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NOTICES 

The ;contents of this repo.rt reflect the views of the 

authors who.are responsible for the facts and the accuracy of 

the data presented herei.n. The contents do not necess_arily 

reflect the official views or policies of .the New Jersey 

Department of Transportation. This report does not constitute 

a standard, specification, or regulation. 

The New Jersey Department of Transportation does not 

endorse products or manufacturers. Trade or manufacturer I s 

names appear herein solely beccluse they are considered essentia.l 

to the object of this report. 

This document is disseminated under the sponsorship of the 

New Jersey Department of Transportation in the interest of 

infonnation exchange. The State Government assumes no 1 iabil ity 

for the contents or use thereof. 
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wel 1 as the result.s obtained for operation from 1969 to 1975. 
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and they are dated March 1970, August 1971 and June 1972. Th(!se 

reports have introduced the pavement heating project and its 

objectives, described the design and construction of the test 

installation, and have covered the results of winter operation of 

the installation for 1969-70, 1970-71 and 1971-72 and summer 

operation from l970 and l97L This final report repeats and 
. . 

updates text material from these past reports and al so covers 

new information on winter operation for 1973-74 .and 1974-75. 
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The pr~;enceof"s~ow··o/.;ce. on highways e,cpesially atJnterchanges; 
".. '. ' ·:.- /· '--,;" . . . ,_, ,,, . 

ramps, and.brtclg.edecks,.of.ten.·resulls in hazardou~ drivi~g conditions, 
. . 

reduced traffic volumes, and traffic congestion. Conventional snow and ice 

control techniques may prove inadequate at the~e locations fo.r several 

reasons. Ffrst, limited snow storage ar~a often exJsts .at these l9cations; 

second, theremay be a time lag b~t\<Jeen tee and snow formation. and plowing, 
. r . , 

salting, and ~anding operations; and tMrd, alternate freezing and thawing 

of plowed or unplowed snow on elevated ramps can occur. 

An ideal solution for the control of snow and ice at these problem 

locations is the use of heated pav~nent, capable of melting any snow or tee 

fonning on the roadway. 

The maJor obstacle presently limittng the use.nf heated r.oads in 
. . 

New Jersey and elsewhere has. 1been the high construction and operating cost 

of .such an installation .. The development of methods which would result in 
l 

lower qperating costs may justify the morE? widespread use of heated roadways. · 

. . 

l. 2·· Previous .New Jersey Department of Trat1sportatlon,Pavement Heating Projects 

Previous work by the NJ DOT resulted in the construction of two electrically 

heated pavements utili.zing copper jacketed, mineral insulated, resistance 

cables. Both installations were designed to have a heat dissipation rate qf 
,· . . . 

30-35 watts. per square foot of approach roadway and 40 watts per square foot 

of bridge pavement. .. Both were manualJy activated 
J•• 

The. first installation was, C?, 96l on the W~st.etly. appro.ach 

to the Passaic River Bridge·on U.S.Truc~ Rou~e 1 and9 in Newark~ 

l 



. . . . 
. ", . . -

were .. installed in .. c0rijunction<wtth ·a 1:>itUITli n6U$concre.te resurfacing pf 
_.· ;'.' .- " •· •; ' • ••'• ','•-•.· •• . ',_•.,, ••'. :, ' ' •e'•• .. •••,,, •,,,.. • ,- ,.' ·.•,.•• ',, •, •' \.;·•,·, ',,,-;,'-, ', ' - • • 

. . . 

.the bridge deck and approaches~ The site was 840 feet in 1 ength and 
' . . . . ' ' ' . . . 

covered two 10 footwioe traffic lanes:. Dail,Y.traffic.,was 40 percent 

heavy tr~~ks~ After several y:ars of operation, thJs installation wa~ 
. ;· . . . 

· .. ·al:landoned when ... pavernent .fa.ilure J.ead.to. cJJs,lpdgement of cables jn the. QV~r--

1 ay and eventual fail ur:e .. of conductors. Pavement design was judged not suit.,. 

able for traffic conditions. 

From· ... the .... expertence/.,gajged;,qn :the· j~i rs.t·te.st ¥it~l a.>se(;C>Jld: inStiil1.aMtln 

· was designed. Construction was completed. in 1964 with newly consfrutfedp:ve--

ment on .two bftuni nous concrete ramps, and a port land cement concrete bti dg~ · 

deck at the U. s. Routes 46 an.d l7 interchange in Teterboro~ The entire 

.portion of heated roadway (18,00Oft. 2) has a 5.95 percentgrade. To cJate, 

this system has been operating satisfactorily in control ling .~now and tcE? at 

the si.te. Total cost for installation of the he~ting syst~ ayeriigedj1pprox-.· 

imately $4.00/ft2; andannual operating cost, $0.45/ft. 2 of pavement surface)· 

l.3 PavementJ-le.a.ting qtili:zJng Earth He.at 
'.' ',:·:- ':· .... · .: .. -:·-.- ' . ,·-· . -·-< 

To evaluate th.e use of the earth as a heat source, ~n experimental road-

way heating system was designed and constructed in 1969 in Trenton~ New Jersey. 

The basic method of heat recovery was to bury a heat exchanger, consisting of 
' ·, ' .i•.,' ·. . ', . ·,:' ' . ·, ,,· 

a network of pipes, in the earth below the test pavement. An anti-freeze solution 
' . 

was then c.i rculated through th~ heat exchanger and also. through coil~ of pipe. 

. ( p.i pe panels) embedded in the test .pavement. In the process, heat was tr~nsf erred . 
'' . ' ' . ' . _' - ' ,-.,- ". ,_,: .· 

' . 

from the earth to· th~ pavement surface where .it could be uti 1 i:zed for snow - · 

melting. 

1gittman, .. · .. ·J.'. ..•. •f1.•.~·'•Ele¢tr'ica1•·Heatj.ngof•··BfH1g~Deck and AppJ°oaqhes 
· ~nd Ice Control, Electrical Bureau/ NJDOJ, 1969 ,· page 7. · .. ··· ·. .·· .. ··.· .... 



The goal of this project was to find a more economical source of 

. energy for pav.ement heating - some source which could be used in place o.f 

conventional organic fuels or electricity. This led to establishing the 

follovdng objectives; 

J) To use the heat available in the earth immediately below the 

· road surface as an energy source. 

2) To use .the earth immediately below the road surfa.ce as a reservoir 

for summer thennal energy to be utilized during the winter .months. 

3) To evaluate the use of insulation in terms of its effectiveness 

in reducing heatloss from the earth. 

4) To detennine what combination of pipe size, .depth, spacing, 

pavement material, and operating method was most effective. 

5) To observe any deterioration or structural failure of the syst_em. 

6) To evaluate the snow melting ability of the heated pavement. 

3 



2. Summary of Results and Canel usfons 

This project has shown tha.t the eart.h is an economica.l source of he.at 

for pavement heating in that the annual operating cost based on electrical 

energy usage for this type of installation is roughly 45 times 1 ess than 
. .. 

that of an equivalent pavement heating system utfl izing electrically heated 

embedded elements. However, the hi.gh cost of construction outweighs any re-

duction in operating cost and, for an assumed structural life of 20 years, a 

pavement heating system of this type appears to be, from the average yearly 

cost analysis presented, approximately 50~(, more expensive, in addition to 
( 

being less capable of melting snow., than conventional pavement heating systems 

utilizing electrical heating cables. 

The conclusions corresponding to the objectives are: 

.1) This experimental project has shown that the melt.ing)of snow and 

ice can be achieved by transferring the heat energy available in 

the earth to a surface pavement. 

2) Thermal energy was successfully transferred from the warm pavement 

to the earth by operating this installation during the summer. How-

ever, due to the rapid rate of heat loss from the earth during system 

inactivity in the fall, the benefit to snow melting derived from 

summer operation was minimal. 

3) The use of 6 and 8 inch thick, 1-1.5 pounds per cubic foot poly-

styrene insulation, either partially or completely enclosing the heat 

exchang~rs (reservoirs), did not significantly reduce the rate of 

loss of heat stored in the earth. 

4) The most effective snow melting for embedded pipe panels, took 

place on sections of portland cement concrete panels containing 

4 



, wrought iron pipes embedded at .a depth of 2 inches and spaced on 

6~inch centers. Generally, portland cement conc.rete panels were 

50% more effective in .snowmel ting than their corresponding 

bituminous panels. Panel se.ctions of closer pipe spacing and 

larger pip~ diameters were better snowmelters .. 
' 

5) No major structural failure of the pavement or wrought iron pipes 

was observed. f4o internal pipe corrosion was observed, and no 

deteri.o.ratfon o.f, the. heating fluid to a more acid state was measured. 

Because of two leaks wh.ich developed in the heating panel which 

contained rigid polyvinyl chloride (PVC) plastic pipe, it is question.,. 

able whether this type Qf. plastic pipe possesses sufficient strength 
"' for use in an embedded pipe type of pavement hea ~i 119 system. 

6) For most snowstorms Jn which an underground heat exchanger provided · 

earth heat to two panels of pipe embedded at a 211 depth in the test 
. . 

. . 

pavement, the most·· effective melting sections (portl and cement concrete 

panels, 6-inch pipe spacing) produced a heat dissipation rate of 

approximately 100 BTU per hour per square foot for a heating fluid 

temperature of 40-60°F and an air temperature of 20-35° F. The above 
. - . . t ' -. '>' • ' • •• . . . 

conditions resulted in an average snow melting rate for most snowstorms 

of between 0.2 to 0.3 inches per hour~·· The melting which took place 

on these panel sections was judged better than that on the 20 watts* 

per square foot sectfon of the el ectri call y heated portl and cement con-
·.-· .· ., . -; . . ' .. ' ' 

crete reference panel but less than that measured for the 40 watts/ft2 

secticm . 

. For most snowstobns. in which a,J,underground heat exc;hanger pro: 

vide9. earth heat to four panel$ of pi.pc C:?nibedded at a 2" depth in 

test pavement,, the avrrage. snow melting rate on the most effective 

*l Watt = 3,4 BTUH (British Thermal Units per Hour) 

5 



melting sec_tfons was: reduced tO between 0.l and o .2 inches per 

hqur with a corresponding .reduction in ~eat dissipation rates. 
' - _·. ·-, - :"_.,- --· . : :: . . :.: ·, _' . '-··. ·:.-· . 

. . 

Heating fluid tempe.raturc ranged from .. 35° to 55.°F. The melting. 
_:•:· ' '. :.- ,·· , , - . __ .. :- . ·. . . -· ' . ' . ' .. , 

which took place on these sectjons was judged worst than that on 

the 20 waJts per square foot sections o.f the· electrically healed 

portland cement concrete reference panel. 

When pavement pipe panels .were su.ppl i ed with a higher temperature 

h'7ati ng fluid (average 9O°F) by a 30 kilowatt hot water heater, the 

most effective melting panel sections were able to melt snow 3 to . 

4 times as rapidly.as when suppliedwith earth heat. The average . 

. melting rate for thes.e best melting sectiqns suppli~d with (average 

90°F) heating fluid was approximately l inch per hour. This melting 
. ''. ' -. . :."'· .·. ··: . . , .. 

. rate i.S approximately 5ff% greater than the melting ra.tes measured on 

the most effective 60 watts/ft2 sections of the electrical resistancir 

panels. 

In almost all snow.storms, the AO and 60 .watts/ft2 sections· of 
.. . . 

, the el ectri cany heated reference panels produced bett.er melting than 

. pavement pipe .panels supplied with earth· heat. 

Fol lowing are. iidditicmal conclusions which though not i.n (direct 

·. answer to the objectives haye been reached from work done on this 

project. 

7) For the Wfnter, of lQ69-7.O, the operating cost bf the earth heated 
. . . ' ' ' 

pavement pipe panels based on electrical energy cqst w~s approximately 
·.· ... ·· .. ··· .· · .. ··· .. · .···.· .· .. ··•••· •. ·.·.· .··•.··. .) . . . . ... · I . . . . ( 'i • .. •· < 

45times less.than that of the elec;tr:ic;ally heated referenc~ panels· 

for an equivalent amount of snow melting and based on eJ ectricaJ energy 



B) 

e,quivaJ.ent amount of snow melting, tbeoperating cost 

(electrical energy cost only} of the hot water heated pavement 

'pipe panels was approximately equal to that of the electrically 

heated reference panels. 
. . 

By the.E!nd of 1~70\s sE!le,ctive. suimn.er: QpE!ration.for the ppr.PQSE! of·.· 

storing heat i.n the earth, the heat stored in Heat Exchangers #1 and 

#2 was increased by app.rodmatelv 10%. 

'For the period from June 4. to October 6, 1971, continuous summer 

pperati'hn of the uninsulated Heat Exchanger #3 for 2,976 hours was 

approximately equal in heat storing ability but 4 .2 times more cost-,, 

ly (based on electrical energy cost) than selective su111T1er operation 

for 715 hours during 1970. 

9) With the uninsulated Heat Exchanger #3 servicing foUr heating panels, 

with at 1 east three h<lUrs of system operation, and with the temperature 
. . 

of the heating fluid in the range of 35° to 46°F, heat was extracted 
\ 

from the earth during snowstorms .at a rate of between 4-18 BTUH per 

linear foot of 1-1/4 inch heat exchanger pipe. 
• ' • 

lO) For this type of system, the placement of 2 inches of cellular glass 

thermal insulation below a portland cement concrete pavement of 911 

thickness was not an effective means of improving the snow melting 

ability of 20-60 watts per square foot heating elements embedded at 

a depth of 2 inches below the pavement surface. 

11) A considerable amount of data was lost due to failures of temperature 
. . . 

,sens?rs and temperature rE!cording equipment. · By the last year of 

operation more than 25% of the temperature sensors showed strong 

indications of bei.ng. in error. 

7 



navernenJ heatJng .systems ... have be.en/considered Justifi'able 
:(.:_.,. -.·, ·_:,_._. > ,- ,· . ,• ,.· :·.:' . ·:.' ·,·:,, '.·' . ·. ',_ ' ,· . 

in relatively small critical locations where 

traffic delays and haz/lr,ds caused by snow or ice outweigh c:osts, 
. i ,-_' .-· ,• ;- ·, 

<the u~e of.a.···pavement •heating s.vstem utili·Zirtg ·•earth heat•·•.is not, . 
' . 

time, recommended for t~1~se locations,. prtmarily. because 

it does not compare favorably in tenns. of economics with conventional 
, . ·. _.::. ·,. ' . . ' 

electrical pavement heating systems.· 
. . ' . 

. . 
2) This type of pavement heating system should not be ,operated. eithet' 

. :·. ,, . ',•',• ·--•' . . ' . .. . 

continuously or selectively for purposes of storing heat from, June 4 
. . ·:·-:.·_.·-_- ·. . . 

to October 6 unless some method of preventi n9 heat loss· from the earth 

during the fall c:an be devised. 

3) · When placed asjn this installation,·6~8inchesoll.0-1.Spoundsper 

cubic foot rigid, exp/inded polystyrene insulation should not be used 
. .-..... ·, . : ., '. ··; . '. , 

with buried oi pe heat exchangers for the purpose of reducing th.e loss . 

of stored heat durin9. srsteminactivJty in the fall. 

4) · Polyvinyl chlorlde, (PVC} plastic pipe sifould not he.n~ed i.n embedded. 

pipe pavement heating systems d
0

eslgned for highway,.bse' pending the 
. ( ' ; ' . . . . ',· ·.,:·. . . . ·, - ,,,,{;:,· ..... :~:=•-.-- •, , ___ · ... '- . 

' .. ~>··. ·. . ,· . -, ' . .:·' ·_ ·_ !- . . . ·.-- ... ,, ' ' . . _,. ' _.,.:' . ·".·: -_, 

results of .fu.rther research into. the.;possibilities of breakage. 
·_. ', ' ' - . ' _.._. 

5) Unprol~cted. vinyl tipp<:!d,. general purpose thennfstor probes of the 

type u·sed for this project are not recommended for sub-soil readings 



:::,::'.4 ::).>,Y•~~:~~.~~::•~~.~;>P.a\t:~~ri(· :~;e~·;~~JJ_g::.Sxs tern:,•·•.· 
c,; .. _ ••, :···· ,:·,"•,,:,_.:·'·•'• 

·h· .• j. -~ 
· lot adjac:ent ·:fo the A~nex of: the New· jersey O~partinenf e>f Tral'lsportatio~ 
I· ·. ·· .. · . ,· .. ·, ·. · I •·· ,·•.• '.. ' ' • 

. ··•main •headquarters ,atJ035Pa,rkway ·Av0enue,· Trenton, New· Jersey·'• ·. See· 
' . . . " . . .. . . -·. - ~- .. . . ' . . . : . . . .•.' .. ' . . . .... ,_ ·- '~ : . ' . ,. , . . . . . . . : :-- ·,·. . . ,. : .. 

Figure l, page 10.. It .was }nstall~~ during the 'co~struction of the park ... 

'• .· ing, l~t- . This• s1 te was sel e~ted :-in order·. to contro]. the. tr~fftc river- the 

t~st atel·dl,Jr'fng ~mo\<?conditiori~, .... Since ()~e .. of 'the project oh,jectives 

jvas Jo observe the spow m~ltJ~f rates oniifferent ·~ectio,ns of pavement, 

. · an' att~pt wa:s ~ade ·to prohibi( t'raffic on the test area sfnce.ft was · ... 
. . ,. . . ' ·; .. ,_ . . ' ' .- ' . . . ' . •.. . ' . :_ ,. .. '. . ' . . . . . . . . . 

. . ' -~ .... :· 

·. Jh~ testpa:veme~t:consfsts of>twq par'allel 11lane~•i each .Jyfe~t :\>l:Jde, 

an~i {23 feet long., One l~ne ~onsjs~s .of 9-inch thick slabS'Jlf portland . . . . . ,· ,. . ·. ,,_. . .. ' . ... . ·,· '. . · ... ·. 
'• . . . .. . . ..r .· .· ' : . . . 

cement concrete on a subbase while the other lane consists of 7 inches . .· . . . . . . ' .. · . ., .. -. . . . .· . . . .· 
' . . ... . : ... , ,•·; .·' ·1 -·' .·, .. ·.. ;-· . :·... . . . . . 

. of bituminous ,conc:rete. on a 6-inch macadam base. The design of both· 

·tanes, of t>a.v.ement. and: sub.base: wa? ty~ical of pa,vemeryt ·co:nstruction cur;. . · 
. . . . 

rent in New Jersey a~ th~'tim'e of sYstem installation '{AprH-December' 

· 1969). ·· Ea~h i ane js. s:ubdivided into. four i,ndependent panels .such that 

a malfunction on any.on~ panel! wfll·mtdisabJe't~tentirfsystem •. · 

· 4.J.2.1'., ga~c,n~~~J?il'~I 

·.:· .. :.· .. _:.•_ .. ·e··.·.·111 .••. :·.,b.···.·.· .• e .. · •. ·.··: ..•• d.· ...•... ,·dp.·.:_·_.:e.:.,_· .. ,·····.dp.·.·.· .. e·.·.·.:.•,·.: •.. :s .. :l·, .• ·.•.·.•.•.n··.·.···· .. W:'•···,.··ti_·.•.'h~ .•.•. ;,·e~.-.•. ·,.·· ...... · •. · ... · •. ·.•.'Pn:·.·•·a().:·;·•.•vm.·.•, ..•. ,.·e•.;:m .. '.n.::.··e .. ··•·.a.'.:!nl.···.·' .•..• t ••... ·.,.P_._:,···:·•.··01.:····.·.·f•.;··.·.·m.'.,·-~.·•,· .... :,• •. •a.t.··:· .. :.~n·· .. '.·.:re;,, •. · .•. sl•.·:· .. : .. ,•.•s1_._•.•.··o.:.·_.,·' .. '~.·#·· .•. ·.· .. ,.'.'.··,1:.·.":'. .• ,11,1.f,\:itfo.iP{•iri~)i~'9r·lef~iii~~c:fr~·i;'·· 
_ . . ... , . . . . . . r: _. and:i2/_3,.~np: 4:f _a~,~,)~(~;~~· ... ~s 

. tively,,at dept(ls of·2 .and.,ii'inches:. S~efigur-e 2,page l1 .. 
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· In each· qf. thefse p:aneJs,, .. tJ,e nine spactng 

inch centers, and the ri nes embedded at 2 inch and 4 inch depths 

a re stagq~red vii th. res oect to each. other as shown .in Fig 11re 3,, rage 

/\ll p.ipes .. are stand~rdv,eight Hrouq}lt itonv,Hh the excentionof 

.·>P~rnel ... Jf3 .1.•1here:,a .. ri.gid noJvvlnvJ ch.loride•plastic nine is.·used, 

··. olasfic pipe, which is resistant to chemical corrosi.on, was c~osen in 

order to test its Structural oroperti es. 

The preceding design was .. selectPrl .. in prder;to. evaluate the c::omhfna-

tio11 of ripe snacing, l"\ine diameter, depth of emherltnf>'nt, and oavement 

material.which wouldrrorluce the Most efrective snm•r meltin11 ... 

".l.~2.2 .·. Electrically. Heated Pavement 

To serve as a ref erente, Panels PJ and #8 contain vinyl insulated 

electric. resjstancevlirf>s embedded at a depth of two· inches. Each of fhe 

panels js subdivided into three sections desiqnedto dissipate a known 

amount of heat. The sections have heat dissioation rates of 2n.,,,atts 
. ' * ( 6R BTUH), "-Q watts JJ3F BTU~'), and. ~O watts (204 TTUH} ner sow1re foot 

of surface area. See Figure tt, oage 14. lt 

110· watis/foot2 heat·'· dissfpafi.on ·at Jhls denth can. 
' " . ,. . ' 

of snow and ice under mt1st climatic .. tonditions in 
' .. --·•." _: __ -i·-.· _,: .. ·.. . --_.-___ :.: _,i:':'- ..... ;.' :'·-,··•_:," ·_'_- . .-.-.·.··.,:·· ','.:••.; ' 

the heaf dissination rates of the ,emberlded pipe nanels can be rou(ihlv 
' ' 

determined ty a visual comnarison of their .riel ting effectiveness to 
. ' . ' ., . 

thc1t of the electrically hPaterl ri"frrence nanels .. A two7inch la.Yer of 

ol ass foam insulation was. olaced directly below one-half ~f the electrically 

heated portland cement concrete Panel #7. 
,·_ -- • • i · ' ·•., :.-- ", •, ·:· r •' :· ,·" ,.. ' 

This in~ul at ion \'las included 

British Thermal Un fts 

12 
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4 .l ,J, ··Heat Exchangers 

Th.ree independent heat exch~hgers .. ar:eburied in• the ground bel.ow 

the six embedded pipe panels. S,ee Figure 5,pagel6 .. Heat Exchanger #1 
. . . 

is buried beneath Panels. #1 and 2; Heat Exchanger #2 beneath Panels #3 

and 4 ~. and Heat Exchanger #3 bElneath Panel~ #5 !'lnd 6, respectively. 
. ·,:•: . ,.,_•_ :-,:· ' < .,_- ' __ \',• .. :.: . .-:-:··-_:"· .,_ . ' 

Each exchanger consists of 2,000 linear feet of 1-1/4 inch wrought iron 

pipe arranged in a grid and buried at a depth of 3 to 13 feet in the 

earth. The grid, which measures 32' x 30.5' x JO', is made up of five. 

layers of pipe installed with a horizontal and vertical spacing of two 

feet between pipes (Figures, page 16. and Figure 6, page 17). These 

pipes are immediately surroun.ded by sand fill which extend6 to the bound~ 

aries .of the pipe grid .. An eight-inch layer of expanded polystyrene foam 

insulation (1.5 lbs/ft3) lies directly above Exchangers #l and 2 and six-

inch layers (1 lb/ft3) enclose the remaining sides of Exchanger #2 (Fig-

ure 5, page 16 and figure 6, page 17). No insulation was used with Exchanger 

, #3. The sand fill heat exchangers are surrounded by the existing ·soil. 

The horizontal 1 ayer of. insulation. used with Heat Exchangers #land 

2 was employed to detennine its ability to prevent heat stored in the 

earth durlng the summer months from dis.sipating to the atmosphere during 

the fall and winter. The additionaJ insulation used with Heat Exchanger #2 

was employed to determine its abfl ity to prevent heat stored in the heat 

exchanger earth .over the summer from dissipating to the surrounding earth 

in the fa 11 and winter. 

4 .1 .4 . Hi:?at Transfer F}uid, Flow and Pumping. Egutprnent 

The heat transfer fluid .is an.antifreeze solution of approxfmately 

60 percent wate.r and 40 percent ethylene glycol by volume. This solution. 

is obtained by mixing water and Pres tone Antifreeze (manufactured by 

15 
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Union Ca.rbide Corporation} to a total of approximately 920 gaHons. · 

· t·Jhen thesystem is operated, the fluid is circulated tn a closed pip,ng · 

loop from buried heat exchanger, to the pump house, to the test, pave-:-

ment, and. back to the buri.ed heat exchanger. 

Proper fluid fl<H-J itmaintained at the pump house (fi9Ul".t), pc1g.e lo 
· and Figure 7, page 19) by rumping and flow equi nm~nt. One set of equip-

ment is shown in Figure 7 and consists of a 1/6 H.P. circulating pumr>, 

a flow meter, an air separator, pressure gauge, an expansiontank; a.nd · 

control valves~ There are three such sets in the pump house., one for 

every two embedded pipe heating panels. Rate of flqw is control led by 

the ci rcul ati ng · pumps and regulating valves and is measured by Hal lace 

and Tiernan, Inc. ,glass tube, variable area .Jl ow meters.which are accu-

rate to :!:0,5 gallons per minute. Fluid. pressure is measured by 4.;.1/2 11 

Bourdon tube gauges. The air separators remove air frpm. the sys tern 

thereby helping to provide .unrestricted flow. The exransfon tanks act 

as air reservoirs as well as allowfnq fe>.- the expansion of the ethylene 

glycol -water solution ~-Ji th temperature increases. 

4.1.5 Temperature Measuting .. ·.lnstrumentatibn 

The temperature of the earth, pavement, and ethylene glycol-1·1ater 

solution was monitored with l20 .• Model 401 Digitec general purpose thenn-

istors. Air temperature was monitored with a DigHec .Model ilo. 405 air 

temperature thermistor.. For specifications, see page 185. These therm"'.' 

istors are electrical resistors which make Use of a semiconductor whose 

resistance varies in a.lrnown manner l'1ith temperature. The locations of 

the thermistors in the heat exchangers, pavement, .and pipes are shown in 

Figures 3, 9, andl0, pages 20, 21, and 22. Types A, G, and( thetinistor; are 

located tn the test pavement at the depths shown in rigure 9. Type TH 

lC 
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thermistors are located ln the pipes embedded in the test pavement and 

are placed as shown in Figure 9. Thennistors tyres 01 to DD are located 

\tlithin the earth of the heat exchangers •. Type 010 thennistors are 

located in existing parking lot soil and serve as controls. See Fig-

ure 10. Leads from these th~nnistors are connec:ted to a multi-conductor 

cable which runs from the heated pavement area to the gate house. See 

Figure 1~ page 10. At the gat~ house, the cable is linked to a Digitec 

digital measuring and recording system (accuracy _::0.3°F} composed of a 
digital thennistor thermometer, digital clock, multiplexer, scanner, and 

printer. See Fi9ure G,..4, page l85. The air temperature thennistor was 

mounted outside the gate house and its lead wire \-ms connected directly 

to this Digitec system. The Digitec equipment could be set to sample and 

record from 1-100 temperature data poin~s per scanning cycle. The.time 

interval between scanning cycles could be set at l, 5, 10, 30 or 60 minutes; 

and data point dwell could be varied from O~l-10 seconds. 

One hundred data points were read and recorded for one full scanning 

cycle. The time of the reading, and thenni.stor number and temperature 

. were automatically recorded on paper tape by the printer. Because of the 

late arrival of some of the equipment, automatic ooeration of the Digitec 

system was not possible rrior to the snow stonn of March 3_, 1971. Before 

this storm and after that of February 23-24, 1072, the readingregistered 

by the digital thermometer was manua 11 y entered in · a log book or on pre pa red 

forms. Digitec equipment failure. led to the resumption of manual recording 

after the latter date. 

The panel input and ou:tput temperatures of the ethylene glycol-
' water solution were measured in the pump house by six Trerice alcohol 

thermometers an.d entered in a log !Jook, prior to the date.of February 17, 

1971 . On this day, tile Treri ce . thennometers were rep 1 aced by six 
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Model 401 Digitec thennis tors. The.se six thenni s tors were connected to 

the multiconductor cable running to the gate house so that they too 

could be automatically read. This was done since the Digitec thennistor 

and digital thennometer (accuracy .:!:_0.3°F) provide a more exact measurement 

of these input and output temperatures t.han did the Trerice thermometers 

(accurate to .:!:_l°F). 

4.2 Construction. of Pavement Heating System . 

4.2.l Placement andFab.rication of Heat Exchangers. 

Construction began on April 7, 1969. A 100 feet x 40 feet area was fir~t 

excavated by a bulldozer to a depth of 14 feet. All excavated material was 

trucked away as it was not considered suitable for backfill. the area was 
" 

surveyed and the sites for the heat exchangers were 1 ayed out. Suitable sand 

backfil 1 was dumped from trucks, and siX inches were spread by hand over the 

entire area and compacted with a small hand operated compactor. For backfill 

gradation requirements, see Table 1-1-1, page 188. In the area set aside. for 

Heat Exchanger #2 a six inch horizontal layer of polystyrene insulation was 

placed on the sand base (Photograph 1, page 25). This layer was constructed 

from 4feet x8feet x 3 inch. bloc.ks of insulation with all joints overlapped. 

Six inches of sand backfill was placed over this insulation and compacted. 

A layer of prefabricated 1-1/4 ;-nch wrought iron pipe coils was then placed 

by hand on the compacted sand (Photograph 2, page 26). At this point a 
' 

sequence of operations of placing .and compacting sand backfill in 6 inch layers 

and the placement of 1-1/4 inch coils with a 2 feet separation between coil 

layers continued until all five layers of the heat exchanger were completed. 

See Figures 5 and 6, pages 16 and 17. 
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.As it was placed; ,a coil layer was connected to the preceding layer (s) 

and pipe joints were gas welded and tested for leaks by pressurizing the 

layers of coils to 150 pounds per square inch for 8 hours. After the con-

struction of all the heat exchangers was completed, the entire system of 

heat exchangers was pressure tested. at approximately 150 pounds per square 

inch for more than a week. 

Some difficulty was encountered in compacting the sand above the in-. 

sulation due. to its resiliency, however, as successive layers of backfill 

were placed it was possible to achieve the specified compaction of at least· 

95% of maximun density. 

The 6 inch thick vertical walls of insulation enclosing Heat Exchanger #2 

were constructed of 4 feet x 8 feet x 3 inch blocks with all joints overlapped. 

See Photographs 1 and 3, pages 25 and 28. This insulation was put in place as 

the heat ex2hangers were being backfilled. Upon completion of backfill operations, 

an 8 inch horizontal layer of polystyrene insulation, constructed of 4 feet x 12 

feet x 4 inch blocks, with all joints overlapped, was placed above Heat Exchanger 

#2. 

Construction of ~the 9ther two he~t exchangers took pl at~ concur.rently with 

that of Heat Exchanger #2 and in the same manner with these exceptions --

insulation was placed on top of Hecit E,cchanger #l and no insulation was us.ed 

with Heat Exchanger #3. 

4.2.2 Pavement Subbase 

Subsequent to placing the .8 inch layer of Jr1sulation, construction of 

the subbase and base courses for the surface pavement proceeded jn a conven-

tional manner. See Figure 11, page 29, for subbase and base course classi-
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ficatlons and pla.cement: diagrar11.* Precaution was taken to maintain at least 

6 inches of subbase material above the insulation during operation of heavy 

construction .equipment, so that the insulation would not be damaged. 

4. 2 .3 ... Portland Cement G.o.ncrete Pavement. 

Upon completion of the subbaseand base courses, forms for the P.C.C. 

(Portland Cement Concrete) slabs were installed and the prefabricated wrought 

iron coils were placed with.in thefonns at the specified heights, by the use of 

"chairs" fabricated from 1/2 inch reinforcing rods. All pipe joints were 

gas welded and pressure tested atJ50 pounds per square inchfor eight hours. 
. . 

lhe coils for Panel #3 .were fabricated at the site from standard weight poly-

vinyl chloride plastic pipe (Photograph 4, page 31). All joints were solvent 

· .welded and pressure tested at 150 pounds per square inch for eight hours. 

The 211 layer of glass foam insulation below Panel #7 was placed on the 

subbase as shown in Figure 11, page 29. Concrete was then poured to within 

211 of finished grade level. Electrical heating mats were positioned and covered 

with the final two inches and the pavement was leveled off. 

Portland Cement Concrete for this project was a standard pavement mix 

as used in a typical New Jersey state highway as of the time of construction. 

For gradation requirements, see Table H-h page 188. Pl a cement, finishing 

and curing of the concrete was accomplished according to standard specifications 

for highway construction in New Jersey. 

4.2.4 Bituminous Conc.rete Pavement 

The Bituminous Concrete was pl aced in four lifts on a 6 inch macadam .base 

course. All· four lifts were mix #5 as listed in Table H-1, page 188. After 

*For .furtheriexplanatton of•··the\requfrements. for the different subbase. ·and .. 
base course class ifi cations in effect at the time of construction, see the 
1961 "Standard Specifications of the New Jersey Highway Department for Road 
and Bridge ~onstruction 11 (Green Book} as amended. 
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plctcing and compacting the.first lift, the prefabricated wroughtiron_coils 

to. be_ embedded at a depth of 4 inches were placed on the hot surface and 

placing and compaction of the second lift b~gan (Photograph 5, page 33 ). This 

operation was again repeated for the next layer of coils to be embedded at a 

depth of 2 inches. The bituminous concr~tewas placed mostly by hand although 

a spreader was used for the bottom and top courses. /\ 5 ton, 2wheel roll er 

was used to compact all four lifts. T~e only problem encountered was warping 

of the iron pipe due to heat from the hot mix.. This may have resulted in 
. . 

the formation of voids either above or below some of the coils .• 

The electrical heating mats for Panel #8 were positioned after the com-

paction of the third lift had been completed. The mats were then covered 

with a 1/2 11 course of sand asphalt which was thereafter compacted. No tack 

coat was used since the third lift was still hot when the sandasphalt was 

pl aced. A 1.-1/2 11 top course was then. pl aced .and compacted, see Figure 11, 

page 29. 

4.2.5 Placement of Thermistors 

Thermistors within the heat exchangers were placed during the backfil,1 

operations. Thermistors in the earth adjacent to the heat exchangers were 

fastened to a .wooden rod, at specified intervals, which was then inserted into 

a hole drilled to the proper depth. Positioning pf the thermistors in both 

the P. C. C. and the B. C. (Bitl811inous Concrete} was by means of 1/2 inch 

· wooden dowels driven into the base courses. The thermistors were inserted. 

·into holes drilled through the dm,,el and.then secured with plastic tape 

(Photograph 6, page 34 ). Thermistor leads were run to junction boxes where they • 

were connected to a mul ti .. -conductor Cable which was run through conduit to the 

gate house. Here final connection to measuring instrunents was made. 
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4 .2 ;6 Temperature Recording Instrumentation 

.Temperature recording e<iuipment was installed in the gate house in 

accordance with design Section 4 .1. 5, page 18. For equipment interconnection 

diagram and equip-nent specifi.cations refer to Figure G-4, page 185. 

