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1. S U M  hlAICY -- A N D  llECOi\lX~1END.12TIONS . 
. . 

This  repor t  p resents  the resu l t s  of a technical ,and economic analysis  

of alternative lnetllods of mceting the heating, ventilating, and air-conditioning, 

requirements of t11k \Vnstc Isolation Pi lot  Plant  (WIPP) facili t ies proposed to 

be constructed in  soutl1eastcr11 Ncw Mexico.. 

This  repor t  analyzes a total  of ten IVIPP s t ruc tu re s  to de te rmine  the 

most: cncrgy and economic c f f i c i e n t , ~ l ~ e a . n ~  of providing heating, ventilating, 

and air-cotldjtioning scrv ices .  Additional analysis  was performed to determine 

the m e r i t s  of centralixcd \*crsus d ispersed  r ~ f r i g c r a t i o n  and heating facilities, 

a.nd of pdl-fol.ming s ~ ~ p p l c n l c ~ l t a l  dolnestic hot water  heating with Solar  panels. 

I-IVAC. systclns  for. s eve ra l  of thc m a j o r  WIPP s t ruc tures ,  rcp~:esenting 

in  c s c c s s  of 85 pc~sccnt of thc s i te  IIVAC cncrgy demand, were  cxamined in  

detail  uti1i:-:ins the Trnne Company "TRACE" computer program. The buildings 

analyzed wcre  thc Adrninistration, 1111 Waste, TRU Waste and Man/Mater ia l  

strucl:ures. Each was ana.lyzed f o r  s eve ra l  a l ternat ive I-IVAC sys t cms  dependent 

upon the p r imary  functional rcquirelnents of the! IIVAC systenl  for  the par t icu lar  

buil.ding. IVaste handling 1,uilding sys t ems  util ize bnce-through ventilati.on while 

the Adminstra.tion facili ty i s  an office-typc facility using m o r e  coqvelltional type 

air-conditioning. I11 addition to the 'basic  I4VAC systen1s,, s eve ra l  energy con- 

s c  rva t io l~  teclirdqucs such a s  heat rccovery for  one- through systcrns,  so la r  
\ 

as s i s t ,  a n d  supplcmcntnl evaporative cooliilg were  considered. The accept- 

abili:); of thcsc enr:~-gy co~lscrva t ion  additions was a s s e s s e d  by the determination 

of lift:.-c.ycle costs  using thc IdIFCY1 computer program. 

The s y s t e ~ n s  found to LC m o s t  energy cffectivc f p r  the WIPP Faci l i ty  

were: 

Admi~lis t rat ion:  --- Medium p r e s s u r e  variable  a i r  volume sys t em with 

internal heat rccovery,  utilizing supplemc~ltal  evaporative cooling and a so l a r  

assistc:cl, c lectr icnl ly  dr iven lieat pump. 



1 \ Oll':,.: t:111.(.,11~11 \-clltiln(..ioll S Y S ~ C I T I  \\rith hea t  r c c o v c r y  f r o m  c.shnust -- .----. --- 
a i r  l'lo\v, ut.ilizin!: su l ,p l , cmt r~~tn l  c \ ~ n p o r n  t ivc cooling and s o l a r  a s s i s t c t l  

clcct: i . ic;~lly drivc.n hc;.it pump f o r  t.hc air-condit:ionirig. 

T1.111 l V ; l s l c :  011cc. t l ? r o ~ ~ g h  vcnti1ntjo.n s y s t c n l  wi.th hea t  rcco\rcl.y f r o m  c s l l i ~ u s t  -- 
a-i r ilo\v, nt i l i z i  !.I!: S I I I > ~ ~ C I I M : I I ~ ; I . ~  cvr.ll~ornt.i\:c cooling a n d  s o l a r  nss i s t e t l  

elcct-1-ic:1.11~ ci~'i\,i:~l Jlcat pu11.1~ f o r  tllc air-colld.itioning. 

h?nn,/;\lnt:c..~~ii~ls: A ~ n ~ i l t i -  zone s y s t e n l  us ing c-?\:aporat:ivc! coolSng and  hea t  - - - - - - - - -- 
r c c o \ , r r y .  1.101 \v:itcr licnting f o r  th i s  fac i l i ty  wi l l  1)c. supplemc-nted by s o l a r  

IIL:~I ti11): vi l l i t~ .  a 

7 h c  Tl'iAC;l3 i~nt l  1.,TI"J'l p r n g r a n ~  ~ : c s u J t s  Si iC IC  the11 t C t k e ~ ~  ~ I I ~ L J  & ~ P I S U I I ~  i n  

t l ~ c  eva lua t ion  u1 t . 1 . 1 ~  r c i n a i ~ l i n g  \\'llJI.-' buildings to clctcrminc: thc I,T\JAC s y s t e m s  

to 1~ . ~ c c ~ l > ~ l ~ l c n d i : d  S o l -  u sc .  Thc  S ~ S ~ C I I I S  r cco lnmendcd  f o r  thcsc  buildings a r c  

Zl G ~ o ~ . ~ O ~ . V S :  

S i tc  l zn t rancc  G;i.ti: Ilo~isc - a n  c1ec:trically cIri\.cn hca t  pump wil1,provide 

11c~ti l lg i~nd cooling.  

\ \ ' n ~ : c ~ l ~ o ~ ~ s ~ : ~ : - i l - ~ o ~ : ~  ----- -..-- - a m111.t.j - Z.OI>C SYC t e n ~  us ing cvnporati.\re cooling wi l l  

sc rv r :  t.i;c: off.ict! i~rcii. A orlcc t h l - o ~ l g l ~  s y s t c m  with evapvra t ivc  cooling and spo t  

l.lc:nt.ing \vill s e r v a  t!:e slloy, ar r :a .  

' . Vchiclc: A,\;! i~?I.rli:incc - spot h c a t i r : ~  will, be provided 111 the maintt!na~lct! -- - - . . - - - . - - - 
a r c % .  'J ' i~c:  orlicc.: ancl toilet. a r c n  lvill Ilc: vcnt:.ilnted \\pith cooliog l ~ y  a n  e l -aporat i \ ,e  

c o o l e r  a n d  hc:ni-in? 11,y rcs i s t ancc .  !~c.ating c!lcinc:llts. 

b~~sJ i i !~ l i  l\7:!~f:(*/.Td:.ct~:~dq - d u~~c.t:-Llirou{-:ll ciyotcm v..I.ll u t ,k l i z~  rr.onr-.d - . - *= =- .- - -- - -- 
p i s ~ : ; ~ ~ ~ ~ . ~ :  c o ~ l t r o l ,  and 11T3-'.4 c ~ l ~ ; r ~ ! : t .  1ilLc.l.s. Evnpol.nti \~c cool.j.ng, r e s i . s t a ~ ~ c c  

h(:- < I  t- J I I ~ ,  . - .  a n d  \ ) c a t  sccc)vcsy wi l l  I,c 11ser1 i n  the sys tc :n~ .  

liFT--'J..l'i'l.i --- I l ~ . , i  s t  I lollsc - 21 u~~c:c:~-througli  s y s t c m  \vi.th evapors t iv t :  cool.ing 

and  ri:sist:ancc llcnting wil.1 bc utjliz.cd. 

2 .  nAcv,c;r:ori;\:n AP: I-, r-.r!r.: , ; I , :  01;- n ~ x ~ o n ~ : -  

, In r e c c n t  y c a r s  a t t c n t i o t ~  h a s  I.~een i r )cuscd on c n e r g y  a s  a n  eshaus t ib le  

rcsolr  rcc. T h c  gro\vi ng rcal.izatic>~.l tha t  e n e r g y  su].~plic:s arc.  d\i~indl.ing and  



the  prcssurc :  o t a n  c:xpailding e n e r g y  demand  h a s  resu l t cd  in a  consc ious  

effort .10 c u r t a i l  inelf icicnt  ct lcrgy use .  In keeping with thc  nccd to  makc.  

the  b e s t  poss ib lc  11sc o f  c n c r g y  r c s o u r c c s ,  i t  h a s  bccorne i n c r e a s i n g l y  

desirable to a s s u r c  ef f ic ient  mc thods  of heat ing,  cooling,  and  ventilating 

' b u i l c ~ i ~ ~ s .  T h i s  r e p o r t  p r e s e n t s  the resu1t.s of a n a l y s i s  dircctc!tl a t  a s s u r i n g  

a n  cnergy  cffici.ent des ign b a s i s  l o r  the \YIPP Fac i l i ty  lfVAC sys tc rns .  

B a s i c  ac t iv i t i c s  of the HVAC e n c r g y  a n a l y s i s  w e r e  a s  follows: 

I .  Ga the r  da ta  on building HVAC r e q u i r e m e n t s ,  including a l l o w a l ~ l c  

t e i u p e r a t u r c s  and building conf igurat ions .  

