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t/11 set. 1./o 151!'0 I= f- ·b~ lo 36 ,;' 
311 S<.t.. 1./o //o Ff sE?- 572 
?½ II t-, 
- l. Sc f./o 1760 pf ,q""0- 83Zs 
2 11 SJ... '-lo 6!./o Ff 2 -:'~ ::.- l'-/5'1 

I 'I: I/ s J.. Bo //0 Ff- '7 ::J i ... -- 22k' 
I'/,/' 5c.."" 80 Zoo ,Cf 2~ Lf I'-/ 

Svl,-n>-r4L 7t:,b'-1-b 
I.A 80/Q. BvR.De.rJ 2z.¼ /6~63 
S4/@s TA)( So/. -

S(, ' n, .,,. '-
0 ve r2JffJA t, J. l'avr,r ✓-1. - '-> -> 

!.oN.C. /3/0 

"'10 T;-1 L AE f) LA C !: /\rl e 1vr C o .$ .,.. ( J;. f:C. I C, :) ~ bo1/,-\ R!.) 

150 (ER I II 0-'4$·710) l 
1-1\(o 

l"W.fVt()ul, l()fT)(')N M.,4.Y U 1,vn 

BASIS FOR ESTIMATE 

D COOC A (No d••'an oompl•t•d) 

D COOC- • (P,.1,,.,,n,uy d••J;:,,) 

0 coo~ c (,.Jn11J de111,-,) 

D Oh•ll" (Sp,oclly) 

ICHECKEO BY 

MAT[RIAL ~-.. 
UNIT 

TOT Al.. 

31~ r536 
19 °...2 9339 
15~ L/76 3 
12 <2.!.. SOt!L/ 
9 2-5_ s,;7'/ 
q~ 29/2.. 
q~ 2ol/8 

- -
Yo 'B_::?... 3cf35 2. 

31 °.i 4&'733 
19 ~ 3 0/ I':: 
, - SI 
~ - 17ob 
,z~ 211>?5 
·1 ~ S1'1& 
9~ /000 

C) ~ IJ>2D 

1872.2(:;. 
-

93bl 

fl 

I TRANSL.UCE,VT) 

f •' >t/i.l ; 

TOTAL 
COST 

/lbOZ. 
133 1<;! 
702l/ 

71./97 
7302,. 
375L/ 
26!/0 

22!?1 ~ 
L/ ,y}:;;-
6 2~1 '/ 
L/ 0'-/.fQ 
'??7 p 
-"-,., ... -' 

29'fb~ 
7!./or;-

/ 22~ 

22~1/ 

2b3~7o/ 
/6 ~63 

03b/ 

2qoo9.e:, 
72~2~ 

362/:, 

366,21/ 7 
'T 

-, 

-

-

' 
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,. 
I 

C\'CL\CAL MA1t-J1""FNANCE Cos,;::.. 

9 c~\>,.,t-6 P,~1NG. '-'"\\ 'ae ae.p\o,eb ,~ lC\~b { 'ZO't.l AT ~ COST 
ot=- " ~bb, 2'1'1 ,N be, '8c ~ 

i) ,.__,,,~\. ~~,,~ lAn\\ w. ~'"'e~ oHett zc;- '1ns (zo,oj ...+ "~I 
0£.t\t-fUMiNT CoS~ 0~ ~l z., .. b~1'\Lf .;'° ltJ b(c, 18o ~ 

e. A~N"'A'- ruEL CcS, , 
111,b 'T!>N~ Of WOOb @ f. 2ofrot,J : ~ '2.Z~Z ( TdJ1-L': $1 bC\SI b 
11.ltf:> iitJ~ Or COIA\:. @ - s~,~ ': tt 67?84 1 

1. '-..., ANNvP.L ~'ECTt<\CAL eo~~IJN\Pno"-) 

51 <-2bq K~'-' 
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' CONSTRUCTION COST ESTIMATE 
IOATlt ll'IU:ll'AllltO l SM[[T o, 

PIIIOJltCT 

INCREMENT E tENTRAL BOILER PLANT PROJECTS 
.___.., 

LOCATIO .. 

-S"l=A.D- A)ol'<.TH 8AsE 
All~HITltCT ltNGIHCltll 

REYNOLDS, SMITH AND HILLS A.E.P., me. 
0 .. AWING NO. IE:STI ---- -

WOO/) FIii/NG ~cJ8-0P170N \.. ~-- -~- -.. - - - . 
OUAHTITY LA.8011 

SUMW AIIY .. « .. NO, UNI T 

lwl:Aa. 
TOTAL 

UNITS UNIT 

'"' lo T~ S+oRO'l\e ~\la~ 2 EA 122~ 2566 
Gote \JCtl1.H'<., ..... rz'' ~ ,," 4 E~ 4S" I too 

.D1\JE~T\W(:;, \)~,~~ 2 EA 90 ,~o 
,211 ~ ~eeA c~vi-e \00 F-\- ~~ 6€ib 

. S..,b 'T0, A L. 3bl'2.. 

LA&R Su<2t>~ 2Zo/c, 795 
~\e~ TA.V...., 5% -

\__.-· Sub"tbTAL 

D~HE:Ab 4 P'2-0Fti 25% 
.Bo\.J!::) \O/o 

~ wl,=rtfT"A L 

---- - ··-J"\.••- 1 ... ~ .. ., .... , OJ 
-- ,._ "l ~ - u,o 

=n~" "' t::: 

)· J~:~tlv,;; 
-

·' -~'"' -:. :. 
' 

~ 

. 
ENG POltM 

I MIO Jf 
1S0 (BR IJl0-US•1JO)I 

I-\\ 9 
,..,\llOUS focnc,.,., ....,.,. a,, ,,v.n 

ll!IASIS ,o .. ltSTIMATE 

D CODll A (No.,..,,,. -Pl••..0 

D CODll • ( Prelt,..lnuy deel,V 

D CODll C ,,.,,,., dHl,V 

D OTHKfl ,s,...,,,,,, 

ICHCCKltO ■Y 

MATltlUAL 

... ... 
U NIT 

TOTAL 
TOTAL 
COST 

YiSZ 7904 ro147o 
,~o 3120 ~"&x) 

\4(,o Z9ZO 3100 

1e,~ l'bBb zc;12 

IS'o½ \9442-

- ,qs 
7Gt2. 1ct2 

'21029 

S'2.S7 
'2b3 

'2b,;49 

'~'-'~ 
.l,I .... _ 11•-
n -~ • •-

(TRANSLUCENT) 



CONSTRUCTION COST ESTIMATE 
DAT( "lt[,-AIU'.0 l IM[[T o, 

r>i.OJt:CT BAS.IS 1'011 l!:$TIMAT [ 

INCREMENT E CENTRAL BOILER PLANT PROJECTS D COD& A (Ne ... ,,,. -'••..C 
'----' I.OCATIOW 

SEA-.b- A}t;t2Tr/ BASE" 
D COD& • (l',el,.,,n•rJI' ••llfll) 

D coo• c l#ineJ dHl,V 
Ai.CHITECT I.NGIH£(11 

REYNOLDS, SMITH ANO HILLS A.E.P., me. D OTHllll <S,..at,,) 

011 AWING HO. ,E~x ICH!:CKl:0 ■ Y 
WOO/J t:11<111G sus-oPnoAJ ---"'~ -, __ .,.._. 

OUANTITY I.A■011 MAT!:ltlAL 
TOT AL 

~UWWAIIY NO, UNIT ,. It" ,..II 
TOTAL COST TOT &L 

UNtT• lw&&&. UNfT UNIT 

"' 10 To.,J Stot2o,D\e. ~\LQ(2__ 2 EA 128'~ 2566 Y-tc;z ,90~ 10,470 

Go-tit' VC411JP<':. ''\z'' x.. ,z." 4 EA. '4S" 1'2>o ,ro .3120 ~"300 
.I:>1\JE~1'hlC::, \)~\v~ 2 E'I\ 90 \ 't:>O \4(:,o 2920 3100 

,2" rt ~eer\ c~u-\-e. \00 F-t ~~ b€>b I&~ \'bBb zs,z 

Sv\oTO'TAL 3b 1'2.. 15'6½ \9442-
I 

LA&R ~R.!)eµ zzo/b 795 - ,qc:; I 

S~\es. ,~'f..... 5% - 7ct2.. ,'12 t 

''--' SubToTAL '2 I OZ.9 I 
I 

D\J~~~ 4 Pt2-0Frr :2s%, 52.57 

.Bo\.J~ \O/o '2b3 

IOTAL ~c/JLACE/V1FiNr Cos, IN i>EC. /' rteo) I ., .,. - ( 2b649 I 

I I I 
. 

~ - . 
... 

·-
. -

-

, 

. 
k 

150 
(TR.ANSLtJCE;NT) 



REYNOLDS, SMITH AND HILLS 
ARc;:H ITECTS • ENGINEERS• PLANNERS 

INCOAPORATEO 

aueJECT SeNEc,1 - .N.ofl.I.':I --~€ ... 
0f77oAl!l,L W()Ol, l=(.f].11\16 _ _ 

on,GNER SCPw-.2.-N 
CHICCKER 

SHEET • . ··- .... 

DATIi: 

DATIC , 

orr . .................. . 

t \ ,, 
\IJOOb so~ Bv!'J\leas. I to 'T'O"-) CAP-Ac ,,'1' I "TO ~~ TOPf'e'C> vp 

lc,'1 .f.t.e e~t~Tttv~ co~\ ~c.(c..,~ \....or>('e~/ gv,(~ ~fEVATIJrt/ 
b~ c~Alt-.l CONUc'COv?. SY~~M - WoO.l> WOULC) Nor se- S'n,(itt) 

IN Tt-leSc. ~C:.c. 'at~~ BuT ~ov\t::i Be- ~b 'TO Tf\E. Ro1lER T+\rtv / . 
i,.\ese ~N~ • Nc:rt: ~ -,-~est: e,N~ wco~ HM ro ~ ~u,P()ro w,n+ 
VtaR.A~ "'lb toleei=> "TH'e. WOO.b ~(ow, r.J6 

\2 1
' ¢ CIJAL Cf-\-UTES , zc; 1 lcf"'1_ EAcH 

\,'' x. ,i' ~\ J.e ~de vc.\ves 

Woo~ r ~ iv BE FH2E"O Ot-;t...'( A<; -A SuPPt..EIL-H:JJil\L A;eL, , tT H~ 
ieeN AsSvMe-~ -utAT" lJO WV.012.t: 'alt~~ 10°/(;) ot ¾ ToTA\. 1-lec,T 
\N9v1'" Ul~I\ BE PCtovtOE.b ~'t' '"'TH''E \;VOVb . 

PEA~ IOA:b oC s-l~tAM Ge~~li~JI( -=- ISS9 ~ \b/+'rv2.. 

<;te~~ ~rQ~~v<e =:- &Jr~,lj '- h-: u19.\ 
7"~~l~Q~ ~AT 1 

f..u.Jw~~~'-A~v"':: 2,e F J h= ,~{,.2? 

b.~ -= 9~1. s~ (st\J/ lb 

As~Me. lo,\ett. E~,c.,et-JC:.'( :- 70 3/o 
Woo t:) t+~v ~ ~szs '6TV/l~ 

1s-s~~ ib/ttn.. x cta2.s3 ~ >< toX 
-. 396 
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U,W:~DS. •MtTH AND HILLS 
A..,,,.~ • IEN<lfffCMS • PLANNERS 

~ftD 

SHl:CT -·····-·····················OF···-·- ······················· 

DATIi: . ... .. .... ........ ............................................ . 

C:Hl:C:KII:.. .. ... ..... ................ .. ............................ ·-······-··..................... DAT& ................. .......................... ................... . 

• ·-. - I • 

I .. - r- - , 

!-- · -ba)_,-r,ONAL. o+ M Co&T ~ocurreb wrrm W.ooJ) Ft~1AJ:6 '-
; 

I 

r·-_·· ·_ - .W1-net11_0}.\ ~NV~ tAlooa. C"sT r= - ZIO~i, . 
I 

I ;·· 

.l 
I 

; ~: ·~ ~Nie -!M.-\- -t1o 1"41~~ c~ v,,ll ~ ~ ~aMe t_,_ 
: __ I .as _(NfJ'.M ~e. c~, CM\ ~IGNT {2'/z.1. ot- 1Nrr1-M., CO\T,,_1 

{ ,o.a-sx # Z'fJ'IZ) = # '10¥ /v,e. · 

·-··+ -~ ... A)}c, H-OctRL't' ~ t ~P.,,.. HM t'}M.'." 1'11'- ~ - -..rM.K.lf "'"'!'l~-
·- JN~rnt ~AeMA~ (JeQI& {M&T") A"outte 8\' =W♦tO tNf'flf/tl,a ~ =-i tt2 * Wo0t Ftthlil6 rf"1,M ~ woo& 

I •• -4~ 

'.- - _;r~ ~;07 a,,◄z 0, qffz MlfV 114.1 1~)5~,n.,· _15,l 
t=e-_& -rs~cr, lo,E>1 l,0t,1 

" t.S.1,<tP· \10,1 " IS,~ 
: -

~~ IS12.b 8,0~ O,lo~ ,~,.1 NZ.I .. 12,9 -- ,, 
"9R. 4Cf'15 1,,qy 0,6'1~ ., 11.f,.Q 111,1 " 10,1 -

. . Mf!t'( '341, 4,Q:O O,◄IO ,, 1"17 . l&f,'o" 7,7 

.JV'31l£" \S4S 2, 17 Q, tl7 ,, ,,,~o i7, I '' 3,~ -
~IIJ .. '( \4oo l ,q7 Q, 1q1 ., l~:J. :l'i,8" 3.j 

Ave 1~37 2.02- D,'Z()Z ,, r&,7 3'& ."l " 3,2 

Sl"P.'r Z'Z.cs:J 3,0'1 o,3oq ,, ,.1.,,0: S2, i 11 ~.~ 

oc.,. ~SA 4,qo 0,4'ro ,. ,~., ,,.~" 11,i 

N9V szq, ,,13 o,143 " l",t,,O ,i1 \ I II If l,S" 

t>e C. '=»29\ i,f3 0, e>B\ ,. 11,,1 ISC.,o '' lb,O 
__, -- ........ 

~ ~ \tJf.VT,, S~ t<.tM -t)eNNJb "' q82 ,?,\ ~ ,-a,AlS: 1212,',,...,, 11/,6 T.,.i 

70 ~ ~l(e.NC-., 

i• . W-* ~«A1t lw.ti.lT x .,o 
' b~~ '~ ~ '21.o "g "a~ ;ToTtA. It~ :_ 

~~ 
J:-td-'d 



IUrf.N,OLDS, SMITH AND HILLS 
MfCRlT.4tC,.. • ENCiHNllEIIS • Jltl.ANNEIIS 

fNCOMIOflAffD 

'-..,--

SH SET -······-..................... OP' ...• - ...................... . 

DATlt: .................................................................. . 

CHlt:CKltll ....... ....................................................... -............................... DATt: ................................................ ................... . 