4 .. 2. 7 · Pumphouse 

A 10 x 1 o x 7. 5 foot reinforced concrete pump ho use was constructed below 

grade. It is located adjacent to the heated pavement area and houses the 

flow controlling equipment mentioned in Sec.tion 4.1.4 page 15, as well as 

electrical power controls. Drainage is provided by a l/3 H. P. submersible 

sump pump. The entrance,to the pumphouse is a 1/4 11 aluminum diamond plate 

hatch cover. 

4 • 2 • 8 Pipe Ins u l at ion 

Piping in the pumphouse was insulated \•1Hh 1/2 11 thick fiber glass low 

pressure pipe insulation. Twp inch supply and return mains that extend from 

the pumphouse to the heating panels 1-,ere insulated viith 1 /2-i nch of 0-C 

(Owens Corning) flexible insulation. 

4.3 Method of Operation 

The dates between which the pavement heating syster, was operated are 

1 is ted in Table 1, page 3n. The purpose and type of operation as well as a 

listing of the heat exchangers and heating panels in operation are also shown 

in the tab 1 e. 

4 .3. 1 Definitions 

The words "selective" and 11 continuous 11 . as used ih Table 1 arid elsewhere 

in this report when referring to types of operation are defined as follows: 
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Dates Purpose ... 

t..finter, 1969--70 Snow Melting 

~ummer 1970 Storing heat in earth 

r June 4- Oct. 6) 

~·'inter 1970-71 Snow Mel ting 

(Dec. 21 -April 7) 

Surrmer 1971 Storing heat in earth 
(March 16- 0ct~6) 

Winter 1971~72 Snow Meltinq. 
(Dec. 30-Feb.24) 

Winter 1973"."'74 Snow Meltinq 

{Dec. 16- Feb.26) 

Fall 1974 ··. Heat Extractio~ rates 
(Oct. 23- Nov.13) 
Winter 1974~75 Heat Extrattion rates 
{Jan., 20- Feb. 5) 

* HE 1 - HeatExchanger #1. 

TABLE l 

METHOD OF OP~RATION 

Tvpe of 0oerat ion 

On hefore or during 
snowstonns 

S~lective 

On before or during 
snowstonns 

Continuous 

Continuous 

On durinq Snowstonns 

Contfnous 

On during snowstonns 

System in 0oeration 

HE 1.,. P 1 & 2 * 
HE 2 - P 3 & 4 
PANELS 7 &.a 
HE 3- P 5 & 6 

HE 1 - P 1 . .2 
HE 2 - P3 & 4 
HE 3 - P5 St 6 

HF L - Pl & 2 
HE 2 - P4 
HE:! - 05 & 6 
PANELS 7 & 8 
HE 2 - P3 

HE 3 - PS & 6 

HE 3-Pl,2,5 & 6 
PANELS 7 & 8 

HE .3 - P5 & 6 
HE - P5 
HE 1 - Pl 
HWH*~ Pl & 2 
HWH _ Pl & 5 

HE 3-Pl,2,5 & 6 

HE 3-Pl,2 ,5 & 6 

Hours 

210 Hrs. 
210 Hrs. 
210 Hrs. 
130 Hrs. ·· 

715 Hrs. 
715 Hrs. 
715 Hrs. 

105 Hrs. 
105 Hrs. 
105 Hrs. 
105 Hrs. 

60 Hrs. 

4880 Hrs. 

1440' Hrs. 
85 Hrs. 

150 Hrs. 
l Hr. 
1 Hr. 

95 Hrs. 
17 Hrs. 

512 Hrs. 

13 Hrs. 

**HWH - Hot .. Water Heater 



,. 

Selective Operation -

Operation of the .S,Y~te'!l only<du.ri ng those time~• -when teroper.atln7e · 

datJ3indicated.that heat was being· transferred to the earth~ 
I 

· - Continuous -Ope'ratlon - :, •-· · . •_- -· ·- ·- --

--'.· Ope-ration:~f the -sy~ten 24 'hour's. a day ~urin9 all d~ys of an: --

operational per:iod~ · 

·.• .. .' :'"• .. . 

' This section presents the snow melting ~ates and heat dissipation . ' 
·. ... . ,,·:· .·~ ' . 

rates dete.:inined for the<~ight payement ·heating_. panels during the four years. - -

- of \':linter operation. 

' . Jhe r:esults of ~p~ratfon}c>f ih~<embedded:~lpe heattflg· panels are;coveted 

-- · for Winters 1969270, j970~1i, :1971.;.72~, and: l973~J4. For( the first thre~ of 

-· ---- these winters, the ern~edded pjpe-heating. pan·el,s were slJppl_ied \•iith heat from 
the earth~ During Wintet 197~~74'" several em~edded pipe· panels wer~ supplied 

• i . • . . . . . . . • . • 

with- earth heat while others were supplied with heat by a 30 kw electric hot 

. water heater which had been. i-nstalled- in the pumphouse cl~ring -the Fall of 1972. 
. -. -. I -- . . . . . . . . . 

Summer· operation for the purpose of sto:ri.ng heat in the earth ,preceded Winters _ · -. 
- < 1970-71 and 1971-72. -- . • . . , . . _.- ·-

j•, • " :- / 

F1or the: elect!:ioal resistance h~-~~ing panels, the-results of ·c,pera~fon 

forWinters 1969~7,o~ 19]0-7l, andl971-72a~e present~d. 

. . .' 

The same patt'e_rn <Jf Sno~)n~lti ~g,. ~af ~'yide,n:t· for Jne· ernbe~d¢d>BiP~ . h~ating ' 

panels for an \'iinte;s.* Af_tJr sx~t.em ,act,.vat:lon, s~o-~ first begins to melt 
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dir~c~lyi~ver. the embedded pipes~ As the concrete slab wanns up more 

unifonnly, snow ,nelting gradual.ly spreads out and away from the pipes 

until. all sno~ between them: has<mel ted. This pattern of snow melti~g i's . . - . . :. ,. .· ,·· . -. ·. . . . . 

-:illustratedjn Photograph A-J, page 86. The flo\'1 of heat vfa tile· heat. trans-

fer fluid from the earth to the pavement and snow results in the melting. 

For an winters, the best melting occurre'd on the sections of 

portland cement concrete pavement containing pipes embedded at a 211 
. . . 

·· - depth with a 6" ·center to center pipe spacing. Generally, portland 

cement concrete panels wer~ 50 ~ercent. m~re effective in snow melting_ 

than their corresponding bituminous concrete panels.· Also, panel 

secti.ons containing pipes of closer spacing and larger pipe diameters 

~ere usually more effective snow mel.ters. Accordingly, P5(6)* and 

Pl (6) were the panel sections that produced the fastest .melting; and 

P6 '(18), P4 (18) and 1'2 (ls)_ the slpwestmelting. ·· An exception to the_·. 
; . . .., . . . . . . ,· ,, . : ·. ''.• . \' . ' ' 

rule was Panel #3 which contained plastic. pipes of l'' diameter; it did 

· not melt snow as effectively as Panel #1 (wrought iron pipes of 3/4" diameter.) 
. ··. . .. . .. :-··. 

In the fol lowing sections of this. reoort the snow melting rates of 
. . : . . . . . : 

panel sectfons were determined by several different. methods depending upon·. 

the quantity and qua.1 ity of recorded observations. Snow accumulation and 
' . . . . ·. . ' .. ', . . -· -_. 

observc1tion times were obtained from a log book which is kep~ for each snow 

storm. Since. an o_bserver was not usually present when a given section 

was clear of snow, it was not possibl~. to accurately ~etermine the melting 

rates for each stonn. Melting rates calculated by b_oth methods are considered 
. . . . . . . . . . ' . . : .. ' ' . . . .. . . ',. ' ' ' . . 

conservati~e. Melting rates Calculated by the more Conservative method, . . . . . . .· .. ' .. , . ,• . ' . . . . . ·. , .· . 

. represent the melting. rates.of th~ slowest melting P<>r"tions of a.heated 

', .. panel section.· By act~al obse.rva~ion,_therate of melting bbserved 9itectl)'._ 
. . . 

above th.e 'emb.edded ripes was· nonnally more tharitwice as rapid .. 

*Panel 5 (fi inch oipe snacing), for further explanation of ·this riota:tioil see 
J\ppendix A, Settioii'A.1, Table /1.-l, page 81 · 
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Heat dissipation rates were calculated from the input and output· 

temperatures .of the heating fluid for each spacing of coils in the various 

panels and from the flow rate of the heating fluid. For a panel section, 

the input temperature of the heating fluid was measured by temperature 

sensors located in the pum:phouse. The output fluid temperature for a 
I 

panel section was measured by TW temperature sensors located at the exit 

of the pipe coils .. See Figure 3, page 13, for the position of the TW 
. 

thennistors-. A sample calculation of heat dissipation rates is shown in 

Section F.4, page 178. 

' . ' 

4.4.1.1.1 Winter Operationl969~70* 

The pavement heating ~ystem was put in operation shortly before or 

during snowstonns. Panels 1 and 2, 3 and 4, and 5 and 6, were connected· 

to Heat Exchangers #1, 2, and 3 respectively. Panels #1, 2, 3 and 4 were 

in operation during all snowstonns_ of this winter. Panels #5 and 6 - Heat 

Exchanger #3 were in operation for the first three snowstonns, but they 

were thereafter not operated due to a minor leak at a valve in the pump-

house. Panels 1, 2, 3, and 4 were operated for approximately 210 hou.rs; 

Panels 5 and 6, 130 hours< Glycol-water temperature was in the range of 40 
I 

to 52°F (see Table B-4~ page 102). For Wtnter 1969-70, air temperature averaged 

32.5°F and snowfall was measured at 26.6 inches.3 

The best melting embedded pipe sections were Pl (6) and P5 (6). 

From observations made durfog and after snowstorms, these sections were 
' 2 

judged better in melting abn ity than the 20 watts/foot area of electrically 

I 
*For details_ of winter operation for 'all years, see Appendices B, C, D, 
and L. Operating procedure:. storm observations, photographs. and data 
are fnclud!Jd. 

3climatologica1 Data, U. S. Department of Commerce, National Oceanic .and 
Atmospheric Administration,.Environmental Data Service. See Table 11-4, 
pages 192-196. 



heated panel fl7--P7 (201-1)*. During most storms, it is estimated that 

the melting rates of Pl (6) and P5 {6) were between 0.20 and 0.30. inches 

of snow per hour. The highest melting rate calculated for these two panel 

sections was 0.4 inches per hour for the storm of December 25-29, 1969. In 

reference to the other embedded pipe nanel sections, as already mentioned, 

sections of portlarrd cement concrete, closer pipe spacing, and larger pipe 

diameters were most effective in melting snow. 

For this \•linter, heat dissipation rates and applicable pavement 

surface temperatures ·for the pavement pipe panels are presented in Table 

B-1, B-2, B-3, pages 96 ... 101**· For the fifth snowstorm of this winter, 

only pavement surface temperatures are presented. Heat dissipation rates 

were no.t presented for the 1 as t snowstorm of this winter or for subsequent 

winters, because temperature data 'used in this calculation became questionable 

after the snowstorm of January 20-21, 1970***. Pavement temperatures 1 isted 

in Table .B-1 were measured at the surface midway between the pipes embedded 

at a two inch depth. ··Figure 9, page 21, il1ustrates the locations of these 
l 

· thermistors. As sho~m in Table B-1, heat dissipation rates for the embedded 

pipe panel sections varied from approximately 5 to 115 BTU per hour per square 

foot. As expected, the highest heat dissipation rates occurred for Pl (6) 

and P5 (6) and averaged nearly 100 BTU per hour per square foot. 

4.4.1.1.2 Winter Operation 1970-71 · 

The pavement heating system was put in operation shortly before or 

*See Section A-1, pages 81..;83 fo,r explanation of thi.s notation. 

**See Appendix Section A. 3 for table format and B .4, page 10" hPfore prott?eding 
into Tables B-1, B-2, B-3.. . . 

***Questionable temperature data yielded by the T\,J thermistors shown in Table 
H-3., page 190. 
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during snowstonns. Panels .1 and 2, 3 and 4, and 5 and 6 were connected 

to Heat Exchangers #1, 2, q.nd 3, respectively. Panels 1, 2, 4, 5, and 

6 were in operation during _all snowstonns. Panels #3 was only operated 

during the first three snm'lstonns; thereafter it was not operated due 

to a 1 eak which was traced to the pl as tic pipe embedded at a 211 depth. 

Panels 1, 2, 4, 5 and 6 were operated for approximately 100 hours; 

Panel 3, 60 hours. Glycol-water temperature ranged from 46.5° to 6l°F 

(Table C-2- page 129). Air temperature averaged 34.9°F and snow fall 

was 22.7 inches. 

The rate of snow melting of all embedded pipe panels was approximately 

the same as for the previous year. The most effective melting occurred 

on Pl (6) and PS (6) and once again it is estimated that·during most 

snowstonns the melting rates of Pl (6) and PS (6) were betweed 0.2 and 

0.3 inches of snow per hour. The highest melting r.:ates determined for 

these two panel sections were roughly 0.7 inches. per hour for Pl (6) -
I 

Storm #5; and 0.5 inches pe:r hour for P5 (6) - Storm #8. 

For snowstonns of this winter, pavement surface temperatures and 

corresponding surface condftions are presented in Table C..;l, pages 12J-
I 

12~- As mentioned, heat d:issipation rates will not be presented for 
I - . ·• 

this winter; ho~ever, it isj believed that they were nearly the same as 
I 

those for the Winter 1969-70, since snow m~l ting rates detennined for bott, winters 

111ere approximately the same. 

4.4. l .1.3 ~Jinter 1971-72 _ 1 

On December 30, 1971, ~eat Exchanger #3 which had previously serviced 
I 

two panels (P5 and P6) was ~dapted to service four panels (Nos. 1, 2, 5 · 
. . 

and 6). From thi~ time forfh the heat exchanger was operated continuously 
• I· . 

*See Appendix A, pages 80-87. for Notation and Terminology used in Table C-l. 
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i.e. 24 hour.s a day - for the duration of the winter. Heat Exchanger 

#1 and 2 and Panels 3 and 4 ~ere inactivei Glycol-water temperature 

ranged from 35° to 55°F (Figure G-3 ,page l84J. .'\ir temperature averaged 

3T.4°F and snowfall was 14.9 inches. 

A reduction in snow,melting ability was apparent for this vdnter. 

The best melting panel sections were again Pl (6) and PS (6), but their 

melting ability \•1as reduced. The.melting ability of these panel sec.tions 

was judged worst than P7 (20W) .. It is estimated that during most snow-

storms, Pl (6) and PS (6) melted snov., at a rate of bet\•1een 0.15 and 0.20 

. inches per hour. Similar decreases in melting rates were found for all 

embedded pipe panel sections. Table C-1 rages 121-12? lists pavement 

surface temperatures and corresponding surface condition for the snowstonns. 

4.4.1.1.4 Winter Operation 1973~74 

During Winter 1973-74, a 30 kil.owatt electric .hot water heate.r was 

used to supply an average temp'erature (90°F) ethylene glycol-water solution 

to embedded pipe panels.* The hot v,ater heater serviced Panels 1 and 2 (95 

. hours) and,Panels 1 and 5 (17 hours). For most of this winter, Panels #5 

and 6 were connected to Heat Exchanger #3; this hook-up was operated for 150 

hours. Heat Exchanger #2 and Panels #3 and 4 were inactive during this 

winter. The hot water heat system and the earth heat sys tern were usua 11 y 

operated simultaneously durinq snows tonns _ The gl yco 1-water temperature_ 

·· ranged from 42 .5° - 54. 5° for the Heat Exchanger #3 system. The glycol-

water temperature for the hot water heat system averaged 90°F** and the 

· *See Secti.on E.Ll, page 154, for add;tional infonnation on water heater. 

**The hot water heater required over 3 hours to warm the heating fluid from 
the starting temperature (roughly the pavement temperature) to the average 
operating temperature (90°F), \•1hen connected to Panels l and 2. 11hen con-
nected to Panels 1 and 5 the time is increased to over 6 hours. 
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highest supply temperature recorded was aprroximately 120°F. Air 

temperature averaged 37 .3°F and 24.8 inches of snow fell. 

When supplied with hot water heat, embedded pipe panels me1ted snow 

more effectively than when supplied with earth heat. For this winte.r, the 

most effective embedded pipe panel sections had melting rates which ,.,e.rl:! 

usually 3 to 4 times higher than those calculated for Hinters 1969-70 and 

1970-71, when these same panel sections ,:ere supplied trith earth' heat ... During 

Winter 1973-74, PS (6) and Pl (6) had melting rates which averaged approximately 

1 inci1 per hour. Similarly', inc:rease.s in.melting wereobserved for all embedded 

pipe panel sections supplied by the hot water heater. 

/\s in previous winters, portlandcement concrete panel sections of. 

closer pipe spacings and larger pipe diameters He1re better sno\'/ melter's. 

Embedded pipe panels f5 and 6 when serviced by Heat Exchanger #3 

.melted snow at approximately the same rates as those observed. in .\~inters 

1969-'-70 and 1970-71.. The greatest melting rate detennined for these panels 

\'ras 0.40 inches per hour for P5 (6) during the snowstorm of January 4th. 
t· -, 

For several.snowstorm~ of thts vdnter, payement surface temperatures 

and c:orresponc!ing surface condition for both hot ,,1ater heated and earth 

heated panels are listed in 1Table o~l, pages 147-152; 

4.4.1.2 ·. Elgctrical .Re.s,starice.Heating .Panels 
I-' 
i . . 

The electrical .panels !were designed to dissipate a knm·m amount 

of heat. The 60 watts/foot3, 40 watts/ foot2 , an.d 20 vi.at.ts/ fool sections 

dissipated 204 BTU per hour, l36BTU per hour, and 63 BTU per hour, respectively. 

Electrical resistance ',Panels #7 and 8 ,tere operated for approx.imately 

210 hours, l05 hours, and 8~ hours during the Winters of 1969-70, 1970-71 
I · and 1971 ~72, respectively. [Performance of these panels \'las essentially the 
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\ 
same for all \vinters. As mentioned earlier, Panel #7 \vas constructed 

of Portland Cement concrete; Panel f.13, of Bituminous concrete. Approximate 

average melting rates for these panels was P7 (60W)*- 0.65 in/hr; 

P8 (60W) - 0.45 in/llr; P7 (40W) - 0.30 in/hr; P8 (4ml) - 0.25 in/hr; 

and P7 (20H) and P8 (20\4) - 0.20 in/hr. In almost all snowstorms the 

40 and 60 watts per square foot sections of panels 7 and 8 melted snow 

more effectively than any of the embedded pipe panels supplied with earth 

heat by the underground heat exchangers. During most storms, the rate of 

melting on the uninsulated portion of Panel #7 exceeded that on the .insulated 

portion. 

Though the electrical resistance panels and the hot water heated 

embedded pipe panels were never opP.rated during the same snm-,stonn, a com-

parison of recorded observations for several winters indicates that the snow 
l 

melting al>il i ty of the 60 watts per square foot section of Panel #7 ex.ceeded 

all hot water heated panel sections except Pl (6) and PS (6). 

For observations of the snm'I melting perfonnance of the electrical· 

resistance panels, see 11 S torrn Records", Appendix B, pages ~0-93, Anpendix 

C, pages 104-114, and f,npendix D, pages 132-141, and ''flhotogranhs", /\ooendix C, 

paqes 115-11°, and Appendix D, bo.ttom photographs on pages 14.3 and 145. 

4.4.1.3 Summary of Snowr•1elting and Heat Dissipation.Hates 

For all \•!inters, the most effective snm-J melting and highest heat dissi-

pation rates for pavement panels supplied with earth heat occurred on 
' sections of portland cement concrete panels cqntaining wrought iron pipes 

embedded at a depth of 2 inches and spaced on 6 inch centers. Genera 11 y, 

· portl and cement concrete panels were 50% more, effective in snow melting than 

their corresponding bituminous panels. Panel sections of the closest pipe 

*Panel #7 (the r,o Hatts ner square foot sP.ction). Se(' Section /1.1, page 21, 
for exnlanati.on o-f l')Otation ... 
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spacing and largest pipe diameters 1-Jere the best snow melters. 

When pavement pipe panels were supplied \'Jith a higher temperature heat-

ing fluid (l00°F) by a 30 kJlowatt hot water heater, the most effective 

melting panel sections were able to melt snow three to four times as 

rapidly as when supplied with earth heat. 

In most snowstorms, the 40 and 60 watts/ft2 sections of the electrically 

Ilea ted reference panels produced better melting than pavement pipe panels 

supplied with earth heat. 

I 

4.4.2 Evaluation of Summer Operation for Heat Storage 

For the purpose of stor,ing heat in the earth, two methocfs of summer 

operation - namely, selective and continuous - were investigated. 

4.4.2.l Selective0peration 

From June 4 to October 6, 1970, the pavement hea.ti ng system was 

selectively operated for 715 hours. Selective ope~ation implies that 

hE;!at exchangers and their associated pavement panels \'Jere kept in 
I , • , 

operation whenever temperatu:re data ( the temperature of the glycol -water 

solution entering and leaving the heat exchanger) indicated that heat v.ras 

being transferred from the pavement to the earth. On a daily basis depart-

ment personnel drove to the test site, monitOred the before mentioned temperature 
. ' 

data, and left t,he system in operation if heat storage was indicated. The 

temperature of the earth wit.hin the heat exchangers ( 11D11 thermistor readings) 

was :recorded on a weekly bas~s when possible. 

Uurtng operation, the g}ycol-water solutiqn circulated .along a route 
I 

through the pavement pipes (bnly those embedded at a 2 11 depth}, down to 
,1,, 

I 

the buried earth heat exchanger, and back again to the pavement, at a rat~ of 
' I I 

I 
fr. om 5-20 gallons per minutel In the process, heat from the pavement was 

,, 



. extracted by the fluid. and transferred· to t:t1e earth in the inmediate 

vicinity of the underground heat exchanger. All. three heat exchanger systems 

.• were operated for approximately the 'same nunber or hours,· at approximately 
. . ..· ' . .· ·'. . ·. . .. · . . . . I 

' . . . . 

the same time• Parking on the pavement above all the panels. was not re"" · 
, stricted. 

4.4.2~1.l Heat.Storage 

·· ··The average temperatur~of t:heearth within_•.a·.heat E!xchan~er.i;s:an,·; :• 

.·_indicationof tl1eheat··.store9.·there(n;, therefore,.the goa·, of a heatstor.~gE!,· 
. . . 

opera,tion .. is to. maximize this· temperature~ 

The.· effects .of 1970 1 s selective si.mmer opetation on the tempera tu.re _ · . 
. ' . '·.- ., ·. ,.·. ••: .. ·• ·. ,·. ···.,.- . .. ... . ,'.:· .. _: __ _. ·. . 

of the earth within the three heat exch~nge~s is indicated in °Figure -G-1, 
. . . 

page 182. The effect of 1970 1 s selec:tive opetation on heat stored in the· .. · 

earth {rniHions of BTO's) is .:shown in Figure G-2, page:183 •· ·· fiqure·~~,·•· 

indicates the average earth temperatu,re within the· heat exchangers from 
. ·::• .· . . . . ·• .. ·. . I ·.,: . :· : .: • . . .·, : ... :. . . .- . 

October l, l969 to May 1, 1972 as falculated according to the .method outlined 

in Section F.2, page 177~ The figure.aJso ii1dica~e~ the control earth tem-

perature whfch ·is the ~verage temperature of the soil 32 feet from the nec1rest · 
heat excha~ger. 'fh~ cont~] earth ·temp~rature ,is ,c:alculate~ from the 0-10 ·.: ·. 

. .• •' ' '·. • ,. ; .- ·:· •: ·. , .·,·.' • '. •, ·.: ~· .'· •:· ':'.'/'.I '.' '._','.:, •:" ·. • .. ,':;<.',-:::.,:-- ... '.•:•i ·,\ ,:. ' '•·•. ·';',';". . :,· • • :·.,_., _'. -, . • 

, thermlst9r read'itigs:": atcot°dJng t()}th~_lllethod OU•tlined in Section F.2, page l77 .• · .·. 
' ,.· ... ,· •.. The.>d;~:r;e'~ \o' :\jh,~;t:.····1~101 s:·• ~Ci'eci'i:~e.··.·~ .. ~~er.··6t~rat fo~ii ~cr;aiJd·· ti1~····,. ,_:· .. · 
. . .. .. .· ·. . : . . . . .·-.·· . -: 

heat: stored in Ucat Exchangers 111 and. 2 can 'be ~een by·. ex~.111inin~ figure G-1, 
. ' . . ·.· : . . : 

...... page 182,· during the time,periods June 4 to,Ocfober 6, 1970 andJ1;me 4 to 

·October 6, 1971 . 

1· . 

. ,· ~S~e F'ig'ute ,$•, page•' 20·, ·an4 .Ffg~re 10) P~.g:e ~2 .tb?JCJ•catiunof, o..;,o•s·.• 
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, . 

r~ote that Heat Exchang~rs #1' and 2 were not· operated· during the sumrrier 

of 1971. A 'num~rical estimate of the increase in stored heat can be made 

by 1 ooking at October 6 of both years. On October 6, 1971, the aver~ge 
. ' . ' ' ' . . 

earth temperatures 'of Heat Exchahgers #1 and #2 'iiere 67 .5°F and 70 .0°F. 
': • • • ' ,· • ',,. •• • • • I • ,' • • • : , • • • • • ·, :. • -~ • • • • • • , 

respectively. On October 6, 1970, they wer~- 76 ~f and 79. ~°F, respectively. 
. . -· . .. . ,;. '. ,. . . . .. . . . 

This represents'a'n increase:of 8.5°Ffor Heat Exchanger #land 9.5°F for Heat 
·: ... · . ;·· . .. ' ,, . 

Exchanger #2.: Adjusting fo~the fact that the control earth.temperature was. 

l .5°F hfgh~r on Ocfober 6, 1970, the real increases in temperature are r,e .. 

du(:ed· to 7.0~F and 8.o°F fa{ Heat Exchangers #land #2, respectively .. thus, 

· by Octoper 6 ,· se·lective summer C>peration. 'increa~ed the• average earth. tem-

peratures and consequently the he~t stor~ge of H1;;?at. Exchangers #l and· #~ by 

approximately 10.4~~ and 11 .4%, respectively.·- A similar numerical estimate 
.· • . • ·•· i ' •• · .·.- :· • '•. ·• , . ·- '.; _· :·· ! - , .... , . ;· 

could not ~e calcula.ted fo_r .the ipcrease frt the heat storage of H~at Exch.anger 
. . • ·: f.~ . . . . . . . ·. . . . . . . . ' 

#3 due ~o se.lective surnmer operatjo.n. b~cause earth ternperatur.e data is not 
. .·· .·· ·.··. ' :· : .'··' . ·- . . . .-;, . .·: ) · .. 

complete for s~e~s when this heat exchanger \~as not operated. 
'· .. '"· · .... · ,· . . ". . ·· .. " ·.· . . .. 

The sel~ctive sut,Jner Op:eratfon qf.l970 had the effect.of raising the 

average ear-th temperature ,al Heat Exchcinger #2 higher -- than _fhat of the other _ 

two heat' exchangers~ As ~110~,~- in Figure G-1,, page l82, the high~st average 

temperatures of the ~arth wi~h{n" l;le~tE~change'rs No~. l, 2 and 3 during the:: . 

. pkriod ~f select~ve op~r~ti~h ~~r:e<'ril\0,°F (/\;~gust 19)·,· s4.5°F (S~ptemb~'r 2f, 
. . . . ·, .. ·: .' ' ... . . . . . . . ' ,-,. . . 

and 80.5°F (August19L respectively .. These telllperatures \:/ere 12°F, 13.5QF, 
. ' . ,. . ··, . . ·- . : ; . . . ; . . . 

and ~l 5°_F, f~~Pecti vely ab9~e tl)e con~rol garth temperaJure .. By th~ end _ 

o.f th,e_.·-perio{of selectiye s~nmerpp~r,.ati:~n,-'more h~at was, $tared Jn ·_the earth 
. withi.n Heat Exc'h~ng~r:11:2- tban --.eith~r ofthe.other. heat exch1a'ngers.·, _· This .. is•··--· 

• • • •• • ··-.·· < • •• .• ..... ' • • • ., -, • • • • • •• - •• • ' • • • • ,• •••• 

indicated by the fact that or:i ,Octob.er G, 19.70. t~e. av~rage. ea.rth tem.peratt.fres 

>of Heat;Ixch~ngers Mos. l,; 2, and ~:'were 76.0°F~ ;9.5°F and74<>F; re~pecti~e]y~ ·.--



I 
I 

4 .4. 2. 2 Continuous Operation 

Heat Exchanger #3 (Panels 5 and 6) \'las operated continuously from 

June 4 to October 6 of 1971 for a total of 2,976 hours. Continuous 

operation implies that the system was active 24 hours a day during the 

test period whether or not heat transfer to the earth was assured. 

The system was checked for proper operation and on a v:eekly basis. 

Earth temperature readings 1·1ere also taken at this time. Flmv rate of the 
. . 

glycol-\·1ater solution was set at 15 gallons per minute. Parking on the, 

pavement above the panels was not restricted. 

4 .4. 2 .2 .1 Heat Storage 

The effects of continuous summer operation on the average temperature 

.of the earth v,ithin Heat Exchan9er ff3 is indicated in Figure 12, page 49 

and Figure G-,.1, page 182. The highest average temperature of the earth with-

in Heat Exchanger #3 during the period of continu9us operation \•tas 80°F on 
) 

August 18. This temperature 1;1as l1°F above the control earth temperature.·. 

4.4.2.3 Comparison of Selective and Continuous Operation 

A comparison of t.hese types of oreration could only be made for Heat 

Exchanger #3 si nee Heat Exchangers Nos. 1 and 2 were not operated over the 

summer of 1971. 

4.4.2.3.1 Heat Storage 
. . 

To compare t\·10 heat storage operations during t1·m different years, 

nonnal variations in the temperature of the earth must be considered. 

These nonnal fluctuations are indicated by the control earth temperature--the 

, temperature of ti1e soil outside of the system (See Figure 13, page so). Thus 
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the temperature difference ,between heat exchanger earth and control earth 

at the end of the test period is an indication of the heat storing ability 

of a particular operating m.ethod. 

Accordingly,. the temperature of He.at Excha~ger #3 and, the control 

earth temperature were examined on Oct9ber 6 of both 1970 anc.l 1971. On 

October 6, 1971, the average temperature of the earth within IIeat Exchanger 

#3 was 72.5°F, and control earth temperature was 67°F; while on October 6, 
' 

1970 the average temperature of the earth within Heat Exchanger #3 was 74°F 

and. control earth temperature was 68°F (Figures l 2 and 13 pages 49 and 50). 

Continuous operation for 2976 hours and selective operation for 715 hours 

both raised the ear-th temperature of Heaf Exchanger #3 to approximately an 

equal number of degrees (5.5-6.0°F) .above control earth temoerature, thus 

they are approximately equal in heat storing ability for their respective 

operational hours. 

4 .4. 2. 3. 2 Operation Cost 

A. Electricity 

A calculated el ectr.ical cost and energy usaqe for both types of operation 

are given in Table 2. 

Operating 
Method 

Continuous 

Selective 

TABLE 2 

Electrical Cost 

Operation of Heat Exchanger #3 

Hours of 
Period 0Eeration 

June 4 - 2976 
Oct. 6, 1971 

June 4 - 715 
Oct. G, 1970 

51 

Energy Total 
.Usage Cost 

535 kw-hr $21.40 

128 kw-hr 5.13 



The energy usa.9e v1as calculated from the pol'1er requirement and 

hours of operation of the 1/6 HP circulating pump use1 with Heat Exchanger 
. . 

#3. The electrical cost was obtained by multi plying usage by an energy 

charge of $0 .04/k\'/-hr. The cost of temperature monitoring equipment 

1•,as not included in this comparison since it was, at least for this 

system, equal 1 for both types of operation. 
L 

The cost presented in Table 2 is not the actual electricity cost 

billed to the State by Public Service Gas and Electric Co. (PSE&G). The 

actual bills were not presented because (1) a minimum service charge of 

$5.00 a month was leviedregardless of energy usage, and (2} bill totals 

included the costs of electricity for items (lights, space heater, etc.) 

not essential to the particular type of operation being investigated. The 

energy charge of $0.04/k1·1-hr, however, was based on PSE&G bills for the 

summer of 1970, and included a demand charge (kilO\<Jatt charge). For purposes 

of comparison, this same energy charge \'las apolied to 1971 's summer operation. 

B. ·Manrower and Maintenance 

In terms of manpm,er, selective operatfon v1as more costly than con-

tinuous operation, since personnel had to present at the test site on a 

daily basis to compare temperature data and start or stop system operation 

as indicated. Maintenance cost of both types of operation was essentially 

the same. 

4 .4. 2 .4 Summary -of Evaluation· of .Summer Operation 

Heat \•Jas successfully transferred from the warm pavement to the earth 

by operating this installation durtngthe summer. By the end of 1970 1 s 

sunm1er operation, the heat stored in Heat Exchanger #1 and 2 was increased 



by approximately lO percent. However, due to the rapid rate of heat loss 
. 

from the earth during syst:em inactivity in the fall, the benefit to snow 

melting derived from summer operation was minimal. 

For Heat Exchanger #3, the amount of heat.stored by 2,976 hours . . 

of continuous operation in 1971 between June 4 and October 6, is equal 

to the amount of heat stored by 715 hours of selective operation in 1970 

for the time period June 4 to October 6. Based on energy usage, the 

electrical operating cost :of continuous operation was 4.2 times greater 

than that of selective operation. Conversely, manpower costs for continuous 

operation was less. 

4 . .4.3 Evaluat.ion of Insulation Used in Conjunction with. Heat Exchangers 

#1 and 2 

During the design phase, it seemed probable that heat stored in the 

rarth of a heat exchanger during summer operation would be dissipated 

during the period of system inactivity during the fall . The ref ore, 

thermal lnsulation was .used with Heat Exchangers #land 2. 

The purpos0 of the fosulation was to prevent thr conduction of heat 

from the earth within .the heat exchangers upward to the air or outward. 

to the surrounding earth~ . • 

Heat Exchanger #1 (HEl) was insulat~d \'lith arr8-fnch layer of l.5 · 
PCF*, rigid, expanded polystyrene insulation placed above the heat 

exchanger, as shown in Figure 5, page 16, and Figure 6, page 17. for 

insulation specifications r see Ta,ble. H-2, page 1R9. This insulation was 

intendrd to pr~vf'nt the Conduction of heat to the air. 

* PCF .- Pounds per cubic foot. 



Heat Exchanger #2 (HE2) was also covered with an 8-inch layer of ·. . . . I 
the same type of insulation and in addition had a 6-inch layer of 1 PCF 

polystyrene insulation placed to completely enclose the earth within the 

heat exchanger as shown in Figures 5 and 6. This insulation was intended 

to prevent the:conduction of.heat to th~ air and to the.surrounding ~arth .. 

Heat E~changer #3 (HE3) was .not insulated in order to serve as a· 

control.· 

The effects of the in.sulation used .with Heat Exchangers #l and .2 

were evaluated during thP Summer and Fall of 1970 and Winter 1970-71.. The 

objective for. this p~riod was to raise the temperature of the earth within 

all the heat ·exchang!!rs to at least 20°F above the control earthtemperature .. . . . . . ' ,· . . . .. . : 

at the time of the iirst snowfall and to maintain this temperature difference . . . . . . ., . . . . . . . '. . . 
. : . ' ·-. . .. ·,· .· . •'. . 

throughout the winter. A 20°F higher heat exchange~ earth temperature during 
,., ', ··. . ' . . . . 

the ,~inter was <desired because theoretically it would substantially improve · 

the. snow melting ability of the system. It was hoped this goal could be 

readu~d by a combination of th~ effects of summer operation and thermal 

insulation . 

