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1. Abstract

The Family Housing Utility Metering Program is a Quad-Service DOD program
directed by Congress to determine the actual energy consumptIon in approximately
10,000 famIly housing units In military Installations . The pilot program
extends over a period of about 18 months in F’Y78-79 with a final report due
In Congress by 1 January 1980.

The following report covers the installation phase of the Army ’s portion
of the program and Incl udes the description of the design, contrac ting and
installation activities on 3 posts, namely Vuma PG, AZ; Fort Gordon, GA; and
Fort Eustis, VA; together with a brief description of the methods of handling
the various tasks involved with the difficulties that arose as a result of the
compressed time frame allotted this project.

= A report on Phase II of the Family Housing Metering Test Program coveri ng
the bi lling method , norm calcu lation , metering data collected , ADP organizatIon
etc as Implemented by the Army will be published at the end of the test program
in the first quarter of FY80.
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1. Introduction

The House bill for Military Construction , 1978 , (Public Law 95—82)
included funds for a two year program to individually meter energy consumed
in military family housing units in the United States and its possessions .
Under t he program , the Secretary of Defense was directed to establish
reasona bl e energy consum pti on ceilings for fam ily housing and to assess
occu pants for any consumption in excess of tha t established ceiling. The
Senate conferees argued tha t such a program would affect the entire military
pay and compensation question and before implementation on a large scale a
tes t shou ld be con ducte d to determine t he fea s i bility of ener gy consumption
metering on military housing units ,

Fun ds were authorized by PL 95-101 for a pilot test program to install
meters on a select number of military insta llations . To prepare “norms ”
of ener gy consum pt i on , to read the meters and develop mock -bill ing procedures .
The Department of Navy was tasked to develop the Famil y Housing Moc k Utility
Billing System (FU/MUBS) to be jointly used by the Quad—services . An Ad Hoc
Committee was convened to establish norms of energy consumption making use
of a computer program referred to as Building Loads and Analysis of System
Thermodynamics (BLAST). The Corps of Engineers Research Laboratory (CERL)
has been tasked to run the “BLAST” Program on representative housing units
using field i nformation collected on-site by FESA .

The following specific DOD guidelines were included in the test program :

a. The cost of the meter installation for the test should be limited
t.) SS.5 million.

b. A representative cross section of at least 10,000 housing units
from all regi ons of the country , Inclu ding those with meters at the present
time , shoul d be included in the test equally distributed among the Quad—
serv ice.

c . A part of the tes t sample shoul d include the metering of housing
u~i it s in which storm windows , thicker insulation and other energy saving
devices have been installed in order to test the comparative effectiveness
~f the services ’ ongoing energy conservation programs.

d . Occu pants shoul d receive “bills ” for the excess energy consumed
‘hut would not be required to pay for the exc ess energy consumed during the
tc’st period .

e. The test should be conducted on the following schedul e with progress
reports submitted to the Secretary of Defense at each milestone:



A comp lete tes t des i gn by 1 October 1977 .

2. A comp lete ener gy re trof it and meter i ns tal la ti on on tes t
units by 1 Janua ry 1978 .

3. A Progress Report by 1 July 1978.

4. A Progress Report with preliminary findings by 1 January 1979 .

5. The Final Report by 1 January 1980.

The conferees aLo agreed that all new family housing authorized in this
and future milit ary construct ion authori zation bills should be provided with
energy consump tion metering devices .

In compliance with the above agreements and schedules a Joint Services —
OSD task force meeting was held on 18 August 1977 in which the inst allatio n s
shown in Table 1- 1 have been sel ected as bes t meet ing the requirements of
the test program .

Table 1-1 : Quad-Service Distribution of
Family Housing Units for Metering Test Proqram

C1irL~t = C A r~~ In stallat ion Housing Units Service

Ortginal Plan Present Count

Coi l PWC Grea t Lakes , IL 2,089 2,089 Navy

Hot & Humid Ft . Gor don , GA 873 879 Army
MCAS Beau fort , SC 1,276 1 ,276 Marine Co~’p~Keesler AFB , MS 1 ,982 1 ,535 Ai r Force

Hot S Dry Cannon AFB , MM 1 ,01? 1 ,012 Air Force
Yuma Prv g . Grnd ., AZ 290 290 Army

‘~uler ate MCDEC Quant i co , VA l,~2O 1 ,110 Marine Corn-
w/’\ir Cond . Ft. Eustis , VA 1,325 1 ,325 Ar my

~~der3te Poi nt Magu , CA 881 883 Navy
wo/Air Cond . NCBC Hueneme L CA 500 215 Navy

TOTALS : Ten Installations 12 ,050 10,

6142



As discussed i r~ the tds k fo rce meet ing, the installations selected should
determine the best and most expeditious methods for insta l l inq the required
meters throug h local utility companies , by contract or by in-house personnel .
Furthermore , the Navy was charged with the task to develop procedures for
meter reading and data proc essing for purposes of “mock hilling ” of occupants
for the energy consumed during the test period.

In a subsequent meeting on 15 September 1977 the Air Force requested and
obtained approval to delete the hous ing units of Keesler AFB and to substitute
Little Rock , Arkansas , instead. The reason for the switch was that Little
Rock AFR , has heat pumps installed which was of interest to the test program
from the standpoint of energy consumption of this type of heating and cooling
system . Additional changes in the total number of units were made as the
utility meter in-i program progres sed for various reasons so that the final
distr ibution of housing units among the four services is as shown In Table 1-? .

Table 1-2 . Final Distrib ution of Fami l y Housing Units
for Metering Test Program

Army 2,129 units on 3 bases
Navy 3,187 units on 3 bases
Air Force 2,547 units on 2 ba ses
Ma rInes 2,386 unIts on 2 bases

Similarly the ori ginal target dates proved to be impractical and after
compromising the ori ginal schedule the time table shown in Table 1-3 was
approved by the DSP.

Table 1-3 . Major Milestones of Family Housing Metering
Test Program

Compl etion of the meter Installation: 30 June 1978

Completion of the APP Program for
Customer Billing: 30 September 1978

Run of Test Program: 1 October 1978 throug h
30 September 1979

Fina l Report to Congress: 1 January 1 980

In the following sections the Instal lation portion of the Army ’s utility
metering program will be described from the viewpoint of insta llation
problems , des i gn , procurement and costs with the “lessons learned” summarized
In the conclus ion .

I
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2. The Army ’ s Assi gnment

