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FIXED FACILITIES ENERGY CONSUMPTION I. Determination of potential Army users of
INVESTIGATION — INITIAL ENERGY DATA energy usage information and their data require-

ments

I INTRODUCTION 2. S~~ ction of specific Army posts and major con-
sumer groups for monitoring based on size, geo-

Background graphical location, weat her, mission, and major
command

At the onset of the energy cr is is in l913~74. the
‘srmy did not have an understanding of how . w here. 3. Selection of specific buildings in each major
or w hen energy was being used in its individual, consumer group for application of instrumentation
fixed f’ac ilities. Meieriiig of individual buildings to
monitor energ~ consumpt ion occurred only where 4. Selection and procurement of required instru-
the installation was to be financially re imbursed for mentation and monitoring systems to record energy
the cnerg~. The increased cost of fuel and electricity use on an hourly basis
atTects the insta l lation operations budget and at-
tracts the attention of installat ion commanders . 5. Installation of instrumentation and interfacing
major commands , and the Office of the Chief of and recording equipment at energy sensor locations
Engineers f OCI )

6. Development and maintenance of a data base
OCE therefore initiated a stud y of the energy management system for storage. retr ieval, and anal-

problem on Army fixed facilities. ’ As var ious areas ys is of energy consumption data
for investi gat ion were identified, it became apparent
that a know ledge of the energy consumption pat. 7. Provision of potent ial users with reports and
terns of the facilities on Army installations was re- information for using the energy consumption data
quired. in their studies.

Objective Steps I through 6. w hich are described briefly in
Chapter 2. are detailed in the Fixed Facilities Energy

The obj ectives of this study are ( I) to collect data Consumption Investigation (F FECII Data Users
relat ing to the flow . demand patterns•. and uses of Ma nual. 2 The present report is a first efThrt in corn-
the v ari,’LIS forms ‘f energy consumed on Army in- pleting step 7 . Because 110 buildings containing over
stallations . 12) to compile a data file for use in later 400 individual monitoring points arc being moni-
analysis , and (3) to ana lyze the collected data to tored on an hourly basis , a meaninglul presentation
determine ho~ t he energy was consumed . identify of t he raw data for the approximately 3,500.000 data
conservation measures , and improve energy utiliza- points in a I-year period would be impossible. Sum-
t Ioll . mar izing the data to reduce the volume to a report-

able size was therefore necessary. This report pro-
[he objec t ise of this report is to provide energy vides an initial summary of energy use data collected

data users with II) an initial summary of the energy dur ing the study (December 1976 to March l9~~
)

use data that ha~e been collected in this stud y and and a l)reliminary ana lysis of the data. It docs not
(2) a preliminary analysis of the data with respect to cover data from all data monitoring points , but
building type and climatic condit ions . rat her from a selection of 45 buildings which are

representat ive of most of the energy consumers on a
Approach and Scope post. The data in this report , although indicative of

preliminary trends, do not constitute a sufficient
‘his study is being conducted in t he following samp le for immediate field application.

steps:

The format used to present the preliminary data
in this report is indicative of the manner in ‘- - hich the

t .  M. Windingland and B. J. Sliwinaki , Fw’d Fa,-i hties
t)ispo~uti~n I ‘i’m. Sub pcvt Fnerg~ (‘~InsumpiIon lnvcst iga F~,erRv Cnn.cumput;n Investigauo~r Data User2 Sfa~~uuj , Interim

!ion t Resear&’h and I)r~eIopmt ni Office . OIlier ‘i ie Chief of Repori F-1 22 (U S Army Conslruclion Fngineering Re-iearc h
Eng~nerr~. 2h Augu%I I’l ’4 ’ t .~horetor~ ICERLI, 1977).
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full scar ’s energy consumption data ss ill he sum - block vs. f rame) and insulation levels in different
rnanied and produced. ‘[he lull-year report will also climat es .
include cooling energy usage . since the data w ill e’x-
tend throug h a summer ctit~liiig season. [n select the buildings to hc monitored on each

i nsf at ta t tin. A viny build ings were (livid ed in to con—
Organi zat Ion of Report surner groups bascd on the Army real prilperts in-

desing system, w hich separat es faci lifics into over 40
Chapter 2 br iet is desc ribes the initial steps in the di f ferent ho tiding categories. ‘rhese 4() categories

st i it lv , dis cu sses selection of the’ buildings for inclu- were consolidated into eight major energy coiisumer
sio,i iii this report . a ml provides inlorma I ion on how gri ~i p~ represent ing di Iteren t P~~t lu net ions: troop
In obta it i addItional detailed euie rg~ consum ption housing. fami ly housing, administration/training
data.  (‘hapter •~ ~‘,s ides a preliminary ana lysis iii btiiltliii gs . pi’isfui et iiuii imt inte— i ia iie ’c buildings . st ui r—
t he end g~ enitsumptiun ula t~i aii(l re IRirts t h e  l) re- age buildings . rned ie’al ’def l t al  buildings . community
lirninarv f indings for each consumer group slu(ticd. support l , ICI t t t IcS . and portions of each Imst ’s uti l ity
l vpie~il da ily and mont hly energy use profiles are distribution system. Nearly every building on the
provided for c~~’h consumer group, three Army posts fa lls into one of these eight con-

sumer groups~.
‘l’he append ices provide more detailed informa.

lion. Appendix A shows the monthl y e’oiisiimption u t  Individual buildings in each consumer group were
eac h building an(l data points selected for ana lys is , selected for energy usage monitoring on each insfal-
and A ppendix B prov ides a descri ption and photo- lation . The selection was based primarily on the con-
t~rap h of each building. str uet ion type and the construction era (e.g.. World

War II ty pe. I %O’s I-type. and modern Army stand-

2 ard desi gn types were se lected in the troop housing
DISCUSSION cate gory ). In some instances , identical buildings

were chosen for comparison of’ lif ’e-sts ’ le effects and
Initial Steps of Study control systems variation. Als o , similar buildings at

two different locations were chosen to permit a eon-
The f irst step in the study s~ as to (feline the users sideration of ’ weath er effects on energy consumption.

and uses of building energy data. ‘l’he military users ‘Fable I lists t he number of buildings of each type
were defined as faci l i t ies engiiieers . Ma or Corn- being monitored.
mand and (‘orps District and Division Engineers .
0( 1- . and research laboratories. ‘I’ he needs ot thes e Table I

users range from yearl y eouisuu mpt ‘n totals f i r  v a n-  Summ ary oIBul ld lng, Hetng Montto ~~d
ous building t s pes to hourly energy usage patterns — 
fo r detailed building energs’ couis :ini ption analysis . Fort Fort Fort

Carson Belwotr Hood Tot~1I his variety of needs necessItated use of metering
devices that would record building enci gv eon’~unip- Fu~~;~ ilou~irig -
lion on an hourly basis. Barracks 6 II 26

t)inii,~ I- ,~ulities 2 I .1 6
Eani,Ie It in’  4 9 tO ‘1Since all Arnl\ buildings cou ld not be monitored . 