AtJti11~Al C-'- U$E : 12.e11s To~c; - 1212,soo,o~"" ti14E=-~ 
I i'500 't x io«,l.., = 

' 
'· ' . 

r 
I 

I • 

!hL~.vll . ~L. Co4S.T"-= \'2.'-\b TotJ s"' 4 St\j,-oN :: J~ ~,ze4 , _ 



CONSTRUCTION COST ES TIMI-TE 
IO•TC P"(PA .. (:l I , .. C(T o, 

rROJ(CT e,.t.$1\ ,oo [S T1wAT£ 

INCREMENT E CENTRAL BOILER PLANT PROJECTS 
0 COOC • (No d••'V' o:,'""'•'•d) 

,...:''OCATION 

'SE:N-8-A ARMY 0€.~of ~ t-Jo~ ?JASc CJ COO€ ■ (P#•I''"'"•">' d••l1rd 

CJ coot c ,,. ,,,., d••,_,J 
411CHITIECT [HGIH(EII 

REYIWLDS. SMITH AND HILLS A.E.P.' me. 
D OTHICl'lf ,s,,,. ct l y) 

OIIAWIHC. HO. c_:::;::v~ ~:~ ~ ;~D I EST;;l;n,, 1/ NJ 
IC H £ CJll.£.0~ 

110PnoN 2 '' 
c.-r ~ - __ _. __ 

,- I . 
OU ANT ITT LABOR ... 4TIERIAL 

TOTAL 
SUWWAAY NO. p ii:" "ll" U,..IT COST 

UNITS ~ ....... TOTAL TOT AL 
UMfT UMtT 

~AM J (O,Jbl:-IJ~ P IPfAI/'... 1/51.~b1 'L80, 41P S ":)7, ~4~ 

1!1Jlt1~ ~(IIJ 11-.~ ere. lu,~ 74 141 81 k. 1 ·"·1.~ , . 
ll.91L 1-1. 01..,f.a nlvc,t See,./~ "\1.,, lo:,-

,J IA r ,>/.,-,,,,. bl ul'.t - lf:""rC • ~1'50 4-1.~0 - °'\ud:J 
~ i.J 'L1SOu· ";_ 1

1 
'S•')u 

ROAi> IA/o,u~ / <'1 .,,L f In FhEI • 

..Blor. <oNb l>,ru,w $~A.I( "')to~n (61~5 - \~.i4~ 

.)f'M P!AAJr aNI> c,1. s rsT. ILC),L 4~8" ~~77. 
frl~Kf'v, f/.lATElf S,~Nc~~ -~t.olc (, "':) ( C\ ~'-,. <'i ..j 

h~NbA,loN~ --- I e:,eo, oo \ ld.o I l J-0· 

EIECT'/llCA I.. 123,000 1 z·~. cco 74 t-. r,O:.::, 

.1'Ksrt!. ! C,,vn't4l. tMt SC ·) tq5D le1!~- La·too 
hrp p,..... f,e-1, oAJ 1'1..oo 4 P-.-:)~:l ~1.., Ou:) 

.SuB-TOTAI _ -4 2 I O'S~ 6gz3~0 /l0338~ 

LASoR. Burz.bE',J 2-zro 92b27 - °12627 

S'At..ec; TA-~ 5~ - 3'1 II B 31./118 

ea u 13 -nTAL /230/2'0 

0 ~n."'EA?> ~ Ptw F ,-r '2.:; o/ ... 307 ~32. 

Bot.Jb I"/,,. /'537 7 

S118-TOTAL l5~3037 

Eo1l~s. Aui,L,Agt~S J:'ve1 /Ju~P r.."'1 161'5°000 
I 

~b j \.\-6. ~N H.1t~ E'°t:>1.1tO,. i=-rc_ I/I/STAI, , . 

,- . - - . - .1. "'- - ' 
, o/ tr. ~ - ,... -

....._ ... ~Nl':: . ~ ..... 
,_ 

-1'"11 I IV VO-' . 
_,/ 

l(JTAL ESTIM~TE"/:> c0Nsr12.u Cl,:ON cos7 ( l:. !.Ee /(180 J1) ,/-/"') ..,,,...,,,-· 
,, -- _,I...,~,· I 

£MG l'ORIII lSQ 



t. 

2. 

s. 

4. 
\'-,✓ 

04 ,. .. 

CHECKER OATI: 

A.~-..JVAL OPE~ilor,....) '°"Nh lAA.,~~CE Co~T 
( hS'CCc-~S-E°~ \C'f8o :boll Avt S.) 

1\,LE ~ ~EQ\~ 
bEC I', 80 SA\.,t..l:? '( 
l~CL, ~f'\e,.)G.(>~ 

Bo1L;Q PLAUT I i 2.~, 150 

OPeAAtt LEAb:~ 

801LEfl PLAfl.lT 4 ~ Zl,O~E:, 

OPcM~ 

CoA L E~u,'PMEI-JT" ~ 1.11 o-;e, 
oPE"A~ 

HE P\T1~t; F~v,PMetJr 2. iJ '2. f / 0~ f;, 

"-4 EC MA "·lt C. 

i'bTAL AJJNOA ~ 
co~T 

~ Z~;IS"O 

~ 84, tS2. 

N Zl,OJB 

JJ 42,01'=> 

To,AL = # l7~l//{:, 

No"TE' : A~s.uMe Co~\ D ~<2ATO.-t (lc.rre : E~ \"tt O,~f2ATt)~ f2ATE" 

hEC 
1 

8o ANulJA-\ SAIAri'( ~ MAa.cH I So +\--o"'1-1'( ~-b x to4e0 l..ac; 
+ 10 ,°:) Yo V:C'1t.JGe~ + 1 r. E"~cA4lAT1ou 

ToTAL At-.J\..JVA.L LABoR Cos.T = ¾- l70/ '-1/fo 

ToTAL ~~~vAL u~ l~t-J.A.CCE MATE~tf'.\L = ,# 8395'1 
( A~SIJME 'Z. ,c; o/o CII\P\"T,._L c.:,s.-r) 



I SM ( ( T o, 

,.,.u .1c. c. , 

INCRE>1f:;T £ CE(';T RA!... BOILrn PU,::T Pi-'.::..;c.C i'.J 
- O coot: • (No d••f l1" aDrn,-le,•dJ 

D coot: • (P,.l,mln•ry d••lr-J 

C)cooc c ,,.,n.Jde•lk't) 

REYNOLDS. SMITH AND HILLS A.E.P., me. D OTM&,. (S~ct/y) 

ICM~/-:-;~~- -
. 

OUAMTITY LABOR MAT!;RIAL 

-------- SUMMA.RY MO, UNIT PE.~ 

UNtT• M€.A&. UNIT 

TOTAL 
.. IC .. COST 
UNIT 

TOTAL 

1.804-18 5~1 1R4~ 
"\ ~IS1to 1-'511.So 
1J I Dlk, ~'L....\O0 

415D .(_'}_'JD C\cxD ... 
'·- . . - . . - . - .. -
.BIDr. (aNb R,rv,w $~A.I~ \k,,\~S- '°'1545 

4)S5 51.o ,~1 
lbOO I °'16t-

EIEcr,e1cA l. 12~,0() o 12~ 000 24(:,ooo 

/,.,-sr~. f C'o,vnf.4£. ("f1S(:•) l 0\50 
'- ___ ...,;:;__,c._ _ __;__..;;:......;"-----'-.....L.i---t---r---t---....;:;._.--+------,1------,,-'-=-----+-

,=-,~p p,... f,e-1, o,J 1'Lo.:J 
161150 1.,o,tro 
46DD 11....loo:J 

EMC ,01uo1 )SQ 
I AUC J11 

SuB-TGTAI 4i't}750 q0973~ 
9Zb27 - '1262 7 

:;4'f 36 2LJl.(38 
.. 

I02!= 3YS 
2Sb7 I 2.. 
12 ~3b 

S11800T0TAL 12 <ib39 C-. 

, 

,_ o/ 

.,/,., _6',/j~J -

✓ .. ,J~..,. ,...., 

(E.R JJJ0-,4J-TJ0JI "9fVl(X;\ I OtTIOo< ..._,., u 1"6n 

I.- \ ~(o 



CONSTRUCTiON COST ESTIMATE 
/ r-t11O.Jt:CT 

INCREMENT E CENTRAL BOILER PLANT PROJECTS 
L OCAT IO>I 

SE.NEc4 A~Y bE:Po, - ¼a.n+ BAsf= 
AJIIICHI Tf:CT l:NC.INl[I[" 

REYNOLDS , SMITH AND HILLS A.E.P., IUJ;. 

QUANTITY LABOR 

-------- SUMMARY NO. UNIT 

UNITS lwt:A.a. 
TOTAi. 

3.ob b 

too 
.3Zo 

59Z. 

D C 00 C A. (No d••lt,, oompl••..O 

D COOi'. • (P.,.t,mlnar)' d••'"' 

D COOlt C (/>· In•/ d•••11'> 
DOT"' I!,. (S,,.clty) 

NATf:RIAL 

TOTAi. 

9339 

12 ~ 

2o'l8 

TOTAL 
COST 

1/bO~ 
133/'is' 
702l/ 

7L/97 
7302.. 

26'10 

3" S<..t.. l/o 572.. JS~ 170b '22.7~ 
2½." .sc.t, 1./o 17 60 Ff 4 !2-
2 11 SJ.. "lo 
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CONSTRUCTlON COST ESTIMATE 
l"'AOJ!CT 

INCREMENT E CENTRAL BOILER PLANT PROJECTS 

REYNOLDS, SMITH AND HILLS A.E.P., me. 
DAAWING NO. 

COMPLETE P&oi', 

l!MG f'ORM 
I AUG Sf 

1s6 

QUANTITY LABOR 

SUMMAR Y NO. UNIT P lll!ft 

UNITI ~A&. UNIT 
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"IIIOJIECl • 
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CONSTRUCTiON COST ESTIMATE 
DATE PlltEPAIU'.D / 

IZ 19 80 SHEET 

PIIOJECT 
INCREMENT E CENTRAL BOILER PLANT PROJECTS 

LOCATION 
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CONSTRUCTION COST ESTIMATE 
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HURST BOILER AND WELDING CO. , INC. 

PHONE AREA CODE 

912-346-3443 

December 18, 1980 

Reynolds, Smith and Hills 
4019 Boulevard Center Drive 
P . O. Box 4850 
Jacksonville, Fla . 32201 

Dear Mr. Franco: 

P. 0. BOX 38 - HIGHWAY 319 

COOLIDGE, GEORGIA 31738 

BOILER and CONTROLS 
STEAM PLANT EQUIPMENT 
BURNERS and WELDING 

In reference to our phone conversation, as of Wednesday 12/17/30 , in regards to cost 
estimates on coal fired boiler and component equipment, we are listing the following 
cost. These costs are prevailing at today's prices. You should include excalating 
cost in this equipment. 

The estimated cost are as follows: 

1- Three (3) each 9500 PPH, coal fired packaged boilers, at 2500 psig ASt~E 
coded. $153,670 . 00 each or a total of $461,010.00. 
These boilers will be equipped with chain grate stokers, safety valves, main 
stop valve, steam trim, combined I.D . Fan and grit arrestor, and grit dis
posal bin. 

2- Two (2) 5' dia.x 15' long., ASME coded, 250 psi •operating pressure, pres
surized receiver tanks . 
$24,604.00 each or a total of $49,204 .00. 

These tanks will be mounted on a steel stand of nominal height based on NPSH required 
for the pumps, 2" fiberglass insulation with 24 ga . metal jacket, suction piping and 
valves, electric panel with starter, breaker, and alarm horn, and trim that includes 
the following: 

A- Dual gauge glasses . 
B- Thermometer. 
C- High and low water alarms. 
D- Steam pressure reducing valve . 
E- Pressure gauge. 
F- Relief valve. 
G- Drain valve. 

3- Two (2) pressurized pumps for the above 250 psi system. 
$11,476.00 each or a total of $22,952.00 

.::I-)51 



If we can be of further service on this project, please contact us. 

Enclosed is a descriptive folder on the above coal fired boiler. 

Sincerely yours, ·---··· ·· .. 
~ c;-l -:-·i- ( l ' I I -

, ,. ._ l .,C\ ovv - l,· \...l~,., 
Barton C. Latner ✓ 

Hurst Boiler and Welding Co., Inc . 
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SPECIFICATIONS: 
A. BOILER: 
PRESS l lHL \'ES~'EL 1,r~·11~:': : Tl;,· ,,•-· i·l i- :, 
firet11l>cl.P1:, .,n!.:l1,t1 rnt. ·:· I:·,:• r: ·:,·11 1 .· . . : 
as 8 HHT k ,il,: r. l :i.: i ,:-/1"'· o:ii J' 1,,,::1 r ~ .. r, · \ (ill· 

struc:tccl in ac:~ ,,nJat1c-~· wid , ; !1L· :, ~;: , ~ E c·uc!,· :1 ,,d :,r,· 
availabl(• i11 L',:p,:cil i,·~ u( :::i L,ll,·r li, )r~-(•po-.:t·r 11;,,:2 
lbs. steam IH'r l1011r I ,!.1 in:gh l :°J\Hl lJOil<·r 
horsepo"-l'r (::; ], 7:iO IJ ,,,_ ~:v:.1,1 J1Pr lii111rl . TliP 
HHT\ are 11, .: i!., lilP in cl," ,i~1i 1· n-~:-ilrb 11f I:> J>SI (; 
throngh :-WO P.~;1(; nn<l in<:l11d,, 111::1ilwle :1 :id hand
holes to focilitute c!Ptrning- nnd in~1,cc-lion. 

HEATING SliRf ACE: T!.t• 1.ntal firei'idr. lif'ating 
surface a nrn11~s (1.S !'Cj11art: f,·1·t h,·;itin/! ~urfan• p<-r 
boiler horsC>power clepr.ncling 011 tl1,• n1,1ist11rc· t·c,n
te-nt of the fuel. 

BOILER TRI:\1: IJt:RS7 i11s11 latt>l- a11d prc"·i cl 1~s 
"H" column supports for onirlw:id St1!--Jh·r1~.i(ln. Th£> 
following valn•R nnci safc•t~· eomponc111,-. ..r<· ulHi in
cludi>d: 

l . Steam r!'lief min•. 
2. Primary low wain cnt off-i11c·li11c·d l-'/111ge 

glass, t~iccieLs, ancl h,1lldil' S. 
3. St<·nm pr<'!--~11re g ,11 1i.:<•. 
4. Slow oncl quick o r,·ni ri:: hlcm <J,,,, 11 rnln·s. 

,. 5. \\lutcr colnnrn blo\·. dmn1 ,·akc·!-. 
6. Boiler m ount Pd glol.i•, '"" in~ 1·l1l'cl: . ,,nd 

spring chrl'k , ·al\"t'!-- . 
7. Chemirnl fN .. cJ ,·i.h 1·,--gal c•. ;i1 1d !-,, i11 g 

ch1•ck . 

8. STOKER: 
_ .,..T~ HUHST ~toker i!' n 1,o~i tin.: d11mp. (,, ,· r grat1•. 

mechunicn llv drin·n sto~l·r , .. itl1 .~1,r•· .. ,!,•r. Tl,,· 
stoker !>)'8tc1;1, Jir<·t•·~t<'<l 1.11d f.idc,r~ ,,.,. nil ,!, ,!, in
cludes; 

-1. :\ 11 g,•r II nd hll11, ing. 
:1. ( )l, .. ,·n·1iti 111 \\"i11do\\ . 

