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ABSTRACT (cont )

5 Though th1s 1nsta}rw" ;
to operate than an electrical y
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eﬂVSQope4of,theiReport o

This 1s a fina] report on this proaect and it covers the
de51gn and construction of the experimental 1nsta11ation as
1we1] as the results obtained for operation from 1969 to 1975

' Three prev1ous reports have ‘been issued on this prOJect
v and they are dated March 1970 August ]97] and June 1972 These |
repocts have 1ntroduced the pavement heating proJect and its -
obJectives, described the de51gn and construction of the test
'instaliation, and.have'covered the results of winter operation of
the'instailation for 1969-70, 1970-71 and 1971-72 and summer
~operation from 1970 and 1971, This finalireport’repeats and
’vupdates text material from these past reports and also covers

new infonnation on winter operation for 1973-74 and 1974-75.
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"ﬁf 1 Statement of the Prob]em

The presence of snow or 1ce on h1ghways expec1a]1y at 1nterchanges,

B 5yramps and br1dge decks often resu]ts in hazardous dr1v1ng cond1t1ons,

'5'freduced traff1c vo]umes, and trafflc congest1on ‘ Convent1ona1 snow and 1ce SRR

contro] techn1ques may prove 1nadequate at these Tocat1ons for severa]

| frreasons First, 11m1ted show. storage area\often ex1sts at these Tocat1ons,,
'fhjfsecond there may be a t1me Tag between 1ce and snow format1on and pTow1ng,
‘salt1ng, and sand1nq operat1ons, and th1rd alternate freez1ng and thaw1ng'

- of. p]owed or unp]owed snow on e]evated ramps can occur.

An 1dea1 so]ut1on for the contro] of snow and 1ce at these prob]em a

_f Tocat1ons 1s the use of heated pavement capable of me1t1ng any snow or 1ce}

*-nform1ng on the roadway

The maJor obstac]e present]y 11m1t1ng the use- of heated roads in

VNew Jersey and e]sewhere has been “the h1gh construct1on and operatlng cost

of such an 1nsta11at1on The deveTopment of methods wh1ch would resu]t in

:Tower operat1ng costs may Justlfy;the‘more w1despread use of‘heated roadways.-,?.

L 2 Prev1ous New Jersey}Department of Transportatlon Pavement Heat1ng PrOJects o

Prev1ous work by the NJDOT resu]ted 1n the construct1on of two e]ectr1ca11y

| "heated pavements ut11121ng copper Jacketed mineral 1nsu1ated resistance

cab]es., Both 1nsta11atlons were des1gned to have a heat d1ss1patlon rate of

o 30- 35 watts. per square foot of approach roadway and 40 watts per square f°°t

‘fft of br1dge pavement Both were manua]ly act1vated

The f1rst 1nsta11at1on was completed 1n 1961 on: the westerly approach

'"r"}ﬁfto the Passa1c Rlver Br1dge on U S Truck Route 1 and 9 in Newark Cab]es



'~5’covered two ]0 foot w1de traff1c 1anes v Da11y traff1c was 40 percent

’.:g,were 1nsta11ed in conJunct1on w1th a b1tum1nous concrete resurfac1ng of

1,‘the br1dge deck and approaches The 51te was 840 feet in 1ength and

*;jheavy trucks ~ After severa] years of operatlon th1s 1nsta11at1on was "

)

L7f;fabandoned when pavement fa11ure 1ead to d1slodgement of cab]es 1n the over-' -

1ay and eventua] fa11ure of conductors Pavement des1gn was Judged not su1t- |
o ab]e for traff1c cond1t1ons | | B .

l.'[x- From the exPer1ence ga1ned on the f1rst test s1te al second 1nsta11at1on:4*€af’”

}ff;“was deswgned Construct1on was comp]eted in 1964 w1th new]y constructed pave-’“f"

"j.,the s1te Tota] cost for 1nsta11at1on of the heat1ng system averaged approx-‘

”ment on two b1tun1nous concrete ramps, and a port1and cement concrete br1dge

deck at the U S. Routes 46 and 17 1nterchange in Teterboro The ent1re

bflport1on of heated roadway (18 000 ft 2) has a b 95 percent grade To date,.,p

;p»th1s system has been operating satisfactor11y in controlllng snow and 1ce at

1mate1y $4 OO/ft ; and annua] operat1ng cost, $0 45/ft 2 of pavement surface RE

d,;.l 3 Pavement Heat1ng Ut11121ng Earth Heat |

. To eva]uate the use of the earth as a heat source, an exper1menta1 road-

“way heat1ng system was des1gned and constructed 1n 1969 in- Trenton New Jersey.
:The bas1c method of heat recovery was to bury a heat exchanger cons1st1ng of

B a network of p1pes, in the earth be]ow the test pavement An ant1 freeze solut1on
| was then c1rcu]ated‘through the heat exchanger and a]so through coils of p1pe
lf_:(p1pe pane]s) embedded 1n the test pavement In the process heat was transferred

| from the earth to the pavement surface where 1t could be ut111zed for Snow. .

';meltlng

h*{]P1ttman BE E]ectr1ca1 Heat1ng of Br1dge Deck and Approaches for Snow
and Ice Contro] E1ectr1ca1 ‘Bureau, NJDOT, 1969 page /.




)

E The goal of this project was'to'find a»mOre'economica17source of

o energy for pavement heat1ng - some source wh1ch cou]d be used in p]ace of

convent1ona1 organ1c fue]s or e1ectr1c1ty Th1s 1ed to estab]1sh1ng ‘the.

fo]]ow1ng obJect1ves,

J’)j_ '

'road surface as an energy source.

2)

1 3,

4)

To use the heat ava1]ab1e in the- earth 1mmed1ate1y below the S

To use'the earth’immediately be]oW‘the road surface as.a reservoir

for summer thenna] energy to be ut111zed dur1ng the w1nter months .

‘To eva]uate the use of 1nsu1at1on in terms of 1ts effect1veness

in reduc1ng heat loss from the earth.
To determine what combination of bipe size,hdepth, spacing, ,_
pavement material, and operating method was most effective.

To observe any deterioration or structural failure of the system.

“To evaluate the snow me]ting,abjlity of-the_heated pavement.



2, SUmmary of’Resu1ts and Conclusions

. This proaect has shown that the earth is. an econom1ca1 source of. heat
'for pavement heat1ng in that the annual operat1ng cost based on e]ectr1ca1
energy usage for th1s type of 1nsta11at1on 1s roughly 45 t1mes less than
mthat of an equ1va1ent pavement heating system ut111z1ng e1ectr1ca11y heated
embedded elements. However, the high cost of construct1on‘outwe1ghs,any re-
ductionvin operating cost and, for an assumed structural life of 20 years, a
’pavementaheating system of this type appears to be, from the average'yearly

_'cost'analysis presented, approximate1y 50% more expensive, in addition to

beingyleSS capable of melting snow, than conventiOnal pavement heating systems .

ut11121ng electrical heating cables.
The conc]uSIOns correspond1ng to the ob3ect1ves are
yl) fThis experimenta1 project has shown that the me]t]ng5of snow and:v :
ice can be achieved hy transferring the heat eneréy available in
~ the earth to a surface pavement.
2)V‘Therma1 energy was successfully transferred from the warm pavement
to the earth byyoperating this installation during the summer. How-
ever, due to'thevrapid rate of heat loss from the earth during system
“inactivity in the fa]T, the benefit‘to snow me]ting.derived from
| summer operation was minimal.
3) The use of 6 and 8 inch thick, 1-1.5 pounds per cUbic“foot po}y-}
.; styrene insulation, either.partially or completely enc1osing the heat
}exchanqers (reservoirs) did not significantly‘reduce the rate of
| 1oss of heat stored in the earth
‘f4) The most effect1ve snow me1t1ng for embedded p1pe pane]s,_took

place on sect1ons of port]and cement concrete pane]s conta1n1ng

)
i

)




"”jewrought 1ron p1pes embedded at a depth of 2 1nches and spaced on“ff R

: ﬂ6 1nch centers General]y, port1and cement concrete panels were -

'iTJO more effect1ve 1n snow me1t1ng than the1r correspond1ng

.7;b1tum1nous pane]s Pane] sectlons of c]oser p1pe spac1ng and |

o fi\]arger p1pe d1ameters were better snow me]ters

No maaor structura] fa11ure of the pavement or wrought 1ron plpes

vbwas observed No 1nterna1 p1pe corros1on was observed and no

'1‘,fdeter1orat1on of the heat1ng f1U1d to a more ac1d state was measured

f'giBecause of two 1eaks wh1ch deve]oped in the heat1ng pane] wh1ch

= ,'conta1ned r1gld po]yv1ny] ch]or1de (PVC) p1ast1c p1pe, it 1s quest1on-,

“‘iAable whether th1s type of p]ast1c p1pe possesses suff1c1ent strength
' ;for use in an embedded p1pe type of pavement heat1ng systen k

}eFor most snowstorms in wh1ch an underground heat exchanqer prov1ded
‘"earth heat to. two pane]s of p1pe embedded at a 2" depth in the test

:pavement, the most effect1ve me1t1nq sectlons (port]and cement concrete‘v

"pane]s, 6- 1nch plpe spac1ng) produced a heat d1ss1pat1on rate of -

"approx1mate1y 100 BTU per hour per square foot for a heat1ng f1u1d

,themperature of 40 60°F and an. a1r temperature of 20 35° F; The above

_cond1tlons resu1ted 1n an average Snow me1t1ng rate for most snowstorms .

'of between O 2 to 0 3 1nches per hour The me1t1ng wh1ch took place

on these panel sect1ons was Judged better than that on. the 20 watts* t" -

vper square foot sect1on of the e]ectr1ca11y heated port]and cement con-;v'

'threte reference pane1 but 1ess than that measured for the 40 watts/ft2

";sect1on

For most snowstorms 1nfsjf!l.'

{?nderground heat exchanqer pro—f‘»

i_tpvided earth heat to four panc]s of pipe embedded at a ?” depth 1n

' 7~jtest pavement the average snow me1t1ng rate on the most effect1ve ff""

| *1 Natt

3 4 BTUH (Br1t1sh Thermal Un1ts per. Hour)
' 5



'”5meTting‘sections'was"reduced to*betweend0*17and~0 2 inches per R

_'hour w1th a correspond1ng reduct1on 1n heat d1551pat1on rates

t}gHeat1ng f1u1d temperature ranged from 35° to 55°F The me]tlng

"‘ﬁ;’wh1ch took p]ace on these sect1ons was Judged worst than that 0"

-vport1and cement concrete reference pane]

'i*{athe 20: watts per square foot sect1ons of the e]ectr1ca11y heated

o

When. pavement p1pe pane]s were supp11ed w1th a h1gher temperature

»heat1ng f1u1d (average 90°F) by a 30 k110watt hot water heater the s
T most effect1ve me1t1ng pane] sect1ons were ab1e to me]t snow 3 to 47

» 4 t1mes as rap1d1y as when supp11ed w1th earth heat " The average

. Fme1t1ng rate for these best me1t1ng sect1ons supp11ed w1th (average

. the most effectwe 60 watts/ft

-

:90°F) heat1ng f1u1d was approx1mate1y 1 1nch per hour Th1s me1t1ng

' ._drate 1s approx1mate1y 50% greater than the me1t1ng rates measured on a

2 sect1ons of the electr1ca1 res1stance

}jgpanels

s

In a1most a]] snowstorms, the 40 and 60 watts/ft sect1ons 0f

'vgthe e]ectr1ca1]y heated reference pane]s produced better me1t1ng than .

o Tpavement p1pe pane]s supp11ed w1th earth heat

Fo11ow1ng are add1t1ona1 conc]us1ons whlch though not 1n d1rect

»f answer,to,the‘obJectjvesihave been‘reached.from work,done on this
“project.
) For the w1nter of 1960 70 the operat1ng cost of the earth heated

| ‘pavement plpe pane]s based on electrical energy cost was approx1mately

‘f;45 t1mes 1ess than that of the e1ectr1ca11y heated reference pane]s

=:',for an. equ1va1ent amount of snow me1t1ng and based on e1ectr1ca1 energy _;,"

'”‘v‘pcost on]y

oW




_ For an equ1va1ent amount of snow me1t1ng, the operat1ng cost
(e]ectr1ca1 energy cost on]y) of the hot water heated pavement
p1pe pane]s was approx1mate1y equa1 to- that of the e]ectr1ca11y
’ heated reference pane]s | | |
'ﬂ'té)piBy the end of 1970 s se]ect1ve summer operat1on for the purpose of
“ 2'x}stor1ng heat in the earth “the heat stored in Heat Exchangers #1 and
#2 was. 1ncreased by approx1mate1v 10% _
~ 'For the per1od from June 4 to October 6 197T,1c0ntinuous summer"
'operat1on of the un1nsu1ated Heat Exchanger #3 for 2, 976 hours was
approx1mate1y equal in heat stor1ng ab111ty but 4. 2 t1mes more cost-
_ ly (based on e]ectr1ca1 energy cost) than se]ect1ve summer operat1on
‘for 715 hours dur1ng 1970,
'9)jiN1th the un1nsu1ated Heat Exchanger #3 serv1c1nq four heat1ng panels'g
~ with at 1east three hours of system operat1on, and w1th the temperature
- of the heat1ng f1u1d in the range of 35° to 46°F, heat was extracted
ffrom the earth dur1ng snowstorms at a rate of between 4- 18 BTUH per

'*11near foot of 1 1/4 inch heat exchanger pipe.

h,d' 10) For th1s type of system, the p]acement of 2 1nches of ce]]u]ar g]ass

‘,therma] 1nsulat1on below a port1and cement concrete pavement of g"
e th1ckness was not an effect1ve means of 1mprov1ng the snow me1t1ng
- abi11ty of 20 60 watts per square foot heating e1ements embedded at
a depth'of 2 1nches below the pavement surface
| 11) ,A cons1derab1e amount of data was 1ost due to fa11ures of temperature‘
| "Isensors and temperature recordlng equ1pment By the 1ast year of
operation more than ZSA of the temperature sensors showed stronq

'1nd1cat1ons of be1ng 1n error



:Though pavement heat1ng systems have been cons1dered Just1f1ab1e 75{1”

3 Recommendatwns Sl e

h:fefor 11m1ted app11cat1on 1n relat1ve1y sma]] cr1t1ca1 1ocat1ons where

""‘_ntraff1c de]ays and hazards caused by snow or 1ce outwe1gh costs,

":3ff’the use of a pavement heat1ng system ut111z1nq eartn heat 15 nOt

*fat th1s t1me recommended for these 1ocat1ons, pr1mar11y because |

:Th1s type of pavement heat1ng system shou1d not be operated e1ther ?”

'“1t does not compare favorab]y 1n terms of economlcs w1th convent1ona]

"e1ectr1ca1 pavement heatwng systems

;;cont1nuously or se]ect1ve1y for purposes of stor1nq heat from June 4

‘ ffto October 6 un]ess some method of preventwnq heat 1oss from the earth

;dur1ng the fa]] can be dev1sed |
bwhen p1aced as 1n this 1nsta11at1on,‘6-8 1nches of 1 0 1 5 pounds per

}7cub1c foot r1g1d expanded po]ystyrene 1nsu1at1on shou]d not be used }tf S ey

i

>:'w1th bur1ed p1pe heat exchangers for the purpose of reduc1ng the 1oss

‘vﬁ'of stored heat dur1nq system 1nact1v1ty in the fa]]

"gPolyv1ny] ch]or1de (PVC) plast1c p1pe shou]d not be used 1n embedded ’”] :

o 41]p1pe pavement heat1ng systems des1qned for h1ghwayfuserpend1ng the

”l~']aresu1ts of further research 1nto the poss1b111t1es of breakage

Unprotected v1ny] t1pped, qenera] purpose therm1stor probes of the

':etype used for th1s prOJect are not recommended for sub so11 readings

i'?at depths of 2 5 to 15 feet :“: 'U': o ;::hh, *b :": ’h.' s* ' 'h b,w;‘<.
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h1f4 1 2. 1 Pavement P1pes

. 4. Discussion of Project .

Location: -

:ppark1ng

,i]ot adJacent to the Annex of the\New Jersey Department of Transportat1on |
s,dma1n headquarters at 1035 Parkway Avenue, Trenton New Jersey S ee |
aF1gure 1 paqe 10 It was 1nsta]1ed dur1ng the constructlon of the park—‘ |
| ‘=,;_1ng lot Th1s s1te was se]ected in order to contro] the traff1c over the ;“'
";htest area dur1ng snow cond1t1ons Swnce one. of the prOJect obJect1ves
‘fwas to observe the snow me1t1ng rates on d1fferent sect1ons of pavement
5an attempt was made to proh1b1t traff1c on the test area s1nce 1t was

‘felt the act1on of traff1c wou]d obscure observat1on

"cff;,4 1 2 Pavement and Base

The test pavement cons1sts of two paral]e] "1anes" each 13 feet w1de »l

‘, and 123 feet 1ong One lane cons1sts of 9 1nch th1ck s]abs of port]and
'cement concrete on a subbase wh11e the other ]ane cons1sts of 7 1nches
- of bltum1nous concrete on a 6 1nch macadam base The des1gn of both }hr
‘,-:]anes of pavement and subbase was: typ1ca1 of pavement construct1on cur-: :
' rent in New Jersey at the t1me of system 1nsta11at1on (Apr11 December

'1969) Each 1ane 1s subd1v1ded 1nto four 1ndependent pane]s such that

a ma]funct1on on any one pane] w111 not d1sab1e the ent1re system ]

P1pes w1th nom{wal d1ameters

”ﬂ7t1ve1y, at depths of 2 and 4 1nches See F1gure 24 page ]]

embedded 1n the pavement of Pa els #1 and 2 3 and 4, and 5 and 6 respec__ s
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- PORTLAND CEMENT CONCRETE.PAIELS 1.3.5.67
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GENERAL PLAN

FIGURE 2



'dfffIn each of these pane]s,-th‘

' “f:mater1a1 uh1ch vou1d nroduce the most effect1ve S nov! me1t1nn

d1nch centers, and the n1nes embedded at 2 1nch and 4 1nch depths .

”*;;}are stagqered w1th resnect to each other as shown 1n F1qure 3 hage 13 i
th‘,A11 p1nes are standard we1ght wrouqht 1ron w1th the excent1on of o
s ihPanel #3 uhere a r1q1d no]vv1nv1 ch1or1de D1ast1c n1de is used héthnf, Lol

'f’gn1ast1c p1pe, wh1ch 1s res1stant to chem1ca1 corros1on was chosen 1n ji'

‘order to test 1ts structura1 nronert1es

The nreced1nq des1gn was. se1ected 1n order to eva]uate the comh1na-,f?n}'fi

5t10n of n1ne snac1ng. n1ne d1ameter denth nf emhedment and Davement

v_hE 2 1 2 ? E]ectr1ca1117Heated Pavement

To serve as a reference, °ane1s #7 and #8 conta1n v1nv1 1n5u1ated

= e]ectr1c res1stance v1res emhedded at a depth of two’ 1nches | Fach of the .

pane]s 1s subd1v1ded 1nto three sect1ons de51nned to d1ss1nate a known o

‘f'amount of heat ‘ The sect1ons have heat d1ss1nat1on rates of °0 uatts 7

:1r'(5p BTUH) ﬂO watts (13F PTUP), and fO uatts (?04 PTUH) ner snuare foot

}of surface area See F1gure 4 naqe 14 It 1s qeneral]v accented that

:;fno watts/foot“ heat d1ss1pat1on at th1s denth can Peen navements c]ear :ht»u

~of snow and 1ce under most c11mat1c cond1t1ons 1n New_Jersey ThUS,a:,. o

h;the heat d1ss1nat1on rates Of the PMbOHde D1ne nane]s can be rouqh]v S

‘,determ1ned ty a v1sua1 comnar1son of the1r me]t1nq effect1veness to '

‘hrvthat of the e1ectr1ca11y heated reFerence nane1s : A two 1nch 1ayer of

'~"G1ass foam 1nsu1at1on was n]aced d1rect1v be]ow one “a]f of the e1ectr1ca11yf‘”?

heated port]and cement concrete Dane] “7 Th1s 1nsu1at1on was 1nc1uded ‘?]»h“

e _to test 1ts effect1veness 1n reduc1ng downuard heat 1osses

'dJ*BTUH -er1t1sh Thenna1 ln1ts ner Hour

'fo. Ib1d., page 5

5n1ne snac1ng 1s var1ed from 6 to 19 to 18
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ﬁ,f)°54 1 3 Heat Exchangers o

Three 1ndependent heat exchangers are bur1ed 1n the ground be]ow

the s1x embedded p1pe pane]s. See F1qure 5 _page. 16. Heat Exchanger #1 S

s bur1ed beneath Pane]s #1 and 2; Heat Exchanger #2 beneath Pane]s #3

nd 4, and Heat Exchanger #3 beneath Pane]s #5 and 6, respect1ve1y

Each exchanger cons1sts of 2, OOO 11near feet of 1 -1/4 1nch wrought iron

: pipe arranged in a grid and burjed at a depth of 3 to 13sfeet_1n:the
earth;' Eheﬂgrid, which'measuresy32fix,30,5\,x,10'; fstmade up of five

5f 1ayers'of pipeinstailed‘wjth;a horiiontat and‘vertica1 spacing of two
feet between,pipes,(Figure,s,ipage‘16 and Eigure 6, page217). These
pipes are‘immediate]yrsurrounded by sand’fi]]vwhich extends to the bound-iﬁ
-aries of the“pipe‘grid ~An etght inch’]ayerrof expanded po1ystvrene foam
'1nsu1atlon (] 5 ]bs/ft3) lies d1rect1y above Exchangers #1 and 2 and six- -
" inch layers (1 ]b/ft3) enc]ose the rema1n1ng 51des of Exchanger #2 (ng-‘
ure 5, page 16 and F1gure 6, page 17) No 1nsu1at10n was - used with Exchanger
~#3. ‘The sand fill heat exchangers are surrounded by the ex1st1ng so11 .
‘k v The horlzonta1 1ayer of 1nsu1at1on used u1th Heat Exchangers #1 and

2. was emp]oyed to detenn1ne 1ts ab111ty to prevent heat stored in the

earth dur1ng the summer months from d1ss1pat1ng to the atmosphere dur1ng

the fall and w1nter - The add1tiona1 1nsulat10n used w1th Heat Exchanger #2 |
vias emp]oyed to determlne its ab111ty to prevent heat stored in the heat
:exchanger earth over the summer from dissipating to the surroundtng earth

in the fall and winter.

4, 1 4. Heat Transfer F]uid, F1ow and Pump1ng EQUTDment .g AT

The heat transfer f1u1d 1s an ant1freeze so]utlon of approx1mate1y
60 percent water and 40 percent ethylene glyco] by vo]ume This solut1on"'

is obtained by m1x1ng water and PrestonekAnt1freeze (manufactured by

15
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;‘f’Un1on Carb1de Corporatlon) to a tota] of apnrox1mate1y 920 gaTdons

‘.-when the system is operated “the f1u1d is c1rcu1ated in a closed p1p1ng

h v_“,Toop from bur1ed heat exchanger to the pump -house, to the test- pave- B

"ment and back to the buried heat exchanger

', Proper f1u1d fTow 1s ma1nta1ned at the pump house (FiQUfEQ]afpﬁge.]o :
”h‘and Figure 7 page 19) by pump1ng and fTow equ1nment Qne‘set ot‘eduip-
vment is shown in F1gure 7 and con51sts of a 1/6 H. P. circulating pump,

i}a fTow meter, an a1r separator a pressure gauge, an expans1on tank and

: contro] valves. Tnere are three such sets in the pump house, one for

every two ambedded p1pe heat1nq paneTs | Rate of flow is controTTed by

'the c1rcu1at1ng pumps and requTat1ng vaTves and- is measured by Ua]]ace

and T1ernan,.Inc ,gTass tube, variable area . flow meters,wh1ch are accu-

rate to +O 5 gaTTons per m1nute ’FTuid pressurevis measured-by 4-1/2" |
fiﬂtBourdon tube gauges The air separatorsvremoVeiafr.from,the System :

"‘therebv he1p1ng to providerunrestricted f]ow: The expansion tanks act
a'h,as:air‘reservoirs as~we11 as allowing for the expansion of the'ethyTene’

hgTycoT-water solution vith tenperature increases.

L 34 1 5 Temperature Measur1ng Instrumentat1on

The temperature of the earth pavement and ethyTene qucoT—uater i

ff‘ solut1on was-mon1tored w1th T°O odeT 401 D1g1tec deneraT purpose therm-

1stors ATP temperature was mon1toreu w1th a n1gwtec Mode] ilo. 405 alr

*f temperature therm1stor For spec1f1cat1ons see page TuS These therm-.

1stors are eTectr1caT res1stors wh1ch make use of a sem1conductor uhose

,res1stance var1es ina known manner with temperature The Tocat1ons of

”lh,the thenn1stors 1n tne heat exchanqers pavement and p1pes are shown 1n

: Flgures 8, 9, and TO, paqes 20 21; and 22 Types A B, and C thenn1stors are

Tocated in the test pavementrat the deptns shown in Figure 9. Type ™
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‘“thennfStors'areu]ocatedyin{the bﬁbes”émbédaéa'in the'testipavement andb_
| kare p]aced as’ shown in F1gure 9. Thenm1stors types D1 to DO are 1ocated
lw1th1n the earth of the heat exchanqers Type D]O therm1stors are'
'1ocated in cx1st1ng park1ng 1ot so11 and serve as contro1s See F1g-
ure TO Leads from these therm1stors are connected to a mu1t1 conductor
_,cab]e which runs from the heated oavement area to the oate house See
Figure 1, page 10 At the gate house “the cah]e is linked to a D1g1tecv
d1g1ta1 measuring and record1ng sys tem (accuracy ip.39F)}composed of a
_d1g1ta] therm1stor thermometer d1g1ta] c1ock;bmu1tip1exer; scanner, and,

"printer ~ See F1gure G-4, page 185. ‘The air temperature thermistor’was
) {mounted out51de the gate house and its 1ead w1re was connected d1rect1y |

:~to this D1g1tec system The D1g1tec equ1pment cou]d be set to sample and
record from 1 100 tonperature data po1nts per scann1ng cvc]e The time‘
1nterva1 between scann1ng cyc]es could be set at 1, a,_]O 30 or 60 m1nutes
‘and data po1nt dwe]],cou]d be_yar1ed from 0.]510 seconds.

One hundred data pointsdwere”read and.recorded for‘one:fu11 scanning
cycle. | The time Of the'reading;‘and thermistor number and‘temperature 7‘
'5‘:,were automat1ca11y recorded on paper tane by the pr1nter Becausekofvthe :
‘1ate arrlva] of some of the equ1pment automat1c operat1on of the Diq1tec ‘}
system was not poss1b1e nrlor to the Snow storm of March 3, 1971. Before
‘thlS storm and after that of February °3 24 1972, the read1ng reg1stered"
by the d1g1ta1 thermometer vas manua]ly entered in a Tog booP or on prepared
forms. Digitec equ1pment fa1ture Ted to the resumntwon of manua] record1ng

after the 1atter date |

The pane] 1nput and output temperatures of the ethy1ene g]ycol—
*awater solution were measured 1n the pump house by Six. Trer1ce a]roho]
_'thermometers and entered in a 109 book, Dr1or to the date of February 17,

: 1971. On this day, the Trerxce,thermometerspwere rep]aced by six
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‘1Mode1 4013Digttec'thermist0rs “hThesetsix thermfstors were:connected to"
the mult1conductor cable runn1ng to the qate house so that they too » |
,cou]d be automat1ca11y read. Th1s was done since the D1gItec therm1stor .
and d1g1ta] thennometer (accuracy +0 3°F) prov1de a more exact measurement
of these 1nput and output temperatures than d1d the Trer1ce thermometers ,.(

(accurate to +1°F)

82 Construction;OfHPavementquatjnngystem i

1

"4;2.1 Placement and Fabrwcat1on of Heat Exchanqers

Construct1on began on Apr11 7 1969 A ]00 feet X 40 feet area was f1rst--

'excavated byva bu11dozer to‘avdepth of ]4 feet A]] excavated mater1a1 was o

’trucked’away as it was not COnsidered suitable for backf11] The‘area was
. surveyed “and the s1tes for the heat exchangers were 1ayed out Suitab1e sand
}vbackf111 was dumped from trucks and s1x 1nches were spread by hand over the )
_ent1re area and compacted w1th a sma]] hand operated compactor For backf111
: ‘gradat1on requ1rements, see Tab]e H-1, page 188 . In the area set aside for
‘i Heat Exchanger #2 a six 1nch hor1zonta1 1ayer of po]ystyrene 1nsu1at1on was. -
| p1aced on the sand base (Photograph 1, page 25) Th1s layer was ConStrUCtEd
(from 4 feet x 8 feet X 3 1nch b]ocks of 1nsu1at1on with al] Jo1nts over]apped
| Six 1nches of sand backf111 was p]aced over th1s 1nsu1at1on and compacted
A 1ayer of prefabr1cated ] 1/4 inch wrought iron p1pe co1ls was then p]aced
."by hand on the compacted sand (Photograph 2 page 26) At th1s point a
sequence of operat1ons of p]ac1ng and compact1ng sand backf111 1n 6 inch 1ayers
and the p]acement of 1- 1/4 1nch co1ls w1th a 2 feet separat1on between c011 -
]ayers cont1nued unt11 a]] f1ve ]ayers of the heat exchanger were comp]eted

See F1gures 5 and 6, pages 16 and 17
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- MAY 1969 = PHOTOGRAPH |

~ CONSTRUCTION OF HEAT EXCHANGER NO.2

( 6-INCHES OF INSULATION ENCLOSING HEAT EXCHANGER)
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MAY 1969 " PHOTOGRAPH 2

~ CONSTRUCTION OF HEAT EXCHANGERS NO.| & NO.2

(1-174 INCH COILS ON 2 FOOT CENTERS)



As 1t was p]aced a co11 1ayer was connected -to the preced1ng 1ayer(s);'.;‘
and p1pe 301nts were gas we]ded and tested for ]eaks by pressur1z1ng the
h]ayers of c011s to 150 pounds per square inch for 8 hours After the con¥ﬁaﬁf
‘ struct1on of a]l the heat exchangers was comp]eted the ent1re system of |
'heat exchangers was pressure tested at approx1mate1y 150 pounds per square
“inch for more than a week - '
| Some d1ff1cu1ty was encountered 1n compacting the sand above the in-
~su1at10n due to 1ts res111ency, however as success1ve layers of backf11]
; f‘"were placed 1t was poss1b1e to ach1eve the spec1f1ed compaction of at ]east~
?d95A of max1mum dens1ty |

The 6 inch th1ck vert1ca1 wa]]s of 1nsu1at1on enc]os1ng Heat Exchanger #2

. were constructed of 4. feet X 8 feet x 3 1nch blocks w1th a11 Jo1nts overlapped

ESee Photographs ] and 3, paqes °5 and 28~ Th1s insulation was put in p]ace as

. v‘the heat exchangers were be1ng backf11]ed Upon complet1on of backf111 operat1ons

an 8 1nch hor1zonta1 1ayer of po1ystyrene 1nsu1at1on constructed of 4 feet x 12
| feet x 4 inch b]ocks,ﬂw1th a]],Jo1nts over]apped, was pIaced above Heat Exchanger
5 SR S | - k » S

Construct1on of the other two heat exchangers took p]ace concurrent]y w1th
“‘that of Heat Exchanger #2 and 1n the same manner w1th these except1ons -- _’
!1nsu1at1on was. p]aced on top of Heat Exchanger #1 ‘and no. 1nsu1at1on was used d

) with Heat Exchanger #3.

4.2, 2 Pavement Subbase ‘_h*'_;' ]i*d_fftl‘ ,,g:f;v.‘,~" *T’U’;e" ;,_4‘f,*‘

Subsequent to p1ac1ng the 8 1nch 1ayer of insulation construction of
the subbase and base courses for the surface pavement proceeded 1n a conven-f

Cnt1ona1 manner See F1gure ]1 page 20 for subbase and base course c]ass1-
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f1cat10ns and p1acement d1agram * Precautlon was taken to maintain at least

I 1nches of subbase mater1a1 above the 1nsu1at1on dur1ng operat10n of heavy '

S construct1onﬁegu1mnent, so_that the 1nsu1at1on‘wou1d not‘be damaged,

4, 2 3 Port]and Cement Concrete Pavement

Upon comp]et1on of the subbase and base courses, forms for the P C C.
(Portland Cement Concrete) s1abs were: 1nsta11ed and the prefabr1cated wrought
v1ron co1ls were p]aced w1th1n the forms at the spec1f1ed he1ghts by the use of
"cha1rs fabr1cated from 1/2 1nch re1nforc1ng rods A]] p1pe Jo1nts were
gas we]ded and pressure tested at. 150 pounds per square inch for e1ght hours
The co1ls for Pane] #3 were fabr1cated at the s1te from standard we1ght po1y—
v1ny1 chlor1de p]ast1c p1pe (Photograph 4, page 31). A]] 301nts were solvent .}
: \welded_and pressure tested_at»150 pounds per square inch for e1ght_hours.
B - The’zﬁilaver of\glass‘foam'insu1ation below Pane] #7 was p]aced'on the*
: subbase as shown in F1gure 11 page 29 Concrete was then poured to w1th1n
’2“ of f1n1shed grade level E]ectr1ca1 heat1ng mats were pos1t1oned and covered
w1th the f1na1 two 1nches and the pavement was Teveled off |
Portland Cement Concrete for th1s prOJect was a standard pavement mix
as‘used in a typ1ca1 New Jersey state h1ghway as of the t1me of construct1on
For gradat1on requ1rements, see Table H- 1, page 188 P]acement f1n1sh1ng
and cur1ng of the concrete was accompl1shed accord1ng to standard spec1f1cat1ons

for h1ghway~constructjon in New Jersey.

