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Implementation 

It is suggested t h a t  D i s t r i c t  maintenance personnel study the  asphal t  
s torage  i n  the  D i s t r i c t  and develop methods to  conselwe the  energy used in 
preparing asphal t  f o r  use i n  maintenance operations. In many of t h e  northern 
D i s t r i c t s  ( a s  well a s  heavy use i n  southern ~ i s t r i c t k )  s torage  tank insula t ion 
may prove economically beneficial .  Information i n  t h i s  r epor t  w i l l  a id  in 
determining i f  insu la t ion  is economical. 



This  r e p o r t  is an expansion of a paper prepared by t h e  Mechanical 
Engineering Department of t h e  Univers i ty  of Texas. The information contained 
i n  t h i s  r e p o r t  w i l l  a l low t h e  user  to decide i f  i n s u l a t i o n  of an a spha l t  s to rage  
tank  is cos t -benef ic ia l .  The user  may a l s o  s e l e c t  t he  optimum thickness.  The 
information needed by the  user  by which to make a dec is ion  to i n s u l a t e  is two- 
f o l d :  (1) t h e  p resen t  u n i t  ($/MMB~u) c o s t  of f u e l  used t o  hea t  a s to rage  tank 
and ( 2 )  t h e  a s p h a l t  prepara t ion  c o s t  ( i nc ludes  f u e l  c o s t s  and personnel t ime).  



I. Background 

About two years p r i o r  to t h i s  repor t ,  information was received from the  
Oklahoma Department of Transportation concerning a solar-heated asphal t  
s torage  tank. Since the  Texas Department of Highways and Public Transportation 
was i n  t h e  process of reviewing a l l  operat ions with the  idea of reducing cos t s  
and energy consumption, e f f o r t  was immediately given to the  study of solar-  
heated s torage  tanks. I t  became apparent t h a t  the  major energy-saving camponent 
of such a system was insula t ion,  p a r t i c u l a r l y  the  insu la t ion  placed around the  
tank. One of the  f i r s t  to mention the  benef i t s  of insu la t ion  and urge fu r the r  
s tudy was the  Planning and Research Engineer of the  FHWA Austin Division Office. 

Asphalt is genera l ly  delivered **hotn. It was believed t h a t  insula t ion 
would conserve t h i s  heat  to the  extent  t h a t  even the  expenditure f o r  insula t ion 
could be jus t i f i ed .  I f  a tank were to be heated by external  means, insu la t ion  
could be quickly j u s t i f i e d .  These ideas,  encouragement and information lead to 
contact  with The Center f o r  Highway Research (CFHR) a t  the  Universi ty of Texas 
a t  Austin. The CFHR contacted the  Mechanical Engineering Department and 
obtained the  a id  of D r .  Gerald Jones and M r .  J i m  Broughton. M r .  Broughton, 
supervised by D r .  Jones, developed the paper found i n  Appendix A. The paper 
provides a method whereby f i e l d  personnel can decide i f  the  insu la t ion  of an 
aspha l t  s torage tank is warranted. 



11. Object 

The major object  of t h i s  report  is to provide maintenance personnel with a 
method of determining i f  insulation of asphalt  storage tanks is warranted. The 
second objective is to present the UT-ME document en t i t l ed  "Insulation of 
Asphalt Storage Tanks". Additionally, t h i s  report  provides calculations which 
compliment the UT-ME document and explains various heating practices used by the 
Department. 



111. Def ini t ions  and Heat Information 

There is an increasing probabi l i ty  t h a t  i n  the near fu tu re  highway engi- . 
neering and maintenance personnel w i l l  be forced to think and a c t  i n  terms of 
energy and heat  t r ans fe r .  In the  pas t ,  i f  asphal t ,  aggregate o r  water needed to 
be heated, l i t t l e  a t t e n t i o n  was given to  heating methods. mday highway person- 

* ne l  are beginning to note the  amount of energy used i n  heating a given quanti ty 

of material .  Discussions center  around the t o t a l  energy consumption needed to 
const ruct  a given length of highway. 

Therefore, it is helpful  to review the  terms and f a c t s  presented in the  
UT-ME paper along with addi t ional  items of information. 

1. Btu - B r i t i s h  termal u n i t  - t h e  quanti ty of heat  required to r a i s e  the  
temperature of one pound of water one degree Fahrenheit ( a t  o r  near 
39. 2OF). In the  in te rna t iona l  system 1 Btu = 1.055 Joules . 

2. Approximately 1 Mill ion Btu, (MMBtu) w i l l  be produced by 

a .  burning 1000 cubic f e e t  of natura l  gas 
b. burning 6.6 gal lons  of d i e s e l  o r  kerosene 
c. using 293 Kwh of e l e c t r i c i t y  
d. burning 11 gallons of LPG 

3. The approximate cos t s  of the  various energy sources l i s t e d  i n  "2" above 
are :  (Note these cos t s  vary g rea t ly  with time and place and a r e  
intended a s  examples.) 

a. 1000 cubic f e e t  of na tu ra l  gas w i l l  cos t  about $2.00 
b. 6.6 gal lons  of d i e s e l  (@$0.50/gal) = $3.30 
c. 293 Kwh of e l e c t r i c i t y  (@$0.05/Kwh) = $14.65 
d. 11 gal lons  of LPG (@$0.45/gal) = $4.95 

Ef f i c ienc ies  of the heating u n i t s  must be considered but one MMBtu delivered by 
e l e c t r i c i t y  w i l l  general ly cos t  more than gas o r  d i e s e l  ( 3  t i m e s  the cos t  of 
LPG, 4 times the  d i e s e l  cos t  and 7 times the  gas c o s t ) .  Heating with d iese l  
f u e l  o r  LPG general ly cos t s  more than using na tu ra l  gas (about 1.6 o r  2.5 times 
i n  the example given). 

I t  would be poss ib le  to use t h i s  type of information to develop ra the r  
accura te  energy consumption f igures  f o r  various highway maintenance o r  construc- 
t i o n  jobs o r  pract ices .  For example, a d i e s e l  t ruck which gets about 10  mpg 
w i l l  expend about 15,000 Btu/mi 

1 X lo6 Btu - 1 Gal Btu 
6.6 gal X TO mi 15,151 mi 

Other uses may be in the  household o r  maintenance f a c i l i t y .  An example may 
be a 4500-watt e l e c t r i c  hot water heater  which uses 4400 Ktrlh per year (estimated 
quant i ty  - domestic family) .  This usage consumes about 15 MMBtu per year. 



IV. Presen t  Methods of T rea t ing  S tored  Asphalt  

I n  o rde r  to o b t a i n  da t a  f o r  design purposes and to e s t a b l i s h  background 
information of a s p h a l t  ,-age by maintenance fo rces ,  each of t h e  25 d i s t r i c t s  was 
contacted.  The con tac t  w a s  gene ra l ly  by t h e  phone and a prepared set of ques- 
t i o n s  was asked of each person ca l l ed .  The person most o f t e n  contacted i n  t h e  
d i s t r i c t s  was t h e  D i s t r i c t  Maintenance Engineer;  however, on occasions t h e  
d i scuss ion  was he ld  with super in tendents ,  supe rv i so r s  and foremen. I n i t i a l l y ,  
t h e  prepared ques t ions  were not  well-designed and t h e  i n t e r r o g a t o r s  were unfamil- 
i a r  with t h e  problem. Therefore,  t h e  answers and da t a  w i l l  be more r e l i a b l e  
w i th  increased  numbers of contac ts .  

Data obtained from each d i s t r i c t  may be found i n  Appendix C and a summary 
i s  presented i n  Table I. It was found t h a t  t h e  s t a t i o n a r y  tanks  vary i n  s i z e  
from about 10,000 t o  18,000 ga l lons .  However, t h e  tanks  a r e  commonly 12,000- 
ga l lon .  There a r e  a few l a r g e  (around 6,000-gallon) p o r t a b l e  tanks  i n  use; 
however, t h e r e  is gene ra l ly  one s t a t i o n a r y  tank per sec t ion .  Many s e c t i o n s  have 
more than one tank. Some of t h e  tanks a r e  very old.  Most of t h e  tanks  a r e  
single-compartment, b u t  a few a r e  divided i n t o  two p a r t s  t o  hold  d i f f e r e n t  
ma te r i a l s .  

A few t anks  have been i n s u l a t e d  previously.  Two d i s t r i c t s  have bur ied  
t anks  which i n  e f f e c t  use t h e  e a r t h  a s  i n s u l a t i o n .  

The hea t ing  procedure is gene ra l ly  a forced a i r  method using Kerosene o r  
Diese l .  Natural  gas is used to h e a t  s eve ra l  t anks ,  and e l e c t r i c  hea t ing  elements 
a r e  used i n  two d i s t r i c t s  (w i th  t h e  bur ied  t a n k s ) .  An Electro-Tape is used to 
h e a t  t h e  va lves  i n  D i s t r i c t  8 (Abilene) .  D i s t r i c t  21 ( P h a r r ) ,  D i s t r i c t  15 (San 
Antonio) ,  and D i s t r i c t  13 (Yoakurn) use  o r  have used wind breaks around t h e  l e g s  
of  t h e  tank s t and  and crad le .  In  connection with t h e  wind break, D i s t r i c t  21 
and a few l o c a t i o n s  i n  D i s t r i c t  15 use  a po r t ab l e  h e a t e r  c a l l e d  a Salamander. 
The Salamander is f i r e d  only during co ld  pe r iods  i n s i d e  t h e  wind break to pro- 
v i d e  t h e  h e a t  necessary to prevent  t he  emulsion from breaking. It should be 
noted t h a t  t h e  D i s t r i c t s  mentioned a r e  i n  t h e  southern a rea  of t h e  s t a t e .  

One of t h e  major reasons f o r  t h e  te lephone con tac t s  and ques t ions  was to 
determine t h e  amount of funds being expended per  tank f o r  f u e l .  Of course many 
of t h e  d i s t r i c t s  d id  not  have accu ra t e  records  of t hese  cos t s .  The reasons f o r  
t h e  lack  of c o s t  records  a r e  many, v a r i e d  and va l id .  Some of t h e  d i s t r i c t s  do 
maintain c o s t  records ,  and o t h e r s  o f f e red  educated guesses.  These a r e  a s  
fo l lows  : 

D i s t r i c t  2 - Tanks a r e  heated from 30 t o  60 days during t h e  year  i n  those  
( F o r t  Worth) a r e a s  of heavy use. Five tanks  a r e  i n su la t ed .  The c o s t  of 

f u e l  and labor  f o r  hea t ing  a tank w i l l  vary from $500 t o  
$5000 p e r  year.  The district spends approximately $20,600 
p e r  year  on a l l  tanks  f o r  t h i s  purpose. 

D i s t r i c t  4 - About $100 p e r  m n t h  per  tank is expended dur ing  t h e  win ter  
( ~ m a r i l  l o )  months. 



TABLE I 

PRESENT TREATMENT METHODS OF STORED ASPHALT 

D i s t r i c t  No. Tanks No. Tanks No. Tanks 
Number Heated Unheated I n s u l a t e d  Heat ing  Methods Type o f  Aspha l t  

1 P a r i s  
2 F t .  Worth 
3 W ich i t a  F a l l s  
4 A m a r i l l o  
5 Lubbock 
6 Odessa 
7 San Angelo 
8 Ab i l ene  
9 Waco 
10  T y l e r  
11 L u f k i n  

vl 12 Houston 
13 Yoakum 
14 A u s t i n  
16 Corpus C h r i s t i  
17 Bryan 
18 Da l l as  
19 A t l a n t a  
20 Beaumont 
21 Pharr  

22 Del Rio 
23 Brownwood 
25 Ch i l d ress  

Unknown 12  
8 2 6 
5 14 
2 36 

19 19 
6 20 
3 17 
0 24 
0 2 5 
0 11 
2 8 
0 12 

12 9 
Quest ioned o n l y  one s e c t i o n  

0 1 8  
2 10 
0 12  
0 14 

Have 1 tank per s e c t i o n  
2 2 0 

10  0 
1 Unknown 
0 16 

5(3"Fib.G1 . )  

2(1"  Foam) 

W i nd brea ks 

4 (Bu r i ed )  
( 1  Po r tab le )  

Windbreaks 
& Sa 1 amanders 
( 2  Po r tab le )  
?(3"Fib.G1.) 