‘Adnu ,rnsir~iiiont he next step was  the selecti I)fl ut a repres entat ive lrainin~ .1 5 Ui
samp le of installations and buildings . ‘[he three M ’ l c a l  I)e ,,ua l I I 4 6
Army posts selected were Fort Belvoir , VA , t ort (a r-  Si,’ r.~~c 2 2 I
son. Ct) . and Fort Hiitxf . TX. ‘t hes e installations Pnxtut ’ti ’n
represent tus ’ major Arm y comman ds ( FR’s[)OC , 

M.il i l iCiiauieC 2 5 t~
. ( omrni,n,iv Siipp~ri

and I-f )RS( OM) in order Iii provide’ data on t . td l l i t \  -facil it i es 4 5 II 20
energy use on posts w i t h  (lifferent missions : the tss o Lilit u Di s i t i t , , u o i  I I t  2~ ~rposts in the sii mi command (Fort Carson aiitl Fort
Ho xl) are differentl y stied , t hus p. rmitt ing deter- I ‘ ia) 45 40 ‘i’ 161
niinat i’’n of t he etkl’fs of si.’e’ on energy uiw profiles. - - - -

In addition, the posts are in dilTereiit geograp hical I he energy parameters to he monitored in each
areas , which enabl es s tud y u t  differences i i i  energy building were then determined and the instrumenta-
use for various building construct ion types (e.g.. tion systems and recording devices procured and

$



installed , I he e’Tie ’rg~ paraiiuete i s selected general ly Tabk 2

included nfl energy being used Ii’ operate the build- Summa~ at Buildiog. Included In Th~ Report
ings , such as tot a l  natura l gas cons u mption and total - —

electrical consumpt ion; however, in buildings ~hich Fort Fort Fort
- ‘ ‘ 

- 
- . Carson Belvolr Hood Total

were selected for detailed energy anal ysts , bui lding
tempera tures . humidit . certain portions of electn i- Farn ty Housing 2 3 5 10
cal syste ms (sot -h as ch iller power and light ing rr(N)p t t ~nts ii g 6 3 3 12

power) . and input oLut p Lui operating parameters of Adn iui,isireiuu ,i,/

mechanica l systems were also monitored. In addi- training 1 1 4 8
- . Pr,xlucii”n

lion , a com plete weather stat ion at each post us as Mui ntenance 2 — 2 4
se lected for on site m onitoring ot ambient tempera Medical/Dental I I 2 4
t ure, dewpoint temperature . solar radiation , wind Conuniunitv Support 2 2 3 7
speed . wind direction , and barometric pressure. -

1-’j iuall~ - a sto rage system was deve loped f or tiling
the incoming energy us’.- data and pros iding ready ANALYSIS AND FINDINGS
access to ~t. ‘I’his preliminary analysis is based on a eompani-
FFECI Data Users Manual son of energy usage for six of the consumer groups

ident itied in Chapter 2:
‘[he FF1. 4 ‘I l)ata Users Manual is ava ilable for I. Family Housing

users ~ hi’ ~ ish to obtain specifi c encrg~ use data.
i’he manual describes what da ta  are available and 2. Troop Housing
the ntc th usts  for obtaining the data , and provides
typ ical data examp les. ‘[he manual also describes 3. Administration/Training (only administration
the energs data tile system, and lists the buildings buildings from this group)
being monitored with their locations and the energy
parameters being monitored. I lie instrumentation 4. Production/Maintenance (only maintenance
system s arc fully described, buildings from this group)

Selection of Representative Buildings 5. Medical/Dental
for This Report

6. Commun ity Support.
I Ii’,- buildings selected for this su m mary of the

e t e r g u  consumption data obta ined in f lue initial Comparisons are made ~ ith in and between groups.
months of the study .ure( 1)huildings of the same size ‘[he data presented are for 3- and 4-month periods
and construction to indicate dit1i~rences in their between December 1976 and March 1977 . Some
energy consumption profi les t 2 )  old and new build- data were not available because of malfunctioning
ings in the same energy consumer group to permit ri ic ters
analys is of the ef fe ct ‘f building age an(l construe-
ii ii methods on energy consum ption , and (3) similar Family Hou sing
bu ildings at ( l i t te r.-nt posts I’’ permit analysis of the
et lect ‘t cl imat e- var iat ions.  [he selected buildings l’ahle 3 presents fam ily housing data. Famil y
represent six u t  the right consumer groups as shown housing Units show little variation in electrical usage
in the summary in t able 2. on a kilowatt-hours per square foot basis or gas

usage on a Btus per square foot per heating degree
\ ppendix ‘\ conia ns the energy use t ’or each day basis between installations , or among building

month ot va lid data t uu r the ’ 4~ buildings selected , types , wh ich indicates that the usage within this con-
Appendix H prov ides a description and photograp h sumer group is uniform and that family housing is a
‘f each building. valid grouping.

‘I , St W in~tin~~.,,, t and B I S),w i ns k i , Fixed F,u’,liiwu However , data points 319 and 320. wh ich are
Fne,~ y ( ‘rnuum,rnjon Inri-~,i~au,,n l)uia t o r i  Manual. Interim identical in size and construction, show a significant
Report F 122 tCFRI ,. 1977), variation. Avera ge electrical usage for this group is

9



Tab le ) Table 4

Energy Conaum~.t lon Data-- FamIly Housin g Energy Consumption Data— Bachelor EnlIsted Qua rfrn

Electrical Fleci rl~ai
Consumption Heating Fuel Consumption Healing Fuel
kWh/sq h i  Consumption , kWh/sq ft/ Consumpt ion ,

t).ia Bld g. day ‘ kWh / rn ’ B(u/eq ItIHDI) Data Bldg. day (kWh/m V Blu/sq IIIHDt)
Fort Point No. d•y) (kJ/ m 1HDDt i” iri Poini No. dayt (~~im ’/HDI))

.‘r~ ”H I i’ ’  - ( iO2 t ) i ( l  2 2 ” )  (8 ~t ( 2 t 4 ( o  ( ‘
~fl’sOiI 129 I t ht () .u ~ t9 t~s l0 . I( I t MN ,I N’S

‘2 l U  0 01 94 0 .Si8~ 18 2(2)10 ‘I Ill 951 11.0201 0 211.11 N \
U.k..,,’ 11(1 tS ~ t uj lit ~ u l i  4.5,1) 21 ,9 248 ‘I t. t~ l4 ’~i ilI~10bt 111, 0 ’) Ii t u.. ’4 1 ‘s i  I~))

2 1 1  “4) 1 10(1 21 lit _ I 1021 17 .1(191.4 ) 1 4 7  1472 10sF’ u’ u0t, 0795 2) n u. -o 2’ ’M ‘I’ll
2 )4  S ‘ ‘i (1. 0) 15(I) ,t 45.1) 19.0 t 222.ti ( I3e’lv,’ir 2Zti 2 11 1  (1 . 111 It) (0 I 8 l’ ( NA