The Army ’s portion of the famil y housing metering program consists of
three posts , namel y Yuma Proving Ground , Arizona , Fort Gordon , Georg ia;
and Fort Eustis . Virg inia. Each of the posts represents a different
climatic area as wel l as a different mix of energy sources . Vuma PG with
its hot climate and low humidity desert environment represents a consumer
with primaril y air conditioning requirements . The quarters have electric
utility only. Refri geration type cooling and resistance type heating is -

~~~

used . Fort Gordon uses electricity and gas while Fort Eustis uses el ectricity
and oil for residenti al requirements .

The housing di stribution for this program on each Army base is shown
in Table 2-1 , 2—2 and 2—3.

I!
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As the metering insta llation planning progressed , complications arose In
some housing units because of variat ions In building sty les anti exist ing
utility service layouts . For exampl e , in the new housing areas at Fort Go rdon
the 1-splices of the gas line serving two famil y units were found to be Imbedded
in the walls and could not be accessed without tearing the plasterboard open
which , in turn , would have required to move the family Into temporary quarters
for the time duration of the gas meter installation , (estima ted at that time
2-3 days per duplex). Since , however , 200 families woul d have been affected
by this disruption it was not feasibl e to provide temporary housing for a
population of this magnitude. Rather it was considered more advantageous to
take representative samp les of these housing units and instal l the remainder
of the meters at a time when the unit is not occupied .

At Fort Eustis 370 homes were under a renovation contract consequently
no alteration of any sort could be made on these uni ts until rel eased by the
renovation contractor who has until September 1979 to complete this job .
While 214 units were rel eased by 1 Oc tober 19713 It is questionable just how
many of the remaining 156 uni ts will be available for the test program .

3. The Design Phase

While Vuma PG and Fort Eustis accomplished the meter installation design
in-house or by contrac t, Fort Gordon approached FESA for assistance. In all
three cases the drawi ngs prepared showed modifications to the existing utilities
to accommodate the meters. In order to accomplish unifo rmity, however , FESA
developed a set of specifications for the meters which was distributed to
the Facilities Eng ineers for consideration in the design and procurement.
(See Appendix “A ” )

Vuma PG accomplished the des i gn with military personnel (one lIT designer C

and one SP4 draftsman). The details are shown on VPG—FE Dwg/File No 3295—77,
dtd Sep 77. The family housing units use electric energy only and the service
consists of 220—volt , 3 phase , 4 wire connections . The installation of meters
could be accomplished by disconnecting the existing wires at the switch panel
and then inserting the electric meter between the main breaker and the service
entrance with only few variations . The approxima te time span of the design
phase was 2 man—months with no other labor charges but salaries for military
personnel . Similarl y the contract spec i fications for electrical installation
were drafted by in—house personnel and were reviewd by FESA .

Fort Gordon received the assistance of FESA to design the metering Installation
for their housing units and also to draft the necessary service spec i fications
for the installation contract. An on— site survey was conduc ted by the el ectrical

9
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and mec hanical desi gners from FESA in November 1977 in order to define the
various buil ding styles , electric service entrance variations anti gas piping
layouts . Typical design sketches were prepared for all units having sim ilar
utility l ayouts . In order to keep the number of drawings at a minimum , each
housing unit was grouped in its respective subdivision with other houses of
similar layout and tabulated in a listing of housing numbers giving reference
to the app l icable electrical and gas meter Installation. The drafting portion
of the desi gn was then contracted to Vector Engineering in Springf ield , NJ ,
for a cost of $15 ,054. The fina l produc t included :

7 - Listings of units by house numbers and installat ion references;
3 - Gas meter ins tallat ion drawings ;
4 - El ectric meter ins tal lation drawings.

The preparation of the contract package inclu ding field survey and sketches
required 2 man-months of eng ineering effort provided by FITSA .

Fort Eustis contracted the des i gn effort to a local A/F firm , Spiers &
Waltz Co. in Newport News , VA. The contractor produced 19 drawings for the
electric meter and oil furnace run time meter installation anti hook up. The
cost of this effort is broken down as follows :

(a) 10 drawings for 955 housing units $17 ,562;

(b) 9 drawings for 370 housIng units S 7,656.

The 370 units , located in the Wherry subdivision , required special consideration .
Since these were the units included in a renovation contract executed concurrentl y
with the meter installation care had to be exercised that the drawin gs reflected
the changes of the renovation on the hulldinq exterior .

4. Procurement

In the procurement cycle two distinct segments can he identified:

(a) the procurement of the meters ;

(b) the procurement of contractor services for the installation of the
meters.

Both aspects will be described together with the difficulties that arose
in the process of negotiations . It shoul d be emphasized , however , that
the overall family housing metering program placed unusual demands on the
contract negotiations in order to comp lete the test by 1 October 1979 . Lookin g
at the time frame (Tabl e 2-4) this becomes obvious when the individ ual target
dates are compa red with the magnitude of the tasks involved .

10
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Table 2-4. Target Dates for Design & Procuremen t
of Family Housing Metering Installation

Allotted Time
Program El ement Calendar Months Target Date Actual Date

Preliminary Design &
Fiel d Survey 2 31 Oct 77 30 Nov 77

Desi gn of Metering
InstallatIon 2 31 Dec 77 31 Jan 78

Preparation of
Contract Packa ge 2 31 Mar 78 31 Mar 78

Adver t is ing & Negotiation
of Contract 1 30 Apr 78 30 Apr 78

Execution of Contract &
Completion of
Installation 2 30 Jun 78 31 Aug 78 r

The urgency to negotiate a contract within the shortest possible time was
dictated by the revised target date of 30 June 1 978 to compl ete the installation
phase of the program irrespective of the number of housing units invol ved . Any
delay In the contract negotiation would have penalized the installation time
required by the contractor to complete his job. in this sense the contract C

negotiations were conducted under “emergency conditions ” and shoul d not be
considered as representative of normal contracting procedures .

On an Individual basis the following factual data apply to the 3 Army posts .

Vuma Proving Ground: Because of the small number of housing uni ts involved ,
the Ins tallation desi gn was completed in October 1977 . Consequently contract
negotiations coul d be conducted the following month wi th a completion in
December 1977 . The order for the el ectric meters was placed by the contracto r
Imediately a fter the award of the contract. Since , however , a 3-phase service
Is not a conventional residential utility service , a 6-8 week delivery was
allowed in agreement with the schedul e and performance plan.

The contract was let for the installation of 290 el ectrIc meters for a
contract price of $101 ,128 . The award went to Line Power Inc., Pensacola ,
Florida .

Fort Gordon prepared the contract pac kage in February 1978 and advertised
the contract the following month . The contractors were asked to bid on the
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basis of two coinpi etion dates , namely 30 Jun 78 and 31 Aug 78 respec ti vel~A tot al of four bids were received ranging in price from $218,128 to $425,445.
The low bidde r justified his estimate in writing but could not confi rm the 

C

contract schedule and performance requirements . ()ie bidder protested in
writing in objection to the performance schedule . The protest was based on
the perfo rmance of similar work for the Marine Corps . The other bidders
stated at the bid opening meeting that the 30 Jun 78 compl etion date could
not be met because of the long lead time required for the procurement of the
meters.

All four bids were then rejected by the Contracting Office for the
simpl e reason that in the contract alternate completion dates could not
be justified. The alternative was to readvertise the contract for a comp letion
date of 31 Aug 78. In order to eliminate the long l ead time for meter
p rocu remen t, FESA agreed to purchase the electric meters by negotiating
special considerations with local distributors. The meters were then delivered
to Fort Gordon and furnished to the Contractor as Government Furnished
Equipment (GFE).

The gas meter and the electric meter installation contracts were negotiated
sepa rately. The gas meter contract was awarded to Hancock Pl umbing and Heating
Company of Macon , Georgia , for a consideration of $1 34,227. Tne contrac tor was
responsibl e for the procurement and installation of 593 gas meters. The
el ectrical installation was awarded to Guy C. Smith Construction Company of
Augusta , Georgia , for a price of $140 ,070 for the installation of 873 meters
with the stipulation that the Government will furnish the meters. The price
of the kWh—meters was $58,977 under a separate procurement.

