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On the 24th day of September, 1986, in
the offices of Brown & Root, 4100 Clinton Drive,
Houston, Harris County, Texas, beginning at 1:10 p.m.,
RAYMOND A. HEIT appeared before me, Michelle Pfeiffer,
notary public in and for the State of Texas, and being
by me first duly sworn, testified by his video oral
deposition as hereinatfter set out, pursuant to notice
and the Texas Rules of Civil Procedure;

The deposition may be signed by the
witness before any notary public or other officer

authorized to administer oaths.

Q & A REPORTING, INC. (713) 439-7441
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THE VIDECGRAPHER: Okay. You're on the

record. Go ahead. 1:10.

THE REPORTER: Stipulations?

MR. WATERS: Just by the Rules.

THE REPORTER: Signature?

MR. BROWN: He’ll read and sign. I
haven’t even seen his notice. So if you’re gonna
ask him about the notice, could someone share it
with me. I don’t understand that he was asked to

bring anything.

MR. WATERS: Well, the -- the notice
pertained to all three of the depositions with

respect to the --

MR. BROWN: He’s not an industrial

hygienist.

MR. WATERS: I appreciate that, but it

would probably --

Q & A REPORTING, INC. (713) 439-7441
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MR. BROWN: So if there’s anything other

than that --

MR. WATERS: There’s nothing other than
that, but if -- if you were -- I imagine you have
those pulled together. 1If you could give them to
us now, Todd can be looking at them while I'm

depeosing him.

MR. BROWN: Mr. Drysdale’s gonna bring

them.

MR. WATERS: Okay.

MR. BROWN: If they can be available any
sooner than that, I’'ll -- I'll certainly at a break

make that inquiry.

MR. WATERS: All right. Let’s go ahead

and mark the depo notice as Exhibit 1.

MR. FISHER: Additionally, Michelle, an
objection by one would be good for both of the

defendants so we don’t have to both pipe up during

Q & A REPORTING, INC. (713) 439-7441
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the same --

MR. WATERS: That's fine.

MR. FISHER: Okay.

MR. KALE: Also, Michelle, that’s the
notice for -- for all three depositions.

THE REPORTER: Okay.

MR. WATERS: Okay.

THE REPORTER: Can we go off the record,
please? '

MR. WATERS: You most certainly may.

(At which time, a short recess was

taken.)

(At this time, the instrument
referred to was marked Heit Exhibit No.
for identification and is attached

hereto.)

Q & A REPORTING, INC. (713) 439-7441
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THE VIDEOGRAPHER: Back on the record at

DIRECT EXAMINATION

BY MR. WATERS:

Q

= © B
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Would you tell us your full name, sir?

Raymond A. Heit.

H-E-I-T?

That is correct.

Mr. Heit, what is your date of birth?

September the 12th, 1936.

That would make you 59 years of age?

No.

60 years of age?

Correct.

Just had your birthday. Okay.

Correct.

How long have you been employed with Brown & Root?
Appfoximately 22 years.

aAll right, sir. Have you ever given a deposition
before?

Yes, sir, I have.

On how many occasions?

Q & A REPORTING, INC. (713) 439-7441
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Two.

Did either of those involve asbestos in any way?
No, sir.

Okay. What did they involve?

One was an election situation up in Ohio, and the

other was a resolution of some contract expenses

with respect to some work I had been involved with.

Were either -- Well, the one you spoke of first, I
take it, was before you were employed with
Brown & Root?

That's correct.

The second cne was a contract dispute?

Contract involved some work I had done prior to
coming with Brown & Root.

Oh, I see.

Yes.

Okay. All right. So both of those cases were
independent and totally separate from your work
with Brown & Root?

That is correct.

Have you -- So therefore, you’ve never given a
deposition while a Brown & Root employee before
today?

That is correct.

All right, sir. Since you’'re somewhat familiar

Q & A REPORTING, INC. (713) 439-7441
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with the process, 1’1l just briefly refresh the
ground rules, if you will. If for any reason you
don’t understand my question, will you stop me and
ask me to rephrase or repeat the question?

Yes, sir, I will.

Okay. And you’re doing fine so far. 1If you‘ll
continue to be sure to let me finish my questions
before you answer, and likewise, I will let you
finish your answers before I start another
qguestion. Will that be all right?

Great.

Okay. What is your present position with

Brown & Root?

I'm manager of engineering procedures and
standards.

How long have you been in that position,
approximazaly?

On and off, essentially my entire career at

Brown & Root.

Okay. From -- Would it be from 1974 to the
preéent?

That‘s correct, with some project assignments
scattered in between.

Okay. How was it that you -- Well, strike that.

Let me ask you first, just very generally,

Q & A REPORTING, INC. (713) 439-7441
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what are your duties -- what do you consider your
duties and responsibilities to be at the present
time?

In a nutshell, to a laymen, the best I can describe
it is that I recycle intellectual products.
Specifically, engineering documents. Now, that
covers just a multitude of areas.

When you say recycle, do you mean that you utilize
engineering plans and documents that have
previously been used for something and you use them
again for some other purpose?

Parts.

Okay. If I were to ask you what your job
description was when you started with thé company
22 years ago, what would you have said?

Design engineer. As it turns out, I was under
review for the job I'm in right now.

And as a design engineer, what were your duties and
responsibilities?

Work with project requirements on a specific task
and-bring those requirements to completion where
they could be used in the actual procurement and
construction of the plant or whatever to
completion.

How was it that you came to be hired by

Q & A REPORTING, INC. (713) 439-7441
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Brown & Root in 19747

I had just gotten back in from an assignment in
Algeria and went back through the interview process
here in late 1973, and Brown & Root gave me the
best job offer of all the groups that I had talked

to.

- Now, how would you have been employed immediately

prior to coming to work for Brown & Root?

I was an independent consultant for the five years
prior.

Approximately ‘69 to 747

That’s correct.

And just again very generally, describe what sort
of consulting services you provided in that time
frame.

Among other things, I was a private consultant to
the design of the TransAlaska Pipeline. I was
design consultant to a local engineering
architectural firm on the design of the College of
Minerals and Petroleum in Saudi Arabia. I did the
saféty, fire protection and security consulting
work in Algeria in '73. I was the design
consultant for a grass roots fiberglass plant,
manufacturing plant. I was the owner’s consultant

for a manufacturing storage facility south of

Q & A REPORTING, INC. (713) 439-7441
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downtown here where I was able to make use of an
existing foundation and floor system. Then, at the
same time, I was doing OSHA consulting for various
groups around town on an intermittent consultant
basis.

All right. The safety work that you did in
Algeria, was that in connection with a particular
project, construction project?

No. This originated in Washington, D.C. One of
the consultants in Washington was hired or directed
by American insurance interests and, I believe,
their international insurance interests, also, to
review the status of safety, fire protection and
security at all Algerian industrial facilities. So
I was part of the team that went over to do that
task.

And did you go to a variety of manufacturing or
refining complexes?

Yes, sir. Yes, sir. We looked at everything of
any significance in Algeria.

Okay. And what -- The Algeria job was in ’73?

Yes, sir.

And I think you said that was the last thing you
did before you came to Brown & Root?

That’'s correct.

Q & A REPORTING, INC. (713) 439-7441
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Okay. You indicated that you had been a design
consultant at a fiberglass plant.

Yes, sir.

Where was that located?

Galveston, Texas.

What’s the name of the plant, if you remember the
owner, perhaps, or the --

I believe it was Texas Fiberglass Products.

And when was that project?

That would have been in early 1969.

All right, sir. Then you mentioned a Houston
manufacturing facility. I think you may have said
south of Houston.

Yes, sir.

What is that called?

I do not recall the name of that concern.

Do yvou recall what the plant was set up to
manufacture?

It was electrical goods.

Electrical goods?

Yes, sir.

What was the time frame you were involved with that
project?

That was in mid to late 18969.

Okay. And you also mentioned that you had done

Q & A REPORTING, INC. (713) 439-7441

15




10
11
12
13
14
15
16
17
18
18
20
21
22
23
24

25

| o N & E

O 2 C R

some OSHA consulting?

That’'s correct. That’s correct.

How is it that you got involved with OSHA
consulting?

OSHA was breaking on the scene. There was a
significant amount of concern, frustration, and let
me say confusion as to where OSHA was going to take
the American construction industry and American
business and industry in general.

All right.

So I saw it as a good extension to things that I
had been doing up to this point.

Okay. Had you previously been involved in
occupational health and safety matters?

Remotely.

Ckay. We’ll come back to that.

Okay.

Maybe the better way to go is go back to -- start
at the beginning and work our way forward to fill
in the gap.

Okay.

You were born in 1936. Where were you born?
Norfolk, Virginia.

Ckay. Well, I went to school at William and Mary,

and I used --

Q & A REPORTING, INC. (713) 439-7441
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Okay.

-- to spend a lot of time down there.

Okay.

How long did you take in Norfolk, Virginia?

My family left there in 1946.

All right. And where did you move?

To a city just outside of Cincinnati known as
Hamilton, Ohio.

Okay. And how long did you reside in Hamilton,
Chio?

Till I went away to college. In fact, I would stay
at home with my parents until I graduated.

Where did you go to college?

University of Cincinnati.

Okay. When did you graduate from the University of
Cincinnati?

1858,

What was your degree in?

It’s the professional degree of civil engineer.
It’'s a little known degree. It ranks between a
bac£elor's and a master’s.

Okay.

The University of Cincinnati is allowed to award
that on the basis of a cooperative education

program.

Q & A REPORTING, INC. (713) 439-7441
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Okay. After you graduated in 1959, what did you
do?

I went with a group known as Factory Mutual
Engineering Division.

What did they do?

This was the technical arm of the Factory Mutual
Insurance Companies.

And what sort of services did the technical arm of
these insurance companies provide?

Factory Mutual was, and is, one of the leaders in
preferred risk industrial fire insurance. And
accordingly, they backed up their marketplace with
a full complement of fire protection related
engiﬁeering services. So this included everything
from review of policyholder plans for expansions,
new construction in the words of -- Okay. Just to
give you an idea of Factory Mutual’s marketplace,
at that point in time, they carried all your Blue
Ribbon manufacturing facilities and other Blue
Ribbon properties. For example -- Go ahead.

Weli, I just want to be clear on one thing. 1Is the
coverage that they provide pretty much limited to
fire, or is it more broad than that?

It was fire and what’s called use and occupancy.

In other words, if one of their insured facilities

Q & A REPORTING, INC. (713) 439-7441
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was taken out of service as a result of fire or
other disaster, such as wind storm or flood or what
have you, then they also covered the operating
expenses and salaries and profits that would not
have been made during that period.

So it’'s sort of like a catastrophic loss coverage?
No.

No?

It depended on the client. For example, most of
their policies were full coverage. However, at the
other end of the spectrum, there were a few
companies, like Union Carbide, that carried as much
as a million-dollar deductible. But Union Carbide
and other groups that had this kind of deductible
wanted the benefit of the fire protection and
related engineering services.

Okay. Did they provide any worker’'s compensation
coverage?

No.

Okay.

No._

No general liability coverage?

No.

Okay. And was that true throughout the entire time

you worked with them?

Q & A REPORTING, INC. (713) 439-7441
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That is correct.

And if I understand your position in the position
of the Factory Mutual engineering division, y’all
would prdvide the expertise to assist the customers
in taking the appropriate precautions that would
help them avoid those types of losses?

That is correct.

Was there a fair amount of travel involved with the
job?

Yes, sir. It just so happened that I was the only
bachelor at that point in time in the Cleveland,
Ohio office, so I got the majority of the road
work.

Okay. Did you travel to Texas during that time
frame?

No, sir.

Okay. For how long a period did -- did you work
for Factory Mutual engineering division?
Approximately three and a half years.

And that was out of Cleveland?

Correct. Correct.

Let me ask you if at -- during that time frame or
at any point in time up to, say, 1964, had you ever
learned anything about asbestos?

Yes, sir. Are you familiar with asbestos cement

Q & A REPORTING, INC. (713) 439-7441
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pipe?

Yes, sir.

Okay. Asbestos cement pipe was very highly
regarded --

From a fire --

-- for underground water supply. In fact, I can
vividly recall one plant up i. central Ohio that
had had the misfortune of having a tremendous
amount ¢of cinders used as fill material around the
plant site. The cinders, in turn, generated fair
amounts of acid, which, in turn, attacked the
cast-iron fire water mains. So on visits to
insured facilities, when the weather permitted,
people like myself would run hydraulic tests on the
water system. And invariably, at this particular
location, when the fire pumps would kick in, it was
almost a sure bet you were gonna blow some of the
cast-iron water main. So people like myself would
stand by, stay on site until that fire main was
back in service. 5o the asbestos cement pipe was
the -- the, I guess, hands-down choice to replace
the cast-iron pipe.

Is that your -- at that point in time, in that time
frame ~-- your experience with that product? Was

that your first experience or knowledge about any

Q & A REPORTING, INC. (713) 439-7441
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asbestos-containing products?

No. My parents used to make candy as an art form
when I was a youngster, and I can vividly remember
the asbestos gloves that my father used in moving
the big copper candy pot. And he had other
asbestos pads that he used to set tﬁings on. So I
vividly remember asbestos from my days as -- as a
youngster.

Okay. In the time frame up to 1964, did you ever
have any understanding or knowledge about the
health hazards of asbestos?

No, sir.

Okay. Did you ever have any -- any courses, for
example, in college that touched on biology or
mineralogy‘that discussed at all asbestos?

I had a basic geology course, and then I did some
graduate work in sanitary engineering, and in
neither of those programs do I recall anything in
regard to asbestos.

Okay. ©Now, up to this point in time by 1964, had
you received any training, either formal or
informal, in industrial hygiene?

No, sir.

Had you received any training in on-the-job safety?

No, sir.

Q & A REPORTING, INC. (713) 439-7441
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Okay. Why did you decide to -- to leave the
Factory Mutual engineering division?

I had the opportunity to take a very unique
position with one of the suburbs of Cleveland,
Ohio.

Okay. What was that position?

That was village engineer for the Village of
Cuyahoga Heights.

I need you to spell Cuyahoga for me.
C-U-Y-A-H-0O-G-A.

All right. And tell me again, it was called
village engineer?

Village engineer, yes.

What were the -- what was the nature and duty of
your responsibilities in that job?

Essentially, I was the technical expertise for the
town. It‘s a very unique situation. At that point
in time it had a bedroom population of
approximately a thousand people and a working
population of something in excess of 50,000 people.
In other words, this little town had a lion’s share
of Cleveland’s industry. So I essentially served
as the technical arm for the Village.

And did that require you, for example, to spend

time at manufacturing facilities that were operated

Q & A REPORTING, INC. (713) 439-7441
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in the Village?

That’s correct.

Were you a consultant for the city -- Strike that.
Did your duties and responsibilities include

inspecting on behalf of the Village the sites to --

to ensure that operations were safe and met

specifications and things of that nature?

That is correct. 1In addition to being village

enéineer, I was also the Village building

commissioner and the Village zone commissioner.

How was it that you came across this opportunity or

how did it -- how did you -- how were you given
this job?
I was approached by -- well, it was known in the

industry as a headhunter.

Okay. Does the Village of Cuyahoga Heights have --
did it have a mayor, for example?

That's correct.

Okay. Did you work directly for the mayor?

I was directly employed by a civil engineering firm
out of Cleveland, and I was positioned out at the
Village.

Okay. SO you were technically not employed by the
Village; you were employed by the consulting firm,

but your services --

Q & A REPORTING, INC. (713) 439-7441
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Yes.

Okay.

Yes. My full work week was spent out at the
Village.

And for how long a period did you maintain that
position?

That was approximately three years.

In those -- During that time frame, did you become
familiar with whatever local or state ordinances or
regulations may have applied to safety in the
workplace?

Yes, sir.

And in the course of your duties, did you advise
facilities or the Village of Cuyahoga Heights if
certain regqulations or ordinances were not being
followed or if there were violations of those
requirements?

Yes, sir, I did.

Was that a significant part of your -- of your job?
It all depends on significant. Among other things,
the Village was topographically suited for
landfills. So as a result, the majority of
Cleveland’s industrial refuse was brought out there
for dumping and I had to ride heard on the landfill

contractors. So typically, once or twice a day the

Q & A REPORTING, INC. (713) 439-7441
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chief of police would come by and pick me up, and
we would probably stop for coffee, and then we
would just go visit the landfills. So it’‘s a
rather dubious distinction, but it was my
responsibility to ensure that noxious materials
were not being allowed into the landfills and that
things were generally being kept in contrel.

Do you recall the specific regulations or
requirements that had to be adhered to or had to be
followed by the landfill operators, for example?
Just the high points.

Well, let me -- let me ask the question this way.
Sure. Go ahead.

Was it, for example, state law or was it local
municipal ordinances that had to be followed? Do
you recall?

Yes, sir. It was contract reguirements with the
landfill operators. These -- these were contracts
that were prepared by the Village solicitor.

Okay. So the Village had contracts with the
landfill operators which required the landfill
operators to follow certain safe practices?

That’‘s correct, ves.

Okay. Did either the city or the state, to your

knowledge, at that time, have any regulations in

Q & A REPORTING, INC. (713) 439-7441
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place that pertained to these types of operations?
I do not recall anything of that nature.

Did the city or the state have any regulations in
place at that time that. pertained to safety and
health generally in industrial operations?

The Village had its own code. I do not recall
anything in state regulations that I was required
to follow in dealing with the industries in the
town.

And the code that the Village had, that was
mandatory for that to be followed by the industrial
industry -- rather, by industries that were located
in the Village?

That's correct.

Okay. And all of the people -- all of the
companies that operated facilities in the Village
were essentially held to understand that they had
to follow those codes?

That is correct.

Okay. And for the mosﬁ part did they follow those
codes?

Yes, sir.

Okay. Did you ever have any of the industrial
operations out there respond to a violation of

codes by merely saying, well, we didn’'t know about

Q & A REPORTING, INC. (713) 439-7441
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it, we didn’t know that that was a requirement or
we didn‘t know that that was a2 restriction,
something of that nature?