4. 2 4 B]tum1nous Concrete Pavement
The B1tum1nous Concrete was p]aced 1n four 11fts on a 6 1nch macadam base

e course A]l four 11fts vere m1x #5 as 11sted in Table H- 1 page 188 After

- *For further explanat1on of the. requ1rements for the. d1fferent subbase and

" base course classifications in effect at the time of construction, see the
1961 "Standard Spec1f1cat1ons of the Mew Jersey Highway Department for Road
and Bridge Construction" (Green Book) as amended.
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'_ plac1ng and COmpactwng the. f1rst 11ft the prefabr1cated wrought 1ron co1]s |
'] to be embedded at a depth of 4 1nches were p]aced on the hot surface and-
plac1ng and compact1on of the second. 11ft began (Photograph 5, page 33 ). This}_
f‘operat1on was again repeated for the next 1ayer of co1ls to be embedded at a
depth of 2 1nches The bituminous concrete was placed_mostly by hand although
‘a spreader was’ used for the bottom and top courses. dA 5 ton 2 whee] roller -
was used to compact all four 11fts The on]y prob]em encountered was warp1ng
;.of the iron pipe due to heat from the hot mix. This may have resu]ted in
: the format1on of vo1ds elther above or be]ow some of the co1ls

The e]ectr1ca1 heat1ng mats for Pane] #8 were pos1t1oned after ‘the com- »
‘pactlon of the th1rd Tift had been comp]eted The mats were then covered
with a 1/2" course’ of sand aspha]t which was thereafter compacted No. tack
'coat was used s1nce the th1rd 11ft was still hot when the sand asphalt was
p]aced. A 1-1/2" top course was then p]aced and compacted, see F1gure 11

page 29,

4.2, 5 P]acement of Thennlstors d o

Therm1stors w1th1n the heat exchanqers were p]aced dur1ng the backf111
operat1ons Thenn1stors in the earth adJacent to the heat exchangers were
_fastened to a wooden rod, at spec1f1ed 1nterva1s wh1ch was then 1nserted into
a ho]e dr111ed to the proper depth Pos1t1on1ng of the therm1stors in both
the P, C C. and the B C. (Bltum1nous Concrete) was b/ means of 1/2 inch
wooden dowe]s driven 1nto the base courses The therm1stors were 1nserted

“into- holes dr111ed through the dowel and then secured with plast1c tape

(Photograph 6, page 34 ) Therm1stor leads were run to junct1on boxes where they -

were connected to a multi- conductor cab]e wh1ch was - run through condu1t to the

~gate house Here f1na1 connect1on to measur1ng 1nstruments was made.
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SE
CONSTRUCTION OF PANEL NO.2

(3/_4 INCH WROUGHT IRON PlPE»:S EMBEDDED AT A 2-INCH DEPTH
IN BITUMINOUS CONCRETE) |



 PHOTOGRAPH 6 ,
POSITICNING OF THERMISTORS il PAVEMENT
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'*f4 2 6 Temperature Record1ng Instrumentat1on .
Temperature recordlng equ1pnent was 1nstaTTed 1n the gate house in
accordance w1tn des1gn Sect1on 4.1, 5 page 18 For equ1pment 1nterconnect1on

‘,d1agram and equ1nnent spec1f1cat1ons refer to F1gure G-4, page 185.

f»5427 lmymme i

B A 10 X TO x 7.5 foot reinforced concrete pumphouse was constructed beTow
grade. It is lTocated adjacent to the heated pavement area and houses the‘ -
flow CQntroTTing‘eqqument mentioned in Section‘4.1.4 page'15,.as well as
electrical power controTs' Drainage is provided.by a 1/3 H. P. submersible

" sump pump The entrance to the pumphouse is a 1/4" aTum1num d1amond p]ate

.hatch cover.

- 4.,2.8 P1pe InsuTat1on

P1p1nq in the pumphouse was 1nsu1ated u1th 1/2" th1ck f1ber gTass Tow
pressure p1pe 1nsu1at1on Two 1nch suppTy and return ma1ns that extend from
the pumphouse to the heat1ng paneTs were 1nsuTated u1th 1/2-inch of 0-C

(Owens Corn1ng) flexible 1nsu1at1on.

‘-,4.3 Hethod of 0perat1on 7

Tne dates between wh1ch the pavement heat1ng system was operated are
a TiSted in TabTe 1, page 36, The purpose and type of operat1on as weTT as a
listing of the heat exchangers and heat1ng paneTs 1n operatlon are aTso shown

in the tab]e

4, 3 T Def1n1tlons
The wordsl"select1ve and cont1nuous" as used 1n TabTe 1 and eTsewhere

1n th1s report when referr1ng to types of operat1on are def1ned as fo]Tows
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‘Dafeé' e f’ ~ Purpose

TABLE T

METHOD OF.OPERATION

Tvpe of Ooerat1on f

System in. 00erat1on

~ Hours. .

winter 1950 70, ‘,' Sndw Melting

_/Dec 25 Feb 14)

" On hefore or dur1nq B
: snowstorms o '

CHE1. P
p

_ HE 3- P

HE 2=

18&
3.8
PANELS 7 &
5 &

xmcnw»;v.‘

g s

210 Hrs

210 Hrs.

210

1300

Hrs."

Hrs. .

Hrs.

.Qummer 1070 : ':Stbring'Hééflin earth

(June 4 Oct 6) o

Selective

1.-,p1}f§
HE 2 - P3
3-P54

Ro Do 26
urm-hrb'

715 H

Hrs.
715
715

Hrs.

- 9¢

inter 197071 Snow Melting

(Dee,FZi.-Apf{]“7)ﬁ"'i

“On before or dur1nq ‘
,'snowstorms

HE2 -P3

HE1 _Pl&2
HE 2 - P4
HE 3 - P5 &6
PANELS 7 &'

105 H
105

1105
105

Hrs.

Summer 1971 ‘fsibriné;heat in earth
(March 16- Oct. 6) : SRR

Continuous

HE.g,-epg &;6”

4880.

Hrs.

Winter 1971 72 Snow'MeTfihq»"-‘
_(Dec 30- Feb 24) : S

- Continuous -

HE 3-P1,2,5

& 6
PANELQ 7 & 8

- 1440°
85

Hrs, L

w1nter 1973 74 ~ Snow Helting
(Dec 16- Feb. 25) RS

 On dufjng,SﬂbWstokmsj

. HE 3 - P5 & 6
" HE 3 -P5 .

HE'l -P1
HWH** P1 & 2

‘ HwH';,Pl~&ﬂ5:} -

150

Hrs
Hr:

- 95 Hr
.717'

Hrs.
Hrs.

Fall 1974 S Heat Extractlon rates .

(Oct. 23- Nov 13)

Winter 1974-75 , Heat Extract1on rates

(Jan 20 Feb 5)

‘Continous . -

~-On during snowstorms .

HE 3-P1,2,5 8 6
HE 3-P1,2,5 & 6

512 Hr
13

“Hrs‘_r'

*‘HE 1 -‘Heat_Exchanger:#l.,

* i T
P 1 - Panel #1.

 **HWH - Hot Water Heater

Hrs. -

Hres.

Hrs.

Hrs, -

105 Hrs.
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uh,'Selectlve Operat1on -?-éf

: 0perat1on of the system only dur1ng those t1mes when temperature

- data 1nd1cated that heat vas be1ng transferred to the earth

v,;Contlnuous 0perat1on -f f o
Operat1on of the system 24 hours a day dur1ng a11 days of an

*operat1ona1 per]od

h‘j4;4.“Evaluation’ofldperation:f .

S R Snow Me1t1ng and: Heat D1ss1pat1on Rates

~ This sect1on presents the snow me1t1ng rates and heat d1551pat1on .

1rates determ1ned for the e1ght pavement heat1ng panels dur1ng the four years |

~of winter operat1on

The resu]ts of operat1on of the embedded p1pe heat1ng pane]s are covered

”f:for N1nters 1969 70 1970 71 1971 72 and 1973 74 For the f1rst three of

‘t-fthese w1nters the embedded p1pe heat1ng panels were supp11ed w1th heat from _'

the earth Durlng W1nter 1973 74, severa] embedded p1pe pane]s were supp]1ed
/w1th earth heat wh11e others were supp11ed w1th heat by a 30 kw e1ectr1c hot
'_water heater wh1ch had been 1nsta1]ed in the pumphouse dur1ng the Fal] of 1972

. Summer operat1on for the purpose of stor1ng heat 1n the earth preceded W1nters .

1970- n and 1971- 72.

For the e]ectr1ca1 res1stance heat1ng pane]s, the resu]ts of operat1on

for W1nters 1969 70 1970 71, and 1971 72 are presented

"4 3. 1 a1 Embedded P1pe Heatlng Panels

The same pattern of snow me1t1ng was ev1dent for the embedded p1pe heat1ng;‘

‘hpane1s for a]] w1nters * ‘After system act1vat1on snow f1rst beg1ns to me]t

~jf.#0n1y4the.pipes’embedded}at’a}Z" depthfwere'used durTn§fninter.gperation.
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| d1rect1y over tne embedded p1pes As'theuconcrete slab warms»up more't
un1form1y, snow me1t1ng gradua]]y spreads out and away from the p1pes

'unt11 a]] snow between them has’ me]ted Th1s pattern of snow me1t1ng is -

111ustrated 1n Photograph A-1, page 86. The f1ow of heat via the heat trans-
fer f1u1d from the earth to the pavement and. snow results in the me1t1ng
For all w1nters, ‘the best melting occurred on the sect1ons of
port]and cement concrete pavement conta1n1ng pipes embedded at a 2"
- .depth with a 6"vcenter to center. p1pe spac1ng Generaliy;‘port1and .
‘cement concrete pane]s were 50 percent more effectIve in snow me1t1ng’
than their correspond1ng b1tum1nous concrete panels. Also,, ane]
sections conta1n1ng pipes of~c1oser spac1ng and larger pipe- d1ameters'
- were usually more effect1ve snow melters. Accordlng]y, P5 (6)* and
J (6) were the panel sect1ons that produced the fastest me1t1ng, and_bt,,
: P6 (18), P4 (18)and P2 (18) the s]owestlne1t1ng An exception to the
: rule. was Pane] #3 which conta1ned p1ast1c p1pes of 1" diameter; it d1d
not me]t snow as effect]vely as Pane] #1 (wrought 1ron pipes of 3/4“'d1ameter )
In the following sectlons_of th1s report the snow melting rates of
pane1 sections were detennined by‘several,different methods depending‘upon
~ the duantity and qua]ity of‘recorded observatfons ‘Snon accumu]ation and
' observat1on t1mes were obta1ned from a log book wh1ch is kept for each snow‘
storm. Slnce an observer was not usua]]y present when a g1ven sect1on : | o
‘was clear of. snow, it was not poss1b1e to accurate1y determ1ne the me1t1ng _
rates for,each storm : Me]tlng rates ca]cu]ated by both methods are considered
_ conservative ‘ Me1t1ng rates calcu]ated by the 1 more conservat1ve method ”
represent the me]t1ng rates of the s1owest me]t1ng port1ons of a heated
‘pane] sect1on By actua] ob ervat1on, the rate of me1t1ng observed d1rect]y
“above the embedded pipes was normal]y more than tw1ce as rap1d
*Panel 5 (6 inch pipe spac1ng) for further exn]anat1on of this notat1on-see

Append1x A, Section A.1, Table A-1, paoe 81
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Heat dissipation rates were calculated from the input and output\'
temperatures of the heating f1uid for each spaeing of coi]s'in the various
panels and from the flow rate of the heating fluid. For a panel section,
the input temperature of the heating f1u1d was measured by temperature

,sensors located;in the_pumphouse.¢‘The;output_fluid temperature for’a y
pane].section was meaSured‘by Tw,temperaturevsensors located at the e*it"
, of}the-pipe{coils.i See Figure 3, page 13, for the positton‘of the TW -
:thermtstOrsu‘ A sample,ea]eulathn ofiheatidissipation'rates is‘shown‘in

~Section F.4, page.178.

4.4.1.1.1 Winter Operation 1969 70*

The pavement heating system was put 1n operation shortly before or -

- during snows torms . Panels 1 and 2, 3 and 4, and 5 and 6, were connected

to Heat EXchangers #h, 2 and 3-respective1y Panels #1 2, 3 and 4 were

1n operation during a11 snowstorms of th1s w1nter Panels #5 and 6 - Heate

-Exchanger #3 were in operation fOr the first three snowstorms, but they

were thereafter not operated due to a minor leak at a va]ve in the pump-

| house. Panels 1, 2, 3, and 4 were 0perated for approx1mate1y 210 hours,

E Panels 5 and 6, 130 hours.‘ G]yco]-water temperature was in the ranqe of}40

~ to 52°F (see Table B-4, page 102) ’ For‘winter 11969-70, air‘temperature averaged

32.5°F and snowfa1l was measured at 26.6 inches. 3
The best melting embedded pipe sect1ons were P1 (6) and P5 (6)

From observat1ons made durrng and after snowstorms these sections were

2 -
_Judged better in me1t1ng ab111ty than the 20 watts/foot” area of electrically

|
I
[
i

| éf&or detauis of winter operation for a]l years, see- Appendices 8, C, D,
Cand L. Operatinq procedure. storm observations, photographs, and ‘data
are Snclude ‘ ~

1:3C1imat01091ca1 Data U S. Department of Commerce National Oceanic and
Atmospheric Adm1n1strat1on,}Environmental Data Serv1ce - See Table li-4,
pages 192-196. ?

[
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heated'panelv#7--P7'(ZOH)*. During most storms,iit is estimated}that \
the melting rates of P1 (6) and PS'(G) were between 0.20 and 0.30 inches i
of snow per hour. The highest melting rate ca]cu1ated for these two panel
’sections was 0v4 tnches.per"hour fbr-theastorm of December 25-29 1969. In
reference to the other embedded p1pe pane] sect1ons, as a]ready ment1oned
sect1ons of port]and cement concrete, c1oser pipe. spac1nq, and” 1arger p1pe
diameters were most effect1ve in me1t1ng snow. |

For th1s u1nter- heat d1SS1pat1on rates and app]icable paVement
surface temperatures for the pavement p1pe panels are presented in Tab]e
B-1, B- 2, B-3, pages 06»101** For the f]fth snowstonn of th1s w1nter,
| only pavement surface tenperatures.are presented;_ Heat dissipatiOn rates
wereinot'presented for the last snows torm of‘this winter or»for_subsequent "
winters'.because temperature'data‘usedvjn this ca1cu1ation‘became questionable
after the snowstonn of January 20-21, 1970%***, Pavement temperatures 11sted ,
1n Table B- 1 were measured at the surface midway between the pipes embedded
at a two 1nch depth. .F‘9“V9f9s page 21, 111ustrates the locations of these
*therm1stors As shoun-inhTab1e‘B 1, heat dissipation rates for the embedded:
pipe. pane] sect1ons var1ed from approx1mate1y 5 to 115 BTU per hour per square ,
' cfoot As expected the h1ghest heat d1ss1pat1on rates occurred for Pl (6)

: and Po (6) and averaged near]y 100 BTU per hour per square foot.

4, 4 1 1 2 wlnter 0perat1on 1970 71

The pavement heat1ng system was put in operatlon short]y before or

*See Section A-1, ‘pages‘81483'for explanation of'thislnotation |

| »#*See Append1x Sectlon A 3 for table format and B.4, page 102 hpfore proceedlng
“into Tables B-1, B 2, B-3.

-\***Quest1onab1e temperature data y1e1ded by the TH therm1stors shown in Tab]e
H- 3 page 190. .
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‘during snowstorms. Panels 1 and 2,3 and 4, and 5 and 6 were connected
to Heat Exchangers #1, 2, and 3 respectively.‘ Panels 1, 2, 4, 5, and
6 were in operat1on dur1ng a]] snowstorms Panels #3 was only operated

ddur1ng the first three snowstonns, thereafter it was not operated due
to a 1eaktwhjch was traced'to the p]ast}cvptpe embedded at a 2" deptht

‘Panels’l, 2, 4,5 and;6-werevoperated,for,approximate1y~100,hours;

_hPanel 3, 60_hours. G]yCOIfwater.temperature‘ranged from 46.5° to 619F

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

- was 22.7 inches.

The rate of snow me1t1ng of a]] embedded plpe panels- was approx1mate]y

the same as for the prev1ous year. Ihe-most effective melting occurred ..
_ onvPl (6)'and P5 (6) and once aga1n'tttis estimated that "during most‘
snowstorms the me1t1ng rates of P1 (6) and PS5 (6) were betweed 0. 2 and
0. 3 1nches of snow per hour The h1ghest me1t1ng rates determ1ned for
:these two pane] sectlons were rough]y 0. 7 1nches per hour for P1 (6) -
: Stonn #5 and O 5 1nches per hour for P5 (6) - Storm #8. | |
| For snowstorms of th1s w1nter, pavement surface temperatures and |
scorrespond1ng surface cond1t1ons are presented in Tab]e C- 1,‘pages 121- f
i7128* As ment1oned heat dass1pat1on rates w1]1 not be presented for :
th1s w1nter, however, 1t 1s be11eved that they were near1y the same as '_
‘hthose for the Ninter 1969 70 since snow me]ting rates determined for both winters

cwere approx1mate1y the same.

4.4.0.1.3 Minter 197172 ,i oo

1

On December 30 1971 Heat Exchanger #3 wh1ch had prev1ous]y serv1ced
two pane]s (P5 and P6) was adapted to serv1ce four pane]s (Nos 1, 2;‘5:'
: and.6).' From th]S t1me forth the heat exchanger was operated cont1nuous]y -
. *SeeiADDendiX A, pages 80-87. for Notationfand,Tennino1ogy used in Table C-T.

,/”'



i. ev 24 hours a day - for the durat1on of - the w1nter Heat ExChanger '
,#1 and 2 and PaneTs 3 and 4 were 1nact1ve GTvcoT-water temperature

anged from 35° to 55°F (F1gure G 3 paqe 184) A1r temperature averaged"“
37, 4°F and snowfaTT was 14 9 1nches | L

A reduct1on 1n snow me1t1ng ab111ty was apparent for th1s w1nter

‘The best meTt1ng pane] sectlons were aga1n PT (6) and P5 (6) but the1r
me]t]ng ab111ty was reduced The me1t1ng ab111ty of these paneT sect1ons |
;was Judged worst than P7 (20w) It 1s est1mated that dur1ng most snow-
. storms, PT (6) and Po (6) meTted snow at a rate of between 0.15 and 0 .20,
’1nches per hour Slmllar decreases 1n me1t1ng rates were found for- aTT
,embedded p1pe paneT sect1ons TabTe C T nages 121 T°9 lists pavement

‘surface temperatures and correspond1ng surface cond1t1on for “the snowstonms.

E 4. 4 T T 4 w1nter 0perat1on 1973- 74

Dur1ng W1nter 1“73 74, a 30 k110uatt eTectr1c hot water heater was

3.used to suppTy an averaqe temperature (90 F) ethyTene gTycoT-water soTut1on
to embedded p1pe pane]s * The hot water heater serviced PaneTs ] and 2 (95

jahours) and PaneTs 1 and (17 hours) . For most of th1s w1nter, Pane]s #5

E .and 6 were connected to Heat Exchanger #3 th1s hook up was operated for 150

hours. Heat [xchanger #2 and PaneTs 43 and 4 were 1nact1ve dur1nq th1s
"]winter The hot water heat systen and the earth heat system were usual]y
puoperated s1mu1taneous]y durlnq snowstorms.‘ The gTycoT-water temperature
'T*ranqed from 42 5° - 54, 5° for the Heat Exchanger #3 system. The gTycoT-

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

G *See Sect1on E. T T page 154 for add1t10na1 1nformat1on on water heater

i f?**The hot water heater requ1red over 3 hours to wam. the heat1ng fTu1d from o

“the starting temperature (roughly the pavement temperature) to the average =
o operating temperature (90°F), when connected to Panels 1 and 2. MWhen con-
v nected to PaneTs 1 and 5 the t1me is 1ncreased to over 6 hours. '

'



highest supply temperature recorded,Was approximately 120°F. Air
temperature averaged 37.3°F and 24.8 inches of snow fell.

When suhp]ied with hot vater heat, embedded pipe panels melted snow

 more effect1ve1y than when supp11ed wlth earth heat. For this Winter the

'Qmost effect1ve embedded n1pe nane] sect1ons had melting rates wh1ch were
uusua]]y Jtod t1mes h1gher than those ca]cu]ated for W1nters 1960 70 and
| 1970-71, when these samevpane1 sections were~supp11ed‘w1th earth heat,‘ During
Winter 1973-74, P5 (6) and ?1 (€) had'meTting rates which averaged approximate]y
1 inci per hour, S1m11ar1y, increases 1in melting were observed for all embedded
‘p1pe pane] sections supp11ed hy the hot water heater. |

As in prev1ous wwnters, port]and cement concrete pane] sections of
,c1oser pipe spac1ngs and ]arger p1pe d1ameters were better snow melters

Embedded pipe pane]s #o and 6 when serv1ced by Heat Exchanger #3

’vvmelted Snow at. approx1mate1/ the same rates as those observed in Winters

]969-70 and 1970-71.v The greatest melting rate detenn1ned for these pane]s
k_;was 0. 40 1nches per - hour for P5 (6) during the snoWstorm»of January Ath.

For severa] snowstorns of th1s wwnter pavement surface temperatures

' :,jand corresnond1ng surface cond1t1on for both hot water heated and earth

;ivheated pane]s are 11sted 1n Tab]e D- 1, pages 1&7 152.

fj4 4.1. 2 E]ectr1ca] Res1stance Heat1ng Pane]s -
The e]ectr1ca1 pane]s were des1gned to d1ss1oate a knoun amount

2
of heat. - The 60 watts/footz, 40 watts/foot?, and 20 watts/foot sect1ons
‘d1ss1pated 204 BTU per hour 136 BTU per hour, and 68 BTU per hour, respect1ve1y.

. E]ectr1ca1 resxstance Pane]s #7 and 8 were operated for approx1mate1y
210 hours, 105 hours, and 85 hours dur1ng the w1nters of 1069 70, 1970-71

“”and 1971- 2, respect1ve1y fPerformance of thesc pancls was essent1a11y the



same for all winters. As mentioned earlier, Panel #7 was constructed

of Portland Cement-concrete~ Panel #3 of Bituminous concrete.>”Approx1mate"‘
average me1t1ng rates for thesc pane]s was P7 (SON)*- 0.65 in/hr;
P8 (60w) --0.45 1n/hr, P7 (40W) - O 3O 1n/hr P8 (40w) - O 25 in/hr;
and P7 (ZOW) and P8 (20N) - 0. 20 1n/hr In almost a]] snowstonns the
40 and 60 watts per square foot sect1ons of pane]s 7 and 8 me]ted show
: nore effect1ve1y than any of the embedded pipe pane]s supp11ed w1th earth
'heat by the underground heat exchangers Dur1ng most stonns, the rate of
’me1t1ng on the un1nsu1ated port1on of Pane] #7 exceeded that on the 1nsu1ated
port1on | | v

Though ‘the e]ectr1ca1 re51stance pane]s and ‘the hot water heated
embedded p1pe»panels'were‘never‘operated during the same snowstorm, a com-
‘-pariSOn of recorded‘observations,for severaiiwinters,indfcates that the snow}
me]ting ability of the 60 watts'per square foot*section of Pane]'#7;exceeded
all hot water neated pane] sect1ons except P1 (6) and P5 (6). E

For observat1ons of the snow me1t1ng performance of the electr1ca1
' res1stance pane]s, see "Storm Records“ Append1x B, pages 90-93, Anpend]x

'C pages 104 114, and Anpend1x D, nages 13° 141, and 'Photographs", Apnend1x C

h,naoes 115 11°, and Append1x D bottom photoqraphs on pages 143 and 145

“dh~4 4 1 3 Summary of Snow He]t1ng and Heat D1ss1pat1on Rates

For all w1nters, the most effect1ve snow me1t1ng and hxghest heat d1ss1-
.v.pat1on rates for pavement pane]s supp11ed w1th earth heat occurred on
'sect1ons of portland cement concrete pane]s conta1n1nq wrought 1ron p1pes
‘embedded at a depth of 2 1nches and spaced on 6 1nch centers Genera]]y,
vadportland cement concrete pane]s were 50 more effect1ve in snow me]tlng than

' ,the1r correspond1ng b1tum1nous pane]s Pane] sect1ons of the c]osest p1pe o

: *Panel #7 (the A0 watts ner square fnot sect1on) : See_Sect1on A.1, page 81;
© for exn]anat1on of notation. ' A

ra-



,spac1ng and ]argest p1pe d1ameters were the best snow melters. o _
~ Hhen pavement pipe pane]s were supp]led with a h1gher temperature heat-
ing f]u1d (100°F) by a 30 kilowatt hot water heater, the most effective
melting panel‘sectlons were‘ab1e to melt snow.three to four tnmes as
rap1d1y as when supp11ed w1th earth heat |
In most snowstorms, tne 40 and 60 watts/ft2 sectwons of the e]ectr1ca11y'

k'heated reference pane]s produced better me1t1ng than pavement p1pe pane]s

o supp11ed w1th earth heat

;4 4.2 Eva1uat1on of Summer Operat1on for Heat Storaqe

For the purpose of stor1ng heat in the eartn, ‘two methods of summer

operation - name]y, se]ect1ve and cont1nuous - were 1nvest1gated.

4.4.2.1 selective Operation

From June 4 to October?6 1970 the pavement heat1ng system was

_ se1ect1ve1y operated for 715 hours Selective operat1on 1mp11es that

heat exchangers and the1r assoc1ated pavement pane]s vere kept 1n

operat1on whenever temperature data (the temperature of the g]yco]-water :

1}.so1ut1on enterlng and 1eav1ng the heat exchanger) 1nd1cated that heat was
be1ng transferred from the pavement to the earth | On a da1]y baS1s depart- '

“h»ment personne] drove to the test s1te mon1tored the before ment1oned temperature

data and left tne system 1n operatlon if heat storage was 1nd1cated The

: temperature of the earth w1th1n the neat exchangers ("p" therm1stor‘readings)

was recorded on a week1y bas1s when pOSS1b1e |

1 Dur1ng operat1on the g]yco]-water so]ut1on c1rcu1ated a]ong a route

‘through the pavement p1pes (on]y those embedded at a-2" depth) down to

the bur1ed earth heat exchanqer and back aga1n to tne pavement, at a rate of_'b

\ .

‘from 5—20 gallons per minute,

In the process, heat from the pavement vas



‘extracted by the.fTuid,and transferred‘to the earth in the immediate‘:

_vicinity Of the underground heat exchanger : ATTVthree heat‘exchanger systems
were operated for approx1mate1y the . same number of hours, at approx1mate1y
tne same t1me Park1ng on the pavement above all the paneTs uas not re-f

stricted.

4.4, 2 1 1 Heat Storage

The average temperature of the earth w1th1n a heat exchanger 1s an

1nd1cat1on of the heat stored there1n, therefore the goa] of a heat storage

o operat1on TS to maximize th1s temperature

The effects of 1970 s se]ect1ve summer operat1on on the temperature

of the earth w1th1n the three heat exchangers 1s 1nd1cated in F1qure G 1
page 182. The effect of 1970 S select1ve operat1on on heat stored in the
earth (m11110ns of BTU s) is shown 1n Flgure G-2, page 183 F1qure G-T‘
v 1nd1cates the average earth temperature TTthTH the heat. exchangers from _
0ctober 1, 1969 to Nay 1, 1972 as caTcuTated accordlng to the method out11ned |
" in Sect1on F.2, page 177 The f1gure aTso 1nd1cates the controT earth tem- ”

perature wh1ch is the average temperature of . the 5011 32 feet from the nearest
heat exchanger The controT earth temperature 1s calculated from the D 10 |
;?therm1stor read1ngs* accord1ng to the method out11ned 1n Sect1on F 2 page 177
| The - degree to wh1ch 1070 S. seTect1ve summer operat]on 1ncreased the |
bheat stored 1n Hcat [xchanqers #1 and 2 can he seen by GXGNTOTHQ f‘QUVE G ] '
page 192, dur1ng the t1me per1ods June 4 to October 6, 1970 and June 4 to
October 6, 1971. | | B T

© *See Figure 8, page 2n, and Figure 10, page 27 for Tocation of D-10's.
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Note that Heat‘Exchangers?#1‘and 2 were hot‘operated‘during the summer
of 1971. A numericallestimate of thebincrease in;stored heat can be made
by looking at October 6 of both years On October 6, 1971, the average

earth temperatures of Heat Exchangers #1 and #2 viere 67. 5°F and 70.0°F,

Erespect1ve1y “On. 0ctober 6 1970 they were 76 °F and 79 5°F, respect1ve1y
‘This represents an 1ncrease of 8. 5°F for Heat Exchanger #1 and 9.5°F for Heat
Exchanger #2. AdJustlng for the-fact that the contr01 earth temperature was
1. 5°F h1gher on October 6, ]970 the rea] 1ncreases in temperature are re-
duced to 7. 0°F and 8 0°F for Heat Exchangers #1 and #e, respect1ve1y Thus,
iby October 6, se]ect1ve summer ooerat1on 1ncreased the average earth tem—
hperatures and consequent]y the heat storage of Heat Exchangers #1 and #2 by
approx1mate1y 10 % and 11 4% respect1ve1y A s1m11ar numer1ca1 estlmate
~could not be ca]cu]ated for the 1ncrease 1n the heat storage of Heat Exchanger
#3 due to se1ect1ve summer operat1on because earth temperature data 1s not -
comp]ete for summers when th1s heat exchanger was not operated. »

The se]ect1ve summer operat1on‘of 1970 had the effect of raising the

average earth temperature of Heat Exchanger “2 h1qher than that of the other

two heat exchangers. As snown 1n F1gure u-] page»182_ the h1ghest average

”:_.temperatures of the earth w1th1n Heat Exchangers Nos. 1,'2 and 3 dur1ng the

'perlod of se]ect1ve operat1on were: 81 O° (August.]g) 84 5° F (September 2)

and 80.5°F (August 19), respect1ve1y Thesevtemperaturesbwere 12 F 13 5°

and 11 5°', respect1ve1y, above the control»earth’temperatureib By the end
of the per1od of se]ect1ve summer oneratlon more heat vas . stored 1n the earth
-de1th1n Heat Exchanger #2 than e1ther of the other heat exchangers Th1s is

h’v1nd1cated by the fact that on October 6 1970 the average earth temperatures“h

| ‘ffof HeatvExchangers Hos. 1, 2 and 3 were 76 0°F 79 5°F and 74 F, respect1ve1y}:



4.4.2.2 Continuous Operation

. Heat Exchanger #3‘(Panels 5 and 6) was_operated continuous1y from
June 4 to October 6 of 1971 for a total of 2,976 hOurs; Continuous S .
operation imp]ies thatbthe system waskactive‘24 hours avdaykduring’the
test period‘whether or not heat tranSfer to the‘earth”was'assured

The system was checked for proper operat1on and on a veek]y bas1s;
“Earth temperature read1ngs vere a]so taken at th1s t1me F]ow rate of the
f‘glycol vater so]ut1on vas set at lo ga]]ons per . m1nute Park1ng on‘the

pavement above thegpane]s was not restricted.

4.4.2.2.1 lleat Storage

The,effects of continuous summer operation”on thevaVeragettemperature
~of the earth wjthianeat Exchanger #3 is indicated in Figure'12 'page 49
and F1gure G-1, page 182. The h1ghest average temperature of the earth w1th-
1n Heat Excnanger #3 dur1ng the per1od of cont1nuous operat1on was 80°F on [1 -

f‘August‘18. This temperature was 11°F_above the contro] earth temperature,z’

4.4'2 3 CompariSon of Se]ective and Continuous Operation~

A compar1son of these types of operat1on could only be: made for Heat
Exchanger #3 since Heat Exchangers F . and 2 were not operated over the :

summer of ]971.