. · The effocts of th.e fh.sul a:~iot1, u~ed with: He~t E,cChang~rs #l and 2 On 

the heat that was stored ~~~ing 1970s selectiv~ summer operation can be 

. observed byreferr-ing to Figur~ G-l,pag~ lR2. ·. As sho.wn in this graph, 
.. . ' .. . . ,· , .. , .. · .. · . . . 

the maximum earth tempera:tures reached duri.ng the period of summe~ opera~lon 
.· . . - \ . · .. ·. . ·. ' .· , 

were 84.5°F for Heat Exchanger #a on Sep:tember 2, 1970, and 8l.0°F and 80.S!>F 

· for Heat Exchangers #1 and #3,. respectively, on August 19, · 1970. The greatest 

nu~ber of degrees that the tem'per-ature of the earth within the heat ex~hangers 

was· raised aboYe the control earth temperat1Jrfi!. occurred. 0~ 'August 19' 1970 arid. 

was 12°, 15~, and lL5°F for Heat'.Exchangers #1, 2, and3~ resp~ctiVely. Thus • 

not' only• did the ;heat exchanger earth temperatures reached fall short of the 
. . . . . 
desired 20°F rise, but the maximum earth temperatures which occurred 
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within insulated Heat Exchangers #1 and i were not much greater than "those 
. . . . .. 

~easured f~r uninsulated' ~lPat Exchanger #3. In acidition, as shown in the -
.. ; ' . ·. . 

·. figure, the average earth temperatu.r~s of Heat EXchangers #1, 2, and 3 were 

approximately .76.0°, 79.5~ and 74~F,' respec;tiy~ly, · uy Octobe·r 6, th'e end . . . . •;, , .. 

of su~mer operafi on. Thus by the ·e~cf of the period of summer opera ti cm' 

-- the average earth tempera 1: ures of the insulate~ heat exchangers ~xceeded 

.that of_ the uninsulated Hea·t EXch.anger (#3) by 2.0°· a~d 5.5°,F for .. ·. 

· Heat -- Exch_angers #f and 2, respec:'tiyely. _· C()nsequent1y a't this time the . . .. . ,·. . .· . ' . . . . ' . ' . . ' . . . . .· . . . 

. heat stored i.n insul at,ed. H,eat Exchangers #Land rwas roughly 2. 7% and_ 

i A% greater than that stQred in Heat. Exc:hanger #3. -The average earth 

temperatures or Heat ExchangPr!i #1 , ·2 and "3 wPre 7. 5° , 11. 0° an·d 5. 5°, 

r~spectively, above the control narth -t~perature :on October 6, -1970. 
-- - - --- . - __ - - i -- - - -- - - - • - -

--- By again referring to Figure G-1, page 182, the inability of tile · 

insulation to redu~e the rate of he~t lo$s· from Heat.Exchangers #land 
• •• :- , ; • ,., ' .. I • . . . ·,. ...• .. . •• 

-- 2 during the perio~ between the end of sunvner operation a,nd thei first 

snowstonn can be, obs.erved. . From Octob~r 6, l970,to December 21 , 1970 _the 

-· ,aver,age earth temperc1tures; of Heat Exchangers #1, 2 _and 3 f~ll from 76.0°F . . . .. . . ..· '. . ' ··:. . . . . •. 

·-_ to57.0°F~ 79.:5°.to 59.5~,:and_74.0~to 53.5°F;respectively._For this 

-._ .· ·-_76_- day p~rf od, the, r~te-of\earth, t~tnp~fature• decre~~e-was ;~pproximately 
. • . . •.· . • ·. ' ••: • (_: ·:, ... :: . .· ·. • . ' ·,' ; . . ., ·. ': ;_;· ! . : .' .• .. ,., :· •. :.• ... I -•·• ·, .; • ·.{ ):: ·i .•. •' .' ·, ' :.·, ·• : • . • _.,_. .•. •., ( · ; ', 

- -- . i 0.25 degre¢s per d~y for all heat :~xchang~rs. -•. This indi cates'that ~he._----
--, rate of loss of stored -heat: from insulatedHeat Exchangers -#1 and 2 was-.-_ . 

essenti~,-~~-- -t~e same. as- th~t: from u~insulated, ii~at,Exchanger#~.----- .Thus- by -
. . . ,, . .. . . · .. , ... · .. ·.,.. ,,•.... . . 

December 21, 1970 (date of: the first' snowfall}, _the_ average ~arth 
'. . ., ·: . -., . . . .· . :' . ,- ·. ·_ ... ,... \. •' ··, . . ·. ' . . . .. ·. . . ' . . . ,·, · .. ;-· .. ·. . .-, ' . :_:. ,, ... 

of Heat Exc:hanger #3, and-_ consequentl,y the ~eat stored;~. Heat. Exchan~ers ., 
- ' 
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#1 and 2 was 6.5% and 11.2% greater than that stored in Heat lixchanger #3. 

On December 21, the average earth temperatures of Heat Exchangers #1 and 2 

were 0.5° and 3.0°F above the control earth temperature, while the average 

earth temperature of Heat Exchanger #3 was 3.0°F below control temperature. 

The fact that Heat Exchanger #3 was below the control earth temperature 

could be due to the different type of soil in which the control temperature 

sensors were located or to thermistor error. 

The effects of the insulatio~ used wi.th Heat Exchangers #1 and 2 was 

not clear for Winter 1970-71. As shown in Figure G-1, the average earth 

temperatures of.Heat Exchangers #1 and 2 were several degrees higher than 

that of Heat Exchanger #3 for thP first 6 weeks of winter operation. This 

result, however, is not an effect which can be attributed solely to the 

insulation, the different amounts of heat lost by the heat exchangers during 

snowstorm operation could account for some of th£' differences in average 

earth tempPrature indicated in th£' graph. 

4.4.3.l Summary of Insulation Used With Heat Exchangers 

The use of thPrmal insulation with Heat Exchangers #1 and 2 did not 

significantly increase the heat stored in these heat exchangers during 1970s 

summer operation, nor did it significantly reduce, during system inactivity 

in the fall of 1970, the rate of loss of heat stored during summer operation. 

· In addition, the combination of summer operation and thermal insulation did 

not result in an observed improvement in snow melting for Winter 1970-71. 

4.4.4 Heat Extraction Rates for: Heat .Exchanger #3 - Pane.ls #1, 2, 5,·and 6 

During Wintrr operation for 1971-72 and 1974-75, Panels #1, 2, 5, and 

6 \-Jere served by llc,at Exchanger #3. This heat exchanger could be connected 



to service fqur heating pan('ls after additional piping was placed in the 

pumphouse on December 30, 1971. For the 4:1 panel to heat exchanger ratio 

in operation for Winters 7~...;72 and 74-75, heat .extraction rate versus 

glycol-water temperature i~ shown in Figures l4 and ] 5, pages 57 and 58 •. 

. . Heat extraction rate. represents the total heat supplied by a heat exchanger 

as a function of time. For this snow melting system, it is equal to the sum 

of the heat dissipation rates of the heating panPls serviced by a heat 1 

exchanger plus the rate of heat loss in the pumphouse, supply and return 

mains, etc. Heat extraction rates were calculated according to the equation 

outlined in Appendix F, page 179, and are based on heat exchanger input and 

output temperature data supplied by thermistors located in the pumphouse. 

For all heat extractioh rates shoWn, Panels#l, 2, 5 and 6 were more than 

50% snow covered and the s~stem had been in operation for more than 3 ho!Jrs 

(essentially steady state conditions). The highest heat e~traction rate i . . . . . . . 

indicated in the graphs is 135,470 BTU per hour {17.7 Bru per hour per- linear 
. . . ' ' . . . 

foot of heat exchanger pipe) and occurred for a glycol-water temperature of 

45. 8°f three hours after system act i v11tion. * During the first half hour 

after system · activation, heat extractj'on rates as high as 47 ,50Q BTU per 

hour (23.8 BTU per hour per lin~at.foot) have.heen·calculated. Glycol-water 

temperature is shown in Appendix Figure G-3, page l84. 

In summary, during the show storms of Winters 1~71-72, and 1974~75., 

heat. was extracted from Heat Exchangers #3 at a rate of between 8000 and 

35,500 BTU~J (4~18 BTUH/Linear .foot of heat exchanger pipe) for heating fluid · 

temperatures in' the range of 35~46°F and for at 1 east ,3 hours of continuous 

. operation. 

* Each heat exchanger has 2000 linear feet of pipe. 
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'Lil. 5 Structural Fai 1 ure and Deterioration of Pav.ement and Pini no 

/!-. 4. 5 .1 Pavement 

llo major structural failure of the .P,ituminous or 0o~tland Cement 

foncrete ,,,as observf>rl. Small cracvs in the P,wement have occurred. The 

·trasversecrack in Panel #7, first noted in 1970, has increased to a 

. 1·1idth and depth of annroximately 1/32" anrl 3/16'~ respectively. See Figure 1€; 

page 63 an& Photograph 7, nc\ge fl,. r crar.~ in C'lanel -ffr: runs comrl etely 

· across the panel and varies in width and r!epth froM-aorroximatelv 3/3211 
. . ' . . 

and 3/1611, resoectively, near Panel #5 to a hai_rl ine crack at the outer 

edge (Figure lf. and Photn0ranh ~. nage fl). /\ 1/32'-i.nch wide crack is 
nresent in. PanE'l #8, decrPasing in she to a hairline crack, it extends for 

2.7 feet across the pan;l. · Hairlinf> crar.ks are also rresent in Panels #3 
I 

and 5 as shown in fiaure 1~; 

J\ll cracks observec:' extend in the same oenerar direction: i.e., 

transverse to the l~nath of the nanel~. 

Slight, reqular depressions of the pavement surface \>tere observed in 

Panels P2 and fl. These dPl"lressions are transverse to the J enrJth Of the Oanel 

anrl apre~rj to cccur rounhl y hetv1een the heatino pir)e5. The section of pavement 
. . 

. ' 

. where derressions are l")rese"nt is shown in Figure Hi. Tris condition first 
' \ . : 

becarie armi'\rent in Sl"lring. 1 r17r:,. 

/1.s mentioned, thn hf'aterl navcment is· 1ocatf'd in a narkinrr lot. Cars 

are rarked on some arcils of the test panf'ls for anproximately P. hours a day 

on vJeekda_vs. Tf,c other areas lie in the drives bet\'1een the narking. snaces, 

and traffic rassi nn over them is esHrnatcd as having heen 1 ess than 200 <;ars a 

\•reek. Truck traffic on the test raverwnt 1 __ •1as virtuall.v non-existent. 
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PHOTOGRAPH 7 

Pavement Crack in Panel #7 (P.C.C.) 

PHOTOGRAPH 8 

Pavement Crack in Panel #6 (B.C.) 
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4.4.5.2 · Pipes 

4.4.5.2.1 Fluid Loss from Embedded Pipes 

A leak in Panel #3, presumably caused by a break in the l inch, 

standard weight, rigid polyvinyl chloride plastic pipe two inches below 

the concrete surface, required that •this panel be disconnect!'d from service 

after January 2, 1971 

The 211 deep 1 eve l ofpipes. in Pane 1 #3 was drained of fl ui.d, but 

location and repair of the "break" were not effected since excavation of 

the concrete ·would have be.en required. From this time forth, Panel #3 

was used as a control panel during snowstorrns; ·i.e., no fluid was pumped 

through the 211 deep pipe level and the pavement was not hf'ated. 

During routine checking of the system in June 1971, another leak. 

was discovered in Panel #3. In this instance, the leak was traced to the 
I 

. plastic pipe 4 inches below the concrete surface. No repair was made 

since excavation would have been required. PanC'l #3 continuC'd to be used 

as a control panel. 

4.4.5.2.2 Corrosion 

No corrosion inside the wrought iron pipes was. observed when piping 

al terati.ons (those required to adapt Heat Exchanger #3 to service four 

heating panels) were made in the pump house on December 29~30, 19-71. 

4.4.5.2.3. Anti~Freeze Solution 

The ethylene glycol-water solution has r-ematned basic throughout 

the years of operation. Values of pH and specific gravity are listed in 

Table 3, page 64. 
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FIGURE 16 

LOCATION OF CONCRETE FAILURES 

Pavement Heating Area 
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Date 

2~9-70 

7-10-70 

12-16~70 · 

9-l,-71 

· · 3-23-72 

10-8a.74 

TABLE 3 . 

Properties of Ethylene Glycol-Water Solution 

Heat Exchanger 

# 1 
ii 2 
ff 3 

Ii 1 
# 2 
/13 
# 1 
# 2 
# 3 . 

# 1 . 
# 2 
# 3 

# 1 
if 2. 
# 3 

64 

~rd.fie Gravity. 
1. 075 
1. 080 
1. 070 

1 •. 073 
1 .076 
1.063 

1.072 
l. 05t"r 
l.062 

l.062 
. l.057 . 

l.OG7 
1. OG5 

, 1.072 · 

_.I?!!. 

8.2 
8.2 
B.3 

8.6 
8.5 
8. 7 · 

9.J 
8.8 
9.3 

9.4 .· 
9.2 
11 .. · .'" :J; l) 

. Q.3 
9;6 

·9.7 
10. 1 
9.S 



4. 4. 5. 3 Summary of Stl'i'uctural Failure and Deterioration 

No major structural failure of the pavement or wrought iron pipes 

was observed. 

Leaks have devel op!?d in the polyvinyl chloride pipes of p·anel #3 

at both the two inch and four inch' deep levels. Thus, the use of this 

plastic pipe in an embedde<;I type of pavement heating system seems unwise. 

No internal pipe corrosion has been .observed, and the glycol-water 

heating fluid has remained basic. 

4.4.6 Effectiveness of Insulation .Installed with Panel #7 

Two inches of cellular glass insulation* was installed below the 

Portland Cement Concrete of electrically heated Panel #7 as shown in 

Figure 11, page 29. The ~ffectiveness of this insulation in reducing 

downward heat losses was evaluated during the Winter of l969-70. 

Ob.servatfons of melting forPanel #7 during th£' snowstorms of this 

winter indicated that duritJg most storm.s th£' rate of snow melting on 

the uninsulated sections of electrically heated pavement was greater than 
{ ' ' , 1 

that on the insulated sections of corresponding power output. ln other 

words, the 60 watts/ft2 section of the uninsulated area became clear of 

snow before the 60 watts/ft2 section of the insulated area and so forth. 

The most apparent: difference in the melting ability of the insulc1ted 

and uninsulated sections was observed during the first hour of system 

operation. During this period, the amount of melting which took place 

on 1 the 20 and.40 watts/ft2 sections of uninsulated area appeared equivalent 
' 

to that on the 40 and 60 watts/ft2 sections of the insulated area, respectively. 

*Trade name ;.. FOAMGLAS BOARD. SP.e Table H-2, page 189 for specs. 
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In one instance, .after 16 hours of operation, the amount of snow melted 

by the 20 watts/ft2 uninsulated and. insulated sections was judged equal 

by an observ~r at the test site. 

In summary it was concluded that for a paveme!'lt heatfng system of 

this type ,the placement of 2 inches of this type of insulation below 

a Portland Cement ConcrPte pavement.of 9 inch thickness was not an 

C'ffective means of improving the snow melting ability of 20-60 watts/ft2. 

· heating elements embedded at a depth of 2 inches below the pavement surface. 

It is believed the insulation sufficiently res.tricted the natural flow of 

heat from the subbase upto the pavement such that the rate of snow melting 

on th!' insulated portion of the heated pavement was not as rapid as thr 

melting on the uninsulatP.d portion. 

4.4.7 Problems 

Following are problems cmc:ountered during system operation. 

4.4.7.1 Unreliable Temperature Data 

Deterioration of a number of thermistors (Digitec, Model 401)* 

resulted in erroneous temperature readings. This deterioration was 

marked by short and open circuits, in addition to incr~ases in thermistor 

resistance. Themost frequently occurring problem was increases in 

thermistorresfstanc~ which resulted in unreasonably low temperature 

readouts. 

· *See .Append.ix G, page 185 for speclficat.f<>ns. 
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There arc> strong indications that at lflast 33 thermistors of a 

system total of 120, provided inaccurat€' data, \ihicil \-Jas not included 

in this report.* 

The thermistors which arP most inaccurate arc those of the type 

"T'.!" and "D" srnsor assemblies.· Src Figures 8, 9, and 10, pages 20-22, 

andDesi9n Section 4.1.5, Page 18 for location and description .. The 11 TvJ 11 

thf'rrnistors are located in the,pir,cs of thr surface panels;. and the "D" 

thermistors, in the earth \'1ithin the hcat rxchangers (2.'4" to 15'0" below 

~round). lJhPn last checked during March 1975, tv,rlyc out of the Pighteen 

" "HJ" thrrmistors appcarcd tobf' unreliablf' as \·1rll as twelve out of the 

fifty D's. Though functioning· rroperly at tl1e beginning of this project, 

th0s0 thermistors subsequl"ntly bl"camc defectivr and w0re thl"rrafter unable to 

provide> ~mrthwhile tcmprraturr data. Ouring January of 1975, a comparison 

of heat dissipation calculations don0 by tl'!o diffcrf'nt methods indicatc>d 

that r.iost of the T\J thcmistor readings have Lf'C'n inaccurate since the 

sno11s torn of Fl"brua ry 15, 1970. TIH" reasons for th0rmis tor detcri oration 

ar(' not known at tllis tir.1c. 

/1..4.7.2 failure of Temperature MPasurrment E']uipment 

Digitec equipment was usf'd from tl1C' beginning of tiiis project to 

measure r.arth, air, pavc>ment, a.nd fluid tf'mperatures. The mrasuring 

syster.1 consistc-d of a dioital thennistor thrrmor.1Ptrr, di9ital clock, 

multi p lC'x0r, scannC'r, and rri n tcr. 

*S0c Tatlc H--3, pages 190 and 19} for .. a listing of drfPctfvc thermistors. 
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,Problems have occurred with three (3} pieces Of Oigitec equtpl)lent ,.. 

scanner, printer controller, and dig.ital clock. 

D.efective components in the s~anner were replaced by Department 

personn·el during .December 1971, at a cost of under $7 .00. 

During the. first half of 1973, the Digitec equipment: was repaired · 

and calibrated at a cost of $250.00 by Criterion Meteorology Incorporated, 

of Oakland, New Jersey. 

The printer controller was not operational d1:1ring Winters 1973-74, · · 

and 1974-75, thus automatic recording of temperature data was not 

possible. 

The di.gi tal clock was a Tso no.t operaUonaJ during Winters 1973--74, 

. and 1974-75. The trouble was diagnosed as mechanical malfunction of one 

of the pulse counters. 

.. ' . 

4.4~ 7. 3 ·· Circulating Pump Fai.lure . 

On February 19, 1972 the bearing bracket assembly of the. ctrculating .. · 
' . . 

pump for Panels 5 and 6 was replaced at a cost of $23.50. A faulty water 

seal and slinger were discovered. 

4.4~7.4 Electrical Power failures 

Several times a year electrical power to the pump house wa~ lost. 

·This condition was generally due to a loss of service power at the utility 

pole. On some occasions, power loss in the pump house resulted from 

ml'.\chanical failure of circuit breakers. 

· Loss of power in the wintertime caus.ed the interruption of srte>wstorm 

operation with accompanying loss of data. The majority of power losses 
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resulted in minor flooding of the pump house. Once power was restored, 

the flooding was easily corrected by activating the submersible sump 

pump. 

During February 1974, a 20-amp circuit breaker was replaced; the 

metal parts of other breakers were found to be heavily rusted. All circuit 

breakers were sprayed with contact cleaner and lubricant. 

4. 4. 7. 5 Summary of Pro bl ems 

There were primarily four types of problems which resulted in a 

loss of data. These were (l) failure of about 1/4 of the temperature 

sensors used on this project, ( 2) ma 1 function of severa 1 p,i~ces of 

tempr"rature mE'asuring equipment, (3) circulating pump failure, and (4) 

occasional power losses at the pump house. 

4.4.8 Pavement Heating System Costs 

4.4.8.1 Construction Cost 

Construction of the pavement heating installation was completed 

under three contracts. Individual contract type and costs as well as the 

total contract cost of construction are listed below. 

1) Electrical Contract $ 21,463.36 

2) Mechanical Contract 42,988.00 

3) General Contract 54,138.10 

$118,584.46 

The electrical co~tractor furnished and installed the temperature 

sensors, conduit, wire, and breaker panels and starters. 
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The mechanical contractor furnished and installed the pipes for 

the heat exchangers and the heating panels, th.e insulation for the s(upply 

and return mains, anti-freeze, circulating pumps, flow meters, expansion 

tanks, junction boxes, and drainage pipe. · In addition, he provided any 

welding that was ne('ded and tested the installation pipes for leaks. 

The general contractor furnished the labor, materials and equipment 

necessary for the excavation of the soil at the test site to a 14' depth, 

thP construction of the Portland Cement Concrete and Bituminous Concrete 

pavements, and the installation of the thermal insulation used with the 

heat exchangers and the electrical heating panels. 

4.4.8.2 Instrumentation Costs 

Following is a cost breakdown for the Digitec temperature monitoring 

and r~cording equipment. 

Printer 

Printer Controller 

Multiplexer. 

Digital Clock 

·Thet;'TT!istor Thermometer 

Scanner 

Scanner Cards 

Model No. 405 Thermistor Probe 

Miscellaneous Cables and Items 

$ 430.00 

395.00 

345.00 

390.00 

574.00 

695.00 

950.00 

32.50 

150.00 

$3,961.50 

Tile cost of the l20 Model 401 Oigi.tec thermistor probes is included 

in the electrical contract. 
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For repair and calibration costs see Section 4.4.7, 11 Problems, 11 

page 66. 

4.4.8.3 Operating Costs 

Manpower costs will not be pres~nted in this report because, due 

to the experimental nature of this installation, man-hours were spent in 

recording observations of snowmelting and monitoring temperature data 

which would not normally be required for an operational system. 

4.4.8.3.1 Electrical Operating Costs 

The electrical operating costs prescmted in Table 4, pages 72-74, are 

calculated values and not the actual electricity cost billPd to the State 

by PSE & G.* The energy usage for the embedded pipe systems was calculated. 
\ . . 

from the power requirement of the 1/6 HP circulating pumps associated with 

the heat exchangers in operation. For Winter 1973-74, when a 30 kilowatt 

electric hot .water heater was used to supply fluid at an average temperature 

of approximately 90°F to embedded pipe panels, the energy usage of the 

heater was addrd to that.of .the pumps. Energy usag£> for the electrical 

resistanc!:' panE'ls was calculated from the rat!:'d powf'r consumption'of the 

resistance wires (60 watts/ft2, 40 watts/ft2, etc.). The electrical cost ,.,, 

for each typr' of op~ration was then obtainPd by multiplying usage by the 

energy chargr incents pt'r kilowatt-hour. The C'nergy charge was calculated 

from PSE & G bills for each winter, and includes a demand charge (kilowatt 

charge). See Section F.l, page 175 for sample calculation. 

' *The r~asons the bills were not used are those mentioned earlier in 
Sf'ction 4.4.2.3.2, pag~ 51. 
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TABLE 4 

ElPctrical Operating Costs 

A. Hinter Operation 1969~70 

Energy Charge: $0.05/Kw/Hr 

Panel·Tyee Panels Sections 

I. Embedded 1,2,3,4~ All 
Pipe . 5 and 6 

II. Electrical 
Resistance 

7 and 8 20 watts · .. · 2 
ft 

40 watts 
ft2 

60 watts 
ft2 

Hours ·. 
Operational 

208.5 

208.5 

208.5 

208.5 

Cost 
Cost ($/ft2)* 

$ 5.63 $0.0024 

50.04 0.19 

100.08 0.38 

150.12 0.57. 

Total II $300~24 

Total (I & II) $305.87 

B. Summer Operation, l970 

Heat Exchanger #1, Panels 1 and 2 $5 .13 

Heat Exchanger #2, Panels 3 and 4 5.13 

Heat Exchanger #3, Panels 5 and 6 5 .13 

For details of cost calculation s.ee Section 4.4.2.3.2, page 51 

C. Winter Operation, 1970-71 

Energy Charge: $0.06/Kw/Hr 

*Dollars per square foot of pavement surface. 
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TABLE 4 - (continued) 

Hours Cost 
Panel .l1Ef_ Panels Sections Opera t io na 1 Cost {$/ft2) 

I. Emb£'dded 1,2,4. All 104. 9 $ 3.40 $0.0015 
Pipe 5 and 6 

I I. El P.ctrica 1 7 and 8 20 watts 104 .9 30.21 0 .12 
RC'sistance ft2 

40 watts 104. 9 60.42 0.23 
ft2 

60 watts 104.9 90.66 0.35 
ft2 

Total II $181.29 

Total (l & II) $184.69 

D. Summer Operation, 1971 

Heat Exchanger #3, Panels 5 and 6 $21 .40 

For details see Section 4.4.2.3.2, page 51 

E. Winter Operation, 1971-72 

Energy Charge: $0. 06/ Kw-Hr 

Hours Cost 
Panel T~Qe Panels Sections OQerational Cost {$lft2) 

I. Embedded l ,2 ,5 All 1440 $31 . 10 $0.020 
Pipe and 6 

I I. Electrical 7 and 8 20 watts 82.5 25.74 0.10 
Resistance ft2 

40 watts 82.5 51 .48 0.20 
ft2 

· 60 watts 82.5 77 .22 0.30 
ft2 

Total II $154.44 

Total (I & II) $185.54 
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TABLE 4 - (continued) 

F .. Winter Operation, 1973-1974 

Energy Charge: $O.06/Kw-Hr 

Panel Type 
Hours 

Panels Sections Operational 

I. Embedded Pipe 1 and 2 
· (Hot Water Heat) 

II. Embedded Pipe 1 and 5 
(Hot Water Heat) 

I II. .Embedded Pi )e 5 and 6 
(Earth Heat 

IV. Embedded Pipe 
(Earth Heat) 

1 and 5 

All 95 

All 17 

All 150 

All l 

Cost 

$171.00 

30.60 

1.62 

0.02 

Total (I & II) $201<.60 

Total (Ill & IV) $ 1.64 

G. Fall 1974 and Hinter 1974-1975 Operation* 

EMrgy Charge: $0.06/Kw-Hr 

Panel Type 
Hours 

Panels. Sections Operational 

Embedded Pipe 1,2,5 
and 6 

All 525 

· 4. 4. 8. 3 .1. 1 Operating .. Cost for. Snow Mel ting 

Cost 

$11 . 34 

Cost 
($/ft2) 

$0.22 

0.04 

0.0021 

Cost 
($/ft2) 

$0.0073 

In comparing the operating costs pr~sented in Section 4.4.8.3.1 for 

pavement heating by 1) earth heated embedded.pipes, 2) hot water heated 

embf'dded pipes,~and 3) electrical resistance mats, the operating cost 

determined for an equivalent amount of snow melting (from hereon referred 

to as adjusted operating cost) was used as the basis. To present the 

*No operation for snow melting~ · Operated for hr.at extraction rate 
data. See Section 4.4.4, page 56. 
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costs most accurately. the "amount of snm·1 meltingll 1,as expressed in both 

inches per hour and 8TU per hour. In comparing the earth heated embedded 

pipe panels to the electrical resistance panels, the adjusted operating 

cost was expressed in dollars per DTU per hour ($/BTUH); and for the 

comparison of hot v,ater heated embedded pipe panels and electrical 

resistance ~anels, dollars per square foot per inches an hour $/ft2 
(in/hr) 

~.4.8.3.1.1.l Earth !!eat vs. Electrical Resistance lleat 

• 

The !linter of 1069-70 vlill be used for the comparison because 

during this \·tinter, the six embedded pipe panels and the two electrical 

resistance panels were operated for the same number of hours (208.5). 

The calculated operating cost for the earth heated panels \,1as 

$0.0024 per square foot (Table 4, Part /\, page 72), and the average 

· heat dissipation rate for the six ranels v,as roughly 40. CTUH per 

s~uare foot (Table G~2, pages 93 and 99). By divisioh, an adjusted 

operating cost of 0.006¢ per GTUH can be obtained. 

The calculated operating cost for the 20 watts/ft2 sections of 

the electrical resistance panels 1·1as ~0.19 rer square foot (Table 4, 

Part f'1, page 72), and the average heat dissipation rate was roughly 
l 

' 
70 CTUH/ft2 . Thus, the adjusted operating cost 11as 0.27¢ per 13TUI!. 

Fror:1 a comparison of the adjusted operating cost, it can be 

seen that for an equivalent CTU output, the yearly operating cost 

of the earth heated embedded pipe panels is roughly 45 times less 

than that of the electrical resistance'panels. 
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4.4.8.3.1.1.2 Hot Water Heat vs. Electrical Resistance Heat 

Data for 1973-74 for the hot water heated panels (Table 4, 

Part F, page 74) indicatPs that for 112 hours of operation the 

calculat~d operating cost was $0.26 per square foot. An average 

melting rate of about 0.45 inches pPr hour for all operating 

panels and pipe spacings was calculated. An adjusted operating 

cost of $0.577/(ft2-in/hr) was obtained. 

Data for Winter 1970-71, indicates. that for 105 hours qf 

operation the calculated operating cost of the 60 watts/ft2 sections 

of the electrical r~sistance panels was $0.35 per square foot (Table 

4, Part C, page 72) and a melting rate of roughly 0.6 inches per 

hour was observed iSPction 4.4.1.2, page 43 ). An adjusted operating 

cost was $0.583/(ft2-in/hr). A comparison of thrse adjusted costs 

indicates that for an Pquivalent amount of snow melting, the. yearly. 

operating cost of the hot water heated emb£1dded pipe panels was 

approximately the same as that of the electrical resistance. panels. 
I 

4.4.8.4 Cost Comparison with NJOOT 15 Routes 17 and 46 Pavement 

Heating Installation 

In the following analysis, cost dat~ are pr~sented in tenns 

of operation and constru_ction costs. Yearly costs are detennined 

by dividing construction cost by thr estimated system life-time and 

adding the annual operating costs. -Original construction costs have 

not been adjusted for increased current material and labor costs. 

The annual operating costs presented are the most recent ones 

available. 
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As m!:ntioried earl icr, tl1Ei tot,tl · contract cost for construction 

of this installation in 1969 was· $113,584.46. In order to arrive at 

a more realistic cost for an operational earth heat system of this 

type,. the contrctct cost of many of th~ experimental features have 

been eliminated. Thus, the contract cost for the piping, pumps, 

excavation, and. related items was approximqtely $50,000 for a hca ted 
. . . .· 2 

arfl,a of 2340 square feet - ·$21.00/ft. Average annual operating 

costs from 1970 to 1974 are estirnated at $0.002 per square- foot of 

pavement (Section 4.4.[L3.l, page 71). A 20 yPar structural life is assuroed 

for this system. Insufficient information exists to determine life 

P.xpcctancy more exactly. 

The i-1,lDOT installation at the intersection of Routes 46 and 

17 has. a pavement heate.d by electrical resistance cablrs. The 
.. . 

heating system was. installed during 1964 at a contract cost for 

construction of $71,200 for 18, ooq square feet - $4. 00/ft2. 4 

Average annual op~rating cost for 1971-1975 was roughly $0.50. 

per square foot of pavement.* Structural life of 20 yrars is estimated 

by flJDOT p~rsonncl involved with the installatfon. 

Tablr 5, page 78 ,.summarizP.s the cost data prescmted. As shown in 

the table, for the per109 of the system life, the averag.e yearly cost 

.. for- the earth heated cmLeddcd pipe' system is 507~ hi.ghcr than that of the 

~lectrically heated installation at Routes 46. ar:id 17. 

4Pittm~n·, J.~. / loc.~ cit., page 2 
*Metered Servtce Account 'R~cord, Public Service Electric and Gas Col'tpany 
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TABLE 5 

System Costs 

Pro-rated Annual Average 
Pavement Estimated Construe- OpP.rating Yearly 
Heating Life Constructi~n tion~ost Co~t Co~t 
- S!stem Cost {$/ft} (Years) ($/ft /yr) ($/ft /yr) ($/ft /yr) 

l. Earth Heat, 
Embedded Pipe, 
Trenton (1969) 

2. Electrical 
Cables, Rts.46 
and 17, (1964) 

$21.00* 

4.00 

20 $1.05 

20 0.20 

4.4.8.5 Summary of Pav£1ment Hrating SystE:'m Costs 

$0.002 

0.50 

- Construction cost for this pav~m~rit heating installation was 

$118 ,584.46 .• 

Instrumentation cost was approximately $3,961.50. 

$1 .052 

0.70 

The calculated annual electrical operating cost for earth heated 

pavement pipe panels ~veraged about $0.002/ft2. 

For an equivalent amount of snow mrlting, the calculated 

annual electrical operating cost was (1) for thr. earth h('ated 

pavemcmt pipe panels; roughly 45 times less than that of the 

elP.ctrical resistance panels; and (2) for the hot water heatr:id · 

pavement pipe panels, approximately rqual to that of the electrical. 

rrsistance panels. Thus, in tt'rms of op!:'rating cost, thf.> earth is 

an economical source of heat for pavement heating. 

With prorated construction cost consider~d, the average yea.rly 

cost of this earth heated pavPment hr:ia.ting system is approximately 

50 percent 11ighcr than that of thr rlectrically heated installation 

at Routf\S 46 and 17. 

*Exprrimrnta l Fca tu res Eliminated 
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f!.,. 1 Notation 

The notation presented in the following table is used throughout the· 

body of this report as well as in the 11 Ston11 Pecords 11 r,resented in 

/l.ppendices B, C, D and E. It is used to simplify the wording and to shorten 

the text. The various sections of the heatfog panels are designated as 

shown below. 

TABLE A-1 

Panel Notation 

Embedded Pipe Panels 

Type 
Panel of ·T.vne of Pipe Pipe Pine 

Notation Number Pipe .Concrete Diameter Snacing Depth 

Pl 1 Hrought P.C.C.* 3/4" 6'' ' 
12 II 2" 

Iron and 18 11 

Pl (6) 1 . Wrought .r.c.c. 3/4 11 6" 2n 
Iron 

Pl (12) 1 Hrought p. c.c. 3/4 11 12 1' 2" 
Iron 

Pl (l8) 1 Wrought P.C.C. 3/4 11 lP." 2" 
Iron 

P2 2 Wrought B.C. ** 3/4 11 6 II' 12',' 2'' 
Iron and 18" 

P2 (6) 2 Wrouqht Iron 13.C. 3/4" 6" 2" 
P2 {12) 2 Hrought •B.C. 3/4 11 12" 2" 

Iron 

P2 (18). 2 Wrought ·B.C. 3/4 11 18 11 . 2"' 
Irbn 

P3 3 Plastic~ P.C.C. l'' 61', 12" ?I'· '-

·U.P.V.C .. ~** and .. 18" 

P3 ( 6). 3 r1astic.,. .o .c.c. l'' 6" 2" 
U.P.V.,C. 

*P .C.C •. - Portland Cement Concrete **B.C. - Bituminous Concrete 
***U.P.V.C. - UnplasticlZed Polyvinyl Chloride 



TABLE A-l - (continuedl 
EmbeddP.d Pipe Panels 

Tyne 
Panel of Type of Pipe p• . 1oe Pipe 

Notation Number Pipe Concrete Diameter . ' . .,oacing . Depth 

P3 {l2) 3 Plastic- P.C.C. 1 II 12 II 211 .. 
U.P.V.C .. 