I do not recall any situations like that.

As -- as a general rule, would you agree with me
that companies are reguired and held to -- to know
whatever laws or regulations may be applicable to

their operations?

MR. BROWN: May he limit his answers to
his perspective, which is engineering, or are you

asking him brcader than that?

MR. WATERS: Well, we -- he’s been
talking about regulations that pertain to safety
and health.

MR. BROWN: Well, I understand that. But
you understand his background, training and

experience?

MR. WATERS: Yeah. I think he -- he’s --

he’s --

MR. BROWN: I think your question’s

Q & A REPORTING, INC. (713) 439-7441
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outside his area of expertise, and I want to go

ahead and make that objection.

MR. WATERS: All right.

MR. FISHER: We also object that it calls

for a legal conclusion on the part of this witness

and it’s outside of his scope.

BY MR. WATERS:

Q

Okay. Having said all that, you can answer my
question. From time to time there will be
objections. Do you want the question read back to
you, or do you recall it?

I think it would be a good idea if we went back

over it.

MR. WATERS: Okay. Do you mind reading

that back?

MR. BROWN: Let me, before you do that,
tell you, Mr. Heit, that wnen counsel says to you,
"You now can answer the question,"” you need to

understand that that means if you can.
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THE WITNESS: Okay.

MR. WATERS: No. I certainly --

MR. BROWN: You’'re not under any
obligation to do more than try to respond as
completely and fully as you can to the question
that’s asked, not to speculate or do anything

beyond that.

BY MR. WATERS:

Q

Absolutely. Mr. Heit, if you don’'t know the answer
to my guestion, all you need to tell me is you
don‘t know and we’ll move on to something else.

I'm only interested in the knowledge that you’ve
acquired in your years of experience and what you
know. And if there’s something that you don’'t
understand or don’t know, just tell me and we’ll

move on to something else.

MR. WATERS: Okay. Can you read that

back to him?

THE REPORTER: Can we go off the record,

please?
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MR. WATERS: Sure.

(At which time, a short recess was

taken.)

RAYMOND A. HEIT,
having now been duly sworn, testified as to the

following:

{Whereupon the following was read by

the reporter:

"QUESTICN: As -- as a general rule,
would you agree with me that companies
are required and held to -- to know
whatever laws or regulations may be

applicable to their operations?")
THE VIDEOGRAPHER: You're on.

That covers a lot of territory. Back in the 60s,
from a technical point cof view, life was a lot more
simple. What it came down to is we didn‘t know as

much then as we do now. By their very nature, laws
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and regulations are meant to apply to everybody.
But sometimes there is a lag in disseminating this
information through the community and through those

that need to know.

BY MR. WATERS:

Q

>

0 r 0O

All right. I think that’s a fair answer.

When you say life was more simple then, in
fact, in that time frame -- and we’'re really
talking about the early 60s right now, I think.

Mid 60s.

Mid 60s. Okay.

Uh-huh.

Okay. There were a lot less regulations concerning
safety and health in the workplace than there are
today?

That is correct.

And the regulations that they had in those days
tended to be simpler -- that is to say, they were
less complex and easier to understand?

Thai is correct.

Okay. And you would expect that in terms of the
lag time for a company or an individual to
recognize and address and follow a regulation, that

the larger the -- and more sophisticated the

Q & A REPORTING, INC. (713) 439-7441

32




10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

25

o » 0O ¥

33

company, the more able it would be to fairly
quickly understand the regulation and follow it to
the best of its abilities?

Again, you’'re -- you’'re covering a lot of territory
there. Today we look at all the regulations that
are put out by EPA, NIOSH, OSHA, Internal Revenue.
I've had the opportunity to try to keep up with the
Federal Register, which -- at the federal level
where so much of this is put out. Most businesses
cannot afford to dedicate someone to stay right on
top of this on a day-te-day basis. 1It’s -- it’'s
just the reality of the situation. Again, the
variety of subjects that are under regulation and
the variety of requirements. This is why OSHA is
still maintaining such a strong inspection posture.
Ckay. And I appreciate what you’'ve said and -- and
especially what you're talking about now --

Uh-huh.

-~ how we have a lot of regulation.

Uh-huh.

ButAgoing back to the mid 1960s when there was
significantly less regulation, am I correct that
the companies that were better able to understand
and comply with those regulations would tend to be

the larger companies that had the financial
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wherewithal to make themselves familiar and be on
top of what the requirements were?
I can’t guarantee that that would be true.
Qkay. Can you think of any reascn why a large
company in the early to mid 1960s would not be
aware of regulations concerning safety and health
in the workplace?
I believe it’s a matter of experience and exposure
to the sources of these regulations. For example,
again, looking at today’s situation, the variety of
subjects that are being flushed ocut as being
problems.

Look at the tobacco industry today. Here we

have the tobacco industry that claims that there’s

no hazard to cigarette smoking. So that you -- you
have the -- this gap of credibility. 1In other
words, what -- what -- what are we really. seriously

talking about here? And your corporate managers,
of course, are committed to their stockholders and
to the boards of directors.

Well, and I guess that presents -- can present a
problem in the sense that the corporate managers,
in their commitment to the stockholders, they have
a direct concern in -- in enhancing the

profitability of the enterprise, correct?
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I would believe so.

Okay. And oftentimes the -- the profit motivation,
if you will, or incentive, can outweigh other
considerations, such as health and safety, that
might -- might be pushed a little bit aside?

I would probably have to look at that as a broad
generalization.

Yeah. I'm -- and I'm --

Go -- go ahead. 1I'm sorry.

I -- I wasn't speaking in any specifics, just in
general. Absolutely.

There's no doubt that that does happen.

Okay. Do you believe that there’s too much
regulation at the present time?

That's almost like asking me if -- if I quit
beating my wife. 1It’s -- it’'s a two-edged sword.
Ckay. Do you think that there is adeguate
regulation in the workplace today so that if the
regulations are followed, workers will generally
be -- be protected from accidents and industrial
expésures and things of that nature?

I do believe that.

Okay. Do you believe that there was adequate --
that there were adequate regulations in place in

the mid 1960s to properly protect workers from
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injuries and exposures in the work place?

MR. BROWN: Again, is your question
limited to his perspective -- that is, from an
engineering standpoint? Or are you asking more

than that?

MR. WATERS: 1I‘m asking his perspective
based on his world view, if you will. He has a lot
of different experiences which we’re still working

our way through.

MR. BROWN: Are you asking him for his

personal opinion?

MR. WATERS: Based on his experience and

training and background.

MR. BROWN: Personal opinion?

MR. WATERS: Well, his opinion. 1I don‘t

know how personal it is. He’'s sharing it with us.

MR. BROWN: Qkay. Just as long as you

understand it’s outside his area of expertise, but
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he certainly can share with you any personal

opinion he may have.

BY MR. WATERS:

Q All right, sir.

A Applyving the knowledge and expertise that we have
‘acquired up to this point in time, I have to say
that in the mid 60s we probably did not have
adequate regulation.

Q Okay.

A And a real quick example would the safety belt and
the lumbar belt.

Q Okay. In that time frame, mid 1960s, you were
personally involved with trying to ensure that
companies followed regqulatory or other
reqguirements, correct?

A That is correct.

Q Okay. And at that time, in dealing with the
industrial concerns in facilities that you
addressed on a continuing basis, would you have
been critical of a company that professed ignorance
of applicable regulations?

A At that point in time it was my responsibility to
ensure that the businesses and industries in that

municipality were, in deed, following the

Q & A REPORTING, INC. (713) 439-7441




10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

25

38

regqulations that had been enforced. 1In other
words, I -- for lack of a better expression, I was

a miniature OSHA.

All right.
And, to a degree, a -- a miniature EPA.
All right. Well, and that -- that brings me back

to my gquestion. 1In that capacity in which you
found yourself employed at that time, you expected,
did you not, that the industrial concerns in
facilities would know what the requirements were
and would follow the requirements, correct?

If I had expected them to know and follow
everything, I would not have had to make rounds to
ensure that they were.

when you made the rounds, the purpose was to -- to
determine whether or not they were following the
regulations and doing so correctly?

That’'s correct.

All right. And before doing so, before you would
make those rounds, you anticipated, did you not,
that -- that these companies would take the
necessary steps and would know about the
regulations and at least they should have been
following them?

Would you go back over that?
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Try that one again? Qkay.

As you went ocut to make your rounds and make
your inspections as a miniature OSHA or EPA, as
you’'ve described it, --

Uh-huh.

-- these -- you anticipated that these companies
would know about the regulations and that they
should have been following them, correct?

No. I -- I did not anticipate that they did know
them. And, in fact, in some cases they did not
know.

Okay. And --

And -- Go ahead.

And so part of -- of your job description, then,
was to educate them on what they didn't know --
Yes.

-~ concerning the requirements?

Yes, that would be correct.

Ckay.

Uh-huh.

And-then once they did know, you would certainly
expect them to follow them thereafter?

Yes.

Okay.

Yes. Which they did not always do.
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I'm sure that’'s true,

And some of those companies presumably didn‘t
follow the regulations, which they knew about, at
least in part because of thelr commitment to
stockholders and to the -- the profit situation?

I really can’'t answer that.

Qkay.

Again, that -- that’s a -- that’'s a broad
generalization.

All right. Where did you go when you left Cuyahoga
Heights?

I went to the position of assistant county engineer
in Lake County, QOhio.

And what was the approximate time frame that you
made that move?

I‘'m gonna say early 1966 -- excuse me, early 1965.
All right. Did you continue to operate as a mini
CSHA or a mini EPA in your new job as the assistant
county engineer, Lake County?

No. For the short time I stayed in that slot, I
was 'looking after county road responsibilities.

All right. How long did you actually stay there?
Just a matter of a couple of months.

Okay. And then where did you go after that?

I went with a general contractor there in Lake
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County.
Okay. Where is Lake County vis-a-vis Cleveland?
Immediately east.
QOkay.
Cleveland's located in Cuyahoga County, and Lake
County is the next county to the east.
And I'm sorry. What was the name of the
engineering company?
In Cleveland?
The one you went to. Right.
Okay. I went to work for the county engineer, a
gentleman by the name of Frank Riley.
All right. 1I’'ve gotten myself confused. You left
the Lake County assistant county engineer job --
Okay. No. No -- okay. Yeah. Yeah. Go ahead.
All right. And -- and that -- and that would have
been approximately mid 19657
Yeah, close to that.
And then you went -- What was the name of the
company you went with then?
I went to Osborne, Incorporated.
Osborne.

All right. And it was -- What was Osborne,
Incorporated?

General contractor.
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What kind of work did they do?

Highway construction, site development, concrete
supply and building materials.

How long were you employed by Osborne?

A little over a year and a half.

Till approximately the end c¢f 19677

End of 1966.

Oh, I'm sorry. What were your duties and
responsibilities while employed by Osborne for that
year and a half?

My primary responsibility was to keep the
cons;ruction of about a five-mile stretch of
freeway on track. 1In other words, I had to look
after the layout work and the materials testing.
Then there were some inconsistencies in the results
of the Ohio Department of Highway testing program,
so it was necessary to unravel that. So then along
the way I was estimating and bidding projects --
and I was chief engineer for Osborne.

How -- how big a company was Osborne?

Okay. With all the divisions, they probably had 10
million dollars worth of equipment, in the dollars
at that time. He had -- I quess you’d call it a
franchise where he used one of the lake mooring

boats to go across Lake Erie to Canada and he would
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bring -- the mooring boat would bring back a boat
load of crushed limestone.

Huh.

And this, of ccurse, was the aggregate that was
used in the concrete and it was a material that was
used in a variety of ways. So that’s probably one
of the best money machines I’ve ever seen. But he
had the ready mix concrete business --

When you say he --

Jerry Osborne, the owner.

Okay.

Yeah. Yeah.

Okay. Did Osborne have a safety department?

Not as such. I -- I was the unofficial safety
manager.

Okay.

With that kind of work, the primary concern is
cave-ins with your underground.

Did you familiarize yourself, to the extent you may
not have already known them, with whatever
requirements, regulations may have applied to
digging trenches --

Yes.

-- and that sort of thing?

Yes.
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Okay.

There was not much in place at that point in time.
All right. Fair enough. To the extent there was,
however, information and regulations in place,
Osborne made a conscious effort to -- to address
that and to follow those rules?

Yes. Ygs.

And was Osborne doing that before you arrived, to
the best of your knowledge?

From everything that I can recall, I maybe brought
it up a notch.

Okay. £Kind of tightened up the program?

Yeah. Yeah. Yeah.

All right. And why was it that you left Osborne?
Had the opportunity to come to Texas.

Okay.

We had had two weeks of subzero weather in
Cleveland and I came down here in January of ‘67
and had two of the most beautiful weeks I can ever
recall. Nobody told me it was the mildest winter
they had had in years. But I was able to interview
and on the spot I decided, hey, I had had enough
cold weather. So I was able to interview with half
a dozen outfits at that point in time and was able

to pick up employment. So I went back, packed and
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moved south.

Were you interviewing with construction companies
for the most part?

No. I interviewed with Brown & Root.

Uh-huh.

I interviewed with Exxon and Fluor and Union
Carbide, and there were two others, and I don’t
recall who they were.

All right. And who did you wind up taking a job
with?

Union Carbide.

Do they have a plant in the Houston area?

Texas City.

Texas City?

Yeah. Yeah.

So you began work sometime -- was it in January
'67?

February of '67.

February of ‘672

Yeah.

And what was your position at Union Carbide?
Essentially, I was project engineer responsible for
civil, structural, architectural, fire protection
and safety-related projects.

Wow. That’s a big job description.
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It was a lot of fun.

Yeah. Now, when did -- when did that plant open,
if you know?

Yes, I do. Construction started in the late 30s,
early 40s.

And how many employees did that plant have at the
time frame you arrived, approximately?

I would estimate maybe 2,000.

All right.

It was around-the-clock operation.

Now, in your -- in terms of your safety-related
responsibilities, did they have a -- sort of a
safety hierarchy at the plant that you fit into or
were you hired to -- to, in effect, oversee the
safety department, or how did that fit together?

As a project engineer, it was my job to pick up on
a need or a problem and work with the unit
management to arrive at a solution. Now, one of
the surprises on arriving at Union Carbide at that
point in time, early ‘67, was to find that they had
an industrial hygienist. The first time I had ever --
ever come across that particular phrase. And they
had a plant doctor, which apparently was pretty
common at the larger refineries and chemical plants

along the Gulf Coast at that peint in time.
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Let me just ask --

Sure.

-- for a point of clarification. Do -- Are you
saying it was common to have a plant doctor or it
was common to have IH --

It was common to have a plant doctor.

Okay.
Again, the -- this plant hygienist -- industrial
hygienist was the first time I -- I had come across

that particular position.

Do you recall the name of the industrial hygienist
working for Union Carbide in 196772

I do not. I do not.

Did you have an opportunity to spend time with --
with this gentleman and learn something of what his
expertise was all about?

Just very limited.

Okay.

I -- I recall having conversations about
ventilation problems, fume exposure. That
particular plant was a petrochemical facility.

All right.

And there were all kinds of noxious chemicals in
the area.

Do you know if at that time Union Carbide had
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developed some procedures that from an industrial
hygiene standpoint would reduce or eliminate
asbestos exposures?

No, sir, I don‘t. 1In fact, I can vividly recall
using cement asbestos siding and cement asbestos
pipe with no knowledge of any concern.

Okay. And this was personally used on your part?
No. No. This was --

This was -- the workers?

-- with respect to the projects that I was
responsible for.

All right. And I take it that at that point in
time anyway you did not have any knowledge about
the potential hazards that could result from dust,
dusty operations or inhaling the dust?

That is correct. There was -- there was no
knowledge.

Had you had knowledge at that time that you
subsequently developed in your position in -- in =--
with respect to your safety-related
responsibilities, would you have asked for a change
in procedures to try to eliminate those exposures?
Well, I believe that Union Carbide would have
handcuffed me. 1In other words, they flat -- they’d.

have rode me out of the plant, if -- if, for
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example, today I would go and try to use corrugated
asbestos.

Uh-huh. Well, if you had -- if you had known about
the hazards of asbestos in ‘67 and had gone to
Union Carbide with your concerns, do you think that
they would have responded by trying to adopt some
safer practices?

That -- that’'s a good question. I can’t be real
sure about the answer. Unfortunately, the Gilbert
principle wasn’t in effect back then. There were a
couple of situations where I had put in what I
thought were significant improvements -- not in the
safefy field, but in -- let me call it engineering
economics, and the bureaucracy was able to make
sure it didn’'t get implemented.

It was hard to make changes, in other words?

That’'s correct.

Okay.

That’s correct.

Did you understand that the -- the gentleman -- and
I -=- I know you can‘t recall his name, but the
gentleman that was employed there was a certified
industrial hygienist, or do you know if he was
certified?

That, I don’t recall.
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Okay.

I‘'m not sure that they -- they might have had a
certification program that far back.

All right. Was Brown & Root involved with any of
the projects at the Union Carbide facility while
you worked there?

At the time that I was on site, there were not any
Brown & Root crews there. However, Brown & Root
had been one of the major contractors in that
plant.

How long a time frame were you there at Union
Carbide?

Approximately two years.

MR. BROWN: We'’ve been going about an

hour.

MR. WATERS: Yeah.,

MR. BROWN: Do you want to take a break,

Mr. Heit?

MR. WATERS: Sure. We can do that.

THE WITNESS: Okay. Sounds good.
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THE VIDEOGRAPHER: O0Off the record at

(At which time, a short recess was

taken.)

THE VIDEOGRAPHER: Okay. Back on the

record at 2:22.

BY MR. WATERS:

Q

>
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Mr. Heit, we were talking about your employment
from, I guess, ‘67 to ‘69 -- early ‘69 at the Union
Carbide facility.

That’s correct.

Okay. And where did you go after that?

The next five years I essentially worked as an
independent consultant.

