








PURPCSE OF REPORT

The purpoese of thls report is:

1.

To study the adeguacy and condltlion of the present
lndividual heating bollers and thelr auxlllary
equipment,

To present recommendations and cost estlimates for
present equlpment requliring replacement,

To investigate the feasibllity of a central heating
plant and steam distribution system,

To present preliminary schemes and cost estimates
for a central heating plant and steain distribution
system,

To compare oll with cother posslble fuels,
To determlne whether the present system of 1ndlvidual

heating plants should be centinued 1n the new library
and other future bulldings,

RECOMMENDATIONS AND CONCLUSIONS

Qur recommendations are:

1

That a central heating plant and steam dilstributicn
3ystem be constructed at the earllest possible time.

That thls plant should have minimum facllities cost-
1ng $258,390., but that capaclty for future expansion
and space for central malintenance shops be added

1f funds are avallable,.

That the new llbrary be provided with a ftemporary or
rental heatling unit.

OCur conclusiocns on whlch these recommendatlions are based are

given below. The body of the repcort developes the reasons for these

c¢onclusions.

l-

a’

bl

The exlsting 1ndividual boller plant equlipment 1s in
bad ccondltion and 1s appreoaching the end of 1ts use-
ful life.

There 1s no spare edqulpment to provide heat 1n case of
emergency brealdown.
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2.4a.

Cperatling costs are high due to low efficlency
and hilsh labor costs.

Maintenance and repalr costs are high because of
the age and diversity of the equipment, but are
not adequate to keep 1t in good conditiocn.

All of the present bollers, burners, controls and
pumps should be replaced, It 1s 1llliely that the
70 fuel oll tanks willl have to be replaced 1in the
near future,

If the present system of individual heating plants
1s to be contlnued the estimated replacement cost
wlll be $100,610,

A cenftral heating plant 13 feasible. Such a plant
wlll reduce direct operating costs by $9,582 per year,
provide spare capaclty for emergency breakdown, and
can economlcally be arranged to provide for the future
growth of the college.

The cost of a minimum central plant wlll be appro:-
imately $258,390.

The plant bulldlng should be 1lncreased 1n slze over
the minlmum scheme to lnclude space for central main-
tenance shops and a future toller at an additional
cost of 15,445, 1f funds are avallable.

The boilers of the central plant should be oversized
by an amount suitable for planned future expansion of
the collepe.

The cost of the central plant can be written-off by
direct operating expenses in 27 to 28-1/2 years.

No. © fuel oll 1s the most economical fuel for a cen-
tral plant.

The new library wlill be constructed before a central
heating plant can be designed and bullt. The library
must have an 1ndividual heating plant for the interim
perlod. Thils can be a temporary or rental unit.
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The burners and controls are in bad condition. Most are
lncapable of belnpg properly adjusted. Many of the control relays
are wlthout covers and were noted to be dusty and dirty. Short
cycllng was notlced on several unlts operatlng on light hot water
lcads.

Even though some control components and wirlng have been
replaced, the control systems as a whole have passed t{he point of
efflclent useful 1life., This 1s evidenced by lnabllity to bring
the oll-alir ratios Into proper adjustment for efficlent operation,
short cycling and wear of parts,

The Nash vacuum and condensate pumps are leaking badly and
some are operatling erraticly. Nash services these pumps once a
vear, but they appear to be near the replacement polint.

Neone of the large boller rooms except the Commons have a
proper means of ventilatlon. Even though there 1s a supply fan
1n Commons, all of the boller rooms filring /6 oll were too hot,
This has caused deterloratlon of electrlc wilire iInsulatlion on the
control systems. Wlthout a source of supply alr, the burner fans
must draw agalnst negatlve pressure 1n the boller rooms throwlng
out fuel-alr adjustment and stack draft,

Another conslderation 1s the safety hazard due to carbon
monoxlide 1n the unventllated boller rcoms caused by bad flame
adjustment and poor stack operation. This was observed 1n several

of the boller rooms,
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ANALYSIS OF PRESENT STEAM LOADS

The steam requirements of the various college bulldings
are tabulated on a followlng page. Where records are available,
the steam loads glven are based on actual 1natalled radiation.
Where such informatlon 15 not avallable, the loads glven are
based on heat loss calculations,

The totals 1n the summary are sustalned peak loads for
winter and summer, The winter figures include heating, hot water
and kitchen steam use. Summer loads include hot water and kitchen
use only.

All bulldings have full occupancy from September to mid-
December, and from March through June., During the last two
weeks of December, January and February the student body leaves
the college and the bulldings are dropped to approximately 50° F
holding temperature except for certain admlinistrative offices and
faculty apartments.