Fort Eustis also had two contract actions , necessitated by the fact tha t
370 of the 1 .325 housing units were under renovation and required special
considerations in the contract draft . The Wherry Subdivision housing units
were contracted to Mallory Electric Company for the installation of 370 electr ic
meters and 262 oil burner run time meters at a cost of $92,067. The other
contract was let to North Landing Line Co’istruction Company of Virginia Beac h ,
VA , for the installation of 955 electric meters and an equal number of oil
burner run time meters at a cost of $567,118. In both cases the contractor C

furnished the oil burner run time meter whereas the electric meters were
procured by FESA and delivered to the Contractor on the job site as GFE .
The completion date for the installation was speci fied as 31 Aug 78 in
both cases .

5. Instal lat ion

In general , no major problems were experienced on all 3 posts in the
installation phase of the family housing metering program once the meters
were delivered by the vendors. In parti cular , the electric kilowatt-hour 

— - --- - - - - -—-- —-- ~~~~~~~~~~~~~~~~~~ - - -—~~~ —-~~~
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meters were difficult to obtain with a delivery schedule suitable to the
time frame of this program since these meters are not stocked in quantities
by the distributors because of the limited demand outside of utility companies.

The performance 0f the individual contractors is shown on the curves
of Figures 5— 1 through 5—4. According ly, the installation of 290 electric
meters at Yuma PG required approximately 41 working days corresponding to
an installation rate of 7 meters per day. Work was delayed twice in the
course of the contract because of delays in the delivery of the meters by p
the vendor.

At Fort Gordon the electric meters were delivered by the vendor on an
“emergency” basis. For this reason Fi gure 5—2 shows no delays because of C

delivery schedules. The contractor proceeded at a rate of approximately
21 meters per day for 7~ weeks . The reason for the slow down dur ing the
last three weeks was tha t the contractor schedul ed the more difficult
installations for the last. Similarl y the gas meter installation curve
in Figure 5-3 shows an accelerated pace for the first 5 weeks of approximately
18 meters per day slowing down to 15 meters per day which represented the
more difficult cases again. p

One problem tha t remained at Fort Gordon was the gas meter installation
in the new section of McNair Terrace and Olive Terrace respectively . These
duplex homes are of 1972—74 vintage and have a single gas suppl y for the
two units . The gas lines have the branch “Tee” Inside the wall which required
the breaking of wall and ceiling in order to expose the pipes for modification
to accomodate the meters. The dislocation of families for a period of 2-3
days while the contractor made the modification to the gas suppl y was
considered impractical considering the cost involved to place the families
in temporary housing or motels and the hardship this temporary rel ocation
would have had on the families . The probl em was negotiated with the
Assistant Secretary of Defense and an agreement was reached with the DOD to
select a representative sampl e in each subdivisi on for metering at the
discretion of the Facilities Engineer. The sam ples selec ted are ta bula ted
in Table 5—1 .

Tabl e 5-1 . Selection of Representative Samp les  for
Gas Meter Installation at Fort Gordon

Gordon Terrace 18 - 6 Family Houses or 108 units
Olive Terrace 8 — Duplex Houses or 16 units
McNa ir Terrace 4 - Du plex Houses or 8 un its

This reduction in metering represents a loss of 280 housing units to
the program (See Tabl e 2-2).
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Si rice t i lO  L _ t t  Fort Gor ’~~~r i d id ri~~t ha~ t as bui l t  iCi l niu ~~ the gas
pi ~~i id 1 o’iau the rut ractor hid to Ut t e rr I v ie the p ipe run iris ide the bu l l d i -  :1;

01  10 i-,~ i I Is. It  i~~i’- ‘ I t  C I C C 1  to , i 0 . . t - ~~e r , th at the p p i nq 1 1 5  ri O
s~ :e iii 1J cr~t 1Lal st~ 1e tnn ld iin ~s ~ O ti~ it ~1t t t r the ini t i al c u t — a r i d — t i - V
prOl:eC lj re t ie  co n t r a c t o r  w a s able t o  run the new p i pi nq w i t n  a minim um of - -
Uji a - ; t ~ t O t~ i~ 4-,al Is and eel l inq . Ir ro  inco nvenie nce to t i l e  iridi ~ I Jual a i i u l  i t C~IICIS al sO mi nini l  .ed so that rio eel oca t ions took place dur -i n~: the con t ract
ro rIo .

Fo r -t ~~t is irad a proi r l e of a di f f e r - ~ rit r i a t u v ~~. --\s ien t ioried I i e ~ ion
in tr io •i1i e P r ~ Suhd i vision ( 100 tv - ca) the hons I riq units were urlderqoin &)

i i n~ n u d O I - a d i: ‘e rent cj r it  -i c t c UIi5O ~ no it ly no a 1 to r a t i on  o the
hul 1dm : coul d he - ado prior tO tr io release Of the unit s by tue contract or
ond ac~eptaric e U - the ~ove r r r i ent .  ro b - thi s r easo n  til e u t i l i t y  I leters

i1 ~’-,-~it t — lnl o~r and oil furnac e run t iYi t ) ~st-’v .e inst al led as the hui ldin q s C

bOLa lt - a~ a m  io1~~. Sin ce t i le rerrodel m o  contract extends to the end of fl 70
it is queSt 1 ori anle , at tn i s roi nt , jus t  hoi-~ -- -~I nrv ot the 1 Ott hou Sin q un its
not - (-t On -cd at present will b000i -kt a v a i l a b l e  for the test proqrain . In
Table 0—3 the status on 15 December 19 ‘0 Is repo rted. C

Tni~ cost and tO i - I ’ Cin ice ~~~1 t ( C 0~ t !1 irt tt r i ri st al l ation act i~ ity is
s~~- l ; Iar i:eU in Tab le ‘C ’ It ~‘io~~d he noted t ha t  t he  \ u - a  rs and Fort Eus t i s
e l e ctric inst a lla t ion :o~t t n - i c t  j I I C L i J & CC th e service entran ce mo dificati on
i~~

) r~~ re u ire d to a c corJ - Iod.1 t o t no - ow 10 IC e s w i  erea s a t F or Oe rdon t r~e
electric w o r k p r - i - k i ln l~ i n - .ol~~ 0 tne ,-- ~ - l ~lceiIk~r lt o f exis t iiw : breaker Ue- ’es
•~‘ th p rtma ss e - ub le d note r socket ar id di ~- co n nec t switene s . The qas note ’- and
oil ~rnace r u r i_ t i - - ~~

C i- r~~ters av - c i t ta ro nt ly  -~- C’I( 1blt i ron a un it inst afla tmo
C O St  S tJ r l0~~C ) r u t  al t i lOU ll i  it •~~ 1 1 s OC ~~ L i l  r- cJ to ins tall then are ent i rel
di fferc nt a rid t i e  t i ~~ t C reou i red per- r u f l — t i ! k 2  ~e te r  i ~ hal f of the i rist al l o t 1 Oil
tine of tr i o ~as ne t e r - . T he c o s t  - ; lJ rcs 1 ~en for - tue 370 units in t O t  llhei-r
S u nd iv i s i o n  at  Fort ~u - t i s  a r-c Iritoncl Osl y r- since not all dat a of the insta l—
lation are ava i l ab l e  at t h is  t l t C .
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6. Special Equipm ent Requirement s

The Fami ly Hous in g Mock Uti l i ty  Bi l l ing Syste m ( FH/M UBS) requires input
data from each inst al lat ~ cn nuncernin cj prevalent In M y temp c-ratu.-es of t1ie
ambient environment. For th is purpose FESA recoirinended that each instal lat ion
acquire/purchase a recorder that monitors the outdoor air temperature
on a 24-hour bas is .  The e l lof-g y ons uirr ption norms (developed on the basis of 

—

historica l weather i nformation and the data from the family housing survey
at each post) are adjusted daily to conform to the actual  energy demand of
the housing units under the existing weather conditions. The teiriperatur e
variation within a 24—hour period is recorded on a chart from which the
inpu t data to the FU/MUBS are taken manually by the meter reader. In additi on ,
the meter reader also determines daily the wa ter supp ly temperature with an
ord inary thermometer since only one reading per day is required . The
spec i f ications for the recorders recommended by FESti are shown on the
Manufacturers ’ Ca talog Sheet in Appendix “B” . - 

-

It sh ould be noted , however , that t~ie above instruments are for the
convenience of the FH/MUBS administrator and other methods can be us ed by
the installations if so desired . For example , Fort Eustis did not procure a
temperature recorder but instea d , employed the services of the local weather
bureau operating on post to obtain the required temperature data . Similarl y
Vuma Proving Ground o btains the temperature information from the local weather
bureau . The disadvantage of this method is the loss of a permanent dail y c h art
record which makes the checking of the information at a later date more d if f i c -~1t .

7. Conclusion

Look i ng at the meter installation in retrospect it can be said , in general ,
that most of the difficulties arose from the compression 0-? the metering pro-jean
schedule which allocated less than 60 days to the contractor for the actual
installation of the meters . Since the contractor had to purc ha s e  the met e rs ,
the quoted delivery time (for quantities of meters) ranged from 3-B weeks from
wh ich the c ontr ac tor ’ s dilemma is obvious . Spec ial negotiations conducted
by FESA with manufacturers to expedite deliveries to meet the installation
schedul es of the Army should be cons i dered as an exceptional condition . Under
normal circumstances the procurement of the meters shoul d present no special
probl ems to the contractor and the installation shoul d proceed without pena lty
to the contract if sufficient time is allowed for me ter procu rement a nd del i very ,
normall y 8-12 weeks .
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Th~ i r i - t t l  lo t  ion d i f f i c u l t i e s  w i th the 905 m e t r e s  øn hou’ - i nq  units wi th
ia ~c h i t -- ,r itredtltnt in w al l ‘~ and r~ ’j ii ngs 1 5 a more se r ious prob i em I f I t were
C
~~~~t t . ’ r i L t t . LI on a I a rqt -r ~r ale . Al thou gh famil y dislocations could be avoid ed