All right. And that would be early ’'69 to '747
Late *73.

To late '73?

Yes, sir.

All right. We've come full circle. Tell me, if
you will, what -- I assume that it was during the

time you were at Union Carbide that you decided you

Q & A REPORTING, INC. (713) 435-7441

51




10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

25

o o» 0 » O »

>

52

were gonna go into business for yourself?

That’'s correct.

All right. And what was it that you hoped to
accomplish or what was -- what was your goal in
setting up that business in terms of what sort of
customers you wanted to have, what sort of work you
intended to do, what sort of services -- services
you intended to provide?

I intended for my consulting practice to be
primarily civil structural, but to -- to also offer
the fire protection and safety consulting.

Did you anticipate that the safety consulting would
generally be in the context of construction
operations?

No.

Okay.

I figured that would be one part of it.

All right. What other --

Go ahead.

What other parts did you anticipate at that time in
addition to --

The industrial -- primarily the industrial side.
And when you say industrial side, you’re talking
about manufacturing operations or refining?

Primarily.
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Okay.

Yes. Yes.

During your time that -- the two years at Union
Carbide, did you receive any additional training or
instruction with respect to safety or industrial
hygiene matters?

Nothing that would be classed as formal training.
I was interacting with a variety of disciplines.
We had a full complement of technical disciplines
on site there.

All right. Including the industrial hygienist you
referenced earlier?

Yes.

All right.

Yes. Yes,

During the time frame you were at -- at Union
Carbide, did you learn anything about the hazards
or potential hazards of asbestos in the workplace?
I did not.

Okay. When was it that you first learned or
understood about the -- developed an understanding
about the hazards of asbes-os?

To the best of my recollection, that started to
come into the picture in 1974, after I had joined

Brown & Root.

Q A REPORTING, INC. (713) 439-7441

53




10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

25

54

Okay.

And the asbestos picture began to unfold at that
point.

Okay. So is it a fair statement that prior to
arriving at Brown & Root you were not yet aware
that asbestos was hazardous?

Yes, sir. Yes, sir.

And you mentioned that you -- one of the things
that you did was OSHA consulting?

Yes, sir.

In that time frame when you were an independent
consultant?

Yeg,-sir.

Okay. Did you understand at that time frame, in,
let’s say, 1970, that OSHA -- that the -- that the
Act had been passed and signed by President Nixon
in 19707

That would have been -- You're referring to the
william Stigar?

Well, I -- I'm not -- What I'm referring to is the
Occupational Safety and Health Act, which is what
set up the OSHA administration and commenced the --
the preparation of regulations.

Okay. 1 believe that’s referred to as William

Stigar Occupational Safety and Health Act.
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I think that must be right.
Yes.
And that was signed into law by President Nixon in
19702
That'’'s correct. Yes.
OCkay. And are you telling me that you did not
become aware until 1974 that one of the regulated
substances, materials in the implementing regula --
in the implementing regulations was asbestos?
Okay. I knew that asbestos was in the -- the dust
and breathing area, but it was not considered any
more unusual than any ¢f the other regulations that
came.out. You have to understand that when they
put together the first two regulation packages --
okay. Part 1910 is what they called the general
industry regulations, and Part 1526 was the
construction regulations. Essentially, what they
did with those two packages was to pull together a
lot of loose consensus standards or voluntary
standards that were in existence at that time.

Does the term ANSI mean anything to you?
Uh-huh.
Okay. Most of the material published in 1910 and
1926 were existing ANSI regulations. So there were

just innumerable loose ends that were included in
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those two packages.

I take it that in the time frame ‘69 to ‘74, in
your work as an independent consultant, you did not
address or encounter the OSHA regulations
pertaining to asbestos in the workplace?

It was never an issue. Now, the -- the prime
emphasis was on trenching, perimeter protection,
hard hats, untidy job sites. At that point in
time, there was so much in the elementary area of
safety control that needed attention that the more
sophisticated ends really did not get significant
attention.

Okay. So just to kind of capsulize what you’ve
just told me, the asbestos regulations that were
passed in ‘70, as you say were more -- the more --
at the more sophisticated end?

Yes.

And they tended to be overlooked, for lack of a
better word, for a few years until implementation
really began to kick in?

Yes. At that point in time, you never saw anything
in the way of air sampling on a job site. 1In other
words, there were too many tripping hazards or too
many working without hard hats. There were too

many obvious shortcomings that needed immediate
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attention.

Okay. So you would not anticipate, for example,
that at construction sites in the 1970s time frame
Brown & Root, for example, would have completed air
monitoring while working with asbestos?

I would have been surprised if they had.

QOkay.

I really would.

Are you aware of the fact that the State of Texas,
as of 1958, had passed regulations that required a
minimum -- or excuse me, that required that
asbestos exposures be limited to a certain level?
I've learned that --

Okay.

-- since that era.

Okay. I take it that’s not something you knew in
the 1560s, for example?

No. No.

All right. How was it that you learned that Texas,
in 1958, had adopted maximum concentrations --
allowable concentrations for workers working with
asbestos?

It's just come up in discussions over the years.
QOkay.

In talking with other engineers and -- Of course,
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after the cancer connection started coming to the
front in the mid 70s, then more and more attention
was focused on the finer points.

Okay. All right. Just -- Have you heard from
other people at Brown & Root that you'’ve worked
with over the years -- is that how you learned
about the 1958 standard?

Yes. Yes.

Okay. And in the course of those conversations,
while you never had any personal knowledge of

that -- of.those regulations, you came to und -- to
understand from talking to older, I guess, or
perhaps Brown & Root employees who had been with
the company much longer that, in fact, those

standards had been in place?

MR. BROWN: Let me object. That assumes
facts not in evidence. He has not identified who
he talked to. Could be that some young whipper
snapper just joined the job and got out of college
and -knew a lot about it. Who knows. So I object

to your question.

BY MR. WATERS:

All right. You can answer, sir.
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MR. BROWN: If you can without

speculating.

A Restate that question --

BY MR. WATERS:

Q Sure.

A -- because it‘'s -- Go ahead.

0 what -- what you’ve told us already --

A Uh-huh.

Q ~- and I think the reccrd’s pretty clear on this,

but I just wanted to follow up, is that at some
point in time since you started working for

Brown & Root in 1974, you‘ve had conversations with
other Brown & Root personnel and as a result of
those conversations have come to understand about
the Texas threshold limits for asbestos that were
put into place in 19582

Uh-huh.

Is that a fair statement?

Yes, that is.

Okay.

That is.

Lo I oI O

Can you recall the names of any of the individuals
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at Brown & Root that you spoke with after 1974 that
identified for you the fact that this previous
regulation had been in place, starting in 19587

I recall conversations back in the mid 70s. I was
working with some of the disciplines on development
and various standards, and insulation was part of
what I was involved with, and a big deal was made
that, hey, we get rid of the asbestos --

QCkay. And so --

-- usage.

-- in that context, y‘all were discussing
presumably the new regulations, the OSHA
regulations that y‘all --

Primarily, vyes.

Okay.

Yes.

And it would have come up that, in fact, these
gentlemen would have told you -- I understand you
can‘t recall who they were necessarily -- that, in
fact, there had been some previous regulations as
well that you had not personally been familiar
with?

Yes. That -- that did come up.

Okay. Did you understand from speaking to those

gentlemen or just in general that the regulations
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that had been in effect since 1958 had not been
routinely followed by Brown & Root over the years?
To the best of my recollection, the requlations
were not that well known or understood up until the
mid 70s. In other words, there was not an intimate

knowledge of what was involved there.

MR. WATERS: Okay. Let me object. And
I'm gonna make an objection that your answer was
nonresponsive to my question. Don’'t take that in

the wrong way.

Okay. No. No. That’s all right.

BY MR. WATERS:

Q

My -- my specific question was ~- and I think you
sort of answered it, but my specific question was:
As a result of those conversations, did you come to
understand that Brown & Root had not routinely
followed or had not been focused on the 1958

regulations that had been in place?

MR. BROWN: Excuse me. You've asked two

guestions.
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MR. WATERS: I'll -- I’'1l1l break it down.

MR. BROWN: Followed or focused on.

MR. WATERS: I‘ll break it down.

MR. BROWN: I don't mind the --

MR. WATERS: 1I°ll break it up.

MR. BROWN: -- focused on.

MR. WATERS: Withdraw the guestion.

BY MR. WATERS:

Q

In the course of those conversations, Mr. Heit, did
you come to understand that with respect to the
1960s, Brown & Root had not routinely followed the
1958 regulation, that there had not been a policy
to do so?

We're -- we're looking at two areas here. The --
My side of the house at that point in time was
primarily engineering people. And the engineering
people would not have had any direct input to site

safety activities so that they would not have had
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any direct interest in the monitoring functions at
the job site.

Okay. And the people you had your discussions with
in the mid 70s would have been engineering folks?
That’s correct, yes.

All right.

Uh-huh.

And what you’re telling us is that to the extent
there may have been asbestos exposures in the 60s,
or going back to 1958, that’s something the
engineering people would not necessarily be
concerned or involved with?

That’'s correct, yes.

Okay.

Uh-huh.

And I think you’'ve already told us that at least
prior to the early 70s that prior -- you would be
very surprised if there was any air monitoring with
respect to --

Yes.

-- asbestos levels done?

Yes. Yes.

Okay. You talked about the -- I think you used the
term the cancer connection.

Uh-huh.
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Do you remember using that term?

Yes. Yes.

Okay. Have you been made aware over the course of
your experience with Brown & Root that there were
some studies completed in the early to mid 1960s
that confirmed that asbestos exposure could cause
cancer?

I've heard bits and pieces on that. I have not
heard or seen anything --

Okay.

-- that I would use as definitive. In other words,

I -- I've never read any -- any reports like that
myself.

This morning in deposition -- I think the jury will
hear this 'in trial -- Dr. Cagle, who is testifying

on behalf of Brown & Root, testified that as early
as the 1930s and on up to the 1960s there were
hundreds or even thousands of articles that
discussed the fact that asbestos -- people exposed
to asbestos could get cancer as a result of that.
Have you ever been made aware by Brown & Root of
that cancer connection?

I have not. I’'m surprised to hear the numbers of

articles that he’s guoting.
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MR. BROWN: 1In fairness to you, Mr. Heit,
he didn‘t say that. Counsel had to remind him of

some earlier testimony.

BY MR. WATERS:
Q In any event, the cancer connection was brought to

your attention by Brown & Root the first time in

the -- approximately the mid 1970s?
A I'm not gonna say specifically Brown & Root.
Okay.
A Because I do read a lot of technical journals. In

the mid 70s it just all of a sudden came on the
scene.

Q What you’re basically telling us is that from the
standpoint of the media and the public at large,
there was a lot more information in the latter part
of the 1970s about asbestos and cancer?

A Yes. Yes.

Q Let’s talk about your -- Well, let me -- let me

back up. I had a couple more questions.

a Sure.
Q When you interviewed with Brown & Root in January
1967, were you interviewing for the -- a job of

project engineer?

A No. Primarily, job as specification engineer or
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design engineer.

At that time was Brown & Root a large company?
Large is relative.

That's right.

Compared to the organization I had been with, vyes,
Brown & Root was a large organization.

Okay. Do you know when Brown & Root first had
industrial hygienists on its staff?

I have no idea.

Do you know if they have industrial hygienists on
their staff today?

I know they do today.

Ckay.

Uh-huh.

Just to clarify, the -- the 0OSHA consulting that
you did up until 1974 when you went to work for
Brown & Root --

Uh-huh.

-- did not include work related to asbestos?

That is correct.

Okay.

I'd gone into an OSHA school in ‘72, and I do not
recall anything specifically being brought up about

asbestos at that program.
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MR. WATERS: Okay. Let me object to the

nonresponsive portion of that answer,.

BY MR. WATERS:

Q

o oYy O >

Another one of the companies you interviewed with
was Exxon?

Uh-huh.

Did you come to understand after you began to work
for Brown & Root, if you didn’'t already, that
Brown & Root was the most significant contractor
working for Exxon in this area?

I've never heard that.

Okay.

I would not be surprised.

All right. Have you personally been involved with
projects undertaken on behalf of Exxon by

Brown & Root at the Baytown facility?

Not directly.

Okay. Indirectly have -- do you have some
knowledge about that?

At the present time, I’'ve supplied a number of
engineering standards out to work that’'s in
progress at Baytown, and I -- I’'ve put up material
for other Baytown-related projects.

Is it your understanding, based on your experience
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with Brown & Root, that the relationship between --
between Brown & Root and Exxon, and specifically
pertaining to the Baytown facility, goes back ail
the way to the 1940s?

I'm not familiar with that.

Ckay. Do you know whether or not Brown & Root was
involved with construction and maintenance projects
at the Exxon facility in the 1350s, 1960s -- or
1960s?

I do not have any knowledge of what Brown & Root
might have been doing with Exxon at that point. 1In
fact, Exxon did not exist in the 50s and 60s.

Was it -- What was it called, Standard?

No. No.

ESS0?
MR. KALE: Humble.

Yes, sir. The facilities that we know primarily

down here today as Exxon were Humble 0il.

BY MR. WATERS:

Okay.
But they were owned by what was then known as

Standard of Jersey or Eastern State Standard 0il,
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or more better known as ESSO.
Let me ask the question a diiferent way because I'm
glad you brought that up. In -- in the course of

your work from '74 to the present, have you come to

understand that Brown & Root did work at the

Baytown facility, regardless of who -- who they --
what they called the owner at the time?

Yeah. I knew that there had been work out there.
Okay. And did you understand that that work went
all the way back to 19 -- to the 1940s?

No, I did not know that.

Okay. How far back did you understand that that
work had gone, or do you understand?

To the best of my reéall, I have not heard of any
work with Exxon prior to the 60s.

Okay. All right. 1I’'d like to ask you some
questions about your work with Exxon from 1974 to
the present. And I guess more particularly, let me
just ask the question this way, in a general sense.
Have you continued to have some involvement with
health and safety issues from 1974 to the present?
Health and safety issues have always been a
companion part of basic engineering work. And with
my work in standards and specifications, I have had

to pay attention to health and safety issues
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wherever they became evident.

All right, sir. Have you had any involvement with
Brown & Root related to health and safety and
specifically asbestos or the hazards of asbestos?
Yes. I end up, more or less, being the final check
point on the publishing of the -- the company
engineering standards, so one of the things that I
have kept an eye out for is anything that -- that
would specify asbestos. And it’'s -- it’s part of
my duty to eliminate that from the standards, or at
least control it.

Just to make sure I'm clear, are you speaking of
circumstances where you’'d received specifications
from a potential customer? |

No. No. No.

Specifications from a supplier of machinery or
equipment?

No.

No?

No.

All right. You better explain it.

Okay. 1It’'s part of my program to take in
specifications from our individual design
disciplines. For example, right now I have a brief

concrete specification that would be used for
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concrete work on small projects. That comes to me
ready for final issue. I check it for overall
format, general order and general technical
accuracy so that if that specification would have
called for asbestos f;ber as a mineral fiber
binder -- by comparison, there -- there are such
things as plastic fiber binders ~-- that had that
specification in reference to asbestos, I would
have had to call a meeting with the civil people
and essentially drawn the line and said no, you
can’'t do that.

Okay. So you kind of, in that capacity, act as a
watchdog to make sure that the specifications don’t

require the use of something as hazardous as

asbestos?
That -- that’s one of the things.
Sure.

That’s one of the many. With all due respect to
the young lady right here, 1I’ve been told that part
of my mission is to catch any of the dumb ass
mistakes that come across my desk.

And clearly in this day and time, and I guess,
perhaps, any time after 1975, you would
characterize specifying the use of asbestos as just

one of those kind of mistakes, wouldn’t you?
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Yes, but there’'s exceptions. I had talked about
asbestos cement pipe. And in a perfect world, we
would say, hey, no more asbestos pipe. So in our
underground piping specs today, the national
specification for asbestos pipe is listed, but
there’'s a big note that says we do not use this
under ordinary circumstances. If the customer or
client is requesting this, there has to be
coordination through with the Brown & Root legal

department.

MR. WATERS: Okay. Let me just for the

record object to everything after yes as --

Ch, I'm sorry. I --

BY MR. WATERS:

Q

No. No. You go right ahead and answer the
questions as best you can. Don’t worry about --

That’s just a technical legal thing.

Well, there was a -- an exception to the basic rule

is what I was trying to indicate.
I appreciate that very much. One of the reasons
that you, in that watchdog role, watch out for

specifications that might require some kind of
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asbestos is because you don’'t want for some

future -- for in the future some individual to be
exposed to asbestos and run the risk of developing
cancer and all that that might entail?

That’s correct. That's a good expression.

Okay. How large was Brown & Root when you arrived
as an employee in 1974? And -- and perhaps the
best way for me to ask you the guestion is in terms
of number of employees. And I’'m just really
looking for --

That’'s an illusive number. This is a ballpark
guess. I’'m gonna say maybe 20, 25,000 employees.
Wow. Okay. When you became aware after starting
with Brown & Root that Brown & Root had known
previously of the 1958 standard that we talked
about, when you became aware of that, did you
consider that given Brown & Root’s size, given
their significant involvement in the construction
industry, that’s precisely the kind of information

they probably should have been aware of?

MR. BROWN: Excuse me. Let me object.
There’s no evidence that Brown & Root knew. What
the man testified to was he may have had some

discussions with some employees, but that’s not to
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say that that ever was communicated to whomever --

MR. WATERS: Let -- let me --

MR. BROWN: -- speaks on behalf of the
company.

MR. WATERS: 1I’ll withdraw the question.
Try this -- try this another way.

BY MR. WATERS:

Q

o AN o I

Given the size of Brown & Root and the nature of
their operations, sir, would you anticipate that a
company like Brown & Root would have known about
the 1958 asbestos standard?

I'm gonna have to say no.

Okay. But what you have --

Can I tell you why?

No. That'’'s okay.

Okay.