Kerosene Forced A i r  RC-2 
Kerosene Forced A i r  Emu1 , RC-250, RC-5 
Nat. Gas Emul, RC-250 
Nat. Gas Emul, RC-250 
Nat.  Gas Emul, RC-2, MC-30, MC-300 
Nat. Gas,Have Used Elec.  Emul , MC-800 
Nat.  Gas Emul, MC-800 

Emul, RC-5 
Emul . 
RC-2 

E l e c t r i c  Emul, RC-2 
RC-2 

Kerosene Forced A i r  Cat. & Ani  . Emu1 , RC-250 
Nat.  Gas MC-800 

Emul, RC-2 
E l e c t r i c  AC-5 

Emul, RC-2 
RC-2, MC-30 
Emul, RC-2 

Kerosene Emu1 , Recl ami t e  

Butane RC-2 
Nat. Gas & Butane Emu1 . 

RC-2 

Note: Data was ob ta ined  i n  February-March, 1978. 



V. P r a c t i c a b i l i t y  and Cos ts  

I f  a s to rage  tank is to be maintained a t  a r e l a t i v e l y  high temperature,  
i n s u l a t i o n  w i l l  c e r t a i n l y  be economical. Even i f  t anks  a r e  only heated p r i o r  
t o  use, and t h i s  use o r  hea t ing  occurs  a t  f requent  i n t e r v a l s ,  i n s u l a t i o n  is 
economical. The p r i o r  chap te r s  of t h i s  r e p o r t  have been dedica ted  toward 
a l lowing  t h e  user to determine i f  i n s u l a t i o n  is economical even i f  t h e  sta- 
t i o n a r y  t ank  is non-heated and t h e  hea t ing  is done in smal le r  ( p o r t a b l e )  tanks .  
Th i s  chapter  w i l l  be concerned wi th  t h e  p r a c t i c a b i l i t y  of t h e  previous infor -  
mation and some of t h e  c o s t s  involved in prepar ing  a s p h a l t  f o r  use i n  main- 
tenance a c t i v i t i e s .  

Considerat ion must be given to p r a c t i c a l  study. How can s to rage  tank insu- 
l a t i o n  h e l p  i f  t h e  tank is not  heated? The d iscuss ions  before  and fol lowing a r e  
based on t h e  assumption t h a t  t h e  a s p h a l t  w i l l  be de l ive red  hot.  Emulsi.ons a r e  
apparent ly  de l ive red  a t  temperatures  a s  high a s  160°F. I f  t h a t  h e a t  can be 
saved o r  prolonged f o r  a r e l a t i v e l y  long time t h e  a s p h a l t  w i l l  not need to be 
hea ted  aga in  before  use. In o t h e r  words, a Btu saved is a Btu earned. Figure 4 
of t h e  UT-ME paper  shows t h a t  i f  t h e  a s p h a l t  was de l ive red  a t  140°F, t h e  t e m -  
p e r a t u r e  would only be about 57OF a f t e r  one month with no o the r  h e a t  added, and 
t h e  a i r  temperature a t  a cons t an t  40°F. This  information is f o r  one inch of 
polyurethane foam. I f  two to t h r e e  inches of foam were used, even h igher  tem-  
p e r a t u r e s  would remain a f t e r  one m n t h .  m u l s i o n  w i l l  probably be r e l a t i v e l y  
v i scous  and slow flowing around 50  t o  60°F, bu t  even with an unheated s torage  
tank ,  t h e  a s p h a l t  could be mre e a s i l y  removed f o r  hea t ing  i n  smal le r  tanks a s  
compared to t h a t  of a non-insulated tank. Therefore,  even i f  a tank of emulsion 
a s p h a l t  ( s a y  12,000 g a l l o n s )  was not  used i n  a one-month per iod ,  b e n e f i t  from 
i n s u l a t i o n  can be noted. Some of t hese  b e n e f i t s  of an in su la t ed  s to rage  tank i n  
t h e  above cond i t i ons  are:  

(1.) Emulsion can be used f o r  about 5 o r  6 days a f t e r  de l ive ry  with l i t t l e  
o r  no rehea t ing .  Exceptions to t h i s  w i l l  vary depending on t h e  use 
of t h e  a s p h a l t  ma te r i a l .  

(2 . )  For t h e  next  7 o r  8 days t h e  emulsion should flow f r e e l y  from the  
s t o r a g e  tank i n t o  a smal le r  po r t ab l e  tank; however, some hea t ing  may 
be necessary. 

(3 .)  From about 14 t o  30 days a f t e r  de l ive ry ,  t h e  emulsion w i l l  be t h i c k  
and w i l l  r equ i r e  longer  f i l l  t imes from t h e  l a r g e r  to smal le r  tanks ,  
and cons iderable  hea t ing  may be necessary. 

(4 . )  Qui te  l i k e l y  t h e  temperature of emulsion i n  an unheated tank would not  
be reduced to 32OF wi th in  t h e  winter  per iod  even i n  t h e  nor thern  
d i s t r i c t s .  Danger of c racking  i n  f r eez ing  condi t ions  would be l e s s .  

(5 . )  I n s u l a t i o n  i n  summer a i r  temperatures  prolongs t h e  e f f e c t s  noted i n  
(1) through ( 3 )  above. 

Cos ts  of prepar ing  a s p h a l t  f o r  use include f u e l  cos t s ,  t h e  i n i t i a l  c o s t  of 
h e a t i n g  equipment, t h e  c o s t  of maintaining hea t ing  equipment and t h e  labor  c o s t  
of i n i t i a t i n g  and monitoring hea t ing  equipment during opera t ion .  hrobably t h e  
i n i t i a l  c o s t  of hea t ing  equipment and t h e  c o s t  of keeping t h e  equipment i n  re- 
p a i r  should not  be considered because t h i s  c o s t  w i l l  be minor. Typica l ly ,  one 
man w i l l  be assigned to h e a t  t h e  a spha l t .  Appendix B i n d i c a t e s  t h e  man general- 
l y  comes one hour before  t h e  o t h e r  members of t h e  crew and e i t h e r  (1) h e a t s  t h e  
a s p h a l t  i n  t h e  l a r g e  s to rage  tank o r  ( 2 )  d r a i n s  t h e  a s p h a l t  i n  a small  distri- 
bu to r  and hea t s  t h e  a s p h a l t  i n  t h e  d i s t r i b u t o r .  



D i s t r i c t  5 - Approximately $14,500 p e r  year is used f o r  hea t ing  about 19 
(Lubbock) tanks  ( o r  about $764 p e r  year  per t ank) .  

D i s t r i c t  11- There a r e  two e l e c t r i c  hea t ing  elements per tank and power to 
(Lufkin)  each element c o s t s  about $100 p e r  month. Therefore some $200 

p e r  month per  tank is used dur ing  t h e  win ter  months. 

D i s t r i c t  14- The maintenance sec t ion  i n  Lockhart i n d i c a t e s  some $14 t o  $26 
(Aus t in)  pe r  month per tank is expended dur ing  t h e  winter .  

The e f f o r t  to conserve and reduce c o s t s  is evident  i n  maintenance opera- 
t i o n s  throughout t h e  s t a t e .  For example, a f t e r  a few telephone con tac t s  it 
became evident  t h a t  most maintenance sec t ions  i n  t h e  d i s t r i c t s  have small  
( gene ra l ly  600-gallon) d i s t r i b u t o r s .  A common p r a c t i c e  i n  maintenance sec t ions  
i s  t o  d r a i n  needed unheated a spha l t  from a s t a t i o n a r y  s to rage  tank i n t o  a 
d i s t r i b u t o r .  The a s p h a l t  is then heated i n  small  d i s t r i b u t o r  f o r  use during t h e  
day o r  po r t ion  of a day, thus  saving t h e  c o s t  of hea t ing  t h e  l a r g e  s to rage  tank. 
Th i s  method is i n  widespread use by a l l  d i s t r i c t s  (even i n  summertime use by 
those  d i s t r i c t s  which h e a t  t h e  l a r g e  s to rage  t a n k s ) .  

The time requi red  to d r a i n  t h e  a s p h a l t  from an unheated s to rage  tank i n t o  
t h e  small  d i s t r i b u t o r  can be lengthy i n  t h e  win ter  time. D i s t r i c t  17 personnel  
e s t ima te  t h e  t ime to be one hour per 100 g a l l o n s  t o  f i l l  a d i s t r i b u t o r  from a 
s t o r a g e  tank by g r a v i t y  flow i n  co ld  weather. (An Electro-Tape heated valve 
may reduce t h e  d r a i n  time.) 

The d i s t r i c t s  e s t ima te  from 1 to 4 hours  t o  h e a t  t h e  a s p h a l t  i n  t h e  d i s t r i b u t o r  
u s ing  from 5 t o  15 g a l l o n s  of d i e s e l .  Many s e c t i o n s  ask one man to a r r i v e  e a r l y  
( g e n e r a l l y  one hour e a r l y )  t o  prepare  t h e  a s p h a l t  f o r  use. Some d i s t r i c t s  
cons ider  t h e  c o s t  of a man a r r i v i n g  e a r l y  an added c o s t  and o the r  d i s t r i c t s  
b e l i e v e  t h e  c o s t  should not  be charged t o  a spha l t  hea t ing  because the  man 
gene ra l ly  l eaves  an hour ear ly .  There a r e  from 4 t o  9 men i n  a r e p a i r  crew, and 
i f  any de lay  due to hea t ing  t h e  a spha l t  is expereienced, t hese  men could be 
i d l e .  Most maintenance personnel  contacted seemed incensed t h a t  t h e r e  was not a 
b e t t e r  method of prepar ing  t h e  a spha l t  f o r  use so t h a t  t h e  manpower a v a i l a b l e  
could be b e t t e r  used. 

Another example of conservat ion was shown by s e v e r a l  d i s t r i c t s  which tend 
t o  consol ida te  a spha l t  use i n  t h e  wintertime. Wintertime opera t ions  a r e  
g e n e r a l l y  crack s e a l i n g  and pot-hole f a i l u r e  r e p a i r .  In  r u r a l  a r eas ,  t hese  
ope ra t ions  r equ i r e  smal le r  q u a n t i t i e s  of a s p h a l t  a s  compared to t h e  s t r i p  o r  
fu l l -wid th  s e a l s  and patches during warmer weather. Because of t h e  smaller  
q u a n t i t i e s ,  only a few s t a t i o n a r y  s to rage  tanks a r e  maintained during t h e  winter  
and seve ra l  s e c t i o n s  draw from one tank. The i n s u l a t i o n  of t hese  tanks should 
show b e n e f i t  i n  t h e  case  of medium to heavy use. 

Asphalt  is gene ra l ly  de l ive red  hot  from t h e  r e f ine ry .  Therefore,  during 
pe r iods  of heavy a s p h a l t  use, maintenance opera t ions  tend to time d e l i v e r i e s  to 
use t h e  a spha l t  while hot.  



There are several people in an asphalt crew. If there are delays in heat- 
ing asphalt, generally the crew w i l l  or can be involved in preparing the area 
t o  be treated. However, even small delays in asphalt preparation can cause 
relat ively large labor aosts. As noted in Figures 10  and 11 of the UT-ME paper 
and information shown following, insulation can be just i f ied if  average weekly 
asphalt preparation costs are around $12 (or  more). One hour of a man's time 
can almost amount to t h i s  figure. 