at Fo,-t 10 r - ! rr ( f o r  C t l 1 ~~~4~ Of the r e latively siiiil 1 number of units I ovol veci) , in
c]ent - rci I , ~~rpffl -a ry fain li v p 1 acenient s s hou i t  be cal c ul a ted into the cost of
t u to re q r  -

‘ nit ’ t  or in - j t a l l  , t t  I (ins

The U t  ii i t  ‘~ ni~~t r ’ i -  in - - to 1 l o t I on was ~1so i rripe led by the lack of  adequate
n o r  r i i t ’ n t a t i a n  o f  e x i s t i n g  utility sys tem l ayo u t s  In the F ac i l i t y  Engineer ’ s
( i t  t~~~,- _ Ire r c~~.

C , t ~~f l t  i~ l i n t o r - r r r a t  ion required for the desi gn of the meterin g
1 iv ou t was e i the r  not iv a i  la hi e at oil (e.g.’ the gas piping Inside the
fain 1 y hous i rig uni is  a t  Fort Gordon) or the I nforma tion did not reflec t
the chan ges inj de on the •y -

~ t oni S I l i t  0 i t s  i OS tail a tion . For this reason an
e x t  Ot is  yr s u rv ey  mi- t ht’ r- ,nidun ted  on s i t e  pr io r to the In itiation of the

i - - i  ‘in i i i  , i - i -r -  t o  I li-~Lire t hat the latest “as built ” in forna tion Is used

When r, ’,lul i rig the install a tion of the met ors it should be kept I n nil nd
hat  t he w e,r ther ,‘nrli ti ons of the season will affect the performance of the

O l i f i  t I  01 t o - - . ro ~i c e r t a i n  ex ten t  th is can he seen from the da ta of Table 5—2 .
h i , ’ In s tall a t  ion at V ili rki Provin g Ground took place In the winter months and
p io ~ et~ it ,I at ci much s lower  pace than ~t Fort Gordon and at Fort Fus tic which
w i - - a n t  oinpl is hed Iii the  Spri rig and Sui ’iirier- months . Al so from t.h e stand po I u t
ol i r icon v eni i -n ~ e to the  i r~Iiv idu al fani l t i e s  the warmer months of the yea r
a i r ’ rr ’ft’rabl e t n t the month s i i i  which ex tens Iv e  hea t I nq I S rt ~~i rl i  red fo i-
pt -r - ,OIl,1 I t onifo r

A v t ’,-y I iripo r tant. fea tw - t’ of the meter inst a ll a t ion (whi oh Is often
I qnored) I the adherence to r I qorous Inspection procedures . To retrofit a
j ob - , t i rile nrnsilllil h f  ar id r o ~ t l .y and con he avol 1led with proper i nsper - t ion
i i  the , o t i r- . 1’ of i ri - t a l l  at ion • In fact.. many prohl ems that arose a t Fort
(ordon ,u’ r I a t  F5r i-t i i i -  t i - , ,it the end of the contract can he o tt H huted direc t ly

a 1 ~ck 0 t i r i - ,Iren: t ion. For exaiiipl e , all the oil furnace run tim e rnet.e,-s

~it f o r t  I i i - ~ t I -
‘ h,i51 t ~ hi ’ r hec ked ~iit1 inns t of t horn rew i red at the end o f  t ho

In- . tal l,i t ion . lypi ’. al corn rac tor erroc found were:

(ci  ) Met er Ii~ tl 1 ~rose or n pt’hl 111 ! i i iOn t i o n s

b ) Me ter wired to the AC Supp ly i t- c u it and ran coot I minus 1 y

Meter wir ed i nt o t he fan hi owe r control  ci i-ci t It .

s liii ii arl  y it  Foi-t Gordo n the con t r ac to r  selected coupi I rigs not suitable
for oi ius- r t I rig the g i l;  riot e r- j to the s upply line which nec es sit a ted the

-
‘ uf r -  et luen t reniova 1 o I t hoc e coupl I rr q s from the system after the exp I ra t ion
of the i ont i~ C 1 (  t . Hi ,~ rrou- ; Inspec t ion pi— o r t ’ i o res  during the -ont rac t performance
woiil d h av e el u r n  na ten t hese  and c jun1 1 or proM ems

- ~--—~~~~~~~ - -~~~~~~~~~~~~~—- - - - -- - - - -



S ince the nieters are used for measuring energy consumption of individua l
household ; for purposes of hilling it should be pointed out that the calibratio n
of  the instruments are very important from a technical as wel l as from a l egal
standpoint. Normall y the meters are cal ibrated at the factory before shipment .
There is no guarantee , however , that the ca l ibration wi l l  be the same when the
shipment arrives at the destination and normally the meters will have to be
recalibr ated before insta l la t ion by the contractor. Because of the compressed
ti me frame of the Family Housing Metering Test Program th i s wa s not done at
any of the 3 Army ins ta l la t ions . Since only f ict i t ious charges are lev ied
ag a inst customers during the test no l ega l basis will exist for refunds
resu lt ing from metering inaccuracies . In an actual situation in the future ,
however , the cal ibration of the meters before installation and periodicall y
(at least every 5 years ) cannot be ignored .

Another point of concern is the method used at Fort Eustis to measure
o il consumption by individua l households durin g the heating season . Since
oil fl ow nieters for small consumption are expensive (approx. $600 ea) an
altern ate meth od of  met ering was emp loyed determining the cyc le  time of
the oi l hurrier wi th a tinier. Knowing the gal lons/ hour output of the nozzle
the tot al consumption can be ca lculated by multip ly ing the output by the
Tiiiic ~’er of hours the burner (furnace ) wa s on during the bi l ling period .
Inaccurac ies in this method enter through manufacturing variations of the
nozz les , rater ia l  deteriora t ion w i th  aging and impurity depositions from
the oil f low . For th is  reason it is recommended that the burner/timer system
he cal ibrated with an actual  oil fl ow meter at the time of installation and
then reca l ib ra ted at 3 to 5 years i nterval to insure that no customer is
overcharged because of inaccuracies in the computation of oil consumption .
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APPENDIX “A”

DA FPIIILY HOUSING UTILITY METERING TEST
STA NDARD FEATURES OF ELEC TR IC AND NATURAL GAS METERS

A ll electric meters (watthour meters) utilized in the DA Family Housing
Metering Test shal l feature all of the followi ng :

1. SELF-CONT AINED CONSTRUCTION: A sel f-contained meter is a meter which
does not require the instal l ation of instrument transformers and is installed
directl y in the service entrance cabl e (cable frc~n serv ice drop to main
disconnect(s)). This will provide for substantial savings in instal l ation
costs and will el iminate instrument transformer errors, however slight .
(Instrument transformers speci fically incl ude potential and current
transformers.)

2. SOCKET-CONNECTED: This type of meter is installed by pl ugging it
into a permanently installed socket. The use of socket connected meters
will provide ease in removing and installing meters when required for
testing , maintenance , calibration , repl acement, etc.

3. AUTOMATIC CIRCUIT-CLOSING SOCKET: Most socket-connected meters in
utility use today will disconnect serv ice to the custaner when it is removed
from the socket. An autom atic circ ui t closing socket automatically closes
the circuit opened by remov i ng the meter to prevent disrupt ion of serv ice
to the customer.

Utility companies do not use this type of socket since the meter itsel f
is used as a connect-disconnect means.

4. CLOCK-DIAL INDEX: This is the type of index currently in use by
most electric utilities. Its advantages over the direct-read i ng digital
in dex incl ude :

1) Lower cost due to its simpler construction

2) Less frequent failure

3) Ease of reading at a distance away

All natural gas meters utilized in the DA Family Housing Utility Metering
Test shall feature alT of the following :

A-i 
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1. S1NGLL-JOINT CONSTRUCT iON: This is ~ type of construction in wide-
spread use for danestic (residential) metering appl ications . Thi s merely
means that the meter hds only one sealed joint (two case sections ) wh ich
must be opened to disassemble the meter for servicing. This will provide
for ease of maintenance and will make the meter more leakproof.

2. DIAPHRAGM OPERATION (POSITIVE DISPLACEMENT ): Practically all meters
man ufactured for domestic applications arc of thi s fype. The operat ion of
the meter consists of al ternatel y f i l l ing  and emptying two chambers enclosed
by flexible diaphragms and advancing the index each time a bag is filled .
This provides for low cost and accuracy at low flow rates.

3. ALL ALUMINUM CASE: This is the only available case from most or
all manufacturers except in areas of alkal i ne soil conditions (Cal i fornia) .
This case provides for light weight (1/3 of older models) and resistance
to normal corrosion caused by soil conditions (except alkaline ). P

4. CLOCK-DIA l. INDEX: This is the standard index now in use by most
utilities . This wil l  prov i de the same adv antages as in the case of electric
meter s.

