum P lan t  1 1 5  3 , m  . 1/1’ 301 .51/5 1/2
S - , n l ’ m l k . V’S SI ‘ : , ‘ , , : m : - ’ m s nm . N I l )  ( 1 8 _ S I  ( 1 . 1 2 1  (416. 1 76) 4 91

Publi c SN o Om s (‘enm er N I ’ - ) ; . , u ’e M a n n  1591 2 1,4
Pearl I larbor . I I I  I . i ’ a , ’ l , Im: , , 55 ‘ 4 1

Public 55 ,,n), s (‘ ent er I 1 / r u s t  Sne am t ’l ;mn t 21 1 26 1 . 12  345 ,17 ) 1 _ S .1/ 8
Pensacola , I L I” .’n s . , , . m I , m , I I .  ( 32) ( 1 . 46) (4 7 6 ,11931 ( 5 2 1

Publ ic N N u r k s  (‘enter ‘ s I , ’ I , .m sc  I’ Ian I 235  49 .07 109 , 132 3 2
San Di eg m , . ( 5  L a m ighlm n. 55 (378)  1.11 9) ( 150 .59 8) 1 1 9 )

Radio St at ion  M enn i t nac M ann 24 :1 77
(‘uml e r . M I (‘on~ord , N I l  (386 )

Radio S t a l n ,  ni (‘ en m ra j lm . ,  I ’I ant 1 2 5  36 .61/ 2 5 2 .61/ I 1 / l b
Ji m ( ‘ reek , S5 15 ( ‘en ( r a i l j a .  55 ,5 1 2 1 ( I )  ( , X ’l ) I 3 4 1 / , b d l l I )  1 4 7 )

R a dio Sla t iu m , ‘N l b nighn S ta t ion  75 18 1 .4 7  369 ,028 98
Sugar ( ,r ’, sc . W V Sll mrig l n n , (V S ( 1 2 1 )  ( 1 , 92) 15) 19 ,244 1 (SI) )

U ,  m : m i ’ n n . , f  \ Ied , , j I  ( e n t e r  ( ‘ c ’ n m t r . m n h m _ u  I ’lati l 65 31 ‘7” i m m 4 , 3 7 e  1 / I l
I f r en mc r n m , n . ’mS S I ,‘ n : : _ u m l m . : , NV ’S ( 1051 ( 1 . 2 7 1  142 11 .11261 14 7 )
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‘[a h lc  . \ _ i 4 ( ’ omt I ’d I

1)aLi I m ’ :  N _ u s _ u i  l m i i I a I i : m t i , m i t s

Fly As h ’

Dis- Cement Cost Total Ener ~~’ (‘ement
\ea:e’i t  lance Cost Savings Savings Savings
Major S m u m u m e e  o( min i Per . S/eu ym .I lSIu ’ cu yd Ih , cu  ym i

SliliIar y I ns t a li a m ion Suitable 1 1 1 /  .‘t s Im (kn m )  cent age (m 3 ) (kJ!m 3 ) (k g , ’ m 3

R e , ’ um m nn , m l Nl ed k ’:m I ( ‘e n m i e r  i , m s ( l , ’ r , m  I ’ lan n 11,5 36 .55 246 ,11 1 1 69
(‘ annup  I e f e u m i , ’ . Nb R , s ) ’ ’ , ’ , N I  1 21,1, 1 ( . 12 1 ) 3 , 79 , 4 1/) i  ) 4 I 1

R e , ’ m ’ ’ n , , t  \ l e, l m s’al ( ‘ eli te :  51,1: , , , , - f ’ ( , m : m :  I l l ’ s  46 . 1 4  142 . 146  4 1
I . mm m n p I’ emm dk ’nm , mn . ( N I , m i j , ’ ) m l m n , . 5 5  l ,~.i l l l  I . t  1 / ,  I l Y) n . l 5 5 )  12 4 1