V I .  Determination of I n s u l a t i o n  Needs 

I f  Table A i n  Appendix B (page 53)  were expanded t o  inc lude  s i m i l a r  in for -  
mation f o r  s eve ra l  th icknesses  of f i b e r g l a s s  i n s u l a t i o n ,  and t h e  c o s t s  were 
developed f o r  an annual basis, it would be poss ib l e  t o  cons t ruc t  t h e  p l o t  shown 
i n  Figure 1. Figure 2 i s  a s i s t e r  p l o t  f o r  polyurethane foam insu la t ion .  Note 
t h e  p l o t  da t a  is l i k e  t h a t  used i n  F igures  10 and 11 of t h e  UT-ME paper ,  bu t  
d a t a  has been p l o t t e d  i n  a d i f f e r e n t  manner. It would be found t h a t  f o r  a given 
u n i t  f u e l  c o s t  ( s a y  $2/MMBtu) t h e r e  w i l l  be an optimum th i ckness  which w i l l  pro- 
v ide  t h e  lowest "Annual Prepara t ion  Cost". Using Figure  1 with a Uni t  Fuel Cost 
of $2/MMBtu, t h e  optimum th i ckness  is 2 inches  and t h e  "Annual Prepara t ion  Cost" 
i s  about $700. Note t h e  increased  "Annual Prepara t ion  Cost" to t h e  l e f t  of t h e  
optimum ( o r  t h e  lower th i ckness  of i n s u l a t i o n )  i s  mainly due to f u e l  c o s t s  to 
main ta in  t h e  tank a t  1 4 0 ° ~  with 6 5 O ~  a i r  temperature.  However, t h e  increased  
"Annual Prepara t ion  Cost" to  t h e  r i g h t  ( o r  g r e a t e r  i n s u l a t i o n  th i cknesses )  is 
caused by t h e  increased  i n s u l a t i o n  f a b r i c a t i o n  cos t s .  This  would mean t h a t  to 
t h e  l e f t  of optimum t h e  small  amount of i n s u l a t i o n  has  a low c o s t ,  b u t  t h e  energy 
l o s s  causes a l a r g e  amount of f u e l  t o  be used. To t h e  r i g h t  of optimum t h e  
r eve r se  is t rue .  The l a r g e  th ickness  of i n s u l a t i o n  al lows l i t t l e  energy l o s s  
and w i l l  lower f u e l  c o s t s ,  b u t  t h e  c o s t  of i n s u l a t i o n  inc reases  t h e  annual c o s t  
above t h e  optimum. Also, no te  g r e a t e r  th icknesses  a r e  j u s t i f i e d  i f  t h e  u n i t  
f u e l  c o s t s  a r e  higher.  Based on t h e  above information,  t h e  th icknesses  shown in 
Table I1 a r e  optimum f o r  t h e  a s soc i a t ed  u n i t  f u e l  c o s t s .  

The fol lowing method is suggested f o r  use by t h e  Department i n  determining 
i f  i n s u l a t i o n  is warranted. This  method would be t o  compare t h e  p re sen t  a spha l t  
p repa ra t ion  c o s t s  with t h e  expected c o s t s  a f t e r  i n s u l a t i o n .  The a f t e r -  
i n s u l a t i o n  c o s t s  should inc lude  t h e  c o s t  of i n s u l a t i n g  t h e  tank and t h e  f u e l  
c o s t s  during t h e  "payoff" per iod.  The p re sen t  a s p h a l t  p repa ra t ion  c o s t s  should 
inc lude  t h e  f u e l  c o s t  and t h e  labor  cos t .  Figures  3 through 10 have been pre- 
pared t o  a s s i s t  thereader  i n  developing i n s u l a t i o n  warran ts  and "payoff" 
per iods .  Figures  3 through 6 t r e a t  f i b e r g l a s s  i n s u l a t i o n ,  and Figures  7 through 
10 a r e  f o r  polyurethane foam insu la t ion .  Two f a m i l i e s  of l i n e a r  curves a r e  
shown on each p l o t .  One family of curves shows a f t e r - i n s u l a t i o n  c o s t s  which 
inc lude  t h e  i n i t i a l  c o s t  of t h e  i n s u l a t i o n  a t  time zero and t h e  ( a f t e r - i n s u l a t i o n )  
f u e l  c o s t s  a s  time is accrued. The second family of curves is p re sen t  yea r ly  
a s p h a l t  p repa ra t ion  c o s t s  and was p l o t t e d  simply t o  a i d  t h e  reader .  I f  t h e  
r e a d e r ' s  p re sen t  p repa ra t ion  c o s t s  a r e  not  e x a c t l y  $500, $1000, e t c . ,  it may be 
necessary  to  e x t r a p o l a t e  between curves.  Since l i t t l e  is known about i n s u l a t i o n  
l i f e ,  it is suggested t h a t  a 10-year l i f e  be used a s  a time basis. 

The fol lowing example w i l l  a s s i s t  i n  expla in ing  t h e  use of t he  above 
information. Assume a maintenance s e c t i o n  s t o r e s  emulsion i n  a l a r g e  s to rage  
t ank  which is not  heated. A 600-gallon d i s t r i b u t o r  is f i l l e d  about two t i m e s  a 
day f o r  a four-week pe r iod  during t h e  summer (40 t i m e s )  and about twice each 
week dur ing  an eight-week pe r iod  during t h e  f a l l  and again i n  t he  sp r ing  (32 
t imes ) .  Also assume some 10 g a l l o n s  of d i e s e l  a r e  used a t  each hea t ing .  Then 
t h e  d i s t r i b u t o r  is heated 40 + 32 o r  72 t imes per  year  and 720 ga l lons  of d i e s e l  
a r e  used per  year.  Assuming d i e s e l  c o s t s  $0.757 p e r  ga l lon ,  then some $545 would 
be  used f o r  f u e l  i n  one year.  I f  one MMBtu is produced f o r  each 6.6 g a l l o n s  of 
d i e s e l  burned, some 109 MMBtu a r e  produced by burning 720 ga l lons .  The u n i t  f u e l  
c o s t  would be about $5/MMBtu ($545/109 MMBtu). Also assume one man hour is 
expended a t  each hea t ing  a t  a c o s t  of $6.32 p e r  man hour. Then $455 (72 x 
$6.32) would be used i n  labor  cos t s .  The a s p h a l t  p repa ra t ion  c o s t  w i l l  be t h e  
p r e s e n t  f u e l  and labor  c o s t s  o r  $1000 p e r  year ($545 + $455). 
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Foam i n s u l a t i o n  would probably be used with emulsion and Table I1 ind i -  
c a t e s  3 inches  is  optimum f o r  a u n i t  f u e l  c o s t  of $S/MMBtu. Using Figure  9 (3'' 
of foam) f i n d  where t h e  Asphalt  Prepara t ion  c o s t  of $1000/Yr. c ros ses  the  u n i t  
f u e l  c o s t  l i n e  of $5/MMBtu. A t  t h i s  i n t e r s e c t i o n  poin t ,  read the  No. Year i n  
Serv ice  of 2.6 v e r t i c a l l y  under the  point .  This  would i n d i c a t e  the  savings 
a f t e r  i n s u l a t i o n  would pay f o r  t h e  i n s u l a t i o n  i n  2.6 yea r s  even though t h e  tank 
was k i n g  maintained a t  1 4 0 O ~  f o r  the  2.6-year period. A savings of over $1000 
would accumulate a t  a time 4 years  a f t e r  i n su la t ion .  The savings may be noted 
by fol lowing the  $1000/Yr normal c o s t  up t o  the  4 year  po in t  and read a c o s t  of 
$4000. Next t r a c e  t h e  " insu la t ion  with $!5/MMBtu1' l i n e  out  t o  the  4-year period 
and read a c o s t  of about $3000. The d i f f e rence  i n  these  c o s t s  is the  savings 
a f t e r  4 years .  

Since l i t t l e  is  known about i n s u l a t i o n  l i f e ,  it is suggested t h a t  a 10-year 
l i f e  be used a s  a time bas is .  Therefore, i f  the  "payoff" per iod  is  10 yea r s  
o r  l e s s ,  i n s u l a t i o n  is  warranted. 



TABLE I1 
OPTIMUM INSULATION THICKNESS 

Polyurethane Foam 

Optimum Thickness for 

Fiberglass 

Optimum Thickness for 

Unit Fuel Cost 

$1 & $2 / MMBtu 
$3, $4, & $5 / MMBtu 
$6, $7, & $8 / MMBtu 

Unit Fuel Cost 

$1, $2, & $3 / MMBtu 
$4, $5, $6, & $7 / MMBtu 

$8 / MMEtu 



I n s u l a t i o n  and Applicat ion 

A p a r t  of t h e  UT-ME paper w a s  dedicated to comparing con t rac t  c o s t s  of 
i n s u l a t i o n  with c o s t s  of i n s t a l l a t i o n  using s t a t e  forces .  Because of l o s s  of 
v o l a t i l e  m a t e r i a l s  ( p o t e n t i a l  energy) i n  cut-back m a t e r i a l s  and t h e  l a rge  
amount of hea t  necessary to t h i n  A C ' s ,  maintenance b a s i c a l l y  uses emulsif ied 
a spha l t s .  The extens ive  use of emulsions w i l l  mean many s to rage  tanks  can use 
polyurethane foam f o r  in su la t ion .  I f  s eve ra l  emulsion tanks a r e  to be insu la t ed  
i n  t h e  s t a t e  it may be wise to purchase a foam spray r i g ,  t r a i n  a crew and pro- 
v ide  t h e  s e r v i c e  to D i s t r i c t s  d e s i r i n g  polyurethane in su la t ion .  The c o s t  of t h e  
foam spray r i g  is shown to be $4600 (page 45) .  A primer spray r i g ,  a sand b l a s t  
r i g  and an a i r  compressor which a r e  shown to c o s t  about $10,000 a r e  p resen t ly  
ava i l ab le .  Therefore, t he  c o s t  of polyurethane foam a s  appl ied  by s t a t e  forces  
should be low. This  type of i n s u l a t i o n  could a l s o  be used i n  o the r  appl ica t ions .  
Also, c o n t r a c t  c o s t s  f o r  polyurethane foam w i l l  vary. An u n o f f i c i a l  telephone 
b i d  by a l o c a l  con t r ac to r  f o r  t h e  Austin a rea  was $1800 f o r  2 inches  on a tank 
10 f e e t  i n  diameter and 20 f e e t  i n  length;  however, t h e  bid may not have includ- 
ed  the  butylrubber  weather coat .  

Apparently, f i b e r g l a s s  i n s u l a t i o n  can be i n s t a l l e d  eas i ly .  The f i b e r g l a s s  . 
must be weatherproofed because i f  t h e  f i b e r g l a s s  is  sa tu ra t ed  with ( r a i n )  water ,  
t h e  i n s u l a t i o n  value is decreased to an extremely l a rge  extent .  It would appear 
t h a t  t he  weather coa t  f o r  t he  f i b e r g l a s s  is  gene ra l ly  an aluminum sheet ing.  a 

During t h i s  study, Texas Emulsions Company (Corpus C h r i s t i ,  Texas) grac ious ly  
provided a tou r  of t h e i r  f a c i l i t i e s  which included ve r t i ca l - in su la t ed  s torage  
t anks  and discussed i n s u l a t i o n  f a b r i c a t i o n  methods. One f a b r i c a t i o n  method was 
descr ibed  a s  follows: 

1. Obtain the  f i b e r g l a s s  bats, corrugated aluminum, bands, metal screws 
and o t h e r  ma te r i a l s  a s  necessary. 

2. The usual  maintenance tank has a hor i zon ta l  ax i s ,  bu t  s eve ra l  l eng ths  
of  rope (about  1/4 inch diameter)  a r e  c u t  to the  approximate dimension 
of t h e  circumference of t h e  tank (about  one o r  two f e e t  s h o r t  of t h i s  
l eng th ) .  To one end of t he  tank a t t a c h  a wire hook and to the  o ther  
a t t a c h  a l i g h t  spring.  ( S t r i p s  of a t i re  tube cut i n  s p r i a l  manner and 
t i e d  toge the r  have a l s o  been used successfu l ly . )  

3. Loop t h e  ropes around t h e  tank and a t t a c h  t h e  hooks to t h e  sp r ings  i n  
such a manner t h a t  t h e  ropes w i l l  be snug to t h e  tank. In o the r  
words, t he  sp r ings  cause the  ropes t o  be t i g h t  around the  tank but  t he  
rope may be pul led  away from t h e  tank to i n s e r t  the  bats between the  
t ank  and rope. 

4. Using a t h r e e  man crew, p lace  t h e  f i b e r g l a s s  bats around the  tank a t  
one end. The length  of t h e  bat should be equal with the  length  of t h e  
tank. 

5. The bats should be he ld  i n  p lace  by the  ropes. S u f f i c i e n t  ropes should 
be used to allow complete encasement of t h e  tank with t h e  bats. Then 
3/4" s t e e l  banding is  placed around t h e  bats and t h e  ropes removed. I f  
more than one l aye r  of bats a r e  to be used to obta in  the  necessary 
th i ckness ,  t h e  bats should be so placed t h a t  t he  j o i n t s  a r e  staggered. 
Several  small sp ikes  ( w i r e s )  may be butt-welded to t h e  tank ends a t  
va r ious  loca t ions .  F ibe rg la s s  is impaled on the  sp ikes  and he ld  i n  
p l a c e  i n  t h i s  manner. Small metal c l i p s  can be i n s e r t e d  over t h e  sp ikes  
t o  hold the  f i b e r g l a s s  t o  t h e  tank ends. The spike l eng th  should 
be about 1/2  inch  less than t h e  f i b e r g l a s s  thickness.  