The college operates on a partial occupancy basis in the
summer., 3Steam 1s regquired for hot water heating and operation of
the kitchen,

The closely grouped bulldings of the south campus represent
82.5% of the total steam load. The arrangement and magnitude of
this load group makes it well sulted for central plant operation.
Jennings Hall and Recreatlon on the north campus, and Shlngle
Cottage and the Presldent!s House to the east are generally small

loads, far removed from the south campus group. The high cost of
the distributlon piping to serve them cannot be Justified by any
fuel or labor savings which might result.
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The comparilisona of central versus individual heating
plants given in the following pages of thls report deal only
wlth south campus bulldings. Jermings Hall, Recreatilon,
Shingle Cottage and the Presldent's House have not been in-
cluded.

FUTURE LOADS

The only known future load 1s the new library. Con-
gtruction of this bullding will start this summer. Thls lead
has been included 1n sizing the central plant,

A theater arts building has been considered but 1s not
actually planned at present. It is likely that thils bullding,
1f bullt, would be located in the open area west of the Barn.

Planning studlies made in the 1930's show additilonal
residence bulldings south of Welling and Franklln Houses, but
these are not plamned for at thls time,

Because of the concentration of major facilitlies and
activitlies 1n the south campus group, 1t is llkely that any
bulldings constructed in the foreseeable future will be 1n
this area. A central heating plant and distribution system de-
signed to serve the south campus can be enlarged to provide steam

for such future bulldings.
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COMPARISON OF CENTRAL VS INDIVIDUAL HEATING PLANTS

The major advantages of a central heating plant over
scattered individual plants are lower operating costs due to higher
efficlency, and reduced labor and maintenance, Other advantages
are easy provision for emergency spare capaclty and expansion.

Efficlency

The hilgher operating efficlency of a central plant over
the present low operatling efficlencles wlll result 1n reduced fuel
consumptlion.,

Fuel distribution records are avallable for the bulldings
burning #6 oil. By comparing calculated heating and hot water
loads ( adjusted for the mid-winter turn down) against fuel oill
actually used, the approximate seasonal efflclency can be deter-
mined.

Calculated effilclencles for the heating year July 1956

through June 1957 are glven below:

Commons 57 . 0%
B~1 Ewest residence group 56.0%
B-2 {east residence group 58.7%
The Barn 59,44

Average 58.0%

No records are kept on the bollers burning #2 oll. The
manufacturer of these units estimates that thelr seasonal effl-
clency would be approximately 65% because of age and poor control
adjustment.

If the indilvidual bollers are replaced with new unilts,
they should be consldered on the basls of average operating effl-
clency expected over thelr lifetime, The efflclencles for the

old units above are minimums at near the end of useful life, 011
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pre-heaters will also improve the over-all efficlency of the new
units. For purposes of comparison, new units on #6 oll will be
figured at 65% and units on #2 oll at 70%.

New oll burning boillers in a central heating plant fitted
with automatic combustion controls can he expected to have a peak
efficiency of 80% to 82% and a seasonal efficilency of 75%. New
coal fired bollers with controls will have peak efficiency of
75% and a seasonal efficlency of 70%.

Labor

Labor cost for a central plant will be less than present

heating plant labor cost, o

The present boiler plants are run and maintained by a fornpe

man crew responsible for operating the college utilitiles, It 1s
estimated that more than one half of theilr time can be charged
against boller operatlion. Wage, overtime and insurance costs
for thls crew have increased uniformly since 1954 at 2% per year.
Negotiations for wage Increases are currently under way. It 1s
reasonable to assume that lncreases of approximately 10% will
result., A graph of present heating plant labor costs 1s given
1n the Appendlx,

For purposes of comparison it 1s estimated that a central
heating plant on fully automatic controls, elimination of 7#2 oil
handling by college personnel and reduction of boller malntenance
work will reduce heating plant labor charges by 50%.

For the heating year 1957-58, wages now chargeable to
the heating plants total $6900 X . For the central plant study

labor has been taken at approximately $3450 I,
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Repairs and Maintenance

The cost of repalrs and maintenance for a single central
plant will be lower than for the several Individual plants,

There are no records showlng the extent or cost of repailrs
and malntenance for the several present heating plants. An esti-
mate of $600 for maintenance work by outside contractors in 1957
has been made by the superintendent but this filgure does not
appear realistlc considering the extent and age of the present
equipment, No figures are avallable for equipment or parts drawn
from inventory for malntenance use,

For purposes of this report based on our experience, the

maintenance costs of present equipment are taken at $4000 per year.

This figure i1s low and represents minimum possible repair to keep
equipment operating., It should be twice thilis amount to keep the
equipment in good, effilclent condition,

These maintenance costs can be expected to 1ncrease each
year until complete replacement of each item of mechanical equlp-
ment 1s forced by breakdown,

For a new central plant cost of malntenance and repalrs
may be expected to average 3% for mechanical equipment, 1/2% for
distribution piping and 1% for the boiler plant bullding.