C. CASING, INSULATION, REFRACTORY, 
AND TRIM: 

n1, .i :· :11 1·1 ,,I 1·,: -i11;: i11c·l11ch•s stif,wrs, O\'f'rgrate 
cl11c ,: ... . 1111d,-r grn tt• dll11r~. rt>ar hupJH'r, renr hopper 
d1•i,'.1t11 11 cl1,t1r, rdr :u·ton· n11d insulation hungers on 
:: 1 ·· !1,u i:111n ial c·<·ni ,· r~ ;rnd ]fl" n·rtic11I renters to 
~: i1, 1i,;,·.i1u 11111 r, frnd1,ry support. 2" of 750° in
•.il..:i,n,. :;" uf }lJd(J0 ".\J" block, ond <)" of 2700° 
rdr.i : l • •r~ ,-11 rru111!cl till' fir<"l>ox to ~i\P µ-oocl ('Onl· 

f. 11: I j •ll ,, ith 1,t, !-111< •'- (' . 

D. COMBUSTION AIR AND POLLUTION 
EQUIPMENT: 
Tl\(" f11 rC"rd draft fan supplies nir for both under . 
1-'rlll<• ,,ncl 0\1'r fir.-·,,ir thus l"Utting down on elec• 
1i ic·1 I I.. r~ 'I '"'·.-, r u, (,1 ,<'rnte the HVRST HRT 
• :n. ,, I. Tl"· : ,·:., ! o1pp1•r .-<·n f' :o a:; n C'ollection 
,. it ., i , ,r 1,11l.1ir1J1•cl C':trlJ,,ll particles ,,·h£•re they ran 
J..· rr·i1ijc·c·l• J i.itu tl.1• fin·bm. for rt'lmrning before it 
11•,1,·l i.· ~ I].,. ,i 11:P ,.-1'l1t·rt·. H L RST\, multiclone col
ll•,·t .. r~ fi!t Pr t111t p .t rt i1·11 lat<' matter after it passes 
tl,roudi tLt"· l1l~T c-11tt ing- th£> rmii;s.ions to .02 or 
lf'ss. TL,, i1ali,L·E"cl ilraft fan is c<'ntrifugal type 
r1('~it-rti.·d (c,r high lt'mpl· ratnre service. It is a paddle 
,, hePl r:.,lial l.>lad<' tyJi<' fan, Pasily accessible for 
clrnning ancl in:-1 ,pc•tion. Th£> pillow block bearings 
arr Jpc·:?tC"d mitiicle o f the hot p-as stream. 

E. CONDENSATE RETURN SYSTEM: 
J!l . H.<") '", ,:1:;1ii·x n•turn !:'y:-tt•m is indurlt•<l with all 
~t,·n1. 1 id.in t ;r: ::u lHt ioris. The du plex return i::yslrrn 
c,ff t•r, t 1. oJ f <'< d \\ :1 t<'r pump~, one as a primary pump 
and nnc· a, 11 l,ac:k-11p or secondary pump to pre\'ent 
111\\· \1·;1lt•r in\'ident~ nn<l expen!live tube and boiler 
n~pairs . JI L,;H:,T's pumps are double suction 
r<·g<·neratc· turLinc , ·an<· typ<', with bronze inpellers, 
renc'wal,IC' linc•rs, r- t:iinli>s~ s teel s l111fts, and heavy 
cl11ty grrnse , ,n(.hc·d L:ill hrarin~s. nt•cf'iver tanks, 
pr<,jiC'r!y :-i ,-,·J . .in· l·on-trnt"t<1 cl of coppn Lt>aring 
~l<·C'l p!,11!', ~1wriu11 piping 1111d , ·nlve. Perforatl'd 
!-lllim, q.:t·d ~-li-,.m \\lllrr hPatn ,dth or without 
knlfll"rlltllrP T<'l:.! lllator t·1.rn be s11ppliP<l upon request 
tt1 d,·1·r,•a:-r l,1,ilt-r ~hock uncl inc·r<'llS<' tube life. 

F. ELECTRICAL CONTROL PANEL: 
T }l(' 1,a1wl i., L.1·tor~· wir(l(I. tot11lly t>nclosrd, and 
1· ,,1,- lrn l'l<·d ,,[ I ~-~a,1~1• :'IH•rt ·!!-tc.-el. Flu!-h mountt>d 
1·, 1n t1 1,I.- ur,· in a hir1;.:t'd top front parwl. \Iotor 
-lnrtn- ,.11d 1·i1 c-11 i1 Ln·ul:t·r:-. 11re mvtmtrd onf' ubo,·e 
tlot· 1 t! .. r . "ir,·tl 1Lr1,111!li a tutally t•nc-losNt lfllugh. 

1. Live bottom li<,ppcr. 
') Dri, t· ,:nd rn, 1,,r. 

I .i;·l,:- i11di1 :.11· 1,:-ir1ti1rr nnd !'-C"l'ondnry pump opc·rn· 
L-IS'!:I ;" •1 : 1. ! .' . ,, r -:. "'"'•1 ;>1 i . ,r1 , .. , , • . 1 1, ., , r 1 1 
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While P-K assembles Series 380 Unfired 
Steam Generators from standard components, 
the packages themselves are not stock items. 
Each unit is designed for a specific duty with 
provisions for its individual installation. 

Yet selection and application are not 
difficult. 
PACKAGE SIZE 

Table 1 lists standard Series 380 sizes in 
terms of output steam capacities. Shell size, 
which determines package size, often works 
out the same over a wide range of output 
steam pressures. While a high pressure may 
require space inside the shell for a relatively 
large heat-transfer bundle, a lower pressure 
will mean more steam volume per pound, and 
ample disengaging area must be provided at 
the water surface to prevent entrainment. 

Patterson-Kelley engineers recommend that 
Series 380 Unfired Steam Generators be ap
plied with a reasonably large temperature dif
ferential across the heat transfer surfaces. The 
difference between temperature of incoming 
high-temperature water or steam and the satu
ration temperature of output steam influences 
package size. Units for smaller temperature 
differentials than those indicated by Table 2 
or the graph on page 3 can certainly be de
signed and built. However, they require extra
large heat-transfer sections, and they usually 
must have larger shells than those listed in 
Table 1. 

Only when a small temperature differential 
justifies a relatively high initial investment is 
this type of design advocated. Consult your 
Patterson-Kelley representative on these spe
cial Series 380 applications. 

Principal dimensions of each standard 
Series 380 package are shown in Tables 3 
and 4. They may need to be modified some
what to meet individual requirements, but 
these standard dimensions should serve well 
for preliminary planning and allocation of 
space in building design. 

I 

The code significance of P-K's model num-
bers may be of interest. Series 380 packages I 
are listed by shell size. The first pair of digits 
indicates nominal shell diameter in inches. 
The next digit or pair of digits gives nomin.al 
shell length in feet. Prefix letters Sor H desig-
nate whether the heat source is steam or high
temperature water. 

s 36 

9 I H 60 10 
heat shall shell heat shell shell 
source. diameter, length, ~ source, di•meter, length, 
S for inches feet H for inches feel 
ste■m H.T.W. 

OPERATING DATA 

In order to design the heat-transfer section 
and to select controls and auxiliary equipment, 
Patterson-Kelley engineers will need the fol
lowing operating data for the application you 
have in mind: 

STEAM-TO-STEAM 

• Steam capacity, pounds per hour 
• Output operating steam pressure, psig 
• Steam supply pressure, psig and degrees I 

of superheat, if any 
• Available makeup water pressure, psig, min. 
• Lowest feedwater or makeup water 

temperature, degrees F. 

(Continued on Poge 4) 
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for Generating Stearn Pressur'!s from 10 to 100 psig 
(For 5 psig, select ut next larger Model No.) 

FOR TABLE N o. OUTPUT R.ATINGS 

C 
I , 

1 . .. .., • 
, 1 ... ) 

$ ! 1 

r ------·• 
S. _: . 

1 

i 
j 
I 
I 

I 
I 

I : i-;1, . . I 

I s : . . I 
I ' 

I •• 

i-.5 l I , 

I• 

H.T.W.-TO-STEAM 
EXAMPLE: . 

With high-temperature 
water at 390°F, generate 
6800 pounds per hour of 
steam at 75 psig from feed
water at 40°F. 

Package size 
From Table No. 1, oppo
site 7500 Lb. / hr. , select 
Series 380 size H4Bt0. 

Check Table No, 2 for 
minimum inlet water tem
perature. Opposite 75 psig 
sea 380° F, so that 390°F is 
1atisfactory. 

H.T.W. requiremenll 
Sae graph below for 40°F 
feedwaler. For 75 psig and 
390°F incoming waler, read 
20.0 Lb./hr. of H.T.W. per 
pound of steam generated. 
Multiplied by 6800, this 

< 

=~· 
. ::J 

., 
I 

J j 

indicates 136,000 Lb./hr. of 
H.T.W. 

From Tabla No 4, a 4-
inch connection will be re• 
quired for the H.T.W . inlet 
and outlet. 

Using the conversi on 
graph on page 4 , the fac
tor for converting to gal 
lons per hour al 390°F is 
432. Dividing 136,000 by 
432 yields 315 GPM at 
temperature. 

5 i 
; · 

.. } 

1 • • 
.;. 

STEAM-TO-STEAM 
EXAMPLE 

With st eam at too psig, 
generate 4000 pounds per 
hour of steam at 25 psig 
from feedwater at 1B0°F. 

Package size 
Referring to Table No. 1, 
opposite 4000 Lb./hr., se
lect Series 380 size S3610. 

Check on Table 2 and 
see that minimum source 

HIGH-TEMPERATURE WATER REQUIREMENTS 
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PRESSURE OF STEAM GENERATED, psig 

:; 

F 

1. I l 
I - : 

steam pressure for 25 psig 
is 72 psig, Therefore 100 
psig is satisfactory. 

Steam requirements 
From Table No. 2, read op• 
poslte 25 psig, under 
180°F, that ii takes 1.140 
Lb./ hr. of steam lo gen• 
erate one Lb./ hr. of steam. 
Multiplying 4000 by thi1 
factor yields a requirement 
of 4560 Lb./hr. of stHm at 
100 psig. 
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80 
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"' 

NOTE: Combinations of output steam pressure and H.T.W. inlet temperature that lall on sol id portions of curves can be 
handled with standard Model 380 packages. Consult P•K for combinations that fall on dashed portions of curves. 

T-~/ 3 
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• Percentage of makeup water to return 
condensate 

• Analysis of makeup water 
• Material requirements if they differ from 

steel shell and copper tubing - as an 
example, stainless steel for deionized 
steam orfor special sterilizer service, etc. 

HTW-TO-STEAM 

• Steam capacity, pounds per hour 
• Output operating steam pressure, psig 
• Heat-source HTW water temperature, 

degrees F., M in. 
• Pressure of HTW supply, psig, max. 
• Available makeup water pressure, 

psig, min. 
• Lowest feedwater or makeup water 

temperature, degrees F. 
• Percentage of makeup water to 

return condensate 
• Analysis of makeup water 
• Material requirements if they differ from 

steel shell and 90/10 Cupro-nickel tubing -
as an example, stainless steel for deionized 
steam or for special sterilizer service, etc. 

HEAT EXCHANGER SECTION 

Patterson-Kelley will select a standard tube 
bundle to deliver the capacity you specify 
under the operating conditions you anticipate. 

An ample fouling allowance is used in com
puting the Series 380 tube bundle for your 
particular requirement. Please note that P-K 
asks for the percentage of makeup water com
pared with the quantity of return condensate 
if a return system is used. If no condensate is 
to be returned, indicate 100% makeup water. 

CONVERSION HTW LB/HR TO GPM 

w 520 

a: 5 500 g~ 
J: :::E 480 
a: a: 
~ ~ 460 

EXAMPLE: 
200,000 LB/HR @ 350°F 

200,000 = 450 GPM 
445 

~~440 ---------------. 
z O I 

5 :::l 420 I 
0.."" I 

~400'--'--'--'--'--'--''--..___.__.___. 
0 100 200 300 400 500 

WATER TEMPERATURE, DEGREES F 

P-K engineering department also asks for an 
analysis of makeup water so that the fouling 
factor can be based on both percent makeup 
and its mineral content. 

Series 380 Packaged Generators are sup
plied with ASME tandem blow-off valves. 
Regular periodic blowdown of any piece of 
steam-generating equipment must be per
formed to maintain its peak capacity. Fre
quency of blowdown will be dependent upon 
the percentage of raw makeup and its mineral 
content. Of course, if deionized or mineral
free water is fed to the Series 380, the blow
down requirements are minimal. 

CONSTRUCTION MATERIALS 

Standard shell construction is welded steel, 
SA 285 Grac!e C or SA 212 Grade B. 

Standard bundle construction utilizes ¾.
inch O.D, tubing, parallel roller-expanded with 
electronic control into close-fit, double ser
rated tube holes. Tubing is seamless with a 
minimum wall thickness of 18 BWG (.049 inch). 
Copper tubing is used in steam heated gener
ators operating up to 150 psig (366°F) supply 
pressure. 90-10 Cupro-nickel tubing is used in 
HTW heated generators and for the higher 
steam supply pressures. 

START-UP SERVICE 

I 

I 

Patterson-Kelley offers start-up service as 
an option at extra cost. If specifed, we will 
provide a qualified engineer who will check 
over the installation of a Series 380, witness 
start-up, check the perf?rmance of all con-
trols, make any needed adjustments and I 
instruct those responsible for care and opera-
tion of the equipment. 



SECTION I-6 

LIFE CYCLE COST CALCULATIONS 

BASE CASE, OPTION 2, OPTION 3, OPTION 2 + WOOD, 
OPTION 2 + RDF, OPTION SENSITIVITY ANALYSIS 



CALCULATION RATIONALE 

Cost Estimate 
Construction Midpoint 
Beneficial Occupancy Date (BOD) 
Midpoint of First Year of 

Facility Use 

12/80 

1/84 
1/85 

7/85 

{1} Planning Date - Time Calculations 

(a) Time from project cost estimate (12/80) to midpoint of first year 
of facility use (.7/85) is five years - seven wonths (5.58 years}. 

(b) Time from anticipated midpoint of construction (1/84) to the 
project BOD (1/85} is 1 year. 

(2) Initial Costs 
Initial cost differential cost growth factor for this analysis 
is 1.0, as it is anticipated that its cost will grow at the same 
rate as that of general inflation . . Therefore, the initial cost 
estimate dated 12/80 will be the same dollar value as the anticipated 
midpoint of construction date estimated for all alternates. 

(3} Maintenance Costs 
Maintenance cost differential cost growth factor is 1.0, for the 
same reason as the initial cost factor. Hence, the maintenance 
cost estimates dated 12/80 will be the same doll ar value as the 
BOD year cost estimtaes for all alternates. 

I-1~3 
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NOTES 

CD BUILDINGS WITH INDEPENDENT OIL FIRED H(,T AIR HEATING SYSTEM 

® BUILDINGS WITH INDEPENDENT OIL FIRED STEAM HEATING SYSTEM 

@ BUI LDINGS WITH !'-DEPENDENT OIL FIRED HOT WATER HEATING SYSTEM 

@)BUILDINGS WITH SELF CONTAINEL OIL Fl~E:; HOT AIR SPACE HEATER 

BUILDINGS WITH ELECTRIC HEAfE~~ 

BUILDINGS WITH INDEP_ENDENT OIL FIRED STEAM BOILER ANO HEAT EXCHANGER 

aJILDING N0.6 - (2) BOILERS,L.OW PRESSURE- TOTAL 2 4 H .P. 