4.4.2.3. 1 Heat Storage

To compare two heat storage operat1ons dur1ng two d1fferent years
however, normal var1at1ons in the tanperature of the earth must be cons1dered
These normal f]uctuat1ons are 1nd1cated by the contro1 earth temperature-—the

} temperature of the soil outs1de of the system (See F1gure 13 page 50) Thus

&
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tne tenperature d1fference between lieat: exchanqer earth and contro] earth
i at the end of the test per1od is an 1nd1cat10n of the heat stor1ng ability

.'of a partlcular operat1ng metnod | |
Accord1ng1y, the temperature of Heat Exchanger %3 and the contro]

» earth temperature were exam1ned on 0ctober 6 of both 1970 and 107] fOnf:a'
ut:October 6, 1971 the average temperature of “the earth w1th1n Heat Exchanger'
#3 was 72 5°F, and control earth temperature vas 67°F; while on 0ctober 6
1970 the average temperature of the earth w1th1n Heat Exchanger #3 was 74°F

and. control earth tenperature was 68 ’F (F1gures 12 and 13 pages 49 and 50) E

-‘j‘Cont1nuous operat1on for 2976 hours and se]ect1ve ‘operation for 715 hours

'both ra1sed_the earth'temperature of.Heat Exchanger #3 to approxjmately an’
equa1 number of‘degreesﬁ(5.5-6.0‘F) above-contro1 earth temperature‘"thuS’
they are approx1mate1y equa1 in heat stor1ng ab111ty for the1r respect1ve

. operat1ona1 hours

v'; 4.4.2.3. 2 OPErat1on Cost
j ‘A E]ectr1c1ty |
A galedlated EIectrl¢a15°°$t'ahd'energy”uSaQeffor;both types of operation
are given in Table 2. R -
| | TABLEfz‘

E]ectr1ca1 Cost

0perat1on of Heat Exchanger #3 .

Operating.' o " Hours of . [nergy . Total

- Method ‘ Per1od PR vtOperation'.; - Usage »1 - Cost

Continuous  Jume 4 - 2076 535 ku-hr  $21.40

. © o Oct. 6,191 T
~ Selective . June4 - 715 128 ke-hr 5.3

Oct. 6, 1970



The energy usage was caTcu]ated,frOm"the'power reQuirement and
hours of operation of the 1/6 HP c1rcu1at1ng pump used with Heat Exchanger :
#3. The e1ectr1ca1 cost was obtalned by multiplying usage by an energy
charge of $0.04/kw-hr. The cost of temperature monitqring equipment
- was not included in this cdmbarison since it was, at 1east for‘this
system,bequalifor both types of operation;

The cost presented in Table 2 is not the actual eiectricity cost
billed to the State by Publie Service Gas and’Eiectric'Co. (PSE&G).; The
~actual bills were not'presented because (1) a minimum service charde of
$5 00 a nontn was 1ev1ed regard]ess of energy usage, and (2) b111 tota]s J
~included the costs of e]ectr1c1ty for 1tems (11qhts, space heater, etc.) |
pot essential to the particular type of operation being 1nvest1gated, “The
‘energy charge of $0.04/kw-hr, however, was based on PSE&G bills for the
summer of 1970 and 1"C]Ud°da demand charge (k110watt charge) . For purposes

of compar1son, th1s same energy charge was apn11ed to 1971 s summer operation.

B. ‘Mannower and Maintenance

In terms of manpONer, se]ective operatidn was;more costiy than con-
tinuous Operation, since personnel had‘to present at the test site on a
',da1]y oas1s to. compare temperature data and start or stop system operat1on
as 1nd1cated. Maintenance cost of both types of operat1on was essent1a11y

the same.

4.4.2.4 Summary of Eva]uation'of,Summer“Operation
- Heat was sueceSSfu1ly transferred frem the’warm‘pavement to the earth_
by operating this fnsta]1ation during the summer;f By the end of 1970's

~ sumer operation, the heat stored in Heat Cxchanger #1 and 2 was increased

52



| by apprOXimately 10 percent However, due to the rapid rate of heat 1oss
from the earth during system 1nact1v1ty 1n the fall, the benefit to snow
,vme1t1ng derived from summer operation was minimal |

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

:_'of continuous operation 1n 1971 between June 4 and October 6; is equal E

S operation was less.

to the amount of heat stored by 715 hours of se]ective operation in 1970
- for the time period June 4Jto 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 ccsts for continuous

o

4. 4 3 Eva]uat1on of Insulation Used in Conjunction with Heat Exchangers
#1 and 2 |
During'the design‘phase,.it,seemed.probabie that heat stored in the
-'earth‘of a heat exchanger during summer operation‘would be dissipated
during the period of system inactivity during the fall. Therefore,

' therma] 1nsu1at10n was used with: Heat Exchangers #1 and 2.

' The purpose of the 1nsu1ation was to prevent the conduction of heat_

_from the earth w1th1n the heat exchangers upward to the air or outward

| V"lto the surrounding earth

Heat Exchanger #1 (HEi) was 1nsu1ated w1th an 8 1nch layer of 1. 5
;PCF* rigid expanded po]ystyrene insuiation p]aced above the heat
exchanger,,as shown in FigureVS, page 16, andrFigure‘G, page 17. For
‘ﬂinsu]ation speciiications » see Table,H-2; page 189. This.insu]ation»was

intendod:to_prevent‘the conduction of heat to the air.

S *fPCF - Pounds per cubic foot.



- Heat Exchanger‘#Z'(HEZ).was a1so covered-with an 8-inch layer of
' the;same type of*insu1ation and in additfon had a‘6-inch‘1ayer of 1 LCF
’_po1vstyrene insulation placed to comp]etely enclose the earth w1th1n the
heat exchanger as shown in F1gures 5 and 6. Th1s 1nsu1at1on was intended
to prevent the conduct1on of heat to the air and to the surround1ng earth

Heat Exchanger #3 (HE3) was not insulated in order to serve as a -
control.

The effects of the inSu1ation'used withTHeat Exchangers'#l and 2
were evaluated during the Summer and Fa]] of 1970 and N1nter 1970 71. The
'obJect1ve for this per1od was to raise the temperature of the earth w1th1n
all the heat exchangers to at least 20°F above the control earth temperature
at the time of the first snowfa11 and to ma1nta1n this temperature difference
throughout the winter. A 20°F higher heat exchanger earth temperature during
the winter was desired because theoret1ca11y it would substantially improve
the snow me]ting ability of the system. It was:hoped thfsygoal could be
reached by a combination of the effects of summer operation and thermal
insulation. | |

The effects of the jhéu]ation‘used with Heat Exchangers #1 and 2 on
dthe heat that was stored during 1970s selective‘summer'operation can:be
observed by referring to Figure G-1, page 182, ~ As shown in this graph,
the maximum earth temperatures reached during the period of'summer’operation
were 84.5°F for Heat Exchanger #3 .on September 2, 1970, and 81.0°F and 80.5°F
for Heat Exchangers #1 andh#B,'reepectively, on August 19, 1970. The greatest
number'of degrees that the temperature‘of the earth within the heat exchangérs
was raised above the control earth,temperatureoccurred on August 19, 1970 and '
was 12°, 15‘,)and 11.5°F for Heat Exchangers #1, 2, and 3, respecthe]y, 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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‘w1th1n 1nsu1ated Heat Exchangers #1 and 2 were not much greater than those
'measured for un1nsu1ated Heat Exchanger #3 In add1t1on as shown 1n the

s f1gure the average earth temperatures of Heat Exchangers #1 2 and'3 were

L approx1mate1y 76. 0° 79 5° and 74°F respect1ve1y, by October 6 the end

of summer operat1on. Thus by the end of the per1od of summer operat1on,
, the'average earth temperatures,of the:1nsu1ated heat exchangers exceeded
that of the uninSu]ated°Heat Exchanger (#3) by 2. 0° and 5.5°F for

.Heat Exchangers #1 and 2, respect1ve]y Consequent]y at th1s t1me the
heat stored 1n 1nsu1ated Heat Exchangers # and 2 was roughly 2. 7% and
7.4% greater than that stored 1n Heat Exchanger #3. The average earth '
temperatures of Heat Exchangers #T,‘Z‘andHS were 7.5°,‘11.0°;‘and E.5°,
respectiVely, above the contro],earth'temperature'on October 6,'1970.f

By again referring to Figure G;1,'page 182; the inability of the
insulation to reduce the rate of heat loss from Heat Exchangers #1 and
2 durfng the period between»the,end of summerloperation and theifirst'
snow$torm can‘be,observed.? From October 6, 1970 to December 21, 1970 the
~ average earth'temperatures;of Heat Exchangers‘#lt 2 and 3 fe11_from 76.0°F
h to.57 0°F, 79 S°Ato 59. 5°;}and 74‘0° to 53 5°F respective]y' ’For this
‘176 day per1od the rate of earth temperature decrease was approx1mate1y
ffO 25 degrees per day for a]l heat exchangers Th1s 1nd1cates that the
“rate of loss of stored heat from 1nsu1ated Heat Exchangers #1 and 2 was
v essent1a11y the same as that from un1nsu1ated Heat Exchanger #3 Thus by
December 21, 1970 (date of the f1rst snowfa1]) the average earth
g’temperatures in Heat Exchanqers #1 and 2 were 3 5° and 6.0°F above that

of Heat Exchanger #3, and consequent]y the heat stored 1n Heat Exchangersi,‘



#1 and 2 was 6.5% and 11.2% greater than that stored in Heat Exchanger #3
OnvDecember 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 ExChangerv#3 was 3. 0°F be]ow}contro1 temperature.
The fact that Heat Exchanger #3 was below the contro] earth temperature
cou]d be due to the d1fferent type of soil in which the control temperature
sensors were located or to thermistor error.

The effects of the insu]atfonvusedlwith Heat Exchangers.#l and 2 vias
not clear for Winter 1970-71. As shawn in Figure G-1, the average earth
‘ temperatures of Heat Exchangers #1 and 2 were severa] degrees higher than
that of Heat Exchanger #3 for the f1rst 6 weeks of winter operat1on Th1s
result however, is not an effect which can be attr1buted so]e]y to the
1nsu1at10n, the d1fferent amounts of hcat lost by the heat exchangers during
'snowstorm operation chId”account for sone of the differences in average

‘ earth-temperature indicated‘in the graph.

4.4.3.1 Summary of Insu1ation’Usedeith}Heat‘Exchangers"

The use ofitherma1 insulation with Heat Exchangers‘#1 and 2 didvnot’
Hsignificantly increase the heat storedrin'theSe heat exchangers during 1970s
_fsummer operation, nor»dfd it signif?cantly reduce, during system'inactivityf
in the fa11,df i970, the rate.of'1oss'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 - Panels #1, 2, 5, and 6

During Winter operat1on for 1971 72 and 1974 75 Pane1s #1 ,'5, and

6 were served by Heat Exchanger #3. This heat exchanger could be connected
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 to service four heating pahe]s”after,additionalipipingfwas placed in the -
pumphouse”on December 30,_5971; For the_4:1 panel to heat exchanger ratio,
vin’operation'for Winters 7d-72 and 74-75,‘heat’extraction rate yersus

- g]yco]—water temperature 1s shown 1n F1gures 14 and 15 pages 57 and 58
"-1Heat extract1on rate represents the total heat supp11ed by a heat exchanger
‘._ as a function of t1me For th1s snow melting system, it is equal to the sumv
of the heat d1ss1pat1on rates of the heating pane]s serviced by a heat ;o
exchanger plus the: rate of heat 1oss in the pumphouse supp]y and return |

: ma1ns etc | Heat extract1on rates were calcu]ated accord1ng to the equat1on'
' out11ned in Append1x F, page 179 and-are based on heat exohanger input and .
output temperature data supp11ed by therm1stors 1ocated in the pumphouse

ﬁ For a11 ‘heat extract1on rates shown Pane]s #1, 2 5 and 6 were more ‘than

}f - 50% snow covered and the system had been 1n operat1on for more than 3 hours

| (essent1a11y steady state cond1t1ons) The highest heat-extract1on rate
‘1nd1cated 1n the graphs 1s 35 470 BTU per hour (17 7‘BTU per hour per linear

foot of heat exchanger p1pe) and occurred for a g1yco]-water temperature of '

- 45, 8°F three hours after system actwvat1on * Durlng the f1rst half hour

'after system act1vat1on, heat extract1on rates as h1gh as 47, 500 BTU per
~ hour (23 8 BTU per hour per linear foot) have been ca]culated Glyco]-water E
'vtemperature is shown n Append1x F1gure G- 3 page 184, R
In summary, during the snow storms of W1nters 1971- 72 and 1974 75
heat was extracted from Heat Exchangers #3 at a rate of between 8000 and

-35,500 BTUH (4-18 BTUH/L1near foot of heat exchanger p1pe) for heat1ng flu1d‘

s temperatures 1n the range of 35- 46°F and for at least 3 hours of cont1nuous

}operat1on k h S 14»‘1‘ o ep." i’j_h~ ' f» ;(
~ * Each heat exchanger has 2000 linear feet of pipe.
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4}4.5 ’StrdctUra1-Fai1ure and Deterioration of Pavement and Pining

"ﬁﬁfd's 1: PaVement |
No ma]or structura1 fa11ure of the n1tmn1nous or Dort]and Cement

“Concretevwas observed ;‘sma11 cracbs in the ravement have occurred The

"trasversejcrécl in Panel #7, f1rs+ noted in 107 has 1ncreased to a |

hw1dth and depth of annrox1mato1v ?/32” and 3/16“ respect]ve1y. See F1gure 1€,
vhpage 63 and Photogranh 7, nage 1. F crack in Danp1 #€  runs comp]eteri
;d‘across the nane1 and var1es 1n width and Aenth from anprox1mate1v 3/3”"'
v:and 3/16" resoect1ve1v .‘near Pane] 45 to a ha1r11np crack at the. outer
"edge (F1qure 1F and Dhotnnranh fa, nage F1\ A ?/3°-1nch vide crack is B
nresent 1n Pane1 #u; decroas1nq in size to a 1a1r11ne crack, it extends for
'2 7 feet across the pane] Ha1r11ne cracPs are .also nresent 1n Pane]s #”b

'and 5 as shown in F1aure 1A,
\

P11 cracks ohserved extend in the same apnera] d1rect1on i.e.,

':;transverse +o the 1ennth of the nanp]s

S11qht requ]ar depress1ons of the navement surface were observed in

_Pane1s 4 and a, ’hese denress1ons are transverse to the lennth of +he nanel

';'and apnear to occur rouah]y hetveen the heatina pines. The section: of pavementh

'.f-where denress1ons_are nresent is shqwn in F1gure 15, Th{s conditton first

" hecdme annérent in.Snrihg; 1075, 7

‘»Aé mehtionedb'thn heated'naVement'is'1ocated in a narPihq'1ot (ars
‘?are narPed on some areas of the test nane1s for anprox1mate]v P hours a day _:

_on weekdavs The other areas 11e in the dr1ves between. the narP1ng soaces,

‘;fand traff1c Dass1nq over them is est1matnd as hav1nq henn 1ess than 20“ cars a

’f"week. Trurk trafflc on the test navement was v1rtua11v non- ex15tent



PHOTOGRAPH 7

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

PHOTOGRAPH 8

Pavement Cra¢k in Panel #6 (B.C.)
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4.4.5.2 Pipes

4.4.5.2.1 F1u1d Loss. from Embedded P1pes

A leak 1n Panel #3, presumab1v causnd by a break in the 1 1nch
standard weight, rwg1dvpo1yv1ny1 ch1or1de plast1c_p1pe two inches be]ow«
the concrete surface, required that -this panol,bo disconnectod frohvservice
after January 2, 1971. - | ‘

The 2" deep;1eve1:of‘pipes.ih Pohel #3 wasgdréinoddof¢f1uid, but
Tocation dnd répafr‘of the "break"iWére not’effeoted §ihc§vgxcavatfon,of
the concrete'wbuld have,heén required;;vFrom this tihe’forth; Panelh#3
waé used as a‘contro1-péno1 duringishoWstorms;»i.e.,vno:f]uid was pumped
through the 2" deep pipe 1euo1 ahdlfhe pavement was not heated.

| During routine cheoking of the system in June 1971;‘another leak
was discovered‘in Pane1 #3. In th1s 1nstance the leak was traced to the
vp]ast1c p1pe 4 1nches below tho concrete surface. No repa1r was made
»s1nce excavation would have been required. Panel #3 cont1nued to be used

as a control panel. : s

4.4.5.2.2 Corros1on
No corrosion 1ns1de the wrought dron. p1pes was obsorvod when p1p1ng
1a1terat1ons (those requ1red to adapt Heat Exchanger #3 to service four

~ heating pane]s) were made in the pump house on Decembor 29-30, 1971

4.4, 5 2 3. Anti- Frpozn So]ut1on

The ethylene g]ycol-watnr solut1on has remainod bas1c throughout
the years of operatjon. Va]ues of pH and Spoc1f1c grav1ty are 11sted 1n

~ Table 3, page 64.

(3]
[



FIGURE 16

LOCATION OF CONCRETE FAILURES
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4, 4 5.3 Summary of Structura] Fa11ure and Deter1orat10n
| No maJor structura] fa11ure of the pavement or wrought iron p1pes
‘was observed. ‘ | |
" LeaPs have deve]oped in the po]yv1ny1 ch]or1de p1pes of Panel #3
"at both the two inch and four 1nch deep 1eve]s Thus, the use of th1s
p1ast1c p1pe in an embedded type of pavement heat1ng system seems unw1se
No internal pipe corros1on has been observed and the g]yco]-water |

‘heat1ng f1u1d has rema1ned baswc

4, 4 6 Effect1veness of Insu]at1on Insta]led w1th Panel #7
| Two inches of ce]lu]ar glass 1nsu1at1on* was 1nsta11ed be]ow the
1Pbrt1and Cement Concrete of e]ectr1ca11v heated Pane] #7 as. shown in

F1gure 1] page 29 . The effect1veness of th1s 1nsu1at1on in reduc1ng -

o downward heat 1osses was eva]uated during the w1nter of 1969 70

0bservations of me1t1ng for Pane1 #7 dur1ng the snowstorms of this :
w1nter indicated that dur1ng mos t storms the rate of snow me1t1ng on
' the un1nsu1ated sectwons of e]ectr1ca11y heated pavement was greater than
that:on the 1nsq]ated sect1ons_ofnoorrespond1ng’powerkoutput. In other |
"_,words,ithe 60 watts/ft2 seotion’of the uninswiated area became clear of
- show before the 60 watts/ft sect1on of the 1nsu1ated area and so forth

The most apparent d1fference in the me1t1ng ab111ty of. the 1nsu1ated '
and un1nsu1ated sect1ons was_observed dur1ng_the f1rst hour of,system,

| operatfon. During thjs*period, the amountof-me1tingwhich'took}piaee
; on’the‘ZO.and dO Watts/ftz'sections_ofuninsuTatedlareanappearedfeqoivaient'

 to that on the 40 and 60_watts/ft2"seCtiOns of the'inSu1ated,area; respectively."

* *Trade name - FOMMGLAS BOARD. See Table H-2, page 189 for specs.



In one instance, after 16 hours of‘opération,.the amount of snow melted
by the 20 watts/ft2 uninsulated and insulated sections was judgedvequal
by an observer at the test’Site. ‘

: In summary it was concluded'thdt for a pavement heating system of
this typé'the placement of 2 inches ofkthis type of ihsu1ation below

a Port]and Cement Concrete pavement of 9.inch thickness was not an
~effective means of 1mprov1ng tho snow - melting ab111ty of. 20-60 watts/ft2
:heat1ng elements embeddod’at a depth of 2 inches below the,pavement_surfacé.
It is be]ieVed fhe4insuiatioh-SUfficient1y;restricted the natura1 f1ow_of:f
heat from the spbbdse up to the pavement such that the rate of snow melting
on the ihsulatéd”portion of the heated pavemént waS:hOt as rapid as the

melting on the uhinsu1ated portion.

4.4.7 Problems

?ol]oWihgfare problems ehcountered during'system operation,”

4.4.7.1 Unreliable Temperature Data

‘Deterioration of a number of therm1stors (D1g1t9c, Mode] 401)*"

- resulted 1n-erroneous temperature read1ngs ~This deterioration was

narkod by short and open c1rcu1ts, in add1t1on to 1ncreases in therm1stor _
res1stanc9 The most frequent]y occurr1ng prob]om was 1ncreases 1n
therm1stor resistance wh1ch resu]ted in unrnasonab1y low temperature

readouts.

~*See Appendix G,gpagc:185‘fortsoecific#tions;;f
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There are strong indications that at least 33 thermistors of a
system total of 120, pfovided inaccurate data, which was not included
in this report.* |
| ,Thg thermistorslwhich are most inaccurate‘aroﬂthqse.of the type
‘v“TH“ and "D" sensor assemblics. ' See Figufes 8, 9, and 10, ﬁages 20-22,
énd.Design Section 4.1.5, Pagé 18 for location and description. The "TW"
thefmistors are located in the\pibOS of the surface panels; and the "D"
thermistors, in the earth within the heat exchangers (2'4" to 150" below
'grqund), When 1ast checked during March'1975, twelve out of the oighteen
_”TM? thbrmistors appearéd to be unreliable as wp]T as twelve out of fhg |
fifty D's. Though"functioning\proper1y at the beginning of this project,v‘
these thermistors subsequently became defective and were thercafter unable to
provide worthwhile temperature data. During January of 1975, a compariéon.
of h@at’dissipation calculations done by two different methods ihdicatod _
that rmost of the TU thormistor readings have Leen inaccurate since the

snowstorn of February 15, 1970. The reasons for thermistor deterioration

“-are not known at this tine.

4.4.7.2 Failure of Tomporaturé Measurement Equiphent
Digitecvequipmont was usod from the beginning of this projeét to

meésuré earth, air, paVement, and fluid tempcratures. Tie mnasurihg

systémvconsistod of a digfta] thenﬁistor thermomotof, digital c]ock;

multiplexer, scanner, and printer.

: fSoé Table H-3, pages 190 and 191 for«avlisting of defective thormistofs;
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Prob]ems have occurred w1th three (3) p1eces of D1g1tec equ1pment -
j‘scanner, pr1nter controller, and d1g1ta1 clock. |

Defect1ve components 1n the scanner were rep]aced by Department 5

e]3“7personnel dur1ng December 1971, at a cost. of under $7 00

| ' During the f1rst half of 1973 the D1g1tec equ1pment was repa1red
'-fand ca11brated at a cost of $250 00 by Cr1ter1on Metoorology Incorporated
of 0ak1and New Jersey. |

The prlnter contro11er was not Operat1ona1 during W1nters 1973 74
and 1974 75, thus automatlc record1ng of temperature data was not
t'possxble | |
The d1g1ta1 c1ock was a]so not operat1ona1 during w1nters 1973 74
v, and 1974-75. _The;troubleﬂwas:dtagnosed~as mechanlca1.malfunct10n of one ed

.of'the pu]se_counters.

4. 4 7. 3 C1rcu1at1ng Pump Fa11ure

\'/‘

'On February 19 1972 the bear1ng bracket assemb1y of the circu1at1ng
- pump for Pane]s 5 and 6 was rep]aced at a cost of $23 50. A fau]ty water

seal and sTinger were d1scovered,

4.4.7. 4 E]ectr1ca1 Power Fa11ures f

Severa] t1mes a year electr1ca1 power to the pump house was lost
‘~Th1s cond1t1on was genera]ly due to a 1oss of service power at the ut111ty
‘po]e On some occas1ons, power 1oss in the pump house resulted from
“mechan1ca1 fa11ure of c1rcu1t breakers | | d

Loss of power 1n the w1ntert1me caused the 1nterrupt1on of snowstorm

roperatjon w1th accompany1ng ]ossnof>data The maJor1ty of power 1osses



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 fdund to be heavily rusted. A]]ﬂcircuit

breakers were sprayed with contact cleaner and lubricant.

4.4.7.5 Summary of.Problems

~ There were priméri]y fohr types of problems which resu]teq‘in a"
1oss.6f data. These Were (1) failuke of'about 1/4 of the temperat@re'
'sensbrs used on this project, (2) malfunction of several pieces of |
témpérature measuring equipment, (3) cfrculating pump failure, and (4)

occasional power losses at the pump house.

4.4.8 Pavement Heating System Costs

- 4,4.8.1 Constrhctidn Cost

Construction of the pavément 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 Contréct $ 21,463.36
2) Mechanical Contract - 42,988.00
3) General Contract S 54,138.10

$118,584.46

The electrical coqtractof furnished-and'installed the temperature

~sensors, conduit, wire, and breaker panels and starters.
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.The mechanical c0ntrant0rvfurniShed and'instaTIed'the‘pipes for
the heat exchangers and the heating panels, the»insu]ation for the gupp]y
and retnrn'méins, anti-freeze, circulating pumps, f]ow meters, expansion |
tanks, junction boxes, and drainage pipe. - In addition, he provided any
welding that was needed and tested_the'inéta]]ation pipes for leaks.

The general contractor furnished the labor, materials and equipment
necesSéry for the excavation‘of the soil at the test site to a 14' depth,
the construction of the Port]and Cement Concrete and B1tum1nous Concrete
pavements and the 1nsta11at1on of the therma] insulation used with the

heat exchangers and the e]ectr1ca1 heat1ng panols

4.,4.8.2 Instrumentation Costs o S . .

Following is a cost breakdown for the Digitec temperature monitoring

and recording equipment.

Printer : o - $” 430.00
Prfnter Controller . . . 395.00
Multiplexer .~ ‘ - 345.00 .
Digital Clock - o 390.00
‘Thermistor Thermometer | - . 574,00
Scanner | - 695,00
Scanner Cards | 1 © 950.00
Model No. 405 Thermistor Probe - 32,50
Miscelianeous Cables and Items ' ~ 150.00

| ©$3,961.50

The gOst of the 120 Mode]'401fDigitec.thermistor probes i$ inc]udéd‘ 

- in the electrical contract.
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* For repair and calibration costs see~Section;4.4;7,'"Prob1ems;"‘

page 06,

4.4.8.3 0perat1ng Costs

Manpower costs w111 not be presented in this report because, due
to the experimental nature of th1s 1nsta11at1on man-hours were ‘spent in
: record1nq observat1ons of show. me]t1ng and mon1tor1ng temperature data

v wh1ch would not norma]]y be requ1red for an operat1ona1 system

14.4.8h3 'l~ E1ectr1ca1 0perat1ng Costs

The e]ectr1ca1 operat1ng costs presented 1n Tab1e 4 pages 72- 74 are :
'calculated values and not the actual e1ectr1c1ty cost b11led to the State :
'rby PSE & G * The energy. usage for the embedded pipe systems was calcu]ated
- from the power requ1rement of the 1/6 HP c1rcu1at1ng pumps assoc1ated w1th
the heat exchangers in operat1on For w1nter 1973-74, when a 30 kilowatt :.’
’e]ectrwc hot water heater was used to supp]y f]u1d at an average temperature
of approx1mate1y 90°F to embedded p1pe panels the energy usage of the
heater was added to that of the pumps. Energy usage for the e]ectrical
‘res1stance pano]s was ca1cu1ated from the rated power consumpt1on of the
7tv’res1stance w1res (60 watts/ft2 40 watts/ft2 etc )! The electr1ca1 cost
for each typo of 0porat1on was then obtained by mu1t1p1y1ng usage by the |
energy charge in cents per k11owatt hour The energy charge was ca]cu]ated
from PSE & G b1]1s for each w1nter, and 1nc1udes a demand charge (k110watt

charge). See Sectlon F 1, ‘page ]7) for sample calculat1on

& *The reasons the b11ls were not used are those ment1oned ear]1er in ;fg
Section 4 4,2. 3 2, page- 51,
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TABLE 4
Electrical Operating Costs

A. Winter Operation 1969-70
Energy Charge: $0.05/Kw/Hr

7 | Hours . Cost
Panel Type Panels Sections Operational  Cost ($/fté)*

I. Embedded 1,2,3,4, AN - ‘
Pipe 5 and 6 : . 208.5 $ 5.63 $0.0024
II. Electrical 7 and 8 20 watts  208.5 50.04 0.19
- Resistance o -2 : o ‘
| Cft

40 watts - 208.5 100.08  0.38

0 mts - ~0.38

5 150.12° 0.57

60 watts . 208.

Total II  $300.24
 Total (I & II) $305.87

B. Summer Operation, 1970

Heat Exchanger #1, Panels 1 and 2 $5.13
‘."Héat‘EXChanger #2, Panels 3 and 4 ” 5.3
Heat Exchanger #3, Pane]é 5and 6 - 5,13

For details of cost ca]cu1étion see 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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II.

II.

TABLE 4 -_(continued)

Hours

Cost

Panel Type Panels - Sections ~ Operational Cost ($/ft2)
Embedded 1,2,4, AT 104.9 $ 3.40 $0.0015
Pipe 5 and 6 '
Electrical 7 and 8 - 20 watts 104.9 30.21 - 0.12
Resistance ' ftz '
40 watts 104.9 60.42  0.23
60 watts 104.9 90.66 0.35
ft2 ’
Total II $181.29
Total (I & II) $184.69
Summer Operation, 1971 |
~ Heat EXchanger'#B, Pane1$ 5and 6 $21.40
For details see Section 4.4.2.3.2, page 5]
Winter Operation, 1971-72
Energy Charge:  $0.06/Kw-Hr
. | -
| ‘Hours C05t2
Panel Type  Panels Sections Operational  Cost ($/ft%)
Embedded 1,2,5 AN 1440 $31.10  $0.020
Pipe and 6 _ : L L
Electrical 7 and 8 20 watts 82.5 25.74  0.10
Resistance ‘ 2 |
40 watts 82.5 51.48 0.20
- ft '
60 watts - - 82.5 - 77.22 0.30
"

Total II  $154.44

Total (I & II) $185.54



TABLE 4 - (continued)

F. winter Operdtion, 1973-1974
Energy Charge: $0.06/Kw-Hr

, : \ Hours ' Cost
‘Panel Type  Panels Sections Operational Cost ($/ft )
I. Embedded Pipe 1 and 2 ATl 95 $171.00 $0.22
 (Hot Water Heat) C
II. Embedded Pipe 1 and 5 ANl 17 30.60 0.04
(Hot Water Heat) N ‘
II1. Embedded Pipe 5 and 6 A1l 150 1.62 0.0021
(Earth Heatg _ '
IV. Embedded P1pe land 5 A1 1 0.02  ~mm---
(Earth Heat) '
Total (I & II) $20%.60
Total (III & IV) $ 1.64
 G. -Fall 1974 and Winter 1974-1975 Operation*
Energy Charge: $0.06/Kw-Hr
o | Hours. o Cost,,
Panel Type ~ Panels Sections Operational — Cost  ($/ft°)
Embedded Pipe 1,2,5 A1l 525  $11.34  $0.0073
. ~and 6
4.4.8,3.1.1 0porat1ng Cost for Snow Me1t1ng

In compar1ng the operat1ng costs prnsented 1n Section 4.4.8. 3 1 for

pavement heating by 1) oarth heated embedded p1pes 2) hot water heated

9mbodded p1pos {and 3) o]ectr1ca1 r951stance mats, the operating cost

detorm1n9d for an equ1va]ent amount of snow melting (from hereon referred

to as adgusted operating cost) was used as the basis. To-present the

{

*Ho operation for snow melting. Operated'for heat extraction rate

data. See Section 4.4.4, page 56,
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~costs most accurately, the "amount of snow melting" was expressed in both
inches per hour and 8TU per hour In compar1nq the earth heated embedded
pipe pane1s to tne e1ectr1ca1 res1stance pane1s, the adJusted operat1ng
cost was expressed in do]]ars per BTU per hour ($/ 3TUH) 5 and for the
compar1son of hot water heated embeddec p1pe panels and electrical
resistance panels, do]]ars per square foot per inches an hour $/ftZ

Gn/hr) *

i

4.4.6.3.1.1.1 Earth Heat vs. [lectrical Resistance lleat

'The‘Hinter of 1969-70 will be used for the comparison hecause
during this winter, the-six‘embedded bipe pane]s and the two electrical
resistancebpane1s were opehated'for the same number of hours (208.5),'

The Ca1cu1ated‘operatinq cost for the earth heated-pane1s was
$0.0024 per squarevfoot~(Tah1e 4, Part A, page 72), and the average
“heat dissipation rate for the six panels was roughly 40 CTUH per
square.fdet (Table B-2, pages 98 and 99)} By division, an adjustede
‘operating cost of 0.006¢ per BTUH can be obtained.

| The ca]cu]ated Operatinglcost»foh'the 20 watts/ftl sections of
‘the e]ectrica] resistance panels was 50, 19 per square foot (Tab]e 4,
‘ Part n, paae 72), and the averaqe heat dlss1pat1on rate was rouqh]y
7O PTUH/ftZ Thus, the adJusted 0perat1nq cost was 0.27¢ per DTUN.
From a compar1son of the adausted.operat1nq cost, it-can be
‘seen that for an equ1valent BTU output, the /ear1v operating cost
of the earth heated emhedded p1pe pane]s is rouqh]y 45 times less -

than that of the electrical resistance ‘panels.