5. NPT CONNECTIONS: The meters shoul d be su ppl i ed w it h connec ti ons
already usable with standard pipe (NPT) thread without requiring additional
adaptors.

6. TEt .V ERAT URE COri’ENSATION: The meters should be supplied w i th
temperature compensation to eliminate metering errors caused by tem pera tur e
variations. Thi s becomes most imperative when meters are ex posed to outd oor
temperatures. Temperature compensation is not provided on utility -owned
meters since Government regulators have not required them to do so. C

Temperature compensation is not required since colder temperatures during
heaviest gas comsuniption result in errors in favor of the customer.
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Weather Dat.i for Family Hous i ng Metering Test

in conjunction with the family housing metering test , weather data will
be coll ected by each ins t allation and forwarded along with the meter reading
~aia . Foriiis for thi s purpose are being developed by the Navy and will be
turnishcd to each installation along with the meter reading cards.

The energy consumpt i on norms , (developed using historical weather
information and the results of a family housing survey conducted at the
in stallation ) will be adjusted on the basis of this weather data , to dep ict
thc actual energy demand of the structure under the existing weather
condit ions . To achieve this purpose , the daily water suppl y tem perature ,
the daily high and low outside air ~emperature , an d the number of hours per
day that t he outs ide air exceeds 78 F must be measured and reported .
Recormended instrum entation and/or proced ures for obtainin g these
uleasureinents are as follows :

a. Outside Air -T emperature ( in °F) . A temperature recorder such as
t he LstrFfTht! Ang us Mi nig raph or Weather Measure Model T621 temperature
~nd icu tor with an appropriate recording device (see attached technical data)

in be used to prov i de a continuous record of ambient air temperature and
ii e spe c iti c~data required (i.e. , hig h and low temperatures and hours per
-~y above C

’
:~ I- ) can be man u a l l y  extracted from the chart record .

b. Water Supp l y Temperature (in °F). The water supply temperature can
be measui~iF5~ drawing a water sample from a convenient tap and inserting
a thermometer. When followin g this proced ure , care should be taken to obtain

~ C f l l l  1t C - of the wate r  enteri ng the building and not a sample that has been
l t ~~ted as a result of storage within the bu ilding piping .

B-l
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ESTERLINE ANGUS C 231 FEB 74

A U,Cu T OF ISTERLINS COmPOm TiOfh

Esterline Angus 
_ _ _Minigraph

temperatur e
recorders
The Minigraph temperatur e recorder is a portable 5 lb. to 480 per hour , let you select the record -dot density you
(23 kg.) giant of unsurpassed durability, versatility, and need by choosing the motor and gear ratio suited to your
accuracy for lab or industrial use. Priced as low as $158, it application. 

Cmeasures just 3¼” W x 5¼” H x 4¾” 0 with thermocoup le
ranges, 6 0 with thermistor (9.2 cm W x 14.3 cm H x 11.1 Other featur es
cm D; 15.2 cm 0 with thermistor). Minigraphs record tern- 1. Accuracy: Plus or minus 2%.
perature in the ranges of O-500’F to O-300’C to O-1000’C 2. Charts : 2¼” (5.4 cm) active width with space for an I -with a thermocouple probe. Thermistor probes , interchange- event marker to record in the right margin. Access window
able within range limits shown below , permit temperature exposes chart for writing notations. C

records from --20 tO +300’F (150’C). 3. OEM Adaptability: Compact size and low price make It
Inkless recording easy to add Minigraph recording ability to other equipment.
The Temperature Minigraph uses a special stylus positioned Hardware furnished with Minigraph for flush mounting.
by an impact plate against pressure sensitive paper. The Nameplate snaps out for private labeling, conceals readily
inkless stylus writes a record of dots —at speeds ranging accessible zero adjust.
from one dot every two seconds to one dot every ¼ second , 4. Rugged Case: Aluminum finished with 3M Nexte l blue and
depending on motor rpm. Seventy chart speeds, from ¼” charcoal (door) for a suede-like finish resistant to damage.
Probe ds,cniptlone be

Ordered s.palal.ty
Thermocoupl e type Prob. No.” Dfl ..

Iro n.Const e,ta n for temperature ranges 0.500 F to 0-BOO F and 0.300CC to 0-400’C. ~~~~ 0 Stlint eSe tube j  60201.1 $21.00
lype J. .4Ch rOmel -A l umet fo r tsmp .rat ur. ranges 0-1000’F to 0-2000’F and 0.500 C to ________ 

~~
,, 

~
-__ 6 69201.2 26 50

0- 100C C. Type K. amiormieltane
Th.rmlstov type -

GENERAL PURPOSE . E,op hageat or r.cts t tempsralune in humans end animate. J~~
’ MAX ç ’~. 0. 

__ 
A 69352-401 1600

U,ed with iong toads b r  deep wate r temperatures. (
Often buried for sub-colt readings. Used for air w irer. fast anyone. is .ot re- “

~~] 
9 69352-701 21 00

~u,red. Most rugged pro be. Vinyt tip and teed . Ussa bte to I00’C (2l2’F) Ttm e p.. s.~
.. 

~~~~constant for A type Is 7.0 seCond ,, and for 9 type 9.0 seconds.

ATTACHABLE SURFACE TEMPERATURE. Tape on s ki n or tt et sur face,. Good for 

~~~~~~~ 
0 69352-400 23.00

heat loss and Compres s ion eft iCi .nc p study of piping syst .ms . Stalitf es , eteet cup.
epo ,y backed Useable to 100 C (212 F). Time constant either type I I  eeconds N 69352-709 31.00

I,
etc Stsi ,feis sleet cage around epo.y encapsulated thermistor. Uteabte to

69352.706 36.00

AIR TEMPERATURE. Test rooms , incubators, remote air r..dings, gas str eams, 

4) ~~~~~~ 
69352-405 30 00

150 C )300 Fi. Time constant eithe r type 06 second s.
i,” O _ F

ç—0 h” D. • 69352-403 23 .00
TUBULAR. For rugged duty In tl~ uld Immers i on. Fast response 01st or rect at. sta In- 

________________________________

tes s utemi fsj’ di.. Use.bte to tSO C (3C0’F).Tlme conetent either type 35 seconds . 
________ 4~ I ‘4 !5,~ P 69352.703 31 00

•400 series probe, a;. 2-wi re narrow range. 700 e.rles probes at. 3-mire wide rang.. Thermis tor Viny l-covered toad t .ngt h I, lOft . (3m). C

- ‘C C CC ~ U S A B—2 Licensed under U.S. Patent NO 3.046,646
Menut s Ct ur ed unde r US Petent No . 3711691
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TEMPERATURE MINIGRAPH RECORDERS
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t .’lil~ 60 Hz A4 describ es (no gear train , which C L  ‘ C . C  . ~~~~~~~~~~~~~~~

It I 1 P h art s pt~~d A I f I t  I It f l i t ’

purpose thL’rrnistor temperature probe 0130 C C I . , ’ , i t ( ’S  C ’  5,~~~, ’.’ C . - “ Sr ’
th at 110 opt ions were chosen
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I
-

Rang. 1,pe fl.n~~. ‘C S I U ,  US.. P -c . ’ - A - S ‘~- .

\ I IC1 I  

~~?~~

‘ I 1 t I  I

A’ ‘ C- I .“ I . ’ :40 F se e. I ‘ - ‘ ‘ t e l  ‘C C C  ‘I . C CCC ,V ‘
~~- , ‘ ‘ , ‘ ‘ . ‘ ‘ C C ,

C - ,1 ‘. 1 ’ F ‘ C - ‘it Ii i’ .! ‘ C - -~‘ ~~~~~~ ‘ CC 5 5 ’ - ‘I C ’ ’ CCC ’ . C ,‘ C
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i,i Sir 0.2A1OC ,. C , ‘lO 1 S C O  ‘5 i’ .,C IC, C •‘~C Clii C
‘CI. ‘ 5 ,‘ It>’ C ’ i ~’ CC C C ’ - ‘5 ’ t “ C C C  I C  ‘Ci> ‘IC ‘5 - C - , ‘ .~~C J C ’ C ’ ’ ’ C ’C , - C- - ,
‘C’ i i?. .‘ C C> - C C,  Ci~~% 1 5 C C” - , C’ - - -i,,. - - ‘5 C ,~~~~~ ‘. ., . 5 ’ ’ ’ ’ . ,, ‘ C C ’ . ’ . I C ’ S ’ ;.’