)t ’~~t ,)I~ r~s.102 0,0151 ( 1)  102 S( 8 . 9 ) 21 4 . 1.) h oot1 319 045(8 0,01 23 11) 1324) I’) 2 12t
321) ~ t t ( k ’  1)1)1 ~ 4 (ii. 84,2 ) 29 . 81.138.3) A .g = 0.1)111 1(1.1194 1 1980 (22S,.t~ i
.422 5669 I0, .S ( t 1 9 ,2) — — ‘  - -

12.1 .441 1 (0 , 130 )11, 1399 ) I 2iu (143 .0)
IT’ 180 11.01 4’) (01 .04) I ‘4 .t. 222. 51

= ( ( ( 1155 (0 1108) 18. 7 2 1 2 3 )  Table S
- - -. - _ 

Energy Consumption Data—. Bachelor Omeer Quarters

l) ,I)LS5 kW h  sq f t  day 0.1668 kWh/ m 1 day ) and Electrical

ase’r .uge e’nerg\ he- ;t ling fuel consumption is 18. 7 ConsumptIon Heatlng Fuel
kWh/ sq hi Consumption ,Htu sq I t ’  heating degree day (HDD) (2 12 ,3 kJ/ nY/ Data ~idg. day (kWh/m V Btu /s q ft / HDD

H I)! )) . I-’igiire I shots s a typ ical daily electrical pro- Fort Point No. dav f (kJ/m~/HDDf
liii’ for t . i n imlv  housing. Figures 2 and 3 show the , 

. . .  — . 
_ -

iaiiir~u l gas consumption for a 2-wee k period versus (‘arsoii 119 1 304 O , It tSSUu .t ob$) 2. 47 132 721

healing degree (lays, Figures 4 and 5 show typ ical Be’lo.ir 221 47 ) ) (( 1) 2 31 ) K).24’~.( 3 95) 145 I)
222 F4)8 (1. 01 .Th (t). I 4031 11. 52 1187 .55)

ouont hls e le ct r i ca l  profiles for multi- and single- 
l1~~ 311 1~ )O6 0.01930) 2)) ””) NA

I amity houses , Asg. = 0.0178 (O ,t 9tSt  7.83 ) 88,8’)i

Troop Housing

Table 6I ables 4 t hrough 6 present energy consumption
dat a for troop housing facil i t ie s and dining facilities. Energy ConsumptIon Data—Dining FacIlIties

h.’ re lal ive ls  minor variation in electrical and gas
Electrical

usa~~,’ .uuu. !ig buildings tends to follow the building Consumption Healin g Fuel
age. As show n in Figures 6 and 7. electric usage k Wh/sq Ill Consumption ,
app -a rs to  i f l C r , ’ , Ise’ as building age decreases , while Data Bldg. day (kWh/m V Btu iaq f t ’H D D
gas and oil consumption appears to decrease with Fort Point No. day) (~~/m /HDD)