P3 (18) 3 Plastic- P.C.C. 1 " l 811 2• 
U.P.V.C 

P4 4 Wrought . B.C. 1 " ' 6 II t 12 11 211 
Iron .and l 811 

P4 (6) 4 llrought B.C. 111 611 2" 
Iron 

- P4 (12) 4 ·. Hrought B.C. 1 ~· 12" 211 
Iron 

P4 (18) 4 Nrought B.C. 111 'lB" 2" 
Iron 

!'5 5 WrouQht P.C.C. ·1-l/411 6''· • 12" 211 
Iron ,, 

· and 18" 

P5 (6) 5 Wrought P~C.C. 1-1 /4" 6il 211 
. Iron 

P5 (12) 5 Wrought p . C. C. l-1/4 11 12 11 211 
Iron 

!'5 ( 18) 5 Wrought P.C.C. 1-1/4 11 18" 2" 
Iron 

P6 6 Wrought B.C. 1-1 /4 II 6". l 2rr 2'' 
Iron and l g11 

Pf. (6) 6 Wrought. B.C. 1 :-1 /ll 11 6" 2" 
lron · 

P6 (12) .6 Wrought B.C . 1-1/~11 12 11 2ir 
Iron 

P6 (18) 6 Wrought .B ~C. 1-1/ ~" 18". 2" 
\ Iron 
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TABLE A-1 (continued) 

.Panel Notation 

Electrically Heated Panels 

·. Panel TypP of Depth of 
Heat· 0ut_p~u_l · · Notation Number Concrete ..._-.-· Embedment · 

P7 7 P~C.C. 20, 40 & 60 watts/ft2 2" 

·. P7 (20H) 7 P.C.C. · 20 watts/ft2 {68 BTUH/ft2) 2" 

P7 (40\-J) 7 P.C.C. 
. 2 
40 watts/ft (136 BTUH/ft2) . 2" 

P7 (60H) 7 P.C.C. 60 watts/ft2 (204 BTUH/ftZ-) 
. 

40 & 60 watts/ft2 P8 8 B.C~ 20, 

P8 ,(20W) 8 B.C. 20 watts/ft2 (68 BTUH/ft2) 

P8 (40W) 8 B.C. 40 watts/ft2 ( l 36 BTUH/ f t2) 

PB (60W) 8 B.C. 60 w~tts/ft2 (204 BTUH/ft2) 

A.2. Terminology 

·. · The followini terms are used in the "Storm RPcords 11 which 

appear in Appen~ic~s £, C, D and E. 

Percentage C1ear and Wet 

·. When used in this report thP expression ''Pl (6) is x% ~lear 

and wet"means that x%. of the pavement .surface. area. of Pl (6) is 

2" 

2"·. 

2" 

2" 

211 

· wet arid clear of snow, slush and ice. As a further example, "80% 

clear and wet11 indicates that 20% of thP pavPment surface area of a 

panPl is still covPrfld b_y snow, slush or ice. 



- Photograph A-1, page 86 , provides an illustration of the 
. . . 

above terminology. This photo shows Panels #1 and 2, with Panel #1 
. . 

closest to the viewer. Pl (6) is 11 100% clear and wet", Pl (12) 

is 11 50% clear and wet, 11 and Pl~ (18) is 11 20% clear and wet. 11 P2 

is snow covered. · 

Percen,ta9e Dry_. 

The exprE'SS ion 1!P2 is . ~% C 1 ear and dry, II means that P2 is 

clear <>f snow, slush, or ice, and x% of the pavement surface area· 

of P2 is dry. ln oth~r words; if P2 is 5% cl Par and dry, then the 

other 95% of' the surfac~ ~rea of P2 is clear and wet. 

A.3 Data Table Guide 

As an aid tt, interprPting th~ tables in Appendices B, C, .. 

D and Ea guide to the basic fonn of the tables entitled "Storm Data-
. : . . 

Embedded Pipe Panels 11 is prese.pted on pag~ 87 . This guid,e shows 

the columns in which stonn data for each E'mbedded pipe heatfog panel 
·\ 

is entered. In the IIStorm Data" tables, data for the embedded pipe - .· 

panels is presented under three column headinqs-- 11 Surface Temp~rature -
. 

(°F} 11 , 11 Heat Dissipation (BTUH/FT'-)11, and 11 Pavement SurfacP. Condition 11 -

· two of which ar.e shown in the guide .. · 

_ The surface temperaturP.s presented in these tables are those 

measured by th~ thermistors placPd just below the concrete surface 

at a position midway between the pipes r.mbedded at a 211 depth. 

See Figure 9, page 21 for a pi ctori a 1 view. 



HPat dissipation was calculated from measurements of the input 

and output temperatures of th£" heating fluid for (la ch spacing of coils 

in the various panrls and from the flow rate of the heating fluid. 

See Appendix F.4, page 178 for sample calculation. 

U.nder the heading 11 Pavement Surface Condition 11 are 1 isted 

abbreviated descriptions of the observed state of melting on a 

particular embedded pipe panel section at the time indicated. The 

abbreviated notation is explained at the bottom of each table. 

The descriptions of melting w~re taken from a log book of snowstorm 

observations. 
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PHOTOGRAPH A-1 

EXPLANATION OF PERCENT 11 CLEAR ANO WET" 



cl) 
-..J 

Tyoe of 
Concrete 

Portland 
Cement 

Pi'pe 
Spacing 

. 6" 

12" 

18" 

Bituminous· 6 11 

12" 

l 8 11 

TABLE A-2 

GUIDE TO ST0Rt1 DATA TABLES 

Surface Temnerature (°F) 
Pine Diameter 

3/t'!" 

Panel 
l 

Panel 
2 

l " 

Panel 
3 

Panel 
4 

1-1 /4 II 

Panel 
5 

Panel 
6 

/ 

Heat Dissipation (BTUH/ft2) 
Pipe Diameter 

3/4 II 1 11 1-1 /4 II 

Panel 
1 

Panel 
2 

Panel 
3 . 

Panel 
4 

Panel 
5 

Panel 
6 

Pire material in Panels #1, 2, 4, 5 and 6 is wrought iron. 

Pire material in Panel #3 is plastic nipe. 
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[L l Snow Storm Operatinq :Procedure 

During the winter, daily weather forecasts were obtained from 

the Division of Maintenance. If snow was forecast, the system was 

activatl':'d in anticipation of snowfall. If non-forecast snow began 

to fall, the system was turned on as soon as assigned personnel 

arrived at the Fernwood test site. 

To prevent the heat('d pavement area from being snow-plowed, 

and to restrict the travel of automobiles over the heated panels, 

traffic cones and snow alert signs were placed around the pavement 

heating area. The system was activated from the pump house. Only 

the pipes embedded in the pavement at a depth of two inches \'1er£:1 put 

in operation~* Soon after activation occurred, the pressure of the 

glycol-water solution within the piping system was checked and the 

glycol-water flow rates were adjusted (if required), read, and 

recorded. 

During the snowstorms, observations of the pavement surfac£:1 

condition and measurements of the depth of snow or slush'accumulation 

on each panel section were entered in a log book. Also entered were 

measurements of snow accumulation in areas of the parking lot away 
' 

from the test site. Depths of snow accumulation \-Jere meJsured with 

a ruler. To supplement this written material, photographs of all 

panels were taken whPn. possible. 
' 

' The cal ibratfon of the Digitec system was checked,' and temperature 

data for the snowstorm was manually recordf'd in a log book. 

*Pipes embedded ata four inch depth were not utilized during any 
winter. First observations indicated that they did not melt snow 
as effectively. 



, ·,I 

After. snowfall had ended, the syste~ was operated until one 

of the following three conditions existed. First, all the snow that 

. fe 11 on the panels vtas r,1e lted; second, it became evident that no 

more snow would be melted by the systern; or third; automobile traffic 

over the panels had made meaningful data collettion difficult~ 

During \,Jinter 1969-70. Panels f.l ri 2, 3 -?c 4, and 5 .'.'J 6 \/ere 

connected to Heat Exchangers #1, 2, and 3, respectively. Panels 1,2, 

3~ 4, 7 & 8 were in operation for all snowstorms. Each was operated 

for a total of 210 hours for thts winter. Panels 5 & 6 were operated 

. during the first three storms (130 hours); thereafter, they \,1ere not 

operated due to a leak at a valve in the.pump.house. 

i3~ 2 Storm Records 

Results presented here are for five snm-, storms which resulted in 

an accumulation of one inch or more. 

Storm Number Date Page --~ 
(1) December 25-29. 90 

(2) January 6-7 91 

( 3) ,.lanuary 12-13 (J'> 
- I.. 

(4) January 20-21 92 

(5) . February 14;_17 93 

Storm #1 
(becemher-Z-S-29, 1969) 

Snowfall began at approximately 4. :00 Pr~, Decenher 2!.i, and 

continued until the early morning hours of Dece.r.iber 26, resulting in. 

a total snow acc~mulation of 3~4 iriches.* All panels were activated at 

9:55 Pt·~. Decenber 25 aLwh,ch time there i-,as an accumulation of 2-l/2 

inches .of snm-1. · \Jithin one hour the snoi.-, above the wrought iron pipes 

spaced on .G inch centers.(rl .~, P5) herian to r.ielt a'nd turn to slus1. 

* ~~easured in an area of the pc1rkin9 lot outside of the test area. 

()() 



Complete ~el ting in these areas was accomplished by 4:15 PM, 

Dece1:1ber 2G, 1969. At this time there v,as localized melting directly 

above the pipes spaced on 12 inch and 18 inch centers in the same 
I 

panels. Although there was some melting on P3 (PVC pipe in P.C,C.) 

and P2, P4, and P6 (wrought iron pipes in C.C.), the surface was 

still covered with 1-2 inches of snow. 

Throughout the operation melting of snm,, on Pl (6) and rs (6) 

was at least equivalent to the 20 watts per square foot area of P7 

(electrically heated P.C.C). 

The system VJas kept in operation until 10:0n Ar-1 on December 29, 

1969. 

Storm 112 

(January G-7, 1970) 

All panels were put in operation at 3:30 PM, ,January 6, in 

anticipation of snow. Snowfall began at 8:00 PM and continued 

throughout the night, producing a total accumulation of 3 inches .. 
I 

At 11 :00 PM, all panels except P7 (40W), P7 (60W), P8 (40W) and 

Pfl, (60l') 1,,ere snm·1 covered. /\t 10:00 /\M the next morning Pl (6) 

and PS (6) v1ere clear of snm, (Photos C-1 and D-2). There \•1as also 

localized clearing of snow directly above the pines spaced on 12 

inch and 18 inch centers. Panels #2, 3, 4 and 6 were covered with 

l inch to 2 inches of snov1. · 

'1 l 



rt was again observed that the rate of ~now melting on Pl (6) 

and PS (6}was at least equivalent to· th£' electrically heated area 

dissipating 20watts per square foot. 

The system was turned. off at 9 :00 PM, January 7, 1970 .. 

Stonn #3 

(January 12-,13, 1~70} 

One inch of .snow fell during th~ night ~nd all panels w~r~ put 

in operatipn at 10:15 AM, J~nuart 13; Clearing of Pl (6) and PS (6) 

was coinple1:e t>y 2:15 PM. At this time Panels ·#2, 3, 4 and 6 were 

st n l snow' covered • · 

The system was turned off at u ·: 45 PM, January 13, 1970. 

Storm #4 .· 

{January 20 .. 21, 1970) . i 

Snow flurries began at 5:00 PM, January 20, and continued until 

12:00 PM, producing an accumulation of 2-1/2 inches. Panels #·l, 2, 3, 
. . I . , 

4, 7 and 8 were activated at 11:45 PM,·Janua:ty 20 at which time the 

air temp~rature was 19 .. 5°F. During the night melting had taken pl ace 
. . . \ . 

on Pl (6), Pl '(12), and the electrically heated Panels #7 and 8, .. 

however, Pl (6),Pl (12), 'P7 (20W), P8 (WW), and 10~20 percent of 

P7 (40W) andP8 (40W) ·refroze when the air temperature dropped below 

15°F.* At 9:00 AM on January 21, P7 (60W) and P8 (60W) were 100% 
. . ·, . ' . 

clear and wet, and Pi' (40W) and PS (40W) were 90% clear and wet .. all 
. - . . . 

other areas were either snow covered ·or ice covered. The system was· 

· kept in operation until 11:20 PM on January 21 at which time Pl {6) 

.and P2 (6) WPrP. cl~ar and. dry. 

*This air tC'mperaturci was the lowest observed during the operatio.n of 
the system for. a l1 y~ars. · · 



Stonn #5 

(February 14-17. E!70) 

Panels #1,2,3,4t7 and 8 werC' put in operation at 12:45 PM, 

February 15. There was no sno\'1 falling at tliis time, there \Jas an 

accumulation of approximately onP inch, and thf' air temp0raturc l·JJS 

in the loVJ 30's. At 7:15 PH, Panrls #7 and 8 11erc 757~ clear and wet. 

/\t 1:30 J\r1, February lG, Pl (6) was 75~; clear of snm'I,, and P2, P3 

and P4 11erC' still snm-1 covered. Air temperature was 33.4°F. /\t 

10:l0 PM, February 16, all arc-as of Pl and P2 1·1err~ clear and dry. 

Tho system \1as turned off at ]0;00 AM, FC'bruary 17, 1970 at 

which time P3 and P4 v,ere completely clear of snm-1. 

During al1 of these snow storms, tile rate of snm-1 melting on 

tl1e uninsulated section of the rlrctrically h0atcd P.C.C. (Panel /!?) 

Has greater than the insulatrd area. Thr 20 watts per square foot 

section of the uninsulated area appcarrd r~uivalent to the 40 watt 

per s~uare foot section of tlH' insulat0d area. 
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B. 3 STORM PHOTOGRAPHS 

PHOTOGRAPH B-l · STOl'tM #2 -

i -
Panel #1. · Portland Cement Concrete {Pipes on 6-inch 

centers in clear area)- Pl (6) 
' 

_ :;:::cY,?>;:, - '10:15 AM - _ _; lJanuar_v 7,1 1970 __ 
-- -·--- /f><{op:erated 19. s Hours) {A.ir Temp. - -25. 4 ° F) 

1.-, 

·,,: . 

. ;;~'.\~·~,--:·· . 

_},:i~:l*.~'~t --
PHOTOGRAPH B-2 STORM #2 

Panel #1. Portland Cement Concrete {Pipes spaced on 18 
12 and 6 inch ce~ters) 

1 :15 PM - January 7, 1970 

{ Operated 13:s Houts) 
na 

.-

.; 
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. ... . ,_·, ··,:.,,:-,-:•,.;"', •' ., 
.· _:-:,..,.-_·, .·'.· ,·, ___ ;--,-.: ...... , . 

shows \hc.at>d{s·si:Pat·i6 nApe,r squatd\ Tahie B-l, 
'··' ·. .- ' ... .- . ;. ' -' ."-... -; ' ,_·_ .'.~:'." ' ·:_ '. '.-· .. ,_--_.-, :.·,. ___ ··.:--· ' 

f0ot of. pavcrnent surface . a.nd . the c:o,:-respondi~g. surface temperature 
·., ._ .. .. , '-" . .-._ -. ·s·;, . :. . ·_·, .. -. 

brtvmen the pipes for. thr sno~" storms reported for the Winter l96~J-fO. 

are ... not pr-esented 
, . • ,· .: : . i_' : . ,. ;::-:_-.: ', <, ···, ' <.·.__ .. ' "·\·. . ' '. - ,, -·, 

temp~r&ture> dala onvthlch they•}ferc.··• based ;•b~c~nfo 90.estionable· ... as 

storm. For the data presented,. hours of operation o.r the pavement 

heating system were in the rang'r of 7 to 12 hours and the 
• ' '.,• ,' • _•,,,· .', ' •.,,,' ._:e 

surface was at least \tet and in most .instances covered. with snow.·. 
,_..,. ,·. '• -. ' ''' ' :- ~'--..·':· ·. : .. ',.,, . :_:'· ·::_·_.'· ''' :. ·_.-··,::- ', - . ' ' '.. ·:.-- '·,, 

. . ' ' ' ' '. 

. Table B-2 pagrs 93 and 99:, sho\•ts heat dtssJpation r"ates and 

pavrment s.urface· tempPratures ~or .snow iStor11Jiw1 (D~cdn1ber 25-29f~ 
,·, •i·;', ·-_.·., -.- • ' 

large variatlons ln .the heat a:5 ssipated per s_q~are :foqt of surface 

pavement can b.e attri trntC'd to .several factors including .thnait ,. ' ,- . -,. :, _' :-·· \ ' ... · .• 

temperature, thr an,ount'of sun!liqht i,ncid0.nt on the pavement 
. ; . ,_. ·- ''.'--". '. _: . . _, -.. . ·;-.;',·· __ .. · '.·-.: •' .. 

. and whether the pavement surfacf.' was snm,/ covered, v,et or dry. 
I • _- • ..;· •. _.!, ,· , 

' '•. . 

Table B-3,. pages lOO andlOl, shows pavement 
' ' :.. . '-">, ' '. ::--.: .. ·.:~- .-,. .. _:-

rnea sured during snow storm 15. (February 14-17) . 
. -·, '• '-, . : ' ''. ' 

·Note: In Tables>n-1 ,n-2, ... andB-3unrcllable.•. tempC'rature 
. . 

·•indicated by das.l1es (-"'"-----). are us£id itJ the irsurface 
' ,".,.:; ' 

··and .. ·1'Heat Dis.sipationili col.un)ns'. ·Thc1 statcnie.nt 11 unr~l.iablO··· ... ~er. 
. ' . . :,- .-_._- ',·:·._·,::. -·--: _· ,',-_;·: '-:·'._.'.'.:, .... 

. datalj in. refe.rencc to heat dissipation ,rates indicates .. 
•, , . I·,.·,·,' ··-,,,-- .··., .-_.' .'•. .:,,_, 

output heating fluid temperatures arc unreliable. The sarn0 statement 

used in referenc0 to surface temperatures indicates· that temper~ture 

data supplied .. by sensors located at the pavomcnt surfa<:e 
·,:·'.- ,. • I ' , ,' ;. ·. ,·_·. ' • ·:-·· ,_ ,_. '. ;-',.' ·.••. .. ,., ·;,,':,,. 

Table ll-4, page 102, Jndi cat~s the tcmpe,rat · · · ·. / 

exchanger-fluid as me.asurP-d, 
'·,f :·'·.-·;. 

,· , .. ,. 

alcohol thermometer locatrd in the···· .. · .. , >. 



TABLE B-1. STORM DP.TA ..... EMBEODErl PIPE PANELS 

NOTE: Pavement surface either snow covered or wet. 

STORM NUMBER. DATE OF 
AND DATE OBSERVATION· TIME 

l. December 
25-29,1969 

3. 

/l. IR TP-1P TYPE OF t 1) F) coNcRETE 

PORTLAND 
CEMENT 

PIPE 
SPACINGS 

. SURFACE TEMPERATURE{° F) 
PIPE DIAMETER 

3/4'' l.-1/4" 

34.6 
33.9 

.. ·· 32.3 

32.6 

. 32.l 

32.3 
32~1 ·· 

32 •. 4 
-· ' 

:' '' :,.--·-_, '; ----·_: 
- :> :, ,_·:· ·,, ·,·::'. 

35_5·.··· 

HEAT OlSSlPATI0N(BTµH/FT2J 
PIPE. DIAMETER 

.··i.2 
·20, 

--·_,:··_·:,:,·:; .. ··. 

. l" l'-.l/41' . 

51 
26 · 

11 

":::~·//(;:-<·.:;' ...... ,...,. ·27 

. J2, 9 

50 

35 



STORM NUMBER . 
AND DATE 

(. Januarv 
· 20-21,1970 

) . 

DATE OF 
OBSERVATION 

1/21/70 

TABLE B-1. STORM DATA - EMBEDDED PIPE PANELS 

TIME 

9:05 AM 
(9 Hrs.) 

ft.IR TEMP 
( C F) 

16.0 

l :30 AM 33.4 
(12.5 Hr~.) 

SURFACE TEMPERATURE("'F) 
TYPE OF PlPE PIPE DIAMETER 

CONCRETE SPACINGS 3/4" .1" 1-1/4" 

PORTLAND 
CEMENT 

BITUMINOUS 

P0RTLAND 
CEMENT 

BITUMINOUS 

6" 

12" 

18" 

6" 

12" 

18" 

6" 

12" 

18" 

6 fl 

12" 

18 11 

31.2 32.6 28.7* 

32.2 28.2 28.1* 

30.6 28.7 

35.0 34.7· 29.0* 

32.1 32:0 28.4* 

30.6 30.5 28.4* 

34.6 33.5 32.0* 

32.9 32. 3 32.1* 

32 .7 32.3 

35.5 34.6 32.5* 

33.8 33.1 32.4* 

33.8 

* .Panel not in operation· 

---- Temperature data unreliable 

HEAT DISSIPATION{BTUH/FT2) 
PIPE DIAMETER 

. 3/4 11 1 1' 1-1/4'' 

98 47 

53 30 * 

10 * 

51 41 * 
29 * 

15 8 ·* 



TORM NUMBER 
AND DATE 

. December 
25-29,1969 

· DATE OF 
OBSERVATION 

12/25/69 

TABLE R-2. STORM DATA - EMBEDDED PIPEiPANELS 

TIME 
AIR TEMP 

( o F) 

11:15 PM 27.4 
( 1 Hrs.} 

SURFACE TEMPERATURE(°F) 
TYPE OF PI PE PI PE DIAMETER 

CONCRETE SPACING. 3/4" l II V-1/41' 

PORTLAND 
CEMENT 

BlTllMlNOUS 

PORTLAND 
CEMENT 

BITUMINOUS 

BHUMTNOllS 

611 33.7 

1211 30. 3 

29.4 

33.6 

32 .• 4 

29.5 

33.3 

31.6 

.3/J.6 . 30~5 

12 11 32.6 

181' 32.3 

36.5 

12" 32.1 

32.6 

47.2 

12·11 33.2 

18 11 34.5 

6 11 38.4 

12 11 35 .• 6 

18 11 33.l 

29.J 29.9 

33.2 33.7 

32\3 32 •. 5 
• ·, _ ·,,'•ic • 

~2.t. 

34~8 • 

32.9. 

36.CY 

33.5 

33~6 

34 .• 1 

33.0 

. HEAT UISS!PATION(BTUH/FT2) 
. . PI PE DIAMETER 

3/4 11 1 11 1-1/ 411 . 

132 

76 

31 

. 33 

87 

49 

18 

46 

30 

144 

63 

34 

9 

2 



TORM NLIMBf:R 
ANn DATE . 

. · DATE OF. 
OBSERVATION . 

,·· .. 

TIME 

.. •· 

TABLE B-2. STOPM TIATA ... H·1REDDEO PIPE: PANELS • 

AlR TEMP TYPE OF 
-(° F). · · CONtREi-E 

. · PIPE 
SPA:CING 

. -~· 

. . . 

. SlJRFACE TEMP~PATURE(°F), ·.·. HEATQISSIPATION(BT-UH/FT2) 
PIPE DIAMETER.·_ ·. _·- __ . -PIPE DIAMETER 

3/4 11 l 11 1-1/4 11 ; ·314•i ' .. ' l" 1;;:,1/4 11 

·._ '\. · ... , 

December · ·. 12/29/69- 9=30 AM · · 37.2 
·· 25~29,1969 · · · .. · ·· · · (83~5 Hrs.') 

'PORTLAND .· ·. · 6 11 ·. 

CEMENT ·_. 
40.8 

31;1 
··.· 30·.6 

43.S i3J 34 '.:36 . 

.•... 30 

.::fi 

·., 
38~0 

1811 3l.8 

. 36.5 
-· ·., 

•. BITIJMI~m·us '._,. ···12•j'· ... 32.9. 

-._··ta"_ 3L4· 

· .. ......:.. 

39.8 30 .; .. ··, 
.· .. · . . .15 

---, 
. . .. 

3L4. < ~{.-_s. ·. · · 7 

26 

. ·,. 9 

t8_ 

6 



0 
0 

STORM NUMBER 
AND DATE 

5. February 14"'-17, 
1970 

5. February14-l7. 
1970 

5. Februarv14-17, 
1970 

DATE OF 
OBSERV,I\TION 

2/15/70 

2/16/70 

2/16/70 

* Panel not in op.eration 
--- Temperature.data unreliable 

TABLE B-3. STOPM DATA - EMBEDDEfl PIPE PA.NELS 

TIME 
MP TEMP 

( o F} 

3:30 PM 36.0 
{ 2.5 Hrs.) 

1:30 AM 
(12.5 Hrs.) 

1:15 PM. 
{24 .Hrs.) 

33.4 

36.5 

TYPE OF . PIPE 
CONCRETE SPACING 

PORTLAND 
CEMENT 

· BITUMINOUS 

PORTLAND 
CEMENT 

BITU'-1INOUS 

PORTLAND 
CEMENT. 

BITUMINOUS 

6" 

12 11 

18 11 

6" 

12" 

18ft 

6" 

1211 

18" 

511 

12 11 

.18" 

6" 

12" 

1811 

6'' 

12" 

18'' 

. SURFACE TEMPERATURE { ° F) 
PIPE DIAMETER 

3/4" 

33.7 

32.6 

32.5 

34.6 

33.1 

32.9 

32.6 

32.9 

32.7' 

35.5 

33.8 

33.8 

49.5 

45.0 

43.9 

37.0 

35.2 

35 .. 6. 

1" 

32.5 

32.2 

32~2 

34.2 

32.6 

33.0 

33~5 

32;3 

32.3 

34.6. 

33.1 

33.3 

46.4 

33.0 

32.8 

40.2 

35.2 

34.5 

1-1/4" 

32.0* 

32.0* · 

32.4* 

32.3* 

32.6* 

32.0* 

. 32.1* 

---i----

32.5* 

32.4* 

32.7* 

32.l* 

34.3* 

32.6* 
33.2* 

32.9* 



...... 
0 .... 

STORM Nl.!"BER 
AND OtTE 

--- Temperature data 

DATE OF ·• 
OBSERVATION 

TABLE B-3. STORM.DATA - EMBEDDED PIPE PANELS 

AIR TEMP. TYPE OF 
( ° F) C0NCRETE 

PlPE 
SPAC!Nh 

6" 

SURFACE TEMPERATURE ( ·° F} 
PIPE DIAMETER 

3/4" 

36.0* 31.5 

12 I' 32 .9* 

12 11 

1811 

121' 

·2a.s 
30.l* . 29~1 

36.l* 

36.4* 

34.5* 

36.0* 

38.0* 

32.7* 

45.l 

38.1 

·. 32.7 

38~0 

40.3 

35.8 

33.3* 

3l.J* 

32.0* 



Date 

12-25-69 

12-29-69 

1-06-70 

l ~07-70 

l ..:13-70 

1-21-70 

1-23qo 

2--15-70 .. 

2-16-70 

Total.Accumulated 
Hours of 

· Operation 

2 

71 

80 

102 

130 

140 

160 

170 

200 

52.0 

. 46.0 

47.0 

Heat Exchanger. 

#2 

52.0 

48.0 

47.0 

*Heat Exchanger .. #3. not ;operati.onal ... afterltl3--70. due.to mi.nor· •. leak···. 
at·· a valve located. in the pump house. Repair wasmage but .the· ... 
Heat Exchanger #3 system could riot be repressurized due to the 
cold.weather. 

. 102 
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. . -.· _; '. . --·,. ·.·.-•· 
:' :-:,1, ··.· 

·Snow/:Storril, bOOitn9·. Pr;oCedure :•· .. 
. The opera ti ~g ;roce~ure for thi 

in Sectton B-,1 t except for Jhe fol lqwJng changes. 
. ·- ,· . ' ·•.. ' ·' .-•. 

Begfnningwith the storm of 2/l7Z71,,. the t~mp~rature µata ... 
. , .. , .... ··•thai··•••.·~.ad.•· · be~·~•··· ma.riual·l•y ·rec~.fde~·.·• .. · fn·····.· .. •.. ·log····•·•~•~6k•· ··.wa's:•·····•th~;;aft:~•·• 

, ., •'•. : . ' .... ,: _·,, '·-· '-: _' . ,.: ' .. " . . ' ', ,.-·, ··.'_:.· ·'.-.) 

automatically printed on paper tape by the Dig.itec system ,. ·• ' ·;: '.' ' .' ,_,, . , .. ,. .,_. . . .·: :, _. -,,_ 

which had bee.n programmed to. pri h,t .data on an hourly basis. . . 
. . 

During Winter 1970-71, Panels #l and 2, 3 and. 4, 5 .. and 6 

were connected to Heat Exchangers #J, .2, and 3, .respectively~ . 
' . ;, '::· ·_;-·:. ' '\ .. ' ._,· ,.· .. ,: ·"'·.-, '· ·_<.,' ··:·:_: ·: :,- ·, .··.:- . 

Panels #l, 2, 4, 5, 6, 7 and a were.operated during all 

snow storms; f'ar:iel #J\ only durjng ithe firstthree. Jhow. 
,, . ". ,, . , . , , .-- ;c·:· ·-· 

storms because of leakaqe. For the winter, Panels l, 
. . ' . ,•'," ··:: -·-.. :_··-.,. -,·,._ .. •i:·., . .-:_· .' . . ,' 

. 4, 5, 6,. 7 and 8 were eich operated for a total of 

approximately.lOQ hours; Pcinel.#3, ,, ,- · .. ' ·"',_ , .. _ 

. . 
· C •. 2 storm Rec.ords 

.l04 



' . 
I • • • • • 

·. :.~torril :11/· ... 
_: •.·:_.';. ,• . ·. •, _, .. 

. {December. 21~ '. 1·97.QJ : . · , · _·. 

•· .: .. · .. · :"' :<• j~'.li 9,t,t_ ',:-~.[l?~~> ~e)'.ti ~;g:i.of \~9,~:~~~! '.:wi.;-t~:/~~''/P,,'.¥~~~n.t,:~ b~,g~tr. ;t(! /;:./:i -
.. · .... _·, ·. -:: ' -_ .... :::· . >- _,. ,.:· .. -; .. __ .. <_ .. . t·' _: ·: :,-: .:'_ -," .. ·,:, .. ':7 · ·- .·. _:_ _...,-· .. , . .'. ·- .>'·· : ·.. : . ·: .. -:-: \. _·· .. :_ :,._ .. · .. ,.. ,._' . 

, . falJ at 4:20 :PM:. •Th~ ~nt1re syst,e,n was activated at 4_:55 PM. Snow .. ·• .··· 
v,,_.- __ ·.:-._ . .-. · · ·-··.•,··:_:,:-·,:>-'i-:/-.":·>--... ::-,~· '.··.·· ... ·->;,:··.:._.::·;:,:.:><·r?:·,,.,:,; __ .,., •.::·: -./<·-,:··:>"···· .. :·/: ;.·•1._-:·;:_.;_·· .-::.-.·: .-. · _:·~--.::•: •• :.· :--':-,·:. 

·. co.ntfnued:;to faH_-Jor·;thei~ext 'fJve hou'rs. anl ffnal'ly cea$ed ',at. 
: . . . . . ... . . _ _.,· .. .. . 

· .· a,pproximate1y 10:00 PM. During thi,s ,period ,ttTe air, temp,~ratt.ire• · · 
•, .· ... ··. ,.· ... \ .'. .:·. ;': _.::· .·· ,.;-: ·, ·J·-·.-,· :_:_.:·:•:·.:-:.-\-.' '\'.,:·~; .. :._ .·.·'.'··.··· .·:,:.:,·: . . ··:· _:: .. ; .· ·.··.·_'..>>· 
: dropped seve,raJ ,d~grees from. ~4~-Fi(4 ::}5 PM)- to_ 32·C)F ,(8: 00 ;P,M,),, .. and , ..•.. 

·· .... •·.slush._bega~l·to.,form 6~ ... ·:5~v:~~,,,:p{;,eJs:~:.n;otafrly,iP2 (1~): .....• and P4,(l~J·,• .. 
. ' . .. . . . . . . . ' ·. . ; ... -. ' . . . . . . . . . . ,. . . . - . . : . .._ . . . 

·- .- .·. . .. ·:. . · .. ·.. ·::·· 

At 10:00 PM, :Panels;#l, 3, A, 6, 7 3ind 8 were,_wet andClear . 
. · • .. of -·:a11 ··. snow and' slush, ·anctPi (60W) ,and'P8 (60W). were 9a% dr_y:.*,. At . 

. this .same. time, '.slush sti{f remained o,rP2 (l8) and P4, (18), While P-2 .• 
.- . . . ' ... ',•· :• --: . . ·. •, ' .· , .. ' ... ·, .· . ,•• , .. ,_, . .'•. . ,· . . . ··:·· .... 

... (6, 12) .and P4 (6, 12) were Cl~ar.and wet • 

. • · . the-• b~st melting.·.ha~-occurr~d::on.· n·:.{6()~1) artd PS ·(~ow)~:< :~h~/ 

· bituminous concrete.-:All; other.panels wer.e,eqtJal ;~ .. melting ;abiJ.it.Y:i 

throughoµt the morning . 
. . On. arri v~l: ··a,t:th~ _: t:¢st,- s}t~/a}:~;4s,::~M.{ ~1:J: r>,an~t-s:,.:~xc~~~- P7'/.-:· · 

. , {40:,: 60W) \were: covered_ wltti,,:11.4 inch of :~no~. All systems w~re ·.tu~n~d-:< •:. 

on at 8:50 AM •. 

• . ··· #~~··•·eXp1;9~()6ri •. or·.·fl~~dJ%t~~~\¥#·~•*'1';~i,Jt~~ri1J,~;.a~~:~it(~~i;,~} ··.•· 
· to Apprmdix, S1:1ction A .2::p:ageJJ2 · · · · · · · · · · · ·· · · 



.. · ·. : By. lg•:07'.:J\M;, ':P7.··(.60~J.f a~~:e~}f6dWJ>~\</~J'~{c1.ear::~h~r:~et;' ~nd._.,:Pj;';- • .. 
Jnd ,PS had produced,·suffic;ient·me]ting ·t6 change.the snow~overihg.i:. . ' •.·. . . '•. . .. .,·_·, .-. ·. , ... · .. ' . .. . . : .. - . 

:. thP.m to slush. PS had P,roduced h~t,ter melting than P7 (20W) whic;h w~s: 

. ·, itill s~ow~o~e~ecl ..•. .s~·~w "cover~d.all o.ther panels to·a depth of 1/2 .·. 

· inch.·. 

••·• .· Th~•···•·snowfa·1.••·1 \e.nde;~:;.a,••;~a:?~~t~.i:,iJ/::1.s.:;AM,:,;~n,~\•Was1,t°';l)c,.~e .. ~;J(~~Ji_)':gfr~.'\:;···;.· 
; ·rai'n.· ... Tota, ·.·a·cclimulatfon .of.·snow•,wa$ me.asured·aS·· apprmdmately omr i,hch. ·. 

. . . . . . . . . . . . . ~- . . . . . '· . . .' ·. . . . . . . . . ' •. . :· . ·. . . : . . . ·. . . . ' . . . ., 

At ]:OfrPM,Pan.els #l, 3, s,i7and 8 ,were.for thqmos.t part.c.lear. ;.,·· 
.. ·:, .... ' .· .'· ;;· '. .. ·· . ·.,·· ,_.,·• ·. ,;-: _.:·' .. ··,,:,:-·.' .-... -._··· :· . ...-·-.. _,, .. ·,'.. ..... ·:_'· :.: ' 

•... ·•.and wet With.only sJight instance~· of · .. s11Jsh, whileP~, P4, ·.;~nd P6 \'/ere 
:·:,·. ! .' _. _: '! . • . : ' . : · . .-: i ,- ' ::· • ·, :·.. .· '.,. '..\".:,. .-:·•,' -> ·'.' . _.. : · :.-: , ,.· ·. · ... ,.· . ' .:, . ,: ·: ... ·.. _,,·_,.-.... '· ..... -·"·, . 