4.4.8.3.1.1.2 Hot Nater Heat vs. Electrical Resistance Heat
Data for 1973—74 for the hot'water heated panels (Téb]e 4,
Part F,.ﬁage 74 ) indicates that for’1]2 hours of operation the
calcu1at§d operating‘c05t wasv$0,26 per square’foot. An aversge
melting rate of'about 0.45 inches per houf for 511 operatfng
pane]s and pipe spacings wés ca1cu1atbd An adjusted operating
cost of $0 577/(ft2-1n/hr) was obta1ned |
- Data for W1nter 1970-71, 1nd1cates that for 105 hours of .
operation the ca]culated operatwng cost of the»60 watts/ft2 sections -
of the eléctrica1 resistance panels wés $0,35 per square foot (Table
4, Part C, page ’72‘) and a melting rste‘of roQgth 0.6 inches per
hour was observed (Soct1on 4.4.1. 2 paqe 43 ). An adJusted operat1ng
- cost was  $0. 583/(ft2—1n/hr) A compar1son of these adjusted costs
1nd1cates that for an 9qu1va1ent amount of snow melting, the yearly
) operat1ng‘cost'of the hot water heated embedded pipe panels was

. approximate1y»the same as that,of the electrical resistance{pane1s.

4.4.,8.4 Cost Compar1son with- NJDOT 's ‘Routes 17 and 46 Pavement

Heat1ng Insta]]at1on

In the fo11ow1ng‘ana1ys1s, costtdata‘are~présénted_ihtterms
| ofvoperationiand construction costs. nYear1yvcdsts are determined ]
by dinding cdnstru;tion'cost byﬁthe estimatpd system life-tiMe and |
_adding the ahnUa] Op@rating coSts- Orwginal construct1on costs have
not been adausted for 1ncreased current mater1a1 and labor costs
The annua] operat1ng costs presented are the most recent ones

available.
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‘As menfioned ear]ier, the total contract cost for construction

of fhis insfa]]atioh in 1969 was $118,584.46. In ofder'to arrive at

a more realistic coét fdr an operational earth heat system of this
type,.fho Contract cost of many of the expérimonta] features have
bepn»e1iminatéd. .Thus,,the cbhtraé£ ;ost for thé piping, pumps,
oxcavatibﬁ, and. related ifems”Was apprbximétely 3505000 fér a heated
area of 2340 sauare feef -'$21.00/ft? Avérage ahnua]_operating

costs from 1970 to 1974 aré-ostimated at 30.002 per square foot of
pavement (Section 4;4.8.3.1, pége 71). A 20 year structural life is assumed
for this sttem. Insufficient ihformation exists to determine 1ife
exbectancy more oxactly.‘

~ The [lJDOT installation at fhe interseCtionrof,Routes 46 and

17 haéva pavement heated by electrical resistance cables. bThe

heating systcm was fhsta1]ed duringxl964 at a ¢ontkact cost for
}conStructiOn of $71,200ﬁf0r 18,000bsquaro‘feét 4.34.00/ft2-4'
Averége‘annua1loborating cost>fof ]971~]97S vas roth]y $0.50

per §quare fodtvof pavement.* Structural life of 20 ycars is estimated
by HJDOT personnel involved with the installation. |

Tab]e,s; bage 78 »sunimarizes the cost data presented. As shown in

vthe table, for‘the.pefiodvoffthe system 1ife, ﬁhe.avorége yearly cost
~for the earth_héated‘cmbeddod pipe‘syStem is 50% hfgher'than that of the

electrically heated installation at Routes 46 and 17.

. 4Pit£man; J;M,;fioc, cit.;;pagejé '

*Mete?ed\Service Account Record, Public Service Electric and Gas Company
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TABLE 5

~ System Costs

Pro-rated Annual 'Average

Pavement : Estimated Construc- 0porat1ng iYearly
~ Heating Constructign Life tion Cost 5 §
System Cost ($/ftc) _ (Years) ~ (§/ftc/yr) ($/ftc/yr) ($/ftc/yr)

1. Earth Heat, $§21.00* 20 $1.05 | $0.002 $1.052
Embedded Pipe, . ‘
Trenton (1969)

2. Electrical 4.00 20  0.20 0.50 0.70
Cables, Rts.46 ,
and 17, (1964)

4.4.8;5 Summary of Pavement Heating System Costs
Construction cost for this pavement heat1ngiin5ta11ation was
$118,584.46. ‘
Instrumentﬁtidn cost'was'approximatPIy‘$3,961.50. |
The calculated annual e]edtrica1 operating cost for earth heated -
bavement pipefpane1s aVefaged-about'$O.002/ft2.
For an equiVa1entvamount of snow mo]tfng, the calculated - -
annual electrical operating cost was (1) for the earth heated
pavemont‘pipe panels; roughly 45 times less than that of the
electrical resistance panels; and (2) for the hot water heated:
pavement pipe pane1s, approximately equal to that of the electrical
resistance panels. Thus, in terms of opofating cost, the earth is
an eéondmica] source of heat for pavement heatfng.
With prorated construction cost considered, the average yearly
cost of this earfh heaféd‘pavement Heating systém is approximately |
SO percent higher than that of the o]ectricai]y heated installation
at Routes 46 and 17, |

*Expérimpnta] Features Eliminated
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Al Wotat1on

ettt it

The notat1on oresented in the fo]low1nq tab1e 1s used throughout the ©

body of this report as ue11 as in the ”Stonn Pecords“ oresented in

Pppendices B, C, D and E. It is used to s1mp11fy the word1ng and to ‘shorten

the text The various sect1ons of the heat1nq panels are des1qnated as

shown be]ow

. (TABLE A-1

Pane] Notat1on

Embedded P1ne Panels

Type

:Panelk - of -'”tTyneIOft» . o -Pipe - Pipe .

Pipe
- Depth

* Hotation ~ Mumber  Pipe ~  Concrete = Diameter Soacing

P1

1 (6) -

] | Nr‘ought | P.C,C.* 3/4% o o6, 12"
v ~Iron- : ‘ . _nd 1an

1 Wrowsht  P.C.C. 34 6"
[ o Iron S , ; e

Pl (12) 1 Mrowht  P.C.C. - 3ar 2

Iron;

Pl»(]S) N ; 13‘ Urouqht.‘_;?P.CQC; .'v - 3/4“ e 1R

P2

2 (6)
P2 (12) -

: Iron,f

Wrought — B.C.** -2/4"1 | 6", 12"

LN .

Wrought Tron 'B.C. f’1/4" 6"
Vrought * B.C. 8 3/4" 12"
Iron ST .

SN

P2 (18) 2 Mrought  B.C. V7 R -1

P3

P3 (6).

*P.C.C.

skl P

~ TIron

3 17‘“VP1ast1c-f 13P.c;C;Q;»”f*E’;‘ ar e, e

3 ‘Plast1c—'_'”P.C.C.' R T B

fv»Portland,Cement Concrete . *%B.C. - R1tum1nous Concrete

.V,C,,-[UnnTasticized'PoTyviny1 Ch]or1de,

Y

Iron o and 18"

2 1"
» »2n
2n‘
2!!

‘ 2!!'



TABLE A-1 - (continued)

- Embedded Pipe Panels

P4

a - Panel of Type of , Pipe Pipe Pipe
Notation  _ Number Pipe Concrete Diameter Spacing Depth
P3 (12) 3 Plastic-  P.C.C. 1" 12" L

. - U.p.v.C. '
P3 (18) 3 Plastic- =~ P.C.C. 1 18" 2"
S . U.PLVLC . o
P4 4 Wrought =~ B.C. ™ 6", 12" 2"
Iron ' and 18"
(6) 4 \rought  B.C. 1" 6" 2"
| ~ITron - '._ '
P (12) 4 rowht  B.C. 1" 120 o

- : Iron »

P4 (18) 4 Wrought B.C. 1" 18" on

R - Iron

13 5 Wrought  P.C.C. 1-1/4" 6", 12" 2t
Iron ~and 18"

P5 (6) 5 Wrought  P.C.C. 1-1/4" 6" X
I'ron ' ' ‘

P5 (12) 5 Mrought P.C.C. 1-1/4" 12" 2"
Iron ‘

o5 (18) 5 Wrought P.C.C. 1-1/4" 18" 2"
Iron :

P6 b Wrought B.C. 1-1/4" 6", 12" 2"
TIron and 18"

PE (6) 6 Wrought  B.C. 1-1/a" 6" 2"

o Iron ' ‘

P6 (12) 6 Wrought B.C. -1/ 12" 2"
Iron ‘ ‘
P6 (18) 6  Mrought B.C. 1-1/2" 18" 2
\ Iron ‘ ’



TABLE A-1 (continued)

,,Panel'Notation

_ Electrfcally Heated Panels

Panel  Type of

- Notation HNumber ~ Concrete

P7

P8

7 p.C.C.
P7 (200) 7 P.C.C.
P7 (d0M) 7 o pecc
7 (60) 7 P.C.C.
. 8 B.C.
P8 (20W) 8 B.C.
P8 (40W) 8§  B.C.
pg (60M) 8 B.C.

A.2,‘Terminology

Heat Output

20, 40 & 60 watts/ftl

120 watts/ft® (68 BTUH/Ft?)
40 watts/ft> (136 BTUH/Ft%)
60 watts/ft2 (204 BTUN/fFt2)

20, 40 & 60 watts/ft?

20 vatts/ftZ (68 BTUH/ft2)

80 watts/ft? (136 BTUN/Ft2)
/ 2 100, 2
60 watts/ft° (204 BTUH/ft°)

" Depth of
Embedment

o
o

_2“
on
o

/2“
on
on

~ The f011owing“terms are used in the "Storm Records" which

appear in Appendices B, C, D and E. .

Percentage Clear and Wet -

- When used in this report the expression "P1 (6) is x% clear

and wet"means tnat x% of the pavement surface area of P1 (6) is

- wet and c]ear of snow, s]u;h,and jice. As a further example, "80%

clear and wet" indicates that 20% of the pavement surface area of a

panel is sti]l covered by snow, slush or ice.



‘Pho£Ograph A-1, page 86 , provides'an illustration of the
abdye termino]ogy. This photo shows Panels #1 and 2, with Panel #1
”_ closest to‘the viewer ’ Pi (6) is “]00% clear and wet", P1 (12)

"50% c]ear and wet," and P1 (18) 1s “20% clear and wet." P2
s snow covered.

Percentage Dry

The expression "P2 is x% clear and dry;" means that P2 is
clear of snow, slush, or ice, and x% of the pavement surface area
of P2 is_dry. In other wordé, if P2 is 5% clear and dry,}then the

'other-QH%.of‘the surface area of P2 is clear and wet.

A. 3 Data Tab]e Gu1do

- As an aid to 1nterpret1ng the tables in Appendices B, C,
Dand E a gu1de to the basic form of the_tab]es entitled "Storm Data-

Embedded Pipe Pene1s” is presented oh page &7 . Th1s gu1do shows
_ the columns in wh1ch storm data for each embedded pipe heat1ng pane]
s entered In the “Storm Data" tables, data for the embedded pipe -
panels is presented under three column head1nqs-—"Surface Temperature
(°F)", “Heat:D1s$1pat1on (BTUH/FT)" , and "Pavement Surface Condition"
th of which are shown in the quide. 5

“ The surface temperatures presented 1n'these tables are those
measured by the thermwstors placed just below the concrete surface
at a position midway between the pipes ombedded at a 2" depth.

See Figure 9, page 21 for a p1ctor1a1 view.



" Heat dissipation was calculated from meésuréments of the input
- o and odtput‘temperatUres of tho heating fluid for each spacing of coils
i o in the various panels and from the flow rate of the heating fluid.
| See Appéndix‘F.4, page 178 for Sample calculation.
Under the heading "Pavement Surface Condition" are listed

abbréviatéd descriptions of the observed state of melting on a

partiéular embedded pipe panel section at the time indicated. The

abbreviated'nbtation is explained at the bottom of each'tab1e;

| The déscriptioné of mé)ting were taken from avlog book of snowstorm

~ observations.
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PHOTOGRAPH A-1
EXPLANATION OF PERCENT "CLEAR AND WET"



Lg

Pipe

TABLE A-2

GUIDE TN STORM DATA TABLES

Surface Temnerature (°F)

Heat Dissipation (BTUH/ft2)

Type of "Pine Diameter 4 Pipe Diameter
Concrete Spacing 3/4" 1" 1-1/4" 3/4" 1" 1-1/4"
Portland 6" | : _
Cement Panel Panel Panel Panel Panel  Panel
12" 1 3 5 1T 3 5
]8”
Bituminous 6"
Panel Panel Panel Panel Panel Panel
12" 2 g 4 .6 2 4 6
]8" ‘

Pipe material

Pipe material

in Panel #3 is plastic nipe.

in Pane]s.#1, 2, 4, 5 and 6 is wrought iron.
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B.1 Snow Storm Operating Procedure

Dur1ng the winter, da11y weather forecasts were obtained from
the D1v1s1on of Ma1ntenancp If snow was forecast, the system was
activated in anticipation pf snowfall. If non-forecast snow began
to fall, the system was turned on as soon as assigned perSOnne]
arrived at the Fernwood test site.

To prevent the heateﬁ 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 Mas activated from the pump housé. Only
the pipes’embedded {n the?pavement at a‘debth of two inches were put
in Qperation.* Soon afteﬁ activation occurred, the pressure of the
glycol-water so]ution with3n the piping system was checked and the
glycol-water flow rates were adjusted (1f required), read, and
recorded. | | |

During the snowstorms, observations of the pavement surface

condition and measurements of the depth of snow or slush.accumulation
-~ . |

{

on each panel section were entered in d log book. A]so éntéred were
measurements of show: accumulat1on in areas of the park1ng lot away
from the test site. Dapths of snow accumulation were measured with
a ru]er To supplement th1s wr1tten material, photographs of all
panels were taken when poss1h1e v 3 |

The calibration of the Digitec system was checked, ‘and temperature

- data for the snows torm was manua]ty recordnd in a log boqk.
‘ i
*Pipes embedded at a four: “inch dopth were not utilized dur1ng any
winter. First observations indicated that they did not me]t snow
as effectively.



vAfter snowfall had ended, the‘system was.operatedbunti1 one
of the‘fol1owihg three conditions existed. ’First,'éll the ;new that
fe]1»0n the panels was melted; setdnd, it hecame'evident that no
f:more snow wou]d be me]ted by the system, or third, automobile traff1c
~over the pane]s had nade mean1anu1 data collection d1ff1cult
| During Hinter 1969—70, Pane1s 4] &‘2, 3 &4, and 5 & 6 vere
connected to Heat Exchanqers #1, 2, and 3, reSpectjvely{ Panels 1, 2
3, 4, 7 & 8 were in operat1on for all §nowstorms.' Each Waé operated
for a tota] of °1O hours for this u1nter Panels 5 & 6 were operated
'dur1nq the f1rst three storms (130 hours), thereafter; they weke not
operated due to a 1eak at a va]ve in the pumphouse |

B. 2 Storm Pecords

Rosults presented here are for f1ve snou storms wh1ch resu]ted in

an accumu]at1on of one 1nch or more.

Storm fumber _Date B _jﬁggi_
(1) - : December 25-29 90k |
(2) - January 6-7 | _ 91
(3) o © January ]2;13 ' v 92
(4) S January 20-21 92
(5)> - - | :February 14-17 93
| Storm #1

“(Necember 25-29, 1969)

Snowfall began at‘apprdximate1y 4:00 p1, becemberIZS, and
COntﬁnued.until‘thc early morning hoﬁrs of Decenber 26, resulting ine
a %otaj snovi aceumulation of 3-4 inches.* All panels were activated at
9:55 PH Decenber 25 at wh1ch time there wWas -an accumulat1on of 2-1/2
incheévof snov. - W1th1n one hour the snow above the wrouqht iron pipes

r

spaced on 6 inch centers (P1-% P5) heqan to relt and turn to slush.
* Measured in an area of the parking lot outside of the test area..

an



~ Complete me]ting‘in these areas was acconmplished by 4:15 PM,

~ December 26, 1969, At this time there was localized melting directly
above the pipes spaced on 12 inch and 12 inch centers in.$he same
panels. Although there was some melting on P3 (PVC pipe }n P.Cc.C.)
and P2, P4, and P6 (wrought iron pipes in B.C.), the surface was

still covered with 1-2 ihches of snow.

Throughout the operatibn melting of snow on P1 (6) and P5 (6)
was at least eqUivalent to the 20 watts per square foot area of P7
(electrically heated P.C.C.). .

~The system was kept in ;heration until 1Q:OO'AM on December 29,
1969. |
(January 6-7, 1970)

A1l panels were th in operation at 3:30 PM, JanuaryIG, in -
anticipation of snow. Snowfall began at 6:00 PM and continued
tﬁrougﬁout the night, producing a total accumulation of 3 inches.
At 11:00 PIt , all panels except P7 (404), P7 (60K), PS (40V) and
P2 (601) were snow covered. At 10:00 AM‘the next morning P1 (6)
and P5 (6) were clear of snow (Photos U-1 and B-2). There was also

localized clearing of snow directly above the pipes spaced on 12

inch and 18 inch centers. Panels #2, 3, 4 and 6 were covered with

1 inch %0 2 inches of snow.

1



It was again dbserved that"the'raté of énow melting 6n}P1 (6)
and P5 (6) was at 1Past Pquivalent to the electrically heated area
‘ d1ss1pat1ng 20 watts per square foot

~ The systenm was turned off at 9:00 PM, January 7, 1970.

Storm #3 ‘ |
o (January 12-13, 1970)
One inch of snow fe11 dur1ng the n1ght and a]l pane]s were put
in operat1on at 10:15 AM, January 13. Clearing of P] (6) and P5 (6)
was comp19te by 2: 15 PM. At this time Pane1$ #2, 3, 4 and 6 were
‘st111 snow covered.

The system was turned off at 11:45 PM, January 13, 1970.

- Storm #4

(January 20-21, 1970) , | )
Snow flurries began at 5:00 PM, January 20, and continued'until
]2 00 PM, produc1ng an accumulation of 2 1/2 1nchos Panela #1
4, 7 and 8 were activated at 11:45 PM,- January 20 at wh1ch time the
air temperature was 19.5°F. During the n1ght me1t1ng had taken place
on P1 (6), P1 (12),-and}the e]ectrically heated Panels #7 and 8;

however, P1 (6), P1 (12), P7 (20W), P8 (20W), and 10-20 percent of

P7 (4ow) and P8 (40W) refroze when the air temperature dropped below
15°F.* At 9:00 AM on January 21, P7 (604) and P8 (60W) were 100%
clear and WQt, and P7 (40W) and PS (404) were 90% clear and wet - all
other aroas'wérp either snow coverpd'or ice Coverod The system was
kept in operation until 11:20 PM on January 21 at which t1mo P1 (6)
and P2 (6) were clear and dry.

*This air temperaturec was the lowest obsorved dur1ng the operat1on of
the system for a11 yoars
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Storm #5

(February 14-17, 1970)

. Panels #1,2,3,4,7 ahd}8 were pﬁt in operation at 12:45 PM,
February ]5.. There waéno snéw fa]]ihg at this time, there vas an
accumu]ation‘of approximately one inch, and the air temporatﬁro Wwas
in the Tow 30's. At 7:15 PM, Panels #7 and 8 were 755 clear and wet.,
At 1:30 AM, February 16, P1 (6) was 75% clear of snow, and P2, P3
and P4 were still snow‘coveréd. Air tehperaturo was 33.4°F. At
10:10 PM, February 16, all areas of P1 and P2 weré clear and dry.

hé system was turned off at 10300 AM, February 17, 1970 at
which time P3 and P4 were completely clear of snow.
During a]1lof these snow storms, the rate of snow melting on
the uninsulated section of the electrically heated P.C.C. (Panel #7)

was greater than the insulated area. The 20 watts per square foot

section of the uninsulated arca appeared equivalent to the 40 vatt

per square foot section of the insulated area.
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B.3 STORM PHOTOGRAPHS

PHOTOGRAPH B-1 STORM #2

Panel #1. Portland Cement Concrete (Pipes on 6-inch
\ centers in clear area)- Pl (6)

L 10 15AM - - Januarv 7, , 1970
'(Operated 10.5 Hours) (A1r Temo.‘ 25 4° F)

PHOTOGRAPH B-2 STORM #2

Panel #1. Portland Cement Concrete (Pipes sbaced on 18
12 and 6 “inch centers)

'1:15PM - January 7, 1970 ’ f
( Operated 13.5 Hours)



hStorm Data

i e e i et it et

Tab]e B 1, pagesfsu_and 97, shows;:eatfliky ic
1”wfoot of pavement surface and the correspond1ng surface temperaturevffk

;between the p1pes for tne snow storms reperted for the U1nter 1969 70; 1{73‘

:=t;Heat d1ss1pat1on rates calculated for Storm 5 are not presented s1nce

"temperature data on wh1ch they were based became quest1onab1e as of th15g,¢f x
:'storm For the data presented hours of operat1on of the pavement
fneat1nq svstem were in the ranqe of 7 to 1° hours and the pavement
ftsurface was at 1east wet and 1n most 1nstances covered w1th snow
Taole B 2 pages 98 and “9 shows heat d1ss1pat1on rates and
'ut;pavement surface temperatures for snow storm #1 (December 25-”9) .”efi*'f
llarge variat1ons in the heat d1ss1pated per square foot of surface |
fpavement can be attr1buted to severa] factors 1nc1ud1ng tne a1r
”;temperature, the amount of sun11qht 1nc1dent on: the pavement surface
: ,f nd whether the pavement surface was snow covered, wet or dry :
7' | Tab]e B 3 pages 100 and101‘, snows pavement surface temperatures
‘3ameasured dur1nq snow storm #5 (February ]4 17) o ”
Hote: In Tah]es b-1 B- 2, and B 3 unre11ao1e temperature data is »
j}wndlcated bj dashes (—?e;-) Dashes are used in: the “Surface Temperaturefff7iiui"
‘);‘and “Heat DlSS1pat10n co]umns ,,,,, The statement "unre11able temperature :ﬂ;fh
'; data" in. reference to heat d1ss1pat1on rates 1nd1cates that 1nput and e
f :output heatwng f1u1d temperatures are unre11ab1e The same statement o
ed 1n reference to surface temperatures 1nd1cates that temperature ;fjfﬁ: g
'/,data supp11ed by sensors 1ocated at: the pavement surface 1s unre11ab1e iy

Tab]e B- 4 paqe 102, 1nd1cates tne temperature of the heat

’ﬁ;‘fexchanger f1u1d as measured at the output of a heat exc’ nger;bf

'vfra1cohol thermometer 1ocated 1n the punp house



 TABLE B-1. STORM DATA . EMBEDDED PIPE PANELS

NOTE: Pavement surface either”snow coVered‘or,wet. e R ‘-;,f»f." '

e e G . SURFACE TEMPERATURE("F)  HEAT DISSIPATIDN(BTUH/FTZ)
STORM. NUMBER DATE OF : ﬂIR TEMP. TYPE OF PIPE - YPIPE DIAMETER ,{[fﬁﬂf PIPE DIAMETER -

AND DATE .~ OBSERVATION = TIME . ( F) B CONCRETE QPACINPS 3/4"’ 1" 1- 1/4" 34N 1" lv1/4"5‘ o

L. December S 12/26/69‘f~10:05” AM 1;-34;41 ~ 'PﬂRTLANDf  1-,75ﬁ; ﬁ,34;6f   33;2‘; | 33;7;v “ :
f§42f‘tt7m'5;”

25-29,1969 . - (12 Hes. )** . CEMENT R

lU‘) 5

-

o RITWMINOUS 12" 331333 33 s 19

18" ®e T 3 35

g;;aanuatylff<]£ f'1/ 5/70 11015 Pm:f;;zggg; ~PORTLAND 6" 33. s
» 6-7,1970 . 4( 1 Hrs Yoo CEMENT il

o owe ws w

o BrToMmous 12t 32 L

3. January

12 13 1970

‘ '~(12 Hrs )'ff‘vw%ﬂ;;kv5CEMENT o e

o w o fw b > v e e |

CBITIMINOUS 12" 3201

G P it | 18" 310 282 30
e HﬁUPS iﬁ”0ﬁe5sf{Oh1 FE--f Temperature data unre11ab1e = T S P

B S o ’ ) SR ' oap e s




TABLE B-1. STORM DATA - EMBEDDED PIPE PANELS

L o e e ~ SURFACE TEMPERATURE(®F)  HEAT DISSIPATION(BTUH/FT?)
STORM NUMBER  DATE OF AIR TEMP  TYPE OF PIPE PIPE DIAMETER . - PIPE DIAMETER .

AND DATE ~ OBSERVATION ~ TIME  ~ (°F)  CONCRETE SPACINGS 3/4" 1" 1-1/4" 374" 1"  1.1/4"

. Januarv 1721770 9:05 AM 1.0  PORTLAND 6" 3.2 32.6 28.7%* 98 A7 .+
©20-21,1970 - . (9Hrs.) . CEMENT - R O S T N
T o 12 o322 282 28.0% 53 30 x

18" 3.6 287 - 24 10 %

e om0 w7 eox s a1+
omITUMIOUS 12" 321 3.0 284 - 20 %
i armw s e 15 8 _

;. February 2/16/70  1:30 AM  33.4  PORTLAND . 6" 34.6  33.5  32.0%
14-17,170 . (12.5Hrs.) . CEMENT - T TR
| T U T 3 23 2ax

18" 27 23

w B B o
© T
6" 35,5  34.6 32.5%

 BITWMINOUS 12" 33.8 331  32.4%
e 338 333 2%

~* Panel not in operation

© . ---- Temperature data‘uhreliab1e ﬁ



TABLE B-2, STORM DATA - EMBEDDED PIPE PANELS

R T S Y T P LRI SURFACE TEMPERATURE(®F) HEAT DISSIPATION(BTUH/FTZ)
TORM NUMBER = DATE OF MR TEMP  TYPEOF  PIPE PIPE DIAMETER ~ . PIPE DIAMETER

AND DATE ~  OBSERVATION ~ TIME (°F)  CONCRETE SPACING 3/4" 1" = 1-1/4" 3/4" v 1-1/8t

_December  12/25/60  11:15 PH  27.4  PORTLAND 6" 33.7 3.4 333 132rf~ a7 144
25-20,1969 - (LHrs.)  CEMENT T T T T AR AR
- : RN IR o | 12" 30.3 29,5 316 76 49 63

LA

18" 294  29.0  ---- 3 18 24
| 6" 336 3.2 4.0 81 9% 101
O RITUMINOUS 12" 30.6 3@;5f7vf,-,e;;;;' | 5;5;3;7 62 ‘~3p{;“

| e | 18" 30,4 203 209 21 20 10
. December 12/26/69 ~ 10:05 AM  34.4 PORTLAND 6" 346 33.2 . 337 105 72 115
" 25-29,1960 . - (12Wes.) . CEMENT . Tt TE o 0T
| B e e e 12" @6 23 325 60 42 51

.Eisu."32,3 :

E:BITUMINOUS-  12ﬁ-_‘32E1. 33;3f:t :33”5E té;;_ t‘146-"’ 'Elg ?E} D

18 w26 2T ’33 6 5 3B 6

. December  12/28/69  11:00 AM 3.8 PORTLMD 6" 47.2 3.0 470 46 43 17
25-29,1969 . (6L Hes.) . CEMENT = D R I s R O BRI S SR AT
S : : ?kﬁ"'_'E'fﬁ-: Sl "”fl o : wvv.g:.‘:lzwvv 33.2v . 34;0;” | E33 6, ) .42 » ,31 f. 24v

T e wma wi wa w4 w
 BUTMINOUS 12" 356 4.8 3.1 --= 30 9 i

18" 33,1 32.9  33.0 1 10 , Vf?ﬁl:*P

| ----- Temperature data unreliable

S S o o : C . ) e ’ T . o - B ’ ' .



 TABLE B-2. STOPM DATA - EMREDDED PIPE PANELsf@>.i .

TORM NIMBER  DATEOF  _ AI®TEM>  TYPEOF  PIPE PIPE DIAWETER  PIPE DIAMETER
AND DATE ~ OBSERVATION . TIME  (°F) CONCRETE  SPACING ~ 3/4" 1 1-1/8 .3147,-,j, 11740

. December  12/20/60  9:30 AM 3.2 SORTLWD 6" 438  40.8  43.8 33 4 3
25-29,1969 . (83.5Hrs.) .. CEMENT e L T e A
| B, Sl S T e 80 3L 3. 8 % 26 30

e %5 m2 w4 12 A 48
| .ijTUMINnUs ~ke12g; -Béige ,*'+‘73"»,*34.2e ,j%%—’7fe' 2 1
| 18 314 w4 ;s 7 6 6

66

——-ee- Temperature data unrehable



STORM NUMBER ~ DATE OF

AND DATE OBSERVATION

TABLE B-3. STORM DATA - EMBEDDED PIPE PANELS

TIME

AIP TEMP

(°F)

TYPE OF
CONCRETE

" PIPE
SPACING

3

SURFACE TEMPERATURE ( ° F)
" PIPE DIAMETER
B

/an

1-1/4"

5. February 14-17,  2/15/70
970

0 3:30 M

 (,2.51Hrs.)

36.0

PORTLAND
CEMENT

6"
12n»._
18"

33.
32.
32.

32.
32.
32,

32.0¢

.

0%

~BITMINOUS

v6ﬁ: 

:18"1

- 34,
33.
32.

"
32,6
- 33,

32,
22.
32,

4

3*:
6

0oL

5. February 14-17,  2/16/70
o e

- 1:30 AM

130 , 33.4
(12.5 Hrs.)

PORTLAND

- CEMENT

6"
k:iaﬁ

18"

32.
32
32.

33
32.
32.

32.
32.

i
1

BITUMINOUS

_éy '

 12".

35.
33.
33.

3,
33.

. 3?

3.
32.

IR
e

5. Februarv 14-17,  2/16/70

* Panel not in operation

~--- Temperature data unreliable

1:15 PM
(24 Hrs.)

- 36.5

PORTLAND -
CEMENT .

18"
rfén;
12,"

.i8n 

49,
45,
43,

33,
'46;
33,
.

32
34

;7%' ,
Jd* |
L3%

BITUMINOUS

g
. Ifo
18"

37.
35.
35.

40,
35.
3.



TABLE B-3. STORM DATA - EMBEDDED PIPE PANELS

STORM NUBER . DATEOF AIRTEMP  TYPE OF
AND DETE . OBSERVATION ~ TIME  (°F) CONCRETE.

 PIPE
SPACING

o

SUPFACE TEMPERATURE ( F)
PIPE DIAMETER

3/4IT va. 1_1/4n' ;?#_E,«:

5. Februarv 14-17,  2/16/70 ~  10:15 pw  29.9 ~  PORTLAND

19700 . (33Hrs.) . CEMENT

6
.A ) 12"
':: f18n( l

36.
S
‘31.

0%

gr
0%

S35
.:28'87'
"f,zs 2

: 28 6*

 wmmows

'EEﬂﬁ"v;f7
18"

30,

.  éo:i*;'E

ar

‘<132 o
| 123;5¢ ,fﬁ“
291

-~ E‘ * Pane] not in operat1on
-——- Temperature data unre11able

5. February 14-17, . 2/17/70 10:45 AM ‘37;1E'3§'f'PohTLANﬁ;~ L
S0 (s, 5 Hrs ) o CEMENT
AT R e SRR e D

18"

‘.f‘vss

36

4

:i;Ef
4

51
sl
3.7

.—‘  VEBITUMINQUS?>

if12"_
‘ ».18";7"

3.
8.
2.

ox
o
7*, -

'51E4o 3
'35 s

e
Coalox
320%




e TABLE B 4 ERSRE
Output Temperature of Heat Exchanger F1u1d (°F)

L Tota] Accumulated ‘”3;qAig.Heat;EXChanger;f, ;;-[f;;jf X
R BT . Hours of "’]if"'u;} PRI KRR g e

-~ Date »’ __Operation ~  #1__ ~  #2 _#3 1
12-25-69 2 5.0 5.0 49, o

22969 T 460 48.0 6.0

a0 ; irﬁ“'*4s,pﬂ; i
oss0 om0
" fj‘43 0 .,tf,fcﬁé%Of'

S o0s70 s an
T 07 00 02 s
om0 - w0,

o 1-21-70 B 140_3*»-'sf'j;;44,
20 e
‘[¢32;15§7Qer'»:r?aud,qu;vdi if;;:_42.
20670 200 a2,

Cma e

oo »n o o .o o o

o *Heat Exchanger #3 not operational after 1- 13 70 due ‘to minor 1eak*fb--
- at a valve located in the pump house. Repa1r was made but the
~ Heat Exchanger #3 system could not be repressurized due to the
co]d weather

9 .