6. With t h e  ropes i n  p lace ,  i n s e r t  t he  aluminum i n  the  same manner. 
Lap t h e  aluminum a t  l e a s t  3 inches ,  one cor rugat ion ,  d r i l l  ho les  and 
a t t a c h  t h e  two s h e e t s  with metal screws along the  length  of t h e  shee t s  
a s  they a r e  placed. 
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7. Place t h e  3/4-inch strapping around the  diameter of the  tank on top of 
aluminum, t igh ten  the  s t r a p s  (bands) s l i g h t l y  and a t t ach  t h e  band ends. 
Be ca re fu l  not  to t igh ten  the  s t r a p s  excessively because t h i s  w i l l  
reduce the  thickness of t h e  insula t ion.  

8. Mastic can be applied along t h e  seams of t h e  aluminum i f  desired. 
9. One method of a t taching the  cy l indr ica l  aluminum weatherproofing to the  

end aluminum, o f t e n  used by contrac tors ,  is the  "Pi t t sburg  Foldn. The 
ends are run through a machine which r e s u l t s  i n  a Z-Shaped fold. The 
c y l i n d r i c a l  and end aluminum fo lds  a r e  placed together and closed by 
tapping with a hammer around the  edge. Another method could be to exte  
nd the  c y l i n d r i c a l  ends of the  aluminum p a s t  the  ends of the  tank and 
i n s u l a t i o n  to form a t a b  to a t t ach  the  end pieces with metal screws. 
The ends could be insula ted  by a t taching the  preformed f i b e r g l a s s  bats  
t o  e i t h e r  the  tank ends o r  to the  aluminum with an adhesive. The alu- 
minum could be precut  to t h e  exact dimension a s  the  tank end plus cir- 
cumferential insu la t ion  thicknesses. The pre-cut aluminum ends would 
need an addi t ional  diameter length which would be c u t  and bent to form 
t a b s  which would be at tached to the  extended cy l indr ica l  aluminum 
weatherproofing previously mentioned. Mastic should be used a t  the  
seams. 

It is not t h e  i n t e n t  of t h i s  repor t  to discourage other  types of insu la t ion  
o r  other types of weatherproofing f o r  insula t ion.  Thermal conductivity o r  "Rn 
values of o ther  insu la t ion  mater ia ls  may be d i r e c t l y  compared to the  polyure- 
thane foam and the  f i b e r g l a s s  used in t h i s  report .  Other weatherproofing should 
be studied to insure  t h e  material  prevents t h e  entrance of water or  the  rapid 
decay of the  insu la t ion  material .  



V I I I .  Discussion and Recommendations 

This repor t  shows the  benef i t  of using insu la t ion  i n  reducing energy use 
and therefore  cos ts .  The repor t  is i n  explanation of a document prepared by the  
Mechanical Engineering Department a t  the Universi ty of Texas. The UT-ME docu- 
ment shows t h a t  very small average weekly cos t s  i n  the preparat ion'of  asphal t  
f o r  use warrant the  expenditure of insula t ion.  A s l i g h t l y  modified procedure 
has  been developed f o r  use by the Department i n  obtaining optimum thicknes and 
jus t i fy ing  insula t ion.  

From previous information obtained from D i s t r i c t s ,  it is believed t h a t  many 
s ta t ionary  asphal t  s torage tanks owned by the Department w i l l  warrant insula- 
t ion .  In some cases,  a work plan can be prepared fo r  winter operation which 
may consolidate use so t h a t  more than one maintenance sect ion can obtain asphalt  
from a tank thereby reducing the  need f o r  the  number of insula ted  tanks. 

The cos t  of insu la t ion  can be reduced by using s t a t e  forces  i n  i n s t a l l a -  
t ion .  In the case of polyurethane foamr the foam spray r i g  would need to be 
purchased and a crew trained.  The foam appears t o  cos t  l e s s  than f ibe rg lass  
regardless  of whether the  fabr ica t ion  is by contrac t  o r  s t a t e  forces. However, 
f i b e r g l a s s  can be e a s i l y  i n s t a l l e d  by s t a t e  forces  espec ia l ly  during winter o r  
s lack work periods. 

Therefore,' t he  following recommendations a re  made: 

1. Working through the  Maintenance Operations Division, D i s t r i c t s  should 
study the asphalt  s torage source f o r  each maintenance sect ion.  

2. Where tanks warrant insu la t ion ,  insu la t ion  should be provided i n  an 
e f f o r t  to reduce cos ts  and conserve addi t ional  energy. 

3. The Maintenance Operations Division, working with the Equipment and 
Procurement Division, should study the  appl ica t ion of polyurethane 
foam by s t a t e  forces  to determine i f  a foam spray r i g ,  o ther  equipment 
and a t r a ined  appl ica t ion crew are  needed. 
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I n s u l a t i o n  o f  A s p h a l t  - Sto rage  - Tanks 

As reques ted  by t h e  Texas Hiqhway Department,  t h e  Center  f o r  Highway 

Research a t  t h e  U n i v e r s i t y  of Texas has conducted a  s tudy  o f  t h e  economic 

f e a s i b i l i t y  o f  i n s u l a t i n g  aspha l  i s t o r a g e  t a n k s .  S ince c o n c i s e  d a t a  

i s  n o t  alwayc, a v a i l a b l e  t o  pe r fo rm t h e  a n a l y s i s ,  t h e  s t u d y  has been 

c o n d u c t r d  on t h e  b a s i s  o f  s e v e r a l  assumpt ions co f i ce rn ing  t h e  c u r r e n t  

manner i n  wh ich  a s p h a l t  i s  heated.  T h i s  r e p o r t  w i l l  d i s c u s s  t h e  

a s s m p t i o n s  made f o r  a n a l y s i s ,  c o s t  sav ings ,  g r a p h i c a l  p r e s e n t a t i o n s ,  

t y p e s  o f  i n s u l a t i o n  a v a i l a b l e ,  and i n s t a l l a t i o n  o f  t h e  i n s u l a t i o n .  

Du? t o  t h e  l a c k  of  s tandard  p rocedure  c o n c e r n i n g  i i e i d  p r a c t i c e ,  

t h i s  s t u d y  has been conducted based on s e v e r a l  assumpt ions.  The 

c o n s i d e r ~ t i c n s  t o  be t a k e n  i n t o  account  f o r  econorlii c  a n a l y s i s  were based 

upon average c u r r e n t  c o s t s  o f  f u e l  and t h e  p r a c t i c e  o f  u s i n g  p o r t a b l e  

u n i t s  t o  do most o f  t h e  a s p h a l t  h e a t i n g .  I n  l o c a t i o r l s  wnere t h e  p o r t a b l e  

u n i t s  a r e  seldom used and most h e a t i n g  i s  done i n  t h e  l a r g e  tanks ,  t h e  

computer o u t p u t  w i l l  p r o v i d e  t h e  most i c c u r a t t :  s o l u t i o r i  t o  t h e  problen;. 

However, i f  most o f  t h e  heat 'qg i s  done i n  : h ~ . p o r t ! 2 h , ! ~  ar ; iLs ,  f i g u r e s  

8, 9, 10,. and 11 s h o u l d  be used. 

The a n a l y s i s  o f  i n s u l a t i o n  e c o r ~ o n ~ i c s  w a s  done w i t h  t h e  a i d  o f  a  

compu'ter pi.ogram a i ~ a i l a b l e  tklrough t h e  Departn-~cr l t  o f  b!echanical E n g i n e e r i n g  

a t  U. T. The program was a d j u s t e d  t o  f i t  t h e  u n i q u e  prob lem o f  Texas 

S t a t e  t l igh:~sy E e p a r t i ~ ~ e t l t  t a n k s  and r e s u l t s  werc based on t h e  Lu t~bock  

( D i s t r i c t  5 )  i n f o r i a a t i o n  which p r o v i d e d  an accui-(i-Le account  o f  f u e l  

ccnsumpt ion.  The program i n p u t  has been a d j u s t e d  ' t s  g i v e  r e s u l t s  as 



c l o s e l y  as p o s s i b l e  t o  t h e  p r o t ~ a b l e  hea t  l o s s  based upon hand c a l c u l a t i o n s  

and t h e  Lubbock data.  One. should  n o t e  t h a t  t h e  economic i n s u l a t i o n  

t h i c k n e s s  i n  t he  conlputer o u t p u t  i s  determined by comparing t h e  e f f e c t s  o f  

i n s u l a t e d  versus u n i n s u l  a t ed  tanks, which renders  t h e  r e s u l  t s  use less  

i n  a l l  cases where t h e  l a r g e  s to rage  tanks  a re  n o t  i n  use. There i s  no 

way t o  account f o r  t h e  use o f  p o r t a b l e  h e a t i n g  u n i t s  i n  t h e  corr~puter 

a n a l y s i s .  

The a n a l y s i s  o f  t h e  e f f e c t s  o f  i n s u l a t i o n  upon hea t  l o s s  and economics 

has been presented g r a p h i c a l l y  i n  o r d e r  t o  more e a s i l y  v i s u a l i z e  o u r  

problem. The graphs a r e  o f  t h r e e  types :  

1) conlparison o f  temperature change o f  t ank  con ten ts  wi  t h  

t i m e  and a t  va r i ous  ambient temperatures 

2 )  i n s u l a t i o n  t h i c kness  as a  f u n c t i o n  o f  volume o f  a s p h a l t  used 

3 )  i n s u l a t i o n  t h i c kness  a; a f u n c t i o n  o f  c o s t  of f u e l  p r e s e n t l y  

used i n  hea t i ng  t h e  a s p h a l t  

One can e a s i l y  see t h e  b e n 3 f i t s  o f  i n s u l a t i o n  i n  r educ ing  hea t  l o s s  

froil l t h e  tanks by r e f e r r i n g  t o  f i g u r e s  1 - 7. The con ten t s  o f  t h e  tank  

w i l l  remain a t  h i ghe r  t.errperatures f o r  a  s i g n i f i c a n t l y  l o n g e r  p e r i o d  o f  

t ime,  r e s u l t i n g  i n  c ~ s t  sav ings f rom reduced h e a t i n g  loads .  A comparison 

of  hea t  l o s s  r a t e s  f o r  i n s u l a t e d  and u n i n s u i a t e d  t a n k s  i s  showc i n  f i g u r e  

1. Over a  three day p e r i o d ,  t r ie  un i r l su l d ted  tank  w j l l  l o s e  about  6 3 n f  

i t s  heb t  w h i l e  tli? po lyure thane  i n s u l a t e d  tank  w i l l  i o s e  o n l y  about 176 

of  i t s  he l j t .  For  example, i f  t h e  i n i t i a l  tc l l :persturcs were 160"~ f o r  each 

tank  and t h e  ambient a i r  tem?el.atu,-e were 4 0 9 ,  thcn a f t e r  t h r e e  days 

6  t h e  heat  lo=s?s  w w l d  be 5.C x 1g6 and 1.4 x 10 BTU f o r  t h e  u n i l ~ s u l a t e d  

and ir lsu!atzd tcnl ts ,-e:pcr t i v e l v .  Tt i i  s t r a r l s l  ates t o  a  sav ings  o f  mol-2 

t han  515 9ver  t h i s  per 'od.  

Another advi!nt:?ge o r  aadir-,g i ? i s ! ~ l a t i o ~ l  i s  t h a t  h e a t i  ncj .would be 



FIGURE I TEMPERATURE CHANGE WITH TIME 



FIGURE 2 TEMPERATURE CHANGE WITH TIME 
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FIGURE 3 TEMPFRATURE CHANGE WITH TIME 
3 



FIGURE 4 TEMPEnATURE CHANGE WITH TIME 
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r e p u i r e d  l e s s  f r e q u e n t l y .  Assunle t h e  tanks d r e  kep t  between llOOF and 

1 4 0 ~ ~  by p e r i o d i c  hea t ing .  The average t e l ~ ~ p e r d t u r e  i n  Lubbock f o r  

January i s  390F. The p e r i o d  f o r  h e a t i n g  t h e  un i r i su l a ted  tank  would be 

about one day w h i l e  t h e  i n s u l a t e d  tank would be heated eve ry  s i x  days. 