Spare Capaclty

A serious drawback of the present system of 1ndividual
heating plants 1s the lack of spare capacity. Each boller plant
1s sized for design heating load plus pick-up of the building(s)

served. In the event of complete fallure of extended breakdown,
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the bullding(s) involved would be without heat and hot water
until replacement or repalr could be made, If such a breakdown
occurred in sub-zero weather, 1t 1s probable that the buillding(s)
would have to be vacated. Unless the plumbing and heating piping
systems could be completely dralned, damage and loss of piping
could result, It 1ls not possible to estlimate the extent of such
damage but 1t could run to many thousands of dollars.

Minor breakdowns are much more likely. While these may
not cause contingent damage,they can cause conslderable inconven-
lence to the bullding occupants. The frequency of such breakdowns
can be expected to increase because of the age and condition of
the present equipment,

A major design condition of a central heating plant 1s
apare capaclty. Where the cost can be Justifled, it 1s uaual fo
install 150% of the connected steam load in three generating
units. Two of the units can handle loads up to the peak demand
while the thlird 1s held in reserve, Any actlve unlt can be taken
off the line for service or repalr without reduction of plant out-
put. The regular rotation of actlve and 1ldle units for lnspection,
cleaning and preventatlve malntenance extends the life of all,

As a less costly alternative 100% of the connected load
may be installed 1n two units. In the event of emergency break-
down of one unit, 50% of the plant output 1s still available.

This willl normally be adequate for all but the few minimum tempera-
ture winter months. In thls perlod, the occupled areas of all
bulldings can stl1ll be held at reasonable holding temperatures

by local thermostat and radlaftor control of unoccuplied spaces.
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§§Eansion
The boilers of a central plant should be over-

slzed to provide for expansion,

1t 1s reasonable to plan for expansion of the
college steam requirements., This need not be caused by
an increase of the student enrollment, Many educational
institutions are finding it necessary to provide additional
bulldings for activitles and servlces not dependent on
enrollment, Examples of thle at Bennington are the new llbrary
and the projJected theater. Typlcal of the magnitude of such
load increases are 35% at Wllllams and 25% at Amherst wlthin
the last six to seven years,

If such expanslon 1s accompanled by the constructilon
of additlonal individual boiler plants rather than a central
plant, the disparity 1n operating costs, labor and malntenance
wlll be 1ncreased., The total installed cost of this diversifled
heating capaclty wlll be greater than the equlvalent central
Plant capacity because of the multipllcity of auxiliaries

such as stacks, pumps, oll storage facllitles, controls etc.
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Of the coals consldered, Falrmont slack 1s typlcal

of the inexpenslive bituminous coals that can be burned on

either underfeed or spreader stokers. Thls cocal has a heating

value of 13,500 BTU per pound. A comparison of this coal

against present oll use on a heat value basis is glven below,

Also shown is a comparison of present oil cost against #6 oil

used 1n a central plant.

0il purchases for the heatling season July 1956 to

June 1957 are used as the baslis of this comparison, plus fuel

to be used for heating the new Llbrary. Fuel costs are taken

at present day prices, not as actually billed, Efficlences

are as previously developed. Anticlpated fuel consumption of

the new Library has been estimated at a seasonal efficlency
of T0%.

Total fuel consumed - 1956-57:

#6011 [N BN BN BN BN BE BN B BN BN BN BN BN BN BN B BE BE BN ORE BE N BN BE OB NE RN RN N RN N N N N NN 220’356 galB.
#2 011, South campus buildingB....-......... 33J2OO galB

New Libram LB BN B B BE BE B BE BE BN BE BE BE BE BN BN BN OB BN OB BN BN NN ) 21 Ogala.
Total #2 55,%86 gals,

BTUs available:

220,356 x 150,000 x .58 = 19
33,200 x 140,000 x .65 = 3

. x 1

. x1
21,900 x 140,000 x .70 = 2. ; x 102 BTU

- x 1

Equivalent coal (central plant):

24,37 x 102 = 1287 tons of coal equlvalent
13,558 X .70 to o0ll purchased 1in 1956-57
plus Library
Equivalent #6 oll (central plant):

24,37 x 109 = 216,500 gallons equlvalent to
155,855 X .75 1956-57 oil plus Library.
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Equlvalent fuel for new indlvidual bollers:

#6 o01l, 220,356 x.58 = 200,500 gallons
#2 011, 33,200 x:6g = 30,850 gallons

#2 o1l for Lilbrary 21,900 gallons
Total #2 oil 52, 1o0 gallons

Coets:
011 - #6 2.0698 + 0082 = i.o780/ga1.
e - 195 + . 117 = $. 102/gal.
Coal - Palrmont slack $10,75/ton at Siding
Trucking to College 1.75
Ash Handling .50
. on

Cost Comparison:

a. Present system 220,356 @ 2.078 = $17,187.
55,100 @ $.,102 = $ 5,620,

-

b. Coal (central plant) 1287 tons @ $13.00 = $16,731.
¢. 011 (central plent} 216,500 @ $.078 = $16,887.
d. 011 (individual plants) 200,500 @ 2.078 = $15,639.
52,750 @ $.102 = 381.