‘CS “ A -
. 5, ’ , ’ C’ - , I~~ .” I I ’  ‘ I,’ ‘I’ll ‘C1

‘C’ - 1 Cl >, C C C C C I C , C C ’ , t  t s , ~~’ A ‘C ,’ :- ,- ro Ciii • Optton s
Mi -A ‘1,15’ 

, ‘ C1 C ’ , I C ’ . 1 5, - C . ‘ C C  - ,. 1’>5 ,15,
C C ,IC 1 C C C H C  - “ s  lie’ - A C - . i - c  I S $ . \ ,  Op I,i’n A - I -I in

M13A C ’ I ’ s’s’ C’ C fl ,’ C C ’ S  I S , ’E A I’ C , - t - C ’ 
,
~ ~ i 

Numb,, O, ’ S C C ’ i ’ I C C ’” ill. , C’ . -

1,10. ’ - .5. C’ - ‘~~,‘ , ‘ 1 5. ’’’
- ‘S ‘5

¶ ‘5 I C

Charts

Cha ,t  N,iwbe, 

— 

~~~~~~~~~~~~~~~~~ I Prob es
C s  P t ~~~T ,~ (1 yl If

“ C ’ 
- I C _ C C  - ,. C

C 
I

A I

Quint , , flit, Cs. ,,.) P,,c. Per Pd ’ S A I ,. . . ,. 5 ,C ‘5’

‘ I C  ‘ C ’ 5 ’  ‘CC’ I ,. C’  C ,- :‘

— 
- 

-‘ ‘
,
‘ 

C - ~~

Ester li ne Ang us
P.O. Box 24000
Indianapolis , Indiana 46224
TeE (317) 244-7611

p

L -- - 
- . .



-- ‘ _ _ _ _ _ _ _ _

P~~~
’ 
_-

~~~~ , 
,• — - 

_ _

_ 
-

~~ 

-

St

b~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I J1
4 

I‘ ~~~~~~~~~~~~~~~~~ ,. ~- e ~
5 ’  

.
- .

‘ 
. .

-

~~~i ~I ~~ 
_ _ _-‘ II ‘

~~~ 

- OEGt~[ES F ~~~~
. / 

‘

~~ 

- 
‘
~~~~ 

‘!‘ ‘ ‘ 
“ _______. . k

1
~ 

~~ 
. .

C , 
-

- 

W Et)45 R~~AsuR ~~~~~~~~~ 

‘ 
______

~~~~~ ,‘ ‘I,_ 
~~~~~~~~ 

‘
\ °  . .

‘ 
‘
~
:‘ C

_ _

“

~ :~~~ WEATHERMEASURE CORPORATION ‘~~~~~~~~~~~~ ‘~~~- 
A Subssdiai’y of Sysrron’Oonn., Corp. .‘ . I

- ~~~~~~~~~~~~~~~ • SACRAMENTO. CALIFORNIA 95641

~1 ‘ . •.‘ TE LEP~’4ONE 516) 461’1565 - .

0 f t I . L ‘, 1 C ~SC~ ~~ ‘/I A r C, E p ,A CRO ME NT C ’) !n,i tr .’ i ,”t - I : ”  . i 7 7 , ! .S- r: :C.’s b r  Env,r i,nrnenta~ “ c” . ‘ ‘ ‘ ‘

~FL F ~’ >10. > 77- I l >  . . ‘, t A. •~~ p 4  ~~~~~ - 

~~~~~~~~~~~~~~~ _



V ~~~~
‘
C - -

~~~
—

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ SPECIFICA T!ONS
Temper ature Ranges (Std .) . . .  -40 F to •SO F and

•30’F to 130’F; or -30 C to “20 C and O-50 C
(Custom boards ; any 100’F range between -22

anti 212’F
- • Accurac y

Pane) Mster ~1’F

• Temp e rat ure Se:sor . . . . ,  . - - Linear thermistor ,
C linearity, std; ~~.O 55’C

- . • ‘ OptiOn al
S ‘~~~~ , A e Sensor Houstng Stainless steel sheath or

,‘ ~~ “nw— C.. - . exp osei bead C-

~~~~~ 
: • Power 1 1 5 V A C , 5 OI 6OH z or+ 12 0 C ; lO ma

, :,, , . ~ “, • Size ‘W x 6~4”l4 ir
• Output to Recorder 0’ lV DC or 0.10 mA standard ,

I others on request
• Weight /Shipping (less cable) ibs/1 Q lbs

T62 1 REMOTE TEMPERATURE INDICATOR
(With Recorder Output )

ORDERING SPECIFICATIONS
DESCRIPTION • T621 Remote Temperature Indicator , complete

with one standard temperature probe in
Tie T62 1 -l~ . r’ i t e Temperature Ind icator provides a visual stainless steel tube (specify sealed or vx

tndlc otro n at terr rpera ture as wel l as an output signal for posed bead,) With recorder output signal .
recording ~f te m perature on a data logger or strip chart 115 VAC , 50/60 Hz, Specify F or ‘C,
reco rUer. A preci s ion linear thermister is used as the tern- • 162 1-D c Remote Temperature Indicator sam e asperature sensor . Temperature is displayed on a 4 panel above except operates on 12V DC or 115meter wIt h an .sacuracy at ~t F . The recordin g output VAC 50/60 Hz C

signal is within ±0.3 F. The 1621 hat two ranges , .40’F ‘ . C

to -60’F and 30SF to 131J”F . Operation is from 115 ~ AC • 1621-601051 Ambient Temperature Circuit 8oard for
ar  Jilt>!’. aCwo r Up to three temperature probes can be custom systems , tncluding caltbration re-
ca n r ~cl1.i to :‘-e T 52 1 sistors for 0 and full scale cal’brat ion

T C S r r” TCSI€ ’’ , I L , 1 I :  C~ C- r ea l l y,  and . - 1t2 T CIlOiC ~ e.iir i i’t ’s ~ 
points , mating 22 pin connector , premium C

0 27’ F 5 ’ 5 ,-! 7I1 CC I’ ” l t i ’ l a t C l r O ran ~v tr a m 22’F In 212’F range resistors ,
Far C~~C~~i Jr i C I iCi t , I I5 ‘ isarit ies is ow as O.055 C :ar: so • T62 1.T 18 Air Temperature Standard Thermistor
DrOViJ ,’i. i r e  I’ ’ ’ “ sta r is sea led with epo xy CI l’ iC l t  ri a Probe , ‘i” ad , 3” 1, stain less ste€i C

~~ , , C~~5 ç ’ , ’~
, 7 . 5~ ar :jn be allowed to rema n eeiaose d to jacket , interchangeabilit y ~O. t 5 ’C . less

air . ‘ -J i .i ‘ “ Ill ‘ - ‘Sd ‘, “ “ ‘iiOL irSrI cable.
T iru solid s lat~ hec l ’ - la ICI  r r a k e  .~se :1 operational am- • 1621-1018 Same as above except with gerf orared C

0 1 1 C C  ‘ ,e c, - r e ’  ~ec i tl ’ i ir ‘1 S f . :?  resi stance with tern - statniess steel ac ket.
2,1 ’ V - ‘ I “ii ‘~~ S C I  C l i  CL C ’ C C S JCII ,. C IC C C and tanned to

O T 621 -T P1 3X Air Tem perature P I P IP C CC ’r IIt j :~ ’ - ‘ ‘1 .1 IC p rov i de an Cut O ut C id rral
cu- l a c e  ‘ Cr ?PC3r :irq dii >0 1Cm a a lva nome t r rc or pote isti o- Probe , ‘

~ a d .  3 L. sta in less steel

TIOtI C rec ‘ i - h ’  at a data to ~q~r T~ie >utput signal can be lacket . interchangeability 10.0 55 C C

adlust ed ii  i i r ’ ~ ‘C i i i  Ccii? C c ’ I  i Irr e ange irom 0 to 1 e T621-TPOI8X Same as above except wtttl perforated
5i DC r 0 10 ‘rj statn less steel acket.

T .’ 1a€ra l ~ re ;ensor an,I ruI ’l;il’I,ituro - ir’ i e selection IS • T62 1~TW 18 Water Temperature , standard tt rer rnt s tor
Sy ‘rseans it Ir “i ~i:’~ l “ l > , i . r l p r j  sw Ct cnes . probe , ‘/s o,d. x 3” L . stain less steel

F C r ‘ . r’ -  V . ’~’ JC: Caller , ~o we r , a t 2V DC baiter’s s acket , interchangeability riO. 15’C.
required. • T6 21.TW P18X Water Temperat ure , premium thermi stor

Fa r ras r”u”i reliability tI’e r u be and cable should be probe , “i ” o,d. s 3” L, stain less steelf act o r , Co ” re ’ I~ and sc a l d jacket , interchangeability ~0.055’C.
• 1621-C 3 conductor cable to connect air 7,1”

perature probe to indicating console.
• 162 1 CW 3 conductor neoprene j ac kete d cable to

connect water tempera tu rn probe 1I’ In
dicating con soie

4PPLI~A flON
~~~~ se’m ac in- or recorthr~ at o,o i~ ~~~ and mater