© BUILDING NO. 718-{3) BOILERS, HIGH PR<:r ··, "lE-TOTAL 930 HP. 

ABBREVIATIONS 
0 -OVERHEAD 
U -UNDERGROUND 
T - TUNNEL 

UT-UNDERGROUND TUNNEL 

t--' ....L__ __ ,_, __ 

-----Ui_ -----

__,,_ 

LEGE No 

EXPANSION LOOP 

---------
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DATE 

I • 

,-

! .. 

DATIi: . , ...... • ...... ... . ... _ .... 

TQ.N\.\<.. S ~1..~"'~ - B<i +r;.~ a.-A error o.. +411\k 
w·,~ °" c.ho."'-'e.,+(.~ o+ S .ft a.viJ a.. lt..~+L,, of 
,~ h ,rt(:.~ a..1I er{ +i~ oles1a,,, cri+t!rio... 4S 

shown helo~ : 

" 
..... ~-. ' ' • T ' ST/!!Am 1 

, 
12" 

vo£.UWIE 

r" II 

/'iJ 
15 

r,o'' -r- ♦ ~ i 
l 

\ 41
11 

', 33'' 

1 \ 

l 1 

' ~ .. 
. ·-' 

/. Exp~V\SIOt\ Vol\.\.W\~ = (s+~""' c..,J.. Exp4A1sl'o"' Vo/e4..,,0 

2. 

- ( S+e.G\~ Ve, J...,_,t..} 

U'i.ill\~ -1--'~<.. rvo n,'\Oa f""o..,..w'\ 0 V\ tl~ next {)4--i ~ • • • · 

Eypa.Msi'o"' Vol~(. = ( qoo - 300) a4f~ 
= "00 g_Cllls 
::. $0.Z. G ~t3 

~he. e.x:p°""'s.lo"' vo l~e of ~o. ~ ,43 is 
Q/W11Js+ f-iv\C.(., ~l, VO f t.vw\e. ~+ ~'?., ~.f ~t, 

dd-1--ribv..·l--iQv\, p~pi ,,a ( L/7h3
) - a,/ lowm~ Se.,++,~,~ 

J'Y>t:h-0 ; "" -/-o a C.<-o ~ +"r" +he., ho i / ~ .,..- VO /,.,.,,,.,.,., ~ 
D,~e---vSlO"\J C~e.dc. 

/8 ,, 7 IS" - 0/( 
1./'i? ,, is 80 % t!}./ 60 - C> I< 



, 

• 

U) 

600 
500 

300 

200 

100 

80 

60 
50 

~ 40 
u 
z 

"" z 

30 

~ 
,._ 20 
0 

:J:: 
f--
(!) 
z w 
--' 
f-
:J:: 
(!) 

<t 
a: 
f-
U) 

--' 

10 

8 

6 

5 

4 

3 

2 

- _ 10,000 
-
- 7,000 

5,000 

3,000 

KEY: 
d - h - G, 
G,- V - L 

j---L-'j d 

1 · ·~1 : - -~--:.:... ·==- ~-....!.- ' ~ 

h 

,c 

10 

9 

· 8 

- 7 

-6 

- 5 

20 

- 15 

ll'11sio11 or load in the chain on the 
sl:wk si<lc, cnuscd by the chain weight, 
111ay h<' clcterminf'd with the 11omo
g-1 aph prese11ted h ere. The nomog raph 
is based on the following equations: 

\.Y lw, c: 

S = (0.375 CE) •1, 

T = (C~W)/96S 

- 10 S ::. Sag of chain, iuchcs. 

9 C =-· Sprocket centers, inches. 

(!) -

. 

8 

7 

6 

5 

4 

15 

- I 0 

09 

··0.8 

E = Exrr.ss ('hain in slack side (Total 
cha in length required in in~hes, if 
drawn up tight, deducted from the 
actual ch~in length to he used), 
(No. links x chain pitch ), or E = 
(f, - C) . 

T :- T cn~ion in chain caused by its dead 
weight. 

W = Wc-ight of <"hain per It. 

Example. Given a chain wrig-hing 10 
lhs. per ft. ;i11cl a 70-in . span with an 
cxn·ss · lcng1h of 1.5 in, hcs. What is 
I hC' sag o[ the cltai n, t h(• tl'11sion for 
a chain weighing 1.0 lhs. per fl. a nd 
for a chain weig hing 10.0 lbs. per ft.? 

Align 70 on C scale with ! .5 011 E 
scale, cxtc11cl a line lo the S scale and 
rC'acl 6 .3 in. sag and 8.3 lbs. t('nsion 
for a chain weighing 1.0 lb. pl'r ft. 
\\'h!'rc the line c rosse s the '/' scale. 
Then ( 10.0) (8.3) • - H'.3 lhs. for a 
chain weighing IO lbs. per ft. 

1,000[ 06 

c 200 600 · 

400 

Find Volume of Part-Full Tank 
150 

200 · 

08 

10 

F. Caplan, 
Kaiser Engineers, Oakland, Calif. 

The volume of part-full horizonlal 
tanks, not considc ,·ing hea d \'Olu rn('s, 
can lw fou nd using the fo l lowin g
equation: 

V = 0.001-33 L{J ,t - [ (1 - 1i) 
..,/dh - -·-!?- + f a rc Sine ( L~ 2

/,) ]} 

where 
I, Straig ht length of tank, in. 
d = l n sidc d ia 111ct<T of tank, 111. 

V 
h 

Contents, gals. 

D\'pth of liquid, 111. 

Note: For full tank capac iti es, 
multipl y V fo r h = d/2 hy two; for 
h > d/2, su-htract the void voh1111c 
from the full tank. 

74 

Example. For a lank with :111 I I ) 

of 80 inches, <lcpth of liquid = 20 in .. 
an<l the straight length of the tank 
is 200 inches, wk, l is the liquid vol
u11 1C· content in gal lons? 

Solution. Fol low the arrows on tl,c 
110111<>g-raph a nd lind the volu111e lo 

he ~ gallons. 

\aso 
Use Nomograph to Find 

Drive Chain Tens ion 

Bill Sisson 
Nipak, Inc., Pryor, Okla. 

T n avoid u n 1H·c·r ssary s la C' k-side 
lC' 11sio11i11g of chains, the sa.~ frn111 a 
straight line should not lw IC'ss than 
2 to 3 percent of th<' horizo ntal dis
tance. 

Rcpri11wrl from HYDROCARBON Pf~OCESSING 

100 

1/16 15 

1/8 

- 1/4 

- l/8 
• 1/2 

20 06 · 

04 1 
- 15 10 

02- . 

01 · 
- 10 15 -
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. . .. 
I 

' ,. 

I 

~ I 

5 ,ll..E TH-E 13U\LDf:N(;. STE~VYl 
0,: E.N 'ER~,OR.CS ANO OET!.it..m11UE 
Ttte I Nyroas& ,of DBf :1,rs .ga'D 

I. S+eo.W\ Ker; u., r~ e-J- • /~ psia) S41:Urctktf . 

z. HTL0 Sv.p pl~ T e----.pe..-""+~.-e. ::: 3&:>•F 
f 

)4. T \..0 ftC..~""-r"' Te IN'\ p !. v-o.+u.r~ = 270°F 

~SSl.\v-ne... ~~ +~<- • •. 

Co\l\~e.11\~+c. kV"\ p~r(L-t'-lre. ::. Z.'iO eF ( IO r>\i Gcd--) 

-A~ ~'LP'~~ 
~Tt=.A-M 

~~TEW\ 

STE ~rv\ J:=l.6W 
' ' ~WE ~£.~~ 

~ '( B \..l \ \J:::> l Ne,.. 

-:: ~ s-ra~m - ~cc,vt>E:AIS•TE 

..J!,3@ I~ P~'e), sc..t: , 
:: 11,L/. I - ( _208. 5 2) 

= 7S5".S'p ~~._, 

= t3 u \Lt) 11\) G- t±f IC\... T LC 8:D i-ri ~T"-/b <'" 

q S'S: S<Z BT'VJJ:a W7 

( Sc~ B"'"~\J.,~~ To,.~\.\,\~"'°' t0e x:t ?~\ 
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701 

102 
70~ 
Z~S' 
7()fo 
1f:J7 
1D8 
1!'1 
11'6 
1J&J 

,. 72.0 
- . 12i 

123 

::-~il 
I I ~2 r 

~9S' 
~10 

. 812. 
' 

BL\\l.Dltv& PEA~ HEAT 
LO D tlT~/h"'" 

~8'.S-, L/OD 
C/7ff) 3oO 

/, 4'-IC/, 200 
2~1> ~DO 
308) 700 
77'-I) 300 

l,'-1'1'1, 2Do 
38 /) '11 "I 
L./8'1) l./00 

7'-1) (oOO 

37fo, 700 
37/ 1 soo 

2, J~s,soo 
&,s-qJ 200 

2'-//, 900 

I 3", 000 
/St/, &oo 
/34) 2Cb 

71 7, ~00 

~3. JOO 

I 

/J 33S, olO 
1 qq,ss-o 
yqs> ~s-2 

7/7 

/JD 2.L./ 
~S/1 

274 
323 
'810 

l/5' J 7 
L/00 

S 07 
7<g 

3 CJ'-1 
3<;ICj 

2,25b 
b1D 
253 
/'--/2 
/ 02 
/40 

75/ 
0 8 3 

....• AEP N O ............................ ........ ............ . 

SHEIET •••••••• ..11' ...... OF" .• 

DATIi . ....•... 

,,ooo 
JOOO 

I 

lSOO 
soo 
5'00 

}000 
I 

J soo 
) 

soc 
soo 
2so 
soo 
5'00 

3,000 
/ 1 000 

2SO 
250 
2s0 
2so 

J,ooa 
1,000 

I., s-oo 
250 
S"OO 

• l 

UNF\&,E.D ~TEA-m &El\)E.1<.Pt-TQK. sµm r"O&Y ~ TABLE ~-7 . 
I 
t'" •• . 
I 

• I 

H 24s A 
H 2YS B 
H 3CS 
H· 307 
H 3G,9 

Broc.~u..r~ 

* 
2.SO 
soo 

J,000 
1,soo 
3,000 

1:- ~8'3 

3 

J 
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OE81GN£R 

CHECKIUI 

SHUT _ __ J~ .. OP' 

DATE 

De~~~V\ c~"\-er,~ 
l. Tkt- d'-s+~~\o\A,\.\ow"\ p1p1~ ~~-s.\-~~ ~V\ \o~ 

11 

lorol-le..v-i-doc.vt'\" ·,V\+o -h.oo ~u..los~~+c.,,.,~ - O\"t~ 

2. 

.s. 

b~:\\"~ +~e.. ex,s.+.~. _ pipiV\~ a."'J. +i.c ?¼ev-
be.,I,\\ ~~ ~~ p,pi""~ _ I+: ~e p1p,·h~ 
re.'$\<>.::,~c.e.~ o+ ¼~ ~o ·su..\o.~~+~~ o.~~ 
to~ 4-o \oe u..:>·l~\V\. \0 7~ ,~~II'\ 4-~e. +wo 
~i~~~ C.~V\ \oe.. :S'-'\p~\,<.c:Q 0~ ~ ~~~ 
h~~r. I+ +'-'e. ~cs.,~-\-o..V\c.t..~ cu-c. cc ~siJe._.-q.\,I~ 
d.++cr~, +~e.\l\ ~ cs.~~s~s~ 5~o~&. ~(.. 

s~pp hd \o~ a ~ero,:\.-e. s~+ e)~ c,'f'C"'-\~~,~ 
p~ps. 

The.. 5~~+~ r~lS~c.~ 

S.""-pplQ. ~ .,..e+l,\.~V\ hv-.e'!) 
I,·"''- p'r~~c..tf'"'C d1ro p~ a.re. 

i":> +~cct" o+ +-~~ P\Ott\ 

o\'\l~ .. · r0 o br-o..11\c.~ 

'"" d '-\.cl e. J 

-Flo'-",) ro..4. v...~~ -\-o St'l,~ ~e.. f~Vl~ 
\a(. +l~ c.o""'re~po""&.·,v-.t +o +~e. ~k 
De~o..~cL +i\l'V\c...~ CA" 133 % diversi-1-J ~~fer. 

4. The. spec.~+~c. v~t.v\M(. .fo.,.. +~t. H-TW ~1.4.ppl~ 
w i l I \o e d.t-+e.,-""' '"'e.c\ C\.+ +\-...~ o.,\Jer~~<. o+-
-+~~ $~"\cl-o\,l,+ O.."\.cl ,eAc:l- or-1.·"' e +-~p ertd~~ 

O<"' (4oo + 3~0)/2 = 390 °F. Th(. re.kV\ 
1,~e. sp~C::,.C~t. vol~c.. w,·tl \o< deJ-e..-V'V\~'-"j 
Q.-\- 2.lo °F • l\.b,\.--<- -rlJ. \o~~ I;"<. pres~~ 
~ i I I b t. o.~s(..VW'\e..J co\f\s ~ ~ + 2..S-0 psi~ • 

S". The. Pe.o..k f-+T W De-1/V\o..~J. l S +a ke"' +""o""' 
+ h('._ -h, .. b I~ i"' Scc..+1011\ III. 
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CHECKER 
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I· 
' 

I· ' 

.. 
I 

' . 

DATIi: 

De~\~11\ Cri+~v-~ct (c.o~,) 

~. S iV\c.e t=:i p,~ olr~'°.'~ ~ o..v-e )\o+ ~v~:da. \.,\(.. . +o -r 
+k ex,shV\~ pap,~ > +kt. poi"'+-+o- po,"+
le~.\,~~ IA>, I\ b~ \V\C~~ \o~ IO ,o +'.b 
O..UO~Y\+ -for ~pa.V\s.tOV\ loop plp•~a. 

7. Bo+\... new a~ e~o&-h·"'~ p;p(, le~~+~ s 1.o,( I 
b.e . ill\ c.re..."'-SC~ . \orj l.S-7o +o A.C..C.O\.\. V\+ +c,v- +~<. 
e~u\v~lJ PIP~ 1~V\~t"' o-f. l:wi.,,as. 

c..Q. \ C,\.\,\" ~ C,"'-. p r-0<:d u.re. 