R, ’ e i ’ - n ia f  S I e ’ ) u c , , I  ( ‘ c u t t e r  ‘ s N _ u t e r e C  I ’ I ann t  11) 0 3 1  . 77  I’17 .33 1 1 / l b
( ‘ f , a : I e s l i i n . S ( ’ I , u s o i u e : . S( ’ 1 1 1 , 1 ,  1 1 ) 1 1 1  14 1 1 1 .3 0 _ S I  14 7 )

R e c j , , m i , m f  Nl ed ical  ( ‘ en l en  SV a uu k e m n;mmm I I ’ l a n m t  I I I  22  1 3 1  3 7 1 , 41:4 94
( ; r e a m  l . i k , ’ s , I l .  S’uau k , ’e n . l l .  1 1 6 )  1 1 . 7 1 )  1 5 1 2 . 5 2 3 )  1 5 1 / b

Ru ’u ’ n , m m n . nI  N I e c I m , - .mI I ‘ en t e:  \ l , ’ ) , . m ’ _ u ’ I’I; m m u t  14 , ’  4 7  . 2 1 -  1 1,8 . 91,2 5 1 1
I - , , , , ’  I1 , . , , l , . ( ’ ’ ’s l , b m , ’ ,’ f m f un n , N S  13 1/1, 1 ( .34 )  123 . ~, I 6 1 )  1 3 ( 1 1

R e g i u m n n _ u I  ‘mi ed meal  ( eni, ’ n l Im e  l Ien , I  I ’ l a m m i  172  4 1- .13 1 4 _ S , 3 ” I  4 1
Ja e k s m n nvi l f e . I I ‘ l a m p _ u . I I b 2 ’ T b  1 . 1 7 )  : 2 b 1 1 1 .1 / l b 8 ,  124 1

Rc izi on nal  Me di c_ u i  ( ‘e , n t e n  N i,’r n im:m ac  I ’l~i ::t 135 (‘5
Se’ss’ pi, : I , RI ( ‘oncord . SI  I 1 2 1 7 1

Reg ional  ‘s l e d l i , ,,I ( ‘ u n I t e r  \I , , Iiave Pl a n t 500 64
1 ) . , k f . ,n d . ( ‘ ‘S I ; m , mm , ’ l i l in : .  SN ’ 1 1 / I l _ S I

Regi , ’n a l  SIc , ) , ,  il  I _u ’f l l e, I dd, ’ s tm m n e  I ’ I _ un t  10 I I  2 . 117 .b ,1 4 , _ S Q 1/ 1 1 1 2
I ’ In i I . m miel p l :i _ u . l ’ N  I a , ) ,  s I , ’ n m e , I ’S  ( 1 1 / I  ) 2 . 7 I  I ( 5 5 - 8 ,7 2 9 1  ( 6 1 1

R e , ’iu u n al ~u I edm c - a I ( ‘chim e r  ‘ m I m m : s . , n m t m , s s m i  Pl ;un n 12 11 3 1  . 1/ 1 293 .3 116  .8 )1
I’ , i n : s i m i , m m i t l m . V S  \ I , ’ : , ’., m , : i i n m , . 511) 1 19 3 )  ( 1 . 1161 b 4 m b 4 . ’’i I )  i4~~I

R ,.’ s i i m  ,n., f Me duc al  (‘ en l , ’ m I’ , m : ’ i : , m , , , Rive r  P l;mmml I l l  t 1/ 1. 1, 11 3 1/7 , l 5 9%
SN , ‘, l u m m : n ’ I ’ i u m . I I I ’ SI e ,s a n m d n u ; i . 5 5 1 1 6 )  1 2 . 1 1 9 1  b _ S , i5 , 1 b 3 2 b  5 1 1 ,

1/e lm ’’’ Is I ‘‘, n m nm i . m , m d . I r e ,m s m u e  I s l a t i d  S I ,  ‘ l m , , c , ’ I ’ l .un i t 5 1 0  h i_S
S_ un: ( r u n ,  i s , ’ ’ , ( 5 I . a u m z l , l I n i .  N N  1 8 2 1 )

Sec ur i t ,  ( r o u u p  . 5 , 1 : , : y N i m m f u a s ’ e I ’ l .m mmt  S l I m :
Sk,m cmn s Island, I S I , ,u : ’ I , I i , , , N ’s  I 1 / I l ’ s  I