; snow: covered with ;localized melting pccLirri~g oni'._y directly ,.above 1:.hl( 
. . . ·"> . . ... : . .< _:' • . ·, •.· _... ·•. • • .,•i"· : . ' ' .- ·-. · ... ! : ·,'" .·. ' ·_ •.· . _:· :, ,:,. ' • __ ; ... 

buried pipf:'S. . . . . . 

. · The system was deactivatedat';l:40-PM·. 
Air· ,.temperature.•··f():\" ~1:he,;,,s:to.rn( w:asrneas:u,r~,~i:a\ _3$0:F:.~:t·····9:,·oo.·AM:,>:;:··,··· .· .. ·• 

. '32.5°F at ·11 :00 AM,· and :32'.9!)'F at l:00 PM. 
· The ... best .~n-ow;m~lti'.ng had· ,oc~urred-,. on<:pt)a,nd 'P,e:;/both:.6f Mhiith: .. , ... _.,_, ... 

. melted snc,w at :an approiimate' rat~ of 1/2 i:nch per hourp~r .square :•; 
.. ,.· . . . ·. . ·,, . . .. .: '·" ,.'.··. '• ... •· ·, ·; . . .• '.. , 

foot. PS (6) and Pl (6} perfonned.the best ~fthe embedded pipe 

.·pa1nels. 'ps {.6} melt~d· s,now at'a y,ate>o{_l/2 inchpe~-,~our·~.ndpf:(6) 

at' a rate of· gre.ater.1:hanJ/4 .. inch·per·.hour .. , 
-.- ,1 .' .• ·•· .: .•. ' .· • .,: • '. -'. : ·.· ;, · ..... _, . '·- • 

.: ... _:_-_:_· _ ..... _ . -:· 

· .....•.. (Decemb¢r ••~l~~ .. l970 ·~Jaouary:•i~., 19-?l)> ,, 
', ,.', 

..• ···"· .• th~· tf;;.;:~~b:::n::;::~:~~:~::::t~;i:hj~}o!~t;;:¥j7:;J~4 .• 
. . l: 00 AM (1/l/7l) •.. 

. . ' . . . 

-:.J.9,6: ,: ... .,,.. • .. >:, ... :;,:; •;:. ;;, , ... , · 

·. I 



,'• ,, 

.·... ·. : ' 

" By, 11 :45 AM (1ll/1l);,:Jher~:'.;Wa''i)a:,::sno~\ac:c:~~tiiat.forj·o:f li~'.~~ij$ wi'th: •.·. 
·. : ;i. . : .. , : . . . - . ·., ·,• ' .. • 

. heav,Y'.'~nQwfall·,still ccinti,~uirlg ••. p7· (40W, 60W) and PS (60W) were '- . 
. , ., ... ' •". ·.- . . -

._· ·paftial lY. clear, . .but •. ·al1.• .other,se_ctio~S ~nd.· panels _·.~howecl', n,o,.sign.s· 
•,• • ' • •••• •• i,, '", • ; • ,•·•••• •,, ',.:• ••• •,,,,,•• ,': •.••,·, ,• ;,.',•, '• •, ;•',, r ,,,; " ••,•, •;,• ' ' • :• • 

.. •-. ' ()f :melting.~ .. th~. air temp~ratlire:/~aS/ 28°F~ .·. 
; Snow. stopped.fa1)ing:',at app~Xi'f!!atelY: 3:06 PM; 'the(~ft~rnoon•lf>"· 

. January l, 1971. . . . 
r-· 

_At.•·· 7 ; 3.Q: ;.AM ····•·.t) l~/il)i:}~.7~.:· :glj.;(f?);;:::~o~.·:P:s:;fC4?W'( GQW:};: w,~:re:• •.• t,1 ear·.,: __ ···•·· .. ·.: 
. . . . . AllJther)it"· panel.~ ~i-Jl. i~~J ~yer~t ~?\~1~9. di.~W 

,.· .· above the• buried pipes . {Photo C"".1, page ll5 ) • -. Air t.emperature was · .. 

21 .6°F. 

·• . -•: • A~-·:··J 2: Ob\ndori' (1/2/7}) i-f J:, .. _~.~~(·::g4::~~~~:/t~:17ne9joff:j4~e:i >;.it 'sb:a~f ·_ > •·•·· · · 
pressure :drdp fo that particular syst~m. - P7 and PR, PS (6) and>Pf (6) /. 

. ·•.. ' •, ' . . . . ,, ... ,'. . ., . ,·' ; ' . . . . 

.were. t9tally-clear an_d dr~. 'wher~as all.other pa'.ve.ment surfac.es were·-•· . ,.. . '• . . ... - .. • .. ,•·. . ,., .. ' ,, ·. ·; .; . ,. . ,. 

·<clear' and wet directly ab9ve _the buried pipes with $lush cover:ing. the .· . ·, . . . ·.' -· · .. ' \: .. : . ·; ... ,. ·. . . ... ,:. '•:· · .. ". ,' ' . ,. ..·: . :.: ' '. ·. . .• ... ·.• ·.-·· : .. 

pavement h~tween .•. pipe-cente'rs./ Air te~pe~ature, was 32~9°F. 
, ' '. . ·. . . . . . ' ' . , . . . . . . :· . . ·: ,:. . . ·;·. . . ' . . ~· .. : . , . . . . 

• By 4:oo: PM (1/2/71 ).; Pl (12), PS. (12), P2 f6) a'nd, P6 {6) •were now : . . . . . . . . ·. ,, ':_ .· . /'. . . . . . ' . . . . .. . . . ... · . . . .. • .. ' . _- . . . . 

cl;~r.: _P3 an(P4 ,showed l.i.tt}e,:Jf, atly.additional roelfing. Air .. 

te~p~ra~ure• was ::i2.9°F. ·::c~·hoJcf ·ci·2, page ll5 ) . 
·. ·. The S,YSt~m waS, deaCti:-v~t~.d: :at 4}3q >PM (ll2/7l} 

_·· .. ···•·.- P7::(.40W,· .. :6·bw)' .• ~nd•·:p;~ '({o'~,)'.}ow);}'p\ ... ·(;}:·,\and:}s•.(6}.we:~.;~,b,:sew-yecl .· 

to , have thl' most sati s:factory melting'. ·. P7 (60W) and P8 (60W} n1elte.d 

4 inches of snow fn 12 ·ho:urs~ ·ps (6}' art~· P:,: (6) nieltel4 inc.hes of 
. .. . . ·'· . . . 1· .• '·,, ··,:-·· .. ,·, .. · ....... 

snow. tn 1.ess than 30 .ho~rs .•.... 
. . . . .. . '·, . '.· ' . . . . .. 

. I 



· this time on. Panel #3 served as a control.panel; i.e., fluid was no . 

1 onger pumpe~ through .. the pipes and the. pan~l was . no 16nger heated.. . A 

leak developed in this panel possibly ft"Om a break occurring.in the 

plasttc •. ·.p;pe. <This leak.was discovered as:a;i;esult>of.a· pressur; drc,p. 
in the system servicing. Panels #3 and #4 .• It was tra.ced to the layer 

. . . ' ' ; . ' ' ' ' . 

·of plastic pipe in Panel #3 that lies two inches below.th.e concrete 

surface. A more eX.act locatio.n of this leak. could onlY be determi.ned . 

by excavation of the panel. 

. . . 

(January . l 3.-l4 , 

Llgh( snow mixed: withsleet startedfallfng ·between 7:30.Pftand· 
_·. ,-; -, . -- ' . ,' '' .. ,'; . "· -<, : :. 

. . 

9:00 .PM (1/13/71) .. The system was act.ivated at l2:l5 AM (1/l4/7l), 
. with outsi~e. ffir temperature being 27°f. 

By l:05 AM, therehad .berm no sJg.nJricantmelting and. all panels 

were covered with a hard crust of .snow and sleet. 

· At TO :30 AM, the next. morning; snowfall (total·· accumulation .l11) ' ' ' ·.' ." ' ' ' .: ":".'•., . ' ... , ·, <:/ ;· ',·.' . . :,.••. "'.,:. ·, '·:, ·. · .. :: .- ' ·, \. ... 
had stopped and· a •. Jight rain was ·fa.1ling. Outside air ·temperature was 

. '. ', . _. . .-,. . ·;. . ··,·· ·. ,,' , ' . 
. ' . 

. 33.5°F.. Pt, P8, Pl (6), P4 {6}, and P5 (6) were w~.t and JOO% clear of 

snow and ice. All other areas and panels were either snow or snow. and 

ice covered. P7 and PB.. were turned off at JO: 50 AM and the other panels 

turned off at 2:23 PM. 
. . ' ·, 

. . 

. ·. At 2:.30 PM,. a.1.1 .panels> excepre2 (l2,·l8}; P3, .and P4(l8) ...• were . , , . ·l , ;. ··•. . . 
. '' ' ,, :.. . . ' 

clear of Snow and slush. P2 (l2}, P2 (l8}, and P4 (18) were slush 

. covered.~ and the control.;[>3 was. ~fillmo.stly snow•··cover~d. 
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EJectrica,1 panels,.#, ··and #8,.showed the be.stmeltlngand, .. _were.both··· 

clear and 65% dry by this time. Of the embedded pipe panels Pl (6), 

P4 (6), and PS (6) melted snow most effectively . 

·Storm #5 -. 

( January 24-25, 1971 } 

Snowfall was i.ntermittent on the 24th of January. Snowfal 1 
. . 

1 as ted from 4: 00 PM to 6: 00 PM, stopped _for a period of two hours ; 

them resumed from 8:00 PM to ll:30 PM for a total accumulation of two 

inches. At n: 30 P~1, Panels 4, 5, 6, 7 and 8 were turned on. 

At9:55 AM (l/25/71}, Panels #1 and #2 were activatedwhile 

Panels #4, 5, 6, 7 and 8 were turned off. At this time, P7 (40W, 60W) 

and PB (40W, 60W} were cle~r but still wet. PS {6, 12}, P4 (6), and 

P6 (6) were 90% clear. and Wet. PS ( 18) , P4 Jl 2, l8}, and P6 {12, 18} 

\</ere pa rti a 11 y snow covered. 
. . 

Pl, P2 and ·p3 were completely cover.ed with 2 inches of snow. Air 

temperature was 35. 6 9 F. · 

By l;0O PM. that afte,rnoon, P4,.P5,P6andPl.(6Jwere,lOO%clear 
·-· ··,;.· ·. ,.-. i·· ,·. -1-:' ·,··. . . . ·.• .- ' ... 

. andwet .. Pl (12, 18) was clear directly above ,pipe centers with slush 

existing between_•pipecenters •. 
_ .. ,, - . '. '• . . . 

. . . 

P2, though mostly snow covered, was .clear and wet above the 1811 

pipe spacing where cars had driven over it~ P3 (control} was snow 

covered. Air temperature 'was 39°F •. The system was completely' de.a~tiVated 

at l.:05 PM (1/25/71). Jhe best melting occurred on P7 and PB. The_ best 

performing pipe section was PS (6). ·. This burJed pipe panel .melted snow 

at . better than O. 2 1 nches J>er hour. · 

1no 



,!.· 

Pl '(6-) which was· activated 10 ... 112 h.ours after the oth~r panels. 
' t , ' • i • I 

· ··.· . me1.·.t.e.·d.·. sn~w ... ·. a. t.·· a .. ·. r ..• a,t_ .. e .. o.f.·0.7 ln.che.s_'per·.ho···u·•··r ... h·o· w·e•v· .•e·r·· • ... -t:.he. a··· t· · · ·. ··t · . .. . , . . . . . _ . . . .. . . . . '·•-. , ... 1,r empera ure ·i! 

· was above 35QF. · 

.(Feb~uarY·l7, ··.··t97lf> 
,'·•· roe ,sy_stem w~s,act}.vat~d_ cl;~ .• :~:35. :PM/:J.2{l7/7lli:;:Wi;th,a.'y~r-y\j ight'• 

. srlowfalling at t,h.~ .time.·. Air.•temp·eratu~.:,was:··36:2~F/. ~n_9~- wa~- m~lt,tng_ ..• 

0~ _ contact.~ith the•_pav_e~ent .-su~face 'and ,a:,, panel S were .wet,. . . ,. - . ',. -:· . . . . .... ,, - . 

,·, ··the, .• snow gradua.lly chahged to:~ai_n·_which--q~~sed<at 7:20 PM·; 
'(2/1.7/71),. At):,20PM, all panel's were clear and wet. Air ~einpera~ure . 

was .measured at 36. 7QF •. 

· __ All' .·'$ystems .. ,.we.,i•-tur~e~-off•···.~·-~•: .. r:20pM'l2l:17'/7_l)- ;: · .• ·• 
· .. There 'was no accurnul at i oh ,of .;snow' .on. a:nY.: panels, or on th; , .. ' . 

',-: '· ···.. ••,.. ; .. · .. ..:· ,,.·'· :, .. ,-.,,·, .. , ... ·, .. · ' - . ·.· ·-· :.,_.··) .. . ·,···· 
. ' 

~djolning parking lot. 

~: ·: ... 

{March 39 l97l) '· •.·.··· ., .. 

. ··· .• A· ·l·_i~ry:t :snow ... ·•wa~_.fal{:i'~~·•·:;:8;~\··~~e'.>t~st'.i:,si•~.~-•·~.t··.··: tq::: O:J::~M\ ;•·{At~",;• •• :,.·.··, 
:;.·.; ..• ,,~~~J>era~:ure.·;•~?-~ ••.•. · .. 32: .•. s0r-.":,.:.- P1•;.,•:~nd··••:~s .. :·7.~r~-·;:~.1. 4~ti.;'c?ver-e;d:,. ,P~.•;~as'\:s:1 lJSh\: .. a"~:,, .. : .. · .·•· .· .. ·' .. 

snow coveredl and P2t-• P4 and P6 >were snow ~overed (PhotoC.,,_3, page 1 l6 )_. 

The total. snow accumulation was• 1 ~5 inches. Th~ syste~,was activated at 

l0:15 AM . 

. . •. ~::(h::~::4:or,;;,j~?~t'~!t:t:;;;~;~1!krz~,;!t~~':t0~w:?~ 
· -·sno,-1 ·and slush •.. ,Pf .(c:ori.trol ); P4>attd:P6 w«:?rf·p~rtfaJlY .. <:ove,redwfth/··· 

·. slush- a~d· P2.was completeJy.co~~~ed •by slush' }Phpfo C-4t., pagell6· ··• ).. :.·•· 



.. 

The system was deac:tivated at l:45 PM after 3-1./2 hours of 

operation. 

PJ andP~ melted snow.at a ra.:te greater .. th.a.n .l/3Jn9h:P~rh~ur, 

and once again the.se two panels produced better .snow melting than any 

of the other pipe panels. 

NOTE: P7 and .P8 were covered QJ' parked automobiles throughout this. 

entire stonn so no conclusJve Vis.ual observations of P7 and P8 could 

be made. 

Storm#8 

(March 4, 1971} ·. 

Snowfall began between A:00 AM.and 5:00 AM (3/4/]l). The 

snowfall was accompanied by high windswhich caused drifting. 

The systemwas activated at 9:00 AM, at which time all panels 

wf'.'.lre snov, covered to a depth of 2 inches. Air tPmperature was 28.8°F. 
. . . 

The snowfall ceased sometime between l0:O0 AM and ll :00 AM, and with 

drifting the fi.nal accumu]ation approached 3 inches. 

At ll:00 AM, all panels were fully snow covered except. P7. (60W) 

and PB>( 60W} which were HQ% clear and. wet, and. P7 (40W) a.nd PB ( 40W) 
. · __ -,, -:· __ :"_ -. ' .-_ ·:-:· ' ,_,· ). '. ·:.··:;•: ,- ,-'·_. ·--.,: .. · . '•t ·. . 

. \'lhich were 60% clear and wet {Photoc;.;7-, page 118 }. Melting was 

observed on Pl (6), P5 (6)&p5 (18) (Photo C-5, pageJ17 ). Alr 

temperature ~'las 29.7°F.· 

Anhour latP.r, at 12:00 noon, P2, P3 and P4 were st.ill 
;· . ' . . . ', '',' . : . ' , _____ _. ' . ~-,--~ '· . ' ' . ... . . . ; ·, .•' 

, _.: ' . ' . ' ', ·. .,·_ ' ,·- . ::-,: ·' _, .'_' ,·, . . ... ·,,: : . ,, . 

on P2 andP4, and 1 - l-1/2 inchesonP3. Pl (6)was 50% clear and 

wet, while Pl (J2, 1B) wa:s conceaJ~d by J/2 inch of sifow (PhotCJ C-:-6, . 



page ll7 ). All sections of PG were 50% cl ear and wet. PS. {6}, PS 

(l2) and P5 (18) were 70%,. 30% and 40% clear and wet, rP.spectively .. -

P7 (40W, 60W} and P8 (40W, 6ow) were almostl00% clear and wet; P7 
(2_0W}. and PH (20W}. were 50% clear,and wet (Photo c,..s, page 118. }. 

Air temperature was 29.'l°F. 
i . 

At 2:00-PM, all sections of ;Panels #J, 2, 5 and 6 were at least 

90% clear and wet. P7 (40W, 60W) ,ind PB (40W, 60W} were clear and 

dry. P7 (20W) .and P8 (20W) were 100% clear and wet. P4 (12, l8) 

were 100% _clear and wet, whereas P4 (6) was mostly slush covered. P3 

was completely covered by slush. Air temperature was 29.9°F. 

The system was deactiyated _after6 hours of operation, at 3:00 
'· . . . 

PM, at wh1 ch time these final qua litative>observaticms were mad~. 

Panels #l, 2, 5 and 6 .were w_et and J90% cl~a_r of snow_ and slush. P7 

and PBwere 100% clearand dry. P3 and P4 (6} were covered with slush. 

P4 (12, l8) were wet and 100% clear. _Air temperature was 29.4°F. 

PT (60W) and PB (60W) once again surpassed all of the other 

panel_ areas in snow melti.119· ability~ The 60 watts/fti- e]ectrtcal 

areas of these panels melted ·3 inches of snow ln four hours for a 
" ' ' ·-'' . ' __ ·' 1·,. . ,' ,,_.. --_,. ' ' . .' ... · ·. ··,. ·, 

melting rate of 3/4 inch per hour. Of the embedded, pipe panels, P5 

(6, 12) and Pl (6) melted snow at the fastest rate~ PS (6, 12) and 

Pl_ (6) melted 3 inches of snow in six hours .for .a snow melting rate 

of 1/2 inch per hour. 

In•-·order. to obtairy a .m9re acc\urate-<est_ill)at~ of;SnQW;•,n]elJtrig 
more frequent Visual observations were made during this snow stonn .. T~e 

. . 

snow melting. rates presented here are therefore c:onsidered. 

most accurate ones determined for this wintP-r. 

) 



·•. 

AiJ,tpmtiliil¢ tra'.ffl~ .passe<fov.~,r<P,~nels\#3, A, 5; 6/ /:'and. a?> •·· 
sometime between)l:0O AM :and ·l2:00 noon .. 

i, ,:,::rl~JE 2.=:· ...•. • ...• B~.fore.:i~J:~r·•·•st.~:~-iiti was _t,fl_~\C:~Y~r~:~-.J~i~./~-~~;. :th.et"lllfs;;:~!/~:~ed 
'to ::measLJr~.o~t~id~.,afr .. ~~rrlperatu.r~ .. b~gf b~en. plac~d· ... clc:>'se>.~o· .. an .pperted . 
. , ;;;:,· ;: /'./')>\/'.':':·i:': ·• . .-::: '.•t· :·· ,:.• : < >•. ·\'S''/. ·· . .:': : \t.::• ,,,·. ;,.·'r. ·.,,. ·•·.•••··· ':' : . 
wind9i-,. of .~he.'gate house. /He.at:. escapfog.from :the '.windo.w may.· ~ave·· ·ih-

.; fluenc~cf outsfde a5r tempe:rature readfngs :ia,k~n previous- .to this storm .. : ' • ,, . . . . • . . • ' . ""_'.•. ..,, • • . ' ' . • :-,: <. -~.. '• c° • • • • • I. ·. :: • •' \. • . . . . .•. . 

· ·· If. the thermfstor had, ·been. aff~c,ted ,. -it would ,ha.vo i nclicated readJngs .. ·· 

·.· ··. higher th~·n. actual outs id~' ·~Jr. temperatu~e·~.· ·. ThJ~ mfsp l acement of: . 
. ,:,._ :.·. '- <· ! ·' <\ : . : ·: ., .· ... 

. . ··· .. · .. · thermistor: \:las correcte~,)so that outsi<fo: .air temp.eratu~s, for this,· . . . .- '.- ' .. ' .. . . ·. ·. '• •.. · ·.·· .·, .:' . : ... :· ... :•· ·. ··:·_'· ·.,: .. ' .... ·. ·,,.".'• ... 
. · ·.: .· ' 

. storm·,and thrones ftil lowing it, are.•accurat~. 
·; : __ ., . ': . . .. 

;i· 

··· ... : .. :J;foptf~: ~i?,i,l.9?J:f ·: \.: 
HP.avy wef snow began :falling .~bout' 8:·00,;PM the evening of 

' • •' . • t • :•. •, . -'. • .. , • , V • > 

.· April •6:·, t97r.: • . :[.' 
·.•·At )0:'_05, ;P.M},/that' s~~~:/~:~~~.i;ryg\·••·ra:.n:~}s if ,,.Jt/ :·4, ·.:7•: ~Jn.d'.:·!l ;\ile·re 

. turned on~ . p~ and P,6 ;had:beer:r:opera~ed CO.l'.ltjru,ously ~i nee March>]6 /< · 
'• •.. '•. .. . !.\·· .. .. , _: . ·.,'.' .. _:. '••·.·'.\.·•:>::·\ ;•.::.:_:.••-\,';';•,.· ·, .:: ,". ~--.·• :··· ·.·,.-; ~- •.,.\\'l .· . . :• 

. 1971 , so these': pane 1 s were a J ready opetat io,na 1 . when ~he rest of the 
• . ."•· ,~ • " i"(: "-~ I_. ' '•',· .•,. ' ' ' ( ' ,' :, ' ' I 

sys'tem ·was' activated: All of the panels we,re cov·ered with snow to a·. 
,:.,: . . .::,,,·.~:···, .. · ,•:.•.· ·.·. <•·•.:: .. -.::;,; · •. , .• ·• .... ·:.-;·"·•,' ·.:,·>:· .. ·.·.•·· .. ·· .. .:.: ... ,./.·.1.· 
d('pth ·of.thrne, .incnps except f>.Swhtch: wa-s/covP.~d byJ·1s inches ·of' 

• ' • -. • :· "• :.· • •• •• • • • :,.· ·,. : ;·, ,.-.' .-.· •• ·.·~ : : ' '•: < ... '":"- • • •• _·,. \ • ••• -,~- :: :- '. > :· <,:_ ·;_ ,-'.' . . :;' .• ' . .. : ,'. 

snow. Air tein~erature wa{J2.3°F:. 

Overnight· the ,snowfall c,~as:e,d.. . . . .·.. ,: . .:., 

:i~; ,~:~ .· 
,,·.•·-... , , .. , ' ,--a~•-m•:· -

.. · .... .'·w~th l/4·- i/iinch slush'and 1:~l/{- 2inthes·,of slush,···respectiv~ii~. 
. . . . . . ... •-:.' . ' ·.·. . . . ' ' . ,. ·. . . 

· .,p~i{control) and ·P:4. were~over~~(by<tw.O.••inches Qf.wet snow,. and. P2 :wa's··· 
.-· ' . . . . . ' ;. . .. .. ,· . . . : ... : '. . . ·:· .. " ·.. . '··. . : .' .. _: ... . ' ' ~. :" - ; . ;. . . : ", ... ' . : ' ... 

covered by one inch of wet snow. ·. 



. : . . , .. • - . •,:~ . .-. :;< .· : ..... 

, .. • .· tJloJos Atl 
,·. 

:tt1e··.~~ci ·•.~tlOw,·.·•:~ov.~.rlng•·:·P.2.,·::.·:·p};:·~n.d,·.P4. had·····.b~en. -r6duc·efr'./.•. 
to slush. Slush ,stil 1 covered PG. 'Pl ( 6) and P5 {6) .were l 00% 0 c]car . 

·. · •· and wet, :whereas? p:1 . (l2, 18) ahdP5 (l2, 1.8J \;eY"e:ao~ clear anµ \'/~t~• .· 

p7.(4nw·, 6Q\:!J il,n·~ P3 .(40\J, 60H) WPr~···clcar-,· a'nd 10,; d~;, Pl. (2QW1 .a.rid. 
. .. . . ' ' . - ·, .. - ; ,, . . . ·. . . .. ' ·.· . ··· ... ", -.. ,. :· . ': ·:- ,: '," :. ' ', ' : , .: . ·. . . ': )·, ·. ;. '. . . . · . 

.. ·.rn··.{2:ol1},\-irrc,:JO,O~&· fle~r_ and wet. .A1Ttemii~,ra·tur('W~~ ·•41,.;9·0.f ... ·· ... ·. 
'At']l:45 Al~.th~. systetn w~s.'deactivat~d.~ .. J~e a;r,.:temd~raturp\~a~: 

A9.3°f'. By this.·•ti.me,,;all ·panels. except P3 and P4 were Joo~; Jree of. 

·. sl Lish and snoH. P3 an<t P4. w~re. s ti 11 25% covere.d with \,et snow •. PT, 
Pff,. Pl' (fr) and PS (6, l2lV/f'rc' completely dry {Pho~o c~10, Page 1J9):. ·. 

. . 

••• ::. < •' • - ::, •• • 

; . ,•, •. ·. ·, . ' 

P7, PS.and P5 '(G) showed thq best melting~ P5.{6) mclt~d sn.ow at 
.a rate greate,r tha,ri·0.·3•,-:inchg,s'ptr .•.• ho,u:r·, ·an~ ... P, C6)··•mclicd :snow,·.at .. a ;ate,·· .. •. 

great~rti1a~ l/4 fn~h rer h~u~~\ As in all· other st~rms PS (6) and' Pl 
. . . .· •'. . . . 

(6} f'XC~CdC'q .. all .oth~rburJcd·p'i1>~ panels> 1t1.c'ffcctive11css of s·nb\·l'inelfin,g • 
. •; .. - .. ,, . :.• ... 

1'.I0TE:_ Considerable automobile traffic traver5f\d P3 arid ·p4 qudng this 

storm. 



P4 

C. 3 STORM PIIOTOGRI\PHS 

Panel ~3 (Portland Cement Concrete) i Panel #4 (Cituminous Concrete). 
7: 30 /\r1 - January 2 ,- 1971 

(Operated 42 hours) (Air Te~p. 21.6 °F) 

Panel #3 1{Po:rtland Cernent Concrete) ,ni Panel #4 (Dituminous Concrete) 
· ·· ··· 4:15 Pf'. - ,January 2, 1971 ·. .· · 
(Operated 50 h6urs) (Air Temp. 35.0°F) 
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Pl 

Pl 

PHOTOGRAPH C-3 STORM# 7 
!· •. 

Overall View --- Panels #1 & #2 nearest the observer 
l O: 15 AM - Ma re h 3, 1971 

(Just Activated) (Air Te~p. 32.5°F) 

PHOTOGRAPH C-4. STORM 11 7 

Overall View --- Panels #1 & #2 nearest the observer 
l :45 PM - r~arch 3, 1971 0 

(Operated 3.5 hours) (Air Temp. 33.l F) 

P2 



PHOTOGRAPH C-5 STORM# C 
'\ 

Panel #1 (Portland Cement Concrete) & Panel #2 (Bituminous Concrete) 
ll :00 Ar1 - r1arch 4, 1971 . o· (Operated 2 hours) (Air Temp. 29.7 r) 

P2 

PHOJOGRAPll C-6 STORM # ~1 

;:,;;:q,'~~~'1/f/4.f (Portlahd Cement Concrete) ?:t Panel #2 (Bituminous Concrete) 
12 :00 floon -- March 4, 1971 

{Operated 3 hours) (Air Temp. 29.1°F) 

Pl P2 
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PHOTOGRAPH C-7 STORr1 # 8 / 
I 

Panel n (Portland Cerient Concrete) r~ Panel /!8 (Dituminous Concrete) 
11:00 /\M - '.'arch 4, 1971 

(Operate<l 2 hours) (/\ir Temp. 29.7°F) 

PHOTOGRAPH C-8 STORi·1 f/8 

Pane.l,,.f/7 {Portland Cement Concrete) ?, Panel #B (Gituminous Concrete} 
·- · 12:.00J,loon "" March 4, 1971 

(Operated 3 hours) (Air Temp. 29.l°F) 

P7 
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P7 

PS 

P7 

PS 

PHOTOGRAPH C..:9 STORM #9 

Panels #5, #6, #7, and #8 
B:JO AM - April 7, 1971 

(Operated 10.5 hours) {Air Temp. 37.0°F) 

PHOTOGRAPH C-10 STOR!'1 # 9 

Panels #5, #G, #7, and #0 
11 :45 AM - April 7, '1971 

(Operated 13.5 hours) (Air Temp. 49.3°F) 

, , n 

____ pa 

P6 



CA 

Table C--l, pavemen(surfpce 
. '•• ,. ' ' ' ' .. . ' . . 

related .sur:face conditions for snowstorms #l"'."9. Data is, presented for 

surface conclitions varying from snow, slush, and>ice covere~ to clear and 

dry; .operating times,. f;om• l-.51 hpurs ;. and atr .... t~mpe;;fure, from 21.6~45. g~f~·• 
The most complete data presented is for snowstorm #8; here,· surface temperatures 

. '., ' ' ' .. . . ...:_·_ ·. ' ' .·- .. __ - ' ... _ .. . '. 

are presented on an hourly basis. Table C-2 indica~es that except for read;. 
. ·.· .· . . . . . . 

fogs of 3l.-8°F for P2 (l8)on l/2/71 (7:45.AM ) ar:ld 3l.7°F for.N (18} on 
·- ... - .- ,-·, . .,,, -' .: . ' _:_' . .-· ·._-.-: ' . 

l/25/71 ·.(l :05 .PM. ),pavement surface· temperature \t/ere·•matnta.tned.above.···3t0 f 
. . . 

at all of the times listed. Surface temperatures for panels in operation 
.•· : . , ,;· .• _ .,:- . . I • ' . ', • , , ' 

· fell within the 32-50°F range with the exception of the 53.4°for Pl (6) 

on 1/2/71. (12:37PM ) . .The lowest temperature measured for a 
in operation; was 30.4.°F for P3(l8} on 1/14/71 (l0:l5 . AM · ) • 

. · Table. C-2, page J29 lists t~e output temperatures of the he~:t exchanger 

f1 uid <:iuring thfa .winter. Note ,that the general trend was for the output 

temperature to decrease as the winter progressed. 



STORM NUMBER TIME AIR 
AND DATE OF {HOURS IN TEMPERATURE TYPE OF PIPE 

STORM DATE OBSERVATION . OPERATION) {°F) CONCRETE SPACING 

1. Dec. 21, ·12121/10 8:10 PM 32:0 PORTLAND 6" 
1970 (3 hrs.) CEMENT 

'N _. 

PAVEMENT. SURFACE CONDIT.ION 
PIPE DIAMETER 

3/4" ··•1a l-"l/41' 

cw 
cw 

'cw ·.·· 
cw· 
cw 

-, cw 
2%Co.-

2%¢D 
2%CD 
cw-
c:w 
SL 

50%~.cw 

cw cw 
cw cw 
cw cw 
cw cw 
cw cw 
cw CW. 

cw CW 

cw CW 

cw . cw 
cw cw 
cw c:w 
SL cw 
SC,M SOSCW,SL 

SC,M SC,M 

SC,M 
·-

SC:,M 

SC SC 

SC SC 

SC SC 

SURfACE TEMPERATURES ( °F) 
PIPE DIAMETER . 

3/4" . l" . 1.:114" 

. 35.2 32~5 

. 37.9 32._5 

39.6 34.l 

37,6 

35~3 

46.0 

37;5 

35.3 

42;0 
34.5 

34~0 

38.5 

32.9 

32.5 

37.8 

33.7 

33.3 

35.O 

3~:~. 
40.~ 
3&;o 
32~8 

42.5, 

35.0 

34:1 
,a,;.,.'.', ' 

33.4 · 

32,.4 

32;4 
37.0 

33.8 
33-.6. 

.. '·_._ ... _, 

35~8. 

34.3 -

43.6 

35.1 

34.5 

34.3 

32.8 

32.5 
. 36~8 

33.7 

33.8 
SL "' Slush· M -He)t1ng above pipes 
SC· - Snow Covered ·. I - I~' 



STORM-NUMBER TIME _ _ 
AND_ •-STORM DATE 

DATLOF - (HOURS IN 
OBSERVATION OPERATION} 

AIR 
TEMPERATURE 
("F) 

TYPE OF 
CONCRETE 

-P1PE 
SPAClNG 

PAVEMENT SURFACE CONDITION -
PIPE DIAMETER -. -

3/4" - l" 1-1/4" 

cw 

SC 

SC 

cw 
SL 

SL 

SC,M 

SC,M 

SC,M · 

SC 

SC 

SC 

SC 

SC 

SC ,l,M 

SC ,I ,M 

SC,I,M 

SC ,I ,M 

SC,l,M 

SC I;M 

cw 
B0%CW 

30%CW 

SC,M 

SC,M 

SC M 

SC 

SC 

SC 

SC 

SC 

SL 

SC,M 

SC,M 

SC,I,M 

SC,l,M 

SC lM 

; .. ,:_,_;· , ,: 

SURFACE TEMPERATURES --{°F) 
PIPE DIAMETER - _-_ 

3/4° l" 1-l/4" _ 
44.6 

33.l 

32.6 
38.6 

34.1 

33~6 

38,2 

32r5 

32·:1 

37..9 
~".2 
33~8 

3~;5 33;J 

33.0 3t,3 
.' :·, 

32.S · 3~':9 

37.7 - 3?.4 

39:s - 34;9. 

34~8 33.:a 
35.2 32~·7 

40~7 34.l 
34.1 33.7 
31 .8 33d 

42,t·· 

33.0< 

SL - Slush M - t4eJt1ng abov~ pjpes _-
SC -- Snow coven!d I - Ice · · 



4. 

STORM NUMBER 
·. AND ·. 

STORM·.DATE 

Dec. 31, 
1970 to 

TIME AIR . 
(HOURS IN. TEMPERATURE 
OPERATION) . (~F) 

12:37 PM 
.. (47 hrs~) 

32~9 

TYPE Of 
CONCRETE 

PORTLAND 
CEMENT 

BITUMINOUS 

PORTLAND . 
CEMENT 

PlPE 
SPACING 

12" 

1811 

6'' 

12" 

6" 

··.12.'' 
·1s0 · 

6'' 

PAVEMENT SURFACE CONDITION 
PIPE DIAMETER 

.SURFACE TEi,t!>tQATURES (~F) 
. PIPE DIAMETER 

3/4" l" l-1/4" 3/411 1" l~l/4" 

100%CD 

SL 

I ,SL 

cw 
SC,M 

SC 
co 

70%CW 

75%CW,I 

90%CW 

SL 

I 

100%CW 

SL 

SL 
SC,M 

SC 

SC 

SL 

SL 

sc.M 
SL 
SL 

SC,M 

SL 
SL 

SC,M 

SL 

SL 

SC 

SC 

lOlnCW 

SC 

SC 

CD 

SL 

SL 
CD 
SL 

SL 

CD 
CD 

SL 
JOOiCW 

SL 

53.4 

33.5 

34.2 

43.1 

34.4 

. 33 •. 5 

34.7 

32.7 

32~5 . 