02



Appendix C. Winter Operation, 1970-71 .~

,'c{‘1a”5n§w€stomn;opefétsnglpndtéd@ﬁéi..‘,;;;;;;Q;[{;;;;;;;;;;;;j‘f1u4« L

- C, 2__Storm,RetOrds,u;,;ég,;...,;L;L,yﬁ.;;,,;7;,f}L}g;;;,;,.:.;;;1045‘
C. 3 SEONMPHOOGRAPNS . <uvuernsnnsnnenasnassansananisnnsnenne 115

~ C. 4 Storm Datal.;.},&f,,iQ};;.ﬁ{..,;,,!.:.;{;.,g;g;;..,5,{;§.}]120 o




The operating procedure for th1s winter was the same as that

i out11ned in Sect1on B 1 except for the fo11owinq changes

1)

Beg1nning W1th the storm of 2/17/71 the temperature dat

‘*fthat had been manua]]y recorded 1n ahlog book was thereafter, S S

‘automat1ca11y prlnted on paper tape by the D1g1tec system

wh1ch had been programmed to pr1nt data on. an hourly bas1s

Dur1ng N1nter 1970 n, Pane]s #1 and 2 3 and 4 5 and 6

:  ,were connected to Heat Exchangers #1 2'and 3 reSpect1ve1y:L;?Lff‘

':rPanels #1 2 4, 5 6, 7 and 8 were operated dur1ng a]]

4 ;_snOW storms Panel #3 only dur1ng the flPSt three snow E

‘fstorms because of 1eaLage For the w1nter, Pane]s 1 2'”‘p =

:jﬂf'ﬁ4 5 6, 7 and 8 were each operated for a tota1 of

:‘fapprox1mate1y 100 hours Pane1 #3 for 60 hours

";c;zi;stormrkecorqsﬂ'

'}*fhf‘(Tip;f,:a;fo?VDecember 21
"'3‘fpif(z)';hf;lj;fﬁfDecember 2

'Storm:7a;;_ fjf}: Date

”fuu(3)'°:fffél-:§December 31 January 2 5f3T;r

’fv;(d),i; gsz;‘.:January 13- 14 _‘,1 .

| 1s(5)-~f‘?,u‘ghdanuary 24 25 f;fe:-'hf_7ft; ,ﬁdog}ff;;,

i tt:‘"(G)ffjerff*ﬁﬁiFebruary 17
e a,‘f{.March 4

":7°f}{. (Q)f'ifucgaf;iApri1 6 7 :,,f 2Q_L_‘

31043;ff;;5;¢ :



 Storm#1
(Decembértzi;’1gjo)!f.‘~'
AJ11ght snow, me1t1ng on contact w1th the pavement began to

vt.;,fa11 at 4 °0 PM The ent1re system was act1vated at 4: 55 PM : Snow“_f,‘
. cont1nued to fa11 for the next fwve hours and f1na11y ceased at L
'v_approx1mate1y 10: 00 PM Dur1ng th1s per1od the air. temperature
- -dropped several degrees from 34°F (4 35 PM) to 32°F (8 00 PM), and

3 -slush began to form on severa] pane]s, notab]y P2 (18) and P4 (18), __1,:)

: fbowh11e the snow me]ted on contact w1th the other pane]s.

| v At 10: 00 PM, Panels #1 3 4 6 7 and 8 were wet and c]ear |
of all snow and s]ush and P7. (60”) and Pg (SOW) werex98% dry.* At"
,fth1s same t1me s]ush st11] rema1ned on P2 (18) and P4 (18), nhiIe,Pé
(s, 12) and P4 ( 12) were c]ear and wet. ! -

| The best me1t1ng had occurred on P7 (GOM) and P8 (eow)

~s]owest me1t1ng took place on P2 and. P4 - both constructed of

‘ib1tum1nous»concrete.;.A]];other panels_wereﬁequal 1n,me1t1ng”ab111ty.»:-

- Storm #2 ”
B (December 22 1970) e ph
About 6 00. AM 11ght hai] and snow began to fa]] and cont1nued ;fﬁﬂ:
' throughout the morn1ng | | ‘ . ' ‘ |
", On arr1va1 at. the test s1te at 8 45 AM a]l pane]s except P7 |
" (40 eow) were covered W1th 1/4 inch of snow _A]J;systems,were.turnedﬁ*"l S

_on at 8 50 AM

‘<*For explanation of Dercentage dry and porcentaQO c]ear and:wet;rofer S T

to Appondix Section A2 page 82

oot




| By 10 07 AM P7 (60w) and P8 (GOW) were c]ear and wet and P]
and P5 had produced suff1c1ent me]t1ng to change the snow cover1ng
| d”them to sIush P5 had produced better me]t1ng than P7 (2ow) wh1ch was k
still sn0w‘covered. ,Snow coyered,a]]gother;panels to‘a”depthvof 1/2,

: 1nch

The snowfa11 ended at: about 11 15 AM and was. fo]]owed brg
ra1n Tota] accumulat1on of snow was measured as approximate]y one 1nch

At 1:05 PM Pane]s #1, 3, 5 7 and 8 were for the most part c]ear

_and wet with on]y s11ght 1nstances of s]ush wh11e P2 P4 and P6 were ‘,_t

' snow covered w1th 1oca11zed me1t1ng occurr1ng on]y d1rect1y above the ,t~,fh
~bur1ed p1pes | |
| The system was deact1vated at 1 40 PM.
| A1r temperature for the storm was measured as 33°F at 9 00 AM
Y 5°F at 11:00 M, and 32,9°F at 1:00 PH. o .
| The best snow me]ttng had occurred on- P7 and P8 both of wh1ch
}melted snow at an approximate rate of 1/2 1nch per hour per square
foot. P5 (6) and P (6) performed the best of the embedded p1pe |
, pane1s P5 (6) me]ted snow at a rate of . 1/2 1nch per hour and P] (6)

| ] at a rate of greater than 1/4 1nch per hour

» _ Storm #3 :

(December 31 1970 - January 2 1971) v
' ‘ The system was turned on at 1 30 PM w1th no snow fa11ing at
. ;;the t1me Snow began fa111ng sometime between 11 00 PM (12/31/70) and
o 1:00 AM (1/1/71) | '




By 1" 45 AM (1/1/71) there was a snow accumu]at1on of 41nches with BRIOE,

| heavy snowfa11 st111 cont1nu1ng P7 (4ow 60w) and P8 (60w) were o

hntpartlally clear, but a]] other sectlons and panels showed no s1gns '

~‘3tof me1t1ng The a1r temperature was 28°F

, Snow stopped fa111ng at approx1mate1y 3: 00 PM the afternoon of ‘:°}
'January 1, 1971. , o ‘
At 7: 30 AM (1/2/71) P7 P1 (6) and. Pg (a0M, 60w)“wereié1ear“
"All other arcas and pane1s were snow covered w1th me1t1ng d1rect1y
above the bur1ed pipes (Photo C:I,Zpage ]]J»r). Amr,temperature wasv.‘
,2]60 : : ! . Lo

At 12 00 noon (1/2/7]) P3 and P4 were turned off due to a sharp
pressure drop in that part1cu1ar system P7 and P8 P5 (6) and P] (6) }
- were totally clear and dry, whereas a]] other pavement surfaces were

hc]ear and wet d1rect1y above the buried p1pes w1th s1ush cover1ng the
pavement between pipe centers A1r temperature was 32 9°F, - |

By 4: oo PM (1/2/71) P (12) P5. (12) P2 (6) and P6 (6) were_now,_
elear P3 and P4 showed 11tt1e 1f any add1t1ona1 me1t1ng Air . t
}-}temperature was 32 9°F (Photo C 2 page 115 ) | |
The system was deact1vated at 4 35 PM (1/2/71

p7 (a0u, 60W) and P8 (4ou 60w) gl (5) and p5 (6) e observed St

to have the most sat1sfactory me1t1ng P7 (60w) and P8 (60w) melted
4 inches of snow in 12 hours dP5v(6)‘and‘P1‘(6) meited 4.1nches of =

"-snow in 1ess than 30 hours ‘:.f‘

i

o tor



L*”LE?NOTE

Mﬁm.?ﬁplast1c P1pe S

”f‘eth1s t1me on Pane1 #3 served as a contr01 panel, e, f1u1d was no o
7;‘f1onger pumped through the p1pes and the pane] was no 1onger heated A_'i‘?

o Teak deveIoped in th1s pan91 poss1b1y from a,break °°°“r""q in the

f1n the system serv1c1ng Panels #3 and #4 It was traced to the 1ayer '

of p]ast1c p1pe in Panel #3 that 11es two 1nches be]ow the concrete v"‘f L

M»:;surface A more exact 1ocat1on of th1s Teak could on]y be determ1ned

by excavat1on of the pane]

'ff1;t; Storn #4__
» (January 13 14 ]971) L m
L1ght snow mwxed w1th s]eet started fa]]1ng between 7 30 PM and
: d;g 00 PM (1/13/71) i The system was actwvated at 1° 15 AM (1/14/71)

‘ilfW1th outs1de awr temperature be1ng 27°F»

By 1 05 AM there had been no s1gn1f1cant me]ttng and a]] pane]stgf‘vh‘

were covered w1th a hard crust of snow and s]eet

‘ At 10 30 AM -the. next mornlng, snowfa11 (tota] accumulat1on 1") ;,jaff,,f*,*f M
ﬁt,ihad stopped and a 11ght ra1n was fa111nq | 0uts1de a1r temperature wasﬁfjeij"’

"“*.[d;33 5°F., p7 P8, P1 (6) pa (6); and 5 (6) were wet and 100% clear of5;;¥}ﬁ’”7
n‘,'snow and 1ce A]l other areas and pane]s were e1ther snow or snow and_;yei NN

| 1ce covered P7 and P8 were turned off at 10: 50 AM and the other pane]s

B turhed off at 2 23 P,

‘ At 2 30 PM a]] pane1s except P2 (]2 18) P3 and P4 (18) were v:;.txzv
"f*}e c]ear of snow and s1ush P2 (12) p2 (18), and p4 (18) were s1ush o

- covered and the contro] P3 was st111 most]y snow covered

Q_Th1s was the 1ast t1me Pane] #3 was operated:tﬁrs:w1nter From |

o



ElectrvcaI pane]s #7 and #8 showed the best me1t1ng and were both
, c1ear and 65% dry by thxs t1me Of the embedded p1pe pane]s P] (6),
;]P4 (6), and P5 (6) me]ted snow most effect1ve1y

R Storm #5
| (January 24 25 1971)
Snowfall was 1nterm1ttent on the 24th of January. Snowfailf
'3 1asted from 4 00 PM to 6 00 PM stopped for a per1od of two hours,’

'then resumed from 8:00 PM to 11 30 PM for a total accumu]at1on of two

v1nches. At 11: 30 PM, Panels 4, 5 6 7 and 8 were turned on.

At 9: 55 AM (]/25/71) Pane1s #1 and #2 were act1vated wh11e .
Pane]s #, 5, 6, 7.and 8 were turned off, At this time, P7 (40W, 60M)
and P8‘(40N, 60U) were.clear but stj]l wet. P5 (6, 12), P4 (6),‘and

P6 (6) vere 90% clear and wet. P5 (13) ,P4 (12, 18), and PG (12, 18)
 -were‘partia11y snow;covered. | “ B - A
P1, P2 and P3 were‘oompiete]y:oovered with 2:in¢hesxoffsnow,_:Air:' "
‘V‘temperature was 35 6°F L ) B f | |  '. b |
By ] 00 PM that afternoon, P4 P5,P6 and P] (6) were 100% c]ear
: fiand wet P] (12 18) was clear d1rect1y above p1pe centers with s1ush

Hn_ex1st1ng between p1pe centers,’hg" oy o
P2 though most]y snow covered was c1ear and wet above the 18"

pipe: spacmng ‘where cars had dr1ven over it. P3 (controI) was snow

R _covered. _A1r_temperature was 39°F, The system was complete]y deact1vated¢_,'dv

rdat']-ds PM‘(]/25/71) The best me]t1ng occurred on P7 and PS. The best
perform1ng p1pe sect1on was P5 (6) Th1s bur1ed p1pe pane] me]ted snow =

o vat better than 0 2 1nches per hour

Tna



P] (6) wh1ch was activated ]0 1/2 hours after the other panels

fme1ted snow at a rate of 0. 7 1nches per hour, however the a1r temperature

”was above 35°F :

(February 17, 1971) |
The system was act1vated at 4 35 PM (2/17/7]) w1th a. very 11ght

:hsnow fa111ng at the t1me A1r temperature was 36 2°F Snow was me1t1ng

; nj*,on contact w1th the pavement surface and a11 pane1s were wet

| The snow gradua]]y changed to ra1n wh1ch ceased at 7 20 PM

‘j~(2/17/71) At 7 20 PM a11 pane]s were clear and wet Air temperature ,;7:>:

© was measured at 36 7°F'
' A11 systems were turned off at 7 20 PM (?/17/71)
There was no accumu]at1on of snow on any pane]s or on the

ad301n1nq parking 1ot

Storm #7

(March 3 1971)

A 11ght snow was fa111ng at the test s1te at 10 00 AM Aw,.jgffs’f A
'”;;Qtemperature was 32 5° P1 and P5 were s]ush covered P3 was s]ush and
A Snow. covered and P2 P4 and P6 were snow covered (Photo C 3, pagel16 )

The tota] snow accumu]at1on was 1. 5 inches. The system,was actlvatedrat o

10 ]5 AM

By 1 45 PM the a1r temperature had r1:,

%d?1~had changed to ra1n At this t1me P] and P5 wero wet and c1ear of

*f:snow and slush 5PP3‘(contro1) P4 and P6 wero part1a11y covered with

h s1ush and P2 was comp]ete]y covered by s]ush (Photo C- 4 page11b e),ii'7,fh

' 1]0 T

’n;to 33 1°F and the snow :;Jg;g"::“

..



A The system was deacttvated at 1: 45 PM after 3 1/2 hours of
() operation S | " | - _' | |
U | P] and PS meited snow at a rate greater than 1/3 1nch per hour,,?i
. and once aga1n these two pane]s produced better snow me1t1ng than any |
: of the other p)pe pane]s " | |

_MQIE_ P7 and P8 were covered by parked automob11es throughout th1s
f_ent1re storm so no conc}usnve'vtsual‘observat1ons.of P7;and‘P8,cou]d

“ be made.

*?starmv#8*7‘
(March 4, 1971) o |
Snowfa]] began between 4 00 AM and 5 OO AM (3/4/71) v_ihe{a.i‘
:'snowfall was accompanied by high w1nds which caused drifting
The system was act1vated at 9 OO AM at wh1ch time a11 pane]s oy
i were snow covered to a depth of 2 1nches A1r temperature was: 28 8°F{rhxs
hThe snowfa11 ceased somet1me between ]0 00 AM and ]1 00 AM and w1th
"-dr1ft1ng the final accumulat1on approached 3 1nches ’ |
| At 11: 00 AM, a11 pane]s were fu11y snow covered except P7 (GOM) Nf_d#
o and Pg (sow) which were 80% c]ear and wet, and P7 (40w) and P8 (4ow)

jd,fwhach were 604 c]ear and wet (Photo c- 7 page 118 ) Me1t1ng was

observed,onvpl (6) P5 (A)“Ps (18) (Photo‘c-5, page 117 ). ,Air .
'ftemperature was 29 7°F- ' SRR . :

An hour 1ater, at 12 00 noon P2 P3 and P4 were st111 snow

',;éecovered though the depth of snow had been reduced to ]/2 - 3/4 1nc ,,ec]»§?4;7ﬁ*’

on P2 and P4, and 1 <1- 1/2 1nches on P3 (6) was 50 clear and

g.ve;,_thJe,Pl_(,,, ]8)_was;conceaﬂedfby,l/zu1nch;ofgsnowp(Photpcc;6,¢;";fifff}ffff




”"»;Tpage 117 ) ATl sections of P6. were so clear and wet. PS (6);'P5"'

‘= ;“j3(12) and P5 (18) were 704 304 and 40% clear and wet, respect1ve1y

" p7 (40M, 60W) and P8 (40u GOW) vere a]most 100% clear and wet: P7

"ffl;i(zow) and P8 (2ow) were 50% c]ear and wet (Photo C 8, page 18 )

- '¥A1r temperature was - 29 1°F.

e At 2:00- PM ~an sectaons of Panels #1 255 and’6 were-at Teastt
- 90% c1ear and wet. P7 (40W, 60w) and P8 (4ow 60H) were clear and

 dry. P (20M) and P8 (20H) were 100% clear and wet. P4 (12, 18)

lwere 100% c19ar and wet, whereas P4 (6) was mostly slush covered 'P3 SR

-~ was comp1ete1y covered by slush. Air temperature was - 29 9°F.
The system was deact1vated after. 6 hours of operation at 3: 00

A'.PM at wh1ch t1me these f1na1 qua11tat1ve observat1ons ‘were made

»,“a,l*‘Panels-#1 2y 5 and 6 were. wet and 100£ c]ear of . snow and s]ush P7

d:‘and P8 were 100% c1ear and dry P3 and P4 (6) were covered w1th s]ush
P4 (12~ 18) were wet and 100% clear Ai¥ temperature was 29 4°F -
' P7 (eow) and P8 (GON) once aga1n surpassed a11 of the other

:'v-,:,panel areas 1n snow me1ting ab111ty The 60 watts/ftf electrica] i i

’:“rfdareas of these pane1s me]ted 3 1nches of snow in four hours for a

'nnme1t1ng rate of 3/4 1nch per hour 0f the embedded p1pe panels P5
- (6, 12) and P1 (6) melted show at the fastest rate. P5 (6, 12)‘and |

P1 (6) melted 3 inches of snow in six hours for a snow meTting rate .

: of 1/2 1nch per hour.

In order to obta1n a more accurate estimate of snow me1t1ng rates,

more frequent v1sua1 observat1ons were made dur1ng th1s SNOW storm ’ The"'_

/. B

e snow melt1ng rates presented here are therefore cons1dered to be the .

" most accurate ones. determ1ned for th1s w1nter

.‘)‘7



va5:jf”NOTE 1 Automob11e tnaff1c passed over Pane]s #3 4 5 6 7 and 8

‘»T; sometwme between 11: 00 AM and ]2 00 noon.

"fhf NOTE 2 Before th1s storm it was dwscovered that the therm1stor used -

"',Qf;to measureouts1de a1r temperature had been p1acod close to an opened

‘*hﬁlw1ndow of the gate house Heat escap1n9fr0m the W’"d°w nay have in-

.;_fluenced outs1de awr temperature read1ngs taken prev1ous to th1s storm,n

| If the therm1stor had been affected, 1t wou]d have 1nd1cated readlngs

s h1gher than actua1 outs1de a1r temperaturo Th1s m1sp1acement of

o

::’therm1stor was conrected so that outswde a1r temperatures, for th1s

g ,fstorm and the ones follow1ng it, are accurate

Storm #9 thi5;ﬁfaffw
R (Apr11 6 75 1971) N
L | Heavy wet snow began fa111ng about 8 00 PM the even1ng of
'”‘,Apr11 6, 197, ‘_ b ,Q,_e | R
/ At 10 05 PM that same even1ng, Pane]s #1 2 4 7 and 8 were ﬁff:r

s turned on P5 and P6 had been operated cont1nuous]y 51nce March 16

"f‘;1971, so these pane1s were a]ready operat1ona1 when the rest of the jf;gd{.fvfu’

v:;isystem was actwvated A11 of the pane]s were covered w1th snow to“'

: 5‘?f'depth Qf three inches except PS wh1ch was covered bv 1 5 1nches of:,

“'vsnow Air temperature was 32 3°F

Ovennight the snowfa]? ceased

»
. eou) and 5 (6) were 1004 c1ear and wet P7 (2OW) and 8 (ZOW) were.

At 8:30 AM (A/7/71) the next morning, P7 40w sow)ﬁand P8 (40w ;v;f“¥

clear and wot PS (12) was SOA c1ear and wet and P5 (18) was 25%

P Gg.c1ear and wet (Photo C 9 page 119 ) P] and P6 were comp]ete]y covered L

'dvstw1th 1/4 - 1/2 1nch s!ush and 1 1/2 - 2 1nches of s]ush respectvvely

U:;PB (contro]) and P4 vere: covered by two 1nches of wet snow, and P2 was

covered by one 1nch of wet snow



| B/ ]O Oo AM +ho wet snow cover1ng P2 P3 and P4 had beon reduced
dto slusn S]ush st1]1 covered Po P] (6),a"d~PJ (6) were IOUA c]ear
v‘and wot, whereas, P] (1 t ] 3) and Po (]2, 18) nere 80m c]ear and wet
- P7_(40H, BOL) and P3 (40” 6“”) were. c]ear and 10 dry, P7- (ZOH) and ’:»‘
'-v'PSE(ZOH)_nero*]OC c]oar and uot A1r temperatura was 4o 9°F . L
: At 11~45 AM tnn systom was deact1vatod The air. tempnrature was d'aa‘,
49:35F By th1s twme, a]l paneTs excopt P3 and Pﬂ were 100” free of," 
H.‘STLSh and snovi. P3 and Pé were st111 25% covered w1th vet snow fPZ;nH
Pﬁ,nPT (0) and PJ (o, ]2) woro conplotely drv (Photo C 0, Page 119)
. A11 other areas and pane]s wore c]oar and wot o
P7 P and P5 (6) showed the uest mn1t1ng PS ( ) mnlted snow at o
;a rate greater than U 3 1nchea per hour, and P1 (6) me]tod snow at a rate“-
v  grnater tnan 1/4 1nch per hour As 1n a11 other storms P5 (6) and P1 |
n(6) excnodod a11 othcr bur1od p]po nano1s in. offoct1venosa of snou melt1ng 'n".,‘_;“:f‘

'l‘gglgi4 Cons1derab10 automobw]e traff1c travorsod Po and PA dur1ng this S -

storm.

BRI T



C. 3 STORM PHOTOGRAPHS

MUOTOSRAPE =1 STORM #3
Panel #3 (Portland Cement Concrete) % Panel #4 (Cituminous Concrete)
7:30 A - January 2, 1971 .
(Operated 42 nours)  (Air Temp. 21.6 F)

P3
P4
PHOTOSRAPK C-2 STORM #3
Panel #3 (Portland Cement Concrete) % Panel #4 (Dituminous‘Concrete)
DR 4315 PH - January 2, 1971 I SR
(Bperated 50 hours)  (Air Temp. 35.0°F)
P3

115



PHCTOGRAPH C-3 STORM # 7

Overall View --- Panels #1 & #2 nearest the obéerver '
. . 10:15 AM - March 3, 1971 o
(Just Activated) (Air Temp. 32.5°F)

P
P2
PHOTOGRAPH C-4. STORM # 7
OveraT] View --- Panels #1 & #2 nearest the observer
: 1:45 PM - IMarcn 3, 1971 0 -
(Operated 3.5 hours) (Air Temp. 23.1° F)
P1 P2



PHOTDG%APH C-5 STORM # C

Panel #1 (Portland Cement Concrete) & Panel #2 (Dituminous Concreté).
: - 11:00 AN - March 4, 1971 o
(Operated 2 hours) (Air Temp. 29.7°F)

- P2 .

PHOTOGRAPI C-6 STORM # 3

“:PortTahd'Cément“Cdncrete) % Panel #2 (Bituﬁ{hous Cohérété)':
~.12:99 Hoon - March 4, 1971 . L
" (0perated 3 hours)  (Air Temp. 29.1°F)

P2

Pl



N

PHOTOGRAPH C-7 STORM # &

Panel #7 (Portland Cement Concrete) & Panel #& (Dituminous Concrete)
11:00 AM - March 4, 1971
(Operated 2 hours) (Air Temp. 29. 7¢ °r)

P8

PHOTOGRAPH C-8 STORM #G

“7‘(Port1and Cement Concrete) &% Panel #§ (B1tum1nous
‘ 0012:09 MNoon - March 4, 1971 o
(Operated 3 hours) (Air Temp. 29.] F)

P8

118

P7

P7




P7

P5

P7

P5

PHOTOGRAPH C-9 STORM #9

Panels #5, #6, #7, and #8
8:30 AM - April 7, 1971

(Operated 10.5 hours)

(Air Temp. 37.0°F)

PHOTOGRAPH C-10 STORI # 9

Panels #5, #6, #7, and #0
11:45 &M - April 7, 1971

(Operated 13.5 hours)

(Air Temp. 49.3°F)

P8

P6

’8

P6



1 v;{;C 4 Storm Data

Tab]e c-1, pages 121 128,11sts pavement surface temperatures and

: irelated surface cond1t1ons for snowstorms #1 9 Data 1s presented for

“ajjsurface cond1t1ons vary1ng from snow, s]ush, and lce covered to clear and

"5ldfdry,koperat1ng t1mes,vfrom 1 51 hours and a1r temperature, from 21 6 45 9 F

| The most comp1ete data presented 1s for snowstorm #8 here, surface temperaturesf;"

- are presented on an hour]y bas1s Tab]e C 2 1nd1cates that except for read-

"1ngs of 31 8 F for P2 (18) on 1/2/71 (7 45 AM ) and 31 7°F for P] (18) on _i, o
*h]/25/71 (1 05 PM ), pavement surface temperature were ma1nta1ned above 32°F
‘Iat a11 of the t1mes 11sted Surface temperatures for pane]s in operatlon '

'fe]] nnth1n the 32 50 F range w1th the exceptlon of the 53 4° for P] (6)

'.“(5on 1/2/71 (12 37 PM .) ~The 1owest temperature measured for a pane] not ;FV

,w.-1n operat1on, was 30 4oF'for P3(18) on 1/14/71 (10 15 AM ). | |
}‘ Table - 2y page ]29 1‘5t5 the Output temperatures of the heat exchanger
"Tf]U1d dur1ng th]s W1"ter N°te that the genera1 trend was for the output SRR

‘temperature to decrease as: the w1nter progressed

120 .




TABLE c 1 STORM DATA - EMBEDDED PIPE PANELS

STORM NMBER . TIME . AR o PAVEMENT SURFACE counmou ’ SURFACE TEMPERATURES (°F)
CUUAND  DATEOF (HOURS IN - TEMPERATURE " IYPEOF PIPE. . . PIPE DIAMETER . - PIPE DIMETER =~ =
STORM DATE __OBSERVATION _CPERATION) (°F)  CONGRETE SPACING ya e L GRS, LN 1/4"

Dec. 21, S 12/21/70 800 PM 32,0 PORTLAND | 6" - ™ e o 441_‘:1;1,7]376 : 419'; ;
el :r (3hrs) ST cEMeNT e R T

e ol o 3.2 f3g.55‘_ : v,_:‘.ss 8
e e oW o @ ws ow 3 B
e , A -' '- _ o o 35.: 352

BITUMINOUS

e s 3.0

T2/22/70 0 M0 M 325 'PORTLAND 6 - 5025L M 's’c.s"so‘icusu 38.5

, : ! 1343
A2 hesl) o CEMENT. .~

32.5

. Dec. 22,
1970

U scH st 329

18 St Seh scH 3.8 , —

e w . ws ¥ "'36 8, e
e se s st 33 3 33 6 338

CW - Clear _and,\lvévt' R S - Slushw o M Helt'lng above pipes :
: CQ --Clear and dry:';j; NN v SC - Snow 60vered iR | -V_Iw




STORM .NUM‘BER‘

ARD-"
STORM DATE

DATE OF

: OBSERVATION

' (HOURS IN

AR
TEMPERATURE
(°F)

TIME -
OPERATION)

TYPE OF
CONCRETE

PIPE
SPACING

3/4"

- PAVEMENT SURFACE counmou",
: PIPE DIAMETER - \

SURFACE TEMPERATURES (°F)
PIPE DIAMETER - “,"’
» ] ]/4“ o

:3/4"

]"

Dec. 22,{;‘

1970

Tz
(Cont.)

: _(4 hrs.)

1:00PM 32,9

PORTLAND

: CEMENT

]u ] 1/411

- CW
SL - 8o%CH

o

446
331

2

42 7

 BITUMINOUS

SCM

SL___30%CW
SCH
SC;M"T
_SC,M

SC,M

SC,M-_ -

_32.6
©38.6
w

336

325

Dec. 31,
1976
10

wm

w071

12:10 pM

28.0
(23 hws.)

- BITUMINOUS

PORTLAND

CEMENT

SC
sc
SC_

sc
BN
%

37.5
33.0

riSCf

s
sc

s

2.8

33.8
32,9

’z‘gtyé[}iﬁ:5 :

7:45 M. ;-"zj_,i;;-'

_;(42 5 hrs.)

CEMENT} -

'PORTLAND =

~SC,I,M

SC,I,M

SC,ILM

s

SC,M -
SCM

34 8
: 35 2.,

34.9.
e
32. 7'4 o

~ BITUMINOUS

SC,IM

'SC I M
_sc, I‘M

SC.IM

s"c'l'n
sc1

2.7
ERE

M
37
"33 1

o -fcfear and we

- cDi*~C1earia"didry’ff..,Wj'l_,

D

- Slush

:31 .8

SC < Snow covered

M - Melting above pipes -
I < Ice -




CoE , , TABLE c 1 STORM4BATA £MBEDDED FIPE PANELS , , -
STOR NUMBER'  TE - AR ey ‘Jig,;" PAVEMENT SURFACE CONDITION SURFACE TEMPERATURES (°r)

S AND DATE OF (HOURS IN TEMPERATURE TWE OF PIPE .- PIPE DIAMETER - ' PIPE DIAMETER ‘s,~v>
STORM DATE " OBSERVATION _ GPERATION) (°F)  _ CONCRETE ~ SPACING ~ 3/4" 1"  i- V2 W 7 O L 1-1/4"7

3 pec. 3, W2 12:3 gy 3.9 PORTLAND 6% 100%CD sL 6 534
T T T @hesl) T CEMENT e » R -

Jan, é;*‘:ziig:iv.; T e e B LT R o
9710 _ e st SCM . SL 342

»(Cont ) _ o o
S e e st o a4
CBITUMINOUS 12" SC,M - SLSL 344

a2 st sL st 3.5

s seM S 335
PORTLAND - 6" . ¢ . st . 4. 5 .

T Jo%CH S D 36.9
18" 75ECW,I . SCM "SL': _32.3

: %N St loozcu R oY/

SRS s 1/2}?1',,'_:_4 120 Py

2l

OBITUMINOUS 12 sL sl SL 348

1005 AN 33.5°F PORTLAND -~ 00CK- SCO100%CH 4.3

4 gan. 13-14,‘.‘ nam WD
3 S OOhes) T coeNT

1971

e s s s ma s s
LA ‘iiéleﬂ seM lo0kck SC.I 36.4 ‘ijéggr %
BITUMINOUS :_';jzgﬁ‘ 3 s st st 3.0 335253 »iaé}iff,‘:'”
v f:f e st st "*sc L 3.8 36 32
CH - Clear and wet'," - L SL - Slush S M- Melting above PiPeS

D - C‘iear and drye.. o . SC "~ Snow covered = Ice.
S o : ‘ * Pane'l Not in Operatfon : o '




bl

" STORM NUMBER

O AND
STORM DATE

TABLE C 1 STORE DATA - EMBEDDED PIPE PANELS »

L TIME AR o :
DATE OF - (HOURS IN 'TEMPERATURE TYPE OF

PI‘PE e

PAVEMENT SURFACE CONDITION
- PIPE DIAMETER. '
1- 1/4"

A

SURFACE TEMPERATURES (°F)

PIPE DIAMETER
: 3/4"

1“

1 1/4"

Jan. 13-14._

OBSERVATION OPERATION) _(°F) - CONCRETE

V14/70' . 1:30 PM 335 . PORTLAND
U OEsaesy T CEMENT

_SPACING

18" .

a
100%CW
i00%CH
1008CH

SL
sL
sL

, 95%cuj
 95%CH
95%CH.

48.8

' 39.8

32.5

*3] 8
%31,

'443

i 40 37 A

~ BITUMINOUS

6
12"

-

| ':cu .
CW

_SL.

95%CH
_ 95‘z:c'y

427

- 33.3
_33.0

.34 7

‘ 7.'42 8

. Jan. 24-25,
71 :

Sy 0:00 AM 356

(10,5 hrs.) CEMENT.

PORTLAND

18"

 1‘2??‘

__95%CH
g0%CH;
903CH

%15
 *31.8

'j,43 4'7 :
.33-';3‘: i

BITUMINOUS

: 18"

2

90tC

3.8
3.9
'*31 8

SRR /71752 SRR [ - S 3"9;0 . PORTLAND
T ORI (13.5 hrS) S CEMENT - . .