2. Deter  n u n e  bu i ld~ l lg  venti lat ion r e q u i r e m e n t s  and  r  csul  ting 

concepts. 

3 .  Analyze the EIVAC concep t s  to  d c t c r m i n e  technical  and economic 

acccp tab i l i ty ,  

4. Rcpor  t thi: r e su l t ing  c o n c l u s i o ~ ~ s  and  r  e c o ~ n m c n d a t i o n  s. 

3 .  DKVELOPhlJCNT O F  IIATA ----- -- 
Data  and materj.al.  utili .zcd in the pe r  lor  tnancc of the HVAC cnergy 

st!lcjy w a s  ga thc rcd  o v e r  the pe r iod  f r o m  t h c  p r o j e c t  in i t ia t ion in June ,  1976 

to the  complet ion of the  a n a l y s i s  in  Apr i l ,  1977. During th i s  pe r iod  

n u m e r o u s  ~nec t i .nps  w e r e  hclcl with r  c p r e s e n t a t i v c s  of Sandia L a b o r a l o r i c s ,  

Fcn ix  &. Scisson ,  Inc. , and H o l m e s  & N a r v e r ,  Inc. , in  a t lendancc.  As 

des ign of the W l P P  evolvcd,  thc  pllilosophy of the  HVAC r e q u i r e m e n t s  

evolvcd in  a  p a r a l l e l  p r o c e s s .  The evolution r e s u l t e d  in  the development  

u t i l iza t ion a l t c r n a t i v e s .  The following rnctllods w c r e  uti l izcd in  the  

- '  The  ba'sic m c c h a ~ ~ i c a l  HVAC s y s t e m s  concept  w a s  based  on 

conf&r tnance with C;(,!nel.al Design C r i t e r i a  for In te r io r  Mcchanical  S y s t e m s ,  

P a r t  l', Section I), ERDA Appendix 6301; ASHRAE Standard 90-75,  and NRC 

Guides .  
. . 

- The h c a t  load ca lcu la t ions  w e r e  p e r i o r m e d  in  a c c o r d a n c e  with the 

ASflHAE Handbook of  E'undamcntals .  



- Lifc! c y c l c  s t u d i c s  w c r c  pcrfol-med in  a c c o r d a n c e  with ERDAM 

6301 In tc r i tn  l,ifc.-Cycle Cost ing Guidel ines .  

- T o t a l  annua l  e n c r g y  u s e a g e s  w e r c  d e t e r m i n e d  by u s e  of "TRACE" 

c o m p ~ ~ t c r  p roGra lns  for  m a j o r  fac i l i ty  s t r u c t u r e s .  

- I t c l a t i v e  e n e r g y  conservation a n d  payoff ti .mcs of va r ious  

a l t i . rnat ivc  s y s t e m s  werc!' d c t e r ~ ~ ~ i n c d  by u s e  01 Sandla Labbrarory 

LIl'CY Id c o ~ ~ l p u t c r  prcsgranls. 

4. ?J\rAC SYS'I'EM -- ALT1:RNATIVES A N A L Y Z E D  

A t o t a l  of  6 "TRACIC" computc r  r u n s  w e r e  m a d c  in the  t x a m i n a t i o n  

of the  HVAC s y s t c n l s  for t h e  four m a j o r  W I P P  s t r u c t u r e s .  In addit ion,  a 

n u m b e r  of 1,lE'CYL r u n s  w c r r  pc r fo rn led  to  d c t c r m i n e  the l i fe  cyc le  c o s t s  

of v a r i o u s  alternative s y s t e n l s  being col ls idercd for W I P P .  Data f r o m  the 

"TRACE" a n d  L I F C Y L  r u n s  w a s  then ut i l ized i n  making d e c i s i o r ~ s  on HVAC 

s y s t c ~ l l  conf igurat ions  for  buildings which w e r e  riut analyzed with thc "TRAClC" 

p rogra ru .  T a b l e  4 - 1  p r c s e n t s  a s u m m a r y  of thc a l t e r n a t i v e s  c o n s i d c r c d  in  

t h c  "TRACE1'  colnpulcr  ana lys i s .  Cop ies  of the "TIIACE" cumputel- r u n s  

a r e  i n c o r p o r a t e d  a 3  a n  appcrldix to  t h i s  r c p o r t .  As  a r e s u l t  of thc  "TRACE" 

r u n s ,  the following s y s t c m s  w e r e  sc lcc tcd  a s  the m o s t  favored for the  four 

~maj*lr rVIJ-'l:' bullding s .  

Admlrrl s t rx t ion  Fac i l i ty .  1vlcdiu111 pr co our n variabla air t.ro1l.lt-n~. 

- sy  stctln u t i l i x i ~ ~ g  I -cc iprocat lng hca t  pu1l7p wltll heal I.L'LIJVC:I y ,  S U P ~ ~ C M C I ~ L ( L ~  

RIJ \Vastc T. 'aci+litz 100Ojr1 outs ide  a i r ,  hea t  r e c o v e r y  wit11 a ccnlr i fugal  -- 
h e a t  pun?p, suppl e m c l ~ t n l  evapora t ive  coo l i r~g ,  a n d  supplcnlcnia l  s o l a r  

TKU Waste  F a c w :  looU/" outs ide  a i r ,  hea t  r e c u v e r y  with a ccntrif 'ugal 
1, - 
h e a t  pump,  supplemel l ta l  cvapora t ive  cooling,  and s u p p l e ~ n e n t a l  s o l a r  

pancl  s . 
~ a n / ~ + t e r i a l s  Duiltli n s  Paclcagod roof top rnultizone unit  using 100% - 
outpide  a i r  with h c a t  r ecovcr  y, r  e s i s t a l ~ c e  heating,  supplcmcnta l  evapora t ive  

c o ~ 1 i n . g ~  and  supp lementa l  s o l a r  panels .  



TABLE 4- 1 

SUMMARY OF WPP HVAC ALTERNATIVES 

except refrigeration except refrigeration 
below 770F 0.8. is .below 77OF 0.8. is 

Note: 'dsnotes sytem selected. 



Fol lo\villg sc lc .c t ic>~~ o f  1 1 1 ~  b a s i r  s y s t c m s ,  t h e  addit ion oC 

s u p ~ ~ l c : t r ~ c ~ l [ r c l  c n c r g y  cvtlsc.r\r;ll.ion tcchniqtlcs w a s  cons idc rcd .  T11.c con-  

s c r  t.3 l jot1 tc!c.Il~iiq~~c:; C O I I S ~ ( ~ ( . ! ~  c!d wcr  C :  

I.lcat pipc'":. liquic: t :~ - i~n , s fc .~ .  hcnt  r tcovc:ry  

Solnl- a s sj. st: lo]. hot  w a  t c r  hcat ing 

'I- l~c:  r c%la t i \ /~-  ! ~ ~ t . b i - i l .  of t l ~ c  a~ipplcrrlc:ntal systelr ls  w a s  dctt.crmincd 

011 illo b'tsis 01: cc\r;L c,l:ll,:r:li\irsnc:s.s 3 s  dc:tcrnlinc!d by LJ.FCYI> cornputc!r progi-a10 

I i s .  Spc:cifi.c:; o i  I l : i?  IdlS?C:Y ld a n i ~ l ~ s i s  a r e  ~:c:portc:d ill S ~ c t i o n  5 of th i s  

rcl,ort:. 

(.)I> tht. 1.m a i s  oI . t .h~>  a n a l y  s i s  1catll.11g lu l l ~ c  p.l.c:ccc?dii~~ rnnr:lil s . i , on~ ,  

I - JVJIC s y s l  t2,tr)s hnv<:' hccn  sc:lcct.ed i o ~  thc rcnlailldcr. o f  thc  WIPP Iacililicls. 

'TI><.: I - C I ~ ; ~ ~ . I ~ ~ . I I ; :  l ~ ~ ~ i l . d i ~ i ~ : s  a r c  not  of thc. typc nor  do they have the t ~ s e  al~cl 

ncc:\lpallcy f ; ~ c t c j r s  \\,l.~i.i:h \li-ill, r equ i r  c c .on i l> l~ lc  a i r  conditioning and heat ing,  

n1.1rl Ihi*1.(:1'o1.(: tli.tl not: I-c.quirc a s  c:o~npl(:l.c an  a n a l y s i s  a s  thc ~ n a j o r  struct1.1.rc:s 

1:c:i(:1~c11c~.cl abo\r(d. I,i : i t~!d bc*low 2 r e  LIlc i\:IPP i a c i 1 j t . i ~ ~  a n d  the  1-1 \ / i iC  

syst.clns ~~c:co~>~~.~. lc~nt ic l t l  f o r  c.!:~cfi. 