44~8 
37.~0 . 

33.4 · 

48.5 *35~2 

36 .• 9 *32~2 
32.3 •32fl 

. 41.7 .*40;.1 
~,'~·-'. 

· 34.5 *34,8 · 

34.0 *34~5 . 

44.3. . *3t3 
SL . 32.6 •~~7 

SL · · 32.1 *30;4 

SC.I 36.4 ~iii 
SC,I . 33.0 33.2 

SC I 32~8 32~6 

48.6 .. 

33.3 
•:, 

33)1• 

39.l 

34:9 
34.3 . 

43.1 

36.3 

·32~7 

40:8 
35.0 

34;3 

40.7 

32A 

33.6 

.36.6 

33.J 

34.2 

SL - Slush sc - snow covered 
* Panel Not in Operation 

· · M -:- ~1 ting above pipes I~ le~ . .. ' 



4. 

.· .:; ..... ··:·· ... :.:· 

. stORM -NUMBER . 
ANiL · 

. STORM DATE DATE OF> 
· OBSERVATION .. 

. Jan .. 1~14, ·. • ·· 1/14/!l' · ... · 
1971 .. · · . 

· (Cont.)• 

J 

TIME- _ . . . . Aiit\ . < . 
. (HOURS -IN . TEMPERATURE ·. ·TYPE OF 

CONCRETE 

PAVP,ENl SURFACE ·coN1>1:f19N 
. PIPE: ·• •.· ·· _ - . iPlPE DIAMETER. ' . · 

SPACING 3/4" _ 1° . 1;.;l/4~ . OPEAATION) . · . ("F). · ... 

1:30 PM 33~5 {13,5 hrs~f .··.·. 

. . . _.: .. · . . . . 

• .·· 10·00 AM< 35°,;6 ;, - .. 
(l0~5-hrs.) 

·PoirrLAND · 
CEMENT -

, . •.. . . .· 

.. BITUMI NQUS 

PoRiAND ' ... 
·CEM_~T 

; ·::.: .. . 

B;TUMlNOUS 

. . .. ··. .. 

-PORTLAND ' . 
CEME{iJ': ... ·· 

i}+·:-· 
·1s•i·.· 
··511,.·.· 

fai,:···· 
l~h.<>· 
··.1211. ,·•.·.··. 

'18".'.-.. · 

· .. '._6f ... · 
. ·,~i,/ 

.· .. ·_. 

100%CW .·· 
1o~~w·· 
... - . , 

.<cw··.· 
'st< 

, :SL:. 

··>:sc.·· •.• ···. 
--· ;',sec· 
·sc} 
•sc· 

·<sci<. 
. sc::. 

,.· icw: 
SL · 

·. :sa.·· 
sc 

-SC 

SL 4.8 •. 8 

SL .. _9!i:%Clf 
.... :_ ,-::-:·/_~•-. 

SL gstcw< . •· J2.;s 

SL.. 95fCW ·. ·_3to 
sc · 9Q~¢w . j,a{s. 

- -sc . 90i(- .!jJ.~8 
.. sc ....... ·;;~,_: .·. *31~8-

9()%CW. 90%tW 
.. •.•sL· .- . ,.:st. 

sL ·. ·• ::sc;.- ... 

·-. i:ii.9 ·.· 
,'.'1i3\'~9 
i3j:3 

··*aJ}s.·· 
*31,Z'i( · 
*'lat't~, . 
~J· 
34}~- '· :tfifi 
;iit'i · · · .. \ii:•s:: .--·. ··. 

-.;iiif 
*,~j{jf ·. 
*30(1 it, 
32;lt. 

-~i-i .• ·. 

~;.j\ 
- ·acfs· 
··~~~:\• 

. 'st 
·-sc 

SC 

.::cw;>· 
cw•-

. ·C:tw· ... 

. .:4i 9 - . . ~1$Jf: . 
~2.s •at:s> · 

<~}l\''.,•. 

33\8,.', 

>•44~;g.;, 
~:~\~:: ... 

*43.9 · .. ···- . 

lt:-1 . 
cw~ /c~> ' .... · .. -

~i8 *48':f *46'{4,t 
. cw -, : ifa( . .iz';O -.4t4: ··•·*16'~fi 

··.·cw· · )Qi,. 

__ -:·,./)~/.·'. 
:....c'._<'\· • 



STORM NUMBER 
AND 

STORM DA TES . 

TABLE C-1 ST-ORM DATA EMBEDDED PIPEPANELS 

AIR TIME 
{HOURS lN 
OPERATION) 

TEMPERATURE TYPE OF PIPE 
(°F) CONCRETE . . SPACING 

7:00 . PM PORTLAND 611 
(3 hrs.} CEMENT 

PAVEMENT SURFACE CONDITION 
PIPE DIAMETER 

3/4" l" . Fl/4" 

cw cw cw 
cw cw , 
cw cw 
cw cw 
cw cw 

SC 

SL 

L-:s1.ush 
SC - SnCM 

not in(> . · · · ··· 

3/4" 

43.9 

.35.3 

34.2 

35.9 
. 32.3 

PIPEDI 

34.5 . 46;0 

40.5 *~4:2 
32.9 *3.2~:f 

37.0 

35;2 

34:0 

34~8 

44.2 



N 
C, 

7. 

TABLEC-1 SroRM DATA - EMBEDDED PIPE PMELs . 

TIME 
DfffE OF ( HOURS IN 
OBSERVATION OPERATION) 

l:OO PM 
(3. hourS) 

AIR 
TEMPERATURE TYPEOF 
(°F) CONCRETE 

• • '>,'',:," •,• ; 

PAVEMENT SURFACE CONDITION 
PIPE: . PIPE DIAMETER .. ·• 
SPACING 3/4'; 111 1-.1/41' 

CW 

cw 
cw 

5,O%CW,SL CW 

50%CW,SL 

50%CW,SL 

SL . 5QICW,Sl SL 

SL. 5O%CW,SL SL 

SL 

SC 

st 

SC. 

SC 

st 
SC 

· sc· 

SC 

.,st 

SC 

SC 

sc.M 
SC-

. SL - Slush . 

SURFACE TEMPERATURES (°F) 
. PIPE .DlAfETER .·· .•. · •. ·.· ·· 

3/411 . l" l;.1/4'' 

45.5 

37.3 

37.9 

36.6 

34~3 

36.8 

40.3 

32.8 

32.7 

35.l 

33.5 

33~4 

. *36.5 

*33.5 

*32.6 

40,3 

38~3 ', .. ·, 

41'..1· 

.~8.5 41.9 · 

. 33.9 34d 

39.8 36i3. 
.· ,,·,., 

*32-4 . 3~.9 

· *32.3 33.l 

*32-4 

34.5 

40.6 . *32.5. 

32,9 

32.8 

3.5.8 

*32.3 
·,_._,.,. 

*32~4 4j;1 
35.2 42.0 

33.7 33.4 33 .. 4 

33~6 39.7 33.8 

.... . ·· .. ·. • .· . SC - Snciw Covered 
* Panelrfot in Operition 

M - Melting ab~ pipes 
I - lee · · 



.... 
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STORM' NUMBER 
.AND 

STORM OATE 

TABLE C-l STORM DATA - EMBEDDED P.JPE PANELS 

TIME AIR 
DATLOF .. (HOURS IN . TEMPERATURE 
OBSERVATION OPERATION) . ( 0f) 

TYPE OF 
CONCRETE 

.• PIPE 
SPACING 

PAYEJENT SURFACE CONDITION 
P.IPE DIAMETER · 

3/48 1" 1..:1/4" · 

SURFACE TEfl>ERATURES ( 0:f} 
PIPE DINETER . .• .• 

3/4" 1· 1-1/4'' < 

SC 

SC 

70%CW,SL 40~7 *32.6 

*32~4 

*32.4 

30%CW,Sl · 33.2 

32~8 

36.2 

34.0. . 33.6 

33:6 
43.3 

SL 70%CW,Sl 3.4.2 

SL 70%CW·,SL. 33.2 

CW . 90%C~,.iL 36 •. 4 

*32.5 

*33~3 

.•32.6 

12" 9Q%Ciij,Sl 34.0 

35.8 

35. 1 

12" 

18" 

6" 
. BITUMINOUS . l2". 

8MOl~SL 90%CW,SL 90%CW,Sl 34;.1 

90j(;W,~L. 

~,SL 

SL 

SL 

9Q%CW,SL 48.0 

90%Clrf, SL 40. 2 

SL 90%Clf,SL 34.8 

CW 95%CW,SL 36.6 

CW 95%CW,.SL 39.5 

· • CW 95%CW 2SL 
. . . ' 

SL. - Slush 
SC· - SnowCovered 

" Panel Not in Operation · · · 

*32.9 

*38,7 

*32.!J 48.0 
36.1 48j8 

41 ~5 42.8 . 

M -Melting above-·pipes 
l ".' lee · 

•• , _,J 



TABLE C-1 STORM DATA - EMBEDDED e:m;; eANELS 
.,, 

STORM NUM8ER TUE AIR PAVEf£NT SURFACE CONDITIONS SURFACE TEMPERATURE ("f) 
ANO. DATE OF· (HOURS IN TEMPERATURE TYPE.OF PIPE PIPE DIAMETER PIPE DIAMETER 

STORM DATE OBSERVATION OPERATION) (OF) CONCRETE SPACING 3/4° 1" l-ll4" 3l4" , 1" 1-l/4• 

8. March 4, . 1971 3/4/71 3:00 PM 29~4 PORTLAND , '6"- cw 40%CW~SL 98%CW,SL 48.3 ,*34~8 42.2 
(Cont.) · {6 hours} CEMENT 

12" cw 30%CW,SL 98%CW,SL 39.8 *38.2 39.7 -
18" cw 30%CW2SL 98%CW 1SL 36.1 *35.4 47.8 

6" cw cw cw 41.0 · .38.1 38.6 

BITUMINOUS J2•i cw cw cw 4l.2 41.8 41.6 
.. 18" cw cw cw 38.7 46. l 40;.4 

9. April 6-,.7, 4/6/71 ll:00 PM 33.5 PORTLAND 6", SC SC SC 41.1 *33.l 34.1 
1971 (1 hour) CEMENT 

12" st: SC SC 33.6 *32.9 .... 
N 18" SC SC SC 33.5 *33.2 40.2 co 

6"- SC SC SC 36.4 36.2 40.8 
BITUMINOUS 12" SC SC SC 35. l 35.0 

18" SC Sc·· '. SC 35.5 · 43. l 35.4 

4/7/71 10:39 AM 45.9 PORTLAND 
(12.5 hrs.) CEMENT '6" cw SL cw 46.3 *39~0 58.6 

12" 80%CW,SL SL 90%CW,SL 39.4 *.32.8 52.7 ,, 

18" 801CW 1SL SL 80%CW 2SL 37.0 *37.5 49.8 

6" SL SL SL 37.0 42.5 50.2 

BITUMI,NOUS 12" SL . SL SL 36.4 36.3 55.8 

18" SL SL . SL 37.0 .47.0 49.8 
cw._ Clear·and wet SL - Slush M - Melting above pipes 
CD_- Clear·and·clry SC - Snow Covered I - Ice 
* Panel Not in Operation .,.----Temperature Data Unreliable 

, 1,' 



. 01102/71 . 

01/14/11 

OUTPUT .TEMPERATURE OF HEAT EXCHANGER FLUID 

Heat Exchanger WJ 

75.5 · 

89 

92 .. 
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.· D .•. ~;;/:~Fl,tiW·~•St9,tjn::Op~r.~t.i.ng::·:p·~oaJdur~.·.•.·· .. ·••· 

· .. · . '· . Op.erating procedure for thi wi~i.e~:was the same- as that oU~finecJ 
S~c:ti on: ai1,.: :e,<~~p~ ,fQ~ -the·. fol lowing c~~ngf!S: ·. 

' ( ,-

.. 1.r lf: snow w_~s for~cast, electrical re.s:iSt~~c~J>;a~.els. #)and :8 
.,: ",, . 

. ·w~re,_actJvate~ in ~n:t:i.cip~tion of snowfaJl~ .·If non-fprecast S~O\t:I began . 
. to fall, Panels #7' and B wer~· turned' .on as soon ai assigned; personnel_ 

• : • • •• ' , •• , '· • • • • .' ' • ' •• ·-. • • , •• • • • .... •• • ••• < • • •• 

arri'ved at the:t:esi> site~ : r,nels #l, .2., · 5· an.d 6 ,: which were. operat~ct.: 
;, ; . , . : •. _; ' , - i• \ .,; :• . ;· !" ', .'.. -~ -~ .:.•: • .. ; .. ' 

.··· .. contthu()US]'.Y:~·?r.0~9:Q~U~· .•. ~11~; .wr~:t~~,·. ::w~te: .alrea.~y;; n.,;'opet~ ti.Df.l. aA .:~he:. . 

. sta~t of snp~tfall~. 

· •· ·· •·••· : .. •.· ,.•· .. 2) ... · .•. The:•·-~t~;f t,~\$J1s-~;(:t:~~J);~f ?~]r.i~~i\•t~};;~;~:,:e{a:~4•.f~.;:i;ri_{ir,: •. _.J·};••:-:,·:1··: 
temp~rature da:ta on an 'hourly basis. 

-~ 

3)· Data. coltectior{:and <the:rPcortf:i•n.g.,ot>o6serv~1:.ions>.eorittnued• ... 

until. all ;~ s.n:. ~ha{ ff; l ~n ;,nil: ';;:o:I:.t I ; ~J),th:~ ,:; t~J• .· 
or it:_became evident that the panels wou'ld not melt more snow .. _ 

> • , ' ' • I 

•·· . ~}. ,Duri_ng Jhis)11int~r., Pa,n_e~j;.#J:,;2i,s:~·nct\f.:wer;e, ~orJ'l~q~,di•.t§, 
· .. ,·.: H~~t Ex~bange{:#:3•~ .... ~Jh~,se.paneJ)_.~rp;,Qplra,t~d con-tinuous1y:_· .. ·{24· .. hours . :·.· 

,·.a ·.,d~y);,,;thr-~ugh~ut~~is '1i:ryter··•·fr:om ... P.e~~mp:e,r 3:q\ :l97l:~o,fe~ruary ?4,; 
·.·•·•··.1972_ .P~nefs.:•}fl,.,(2:;i:5 an~_.6·.:~ere ,-~~ch op,er,:a~e~_;f~t ~PPro>tiTT)at_~Jy•,J,4A0/ · .. ', .··.· 

,, •, ., 



.. . 

0.2 Storm Records• 

· January 28~29 

· F.ebruary 2 · 

Februaryfi.,.7 

February 17-18 

Februa.ry 19-22 

F~bruary 23~24 · 

(January 28, 1972) · 

Page 

132 

J34 

135 

137 

138 

140. 

Snow was falling onarri\/al at the•test site at.1 :05 AM, January 

28. Snowfall ended byll:00 AM, J~nuary 28 •. · An accumulation of 3 inches 

· was recorded at the latter time. Sky conditions varied frorn cloudy to 
( ·- ,_ ' . .·· ," 

hazy and wind was slight to nort-,.exlstent for.the .. duration .of the test 

period. A fr temperature was 26 .A°F af 1. :OS AM, January 2H. For a 
,'' . 

short time, between 2:00 and 4:30 PH, it ros.e to 33.0°F. The.r;eafter, 

.. · ai.r .temperature av~raged.2fr.0°.F dipped. as,. l;ow:as 

Panels 3 and . 4 {Control) 

Maximum snow cover 011 the panels - .. 3 inches -was observed at 

11 :00 AM, .January 28 •. • Very little melting was apparent; thus, 

AM, January 29, .. a. 3 .·inch ·acc1,1mu1ation was ... still present. 

.. 

132 

. ,i. 



Panels 1, 2, 5 and 6 (Test) 

In order of decreasing melting capability, the eight best melting 

embedded pipe panel sections were P5 (6), Pl (6), P5 (12), PS (l8), Pl 
• 

(18), P6 (6) and P2 (6). Pl (6) and PS (6) were the first to be clear 
' 

and wet at about 1 :00 PM, January 28, 12 hours after the start of snow-

fal 1 • · ( See Photographs D-1 and D-2, page 142 ) • Pl ( 6), which was 95% 

dry*'at4:35 PM, January 28, was the only panel section on which ice did 

not form between the pipes, when the air temperature fell to 29°F at 

8:10 PM, January 28. By the end of the data collection period - 3:08 

PM, January 29 - the only panel sections free of ice were Pl (6, 12) 

and PS (6, 12, 18). Melting rates were: 0.28 in/hr - Pl (6) and P5 (6), 

0.20 in/hr - P6 (6), P2 (6), Pl (12) & P5(l2); and 0.18 in/hr - P5 (18) 

and Pl (18). The \~orst melting section was P2 (18) - 0.12 in/hr. 

Panels 7 and 8 (Reference) 

At 12:30 AM, January 28, the panels were turned on. By 11:00 

AM of the same day, P7 (60W) and PB {60W) were clear and 95% dry, 

and P7 {40W) and PS (40W) were clear and wet. By 4:35 PM, the 60 and 

40 watts/ft2 sections were 100% and 95% clear and dry, respectively; 
. . . .·· .· 2 •. . . ' 

whereas the 20 watts/ft sections were clear and 50% wet. When the 

air temperature frill below 32°F during thP. late afternoon and evening, 

icfl formed only on the 20 watts/ft2 sections of tht' panels. This ice 

was still present when the electrical resistance panels were deactivated 

at 11 :00 PM, January 28. Melting rates were: P7 (60W) and PB (60W) -

greater than 0.35 in/hr, P7 (40W) and P8 (40W) - 0.28 in/hr, P7 (2ml) 

and P8 (20W) ,.. 0.24 in/hr .. 

*SeP Appendix A, Section A.2, page n3 



storm Pl (6} equaled the melting.· produced by P7 {40W) 

and P8 (40W). -

· Storm #2 
·. ' . .' ,•.: .: . 

{February 2, 1972) 

General Account· 

Light snow was falling at 8: 30 AM and .ceased .at l2,:40. PM on 1 

February 2. The wi.nd was easterly at 15-25. mph. Afr temperature 

readings were .above .32.0°F, with the •exception of those readings 

recorded at B:30 AM (31.8°F} and 2:00 PM {3l .9°f). Accumulation was· 

l/2 inch. 

Panels 3 and 4 (Control) .. 

The greatest accumulation of snow on the panels was l/2 lnch, · 

and this was still remaining at 4:l5PM, February 2. 

Panels 1 , 2., 5 and· 6 (Test) 

All sections of Pl and P5were clear and wet for the storm, with 

snow melting on contact.with the pavement. (Photograph D-;3, page 143)~ 
. . 

After some initial snow cover, P6 was 100% clear and wet at lO:lO AM 

.and P2 was 100% clear and w~t by 1):15 AM. By .4:15 PM, February 2., P? 
. . . 

and P6 remained cl ear and wet, al though Pl (6), Pl (12h and Pl (18} .. 

werP 60% dry, 5% dry, and 100% clear and. wPt, ·respectively,and P5 (6), 
. . 

PS {12); and P5 (l8) were 2fi~t dry, 25% dry, and l00% clear ~nd wet, 
respectlvely. In order .Of decreasingmelting capability, the eightbest 

. ' . · .. ,,.•; ,. .' ·'·. 

s.ections were Pl (6} P5 (6}, PS (i2),. Pl {18), PS (18), 

(6) and P2C6) ... The. panels exhibifing the ·least melting were P2 (18), .. 
' . ;: ' •' .' . 

P2 (12), and P6 (1H). For this storm,· the melting rates of embeddea ·· 

pipe pan~ls were approximately 0.2 in/hr. 

134 



Panels .T .and 8. (Reference); 

. At 8:30 AM, the electrical •resistance panels were under a slight 

s.now cover. · They were activated ten minutes 1 ater (Photograph 0-4, 

page l43) By 9:00 AM, the 60, 40 and 20 watts/ft2 sections of P7 

producedmore rapid melting than their corresponding sections of PB. By 

10:10 AM, both P7 and PH were 100% clear and wet. Six hours later 

(4:15 PM), P7 and PB (40W, 60W) were 100% dry, PS (20W) was 80% dry, 

and P7 {20W} was 50% dry. Melting rates were better than 0.2 in/hr. 

Storm #3· 

(February 6-7, l972) 

General·Account 
. / •' ., . 

Very 1 ight .snow was falling at th~ test .site at 3:40 PM,. February · 
. . ' 

6. This snowfall became heavier at about 8:35 PMand ceas.ed at ll:23 PM 

· with a maximum accumulation of 2-T/4 inches. Hind direction varied 

between NW and SW. and wind velocity was l0-15 mph until ll:OQ AM, 

February 7. The wind was mild from this time forth, At ll:00 AM, February 
• - - , I 

7 the sky condition became clear and sunny and remainedthjs way for 

· the c:luration of ·data colle.c.tion. Air temperature was almost always 
.- . '' : ,·, ,, / . . . '. :- ' . ' •.· ' ..... ' . ' ' 

below 32°F, becoming .colder as the. storm progressed ·and.dropping to 
. . 
28. 2°F by 1 : 40 PM, February 7. 

Panels 3 and 4 (Control) 

The control panels w~re under maximum· Snow cover (2~:3/16 inches) : . . :- ,•.. . .. '·.,. ',-, . 

a;t Jl:23, PM, February 6 .. By the end of data collection. (l:40 PM, 

February 7}, l-1/2 inches :of snow still lay on the panels .. The snow 
. . . ' 

had melted a.t a rate of 0~,05 Jn/hr~ 
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Panel s<t , .•.. z, .sand ... 6·• (test) 

Of the embedded pipe panels Pl and P5 produced the fastest 

melting. The greatest accumulations on· these panels - l1 :23 PM, 

February6 - we.re Pl (6) .. 7/8 inch, Pl (12) - 1-:1/4 inch, Pl OM -
T-9/16 inch, P5 (6) - 9/16 inch, and PS {l2, 18} -:- l-l/8 inch. At 

this time, P6 and P2 were.covered with as much as l-'-ll/lfr·inches of 

snow. By 3:30 AM, February .7, Pl (6) and P5 (6) were 50% clear and wet· 
. . . 

with slush; by 8:45 AM, they were gm{ clear and wet; 10% dry. P6 (6) . . . ' . . . ' . . . 

and P2 ( 6) were not c 1 ear and wet until ll :00 AM. At the. end of data 

collection (1:40 PM, February 7), these surface conditions existed: 
• , • . ' • .. I, . ' • 

Pl (6, 12) - 1om~ dry, Pl (18) - 4m~ clear and dry, P2 (6) - 80% clear 

and dry, P2 (12) - mm~ clear and wet:, P2 (18) - 98% cl ear .and, wet 
. ~- .. ' . - ' ' '.' ' . . . 

(2% Snow), P5 (6, 12, lO} - 100% dry, P6 (6). - Sm, clear and dry, and. 

Pfr (12, 18) "-· 40% clear and dry. As usual, the closer pipe spacings 

. providedmor.e rapid.melting, i.e., the pipes spaced on 611 centers 

yielded more effective snow melting than those spaced on 12" centers, 

and so on. Approximate melting rates qbtained were P1 (6) and P5 (6) 
o. 15 in/hr, P6 (6) and P2 (6) - o.12 in/hr (see Photographs D-~ ,6, 7, 

and 8, 
' ·Panels 7 and8 (Reference) 

The panels were activated at 4:40 PM, 

. entire storm, there \.Jas no snow accumulation on the 6ffV,atts/ft2 
,' ,. ,' ,.- ' ' ,' ' . ' " ' _, :. ·' ,·, '. ., . ' . ' " _·; . ' 

sections of P7 and P8 .. The 20 and 40 watts/ft2 sections .of the panels 
. . 

had a 5li.ght slush buildup; however, P7 (40W) and PB (40W) were cle·ar 

and wet by 8:.35 PM, -February 6, and P7 (2OW) and. PB (20W} were clear 
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•·•·.·. 'an.<twe.t.at>lJ:.23 PM~ •• :Melting:.r:ateswere:. ··:g~~atet.\hari Q.37 fo/hr ... 

f~r P7 ,(60W) and PB (60W);. 0.3 in/hr for P7 (40W) and PS. (40W} ~. and 
• • I ' 

· 0~2.in/hr forP7.(20W) andP8. (20W). 

Storm #.4 ·. ·----·-.· .. {F e:broary l7~l8, 1972} 

, G~neral · Account · 

.·At 6 : l5 PM·; f ehr-.uiri· l7 sri6w ••. \'I~ s, ·,fa11 fng .at i~e .· te,s:t :sit~ .. · ·. •· .. 

. Snowfall be.came lighter- around· 9:;00 PM~.and ceased, at apprpximately ... ·.· .. · · -. 
- , ll:15. ·PM.. Th:e··_ accumula't,ion ~as~ r~ad a;.·· .. · .. ·.·•·l-3/8 \nches:.· :.~;nd was.from ', 

.. ·._•.·.the.nor.th ata .velocity ofi0"7J5 tnph~ . Air t~mperature w~s initially-
' 29.7°F an~ stayed ~elo~/:a2;.0°r J~til. 3:DB :AM, February 18. He~ceforth, •'' 

. .. - . 

· · it remained above 32~,0°F, -a~.d the highest ·reilding (34.2°F) was measured 

. at lO: 30 AM. 

'· .. - . Pan~ls ;3 and 4 ,(Control): ;, 
;,, 

.. P3 ~·nd' P4 "'ete snow "~ove,r:ed_,throti'ghou~ the ·stor-m~.- M.iximum' sn9~• 
. coverwa.s l-3/8 inches af ll:15 PM, February 17 .. By the end of the -·- . .. ' . .•· -. . . . . ,, ' ' . . . . . ·' . ' ·• . ·~ . . . ' . . . ' 

~torrn (lO::ab AM,February ~J3}, J incho(.sno\'(COVE!r.ren,ained · .. Melting 
, •... · .. ; ,·.·. ,. ,. . . ·l••· .· ,' •·, ,·' ' . •' ·,:, •; . ·•,:• ,; __ ' • ' 

) rate ftir . the panels··_· \'las ·o. 03 i n/h.r. ·. 

;Pane1:s,1.,· .. ·_2,••·.5.·.and 's .'.(r~stl, :\··•·--•· .. · 
. . . .. · ... · The fil'st ~6.4ood .Pf!>e e~riel sec;jons\to becQme "\e~r .and wet' ·.· .. ·· 

.: were: .P,1 (6J. andps (6) (6 :04 AM, Jebruar:-Y,.18) .~· . T~ey :hact ~he<.mostt·c1P,id ·•·- ' 
• . . • .. ·. .. . ' (" , . . • . 'v .. , . '. • .. . • • . • . .• . •·. . .. 

·,·· 
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. ·. . . ·. . 
· .. ! .. ,: . ·. . . . ,-:· . ;: . •' '·. 

PS (6) ~-~s%>we~, 5% ciry; P5(12, l8} 98% wet, 2% dty; P6 (6f- 100% 

wet; P6 {12) - 50% wet, 50% slush, and P6 {18) - 80% wet, 20% slush . 

. . The worst meltfog took place on P6 (18) - less than 0.09 in/hr • 
. . ' .'. . ,.- .. 

Panels 7 'and_.·s· (Reference) 

· The electriCal resistance pattels. were activated. af 5:00 PM, 

February 17. By 9:45 PM,P7 was clear and wet, and PB was clear and 

wet with some slush present. They remained c1 ear and wet throughout 

the perioi Of ,snowfall~ , snow melting on contact with the panel S. ·. The . 
. . . ·. ·. ,• , .... ' . . . ' : . . . . . -· . . ' .. 

. panel ,-sections were, 100% ~ry at thr follo~ing :times: P7- {(?OW) and 

. Ps (60W} - ll:15 PM', February 17; P7 . (40\{)' -~: 1 : 15 AM' Februar~ 'lB; ,' PB ._·_ 

.· ·(4owl - 3:l5 AM; and p7: (20WY and. PR, (2m-J} - 6,; 04 .AM. Snow· metting rates . 

. for ·a11 pane) s~ttfons were bett~r than l/4 in/hr.· . 

. Storm,#5-
. ·-•: . . ' . 

. . ·. ·. . .. . 
' ' 

Snowfall began at.J:00 ~M,,onJebr.uary :19, 1972.and stopped.at ..• 

-----_· ll:00 PM of the same d~;Y;: it _was ~st intense ·shor.tly aftef 2:00 PM~ . 
· .. The accumulatior(was . 2 inches. -- -. The wind direction cHa·nge~ quite often 

an~ 'Wind velocitY was generally 'moderate' (20';..2s'mph).· At ,the .outs'et _--· , ,· __ ,-

' ~f 1:he stonn, air temperaturP was 34.0°F. 'it r~mained ab~V(' 32.0()F ,unUl . 

'8:00 PM, Fr~ruary, 19, when -~- re:ading of 3l.6C)F \'las re~orded~ D'ur·ing .the --

- . ~est of ~he s.t~frm, air temperature was betow fr~ezi,ng w';th th~ coldest . 

' _: r~ad•i~ng Jl 6.8°f') C>Ccurring;.at 7:30; Pf1,:, {eb~ua~y 20. ; .The sky was overcast ' -
.' _., . . . . . . . , , . ' . ' . : . 

from the beginning of the data collf'ctfon perJod · until · l2:00 _noon, 
·,.. . · .. :· , . ·, ._' 

'·· -•._---··_ February 20, after wh'ich_ it was mos_tly clear.· 
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Panels3 and 4 {Control) 

The greatest snow accumulation on these panels occurred at 5:00 PM, 

February 19. At this time, the panels were covered by l-3/4 inches of 

wet snow. At 8: 30 AM, February 22 (end of storm) the panels were 

covered by 3/4 inches of s.now. The melting rate of the panels was 

· approximately 0o02 in/hr. 

fanel s .. 1, 2, 5 and 6 (Test) 

Pl (6) and P5 (6) \-1ere the first of the embedded pipe panels 

sections to be clear and wet (12 noon of Februar-y 19}. After this 

time, snowfall became more intense and Pl (6) and PS (6) became snow 

covered once more. These,two panel sections were again clear and wet 

at 2:00 PM, February 20 -.15 hours after snowfall had ceased. At this 

time, Pl (6, 12) was ice covered to a 1/2 inch depth. P2 (6, 12, 18) 

was covered by J i.nch of crusted snow,P5 (12} was 40% clear and wet 

with 60% ice, PS (18) was covered by 1/2 inch crusted snow, and P6 (6, 
12, 18) were snow covered to depths of 3/8, 1/2, & 3/4 inch, respectively. 

Best melting took place on Pl (6) - 0.15 in/hr. Worst melting occurred 

onP2 {18) - 0.05 in/hr. 

}an~l s 7 and 8 ( Reference} · 
i 

·Turned· on at 6:00 AM, February 19, ~hese panels were clear· and· J • 

wet by 12 noon of the same day. Although snowfall became more intense 

afte.r 2:00 PM, at 5:00 PM the 60watts/ft2 sections were 50% clear am:I 

wet wi1:h slush, and the 20.watts/ft2 sectfol'!S \'/ere covered by a l/2 

inch of slush. P7 (60l4) and P8{60~J) were .,om~ dry by 8:00 PM, February 
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l9 and remained dry for th£'. duration of thl" storm.·. P7 (4mJ) and pg (40W) 
' . . . . - . 

. \•Jere 1om~ dry by 11:00 PM, February 19 and stayed dry throughout the . . . 

storm. P7 ( 2ml) and P8 ( 20H) became. 100% dry at 2: 00 PM February 20 
. . . . 2 
and remained dry. The melting rates for the 60, 40 and 20 \'Jatts/ft 

SC'ctions were better than 0.'l- in/hr, 0.3 in/hr, and, 0.2 in/hr, 

respectively. 

General Account.. . 

· Storm #6 

(February 23-24, 1972) 

At 6:45 PM on F_cbruary 23, snow was falling at th£' test site. 

·The.snow changt'd to s1Pet by 10:20 PM; the accumulation was 3 inches. 

All precipitation had c:Nsed by 12:47 AM,' February 24. J\ir. temperature 

.·. was 24.9°F at 6:45 PM on FP.bruary 23 and did not go abovC' freezing until . ·, . 

, ll:30 AM February 24. From this time on until thP end of data 
• I • • • • 

collection (4:25 PM, Frbruary 24) air temperature ranged from 36.0°F 

to 42.G°F. A light \tind blewth~ou,ghout the enti.re storm. 

?anel 3 and 4 (Control)· 
,· : : ·. . ·, . . 

· At 6:45 PM, f£1bruary 23, P3 and p4: were cove.red with, 3/4 inch 
. . . . . . . . 

of loosely packed snow. By> l 0: 20 PM the snow cover was 3 inches. The 

maximum accumulation was 3~1/16 inches at 1'2:47 AM. At 4:25 PM, . . .... ' ... \. . . . .· ..... 

. . 

control panr.Js. One inch had melted in 22 hours (0.0!; in/11r.) 



• 

Panels 1, 2, 5 and 6 {Test).· 

The maximum.snow accumulation on these panels was recorded at 

10: 20 PM, FPbruary 23. At this. time thP snow cover on P2, P6, Pl, and PS 

was 3, 2-3/4, 2-3/4, anc:J 2-:1/2 inches, respectively. For all par1els, 

the.pipes spaced on 6 inch centers t:'~hibited better melting than pipes 
/ . . . 

spaced on 12 inch and 18 inch centers. Inmost ca$~s.(60%} pipes spaced 

on 12 inch ce'nters produced better me:lting than those spaced on 

18 inch centers •. In, order of decreasing melting ability~ the nine 

best melting panel sections were: PS (6), P5 (l2), Pl (~), P5 (18), . ·. 
. , i . 

Pl (12), Pl (18), P2 (6), P2 (18), and P2 (12).* 

The best meltfng rate - P5 (6) - was 0.16 inches of snow per 

hour .. The slowest melting rate - P2 (12) - was 0.14 in/hr. 

Pane1s·1 .and 8 .(Reference) 

Panels #7 and #8 were activated at 6:50 PM, February 23. The 
. . 