2

e, Advantage of coal over present oll cost § 6,076.

f. Advantage of oll in central plant $ 5,920,

g. Advantage of new individual bollers $ 1,787.

This comparison deals with fuel consumed only. A coal
burning plant cannot be made fully automatic, At least one
watch fireman would be required on each shlft adding the wages

of 4 additional men to the cost of coal firing.
There are other drawbacks to coal firing for a college
such as Bennington. Bulk storage of coal 1s unsightly.

Facllities would have to be arranged for disposal of ashes.
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Fly ash and dust nulsance from the stack 1s likely,

The fuel cost for central plant will be approximately
$6,000 less than present fuel cost but #6 oll 1s shead of
coal because of added wages required for coal fired bollers,

COST OF REFLACING PRESENT EQUIPMENT

The age and consltlion of the present heatlng plant
equipment makes 1lts replacement In the foreseeable future
likely. Replacement of the bollers wlll requilre much assoclated
work 1ncluding plpling and lnsulatlion changes, new breechlngs,
foundatlons, etc., Because of the age of the present burners,
new burners and controls should be Installed wlth each new
boller. Since access to the exlsting boller rooms 1s limlted,
most of the new bollers wlll have to be fleld erected.

The condltlion of the exlstlng underground fuel oll tanks
1s not known, Such tanks usually fall due to Internal
corroslion at approximately 25 years of age, The cost of new
0ll storage tanks 1s included ln the replacement cost.

The cast lron bollers 1n the Brooder, Cricket H1ll and
the Garage can probably be rebullt by the lnstallatlion of new
burneras and controls, and repalr of lnsulation and breechlngs,

If the equlpment 1s operated untlil 1t falls, the replacement
cost may be spread out over many years. It 1s posslble, however,
that several unlts may fall iIn the same year. The total replace-
ment cost 18 used 1n studylng the feaslblllty of a central plant,

The estimate followlng covers total replacement cost for all
present steel bollers and the rebullding of the cast lron bollers,

Burner and fuel tank replacement 1s also lncluded.
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The present high pressure boiler generating 50 pslg steam
for kltchen use 1n the Commons 1s greatly overslzed, The
replacement cost 18 based on a unlt slzed for the kiltchen
load of 500 pounds per hour. A high temperature hot water
heater and tank are also lncluded for kitchen service to
eliminate the dlrect steam-water blender which requlres a
high percentage of boller make-up water, A slmllar arrange-
ment has been charged against the cost of a central plant.
No allowance is made for a new fuel oll tank in the Barn.

If the present #6 tank falls, the #2 oll tank can be

converted to sult.
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SUMMARY OF REPLACEMENT COST
OF PRESENT HEATING EQUIFPMENT

(Refer to Appendix for Detalled Estimate)

BUILDING ITEM

1. Commonas:
Heating Boller wilth auxiliaries
and assoclated work.
Kitchen boller with auxdliaries
and assoclated work.
10,000 gallon oll tank wlth heater
and plping

2. B-1 {West Resldence Group)
Heatlng boller with auxlliariles
and assoclated work,
15,000 gallon o011 tank with heater
and piping.

3. B-2 (East Residence Group)
Heatlng boller wilth auxillaries
and assoclated work.
15,000 gallon oll tank wlth heater
and plping.

4, Barn
Heatlng bvoller wlth auxiliaries
and assoclated work.

5. Cricket H1ll Brooder, Garage
Rebulld burners, controls insulation
and breechings.

Allowance for small oll tank replacement

1554 of Contingency Allowance

Total Replacement Cost.

FLOCRKWOOD GREENE
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COST

313,830,
10,820,
3,000.

17,850.
t, 000,

16, 350.
4,000.

13,260,

3,250.
1,000,
$87, 360,
13,250,

$100, 610,
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SCHEMES FOR A CENTRAL HEATING PLANT

The size,arrangement and equipment of the central
heating plant are dependent on the winter and summer
operating loads, the type of boller and the fuel used,
provisions for future expansion, buillding construction,
and whether the boller plant i1s to be used for associated
operations such as maintenance shops.

The equipment will be fully automatic requiring only
periodic checking by the day maintenance crew and the
night watchman,

Operating Load

Summer and winter loads for the south campus
bullding group are given in the steam load tabulation.
The summary below shows the total steam output for the
central plant using these steam loads, 5% losses for the
distribution plping system, 10% for staggered pick-up and
5% for boller plant losses including feed water heating.

Winter Summer
Net steam demand for south campus 10, 320#/hr

Distribution loss-z - 57 516 T2
10,330 1512
Plck-up ~ 10% 1,084 ———
11,920 1512
Boller plant losses ~ 5% 600 7
Total steam output IE,SEU??EF T
Equivalent boller horsepower 362BHP 46 ,O0BHP

Boller Slze

Two 200 boller horsepower units willl be adequate to

handle the winter load of 362 BHP., With this arrangement the
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minimum spare capaclty scheme described previously 1is
provided. There will be 38 BHP (1310#/nhr) of excess
capaclty for expansion. Thils would be sultable for two
buildings comparable to the new llbrary.