W

]2“ :

439"

'32 .5

BITUMINOUS

]8" ‘ :
i
e

sC

,vv‘,i:sc" .

. 3]’ 7

3.8
3200

< 'CH - CIear and wet
€D - Clear and dry :
: e * Panel not in operat'lon

’ K 33;9




BT RO : TABLE Q:] IQ_gM DATA - EMBEDDEQ PIPE PAhELS , v e ,
- $TORM NUMBER“ R TIME AIR ; o PAVEMENT SURFACE com)mou SURFACE TEMPERATURES '(°F)
. AND .. - DATE OF . = (HOURS TN TEMPERATURE TYPE OF - PIPE ~ " 'PIPE DIAMETER. - - PIPE: DIAHETER
' sToRM DATES  OBSERVATION OPERATION)  (°F) CONCRETE _ SPACING  3/4" 1" 11/4" _yar ot 11/4" 5
6. Feb. 17-18: S 70 WM 36.4°F . PORTLAND &' W oW a3, 9 »';’*’32.9." o 39 5 :
e T T Bes) CEMENT B D S T
e T AR e T T e L T 2 e CW W :35 3
a8 o o oe 2
R oot 3.9

oMo 3.3

snumnouslz" W
RN 1 IR SRS~ R T - S
SL
SL

‘PORTLAND SUC sk

) ,CEMENT

1 warh s yyn

o s st st

PORTLAND 7 4

CEMENT

i 18 sc sc sc

 CH - Clear and net"; S s Stsh k.
;CD - Clear and dry—,}{,v : ~SC - Snow covered
, . * Pane'l not in operahon TS




9zl

: STORM NUMBER

AND -

- STORM DATE

DATE OF -

_OBSERVATION

TIME.
(HOURS . IN

‘ .OPERATION)

TYPE QF
‘CONCRETE

CPIPE
SPACING

PAVEMENT SURFACE CONDITION

PIPE DIAMETER

3/4"

l" 1- 1/4"

SURFACE TEMPERATURES (°F)

PIPE DIAMETER -

3/4"

- 1/4" o

March 3 1971
(COnt )

L

]-00 PM -_'

- (3 hours)

PORTLAND. : 6ﬂf'l“ R
e

12#i«f
e

o
o

‘ ;5ozcu SLf”,CH'
OSSO

SOTCH,SL CW

~';45 5
L 37.3
137.9

36,5 v“4o 3

s

R BRI ’ :’\J 46“’_1.;, : ‘ ‘
aITMNOUs 1z

| sogoWSL St
sbch;SijfSLl-

36.6
34.3

s 41

. March 4, 1971 -

ym
oo oo (Y hour)

10:00 AM

BN R

BITUMINOUS

_50%0M,SL_ SL_

se

s se

%8
4.3
32.8

32.7

39.8 363
‘ *32541
%323

Coseosc

35.1

7'335

T'*32 4;.14‘
s

33»2"
o 39.8

k00 AM
@hours)

2.7

poRTAND. 6
(CEMENT -

e

TSCM
st

SC s
scosC

s s

334
40:6,.
32.9
32.8

’,*32 5
Ce323
.f*32 a

o BImmINous 12t
Weae g

Sse

3.8
333.7‘

3. 2 42.0
334 3.
9.7

‘ sc

- : N - C]ear and wet ST
D g- Clear and dry“f

";SéTf ¢ ‘

‘”SL - Slush &
SC - Snou Covered

o Pane'l Not in’ Operat'lon '

33.6 ‘

I-Ice

M- Melting above pipes EREIN



e

 STORM NUMBER

AND

DATE OF
OBSERVATION

TABLE C T STORH DATA - EMBEDDED PIPE PARELS

TIME  AIR

"(HOURS - IN TEWERATURE.

TYPE OF

‘PIPE

PAVEHENT SURFACE CONDITION
~ - -PIPE DIAMETER - '

3/4%

'|Il

1 1/4“

SURFACE TEMPERATURES (°F)
‘PIPE DIAMETER ..

STORM DATE
. Mavrch 4

(Cont )

1971 3/4/71

OPERATION)  (°F)
12 noon  29.1

(3 hours)

CONCRETE
PORTLAND

CEMENT . -

SPACING

;fﬁsu'j

‘,TJZ" ‘
g

soza,a '

s

_ sc
¢
SC

7ozcu SL
3ozcw SL -

QO%CHiSL

‘ »3/4u

40, 7

»332v
'32;85

A7

*‘32 6

1- j/gf :}"’
: 54;5 :

,‘ *32 4 3
. *32 4.

a3

BITUMINOUS

'::ish
. ]2n '

st
Y

st

s
o

50%CH,SL
v '50'%§c”w s

%.2
38.0

355
33.6

24
344

1:00° PM. -3016T;‘*

(4 hours).

PORTLAND
CEMENT -~

B
s

s

,Sc e
SOZCH;SL
90%CH,SL

s

4
s

~_s0%CH, sL
‘;so%cu sL
70%CW, SL

70%CH, SL

43;31*
w2
38.2

*33.3

39.8
| *32.5

*32.6_

'36 8‘":

‘42.;9i

- BITUMINOUS

S

o

_wicﬁ.SL
mcu.s:.

'1_.CH,;'

90%CH,SL

" 9di6u ,SL
90%cu SL ’

90%CH SL

36.4
.0
‘34;1Tt

384
4.

3558‘

'21'3”.-7\ i

37 2"

- m

2:00 PM 299

(5 hours) -

PORTLAND :

 CEMENT

g

R TTI

9010« SL
mcu sL-,-, L
9ozcu SL,

90%CH,,SL
st
st
st

90%CH SL

"QO%CH SL
QO%CH SL

48.0
.,”40 2
U8

’f3é?§

*38.7°

*32.9

436

B X

"8;6"‘

 BITUMINOUS

e
a8

90TCH,SL
9°*c!;5LA

W
o
W

rgszcu SL.
9szcu SL
7951cw SL_

36,6
39.5 :T'

136.1.

s
45 9

s
a2.8

42; u”

W - Clear and wet
“CD = C1ear and dryr

90%CH,SL

SL - STush \
SC - Snow Covered

* Panel Hot in Operatxon

36.3

1= Ice -

M Melting above pipes



’STORM nmn

AND-
STORH DATE

mm-: oF
OBSERVATION

T
* (HOURS IN

OPERATION)

. ’TEWERATURE
CR

) Tvlis OF
vconcaers

0 PAVEMENT
piie Vi

SURFACE CONDITIONS

PIPE DIAMETER: -

SURFACE TEMPERATURE (°s=)‘ £ f, E
PIPE DIAMETER -
3/4" ,

]ll

a(Con )

March 4, 1971 3/4/71

‘300 PM"

(6 hours)

‘?'29 4"

_SPACING

- PORTLAND- 6"
CEMENT

3/4

]2"’7: - S gy

- 3omousL

O e
40%CH, SL _'vaszcu sL
9BHCH,SL
30%0,5L ‘98%cu SL_

48 3
35}.‘1 .

s 4
382
*35.4 &)

1- ij4°

© BITUMINOUS

- 18“ﬁ‘v

CW
o
W
W

1.0
a2

',‘3331

,n oo PM :
¢ .

Bs

PORTLAND - 6%

387
a3
3.5

6.1 0.4

,] v: I
%329 -
#33.2

Rra

. 6“ ‘

Coseo

%4
RN

350

Cwm

90:39 AM
(2.5 hrs2)

459

 poRTLAND .
CEMNT o <6,u‘ .

S0%CH, SL
_ 80%CH,SL.

R

SL 90%CH,SL

SL 80BCH,SL_

35,5

263

394
37.0

43
*39.0
*32.8
_ *37.5

j‘sésjai* B

49 al oo

e
B“”"¥*°US',IVPi?f5,.
g

37,0
36 4
3y, o'.

470

425
’36 3

sz
5. 8
493"'

O - Clear and wet. E i '
€D - Clear and dry -
. * Panel Not in Operation :

L - Slusb
SC < Snow- (20ve red

-;-'-'--Teuperature Data Unre'liable o

M Meltmg above pipes

-




Ceal

s 8 TABLE c 2 .
OUTPUT TEMPERATURE OF HEAT EXCHANGER FLUID

Heat Exchanger #1 Aﬁ: .‘ 3 Heat Exchanger #2 '~V:"'  'HeatvExehaﬁger:#3f’ A

vTemperature OperatTonal ", Temperature OperatTOnal : Temperature 0perat10na1e

,‘DétéTQEQ*“V R AR ‘Hoqrs_ﬂl-'v _ CE T Hours RE °F. ”A-V“g-‘ Hours

12/21/7b]f'j¢,',1'55é,vl' ;f ;, EE‘S;SE_f ;' BeE j:el;if’*;'fv'e ; 5,57; ;lffie; ,‘f55‘Tf;i;‘,, },T5_5} : :, &

. .52j:§ffff=é§5g37;37i”$4ef“" 8 el

s as Ee49 5

BT R
65 89



\v,rzﬁAppendix D.. Winter Qpération,‘]971-72 |

Snow‘Stqu=Operating PrOcedure‘;.;.;.,;..}.ﬁ.g....;;s.

StOrm Records ..v.iieiiiiiiiiean s iie o srere S annin s o id e sie

. Storm Photograpns . ..c.veiviiiuniiiiiiinnen. ebeeeeees

. Stbrm'Data

W% 60 06 00 0.0 030600600868 08 e0 et e et ba

130

Page

131

132

142

146



'wxiaD 1 Snow Storm Operat1nq Procedure

-aa_ff1n Sect1on B 1 except for the fo11ow1ng changes

. i'iif‘, ;j‘p:‘f"m ‘1) If snow was forecast eIectr1ca1 res1stance Pane]s #7 and 8

[’h to fa11 Panels #7 and 8 were turned on as soon as ass1gned personne]
varr1ved at the test s1te Pane]s #1 2 5 and 6 wh1ch were operated .
ff;cont1nuous]y throuqhout the w1nter, were already 1n operat1on at the vﬂ7<"

‘7tig:;start of snowfa]]

2) The D1g1tec systH’A S pr
N ‘temperature data on an hour]y ba51s - i o
: "3)7 Data co11ect1on and the record1ng of observat1ons continued :
'.until al] the snow that fel] on Pane]s #1“ 2 5 6 7 and 8 had melted

‘Lh§=f‘or 1t became ev1dent that the paneTs would not me]t more snow

Operating procedure for th1s w1nter was the same as that out11ned,eff5b

If non forecast snow began e

4) Durmng th1s W1nter, Pane1s #1 2y 5. and 6 were connected to ;: o

VHeat Exchanqer #3 These panels were operated cont1nuous]y (24 hours ; o

hf{:ia day) throughout th]S wvnter from December 30 1971 to February 24

}}[?fc7*1972 Pane]s #1 2 5 and 6 were each operated for approx1mate1y 1 4407&5;3.-7f;

“v“ﬁ’fsnow storms, each for a tota1 of 85 hours,, Pane]s #3 and 4 and Heat

e Exchanger #1 and #2 were not operated th1s w1nter. fjauh""

,;ghours E?ectr1ca1 res1stance Panels #7 and»8 were operated only d“r‘"ggQ?5 jt



~Storm Numberf[fﬂ:}f lv Date ‘f] - »*f}géss"A’
i (1) ’ '.';_'ifz jJanuary 28- 29 o
@ ey 2 Com
anz(s)M,ii:[ B ‘f. Feuruary'6-7".;" *‘7 135v'_
@ rebmayizis 1
: (5) oo February19-22 : S 138 1
(e F'An"v i'FeBruaryVZBQZA.{‘ i,“ .~_i40 .f
| _§,t9_r_m__#_1_._ | 5
't‘e_(QanuaryAZB}197257{£A' -

3,Genera1 Account

Snow was’ fa111ng on: arr1va1 at the test s1te at 1: 05 AM January

v28r Snowfa11 ended by 11 00 AM, January 28. An accumulation of 3 1nches,:5 '

2 - was recorded at the 1atter t1me Sky cond1t1ons var1ed from c]oudy to

i,“hazy and W1nd was s11ght to non ex1stent for the durat1on of the test

‘f'per1od A1r temperature was 26 4°F at 1 05 AM January 28 For a
s7ﬁ'short time, between 2 OO and 4 30 PM it rose to 33 0°F' Thereafter,,;};f~‘
"1f”a1r temperature averaged 26 0°F and d1pped as 1ow as 23 8°F A”ffﬁ”j"

",Panels 3 and 4 (Contro])

Max1mum snow cover on the panels -3 1nches - was observed at

o f»11 00 AM January 28 Very 11ttle me]ting was apparent thus, by 8 42 “‘e

'”[, AM January 29 a 3 1nch accumulat1on was st111 present




Panels 1, 2, 5 and 6 (Test)

In order of decreésing me1ting'capability,}the eight<best melting
emneddéd pipe panel sectinns}were P5 (6), Pl:(6), P5 (12), P5 (18), P1
(18), P6,(6) and P2 (6). ;P1}(6) and P5 (6) were the first to bé clear
and.wet at'about ]:OO PM,{January‘ZS,‘IZ,hours after the start of snow-
fall. (See Photographs D-1 and D-2, page 142 ). P1 (6), which was 95%
dry*at4:35 PM, January 28, wns 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 coT]ecfinn‘period - 3:08
}PM, January 29 - the cnly panel sections free of ice were P1 (6, 12)'
and P5 (6; 12, 18). Me?tfng rates were: 0.28 in/hr - P1 (6) and P5 (6),
0.20 in/hr - P6 (6), P2 (6),P1 (12) & PS(TZ):and O.18 in/hr - P5 (18)
and P1 (18). The worst mé1ting ﬁection was P2 (18) - 0.12 in/hr.

Panels 7 and 8 (ReferenCe)

- At 12:30 AM, January 28, the pane]s‘were'turned on. By 11:00
AM -of the samé day, P7 (GOW)band P8 (60W) were c]eariand 95% dny,
and P7 (40M) and P8 (40W) were clear and wet. By 4:35 PM, the 60 and
'40 watts/ftz_seCtioné were 100% and 95% clear énd dry, réspective1y;:
ZWherea$}the 20 watts/ft2 sections wére clear and‘SO% wené‘nwnén the
air tomperatUre‘fn1] prow:325F during thp 1at9 aftprnoon~and evening,
1co formed only on the 20 watts/ft2 soctions of tho pane]s ’This iée
'was st11] present when the e1ectr1ca1 res1stance pane]s were deact1vated
at 11 00 PM January 28 Me1t1nq rates were: - p7 (60W) and P8 (60w) -
greater than 0. 35 1n/hr, P7 (4ow) and P8 (40w) - 0. 28 1n/hr P7 (ZOU)
‘and P8 (ZON) - 0. 24 1n/hr

*SéorAppendik.A5‘Settion A(Z;lpnge:83 .



. -

"*=€*¢¥f’NOTE For th1s storm P1 (6) equaled the me1t1nq produced by P7 (40W)
and P8 (4ON) ’ ' '

- Storm #2
(February 2 1972)

! 5>, Genera] Account ,’ ’

L1ght snow was fa111ng at 8: 30 A and ceased at 12 40 M on':gt“‘d
February=2 -The w1nd was easter]y at 15-25 mph. A1r~temperature o
. :dml'read1ngs were above 32 0°F, w1th the except1on of those read1ngs -
S ‘:recorded at 8 30 A (31 8°F) and 2: oo M (31 9°F) Accumu1at10n was.
2 inch. LT ” | |

' , -Pane]s 3 and 4 (Control) i | B
| The greatest accumulat1on of snow on the pane]s was 1/2 1nch

Qland this was still rema1n1ng at. 4: 15 PM Februarv 2. o j’ o

:‘,;}Pane]s 1, 2, 5 and 6 (Test)
o A11 sect10ns of P1 and P5 were clear and ‘wet. for the storm, w1th
snow me1t1ng on contact w1th the pavement (Photograph D 3 page i43)
:; After some - 1n1t1a1 snow cover, P6. was 100% c1ear and wet at 10 10 AM
| dand P2 was IOOA clear and wet by 11 15 AM By 4 15 PM February 2 P2
:.M'ffand P6 remaaned c]ear and wet, a1though P] (6) P] (12), and P] (18)
.‘wereVGQ% dry, 5% dry, and 100% clear and wet respectxve]y,and P5 (6),‘
P5 ﬂ]Z)amand P5 (18) were. 25 dry, 25% dry, and 100% clear and wet,‘.u, -

f reSpective1y In order of decreas1ng melt1ng capab111ty, the e1ght best ;f:"

| }ff, ne]twng pane1 sect1ons were P (6) P5 (6 ) P5 (12) P (18) P5 (18), -
ii':'-P6 (6) and P2 (6) The pane]s exh1b1t1ng the least me1t1ng were P2 (18)’ '}
"P2 (12), and P6 (18) For th1s storm, the me1t1nq rates of embedded '

"v;‘ p1pe panels. were approx1matelv 0.2 in/hr



Aﬂa Pane1s 7 and 8 (Reference)

At 8 30 AM the e]ectr1ca1 res1stance pane]s were under a s]1ght

"~3LQSnow_cover They were act1vated ten m1nutes later (Photograph D-4,

'*~/;1AGenera1 Account

:;j,paqé,143) - By 9 00 AM, the 60, 40 and 20 watts/ft sect1ons of P7

-Hproduced mohe rapid me1t1ng than the1r correspond1ng sect1ons of P8. By

10 10 AM, both P7 and P8 were 100% clear and wet. Six hours later

(4;15 PM), P7}and P8.(40w, 60w)“were,100% dry, P8_(20w) was 80% dry,

;ﬂand'P7:(20M)tMaS‘50%‘dry. ‘Me1t1n§Lrates;werejbetten'than'0;21in/hn.
Storm #3

(February 6- 7, 197”)

| Very 11ght snow was fal]ing at the test s1te at 3 40 PM February‘

i,hfé; Th1s snowfa11 became heavwer at about 8 35 PM and ceased at 11 23 PM
f‘w1th a max1mum accumu1at1on of 2- 1/4 1nches M1nd d1rect1on var1ed
':hbetween Nw and SHW., and w1nd ve]oc1ty was 10- 15 mph ‘until ]];OO M,

~ February 7. The wind was mxld from th1s time forth. At 11:00 AM, Febfuary

S 7 the sky cond1t1on became c]ear and sunny and rema1ned th1s way fOP

' ='f"dthe durat1on of data coT]ect1on A1r temperature was a]most a]ways

” be1ow 3°°F becom1ng co1der ‘as the storm progressed and dropp1ng to ‘_f
"’28 2°F by 1 40 PM February 7
vf-Pane1s 3 and 4 (Contro1)

The contro1 panels were under maximum snow cover (2 3/16 1nches) ‘.f‘A 8

';,"fﬂat 11 23 PM, February 6. By the enid of data co]]ect1on (1 40, M,

:February 7) 1- ]/2 1nches of snow st111 lay on the panels | The snowaj‘,f“

' ﬂaghhad melted at a rate of 0. Oo 1n/hr



'a»;ggaeane1s 1, 2 5 and 6 (Test).

Of the embedded pipe pane]s P1 and P5 produced the fastest .

'Ff5§‘me1t1ng The greatest accumu1at1onson these pane]s - 11 23 PM,

‘7_;erebruary 6 - were P] (6) - 7/8 1nch, P (12)»- 1- 1/4 1nch Pl (18) -

. 1-9/16 inch, P5 (6 )]- 916 inch, and PS (12, 18) - 1-1/€ inch. At

"'f"pth1s t1me P6 and P2 were covered w1th as: much as 1-11/16 1nches of

‘”‘,Esnow By 3 30 AM February 7, P1 (6) and P5. (6) were JOA c1ear and wet7

“":‘w1th slush by 8: 15 M, they were 90 c]ear and wet 10 dry PG (5)

o and P2 (6) were not c]ear and wet unt11 11: 00 AM. At the end of data-v

S collection (1 40 PM February 7), these surface cond1t1ons ex1sted

1a;*p1v(5 12) - 100% dry, P1 (18) - 40% clear and dry, P2 (5) - 80% clear

'f,ddand dry, P2. (12) - 100% c1ear and’ wet, P2 (18) - 98 c]ear and wet

“a;g};( % snow), P5 (6, 1 19) i 100% dry, 6 (s);- 50% c]ear and dry, and

P6 (12, 18)"-40,a c}ear and dry As usua1 the c]oser p1pe Spac1ngs

:fvprOVided mbre rapid me1ting; i.e., the pipes spaced on 6“‘centers

. v1e1ded more effect1ve snow me1t1ng than those spaced on 12" centers,v.»

’ »and”so_on,_rApprox1mate me1t1ng rates obta1ned were P] (6) and P5 (6)

: -3.0”15 in/hr,'ee (6) and P2 (6) - 0.12 1n/hr (see Photographs D-5.6., s

ﬂe;; and 8, pages 144 and 145)

'jlsu'fPane1s 7 and 8 (Reference) »"

The pane]s were act1vated at 4 40 PM, February 6. Dur1ng the

e’rr vent1re storm there was no snow accumu]at1on on the 60 watts/ft2

: sect1ons of'P7 and P8 The 20 and 40 watts/ft2 sect1ons of the pane]s

‘?R,thad a slight s1ush buildup, however, p7 (40W) a"d P8 (40w) were clear

:tﬁ; and wet by 8: 35 PM, February 6, and P7 (ZOW) and P8 (ZOw) were c]ear z?y |
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n‘a'and‘wet‘at'11'23‘PM Me1t1ng rates were: -greatervthan'o 37 Tn/hrb‘:
,;ﬁ for P7 (60w) and P8 (60W) D 3 1n/hr for p7 (4OW) and P8 (40w), and
'f; 0. 2 1n/hr for P? (20w) and P8 (20u)

Storm #4

i i

(February 1718, 1972) R

'yp;GeneraTvAccountd

7 VAt 6 15 PM February 17 snow was fa111ng at the test s1te

(n“:SnowfaTT became 11ghter around 9: 00 PM and ceased at approx1mate1y _"‘
TTTT 15 PM. The accumuTat1on was read as 1-3/8 1nches w1nd was from f
[the north at a veloc1ty of 10 15 mph A1r temperature was 1n1t1a11y
d'29 7°F and stayed beTow 32 O°F unt11 3: 08 AM, February 18 Henceforth a

it rema1ned above 32. 0°F and the h1ghest reading (34 2°F) was measured |

at 10: 30 AM.

f}‘ _PaneTs 3 and 4 (pontrol)

P3 and P4 were snow covered throughout the storm Makimum swaw,7‘";"

“»'cover was 1- 3/8 1nches at ]T 15 PM February 17 _ By the»end"of the

o i /storm (10: 30 AM Februarv 18) 1 1nch of snow cover rema1ned Melting” SR

':f>rate for the pane]s was O 03 1n/hr 'v?: -

'ﬂe]LdPanels 1, 2 5 and 6 (Test)

The f1rst embedded p1pe pane] sect1ons to become clear and wet :‘f

were PT (6) and P5 (6) (6 04 AM February 18) They had the most rapld K

| '1;me1t1nq rate - 0 13 1n/hr The f0110w1ng surface cond1t10ns existed att'

030 M (16 hours after the beginn1ng of the storm) (6) : 50% ;;'F

vv,fftwet, 50% dry, P1 (12) - 98% wet 2 dry, P1 (18) - 100% wet P2 (6)

”‘«‘,loom,Wet,_Pz,(lz),f 80, wet,~20m”s]ush,592 (18) - 980 wet 2 sTush -fﬁ, o

BER KA



. P5 (6) - 95% vet, 5% dry; P5 (12, 18) - 98% wet, 2% dry; P6 (6) - 100%
“wet; P6 (12) - 50% wet, 50% slush, and P6 (18) - 80% wet, 20% slush.
: ThevuorstvmeItfng,took place on P6’(18) - less than 0.09 in/hr.

‘Panels 7 and 8 (Reference)

The e]ectr1ca1 res1stance panels were act1vated at 5:00 PM
February 17. By 9:45 PM, P7 was clear and wet, and P8 was clear and
lwet with some s]ush present They remained'clear‘and'wet'throughout
‘the per1od of snowfa11, snow me1t1ng on contact w1th the panels. The
e,pane];sect1ons were 100m dry at the fol]ow1ng times: P7 (GON) and
FPS (60W) - 11'15 PM, February 17; P7'(40M) 411'15 AM, February 18 P8
(AOW) - 3: 15 AM; and P7 (ZOM) and P8 (20U) - 6:04 AM Snow me]ting rates

for a11 pane] sect1ons were better than 1/4 1n/hr.»

| Storm #5
(February 19-22, 1972)'

' .fGenera] Account i

Snowfa]l began at 1 00 AM on February 19, 1972 and stopped at
‘b'11 :00 PM of . the same day,‘1t was most 1ntense shortly after 2: OO PM
,':h The. accumulat1on was 2 inches. The wind d1rect10n changed qu1te often '
‘land w1nd ve1oc1ty was genera11y moderate (20 .25 mph) At the outset
of the storm, air temperature was 34.0°F. : It rema1ned above 32 0°F until
v?°00 PM February 19, when a read1ng of 31 6°F was recorded Dur1ng the
rest of the storm, a1r temperature was be]ow freez1ng w1th the co]dest
read1ng (16 8°F) occurr1ngiat 7: 30 PM February 20 The sky was overcast‘
from the beglnn1ng of the data co11ect1on per1od unti] 12 00 noon, |

: February 20, after whwcn 1t was most]y c1ear
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“.f7“Panels 3:and 4 (ControT)

Y The greatest snow accumuTat1on on these paneTs occurred at 5: 00 PM,
»February 19. At th15 t1me the paneTs were covered by 1-3/4 1nches of
)wet‘snow At 8: 30 AM February 22 (end of storm) the paneTs were f
covered by 3/4 1nches of snow The meTt1ng rate of the paneTs was.
eapproximately 0.02 in/hr. o

,;Pane]s 1,2, 5 and 6 (Test)

‘ PT (6) and P5 . (6) were the f1rst of the embedded pipe: pane]s
'c ‘sect1ons to be c1ear and wet (12 noon of February 19) After th1s
»vt1me snowfaTT became more ‘intense.and P1 (6) and P5 (6) became snow
'[_covered once more These*two‘panel sections-were'aga1n‘clear and wet
at 2:00 PM February 20 - 15 hours after snowfaTT had ceased. At this
t1me P1 (6 12) was ice covered to a 1/2 1nch depth P2 (6 18)
'fwas covered by 1 inch of crusted snow, P5 (12) was 40% c]ear and wet.
w1th 60% 1ce P5 (18) was covered by 1/2 1nch crusted snow, and P6 (6 |
TVITZ 18) were snow covered to depths of 3/8, 1/2 & 3/4 1nch respect1ve1y
"~ Best me]tvng took place on PT (6);- 0.15 1n/hr.v worst me1t1ng,occurred
on P2 (18) - 0.05 in/hr. v .

Li.iPanels 7 and 8 (Reference) 11:’TTa

Turned on at 6 00 AM February 19 these paneTs were c]ear and

~wet by 12 noon of the same day ATthough snowfaTT became more 1ntense
}after 2: OO PM at 5 OO PM the 60 watts/ft2 sect1ons were 50% clear and
.wet wwth sTush and the 20 watts/ft2 sect1ons were. covered by a 1/2 |

o 1nch of sTush (60w) and P8 (60w) were 100 dry by 8 00 PM February :

13y



19 and remained dry fdr the duration of the storm. P7 (40W) and P (40W)
were 100% dry by 11:00 PM, Fobruary 16 and Staycd'dry throughout the
storm. P7 (20M) ahd Pg (wa) becéme,]O % dry at 2:00 PM February 20
'énd'remained dry. Th¢ melting rates for the 60, 40 and 20 watté/ft :
Secfions vere better than 0.4'fn/hr, 0.3 fn/hr, and 0.2 in/hr,

respectively.

- Storm #6 ‘
(February 23-24, 1972)

General Account

At.6:45 PM on ngruafy 23, snow was falling at the tesf site.

~The snow changed to-s]éet by 10:20 PM; the accumulation Was 3 inches.
A11 precipitation had ééased-by 12:47 AM, February 24. bAir‘témpcrature
was 24.9°F at 6:45 PM on February 23 and did not go above freezing until
. 11:30 AM Februafy 24. From this time 6n until the end of data‘
co]chtion (4525 PH, Fébruary 24)_air temperdture ranged'from'36.09F
‘tob42.6°F. A liéht wind blew throughout the entire storm. |

Panel 3 and'4'(ControLl

At 6:45 PM, Fobﬁuary»ZB,_P3 and P4 were covered}with 3/4 inch
of Toosely packed Snow.‘ By.10:20‘PM the snow cbvcr,was‘3'inches; The
maximum accuhuiation wés'3~1/16 inches at 12:47 AM. At 4:25 PM,
vFebruary'24; 2 in¢hes of hérd‘crusted snbw still remained on‘thésé

control panels. One inch had melted in 22 hours (0.05 in/ur.)
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Panels 1, 2; 5 and 6 (Test)

The maximum‘snow.éccﬁmu1atf0n on these panels was recorded at
10:20~PM, Februafy 23.k At;thiéltime the snow cover on P2, P6, P1, and P5
was 3,'2-3/4, 2-3/4, and 2J1/2 inches, kesﬁecfive]y. For all panels,
- the pipes épaced on 6 inch centers exhibited better me]tingfthan pipes
spaced on 12 inch and 18 inch centers. In most'cases‘(GO%)vpipes spaced
on 12 inch ceﬁters pﬁoduced better melting thah‘thOSe spaced on
18 inch center$.‘ In order‘of decreasing me]ting ability} the hine
bbest me1ting.pane]-sections were: P5 (6), P5 (12),VP1 (é), P5 (18),
P1 (12), P1 (18), P2 (6), P2 (18), and P2 (12).¢ |

The best meiting rate - P5 (6) - wa§ 0.16 inches of snow per

hour. The slowest me]ting‘rate - P2 (12) - was 0.14 in/hr.

Panels 7 and 8 (Reference)
; Panels #7 and #3 were activated at 6:50 PM, February 23. The
160 watts/ft2 sections of thése baneTs provided the fastest.me1ting 4
of any panel section. Thege sections Were”c1ear and wet by‘10:20
PM. They had melted snow at a rate of 0.84 in/hr. The 40 watts/ft?
sections hadvmeited‘a1l snow by 12:47 AM, fgbruary 24 - methng 
rate (0.5 in/hr)f:’The ZO‘Qatts/ft? sections‘pfoducédga,me]ting

’rate of 0.23 in/hr and.wefé clear and wet by 4:30 AM, February 24.}‘

‘f*ViSUa1lobSGrvatfons,of,Pahélg#SACOUIdﬁhbt'bé-COmpaféd With‘fhe'
others because heavy automobile traffic had transversed it.
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0.3 STNRM PHOTOGRA
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PHOTOGRAPH D-1 STORM 4

Panel #1 (Portland Cement Concrete) and Panel #2 (Bituminous Concrete)
11:00 Al - January 28, 1972
(13 hours from start of snowfa]])(A1r Temp. 28.0°F)

PHOTOGRAP!! D-2 STORK #1 s
Panel #1 (Portland Cement Concrete) and Panel #2 (Bituminous Concrete)
2:00 p -~ January 28, 1972 .
(16 hours from start of snowfa11)(A1r Temp. 33.9 F) -




Ps

PHOTOGRAPH D-3 STOR! # 2
Panel #5 (Portland Cement Concrete) and Panel #6 (Bituminous Concrete)
8:45 Al - February 2, 1972
(45 mins. from start of snowfall)(Air Temp. 32.1°F)

PHOTOGRAPH D-4 STORM _
Panel #7 (Portland Cement Concrete) and Pane] #8 (Bituminous Concrete)
- February 2, 1972
(45 mins. from start of snowfa11)(A1r Temp. 32.1°F)

Note Salted Areas



PHOTOGRAPH D-5 STORM #
Panel #1 (Portland Concrete Cement) and Pane] #2 (Bituminous Cement)
9:00 A - February 7, 1972 .
(18 hours from start of snowfall)(Air Temp. 29.3 F)

PHOTOGRAPH N-6 STORM #3
Panel #3 (Portland Cement Concrete) and Panel #4 (Bituminous Concrete)
‘ 9:00 A February 7, 1972 o
(18 hours from start of snowfa11)(A1r Temp. 29.3°F)
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PHOTOGRAPI, D-7 STORM # .
Panel #5 (Portland Cement Concrete) and Panel #6 (Bituminous Concrete)
9:00 A - February 7, 1972
(18 hours from start of snowfall)(Air Temp. 29.3°F)

. «. PHOTQGRAPH N-8 STORM #
Panel #7 (Portland Cement Concrete) and Panel 38 (Bituminous Concrete)

9:00 ppm - February 7, 1972
(16 hours from turn-on)(A{r Temn. 29,3°F)



- vD»4 Storm Da’taf”:

Tab]e D 1 pages 147—1r°‘ 11sts pavement surface temperatures |

- A»and correspondwng pavement surface cond1tions for the embedded p1pe

panels dur1ng snowstorms #1 2 3 4 5 and 6 Temperature data is

.,:presented for surface cond1t10ns vary1nq from snow s]ush and 1ce

: covered to clear and drv a1r temperatures, between 18 7° - 42, 7°F and

| tit1mes from start of snowfa11 between 0.5 :- 42 hours Surface temperature
‘read1ngs for pane]s 1n operat1on were qenerally above 32°F-- a notab]e |

' except1on 1s Storm # at 7 00 PM _g»vp _ Surface temperature

readlngs for pane]s 1n operation exceeded 40°F on on]y one occasion -

Storm #6 at 4 00 PM
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 TABLE D-1 STORM DATA - EMBEDDED PIPE PANELS
 STORM NUMBER e ',:;; ~ » _ STORM DURATION

| F -  DATE T TIME
1 G FROM: January 27, 1972 10:00 PH
Do TR e - e January 28, 1972 11:00 AM v
| L COTIME - AR - PAVEMENT SURFACE CONDITION  SURFACE TEMPERATURE (°F)
» OBSERVATION FROM TEMP  TYPE OF  PIPE “PIPE DIAMETER | PIPE DIAMETER
DATE TIME START (°F) _ CONCRETE _ SPACING __3/4" 1 1-1/4  3/4" 1" 1-1/4"
| o — PORTLAND — ~ .