60 watts/ft2 sections of these panels provided the fastest melting 
' ' 

of any panel section. These sections were clear and wet by l0:20 
. ,' : 

·PM. They had.melted snow at a rate of 0.84 in/hr. The 40 watts/ft2 

sections had melted all sn~w by 12:47AM, February 24 - melting 
. ,. . t, ,' : ' . . 

rate (0 .5 in/hr) ... The 20 watts/ft2 sections produced a melting 

· rate of 0.23 in/hr and. we~e clear an~ wet by 4:30 AM, February 24. · 

,. ' *Vtsoa10 o'bser-Va,tfon.§ Qf P·ah~1.,fl6 .. co'ul:<{'.nt>t/,be· co~p~red with·. the 
others heFause heavy autoryioblle ·t:ra-ffi¢ :nad transversed it~ 
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D. 3 STOR!~ PHOTOGR,WHS 

PHOTOGRAPII D-1 STOFU-1 #1 
Panel Ill (Portland Cement Concrete) and Panel 112 (Bituminous Concrete) 

, 11 :00 Arl - January 28, 1972 
(13 hours from start of snowfall ){Air Temp. · 28.0°F) 

PHOTOGRAP!: D-2 STORM #1 .. 
Panel Ill (Portland Cement Concrete) and Panel 112 (Bituminous Concrete) 

2 :00 Pt1 - January 28, 1972 0 

(16 hours from start of snowfall)(Air Temp. 33.9 F) 



PHOTOGRP,PH D-3' STORr1 if 2 
Panel #5 (Portland Cement Concrete) and Panel #6 (Bituminous Co-ncrete) 

"'1 . .· 8:45 t1;· - February 2, 1972 
{45 mins. from start of snowfall)(Air Temp. 32.1°F) 

PHOT08RAPH D-4 STORM f2 
Panel #7 (Portland Cement Concrete) and Panel #8 (Bituminous Concrete) 

8:45 M-1 - February 2, 1972 
(45 mins. from start of snowfall)(Air Temp. 32.1°F) 

Note Salted Areas 
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PHOTOGRAPH D-5 STORn f/3 
Panel #1 (Portland Concrete Cement) and Panel #2 (Bituminous Cement) 

9:00 AH - Februar.v 7, 1972 0 

(18 hours from start of snowfall)(Air Temp. 29.3 F) 

Panel #3 
PHOTOGRAPH f"'l-6 ST()Rt' H3 · 

(Portland Cement Concrete) and Panel #4 (Bituminous Concrete) 
9:00 A:: - February 7, 1972 

(18 hours from start of snowfall)(Air Temp. 29.3~F) 



Pl!OTOG.R/\Pll ~-7 STOR~-~ f.!3 
Panel #5 (Portland Cement Concrete) and Panel #6 (Bituminous Concrete) 

9:00 M1 - February 7, 1972 · 
(18 hours from start of snowfall)(Air Temp. 29.3°F) 

Panel #7 
. , PHOTOGRAPH D-8 STORM #3 . . 

(Portland Cement Concrete) and Panel #8 (Bituminous Concrete) 
9:00 AM - February 7, 1972 

(16 hours from turn-on)(!11r Temp. 2q,3°F) 
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0.4 Storm Data 
,.,,' 

·Table 071, pages · .. 147-15.2 , lists pa.vement surface temperatures. 
' ·{ ; -.. :'i . . . . . . ·, ' ' .'· ;_ ,·_, . . 

. .. ' . . . •. . . . .. . i ... 
and correspc>tiding pavemen.£ surface. conditions .for. the embedded pipe 

. ' . .: . . . :',: ·, . -· ·- --. _;, ··; ;. . ·, : . . ; . '. . - .- . . . . . ; . . . . . . 

pariels durin~ snbwstorms ,¥1., 2, 3, 4/,5 arid 6., Temperature data is 
.- . . . . . •' : ·- . . ·,.: ' •., •·. . . :·, ' '.. . .. 

pr~sented for surface concfiti,onsi varying, from snow' slush, and ic~ 
_, .. ·. .. , . ';-:- . 

covered tc;, clear and dry; air ·temperatures,·between ·18.7° :...42.7°F; and 
. . . . . . .. . . . . ' . ~-

times from start of snoJfal 1, betwPeti .Q.5 ~, 42. hours. . Surface temperature 
,: .. i. ,.,... ·• : . . · .. , ,·,- . 

readi~.gs .for pan~ls in operation \~erP.\g~nerally above 32°F -· a notable · 
1 exception is ·storm #s af 1::ooj>~1.. . . . surface temperatur£.', ·. 

~-- '. -· ., . . ., :t -. . )-·-.:, ' . ' -- : : ; . . . . . '. 

I ·. . . . , . ·. .. ·. 
readings for panels in operation ex¢eeded 40°F on only one occasion -. '·.:,. ' - ·. ' 

Storm #6 at 4: 00 PM.· · 

~~•·, ; ·, 
... , ":. '·-· 

I .. 
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TABLE· D-1 STORM DATA - EMBEDDED PIPE PANELS 

STORM NUMBER STORM DURATION 
DATE TIME 

1 FROM: January 27, 1972 l 0:00 PM. - TO: January 28, 1972 11 :00 AM -
TIME AIR PAVEMENT SURFACE CONDITION SURFACE.TEMPERATURE (OF) 

OBSERVATION FROM TEMP TYPE OF PIPE PIPE DIAMETER PIPE DIAMETER 
DATE TIME START ( 0 Fl CONCRETE SPACING 3/411 l" l-1/4" 3/4" l " l-l/4 11 

PORTLAND 
l/28/72 1 :00 AM 3 hrs. 26.4' CEMENT 511 SC SC SC 34.8 31 .3* 33.5 

12 11 SC SC SC 32.9 28.4* 33.4 

1811 SC SC SC 32.7 29.7* 
6 SC SC SC 34.8 31.7* 

BlTUMlNOUS 1211 SC SC. SC 33.3 28.6* 33.5 
1811 SC SC SC 33.4 30.l* 33.2 

PORTLAND 
I 1/28/72 11 :00 AM .13 hrs •. 28.0 CEMENT 6" · SC,I SC 95%CW,I . 36.0 32.0* 34.2 
..... 
i:,,, 12 11 SC,M SC . 50%CW,I 33.2 .30.0* 33.7 .. --J 
I 

1811 SC,M SC 50%CW,S.C 32.5 32.3* 6ii SC st SC 34,8 31,9* 

BITUMINOUS 12 11 SC SC SC 33.3 30.l* 33 • .5 

1811 SC SC SC 33.3 31.3* 33.2 
PORTLAND 

1/28/72 5:00 PM 16 hrs.· 32.0 CEMENT 6" 95%CO,W SC 75%CW,O 37.6 32.0* 35.6 

12 11 75%0l,D SC 80%CW, D 33.4 29.7* 33.7 
1811 90%CW 2SC · SC 95%CW 2D 32.8 33.0* 
6" SC,M SC 98%CW,SC 37.0 32.6* 

BITUMINOUS 12 11 SC,M SC 75%CW,SC 33.3 29. l* 33.4 
l 811 sc.M ,c .··· 65~CWil 33.Z 33.0* 33.l cw - Clear and wet D - Dry s - Slush M - Melting above pipes 

CD . - Clear and dry w - Wet SC - Snow Covered I - Ice 
----Temperature Data Unreliable *Control Panel - Not 1n Operation 



TABLE D-] _ -STORM DATA -. - EMBEDDED -- PIPE- .PANELS 

- STORM• NUMBER STORM DURATION 
DATE TIME 

2 FROM: February 2, 1972 8:30 AM - TO: February 2, 1972 12:30 PM 

TIME AIR PAVEMENT SURFACE CONDITION SURFACE TEMPERATURE (OF) 
OBSERVATION FROM TEMP TYPE OF PIPE PIPE DIAMETER PIPE DIAMETER 

DATE TIME START (OF) CONCRETE SPACING 3/411 1" 1-l/4 11 3/4 11 111 1-1 /4 11 
PORTLAND 

2/2/72 "9:00 Af/1 0.5 hr. 32.1 CEMENT 61' cw SC cw 35.5 30.5* 34.9 
1211 cw SC cw 33.8 30.2* 34.5 
1811 -.. cw SC cw 32.7 31 .2* 

511 SC SC 50%CW,SC 34.3 - 30.8* 
BITUMINOUS 12 11 SC SC SC,M 33.0 30.2* 33.2 

)811 SC SC -80%CW 2SC 32.8 31 .O* 32.5 
: PORTLAND 

2/2/72 10:00 AM l.5 hrs. 32.5 CEMENT 6 II cw SC cw 35.9 -30.9* 35.4 
I 12 11 cw SC cw 34.3 30.7* 35.3 
c:, SC C I cw 33.3 31.6* 

SC cw 34~2 31.3* 
BITUMINOUS 1211 60%CW,SC SC cw 33.0 30.8* · 33.4 

1811 50%CW.SC SC cw 32.8 31.6* 32.8 PORTLAND 
2/2/72 11 :00 AM 2.5 hrs. 32.4 CEMENT 6" cw SC cw 36.5 31.3* 36.0 

12 11 cw SC cw 35. l 31 .O* 35.9 _ 

1811 cw SC cw 34 .l 32.0* 
6 cw SC cw 35.0 31.5* 

BITUMINOUS 1211 cw SC cw 33.1 31.l* 34.6 
1a" cw ~f ---- --_- -- __ - cw 3~,o f2,1* 31.a 

CW - Clear. and wet D - Dry~ - Slush _-_- - - Melt ng above pipes 
- CD - Clear and dry W - Wet SC - Snow Covered I - Ice ' 

----Temperature Data Unreliable *Control Panel..., Not in Operation 
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TABLED.a.l. STORM DATA · . EMBEDDED PIPE' PANELS . . . 

STORM·NUMBER ... 

3 

_ STORM DURATION.-
DATE 

-FROM: February 6, 1972 
TO: • .. · February 6, ,1972 

TIME 
3 :40 Pl"I 

.11 :30. PM -

TIME. 
OBSERVATION .-· •. ._ . FROM . 

DATE. : · TIME .· , START 

2/6/72 9 : 00 PM . . . 5 hrs . . 

: •" , .. : . 

2/7/72 : ·_.·· 3:00 AM ll hrs~ · 

. ' 

2/7/72 9 : 00 Mi ·. 17 hrs • 

AIR PAVEMENT SURFACE CONDITION . , . SURFACE TEMP£RATURE ( 0 F). -
TEMP TYPE OF . . PIPE PIPE DIAMETER PIPE DIAMETER .· . 

3/411 .• 111 l-l/411 • 3/411 111 · 1.:.11411 . {°F) · · .... · CONCRETE .. SPACING .. 
··. PORTLAND 

32 9 _ . · CEMENT .. 

1811 ' 

BITUMINOUS -.· 1211 

· ·PORTLAND 

SC 

- SC 

SC,M 
·.SC·· . 

SC . 

SC 

SC 

SC· 
SC 

·.·sc 

30 •. 3 . CEMENT 6 •i , - ·. SC,M · SC · . 

1211 

6" 

BITUMINOUS · 121i 

1811 ·. 

PORTLAND 
··cEMENT ·. · 5u·· 

·-1211 

BITUMINOUS l.211 

SC,M 

SC,M 
· SC,M 

SC.,M 

SC,M 
90%CW,CD 

. ·, 50%CW,SC 

25%CW,SC 
.· SC,M 

SC,M 

SC 
SC 

·. SC 

SC: 

SC 
SC 

SC-

SC 
SC 

SC 

SC,M 34.0 

SC,M 32.5 

SC,M 32.3 
·. SC 33.9 

SC _ 33.0 .. • 

SC 32,7 

50%CW,SL .33.9 

SC M _. . , . 32.5 

S-C,M -32,2 
SC,M · 33.7 

SC,M 32.8 

sc,M 32,6 

95%CW ,CD 35~0 

70%CW,SC '33.0 

SC·. 32.2 
SC,M 33.7 

SC,M 32.8 

31.8* 

31.7* .• 

32.9* 
31.9* 

31. 91t 

·. 33,0* 

31 ;3* 

31.4* 

.32,9* 
31.6* 

31.5* 

32,6* 

31 • 1 *. 

31.4* 

32.9* 
31.3* 

31.3* 

32.9 

33~ 1 

' -·--- . 

3.3.0 · 

33,0 -

33.0 

33.1 

32.9 

32,7 

34.6 . 

34.0 -

----
33.1 

. · · . .. 18" . · · . sc,M if · .. · -· SC,M -· 3~.6 fi2~9* - 32,7 -
. CW - Clear and wet · .· D ..; Dry - .:. Sl1.1sfr ·. . .- - Melt~hg-above pipes 
CD - Clear and dry . . .w - Wet · .. SC ... Snow Covered I - Ice · -· · . . .. 

. . -"---Temperature Data Unreliable. *Control Panel - Not in Operation 



TABLE 0-1 STORM DATA - EMBEDDED PIPLPANELS ~· 

STORM NUMBER STORM DURATION 
DATE TIME 

4 FROM: February 17, 1972 6 00 ~M TO: February 17, 1972 9 15 M 

TIME AIR PAVEMENT SURFACE CONDITION SURFACE TEMPERATURE (OF) 
OBSERVATION FROM ·TEMP TYPE OF PIPE PIPE DIAMETER PIPE DIAMETER 

DATE TIME START {°F) CONCRETE SPACING 3/4 11 111 1-1 /411 3/4 11 l '' 1-1 /4 11 

PORTLAND 
2/17/72 9:00 PM 3hrs. 30.3 CEMENT 611 SC,M SC SC,M 34.0 31.9* 32.9 

12 11 SC,M SC SC,M 32.6 31.6* . 33.1 
1811 SC 1 M SC SC 1 M 32.6 32.6* 611 SC SC SC 33.8 33.4* 

BITUMINOUS 12 11 SC SC SC_ 32.8 32.6* 32.9 
1811 SC SC 

.. PORTLAND 
SC 32.8* 33.3 

2/18/72 l:00. AM 7 ·hrs. 32.0 CEMENT 6'' 15%SL,SC SC SC,M 34.1 31. 9* 33.0 
12 11 SC,M SC SC,M 32~7 31.4* 33.2 
18 11 SC,M· SC- SC 2M 32.6 32.5* 
6'' SC,M SC SC,M 33.8 33.0* 

BITUMINOUS 12 11 SC,M · SC SC,M 32.8 .32.4* 33.0 
1811 SC.M SC SC.M JJ.2 J2.6* 33.0 

'. PORTLAND 
2/18/72 6:00 AM 12 hrs •. 32.l CEMENT 611 cw SC cw 34.8 31.9* 34.5 

' 
1211 50%CW,SL SC 50%CW,SL 32.9 31.4* 33.5 
1811 50%CW 1 SL SC soa;cw1sL 32.5 32.8* 
6 ii SC SC SL 33.9 32.8* 

BITUMINOUS 1211 SC SC SL 32.9 32.3* 33.0 

CD - Clear and dry W - Wet SC .. Snow Covered · I - Ice 
----Temperature Data Unreliable *Control Panel, - Not in Operation 
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TABLE Q-] STORM DATA - EMBEDDED PlPEPANELS 

STORM NUMBER STORM DURA TI ON 
DATE TIME 

5 FROM: February 19, 1972 1:00 AM 
TO: February 19, 1972 8:00 PM 

TIME AIR PAVEMENT SURFACE CONDITION SU~FACE TEMPERATURE (OF) 
OBSERVATION FROM TEMP TYPE OF PIPE· .PIPE DIAMETER PIPE DIAMETER 

DATE TIME START (Of} CONCRETE SPACING 3/411 111 1-1/411 3/4'' l" · l;.l/411 

PORTLAND 
2/19/72 5:00 PM 16 hrs. 31. 9 CEMENT 511 SC SC SC 34. l 31 .9* 32.9 

1211 SC SC SC 32.6 32. l * 33.0 
' 1811 SC SC SC 32.4 33.0* 

611 SC SC SC 33.8 32.7* 
BITUMINOUS 12 11 SC SC SC 32.9 32.4* 32.9 

1811 SC SC SC 32,9 33.4* 32.8 
PORTLAND 

2/20/72 5:00 AM 28 hrs. 23.9 CEMENT 5i1 SC SC SC 33.4 31.9* 33.0 
12 11 SC SC··· SC 30.3 32.0* 30.9 
1811 SC SC SC 28.8 32 l* I ----_, 

511 SC SC SC 33.5 u, 32.5* _, 
I 

BITUMINOUS 12 11 SC SC SC 32.3 32.2* 32.3 
1811 SC SC SC 32.8 33.3* 32.3 

PORTLAND 
2/20/72 7:00 PM 42 hrs. 18.7 CEMENT 611 CD SC CD 28.5 23.6* 27.2 

1211 cw SC 50%CD,I 23.0 24.]* 25.6 

1811 I SC sc 1 I 26.2· 28.0* 
6" SC,I SC l0%CW, I 29. l .· 25.4 * 

BITUMINOUS 1211 SC,I SC I 25.9 24.0 * 23.9 
1811 SC, I Sf ... I i·3 · 'fi 8* 2A 9 CW - Clear and wet D - Dry Sq- Slush :. Me 1 t ng · above pipes 

CD - Cl ear and. dry . W - Wet SC - Snow Covered I - Ice 
--~-Temperature Data Unreliable *Control Panel Not tn Operation 



TABLE n~l STORM DATA - EMBEDDED PIPE PANELS 

STORM NUMBER STORM DURATION 
DATE TIME 

6 FROM: February 23, 1972 7:00 PM - TO: February 24, 1972 12:47 PM 

TIME AIR PAVEMENT SURFACE CONDITION SURFACE TEMPERATURE (OF) 
OBSERVATION FROM TEMP TYPE OF PIPE PIPE DIAMETER PIPE DIAMETER 

iJATE TIME. START {OF). CONCRETE SPACING 3/411 l" 1-1/411 3/4 11 l" 1-1/411 

PORTLAND 
2/23/72 l O :.00 PM 3 hrs. 24.9 CEMENT 611 SC SC SC 33.8 30.3* 32.8 

12 11 SC SC SC 3.2.4 29.0* 32.9 
1811 SC· SC SC 32.3 27 9* 

611 SC SC SC 33.4 31. l* -- - -

BITUMINOUS 1211 SC SC · SC 31.3 27 .4* 32.6 
1811 sc sc sc 32.7 29,8* 32.9 

PORTLAND 
2/24/72 8:00 AM 13 hrs. 30.9 CEMENT 6" SC,M SC · SC,M 34.0 30.6* 33.0 

121i SC,M SC SC,M 33.0_ 30.0* 33.6 
1a11 . SC 2M SC SC 1M 32.2 30. l* 
6" SC SC SC 33.4 31 .4* 

. BITUMINOUS l 2u SC SC SC 32. l 29 .6* 32.7 

1811 SC SC SC,M 32.5 31 .3* 32.6 
PORTLAND 

2/24/72 4:00 P1•1 18 hrs. 42.7 CEMENT 611 cw SC cw 42.l 31. 7* 42.3 

1211 cw SC cw 38.8 31.8* 39.9 

18 11 cw SC cw 32 .. 7 32.8* 
611 SC,.M SC . cw 33.5 31.9* 

BITUMINOUS 1211 SC,M SC cw 32.6 31.7* 41.3 
1811 SC,M Sf cw 32.5 3219* 42.5 

CW - Clear and wet D - Dry S - Slush M - Melting above pipes 
CD - Clear and dry W - Wet SC - Snow Covered I - Ice 

----Temperature Data Unreliable *Control Panel..: Not in Operation 
•· •: 
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E.1' Snow Storm Operating Procedure 

Operati~g procedure was the same as that outlined in Section B-1 

except for the following changes. · 

1) If snow bP.gan to fall, th11 system was activated whl\n assigned 

personnel arrived at the test site. 

2) Temperature data was manually recorded on data sheets. 

3) The systems put in operation were those listed in Table 1, 

page .36. 

As shown, P.anels,#l, #5 and #6 were supp lied with e.arth heat 

Heat Exchanger #3 (Panel #5 and #6) was operatf'd for 150 hours; 

Heat Exchan9er #3 (Panel #5), 1 hour~ Heat Exchanger #1 (Panel #1), 1 

hour. Panels #l, #2 and #5 Wl\rP. supplied with fluid heat.ed by an 

electric heater - Panels #1 and #2 w£\re in operation (supplied with 

e1£lctrically heated fluid) for 95 hours; Panels #1 and #5, for 17 

hours. Panels #3, #4, #7 and #8 werP. not operated during this winter. 

·E.1~1· ~stem Mod5fication 

A 30 kilowatt electric hot water heater (5-8 gaJlpn capacity) was 

installed in the pump house during 1972. It was put in operation for 

this. winter. There was no operation during Winter 172- '73 due to the · 

lack of sno~1fall.' The hPater supplied a 85 - ll0°F glycol-water 

solution to two hC'ati ng panels formerly supp lfod with earth 

heated fluid (40 - 55°F}. Accordin9ly, panl"ls supplied with 11lectrically 
-· . . 

heated fluid had been disconnec;ted from their rP.spective C'arth heat 

exchangr'rs an,d coupled to the hot water hea tcr. 

l S4 
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E ,, •'- Storm Records 

/ 
Storm Number 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

General Account 

Date 

December 16-20 

January 4 

January 9-11 

February 6-7 \ 

February 8-9 

February 15 

February 25-26 

Storm #1 

(Detember 16-20~ 1973) 

Page 

155 

157 

159 

161 

163 

164 

165 

This test was interrupted by several power failures. Panels 1 

and 2 (hot water) lost all power due to a main circuit breaker 

ma lfuncti o.h at 8: 15 PM (12/l6/73). Power was restored and these panels 

were again operational by 9:15 PM (12/16/73). However, power was 

again lost sometime between 2:30 PM and 3:30 Pf1 (12/17/73) due once 

again to circuit breaker problems. Power could not be restored to 

Panels l and 2, until 9: 20, AM crn December 20. Panels 5 and 

6 (earth heat) were completely operational until deactivation at 11 :45 

PM (12/18/73). The test panels (and in particular P5 and P6) were 

· mistakenly salted during the morning hours of the 16th. 
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Light sleet v,as falling at the test site when tile system ~'las 

activated at 7:lS Pr1 on OC'cernb0r lG and it continued to fall until 

the morning of D('cl'ri1b0r 17. Tllr only additional precipitation recorded 

was an occasional light snm,r on the afternoon of OE:'cembcr 17. This, along 

with drifting, addl'd 0.5 inch of snow to the previous l inch of ice 

crust. The skies remained overcast until the sun broke through on 

the morning of Decer.1ber 18, henceforth the skies remained clear 
/ 

until clouding up again on Deccmbc-r 20. The air te1:1peratures stayed in 

the twenties from December 16,-13 v,i th tile exception of 18. 0°F . 

readings at ll:30 PM on December 17 and 18. On 12/20/73 the air 

temperature was 45°F at l :40 PM and 48°F at the conclusion of the test 

at 4: 15 PM. Tile only wind which v,as notlld during the test period .,.,as 

a mild breeze between 10:30 AM (12/17/73) and 11:30 PM (12/18/73). 

Panels 3 and 4 (Control) 

Approximately l inch of sno.,., covered tile control panels at 7:15 

PM (12/16/73). [3y 9:27 PM (1?/16/73) tllis snm-, had changC'd into 1/B 

inch of wet slush on P3 and 1/4 inch of crusty slush on P4. At 10:30 

AM (12/17/73) both panels had about l inch of ice crust. At 9:15 AM 

(12/18/73} thPy were covered with l inch of ice crust and 1/2 inch of 

liqht snow. By 4:15 PH on December 20, .1 inc:1 of ice remained; melting 

\·1as still taking place. 

Panels 1. and 2 (Hof Hater Heater) 
:·., ,' . :_,.,' 

- . . . . . 

At 2: 00 PM (12/17 /73) Pl ( 6) 90~t wet, 25j dry, and S;; 
\ . . . 

ice a 1 ong the oute;r edge. The other sections of Pl and P2 w.)re covered 

by an ice crust varying from 1/4 inch to l inch in depth. At the 

comrnetfon of the test at 4: l5 Ptl (12/20/73), Pl (6) ~,as 100~~ dry, Pl 

(l2, -18) and P2 (6) were 100;~ clear .and wet, and P2 (12, 18) viere 

covered by 1/2 inch of icr. 



rancls 5 and 6 (Earth Heat) 

At 11:30 PM (12/18/73). just prior to deactivation of the system, 

P5 (6, 12) \·1ere 1am; dry, P5 (18) was dry above the pipes with 1/4 

inch of ice bet~een the pipes, and P6 was still ice c!vered with no 
. i 

I 

melting evident. On 12/20/73, with the system deacti~ated, PS (6, 12) 
I . 

were 100~& dry, P5 (18) and P6 (6) were 100% clear and/wet, and P6 
. ' 

i 
(12, 18) still had 1/4 inch of ice covering them. Th~ best melting 

i 

took place on PS (6) - approximately 0.05 inches pPr hour, for the 

period of.time thP system was on. 

i 
It is difficult to draw a comparison between thp hot water ,. 

i 
and earth heated panels due to the powPr failures whkh interrupted 

hot water system operation. From the limited amount of data available, 

however, Pl (6) appears to have the best melting ability. 

General Account 

?torm #2 

(January 4, 1974) 

Tho system was activated at 8:30 AM (1/4/74) with a total 

accumulation of 0.75 inch to l inch of wet snow having already fallen 

on thr test site. The airi temperature ranged from 33.0°F at 8:30 AM 

to 37.0°F at 11 :00 AM \~hen' the system was deactivated. There was no 

p~cipitation during the test period .. There ,,,as a mild wind and the 

skies were overcast throughout the.duration of the test. 
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Panels 3 and 4 (Control) 

The maximum covrr on thes~ panrl s was O .75 inch to. 1 inch of wet 

snow_, at 8:30 AM (1/4/74}. This cover turned into 0.5 to 0.75 iriches 

of wet snow ancJ slush at 10:45 AM on thq same day. 

Panels 1 and 2 (Hot Hater lleat) 

Tho melting rates for thrse embrddectpanel sections were all 

approximately 0.4 in/hr.* But in comparision, the sections in order 
. . '• 

of decreasing melting capability are as fol.lows: Pl (6}~ .Pl .. (1.2}, 

Pl (18), P2 {6}, P2 (l2) and P2 (18). Pl (6} and Pl (12) we're thP. 

only sections to br completely clear of snow, icP., or .slush at 10:45-

AM, 2,25 hour~ after the activation of the system. By 10:45 AM, Pl 

· (6) was 95% clear and wet and 5% dry, while Pl {12) was 100% clear and 

wet. The remaining sections wPre covered by 10 to 50 percent of 
. ' . 

slush and/or wet. snow . 
. . · :· . ,• . : ·.: . 

Panels 5 and 6 (Earth-Hoat} ·. 
. . 

The melting rat~s for these embedded pipe S(\ctions were also 
. ,. . . : ·. .• : 

. . . . ·. - .· 

approximately 0.4 in/hr. The melting capabilities of the sections 

decreased in order. as follows: P6 (6), P5 (12}, P5 (18}, P6. {6}, · 

.P6 (12), and P6 (l8}. Only PS (6), PS {12) and PS (l8) were 100% 

, . cle~r· and wet at the conclusion of the lest~ the sections >of P6, 
. ' . . . 

were 7S%. cl.ear and wet, and 25% slush. 
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·_ · _ Summary* 

Pl (6) had the best melting ability of all of the sections. 

_ Pl (12), P5 {§), PS {12) and PS (18) had melting abilities very close 

-to that of Pl (6). The rem:ainder of the sections were considerably 

less efficient in clearing _of snow. 

.General Account-_-

· Sto.rm #3 

{Jam~ary 9-11, 1974) 

The snowfall began at approximately 1:00 AM (1/9/74) and the 

maximum accumulation of 4 inches had already fallen on the test site 

upon activation of the system at 8:50 AM (1/9/74). At 8:50 AM a 
- -

: ' . 

light snow mixed with hail :was falling. This changed into a light 

_ rain at l0:00 AM and all precipitation st?pped by 11 :,00 AM on (1/9/74). 
. -

- It began sle~ting and,hailing again at 8:30 AM on (1/10/74) and 0.5 

inch was added to the previous accumulation. ThP. sleet and hail turned 

to rain which continued thr<>ughout the remainder of_ the test.· There -
- -

· was no wind during the test period. The air temperature ranged from 
• l ., 

27.7°F at 10:.00 AM (1/9/74), to a low of 22.6°F at l0:00 AM {l/10/74}, 
. . ' . . . . . . . . . . 

- to 33.7°F by the -end, of_ the lest. The. _hot water system was deactivated 

· __ at 2:00 PM o_n (l/10/74): and the earth heat system was turned off at -

8:45 AM on (1/11/74). 

. ' ' ' 

' .. · . . .' •'. ' ·.·... . . .·· 

*It'._.sho1ild·_•.-~e•-•-notedXtnafin- the. -l:i-urrim;tJt· J;ecti.~n ,qf•_·ihe'.·: it:o_rm•- r,e,cotds_-._--
presehted:•in 'thi s .. Apperidix, hot water ne~ted panels, of.3/411 diameter 

- are being , compared wi_ th earth heated panels o_f 1-1 /4" diameter. · 
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P.anels 3 and 4 (Control) 

Four inches of snow were lying on the control panels at 8:50 AM 

(1/9/74). By C:45 AM (1/ll/74) this snow cover had changed into 2 to 

3 inches of slush and snow with approximately 1 inch of ice in the 

tire tracks.* 

Panels land 2 (Hot Water Heat) 

By 3:00 PM (l/9/74), ,Pl (6) was 60% dry and 4m~ wet while Pl 

(12), Pl (18) and P2 (6) showed considerable melting although they 

still had 0.75 to LO inch of ice, betwePn the pipes. P2 (12) and 

P2 (18) at this time still had approximately 1 .5 inches of hard 

trusted snow covering them. At midnight ( 1/10/74),Pl (6) and Pl 

. (12) were 100% dry Hhflc P2 (6) was lOO;; clear and wet. Pl ··r,a) 
was 11m~ dry with 0.25 inch of ic0 between the pipl's, but P2 (12) 

and P2 (18) were still covered with approximat".\ly 0.75 inch of ice. 

At 8:45 AM (1/11/74), after additional rain, sleet, and hail, Pl 

(6, 12·, 18) and P2 (6) ,,,ere 100% clear and wet, and P2 (12) was 80% 

·wet with ice still between the pip0s. P2 (18) still had 0.5 inch of 

ice with some ,..,et spots directly above the pipes. , 

The approximate melting rates for the best mt'l ting panel 
. . . . . 

sections were: Pl (6} - 0.65 in/hr, Pl (12) - 0.35 in/hr, and P2 

(6) - 0.25 in/hr. 

Pane.1 s 5 and 6 (Earth lleat} 

The melting abilities, in dt'creasing order, Of the panel 

sections were as fol.lov1s: PS (6), PS (12), PS (13), P6 (6), P6 

(12) and P6 (18). P5 (6) had an approximate melting rate of 0.15 

in/hr. PS (6) was the first section to be completely clear of ice 

* tlOTE: Parking lot traffic accidcntly passrd over these test 

pan<'ls at approximatrly 3:00 PM (l/9/74) 
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.. 

-,.., 

and snow (100?-~ \•1et). This occurred at 11 :00 PM on (1/10/74). At the 

conclusion of the test, 8:45 AM (1/11/74), PS (12} was 1om~ clear and 

wet, P5 ( 18) was 75% w~t and 25% ice, P6 ( 6) was covered with l to 1. 5 
. . 

inches of ice and slush (thP tire tracks on P6 (6) were wet).; and P6 
/ 

(12, 18), approximately 2.5 inches of snow and slush and 1 inch of ice. 

_Summary 

Pl (6) di5played the, best ineltihg abiHty of all the test 
. . 

sections_. With the excepti~n of P2 (18), the melting rates of the hot 

water system (Pl and P2) were highPr than or equal to those of the . · 
. . 

earth heat system (P5 a11d P6} .. 

General Account · 

Storm #.4 " 

(February 6~7 , 1974) 

Activatfon of the system took place at 9:10 PM (2/6/74} -

freezing rain was.falling. : At this time, 0.5 foch of snow had already 

fallen on the test site - this was the maximum accumulation of snow. 

· The freezing rain changed into a light rain around l :20 AM (2/7/74), 

.·_ and by the CQnclusion of ~h-e test at 8:30 AM (2/7/74} all p~cipitation 
•.. · •.. ,, . · .•. , . r_ .: ••• , • • . • .. _'. 

had ceased •. The skies were>overcast during the test .and the wind slowly. 

·· decreased ln intensity from a mild breeze at 9:10 PM (2/6/74) into ~a 
calm at 8:30 AM on (2/7/74J. ThP air temperature was 28.5°F at 9:10 PM 

. • 1 . . . . . 

and increased to 32.2°F a~ ·1 :20 AM where' it remained throughout the rest . . . ' .. 

of the test .. Salt was inadyertantly spread on all of the panels during 

thE:' parking lot salting. 
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Panels 3 and 4 (Control) 

At 9:10 PM (2/6/74) there was 0.5 inch of snow on P3 and P4. 

By 1:20 AM (2/7/74) this snow had. changed into 0.25 inch of ice with 

a layer of water lying on top.* At the conclusion of the test, at 

8:30 AM, there was approximately 0.2?. inch of ice on the control panels. 

Panels 1 and 2 (Hot Water Hcatj 

The melting abilities of these panel sections in decreasing order 

were Pl (6), Pl (12), Pl (18), P2 (6), P2(12) = P2 (18). Panel lwas 

100% clear and wet by l:20 AM (2/7/74) while Panel 2 was 50% wet and 

50% ice. By 8:30 AM (2/7/74), after the system was in operation 11.2 

hours, Pl (6) was 100% dry, Pl (12) was 90% dry and. 10% wet, Pl (18) 

was 50% dry and 50% wet, P2 (6) was gm; wet and l 0% dry, and both P2 

(12) and P2 (18) were 100% clear and wet. 

Panels 5 and6 (Earth Heat) 

The fflelting abilities of these panel sections in decreasing order 

were: P5 (6), P6 (6), P5 (12) = P6 (18), P5{18) = P6 (12), At 1 :20 AM (2/7/74), 

P5 (6) and Pfi (6) were 90% clear and wet, while P5 (12), P5 (18), P6 

(12),and P6 (l8) were clear.and wet above the pipes but had a thin 

1 ayer of ice between the pipes. At the end of the tes.t at 8: 30 AM 

(2/7/74L Pfi (6) and P6 (6) were 100% clear and wet, P5 (12) and P6 (18) 

were 90% clear and wet with 10% thin ice between pipes, and P5 (18) and 

P6 (12) were 75.% clear and wet with 25% thin ice between pipes. -

*Test panels had been salted. 
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Summary 

· Pl (6) had; the greatest melting ability while Pl (12) was a 

close second. The remaining sections cleared the panel of snow or ice 

with the excflptipn of PS (12), PS (18), P6 (12) and P6 (18). These 

sections were stiill covered with ice at the conclusion of the test. 

General Account • 

Storm #5 

(February 8-9, 1974) 

The snow began falling at 11:0Q AM (2/8/74), and 0.5 inch had 
I 

accumulated when the system was activated at 1:05 PM on 2/8/74. The 

snowfall ceased at approximately 12:30 AM (2/9/74) and a total of 5 

inches was accumulated during the storm. The hot water system (Pl 

and P2) was deactivated at 1:00 PM (2/9/74) while the earth heat 

system (PS and P6) was deactivated at 11:15 PM (2/9/74). The air 

temperature reaqings were between 22.0°F and 24.3°F for the duration 

of the test with the exceptions of readings on 2/9/74 at 1:00 PM 

{30.7°F) and 4:45 PM (3l.2°F). The winds were light .and the skies 

remained overcast until 9:40 AM (2/9/74) when they became clear and 

sunny. 

Panels 3,and 4 (Control) 

The maxim~m accumulation on the control panels was 5 inches at 

8:30 PM (2/8/74). At approximately 12:30 AM (2/9/74) the snow began 

to melt. Between 1 :00 and 4:45 PM (2/9/74) the panels were accidently 

plowed. The snew cover at 4:45 PM was measured at 2.5 to 3.0 inche.s 

on,the parking lot. 

163 



Panels 1 and 2 (Hot Water Heat) 

Pl (6) was the first section to be 100% clear and wet at 5:00 

PM (2/8/74). By 8:30 PM (2/8/74), P2 (6) was also 100% clear and wet 

while Pl (12) was 95% wet. (See Photograph E-1, page 167.J All of 

the sections of Pl and P2 were 100% dry by4:45 PM (2/9/74). 
/ . . 