The minimum output of bollers of this size 1s about
1 to 4, or 1870#/hr. The summer load of 46 BHP (1587#/hr}
is actually a peak condition. During the night and at times
during the day this load willl drop almost to zero. Thus
special provision for summer heating must be made.,

The existing individual bolilers stlll have a few years
of useful life., The most economlcal point at which to retire
them will be after this life has been used up. They can be
used as installed spares to provide better than the minimum
spare capaclty scheme referred to above, and they can be
operated during the summer for hot water heating., When they
mist be retired from service, a separate summer boller must
be installed in the central heatlng plant., Space for this unit
is now provided in the new Boller Room.

Additional spare capacity and provision for expansion
of the campus steam load can be installed in the future by
adding another 200 BHP boller in a new bay at the end of the
building.

Fuel Storage

One month's supply of fuel durlng mid-winter operation
1s deemed to be adequate for oll storage requirements., Pro-

rated for the coldest month (December) on a degree day basils,
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this 18 calculated to be 38,900 gallons. Two 20,000 gallon
tanks holding a total oll gquantity of 40,000 gallons are
recommended.

Boller Types

Several types of bollers are avallable in the slze
required. In selecting the best type for institutlonal
central heatlng, expected length of service life and conservatlve
design are paramount. We recommend water tube bollers wilth
large water capaclty, low furmace heat release, large dlameter
tubes and drums. Typlcal of thils type 18 the longltudinal
drum boller offered by many of the major manufacturers, Thils
boller 1s of an established deslgn wlth numerous exlsting
Installations. A cut of this boller 1s included 1n the Appendix.
Another type 1s the newer cross drum boller, Genersally, the
longitudinal drum unlts are less expenslve, Such bollers,
conservatively slzed, can be expected to give 35 to 40 years
of actlve service.

We strongly recommend against the packaged fire tube
steam generator type. These unlts are qulte lnexpensive and
are widely used in industry. They are of 1light constructlon
and have very high values of heat release per cuble foot of
furnace volume and per square foot of exchange surface, The
deslgn is new, the oldest unlts belng about 15 years old.
Expected 1life 1s problematical, but 20 to 25 years appears likely.

The cost estimates and plant layout in this report are

based on the longltudinal drum boller,
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Central Plant Bullding

A proposed layout for a central heating plant,
Drawing #2, 18 enclosed 1n the Appendix, This layout 1s
based on minimum space requirements. No provislon has been made
for future expansion or shops. The bullding shown would be a
minimum cost structure with a steel frame, masonry walls,
concrete roof deck and lndustrial sash., Stacks wlll be the low
stub type.

The appearance of the bullding can vary greatly. By
proper use of colors, textures, sash and door shapes,lts
archlitectural treatment can be made much more lmaglnative than
the usual boller plant structure. A perspective sketch of such
& bullding 1s bound 1in the Appendix,

For greatest utility, the bullding should be enlarged
to 1nclude central maintenance shops, so that the campus
operating and malintenance crew could be based at the boller
plant, The additional bay for the future thlrd boller should
be constructed at thls time to save the expense of the end wall
which must be demollished to extend the bullding at a future time.

The estimate followlng 1s based on the mininum scheme.
Two more 15 foot bays bullt at the present time to house shops
and a future boller will add $15,445 to the bullding cost
including contingency allowance. This space should be provided
if funds are avallable.

Location of Central Plant

Drawing ## in the Appendix shows the buildings of the
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south campus group. The calculated center of the steam load
15 shown midway between the new Library and Commons. This
polnt 1s the best theoretlical locatlion for a central heating
plant. The nature of the plant building and the posslble
smoke nulsance actually requires 1t to be on the outer edge
of the area, preferably concealed by trees on the east or
southeast slde. The cost of the dlstribution plping will
increase in direct proportion to the dlstance from the center
of load.

The sloping open fleld north of the Brooder appears to
be a very favorable location, The plant can be recessed 1lnto
the hill shilelded from the major campus buildings. Prevalling
west winds willl carry smoke away from the campus. The dlstance
from the load center 1s reasonable.

Fuel oll storage tanks can be burlied in the bank to
the north of the plant, delivery of oll belng made from a
short extension of the rocad south of the Barn., Access to the
plant would be effected by extending the road which now turns
north past the east end of the Brooder.