T'hc. hec...d loss IV'\ .fet+ ~+ l,~"";J .~ ~<-~ 

p~p<-- r~"" i5 c~\c.."'-k.:\.-eJ u.~,li\~ +½<- .follow,"'~ ~w~:ho~ 
°'~ c:lo..+"- : 

hL = f I- TOT""'"· V' (-ft) 
D 2~ 

v~ o.os-oc, W;v-/cl 2 (ty~<-) 
W -= I/ow .,-Q.fe > Jlo.,.,,/J,,..,-
.A.r = 5pt. c. /f, <- VO/ u-tt ~ ( H }11,,,.,) 

:: • 0/f:JL/CJ .,t;,,. HTW St..yop/'3 
= • 01 71 , ,/4,,. .J-lrw R~.;u,,..,,, 

L '::: ro+q,f _e 9tA,-.,,alen+ p,pe /(~-th ,;,,e./c.4',;,,0 "'--
exp4ns10"" ltJof'S a~J IJ-.11',~J "--

: See -Ir:. ble belo'-v ;:;.",.,,, Crdr1e. -/./Jo 
r",-,cl~ , cl~~ (lit'} :11.t. 
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CHll:CKUI DATIi: 

P1PHv<;,: PB,E.S§URE £?Rop : TABLE x;r-1 

__ P,1PE PE~\<. t>ErvlA ND ,1'¾.r PI PS: H Ei,qD l.05 S ~ -1'1,. 

RlltJ o+ HTW s12e- SlH Ll!.N6TH, tt 5l.4PPlV ~ETu2f'1 roTII\L 

__ 20_-Jq /001 ?CJC/ ~" -'-lo 3~0 .. 8~ . rs /. b3 

_ 2_l1 -22. 3S,,foo b,2'1z. -Yo /q~ .o~ "-00 ~.O(o 

. 22-2, 32, IL.lq 4,2 - «.to 2b0 .~, lb.SC, / 7. 20 

~ 2~ .. 2.'l 29, I lb 4,2 - '-lo J 10 .21 ~ -7?, ~-CJ'I 
.2,-32 /0)3 ':> J 3-> I ~l .. YO,~ Jo~ • I I 3 .. 'g'O 3. 't l 
~.31-- 3'4 S-,OS'b 2,1~-'/0,i( /30 .. 2 'i I. I 3 /. 3 7 

_ 3~-35' /) 0°8 2,,~- "f0,1'£ JS' • OD . o I -1_- -~ 

3'-/.54 

i--2. r;,1,/(,,3 <£5,'-I - Yo bS" .02 . 48 .S'O 
. -

S-8', IO 7 2--Y 'B,4 - 40 230 .OS' I. S3 +I. S<il 
- ----j-- . z.o 8 

I -
':I-$' 24, l5C::. 4,2 ... 40 70 .O'I 2.s-2 2.bl 
s--, 13, 3 13 Y, '2. - 4o 210 .Of:/ 2.30 2.39 
r . 

~) 48'5" ~-r I 4, 2. -i;o /7S . o I • 32. + .33 
S:33 

-

';1-1.0 3J)CJSI c&/-t - l.fO I 10 • 01 • 3'l .LJo 
;; IO-:,J?. 22>3S.S- 'g 4 - 'io 2. JO . o I • 2 / .22 ) 

12 ~l'f 10>7S9 1 b, 2~z. - 'iO 25'0 • 0/ • ~ J • 82. 
/'l·lfo cg-, "" '=, ' ~ > 2 !11. - Yo 2qo . o I .. sz .S3 
u,-,a f,, J9(c, t ~)2Y2. -1.10 I O'S • ()0 • I 0 -t-. ID 

2.07 

,1~38 ,s) 2. 17 2, 2 - '-ID 2,300 3S.ob 30.20 f&S,. l'=, 
3t-<io I 3 > 2~ I I 2) 2. - 'lo 5"3~ ~.22 ~.3b I/. 5"8 

&l/0-''iZ. i, oSS" , l½.,J~-80 268 {:,!28 5',~ I JI. l, '1 
.. ~2-t.N ")ii'=> . J~,l~-80 /03 /. 73 /. 4? 3.22 

. W'4"'"" I, O 7 4 I I -W 3Sb I. 53 I. 32 + z. 85' 
J 

C/L/. '0 
N ote s "'nc:l -F lolA> ,-o.+~ 

I) T"°'(.. rip(. \c.."'i+'nsA~~ow~ a.~t. a.("(. t.~e bo.5e... v~h.,l(.s whic~oto 
no-I- ·,t'\CilL\c:l<. +~~ "odJerS 11 o+ +~t- Dt!S,~n c,,.,:/,e,,.,"o.._ .,-he.J- we,t:. ~s(!J +o 
etJ.c.w('-,+-<- +ht. pw-esS\4.~ D"'"P 2) T~~ new Pif'"'~ rl.Nt\S eA~ ,ck.,f;./~_J 
b«:i, ~°'-vi"\~ ,f."'~ SD.wi e.. ~~zt, S <.\.ppl~ o.,v,,J_ . .... ~+'-4\'"\I'\ /j,.e,s. (-Z: -~ 



au■JllCT AEP NO . .. • .. .. 

MYNOLDS, SMITH AND HILLS 
AIICHITECTS • ENGINEERS • PLANNERS 

INCONl"OIIIIAnO 
DIEalGNER 

C HIECKEII 

aHEET _ ·····-Z.Z.. OF 

DATE 

DATE 

,· 
I 
I - • 

l I. 1l I 
I 

i 
L 
. 
L . 
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I f -·· 

L . • 

' I ,.• 

I 
I 

,- ' 

t. 
L 

l .. 

• . i 

!. 

I I 

Ft-o~ T~\,\e, :2[-1 cw,c.l +"'(.. F'P'V'\~ -Y"U.\I\ \a.~Q\A-t-
ske..+c.""- o,-. S ~'-c.+ , , i+ CQ.Y\ be see\'\ + ~+ 
+~e. pip'- r\AY\ +\-"OW\ po,...,t @ +o @ w·,+~ 
a +o+~\ p-re..Ci.SU.r<. d....-op ~+ 3~.ll +t: (1.G.3,..3S".S«f ) 
,·s +~e, c.ov-i+"'o \I,-"'~ 'rlo, fo~ +-~ ex,~\-,·~ f'' p1 'r\~ 

s~\o ~s+~.. nc. ne.w P'P'"'A ,S\..\k,~~fe..wi r'CA~~IV\'\ 

+v-o'M poi~t @ +o ® h~ a.. l--o+,t.& pY-e~~tA.re drop(j 
e>-1 CJc;. "6 l't:.. s,·"''-~ 1-¼~ pre~~l4,re clrop.s o+ +'-'~ 
--h..uo S'-'.loA~s~~ a.v-e V\o-l- l,Q~i\'\ 10"70 o~ e.o..c.~ o+k.r-
+.he.. +"-lo S.<-\lo ~ d ~ +~ s. IIV\ % + b e. 8-\f> ph. e J kh~ 
~peY"°~"-~ P~ P~. 

D"'--e. i-o +~e.. h\~~ h~J o..V\J. low ~)ow -<?>~ +IAe. 
p.l.\"'-"P S<-\pp\~ ,·~ ~e t\ew p•p ,~d S4\os~s+~, 
+\....t- +ollowl\l\~ p~1V\c) o..v--rcx.11\~~ i!!. rec,'-\,~c:A_: 

G 
PumP 

A 

I "'s. i6(.. o-f-+- 7 
Nt."' Ce..,+.--c..\ 
Co~ F,.-e.d, I 
1301 le...- Plo."'+-

1 
I 

G' ® 
PumP 

t3 

-+ _J 

A \+~o\4.~k +~e. f>u.'Mp~ a.r<: s,.-z.d. +o Sl-tp~\~ S3 io o -I- +1,'-
Sij~+.~ P~k H-TW DGW\0..4'-1.d ., th~ .. will nor~CA.l I~ ope"-t..'t'e.. 

a..+- mue~ srna lie.- ..f /4"°5• _ 
-

DESIGN CoN{:) IT \0 NS SUC.TI ON 
PUVV\P FLOW (G,,Pl'Yl) He~O (-l-1:) Pslc; 0)\:: 

A 225" '-/0 25"0 ~ 00 

8 30 S';:; 2<ol 400 
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r 
I l:-. 
I 

I . 

DATE 

FIAE .L corv~UMPr10N 
! I 

I. Bo,\~< Ke4~w-~~ 
..., 

~.. ~TU./\.\v-- Inp~..\- : 

b. 

c. 

A:f6~~ B~, \e..- E++ = 70 o/., 
&,\e.v-- £.~~~V\~ = IO>SOO H~~/4,,,.. 
A .14. = .J.. STERm ~ .S"'f>pJ~ W/lt11:R 

2S-6 p&•a 2sr> psi4J , 1./0oO/= 
SQf.~ a 

= /2t> /. 7 - 37~., 2 
= g-2,. S<jj l3T"yjJ:,_, 

BTU/4,.. T,vPLlT = (1q,s-ao· 1½,-)(~2~.58 ar¾',..,) 
.JD 

12,soo 
30 

Bo/(b""' 
7o Vole..+./,< rn~He,- (fh~ ~14sh-Fr-ce.) 

THEOR.ETICAL. AlR._ - 7.~ lios/;oJooo BrlA. 

pe..- _g.,. JJ 

= 

TOTAL At R. :: (!. 3 'f.._9i 1-/2 3) :: J~z_s:-o 1b/J, r 
:-t=-~8'il 
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CHIECKat ............................................................................................... . DATIi: ................... ...... .................................. . 

~r~L 1B--.(> 

~u.> 

Atv.t. ~'-" Q,,le-.t 
'$"kta~~~ s,2,e 

\'2 f:>\2. \5,1000 

\~'a~C\ . \S,ooo 
qc;z., \C)poo 
S°lS12.. \0~O 
\C\q \ '9,000 
$i::>7 \Q,000 

0 -
ze,~~ 10,000 
G>'¼ 10,0«:> 
\ I ~l-\b lCSpoD 

30 55 

\.~i1.5" 
\~'I,~ 

%> ~,le~ 
lo~d 

g5.~ 
%'8 .~ 
Cfr;,2 • 
5q,S"' 
19,qrr-
S,7 • 

'2. g I 4 JI. 

bbl 1/ "r-
75,fo 

JO~ 

.. 

WtO 
~\l,O . 