I .  1 c .  PIC) 6;l>c'r; f i r. ; i l l ; l ly~ l . s  11as LCC:I'I p c ~ ~ f o r n v r l  f n r  thi r? 
-a*.. -.-. . . . . - 

s ~ : t . ~ r : : .  I.lt:;itillg i11:d C ~ > ~ I I L I I ~  \ ; i l l  t;c provir.!rrl h y  ;~.n c,lc:ctric hcal. l j u l r ~y  

u n i t .  A s  nol?A 111 11.1~: ;:L, r:l~il;c:r;tnr 2.1 r.lf..sc.ription for the building, i l t  su la t ion 

\vill bc. pi-c~virled !.o l l~e t : l  rccl~li.rc:d "U." values. 

h4j.no --- T'j l l .c : r  . --.- j'\uj.lcl,i~lg - A i r  pass lng  I.hsaorlgl; I.Ilij 1,uilrling rr l l1 .1  hr: a.t 

a , rc . I ; \~  i \ l (~ly  conslant  t:c.inpc?rr-tt.~r.re. IItlc.. to i t s  hcnvy c o n c r e t e  wall S, the 

in tcyior  o f  lhrr b~lilclini; will. r c l l ~ a i n  : I [  a rel.ati.vcly con s t a n t  t e n ~ p a : r a t u r e  

L ~ ~ . I . V I . I ~ , ~ ~ R I ~  t.hc: yc;ii-ly per iod.  h:line vcn t i l a t io l~  falls will be connected f.(.) 

thc! v i t a l  po\vc:r supply  s y  stc:n-r a s s u r i n g  ,cc)ntinued airfl.ow through l h c  

bujl.di~i'fi. N o  i n t e r n a l  hcat..ing or cooling j.s ant:icipatcd, therc:fore, no 

enc:rgy ana1.ysi.s was p~!rfi)1-117i:d. 

/ Vc1lj.cl.c-! Ma i ntc~~i;~tlc:c~ Faci* - ElccLric I - e s i s t a n c e  spot  hcal:illg - -- .- - -. - -- -- - . . --- . .. . - - -- 

will  LC: pi:ovic.lc.cl I'or t h i s  bujltling a s  rcquj.rcd for personnel and f r e e z e  

I ~ L . I .  'The b~li lcl in~; wi l l  bc: opc:rl tc )  thc  outs ide  and  a i r  conclj.tioning 



i s  not. r c : c o ~ l l ~ ~ ~ c n t l c ~ c l .  1;:vilpor;ltivc c o o l j r ~ g  \\rill bc  iitilizc-d for  thc  s m a l l  

officc. and rc:stsc.)onl arcla. 

S ~ . ~ s j c c t  \Vasl.c/J,nr~nclry 1311ildinfi - D u e  t o  l h c  p r c s c n c c  of radio:  -- ---------- 
a c t i v e  liquitl:; ant1 t hc  pos:;il)ilit.y of  rat l ioacl . ivc v a p o r s  in t h i s  bui ld ing ,  a 

once  throui:li \:trlitil.atiori sysl :c:~r~ w i t h o t ~ t  rc:hcat wi l l  bc  u t i l ixcd .  Kvaporat i .vc 

ci)cdjllg ;ll)d only ~ r l i n o r  rc:si:;t;lncn htsating wil.1 provide sufficient h(-al i l .~g 

.and  coolilig for 1 . h ~  b u i l c l i n ~ .  N o  spc:cific ranergy a n a l y s i s  h a s  boen  pr:r-  

for  n1c.d for th i s  bui.lcling. L a u n d r y  ac t iv i t i . cs  wi1.l prc.)vide a n  i n t e r n a l  

shurcc! of heat lor  thc  buil.di.ng. I ,ar~ndr y o p c r a t i o n s  \\!ill o c c u r  d u r i n g  

thc  d a y t j . ~ n c ,  n u t  a t  nigllt, a n d  spot. r a d i a n t  h c s t c r s  wi l l  I>c provided for  

i rc:czc pro!.cction. So la r  hot: \va tcr  hcal.ing wi l l  Ije u t i l izcd  for  mc:i:ting 

' l a u t i ( ' i ~ . ~  r c q t ~ i ~ . c ! ~ ~ i c : ~ l t > ; ,  

I.loist: I - jousc~s - 'Ill(! 111-1 and  'TIXU h o i s t  h o u s e  r o o m s  wi l l  b e  

connc:ct.c:d vi.a ca\,l.c: t \ l i )~ l c l s  t o  t h e i r  r e s p e c t i \ ~ c  \vast:c l~i t~l( i l . ing building.  

\'cnl.il.itt:ion a i  1. e n t e r i n g  cacli r o o m  will. pass t.11r o r ~ g h  t,hc m o t o r  and  

col11:~ol irl.c:a t.o rcmovc.: 11i'aL !:i.nc~.iitcd tlilring ho i s t ing  o p c r a t i o n s  and  

a poriicin \vj,lI hc: c.\:l~;itlsl.c..d. '.r11(! r c m a i n d c r  of the a i r  wi l l  bc  draw11 

, . t l i r o ~ ~ ~ : ! ~  tllc cable t.~t.nnc.~ls 21 nd  in to  Ihc  \\,;~:;tc handl ing  b:~i l t l ings,  a s  suri.t ig 

]>osi t ive c:ontrc~l of rad io ; ic t ive  c o ~ : l a m i ~ i a t i o n  shorlld i t  bc  c a r r i e d  on the 

calsle. Moj.sL op(:l:ator c r ~ l l t r o l  ~.ooll-rs i n  both bui1din:s wi l l  Ije h e a t e d  a n d  

. . 
Tlic*. h q . a l ~ / M i ~ ~ ~ r j . ; l l . s  hoj s t  hoiisi: w i l l  be  h c a t e d  a s  r e q u i r e d  by spot  h e a t i n g  

wi th  n o  c o o l i ~ ~ . ~ :  be ing  p rov ided .  'l"llc o p e r a t o r  c o n t r o l  r o o m  wil.1 b e  h c a t e d  

. a n d  cpo icd  by st-nr~ll, se l f -conta i l led  h e a t  pu11-1~ un i t s .  

. . .  E m e r g c ~ i c y .  C;ctnc:~.ator I~~i . lc l j .ng-  - T h i s  s t r u c t u r e  i s  desj .gned to  --- ---- -.-. --- 
r e s i s t  t o r n a d o  n l i s s i l c s  ant1 t l~c: l-eforc i t  hrts kic;t\ry c o n c r c l e  w a l l s  pl:c)vidi.ng 

good in su la t ing  cludj1ic:s. 'J'hr htlilding h a s  a low pc~pula t ion  f a c t o r ;  1 ocal  

heating w i l l  p rov ide  p o r ~ o n n c l  cornfi,~st w11c!11 tlic! bui lding i s  occup ied .  

Vcnt i l . a t io~l  will. b e  recluircd for s tandby g c n c r a t o r  heat r emnval when tho  

g e n c l - a t o r s  arc! i n  opc rn t jon  a n d  wi.11 b e  p rov idcd  a s  a n  i n t e g r a l  p a r t  of th.e 

buiJclj.ng d e s i g n .  T h i s  building d id  not  jus t i fy  a  compl  c t c  and  c o n ~ p r e h c n s i v e  



\Vit  ~*CI~OII~,WS~!E~~- 'r11e \varel~oi.is(: 1)uilding conta ins  s t o r a g e  

s p n c c ,  off icc  slxtcc,  and simp a r e a s .  Cooling wi l l  not be provided f o r  

1:llc storage ;ii:e:t. Spot lic;~t:ing wi l l  be' provided for f r e e z e  protect ion.  

'I'hu s1ial)s \...ill 1)c provitlctl Lvith n once  t h r o ~ i g h  venti lat ion s y s t e n l  to  

n s s u r c  nccc.pt.;il)le ;li r ~111:tl;t-y. E v ; ~ p o r a t i v e  c o o l i ~ i ~  wi l l  be uti l ized when 

~.cclui~.cd,  spot  Ilcnt.iny: wi1.l pro\litlc 11sat on a n  "as  r equ i red"  bas i s .  

E ~ t : i n l a ! c d  1,ea.ling and  cool in^ loads  f o r  the W I P P  s e r \ . i c e  buildings a r c  

sun.lrnx.l.i.;;cid in  Tal)le 4-2.  'l'l~ese loads  w e r e  prc:pal.etl ly 1lol111es Rr N n r ~ l e r ,  

Tllc, f o r  1 . 1 ~ ~  ill tl .1~ ~ l t . c ~ : l ~ i ~ t i v c  1::ncrgy S o u r c e s  a n a l y s i s  performed by 

I?nv i  l.c,cl\.l,c 1i:ncrgy ';er\ticcs. They  a r c  indicative of thc  bui iding lor-ld8 

\vI~ich s l~oul t l  1 ~ :  ;~.nlic:il>nl.c~tl rti:cl prc)\ ide a sot l rcc  f o r  c t r n ~ p a r i s o n  of t h e i r  

in:+ gni.t~tde re12 t ivc  to .  the 'lilad s c s t ~ h l i  o l ~ o d  f a r  t.he major I'III'I-' L ~ ~ i l d i l ~ g s .  