S ec u mn mm ) G ro mm p 5 , m m m l ,  SI c : : , ,. , I ’ Ian I 2 11 _S ~4
W inter  I I a : h m m r ,  N i l  ( , n : , , m r d .  N I l  13 3 1 1 1

Se,’ , , : n I~ 5 : _ u I  i n n  I ) m , k - .’ n s - ’ m i  I ’ l ;m n m I I I  2 1  I 3 9 27 5 ,5 2 2  9_ S
N% a sl m i n gm i:, . IX ’  Dn, ’k, ’ , s ’ , : n ,  Ni t )  l U _ uI ( I  1 / 1 1  I ,7 8 b I , I I I I I  : 5 1 / I

SIt ip  kesc ’ , u o - I ,  & D ev e l op im n enn (‘ enter  D m ckersmm n m I’ I ,u nt t  6 2 1 1.39  “ 1 1 / 4 ’ s
Be nlu e sda . N i l )  I l n , ’k , ’n s , , m,  N i l )  I S )  ( I  1 / l i  ( 6  2 m 1 . l b  i f )  5 1 / I

Ship P; mr n s ( ‘ ,, n t rm n l  (‘ en t e r  I l m c k c ’ : s , , :m P lan t  ‘01 3 1 ’  1/2 311(, , 71/’( 82
NIu ’c f u a , m i , s l m m n n e . PA On, k e n s , ’ : m . N I l )  ( 1 4 5 )  ( I  1 1 (  1 4 2 3 , 3 5 7 )  (4 ~~l

SI i m p v . m n m f  N¼ , , te:c , ’ t ’ f ; u m m m  1 1 1 1 )  3 1  . 7’ 2 ’b ” .3 . I I  )( fl
I I m , u f m ’ s n ’ ’ m , , Sb I , , s : , ’ s , ’ r . ”,b I I S I I  1 1 1 ) 1 1  1 4 1 1 1 ,7 0_S I 1 4 7 ,

.11



‘l’ ablm ,’ ,-\3 (C m m i I~d)

1)_u t _ u  I m m r  N:b ’c’ _ ul  ItISI.II l’JI L umu s

Fly .-Ns Im , ’
Dis’ Cement (‘osi Tolal l’ner ~~’ (‘ement

Nc’ a re sm lance (‘ost Savings Savings Savings
Major Source nil Per ’ S/cu y d Bt u /c u ~d lb cu yd

Military Installation Suitable I’ I y AsI m 1km ) c’entage (m 3 ) ( k J ’ nm ‘ I (kg , m ” )

Shipyard M oh zu ve Plant 240 43 .2 1/  1 5 6 , 5 4 2  S I
Long Beach . ( ‘ A l .aughl in , N V (386)  , .~~4 I  (2  t 6 ,1 12 1 ( 3 ) 1 1

Sh ip ~acd N I ’, I i a v e  P lan t  49 ) 1 64
Ni are Island , (‘ -‘s 1,auglulin . N V  ( 7 8 9 )

Shipyard , N , m : l ’ , , Ik N l u r i a n t m a w n  Plant  12 1 , ) 31 1/2  2 93 .3) 11, 80
i’” , nnsm m no u t lu , 5 ,5  ‘sl urg : m mihums ’n . 511) ( 19 3 1  ( 1 . 1 ) 7 1  ,4 m ’ 4 , ’5 I i  ( 47 )

Shipyard Niohave Plant  2 5 9 1  2 ,1 4
Pearl Il a rhor . I I I  I a m : e I : t i n , N \  (4170)

Sl nipyard I ’ ddy slon e S i a t i m n 10 I I  2. 07 404 .59 11 111 2
Philadelphia. PA l’,dd~ sto ne . P,N (16 1  b 2 . ’l I 1558 ,329 )  (61)

Shipyard Ni er r iu t ia ,’ P lant  45 57 ._ S 0 7 ,679 2
Po rm smo uml n , Nil Con cor d . N I l  17 11 ( 1 (1 .597 1 ( I )