COST ESTIMATE OF CENTRAL FLANT

The estimated cost of a minlmum central heating plant as
described above and ags shown on Drawing #2 1s given on the

next page.
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COST ESTIMATE OF CENTRAL PLANT

Item Cost
1. Boller Plant Bullding, 32'w.x 63'l1.x 20'h, @ $.70 per
cu. ft, $28,200
2. Equipment
&. 2-Keeler CPFK W,T, bollers, 200 HP, in place
with settings and insulation @ $12,460 $24,920
b. 2-Ray #7 burners, in place, wired and
piped @ $4,565 9,130
c. 2-Wing induced draft fans @ $775 1,550
d. Duplex #6 oll pump and heater set 4,200
e. Condensate recelver 1,000
', 2-Condensate pumps @ $300 ea. 600
g. Feedwater heater, Graver "SSC", size 7 2,810
h. 2-Boller feed pumps @ $485 970
1, 2-Stub stacks @ $575 1,150
J. Mlsc., machlnery setting and erection 1,000
k. Foundations 1,000
1. Plping work 18,000
m, Electric power 4,000
n., Lighting 2,040
0. Thermal insulation 5,000
p. Electric starters and electric controls 1,000
q. Combustion controls, meters & ilnstruments 5,000
r. Painting plping & equipment 1,500
s. Start-up, test, etc. 1,000
385,870 $85,870
3. 011 storage, 2-20,000 tanks, installed 7,000
4, Water maln, storm drain & septic tank 2,375
5. Roads and walks 1,000
' 5
?
15% for Contingencles and Engineering 18,655

In

Total cost of Minlmum Central Plant

the section on Comparlson of Costs both the minimum

Scheme above and the larger bullding with space for shops

and a

STEAM

future boller are compared.

DISTRIBUTION SYSTEM

Distribution Pressure

The most common steam distribution pressures for

central heatlng syetems are in the range of 35 to 50 psig,

$153,100

Below this range the slze and cost of the distribution piping

becomes very high.
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of the plplng system increases and the active 1ife of the
system 1s reduced, This report 1s based on generating
steam at 40 to 45 psig and distributing at 35 to 40 psig.,

The State of Vermont has no 1limits on the pressure
of fully automatic boller plants and generation of steam at
40 psig or requirements for the pressure or llcensing of
firemen.

Plping Arranzement

Drawlng #4% i1n the Appendix shows the proposed
arrangement of the steam dlstribution piping. Thils layout
is arranged to provlde for future expansion of the campus
in any directlon around the south campus bullding group.
Baslcally, the system 18 & branch system for the initilel
gtage, but 1t may be converted into a loop system, as shown,
by closing the ends of the branches to the east and west
residence groups., Whlle the plping 1s new, there is 1little
need for the breakdown protection afforded by a loop system.
As 1t nears the end of 1ts expected life and fallures begin
to occur, the loop closure can be installed to insure heating
of all bulldings while plping repairs are made. For the same
reason, few divislonal valves are provided. If the loop closure
1s 1nstalled, divisional valves wlll be required on both sides
of each buillding branch.

The plpe slzes shown are based on maintaining conserva-
tlve steam velocltles 1n the mains, This is a major factor in

obtaining long l1life from the system and eliminsating noise.

LOGIwW OO G N T



With the plpe asizes shown, the steam loads may be doubled due
to expansion without limlting the expected 50 year life of
the system,
An important consilderation in the locatlon of the main
runs shown 1s to keep disturbance of landscapling and planting
to a minimum. No major trees would be disturbed and interference
with minor trees, shrubs and planting beds would be slight,
Insulation and Protection

There are many methods of insulating and protecting
burled steam piping. The method offering high insulating
efficlency and good corrosion protection at lowest cost 1s
preferable.

Tunnels are the best answer on & performance basis
but the cost 1s prohibitive. Recent cost studles for
another New England College showed that the cost of the tunnel
structure alone in a system of comparable length was $100 per
foot exclusive of piping and insulation. For Bennlngton, this
would increase the distribution cost by $219,500 for main runs
only. Tunnels obviously cannot be considered.

There are several protected metal condult systems on
the market of which Ric-wil 1s typicel., While these systems
are excellent, thelr cost 1s 30 to 40% higher than the granular
asphaltic insulating materlals described below. Tile conduit
and porous concrete systems are not thought to be comparable
in performance and have not been consildered.

For about 10 yvears & granular asphaltic insulating

materigl called Gilsulste has been availlable for underground

Loy raowoony i
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plping systemsa. The bulletin 1n the Appendlx describes the
physlcal characterlistics of Gllsulate and 1ts method of
application. The cost of a Gllsulate protected plplng system
18 lower than any other type. The thermal efflclency and
corrosion resistance are excellent, Although the material 1s
relatively new, 1t has had wlde acceptance by colleges and
similar instltutlions as well as industry and the Federal
Governmant,

We have used Gllsulate for steam llne protectlion at
approximately 6 colleges and universitles and many industrial
plants based on dlscusslons and 1lnvestlgations with present
users, other consulting englneers and varlous Federal agencles,
The cost estimates for this report are based on 1ts use.