5. ___.-___ l'.,Il.'Ij; C:YCT,T' CC)S'I.'S -- 

A s  n~c;.ni..ionctl j.n p1:ior s c c t . i o ~ ~ s , t h e  LIFCY1 pro,nra.lll wits ~.ltil.i:?nd 

to (lf*[(::rl~iil~c! tho rc:lirt.i\,<: mc.rit.s of n1t:ernate 1.1VAC s y s t e m s .  Copies  of 

the: illput a n d  c111tput in]:. t11c: .r1111s pcrforxncd are included i n  thc  Appcndis  

of  1 .  1 .  'l'a1,1(: 5 - 1  s v ~ r n m n r i e z c s  l l ~ e  rcsn l td  of t l ~ c  rlrnn a n d  p r e s e n t s  

! 1 . 1  1 :  I h I S I . .  I?CII: tho plir]>oses of l.jle cyc1.e c o s t  

' ana1.y sis, t.11~! t1.i s t r ic t .  st.c!i~lrl h e a t i n g  lo:ids~con1p1tt.ed i n  the TRACE r1111s were 



TABLE 4-2 

\ ESTIMATED LVIPP SERVICE PJGILDIKG HVXC LOADS 

1 1 I I 

I i 

i DESiCN LOAD I AXNUAL LOADS I I PI:AI< BUILEING : .  
. i / HEATIXG EViZPOPATIVE IIEATIXG I COOLISG 

COOLIXG IIP-ICW ; KIV I-IRS I<\VlIRS 
I 

j i ! 
I i 

17 I-I? 1 89,000 

I 
2,160 

15 HP i ! 43,300 432 
i 

I I 
15 Il? 49,400 1 1,296 

I 

i ! 
I 3 HP i 40 29 

f G T U / F ~ R  f 
? 

i 

~ a r e h o u s e / S k o p s  519,0,0 1 ! 
Vehicle Maintenance Faci l i ty  1 

Emergency  P o w e r  Building 

! 

86,400 

96,000 

S ~ s p e c t  ~ a s k / ~ a u n d r y  Building 

I Hois t  H w s e s  34,100 

144,000 1 15 HP 24,700 i 432 i 

i 3 H P  
i 

site Ent ry  Gatehouss  i 30,000 I 15,400 I 31,000 

I I ! 

, 
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6 .  (:ONC;l~LTSIONS -------- 
C;orlclusio~~s have been dcscr ibcd  i n  the dt.vclop111cnt of thc body 

of tlic r cpo r t  ali(1 a r c  s ~ l n ~ n l a r i z c d  11crc: 

A. A Ccntl-al'Eic.ntiiig a n d  Ilcfrigtrratior~ pla11L: i s  uncc:ollomic for tho 

\\'ll'P fiici1i.t.); i v l l c ! ~ ~  conIp;rri.tl l o  indi\:idual sy s t c n ~ s  located in thc b ~ ~ i l d i n g s  

I I;:vaporal.i\rct coo l ing  j s an ccono111ic supple l~~cnl :  to hcat 

pu l l~p  ~.cf l~i .gcrnt ion s y  s t c n ~ s .  In addition, c\raporittivc cooling i s  a n  
. . 

c:conoti~ir mc:rrns of prc.)\riciing cooling Lor ~ n i n o r  buil.dings a t  a facility with 

C. Solirr a s s i s t  for spacc and hot water  heating i s  econornic for 

jhc: IC'JPY faci1iI:y. 

1). ' ~ea .1 :  p i  l;c:s nncl licltlicl t ran s f c r  heat yccovory a r c  an eco l~o r i~ i c  

supp l  c 1 1 ~ c ~ n t  Ic.11- c~ncc? Lhr oug11 vcntilati on sy :;tc Ins. 

1 .  F o r  cnnvcnlional a i r  conditioning sys t cms ,  a varia.bla a i r  

volurnc~ systctn i s  thc favored al.tc.rnate. 
. . 



APP13NDIX A 
- .  

AN ANALYSIS O F  

.. CENTRAL HEA'~INC;/REFRIGI;IRATION 

VERSUS . ' 

INDI\rIIIUAL HEAT P U M P S  



In accordance with WIPP project cr i ter ia  HPr N h a s  evaluated the 

u s e  of'individual heal  p u n ~ p s  versus a central  s teamlch i l l ed  w a t e r  plant 

for Lhe WI PP facility buildings r equirinC refr igerat ion. ' .  This  evaluation 

shou~s that individual hcat punlps a r e  the mbst  des irable  f rom both , 

encrgy ancl cco~ lon l i c  vicwpoints, 



?:hrcc o f  ~ h c .  W I P P  buildings will r e q u i r e  r e f r i g e r a t i o n  and  

hcat ing which could  be supplied f r o m  e i t h e r  a c e n t r a l  heat~;ig/ 'cooiing 

p1.ant or fro111 i,ntlividual hcat  pumps .  T h e s e  a r e  the  TRU, R H  and 

Adlnini .strat ion bu j ld i~ lgs .  Three altel-natc s y s t c n l s ,  l i s t ed  below, have . , 

.been c o n ~ i d ~ r c d  f ~ r  supplyillg the heating and cooling requirements for 

Al.I:t!ruatc: 1  - Cent ra l  Refrigeration plus  S team B o i l e r s  with 

cliillecl w a t c r  a n d  Steal11 pipi t~g ta bnil:li.ngs (F.H - T R I J -  A d m l n i s t r a t i u r ~ ) .  

AI.~CPIII-ILC 2 - Individ~iab Hcbat P ~ l r n p s  a l ~ d  cooliilg t o w e r s  in e a c h  

b~i i ld ing (.Ill-I - TRU - Adlnii7istration). 

AlI.c.:rnat:e 3 - .  Individual Hcat  P u m p s  with a c e n t r a l  cooling 

tower  and  condcp s e r  watc.1- piping to the  buildings (RI-I - TRU -' Admin- 

ist.rntiol1). 

The attachecl c o s t  e s t i lna te  shows the r e l a t i v e  in i t ia l  c o s t s  of the  

t h r c c  al.1 c!~:na.tcs. Thc c o s t s  over\vcilielrnirl~ly fa vor tho use  af  A1t:crnate 2 - 

j .ndivid~t;~l lic:i~I. pumps  and cooling t o w e r s  a t  each building. The operati.nt: 

c o s t s ,  i . n c l ~ . i d i ~ ~ g  encrgy ,  will a l s o  favor  thc  u s c  of individual s y s t e m s .  

Altel-natc* 1  wi.l.1 have! high lhe r  lnal l o s s e s ' i n  the piping network and  wi l l  

recl\tir.c tllc o p c r a t i o r ~  and ~na in tc i l ance  of a  large c e n t r a l  s y s t e m  whenever 

a n y  of the  buildings r  cqil ire s e r v i c e s .  Al te rna te  1 i s  a l s o  l e s s  energy  

cfficicnt  bccausct the c c n t r a l  s y s t c m  cannot  b e  opera ted  as  a h e a t  pump. 

Compar i son  of thc  ci-lergy consunlption nf a c e n t r a l  syst.em (Al te rna te  1 )  

v e r s u s  i~ ld iv idua l  s y s t e m s  (Alternate 2) shows Lhe advantagas  of i!~cli.vicl- 

u a l  s y  stcms on at1 annual  encr  gy con sumptj.on b a s i s .  

Individual' Sy s t c ~ n s  

C e n t r a l  P l a n t  



C ONC IJEISION -- 
Q n  the b a s i s  of initial cconon~ice and est imated energy con-  

sumption, it  is rrtcomn?er~dcd that individual heat pumps bc util ized to  

provide heating and cnuling far tlrc RH, TRU and Adrninistralion 

bu j1di.n g s . 
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APPENDIX B 

LlFCY 1 COMPUTER RUNS 



. . _-__-__- ------------ 
.US$$$ LIFE-CYCLE. COST COMPARISONS $%$S 

+*I NPIJT DATR** 

LOCRT I ON : W I PP 
DESIGNER: M'. KLHTSKIN PR0.J. 