t'~\:i 
l~c,,3> 
r?>'t,3 
121'~ 
12,,, 
'6~.o 
Sl,O 

97,0 
12.1 .,b 
, ~Cf,s 

Co~ 

-· 
~~~P . 
3tl •P _ 

El«J~~ 
#k~\' ~ ~'-' 

I0~b?,'j 

9~,bJiO 
q0,41O 
s1.ss2. 
bO.~~ 
~,.~a?.. -
7~,tts 
'i>:7, $$Z. 

tol,f>~'\ 
7';.>7, ~11,i ~ 

* · .~ (JJ I01cflX'.> 11/11'£. 80,/,;~ 
1 

Aew ~T o-zsr.,, loA<I ::r Bl~; ZS-SC¼ / 0 ;,v/-:: 971:::,uJ 
Pvt/ /f>Ad :r IZ,kl:, ~ 7L i 

-10 



SUIII.IECT .~ . ~r.w.~ .... ~~ ..... -~ .. ,,..l.C; ......... . 
R.EYN"OLDS. SMITH AND HILLS 
ARCH ITECTS • ENGINEERS • PLANNERS 

INCORl"ORATE0 

.. "Qf>T!O.Al 3 ... ~( ...... ..... _ ·· ··- .. 
DESIGNER ..s Co<.AJeN .. .. 

SHEET -······-·············· .. ···· OF" .. . ... . . • 

I. 

2. 

s. 

CHECKER 

DATE . 

DATE 

A....,wvAL. 0Pe~-no~ "Nh lA~u.rre~ce Cos., 
( .bee~~~ ,~so l)o111\vis) 

'T\,\..E ~ 2EQ\~ bEC tq 80 SA\.At y 
1w c\.. f: t"uJ '-"~ 

801Li~ Pl.A...,,- I i 2.~; l?O 

OPeAAtt LE'AbE~ 

So,Lett P·LAtJT 4 ~ z,,03e, 
OPE'Mmt 

CoAL ~u,PM&.rr ~ 21, o~e:, 
oPe '2.Ait:f< 

"'Tb'T~ AwNuA 1 

co~,-

# Z ?>, IS-O 

Ii 84, IS'Z. 

N Zl,o~e, 

'-..._..,, 
4. HEAT1J.Je:, F~u,Pw~ 2. i,/,1,0~& ,H 42,07'=> 

l._...,· 

~ECt-\A.t.JlC. 

No"TE: 

To,AL = # 11q l//{:, 

As.s.-iMe CCI~\ o Pea.ATOfl (2are -:: A~ \~tt Oi~f2ATb~ f2ATT: 

l>Ec' 8o A.N..,\JA-\ sAlArz:r ::l IUAn.cH I So -t41h.1t1.lv · R&..-b x. '2.oSO "'ac; 
410 •:> Yo t=rttJGe~ +, r. i'~A.tl~106,J 

ToTAL At-J\.JVA.L LA.Bet< Co~T = k- /7°'1/1,,, 

lOTAL ~..,...,tJ~L M~l~t-J.AllCE MAiE~tAL = # I/L/83& 
( A~SOME 2. ,S o/o C~~fT~L Cos.-r) 

IL - 105 



SECTION II-4 

CAPITAL COST ESTIMATES 

OPTION 2 + WOOD 
OPTION 2 + RDF 



:z. • !e-tJcf1c,A-L Occ.vPA.IJc't' bAiE 

~ .ANNvA'-- MA1.....rreNAN:.E c.o~~ 
0 PEttAT)OtJS ( lo.l-ott.) I 1'11,lfS'I ' n -z~,, '2o'I lb~\.., 
M"'t~MA.....n M.qn~tAL l 'i '"7155 J 

i • C~CL\CAL MA•~ANCE Co.s~ 

,, EX\~TUJC- P,P,~<::. w,u.. 6E' QEP\-ket> UJ 1q~4, 4 '2021 AT" A Co$, 
o;: J 'lio,"411O ,~ b~c •~o 1t · 

i) ll-l•"flt\\.. s~~"'IIM w,\\ ~ rep\e.,ecl o~tl tc; ~ttc, {-io10) M- ~ 
-toT~\. Qe()\a,eMeNT cos, o~ ~ 2,q,~

1
212. IN . l>ec 'So ~ 

e. AhJN\JA\. ni-=L CoST ., M ~ 
/. 141,7 4Tou~ woob@ tt 'UJfrotJ • tt Z834 

iJS~s1i. ➔ ~1011 T~ coAL..@K&'t~• ttS'Llsq'I 
-- -ATAt. • 571/ 28 

9 ~ __., ANNvAL ~'Ecrtc\c.Al Cot..1~v1'.\PTIOt-.J 

4,o, 1q B \<u.>~ 
lb. EIEC.TQ\C.AL bE~AND ()AiF 

\So ~w 
JI-- JO(o 



CONSTRUCTION COST ESTIMATE 
'DATE Pll[PAl'lt'.D l 5M[ET o, 

J"IIOJt:CT 

INCREMENT E £ENTRAL BOILER PLANT PROJECTS 
\_,, LOC,.TIOte 

'--' 

SeA.D - 5:-o<..JTf""( 8-A51= 
"l'ICHITECT ENGIHt:UI 

REYNOLDS, SMITH ANO HILLS A.E . P., me . 
011.,.WING NO. IESTIM .... T Ol'I 

tvoo1> F1/./1AIG Sf/8,-0PrtON 
OUAHTITY LABOl'I 

SUNN Al'IY .. o. 
UHtTS 

lo Tot-l StoRC"\e. ~\le2 a.. 2 

Go1C? \Jc.luci~ '""ri' ~ ,-z." 4 
.Dt\JERT\~b \)~\JE°1> 2 

, Z" rt ~eeA c\..-u\-e \00 

Sv\o-n,.,.-AL 

l..A&>R Bu<2t>et-.) ZZo/0 

~ \E?':::, -,-~ 'f..... 5% 

Su\::m)TAL 

Dua<.~EAD 4 P<Z-OFrr ZS% 
.Bo\.J~ \% 

~d~L 

·-· - •-". - 1 ... - ~ ~ OJ .. - ·--- -- ,. ~- - U/o 

'=ro I A. l::: 

. 
fMG fOAM 

I AUO ff 150 (£R JIJ0-"5•7)0)1 

PE .. u•OT 

Mil A a . 
TOTAL 

UNIT 

EA ·~~ 25bb 
Et\ 4S" \~o 

E"A 90 \~o 

F-r b~ bSb 

3b 1'2.. 

195 
-

. 

,..,..,>OC.J, !O(Y'IC),P.j A,,U,'f &I 1r'4.#/\ 

BASIS ,011 t:ST IM .... TE 

D CODIE A (No •••r oo,npl•t..t> 

D C OOIE • (1',.1, .. 1n.,y 6-el,V 

D CODlt C (/'lnaJ ,, .. ,,.; 

D o T ... ,. rs,..~,,., 
'CHECKED ■Y 

NATt'.A IAL 

P 1111 
TOTAL 

U .. IT 

TOTAL 
COST 

Y-tsz ,qo4 10,470 
,~o .31ZO 3'&>0 
\4(:,o 2920 3100 

IB~ \Cb~ 2S12 

15~½ \C\442-

- "7CfS 
792.. 792 

'2102..9 

S2S7 
'263 

2b'=>49 

\SC\~ 

"' -- 11,-,, ~- ,-.-

• w a e,o,,1e1111111 ■f ~•1•1"••'- c,,o,lo(.t , ..,. •-•••••• 

(TRANSLUCENT) 



CONSTRUCTION COST ESTIMATE 
OAT[ '"lll!''"AIU:O I SH[[T Of' 

""0.lf.CT BAS.IS f'OIII ltSTIMA'T( 

INCREMENT E £ENTRAL BOILER PLANT PROJECTS 
D COD~ A (ND ,, •• ,,,, ........ ,.,-c0 

'-.__,. LOCATION 

S'£Ab-5;'ouTI-/ .BASE' D cooa • ,,.,.,,,..,n•r,, .,..,,v 

A"'CHITltCT f.NGIN[[III 
D cooa c 1,-111.i d .. ,,v 

REYNOLDS, SMITH AND HILLS A.E.P., WC. 
D OTH&II ,s,..c1ty) 

D111 •WIHG NO, '[5TIWATOFI ICMECKf.0 .,, 

~ ~1fe1NG sue-oPnoJU 
OUANTITY LABOIII IIU,TEIIIIAL 

SUWWA"Y 
TOTAL 

MO, UNIT "'E" ..... COST TOTAL TOTAL 
UNtT• ~-A•. UNIT UNIT 

"' 10 Tot-l S+oac,l\e.. ~\t.c2(2.. 2 EA 1'2.8'3> 25bb Y-isz 1904 10,470 
Goie \Jc.lv"c.:. -rz.'' ~ ,z.11 4 E~ 4S" 1'2>o ,~o .31ZO 3"3Qo 

.Dt\JE~ThlC:::> \) ~\v~ 2 E",t\ '10 l'co \4l,o 2920 3100 

\2" ¢' ~eeA c."'ut€ \00 F-\- c;~ b€>b IB 8b l'bBb 2S72 
-. 

S v_b 'T'C, AL E>b 12.. lS'o½ \q 44 z_ 

LA&R BuR.bet-.) ZZo/e;, 795 - 7CfS 
S~ \E?'S> TA. 'I,.... So/'o - 7'12. 792 

''- SubToTAL 2102-9 

Du~H~ ct Pt2-0Frr 2S% 5257 
.Bo\Jt:i. 1°/o '2b3 

toTAL ~E'/Jt.AceJV1Ei'Jr Cos., IN /)r£C. /1 ~eo) I ,., 'I V 2b649 -
...... I I I 
... 

- -

-

-

. 

150 
(ER llJ0..:,.15_7:,oJI "'1:1 vtOU1 t o,no,... ......... M .,..,ft 

(TR.A.N5LUCENT) 



■UBJIECT ...... S...~~~.: .. ~ .... 8-As.E.. ......... f,.EP N0 ..... 8.(l!..?..i.-:.~9. .. Q ................ . 
REYMOLDS, SMITH AND HILLS 
AfteMITECTS • ENGINllERS • PLANNERS 

INCO~IIATllD 

QetJQ_~/,.. .... fA/.f!..4A ...... !E.!~.IJ.!.6. ......... _................ S HHT ............................. OP-.. ---······················ 

DUIGNf/.'11 .. .. £..C<l.tAI.~ .... ...................... ······· ....... ... DATI . . ········· ···· ................... ······················ 

CHSCKSl'lt ............................. .................................... ........... ........ . DATIi: ... . .... 

~ ...... ~ I\ ti, woo& ~~ w,,~eec;. , 10 'Tb~ CJ>i.:PA.c ,,." , "Tt) flC -roppt!~ up 
I.~ -K-e e~,~T•tv~ c.o~\ udc:..,.A-\ l,..~opef'.. / •~c.4-r £le.JA.Tote/ 
.b.ftA(a. C.MAt~ co~~~~ SVSt~M - WOOJ) c.vou~f> Ndr &E' s.,it. 
~ .:r~ ~<.a ~~~ ~ a,Jr- wow1b 8t- Peb ,o '-nt.l &o•U51l ""'fl" 
'TMSe ---~ . ~«t: ~ ..,...., 8tNS wootll. ttM n, W l:llVA>et) w•n+ 
v·a~ r-1 •~i.s. "iD ~ '11ft. w~ .. ,~•ti.16 

\t" ¢ c-~~ c~ , ZS I I°"', t!ttcM 

n.'\ t ,v' ~\ ule ~~ \)~ve~ 

\U\?.",ut' ,,uefllNG V~L"E"~ 

\NOQ\') I~ ~ &£ FtCE~ OWL'( ~ -"' SvPPc.EMl!'Nl'1'L 4=uel., , fT ~ 

Jet~ MuME~ ~ uo Mote ~~ loo/.c,, °" -t{e ToTAl ~ 
VJPV'.r u,,t\ ~ P(lov•OEb ~'t" 1'+1: ~O«'b. 

PEAt: IOAb of s-lee.M Ge~t4){-=- iqt~O 

~,c.~ ~u,e =- Bo t>~\tj "2. h- 1119-. I 
1e.,~~ ~AT 1 

f .uclw~ ""'Q~~cJv(C):: 2'26 f 1 h: l'f~. 27 

t:.~-= qe,1,8~ ~/fb 

AsWMe. ip,\ttt £~1,cttJC.'( ~ 70 3/o 
\)Joo C) t+~v ~ 5~2B ,1'>/ lb 

McJ\~~ • 37,5 % 

\q I~ lb/~ x ~82.83 ~ )( I01a 
f.JA.'f.. UJ()o\ °BcJtUJ Rene. -= -------- z-

'10 ~ S"s2 e lh)-;b 
Z)_- /0? 

~ 
---thl. 



REYNOLDS. SMITH AND HILLS 
A.CHITKT9 • ENGINEERS • PLANIIIIERS 

INCOlllflORA T1l0 

SU■JKCT ...... s.E..!.tJ..-.: .. r.,.Y.IJl. .... &J,£.. ....... ····- AEI' NO ........ h..1.it..-:-000. ........ -.. . 
~~®.A. .... W..oo.b ...... F.llf.lJV., ..... -......... ....... SHHT - ...... - ..................... oP ... --·-······· .... · .......... . 

DltSIGNC11 .. ..S.:..~.~ ....... ............... -...... ... ......... DATIE .......... .................... ...................... ...... . 

CH«CKU ........ ..... ................................................... -..................... . ........ DATlt .............. .... . .............. ........................... . 

-~•TIO~~ Q ~ M eo~'Tit ~S.OC.c.A♦,i.b w MM Wio~ ·Ft~UJ6 ~ 

~ As~ T-M-, .1. 4-dd ,-no~-~L o~. w,u.;. ee- ~u,e@ Pea. 
Slt.lfT ~ WQOb. ~ la.Ne> Ft~C) @. J ttO!'i> . ~~~ ~ 
~ l ~ ..1.-~,~ l'-t" de;,~ , s cf~':) .~ wQi.tj 

Wrho..a\ \C4\oc(l CO$\ r , 21 ole, 

Y -~ -wtAT ,tte ~J~ ~ w,\\ bf -4<o S4Me ¼ 
. as~''" '"1tte ~~l c.~\ -~\Qf\JT" ( '21/1. o/o a, '"'m~ ~) 

(,025X. # 2K/'12) ~ // 7.0.1./ /y,e 

·Fu~ ~ fo12. Woo.t. ~, t<1N ~ 

~fJ 
fie, 
-~t~ 
~mt. 
~~-'( 
-,3/t,tf 
.J'JLV 
~\LG 

I • 

~ 
OCT 
.WO\/ 
bee 

lie.t2. 

1$t~, 
G\$21 
s,c;z 
t~C\ I 
S.to7 ---

11,,, 
Ii ,SC, 
13,37 
B,~~ 
2,So 
0,80 
---

t.e,o 
,. ({k, 

h3~ 
O,i~ 
0, ie» 
o ,oe> --

11,,1 
1-;'t ,(;. 
11'1,7 
111,0 
t7b,l 
111,0 ---

70% e~C(t>~\-' 

3ti,f 
-zq~,'1 
-z ~,,.s 
'Lll,C\ 
4't, '5" 
l'!>,1 

-

,zg, ~ 
26,~ 

2/, L/ 
12, B -
'{,5 
/,2.. 

---

/£'\ "1t1TAL t4e~-= ~'<~ •~ -..~~ x_.24()~! k~ 
~ ;be; 

....,-:---



REYNOLDS, SMtTH AND HILLS 
ARCHITECTS • ENGIN1EER9 • "'-ANNIUl9 

INCOfllllOlltATII D 

. . 

SHIIET -······-··"················ 01" .. ,- .................... .. 

DATIi .. • ...• ..... .. . .. ....................... . 

CHIIC:KIIII .......... .. .......... . ....................... - ... •-·· ................ ... .. . DATIi: .. , ....................... .. ·- .... . 



CONSTRUCTION COST ESTIMATE 

INCREMENT E CENTRAL BOILER PLMH PROJECTS 
OCATIO>< 

S~~ A:'2MY \)f.poT - ~uvTH AASf 
AIIICMITl!:CT t:MCIMCI!:-" 

REYNOLDS . SMITH ANO HILLS A.E.P .• INC. 
OIIAWING NO. 

ti ~ z N o.,,oN 
CErJTttAL Co;JL Ft~ IESTIWATOR 

~A-"0 PLNJT 
QUANTITY 

-------- SUWWARY .. 0. UNIT "'I!:" 
UNI T• MKA•. U~IT 

SoB·TaTAI 

SAL.ES TA-~ sr.. 

Sv8-TOTAL 

Eo1le:..a.s, Av~1Lu~,?IE~ hlEl /11111,fP r..~· 
""Akl~JUb E"tat110 •• ~ INSTAI Eb) 

LNG 1'0~111 JSQ 
I Av(; Jt 

, . 

- I a.. 

LABOR 

TOTAL 

I .... , . 

CJ cooc • fh• 4•••.,.. c--•'•••4J 
C) COOi. • (P-1,-,,..• r 'Y d••I,,...) 

c:J COO«. C ,,,n•I d••'.,,) 
D OTHlt,. (S,...ctty) 

ICMECKco ev 

MATl!:,-IAL -
TOTAL 

I'll" 
TOT Al. COST 

UNIT 

401,9'b8 LJ,~ 104-
11. i::;1..4 'L °''i1 { 
1-( O'Llo ~1. ,IDD 
425D °)i):D 

~5.o::o ~'5 cbO 
I1,ll.oi l °' ~lA 
5350 6181.. 
1-0JO t~~ 

\/Jc,, IOD I foto, 10? 
158,0D J l!o, Oc:70 

18,t5J 1..o,1u0 
4-BOO 11...:0:0 

2>57 ~<J... 1,311.1)ll 
\00 D°\€ 

4,1,8lo7 41, g~ 1 

\ I I I -.It) 

- "'C)tf ti/I 11 
J ,\.JV _.. I 

(TRA.NSLUC£/VT) 



___, 

O V.L E 

CHt:CKER . . .• - ·- -·---- .--.---~-- --

A....,,.,.vA\... OPE~'Tlo~ ~Nh lAA.,~~ce Cos.T 
( .t>ecrc~ae-~ \Cf So ~,, AVl S.) 

1\,LE ~ ~t=G'~ 
bEC ~ SO ~\.A2 '( 
,.., c\.. ~ c•u,l G, "~ 

""TbTAL AtvN\IA!.. 
co~T 

•• 8 01LiR Pt.A..,,. i 23, 11:~o ~ Z~1 1SO 

z. 

i. 

4. 

OPEAA~ L6AbE~ 

So, Lett PLA1<JT 4 .ff 21,0!> B lJ 84,152. 
OPE'AATDR., 

CoAL E'~u,PMiWr ~ 211 o~e, M z1,01s 
oPE nA ~ 

HEAT111J6 FGu1Pwr-Jr 2. iJ '2.l 1 o~ 2, JI 42,01~ 
~E'Ct-\A~\C. 

-rorAL = I/ /7~1///:, 

~ci1:: AssuMe Co~\ D ~aA'TDa. '2llT€ : R~ \"fl Oi~f2An>~ f2ATF 

b€C
1 

So ~Nw\JA-l SAIArit" MAn.c~ 'So -+4-ov11I~ ~'"t? x '20'80 "''2c; 
+ 10 •=> Ya. l=f'ttJ~!. +, r. E"<;cA.tlAT1ct,J 

ToTAL At.J\..JUA.L LABoR Co~T ::: .\4 1701 'Ill:> 

ToTAL ~t.J~vc.L UAt~~UCE MA1t:~1'4l ::. ,# 'l7 05;I 
(. f\~SlJME 2. .c; o/o C~f IT~L Co~T) 

:rr_- t I~ 



\. 

CONSTRUCTION COST ESTIMATE 
f"ROJ[CT 

INCREMENT E CENTRAL BOILER PLANT PROJECTS 
,..- OCATIOH 

~ff.A Al<MY DEPoT ~ 'ScvTrf ~St 
ARCHIT[CT ENGINC[lt 

REYNOLDS, SMITH AND HILLS A.E.P., INC . 

QUANTITY LABOR 

------- SUMMARY HO. UNIT l"I!,. 

UMtTa ... ~Aa. UMIT 
TOT .&L 

~AM / (O#Jl>ENUJTr P !PIN/.. 

l l. 014 
. , .. 

Elecr~tCA t ISB ,ooo 

D CODC A {No d••'IJI" aow,pl•t•dJ 

D COOC: • (P,.t,mJn•ry d••'"') 

D CODI! C (1 ln•I d .. 1,-.J 

D OTMll,. (S~cl/y) 

MATERIAL 

,. I["' 
TOTAL 

UMIT 

TOTAL 
COST 

4-ol,qio~ 6~1.1o4 
l1,5L4- 'L~ ~l \ 
LI ri 7 6 '\t.too 
4 f,5ry ~l\._-0 

11 l6R I°' .~b4 
~~SD lot A~ 
'L:)o::, 1.~(oh 

156,0cD ":>1~,COJ 
IN'Sr'!. ! O,,vT'Yf4L ~,w,sc .) \°'So ---t---+---+----'----'--=----li-----1--i---~~4--

18,lSo 2-01 \QD 

ASo:> 11...1 (J:p hr p p,.... f,e-/, oAJ 1 U:O 

.SuB·TOTAI ~5"'7, '2.jC.,, ( 11 I. 1-'L 7 
\oo, CP\R 

7:)i,8/t.. 31-. 811... 

L?-44.13-; 
~ILO¼ 
'15 ,55'L 

S'18 .. TI>TAL 1,5 ;0;71.3 

I, 1.iS-b,ooo 
, 

(TR-AfVSLUCE/VT) 

]J:- \IY 



..._,, 

_I ... r -- . CON-STRUCTiON COST ESTIMATE 

r>ROJ£CT 

INCREMENT E £ENTRAL BOILER PLANT PROJECTS 
LOCATION 

'SfJJElA. .P&2.M'< Df.P6f - ~v'f'r-i 13AS2 

REYNOLDS, SMITH AND HILLS A.E.P., INC. 

OU ANT ITY LABOR 

________ SUMMARY NO. UNIT Pl: .. 

UNITS Ml:AS, UNIT 
TOT AL 

12117 

ii'/ II ,<L,..~ 4-o 486 7 
513 

25tD 8- 6r3Z 
9532 

/757 
/'-/ Zbtf 

1927 
!3L/b 

D COOll. (No d•••r oompt.,.d) 

D CODIE • (Prelunln•ry d••l"1) 

D OTHI:" (Speclly) ------

.. ... 
UNIT 

1-S .5 I 
1'2 .. ,o I 

\'l.P\ 

MATl!:RIAL 

TOTAL 

-l~ 100 

4LS44 

1A5'o 

TOTAL 
COST 

3/0097 
/975 / 

340 &'6 l/ 

42bO 

EHG l'ORM 150 • v ■ -.O.••••••" i,a1 ■T••• or•M:I •-- •-•••u• 
I AUO 59 (ER lll0-:'45•1JO)I -VIOlJl tOfTlON .._., u ,,vr, (TRANSl...UC!l!NT) 

t- 1A..Jc1.v~es "'t-D1T7<J1'-..-Al :~~<> .t::()t<7. 4-lmo,,170,v o!== {)x,rvtvj I' ,p,,c,J 
_Il-tlS 



"fEORUARV:1iJ79 -whUe lumb~ people use the
0

owndry -ic,ht 
t:.si, . The different methods do not pr-nt 
much of a prot?l•m •1 loog as 11 1s 1>/ldl!fStood 
which one is b.)ing used. 

The gre-Wl:Ulht method e11Presses me 
moisture content a,a percentage of the total 
weight of green wood (i.e., wood and water) . 
Moisture content i, computed by the following 
formula : 

' green weight · ovendry weight X 100 • MC% 
green weight 

The ovendry weight method expreue1 the 
moistu~,e content es• percentage of the ovwndry 
weight of the wood. Moisture content is com
puted by the following formula: _ 

Sf!"" weight -ow~ weight X tOO • MC,C. 
/ ovendry- t 

If we ask the question: 'What is the awrege 
moisture content of your green woodr', pulp• 

.• mill people m ight IBY 45" meaning 45~ of the 