I might come back to that. What you do know is,
from talking to these various individuals, that, in
fact, Brown & Root did know about it. Can you tell
us how Brown & Root learned about the 1958

standard?
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No, I can’‘t. I cannot answer that.

Ckay.

I have no idea.

We’'d have to talk to somebody who was with the
company a long time ago in order to determine that,
I presume?

I would --

MR. BROWN: Excuse me. That calls for

speculation. Object..

BY MR. WATERS:

You can answer.

I -- I agree. That would be a logical assumption.
Are you aware of anyone today that you work with or
know at Brown & Root who was employed by the
company in the 1950s?

At this point in time, no, 1 do not.

Other than your involvement and your concerns about
specifications that may require the use of asbestos
that you just described, --

Uh-huh.

-- have you had any other involvement with the
hazards of asbestos from 1974 to the present?

Not that I can recall.
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Okay. I'm sorry. I -- I think I asked you this
guestion before, but I don’'t recall your answer.
Did you say that you had been involved with some
projects at Exxon Baytown since 19747?

Yes. I have put up specifications and procedures
that are used by our people.

Okay. Are you aware that -- that there’'s a
long-standing policy that when Brown & Root
employees, or for that matter other contractors’
employees work at the Exxon Baytown facility, they
are required to follow Exxon safety regulations?
Yes. Yes.

Okay. And that’s not particularly surprising, I
suppose. Isn’'t that probably true wiih a lot of
the big industrial premises owners when{they have
contractors come to their facilities, they -- they
require them to follow their safety policies?

This day and age, to the best of my knowledge, that
is pretty typical.

Okay. In fact, the Brown & Root crews that worked
at Exxon were required to not only follow the Exxon
safety regulations, but to actually adopt them as

their own?

MR. BROWN: Excuse me here. There’s been
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no foundation for this. You're asking the witness
to speculate. I didn’t understand that he did
anything in Exxon other than to send out some
engineering standards. And if those, in fact,
encompass this, then I withdraw the objection.
Other than that, I don’t see how he‘s in a
position to know what may have happened if he was

not there.

BY MR. WATERS:

Q

All right. Let me reask my question, in light of
the objection.

Have you also understood that there has been a
long-standing requirement that Brown & Root crews
that work at Exxon -- Exxon Baytown not only are
required to follow Exxon safety regulations, as
you've testified, but are also required to actually
adopt Exxon’'s safety requirements as their own?

No. I’'m not intimately familiar with any kind of
relationship like that because I have visited the
Baytown job site just maybe once or twice for a
short-term visit and was never put through any of
the site indoctrinations that typically occurs when
a Brown & Root employee goes on a client property.

Well, you called the process site indoctrination?
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Yes,

And that's where the -- the premises owner fully
instructs the contractor, superintendent and the
contracting crews what rules and regulations
they're to follow?

Okay. I'm using it in terms of an individual like
me going to that job site and I'm gonna go out to a
work area. Then, in most cases, my company is
required to indoctrinate me and familiarize me with
what the site reguirements will be.

Okay.

That’s how I'm using indoctrinated.

All right. Okay. I think I understand. So
basically, the Brown & Root policy, in compliance
with Exxon’s policy, would be to acquaint you,
before you go out there and before you get on site,
with what the safety rules and requirements are?

I can‘t answer that for sure because I'm not even
remotely familiar with what relationship exists
there.

Okay.

I‘ve never seen any of that.

Brown & Root has had a safety department for a -- a
long time, correct, before you --

To the best of my knowledge, ves.
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In your experience, has the Brown & Root safety
department made every effort to try to be aware of

any hazards that its employees might encounter?

MR. BROWN: Excuse me here. There’'s no
foundation for this, and unless he somehow knows
what they’ve done, you’re asking him to speculate.

You can answer it if you know.

I cannot give you a hard and fast answer on that.

I know from company publications that Brown & Root
does emphasize workers’' safety to a high degree. I
do know that Brown & Root realized a long time ago
that it’s very worthwhile from a monetary point of
view to take good care of your employees and
promote a strong safety program. The monetary
value, of course, is reflected in the lower
insurance rates. So there’s both an altruistic and

a monetary driving force here.

BY MR. WATERS:

Q

Did you become aware of that attitude or that
policy, if you will, sometime after you came to the
company in 189747

No. I knew a lot of Brown & Root people when I --
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when I first got down here in the late 60s and I --
I picked up on that immediately.

Okay. Did you understand from that experience and
from your experience actually as a Brown & Root
employee that Brown & Root wanted to be aware of
any hazards its employees might encounter so that
it could warn those employees and assist them in

avoiding injury?

MR. BROWN: Here again, there’s no
foundation, and I think you’‘re asking him to

speculate unless he has some involvement in that.

That -- that’'s a very complex question. I can‘t
give you any specifics that -- that I could detail

out with respect to that question.

BY MR. WATERS:

Q

Well, let me just ask in the context of 1974 to the
present. Has it been your experience that

Brown & Root has made efforts to understand and
determine what hazards there are so they can warn
their employees and their employees can avoid
injury?

Yes.
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Qkay.

Yes.

And those efforts on the part of Brown & Root, for
example, would include determining and
understanding what types of exposures could be
toxic or hazardous to workers' health?

Yes, sir.

Do you have any knowledge about the membership of
Brown & Root in the National Safety Council?

I do not.

Okay. Did you know that they were a member of the
National Safety Council?

I do not.

Okay.

Even today I -- I could not answer that question.

I guess you are aware from your involvement with --
with the company and your understanding of the
nature of their -- that the work that they do, that
at least up until the middle 1970s, Brown & Root
was involved with numerous projects, either
construction or maintenance, that utilized asbestos
as a thermal insulating material?

1 do not know that for a fact.

And my question to you is if you are aware of that

or do you have an understanding of that based on
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what you’'ve learned since 1974 in the context of
the historical work that the company’s done. Have
you ccme to understand that up until that time
frame, approkimately when you joined the company,
Brown & Root was involved with construction work
that utilized asbhestos thermal insulation as part
of the construction process?

I do know that asbestos was in some of our
standards back in that era.

Okay.

Now, as to what extent asbestos was used, I cannot
give you an accurate picture at all.

Have you reviewed any of the documentation in this
case that pertains to the contract for building
Units 2 and 3 of the Valley Plant in Savoy, Texas?
Yes. I've had an opportunity to review the cost
reports, and cost reports only.

Okay. Have you not reviewed the contracts?

No, sir, I have not seen the contracts.

They were not provided to you?

No, sir.

Did Brown & Root retain or hire jinsulators on a
routine basis to complete insulation work at the
various facilities where they performed

construction activities?
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MR. BROWN: At what point in time,

Counsel?

MR. WATERS: Any time that he’s familiar

with.

BY MR. WATERS:

Q

Let’s say -- let’'s say when you started with the
company, 1974.

Insulation is -- and I -- I can’t guarantee this,
but insulation is one of those necessary evils on a
project that gets done, depending on the job
circumstances. Specifically, you have two parts in
the insulation. One is the procurement of the
material, and two is the actual insulation or
application. So depending on circumstances, as I
understand it, one job Brown & Root might buy the
insulation and hire the insulators and put it in as
a Brown & Root part of the job. Another time they
might subcontract out the purchase and the
insulation. Another time they might buy the
insulating material and then hire an insulation
subcontractor to install the material purchased by

Brown & Root. And to the best of my knowledge,
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there’s no direct policy as to how any one given
project is going to administer that segment of the
contract.

When Brown & Root did directly employ

insulators, --

Uh-huh.

-- would it employ them -- would they be union
workers? I’'m sorry. Would they be members of a
union?

In all probability, I believe the answer to that
would be no.

In fact, did Brown & Root have a policy of trying
to avoid hiring union members in this time frame?
I cannot answer that because I'm not familiar with
that end of the business.

Hiring?

I -- I‘ve never --

When you said in all probability, no that

Brown & Root would hire union members to do
insulating work, what was the basis of your
statement, or why is it that you feel that way?
Brown & Root has always promoted the merit shop
philosophy. From the earliest days, Brown & Root
has been a merit shop organization.

So they have essentially, to the extent possible,
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avoided hiring union labor for a variety of -- of
crafts?

Okay. Maybe I'm not interpreting the guestion
correctly. I don’t know that Brown & Root would
exclude an individual that put in an application
because he was a union member. I don’t know -- and
again, I‘’m an innocent in this area. I don’t know
how Brown & Root could identify a union man if he
showed up at the hiring office. Now, when you
first started talking unions, I was thinking of
union subcontractors. And I doubt that union
subcontractors would want to come on a site, and I
doubt that union men would want to come on site
either.

Okay. Insulation work, I think you described it as
a necessary evil?

Yeah. Yeah.

Okay.

Yeah.

It was a dirty job, but éomebody had to do 1it?
Fair statement?

Yes,

Okay.

Like several others on a typical construction job.

Okay. Since 1974, have you been involved with the
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construction of any power plant or power generating
units?

At the construction site, ne. I have been involved
with some of the design side.

Have you reviewed the documentation in this case
that pertains to the change orders and the actual
insulation work done at the Valley Unit No. 37

I'm totally unfamiliar with what you’re talking
about. |

QOkay.

I didn’t see any trace of that in the cost -- final
cost reports.

What is the final cost report, by the way, that --
that you did review? What -- what is that document
so I can understand?

It's a summary of where the money was spent. It's
a breakdown of labor and materials for the various
parts of the plant.

At the end of the day?

No -- Well, some of it was prorated by number of
workers on a week-to-week basis. The other was --
was essentially a final summary of how many dollars
were spent on insulation, how many dollars were
spent on electrical. There were some percentages

of over and under. Each one was only less than a
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hundred pages each.

Okay. Have you ever observed construction
activities at a power plant at any time?
Yes, I have.

Where would that have been?

The Parish generating station up here -- I believe
it’s Route 2 -- was Route 249. I believe it’s 148
now.

Somewhere in the Houston vicinity?

Yeah. Yeah. 1It’'s down south of the Willowbrook
Mall.

Did Brown & Root build that facility?

At the time I went out there, Brown & Root was
doing some additional work. I don’t know that we
were the original contractor there.

When was it that you made that trip?

I'm gonna say in ‘74 or '75.

Are you familiar with plans for the construction of
other power generating units other than the one you
just described?

I did some work for the Florida Power & Light.

This was early on when I joined Brown & Root in
early ‘74. I was part of a three-man team that
designed a huge cooling tower complex. Then I put

up other various standard documents, standard
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specifications that were used by other power plant
projects. Then I was what you might say the point
man in getting Brown & Root’s first radicactive
source license for doing on-site radiography. This
was primarily for power plants. I was the point
man in getting Brown & Root’s initial quality
control manual approved by the American Society of
Mechanical Engineers. And this was a ~-- a new
requirement that had been promulgated by ASME in
73, then I picked up on it in ’'74. And of

course -- Are you familiar with ASME?

I think so. 1It’s the American Society of
Mechanical Engineers? |

Correct. Correct. Yes.

In reviewing the -- the documentation that you were
provided concerning the construction at Valley 3,
did you see anything that was of significance to
you concerning this case?

There was one mention of what was apparently a
brand name for asbestos insulation, and I think it
may have been J-M, or Johns-Manville. As I recall,
their trade name was Thermobestos.

Okay.

And that was in one of the little short

descriptions on some of the insulating work.
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And the document presumably priced out, for
example, just how much money was spent on --

Yes, sir.

-- Thermobestos, among other things?

Yes. Yeah. Yeah.

Do you understand that the J-M Thermobestos that
was identified was an asbestos product?

I assume that it probably was.

Okay.

I have no hard and fast information that would tell
me yes, it was or no, it wasn't.

Do you have any opinions concerning the nature of
the work that was done at the Valley Plant Unit
No. 3 from 1969 to 19717

With regard to what?

With regard to the nature of the work, the way it
may have been done, the materials that may have
been used, anything of that nature.

The best I can offer is that Brown & Root, by and
large, has left a remarkable track record in the
work that they have designed, the work that they
have constructed and the work that they have
designed and constructed. I believe there’s very
few people who really comprehend the extent of what

this company has done over the years.
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All right, sir. And if I understand you correctly,
what you‘re saying is from the documentation that

you’'ve reviewed, from an engineering standpoint, it
would appear that the construction was done the way

that it should be done?

Yes, sir.

Okay.

Yes, sir. There’'s -- there’'s a lot of key things
that I could spot in the ~- just in the final cost

report. I could see the exotic materials that were
used in some of the piping and some of the valves.
I recognize some of the premium subcontractors that
were involved there, Babcock and Wilcox, and I
believe there were some General Electric
generators. When you see those kind of names in
the order to the overall package, it fits with what
I’'ve worked with in other standard documents. 1In
other words, this is where a standard document
should end up. So just with a few minutes of
review, I could see it was a typical project.

So your opinion would be that the project was well
designed and apparently well constructed?

Yes, sir. Yes, sir. Based on what I‘'ve had an
opportunity to look at.

Sure. And you’'ve told us a little bit about that.
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Do you have any other opinions that you derived
from reviewing any of the -- of the documents that
were provided to you by Brown & Root or by
Brown & Root attorneys?
A With regard to anything special or --
Q Anything else you may have seen in that
documentation or been asked to look for or look at?
a Other than that the job was done the way I believe

it should have been done.

Q Qkay.

A I'm not sure what else I might need to be lcoking
for.

Q Let’s take one break. He’s got to switch the tape

and then 1711 --

A Okay. Okay.

(At which time, a short recess was

taken.)

THE VIDEOGRAPHER: We’ll go back on the

record at 3:44.

BY MR. WATERS:

Q Mr. Heit, let me ask you a few more gquestions about

the job, the work at the Valley Plant. Am I
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correct that your only knowledge about that plant,
that project, that work was what you gleaned from
reviewing the cost breakdown?

Correct. Yes,

Qkay. Have you had any interviews -- excuse me.
Have you had any conversations with anybody else at
Brown & Root concerning that job?

Just the superficial conversations that I‘ve had
with Mr. Brown and the Brown & Root paralegals.
Okay. Have you learned anything about the job
that’'s of significance to you other than what you
learned from that documentation?

No, sir.

Ckay.

No.

Am I correct that when Brown & Root contracts to
build a facility such as a power plant, they
typically contract to do all of the work that’s
involved or at least to be responsible for all of
the work that’s done?

That tends to vary all over the map. We talk about
EPC prices -- EPC, and that’s engineering
procurement and construction. Now, in a lot of
cases we do all -- we do the whole shooting match.

But then in a -- again, I'm gonna say a significant
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number of cases, the client may pick selected parts
of the project that they take care of themselves.
All right. EPC. "E" is engineering. That’s the
design, correct?

Correct.

"P" is procurement. That's the acquiring of
necessary materials to do the work?

Procurement covers both purchasing and
subcontracts.

Okay.

Then there’s a lot of subservices with that.

All right. And I forgot what the "C" stood for.
Constfuction.

Actual construction?

Yes. Yes.

All right. From your review of the documentation
that was provided to you by the Brown & Root
attorneys, did you determine or did it appear to
you that the Valley Unit 3 job was an EPC job?

It was not readily clear.

Okay. At this point in time are you unclear as to
whether or not that was an EPC job?

I would have to say I'm ﬁnclear.

QOkay. There have been some contracts produced in

this case, contracts between Brown & Root and TPL,
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Texas Power & Light --

Uh-huh.

-- for the construction of Unit 2 and then later
Unit 3. The contracts appear to regquire

Brown & Root to put together the engineering
designs and specifications for the construction
projects. Is that a typical arrangement that you
have seen Brown & Root have in the past?

No. Most often you have a starting point of your
design criteria document and your flow diagrams.
Now, your design criteria -- in fact, I have an
obsclete design criteria form that was used in the
power division up until we pulled it here a couple
of years ago, because it needs upgrading. But this
walks through all the bits and pieces that go into
the design of a power plant. So then that is typed
up with a -- a flow diagram. This essentially is a
pictorial representation of what you’‘re doing. For
example, back in the late 60s, early 70s, it was
real common to have a boiler where you heated water
to get steam. The steam went over to what’s known
as a steam turbine. The steam turned the -- the
wheels on the turbine. The steam is then pulled
through a cooling system, which is why you need

these huge cooling towers. Today, you’ll most
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often hear about cogeneration plants. Are y‘all
familiar with that?

I think so, but go ahead. Explain it, if you will.
Okay. A cogeneration plant typically is the
equivalent of a jet engine like you’d have on an
airliner. 1In fact, there’s one aircraft class of,
I guess, turbine that is used in this situation.
But anyway, this is a gas-fired turbine. Instead
of steam, you’'re firing natural gas in there. So
the -- the combustion turns the wheels. The
turbine itself is direct connected to a generator
which is generating electricity. Then you have
what’s called a heat recovery unit on the jet
engine or the gas turbine. The heat is drawn off
the exhaust from that turbine. It's like the
exhaust coming off a jet airplane. That heat is
used to heat water, which in turn becomes steam and
drives a -- a steam turbine connected to a --
another generator. That’'s where they come up with
the co --

Co -=~

~-- generation. So in either case, you start out
with this pictorial picture. Okay. This is gonna
be the heat socurce, here’s the size of the

generator we want. Okay. Here in this part of the
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country lignite coal is our best fuel. So then you
set up your pictorial layout. You’ll have a coal
unloader, you’ll have a coal storage, et cetera,
and all the other pieces. So there’s enough
definition between the design criteria document and
the flow diagrams that the engineer constructor and
the client can arrive at a reasonable cost and then
they have categories of estimates. They get
refined as the work progresses. Does that --

I think that’'s very helpful to me. Have you -~
have you had -- other than this case, obviously,
have you had an opportunity at any point in time
since 1974 to review cost analyses or other
documents that relate to the specification and
what’s to be used in the construction process?

From a cost point of view, I don’t recall any
direct cost analyses that I’'ve been involved with
in any real detail.

Okay. When you looked at the -- the cost document
with respect to the Valley No. 3 unit, --

Uh-huh. Uh-huh.