~~roe ra t> .? ‘r —~~-~~ ;C ~’i’il ~vdro Iog lca ). Cr ‘ r j ust ’ ,51
.‘Oit r I t -  ‘1~

..dr ~~~~~~~~~~~~~~~~~~~~ C



APPENDIX ii C l i

Excerpts from Public Law 95-101:

Mili tary Construction Au thorization Act 1978

(Printed 12 July 1977)

TITL E I - ARMY

Section 506 Energy Consumption Metering Devices

(a) The Secretary of Defense is authorized to accomplish the installation
of energy consumption metering devices on military hous i ng faciliti es in H
existence or authori zed before the date of enactment of this act at a cost
not to exceed 

(1) For the Department of the Army $16,000,000. I
(2) For the Department of the Navy $24,000~O0O.and
(3) For the Department of the Air Force $30,000,000.

(b) In addition to all other authorized variations of cost limitations
contained in this act and prior military construction authorization acts , the
Secretary of Defense may permi t increases in such cost limi tations by such
amounts as may be necessary to instal l energy consumption metering devices
on military family housing facilities as authorized by Subsection (a).

(c) This section shall apply with respect to any milita ry family housing
facility in any state , the District of Coluntia , the Coninonte~alth of Puerto
Rico , or Guam.

Section 507 Excess Energy Consumption Charges

(a) In order to accomplish energy conservati on , the Secretary of Defense
shall, unde r such regulations as he may prescribe 

(1) Establish a reasonable ceiling for the consumption of energy in
any military family housing facility equipped with an appropriate energy
consumption metering device ; and

(2) Assess the member of the Armed Forces who is the occupant of such
facility a charge , at rates to be determi ned by the Secretary of Defense, for
any energy consumption metered at such facility in excess of the ceiling
established for such facility pursuant to Paragraph (1).

C-l
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( b) Any proceeds from excess consumption charges under Subsection (a)
shall be deposited in the Department of Defense Family Housing rianageine r~tAc count establ ished by Section 501(a) of the Act entitled ‘An Act to author i:r~certain construct ion at mil itary ins tallations, and for other purposes ’ ,
approved 27 July 1962 (42 U.S.C. 1594a-l(a)).

(c) This section shal l apply with respect to any military family
housing facility in any state , the District of Columbia , the Commonwealth
of Puerto Rico , or Guam.

(d) The provisions of Subsection (a)(2) shall not be implemen ted until

(1) The Secretary of Defense conducts a test program to determine
the feasibility of assessing occupants of military family housing charges
for excess energy consumption .

(2) The Secretary of Defense provides the written resul ts of such
test program, together with proposed regulations imp l ementing this section ,
to the Coninittees on Armed Services and Appropria tions of the Senate and
the House of Representatives; and

(3) A period of 30 days expires fol l owing the date on which the
results referred to in Clause (2) have been submitted to such Committees.

C- 2
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Thief , Naval Facilities
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AI~ N: Chief ETh.gtheer USA Science & Techrology
Depar~~~ nt of the Navy Information Team, Europe
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Corrunder Cczrrmancler
Navy Facilities E~ gineering Ond USA Scier~~e & Tochmlcxjy
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Camiand ~ j General F~ci lity Engineer
USA Engineer Conr~and , Europe Fort Benning
AR) New York, NY 09403 Fort Benning, GA 31905

Deputy Thief of Staff Facility Engineer
for logistics Fort Bliss

US Army, The Pentagon Fort Bliss , TX 79916
Washington , DC 20310

Facility Engineer
CaTirunder, TRACXX Carlisle Darracks
Office of the Engineer Carlisle Barracks , PA 17013
ATI’N: Chief , Facilities

Engineering Division Facility Engineer
Ft ~bnroe, VA 23651 Fort Chaffee

Fort Chaffee, AR 72902
Ccztinanding General
USA Forces Cottinar~~ Facility Engineer
Office of the Engineer Fort Dix

AFE7’1—FES) Fort Dix, NJ 08640
Ft McPherson, GA 30330

Facility Engineer
Ccr~~ nding General Fort Bus tis 
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USA Forces Corrrnar~1 Fort Eustis , VA 23604
ATIN: Chief , Facilities

Engineering Division Facility Engineer
Ft McPherson, GA 30330 Fort Gordon C

- Fort Gordon, GA 30905
Coninarx3.ing General , 1st USA 

C

ATrN : Engineer Facility Engineer
Ft George G. Meade, MD 20755 Fort Hamilton

Fort Hamilton, NY 11252
CcE1nar~ er
USA Support Cam~and, Hawaii Facility Engineer
Fort Shafter, HI 96858 Fort A P Hill

BcMling Green, VA 22427
Cc~trnander
Eighth US Arnly Facility Engineer
AR) San Francisco 96301 Fort Jackson

Fort Jackson, SC 29207
Cairiander
US Army Facility Engineer Facility Engineer

Activity - Korea Fort Knox
APO Sari Francisco 96301 Fort Knox, KY 40121

Corrrriander Facility Engineer
US Army, Japen Fort Lee
APO San Francisco, CA 96343 Fort Lee, VA 23801

Facility Engineer Facility Engineer
Fort Belvoir - Fort McClellan
Fort Belvoir, VA 22060 Fort McClellan, AL 36201 
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F~~i1it’~’ Engineer Facility Enqi ri~’er
Fort Fic - ~ ’ t t  PoCky -~~u~ t t . in ‘nal
Blackstone, VA 23824 Donver, ~D 80 340

Facility Eng ineer Facility Engineer
Fort I~icker Scra to:i Aniw ~i iunition Plan t
Fort Rucker , AL 36362 156 Ccdar Avenue

Scranton , PA 18503
Facility Engineer
Fort Sill Facility Engineer
Fort Sill , OK 73503 ~Ibbyhanna Army r~~Dt

Thb~~kinna, PA 19466
Facility Engineer
Fort Story Facili ty Engineer
Fort Story , VA 23459 Thoele Army Dolot

‘I’boele, UT 84074
Facility Engineer
Kansas AnTrj MTrlunition Plant Facility Engineer
Independence, MO 64056 Arlington ha ii station

400 Arlington Blvd
Facility Engineer Arlington, VA 22212
lone Star Army Arirnunition Plant
Texarkana, TX 75501 Facility Eng ineer

Can~ ron Station, Bldg 17
Facility Engineer 5010 Duke Street
Picatinny Arsenal AJexar~iria, VA 22314
Dover , NJ 07801

Facility Engineer
Facility Engineer Sunny Point Military Occiin Termirul
louisiana Army Pmrniiütion Plant Sourthpert, NC 28461
Fort MacAr thur, C7~ 90731

Facility Engineer
Facility Pn~ i.ncv’r US Military Acacie~ivMilan An~r: Miniunition Plant West Point Reservation
Warren, MI 48089 West Point, NY 10996

Facility Engineer Facility Engineer
P ine Bluff Arsenal Fort Ritchie
I’ine Bluff , AR 71601 Fort Ri tchie, MD 21719