Ii’, reasi i ig building age. l’he general ly minor va rt a~ 
_ 

- -
( i rs ,.,. 1 ,1(1 11)4(1 (1.0284 (0 .3051.) NA

tlof l s indic ate that t roop housing is a valid grouping. Htw~i 111 87(11 ” OO5 ) )6 ( i.(5) ”2( NA
.\g.t in . a signitie’ unl ari.utiun between buildings of ’ .

~~~~ = ( I )

identical s u e  and construction is seen (data points . 

I b. and I ~7) Figures 8 throug h 17 show typical
daily and mont } ihs profiles for troop housing fac ili- tion varies from 0.018 to 0,046 kWh/sq ti ulas , aga in
ties , a relatively minor var iation , indicating that this is a

sa u d grouping. Fi gures 18 and 19 show the ty p ical
Administration daily and monthly energy use profile.

t able ~ gives u l i l a  for administration buildings. Maintenance
[he electric a l us .ugc for adniinistrat ion buildings
appears to be intu it - me d mitre by building type than l able N presents data for maintenance buildings.
ails ot her factor. There is no apparent relationshi p As might be ex pected . electric and gas usage’ is
between building age and energy consumption , as generally higher than for t he other consumer groups.
the re was f iu r troop housing. l’he electrical clinsuimp. This higher consumption is probably caused by t h e ’

10



Table 7 labia 9

I nargy ( onaumptlon I)ata AdminIstration/Training Building, Energy Consumption Data-.— Medical/Dental BuIldin gs

Electrical Elect rical
Consumption Healing Fuel C onsumption Heating Fuel
kWh/sq hi, Consumption . kWhf s q ft.’ Consumption,

Data Bldg. day kW h m i  Ht u .s q It iHDD Data Bld g. day (kWh/m ’/ Btu/sq hti l1DD
Fort PoInt No . day ) )kJ n . ’  HDD) Fort Polifi No. day) (kJ/m VHDD)

v 1. 15 ( ( 4 8  (0(24 ) U) 2’.’))’ NA ( arstu n 14’ (5 (7 () .()t39 )Q.t4%) 20.21 4229 ,44)
48 1.1 )11 0 ) l~~l 840 .1422 ) N A 11.-h ut 233 I(S)’) 0,027 1 (0.29171 NA
‘.4 I 5’~1 ( 1 ) 9 4 1 ) ” ))) 4180) NA H o d  359 3ttX) 2 0,0273 )0.2919, 29 ,1 (332. 1.))

He ( .,.,u 2 14) It)’) (1,1941.2 ))) 4’ ) ” I NA 31.4) 134) 0,081.4 (O.93(~)) 44) 2 (454.4)
1) ‘ott Ii,) I 0 )12,1 1 .229 2)  25.16 (285. 81.) Avg . = ( ( ( ( 1 8 ’ ) ) )  4) 1.6) 29.9 (339 , 4)

11.5 1 1.011) 0,02 1S 10 252’1) 1 1 4  ( 2 4 4 ’  , , .. , - .

1” )) )“ )( i() ( ( 0 ]  8u, )0. / 1 5 2 1  NA
.1”—) ( .1 ( 11 0, 0 2 ) )  40,248o1 2,1. 95(2 ’) ‘8))

= 0.0287,0 31~88 20 18(2 2 9 , 1,1)

- ca es that this consumer grouping may not he val id
for comparisons with other groupings because’ of the

tab le 8 large variations in building ty pes within the’ group.
Fnrrg,~ c onsumption Data - - Maintenance Bu lidtn gs For examp le. data point 149 is a commissar y, data

point 375 is a field house , and data point 239 is a
Eies- irleai 

- post thealt-r; all have’ widely different energy usages.( onsumpt lon HealIng I’ un . . - - - -

kWh sq It C’onsum~ .ion, Within building ty pes the data arc consistent. For
Data Bldg. d*v k V i h  rn ’ Btuisq ht/Hl)fl examp le. data points 219 and 118 . whic h are both

Fort  Point No . day) (kJ/ m ’/HDD) officers’ clubs , have similar usages. Fi gures 26
t hrough 29 show typical daily and monthly ‘7ner~~. r s , ’n  ( ~~ “ ‘ (( 1)21.9(0 ~8~) ’.)  NA , ,  -- - - use profiles for selected buildings from this con-

II’) 2492 0.03,11.1)). 1011.1 3” ,t. 427 ,(.~ )
0,sxl 154 1 4 7(111. .J, s18 UI 541.0 ( 14  (1”) 2) sumer group.

)
~ 2 4 )  “ (It’ 128 ( (( .1534)1 24.6 ( 2 ” )  1)

‘S i c .  =0011. (0. 187) II’) 1 102 1 ComparI sons by Consumer Group

Table II summar izes average consumption for
use ‘‘I welders , ss inches , and other power tools , and each consumer group. Figures 30 and 31 show the
the necessi t y b,r lare,’ high b~ v doors , W hile’ the relative electrical and heating fuel usage by con-
data presented arc relatively uniform, t he nia inte- sumer group. As the figures show , the famil y and
iafl~’e consumer groiij) mas’ (l ist-  large t luetuat i ’tis troop housing ta ci l i t le ’s are the smaller electrical

depending on t he lvpc ’ ut maintenance activities us - rs while administration. maintenance, medical
being performed. Figures 21) and 21 show )sp ica l  dental . and community support facilities are the
nitint hlv and daily pru.ti )u s ot c r ,e rgv usage. larger electrical users In terms of ’ heating energy

usage . t he newer barracks are the smallest users .
Medica l!Denta l w hile the medical denial and maintenance facilities

are t hc large-st users.
I ahle ‘I gives the data for medical dental fae~t ’ .

tics , ‘I he data shown var s widely, wi th a factor of six
difference bet ween the largest and the small est d ee- 4 CONCLUSIONS
tri e’al usage. Here aga in the di fte - re ’ ncc in usage pat .

tcrns between building t~’ pes appears to he the most Since the data, curves, and ana lysis presented in
im por taot  factor. Fi gures 22 through 25 show typ ical this report are based on only a small amount of data ,
daily and monthis’ ‘nergy use profiles indicated trends and conclusions must he viewed as

preliminary. They represe nt only a bas is for f’urther
Community Support analysis ; t he data prese’nted in this report do not

const itute a sufficient samp le for immediate applica.
t )a t a for communit y s upport f a c i l i t i e s  are given in t i oi in the field. With those considerations in mind,

f able 10. ‘(‘he wide var iat ion in (he data clearly m di- the following preliminary -onclu,sions and tiends

I I



Table 10

Energy Consumption Data’ -Community Support FacilIties

Electrical
Conaumptio n Heat ing Fuel
kWh/sq f t Consumption ,

Data Bldg. d.y (kWh/m i Btu/.q ft/HD D
Fort Point No. day ) (kJ /m 1/HDD)

( ‘~lrsIun I 18 
- 

‘. 145 )  0( 14.”u)) ‘28 ’) 2 ’)4. ( l i i , ) )

(Offi cers (‘tut u) )OIiict’rs ’ ( tub)
4’) t f ”2  (( 21)1 (2 11.4 )

((‘ luninuussJr~ A nneu l
A nne~ )

2 ) ’)  2)) 11, 0555 (0,5’)’-) I NA (O)l(.’ ’ r ~’ ( ‘tut u)
O t t i t e rs ’ ( tub)

2,19 2) 2 0  11.15 1,18 )0 ,041(’fl 21.41. 3 (W) - I ’ )
( ‘l’hei I.-, )  I ‘I healer)

.16,1 12 1118 oo _’4 S0 ( ,21 ,(’ , 28,12 1 ,11934 )
(( ;yrn nilsiu nil )( S011 1 is 1,101)

164 ,)7()) ‘ (1,0181 10.19481 NA ((o l,, 11 ls i , I rn )

((;yiiiti..siurn)
1’S 23(14)1 l) .0,3’O ( ( 1 , 19831 14, 81.111.8,75)

(Field t’i,’uisel (FIeld Housc)

labia 11

Summa ry of Acerage Consumption by Consumer Group

Electrical Consumption Heating Fuel Consumption

Consumer kWh/sq It/day Standard Btu/sq f i/HDt) Standa rd
Group (kWh/m ’fday) Desiation (kl/m ’/HDD( Deviation

Maintenance (131.4)11) .1875) I I ) ) ) )  .11 .861 3618)1  0.1.6
tu4edic.iI I)enia( (1,18’ 4)1, 4 (.1.) 1)124 29 , iIo ,ll’4 , ’.’l II) .))
Ad nuinis ira?u i, .028” (0. 14189) (( I (S) 2(1,17 (229 (14.) ‘1.2
iiarr.,cks Ibti jt l

prior tO 194.1.1 .15)89 )0I)t )sNi (1112’. I S M  1(~ 
7k) , 77~ 8.3

Barrack hull)
since I ‘41.1.) 111 ,010 18,141) 1594. ‘. 8) (MM 92) .4

Family Hou%iilg .1) 1 55 0. 11,1.8) 15)31 18. “1 ( 2 1 2.48) S . t
(‘ h f )  1(111011%

t—a, , tu iuu ’ s 0582(0 1 21,’.) (11.1.), 8 M~ ( 214 .2’) ) it).27

sec -ru drawn based on the ana l ys i s  l)rescnte(l in this 2. Fnerg~ consumption differences of up to 40
report percent are indicated for buildings which are the

same s u e  and identical in construction (family
I. ‘t he preliminary aoal vs ,s of the data shoss s that housing data points 319 and 32() and barracks data

t~tmilv housing, troop housing, and administrat ion points 13~ and 137). Additional analysis of these
buildin gs are valid as energy consumer groupings, buildings is required to determine whether these
(he wide ariation in energy use for medic-al ’ dental differences are inherent in the structures or are
and communits- support buildings and ihe potent ial caused hs life s ty le  variances.
V t  r u t  loin (or maintenance buildings indicate that
fur ther analysis is required to categorize these build- 3. A comparison between energy use and building
ings into cons istent energy consumer groups construction may be valid. Additional data and anal-

s’sis w ill be required to veril~’ t hese trends.
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DATA PT - 110
FAMILY HOUSING

4.5

4.0

3-5

3.0

I
p 2.5

2.0

1.5

1.0

.5 .v9, 
-~ . . . -- . . -

I 2 3 4 5 6 7 8 9 1 0 1 1  I2 I3 I4 I5~~~ I78 i92O 2I~~~2324
HOUR

• WEEKDAY - 24 MARCH 77
x WEEKEND - 27 MARCH 77

Flgii~ I. Daily profiles for electrical usage in a family housing unit at Fort Carson.
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44 2555

42 2420

~~ 4O 2285

~~~38 2150
I-

C, Ui

~~~36 2OI5~~
C,

~ 34 880 !

t 32 745

30 1610

28 1475
I 2 3 4 5 6 7 8 9 10 II 12 13 14

DAY
DAY I - 23 JAN 77, SUNDAY
~~Y 14- 5 FEB 77, SATURDAY
• - HEATING DEGREE DAY
X -CUBIC FEET OF GAS

FIgure 2. Heating consumption vs. heating degree d.o.s for a typ ical family housing unit
located at Fort Carson. SI conversion factor: I cu It = 0.0283 m’.
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I -

47 (930

44.5 (835

~ 42 (740

~~ 39.5
\ 

I645~~