-- did it appear to you that the -- the -- the
component parts and materials that were used were
typical for a Brown & Root project of that time

frame?
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I cannot give you a definitive answer to that
because I have not looked at cost details of any
other power plants from that era. Just in -- in
broad terms, I do not see any numbers that seem out
of the ordinary.

Okay. You mentioned, for example, that the
Johns-Manville Thermobestos --

Uh-huh.

-- product had been used. Was that a product that
had been used on other occasions by Brown & Root,
standard insulating material that they used for
high temperature applications?

I can’'t answer that. I do have some of our
standard specifications that go back to that era
and they are based on national standards and there
were -- I don’'t recall the Thermobestos being noted
in any of those.

Okay. Now, do you recall a product called
Unibestos?

No.

Okay.

No.

Dc you recall a product called Kaylo?

No.

No. Okay.
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No.

Since you‘ve come to work at Brown & Root, have

you -- have you learned that asbestos exposure can
cause the -- a disease called asbestosis?
Yes. Yes.

Have you learned that asbestos exposure can cause
lung cancer?

Yes.

Have you learned that asbestcs can cause the
disease that is ~- that is at issue in this case,
mesothelioma?

I have to say that I’'ve never heard that term
before.

Okay.

That’s brand new to me.

All right. So at least in the context of your work
at Brown & Root from 1974 here to 1996, you do not
recall ever being told or learning in training
sessions or anything of that nature that
mesothelioma is a cancer that can be caused by
asbestos?

I have not ~-- never heard that before. 1It’'s

totally new to me.

‘What you have learned, however, sir, is -- I think

you’'ll agree with me that asbestos is an extremely
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hazardous substance?
There’s much evidence to that effect.
All right, sir.

And -- Okay. Go ahead.

MR. BROWN: No. You finish your answer.

What else were you gonna say?

I marvel at the exposure that automobile mechanics
have been subjected to in dealing with brakes. And
it’s just been a couple years now that asbestos has
been taken out of brake linings. And I vividly
remember time and time again seeing a mechanic blow
out a brake lining, either when there was brake
work being done or when I had mentioned squeaking
in my brakes. And this is typically an
accumulation of dust. And I can vividly remember
many times seeing these people blow that stuff out
and a big puff of what had to be heavily
contaminated air. Yet, I'm sure they exist, but I
have not heard -- and now, I do not follow the
cancer patients, but I have not come across any
lung cancer cases occurring from that brake lining
exposure. So in my mind, that’s a question mark.

As to whether brake lining exposure can cause
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cancer?

Yes. Specifically, the asbestos that would be --
would probably be in that dust.

The -- the situation you described with -- with the
clouds of dust coming from brake work, is that
something you observed at Brown & Root?

No. No. This is in -- in having my own personal
automobiles serviced.

Based on what you’ve learned since you joined

Brown & Rocot in 1574, do you consider asbestos to
be dangerous?

I do. I do. I personally at this point in time
would.not make use of any asbestos product unless a
client insisted on it and, of course, took the --
the liability on it. This is at the sawme time that
the technical community continues to publish
national consensus standards for asbestos products.
And, in fact, if you had a customer come to you and
specifically ask and request that a certain project
be completed asbestos free -- that is to say
asbestos not be used in the construction -- you
would make every effort possible to avoid using
asbestos in that project?

Yeah. That’'s correct. Yes. Yes. I believe it

would be foolhardy to -- to take any other tact but
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Q All right. Aand if that tacc -- if, in fact,
despite a customer’s request asbestos was used in
the construction of a certain facility, that would

be very poor corporate practice, would it not?

MR. BROWN: Excuse me here. You're --
you're assuming that it’s possible for a customer
to make that statement and -- and not be aware of
what actually is going on there and I think
that’s -- that’s an incorrect assumption. I want

to object to it.

BY MR. WATERS:

Q Let me ask the question again since I kind of broke
it up.

A Okay.

Q If, in fact, a customer specifically requested and

anticipated that their project would be completed
asbestos free, --

A Yes .-

Q -- but despite that, astzstos -- extensive amounts
of asbestos were used in the project and the
customer was not informed of that, under those

circumstances would you believe that the contractor
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should be responsible for any problems that result
from that?

That’s a complex guestion. You got a lot of parts
there. Let me get this straight. The customer has
come to me and asked for an asbestos frée plant or
project?

Sure.

I, in turn, have turned around and loaded the
project with asbestos? Sir, I find that is a
non-real situation.

You'’ve never encountered that situation yourself
that you're aware of?

No, sir. 1In all my years, I don’'t ever recall
working with an engineer that would fly into a
client’'s face in that manner. Every so often there
is a charlatan will come along that will parade as
a registered P.E. who will pull a stunt like what
you’'re talking about. Sometimes the engineering
community gets painted with the paint brush that
comes out of that. But in my 42 years of
experience in construction and engineering work, I
have not ever seen an engineer that would pull
anything close to that.

If that -- if that were to happen, that would just

indicate that engineer or the contractor just
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really didn’t care about the safety and welfare of
the people that were gonna have to work in that
plant in the future?

I can imagine there would be all kinds of
motivations for a move like that and they would all
be out of the norm of what I have seen over the
years. Again, I -- I cannot conceive of a scenario
like that. Engineers are pretty conservative
animals. Typically, they want to play their work
close to the vest. They know the -- the hazards of

going out on a limb.

MR. WATERS: Let me ~-- let me just
object --
Sure.

MR. WATERS: ~-- to the nonresponsive
portion.
Sure.

BY MR. WATERS:

Let me ask you if you can envision this scenario

where a customer makes an informal request,
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informal, not in writing.

Uh-huh.

Informal request that a product -- project be
asbestos free.

Uh-huh.

For whatever reason, the project is built using
asbestos. And it may be that the information
didn’t get passed along or no one knows why or
perhaps it was one of those other motivations you
were describing earlier, I don’t know. If that
were to happen, would you agree with me that the
contractor would be responsible for any resulting

injuries that might occur?

MR. BROWN: Well, I need to object to
that because you’ve -- ycu’ve assumed that the
information wasn’t even passed along to the

contractor.

MR. WATERS: No. No. No. No. No. I

did not assume that. 1 said --

MR. BROWN: I heard you say that.

MR. WATERS: I said it didn‘t get
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MR. BROWN: Well --

MR. WATERS: I said the request was made

and not --

MR. BROWN: Well, you’'re assuming facts

not in evidence.

MR. WATERS: That'’'s fine.

MR. BROWN: And this witness has an

opinion quite to the contrary about that.

MR. WATERS: Well, he can -~ I’ve asked

him the question.

MR. BROWN: Well, before we get through,
so you don’t get sandbagged, we will state for you
what that is, if I have to ask the question rather

than you.

BY MR. WATERS:

0 Can you answer my gquestion, Mr. Heit?
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Okay. Let’'s get this straight. We’'ve got a
client --

Who's made an informal request.

Who's made an informal request.

Orally, not in writing.

Okay. Who -- who has he made it to?

To a representative of the contractor.

Okay. Who’s the representative of the contractor?
An engineer, perhaps. I don‘t know the answer to
that. Someone who has been told that they would
like the plant to be asbestos free.

Okay. This -- this is a common problem, especially
on EPC jobs, because typically they are in the
realm of what’s called cost plus. Client people --
client reps are notorious for reguesting something
on the site and, hey, we don’t want it in writing.
It -- it’s a real whipsaw.

Especially if it costs more, I imagine?
Especially, yes. Yes. So the basic rule is that
you get it in writing. We have an elaborate
procedure for this. It starts out as a project
deviation notice, and it’s spelled out what the
client has requested or one of our people has
identified as a problem. So a preliminary cost

comparison is made, the Brown & Root project
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manager decides is this worthy of reviewing with
the client in the client hierarchy. 1If he says
yves, then it is upgraded to the status of a project
variance notice. So at this point we sit down and
review the details with the client. If the client
agrees to the change and the cost differences, then
that becomes a contract change order, and that’'s
the formal route that such a change should be
accomplished.

Okay.

Now, we’ve had jobs where verbal requests have been
honored and they always come back to haunt you at
the end of the job when the accountants come in and
want to know why we‘ve had all these overrides.

So it’s not uncommon for a customer to come to
Brown & Root, or a contractor, like I said, orally,
and say, well, we’d like you to do it a little bit
different way this time? That is something that
happens from time to time, I take it?

It does happen. 1It's a dangerous situation.

And -the proper procedure, if that does happen, is
for the contractor to issue a project deviation
notice which may become a project variance --
Variance.

-- notice?
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Yes. Yes. Which --
And that then becomes a change order?
Contract change order, yes.

All right. And that's the proper way to deal with

a -- an oral reguest of that nature?
Yes.

Okay.

Yes.

and that’s -- that’s been the policy at

Brown & Root since at least '747?

That's correct.

Okay.

No. No. Let me back up. That probably came into
effect maybe in the late 70s --

Okay.

-- as we started to refine our project management
approach.

And in the late 70s, you established that new
approach, if you will, I guess in large part
because you were having problems with not having a
formal structure to deal with these informal or
oral requests from customers?

Yes. Not only customers, but in managing our own
people.

Okay. And I guess that was a problem that you
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pecame aware of shortly after you joined in '74?
No.

Not till later?

Actually, it was maybe about the later 70s.

That you became aware of the problem?

Where I became involved in the problem.

Oh, I'm sorry.

I was assigned to some design work and there were a
lot of changes being implemented that were not
being properly controlled so that -- I recall
procedures being implemented there to pick up on
changes.

It sfrikes me that there could be two results of
the old poiicy, both of them bad. One of them you
mentioned was that you follow the oral requests and
you wind up with cost overrides. Correct?

Uh-huh. Uh-huh.

And the second possibility is that you don‘t follow
the customer’s oral request and you maybe wind up
getting the customer upset with you for not
following the oral request. Is that the other
possibility that you’'ve encountered?

Not necessarily. The fact that you upset a client
rep, but keep his home office happy, may be a

credit.
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Okay.

The idea of following an individual’s -- a client
rep’'s oral request may end up disturbing relations
with his home office. If he’'s asked for something
that they really don‘t want, okay, that’s gonna be
a source of conflict, too.

Okay. I appreciate that. When you --

Let -- let me mention this.

Sure.

There’'s no carbon copy for all of this. 1It’s
amazing the variations that will pop up on a
project.

Just to switch gears, when you arrived in 1974,
were they still using asbestos at Brown & Root for
insulation purposes?

I don’t think so.

Okay.

From what I recall, I do net think so.

Okay. Your best recollection is sometime before
you got there in 1974, Brown & Root had decided to
stop using asbestos for insulation purposes?

Yes. Yes.

Okay.

And the discussions were in progress there in ‘74.

Okay. And, in fact, you may have become aware that
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asbestos thermal insulation, such as pipe covering
and block and cement, became unavailable after 1972
and 1973. It was no longer on the market. Did you
know that?

No, I did not know that.

Okay. Well, I -- There’s a whole bunch of
guestions I don’t have to ask you because you
weren’t at the job site, so we can skip through
those.

I think you told me earlier that you would --
given the time frame of this work, that you would
not anticipate that safety precautions concerning
the asbestos dust would have been taken by
Brown & Root -- been taken by Brown & Root in the
1969 to 1971 time frame?

In my opinion, there -- there probably would not
have been any attention directed towards that.

All right. So, for example, they wouldn’t have
used a wetting method or masks or ventilation or
barriers or warning signs, protective clothing, nor
would they have probably taken measurements, dust
measurements in that time frame?

Okay. My honest opinion is I would have been
surprised as hell to have seen any of that taken

place ocut there --
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Okay.

-- at that particular time frame.

Tell me this, because this is something that I --
from a technical standpoint, I’ve been unable to
fully understand. When a job like that is -- is
worked on over the course of a couple of years, --
Uh-huh.

-- do they do insulation work intermittently
throughout the time frame, or is insulation work
done all at once in a given time frame, or how does
that generally work?

OCkay. With respect to a power plant, you have
essentially two major work areas for insulation.
One is to insulate the steam turbine and its
appurtenances. And the other task is to insulate
the pipe, okay, and -- and insulate the boiler.
Okay. So the boiler, the steam pipe and the
turbine?

That's correct. So typically, you would wait until
each of these items is in place. And one of the
last things you would do would be to apply the
insulation. For example, on your piping, it has to
be flushed and then hydrostatically tested. And
it’s a mandatory reguirement that all the joints be

visible. So just by the nature of the beast,
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insulation comes down towards the later stage of
the project.

All right. Given the nature of the project and
what you know about it from the documentaticn you
were provided by Brown & Root attorneys --

Uh-huh.

-- and given what you’ve told us about what safety
precautions might have been taken or were not
taken, do you believe, sir, that Brown & Root
workers would have been exposed to asbestos during

that project?

MR. BROQWN: And here there’s no
foundation for this. The gentleman was not there,

so you’'re asking him to speculate.

MR. WATERS: WNo. 1I'm asking him based on
the documentation reviewed and all of his

experience.

MR. BROWN: You’'re asking him about a
specific job site and a specific time frame, if not
mistaken, Counsel.

MR. WATERS: That’s right.
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MR. BROWN: Did I miss something?

~MR. WATERS: I don‘t -- Perhaps you did,
but I can’t speak for your missing or not

missing --

MR. BROWN: Well, if he wasn't there, I

think you‘re asking him to speculate.
MR. WATERS: Well, I don’t think I am.

BY MR. WATERS:

0 But you can answer, sir, if you can.

MR. BROWN: 1If you can answer that

without speculating, please do so.

A Okay. One of the things that surprise me in those
cost reports and a little blurb on insulation,
apparently there was some fiberglass insulation,

and I believe it was mineral rock.

BY MR. WATERS:

Q Mineral wool?
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Mineral wool insulation. And there was one other

non -- I believe it may have been cellular glass,
but I was surprised -- okay, and calcium silicate
was used, and this -- this is out of the cost

reports, so I cannot give you any indication as to
what extent asbestos-containing insulation was used
because there are these other products and there’'s

no clue there as to how much of each cone was used,.

MR. WATERS: All right. Let me object to

the nonresponsive portion.

BY MR. WATERS:

Q

You have told us that asbestos -- Thermobestos was
used on the job. Correct, sir?

Yes, I have. That was in the report.

Right. And you know about the use, and I think you
used the word application or fabrication of that
type of product to know that it will produce dust
when it’'s sawed or cut?

Okay. Now -- now, Thermobestos, I indicated was a
trade name and, I believe, of Johns-Manville. I
have no knowledge of what percent asbestos might
have been in that product, if there was any
asbestos in there.

3
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Q Okay.
a Now -- now, had that product been described by an
ASTM requirement, I could go back to the -- Are you

familiar with ASTM?

Q Uh-huh.

A I could go back to the ASTM from that era and tell
you the percent of asbestos that would have been in

those materials.

MR. WATERS: All right. Let me -- let me

object to the nonresponsiveness.

BY MR. WATERS:

Q Let’s go back a second.

A No, sir. No, sir. I would like to state I am
trying my level best to answer directly the
gquestion you’ve laid on me.

Q oh, that’s fine, but I didn’t get to finish my
question because you interrupted me in the middle.

A I'm sorry.

Q Let 'me -- let me go back and ask it again. My
guestion to you is, sir: You’'ve told us that
asbestos was used on this job, correct? You do not
recall testifying to that effect?

A I testified that I saw the reference to
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Thermobestos.

Let’'s do this. Are you telling us now at this
point in time, sir, that you do not believe
asbestos was used on that job?

No, I didn’'t say that.

Okay.

No. No, I'm not saying that.

All right.

That -- that’s your statement.

All right. Let’s do this. Assume with me for a
moment that asbestos thermal insulation was used on
that job. Can you?

No. No, I -- I refuse to make an assumption like
that.

Okay. Do you have any reason to think that
asbestos was not used on that job?

No.

Okay.

Again, I don’t have anything to put my thinking on

it.

MR. BROWN: 1It’s 4:15. 1I’ve got another

witness that’s out in the hall.

MR. WATERS: I'm almost there.
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MR. BROWN: Can you give me some idea how

much longer we might be?

MR. WATERS: Oh, probably five or ten.

MR. BROWN: Otherwise, I'm gonna send him

home.

MR. WATERS: Well, we’ll be almost done.

We won’t have to -- we can start right on him.

MR. BROWN: All right.

BY MR. WATERS:

Q

All right. Fair statement that you don’t have an
opinion as to whether or not people would have been
exposed during the operation?

Yes., Yes. That's correct.

All right. Okay. Likewise, you don‘t have an
opinion as to whether or not subcontractors’
employees may have been exposed during the project?
No, sir, I do not.

All right. And similarly, you don’t have an

opinion cone way or another as to whether or not
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employees of the Texas Power & Light Company may
have been exposed to asbestos during the course of
the project operations?

No, sir.

Okay. You will agree with me, sir, that OSHA,
which we’ve talked about before, you consider them
to be a reliable authority with respect to asbestos
and the hazards of asbestos?

At what point in time?

At the present point in time.

Today, ves.

Okay. Did you consider OSHA to be a reliable
authority on asbestos when you first became
cognizant of the OSHA asbestos regulations in the
early 1970s?

I -- I think the record’s pretty clear they were
not -- they were not an authority.

Okay. What criticisms do you have of OSHA and
their work with asbestos or concerning asbestos in
the early 1970s?

It’s not my opinion. 1It's out of the -- I don't
have them here. If you go back ﬁo the Federal
Register from that era -- okay. Let me back up.
Are you familiar with Walsh-Healy?

Uh-huh.
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Okay. First the Federal Register states that the
Walsh-Healy monitoring requirements were apparently
inadequate, and then there’'s similar wording for
OSHA requirements. It is clearly stated that OSHA
was in confusion about the subject at the time.
About which -- which standard should apply?

That’s correct.

Okay.

And there was not any requlation against asbestos
itself. The regqulation dealt with the employee
protection.

The a;tual exposure?

The actual exposure, yes.

Okay.