Piping Modiflcationa in Present Buildings

Steam recelved at the bulldings at 35 to 40 psig must
be reduced 1ln pressure for use 1n the heating systems. The
30 pslg steam for the kitchen must be regulated for constant
pressure, Instantaneous steam hot water heaters wlll be
requlred to serve the present H,W. storage tanks.

The direct steam-water blender 1n the kltchen should
be eliminated to save condensate and reduce boller make-up
water, A hilgh temperature hot water storage tank and heater
will be required to replace this blender.

The estimate of cost for the distributlon system shows
the costs of the piping and equipment 1n the varlous bulldlngs

served by the steam distrlibution system tabulated separately.

LOCGKWOOD) GREENL



COST ESTIMATE OF STEAM DISTRIBUTION SYSTEM

varlous plplng runs, refer to Drawing #2.

In the estimate below the letter deslgnatlons for the

Distribution Plping

l, Malns

Branches to Bldgs,

Run

Length in ft,

AB 280
BC 265
CD 195
BE 310
BF 365
FG 215
GI 565

Barn 165
Cricket

Hill 120
Iibrary 40
B-2 50
Commons 115
Garage 110
B-1 50
Brooder 75

(¢

Manholes & $500

Plpe Sizes

8-2-1/2~1
6-1-1/2

3-1

2-1/2-1
2-1/2-1
4y-1/2
4-n-1/2
1

4oi-1/2
2-1/2-1

3
3 Drip assemblies € $250
2 Fitting assemblles 1n 8" steam lines 1in

Manholes @ $500

2 6" Gate with flanges @

1 8" Gate with flanges @ §200
00

1 4" Gate wilth flanges @
15% for Contlngencles and Englneering

300

Cost per Foot Total

$42,80
27.16
27.16
17.77
42,80
42.&
27.16

16.00

14,55
14,55
17.77
17.77
10,00
17.77
14,55

Total cost of Distribution Plping

LOChkwaoon GiRrEENE

$12,000
7,200
5,300
5,510
15,650
9,210
15,330

2,640

1,500
750

1,000

500

800

300
$56,550

13=000
¥
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Piping Modiflicatlons in Present Bulldings

Bullding

1. Commons

3. B-2

4, Barn

5. Cricket H1ll
6. Brooder

7. Garage

Ttem Cost

2 instantaneous heaters

1-800 gal. H.W. tank

Plping with PRV's, Control
Valves, Trapgs, Rellef

Valves, Vents and

Insulation.

1 condensate return

Unit $5,000

1l ingtantaneous heater
Piping with Valves and

Speclalities

1 condensate return

Unit 2,500

Same as for B-1 above 2,500

Similer to B-1 above

but smaller capaclty 2,000
n 1] H 4] 750
11 H H [£] 7'50

Small Piping asaémbly
only 250

1
15% for Contingencies and Engineering 2,060
Total Cost of Bullding Piping Modifications F15-8I0

LOCKWOOD GREENE



JOMPARISON QF COSTS

Capltal Expendlitures

1.
2.

Replacement of Present Equipment

Minimum Central Plant
a. Heating Plant $143,100.
b. Distribution Piping 99, 480,

¢. Plping Modifications 13,810.
]

Central Plant with Shops and Space for Future Unit
a. Total from 2 above $258,390.

b. Additlonal Bullding Cost 12!442.
] .

direct Operatlng Costs

1,

Present Qperating Cost

a. Fuel $22,807.
b. Labor 6,900.
¢. Maintenance and Repalrs 4,000.

3 L]

New Individual Beoilers

a. Fuel $21, 020,

b. Labor 6,900.

¢c. Malntenance and Repalrs @ 3% 8!018.

]

New Central Heating Plant

a. Fuel $16,887.

b. Labor 3,450,

c. Maintenance & Repairs; Equip.@3% 2,963,
Dist. Piping @ 1/2% 500.

Plant Bulldings @ 1% ; 322.
> -

>avings and Period to Write Off Capital Cost

1.

2.

3.

New Individual Boilerg 3 $2,769
B Beving™ i3 I Rg8,n, AT
“$2,705

Minimam Central Plant

a. Savingp $33,707 - 24,125 = §$9,582,
b. Pericd §2 é 0w 27.0 years

82.
Central Plant %gﬁg Shops
a. Savings, same as 2 above $2,958,

b. Period, $273,835 = 28.5 years

Loveiaow vty (et ) N

$100,610.

258, 390.

273,835.

33,707.

30,938.

24,125,



Dlscusslon

The operating savings for the new individual boller plants
do not wrlte off thelr installation cost 1in the expected 30 year
gservice 1life of the equlpment.

For the central plant schemes, the expected 1ife of the
boller plant equipment 1s 35 to 40 years. The piping 1s expected
to remain 1n service for 50 years, and the plant bullding, 50
years plus., In both of the two schemes, the operating savings
return the capltal cost 1in less than thelr expected life time.