1/28/72 1:00 A 3 hes.  26.4  CEMENT 6" sC. sC SC  34.8  31.3*  33.5
| | ‘ R V13 sc sCSC 32,9 28.4* 334

18 sC ' sC SC 32.7  29.7%  —___

~6" sC ¢ SC 4.8 31.7% -

CBITUMINOUS 12" sC SC SC 33.3  28.6*  33.5

I |- _s¢ SC. SC___33.4  30.1%  33.2

— T T PORTLAND T T » o
1/28/72 1:00 AM 13 hrs. 28.0  CEMENT 6" s, 1 SC 95%CW,I  36.0  32.0%*  34.2

| | 12" seMsc so¥eM, I 332 30.0% 3.7

18" SC,M SC_ 50%CW,SC_32.5  32.3*  —---

1 5C ST SC 38,8 31,9% -

BITUMINOUS = 12" sC  sC - sSC  33.3  30.1*  33.5

N 18" SC . .SC_ .~ SC 33,3  31.3* 33,2

. n PORTLAND — — , —

1/28/72  5:00PH 16 hrs.  32.0  CEMENT = 6" 95%CD, W SC 75%W,D  37.6  32.0  35.6
”‘ = 12 75%4,0  SC 80¥CW,D  33.4  20.7%  33.7

18" 90%CW,SC  SC  95%CW,D  32.8  33.0%  ----

6" SC,M SC 98%CW,SC 37.0  32.6* -——--

BITUMINOUS 12" SC,M sC 75%CW,SC 33.3  29.1*  33.4

18" SC,M__ SC - 65%CH.1 332 3306 33, 7
CW - Clear and wet D - Dry S1 - Stlush- ‘M - Melting above pipes

CD. - Clear and dry W - Wet SC -'Snow Covered = I - Ice
----Temperature Data Unrel1ab1e *Control Panel - Not in Operation '



TABLE D7 STORM DATA . EMBEDDED PIPE PANELS ~ =

'STORM NUMBER e ”“7.j»;_ . STORM DURATION
T e - DATE — TIME
2. e o : - FROM: February 2, 1972 8:30 AM.

T »5‘~,- o . T0: l%mmmyZ 1972 1230 M

LT TIME AIR. o PAVEMENT SURFACE CONDITION  SURFACE TEMPERATURE (°F)
| OBSERVATION ~~  FROM  TEMP TYPE OF PIPE PIPE DIAMETER | PIPE DIAMETER
DATE - TIME START ~ (SF)  CONCRETE = SPACING  3/4" 1" 1-1/4" 3/4" " 1-1/4"

L — PORTLAND . SO et . , -
2/2/72 '9:00 A# 0.5 hr. 32,1 CEMENT 6" . CM sC CW  35.5  30.5%* 34.9

2" o SC N 33.8  30.2% 3.5

31.2% oo
30.8%  ----

18 W - SsC M 32.
A SC T SC 50%CW,5C 34,

BITUMINOUS 12° SC  SC SC,M 33, 30.2¢  33.2
L ‘ 31.0% 32,5
30.9%  35.4
30.7%  35.3

31.6%  ----
] IR L—

0.8* 3.4
3.6%_ 32.8
31.3*  36.0
31.0%  35.9

18" b SC o4 341 32.0% oo

o 6" sC__ CW _ 35.0 31.5% .-

- BITUMINOUS 12" W SC W 331 31.0% 346
| S [ ~ e v R | 2 a
f‘CN - Clear and wet D - Dry ~=STush ‘ “MeTting a ove plpes ‘

CD - Clear and dry W - Wet SC - Snow Covered - I - Ice :
g----Temperature Data Unre11ab1e _ *Contro] Panel - Not in Operation

L L ‘ o 1ge T se ' SC - _BO%CW,SC  32.
GBI f~ V  ;H~5r ;fgf;tﬂf;: O }PORTLAND S ‘ ) S e
2/2/72 ~ 10:00 Aw 1.5 hrs. 32,5 CEMENT. 6" O SC  ON 35,

-3yl-

e ase o .
N v R T

CBITUMINOUS 12" 6030M,SC  SC oW 33.

18" 50%CW,SC SC oW 32,

— PRI 5 T |
2/2/72  11:00 AM 2.5 hrs.  32.4  CEMENT = 6" W s . e
. . : e - T ) B  12"1  . Cw‘ 'SC' " - Vcw . f‘ 35.

o oo ol W W oo wiN

—

N . ; . ‘ . . X ) o w
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© TABLE D-1_STORM DATA - _EMBEDDED PIPE_PANELS

STORM NUMBER . STORM DURATION

— o o DATE — TIMEMi:'
3 , o - FROM: February 6, 1972~ 3:40 Ph
o - ' ' S ‘ * February 6, 1972 11:30 Pi
| o TIME AR | © PAVEMENT SURFACE CONDITION  SURFACE TEMPERATURE (°F)
» OBSERVATION FROM  TEMP  TYPEOF  PIPE PIPE DIAMETER | ~ PIPE DIAMETER
DATE _ _ TIME___ START ___ (°F)  CONCRETE _SPACING __ 3/4" I 1-174 3740 1" 1-1/4"
o — —__PORTLAND | T |

2/6/72 . 9:00 PM 5 hrs. 32.9  CEMENT 6" sc . sC ~SC,M 34,0 31.8% 32,9

STV | e sc SC SC,M 32,5 31.7% 33

18" _SC,M sC_ SC,M__ 323  32,9%  ----

| A - SC sC SC - 33.9  31.9%  ----
- B{TUMINOUSH_12*W . sC.. __SsC . SC . 330 _ 31.9% 33.0

| - 18" SCM _SC _SC 327 33.0+  33.0

T R PORTLAND B R

2/7/72. 3:00 A 11 hes.  30.3  CEMENT 6" SC,M SC 50%CW,SL 33,9  31.3* 33,0

| | . 12 seM o SC . SCM 32,5 31.4% 33,

18" SCM___ SC__ SCM 32,2  32.9% -

6 SC,M SC SC,M  33.7 31.6% ----

BITUMINOUS 12°  sc,m sC.  SC,M 32.8 3.5+ 32,9

~ B 18" SC.M SC . Ssc,M 32,6 32.6* 32.7

— TR s PORTLAND | '

2/1/72 9:00 AW 17 hrs. 29.3  CEMENT 6" 90%CW,CD  SC 95%CW,CD  35.0  31.1*  34.6
' | | 12" 50%CW,SC  SC 70%CW,SC  33.0  31.4* 34,0

18" 25%CM,SC  SC_ SC 32,2 30.9% .-

| 6% SCM SC sC,M  33.7 31.3* .-

BITUMINOUS 12" SC,M - SC . SC,M 32,8 31.3*  33.1

] 18" ' __32.9%

- Clear and wet D - Dry ~=.Slush - . M- Melt ng above pipes
CD ~--Clear and dry W - Wet SC - Snow Covered I - Ice
S -----Temperature Data Unre]1ab1e *Control Panel - Not in Operation



TABLE D-1_STORM DATA - EMBEDDED PIPE PANELS .

. kSTORMfNUMBER} R ,i.‘»” ‘}f*.l_'*_.z - . STORM DURATION
cET—— SRR o _ DATE - TIME
. S S FROM: February 17, 1972 6:00 pp
= A - TO: February 17, 1972 9:15 h

3 - TIME AIR ' PAVEMENT SURFACE CONDITION  SURFACE TEMPERATURE (°F)
OBSERVATION ~ FROM TEMP  TYPE OF  PIPE " PIPE DIAMETER " PIPE DIAMETER
DATE  TIME __ START  (°F)  CONCRETE SPACING _ 3/4" 1 1-1/8" 340 1-1/4"
DR — " PORTLAND — - ' ——
217172 9‘oo»va 3hrs. 30,3 CEMENT 6" SC,M SCsC,M34.0 319 329

12" seMsC SC,M 32,6 3.6+ 33.1

18" SeM_ SC . SCM_ 32,6 32.6% oo
6™ sC__ SC_SC  33.8  33.4%  ----

YBITUMINOUS 2 s e SC 3.8 32.6%  32.9
18" SC___SC_sC . 335 32.8% _ 33.3

T T v;PORTLAND_ , L |
2/18/72  1:00 A" 7 hrs. 32,0  CEMENT 6 IS%SL sC sC SC,M 34,1 31,9 33.0

32.5% -
33.0% -

o T U 'SC,M  L sC. - . SC,M 32,
T SC,M SC SC,M

BITUMINOUS 12" sc,M  SC - sC,M 32,

w
7Y

32.4%  33.0

18" sCM sC SCM 332 32.6% 330

T 0RTAD , | ‘ ,
2/18/72  6:00 A" 12 hrs. 32,1 CEMENT 6" W SC oW 4.8 31.9%  34.5

12" 50%CH,SL SC 50%CW,SL 3 31.4% 335

32.8% ..
32.8%  ----

SN C .
_o.m& O PN 0 oy N

18" 50Z4.SL  © SC_ 50%CH.SL
6T scsC sl 33.

BITUMINOUS 12" sc s s a2

(98]
(A

| 32.3* 33,0
18" s¢ SC 1 33k1 32.5*% 33.0
CW - C1ear and wet D - Dry ST =~ Slush ' ‘M - Melting above p1pes

__CD - Clear and dry W - Wet - SC - Snow Covered I - Ice -
----Temperature Data Unreliable *Control-Panel - Not in 0perat1on

- v . ¥ 3 : . . 4
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© IABLE p.1 STORM DATA - EMBEDDED PIPE PAWELS .
STORM NUMBER - o . STORM DURATION

; o - S o | ~ DATE » TIME
' - T - FROM: Febryary 19, 1972 1:00 AM

o= N R TO? February 19, 1972 8:00 PM o

S TIME AR REEE PAVEWENT SURFACE CONDITION  SURFACE TEMPERATURE (°F)
~ OBSERVATION ~ FROM TEMP  TYPEOF  PIPE "PIPE DIAMETER PIPE DIAMETER
DATE TIME __ START ___ (°F) _ CONCRETE _ SPACING __ 3/4" S 1 V7 U 77 U G B V7T
—— PORTLAND — , ~ - |

2/19/72 5:00 PN 16 hrs.  31.9  CEHENT 6" sc  sc sC 3.0 31.9% 329

Sz st st ose 32.6 32,1  33.0

| 18" sc_ . sC SC_ 324 33.0% -

T &% s sc_SC_ 338 32.7% -

CBITUMINOUS 12" sc sC. SC 329 32.4% 32,9

18" sc. . sC. . SC 329 334* 328

| ——— — PORTLAND . " |

2/20/72°  5:00 A1 28 hrs.  23.9  CEMENT 6" . sc SC . SC  33.4 3.9  33.0
o | ! sc o sc o sC 303 320 30,9

18" SC SC__SC 288  32.J%  eeo-

. 6" scC s¢c . sC - 33.5 32.5% ----

BITUMINOUS 12" sc s sc 323 322+ 323

| | D | - SC_SC 32,8 33.3*  32.3

| - DT ' PORTLAND ‘ — T '

2/20/72 7:00 PM 42 hrs.  18.7  CEMENT 6" o sC D 28.5  23.6%  27.2

| | ) 12 o sC 50%CD,I 23.0 - 24.1% 256

18" 1 sC SC,I  26.2  28.0%  ----

o sc,T . sC 10%CW,I 29,1  25.4% -

~ BITUMINOUS 12" sC,I - sC I 25.9 28.0%  23.9

180 sel 51(: | 1 263  26.8% 249
CW - C]ear and wet . D - Dry - Slush M- Me1t1ng above p1pes

- CD - C]ear and dry ~ W - Wet ~ SC - Snow Covered I - Ice
- ----Temperature Data Unreliable *Control Panel - Not in 0perat1on



 TABLE D-1 STORM DATA - EMBEDDED PIPE PANELS - =
- STORM_NUMBER o e STORM DURATION

e o | , DATE . TIME
6 : - , FROM: February 23, 1972 7:00. PM
— 7 _ TO:  February 24, 1972 12:47 PM -
s TIME AR ~ PAVEMENT SURFACE CONDITION  SURFACE TEMPERATURE (°F)
~ OBSERVATION ~  FROM_ TEMP  TYPE OF  PIPE PIPE DIAMETER PIPE DIAMETER
DATE TIME START __ (°F) _ CONCRETE _ SPACING __ 3/4" 1" 1-1/4"  3/4" 1 1-1/4"
| T . —PORTLAND | .
2/23/72  10:00 PM 3 hrs.  24.9  CEMENT 6" sC sc - sC 133.8 30.3* 32,8
o | - | 12" sc sc . SsC 32.4 - 29.0%  32.9
18" scsc SC__ 32,3 27.9%  ----
o se sC SC 334 3% eee-
BITUMINOUS 12" scsc o SC 3.3 27.4%  32.6
» 18" Sc s¢__sc 327 29.8%  32.9
- | | — ~PORTLAND _ | T
2/24/72 8:00 A¥ 13 hrs.  30.9  CEMENT 6" SC,M SC SC,M 34.0 30.6%  33.0
B R 12" seM SC SCGM 33.0 30.0%  33.6
18" SC,M  sC. - sC,M 32,2 30.1* -
6" SC SC_ SC 33.4  31.4% -
 BITUMINOUS 12" SC SC sC 32,1 29.6%  32.7
| e 18" SC SC SC,M 32,5 31.3* 326
R R PORTLAND = _ e
2/24/72 4:00 PM 18 hrs.  42.7  CEMENT 6" CW sC. CW- 421 3.7+ 42.3
12 o sc i 38.8 31.8%  39.9
18" W SC W 327 32.8% = —-o-
6" SC,M sC W 33.5  31.9* -
BITUMINOUS 12" SC,M sC - W 32.6  31.7* 4.3
18" SC.M SC 32,5 32,9 42,5
CW - Clear and wet D - Dry ST -Slush M - Melting above pipes

CD - Clear and dry W - Wet SC - Snow Covered I - Ice
----Temperature Data Unreliable *Control Panel - Not in 0perat1on

. v
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E.1 Snow Storm Operating Procedure

Operating procedure‘was the same as that outlined in'Section B-1
except for the fo]Towinnghanges |

‘1) If snow beqan to fa11 the system was actwvated when ass1gned
_personne1 arr1ved at the test s1te

2) Temperature data was manua11y recorded on data sheets

‘3) The systems.put‘1nvoperat1on were those listed in Table 1,
page 36.. o “' R | » | h

~As shown, Pane]s #1 #5 and #6 were supp]1ed with earth heat -
Heat Exchanger #3 (Panel #5 and #6) was operated for 150 hours,
Heat Exchanger #3 (Pane] #J) 1 hour;~Heat~hxchanqer #1 (Panel #1),
,hdur» Panels #1 #2 and #5 were °upp1ied with f1u1d heated by an
| electric heater - Pane]s # and #2 were in operation (supp]ied with
| “e1ectr1ca11y heated f1u1d) for 95 hours,_Pane]s #1 and #5, for 17

hours.. Panels #3, #4,v#7 and #8 wereAnot operatedsdurjng this w1nter.

}Ell 1. System Mod1f1cat1on

A 30 k1lowatt e]ectr1c hot water heater (5 3. ga11on capac1ty) was

| ‘.1nsta11ed in ‘the pump house dur1ng 1972 It was put~1n operat1on for

h__th1s w1nter There was no. operat1on dur1ng antcr 172 73 due to the
1ack of snnwfall. ,The‘heater supplied a 85 - 110°F g]yco]—water

sdlUtion to tl twn heatingapane1s formerly snppTied wtth carth

vheated F1uid (40 - 55°F) Accordinq1y, pann1s supplied with o]ectrica11y
heated f1u1d had: bonn dtsconnected from their respective oarth heat

nxchangers and coup1ed to ‘the hot water heater
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E.2 Storm Records.

Sté;m Number Date , é Eggg
‘(1)' | B :5 December 16-20 | 155
(2) | “ January 4 o -j 157
(3) : - January 9-11 ; 159
,(4) " February 6-7 ; 161

(5) o . February 849_ - 163

(6) " February 15 o 164

(7  February 25-26 165

. Storm #1
(Deéember 16-20, 1973)

General Account IR /
This fest’was ihtefrﬁpfedfby»séverAT power failures. Panels 1
and 2‘(hot watek) Tost all power due to a main‘éircuit breaker
malfunction at 8:15 PM (12/16/73). Power was restored ahd these panels
were again operational by 9:15 PM (12/16/73). However, power was
~again Tost sometime botween 2:30 PM and 3:30 PM (12/17/73) due once
again to circuit,bréakér p?oblems. Power could not be restoredvto |
Pane1$ i and 2, unt1139:20'AM‘on Decembér 20. Péne]s 5 and |
6 (Earth‘heat) were ¢omp1ete1y operational until deactivation at 11;45
M (12/18/73). The test pahels,(and in particular P5 and P6) were :

mfstakenly éalted during the morning hours of the 16th.

~
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Light sleet was fal]iné at the test‘sité when the system was
activated at 7:15 P on Debembor 16 and it continued to fall uhtil:
' fhe.morhing of Deceniber 17, The only additional precipitationlrecorded
was an occasional 1ight snow:on the aftérnoon bf Decémber 17. This, along
with driftfng, added]6}5‘iﬁéh df snow to the previous 1 inch of ice
.crust.. The skies'remdinod overcast until the sun‘broke,through on
the mqrniﬁg‘of Decenber 18, henéofdrfh_fhe §kiés renained clear
vuhti1vc]ouding‘up‘again‘dn Decembcr 20; The air temperaturés stayed in
the twenties ffom Décehbervlﬁ-lﬁ withsthg‘exception of 18. 05"
readings- atbi1;30‘PM'oh Dncembér 17 and 187 On 1’/’0/73 the air
‘ temperature was 45°F at 1:40 PP and 48°F at the conc]us1on of the test
at 4:15 PM The on]y wind wh1ch was noted dur1ng tno test period was
a mild breeze between 10:30 AM (’2/]7/73) and 11:30 PM (1’/1 8/73).

Panels 3 and 4 (Control)

Approx1mate1y 1 inch of snow covernd thc control pane]s at 7:15

- PM (12/16/73). By 4:27 PM (12/16/73) tn1s snow had changed into 1/8
»fnch of wet slush on PB:and ]/4 inch ﬁf cfu#ty.s]uéh‘oh P4< At“10:30
AM (12/17/73)‘b0th panels Had about'1 inch of‘fce crust. At 9;15 AM'
(j2/18/73) thpy \mrp covorod w1t 1 1nch of ice crust and 1/2 1nch of
11qnt snow. By 4: 10 P on Decomber 20, 1 inch of}1ce remawned, melting
was st11] ték1ng p]ace | o H

"Pano]s 1 and (Hot Hater Heater)

At 2:00 oy (1z/17/73) P1 (6) vas 90 et, 2% dry, and 8%'

 ,1cn a]ong tao outer edqe Tho othor soct1ons of P] and P2 were covercd ;'
‘~'bv an ice crust vary1nq from 1/4 1nch to 1 1nch in depth At the

' :comp}etqon of thc test‘at,A.lq PH (“2/20/73)§_P1‘(-) was IOU dry,vP1‘

| (12,'18)vand P2‘(6)vwefé.100%-c19§r,andlwgp,.and Pév( 18) wefe bv

covered by 1/2 inch of ice.



Panels 5 and 6 (Earth Heat)

- At 11:30 PM (12/]8/73) just prior to deact1vat1on of the system,
P5 (6 12) were 100% dry, PS5 (18) was dry above the p1pes with 1/4
inch of ice between the p1pes, and P6 was still ice covered with no
“melting ev1dent. On 12/20/73, with the system}deactj+atgd, P5;(6, 12)‘
“were 100% dry, P5 (18) and PG (6) were 100% clear andjwet; and P6
(12, 18)'sti11 had 1/4 inch‘of ice covering thém Thé best melting
~ took place on P5 (6) - approx1mately 0.05 inches per hour, for the .

|
p9r1od of ‘time the system was on.

.-§ummarg, | 5 |
, . . J v

It is difficult to draw a comparison between the hot water

and earth heated panels due to the power failures which interrupted

hot water system operation{i From the 1imited amount of data available,

[however, P1 (6) appeafs'to have the best melting ability.

© Storm #2 -
(January 4, 1974)

1Genera1 Account

_ | Tho system was act1vated at 9 30 AM (1/4/74) with a ‘total

’  accumu]at1on of 0 7o 1nch to 1 1nch of wet snow. hav1ng a]ready fallen
von the test swte The g1r‘temperature ranged from 33.0°F at 8.30 AM
to 37.0°F at.ll,OO Al WHonéthe_system’was‘deactivated; ~There was no
preéibitatidn durindlfhe tést,pekiod.. Thefe'was a mild wind and the

'vskies WQre 0vercastvthrough0ut th?_duratioh of the test.
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Panels 3 and 4 (Control)
| The maximum cover on these panp1s was 0.75 inch to 1 inch of wet
Snow, at 8-30 AM (1/4/7d). This}cover turned into 0.5 to 0.75 inches

of wet snow and s1ush at 10:45 AM on the ‘same day.

Panels 1 and 2 (Hot Water Heat)

The me1t1ng rates,for'thesc émbedded pahé] sectidns‘were all
'approximately 0.4 in/hr.* But in compgrision, theiseétions ih ordek
. of decréaSing me1ting’capébiiity ére as foTlows:v P1‘(6);‘P1v(12),v
P1 (18), P2 (6) p2 (12) and P2 (18) Pl (6) and P1 (12) were the
on1y sections to be comp]etely c1ear of snow, 1co or slush at 10 45.
| A1, 2.25 hours after the activat1on of the system. By 10:45 AM, P1
| (6) was 95% cléar and wef and 5% dry, whj]e P17(12) was 100% clear and
wets The remafning‘settibns were covered by 10 to 50 pércent of
slush’and/of‘wet.snOW o

sPane1s 5. and 6 (Eartn Heat)

The me1t1ng rates for these ‘embedded pipe soct1ons were also

o approxwmatp1y 0.4 in/hr. The me1t1nq capab111t1es of the sect1ons '

decreased in order-as fo]]ows; P5 (6), P5 (12) (18), P6 ( 6),
6 (12), ahd P6 (1e). Only P5 (5), PS5 (12) and P5 (18) were 1003
c1ear and wet at the conc1us1on of the test - the sections of P6

were 75% c]ear and wet and 25% s1ush

' f-f;*Thn hot water heator roqu1rps over throe hours to warm: the heatinqi;
Fluid from the start1nq temperature. (rough]y ‘the pavement ‘temper- - o
ature) to the average operating temperature (90°F), when connected

to Panels 1 and 2. UWhen connected to Pann]s 1 and 5 the time is
1ncreasod to over s1x hours.: ‘ ~



| . P (5)_héd the best,mplting abi]ity of all of the sections.
P1 (12), P5 (6), P5 (12) and P5 (18) had melting abilities very close
 £0 that of P1 (6). The keﬁainder ofvthe sections were considefab]y

Tess efficient in clearing of snow.

Storm #3_

§

~ (January 9-11, 1974)

 General Account

The snowfall began at approximately 1:00 AM (1/9/74) and the

~ maximum accumu]ation.of 4 inches héd already fallen on thé testvsite

upon acti?atiqn of the system at 8:50‘AM (179/74). At 8:50 AM a

" Tight snow mixed with hail was falling. This changed into a light

rain at 10:00 AM andlall precipitation stppped by 11:00 AM on (1/9/74).
It begah sleeting and_hai]fng again at 8:30 AM on (1/10/74) and 0.5

“inch was added to the pfevious accumulation. The sTeet and hai]'tufned
to raianhiCh continued throughout the remainder of the test. There

“was no wind during the tes; pefiod. The air temperatﬁre ranged from

27.7°F at 10:00 AM (1/9/74); to a Tow of 22.6°F at 10:00 AM (1/10/74),

‘: to 33.7°F by the end of,théftest. The hot water system was deactivéted
“at 2:00 PM on (1/10/74) and the éafth heat system was turned off At

8:45 MM on (1/11/74).

 *It.shou1dvbe,notethhat,iﬁftheﬁ?SUMmafyﬁﬁéection,dffthé1stdrmrrecofdév'
presented in"this Appendix, hot water heated panels of 3/4" diameter
- are being compared with earth heated panels of 1-1/4" diameter.



Panels 3 and 4 (Contro])

Four inches of snow were lying on the contro] panels at 8:50 AM
(1/9/74). By £:45 AM‘(1/11/74) th1s snow cover had changed into 2 to
3 inches of slush and snow with approximété1y 1 inch of ice in thé
- tire tracks.*

.Pane1s 1 and 2 (Hot Nater Heat)

By 3: 00 PM (1/9/74) Pl (6) was 60 dry and 40% wet while P
(12), P (18) and P2 (6) showod cons1dérab1e melting although they
st111 had 0.75 to 1.0 1nch of ico befwepn the pipes. P2 (1”) and

. p2 (18) at th1s time stlll had approx1mato1y 1 5 1nches of hard

crusted snow cover1ng them At mwdn1ght ( 1/10/74),P1 (8) and P
(12) wgre‘1OOA;dry,wh1le P2 (6) was 10 % clear and wet. P1 (18)

| Was 40% dﬁy'with 0.25 inch of icowbetweéh the}pipes, but P2 (12)
and P2 (18) were sti11:c0vefed withfépproximatoly 0.75 inéh of ice.
At 8;45.AM (i/11/74), after additional rain, s1eet,‘aﬁdkha11; P
7(6, 12, 18).and P2 (6) were 100% clear and wet and P2 (12) was 80%

| ,jwpt with ice still between the pipes. P2 (18) st111 had 0.5 inch of

ice w1th ‘some wet spots d1rect1y above the pipes.

: The approx1mate me1t1ng rates for the best m01t1ng pane]

| »éect1ons were: P1 (6) - 0.65 in/hr, P1 (12) - 0.35 in/hr, and P2
(6) - 0.25 1n/hr L “ o |

Pano]s 5 and 6 (Earth Heat)

| -The melting ab111t1ns, in decreas1ng order, of the: pane]

- spct1ons were as follows:. P5 (6) P5 (12) P5 (18) P6 ( ), P6

'v” (12) and P6 (18). :P5 (6) had an approx1mate m91t1nq rate of 0. 15
”1n/hr ‘P5#(65 was the f1rst soct1on to bn comp1ete1y c]ear of 1cc
o HOTE: Parking 1ot traffic acc1dont1y passed over tJose test

panols at pprox1mato1y 3:00 PH (1/9/74)
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"~ and snow (10 % wet). Thfs'aCcurred.at 11:00 PM on (1/]0/74) At the
conc]us1on of the test, 8: 4o AM (1/11/74) P5 (12) was 100% c]earvand
wet, P5 (18)_was 75% wet and 25% ice, P6 (6) was covered with 1 to 1.5
inches of ice and slush (the tife tracks on P6 (6) were wet); and P6

P

(12, 18), approximately 2.5 inches of snow and slush and 1 inch of ice.

Summary ’ 7

 P1 (6) displayed the.Bést melting ability of all the test
sections. With the exceptian of P2 (18), the me]ting rates of the hot
water system (Pl and P2) were h1qher than or equal to those of the

earth heat system (P5 and P6)

Storm #4
(February 6-7 ,1974)

Genéral Account

Activatibh of the systeh took p]ace at 9:10 PM (2/6/74) -

- freezing rain was falling. ;At this time, O.Svinch of snow‘had already
fallen on the test site - this was the maximum accumu]ation of snow.

Thp freezing rain changed into a light rain around 1 20 AM (2/7/74)

- and by the conclusion of thp test at 8:30 AM (2/7/74) al prec1p1tat1on
had ceased. The sk1es viere overcast during the test and the wind slowly
deéreased in intensity fromfa mild breeze at 9:10 PM (2/6/74) into a
calm at‘8:30 AM on (2/7/74X. The air femperature &as 28.5°F at 9:10 PM
and increaéed to 32.2°F at:I:ZOFAM‘wheré‘it remained throughout the rest
Of,the test.' Sa]tvwasvinadvertantly Spread on all of the panals'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 1ying 6h top.* At the conclusion of the test, at
8:30 AM, there was approximate]y 0.2% inch of ice on the control panels.

Panels 1 and‘2»(Hot Water Heat)

~ The melting abilities of thése.pane1_section5'in decreésing'order
were P1 (6), P1 (12), P1 (18), P2 (6), P2 (12) = P2 (18). Panel 1 was
TOO%fc1ear énd ﬁet>byi1:20 AM (2/7774)-whi1e Pane] 2 was 50% wet and
50% ice. By 8:30 AM (2/7/74), after the syste was in operation 11.2
hours, P1 (6) was 100% dry, P1 (12) was 90% dry and 10% wef, P1 (18)
was‘50% dry énd_50%'wet, P2 (6) was 90% wet and 10% dry, and both P2
(12) and P2 (18) were 100% clear and wet. ‘ B
Panels 5 and‘ﬁ (Earth Heat) -

~ The me]ting_abi]ities~of these panel sections in decreasing:order
Cwere: P5 (6), P6 (6), P5 (12) = P6 (18), P5(18) = P6 (12), At 1:20 AM (2/7/74),
P5 (6) and P6 (6) were 90% clear and wet, while P5 (12), P5 (18), P6 |
- (fz),and P6 (18)’were clear and vet above the pfpes but had a'thin

 1ayér‘df 1ce'between the pipés. At the end of the testuat(8:30 AM
(2/7/74),‘P5 (6) and P6 (6) were 100% clear and wet, P5 (12) and P6 (18)
| Qere 90% Clear and wet with 10% thin ice between pipes, and P5 (18) and

P6 (12) were’75% clear and wet with 25%}thin'fce between pipes. f

  *Test pénéisbhad beeh'Saited; s
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Summary | . _ |
P1 (6) had the greatest melting ability while P1 (12) was a

close second. The remaining sections cleared the panel of snow or ice
with the exception of P5 (12), P5 (18), P6 (12) and P6 (18). These

sections were still covered with ice at the conclusion of the test.

Storm #5
(February 8-9, 1974)

Genera1 Account

The snow began fa1]1ng at 11:00 AM (2/8/74), and 0.5 inch had
accumu]ated.wheq‘the system‘was activated at 1:05 PM on 2/8/74. The
snowfall ceaSedlat approximately 12:30 AM (2/9/74) and a total of 5
inches was accumulated dur1ng the storm. The hot water system (Pl
and P2) was deact1vated at 1 00 PM (2/9/74) while the earth heat
system (P5 and P6) was deactivated at 11:15 PM (2/9/74). The air
‘temperature. readings were between 22}0°F and 24.3°F foryfhe duration
of the test with the except1ons of read1ngs on 2/9/74 at 1:00 PM |
(30.7° ) and 4: 45 PM (31. 2°F) The winds were 1ight and the skies
remained,overcast unt11,9,40 AM (2/9/74) when they became‘clear and
“sunny. B i 'l | - o |

Panels 3 and 4 (Contro])

Thp max imum accumu]at1on on the contro] panels was 5 inches at
,8530 PM (2/8/74) At approx1mate1y 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
fplowed The snow cover at 4 45 PM was measured at 2.5 to 3.0 inches

’ ,on the park1ng 1ot

163



~ Summary

"ﬁgj,rpn@ral Account ;?;Tj‘

‘Panels 1 and 2 (Hot Water Heat)

1 (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 élso 100% clear and wet
while P (]2)lwas‘95% wet. (Séé Photograph‘E-1,rpage 167.) A1l of
the sections of P and P2 were 100% dry‘by»4:45’PM (2/9/74).
vPane]s 5 and 6 (Earth Heat)

By 9 40 AM (2/9/74), cons1derab19 me1t1ng had taken p]ace over
the p1pes but snow and ice sti1l remained between‘thefpipes, (See
Photograph E-2, page 167.) By 1:00 PM (2/9/74) , PS5 (6) was 100%
~ clear and Wét, and P5 (12) and P6 (6) were 90-95% wet with snow
between the pipes. By 11:10 P (2/9/74); P5 (6, 12, 18) and P6
(6, 12) were comp]ete1y dry while P6 (18) was 75% dry and 25% Snow
covered

(6) had a me1t1ng rate of approximate]y O 2 1n/hr, wh11e P5
(12) and‘PGv(6) had rates slightly less than that.