So it’s on up into the BOs. In fact, I believe
that it‘s 1986 before OSHA came out with that

huge -- let me call it the Bible, and that remained
under attack. And I believe that was under attack
on up into the early 90s. So again, it’s not my
opinion, but I'm simply looking at the Federal
Register --

All right.

-- and reading the government’'s statements.

MR. WATERS: Okay. And let me object, to
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the extent you may have exceeded my question, as

nonresponsive.

BY MR. WATERS:
0 You mentioned the Walsh-Healy Act. Did
Brown & Root do work -- contracting work for the

United States Government in the 1960s, to your

knowledge?
A Yes, sir, I believe they did.
Q Okay. And as a result of that, they would have

been aware of the application of the Walsh-Healy
Act to health and safety practices on those federal
contract jobs in that time frame?

A I can’t say definitively because I wasn’t there.
I've never had conversations with any of the
Brown & Root people with regard to Walsh-Healy. I
do know that Walsh-Healy was not that well
published or disseminated in the community and it
was really the William Stigar Act that brought
Walsh-Healy to the forefront.

Q Were you aware that contracts with the United
States Government for construction projects
specifically stated that the Walsh-Healy Act would
apply to the work that was done?

A Yes. Yes, I know that.
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Okay.

Yes. Yes.

And to the extent that Brown & Root had contracts
with the United States Government in the 1950s and
1960s, the Walsh-Healy Act would have been part of
those contracts, wouldn’t it?

I can’'t say for sure. I don’'t recall that
Walsh-Healy goes that far back.

All right. 1In any event, I guess you --

And I --

Go ahead.

If you -- if you know the date of initiation on
Walsh-Healy --

I think it‘s ‘52, but I don’'t recall specifically.
Okay. Okay. Now, I do know that, again,
Walsh-Healy did not prohibit the use of asbestos.
Right.

It merely set the exposure limit.

The Walsh-Healy Act, as you’ve just stated, just to
repeat it, merely set a standard or a maximum level
of exposure --

Yes.

-- that workers working on contracts with the U.S.
Government were supposed to be limited to?

Yes.
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Okay.

Yes. Yes.

Do you have any familiarity with Thorpe Products
Company?

I do not.

Okay.

I saw their name in the final cost report, I
believe, on Valley No. 3.

Okay.

And I'm -- I‘m attempting an educated guess there.
I believe it was 3.

All right. Did you look at some other plans other
than 3?

I looked at the final cost report from 2.

Okay. What other documents have you locked at in
regards to this case or in preparation for your
deposition?

Valley 2 or 3 documents?

Yes, sir.

That’'s it.

Have you looked at any other documents? I noticed
you picked up a document and were looking for a
reference here a few moments ago. Have you looked
at any other documents in preparation for your

deposition that may not have been related to Valley
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2 and 3?

Yes.

And what were those?

Qkay. The cne I found Qas just sort of indicative
of the times, and this is from the 1965 edition of
the American Educator Encyclopedia and they have a
discussion here on asbestos. Do you want me to
read the whole thing?

No. Let me -- Actually, I -- I may shortcut this
and just attach it to your deposition.

Qkay.

Is this something that you had at home?

No. I -- I was able to acquire it. But
essentially, it describes asbestos as a harmless,
very utilitarian material. It goes back to the
days of Marco Polo and it gives all the household
uses that asbestos has been subjected to or
utilized for.

Okay.

And I'd have -- I'd have to say that this is a good
representation of my outlook on asbestos at that

point in time.

MR. WATERS: All right. Let me object to

it as nonresponsive.
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BY MR. WATERS:

Q

oI N o I

The -- what is the American Educatcer

Encyclopedia?

It’'s one of the encyclopedia sets that has been
published.

Are you familiar with the Encyclopedia Britannica?
Yes, I am.

And will you agree with me that of the various
encyclopedias that are published, Encyclopedia
Britannica is more well-respected, certainly, than
the American Educator Encyclopedia?

I can’t say that.

Okay. Are you familiar with the fact that
Encyclopedia Britannica, in the 1940s, identified a
number of diseases, including cancer, as being
caused by asbestos, if you were to happen to look
up asbestos in that encyclopedia?

I have not had the opportunity to look that one up.
Okay.

1 have no idea of what you’re commenting on here.
What other documents hive you -- have you locked at
in preparation for your deposition or for
testifying today?

Okay. These are some odds and ends. This is a
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reference book that goes back to the 60s put out
by -- okay. This one was issued in ’71. 1It’s a
key word index to the wvariocus national standards,
and you can see there’s many, many asbestos
products that were described by National Voluntary
Consensus Standards.

And it doesn’t anywhere in this document, for
example, indicate how those products may be used
safely or how to avoid injury with those products?
No, sir. This is merely a listing of titles that
have been simplified to allow quick access.

All right, sir. And what else have you got?

This is a listing of the asbestos products that are
described by Naticnal Standards, products and other
related activities. I have to admit I was
surprised to see how much there is published in
asbestos products even today. A few of those have
been updated within just the last year or so. This
is -- These are shots out of one of the reference
catalogs I use.

All right, sir.

Then this is a -- These are a couple of indexes
from the 1970 ASTM books, parts 12 and 14, and
there’s some asbestos products identified there.

In other words, these are standards that are
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produced by these voluntary committees and
represent essentially state-of-the-art thinking.

Q All right. What these documents are not, however,
is a reflection of or discussion or presentation of
any of the hazards of asbestos or cancer or

anything of that nature?

A No, sir. They’re -- there’s no reference that I've

ever come across in any of the material in that era

that -- that denoted any hazards of the material.

MR. WATERS: All right. Let me object --

A And -~

BY MR. WATERS:

Q Go ahead.

A Okay. ©Now, you’'re throwing me with your comment

about not answering properly or --
Nonresponsive.
A Nonresponsive. Well, would you explain to me what

you mean by nonresponsive?

MR. WATERS: As soon as I finish making

the same objection one more time that you’ve been

nonresponsive.
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THE WITNESS: Okay.

BY MR. WATERS:

Q

O OO0 O P

My specific question to you, Mr. Heit, was only

that these documents did not appear to make

any

reference with respect to the hazards of asbestos,

including asbestos. The answer to that was

they do not.

Okay.

And then you went on to say some additional

information, which I appreciated, but I had

that objection.

Okay. Okay.

All right. It locks to me like you’ve done

part of your involvement with this case, you
taken it upon yourself to do a little bit of
independent research.

That’'s --

Okay.

-- correct.

All right.

Do you want this last one?

I have one more gquestion.

Sure.
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Q

I take it, however, that you did not go look in the
library and find any of the literally thousands of

articles and the medical and scientific literature

that discuss people dying by the hundreds of
asbestos-related diseases and cancers in this

country since the 1930s?

MR. BROWN: That assumes facts not in

evidence.

BY MR. WATERS:

Q

That’s not --

MR. BROWN: I object. It calls for

speculation.

BY MR. WATERS:

Q

That was not the type of information you were
looking for when you did your research, was it,

sir?

MR. BROWN: Counsel, the purpose for

these documents is in support of his opinion that
the use of asbestos in the power plants, such as

Valley, in 1967 to 1971 is proper, meets with good
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construction engineering standards, which is one of
the opinions he’s going to have. That’s why he has
that. Also to show you scme evidence of the
knowledge as it existed under the same or similar
circumstances under which this project was designed
and built, or one like it. That’s why he brought

you these.

MR. WATERS: I appreciate that. Thank

you, Phil, for telling us why he brought it.

Now --

BY MR. WATERS:

Q

But -- but I need an aﬁswer to my question, which
is that you did not do that type of research when
you went -~ research, you weren’t looking for
information in the literature, scientific and

medical literature about those hazards?

MR. BROWN: And -- and you’'re assuming

that such information existed --

MR. WATERS: Dr. Cagel testifjed it

existed.
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MR. BROWN: =-- at a particular time. I
don’'t remember any particular time frame being

mentioned this morning, Andy.

MR. WATERS: Well, whatever.

Let me say that I believe Brown & Root has one of
the most complete engineering libraries of any of
the engineering companies in town, and I'm not

aware of any medical documents that we keep out

there. So that -- the medical area is not
something that I -- I would have been attempting to
research.

BY MR. WATERS:

Okay. I think you’ve answered it.

In other words, I'’ve -- I‘ve approached it from an
engineer’s point of view.

What's your last document there, sir?

These are some shots out of a book published or
copyrighted in 1969 and the title of the book is
“Thermal Insulation." And this is part of the Von
Nostrand Reinhold Environmental Engineering Series

and they talk about their environmental engineering
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series as dedicated to the presentation of current
and vital information relative to the engineering
aspects of controlling man’'s physical environment,
et cetera, et cetera.

But anyway, they cover all your various kinds
of insulations, and I've gone ahead and xeroxed
sheets that have reference to asbestos and a lot of
related material. This book was co-authored by a
number of insulation people. I thought that was in
here.

Let me take a look at it. Maybe we can just short
¢circuit this.

Sure. Sure. Oh, okay. On Page 204, they talk
about safety requirements and it’s all with respect
to the operating requirements for insulation, but
there’s no mention of any -- any hazards whatsoever
in relation to asbestos, and this -- this
particular book was probably the primary insulation
textbook at the time. And like I say, it was

copyrighted in 1969.

MR. WATERS: All right. Let me object to

the portion that was nonresponsive.
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BY MR. WATERS:

Q

This is essentially a textbook for engineers.
Correct, sir?

Yes, sir. Yeah. That’'s a good description,

It’s for people that are involved with drawing

and -- the drawings and the practical applications
necessary to construct power plants or refineries?
This is more basic. This would be used by the
people who were selecting the materials --

Okay.

-- Lo be used in the particular project.

All right. If it’s all right with you and your
lawyer, what we’ll do is attach these documents as

exhibits to the deposition.

MR. BROWN: That'’s fine.

MR. WATERS: Okay.

MR. BROWN: And it’s 4:30. I'm just

gonna release this other witness unless we’'re

finished here pretty quick.

MR. WATERS: Let me think. I think I may

be finished.
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MR. BROWN:‘ Have you got anything?

MR. FISHER: (Shaking head).

MR. BROWN: We’ll reserve our questions.
MR. WATERS: I'm sorry. I -- I was just

looking over my notes. I have one more -- one or

two more guestions.

BY MR. WATERS:

Q

o r QO >

I wenﬁ through a list with you sometime earlier of
some precautions and -- that might have been taken,
and you indicated they probably were not taken in
that time frame.

Uh~huh.

Do you recall that?

Yes, sir, I do.

Are you aware that all of those precautions --
precautionary measures that I read off to you were
suggested in the medical and scientific literature

back in the 1930s to avoid asbestos disease?
MR. BROWN: Again, I -- Excuse me. That

Q & A REPORTING, INC. (713) 439-7441
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assumes facts not in evidence.
MR. WATERS: Okay.
MR. BROWN: And you’re asking him to
speculate. He’'s told you he hasn’t made that kind
of analysis, so how could he be in a position to

respond to that?

MR. WATERS: Well, if he’s not aware of

it, he can so answer.

I‘'m not aware of that.

BY MR. WATERS:

Q

Knowing what you know today, sir, will you agree
with me that asbestos products are defective --

were defective and dangerous?
MR. BROWN: Wait a minute. Wait a
minute. Wait a minute. That’s -- You don‘t define

defective. You certainly don’t limit it to the

time frame at issue in this case.
MR. WATERS: I said knowing --

Q & A REPORTING, INC. (713) 439-7441
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MR. BROWN: 1It’s a highly improper
queétion. You're asking for a legal conclusion,
and this witness, I don‘t believe, is qualified to

answer that, even if he understood the question.

BY MR. WATERS:

Q All right. Let me take it in pieces.

MR. BROWN: He’s not gonna respond to

that question, Andy.

MR. WATERS: Well, then you can instruct

him not to answer the guestion.

MR. BROWN: 1I’1ll instruct you not to

answer.
THE WITNESS: Okay.
MR. WATERS: I haven’'t asked it vet.
MR. BROWN: Are you gonna ask him that?
MR. WATERS: Did you hear me? I said let
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me do it in pieces. And you said no, he’'s not
gonna answer it. I haven’t even put the guestion

forth vet.

BY MR. WATERS:

Q Will you agree with me --

MR. BROWN: Well, I’'m gonna let the next

witness go unless you hurry up.

BY MR. WATERS:

Q Will you agree with me, sir, that knowing what you
know today, that asbestos thermal insulation
products that were used in the early 70s were

dangerous?

MR. BROWN: I'm gonna object. Asks for a
legal conclusion. You haven'’t framed it within the
area of his expertise and you haven’t tied it down
to any specific time frame or made it relevant to
any of the issues at trial in this case. Nor have

you defined the term defective or dangerous.

MR. WATERS: I think dangerous was. I

was --
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MR. BROWN:

You certainly haven’t cited

any circumstances or description of what the

particular products are.

So without any of these

basic elemental things, how can this witness do

anything but speculate?

BY MR. WATERS:

Q

A

MR. BROWN:

Mr. Heit, can you answer my gquestion,

And I cbject.

Only if I qualify it.

BY MR. WATERS:

Q
A

All right.

Okay. I believe probably everyone of us

uses gasoline on a regular basis.

Probably.

Okay. Would you consider gasoline to be

MR. BROWN:

Mr. Heit.

sir?

in here

dangerous?

It’s not his deposition,

THE WITNESS:

Q & A REPORTING,

INC.

Ch, I'm sorry.

(713)

439-7441
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MR. BROWN: 1It’s your deposition.
THE WITNESS: I'm sorry. I‘'m sorry.

MR, BROWN: 1If you can answer the
guestion without speculating, please do so. We
haven’'t -- One of your colleagues has been cooling

his heels out there for 35 minutes.

MR. WATERS: Well, let’s just get one

answer to this final question and see if we can --

MR. BROWN: If he can answer it. and I
think he cannot answer it. It calls for

speculation.

A It -- it’s too broad-based a question. I can’'t

answer it.

BY MR. WATERS:

Q Okay. You have told us previously that you

considered asbestos to be dangerous, correct, sir?

MR. BROWN: Well, again, he -- you've
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misstated his prior testimony.

MR. WATERS: No, I'm not.

MR. BROWN: He said earlier about what
you think today -- some opinion, blah, blah, blah.
Here your question’s not tied to any particular
time frame or any circumstances under which the
product may be used. And therefore, it’s not

relevant tc any issue.

BY MR. WATERS:

Q

All right. Let me see if I can clear up
Mr. Brown’'s objections.

Knowing what you know today, sir, will you
agree with me that asbestos thermal insulation
products that were used in the early 1570s and when
their use created asbestos-containing dust, that
those products were dangerous?

I would have to qualify that kind of an answer. If
the worker were wearing a -~ a face protector or if
the material was damp, then it probably wouldn’t be
dangerous, same as the gasoline.

All right. Fair enough. Aand if those two things

were not taking place, if the worker was not using

Q & A REPORTING, INC. (713) 439-7441
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a respirator, if wetting had not taken place, under
those circumstances you would consider it to be

dangerous?

MR. BROWN: And again, I need to object.
It's -- You;re just -- you’'re asking this question
without tying it down to any specific issue in this
case. You haven’t described what the products are
or the circumstances. You haven’'t -- you haven’'t
put the worker in any proximity to the product.

You’'re asking this witness to speculate.

BY MR. WATERS:

Q

Can you answer?

MR. BROWN: And he’s not been put up as a
witness on the guestion of industrial hygiene and
matters such that -- such as that. He is here to
give you his opinions from an engineering
standpoint about the design, construction and use
of asbestos and that at the times relevant to this
issue. And it’s outside his designation and you're
asking him to speculate and it’s something he’s
already told you he doesn’t have expertise about.

Now, if you want to ask him for his personal

Q & A REPORTING, INC. (713) 439-7441
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opinion --

MR. WATERS: I want an answer to my

guestion, Phil. Are you finished with your

objection?

MR. BROWN: If you want to ask him a

personal opinion, that’s different.

BY MR. WATERS:

Q

ORI oI 4

Well, can you tell me the answer to my question,
sir, so we can get this over with?

I don’t feel it would be an accurate answer or a
reasonable answer.

All right. Let’s -- let’s go back over this.
You’ve teld us that you would not consider asbestos
producing dust to be hazardous in the early 70s if
the person was using protection, respiratory
protection or if the material was wetted down. Do
you recall that testimony?

Yes.

All right.

Yes. Yes.

I want you to assume now that neither of those two

protections were being taken. Under those
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circumstances, would you consider it to be
dangerous?

I still can’t give a reasonable answer because I
don’t know how much of the asbestos has been
disturbed. I don‘t know how close the employee is.
Okay. But you do know one thing, and that is that
in the time frame 1969 to 13971, those precautions

were not being taken. Correct, sir?

MR. BRZ”N: Well, again -- again, if
you're trying to tie it to this case, there’s no
foundation for that. You’'re asking him to

speculate.

BY MR. WATERS:

Q

Can you answer, Mr. Heit?

MR. BROWN: He didn’'t even start with the

company until 1974.

I do not have any hard and fast information or

knowledge of what occurred at that job site.

BY MR. WATERS:

Q

All right. What you have --
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A I really don’t.

Q What you have told us earlier, Mr. Heit, is that
under the circumstances, you don’t believe probably
that those precautions would have been taken in
that time frame. Correct, sir? Do you recall

that?

MR. BROWN: He didn’'t say that.

BY MR. WATERS:

Q Do you recall that testimony?

MR. BROWN: That’s an incorrect statement

of his earlier testimony.

MR. WATERS: Well, then he can tell me

that.

BY MR. WATERS:

Q But do you recall that testimony, sir?

A Oka&. Now, I'm -- I'm afraid some words are
getting shifted around here.

Q Do you recall testifying earlier, sir, that based
on your experience and understanding of the work

that was done and the precautions that may have
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been taken, that this laundry list of precautions

probably were not taken in the 1969 to 1971 time

frame? Do you recall testifying --

Yes.

MR. BROWN: And he explained to you why,

too. Counsel.