, . COST OF ELECTRICHL ENERGY USED, PER M I L L I O N  ETU = $7.99'30 
COST OF STEHM? GHS OR OTHER ENERGY USEDI' PER METI-1 = $. 00UO 
YEHRLY ESCALHTION RATE FOR ELECTRICITY I S  5 . 7  Z 
YEHRLY ESCHLHTION RHTE FOR STEHM? GHS OR O I L  I S  - 0  Z '  
'.{EEHRLJ DISCOUNT RHTE I S  9.0 2 
NUMBER OF HLTERNHTIVES BEING CONSIDERED HRE 2 HLTERNATES 

***RESULT:% OF ECONOMIC STUDY** 

HLTERNHTE NO. 1 DHTH (CENT HEHT PUMP> 
INSTALLHTION F IRST COST............ $3759 000. 00 
HNNCIHL 0 h M COST (LESS ENERGY>. ..'. $ 1 5 ~  000. 00 
ELECTRICHL ENERGY USED. ............ 4 4 0 3  M I L L  ION BTU 
STEAM? GA5 HND/OR O I L  USED.. ....... 0 M I L L I O N  BTU 
ECONOMIC LIFE......................... 23 'tEHRS 

RE:SULTS 
TUTHL F IRST VEHR ENERGY COST I S  3921 9.1 DOLLHRS . , 

TOTAL HNNlJAL IZED COST I S  120399.  IlOLLFlRS 
TOTHL PRESENT WORTH I S  1.?8523E+6 DOLLHRS 

i HLTERNHTE NO. 2 
INSTHLLHTION ... AI.II.IUHL 0 & M CO:ST (LESS ENERGY). $ 1 7 2  000. 130 

7 7 -  .7 ............ ELECTRICHL ENERGY USED. .>< bc M I L L  ION BTU 
STEHM, GHS HND.,,OR O I L  USED. ........ O M I L L I O N  BTU 
ECONOMIC LIFE......................... 25 YEHRS 

RESlJLTS 
TOTHL F IRST YEAR ENERGY COST I:S 30092 .2  DOLLARS 
TOTHL ANNUHL IZED COST I S  1 1 0730. DOLLFIR% 
TOTHL PRESENT WORTH I S  1.1:3?0ZE+6 DOhbHRS 

. . 

. ***)I 1 SCOl-INTED PAYBt7t:K PER 1 ODS***. 

TO 5 0  FROM HLTERNHTE l* TO HLTERNHT 
F 1 NfiL r:'.(EHR :3> \('EfiPS ENERG)' :SHV 
lj!I TH 1 1 4 1  MILLIONS OF BTlJ SHVED PER YEFIR. 

:~f i l r . ' IN~:z ...>IN1.)ES TMENT RHTIO I$ :3.1:I6.4 
ENERGY :r;H1~)ING:S 113 5709 500 BTLl PER ANN!-lHL DISCOUNTED INVESTMENT DOLLFIR. 

- LOWEST INtZREMENTHL INSTHLLHTION F I R S T  COST ALTERNHTE 
/ 



7 7  ../04...'1]1. 113.41 .:32. 
PROGRHM L IFCY 1 

......................................................................... 
:S$$S L IFE-CYCLE COST CUMPAR ISONS $$$$ 

LOCHTION: WIPP 
DES IGNERt M. KLHTSKIN 

COST OF ELECTRICHL ENERGY USED9 PER M I L L I O N  PTU = $7 .9990  
COST OF STEHMr GH:S OR OTHER ENERGY IJSED, PER METI-I = $. 000 0 
YEHRLY ESCHLHTION RHTE FOR ELECTRICITY 1:s 5 . 7  :$ 

YEHRLL' ESl2HLHTION RHTE FOR STERN? GAS OR O I L  I S  . O  !.: 
'$F~IRI Y TII:SI:OUNT RhTE I :z  :3. !: 
NUMBER OF ALTERNATIVES BE IN15 l:OPi:SI DERED HRE 2 ALTERNI~TES 

HLTEPNHTE NO. 1 DHTH' (CENT HEHT PlJFlP l,J/HEHT RECOVERY:) 
1H:STHLLATION F I R S T  1ZO:ST.. .......... !ii42!39 U U U .  IJU 
FiNIJl-lHL 0 :I: IZO:ST QLE:Z:S ENERG+()). ... $179 000. 00 
ELECTR ICHL ENERGY USED. ............ 3 7 6 2  M I L L  ION BTU 
STEHM? GHS HND .... OR O I L  USED. ........ O M I L L I O N  BTU 
ECONOMIC LIFE........'................. 2 5  YEHRS 

RESI-ILT:S 
TOTHL FIR:ST '.,'EHR ENERI:'~' IZOST 1:s :31:ll:l'32.2 DOLLHRS 
TOTHL HNNljHL 1 ZED 1:O:ST 1:s 1 1 073 0. DIJLLHR:S 
TOTHL PRESENT WORTH I S  1.18202E+6 DOLLARS 

ALTERMATE NO. 2 DHTA #:CENT HEAT PUMP hl./'HEHT 
1N:STHLLHT ION F 1 EST 1:O:ST. ........... 
HNHlJfL 0 $.; fl 1;0:5T (LESS ENERG'r':) .... !61:39 0130. 00 
ELEC:TRICHL EPIERG'C USED. ............ 215:3 M I L L l U N  E l l J  
:sTEHM, BHS AND/OR ' O I L  USED. ........ [I M I L L  ION BTU 

c ........................ ECONOMIC L I F E .  L.J "CEHRS 

***D 1 SIZIJI-INTED 

TO 130 FROM ALTERNPTE I* TD ALTERNHTE 
F I N H L  ('.(ERR 4::1 '.(EHR:S EF.1ERls'y' 
WITH 1 t 0 0 4  MILLIONP OF BTU SRVED PER YEAR. 

:Z:H'.:'INISS .... 'IN1a)E.sTMEriT RHTIO I S  5 . 9 5 5  
ENERIY'~ :sH8v,J INI3:T 1:s 1 9 0 459 :2:3:3 BTI-I PER RNNIIHL D l  SCOI-INTED INVESTMENT DOLLHR. 

- L0WE:ST INCREMENTAL INST~LLHT ION F IRST COST HLTERNHTE 
-8% 



7 7  / 0 4  ...'0 &. 119.:3:3.27. 
PRUGRHM L IFCY1  

......................................................................... 
$!g$!s L JFE-CYCLE COST CuMPHR 1:SUN:S $$$$ 

LUCHT I ON: W I PP 
DESIGNER: H-Pi 

C:O:ST OF ELECTR ICHL  EPiERljY 1-I:SED, PER M I L L  ION BTCl = $7.. 9390.. 
CO:ZT OF :STEAM? ISe::; OR OTHER ENERGY I-ISED? PER ME;TU = !$. ClOCI[l  

'CEERL<i' ESCHLHTION RATE FUR ELEC:TRICITY I S  5.7 
YEHRL'f E:sCALAT ION RHTE FUR STEAM? l3A:S OR O I L  I S  . O ?i 
'.(EARLY D I:SCOlJNT RHTE 1:: 8 .  0 ?: 

NUMBER UF HLTERNHTI {{ES PE I NG CONS I DEREII ARE 2 ALTERNHTES 

FtLSt~r.1t-i l t NU. 1 gRTA <BFiSE :::'+:STEM:> 
I N:STHLLHT ION F I RST CU:ST. ........... :$44y2 ~I:I[I. 00 
HNNClHL $.: M 1:O:ST I:LE:Z;:S ENERG'.(:> . . , , $18? 01:11:1. 00 
ELE1:TRICHL EIdEf?lj'~' USED.. ........... 2 7 5 8  M I L L I O N  ETU 
:STEHMr C1H:Z HND.,'UF? O I L  CI:SED.. ....... 0 M I L L I O N  BTCl 
ECONOMIC L IFE . .  ....................... 2 5  7EHR:S 

HLTERNHTE NO. 2 DHTH I:EHSE 
1N:STHLLHT ION F I R S T  C:UPT. 
HNr+UHL 5 M COST (LE:S.:;: ENERG'.(::! .... $si>? 000. OTl ............ ELECTR 1C:HL ENERIS'( USED. 1 4 2 2  M I L L  ION BTI-I 
STEHM? C;HS HND .' OR O I L  USED.. ....... O M I L L I U N  BTCl 
EIZUPiUPlIC L I F E . .  ....................... ZJ '.i'EEHS 

1 :zC:uUNTED PHYEHlZK PER 1 flD:s*** 

T o  GO FROM ALTERNWTE 1- TO ALTERNHTE ','trHIi:K I S  18 .3  YEAf?:: 
F I N H L  I::'.(EW 19::1 'y'EHR:S ENERl;'.i ::SA1njII.{ u.1. I 1 .;. .j. ubqt+  1 DOLLHR:S 

. 1.11 1 TH 1 ?.-~.-#b '2'" '- M ILL IONS OF BTlJ SHVEIS PER YEHR. 
:~H~.)INI;:s ..... INVE : S T ~ ~ E N T  RHTIO 112 1 , :32 i  
Ep{ERl;',' ::SA1.,.'INc;S I::: 272987.5 BTIJ PER ANNI-1HL DISCOUNTED ]NVE::;TMENT DDLLHR. 