"o,Mn weight (wood and water) is water, while 
lumw people might say (for the same wood) 

1
.' • a2% meaning that :he weigit, -of th~ wi,wir is 

IIIQUi~lent to 82% of the ovendry weight of the 
wood. The term uoven(lry" means dried to a 

.constant wei11ht at 212° F or 100-103° C. · 
. Conveuion betwHn the two bases (J1'een 

' ·· weight• gw •nd owndry • odw) can be 11coom
plished with these formulas: 

MC~ od 100 X MC% gw 
w • TOO • Meil: gw and 

MC% • 100 X MC% odw 
gw 100 • Mc% odw 

Some typical moisture contents for green 
wood are: 

Aspen 
Hard Maple 
Red O~~ 
Jack Pine 
Red P,ne 

50% (gw) 
36% lgwl 
43% lgw) 
47% lgw) 
60')(, (gw) 

100% loc!wl 
56% (odwl 
75% (odw) 
87% (odw) 

150% lodw) 

As II guide, 1-,nch green red oak lumber in 
southern W,scons1n will dry to 20% MC (odw) 

or 17% MC (gw) in about 60 days when piled 
out in June-July. The same wood poled out in 
Oct.·Nov. may reQuire 120 days or more to 
rjry. 
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CAPITAL COST ESTIMATE 

DIRECT BURIAL VS HEAT CHANNEL 
DISTRIBUTION SYSTEMS 
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SECTION II-6 

LIFE CYCLE COST CALCULATIONS 

BASE CASE, OPTION 2, OPTION 3, 
OPTION 2 + WOOD, OPTION 2 + RDF, OPTION 2 SENSITIVITY ANALYSIS 



CALCULATION RATIONALE 

Cost Estimate 
Construction Midpoint 
Beneficial Occupancy Date (.BOD} 
Midpoint of First Year of 

Facil i ty Use 

12/80 

1/84 
1/85 

7/85 

(l} Planning Date - Time Cal culations 

(a} Time from project cost estimate (.12/80) to midpoint of first year 
of facility use (.7/85) is five years - seven months (5.58 years). 

(b) Time from anticipated midpoint of construction (1/84) to the 
project BOD (1/85) is 1 year. 

(2) Initial Costs 
Initial cost differential cost growth factor for this analysis 
is 1.0, as it is anticipated that its cost will grow at the same 
rate as that of general inflation . .. Therefore, the initial cost 
estimate dated 12/80 will be the same dollar value as the anticipated 
midpoint of construction date estimated for all alternates. 

(3) Maintenance Costs 
Maintenance cost differential cost growth factor is 1.0, for the 
same reason as the initial cost factor. Hence, the maintenance 
cost estimates dated 12/80 will be the same dollar value as the 
BOD year cost estimtaes for all alternates. 
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SENECA DESIGN CRITERIA 

Annual Heating Degree Days (65° F Base) = 6,359 l 

Winter Outside Design Temperature = 50 F 1 

Winter Inside Design Temperature: 2 

80 degrees F - Hydrotherapy X-ray, nurseries, special wards, clinics, 
physical examination and similar rooms, and special 
process rooms, such as paint shops and drying rooms. 

72 degrees F - Hospital wards and corridors (may be lowered when 
directed by Post Surgeon). 

68 degrees F - Living quarters, l avatories and showers. 

65 degrees F - Offices, hangar lean-tos and warehouses, shops and 
like areas where personnel work seated or in a 
standing position involving little or no exercise 
(reduce to 55 degrees during nonworking hours) 

55 degrees F - Supply and equipment issue and similar rooms. 

50 degrees F - Shops, hangars, and other buildings or sections of 
buildings where many employees work in a standing 
pos i tion and exercise moderately. 

40 degrees F - Shops, warehouses, and the like where employees do 
work involving considerable exercise . 

D.T = Design Temperature Difference 

= Winter Outside Design Temp. less Winter Inside Design Temp. 

111 U.S. Army TM-5-785," July 1, 1978. 

2 10AR 420-49," !fovember 18, 1976, Chapter 2. 

III - :).. 



ASHRAE Modified Degree Day Method: 3 

Fuel Consumption - -

Energy Consumption --

Where --

HOD 
E = 

E 

HL 

HDD 

6T 

h/ 

V 

CD 

= 

= 

= 

= 

= 

.At 

Fuel or Energy Consumption for One Year 

Design Hourly Heat Loss (Btu/Hr) 

Heating Degree Days 

Design Temperature Difference 

A correction factor which includes the effects 
of rated full load efficiency, part load perform
ance, oversizing, and energy conservation 
devices. 

= 0.55 for Standard Boiler or Furnace 

= 0.65 for a Newer Boiler or Furnace with 
energy conservation devices. 

= Heating Value of Fuel (consistent with HL and E) 

1,031 Btu/cu.ft. Natural Gas 4 = 

= 138,700 Btu/Gal . No . 2 Fuel Oi1 4 

= Correct ion Fae tor for Heating Effect VS 
Degree Days 

= 0.62 3 

3ASHRAE Handbook and Product Directory - 1930 Systems, p. 43.8 

4 "E C t· I ( ) nergy onserva 10n nvestr.;ent Prosram ECJP Guidance - r:orfolk Distr ict ," 
J'.l.pr il 1, 1980. 7TT _ "3 -
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COAL COST AND AVAILABILITY 

The following four pages show telephone confirmations of conversations 
with coal suppliers. Although anthracite coal is available in 
Pennsylvania, it is not as economical as bituminous coal. Therefore , 
the decision was made to use bituminous coal. 

After receiving a number of prices for bituminous coal, it was 
decided to use Western Penn coal (Jefferson County). 

Cost at mine is $40 per ton. Transportation to Seneca is $14 per ton. 
These 1980 costs were used in fuel cost calculations . 
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INTRODUCTION 

The feasibility of a central coal fired steam plant is being studied for 

SENECA Army Depot. As part of the investigation, wood biomass is being 

considered as a supplemental fuel . 

This report defines the availability and the cost to procure biomass in 

the SENECA County area. 
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DISCUSSION 

1. Wood Availability 

The timber inventory and growth rates were estimated from data con

tained in 'Timber Resources of New York' Forest Service Resource 

Bulletin NE-20 1970 . This was the most current data available at 

the time of this analys i s. No great loss of accuracy should be 

expected from this old data because new, yet unpublished data shows 

no significant new trends. New data is to be published within the 

next six months . 

Although timber inventory data is available by county, growth rates 

are only availabJe for regions (10 to 20 counties) of the state. 

To estimate growth rates of counties , it was assumed that county 

growth rates were proportional to regional growth rates based on 

% commercial forest land acreage. 

The general procedure for calculating county growth rate is as 

follows: 

1) Determine commercial forest acreage in county . 

2) Determine corrmercial forest acreage in appropriate region . 

3) Calculate county's % of its region's total commercial forest 
acreage. 

4) Calculate county's growth rate as a percentage of its region's 

growth rate. 

The growth rate calculated above represents the theoretical average 

maximum removal rate which would not reduce the overall forest in

ventory . Since the harvested trees (i .e., the largest trees), 
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represent the predominate contributor to the growth rate, considerably 

l ess timber can be harvested than the growth rate calculation would 

indicate. The percentage of timber removed from each county was 

assumed to be proportional to the regional removal percentage . The 

removal percentage equals the ratio of the volume harvested over growth 

rate . 

From an economic viewpoint, not all timber harvested can be used as 

fuel. Larger straight stemmed logs have a much higher dollar value 

as saw logs and hence would be unavailable as fuel wood. To deter

mine the amount of fuel wood available, it was assumed that 0% saw 

logs, 100% stems (saw log tops) and 80% of the pole timber would 

be available at reasonable prices. This assumption is optimistic 

and predicts the upper limit on reasonably priced fuel wood. 

The total growth rate, harvesting rate and the annual fuel wood amount 

fo r the depot area were also calcul ated by t he above method; that is, 

they were assumed to be proportional to county estimates based on 

percent commercial fores t acreage fraction. On site commer cial 

forest acreage was estimated to be 400 acres by the previous depot 

forester. 

II. Wood Costs 

The cost of procuring wood is influenced to a large extent by the 

distance over which the material must be transported. SENECA Army 

Depot is located at approximately the center of Seneca County. 

Seneca County is geogrpahicaly located between Cayuga Lake and 

Seneca Lake. That is, Seneca County has no ground (truck i ng) 

t ransportation through its eastern and wes tern boundaries . 
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This fact limits the area of forest land which is within a reason

able (50 miles) trucking distance. See Map A, page__ii_for details. 

Based on the above geographical restrictions, it was determined that 

a realistic procurement area would include all of Seneca County, 

approximately one half of Schuyler County, approximately one-third 

of Tompkins County and some small percentage of Ontario and Cayuga 

Counties. For calculation purposes, the procurement area is assumed 

to equal the sum of the commercial forest land in Seneca and Schuyler 

Counties or about 147,400 acres. It should be noted that only 

37,800 acres of the 147,400 acres lies within Seneca County. This 

implies that a majority of available timber lies at the outer ranges 

of the 50 mile reasonable trucking distance. 

A second major contributor to the cost of procuring wood is the 

relative wood harvesting activity of a region. Seneca County has 

a relatively small amount of commercial forest land, and little or 

no wood processing. (See Map B, page ;o ). 

Based on these facts and comments from local foresters, it appears 

that little logging is occuring in Seneca County. Costs to cut , 

chip and/or haul wood in the Seneca County area should be considered 

above normal because no competition now exists in the area. 

Since no logging industry exists in Seneca County, the cost to 

procure a ton of biomass can only be estimated from costs in other 

areas. Previous studies at Letterxenny Army Depot, Pennsylvania 

and Fort Devens, Massachusetts, indicate that wood can be hauled 

(over limited distances) and chipped for $15 per ton. Stumpage 
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prices for the New York 8th Forest Region are reported to be most com

monly $10 per cord. Using a 5,800 lb. cord, this equates to $3 .45 

per ton. Additional hauling above that which would be included in 

the above $15/ton price is assumed to be 25 miles. Previous studies 

have shown (see Map C, page ')I ) that transportation cost can be $. 065 

per ton per mile. Additional hauling expenses would then be equal 

to $.065 x 25 miles or $1.63 per ton. For calculation purposes, the 

cost of biomass delivered to the depot from off-s1te locations is 

assumed to be $20 per ton . This cost represents a lower bound 

estimate. During initial years, procurement costs may exceed thi s 

amount in order to attract producers into a non-existent industry. 

That is, costs may have to be higher to finance the purchase of 

capital equipment. 
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SUMMARY AND CONCLUSION 

Based on thi s limited scope investigation, the following data should be 

used for the preliminary investigation of utilizing wood biomass for fuel 

at Seneca Army Depot . 

On Depot Sources - 67 Tons/yr@ $15/ton 

Off Depot Sources - 24900 Tons/yr@ $20+/Ton 

It should be noted that the above volumes represent upper limits while 

the costs represent lower limits. That is, the above data is now 

conservative and tends to make wood fuel more economically attractive. 
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Fig ure I .- Sampling units of the two forest surveys: A, 
geographic units for the resurvey; B, forest districts for the 
initial surve y; and C, reg io nal grouping of geographic 
units. 
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Tobie 79-Conlinued 
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Forest-land area 2 

Total Non forest - ----· -- ·- . 

an<l 
land arcR' land area Noncom-

Commercial 
SRmpling 

unit mcrcial error 

--~· . - - - ==-----;::::--:====:- -=. - =--~-~ 
\..._, 

·rhoma11,I an·e1 
Per-

Percent 
Ct!JJI 

Broome 456.6 214.1 l. 7 240.8 53 7 

Chemung 26'i.6 126.6 .•I us.6 53 8 

Chen.ingo 'i81.5 281.0 3()0.'> '>2 6 

Corl l.wd 321.3 16l 7 158.'> 19 7 
Delaware 933.'1 317.6 62. \ '>53."> 'i9 4 
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Schu}'lcr 211.0 100.4 I 0 1n1i ~ 'i2 9 
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-----
South -c cmral 
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S1111I h,H·\lcrn 
Region 13,225 .. ', 7,3'1 I. I 186.:! '\,698.0 ,13 

---·-
C linton 677.6 19'1.0 33.4 '150.2 66 4 
Franklin 1.(171 .2 181.5 23·1.9 65'1.8 61 3 
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St. Lawrente 1, 771.·I 529.7 l 56.1 1,085.6 6 1 3 

- -···--- ------ . - ---- ____ ... _ . 
St. Lawrence-
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------- ---- --