C 
- - 

~~~~ 
- - 

• •~~~ - --



r - - - - __________________

Facility Engineer Facility Engineer
Anir~’ Materials & ~~cIwtics Vint Hill Farms Station
Research Center Warrentcwn, VA 22186

Water t~~ n, ~~ 02172
Facility Engineer

Facil ity Engineer ~~ir. Cities Arr ry Ammunition Plant
Ballistics Missile Advanced ?~ w Brighton, Iv~~ 55112

TechrDlogy Center
P.O. Box 1500 Facility Engineer
Huntsville, AL 35807 Volunteer Anny Ammunition Plant

Chattagooga, ‘l~ 3740 1
Facility Engineer
For t Waixwriqht Facility Engineer
172d Infantry Brigade Watervliet Arsenal
Fort Wainwright , AK 99703 Watervliet , NY 12189

Facility Engineer Facility Engineer
Fort Greely St louis Area Supçort Center
172d Infantry Brigade Granite City , IL 62040
Fort Richardson, AK 99505

Facility Engineer
Facility Engineer - Fort Mcm~ uth
Tarheel Army Missile Plant Fort MDruouth , NJ 07703
204 Granham-14onedal Rd
Burlington, NC 27215 Facility Engineer

Redstone Arsenal
Facility Engineer Redstone Arsenal, AL 35809
Harry Dianond Laboratories
2800 Pa~1er MIII Pd Facility Engineer
Adelphi , MD 20783 Detroit Arsenal

Warren , MI 48039
Facility Engineer
Fort Missoula Facility Engineer
Missoula, ~rr 59801 Aberdeen Proving Ground

Aberdeen Proving Ground, MD 21005
Facility Engineer
N~~ Cunterland Anny Defxl t Facility Engineer
New Cuxrberland, PA 17070 Jefferson Proving Ground

Madison, IN 47250
Facility Engineer
Pacific Northwest Outport Facility Engineer
Seattle, WA 98119 Dugway Proving Ground

Iliqway , UT 84022
Facility Engineer
Oakland Army Base Facility Engineer
Oakland, CA 94626 Fort Mccoy

Sparta , WI 54656
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Rtc i l i t v  Pr~oi~&’er VS -\IT~v Engr Dist , Nc’~’ York
Fort U rd AT1’N: NAN1 ~—E
Fort Ori , CA 93941 26 Federal P1a~.i

New York , NY 10007
F l ’ i l i t v  V~~ji nccr
Presidio of San Fr ancisco LISA Engr Dist, I3altinore
Presidio of Scm Franc isco, CA 94129 ATrN: (~~ ief , Engr Div

P.O. I~~x 1715
Facility Engineer Baltinore , MD 21203
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Fort Ni~mn , IL 60037 USA Engr Dist- , Ciurlcston
MTN : Chief , Engr Div

Facility Engineer P.O. Pox 919
~bl~;tori .\c~v A~u~unition Plant Char1 ;~. on , 5’ 29 102
R ~~rt , ‘I’N 37662

USA Engr Dist, Detroit
Facili ty Engineer P.O. Pox 1027
1~al t i~ t~ro Outhil t Detroit , MI 45231
P.. i lt  i~~~ ’e, MD 21222

USA Eng r fis t , Kansas City
1-’~tc i 1 it  v I~ q ii ~oer A’ITN: Chief, Engr Div
! \ - o:~~~~ ’ Ni I i tar  Oceen Thrrdrul 700 Federal Office Illdq
Rivon ’, NJ 07002 601 E. 12th St

Kansas City, MO 64106
F’acil it  Engineer
P~iv .\roa Military C~cc~an Thrmirul USA Engr Dist , C~ aha
Oaklaril, (‘A 94626 ATrN: (Thief , Engr Div

74L0 US&~P ai-i3 Cour tl’ouse
Facil i ty  En-i m oor 215 N. 17th St
~blf (\ i t ~ ut Qualu , ~~~~~ 6910 2
t’k~w Orleans, L~\ 70146

USA Engr Dist , Fort t~brthFaci l i ty  Eng ineer ANN:  Chief , SWFFD—D
Fort Uuaehuca P.O. fox 17300
i’ort !Iu 1CIUK’ct , AZ 86513 Fort ~brth, ~~ 76102

Faci 1 itv Engineer USA Engr fist, Sacramento
L~ ttcrkenny Army xt ATrN: Chief , SPEED-f
Chambershurq , PA 17201 650 Capitol Mall

Sacran~~nto , CA 95914
I~~c ’ility En~ ineer
Michigan Ati i ~y Missile Plant USA Engr t)ist, Far Fast
Warren, MI 480S9 N[TN: Chief, Engr Div

2\IO San Francisco, CA 96301
CCL S.C. Lussier
Fitzsimons Ani;’ Mcd Center
ATCN: 1ISF— DFE
Denver, CO 8024 0
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USA Ewir Dist , Japan USA Engr Div , Ohio River
I\FO San Franc isco, CA 96343 ATrN: Chief, Engr Div

P.O. Box 1159
USA Engr Div , Euroçe Cincinnati, Ohio 45201
airop~an Div , Corps of Engineers
?1P0 New York , NY 09757 USA Engr Div , North Central

ATrN: Chief , Engr Div
USA Engr Div, North Atlantic 536 S. Clark St.
PTrN: Chief , NADEN—T Chicago, IL 60605
90 Church St
New York , NY 10007 USA Engr Div, Southwestern

MTN: Chief , S~flED-TMUSA Engr Div , South Atlantic Main Tewer Bldg, 1200 Main St
XNN : Chief , SA1~~—TE Dallas, TX 75202
510 Title Bldg C

30 Pryor St , SW USA Engr Dist, Savannah
Atlanta , GA 30303 ATrN: Chief , SASAS—L

P.O. Box 889
USA Engr Dist , Mcbile Savannah, GA 31402
lYNN: Chief , SN’~ N-C C C

P.O. BOX 2288 ~~~iunder

~bbile, Al 36601 US Army Facilities Engineering
Suppor t Agency

USA Engr fist, Louisville Support Detadiment II
ATI’N: Chief , Engr Div Fort Gillan, GA 30050
P.O. Pox 59
Louisville, KY 40201 Cemmander

US Arnry Facilities Eng ineering
tEA Engr Div 1 Norfolk Support Agency
ATrN: Chief , t’V\OEN—D ATI’N: MM Brisbine
803 Front Street Support Detaclment III
Norfolk, VA 23510 P.O. Box 6550

Fort Bliss, Texas 70015
USA Engr Div 1 Missouri River
AT1’N: Chief , Engr Div ~~)IC
P.O. Pox 103 tbwntown Station US Arn~y Facilities Enqineering
OTtaha , ~~ 68101 Support Agency

Support Detachment III
USA Engr Dix ’, South Pacific M’rN: FESTt-III-SI
lYNN: Chief , SPDED—TG P.O. fox 3031
630 Sanscfne St, I~n 1216 Fort Sill, Okial citu 73503
San Francisco , CA 94111

~I:OIC
USA Engr Div, Huntsville US Army Facilities Engineering
lYNN : Chief , HNDEr)-ME Support Agency
P.O. Pox 1600 West Station Support Detachment III
Huntsville, AL 35807 lYNN: FESA—III—PR

P.O. Pox 29704
Presidio of San Francisco, CA 94129
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tI~DIC
US Army Facilities E~~ ineering US Army Facilities ~~gix~ ering

Support Agency Support Agency
X1’t’N: FESk-III-CA Support DetachztI~flt II

Bost Loca~~r 
ATrN: FESA-II-iTh

Fort Carson, Co1or~~~ 80913 FOrt Jackson, South Carol ina 29207

cctjmajy3er/CPr Ryan ~~oIC
US Army Facilities Engineering US Army Facilities Engineering

Support Agency Support Agency
Support DetachTeflt IV Su~ x)rt 1~~tac~itent II

P.O. Box 300 P.O. Box 2207
Fort ~brrouth, New Jersey 07703 Fort Benning, Ga rgia 31905

NCOIC
US Army Facilities ~~~ineerin3 ITS Army Facilities Engineerifl

Support A.gercy Su~xrt  Agency
lYNN: FESA-IV-MU Sutcort Detachi~ flt II

P.O. Box 300 ATFN: FESA—II—KN

Fort ~t)rLncx1th, New Jersey 07703 Fort Knox, Kentucky 40121

~ X)IC
US Arnrf Facilities Engir~ ering

Support Agency
Support DetachT~flt IV 
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Aa’fl’~: FESA~IV-ST
Stewart Army Subpost
Newburgh, New York 12250
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