- LUWE5:T INCIREMENTHL 1N:STHLLHTIUN F I R S T  COST HLTERNHTE 
- A  



U40:::Cl DATH "RM ;: 1 " 
[I4 64 0 DATA "I,IJI F'P" 
134 l:l50 DATA "4-01  -77" 
134Ut5,l:l DATA "M. #LATSEIN"  
04  0713 DATA 7.994 
el4080 DATA [I 

1:14[190 DATH 5 f 7  
I34 l o o  DATP I? 

5141 1 IJ I lATH I3 
1114 1213 DA'TW 2 
04  1:3 0 TlHTH ''CENT HEHT FUNF!' 
0 4 1 4 0  Dfi'rA :3751:100 
0 4 1 5 0  DATH lS[IUO 
041&,[1 DATA 4'3133 
1:14171:1 DATH 0 
1:1.1.1$Q ;UMTm 25 
[I4 1 3  0 DATA "I:ENT HEHT Pl..lNP Ir.l.,.'HEHf RECOVERY" 
( I ~ ~ I J I J  DATA 4251][10 
l:l4210 DATA 1713013 
04??l:l I l f lTfl 3'762 
[142:3Q DHTR 0 
~ 1 4 2 4 o  PATH 25 
[1t5~:$!5[1 Er jn  
REHDY. 



7 7  ...' 04..*'[11. 11:1.4[1.55. 
PROGRHM L I F C Y  1 

OJO:30 DHTH "RH -.I- ... 3 
04040 DHTH "WIPP" 
I34050 DHTH "4-01-77" 
04060 DHTH "M. KLHT:ZKIN" 
04070 DHTH 7. 39'3 
041180 DRTH 8 
04[190 DHTH 5;7  
041015 DHTH 0 
04 11  111 DHTH :3 
04120 DATH 2 
04130 DATH "CENT HEHT PILIMP W/HEHT RECOVERY"  
0414111 DHTA 425[100 
04150 DHTH 17nfjl] 
041i50 DHTH : 3 7 ~ 2  
1:1417[1 DHTH I:I 
041:30 DHTH 2 5  
04190 KlHTH "IZEPiT HEHT PIAMP I?J..'HEHT RECOY & EVHP 
042 0 [I DHTH 4 4 9  0 0 [I 
Qilsll) IjHTH 1:3[1[11:1 
04220 DATH 2 7 5 s  
[1423[1 DATH 0 
04240 DHTH 2 5  
[I6356 EI.{D 
REHD'i'. 

COOL" 



13413:36 DHTH "pH-3" 
134040 DHTH "GIIPP" 
0 4 0 5 0  DHTA "4-6-7'" I I 

0.1 06 [I DHTH "H-Pi" 
[14 0 7  0 DATH 7.339 
0 4  l:l:3 0 DATA O 
0451'315 DHTH 5.7 
1114 1 0 0  DMTH Q 
1:141115 D,HTM :3 

DHTH 2 
0 4 1 ~ 3 0  rlfiTR uBH-...sE .-. :2:'--.8 , . 2 . 1 t r 1 * .  

(1.1140 DWTM 44'3C1013 
( 1 4 l z O  DATA 1801:lrJ 
1:141E,0 DHTA 2758 
0.1 1 7 0  DATA O 
0,il 1:s 9 ?ATA 35 
041'36, DMTH "Bk:SE lr,lITM SOLAR H;S:SI:STH 
0420l:l DATH 57 1 4 0 0  
134210 DHTH 2201:10 
0 J".-L 0 DATA 142.2 

LC 

1:142:::0 DATA O 
0.1240 DHTH z5 
REHD'I. 



......................................................................... 
!f;!f;!s$ LIFE-l:TC:LE COST i:OMpARI.SON::; !f;$$$ . . 

**INPUT DHTH** . .  

LOCHTION: U I P P  .. 
DESIGNER: H-N 

CO5:T OF ELEC:TRIi:AL ENERG'$ U:Z:ED? PER M I L L I O N  BTIJ, = $7.'35rJu 
COST OF :ZTEHM? GH:? OR OTHER ENERG'? IJ:SED, PER ,METI1 = $. 1:11:101:1 
'y'EHRLs~i' E:SC:ALAT IOPi RHTE FOR ELEI::TRIl:ITY I :z  5.7 2 
'.i'EERL'Y' ESCHLHTION RATE FOR :STERN2 GH:S O I L  1:s . 0 1.; 
'.{EHRLY D I~:I:OI_INT RATE I:: :3. 0 ?; 
VilJMBER OF HLTERNHTI'V'ES BE I NG CON:SIDERED HRE 2 ALTERNATES , , 

t7LTEFNkTE t4O. 1 TiATA (HEAT PUMP:I 
1N:STALLHT ION F I R S T  CU:ST. ........... :f;:=:00? 1:100. 1:11:1 
HNI.iUHL q $.: P1 CO:zT <LE.:5:S ENERl:Y> .... $32. [ i O O .  0[i 

67.>E ............ I ELECTR1C:HL ENERG'I' USEIi. L . ~ ~  M IILL ION BTlJ ........ STEAMr GHS AND..'OE O I L  U:SED. O M I L L I O N  BTlJ 
"" '.{EEA:x : ....................... ECONOMII: L IFE . .  L.-I 

ALTERNATE NU. 2 DHTH 1::HEHT PU 
INSTHLLHT ION F I R S T  COST. ........... $875.  [IOU. 00 
HI.IIJIJHL fJ 1.: M COST (LE:S:Z ENERG'i'>. ... ' $357 00[i. 1110 ............. ELECTF: 1i:HL EtJERG~i U:SED. 5 1 6 0  Pl I L L I O N  BT l l  
:%TEAM? SH:3 HND..*'OR O I L  l_ISED. ........ O M I L L I O N  BTU ........................ ECOtiOM 112 L I F E .  F5 'I'EHR:~ 

1 :ZCulJNTED PHYBHC:K PER I OD:S*?* 

TO GO FROPI FfLTERMfiTE I +  TO ALTERIJRTE t3"iEAC.K 1.5 .;3.2, 'v'E 
FIPiAL ('{EAR 9::1 '{ERR:: ENERlS'C .~H1nj I I . l l~ .~ .... ' ~ O ? ; I  1:' c..r?.-aI.'t+l 
Ir.IITH 1?56,5 MILLION::: OF BTlJ :Z:H1*!ED PER 'I'EAF.]. 

.-. , j ~ v I N  - I I 15.5 .... 'IrJ1:IE.ZTMENT RATIO 2.758 
ENERI:'~' :SAtt,tIN1;:S 1:s 52 1. E,i,E. ~$1-I PER HNNIJHL DI:SCOl-INTED I Nb'E:STMENT DOLLAR. 



77...'04...'08. i18.42.40, 
PROGGHM L I F C Y l  

**INPUT DHTH** 

B L D I ~  :- LOCHTION: MIPP 
PR0.I. DIR.  NO. 4-7-77 DES I GNEP : H-N 

CO:::T OF ELECTRICHL ENERGY USED9 PER MJLLION ETU = $7.9800 
c0:zT OF :sTEHMI IjHS OR, OTHER ENERGY I-I:SEDy PER METI-I = $. 0000 
'$EARL'.( E:Z;CALHTICJN RHTE FOR ELECTRICITY I S  5 . 7  ?.: 
'.I.'EAHL%i' ESC:Hl.,WTION RFITE FQR STEAM3 5% Of? O I L  I S  . 0 ?.: 
'(EHRL'y' r11 :~~Ol - lNT RYTE 1:s 8.12 2 
PiVPlBER QF HLTERNHT IVES BE I NG CONS1 DERED ARE 2 ALTERNHTES 

HLTERNHTE NO. I DATH (HEHT PlJMP W ... "RECOVERY> 
Iti3:'TALLHT ION F I R8T C0:E:T. ; .. , ....... !$,a751 0013. 130 
HNMI-IflL q 8 P1 COST (LE:$:s ENEKl3'1'3 .... J:359 l:l00. 015 
ELECTRICHL ENERGY U:$ED.. ........... 5 1 6 0  MILL ION BTU 
STEFiPl, l3H:S HNB..-'OR O I L  I-I:SEI). ........ O PIILLION ETCl ........................ EI::ONBMII:: L I F E .  35 YEHRS 

fiLTERp{nTE no. 
IP4:STHLLHT IDP1 F I WST S:O:ST. ........... 
~I~NI,IHL Q $,, PI COST I::LE:~:~ E~~ERI:Y::I .... $:3& Y 900. ............ ELEl2TR 1C:HL ENERC;'? 1U:SED. :3148 M I L L  ION FTlJ 
:STEAMY I ~ H S  HND.."OR O I L  I-l:SED. ........ 0 MILL ION ~ETI-I 
ECBNOMIC L I F E ,  , ....... ; ....... -. ... ZJ 'i'EHR:S 

*++D I :SCOIJNTEIl F'HYPHCt:: PER I OD:?**+ 

T g  I:O FROM HLTERNMTE l*  TO HLTERNHTE 
F 1 r{HL I::YEHR 4) '.{EAR::: ENERIS'y' :Z:HV 1 
MITH 27 1:112 MILLIIJN:? OF BTU :SAVED PER YEHR. 