~~~ 3 7\  I55O~~

~~ 34.5 
\ 

I455~~

~ 32 \ /
29.5 1 265

1170
i 2 3 4 5 6 7 8 9 10 II 12 (3 14

DAY
DAY I -  23 JAN 77, SUNDAY
DAY 14 -5 FEB 77, SATURDAY
• HEATING DEGREE DAYS
x CUBIC FEET OF GAS

FIgure 3. h eating consumption vs. heating degree days for a typical family housing unit
located at Fort Belvoir, SI conversion factor: I cu ft = 0.0283 rn’.
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KWH/FT 2/ DAY FOR BARRA CKS
AS FUNCTION OF’ YEAR BUILT

.02

~~~ ,0l

I

1940 (950 1960 970
YEAR BUILT

FIgure 6. Electrical usage for barracks as a function of age.
SI conversion factor: 1 kWh/sq ft/day = 10.8 kWh/m i/day.
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BTU/FT2/HDO FOR BARRACKS
AS A FUNCTION OF YEAS BUILT

20

a
I

~~ 
(0

I-
U-

I-

940 950 (960 (970

YEAR
FIgure 7. Gas/oil usage for barracks as a function of age. SI conversion factor:
I Btu/sq ft/HDD = 11.4 kJ/m a/HDD.
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DATA PT. -119
BOQ (WAC)

36

33.5

3’

28.5

~~~~26

23.5

21

18.5

16
I 2 3 4 5 6 7 8  9(0 II 12 13 1415 16 17 18 192021222324

HOURS

• WEEKDAY -24 MARCH 77
x WEEKEND-26 MARCH 77

FIgure 8. l)ai ls protiles for electrical usage in a Bachelor Officers’ Quarters (BOO)
at fort (‘arson.
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DATA PT. -129
BARRACKS

25.2

23.6
22

20.4
I

~ 18.8

172

15.6

14

12.4 • . . . .  
~
-

I 2 3 4 5 6 7 8 9 10 11 12 13 14 IS 16 17 18 1920 21 222324
HOUR

• WEEKDAY -24 MARCH 77
X WEEKEND -26 MARCH 77

FIgure 9. Daily profiles for electrical usage in a barracks building at Fort Carson.
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44 424
42 A f

371

C/,

~~~4O 318

~j 3 8  265 ,...
UiC,

~ 36 212

~~~34 I59~~~

‘32 106

30 53

28 0
I 2 3 4 5 6 7 8 9 10 II 12 13 14

DAY
DAY I - 23 JAN 77, SUNDAY
DAY 14- 5 FEB 77, SATURDAY
• HEATING DEGREE DAYS
x CUBIC FEET OF GAS

Figure 10. Heating consumption vs . heating degree (lays for a typ ical barracks building at
inl ( arson , SI c u l l S  e rsut  in factor: I cu It = 0,0283 ni”.
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47 1430

44.5 1340

42 1250

39.5 1 160
I—
Ui

37 1070 ~
C-,

34.5 98O~~~
C-,

32 890

29.5 800

27 710
I 2 3 4 5 6 7 8 9 10 II 12 13 14

DAY
DAY I -23 JAN 77, SUNDAY
DAY 4 - 5  FEB 77 SATURDAY
• HEATING DEGREE DAYS
X CUBIC FEET OF GAS

Figure Ii. I l u ’ a t i u ig  consumption vs. heatin g degree d.o.s  ton a typical barracks building
at Fort Belvoir. SI conversion factor: 1 cu It (lt)283 m ’.
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DATA PT. - 148
POST HO

90
86
82
78
74
70
66

‘ 6 2

54
50
46
42
38
34
30
26

I 2 3 4 5 6 7 8 9 10 11 12 13 1415 161718 192021222324
HOURS

• WEEKDAY-24 MARCH 77
x WEEKEND- 26 MARCH 77

FIgure 18. [)aily profiles for electrical usage in an administration building at Fort Carson.
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44 52000

42 A / \ 49950

~~40 ~~~~ /1 \~~i’4~ / \ 47900
Ifr ~~ ~~“—~-~.~J I  \/ ~~~~~~~~~~~~-i( A

w 3 8  II ‘

~~~~~~~ I V / \  \ 45850~~La I .1’ ‘ Ui
I U-

438OO~~a -

C,z 3 4  41750 °

~ 32 39700

30 37650

4 C C 35600
I 2 3 4 5 6 7 8 9 10 II 2 13 14

DAY
DAY I - 23 JAN 77, SUNDAY
DAY 14- 5 FEB 77, SATURDAY
o HEATING DEGREE DAYS
x CUBIC FEET OF GAS

Figure 20. Heating consumption v s. heat ing degree days for a typ ical maintenance building
kcated a Fort Carson. SI cu rls c -r su * ou tac un r I cu ft = 0.0283 m ’.
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DATA PT. - 233
DENTAL CLINIC

37.5

34

30.5-

27
I

~ 23.5

20

16.5

13

~~~ I—Il_ Ill
1 “V C C C U I I U ~ 

y • ~ • C

I 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 $7 18 19 2021222324
HOURS

• WEEKDAY-24 MARCH 77
X WEEKEND-27 MARCH 77

Figure 22. Daily profiles for electrical usage in a dental clinic at Fort Belvoir.
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DATA PT. -IIB
OFFICERS CLUB