MR. WATERS: Thank you, Mr. Brown. And

no further questions, Mr. Heit. Thank you, very

much.

THE WITNESS: Thank you.

MR. BROWN: Do you have any questions?

MR. FISHER: (Shakes head).

MR. BROWN: We reserve our questions.

MR. KALE: Thank you, Mr. Heit.

THE WITNESS: Thank you.
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THE VIDEOGRAPHER: Okay. Off the record

(At this time, the instruments
referred to were marked Heit Exhibit
Nos. 2 through 7 for identification and

are attached hereto.)

(Signature required.)

Q & A REPORTING, INC. (713) 439-7441



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

THE STATE OF TEXAS

I, Michelle Pfeiffer, a Certified
Shorthand Reporter and the undersigned notary public in
and of the State of Texas, certify that the caption to
this video deposition correctly states the facts set
forth therein; that the examination of the witness named
in said caption was correctly reported in shorthand by
me at the time and place and under the agreement set
forth in said caption.

I further certify that this transcription
has been transcribed from shorthand into typewriting
through stenographically computer-aided transcription
and under my supervision in the foregecing transcript;
and that said transcript contains a correct record of
the proceedings had at said time and place.

Given under my hand and seal of office

this thx?<\£da{ of/'\\\wg\_ N , 1996.

o s FN 4 Al SO\ \

State of Texas Michelle Pfeiffiex
mm. Exe. 07-18-98 Notary Public in aggsféiil)

The State of Texads

My Commission Expires: 7-18-98
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CHANGE/CORRECTION AND WITNESS SIGNATURE PAGE

Please indicate changes on this sheet of paper,
giving the page and line number, the change and the

reason for the change. Please sign each page of
changes.
Reascns for changes are: (1) To clarify the

record; (2) To conform to the facts; (3) To correct
transcription errors.

PAGE LINE CHANGE FROM/CHANGE TO REASON FOR CHANGE

My Commission Expires:

I, RAYMOND A. HEIT, have read the foregoing
deposition and hereby affix my signature that same is
true and correct, except as ncted herein.

RAYMOND A. HEIT

THE STATE OF TEXAS

SUBSCRIBED AND SWORN to before me this the
day of , 1996.

Notary Public in and for
The State of Texas
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NO. 31506

SHIRLEY HODGE, Individually : 1IN THE DISTRICT COURT OF
and as Personal :

Representative of the and

Estate of A. J. Hodge, Jr.,

Deceased; GREGG A HODGE and

ANGELA R. McClain,

Plaintiffs,
VsS. : FANNIN COUNTY, TE X A S
TEXAS UTILITIES ELECTRIC
COMPANY (d/b/a VALLEY POWER
PLANT), et al
Defendants. : 6TH JUDICIAL DISTRICT
CERTIFICATE FOR THE VIDEOTAPE ORAL DEPOSITION OF

RAYMOND A. HEIT
September 24th, 1996

Taxable Costs:

Charged to: Andrew Waters, Esqg.
Bar Number: 20911450
For: Plaintiffs

I, Michelle Pfeiffer, a Certified
Shorthand Reporter for the State of Texas, hereby
certify, pursuant to the Rules and/or agreement of the
parties present, to the following:

That this deposition transcript is a true record of
the testimony given by the witness named herein, after
said witness was duly sworn by me;

That signature was waived by the witness.

That signature is in process of being obtained,
but filing was requested before time allowable for
signature.

That the deposition transcript by way of
was submitted on to
for examination,
signature and return to Q & A Reporting, Inc.
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That attached is the signature page and
Change/Correction Sheet containing changes, if any, and
the reasons therefor, made by the witness.

That the deposition transcript and/or signature
page was not returned to the deposition officer by the
witness.

That the witness failed to appear to read and
sign the deposition.

That the original deposition transcript, or a

copy thereof, together with copies of all exhibits

provided to the reporter, was delivered on
to the attorney or party who asked
the first question appearing in the transcript.

That a copy of this certificate is being sent to:

the following includes all parties of record:

FOR THE PLAINTIFFS:

Andrew Waters, Esg.
Attorney at Law
400 South Zang
Suite 1420
Dallas, Texas 75208
(214) 941-0532

and
J. Todd Kale, Esgqg.
Silber Pearlman, P.C.
3110 Webb Avenue
Dallas, Texas 75205
(214) 528-2000

FOR THE THORPE DEFENDANTS:

David Fisher, Esg.

Miller Thomas, Esq.

Fairchild, Price, Thomas & Haley
413 Shelbyville Street

Center, Texas 75935

(409) 598-3317

Q & A REPORTING, INC. (713) 439-7441
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FOR THE BROWN & ROOT DEFENDANTS:

Phillip S. Brown, Esg.

Fanning, Harper & Martinson, P.C.
Third Floor Preston Commons West
8117 Preston Road

Dallas, Texas 75225

(214) 3695-1300

THE STATE OF TEXAS:
COUNTY OF HARRIS:

SUBSCRIBED and SWORN TO on this the
day of , 1996.

N
W AS LS AR
R ] S T L
VICHELLE PFEIFFER 3~ Michelle Pfeiffer L \3\'
NOTARY PUBLIC { Certification No. 3282 i:
Stataof Texas ¥  cert. Expires: 12-31-96

comm Exp. 07-18-98 . " .
) AD‘-L..n- Commission Expires: 7-18-98

Q & A Reporting, Inc.
2700 Post Oak Boulevard
Suite 1540

Houston, Texas 77056
(713) 439-7441
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NO. 31506

SHIRLEY HODGE, Individually : 1IN THE DISTRICT COURT OF
and as Personal :
Representative of the and
Estate of A. J. Hodge, Jr.,
Deceased; GREGG A HODGE and
ANGELA R. McClain,
Plaintiffs,

VS. : FANNIN COUNTY, T E X A S
TEXAS UTILITIES ELECTRIC

COMPANY (d/b/a VALLEY POWER
PLANT), et al

Defendants. : 6TH JUDICIAL DISTRICT

EXHIBITS TO THE
VIDEOTAPE
ORAL DEPOSITION OF RAYMOND A. HEIT

September 24th, 1996

Q & A REPORTING, INC. (713) 439-7441
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NO. 31506

SHIRLEY HODGE. Individually and as
Personal Representative of the and Estate of
A J HODGE. JR., Deceased; GREGG A.
HODGE and ANGELA R. McCLAIN,

IN THE DISTRICT COURT OF

Plaintiffs,
vs.

S

g

§

§

§

S

§

§
TEXAS UTILITIES ELECTRIC COMPANY §
(d/b/a VALLEY POWER PLANT), CSR, §
LTD.; BROWN & ROOT USA, INC; §
BROWN & ROOT, INC. (A DELAWARE §
CORPORATION)and as successor to §
BROWN & ROOT, INC. (A TEXAS §
CORPORATION), individually and as §
successor to BROWN & ROOT, INC; §
THORPE PRODUCTS COMPANY, §
THORPE CORPORATION; J. T. THORPE  §
COMPANY (Individually and as §
successor-in-interest to THORPE §
INSULATION COMPANY) and THORPE §
INSULATION SERVICES COMPANY, §
N

§

§

FANNIN COUNTY, TEXAS

Defendants.
6TH JUDICIAL DISTRICT

AMENDED NOTICE OF INTENTION TO TAKE
VIDEOTAPED DEPOSITION DUCES TECUM

Ve
iBIT O._)_
e

M PFEIFFER

TO ALL DEFENDANTS AND THEIR COUNSEL OF RECORD:

PLEASE TAKE NOTICE that, pursuant to the Texas Rules of Civit Procedure, Plaintift,
Shirley Hodge, Individually and as Personal Representative of the Heirs and Estate of A. J. Hodge,
Jr., Deceased, will take the following rescheduled videotaped depositions at the offices of Brown

& Root, 4100 Clinton Dr, Houston, Texas before a centified court reporter and videotape technician:



NAME DATE TIME

Raymond Heit September 24, 1996 100 p.m.

Dale Drvsdale September 24, 1996 Immediately following
Mr Heit's deposition

Delbert Gaines September 24, 1996 Immediately following
Mr. Drysdaie’s deposition

The depositions will continue from day to dav until completed. All counsel of record are invited ¢
attend.and cross-examine. The previously noticed depositions of Francis Weir for September 23,
1996 at 10:00 a.m. and Jimmy Kubeck for September 27, 1996 at 10:00 a.m. are cancelled.
Each Deponent will produce at the time of this deposition the items listed on Exhibit “A”
attached hereto and incorporated herein.
Respectfuily submitted,

SILBER *« PEARLMAN, P C.

N V@wm__/

” Todd Kale
State Bar No. 11079960

3110 Webb Avenue
Dallas, Texas 75205
(214) 528-2000

(214) 522-7400 FAX

NOTICE OF DEPOSITION - Page 2
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CERTITFICATE QF SERVICE

The undersigned cenifies that a true and correct copy of the foregoing instrument has been

served on all knpwn counsel of record for the Defendants by telecopy on the
day of ___. gégjg-m lea 199
y4
4 A B A

Md Kale )
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EXHIBIT *A"

The tollowing vwems [rom Brown & Root's Industniai Hvgiene Library are to be produced at each witness’ deposition
Please bring the following refercnce books or maicrials®

AUTHOR/

TR OF LOCA-
PUBLICATION PUBLISHER EQITOR DATE BAAQ | PGS T OWNER | TIDN(S,
A Contaminants - Perm. | OSHA OSHA 1989 B! 78 CSH O3-1178
Exposure Limus
Asbestos Allemauves ¥ DTD J3-128/ |
Fite #1
Asbesios Analvses F DTD 03-120/
File #1
Asbestos Controls F DTD 03-120/
File #1
Asbestos Federal Reg. & | UTHCal UTHC at 1986 0 483 CSH 03-120
Guid. Doc. Tyler Tvler
Asbestos Information F DTD 03-120/
File #1
Asbestos [nformation F DTD 03-120/
File #1
Benzene F DTD 03-120/
File #1
Carcinogens Tech. DHHS 1991 B 431 CSH 03-1188
Resources
Dust/Dust Controls F DTD 03-120/
File #}
‘Epidemiology Man and | Macmillian Fox, Hall, 1970 339 DTD 03-120
Disease Company Elveback
Health Effects of Exp. To { NAP NRC 1981 B 169 CSH 03-120
[iesel Exhaust
Industrial Hvgiene and Wilev & Sons | Patty, F. A. | 48-58 B 330 CSH 03-117A
Tonicology, Vol. 1-2
MMMF - TOX & EP! F DTD 03-120/
File #2
Occupational Diseases NIOSH NIOSH 1977 B 606 CSH 03-120
Recordkeeping Guide- OSHA OSHA 1970 B. 32 DTD 03-120
lines for Oce. [njur.
Toxicological Profile for | Clement Int. Hennques/ | 1993 B 200 CSH 03-117B
| Asbestos Corp. Kiman
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COPYRIGHT ® 1869 BY REINHQLD 800K CORPORATION

All nghts resanved. No pan of thia work coversd by the copynght herson

may be mproduced of used in any form or by any means —grapic, elec.
Uorug, o mechancal. including phalecopying, reconrting, aoing, of ne
formauon and retnevat systams —without wntten permission from the
publkisher. Manutactured in the United States of Amenca.

WUBRARY OF CONGRESS CATALOG CARD NUMBER: 70-80096



VAN NOSTRAND REINHOLD ENVIRONMENTAL
ENGINEERING SERIES

THE VAN NQOSTRAND REINHOLD ENVIRONMENTAL
ENGINEERING SERIES is dedicated 10 the presantation of
current ang vitat nformation relative 1o the engineering
aspects of controlhng man’s physical environment. Sys-
terms and subsystems availabie to exercise control of both
the 1ndoot and ocutdoor environmant continye to becoma
more sophisticated and ta invaive 3 number of engineenng
disciplines. The aim of the sernes is to provide books which,
though often concerned with the life cycle —design, insial-
lation. and operation and mamntenance—of a specific sys-
tem or subsystem. are complementary when viewed in
ther refationship to the total environment.

Books in the Van Nostrand Reinhold Environmental
Engineenng Series inciude ones concerned with the engi-
neering of mechanical systems designed (1} to control the
enviranment within structures, including those ' which
manufactunng processes are carned out, (2} to control the
extertor environment through control of waste products
expelled by inhabitants of structures and from manutac-
turing processes. The sernes will inctlude books on heating,
arr conditioning and ventilation. control of air and water
poilution, control of the acaustic environment. sanitary
engineenng and waste disposal. illumination, and piping
systems for transporting media of ali kinds.

MALVERN F. OBRECHT, PH.D.. P.E.
Consuiting Editor



VAN NOSTRAND REINHOLD ENVIRONMENTAL
ENGINEERING SERIES

Malvern F Qbrecht. Ph.0.. P. E.. Consuiting Editer

Mailloy Thermatl insulation
Ross Industnial Waste Disposal
Runkle Microbiat Contamination Controi Facilities



4 Properties
of
Thermal
Insulation

Basic Types of Thermal tnsulation

The charactenstics of a thermal nsulation are
mamnly determined by 1ts composiion For
that reason thermal nsuiations are divided
inte five major types. although in many n-
stances particular insulations are hybrds of
these types

The five major types are

Fiake
Fibrous
Granutar
Ceilular
Reflective

nos W

Flake insulation s compesed of smail par-
tcies or flakes which finely cGivide the air space.
These flakes may or may not be bonded to-
gether Vermiculite, or expanded mica. 1S
commonly used for flake insulation.

Fibrous insuiation s composed of small
diameter fibers which finely divide the air
space. These fibers may be organic or nor-
ganic and may or may not be bonded together.
Organic fibers may be of hair. wood or cane.
or synthetic. The tnorganic fibers may be of
glass. rock wool. stag wool 3lumina sihica, as-
bestos. or carbon.

Granular insulation is composed of small
nodules which contain  voids or hollow
spaces. it ¢ not considered a true cellular
materal since gas can be transferred between
the individual spaces. The matenal may be
magnes:a, calcwm  sihcate.  diatomaceous
earth. and vegetable cork.

Celiviar insulation s composed of small in-
divndual cells sealed from each ather. it is pro-
duced of glass. rubber. and plasncs.

Reflective insulation 1s composed of paral-
lel thin sheets. or fal. of tugh thermal reflec:
tance and spaced to reflect radiant heat back
loward sts source. The spaang also s designed
to provide restncied air (or gas) spaces. The
restncted air space reduces heat transfer
which wouid be caused by convection and con-
ducuon. In most instances the thin reflecuve
sheets are made of aluminum or stainless steel.
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148 Thermal Insuianon

Reflective insulation obtains its resuits from its
design and construction. il 1S 3 system rather
than a single homogeneous matenal For this
reason sts properties will be discussed separa-
tely from those of the massinsuiatons

Forms of Mass lnsulation

Many mass :nsulations ara produced using
two or mote of the types listed above. For
exampie, fibers are added to granuiar matenal
to increase the tensile strength of the procuct.

To obtain desired properties, frequently one
tyce of insulation 1s used 1n combination with
others. such as systems usng hghtweight
fibers to separate reflective sheets. Another
method used to reduce heat transfer 1s to In-
stalf vanous types of insylation 10 3 system by
which the amount of air is reduced to small
guanuties. These systerns of insulation wiil
be discussed further onin the Manual.

The numerous mass nsulations produced
have varied charactenstics and are intended
for many uses. For this reason insulations are
produced 1n many forms. Some of these are:

1 Rigrd boards. blocks, sheets. and ore-
formed shapes such as pipe covernng.
curved segments, etc.

2. Semi-ngid boards, sheets, and preformed
shapes

3. Flexible boards., sheets and ogreformed
shapes

4 Blankets. .

5. Bartts

6. Felts

7. Tapes

8. Ropes

9. Cements

10. Loose

11, Fill

12. Masucs

Eventually each of these forms of insulation
ts installed and becomes a part of an insula-
ton systern. Its propertues then become tm-
portant to ensure that it will function properiy
in the system. Thus the insulation’'s propes-
ties become of utmost importance to 1S €Co-

nomic nstailanon. service |ife. and :ihermai
efficiency

The large number of types of mnsulation anc
forms 1n which 1t 15 produced almost ensures
that their comparative properties will vary
widely This 1s 1o be axpected and desired. as
the uses of the matenal also vary widely

Properties al mass insulations

Knowledge of the properties af insulations :s
necessary for selection of the proper ‘nsuia-
tion for specific uses. Many times. in a gven
instatllation. 3 certain property may be of ittie
importance. whereas that same property may
be of utmost importance n a different appica-
tion One of the probiems :n the insuianon
industry 1s that some of the manufaciurers re.
sist providing information as 1o their matera! s
properues. They feel that this information may
limit the use of their matenal: this 1s an error
Without this information their maternials may
be musused. resuiting n fallures angd-a ioss cf
money to the manufacturer, the contracior
and the user

Many of the foillowing Iisted properties are
not freely available from tne manuiaciarers or
in ther published literature: therefore they
have not been included 1n the Tables of Prop-
erties 30-38. which follow later in this chapier
Upon occasion. however. soma of the cmitted
properties may assume extreme importance
In ttus case effort should be made to obtan
them on anindividual bas:s from the appropnrate
manufacturers

Properues {and Theirr Significance) ol Rigid
and Semi-Rigid Insulations

The basic properues of mass insulatuons and
the significance of these properties in choosng
an insuiation are as follows:

Abrasion resistance The property of a ma-
terial measunng i1ts abiity 1o withstand abra-
sion without weanng away. Abrasion s caused
by the rubbing together of two abutting co-
jects or by an external {orce or object rubbing
agamnst the surface of one of the objects.



Alkalinity (pH] or acidity The tendency
o 3 matenal (o have a basic (alkannel or
acidic reaction It s measured on the pH scale.
with all readings above 7 O alkaline and be-
low 70 acidic A reading of 70 indicates
neutral This incicales 16 which metais the ma-
terial may be apphed without causing corrosion

Breaking load The greperty of 3 maternal
whnich (ndicates rts strengtn n flexure when
loaded as a simply supported beam with a
constantly ncreasing concenirated load at
Its center.