: ~ H V I N I ~ : ~ . . ~ '  II.{'dSSTMENT RAT 1 0  1:s 5 .  9 7 9  
EP{ERG'y' ;sHV I NG:S I:? 1 5 C1475 9 16 BTII PER ANNI-IHL D1:Sl::OUNTED INVESTMENT DOLLHR. 

- LOIJ.IE:ST INCREMENTHL 1N:TTALLAT ION FIRST C:OST H L f  EFNHTE 



......................................................................... 
J$$$ LIFE-CYCLE COST COMPHRIPONS $$$$ 

LOCHTION: WIPP 
PROJ. DIE.  1.40. : 4-7-77 DESIGNER': H-N 

1:;OST OF ELElZTRICHL ENERGY USED, PER WILL IPN BTIJ = $7.9800 
I::O:ST OF :STEHMr GHS OR OTHER ENERGY U:SEDs PER MBT1-I = $. 00051 
'(EARL'.{ E:SCHLHTION RATE FOR ELECTRICITY I S  5 .7  >; 
'.(EHRL'.{ E:SI:HLHTION RHTE FOR STEAMr GR:S OR O I L  1:s . 0 :.: 
or'EARL'f D I:SCOl-lIJT RHTE I:S 8 .  0 % 

~1 ~MBER fiLTERMHTIVE:S BE I NG CONS1 DERED FIRE 2 HLTEENRTES 

HLTEF-~HTE 1.40. 1 DRTH ~ H E H T  PUMP U,/RECOYERY e EVRP COOLINS) ~. . 
11.i:STHLLHT ION F I R:ST CO:ST. ........... $923, 1300. 00 
HNNlJHL q $.: 11 C:O:ST I:LE:S:S ENERGY) .... :f;3gs 900, 013 . . ............ . .  ELECTRICAL ENERl3' U:5ED. 314:s MILL ION ETCI 
:Z:TEHM, 15Az HND...,OR O I L  U:SED. ........ I! MILL ION BTlJ 
EIZONOWIIZ L I F E . .  ....................... 2 5  'Y'EHR.:~ 

HLTEHPiATE NO, 2 DHTH CHERT PI-IMP I.t!..~'RECD1v'ERY 8: EVHP COOL 1 NG SOLHR HSS I :ST) 
IP{:5TRLLWTIoti F IRST IZOST ............ :Elr045r401:1.00. . 
HMNI-IHL q c:: I.1 1:OST I:LE:SS: ENERl5'Y) !f;4 1 9 [I [I [I . [I 51 
ELECTRICHL ENERGY U3ED. 1312  MILL ION BTU 

.... '0 ............ 
STEHMr 13H:S HND..,'OR O I L  USED. ........ IS M ILL ION ETlJ . ........................ E1:ONOPlIC L IFE. .  2 5  '.i'EEHR 

RE:SULT:Z 
TOTAL FIRST YEHR ENERSY COST I:: 14459.8  DOLLHRS 
TOTHL HF.II.iRLIZEKl Cn:4"r 1:5 1648:34. DOCLHF.3 
TOTAL FRE:ZENT MORTH 1:s 1.75#362E+& DOLLARS 

+**D I :Sl:OUNTED PA'fBHlZK PER 1 OD:s*** 

. TO 5 0  FROM HLTERNHTE l* Tfl ALTERNATE BHCK I S  19.5  'YEHRP 2 
F 1 NHL I::YEHR l'3::1 '.{EHR:S ENERIYY :SH$'IN - T  1 ::: 13. 1Jk1 i;t+ 1 UDLLHR:S 
I>.IITH 1 r '""'- .-,.--b MILLICjNS OF PTI-I SH{,tED PER YEHR. 

: ~ : ~ ~ v I N I ~ : ~  .....IF ~'.;ESTMEHT FRTIO 13 1.:211:2 
ENERGY :St+"p{lsS I S  .- - 

d ,  ~ 7 8 7 5  ETU PER HNNClHL IlISCOUNTED INVESTMENT DOLLAR. 

+ - l...OIdE:ST .IrJCREMEPiTHL INSTHLLHT ION FIRST C:O:ST HLTERNHTE 
-2 



0 4  0:3 [I DMTH "TRU- 1 " 
1:1404O DHTH , "!I . I I~P"  
1114 135 0 DHTH "4-7-"" i i 
04 I:I~,[I DHTH "H-Nu 
iJ41370 DHTH 7.98 
1:1413:30 DHTA 0 
0.?[la30 DHTH 5.7 . . 

0 4 1  013 DHTH O 
0 4 1 1 0  DATH :3 ' .  

o 4 l e o  D ~ T H  
04 1.2l:l DHTH "HFAJ PIAMP" 
[I ~ 7 1  1 0 DATA !a 1) 0 111 
04150 I lHTA 33000 
1 3 4 1 ~ ~ 0  DHTH 6795 
0 4 1 7 0  DATH O , ' 

[14180 DATA 35 
134190 DHTH "HEHT PUMP UcRECOVERY" 
042130 DHTA 875C100 
111 4 1 0 DM T fi 35 111 I:I (:I 
1:14220 DHTH 5160 
[142:2[1 DHTH 0 
1:14240 DqTA 35 
6c3:35 [I END 
REHD0.i'. . 



. - ." ,.. i. ...' [I 4....' 0 : 3 '  0:3 . 134 . 2 0 . 
. PROGRAM. L I F C Y l  

04 I]:~I:I DATA "TRU-2" 
[14 1114 0 DHTA " W  I PP" 

. 04050  DHTH "4-7-77"  
[14015,O DHTH "H-N" 
0 4 0 7 0  DHTH 7.98 
040:30 DHTH O 
04 0'30, DHTH 5.7 
0.31 11512 DHTH CI 
12411 0 IlHTH 8 

. . [14120 DHTA 2 

04  1:3 0 DHTH "HEHT PlJMP I,I.I/RECOVER'I'" 
i14140 DHTA 875012iJ 
04151:1 DATA :35000 
Q ~ ! ~ I : I  DHTH 5 1 6 0  
04170  DHTH O 



1114 t3:3 111 DHTH "TRl-l-:3" 
0 4 0 4 0  DHTH "I.I,IIPF" 
04135f;l DHTH "4-7-77"  
0411E.O DMTA. "H-N" 
04 i170  DHTA 7 . 9 8  
04 0:s [I DHTH I:I 

04l:lS30 DHTH 5 . 7  
0 4 1  0 0  DHTH O 
0 4 1 1  0 DATH 8 
1:14121:1 DHTH 2 
[I4 2 1:: [I DHTH "HEHT PIJMF !?I... 'RE1:OVERY $3: E E W  ICOOL IPiF " 
0414111 DHTH '32:300r? 
041511 DHTH : z :~ , ' ~ l~ l l ~ l  
[141t51:1 DHTH :::I48 
04170 DHTH O 
041:3rJ DHTH 2 5  
1:14 1'30 DHTH "HEHT Pl-lPlP W...'REIZOVERY $.: E$'HP COOL INIT; $.: SDLHR A:%S 1:ST" 
1:14?00 DHTH 10454b( l  
04210  DHTA 4 1 0 0 Q  
134250 DHTA 1 8 1 2  
[142:31:1 PHTH [I 

124240 IlHTFl 9.5 
r?cj:35l] END 
REHD'y' '. 



liL'TEF.:I.iATE HU . 1 I lATe  8::F:EC I P  HEHT PUPIF':! 
IH:STHLLHT I ori F I EST CO:ST ............ $ 1  05 ;UI:II:I . 0 0 .  
HI.{I.{l-IHL B.: 1‘1 I:Q:ST I::LE:~::S EPIEF;.IG',() . . , . !s4..2[l[l . <l[l 

ELECT!? I CAL ENERG'? I-I:SED ............. 24:3::: .9'7 P I  ILL IOI.1 BTlJ 
..... :ZTEHP1 7 Gq:? APiD UR O I L  I-ISED. ........ 111 PlILLICIN E:TU 

EC:ONGMIC L I F E  25 '.(EAF:S ......................... 