The d i f f e r e n c e  i n  f u e l  cos t s  f o r  these two months combined i s  997. That 

i s ,  an i n s u l a t e d  tank would save $97 i n  f u e l  c o s t s  d u r i n g  Januat-1 and Ju ly .  

F igures  8 and 9  rnay be used t o  d ~ t e r n ~ i n e  whether a s to rage  tank 

should  be i n s u l a t e d  biised upgn the  vo1u:ne o f  a s p h a l t  used on a  weekly 

average and heated i n  p o r t a b l e  u ~ l i t s .  The h o r i z o n t a l  a x i s  w i l l  gf ve 

t h e  l e a s t  amount o f  a s p h a l t  \rsed i n  an average week f o r  a  g i ven  d i s t r i c t .  

I n  o t h e r  words, if a d i s t r i c t  uses l e s s  t han  t h e  amount i n d i c a t e d  on t h e  

graph, i n s l r l a t i n g  vrould be u n e c ~ n o m i c a l  . Th is  m i  n i m u ~ ~ i  useage s tar idard i s  

based upon t h e  c o s t  o f  ma i r i t a i n i ng  t he  l a r g e  sicrrage tank a t  14CloF. 

F i ~ r : r e s  10 and 11 nldy br, 11sed t o  detel-niirle t h e  economic ir?su!a!iov 

t h i c kness  as a  f u n c t i o n  o f  ?he t a t a l  c o s t  o f  f u e l  p r e s e n t l y  used t o  heat  

t he  aspha:t whether i c  t h e  l a r g e  s tDrage tanks  o r  i n  p o r t a b l e  u n i t s  

(bdsed on 20 year  payback).  Tticse two f i g u r e s  w i  1: be t h e  most accu ra te  

i n  de te rm in i ng  a  s o l ~ t i o n ,  p r cv i ded  preser l t  f u e l  c g s t s  a r e  known. 

The two types of  i n s u l a t i o n  used f o r  t n i ~  tyue a p p l i c a t i o n ,  

po lyu re thdne  i c a n ~  arid r i g i d  f i b e r  g l ass ,  have s ~ v e r a l  c h a r a c t e r i s t i c s  

wor thy  o f  c o c s i d e r a t i o n .  Pnl.yurt>thane foal11 ~ r i  11 be d i  sci lssed f i r s t .  

The s ~ o s t  se r i ous  drsrrback i r ~  ~ c s i n g  j j o l y ~ t ~ ~ ? ~ i - t s n e  foal11 i s  t h e  f a c t  

t h a t  t h e  foan  w i  1 l l o s e  i t s  hurld w i t h  t h e  s t e e l  t a ~ k  s u r f 3 c e  a t  2~0'~. 

Since t h e  a s p h a l t  i n  s to rage  i f  o f t e n  heated t o  1 5 0 ' ~  - 170°F, t h e  chance 

o f  a l l ow i r i g  the  ta l l i ;  t o  ovel-hcat i l l  t h e  range o f  190°F - 2 0 0 ~ ~  i s  

s i g n i f i c a n t .  Th i s  cha i ce  o f  i n s u l a t i c r ! ,  tt:erl, v10~1ld d i c t a t e  t h e  i n s t a l  l a -  

t i o n  o f  sever?! i;err.;?trzt~r-t' i::r!'::ators a t  var iou:  ~;r;:it ic:is i n  ar,d ;n the 
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t h e  t ank  o r  a  t h c r ~ n o s t a t i c a l l y  c o n t r o l l e d  burner .  O t t ~ c r  drawbacks i nc l ude :  

1 )  A t r ~ i n e d  crew i s  necessary t o  ope ra te  t h e  a p p l i c a t i o n  spray 

r i g ,  r e q u i r i n g  cons ide rab le  s k i l l .  

2) The d u r a b i l i t y  i s  somewhat q u e s t i o n a b l e  s i n c e  t h e  age o f  

most tanks  p r e v i o u s l y  i n s u l a t e d  w i t h  foam i s  ab.cut 8 years .  

A 15 - 20 y e s r  l i f e t i m e  shou ld  be expected. 

3 )  The i n s u l a t i o n  w i l l  need t o  be r e p a i r e d  s i n c e  t h e  foam a i l  1  

be damaged. The c o s t  w i  11 be about $50 pe r  yea r .  

4 )  An a lu~ l i inun l  saddle  w i l l  need t o  be used near  t h e  e n t r y  p o r t  

i n  o r d e r  t o  p reven t  s p i l l a g e  on to  t h e  i r i s u l a t i o n .  

P o s i t i v e  p o i n t s  f o r  t h e  a p p l i c a t i o n  o f  po lyurethnnt? foam a r e  t h e  f a c t  

t h a t  t h e  i n i t i a l  c o s t  i s  lower  and i t  i s  a  b e t t e r  i n s u l a t o r . '  

The r i g i d  f i b e r  g l ass  w i t h  an aluminum s h e l l  has seve ra l  advantages 

ove r  p o l y u r e t l l d ~ e  icam. The prsblern o f  h i g h  ternperat t i rbs i s  a1 l e v i a i e d  

0 
s i n c e  f i b e r  g l a s s  can w i t h s t s l l d  t e r p e r a t u r e s  up t o  435 .F. Ttre l i f e t i m e  o f  

t h e  i n s u l a t i o n  w i l l  be i n d e f i n i t e  p r o v i d e d  a  y e a r l y  check i s  made f o r  wa te r  

leaks.  The i n s t a l l a t i o n  procedure r e q u i r e s  l e s s  s k i l l  d l t h o t ~ g h  a  

t r a i n e d  cre!+r would s t i l l  need t c  be provideci .  iicrwcver, s i ~ l c e  f i b e r  g l a s s  

i n c u r s  g r e a t e r  i n i t i a l  c o s t  and i s  n o t  as scad an i n s u l z t o r ,  t h e  payback 

p e r i o d  w i  11 be  1  avger.  

The i n s t a l  l a t i o n  o f  e i  t h c r  t ype  o f  i q s u l a t i o r ~  w i  1  i r e q u i r e  s p e c i a l  

ca re  s i n c e  poor  a p p l i c a t i o n  w i l l  c ons ide rab le  sho r t en  t h e  l i f e  o f  t h e  

i n s u l a t i o n .  1-he polyut-ethane f oan  r e q u i r e s  t h e  g r e a t e s t  s k i  11 atld c a r e  i n  

i n s t a l l a t i o n  s i n c e  a poor a p p l i c a t i o ! :  w i l l  guai-antee e d r l v  t a i l u r e  o f  t h e  

ir!sulat.ion. The a p p l  i c a t i o n  o f  po!yuret!!ar!e fodrr~ recjui  r e s  e x t c n s i  ve t ank  

su r f ace  preparation. The tank  rnust f - i r - s t  hc sand t r ' l ~s ted  t o  a  c l e a n  f i n i s h  

and thcr; s p r a y  p a i n t e d  h i t i l  a pt..i cciat, a1 l ow ing  s u i t a b i s  d r y i n g  t i rne 



b e f o r e  a p p l i c a t i o n  o f  t h e  foam. The foam i s  t h e n  sp rayed  i n  p l a c e  t o  t h e  

d e s i r e d  t h i c k r l e s s  and c o a t e d  w i t h  a  ! ) u t y l  r u b b e r  w e a t h e r c o a t  o f  20 n l i l  

t h i c k n e s s .  The c o s t  o f  c o n t r a c t i n g  t h e  a p p l  i c a t i o r i  o f  t h e  foani i s  about  

$2.90 p e r  square  f o o t  f o r  1" and a d d i n g  $0.15 p e r  square  f o o t  f o r  each 

a d d i t i o n a l  1/2" o f  i n s u l d t i o n .  The c o s t  o f  u s i n g  s t a t e  c r l~p loyees t o  a p p l y  

t h e  i n s u l a t i o n  w i l  l be a b o u t  $1.25per  square  f o o t ,  a d d i n g  $0.?82(1r 

square  f o o t  f o r  each a d d i t i o n a l  112" above 1". 

The i n s t a l l a t i o n  o f  t h e  r i q i d  boa rd  f i b e r  g l c s s  w i l l  r e q u i r e  l e s s  

s k i l l  t hough  i t  k : i l l  be Illore expens ive .  The i n s u l a t i o n  - is  a p p l i e d  t o  

t h e  t a n k  and cove red  w i t h  an 0.016" a luminum s h e l l .  I n  o r d e r  t o  s e c u r e  

t h e  s h e l l ,  t h e  alurninurrl i s  baridcd o r  pc9 r i ~ 1 e t t . d  i n  p l a c e .  A1 1  j o i n t s  

9 h o u l d  be c a u l k e d  t o  p r e v e n t  t h e  ent t -y  o f  w a t e r .  The c o s t  o f  c o n t r a c t i n g  

t h e  j o b  \ i l l 1  be a b o u t  $2.95 p e r  square  f o o t ,  a d d i n g  $0.06 p e r  square  

fon t  for- P;ICI~ ] 17" ; ) ~ O V P  1 ' '  t h i r k 1 1 ~ 5 ~  Thr '  ~ r j ~ ?  fnr nrn>ln;lir? c t 3 t e  f v r ~ ~ s  

w i l i  be a b o u t  $2.10 p e r  square  f o o t  a l s o  ~ d u i n q  $0.06 at,ove 1". The f i b e r  

g l a s s  s t :ou ld  p r o v e  t o  bc t h e  niost e c o n o ~ i c a l  s e l e c t i o n  o f  n ;a te r i a l  o v e r  

a  p e r i o d  o f  S O  - 30 y e a r s .  



Tab le  o f  .. Costs -. .. 

' F ibe r  Glass 

Contract Price 

1" ........................................................ $2315 

1 1/2" .................................................... $2365 

2. ........................................................ $2410 

. 2 1/2" .................................................... $ 2460 

3" ........................................................ $2500 

Cost W i th  t h e  Use of  S ta te  Employees 

2 ................................. 1" f i b e r  g lass  @ $0 .30 / f t  $236 

1 1/2" 
2 @ $0 .40 / f t  .................................. $314 

2" 
2 

@ $0.50/ f t  ................................. $393 

2 
2 1/2" @ $0 .60 / f t  ................................. $471 

3" 
2 @ $0 .70 / f t  ................................. $550 

2 ........................... 300 f t  aluminum 2.6 @ $85.00 $225 

Bands . r i v e t s  and m a s t i c  .................................... $150 

Labor 

............................ 1 foreman 32 hours @ $9.00 $288 

3 l a b o r e r s  96 hours @ $7.00 ............................ $672 

T o t a l  Cost 

1. ........................................................ $1571 

1 1/2! .................................................... $ 1649 

2" ........................................................ $ 1728 

2 1/2"  .................................................... $1806 

3" ........................................................ $ 1885 



Table of Costs ..-....... 