Ohce agéinfpli(s) disp]ayed:the greatest,melting‘abilityf The
+-hot Water Heatéd’pane]s (” éhd P2)-a1so>showed much greater melting
efficiency than the earth heated panels. The hot water}system'sv
slowest melting section wa§ oqﬁa] to the carth heat system's fastest

melting section.

 Storm #6
(February 15 ]974)

A 11ght dust1ng, boqlnn1ng at approx1mate1v 7 OO AM (2/15/7ﬂ

1oft approx1matc]y an o1gnth of an 1nch of snow on the test s1te The‘
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'system‘wa5~actiV3ted at 10:00 AM (2/15/74) with the skies overcdst, a
1ighf breeze, and the air temperaturc at 21.5°F. . An hour later at the
~end of the test, a light breeze was still blowing but the sun had broken
through the overcast and the air tempnrature 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 11:00 AM (2/15/74), the conclusion of the test, P3 was
50% dry, 10% wet, and 40% 1ight dusty snow. At the same time P4 was

100% clear and wet

Panels 1 and 5 (Earth Heat)

| By 11:00 AM, an hour afterfactivation of thé system, all of the
'sections‘of P1 and P5 were clear of snow. P1 (6) and P1 (12) were 100%
“dry, while P1 (18), P5 (6) P5 (12) and P5 ' (18) were 1002 clear and

- wet.

_Storm #7

. (February 25-26, 1974)

- General Account .

The snowfa]l wh1ch began at approx1mat91y 6:00 AM (2/25/74)
; resu1tpd in accumu1at1on of 1 1nch of snow when the system was act1vat9d
at 8:50 MM (2/25/74) The‘snow stopped,at Z.OOvPM but started to fall
again at 4:00 PM (2/25/78). 1t continued to fall unti1 1:55 AN
 (2/26/74) when a max1mum accumu]atlon of 3 to 3.5 inches was measured
vThe system was deact1vat9d at th1s t1m9 (all snow on the test panels

V'had me]ted). There was a 11ght breeze throughout the test period. The



air temperature, which was 31.0°F at 8:50 AM, sloW]y'bUtvsteadi]y,
. : » .

increased until reaching 35.8°F at 2:30 AM (2/25/74). The air

temperature then decreased until reaching 26.5°F at 1:55 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 continueg to accumulate until reaching 3 inches at 12:45 PM
, (2/25/74).’ By 2:30 PM (2/25/74), the level had decféaSed‘to 2.5
inches. The snow started to fall again and the snow reached its
max imum accumu1ation of 3 to 3.5 inches at'1555 AM (2/26/74).
Panels 1 and 5 (Hot Water Heat) . - ' o

At 12:45 PM (2/25/74), P5 (6) and P1_(6)'were 100% clear and
wet w‘hﬂe P5 (12) was 98% wet and 2% slush. By 2:30 PM, P (18).,_
Pl (12) and P5 (iS)-were 100% clear and wet. ‘At the end of the
test, at 1:55 AM'(2/26/74) ﬁ] (6), vPl (12), P5 (6).and P5 (12)
were IOOA dry while P] (18) and P5 (18) were 90% dry and 10% wet.
' see Photographs E-3, E- 4 E-5 and E-6, pages 16e and 169,
‘ The melt1ng ab111t1es of the sections of embedded p1pe in ,
B vdecreasing order_were'as fo]]qws: P5 (6), P1 (6), P5 (12), P]_
>(1?) P1 (18) = P5 (18). PS5 (6)‘had a me]tihg rate of approX-,
, ‘1mate1y 1. 35 1n/hr, P5 (]2) and P1 (6) 0. 80 1n/hr, and Pl (12)
iP] (18) and P5 (18) 0. 55-1n/hr
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E.3 STORM PHOTOGRAPHS

P1

P2

i

PHOTOGRAPH E-1 STNRM #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)

P6

P5

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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 PHOTOGRAPI [-3 STORM #7

Panel #1 (Portland Cement Concrete)
HOT WATER OPERATION
11:10 AM - February 25, 1974
(Operated 2 Hours)(Air Temp. 32.2°F)

PHOTOGRAPH E-4 STORM #7

Panel #5 (Portland Cement Concrete)
HOT WATER OPERATION
11:10 AMm - February 25, 1974
(Operated 2 Hours)(Air Temp. 32.2°F)
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PHOTOGRAPH [-5 STORM +#7

Panel #1 (Portland Cement Concrete)
HOT WATER OPERATION
12:45 pYM - February 25, 1974
(Operated 35 Hours)(Air Temp. 33.0°F)

PHOTOGRAP!H E-6 STORM #

Panel #5 (Portland Cement Concrete)
HOT WATER OPERATION
12:45 PH - February 25, 1974
(Operated 3,5 Hours)(Air Temp. 33.0°F)
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E.4 Storm Data

‘Tab1e E.l,indicates pavement surface temperétures and

Eorresponding surface conditions for the embedded pipe panels

fdr storms'#3 and.#7; For storm #3 Surface temperdtures are shown
for earth heated panels ( p5 and<P6') and}hot wafer heated pénels
(Pl and P2);vf6r storm‘#?,'hot wétervheatéd panels (Pl and P5).
Surface'températures‘onrpipé panels not in‘opefation are also
showh in Table E.1. Heatiﬁg fluid temperature for the hot watér
'heatedrpanels‘rangéd from apﬁroXimately 70r105(ﬁgreesfﬁ for the earth
,héatéd'panels;'from 47-48éF,'Temperétureqdata is presented for
‘surface cOnditioﬁs &arying’frqm‘snow, ice,‘and slush covered to
clear and,dry;:pperating times, from 2-38 hours ;and air
_‘tempefatures,’fromv22.6§35.89F. Note thét surface temperaturé
readings_in the.50 to 70°F rahge were mé&sured for the hot water

heatéd,pipe bane]s.
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| TAULE E-1 STOR! DATA - EMBEDDED PIPE PAMELS . .
STOR HUMBER T o NI TT | STORH _DURATICu ACCUMULATION
73 o : S ' ~DATE o o TINME - 3.75" '
- FROM: JRIUARY 9, 1974 T:00 Al B
TO: JANUARY 10, 1974 11:C0 PK
v et o Sy PAVE/EHT SURFACE CONDITION  SURFAC: TEMPERATURE(°F)
- OBSERPVATION TIME FROM AIR TEMP  TYPE OF . PIPLC , PIPE DIANETER © PIPE UIAMETER
DATE , TIME START (°F) CONCRETE SPACING =~ 3/4" 1" 1-1/4" 3/4" 1" 1-1/4"
179776 T1:00 AN 2 Frs.  27.4 PORTLAND BT SC —SC - sSc. 327 28.6%  33.2
T £ | CEMENT g |
i FLUID TEMPERATURE: ** e SC sC* 0 SC 40.3°  29.4%  33.0
PANELS 1 & 2 "= 79.9°F s , B S , g &
C PANELS 5.& 6 - 47.1°F o , 18" SC - sC*  sC 32.4 25.3% oo
. - ' B 6™ sC_ St*  SC 70.0 31.9%  ---—-
BITUNINOUS 127 sC Costv sC - 31.5 31.2%  34.3
LT o L agr o sCscx . sC 3.9 31.2% 0 32.6
378775 1:00 P & Hrs. ~28.0  PORTLARD ~ &" .0 Sc*  SC 52.5 26.T%,33.3
Rt | | CCMENT | .
O . o 12" SC,1 SC* - SC 45.3 29.9%  36.2
~ FLUID TEMPERATURE: ** e , ,

R R , 13" SC,M SC* SC 33.9 268.4%  —eee-
= PANELS 1 & 2 - 86.6°F o SC ST SC . Y 3T.5%  —----
po PANELS 5 & 6 - 47.4°F v S v

RSN S - BITUMINOUS 12" SC scxsC 33.9 31.5%  36.2

- e e 1" SC SCx - SC 32.4 31.5% 32,9
1797764 3:00 PM G Hrs. 29.0  PORTLAID 6T €0WCh,CH SC* 1 61.1 25.2*  33.8
' ST » CEMENT ; - :
Sqan I,M SC* - SC 54.9 30.8%  36.3
> o | i | 18" LK SC* S 33.7 28.3%  -----
FLUID TEMPERATURE: ** 6 1.0 SC* sC 57.3 K} IS ——

PANELS 1 & 2 - 93.4°F ' BITUMIHOUS 12"  SC SC*SC 36.0 31.7  34.5

PANELS 5 & 6 - 47.8°F : : _

e 13" SC SC* - SC 33.9 32.4*  33.3
** Average of input-output fluid temperature Cl- Clear and Wet S1 - Slush M- Melting above pipes
o CD- Clear and Dry ' SC- Snow Covered  ~ I- Ice

—————— Temperature Cata Unreliatle * Centrol Panel- Hot in Operation



STORM DATA

SR “TABLE E-1. - EMBEDDED PIPE PANELS
STORM NUMBER | L T
N STORM_DURAT ION ACCUMULATION
R e DATE — TIME
S T | 3.75"
FROM: JANUARY  9,1974 ©9:00 AM
TO: JANUARY 10,1974 11:00 PM
S A S BRI o  PAVEMENT SURFACE CONDTN. SURFACE TEMPERATURE(E
NBSERVATION ~  TIME FROM . AIR TEMP TYPE OF PIPE 'PIPE DIAMETER PIPE DIAMETER
DATE TIME START.  (°F) CONCRETE __ SPACING _ 3/4" ~ 1" 1-1/4" 4" 1" 1-1/4"
19/74 | 5 (5] P 8 Hrs. 29.2 PARTLAND 6" D SC*  50%CW,I 69.2 28.2* 34.8
o | | CEMENT 12" 60%CW,T SC* T 57.3 30.8% 37.3
FLUID TEMPEPATURE o e 18" S 1 34.6  28.5% ----
B - & T0%CW,T  SC*  SC 50.6  31.4% ----
CPANELS 1 & 2 - 98.6 °F ~ BITUMINOUS 12" 1 sc* SC 37.8  31.6* 34.4
PANELS 5 & 6 - 47 5 °F o 3 18" 1 . SCx  sC 35.6 33.0* 33.6
/9778 12:00 MID 15 Hrs.  22.6  PORTLAND L 0 SC* 503CW,I  74.7 22.8% 35.8
| | | | . - CEMENT - 12" D SC* 1 62.1 25.9% 37.0
FLUID TEMPERATURE oo 18" 40%CD,I  SC* I 35.7  24.1% ----_
| o o 6" CW. SC* sC 61.0 25.4% -
PANELS 1 & 2 - 106.9 OF BITUMINOUS 12" I SC* SC 40.4 26.6* 31.6
_ PANELS 586 - 47.5°F | | i 18" 1 SC*  sC 39.6  31.4% 33.2
/10774 11:00 PM - 38 Hrs.  33.8  PORTLAND 6" Not SCx W 52.0% 30.0% 41.4
| | CEMENT 12" ) opated  SC*  50%CW,I  44.1% 31.5% 33,6
- FLUID TEMPERATURE i 5 18" SC* I 42.0% 29.5% ----
| 6" SC* SC 48.7* 32.1% -—---
PANELS 1 & 2 - 60.0°F w  Not : ~
Q5 RITIMINOUS 12 SC* SC 44.2% 31.2* 35.0
~PANELS 5;?,5_‘ 18:9 7 180 MPerated - go g 38.4% 332 3.7
o™ - Clear and Wet M Me]tTng above p]pes
CD - . Clearand Drv = I Ice
7S} - Slush : % Panel Not in OperatTOn
- - SC- -~ Snow Covered ---- Temperature Data Unreliable
no : ’ -

*x Averaqe Tnput-outnut fluid temperature.



TABLE E-1. STORM DATA - EMBEDDED PIPE PANELS, . .
STORM NUMBER 'STORM_DURATION 'ACCUMULATION
7. _DATE o _TIME 3.0
| FROM: FEBRUARY. 25,1974 8:50 AM
10 FEBRUARY 26 1074 1:55 AM k ,
R R S PAVEMENT SURFACE COND. SURFACE TEMPERATURE ( F)
OBSERVATION. = TIME FROM _ AIP TEMP TYPE OF PIPE ~ PIPE DIAMETER PIPE DIAMETER
DATE _TIME - START _ (°F) CONCRETE _ SPACING  3/4" 1" 1-1/4"  3/4" 1" 1-1/4"
/2578 \‘11515 Aﬁ‘z.s'Hrs, 32,2 PORTLAND 6" 8N%CW,SL SC* 98%CW,SL  39.1  30.6%  43.1
' S - CEMENT L o |
| ' RN | 12" SC,WP SC* SC,WP  38.7  32.3* 37.9
FLUID TEMPERATURE R | ‘ |
: v 18" SC,MP__SC* SCL,WP _ 33.9  30.7* -
PANEL 1 - 69.6° F » v " - ' 3. 5% 34.7% -
PANEL- 5 - 67.7°F - o | o
e RO ~ BITUMINOUS 12" Not Operated 33.8% 33.9% 33.1*
— i e B A 33.5%  36.2%  33.8%
125/74 12:45 pM 4 Hrs. 33.0 ~PORTLAND 6" cu SC* CW 52.1  30.6* 543
S S B CEMENT | |
Lo . o 12" 8n2CW,SL  SC* 98%CW,SL 47.6  32.9* 42.1
FLUID TEMPERATURE: ** o . _
: — , 18" 75%0M,SL SC* 75%CW,SL _ 33.9  30.7* ——
S 0 PANEL 1 - 74.0°F 6" ; 34.5% 34 5% ——--
¢ PANEL 5 - 72.3°F S | | | |
o - BITUMINOUS 12" = Mot Mperated 33.7%  33.7* 35.0%
o - | | 18" 33.3* 36.0% 33.7%
1/25/76 2:30 PM 5.5 Hrs.  35.8 PORTLAND 6" 75%CD,CW SC* 25%CD,CW  59.2  30.7* 59.9
| : REEEE - CEMENT : ‘
o U : | 12" CW SC* - CW 53.5  32.9* 55.7
F MP URE : ** ' : |
| LUID TEMPERATURE | 18" cu SC*  CW 38.5  30.6* —---
PANEL 1 - 79.7 °F 6" 34.2x 34, 3% -——--
PANEL 5 - 77.8 °F
| BITUMINOUS 12" Not Operated 33.6* 33.7* 36.1%
18" R T 35.0¢  33.8*
. ' CW - Clear and Wet SL - Slush M - Melting above pipes | -
Average input-output - Clear and Dry : SC - Snow Covered 1 - lce WP - Wet above

fluid temperatUre,mm

Temperature Date Unreliable

* - Panel not in operation

pipes



Appendix F. Methods of Calculation
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N
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'VC§1cu1ation of Rates of‘Heathtorage ....... e dea e s e
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F.1 Calculation of Electrical Operating Cost

Sincé the actual month]y:bi1ling slips included (1) the cost
of itemé (heaters and 1ights) 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 determine operating 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 of electrical nower. Thus the cost was calculated

according to the following equation:

Eguation‘l.v
Cost = Power Requirement x Hours Operated x Electrical Power Rate

($ = Kilowatts = x Hours  x $/ Kilowatt-hours )

Example 1:
Statement of the Operating Procedure: Heat Exchanger #3 (Panels 5 & 6)

was operated continuously from June 4 to October 6.

Calculation: |
PoWer‘RéqUirenent‘(1/6 H,‘P. punp - 1.5 Amps @ 120 Volts) = 0.18 Kw
Hours Operated (124 days)(é4 hours/day) = 2976 hours
E1ectrica1‘Powe}:Rate (bil11ing cst./billing Kw-hrs.) = $0.04/Kw-Hr
" Cost = (0318 Kw.) (2976 hrs.) ($0.08/Ku-Hr.) = $21.43



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/ftzbsections of Panels

#7 and #8 were operated for 82.5 hours during the winter season.

Power Requirement = (40 watts/t°) (260 ft7) = 10.4 Ku.
Hours Operated | | = 82.5 hrs.
‘Electrical Power Rate (cost/Kw-Hr.) =$ 0.06/Kw-Hr.

Cost =‘(10;4 Kw.) (82.5 Hrs.) ($0.06/Kw-Hr)v =$51.48
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F.2 Calculation of Average Temperatures of Heat Exchangers

~and Control Earth

1.’ Heat Exchangers: |
~Average temperatureSjpf the two readtngs at each level, i.e.,
3 ft., 7 ft., and 11 ft.
.a. For Heat Exchanger#] use:

[013+023+mz sz+m 11*+D2-11]/3

2 2
D1-3 is sensor DI p1aced at»a 3'foot depth See F1gure 10 - page 21
“for 1]1ustrat1on of other "D" thenn1stor 1ocat1ons

" b. For Heat Exchanger #2 use

[p43+053+o4z+057+D411*+os1ﬂ
2 2 o 2

' C. For Heat Exchanger #3 use:

| D73+083+D77+D87+D711+081'l]/
o 3 T2 | 2

‘2. Control Earth

;Average the read1ngs at 3 ft., 7‘ft.,'and 11 ft.;
.‘(DTO-3;+ D]O-7\+ D10,11)/3 :

F. 3 Ca]cu1at10n of Heat Stored 1n Heat Exchangers ‘ _
; 1._ Average two readtngs at 3 ft., 7 ft. .» and 11 ft in Heat'Exchanger.

D1- 3 + D2 3
Ex. z Average

2.f Suhtratt thecontro] read1ng (D10) at 3 ft ,» 1ft., and n ft from
the averaqe temperature at each depth respective]y

R m3+023
T -3 AT3

‘-f;*Some*othhesexreadihgsfwerekdisCarded,becauSerOf'obvious'error;

177



- 3. Divide each Heat Exchanger into layérs using an average
/\T For cach layer

Thus: 3' to 5' use ZQCTE at 3'
5' to 9' use Zﬁfr; oat 7!
9' to 12.5' Cuse ATy at 11"
4. Calculate the heal stored Q - for each layer and sum Q for all

three‘1ayers.

CEx. 0 =0 +Q  +0
' total 3-5 5-9 9-12.5

where 0, ~fc Al [(5'-31) x 32" x 30']
2y P AT, [or - 51) x 32 x3()]
Q=P AT ]E‘Z - 9') x 32" x30"
T9-12.5 Fe = ) 30']

where ij = earth density = 110v‘lb./ft3 (known)

- "~ ¢ = earth specific heat = 0,5 (assumed)

F.4 Calculation of Heat Dissipation Rates

=V (60 x P x ¢ x € x ATV/A

Oe

where Q = heat dissipation rate (BTUH)/ft2
V = volumetric flow rate (ga1;/m1n.)
f>=.density of water ?‘(8.3'1bs/ga1. )
‘cg='spécific gravity of circulating fluid -
gg'Ch=fspec1f1c heat of c1rcu]at1ng f1u1d
Z&T =‘tenperature drop( °F) heating fluid [1nput—output
! ‘temnerature drop pane1 sect1on]*-
ST ’A'=‘sur%ace'afea of panel sectidn(ft.%
Cand - 60 = minutes/hour is the time conversion

*See top of page 39 for explanation.
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F.5" Calcu1at1on of Heat Extract1on Rates
V (60 x fD x €y x Cy x AT)/L

Qex

where : 0 ox - rate of heat extraction

>

volumetric flow rate (gal /min.)

density:of water = 8.3 1bs./gal.

a® gy <e
"

specific gravity of qifcu1ating fluid
Ch= specifié heat of circu1ating f1uid

AT

.temperafure of the fluid exiting from the heat.-
}exchahgéf - temperature of the fluid entering the
heat ex;hanger.

L = linear feet of heat ekchanger pipe = 2000 and

(60 = hinuteS/hour) is the time conversion

F 6 Calculat1on of Rates of Heat Storage

0= 1 o
S .

/

‘where | 65 = rate of heat storage (BTUH)

Q Q1 = heat stored at t1mes 2 and 1, respectively
T =‘time»interva1; [between tfmes.Ztand ﬂ

F.7 Samp]e Calculation

Heat d1ss1pat1on rates for storm of March 3 ]971, Pane1 #1
(6" p1pe spac1ng) | »
| | '4V(60x)oxc x €, x AT/A



where ;6‘= heat dissipation ratev(BTUH/ft.z)
.V =1.07£0.08 gallons por minute
P= 8.3 1bs//gal.
© Cg=1.073 ,
= 0.840
AT =6.5+0.4 °F
, A =128.50 Ft2

is requ1red since the flow through the 6 1nch section is -

~
'

d1V1ded 4 wayS(See Figure 3, paqe13)
0= 4(] 07 + 0. 04) (60 X 8 3 x 1.073 x 0 840) (6 5 + 0. 4)/(]24 50)
Q= 100 3% 10.5 BUTH/Ft2.
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EARTH TEMPERATURE (°F)

. FIGURE G-I
AVERAGE EARTH TEMPERATURE WITHIN HEAT EXCHANGERS (OCT. I, 1969 - MAY |, 1972)
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FIGURE G-2

—~

HEAT STORED IN THE EARTH WITHIN HEAT EXCHANGERS
(OCT. |, 1969 - MAR. 12, 1971)
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FIGURE 6-3

| GLYCOL~WATER TEMPERATURE
(DECEMBER ‘71— MAY '72)

‘Temperate of Fluid Exiting From Hea}t_ Exchanger
~ No.3 and Entering Panels No.1,2,5 and 6.

60

55— T 181
| N
. &
u :
3 =
€ 50 =
| 4 . \\ i
v N ne
L
o N
- & T R i
o . N } ]
45 ; - ] @
z ~ N S , - L
3 ) @
J4
5 . 4 7
3 | i X
J nd IN
2 a0 »
- \\ -
N, e
N\
) e
N /4
Hy
o N
35 : " . - 1 3 » i ) 1
DEC. ' e JAN. , FEB. . MARCH o APRIL  MAY
e 1971—1972
D
-9
'.



THERMISTOR

INPUTS
[rm——————= l
| l
|
661 635 515N DIGITAL THERMISTOR
DIGITAL SCANNER THERMOMETER
CLOCK
BCD
BCD Bi?
601 ' 611E-29 . PRINTED
MULTIPLEXER T~ BCD—>1 620F PRINTER }——> TAPE
. SYSTEM OUTPUT

DIGITEC INSTRUMENTATION DIAGRAM

Figure G-4

Instrument Specifications

Note: ALL DIGITEC INSTRUMENTS PURCHASED FROM:

UNITED SYSTEMS CORPORATION
DAYTOM, OHIO

1. Thermistor Probes . Model 401
Material - ' Vinyl tip |
Lead - ' ' Standard - Lead is 10 foot, vinyl covered,
v | - shielded wire with phone plug.
Max. Temperature .. 22 °F
Time Constant 7 Seconds



Thermistor Probe ‘ Model 405

Material : ’ Stainless Steel

Lead Standard

Max. Temperature - 300°F

Time Constant : 2 Minutes

Digital Thermistor Thermometer Model 515N

Range | | 0° to 150°F

Accuracy + 0.2°F

Scanner Model 635

Capacity 100 Points

‘Dwell Time | 0.1 to 10 Seconds
Digital Clock Model 661

Readout . 4 Column visual display
Program Interval 1, 5, 10, 30 and 60
Printer and Controller ~ Model 611E-29 and 620E
Readout » | 2 Channe], 10 Column
Multiplexer | Model 641
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TABLE H-1

Gradation Requirements

Type - 4L - Sandfill for HMeat Exchangers

Square Sieve Size: 172" #h #30
% Passing 100 95-100  20-55

Type SPR 57 - Portland Cement Concrete Aggregate

Square Sieve Size 1-1/72" 1" e
% Passing 100 95-100  25-60

Type - Mix #5 Bituminous Cohcrete Aggregate

SquareSieve Size: -1/2" 3/8" #4
% Passing 100 90-100  60-80
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TABLE H-2

Insulation Specifications .

Regular grade, expanded; Foamglas Board,

O o o

polystyrene board insu- Cellular glass
_ lation insulation
, R " (used w1t? Heat Exchangers (used with Panel #7)
f o - #1.and 2 v electrical heating
Mgnufaqturer : Johns-Manville , Pittsburgh Corning
Characteristics
' v E 3 3
~A. Density (Nominal) 1 lb/ft ‘ 11-5 1b/ft 8.5 1b/ft
CompreSSive Strength ; 10 psi } 20 psi 100 psi
Flexural Strength 1 20 psi- "~ 44 psi , 80 psi
: T AL R i
,Shear Strength o 33 psi e - 50 psi ;
E. Absorpt1on of Mo1sture : less than '1ess than‘ ‘ 0.?% by volume
: 2% 0.6% ‘ .
| “ by volume by volume
F. Moisture Permiability | 2.5 Perm.-inch|1.5 perm.-inch | 0.00 perm.-inch
G. Capi]]arity”k f % None :None‘ | None
B . ' . ‘ [} ’ ' ! ;
H. Thermal Conductivity | 0.25% 0,25 | 0.36 Btu-in @ 50°F
| | Hr-Ft™ - °F
I. Coeffic1ent of Expanswon ? 0.000025 0.000025 0.0000046
(in./in~°F ) ‘ i : : ,
*Btu 1n L 'J;,@»Gﬂbdéqreesjf5~‘~
Hr~Ft -_-a-'°,F : o
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List of Defective Thermistors*

TABLE H- 3

Probe Numbev**

7
10
1
13
15
17
19

32

46
a7

50

51
52
53
55

56

57
58

59

60

Thermmistor A-2, 7 in.

below surface,
directly under the

pipe at 4_inch level.

Designation
c-7
C-10
c-11
c-13

.15
c-17
c-20
A-2-7-4
-1
TH-2
TH-5
TW-6
TH-7
TW-8
TH-10 -
TW-11
™H-12
TH-13
TH-14
TW-15

Symptom

_ low readings

shorted

shorted

~ shorted

shorted
shorted
open

low readings

Tow readings.

low readings
open

Tow réadings
open

shorted

open

open
low readings
low readings
low readings

Tow readings

“*See Section 4. 15 ‘pages 17 to 23 s for an exp]anatlon of the
‘themmistor notation used here.

~ **Ppgbe Number - Thermistors were numbered from 1 to 120
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Probe Number

TABLE H-3  (continued)

List of Defective Thermistors

76
82
86
87
90
9
104
106
109
m
14
15
116

Designation

D-2-7'0"

0-3-15?0"'
D-4-11'0"
D-4-12'6 "

- D-5-2'4"

D-5-15'0"
D-8-3'0"
D-8-11'0"
D-9-7'0"
D-9-15'0"
D-10-11'0"
P-10-15'0"

D-10-16'0"

1Q1

Sxmgtom

1pw readings
open

low readings
Tow readings
low readings

low readings

‘low readings

low readings

‘Tow readings

low readings
Tow readings
shorted

low readings



TAELE H-4

~ TRENTON AREA CLIMATOLOGICAL DATA

U.S. DEPARTMENT‘OF COMMERCE

NATIOIAL OCEANIC AND . ATMOSPHERIC ADVINISTRATION ‘

ENVIRONMENTAL DATA SERVICE

Amount

: A ’ Number of Days o o of
T _  Average Departure : Max Temperature. Min. Temperature . Snow.
~ Month Year Temp. From Normal 190°_or Above Be]qw 32° .~ Below 32°- 0° or Below vv,'(Inches) o
gszA' 8 'T';"‘\. N 0 s a ) 0 e
1 e a3 a8 0 0 23 o 2.4
= 2 6 27 -0 0 4 22 0 8.5
" 3 69 394 1.3 0 1 19 0 9.5
s 69 55.3 3.6 0 0 1 0 0
5 69 6.1  lg 1 o 0 0o 0
6 60 724 1.4 2 0 0 0 0
7 69  73.9 2.1 3 0 0 0 0
8 - 69 5.8 1.9 3 0 0 0 0
9 69 67.4 0.3 1 0 0 0 0
10 6o 56.0 0.8 0 0 2 0 0
1 69 45.4 -0.4 0 0 10 0 0.2
12 69 335 -7 0 s 24 0 10.8



TABLE H-4 (continued)

| . _ Number of Days \ o A?:ghnt
- Average Departure - Max. Temperature - Min. Temperature Snow
"'Month = Year Temp. From Normal 90° or Above Below 32° Below 32° 0° or Below ~ (Inches) .
I ) 25.5 7.6 0 IR T IR o 88
2 70 33.0 04 0 7 22 0 4.4
3 0 ;e 2.9 0 0 14 0 2.4
R ] 51.1 0.6 0 0 3 0 Trace
j s-; 70 - 636 1.3 1 0 0 0 0
6 70 70.3 -0.7 1 0 0 0 0
7 70 76.4 0.4 4 0 0 0 0
8 0 763 2.4 6 0 0 0 0
9 0 70.4 3.3 6 0 0 0 - 0
10 70 58.7 1.9 0 0 0 0 0
1 0 481 2.3 0 0 4 0 0
12 70 3.5 0.3 0 6 19 0 2.7
1 n 28.1 -5.0 0 13 - 28 0 1.0
2 n. 3.7 2.3 0 5 13 0 1.2
3 N 40.3 w04 0 0 5 o 3.4
a N s0.4 1. 0 0 0 0 4.4

w



I

Average 

Departure
From Normal

TABLE H-4 (continued)

~ Number of Days ,
"~ Min. Temperature

‘Max. Temperature

‘Amount
of
Snow

Month }vé?ﬁ-,
n
no
T
n

. 4_‘
)

i,
|

g
7

72

72
72
72
o
2
2
o

2

59.5
.3
3
6

72
75.
73,
- 69,
62.

45,
a2,
35.

(31,
40.

61.
67.

-76.
74,

52,

N0

1

-2.8
1.3
-0.7
03
2.8
5.4
-0.7
6.9
2.5
1.7
-0.7
-2.0
-0.6
-3.4
0.3
”-1.d'fm
1.2

47

)

90° or Above Below 32° Below 32° 0° or Below

-0

—
—

3
a4
2

—

O O O O O o o o o

o W

0

N ® O O o o o o o

—

©O © o o o o

o

0

O O o o o o

O O O O O w

0

o

© © © ©0 © 0O O O © © O o o © o o

© O © © © © © W Ww o 4 o o o o o
: . = W o W »o oo ' ' RS

(Inches)
0o

N
. .
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~ TABLE H-4 (continued) -
o ' o , ~Amount
. :  Number of Days o o of
o . -~ ‘Average Departure - Max, Temperature “Min. Temperature : Snow
Month =~ Year Temp. - From Normal 90° or Above Below 32° Below 32°  0° or Below (Inches)
| . 1.8 0 0 9 0 0.2
7 0.1
18 0.2
19

no 72 4,

)

12 72 39,
T m,
73 .
s,
3 53,
73 59,1 3.2
2.7
0.9

a7
1.8

-0.5 _0.3

2 o o o

59
1.3

-ﬁv"‘w&am
o.M vV W VL O

61

1373,
73 76.
73 77.

n d O O

0

e

3.3
1.9

© ® N o w»

73 69.
10 73 .
no 73 a7.
12 73 38,

O O O o o o
O O O o o o -

1.9

3.7 17 4.3

O N ® O N 0 O

18 5.6

13.3-

LR £ 35.6 3.5
2 1 324 - -1.3
3 124 1.2

26
11

O N O w O O o O o 0o o o o »u N
ooooo'ocdooo,oqcoq

O O O O O O wm

1.3
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TABLE -4 (continued)

Amount

: v » Nﬁmber of Days ' of
SR Average  Departure Max. Temperature S Min. Temperature Snow
Month Year Temp. From Normal ~ _90° or Above Below 32°  Below 32° 0° or Below (Inches)
e 7 ma3 3 o o 1 0 0.3
5 | 74 61.0 -1 T 0 o0 0 o
5 74 63.8 2.5 1 0 0 0 0
7 75.5 -0.4 | 9 0 0 0 0
3 78 74.8 0.0 B 0 0 0 f 0
974 66.2 1.0 0 0 0 0 0o

10 74 53.8  -3.4 0 0 3 0 o

T 78 47,6 1.3 0 0 8 0 0
12 74 39.4 4.5 0 0. 15 0 1.1
1 75 37.2 5.1 0 4 18 0 4.5

‘ 6 2.2 0 3 16 _0

2 75 35. 9.1



i»



e