YCTERI.~'RTE rin . 2 DATA I:: PEC I P H .I-'. . I,,! .....E VAF. :I ' 

INSTYLLAT IOpi FIS:ST 1:O:ST. ........... :Z 1 2 [I . [I [I 111 . 111 111 
fjI.!IJljdL :3: 1'1 CO'Z:T 1::LE:S'S EPIEF:G'j.'::a .... !3;4 7 :3 0 . 111 i:l 
E1,EZTF.: 1 C:HL ENERI~'.~' Ij:?ED ............. 1 9  0 1 .2  M I L L .  I UFi BTI-I 
:STEfipl 13A:z dri11 .... 'Gf?. O I L  I-I'ZED. ........ 111 I"1ILLIOI.i BTlJ 
EC011014IC: L I F E . .  ....................... 2 5  'r'EHR::: 



77..'04..'0e,. 14. 09. 47. 
PROGRAM L IFCY 1 

......................................................................... 
$!%$% LIFE-CYCLE COST COMPHRISONS $$$% 

LOCHTION: U I P F  
DES IGNER: M-N 

COST OF ELECTRICHL ENERGY l1:SEDr PER M I L L I U N  ETIJ = $9.0200 
CO:ST OF STEHMr GAS OR OTHER ENERGY U:SEDp PER MBTIJ = :$. 
YEWRLY ESCHLHTION PHTE FOR ELECTRICITY I S  5.7 ?.: 
'.I'EHHLY ESC:HLfiTION RHTE FOR STEHM, ISAS OR O I L  I S  .lj 2 

.'r"EfikL'( DI!SlZlJUP.IT RkTE 1:s 0 7:: 
NCIMBEE OF HLTERNAT I (iES BE I NG CflNS I DERED ARE 2 HLTERNATEX 

MLTERNRTE NO. . 1 DHTH' I::HEHT PIAMPI 
IPi:.I:THLLHTIOri F IRST c:o:ST. ........... :f; . 0 [I 
AI.('NUML o c.: w .  1I:O::T (LESS ENERlSY:, .... :s. 00 ............ ELECTR ICHL ENERGY USED. 1 3 3 6  M I L L  ION ETU ....... .... :STEAMr GH5: YND OR O I L  U:S:ED.. 13 M I L L I O N  BTCl ....................... ECONOMIC LIFE..  Z5 '.i'EHR:S 

AI-TERNATE NO. 2 OATH 1:IHEHT 
INSTALLHTlUN F IRST COST.... 
HPiPiIJAL 0 I,: M C;O:ST . (LE:::S ENERI~ '~)  .... !g 4 9 0 0 [I . (I I:I 
ELE1T:VR IlZWL ENEF:GY I-l:SEIl. ............ 0 r l  I L L  ION ETlJ 
:Z:TEHM, 1;~::: AND./OR OIL I-I:SED ......... [I MILLION ETIJ ........................ EC:ONOMIC L I F E .  25 'i'EHR:S 

To  130 FRot l  HLTERNHTE 1. TO A ~ T E R N H T E  15.5  ' . ~ F ~ " . ~ J  
FINHL (YEAR 16,) '$EfiR:S ENERGY SA1,>IN 9P61E+ 1 IlOLLHf?:S 
I,,JI TH 1 3:3& M I L L  IOP{:S OF BTl l  :5H14ED PER '?EAR. 



1]40:30 DHTH "HDMINISTRHTIOH " 
04040  DHTH '"W,IPP" 
0 4 0 5 0  DWTH "4-6-77," . . 

, 0406.0 DHTR "H-N" . . 

04  07  I] DHTA '3. 02 . 

1]40:31:1 DHTH I] 

1:14090 DATA 5:7 
i141 i l i l  DHTH O 
O4110 IlHTH 8 . . 
04 1 2  [I. DHTH 2 
rj4 1:zo DATH "HEHT PI~IMP". 
0 4 1 4 0  DATA 0 
0 4 1 5 0  DHTH 0 '  . . 

0 4 1 6 0  IlHTH f :3:36 
04170  DHTW Q 
0 4 1 8 0  DHTH 25 . . 

o 4 l n ? a  D ~ T H  QQHEHT ~I-IMP I! .I..... :~OLHR H~:SI:ST" 
(14200 DATH 1 2 Z 4 0 9  
i 14210  DHTH 4 0 0 0 .  
0 4 2 2 0  JjHTH O 
042:30 DHTH il 

042Ji:I DATH 25 
1:16,:35 0 END 
REHD'r'. 



LOCATION: WIPP 
DES IGNER: H-N 

I 

COST OF ELECTR1C;HL ENERGY USED, PER tlILl.,JDN ETIJ = $17,3450 
I::OST OF :STEHMy GA:S OR OTHER ENERGY IJSEDl PER MPTlJ = $. ~ [ I~ I : I  

'Y'EARL'.~' EECCFILHT ION RATE FOR ELECTRICITY I S  5 .7  Y 
'y'EERLY EESCLRTION RRTE FOR ?TERM? GHS OR O I L  1:s '. [I :.: 
YEARLY DI::;COI-INT RWTE 1:s 8.0 .?; 

NCIMBER OF HLTERNHTIVES BE I NG CONSIDERED ARE E' ALTERHHTES 

HLTERNATE NO. 1 DPTA (ELECTRIC HEHTERI 
1N:STWLLFjTION F I R S T  COST. ........... :f;. O O  
HNpilJHL 0 $ pl  C0:::'f (LES:S t~ERc57:I . .  .. '6.00 .... .... .. ELElZTR 1,CHL ENER1;Y IJSED. , , 128  M I L L  I ON BTCl 
::TERM9 Gel:; HND ..... OR O I L  USED. ........ O M I L L I O N  BTl-1 ................ ....... ECOPiOMJl: L I F E .  , 25 'YEEHP 

RE:SULT:S 
TOTWL F IRST 'YEAR ENERGY 1:O::T 1:: ?2i?0.16 DOLLHRS 
TOTAL HNNlJHL 1 ZED C:q:ST 1:s 3377. :3:3 DOLLHR:S ' 

TOT'HL PRE:SENT IJIORTH I S 42462.9 DOLLARS 

FfLTERNHTE Pi0. 
!f;1ar:Z@,0. O O  

HN~~IJAL 0 Q.: M I::c]s'I= I.LE:c..~ StiERG!.,':) . . . : ~ 7 n o .  uo ............ El-ECTR 1C:AL ENERGY IJ:SEn. O 111 I L L  ION BTIJ 
STEAM? I?AS FtND./'Ol? 8yi 1-l:SED.. ....... 0 M I L L I O N  BTLI 
ECONDMIC LIFE,.. . . . . . . . . . . .  ........... 2.7 YEkRS 

RESl-ILT:S 
TOTAL FIF;;:ST YEAR ENERlz'r' 1;O:ST 1:s DOLLAR:S 
TOTAL HNNLlHL 1 ZED 1::O:::T 1:s 24 1'3. 9 4  DOLLAR::: 
TOTHL PRE:SENT IJIORTH 1 :z 35832.  :3 DOLLAR:S 

1 '::lZOUtJTED PH'.r'BHC:C:: PER I OD:S*** 

TO  GO FROM ALTERNHTE I* TO HLTERNHTE 2 H'.(RHC:C: IT 1 2 . : ~  ' I ' E H R : ~ ~  
F 1 NAL <:',(ERR 13)  '.(ERR:% ENERG'$ :3H1.,J ING:za3'CO::;T 1::: 4. 564E+ 0 DOLLHR:S 
!ad I TH 12:s MILLION::: OF FTI l  :5:B1dED PER YEAR. 

:zHYING:S .... 'II+'V'E.STMENT RHTIO 1:s 1. ,306 
ENERIY'$ :SHt~)IN~:::: 1:s 1'7 49 2.31 BTIJ PER ANNUWL TII:SC:OUNTED INVESTMENT DOLLHR. 

* - LOI.,JE:ST 1piC:REMENTHL IN:$THLLHT ION F IRST COST HLTERHHTE 



77...*04.,.'136. 14. 16. [lo. 
PROSRHM L I F C Y  1 

0413:I;O DHTH "LAUNDRY HOT WHTER" 
0 4  04  111 DHTH "I)! 1 PP" 
0 4  05111 DHTH "4-Ct-77" 
0406l:l DATA "H-N" 
04[170 DHTH 1 7 . 3 4 5  
c14080 DHTH O 
&+I:l91] DATH 5. 7 
i 14100  DHTH I:I 

1:14 1 1 I] DHTH :3 
1:1412i1 DHTH 2 
041:31:1 DHTH "ELElZTRIC: HEHTER" 
0 4 1 4 0  DHTH O 
0 4  1 5 0  DHTA I:I 

041En0 DHTA 12:s 
041713 DHTH 13 
0 4 1 8 0  DHTH 25 
0 4  1'30 DHTH "SOLHR HTR. -EOOSTER" 
1:14200 DHTA 18:36.1j 
0 4 2 1  il DHTH 7 0 0  
1.14220 DRTR (I 

I :  I I T  O 
134240 DHTH 2 5  
136:350 END 

: REHDY. 