Deprecliation and the Cost of Capltal

None of the schemes above amortize thelr investment cost
if analyzed on an industrlal basls where an annual depreciation
reserve charge and the interest cost of the capltal are applied
a3 costs., Thls matter is the source of much debate on the part of
private college and schceol adminlstrators,.

Jhere schools have large endowments recelved as glfts, the
endowment income can be consldered as free income agalnst which
a capltal use cost (interest) need not be applied. Simllarly,
capltal recelved as gifts through fund ralsing drives for specific
projects can alsc be consldered 1lnterest free.

If these funds could be 1nvested they would return an income.
Technlcally the loss of this lncome represents a cost or charge
pald for usling the funds for capltal construction. Since the en-
dowment income or gift funds are intended only for capltal con-
struction and operating expense of the institutlon, the questilon
of interest becomes academic. The money 1s not raised for pur-

poses of investment.

LOCKWOOD GRIFENIE



Equipment depreclates over the length of its useful life
until it must be replaced because of fallure or obhsolescence,
In 1ndustry, the annual depreclatlon cost 1s charged as an operating
expense and a reserve fund is developed for replacement, This 1s
an accounting device to offset the cost of industrial canital
(interest) and to reduce taxes, Similar argunents aprly for col-
lexes as those used above in discussing interest., If intercest
fre2 caplital 18 available for equipment replacement, the depreclation
regerve 1s not required.

Bennington deoes not charge depreclation as a yearly cost at
the present time. If a depreciation charze is applied to the

schemes above, the savings in operating costs would be wiped out.

LOockwoon GRIEENE



34

LEIST OF APPENDICES AND DRAWINGS

Drawling No. 1

Plot Plan of Campus

3%]
L

Drawing HNo. Proposed Layout of Central Heating Plant

Drawing No. 3

Perapective Sketch of Heatling Plant

=
)

Drawing No. Proposed Steam Distribution System
Chart of Wages and Boller Costs

Detailed Estimate of Replacement Cost of Present
Heating Equipment

Bulletlin on Keeler Longitudinal Drum Boiler

Bulletin on Gilsulate
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DETAILED ESTIMATE OF

REPLACEMENT COST OF PRESENT HEATING EQUIPMENT

Bullding

1, Commons

ITtem

Heatlng boiler - Kewanee 1781 JB
Freight, trucklng, ripgging,
fabrication and testing

Burner - installed

Contrcls

New Breechlng

Eleectrical work

Plping

Insulaticn (piplng, boller
& Breeching)

Concrete work

Removals

Kitchen boller, Kewanse KP-188-125

Frelght, trucking, rigging

Burner, 1installed wlth controls

Hot water tank and heater

New Breechilng

Electrical weork

Plping

Insulation Spiping, HA tanks,
breeching

Concrete work

Removals

10,000 gallon oll tank with
suctlon heater and plping

2. B-1 {West Resldence Group)

Boiler (to reﬁlace two exlsting unitsa
JB

Kewanee 178

Frelght, trucking, rigging, fabri-
catlon and testing

Burner, lnatalled

Controls

New breechlng

Electrical Work

Piping (modify for one boller)

Insulation Sboiler, plping &
breeching

Concrete work

Removals (two bollers)

15,000 gallon cil tank wilth
suction heater and pPilping

Coat Total Cost

$2,730.

2,450,
2,350,
500,
400.
200,
2,000,

1,500,
300.
500.

$13,830.  $13,830.

2, 400,
750,
1,570.
1,500.
400.
500,
1,500,

1, 500.
200,
500.

$10,820. $10,820.

3,000,

$ﬁ,200.

3,100,
3,850,
500.
hoo.
500.
2,500,

1,500,
300.

1,000.
$17,850.  $17,830.

4,000,



Bullding
3. B-2 (East Recsidence Group)

4,

jc

Barm

Item

Boller, Kewanee 1784 JB

Frelght etc., as above

Burner, installed

Controls

New Breeching

Electrical Work

Flping

Insulation {boller, piping
& breechlng)

Concrete VWork

Removals

15,000 gallon oll tank wlth
suction heater and plping

Boller - Kewanee 1780 JB

Frelght, etc. as above

Burner, installed

Controls

New Breechlng

Electrical Work

Plping

Insulatlion (piplng, boller
& breechlng)

Conerete YWork

Removals

Suctlon heater for existing oil tank 300.

Cricket Hill, Brooder, Garage

3=pburner angd control unilts in-

Cost

4,200,
3,100.
3,850.

500.
400,
500.
2,000,

1,000,
300,

500.

$16,350.

2,560,
2,450,
2,950,
500,
300.
500,
1,500,

1,500.

200,
~00,

$13,260,.

stalled with new wirlng & piping 2,500,

Repalr of breechings and insulatilon 750,

$3,2500

Allowance for small oll tank replacement

155 contingency allowance

Total Replacement Cost

A -
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Total Cost

$16, 350,

4, 000.

$13,2060,

3,250,

1,000.

$57, 360.

13,250.

$100,610,