Shipyard . Pu g em Sound Centrau l ia Plant  65 3 1  .97 304 , 375 80
l frern c r ton ,  SN .5 ( ‘entrai lia . SN .5 ( 1 0 5 )  ( 1 . 2  “ I 142 0. 0 26) 147 )

N _ u s _ u I  St at i m ,n Centra ili a Plant 2636 152
. -S,l ,m k , AK Cen m r a i l ia . SN ‘s ( 4 2 4 2 )

N ,, v _ ul  Sf a t m m _ u n Chalk Point Plan i  28 24 1 . 1 4  35 6 , 1 / S I  92
Ann apol i s . St 0 ‘S~~u _ u s i. ,  NID ( 4 5 )  ( 1 . 4 9 )  b4 9S .2 1 4 )  1 55 )

Nav .iI S na t i m _ u n SN , ut , ’re e Plant 100 3 1 . 77 297 .331 80
(‘Im a rlest on . SC I a s t , m v m .’r , SC ( 1 6 1 )  1 1 . 0 1 1  ( 4 1 0 .3 05) 14 ” )

Naval Sta t ion lOg Bend l ’lann 185 48 . 119 12 .7 .4 1 9  35
M ayport . l- ’L ‘t ampa , I I .  (298) 1 . 1 2 ,  1170 .3 13 )  1 2 1 )

Naval  Sla l ion \ I , m i e , m m : I , , s m ’ : :  I ’l :mnt 115 30 1/5 301 .585 1/2
Nort ’olk , VA ‘slo rganm lown . N I l )  1185) 1 1 . 1 2 1  14 16 .1 751 (49 1

Na s al St am i m , n N I , , , I : _ uv ,’ Plant  2591 2,14
Pe a rl Il arbor . I I I  L a ug h l in u . SN 1 4 1 7 0 )

N _ uv ,ul S tat ion ‘ s I , , I : a ,e  I ’lan I 235 49 . 117 109 ,132 32
San Diego . (‘ -S Laug h l in ,  N 5’ 1378 )  1 .09) ( I  50 .59 8) 119 )

S, us  if Stat ion . Treasure I sland N i rnhn _ u ve Plant  S I l l  65
San I rancisc o . ( ‘ A L a u c I m l m n . N’s ’ 1 8 2 1 1

Sub n m ia nj n e I f_ use S ler n imac P l an l  14(1 72
S,’ ms I .o r id umn ,  (‘1 ( “ , n u c , m t d . N I  I 12 2 5 1

Sub nn a r i ne I ( . m sc SI ‘ ( m m c c  I’l a n t 2591 1113
I’ ,’ , : )  I l a n b , , r .  I l l  1 ._u m ig l m l i n . 55 1 4 1  7 111

Supply  I n d e x , ( ‘ I m e j i h a m  \ I , , : , ’ . , , b : , , , s ,: l’l , ,nii  82  27 1 . 1 12 3 11/ .~~’s 5 1/7
SN m I I m . m n : m s l i u u ’ . 5 .5 S I , i : c _ u : m t m , , s ,, . S l I m  1 1 3 2 1  1 1 . 3 3 )  l 4 5 , , , ’ I l , ’ i b  ( 1 / I l

.41

j.



Tab le “s ( ( ‘ , l m i )  ‘dl

I ) ,mta I tn r  \ ,m s ii  I m I s I a l I a t i s l n m s

Fly Ash
I)is ’ (‘ement (‘osl Total I’ner ~~i Cement

Neares t  lance (‘ost Saving) Savings Savings
Major Source of nil Per’ S cu y d  Bmu cu y d lb cu y d

Mi li i ary Ins t a l la t i on Sui table  Fly . Sshm (km )  cen tage 11 mm I ) (kJ  m m 1 ) (k g’ ni 1 )

S m m p p lv ( ‘ e m m t e n  NV_ uien ee  I ’ l _ u ni  11111 3 1 . 77 2 97 .33 1 1/il
I har l , ’ s t m , m m  5~ l’ . m s : , , s e : , SI ’ 1 1 6 1 1  ( 1 , 1 ( 1 1  m4 1,1 .3 ,1_S I 1 4 1