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Ne! Annual Growth and Timber Removals 

Average annual net growth of growing stock.-The change (result
ing from natural causes) in volume of sound wood in sawtimbcr anJ pole
timber trees during the period between sur\'eys, divided by the length of 
the period. (Components of net tinnual growth of growing stcxk include 
the increment 1n net volume of trees present at the beginning of the period 
and surviving to its end , plus net volume o f t rees reaching poletimber size 
durin,: the period, minus the net volume of trees that died during the 
perio<l, minus the net volume of trees that hecame rough or rotten trees 
during the period.) 

A verage annunl ingrowth of growing stock.- The net rubic-foot 
volume of trees now classeJ as growing stock that were not tallied as such 
on the initia l survey, divided by the length of the period between surveys. 

Average annual mortali ty of growing stock.-The net cubic-foot 
volume removed from the growing stock through Jeath from natural 
causes during the period between surveys, divided by the length of the 
period. 

A verage annual growing-stock rernovab. - ·1 he ll(:t cubit -foot volume 
of live growing-sto<k trees harvested or killed in logging, cultural oper,i
tions such as t imber-stand improvement, land-dta ring, or d1anJ.:<:S in land 
use during the period bctw<:en surveys and rnnverted to an annual basis. 

Net annual growth of growing stock .- The increase in net cubic
foot volume of g rowing stock for a specific year (1.e., 1967 for N ew York) 
rather than for a period of years. 

Annual removals of growing stock.- The net cubic-foot volume of 
live growing-stock Lr<:cs removed from the inventory for a ~p<:cific year 
( 1967 for New York) by harvcstini.:, killing, land-clearing, or ( hanging 
of Janel use. Note: Softwood and hardwood removals for 1967 shown in 
tahlc 17 were from a trmd curve and were not exactly the same as the 
estimated removals for that year. 

A verage annual net growth of sawtimber.- The change (rcsultin~ 
from natural muses ) in net hoanl-foot ,·o lum<: of sawtimber during the 
period between surveys, divid<:d by the length of the period. (Components 
of nd annual growth n f sawtimher indude th<: increment in net volume 
of sawtimher Lre<:s present at the beginnini.: of the period and surviving 
to its end. plus the net volume of trees rea, hin,14 sawlimber size durini.: 
the period, minus the net volume of s:twl1111l 11.:r trees that died during th<: 
period, minus the net volume of sawtimber trees that became rough or 
rotten during the period . ) 

Average annual ingrowth of sawtimbcr.- The net board-foot volume 
of tr<:es now classed as sawtimher that were not talliccl as such on the 
initial surv<.y, divided hy the length of the period betwc:en surveys. 

Average annual mortality of sawtimber.-The net board-foot volume 
removed from live sawtimher through death from natural causc:s during 
the period bctwcen surveys, divided hy the length of the period. 

Average annual sawtimber removals.- The net board-foot volume 
of li ve sawtimher trc:es harvestc·d or killed in logi.:ing, (llltural operations 
such as timber-stand improvement, land-cleann1-:, or chan1-:c:s in land use 
during th<: period b<:tween survc:ys, converted to an annual basis. 

Net annual growth of sawtimber.- The increase in net board-foot 
volume of sawtimhcr for a speoftc year ( 1967 for New York) rather than 
for a period of years. 

Annual removals of sawtimber.-Tlre net board-foot volume of Jive 
sawtimber trees remo\'ed fronJ the inventory for a specific year ( 1967 for 
New York) by harvesting. killing, land-dearing, or chani.:ing of land use. 
Note : Softwood and hardwood removals for 1967 shown in table IR were 
from :, trend wrve and were not exactly the same as the estimatc:d removals 
for that year. 
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Timber Volume 

Growing-stock volume.- Net volume, in cubic feet, of live growing
stock trees that arc 5.0 indics tl.b.h. and over, from a I-foot stump tu .1 

minimum 4.0-inch top diameter outside bark of the central stem, or tu the 
point where the central stem breaks into limbs. Net volume ec1uals gross 
volume less deduc:tion for rot. 

Standard cord.- A unit of measure for stacked bolts of wood cn
compassing 128 cubic feet of wood, hark, and ai r space. Cord tstimatcs 
can be derived from cubic-foot estimates by applying an average facto r of 
80 cubic feet of wood ( inside bark) per rough cord. 

Sawtimber volume.-Ncl volume in board fret, lnternational ¼-inch 
rule, of merchantable s.iwloi,;s in live s.iwtimhcr trees. Ne:t volume et1u,tls 
gross volume less dcductions for rot, ~weep, and other dcfcrts that .,(fc:ct 
use fur lumber. 
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New York State Department of Environmental Conservation 
50 Wolf Road, Albany, New York 1 2233 

Mr. Steve Hinton 
Reynolds, Smith & Hill 
4019 Blvd. Center 
Jacksonville, Florida 32207 

Dear Mr. Hinton: 

October 23, 1980 

Robert F. Flacke 
Commissioner 

Enclosed is a copy of The Timber Resources of New York, 
1970. This information was updated and should be available 
this winter from the U.S. Forest Service . On page 169, 
Table 83 shows that Seneca Cormty has a net cubic-foot 
volume of 16. 5 mil lion in sawtimber and 16.0 mil lion in 
pol etimber. Page 171, Table 84, shows 17. 9 million cubic 
feet is in sawtimber stands, 8 . 0 million cubic feet is in 
poletimber stands, and the remaining 6.6 million cubic 
feet is in sapling-seedling stands. Seneca Cormty has 
37 . 8 thousand acres of commercial forest land, of which 
10.7 thousand acres are sawtimber stands, 6 . 0 thousand acres 
are poletimber stands , 17.8 thousand acres are seedling
sapling stands, and 3.3 thousand acres do not meet minimum 
stocking requirements. (Page 162, Table 80 and page 164, 
Table 81). 

Also enclosed is a Directory of Primary Wood-Using 
Plants in New York State, 1979, with updates. On page 38, 
two small sawmills are listed under Seneca Count . The 
produce less tan 2 million boar eet eac annua 

e majority of the sawtimber harvested in Seneca is 
Qrocessed outside the County. 

According to the report, Sawmill Residues and Their Use -
New York State - 1979, the eleven-county regional area 
(with 53 s awmills reporting) has a surplus of 1,068 tons of 
slabs and edgings, 893 tons of sawdust, and 1,221 tons of 
bark annually . However, the two mills i n Seneca County 
reported markets for all of their residues. 

Our 1979 survey of secondary wood-using plants identified 
two firms which both reported a modest surplus of wood residues 
in Seneca County. No residue volumes were reported; however, 
both firms use well under one-million board feet annually in 
their manufacturing process. 
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To f ind out more about the availability of standing 
timber and local market conditions in Seneca County, I 
suggest you contact Bob Morrison, Regional Forester, 
New York State Department of Environmental Conservation, 
115 Liberty Street, Bath, New York 14810, phone (607) 776-2165, 

Please write or call if you require further assistance. 

Enclosures 

Very truly yours, 

J . O. Preston, Director 
Bureau of Forest Marketing 

and Economic Development 

By: Thomas H. Wahl 
Sr. Utilization & Marketing Forester 
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The STUMPAGE PRICE REPORT is published semiannually 
(January and July) by: 

Bureau of Forest Marketing and Economic Development 
Division of Lands and Forests 
N.Y.S. Department of Environmental Conservation 
50 Wolf Road 
Albany, New York 12233 

The prices contained in this publication are collected 
from harvesters and wood processors in 14 price-reporting 
areas throughout New York State, and are intended to serve 
only as a guide in the marketing of standing timber. 

The actual market value of a specific stand of timber 
may be influenced by the following factors: 

1. Timber quality 
2. Volume to be cut per acre 
3. Logging terrain 
4. Narket demand 
5. Distance to market 
6. Season of year 
7. Distance to public roads 
8. Woods labor costs 
9. Size of the average tree to be cut 

10. Type of logging equipment 
11. Percentage of timber species in the area 
12. End product of manufacture 
13. Landowner needs 
14-. Landowner knowledge of market value 
15 . Property taxes 
16. Capital gains aspect of Internal Revenue Code 

Any one of the above factors can have a highly significant 
effect on stumpage prices for a species in one given area, 
while it may have a less significant effect in another area. 

TREES ARE AMERICA I S RENEWABLE RESOURCE. 

- 1 -

TT!-/40 
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SAWLOGS 

Average Price Range and (Most Common Price)/MBF, Doyle Rule Except As Noted 

.__, 
S ecies 

Ash, White 

Aspen 

Basswood 

Beech 

Birch, Black 

Birch, White 

Price Reporting Areas 

A B C D 

80-1ooc90)* I 70-125(85)40-14oc100)5o-12oc100> 

20-25(20) 

50-70(60) 

20-25(20) 

20-30(25) 15-45(20) 25-30(25) 

45-60(50) 50-85(65) 40-55(40) 

20-30(25) 10-35(25) 20-35(25) 

40-75(50) 

E* F** G 

25-190(100)35-180(115) 50-230(17( 

5-35(20) 20-40(25) 

30-100(60) 25-70(55) 45-95(75) 

20-50(25) 25-50(30) 25-55(40) 

30-140(80) 

25-85(50) 

Birch, Yellow 110-120(120) 60-85(70) 60-85(75) 60-135(75) 30-135(80) 30-135(85) 30-60(50) 

Butternut 20-45(35) 40-50(50) 35-55(45) 35-85(50) 

Cherry, Black 120-150(120) 60-100(85)100-150(13 )100-225(150)30-200(90) 45-220(140)150-230(170 

Elm, Americ.an 

Hemlock 

'-.,,...ckory 

40-60(45) 25-50(40) 20-50(30) 20-65(40) 30-80(40) 30-65(45 ) 

20-25(20)* 25-40(35) 15-30(25) 25-35(25) 15-40(25) 25-35(30) 35-75(55) 

20-35(25) 20-40(30) 20-50(25) 25-40(30) 30-60(45) 

Maple, Hard 90-120(110) 65-100(80)40-80(65) 50-100(70) 30-135(80) 40-120(90) 70-125(100 

Maple, Soft 50-60(55) 45-75 (60) 25-70 (60) 40-60 (50) 30-115 (60) 30-95 (65) 40-60(.50) 

Oak, Chestnut 

Oak, Red 

Oak, White 

20-90(60) 

40-125(100)60-100(80) 75-130(100) 30-190(100)80-240(160) 130-220(17 

60-100(80) 50-120(90) 30-190(90) 30-170(100) 70-200(14 

Pine, White 50-50(50)* 40-60(55) 20-35(30) 25-50(35) 25-50(35) 30-60(40) 40-85(65) 

40-80 (65) Poplar, Yello 40-40(40) 

Spruce, Red 20-25(25)* 30-60(45) 15-40(30) 25-30(25) 25-45(30) 

*Scribner Rule **International 1/4" Rule 

PULPWOOD 

Average Price Range and (Most Common Price)/Standard Cord 

'---"'-spen 
Birch, Gray 
Birch, White 
N. Hardwoods 
Pine 
Spruce & Fir 

3-5(4) 
2-2½ (2) 

2-2½(2) 
2-2½(2) 
7-9(8) 

3-5½(4) 

3- 7 (5) 
3-7(5) 
3-6½(5) 
5-8(7) 

4-6(5) 
5-5(5) 

5-5(5) 
2½-4 (3) 
4-15(8) 

2-4(4) 3-6(5) 

3-6(3) 4-10(6) 
3-5(3) 2-7(6) 
4-8(6) 4-10(7) 

TTL -ra ?_ 

3-6(4) 

3-8(5) 
3- 6(4) 

3-5(4) 
3-8(6) 

2-4(2) 

2-15 (6) 

2-4(2) 
4-6(5) 



"'"-V\.f41UttVVW ~~\,,,4._. r\.U'-' ,l,.,L\,.J..\JL..t"" W U.4]' ,4.,/VV 

SAWLOGS 

Average Price Range and (Most Common Price)/MBF, Doyle Rule ExceEt As Noted 

Price ReEorting Areas 
~-,._, 

Species H I** J** K** L** M 

Ash, White 50-125(90) 75-150(1001 80-150(100 50-150(100 20-150(90) 50-155( 75) 

Aspen 15-40(40) 20-30(25) 

Basswood 60-90(80) 75-150(100 

Beech 25-50(40) 20-40(30) 

Birch, Black 

Birch, White 

Birch, Yellow 50-150(100 

Butternut 50- 100(75) 

Cherry, Black 60-150(100 100-200(150 

Elm, American 20-40(30) 

Hemlock 60-100(80) 30-60(40) 

._,..-:.1.ckory 40-90(75) 30-75(50) 

Maple, Hard 70-125(90) 75-150(100: 

Maple, Soft 50-90(75) 50-125(75) 

Oak, Chestnut 40-80(65) 50-150(100 

Oak, Red 60-125(90) 100-200(150' 

Oak, White 50-200(100 100-200(150 

Pine, White 40-125(80) 25-75(40) 

Poplar, Yellow 60-90(80) 50-100(75) 

Spruce, Red 

*Scribner Rule 

Average Price Range and 

A n 1-4(3) 
! rch, Gray 
--lfirch, White 

N. Hardwoods 1-10(10) 3-10(7½) 
Pine 1-2(1) 
Spruce & Fir 2-4(3) 

10-20(20) -- --(20) 

60-80(70) 20-80 (50) 

20-50(25) 10-40(25) 

20-65(40) 

40-80(50) 20-80(50) 

125-250(150 45-140(90) 

20-70(50) 

30-50(40) 20-60(35) 

30-70(50) 20-70(40) 

100-150(125) 30-120(80) 

50-100(60) 20-85(50) 

20-60(30) 

100-250(125) 150-150(100) 

30-150(50) 40-125(85) 

30-50(40) 25-50(40) 

10-40(20) 

10-100(50) 

10-30(25) 

20-125(50) 

10-125(45) 

10-200(75) 

10-100(40) 

20-150(90) 

10-125(35) 

10-50(25) 

10-40(25) 

20-110(75) 

10-100(45) 

10-100(50) 

35-180 (120' 

25-120(85) 

10-55(35) 

10-100(40) 

10-35(25) 

30-50(30) 

40-65(50) 

20-35(30) 

30-65(45) 

30-65(45) 

35-135(75) 

25-35(30) 

20-40(30) 

45-80(65) 

25-60(30) 

45- 100(80) 

50-140(85) 

45-140(80) 

20-55(30) 

**International 1/4" Rule 

PULPWOOD 
(Most Common Price)/Standard Cord 

--(4) 2-4(3) 2-5(3) 
1-4(3) 
4-8(5) 

4-9 (7) 6-10(10) 4-10 (5) 
1-10(4) 2-6(3) 2-8 (4) 

--(4) 2-5(3) 4-8(5) 

- 4 - 7T[-co 3 

N** 

60-120(90 

40-90(50) 

15-35(20) 

40-50(40) 

50-100(80) 

20-60(40) 

40-100(80) 

50-170(120 

50-140(90) 

15-35(25) 

25-90(50) 

5-20(10) 
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