Polyurethane 

Contract  P r i c e  

1" ........................................................... $2275 

1 112" ....................................................... $2420 

2" ........................................................... $2510 

2 112" ....................................................... $2525 

Cost Wi th the  Use 3 f  S ta te  Employees 

10000 l b s  . foam .............................................. $7050 

2 . .................... . .  1" covers l O O O C  f t  c o s t  per  tank $ 5 5 4  

2 
1 112" 6675 f t  . ; cos t  per  tank .................... $ 8 2 9  

2" 
2 . .................... 5000 f t  ; c o s t  per  tank $1197 

2 112" 
2 

4000 f t  . ; c o s t  per  tank .................... $1384 

2 
Bu ty l  rubber ~ c s r t h e r c o a t ;  ?a3 ft . @ 50 .18 / f t .  ............. $142 

2 
Prime coat ;  785 f t i2 @ S0.03 / f t .  ............. $ 2 5  

Sand .........................................................$ 25 

Labor 

............................. 1 foreman 8 houras @ $9.00 - $  72 

2 l a b c r e r s  16 hours @ $7.00 .............................. 5112 

Equipmetlt 

Foam spray r i g  ................................................ $460C 

............................................... Primer spray r ia $2000 

................................................ Sand b l a s t  r i g  $ 1500 . 
Conpressor .................................................... $7850 

Cost per  tank ( ~ l ) p r o x i m a t c )  ................................... 50 



Polyurethane continued 

T o t a l  Cost 

1. ........................................................... $980 
1 112 ....................................................... $1255 
2" ........................................................... $1533, 
2 112" ....................................................... ~1810 



Summary o f  Method f o r  C a l c u l a r i o n s  

The c o n c l u s i o n s  r e a c h e d ' i n  t h e  s t u d y  t o  a r r i v e  a t  t h e  economic i n s u l a r i o n  

t h i c k n e s s  were  based  on h e a t  t r a n s f e r  c a l c u l a t i o n s  f o r  a t y p i c a l  s t o r a g e  

t a n k  m a i n t a i n e d  a t  140 OF and e s t i m a t e s  o f  c o s t s  i n c u r r e d  f o r  i n s u l a t i n g  t h e  

t a n k s  w i t h  s t a t e  employees .  i 

The h e a t  t r a n s f e r s  (BTUIhr) f o r  a  t y p i ' c a l  t a n k  1 0 '  i n  d i a m e t e r  and 
' 0 

2 0 '  long  w i t h  a n  a v e r a g e  ambient  t e m p e r a t u r e  o f  65  F a r e  a s  f o l l o w s :  

1 " 1 1 1 2 "  2" 2  112" 3" 
F i b e r  G h s s  12  500 8800 6800 5500 4630 

P o l y u r e t h a n e  8400 5830 4460 3600 

The economic c a l c u l a t i o n s  were  based  upon a minimum payback p e r i o d  o f  20 

y e a r s  w i t h  money va lued  a t  7% a n n u a l l y .  The r e s u l t s  are  ' c a l c u l a t e d  from t h e  

minimum c a p i t a l  r a t e  o f  r e t u r n  on  t h e  i n v e s t m e n t  o v e r  a p e r i o d  of  20 y e a r s  

when compared t o  t h e  p r e s e n t  c o s t  o f  f u e l  used i n  any  g iLen  s e c t i o n .  I n  

o t h e r  words ,  how'much money must b e  eaved p e r  y e a r  b e c a u s e  o f  i n s u l a t i . o n  

i n  o r d c r  t o  j u s t i f y  t h e  inves tment2  

EX~,i i2 l c  : 

2 1 / 2  " f i b e r  g l a s s  c o s t s  $180G/tank 

Q = 5500 J 3 T ~ i h r  

b o i l e r  e f f j . c i . ency  = 50% 

c o s t  o f  f u e l  p r e s e n t l y  used $10.00/week 

cost:  'of fuel used t o  h e a t  l a r g e  s t o r a g e  t a n k  - n a t u r a l  g a s  - $2.25/NX3Tti 

The h e a t  added p e r  y e a r :  
7 

= 5500 X 24 x 365 = 9.636 X 10' BTU Qyr 
0 .50  

Cost  o f  f u e l :  L A G ! €  ~ A h l k  MA, LITA~LIED AT 1 4 0 " ~  

Cost of: i n s u l a t i n g  (20 y e a r  p e r i o d )  

Cz0 = ( 1 . 0 7 ) ~ ~  x 1806 = $6988.65 

Ratc o f  c a p i t a l  r e t u r n  p e r  y e a r  I n  o r d e r  t o  j u s t i f y  i n v e s t m e n t :  

CRR = : ;6958.65 -- = $170.47 / y e a r  
(1.07)" - 1 



The amount o f  money i p e n t  o n  f u e l  a f t e r  i n s u l a t i n g  p l u s  the  ra te  of 

c a p i t a l  r e t u r n  must  e q u a l  or e x c e e d  the amount p r e s e n t l y  s p e n t  o n  f u e l .  

S i n c e  $7.45/week is  less t h a n  $10.00/week, t h e  i n s u l a t i o n  o f  t h e  t a n k  is 
5 

j u s t i f i e d .  

F i g u r e s  1 0  and 11 were c o n s t r u c t e d  w i t h  t h e s e  t y p e s  o f  calculations. 

No v a l u e s  a r e  r e p r e s e n t e d  f o r  i n s u l a t i o n  less t h a n  2  1/2" f o r  f i b e r  g l a s s  

and 2" f o r  po lyurechone  b e c a u s e  t h e  c o s t  o f  a d d i t i o n a l  i n s u l a t i o n  is 

n e g l i g i b l e  compared t o  t h e  f u e l  s a v i n g s .  One m i g h t  guess t h a t  6" o f  

e i t h e r  i n s u l a t i o n  would be  b e t t e r  t h a n  t h e  recommended amount. However, 

tilc a d d i t i o n  o f  any more i n s u l a t i o n  becomes less and l e a s  b e n e f i c i a l .  

Thc  v a l u e s  g i v e n  are judged t o  b e  t h e  maximum u s e f u l  t h i c k n e s s  and s h o u l d  

n o t  be  exceeded .  

P i g u r e s . 8 ' a n d  9 a r e  p rov ided  s t r i c t l y  a s  a  g u i d e l i n e  i n  t h e  e v e n t  

t h a t  a  good c o s t  est,imate f o r  p r e s e n t  f u e l  usage  is u n a v a i l a b l e .  The 

rougl l ly  ( ;0 .065 /ga l lon  o f  a s p h a l t .  E s t i m a t e s  o f  k e r o s e n e  o r  b u t a n e  useage  

anci nlan l lours i n v o l v e d  i n  t h e  h e a t i n g  p r o c e s s  were  i n c l u d e d  t o  a r r i v e  a t  t h e  

c o s t .  E i t h e r  o f  t h e  two f i g u r e s  s h o u l d  b e  used o n l y  i f  no f u e l  c o s t  

es ti.n~nt.es a r e  a v a i l a b l e .  The assumpt ion  o f  $ 0 . 0 6 5 / g a l l o n  s h o u l d  b e  v a r i f  i e d  

. beforehand .  

A l l  o f  t h e  p r e s e n t e d  c a l c u l a ~ i o n s  a r e  based  upon c u r r e n t  f u e l  p r i c e s  

and t h e  a s s u m p t i o n  t h a t  h e a t i n g  is done w i t h i n . t h e  t a n k  f l u e s .  

Convers ion  o f  F u e l  C o s t s  t o  $ / ~ B T U  

8 n L u r a l  Gas 

$l.GO/cu. f t .  = $~.OO/NMBTU 

~ e r o s c n e  , d i e s e l ,  b u t a n e ,  o r  propane 

$1.00/gal  x 6 .6  gal/HMBTU = $6 . ~ o ~ M B T u  
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Appendix B 
UT-ME Document - Comments 

The UT-ME paper is self-explanatory; however, t h e r e  are severa l  items which 
w i l l  be expanded. Figures 1 through 7 of the  UT-ME paper were developed to 
provide background information to the  reader. As would be expected, fo r  a given 
tank with a c e r t a i n  amount of insula t ion,  the  tank contents w i l l  lose  tempera- 
ture more rapidly  a t  cooler outs ide  a i r  (ambient) temperatures, o r  winter loss 
w i l l  be greater  man  summer loss.  Figures 2 through 4 a l s o  show temperature 
l o s s  of t h e  bare tank campared with one inch of f ibe rg lass  and one inch of 
polyurethane foam insula t ion.  It may be noted t h a t  polyurethane foam is a amre 
e f f e c t i v e  insu la to r  a s  campared to f iberglass .  The ca lcu la t ions  were based on a 
12,000-gallon tank which is 20 f e e t  i n  length, and 10 f e e t  i n  diameter. 

Figures 5 through 6 show the  temperature l o s s  f o r  the  same ( f u l l )  tank 
along with the  c o s t  of heating. The cos t  is based on heat  being applied when the 
aspha l t  temperature f a l l s  to ~ O O O F  and shuts  off when the  temperature is ra i sed  
t o  140°F. Costs of heating a bare tank a r e  compared with two types of 
insula t ion.  Note t h a t  some 2,862,000 Btu a r e  needed to increase the  tank tem- 
pera ture  from ~ O O O F  to 1 4 0 ° ~  a t  a 7 0 O ~  a i r  temperature. The Btu required to 
increase the  temperature of 12,000 gal lons  of asphal t  4 0 ° ~  w i l l  vary due to loas  
from the  tank while heating; however, it is estimated t h a t  2.5 t o  3.0 MMBtu w i l l  
be needed. There appears to be a mistake i n  cyc l i c  periods i n  Figure 6. It iu 
believed the  data  on the  p l o t  should read: 

Period Cost per Day % Savings 

2.2 Days Bare Tank $7.81 
7.6 Days Fiberglass $2 26 

11.2 Days Polyurethane $1.51 

Figure 7 is  s imi lar  to Figures 5 and 6 except the  d a i l y  cos t  is based on a 
2.5-day recycle  period. In t h i s  case the  cos t  of the  heat  needed to r a i s e  the 
temperature of a s p e c i f i c  condition back to 1 4 0 ° ~  has been used. For example, 
t h e  bare tank would need to be reheated from ~ O O O F  up to 140°~.  However, the  
polyurethane would only need heat  energy to increase the temperature from 1 3 0 ° ~  
t o  1 4 0 ° ~  f o r  the  same period. 

Figures 10 and 11 of the  UT-ME paper a r e  the  focal  point  of the  response 
t o  the Department's request f o r  aid. It may be noted t h a t  Figure 10 is f o r  
f i b e r g l a s s  insu la t ion  whereas Figure 11 concerns polyurethane foam. I f  a 
Departmental employee wanted to determine i f  f ibe rg lass  insu la t ion  on a s torage  
tank is a given area  would be economical, the  procedure given on the  p l o t  of 
Figure 10 could be used. only two items of information a re  needed, t h a t  is, (1) 
t h e  average weekly cos t  of t h e  f u e l  used and (2 )  t h e  present  cos t  of f u e l  (or  
energy) per  MMBtu. It should be noted t h a t  the  p l o t  is based on ca lcula t ions  
which maintain tank temperatures a t  1 4 0 ° ~  when the  a i r  temperature is 6 5 9 .  A 
6 5 O ~  a i r  temperature w i l l  be c lose  to the  statewide yearly average temperature. 

A s  explained on page 37 of the  document, Figures 8 and 9 a r e  based on 
Figures 10 and 11. The v e r t i c a l  ax i s  of both sets of p l o t s  a r e  iden t i ca l .  The 
hor izonta l  a x i s  of Figure 8 was obtained by dividing the  cos t s  found on the  
hor izonta l  a x i s  of Figure 10 by $0.065/Gallon. The hor izonta l  ax i s  of Figures 9 



and 11 are s i m i l a r l y  associated.  In  e f f e c t  t h e  UT personnel  converted average 
weekly fuetl cost to number of ga l lons  of a s p h a l t  w e d  weekly i f  t h e  cost of 
hea t ing  one ga l lon  of a s p h a l t  is $0.065. Figures 8 and 9 were developed to use 
i n  case hea t ing  costs were unknown, p a r t i c u l a r l y  i f  a l a r g e  s to rage  tank is no t  
heated and hea t ing  occurs  i n  a s m a l l  po r t ab le  d i s t r i b u t o r  o r  pot.  In o the r  
words a l l  t h e  i n v e s t i g a t o r  needs to know is t h e  amount of a s p h a l t  w e d  weekly 
(whether heated i n  a l a r g e  tank of a small  d i s t r i b u t o r )  and t h e  u n i t  c o s t  of 
hea t ing  fuetl i n  t h e  sub jec t  area.  