Panels 5 and 6 (Earth Heat) 

By 9:40 AM (2/9/74), considerable melting had taken place over. 

the pipes but snow and ice still remained between the pipes. (See 

Photograph E-2, page 167.) By 1 :00 PM (2/9/74), P5 (6) was 100% 

clear and wet, and P5 (12) and P6 ·(6) were 90-95% wet with snow 

betwren the pipes. By 11:10 PM (2/9/74), P5 (6, 12, 18) and P6 

(6, 12) were completely dry while P6 (18) was 75~~ dry and 25% snow. 

covered. 

PS (6) had a melting rate of approximately 0.2 in/hr, while P5 

(12) and P6 (6) had rates slightly less than that. 

Summary 

Once again Pl (6) displayed the greatest melting ability. The 

hot water heated panels (Pl and P2) also showed much greater melting 

efficiency than the. earth heated panels. The hot water system's 

slowest melting section was rqual to the earth heat system's fastest 

melting section. 

§eneral.··.•Account 

Storm_!§_ 

(February 15, 1974} 

A 1 ight dusting, begJnning at approximately 7:00 AM · ( 2/15/7~, 

lP.ft approximately an f'ighth of an inch of snow on the test site. The 
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system-was activated at 10:00 AM (2/15/74) \•Jith the skies overcast, a 

light breeze, and the air temp~raturc at 2l.5°F •. An hour later at the 

end of the test, a light brPP-Ze was still blowing but the sun had broken 

through the overcast and the air temperature had increased to 25.0°F. 

Panels 3 and 4 (Control) 

The maximum accumulation of an 1/8 inch occurred at 10:00 AM on 

2/15/74. By ll:00 AM (2/15/74), the conclusion of the test, P3 was 
' 

50% dry, 10% wet, and 40% light dusty snow. At the same time P4 was 

l 00% clear and wet. 

Panels l and 5 (Earth Heat) 

13y 11:00 AM, an hour after activation of the system, all of the 

sections of Pl and P5 were clear of snow. Pl (6) and Pl (12) were 100% 

dry, while Pl (18), P5 (6), P5 (12) and P5 {18) were 1om~ clear and 

wet. 

Stonn #,7 

, (Fe~ruary 25-26, 1974) 

General Account 

The snowfall which began at approximately 6:00AM (2/25/74) 

resulted in accumulation of 1 inch of snow when the system \'las activated 
' , . . 

at 8:50 AM (2/~5/74). The snow stopped at 2:00 PM but started to fall 
I 

again at 4:00 PM (2/25/74). It continued to fall until 1:55 AM 

. (2/26/74) when a maximum accurnul at ion of 3 to 3. 5 inches was measured. 

Thp system was;deactivated, at this time (all snow on the test panels 

had melted). There was a light breeze throughout the test period. The 
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air temperature, which was 3l.0°F at 8:50 AM, slowly but steadily 
·! 

increased until reaching 35.8°F at 2:30 AM (2/25/74). The air 

temperature then decreased until reaching 26.S°F at l:S5 AM on 

2/26/74. 

Panels 3 and 4 (Control) 

-The snow accumulation on P3 and P4 was 1 inch at 8: 50 AM and 

it continuep to accumulate until reaching 3 inches at 12:45 PM 

(2/25/74}. By 2:30 PM {2/25/74), the level had decreased to 2.5 

inches. The snow started to fall_again and the snow reached its 

maximum accumulation of 3 to 3.5 inches at 1:55 AM (2/26/74). 

?ane 1 s 1 and 5 ( Hot Hater Heat) 

At 12:45 PM (2/25/74), PS {6) and Pl (6) were 100% clear and 

wet while PS (l2) was 98% wet and 2~r slush. By 2:30 PM, Pl (18), 

Pl (12) and PS (18) were 100% clear and wet. At the end of the 

test, at 1:55 AM (2/26/74), Pl (6), Pl (12), P5 (6) and PS (12) 

were 100% dry while Pl (18) and P5 (18) were 90% dry and 10% wet. 

See Photographs E-3, E-4, E-5 and E-6, pages 168 and 1G9 . 
, 

The melting abiljties of the sections -0f ~mbedded pipe in, 

decreasing order were as follows: . PS (6), Pl (6.), PS (12), Pl 

(12), Pl {18) = PS (l8}. PS (6) had a melting rate of approx- . 

imately l:35 in/hr; PS {12) and Pl (6), 0.80 in/hr; and Pl (12), 

Pl (18) an~ PS (18), 0.55 in/hr. 
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E.3 STORM PHOTOGRAPHS 

PHOTOGRAPH E-1 SFlR~-1 #5 

Panel #1 (Pertland Cement Concrete} & Panel #2 (Bituminous Concrete) · 
HOT WATER OPERATION 

10:00 AM - February 9, 1974 
(Operated 21 Hours) (Air Temp. 22.3°F) 

PS 

PHOTOGRAPH E-2 STORM #5 

Panel #5 (Portland Cement Concrete} & Panel #6 (Bituminous Concrete} 
EARTH HEAT 

10:00 AM - Pebruary 9, 1974 
(Operated 21 Hours} (Air Temp. 22.3°F) 
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PHOTOGRAPH E-3 STORM f!7 

Panel #1 (Portland Cement Concrete) 
HOT WATER OPERATION 

11 : 1 0 AM - F e b r u a r y 2 5 , 1 9 7 4 
{Operated 2 Hours)(Air Temp. 32.2°F) 

PHOTOGRAPH E-4 STORM #7 
Panel #5 (Portland Cement Concrete) 

HOT WATER OPERATION 
11 : 1 0 AM - F e b r u a r y 2 5 , 1 9 7 4 

(Operated 2 Hours)(Air Temp. 32.2°F) 
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PHOTOGRAPH E-5 STORM f.!7 

Panel #1 (Portland Cement Concrete) 
HOT WATER OPERATION 

12:45 r:1 February 2~, 1974 
(Operated l5 Hours)(Air Temp. 33.0°F) 

Pl!OTOGRAPII [,.6 STORM f/7 

Panel #5 (Portland Cement Concrete) 
HOT WATER OPERATION 

12 : 4 5 Pr1 - February 2 5 , 19 7 4 
(Operated 3.5 Hours)(Air,Temp. 33.0°F) 
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E.4 Storm Data 

Table E.l indicates pavement surface temper~tures and 

corresponding surface conditions for the embedded pipe panels 

for storms #3. and #7. For storm #3 ,urface temperatures are shown 

for earth heated panels ( PS and P6 ) and hot water heated panels 

(Pl and P2); for storm #7, hot water heated panels (Pl and PS). 

Surface temperatures on pipe panels not in operation are also 

shown in Table E.1. Heating fluid temperature for the hot water 

heated panels ranged from approximately 70.-105 degrees F; for the earth 

heated panels, from 47-48°F. Temperature-data is presented for 

surface conditions varying from snow, ice., and slush covered to 

clear and dry; operating times, from 2-38 hours ;and air 

temperatures, from 22.6-35.B<>F, Note that surface t.emperature 

re a d·i n g s i n t h e 5 0 to 7 0 " F r a n g e were me a s u red f o r t h e h ~1t w a t er 

heated pipe panels. 
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STOR:1 l!UMBER -n--·-
TAGLE E-1 STORM DATA - EMDEOOED PIPE PA~ELS 

STORr·i DURATI01, 
DATE 

f="ROM: JJCTDARY 9, 1974 . 
TO: JANUARY 10, 1974 

PAVE11rnT SURFACE COiWITIOH 

TIME 
V:°G[·At: 

11:00 rt,; 

3.75" 

SURFAq:. TEMPERATURE ( °F) 
OBSERVATION TIME FROM AIR TEMP TYPE OF PIP[ PIPE DIAMETER PIPE LIAMUE.R 

DATE 
l/9i74 

l/9/74 

__, 
--.J __, 

l /9/74 

TIME START· (OF) CGrlCRETE SPACING 3/4" 
11: 00 AM 2 ~:rs. 27.4 PORTLAND 6" SC 

CEMENT. 
FLUID TEMPERA TU RE: ** ·1:2·11 SC 

PAnELS 1 & ') - 79.9°F '-
PANELS 5 & 6 - 47.1°F 1811 SC 

611 SC 

snurnnous 12'-' SC 

13" SC 
LOO PM 4 Hrs. 28.0 PORTLAND 6" I,M 

CEMENT 
12 II SC,11 

FLUID TEMPERATURE: ** 
l 8" SC,M 

PN4ELS l & a 86.6°F r II SC l) 

PMIELS 5 ?I 6 - 47.4°F 
B ITUf 1IflOUS 12 11 SC 

13" SC 
3:00.PM 6 Hrs. 29.0 PORTLAilO \511 c o~;crj, CvJ 

CEfiE;IT 
1.21i 

18" 
FLUID T8'1PERATURE: ** 6" 

PANELS l & 2 93.4°F nnur~rnous 12" 
PANELS 5 & 6 - <17.8°F 

l ') II 

" 
** /\verage of input-output fluid temperature O!- Cl ear and \.!et 

CO- Cl car and Dry 

I ,-!:1 

I ,M 
I,M 

SC 

SC 

1 II 1-1/4" 3/4 11 1 " l-1/4'! 
SC* SC 38.7 28.6* · 33. 2 

SC* SC 40.3 29.4* 33.0 

SC* SC 32.4 29.3* 
SC* SC , 40.Q 31.Y* 

SC* SC 31. 5 31.2* ·34 .3 

SC* SC 3J-.-9 31.2* 32.6 
SC* SC 42.8 28. 1 *( ...,.., 

:J,j • .j 

SC* SC 46.3 29. Y* 3.6.2 

SC* SC 33.J 28.4* 
SC* SC 44.0 31.9* 

SC* SC 33.9 31.5* 36.2 

SC* SC 3~.4 31.5* 32. 9 
SC* I 61. l z:: "* u.c .. 33.8 

SC* SC ::>4.9 30.8* 36.1 

SC* SC 33.7 28.3* 
SC* SC 47.J 3l.6* -------
SC* SC 36.0 31.7* 34.5 

SC* st 33.9 32.4* 33.3 

Sl - Slush l•i- Helting above pipes 
SC- Snow Covered I- Ice 

-~------- Temperature Data unreliable * C0r1trol Panel- Not in Operatfon 



TARLE E-1. STORM DATA - EMBEDDED PIPE PANELS 

STORM NUMBER 

l')RSERVAT ION TIME FROM AIR TEMP 
DATE TIME START. {0 F) 

./9/74 5:0;} PM 8 Hrs. 

FLUID TEMPERATURE=** 

PANELS 1 & 2 - 98. 6 ° F 
PANELS 5 & 6 - 47. 5 °F 

J9/74 12 :00 MID. 15 Hrs. 

FLUID TEMPERATURE:** 

!'AN ELS 1 & 2 - 106. 9 °F 
PANELS 5 & 6 - 47.5 °F 

l/10/74 11 :00 PM . 38 Hrs. 

..... 

FLUID TEMPERATURE:** 

P.I\NELS 1 & 2 - 60 .Q ° F 
PAN ELS 5 & 6 - 4 6 • 9 ° F 

C4 - Clear and Wet 
CD - Cl ear and Dr_v 
Sl - Slush 
SC Snow Covered 

29.2 

22.6 

33.8 

DATE 

FROM: ,JANUARY 9, 1974 
TO: JANUARY 10,1974 

STORM DURATION ACCUMULATION 
TIME 

9:00 AM 
11 :00 PM 

3.75 11 

PJWEMENT SURFACE CONDTN. SURFACE TEMPERATURE (°F 
TYPE OF 
CONCRETE 

PIPE PIPE DIAMETER PIPE DIAMETER 
SPAcrnr, 3/4" 1" 1-1/4 11 3/4 11 111 1-1/4 11 

Df'IRTLAND 
CEMENT 

BITUMINOUS 

PORTLAND 
CEMENT 

BITUMINOUS 

PORTLAND 
CEMENT 

BITUMINOUS 

611 CD 
12" 60%CW,I 
18 11 f 
6" 10%CW,I 

12 11 I 
1811 I 

-5" CD 
12 11 CD 
18 11 4r)%CD,I 
611 cw 

12" I 
18 11 I 

6" 1211 Not 
1811 ()oerated 

6" 
12 11 Not 
18~, Operated 

M - Melting atove pipes 
I - Ice 

SC* 50%CW,I 
SC* . I 
SC* I 
SC* SC 
SC* SC 
SC* SC 

SC* 50%CW, I 
SC* I 
SC* I 
SC* SC 
SC* SC 
SC* SC 
SC* CW 
SC* 50%CW,I 
SC* I 
SC* SC 
SC* SC 
SC* SC 

* - Panel Not in Operation 
---- - Temperatu~e Data Unreliable 

69.2 28.2* 34.8 
57.3 30.8* 37.3 
34.6 28.5* 
50.6 31.4* 
37.8 31.6* 34.4 
35.6 33.0* 33.6 

74.7 22.8* 35.8 
62.1 25.9* 37.0 
35.7 24.1* 
61.0 25.4* 
40.4 . 26.6* 31.6 
39.6 31.4* 33.2 
52.0* 30.0* 41.4 
44.1* 31.5* 33.6 
42.0* 29.5* 
48. 7* 32 .1* 
44.2* 31.2* 35.0 
38. 4 * 3 3. 34 . 7 

--.J 

"" ** Average input-output fluid temoerature. 



•· TARLE' E-1. STORM DATA - EMBEDDEf1 PIPE PANELS. 

STORM NUMBER 

7. 

OBSERVATION. TIME FROM , AIP TH~P 
OATE . TIME STAPT (0 F') 

/25/74 

./25/74 

-..J 
lJ 

11:15 AM 2.5 Hrs. 

FLUID TEMPERATURE: ** 

PllNEL 1 .. 69.6 ° F 
P/\NEL 5 - 67 . .T ° F 

12 :45 PM 4 Hrs. 

FLUID TEMPERATURE: ** 

P,ANEL. l - 74.0°F 
PANEL 5 - 72. 3 ° F 

1/25/74 2:30 PM · 5.5 Hrs. 

l='LUID TEMPERATURE: **. 

PANEL 1 - 79.7 9 F 
PANEL 5 - 77.8 °F 

32.2 

33.0 

35.8 

TYPE OF 
CONCRETE 

POPTLAND 
CEMENT 

BITUMINOUS 

PORTLAND 
CP1ENT 

BITUMINOUS 

PnRTLAND 
CEMENT 

BITUMINOUS 

CW - Clear and Wet 

STORM DURATION . 
DATE 

FROM: FEBRUARY 25,1974 
TO: FEBRUARY 26 ,197 4 

TIME 
8:50 AM 
1:55 AM 

ACCUMULATION 

· 3.0" 

PAVEMENT SURFACE COND. SURFACE TEMPERATURE (<>F) 
PIPE OI.l\METER PIPE DIAMETER PI 0 E 

SPACING 3/4" l" 1-1/4" 3/4" l" 1-1/4" 

6" 80%CW,SL SC* 98%CW,SL 39.1 30.6* 

32.3* 12" 

18" 
fi" 

12" 

18" 
fi" 

SC,WP SC* SC,WP 

SC,WP SC* SC~WP 

Not Operated 

cw SC* CW 

38.7 

33.9 30.7* 
34. 5* 34. 7* 

33.8* 33.9* 

33.5* 36.2* 
52.1 30.6* 

12 11 8()%Cl-',SL SC* 98%CW,SL · 47.6 

18" 75%CW,SL SC*75%CW,SL 33.9 

32.9* 

30;7* 
6" 

12" Not <'oerated 

34.5* 34.5* 

33.7* 33.7* 

18" 33.3* 36.0* 
6" 75%CO,CW SC* 25%CD,CW 59.2 30. 7* 

12" 

18" 
6" 

12" 

18" 

SL - ·slush 

cw 
CH 

SC* CW 

SC* CW 

Not Operated 

53.5 32. 9* 

38.5 30.6* 
34.2* 34. 3* 

33.6* 33.7* 

35.9* 

M - Melting above pipes 

43.1 

37.9 

33.1* 

33.8* 
54.3 

42.1 

35.0* 

33. 7* · 
59.9 

55.7 

36.1* 

33.8* 

~* Average input-output 
fluid temperature. CD - Clear and Dry SC - Snow Covered I - Ice WP - Wet above 

* - Panel not in operation pipes ---- - Temoerature Date Unreliable 
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• 

F.1 Calculation of Electrical Operating Cost 

Since the actual monthly billing slips included (1) the cost 

of items (heaters and 1 ights) not necessary for a particular type of 

operation, and (2) a minimum service charge of $5.00 per month, they could 

not be used to detennine operiating costs. Operating cost was calculated 

from the electrical power required only by items essential to a certain 

type of operation. 

Cost of Embedded Pipe Panel Operation 

The 1/6 H. P. pump that circulates glycol-water solution through these 

panels is the only consumer qf electrical oower. Thus the cost was calculated 

according to the following equation: 

Equation J . 

Cost= Power Requirement x Hours Operated x Electrical Power Rate 

( $ = Kilowatts x Hours x $/ Kilowatt-hours ) 

Example .. l: 

Statement of the Operating Procedure: Heat Exchanger #3 (Panels 5 & 6) 

was operated continuously from June 4 to October 6. 

Calculation: 

Power Requirement (l/6 H. P. pump - 1.5 Amps @ 120 Volts) = 0.18 Kw 
I 

Hours Operated ( 124 days) ( 24 hours/day) = 2976 hours 

Electrical Power Rate (billing cst./billing Kw-hrs.) = $0.04/Kw--Hr. 

Cost= (0~18 Kw.) (2976 hrs.) ($0.04/Kw-Hr.) = $21.43 
I 
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Cost of Electrical Resistance Panel Operation 

Similarly, the cost of operating the electrical resistance panels 

was calculated according to the same equation (Equation 1 }. 

Example 2. 

Statement of Operating Procedure: The 40 watts/ft2 sections of Pa~el s 

#7 and #8 were operated for 82.5 hours during the winter season. 

Power Requirement= (40 watts/ft2} (260 ft2} = 10.4 Kw. 

Hours Operated = 82.5 hrs. 

Electrical Power Rate (cost/Kw-Hr.} = $ O .06/Kw-Hr. 

Cost= (10.4 Kw.} (82.5 Hrs.} ($0.06/Kw-Hr) =$51.48 
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• 

F.2 Calculation of Average Temperatures of Heat Exchangers 

and Control Earth 

1 . Heat Exchangers: 

Average temperatures of the two readings at each level, i.e., 

3 ft., 7 ft., and 11' ft. 

a. For Heat Exchan9er#l use: 

r o,_3 + 02-3 + m-z+ 02-z + nJ:-lJ* + 02-nl 13 __ L - 2 2 - 2 - ]/' 

Dl-3 is sensor Dl placed at a 3foot depth. See Figure 10,.page 21 

for i 11 ustration of other "011 thennistor 1 ocations. 

b. For Heat Exchanger #2 use: 

r04-3+ 05-3 + 04-7 + 05-7 +04-11* -1- os-117_·; __ 3 l r - 2 _ 2 J _ 
C. For Heat Exchanger #3 use:-

__ F 01-3 + ooc3 + 01-1 +. 00-1 + 01-11 + 00-11 ] /-3_ -
[ · 2 ? 2 

2. Control Earth: 

Average the reading~ at 3 ft., 7 ft., and l1 ft .. 

i.e. (Dl0.,.3 + 010-7 + Dl0-11)/3 

F. 3. Calculatfon of HeatSto_red·_-- in .. Heat· Exchangers 

1. ftverage two readings at 3 ftq 7 ft., and l1 ft. in Heat Exchanger. 

Dl-3 + D2-3 
Ex. 2 = Average 

2. · Suhtract the control.reading (D10) at3 ft., 7ft., and 11 ft. from 

the average temperature at each depth, respectively. 

Ex. 01 ""3 + D2"-3 
2 1 - Dl0-3 = .6 T -· :. . . . . · .. ' 3 

. : 
' ' 

~Someof these readfngs were discarded because of obviotis error. 
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3. Divide each Heat Exchanger into 1 ayers µsing an average 
· .l).T For each 1 ay0r 

Thus: 3' to 5' use .l).T3 at 3 1 

5' to 9' use .l).1; at 7' 

9' to 12.5' use· .l).'f11 . at 11' 

4. C~lculate the heat stored-- Q -. -for each layer and sum Q for all 

three 1 ayers. 

Ex. Q 
total 

= Q + Q 
3-5 5-9 

+ n ., 
9-12. 5 

where Q = _fc,, .l).T3 [5 1 -3 1 ) x 32' x 30 1 ] 

3-5 

0 = .Pc .l).l'j [91 - 5 1) x 32' x30 •] 5_q 

Q9_12 _5= .Pc .l).f rf12.s• - 9 1 ) x 32 1 x3o'] 
. if-

where J> = earth density,. 110 lb./ft3 (known) 

c • earth specific heat = o. 5 (assumed) 

F .4 i_alculation ~f Heat Dissipation Rates 

Q = v (60 xf x cg x ch x .l).T)/A 
• . . . . 2 

where Q = heat dissipation rate (BTUH)/ft 

and 

" V = voltJTietric flow rate (gal,/min.) 

f = density of water= (8.3 lbs/gal. ) 
I 

c = speci.fi c gravity of ci rcul at;ng fluid g . 

Ch= specific heat of ctrcul atil')g fluid 

.6J = temperature drop( °F)heating fluid [input-output 

temoerature drop panel section]* 

A = surface area of panel section (ft .1 ·· 
·. 60 = minutes/hour is the time conversion 

*See top of page 3q. for explanation. 
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• I 

F. 5 - Calculation of_Heat_Ext_raction Rates 

· where 

. . . . 

Q• = V ( 60 x • P x C x Ch X T) /L ex . g · . . o = rate of heat extraction .. · ex 
V = vol1J11etric flow rate (gal /min.) 

f = density of water = 8. 3 lbs ./gal. 

Cg= specific gravity of drculating fluid 

ch= specific heat of circulating fluid 

T = temoerature of the fluid exiting from the heat 

exchanger - temperature of the fluid entering the 

heat exchanger. 

l = linear feet of heat exchanger oipe = 2000 and 

( 60 = minutes/hour) is the time conversion 

F .6 Calculation of Rates of Heat Storage 

• 0 - Q -
0 = 2 1 
's T 

where • Qs = rate of heat storage ·(BTUH) 

Q2, Q1 = heat stored at times 2 and l, respectively 

T = time interval. [between times 2 and 1] 

F.7 Sample>Calculation 

Heat dissipation rates Jor storm of March 3, 1971, Panel .#1 

(6 11 pipe Spacing). 

l7S 



whe-re_·. 

/ 

• ' ,, ' 2 
· Q -== heat dissipation rate (BTUH/ft._ ) 
• 
V = 1 .07 0.04 gallons pf\r minute 

.f = 8. 3 lbs//gaL 

Cg= 1.073 

Ch= 0 .. 840 

~T = 6~5 :!:. 0~4 °F 

A = 1 24 • 50 ft 

.·· 4 - 'is required since the flow through the 6 inch section is 

divided 4 ways (See Figure 3, page13} 

Q = 4(1.07 t_ 0~04) (60 X 8.3 X 1.073 X 0.840) (6.5 + 0.4)/(124.50) 

Q = l00. 3+ 10.5 BUTH/ft2• 
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FIGURE G-1 

AVERAGE EARTH TEMPERATURE WITHIN HEAT EXCHANGERS (OCT. I, 1969 - MAY I, 1972) 
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FIGURE G-2 

HEAT STORED IN THE EARTH WITHIN HEAT EXCHANGERS 
{OCT. I, 1969 - MAR. 12, 1971) 
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• CALCULATED HEAT STORED (SEE PAGE 17 7 
FOR METHOD OF CALCULATION) 
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GLYCOL-WATER TEMPERATURE . 
( DECEMBER 171-- MAY ·•12) .. · 

· Temperate of Fluid Exiting From. Heat Exchanger 
· No: 3 and E.ntering Panels No. I, 2, 5 and 6. 
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THERMISTOR 
INPUTS 

1---------, 
I I 

'' I I ...---------------, 
661 

DIGITAL 
CLOCK 

635 51 SN DIGITAL THERMISTOR 

BCD 

SCANNER THERMOMETER 

BCD 

641 
MULTIPLEXER BCD 

BCD 

611[-29 
620E PRitffER 

SYSTEM . 

OIGITEC INSTRUMENTATION DIAGRAM 

Figure G-4 

Instrument Specifications 

Note: ALL DIGITEC INSTRUMENTS PURCHASED FROM: 

1. Thennist,or Probes 

UNITED SYSTEMS CORPORATION 
DAYTON, OHIO 

Model 401 

Vinyl tip 

PRINTED 
TAPE 

OUTPUT 

Material 

Lead Standard - Lead is 10 foot, vinyl covered, 
shielded wire with phone plug. 

Max. Temperature 

Time Constant 

212 °F 

7 Seconds 



2. Thennistor Probe 

Material 

Lead 

Max. Temperature 

Time Constant 

3. Digital Thennistor Thennometer 

Range 

Accuracy 

4. Scanner 

Capacity 

!Mell Time 

5. Digital Clock 

Readout 

Program Interval 

6. Printer and Controller 

Readout 

7. Multiplexer 

l f.G 

Model .405 

Stainless Steel 

Standard 

300°F 

2 Minutes 

Model 515N 

0° to 150°F 

+ 0.2°F 

Model 635 

100 Points 

0.1 to 10 Seconds 

Model 661 

4 Column visual display 

1, 5, l 0, 30 and 60 

Model 611E-29 and 620E 

2 Channel, 10 Column 

Model 641 
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TAOL[ H-1 

Gradation Req~irements 

_Type - 4[ · - Sandfi 11 for Heat Excha~q_ers 

S~uare Sieve Size: 1 /2" #4 

% Passing 100 95-100 

/!30 

20-55 

Type SPR 57 - Portland Cement _C_9_11_crete A_g_g_r_e_q_~t-~ 

Square Sieve Size 1-1/2" l" 1 /2" 

% Passing 100 95-100 25-60 

I1_pe - Mix #5 Bituminous Concrete AJJgre>qate 

Square Si eve Size: 1 /2" 3/8" #4 

5:, Passing 100 90-100 60-80 

188 

#50 #200 

5-25 0-5 

0-10 0-5 

#U #50 #200 

41-51 14-22 
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TABLE H-2 

Insulation Specifications 

Manufacturer 

Characteristics 

A. Density {Nominal) 
B. Compressive Strength 

C. Flexural Strength 

D. Shear Strength 

E. Absorption of Moisture 

F. Moisture Penniability 

G. Ca pill ari ty 

H. Thennal Conductivity 

I. Coefficient .of Expansion i 
( in ./in .-°F ) . I 

I 

*Btu-in.. · 0 GO· deqrees F 
2 Hr:- Ft · - °F 

Regular grade, exoanded, 
polystyrene board insu-
1 at ion 
(used with Heat Exchangers 

#1 and 2) 
Johns-Manville 

l b/ft3 ' 3 l i 1.5 lb/ft 
I 

l O psi I 20 psi 

20 osi 44 osi 

33 psi 

1 ess than less than 
2% 0.6% 

by vollJ!le by volume 

Foamgl as Board, 
Cellular glass 
insulation 
(used with Panel #7 
electrical heating) 

Pittsbur h Cornin 

8.5 lb/ft3 

l 00 psi 

80 psi 

50 psi 

n.2% by volume 

2.5 Perm.-inch l .5 perm.-inch 0.00 penn.-inch 
I 

None ; None None 

0.25* ! 0 25* 0.36 Btu-in@ 50°F I • 2 Hr.- Ft - OF 

0.000025 0.000025 0.0000046 



TABLE H-3 

List of Defective Thennistors* 

Probe Number"'* Designation Symptom 

7 C-7 1 ow readings 

10 C-10 shorted 

11 C-ll · shorted 

13 C-13 shorted 

15 c_ 15 . shorted 

17 C-17 shorted 

19 ~Thennistor A-2, 7 ;n C-20 
open 

I' 32 
below surface, · · 

low readinqs d~rectly u~der the A-2-7-4 
46 p1pe at 4 1nch level. TW'."l 1 ow readings 

47 TW-2 low readings 

50 TW-5 open 
: 
! 51 TW-6 low readings 

52 TW'."7 open 

53 TW-8 shorted 

55 TW-10 open 

56 TW-11 open 

57 TW-12 low readings 

58 TW-13 low readinqs 

5'9 TW-14 low readings 

60 TW-15 low readings 

*se·e .Sect.io.n 4~15, pages 17 to 23 ., for an explanation of the 
the.nnistor notation used .here. · 

· ·. • **Probe Nunber, - Thennisto.rs were nunbered from. l to 120 · 

l :JO 



TABLE H-3 (continued) 

List of Defective Thermistors 
• --- . .,... . -·----·-

Probe Nunber Designation Symptom .. 
76 D-2-7 1011 1 ow readings 

82 D-3-15 1 011 open 

86 0~4-11 1011 low readings 

87 0-4-12 16 II low readings 

90 0-5-2 14 11 low readings 

96 D-5-15 •o" low readings 

104 0-8-3 1 011 low readings 

106 D-8-11 1011 1 ow readi nqs 

109 D-9-7 1011 low readings 

111 D-9-15 1011 1 ow readi nqs 

114 D-10-11 1011 low readings 

.JI 115 Dul0-15 1011 shorted 

116 D-10-Hi'0" 1 ow readi nqs 

• 

1()1 



-T1l.BLE H-4 
TRENTON AREA CLIMATOLOGICAL DATA 

·-·-·-----
U.S. DEPARTMENT OF COMMERCE 

NATIONAL OCEANIC AND ATMOSPHERIC ADrHNISTRATION 
------··-

rnvIRONMENTAL DATA SERVICE 

Amount 
N1J11ber of Days _ of 

Average Departure Max. Temperature Min. Tenperature Snow 
Month Year --- Tanp. From Nonnal 90° or Above Below 32° Below 32° - 0° or Below (Inches) 

12 - 68 0 8 24 0 

1 69 31. 3 -l.8 0 10 23 0 2.4 
_, 2 69 32.7 -0.7 
I.:) 

0 4 22 0 14.5 
f'.} 

3 69 39.4 -1.3 0 l 19 0 9.5 

4 69 55.3 3.6 
-J 

0 0 l 0 0 

5 69 64 .l l.8 l 0 0 0 0 

6 60 72.4 1.4 2 0 0 0 0 

7 69 - 73.9 -2.l 3 0 0 0 0 

8 69 75.8 l- .9 3 0 0 0 0 

9 69 67.4 0.3 l o· 0 0 0 

10 69 56.0 -0.8 0 -- 0 2 0 - 0 

11 69 45.4 -0.4 0 0 10 0 0.2 

12 69 - 33.S -1.7 0 5 24 0 10.8 



• • 

TABLE H..:4 (continued) 

. 
Days 

Amount 
Nunber of of 

.. ', Average· Departure Max. Temperature Min. Temperature Snow 
' Month .·Year Teme. From Nonnal 90° or Above Below 32-0 Below 32° oo or Below { lnct:iesJ 

t ]O :25.5 -7.6 0 18 30 0 8.8 
.. ·2 . 70. '33.0 -0.4 0 7 22 0 4.4 

3. 70 37~8 -2.9 0 0 14 0 2.4 
•. 

4 70 51 .1·· · . -0.6 0 0 3 0 Trace ,. 

; 5 - .·70 .·63.6 1.3 1 0 . ·o 0 0 

6 70 70:.3 -0~7 1 0 0 0 0 

__, 7 70 76~4 0.4 4 0 0 0 0 
t:, 
w 8 70 . 76.3 2.4 6 0 0 0 0 

.. ·g . ' 

3.3 70 70.4 6 0 0- 0 - 0 
.. 

10 70 58.7 1.9 0 0 0 .0 0 
1l 70 48.1 2.3 0 0 4 0 0 
12 70 35.5 0.3 0 6 19 0 .2.7 

1 71 28.1 -5~0 0 13 28 0 11.0 

2 71 35.7. 2.3 0 5 13 0 1.2 
-~ 

3 71 40.3 -0.4 0 0 15 0 3.4 
4 71 50.4 -1 .3 0 0 ·.·. 0 0 4.4 



TABLE H-4 (contiriucd) 
A1i10unt 

N1JT1ber of Days of 
Average Departure Max. Temperature Min. Temperature Snow 

Month Year Temp. From Normal goo or Abo.ve Below 32° Below 32° oo or Below (Inches) 

5 71 59.5 -2.8 0 0 0 0 0 

6 71 72~3 1.3 3 0 0 0 0 

7 71 75.3 -0.7 4 0 0 0 0 

8 71. 73.6 -0.3 2 0 0 0 0 

9 71 69.9 2.8 1 0 0 0 0 

10 71 62.2 5.4 0 0 0 0 0 
;;;;;;;.,-·- ll 71 45.1 -0.7 0 0 0 0 T 
'° 

12 71 42.1 6.9 0 0 11 0 0.5 
1 72 35.6 2.5 0 8 18 0 3.5 
2, 72 .. 31 .7 -l. 7 0 7 24 0 9.8 

3 72 40.0 -0.7 0 1 16 0 0.8 
4 72 49.7. -2.0 0 0 3 0 0.3 
5 72 61.7 -0.6 0 0 0 0 0 
6 72 67.6 -3.4 0 0 0 0 0 
7 72 . 76.3 . 0.3 11 0 0 0 0 
8 72 74.9 1.0 3 0 0 0 0 

9 72 68.3 1.2 0 0 0 0 0 

10 72 52 .1 -4.7 0 0 2 0 2.5 



• • 

TABLE H4 (continued) 

Al;iount 
Number of Days of 

Average Departure Max. Temperature Min. Temperature Snow 
Month Year Temp. From Nonnal 90° or Above Below 32° Below 32° - 0° or Below ( Inches) 

11 72 44.0 -1.8 0 0 9 0 0.2 

12 72 39.9 4.7 0 1 7 0 O.l 
l 73 34.9 1.8 0 7 18 0 0.2 

2 73 32.9 -0.5 0 5 19 0 0.3 
---

3 73 46.6 5 .9 -- 0 0 3 0 - T 

4 73 53.0 1.3 - 0 0 1 0 T 

5 73 59 .l -3.2 0 0 0 0 0 _, 
t..:;· 

6 73 73.9 2.7 - c.;-, 4 0 0 0 0 

7 73 .76.9 0.9 5 0 0 0 0 
8 73 77.2 3.3· 10 0 -- 0 0 0 
9 73 69.0 1.9 5 0 0 0 0 

10 73 . 58.8 0 0 0 0 0 
11 73 47.7 1.9 0 0 ,5 0 T 
12 73 38.9 3.7 0 3 17 0 4.3 -

1 74 35.6 3.5 0 6 18 0 5.6 
2 74 32.1 -1.3 0 7 26 0 13.3 

~, 
3 74 42.4 1.2 0 0 11 0 1.3 



TABLE i!-4 (continued) ------

Amount 
Number of Days of 

Average Departure Max. Temperature Min. Temperature Snow 
tionth Year Tern[!. From Norma 1 90° or Above Below 32° Below 32° oo or Below (inches) 

4 74 S5.3 3. l 0 0 1 0 0.3 

5 74 61.0 -1.1 1 0 0 0 0 

6 74 68.8 -2.5 l 0 0 0 0 ... 

7 74 75.5 -0.4 9 0 0 0 0 

() 74 74.8 0.9 l 0 0 0 0 IJ 

9 74 56.2 -1 .o 0 0 0 0 0 

10 74 53.8 -3.4 0 0 3 0 0 
.JI 11 74 47.6 1.3 0 0 .8 0 0 ::i 
)'I 

12 74 39.4 4.5 0 0 15 0 1.1 

1 75 37.2 5. 1 0 4 18 0 4.5 

2 75 35.6 2.2 0 3 16 0 9. l 
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