90.6

82.4

74.2

66

5 .8’
49.6

41.4

33.2

25 ‘

~~~~~~~~~
‘ , ,

I 2 3 4 5 6 7 8 9 tO 11 12 $3 $4 15 16 17 18 $9 2021 222324

HOUR

• WEEKDAY - 24 MARCH 77
X WEEKEND-26 MARCH 77

Fi gure 21 . i).iils profiles for ‘Iu ’l nlc ’ ,II Ii51l~~ ’ lU au * t t i c ’ct’ s ’ c lub at Fort ( iirsi *o .
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Figure 30. Average etcctr i cal  c- ulc r ,cs usage by consumer group. Si conversion factor:
I kW h sq ft  - dan = 10.8 kWh/m 2 /day .
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I 111111’. II’ “~~~,i ’g  Page Si SIAN 2 5’((3.K 89 34() 1494 111)1)1
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J A N  l9 , ’4714 $1,534.) 111141 111)1)1 - -  -I W,ilI’il -I- ,u, t ( ii r s’ ulI , CO Referent-c — A 1’1,ei,,I,’. it
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I)a a I’ m )  -— -  Ill c-i, Bi ,i l) I t i ”  1)ata P int — 138 Year Bu ,I)— 1964,
Building N ,’ ( ‘453 \ re -a — 21 .28(1 ‘.q t i  Building No,— 2992 Area —2 15.840 sq it
,‘c - a im , ’ i i  - — I - n t  ( arson , (‘1) i-),- t t ’rence - - - Appendix B l ocation —Fofl (‘arson, (‘0 Reference —A ppendix B

Use --B,,chel,’r Enlismem t Pag~’ 5’ I i ’ —Mainlenance Page 60
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Electric (kWh( Heating
ElectrIc (kWh > Heating 1)1 ’ 2 1,51’) NA

JAN 21 . 1141 N A
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J A5 )3 ,’.I”. NA MAR 21 , 106 NA
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Building N’  — (44 14 Area —1 1 . 491) sq (1
I_ se —Mainte miance Page 61

I ‘..itton - - t o  ( arson ( 4 . .) Rc- ferencc —A ppend~s B
Ust - .5,1 rtiinis lraiion Page 58

ElectrIc (kWh) Heating (cu lt)

ElectrIc (kWh) Heating
DEC 28.902 1. 369,540 91414 131301
JAN 32.193 , 45u 5 ) 4 ( 1 1 1 1 4 1  131)1)1DE(’ 9.1 4 1 41 NA
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( s c ’ — Dispensar’.- Page 62I - ’ ’., ’ It ,,, l,,I, ’ r I’uiltsie,l I’age S9
I),:;,, I, i t

ElectrIc (kWh > Heati ng (c-u it )

Electric kWh > Heating (Cu it) DE(’ 16315 103.570 (9141413 131)?
IAN 1623 114 , 3 54 ) l I I l4 l 1-100)1211) 5,5
F1- ,B 4 .13 79.4(X) (83’ HOD)JA N II’) ) I I M ’ 14 u ’ ( l  1141 HDI)l
M A R  I 1 5  141 ,4(X) IMSI4HDD)III) ‘as  ‘l-l . ”411 1837 131)131 I’O’lAL 6407M A R  M ’) I 10 .691) 1555 141)1))

1 1 ) 1 - S I 4244 I ‘4 1715 (1M~ 131)1)) k W h  sq t t  d~o 0,01.1”)
Wh sq it di ’ . ‘ I  ( 4* , i , I 
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—

(l’~i sq It 111)1) II’ “ -1
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Use H,,’. hel’ , I r , i isted I’age 59 Location I _ n t  (‘arson . (‘0 Referen ce —A ppendix B

Qii. ,rtu -rs Use Aitministraulo,’ Page 153

El.ctrlc (kWh) Heating >ciu U) Electric (kWh> Heating

1)1-1 l 2 Si NA 1)1 ( 4 1 .461 NA
I -S N 1 3448 I’ -l1,4’r 1 1 1 8 1  HOD) JAN 44) 358 NA
FIR ‘114 ) 143 . 194 ? (1437 131313) FEB 36.913 NA
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I ‘c ti ’ n I ‘nt (‘am-s on. Cl) Relerence —Appctidi’c B
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‘ 5i’ — I- a n n ) ’ .  llcmus ing Page 66 ‘

~~~~~~~~
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1 PlC’. I

ElectrIc (kWh > Heating (Cu It>

I il 4 5 2  ( 2 )  days) 51)14 (612 1)1) 1))
.55 NI l ‘ IS ,t , , ’ .s )  ,‘c ’ IS-t ( ‘(IS 1301)) -
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Ret c uenc e - - Appendix B

- (‘ se - -Bachelor (( It ,’ .  i’r. Page 0
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- Quarlers
Ht,, s q t i  111)1) 21 ‘c-”~~

Eieetrlc(kWhi Heating (min>

Dali l’,imnl — 211 Year Bui lt — 194,1) 1) 1-I 64 44 1 (22dayc l  22 .451 5144 1101)1
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I o t t  lb - I s  ‘n S
b In 1,1 i i i  2 1 1 1
I ) ,c l. m I’m ’ I t m l 771u

B,du _ ’ (u ,.’ l u mI I.t l ( ISIC(l I,) , c . d r l u,’t ’ s IB. I r r .m m.  L i

‘lh ts t l u r , ’,’ - ’,I)’I’s , I “2 pi’ t s ’ ’ ; l  elll l’ ,u,.’d( I’ Itt’rltm. ’k’s u_ ’ _ 1 4 1 .m u_ ’ h I ’ s ~ ~~~~~ gal ( I I I ’ s  IiI ’ l_ 1 . is~i’’l I c ’I h’ I,,’I ’ , I h j c , I ,

551111)1111 dltiltm g I,ic. ’ilttles hilts u_ i Ilillil ll ,u c ‘I’ ,d t’u_ ’h I cit i_ - u _ I ‘(l) u_ ’ I I’, is 7 ((Ills IliS II,
I Id ’3 )ll sq l u l l  ‘SIR n~

1I . ~~~~~~~~~~~ ‘ ‘ b , ’  :0111 hlc ’ u _ - L build.
log. ss liii,’bi 55 ,1’s hiti lt Ill I ‘ ( ‘S , ,.‘niplovs a r,.- lfllli rt ’eu ( ‘l’lk’ cnt’rg\’ par~m Il ls  Ici’ ’, h,.’ I I iC t I icu t i i l uit’ i,’tl i t m this

u_ ’ , ’ll,.’i - c ’ ni _ - r , ’ m i l s I,tb 5 5 1 1 ( 1  h t t i l l — t I 1 ’m ru i l l  l’ ’’I’IIIlii. ( I ll  huildlitu’ t n -  u_ k,. 1 1 1 ) _ i l ’ s  , c t i t l  lu_ mi 1(11(1 ,.‘hilled slItter
b u iltliim g ,s heated s ith i 111111 1111.  I s I _ c l  bu_, t “ 111cr I1I1’sl 1111(1 ‘.11 1) 1) 1% I’e) ltt ’tt Ictu peralt ires.
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‘ ‘ I hiut ‘5 .1 1,1’ II’. u _ u ’ , ’ 1111)_ I s ’ ’ . I u _’ItI IS  l u _ h I t _ Il lii 3~ Ium t lS
Buil t in l~I’(l , t li,’ s i t t u l le  ‘ . 1 , 1 5  Ihu_ ’ b , I ,mb e lt nic bills .1 ( 41  ‘ I ,

11111( 1 t l n r  .i ri_ ’ .~ ‘‘ I I 4 . I ~‘- “' sq II I 1 3 1  .5 ni 2 ( I he b lock
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‘ i t  I I c )  I
I li i ihsl it ig (il) I))( l

Ii . , Ih I I~u ‘ m i l l  l7~ I
I . , iitu ls I I , l l c ’ . b b l g  — I) up lu_ ’ ’ s

I hi ts s l tu ~~I,.’ ’ s t im t  t , i ini’ I~ I l ,c li ’ .i, ’’_b u ) u u i ’ I ’ ’s ( i t i t l t  ,t ss t hu  u_I 2~ 
- 1,111 (2 .~ II ,d i l ’ u_ ’ i I I l c I l I S c I i ,  t .)I1II I’. su_rs IL ’ ,.’SI

l’ l ’() (m . i ’ . .1 Id ’ Ih i I  l i c e  ,Ihe.i , l  “s~~ l ‘.~I I t ;  ~1
’ I i l ’ b I l i e  h ’s , i  Ill c , ’ ’ )  ( ‘ i l  g.ds sI llIer lie.~,’ .’i ,

s s c u ,~~I(’ml s t rt i ctUl ’e s ’ I t I l b l u s s  - u )5 , du ’d l , ’il 1 ,111 cr ‘- I s I t u ’ ;

h I m  u_ duI,l l td ~5uI 11111 SI1II1 31 IS’s , I bid I i ( t i ld ,T lC I 5  hlchd Il’ )l I Il,. i _ l i d _-nC ) . 4 ‘,cr., I I d s lu_’ l ’, l u _ I  11 31 t lnm ut m t luu r , . ’ I I  iii this
511 t h  ,l , I I d I t , d I  31,ds . I- ,t,.’li 111111 ut l l t c ’ ( l ( h l i Iu_ ’S i’s ,,‘ ‘ ‘ c m l e ( l  Iit uuIul I l Ig ht l i ’ u_ ’ I b u _ ’ i t ’ Id . ’ .d i  .111) 1 I i . u l I l l , u I  tIll’s l Ish IC i ’
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lltit ls) t i ig  “Il l ’ ’)