F igures  10 and 11 were based on c a l c u l a t i o n s  given on pages 51 and 52 of  
t h e  UT-ME document. An expansion of t hese  c a l c u l a t i o n s  fol lows : 

Note on page 47 t h e  hea t  t r a n s f e r s  f o r  va r ious  th icknesses  are 
given. For example, with t h e  tank temperature a t  140°F and air  
temperature a t  6 5 9  about 5500 Btu/hr w i l l  be l o s t  through t h e  
t ank  with 2-1/2 inches  of F iberg lass .  This  l o s s  may be approximated 
as : 

Q= 0.22(785) (140-65) = about  5500 

Where Q = energy l o s s  (Btu/hr)  
u = thermal  conduct iv i ty  of f i b e r g l a s s  

( ~ t u / i n c h ,  OF, f t 2 ,  hr) (0.22 f o r  f i b e r g l a s s  
and 0.14 f o r  polyurethane) 

A = s u r f a c e  a r e a  of t h e  tank (785 f t 2 )  
d = i n s u l a t i o n  th i ckness  ( inches )  
TT= Tank Temperature (OF) 
TA= A i r  temperature (OF) 

T h i s  h e a t  l o s s  must be replaced. The tanks to be heated are genera l ly  
f a b r i c a t e d  with two 6" p ipe  f l u e s  running t h e  l eng th  of t h e  tank. A forced air 
burner  directs t h e  flame i n t o  t h e  f lue .  Natural  gas o r  diesel is genera l ly  w e d  
as fue l .  The h e a t  t r a n s f e r  occurs  from t h e  burned f u e l  through t h e  f l u e  i n t o  
t h e  asphal t .  UT-ME estimates t h e  e f f i c i e n c y  of t h i s  type of hea te r  t o  be 50 
percent .  This  would mean t h a t  to ob ta in  one u n i t  of energy (Btu)  i n  t he  
a spha l t ,  twice t h i s  energy must be used. Therefore 11,000 ( t h a t  is 2 x 5500) 
Btu w i l l  be w e d  each hour. The document shows some 96.36 MMBtu w i l l  be used 
each year. I f  t h e  f u e l  c o s t s  $2.25 p e r  MMBtu, t h e  annual c o s t  w i l l  be $216.81 
as shown on page 47 of  t h e  document. 

UT-ME personnel  contacted i n s u l a t i o n  con t rac to r s  i n  the  sp r ing  of 1978 and 
obtained t h e  information found on pages 44 through 46. Page 44 of t h e  paper 
i n d i c a t e s  t h a t  t h e  c o s t  of covering a 32,000-gallon s to rage  tank (785 f t 2 )  w i th  
2-1/2 inches  of f i b e r g l a s s  w i l l  be about $1806. I f  $1806 w e r e  invested a t  7 
pe rcen t  over  a 20-year per iod  t h e  t o t a l  worth vrould be $6,988.65 as shown on 
page . The b e n e f i t s  of i n s u l a t i o n  must exceed t h i s  amount. Therefore; t h e  
r a t e  of c a p i t a l  r e t u r n  per  year is $170.47 a l s o  shown on page 47 of t h e  
document. 



1 

There a r e  b a s i c a l l y  two c o s t s  involved which must be considered. The cost 
of the  insu la t ion  ($170.47 pe r  year)  and the  cos t  of the  f u e l  needed to maintain 
t h e  a spha l t  a t  1 4 0 ° ~  with 65% a i r  temperature ($216.81/year). If  these costs 
a r e  summed and divided by 52, t h e  weekly cos t  is obtained ($7.45/week). 

I f  t h e  above procedure was repeated f o r  various u n i t  fue l  cos t s ,  Table I1 
would r e s u l t .  Note the insu la t ion  cos t  is constant  regardless  of f luc tua t ions  
i n  f u e l  costs .  Data s imi la r  to t h a t  found in Table I1 was used to prepare the 
2-1/2-inch p l o t  shown i n  Figure 10 of the UT-ME paper. The 2-1/2-inch l i n e a r  
curve shown on Figure 10 is  based on the cos t  of maintaining the  asphal t  tank a t  
a l e v e l  where the material  could be loaded and used without o ther  heating. 
Therefore, the economics of heat ing  asphal ts  i n  o ther  equipment such a s  a s m a l l  
d i s t r i b u t o r  can be compared. Using the example on Figure 10, assume the asphal t  
i n  a tank is maintained a t  140°F with 6 5 0 ~  a i r  temperature and f u e l  cos t s  
$2.OO/MMBtu. Then 2-1/2 inches of f ibe rg lass  insu la t ion  is  i n  place,  the  cos t  
t o  the Department w i l l  be about $7.00/week. In comparison, i f  the present  weekly 
c o s t  of heat ing  i n  a small d i s t r i b u t o r  is $8.00 ( 4  Gal/Day @ 2 Days/Week @ 
$0.50/Gal = $4.00 p lus  1/2 man hour delay per  week @$8.00/hr. = $8.00/week), it 
would pay to i n s u l a t e  with 2-1/2 inches of f ibe rg lass .  I t  would appear a s  i f  
$1.00 per  week could be saved. On the other  hand, i f  t he  asphal t  used is not 
heated,  and small q u a n t i t i e s  a r e  used da i ly ,  t h e  average weekly cos t  may be less 
than $4.00. In this case,  insu la t ion  w i l l  he uneconomical. 

L i t t l e  is  known about the  l i f e  of polyuretllane foam when used a s  s torage 
tank insula t ion .  Some of the  o l d e s t  insu la t ion  of t h i s  type on heated exposed 
tanks  which could be found was about 8 years  of age. Ul!-ME personnel indica te ,  
on page 37 of the  document, t h a t  the  foam w i l l  lose  bond with a s t e e l  tank a t  
200°~.  But during conversations with an insu la t ion  cont rac tor ,  the  cont rac tor  
indica ted  successful  use i n  temperatures up t o  300°F. Based on the information 
co l l ec ted ,  it i s  suggested t h a t  foam not be used on s torage  tanks where cutbacks 
o r  o i l  a spha l t s  a r e  to be heated and maintained. F iberglass  could be used in 
t h i s  case. However, it does appear t h a t  e i t h e r  foam o r  f i b e r g l a s s  could be used 
with tanks containing emulsion. Other types of insu la t ion  a r e  ava i l ab le  which 
can be used on s torage  tanks. If  o ther  types a r e  considered, it is  suggested 
t h a t  study be given to the  e f f e c t s  of tank heat ,  gasoline o r  asphal t  sp i l l age ,  
and weatherproofing needed. 

Various types of p ro tec t ive  coatings have been used f o r  both foam and 
f ibe rg lass .  Protec t ive  coatings a r e  e s s e n t i a l  to good insu la t ion  and must be 
used. It is suggested t h a t  the  p ro tec t ive  coating f o r  the  f i b e r g l a s s  be a 
jacket  f ab r i ca ted  from aluminum sheets  a t  l e a s t  0.016-inch i n  thickness. 
Further  it is suggested t h a t  the  p ro tec t ive  coating f o r  foam be composed of one 
of the  following mater ia ls  which a r e  general ly applied by spraying o r  by brush: 

1. Urethane 
2. Neoprene-hypalon 
3. S i l i cone  
4. Hypalon mastic 
5. Chlorinated Rubber 
6. Acrylic  



C o s t  of F u e l  
per MMBtu ( $ 1  

TABLE A 
ECONOMICS ASSOCIATED WITH 2.5 INCHES 

OF FIBERGLASS INSULATION 

R a t e  of C a p i t a l  Annual F u e l  
Return-Tank ( $ 1  C o s t  ( $ 1  

T o t a l  Annual  Weekly  C o s t  
C o s t  ( $ 1  ( $ 1  
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HEATING OF ASPHALT STORAGE TANKS 

D i s t r i c t  1 Location Paris  

No. of Heated Tanks m i l e  1 S t a i o n a r y  No. Unheated Tanks 

Method o f  Heating Heater" - Kerosene 

Asphal t Heated 

Cost o f  Fuel 8-1. No. o f  Insulated Tanks 

Size of Tank 17.000 aa l .  

Frequency o f  Use Sumner every 5 t o  10 days 

Winter every 10 t o  15 days 

Maintained Temperature 100 deqrees F. 

Remarks . . 
1s 1s .just one maintenance sect ion.  Probably ten i n  the D i s t r i c t -  

0- i s  s ta t ionary  and the other mobile. Tank i s  heated on the average 

of I t o  7 times per month for  1 t o  2% hours before use. 



HEATING OF ASPHALT STORAGE TANKS 

D i s t r i c t  2 Location Fo r t  Worth 

No. o f  Heated Tanks 8 No. Unheated Tanks 26 

Method of Heating kerosene 

Type of Asphal t Heated RC-250. RC-5, Emu1 s i  on 

Cost o f  Fuel $ . 4 5 / ~ a l ,  No. o f  Insu la ted Tanks 5 
R 

Size of Tank 12.000 

Frequency o f  Use Sumner 

Winter 

Maintained Temperature 

Remarks: I f isulated tanks have 3" f iberg lass p lus  t i n  shel ls .  

One p o m l e  tank , f o r  AC.asphalts. Tanks heated 30-60 days per year. 

Total cost  f o r  f ue l  and labor f o r  heating a l l  tanks approximately $20,600. 



HEATING OF ASPHALT STORAGE TANKS 

D i s t r i c t  2 Location w i d  t a  Fa1 1s 

No. o f  Heated Tanks No. Unheated Tanks 14 

Method o f  Heating 

Type of Asphalt Heated Qr-3L;n F u i n n  

Cost of Fuel $4.70 - 3.12/1000 cu . f t .  No. of Insula ted  Tanks 
heated - 14,000 ga l .  

Size of Tank unheated - 11,750 ga l .  

Frequency of Use Sumner da! l y  

Winter da i  l y  
2 tanks @ 140 degrees I - .  

Maintained Temperature 3 tanks @ 90-100-degrees F 

Remarks : 



HEATING OF ASPHALT STORAGE TANKS 

D i s t r i c t  4 Location Amari 1 l o  

No. o f  Heated Tanks 2 No. Unheated Tanks 36 

Method o f  Heating Natural Gas - Burners i n  Flues 

Type o f  Asphalt Heated RC-250 Emulsion 
W i  n t e r  

Cost o f  Fuel $ 1  OOLmo. /tank No. o f  Insulated Tanks 2-1" polyurethane foam 

. .  Size 10,000 qal 

Frequency o f  Use 

Winter 

Maintained Temperature When i n .  use 165-170 degrees F. 

Remarks : When usinq the 600 gal.  d i s t r i bu to r s ,  the aspha? t i s  heated about 
1 hour before use. 



HEATING OF ASPHALT STORAGE TANKS 

D i s t r i c t  5 - 
No. o f  Heated Tanks 19 No. Unheated Tanks 19 

Method o f  Heat ing Natura l  Gas - Heater i n  Flues 

Type of Aspha1 t Heated AC-5, RC-2, MC-30, MC-800, EA-IIM 

Cost o f  Fuel $ 1 *85/MCF No. o f  I n s u l a t e d  Tanks 

S ize  o f  Tank 12,000 gal  

Frequency of Use Sunmer 

Winter 

Mai n t a i  ned Temperature 175 - 260 degrees F -  

Remarks: Average c o s t  of $769,00/year/tank t o  heat. Tanks heated on l y  

small amount i n  morninq before use, then heat ing  i s  cont inued i n  small d i s -  

tri butors  . 



HEATING OF ASPHALT STORAGE TANKS 

D i s t r i c t  6 Loca t i on  Odgssa 

No. o f  Heated Tanks 6 No. Unheated Tanks 20 

Method of Hea t i ng  4-qas, l - e l e c t .  ( n o t  used ~ a s t  severa l  vears)  

Aspha Heated MC- 800. EA- 1 OS 

Cost o f  Fuel $~.OO/MCF No. o f  I n s u l a t e d  Tanks 
4"va lves r ep laced  by  6 "  va lves  

S i z e  o f  Tank 10 t o  12.000 q a l .  8 - two corr~partment 
18 - one compartment 

Frequency o f  Use S umnie r 

Win te r  

Ma in ta ined  Temperature 70 - 80 deqrees F. 

Remarks: Heated s to raqe  tanks ma in ta ined  a t  70-80 deqrees F. A f t e r  a s ~ h a l  t 

loaded i n t o  600 qa l .  d i s t r i b u t o r ,  then heated t o  125-130 deqrees F. f o r  

emulsions and 150-175 deqrees F. f o r  IYC-800. Small d i s t r i b u t o r s  heated 

w i t h  butane o r  kerosene a t  $.45/qal .  Heaters  used an es t ima ted  60 days 

pe r  vear  . 



HEATING OF ASPHALT STORAGE TANKS 

D i s t r i c t  7 Locat ion  San Angelo 

No. o f  Heated Tanks 3 No. Unheated Tanks 17 

Method o f  Heat ing Butane o r  Natura l  Gas Burners 

Type o f  Asphal t Heated ~ g - 8 0 0  
$. 50/gal. - Butane 

Cost o f  Fuel $ ~ M C F  - ass No. o f  I n s u l a t e d  Tanks 

Size o f  Tank 10,000 aa1, 

Frequency o f  Use Sumner d a i l y  - 2 weeks/mo. 