Su pp l)  l e n t e n  ‘ s t , ’ r e . m m n : ’ m s s :n PIano l I _ S  3 1) .86 3 1 1 1  . 5 1 / _ S  1/2
\ , i t l i l k  S’ S ‘sI~ ’:,i _u m : t u s s :i . Ml )  118 51 ( 1 . 1 2 )  14 16 , 1 76) 14 9 1

Supp ly (‘ e n t e r  S I , i l m _ u s c  l ’ l ,m n u  500 64
Oakland , 1 .5 1,_uu g hil i nm , S’s (8 05 )

Sm m pp f~ I ‘ en i ) en NI ,  i l m , m s c  M i n i m  2 591 204
Pearl l I . m n l m , u r , I l l  l . a u g ln lmm u . N ’s  (4 17 11)

SuppI N (‘ e m u t e r . Puge l Sound (‘en u ir a i l i a  l ’lani 1/5 3 1 .97 3114 , 375 1/ l b
l l r cn tne r i , umn . SN N (‘e m m n r a i l i a ,  SN’ ,% 1 1 ) 1 _ S I  ( 1 , 2 1 1  142 11 .1121/ I 14 7 1

Supply (‘ en te r  N i m i l u ’as-e P lan t  235 49 .07 1 1) 0 , 132 32
Stun Diego . ( ‘ -N Lau uz ln l in , C ’ S ( 3 7 1 / b  1. 11 91 ) 1 5 1 1 .5 Y 1 / b  1 1 9 1

Supply ( ‘ mr p s  Sclno ’,l I l ar l l ee Branc lu  P lan t  48 23 1.26 357 .63 I 93
,‘S t h m e n s , ( ‘ 5  l’.ano nnon . ( .“s ) 17 ( ( 1 . 6 5 1  (493. 5 1 7 i S _ S I

Supporm -Set m ’ ,’ u : ,  \ I en c ,’n t’l a u u i  55 61
I f r , , i k i ~ n , N )  t l . m n m m i l tm , n  ‘ i svp. . N J (1/ 9 1

Smm p p , , n t  ‘ s , n I s ’ m I ~ N i , , I mave  I’I .u n i 240 43 .26 11/8 .952 51 1
I - ‘ :me Re’actn . C\  l , _ uug l n l i t m ,  N ’ s ’  13 86) 1.34 )  1233 . 16 1)  1 7 1 1 )

S u p p u u n i  5, : m v m t ,  S I , , f : , m s c  l ’ l _ ummn 490 1/4
\l .m r c l s l a mmd , ( ‘ ,5 I . m u m n l n f i n . N V (789 )

Su lmpor i  5, us- m y I f a r r y  P ower  l ’ I _ umn:  14 1/ ’  32 1/2 2 8 , 1 ,1/1,11 71/
Ne ss U r I s ’.m:ms . I S I t i u c k s . S f  1 7 3 1 / b  l I . l m ” b 13 1 / 7 , ’s 1/” b 1 4 1 , )

S m m ) i p r : S , I m s m ,  I , I I I N’ , t m u m i e  5 : _ u t ) ’ ’ , ,  I I I  I I  2 ) 1 7  4 m 1 4 , ’s ’( 1/  1 1 ) 2
I ’ Imt l , i d , ’I p ) m i _ u . I ’ N  I l l , I \ ’ _ u l - K ’ , I ’ S  ( 1 6 1  ( 2 , 7 1 1  ( _ S _ S % . 3 2 9 I  1 1 / I )

S u p p , m r m  S , I m s ’ n t m  I e n n i r . m u f m , ,  l ’ I a m i t  65 3 1 ‘17 1 , m 4 , t 7 _ S  1 / I l
Se , m n I I , ’ . SN 5 I ’,’n u l r a m l i a , SN 5 ( I l l _ S b  I I  , 2 ” I 14 1 .1121 ’ , ,.r ,
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