I ? . c u ,I b’ i l ’ )  ~27
I ,i h Ills I I i’ IdsItt l l  I ) id ~m l,.- ’ s

13111( 1 I t t  I’ll,.’, th is  s t im ~ l,’ s lu ’ I’ s , u_ ’ ’Iu l 4 l ; d l i ’ u_ cr 1111,.’. dh lii,mtl e r , l isted i_ ’h I 4 bhl u _ ’ 1t5 l,’i the bu’l , s ; d t c r  healer Is
t . u t l l l l \  h d ’ I i s l b t I ,’ .(hiIp heX s ’ l t u _ ’ d l I i l ( ’ .l’ u_ si ’. ‘‘s ” ”  sq It  121,2 _ Id I gIll 1 1 , 5 m ’( .
rti ). I I , _’ u _ c  uu u s b . c ii,l ) ‘ ; i u _  is ‘.1 elI, Ill t’ u_ ’ ~‘iii (111155 u_I ‘ s S d  uo,b
r.It l s ’l r i ’ I s’sstenl sith to l l  1 00111111 ,ltld grIlsIll, I ~ I Ii,’ ,.‘tid’t-gs parltllt u_ ’ l i _’n’. he uu l C  nillllllllrelh in thus
i t t i t t Is l I u_ ’ u _ I I u _ ’ ,l ss tt l i g~us hitl Il u_’t iip lu u ’s s a d’ell t l’ IlI hIlt’ con-  hulIdiui~ are cl ec t t ’uea b .11151 t i lu lut ’ hII 31 .dS Usage, 
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II,;’ ‘ ,I; 1 3 1 ’ - ) 4 i

l)hI 1 ,1 ~~~~ ‘

F, Ir i lb (s I l’ ’ IM. i t f l,’— I

1311111 III I~ ?lI) I, t h is s u t t g l c - s l u ’ r ’ s ’  ‘,( ) I ktniilv ( i l u ns— log s 7 s t e u I i  I he hol -.c . 11 , ’ ’ - u.’.d (t.hell’ . I’. ‘ s I t _ c l  Il’, 3(1 11.1 )

ut it,’.(ltlIi(d’\ d’tld’l) t t ( I ) hlS S u_ ’s 2’2l l 
~‘I 

It 125 .1 I11~ ). 1 hu_ 11.1 ni ’ b: t I l I t ) ? h — I l ’ .  ( )  l ) _ ’ d , i l h i ’ l , I I I I I I  155’ ,

wood - t rid brtck structure etiip lovs a s thud- rltf Icr st _ s -

li’nl s l I t h  hIluI I.tdp  roll nu m ’ mf i i i g  and C e , d s ~ i F’.au.’hi hall ‘I~hie i’nu_’rgv p h l r. mnl u_’ter’s 11211,1 1 h i t ’ . I I I I ’ u r e d )  in this
of ’ th e 1111 1 115 ’s bias liii l l I d ( c : l ’ i _  101,11 1 ltl.’ ; i t I I I L I  litud eII)’ l - huildtng .drc u_- k- u_ - Ill’ hI 4  Idlill natura l  g~is dl’ .u 31 e,
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Ftut’t hl u msud . I X
I(IIIIIIIIIII I ’-’? ’
I ),m u hd Puui tit .12’

l’ _~nn1s I I d u m l s ;  P31 ‘5111111

RIulIt in I ‘ I— il - t h is Ill ’- ’.’’ n NI ( ) 1111111k’ housiIl31 Is supplIed ss’ it h a 30—31 111 ( 1 .1  nt ‘I ( m l  sv:tler Iti _ ’; I t l ’r

u_ ’I CIIIp Iu_ ’s i’ t l~’mit i l ~)hIssi ’’s I 2 . 57 ,1 sq If ( I kiM nm ’ ? , I It,’
brick building u_’t up lc ’ s s It w oot id i t .rh t l l, ’ r r iot ‘s~~’s le t ’ i  I’he e h i u _’ r 31 s ) . Ir :ct i ieters heiitg monitored in this
ss t th  u_ ’cc I i Ip OSitlI itl ShIflIlli’s, ‘I’he l)tiIl(IlIIdl uses lu o l l —  hui ld itm g are u_ ’l u_ ’ u_ ’ l r l u _ -a I  and miatur l l l  gas su ’sI l gc ,

sIdil al Cas - h i r s - dI healers 10 i_ ’ ; d s ’It litilI. 1 11)_ Il 11° , I s ’ t iu _ ’u_’
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I-”orl Hood, I N

Building lti(??ll ,
1)1(111 Pt uinl 331
Bachelor Ol’Iieers ’ Quarters (BOO)

Built in I %9 , t his s i ,s-s hm , rv, .1(’~)-persot i BOQ has c iprtm ca lut lll central utifl wi lh dtst r ihulo’u;  lhmi ’mlug hi

hI 1, 1111 t looi’ area of ’ I 52 .737 sq I t ( 14 189 m2), Thu fan’eoiI til l I t s.

building is ,‘o:ber u_’I,.’ arid brick with a reinforced con-

eretd’ root deck topped u_ - I l l )  built-up roll e(II)hIlI1 l’he energy paranueters heiuig liumthitored in this
(w it hout gravel) . ‘The building is heated “y a naturlt l building are electrical and natural gIl’s usage.
gas boiler and cooled with chilled water from a l’u_~
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Fort Hood . I N
Building ,5’( ? I

Data hi , ‘‘III .1,13
I ) m l t i u i , .~ F .l,’ Iiit ~

’

Built In l ’ ? ’-4 . this ‘sjul 31lc .st mc r ’s ’, 1 000—person cli- eti s ’ rC\ I 1II1 t mI Ih i lt hd lt ig  M” IhlMI,  Air d’onid ittofliflg ts

listed dining t’ac lli l’s’ cncl ) Ii ip ;ms ’su_ ’s 15 .1,115 sq II I l.l’~’. a l’s ,, su 1) 1) Ilu_ ’d ft ’ Imti m Ihe u_ ’i_ ’ T,Ir,,l phltnl.

tii 2) and bihi s d ln le nsl lmt ls  ol II)’. x I -4I i (1 t ,3 3 x 45 tu),

The i_ ’u’ t ue r u_ ’ I u_ ’  block building clii l )1II ’s II sue d - IrtIss- ‘l’he s ’ I I i _ - rgs parllt lielers being nionilored in I bus
supported root’ ch eek ‘sv ith built-ti p rooting. ‘I ke bui l d ltue are elect nu e h hl  uus ag u_ - . natural  gas , and chilled
building IS heated wi th sle hlmil  supp lied by a d_ ’u_ ’ Id le;lI sl Itter 1111W lund suipp I~ return lcmperatu l’es.
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b - c u l l lIuuiIhl . I N
Building l I t ? ) ? ? ’ .