Winter dai  l y  

Maintained Temperature 100 deqrees F. 

Remarks A l l  tgaks ~ a i n t e d  b lack.  Heat maintained a t  100 degrees F. 

l n t o  600 aa l .  d i s t r i b u t o r ,  then heated approximat ly  4 hours 

u l n a  10 t o  15 aal .  o f  kerosene o r  d iese l  a t  a c o s t  o f  $.45 t o  $.50 per  gal .  

~ s t r ~ c t  uses an averaqe of 600 ga l .  o f  aspha l t  pe r  week. They are  i n  

u e  Drocess o f  addinq heat inq  f l u e s  t o  remainder o f  tanks. 



HEATING OF ASPHALT STORAGE TANKS 

D i s t r i c t  8 Locat ion Abi lene 

No. of Heated Tanks 0 No. Unheated Tanks 24 

Method o f  Hea ti ng Heated i n  D i s t r i b u t o r s  

Type of Asphal t Heated w o n ,  RC & AC 

Cost o f  Fuel $ No. o f  I nsu la ted  Tanks 

S ize  o f  Tank 10.000 a a l .  

Frequency o f  Use S umne r 

Winter  

Mai n t a i  ned Temperature 

Remarks: Tank valves heated w i t h  e lec t ro - tape.  '3el i v e r i e s  are t imed t o  use 

a l t  and subsequent heat ing  i s  made i n  600 ga l .  d i s t r i b u t o r  o r  



HEATING OF ASPHALT STORAGE TANKS 

D i s t r i c t  g Location Wac0 

No. o f  Heated Tanks 0  No. Unheated Tanks 25 

Method o f  Heating Heated i n  D i s t r i b u t o r s  

Type of Asphal t Heated Emu1 s  i ons 

Cos t Fuel No. nsula ted Tanks 1  

Size o f  Tank 12,000 ga l .  

Frequency o f  Use Sumnet- , sea l  and patch 

Winter n o t  much 

Mai n t a i  ned Temperature 

Remarks: Small d i s t r i b u t o r  o r  p o t  i s  loaded and hea t i ng  i s  then performed. 



HEATING OF ASPHALT STORAGE TANKS 

D i s t r i c t  10 Locat ion Ty le r  

No. o f  Heated Tanks No. Unheated Tanks 11 

Method o f  Heat ing Diesel - Super Heater occas iona l ly  (1 t o  2 t irnes/year) 

Type o f  Asphal t  Heated PC-2 

Cost of Fuel $ .52/aal, No. o f  I n s u l a t e d  Tanks 

S ize  of Tank 10 t o  12,000 sa l  . 
Frequency o f  Use Sumner 2 t o  3 per week 

Winter 

Mainta ined Temperature occas iona l ly  t o  175 degrees F. 

Remarks : Small D i s t r i b u t o r  o r  po t  i s  loaded, then heat ing  i s  performed 

w w e  f i r e d  h e a t e r  us inq  approximately 5 gal.  butane a t  $.45/9al 



HEATING OF ASPHALT STORAGE TANKS 

D i s t r i c t  11 Location Lufkin 

No. o f  Heated Tanks 2 No. Unheated Tanks 8 

Method Hea ti e l e c t r i c  element 

Type o f  Asphal t Heated -1 s j  on 

Cost of Fuel $_2~0/moftank No. of Insula ted  Tanks 2-under ground 

Tank 12 to  18,000 qa l .  

Frequency of Use S umner 

Winter 

Maintained Temperature 

Remarks : 



HEATING OF ASPHALT STORAGE TANKS 

D i s t r i c t  12 Locat ion Houston 

No. o f  Heated Tanks 0 No. Unheated Tanks l2 

Method o f  Heat ing 

Type o f  Asphal t  Heated RC-2 

Cost o f  Fuel $ No. of I n s u l a t e d  Tanks 

S ize  o f  Tank 10 t o  12, 000 ga l .  

Frequency of Use S umner 

Winter  

Maintained Temperature 

Remarks: Small d i s t r i b u t o r  i s  loaded, then heated w i t h  butane. 



HEATING OF ASPHALT STORAGE TANKS 

D i s t r i c t  1 2  Loca t i on  ~ d u m  

No. o f  Heated Tanks 12 No. Unheated Tanks 9 

Method o f  Heat ing  Kerosene Burners i n  6" Flues 

Type o f  Aspha l t  Heated CRS-2. RC-250, EA-105 

Cost o f  Fuel $ No. o f  I n s u l a t e d  Tanks 
13-11,750 ga l  3-10,600 g a l .  I-11,000 ga l .  

S i ze  o f  Tank 1-12,000 qa l  2-13,000 ga l .  i-14,000 ga l .  

Frequency o f  Use Summer 

Win te r  

Ma in ta ined  Temperature 

Remarks: Tanks heated o n l y  du r i ng  w i n t e r  nionths (Nov.-March) when asphal t 

i s  t o  be used o r  t o  p reven t  e m u l s i f i e d  a s p h a l t  f rom separa t ing .  

Tanks a r e  p a i n t e d  b l a c k  and some have windbreakers around bottom. 

An es t imated  1,500 ga l l ons  o f  f u e l  p e r  y e a r  i s  used t o  hea t  tanks. 

When a s p h a l t  i s  heated i n  smal l  600 g a l .  d i s t r i b u t o r s  i t  takes 1 man 

hour and 15 ga l l ons  o f  kerosene a t  $ .42/ga l lon.  

NOTE: One tank o f  emulsion was l o s t  i n  t h i s  D i s t r i c t  due t o  f r eez ing .  The 

emulsion "Broke" l e a v i n g  a h i g h  v i s c o s i t y  a s p h a l t  separated from the  water.  

They be1 i e v e  t he  F l  ues a r e  too  h i g h  i n  t he  tank and n o t  hea t i ng  the lower  



HEATING OF ASPHALT STORAGE TANKS 

D i s t r i c t  14 Locat ion Aus t i n  

No. o f H e a t e d T a n k s  L o c k h a r t 1  No. Unheated Tanks 

Method o f  Heat ing Natura l  Gas Burner 

Type of Asphal t  Heated MC-800 

Cost of  Fuel $14.50 t o  26.00Imo. No. of I nsu la ted  Tanks 

S ize  o f  Tank 11,000 qal .  

Frequency o f  Use Sumner 

Winter  

Maintained Temperature 

Remarks: Th is  i s  on l y  one maintenance sec t ion  o f  12 i n  t he  D i s t r i c t .  



HEATING OF ASPHALT STORAGE TANKS 

D i s t r i c t  16 Location Corpus Chr is t i  

No. o f  Heated Tanks 0 No. Unheated Tanks 18 

Method o f  Heating 

Type o f  Asphalt Heated 

Cost o f  Fuel $ No. of Insula ted  Tanks 0 
9-100,000 g a l .  

Size  o f  Tank 9-1 2,000 gal . 
Frequency o f  Use Sumner 

Winter 

Mai n t a  i ned Temperature 

Remarks : 



HEATING OF ASPHALT STORAGE TANKS 

D i s t r i c t  17 Locat ion B r y  an 

No. o f  Heated Tanks 2 No. Unheated Tanks 10 

Method o f  Heat ing E lec t .  Heaters 

Type 

Cost 

S ize  

Asphal t  Heated OA 
Approx. $1 2,00O/Mo 

Fuel $1,207.00/45,438KW/H No. o f  I nsu la ted  Tanks underground 
4 - 12,000 gal  1 - m O  gal  3 -  8,000 gal .  

Tank 1 , -  10,400 gal  1- 8,500 ga l  1 - 7,800 ga l .  1 - 7,500 gal 

Frequency o f  Use S u m r  

Winter 

Mainta ined Temperature 275-280 degrees F. 

Remarks: Grav i t y  f low requ i res  approximately 1 hour per 100 ga l .  t o  - 
f i l l  d i s t r i b u t o r  from storage tank i n  w i n t e r  months. 



HEATING OF ASPHALT STORAGE TANKS 

D i s t r i c t  18 Location Dallas 

No- of Heated Tanks 0 No. Unheated Tanks 4-port. 12-perm 

Method o f  Heating 

Type of Asphalt Heated JMIII . RC-2. Cutbacks 

Cost o f  Fuel $ No. o f  Insu la ted Tanks 1 -portable 

Size Tank 

Frequency o f  Use S umne r 

Winter 

Maintained Tempera t u re  

Renlarks: -1ished -in small d i s t r i bu to r s  only. 



HEATING OF ASPHALT STORAGE TANKS 

D i s t r i c t  19 Location A t l a n t a  

No. o f  Heated Tanks 0 No. Unheated Tanks 2 port.  4 s ta t .  

Method of Heating kerosene i n  c i r c u l a t i n g  heater f o r  2 s k i d  mounted portable tanks 

Type o f  Asphal t Heated MC-30, RS-2 

Cost o f  Fuel 8 No. o f  Insu la ted Tanks 

Size o f  Tank 

Frequency o f  Use S umne r a 

Winter 

Mai n t a i  ned Temperature 

Remarks : 



HEATING OF ASPHALT STORAGE TANKS 

D i s t r i c t  70 Location Beaumont 

No. o f  Heated Tanks 0 No. UnheatedTanks 10 

Method o f  Heating 

Type o f  Asphal t Heated 

Cost o f  Fuel $ No. o f  Insulated Tanks 0 

Size o f  Tank 11.000 

Frequency o f  Use Sumner 

Winter 

Maintained Temperature 

Remarks: d t i n q  done i n  d ist r ibutors  only. RC-2 and EA11-M used. 



HEATING OF ASPHALT STORAGE TANKS 

D i s t r i c t  71 Locat ion Pharr 

No. o f  Heated Tanks 2 2 No. Unheated Tanks 

Method o f  Heat ing Kerosene o r  Diesel i n  Salamander Heaters 

Type o f  Aspha l t  Heated Emulsions - Rapid and Medium s e t  

Cost o f  Fuel $ No. o f  I n s u l a t e d  Tanks 

S ize  o f  Tank 12,000 ga l .  

Frequency o f  Use Sumner 

Winter 

Mainta ined Temperature 100- 140. degrees F 

Remarks : Ranks pa in ted  b lack  w i t h  enclosed stands. Heaters used approxi - 
w t e l  v 6 times i n 1 3 years. 



HEATING OF ASPHALT STORAGE TANKS 

D i s t r i c t  22 Location Del Ria 

No. o f  Heated Tanks 10 No. Unheated Tanks 

Method o f  Heating Butane Heaters 

Type o f  Asphal t Heated RC-2 

Cost o f  Fuel $ No. o f  Insu la ted Tanks 2- portable 

Size Tank T2,000 gal. 

Frequency o f  Use Sumner 

Winter 

Maintained Temperature j u s t  enough t o  1 oad 

Remarks: Tanks heated jus't  as needed and j u s t  enought t o  load d i s t r i bu to r .  

Bddi t i ona l  heating i n  d i s t r i bu to r .  



HEATING OF ASPHALT STORAGE TANKS 

D i s t r i c t  7-3 Location B rownwood 

No. of Heated Tanks 1 No. Unheated Tanks ? 

Method o f  Heating Butane & Natural Gas - Forced A i r  Burners i n  Fl ues 
summer - CRS-2 

Type o f  Asphal t Heated a t e r  - EA-1 1 M 

Cost Fue 1 No. Insu la ted Tanks 1-3" Fiberglass 

Size of Tank 11.000 aal,  

Frequency o f  Use S umne r , -  

n t e r  

Maintained Temperature j u s t  enouqh t o  flow 

Remarks : - r a n k e d  w i t h  3" f iberglass bats banded on and asphal t 

bv brush. S t i  11 i n  good cond i t ion  a f t e r  5-6 Years. 
b 



HEATING OF ASPHALT STORAGE TANKS 

D i s t r i c t  75 Location Childress 

No. o f  Heated Tanks No. Unheated Tanks 16 

Method o f  Heating 

Asphalt Heated 

Cost o f  Fuel $ No. o f  I n s u l a t e d  Tanks 

S i z e  Tank 11,000 qal . 
Frequency o f  Use 

Winter 

Maintained Temperature 

Remarks: I n s u l a t i o n  and heat ing system desired t o  enable use o f  asphal t  
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