I ).m lu _I  PullEt ! 3~~c)

~,creaeL ’.

IluhI t Ill I ‘hIll , . IbIs l I , rec ’ - s l sc r \ , 22hm- ~)ei’ s s m I m  enbusl ed f ’ mu_’t’ L u_ ’ td l  I he s0ti,. ’ Inre ,.‘ilu h ) Id ’~’ s : c ’ 5’a’, - bieed 11 , 111 r

harrltcks u _ c u _ u _ i ’ s  41,~
)l(’ sq f I  I,l’.~

) ,l iii’), I hi,.’ u_’l uildII2ll .’ s lt 1) 1) lV (ti ’ ; d I l u i i _ ’ ,

bloc k ltnd brIck builditig etm ip liivs Id I ,- l u t l l c r u _’,.’d coin-

cr,.’le rcu iul  sy stc nt i ss i lk b ui l t— u 1,  roll i’ c m u c l i t i g  aimd ‘t h e u _ ’Ilu _’rg~ l )1 r Iut) ’ 1 1 ’ t’’. b) u_ ’ t i t .l tlmluliito r,.’d iti t h i t s

era’ ,.-I -  t he  building (th Is been tlm ,.’ i’ iualbv ulpgl’adcd huuilding are electrical lund IlItturIll gas IS i Igu _ ,

a tid u_ i  nd i 1V,’ .Ini’ u_Is hi hISs ’ b c i_ ’i_ ’ II red lddd(I b’s 111)1)11 I
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HL , I I s I I I IC  471 ) 11 ,

I ),, I . Pu It m u 35 ) )

\ 1 ‘ l,.’ t i h d t t e e

bt , . H Il l jI)’ 3 , IbIs s ? l i gIi’ - s l ’ I 5 Il i ilIulI ’ fl_ph il’ sh o p (‘.1 4 5 I’.’ tls is .5 111115 (7  t I, -\ .3h ’ -gp h ( 1 . 1  I I I ’ hrt glIs

S ’Iid. u c l l ij ) .tssi’’s 1 1 5 5 ( 1  sq II 1111 ’ 1 tii ’I ss’ iIhl i l i nie t msi o lms bluiler l I e u _ i l _ C  sIllip lIS’ ’s dc umiie s lh i ’ hc mt ssat ’ I

uch  ‘( 1 11,5 111 2 1  So 1,11. I lie s td ’el ’ u_ h Ib l u_ ’ t I  s l rm i ,
101- ,.’ etup I~i~ s a s I d C I — I d u u s l ’ ’ s t I )  j I m  r h_ i l  gIl ls ,)Iii/,e(l rh i cll . ‘ I hi,.’ et iet’ gv paraluctu_ ’t ’s hu _’Itig Iii ’ ‘ uull iI c,l in this
l It,’ Il,’ ,n i t ,~ - l i _ I  is i u , I t t t r h l l  e m s . I’lue Iu’s Ied euimul ln t I  hitildi ng aid  clc,.’It’l eal 1111(1 l;MIUI’Itl tIll’s lisIlgI.’ .
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b I , ’ ,’u I , ~~
Rul klmil g liP
I )a l  - , Pu u l t ll 3’~2
‘dl ‘ i t i l , . ’ t l hh t m , .’’ ’ ‘111111)

Bui l t  in  ~~~~~ t h i s  ,.‘ , c m I u _ ’ t ’ ,- t , ’ h’hu,.’k , I t u d s tee l  t t m . i t n —  plm ,.’d sl I lbu II ‘lb gj ih Ill,’. ni h / lu ) (nil stI l le r h e l l s -n I I  u _ h

lu ’It , I i i u_ ’s ’ slu mp ,.- ‘ ‘‘u_ ’rs l4 , ’)(~ ? s c 4  11(1 . 1(11 t im 2), }“IIII stee l 10011, I ~M I ’) ris,.’ - h u pa u_’ i t \ ,
I r t ts ses s upport It metal r cuum f deck ss u t h i  hu l t lb -u p  n c, ’ )
111 11 .111(1 i_ _ na’ i_ -I . I hue building is hi_- atc d ss it li t I . ) lura (  l’h,.’ et ierg\ phlr lunietet ’S bcilu11 n ic ut l l tc l r , .’d III this

tI lls , It is  tm,mI lIlt’ c,’iitlt ( I l t h lt i e ( l .  I’he S ln id . : I11 r u_ ’  l’s SLI P’ buildulug Itt’e ,.‘ lu _- eu r l d’aI 1111(1 iiatu’’ al g u _ us u i sa 31 c.’ .
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I i  lI ,c, ’ul , I X
Btii ldit ig ,11tX)2

I ).1I.I I’  ‘ 1111  4 ”’ )
I ~ 1s f ’ 15 ’ Ifli.l I’S

1-311111 ui l’° ’2, th is s l i u 3 1 b s ’ - s l c c r s  , l i s 1~,’ims , mr ’ s  ss ’ i t (m ,u u l  d’l(I)ItL’It
~ 

, u t  t h e  ,-tit lter Is I ‘ .S ,IK)( i I tuh II 3” ‘ I ’  kJ
hd’ds ,.‘ , m m ,.’rs ‘c ’s?).’. ‘sq II 1 ,1,54 t t i ’), u_ b i t ch m l m u _ ’ b t d c l u_ - ’, i  Imr ) , l ) mutlu,. ’ ’ s luu _’ lu_ mt u_ l Iter l’s h eated u _ l t h i  u l , i l , , r h l l  u _ i - ,

4” 41, It 4 1 4  II nit tu,Iin s,.’,.’ l u d u l i  IIIi(’I II -1 2 i” I( l.’ h h j iu _ ll.’ llS it l .“dI) gpli) I .Y ni Im r) ,u l 11) 1 ) } - I? ’ .  ( ‘ r isc

2~ 
11 ( 1. 4 ~ 

— nib mm lI’s ,.’ u .  ‘[he brIck arid block buildtng
‘Ill4 ilI i ss  It sti _’ckirch suppot’Ied liiu_ ’thtI root du_’,.’k u_ t I l t  I lie i’liu_ ’ng~ pltl’llmd’ td’rs u, - i u i 12  l n u u l I l t u u n i l b  tnt thi s

bui l t—l ip r ,m lh ‘ ‘ ‘111131 and gn lts u_’I. I he ‘s tt ’ud’IiIt’c Is hulildlt ig lire clco ’tI ’ t ,.ItI 101(1 nlttt lr l t l  g I s  ir’ - . i e u _ ’
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