This property is of significance in installations
where the matenal must "bridge” over 3 dis-
continuity 1IN 1ts support

Capillarity The property of a matenal wtich
enables 1t 10 suck liqud up nto or through it-
self.

Shouid a8 water leak occur :n instailed in-
sulation, tugh capillarity will spread the damage

Chamical reaction The property of a matenal
which measures 1ts tendency 1o c¢hemucally
combine for react] with other materials which
may come 1nto contact with or be absorbed by
it,

This informanon 1s very imporiant as such
reaction may cause a fre hazard. In addimon
10 hoiding the combustible hguids, the inter-
mixing may change the combustdility of the
chemicals by lowering ther flash, fire, and
self-ignition paints. '

Coefficient of expansion (Contraction) The
property of a matenal which measures its
dimensional change corresponding to tempera-
© ture change.

This 1s necessary nformation in solving
problems reiated to spacing and design of ex-
pansicn and contragnon joints tn the nsulation
system.

Combustibility The property of a matenal
which measures (on an arbitrary scale referred
to some common matenal) its tendency to
burn.

This information s wvital 1n determiming any
possible fire hazard. If 3 matenal 1s combustibie
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1ts potential contribution to a Are hazard s
determined by tha combinatcn of tha following.

Flash point

Fire point

Self+grmition paint b any)
Burning rate

Rate of flame 1ravel

Heat contribution
Explosion sncex
Self-internal heatng
Toxicity of products of combustion
Smoke index

Melting pont

~ 0OWOANOMEWN -

— —-

Compressive strehgth The property of a
matenal which measures its abiity to resist a
load tending to squeeze or shorten it

It 1s one of the properties of insulation which
determines its performance in service. The
desirable compressive strength may be high
or low. Where the msulation should support a
foad without crushing, high compression
stirength i1s needed. Conversely when insula-
tion is used to take up dimensional change. a
low compressive sirength may be needed. In
the latter case the perceniage of recovery to
0ngiNai size upon the renel of stress cecomes
important,

Corrosion to substrates The property of a
matenal which indicates 1ts chermical effect on
vangus metals upon which it may be :nstailed.
{See "Corrosion Effect.” Chapter 15}

This 1s of upmost importance. If an insulation
may cause corrgsion to a substrate metal.
erther another insulation should be seiected or
the substrate metal shouid be protected by 3
proper coaung. The fact that certain combxna-
nons of nsulatons and metais may cause a
corrosion of the metal makes it necesszfy to
determine the corrosive etfect of sach insula-
ton on. for example, carbon steel, stainless
steel, monel, copper. and aluminum. Of parucu-
far importance ts the strass-corrosion effect on
austenitic stainiess steels.

Density The weight of a unit volume of in-
sulation, such as b cu ft,
It 1s necessary to know the density to calcu-
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late loadings ang the heaung rats when mass
ts one of the functions.

Dimensions! stability The property of a
matenal which ind:cates 1ts abiity to retan rts
size or shape after aging, cuttng, or being
subjected 1o temperature of MAIStUrE.

Ag every insulatign must be nstalled to
given dimensions, this property aftects the
ease of instailation and aiso its service life

Flaxural strength The property of a3 ma-
tenal which measures 1ts ability to resist bend-
ing {flexing) without breaking.

it 15 one of the mechanical properties which
determines the sustabiity of an insulation dur-
ing application and «n service.

Hardness The property of a3 matenal which
measures its ability 1o restst penetration.

In some applicatons 3 hard surface s
needed. while in others a soft surface s de-
sired. It 1s. again, one aof the mechanical prop-
ertes to be considered in the selection of 2

matenal for a given application.

Hygroscopicity The property of a matenal
which measures 1ts ability 1o absorb and re-
tain water. in either the liguid or vapor state
from the ambient air, with said retained mors-
ture being in a state of equilibrium with the
maoisture 1n the surrounding air.

This property paints up the fact that water
in insulatton, however 1t gat there. must be
allowed to escape without damage to the
outer insutation protection. ln other words.
the higher the hygroscopicity. the more water
the insuiaton widl imtally absord and eventu-
alty have to reject when subjected to heat. This
emphaszes the need for near-perfect morsture
protection 1n the first place. If mosture does
get in, however, then the outer barner must
be of the "breathing™ type to let it back out
when heated.

incidence of cracking The property of a ma-
tenial which indicates its tendency to crack
when applied to a hot surface at its recom-
mended maximum temperature.

This cracking affects the strength of the in-
sufation and 1ts thermal conductivity.

Reasistanca to acids The property ot 3 ma
rendl which naicates 1S abiity 1o resist ze
compasiion by various 3Cids 10 wmicn it may
be subjected,

As insylaton s used n 3ll xinds of atmes-
oheres and condinons of chemical contaming -
tion. 1ts resistance to the acids to which 1

may be subjected affects its sarvice Iife.

Resistanca to cauwstics The dehnition ang
significance of resistance to caustics 15 'he
same as that given for “resistance to acics,
but « 1s paraphrased to read “caustics n.

stead of "acigs.”

Resistance to solvents The definiuon anrc
significance ol resistance to solvents s the
same as that given for ‘resistance to acids
but 1t is paraphrased to read “soivents’ in-

stead of “acids.”

Shear strength The property of a matenal
which indicates its ability 10 resist cleavage

It s another of the mechanical properties
which indicates the suntability of an nsutatugn
during application and in service.

The property of @ matenal whizr
ndicates 11s proporucnate loss it dimensions
or volume when its temperature 1s changed

it is a major cause of cracks :n high-temper -
ature z-phcatons, It will ocecur both as hnear
length and width} and volumetric ioss. Insula-
ton's shnnkage 1n relation 1o temperature
should be determined in order to properly ce-
sign INsulation expansion-contraction joints for
vessels and piping.

Shrinkage

Specific gravity—apparent The ratuo of the
specific weight of 3 materal. including all s
vods, to the weight of an egual volume of
water. This can be obtained by the smpie
device of dividing the weight/cu ft of the ma-
terial (density) by the weight of a cubic foot
of water,

Specific gravity—real The ratio of the
specific weight of the mass of solids making vp
3 matenal to the weight of an egual volume of
waler. ‘

To dlustrate the cifference between these
two specific gravities. glass fiber insulaticn



will have an aporoxrmate apparent specihc
gravity of O 05 and a real specihc gravity of
25

Specific heat The rauo of the amount of
heat requirad to raise 2 unit mass of matenal
1 F to that required to rarse a unit mass of
water 1 F at some spec:fied empderature i
1s essental to know this property for soiution
of problems related to hea! storage and tem-
perature-ume lag.

7emperature /limits The maximum temper-
atures, as determined by its properties. up to
and down to which a material will expernience
no essental change in(ts properties.

Within its imits a matenai shouild not fail
mechanicaily, chemically. or thermally. These
hemits are determined by the effect of the tem-
perature on the properties listed n this chap-
ter. Time exposure to temgperature and the
number of changes in temperature have an
effect on some materials. For this reason. in
maost Instances. it 1§ necessary to determine
the following:

Max. temp. —continuous operation
Max. temp. —intermittent operation
Max. temp, —cycle operauon

Min. temp. —cycie cperanon

Min. temp —continuous cycle operation

Tempearature rise—ssif-internal heating A
property of some materials :ndicating that
when heated above 3 certain temperature an
internal reaction will occur. causing an inter-
nal temperatuse nse far n excess of the tem-
peratures to which they are subsected.

Thts internal temperature not only causes
damage to the materal 1itself. but can be very
hazardous. as serious fires can resuit.

Tensile strength The property of a3 material
which measures its ability 10 resist a stress
tending to pull it apart,

It 1s another of the mechanical properties
which evaluate the service performance of the
insulation.

Thermal conductivity The property of 3 ma-
tenal which indicates the relauve ease or dif-
ficuity by which heat s transmitied through
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the maternal due 10 3 temperature citterence
exisung between its wo surfaces (See Chap-
ter 15}

As the propertv varies with mean tempera-
ture 1t s essentidl 10 know the conductivily
curve of an insutation 10 caiculate heat 1rans-
fer However the prime vaiue of insulation 1s
1ts resistance to heat transfer The “"thermai
resistivity” of a matenai 1s the reciprocal of
thermal conductivity and as 1t 1§ more mean-
ingful shouid be the !undamental progerty
hsted for insylations For example An insuia-
ton with a conductivity of O 25 as compared
to another of 0.45 appears to be not too much
cdifferent. Whereas if the thermal resistivity
was stated 1t wouiqd be 4 00 for the hrst ma-
tenat and 2,22 for the second.

Thermat diffusivity The property of 3 ma-
tenal which measures the time rate of tem-
perature movement through it. it s not a mea-
sure of amount of heat or heat transfer.

In many cases this s an rmportant factor
For example. wn cycie operanons where rapid
dissipation of temperature 1s desred a high
rate of thermal diffusivity 1s important. Con-
versely. when insulation 1s used as fire protec-
uon a slow rate of thermal diffusivity s most
smportant. This little understood factor 15 of
utmaost iIMpartance 1IN engineering these types
of applicauons,

Thermal shock resistance The property of
3 matenal which ndicates 1ts ability to be
subjected to rapid temperature changes with-
out physical faiure,

Th-~ oroperty I1s important when insulations
are .sed on cycie operations. fast heat ups.
and for fire protection,

Vapor migration The property of a matenal
which measures the rate at which water vapor
will penetrate it due to vapor pressure differ-
ences between its surfaces.

The water vapor which enters nsulation
has serious effects on its thermal conductivity
and on some of its physical and chemical prop-
erties. 1t 1s well known that water vapor en-
tening low temperature insulatian wili at some
point condense into hiquid or freeze into ice and
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vall svantually destroy the tharmal aticsency of
the insulaton However. vapor migranon 1Nto
nsulation on ambrent and hot service may
cause swelling of the insulation and contnbute
to rusting of stea! or stress corrosion of stain-
less steel.

Vibration res/stance The property of a ma-
tenal which indicates 1ts ability to resist me-
chamicai  wvibration, without
settling, or dusting oHf

wearing away.

Almost any insulation used n an industrial
appiication witl be subjected 10 some vibration,
such 3s compressor wibration, fan puisauons.
or vibrations caused by the fluids ar gases
passing through the lines or vesseis.

Warpage The change in dimension of one
surface of insulaton as compared to that of
another surface due to drfference n tempera-
ture of the two surfaces.

Warmage will cause cracks in the fimshed
insulatton and damage 1o the weather and
vapor barriers.

Water absorption The property of a ma-
terial which measures the amount of water 1t
will soak up when submerged in water.

it 1s a measure of the amount of water which
may be taken into an insuiation due to water
leaks in weather barner or during construcuon.

it 15 also mmportant as an indicator of the
amount of combustble or toxic fiquids which
an insulatan could absord in case of spilage.
However, 3 material may be water repellent
and sull be quite absorpuve when subjected
10 hydrocarbons, solvents, or other penetrat-
ing liquids. In special cases like thesa, the ab-
sorptvity of insulations must be 1ested with
the chemical to which it may be subjected.

Properties of Insulating Cementr, Foams, and
Insulating Mastics

After they are applied and dried. nsuiating
cements. insulating mastcs. foamed in place
insulations, sprayed foam, and sprayed inor-
ganic msulations all become rigid or semi-
ngid and their properties are the same as
those listed for the ngid or semi-rnigid mater:al.
However, from the wet state to dned (or cured)

state agdaiional praperties must be consicerec
as follows:

Adhesion—wet The property of 3 matenai
which ingicates its ability to stick 1o the sur-
face to which 1t has been applied without shd-
ing or fatling off.

As the temperature at the ume of apptca-
tor and the temperature cf the surface 1o
wnich the material (s apphied affect the aahe-
sign, esither the himits of these two tempera-
tures myust be establhished of the adhesion for
various temgeratures detercmined. This prop-
erty has direct bearning on the ¢apabidity and
cost of aninstallation.

Adhesion—dry The property of a matenal
which indicates s abdity to bond to the sur-
face to which 1t s apphed and rermain 1in place
In service,

Temperature may alsoatfect thes surface ad-
hesion so limits must be set. or achesion must
be determined a3t various temperatures.

Shrinkage—waet to dry The property of a
matenal which measures the difference in voi-
umetnc and hnear change which occurs in the
dry:ng of insulating cements and mastics.

This change atfects not only the quanttees
of materal required, but i1t can also affect ¢
finmsned. dned matenal f cracks or breaks ce-
velop because of excessive shnnkage.

Expansion—wet state to cured state The
property of a matenai which measures the aif-
ference W volumetnc change n poured of
spraved, foamed-in-place orgamics.

This information 1s necessary n the calcula-
uen of quantittes of materal necessary 10 ob-
tarn 3 grven amount of mass insulation.

Coverage—wet The property of a maternal
which measures the amount of matenal neces-
sary to cover a given ared to obtain a speaific
dried or cured thickness. )

Of course this information is necessary for
calculanion of gquantities necessary for a paruc-
ufar apphcaton.

Properties of 8lankat and Batt Insulation

Since blankets and batt insutations are essen-
tally nan-ngud. such physical properties as



flexural strength and snear, listed 3% properties
of ngid materials, 3re not applicadle. However,
Jther properties given for ngid materials are
also properties of the non-ngid matenals
These include:

Alkalinity (pH}

Capilarsty

Combustibility {or non-combustibility}

Chemical reaction

Comptessive strength (3ithough generally
of felauvel;/ low vaiue as compared to
rigid materal)

Corrostan to substrates

Density

Hygroscopicity

Resistance 10 3acids

Resistance to causucs

Resistance 10 soivents

Specific gravity—apparent

Specific gravity—real

Specific heat

Tensile strength

Thermal conductivity

Thermal diffusinity

Temperture hmits

Temperature nse [self internal heating)

Vapor smigration

Vibraton resistance

Water absorption

In addition, properties other than those hsted
for rigid materials do become :mportant in this
form of insulation, nameiy:

Compaction or sartling The property of the
biankets or batts which measures therr change
in density and thickness resuiting from loading
of wvibraticn thus producing change of thermal
etficiency.

Some materials tend 10 fluf up when sub-
jected to wibcation whereas others tend to
compact. This factor has a defirute refation to
suitability of the insulation for certain instalia-

Lons.

Recavery of thickness after compression
ol blankets or batts after having been com-
pressed is 3 wvtal factor in the use of matenal
as cushion biankets. or in expansion [oINtS.

Resistance to air movement The property
which indicates the ability of a blanket-type
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material to resist erosion Dy ar currents Qver
its surface

The /mportance of a blanket being 3ble to
resist air velocities across its surface 1s dem-
onstrated most frequentiy when biankets are
used to hine the inside of ducts.

Properties ot Fill insulations

Although the particular set of properties which
is 1mportant to fill matenal s shgntly different
from the forms of insulaton previously dis-
cussed, each of the individual properties have
aiready been menuaned. The :mportant prop-
erties of fill insulations follows:
Adsorplivity
Alkalinity
Capitlarity
Combustbility
{or non-com -
biity)
Chemical reacuon
Compactian or
settiing
Corrosion to sub-
strates
Hygroscopicity
Aesistance 1o acias
Resistance 10
causnes
Resstance to
solvents
Specific gravity —
apparent
Spectfic gravity —
real
Specific heat
Thermat conduc-
tivity
Thermal diffusivity
Temperatuie limits
Temperature rise —
self internal
heating
Vapor migration

Measuremaent of Properties of
Thermal Insulation

Determining what nsulation properties are
important  onty (ndicates the nfarmauocn
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neeced and provides the basis of invesugation
The next question then becomes. how can
these properties be measured and under what
condibans should they be measured? Ancother
question which follows 18 whether or not
measurements made Dy [aboratory test are
truly indicative of the properues of the mate-
nal in service. Does aging affect the properties’?
if s0. how much angd at what rate? YWhat etfect
does temperaiure have on test results? What
effect does moisture content have on the prop-
erties?

Unlortunately, tesung methods and stucies
of properties of matenal are not yet able to
answer all these Qquestions. Nor s theare 3
laboratory avaiable which 1s accepted as rhe
authonty on testng of propernes of tnsulation
materals. This statement dces not impiy that
there are no standard test methods and lab-
oratones to perform these standard test
methods. but 1t doces mean that the insulation
industry lacks even the minimum requirements
to prowvide rehiable information. in many in-
stances the manufacturers of (nsuiation have
developed theirr own tes! methods and can
furresh some information regarding ther ma-
tenals. However. the test method used by one
manufacturer s not always identical wrth that
of another. so that the values of one cannot be
compared with the resuits obtained by an-
other. This makes direct comparison of ma-
terdl properties qurte difficuit. Another prob-
lem 1s that most of the mechanical properues
are measured at atmospheric conditions and
not at the temperatures to which the matenal
1S subjected in service. Inadequate informa-
tion leads to poor design. the use of improper
materats, and the installation faillures to which
the insulation industry has become accus-
tomed.

in recent years progress has been made in
cortecung this confusion and presently there
exists 3 number of American Society of Testing
and Matenals Standard Test Methods. How-
ever, even with standard test methods, some-
tmes it s necessary. because of the wide
range in characteristics. to perform more than
one test for a singie property, as one test may
be ncapable of measunng ail the characters-

trics for the wicde varnety of insulation materals
Thus. duplication of test methocs for 3 singie
property of insulations does exist and 1ihe
proper seiection must ba made for the nsula-
ton being tested. Following s a list of Amen.
can Society of Testing and Marenais Test
Methods for various proparties.

Breaking Load—Calculated Flexural Strengtn
Block insulation—C-203
Pipe Insuianon—C-448
Qrganic Foam—D0-730
Cigsed Cell Cantent
Organic Foam Insulations—D-1240
Coefficient of Expansion
Qrganic Foam Insulation—D-636
Combustbility
Test for Flash Point by Tag Closed Tester—
D-56
Test for Flash and Fire Point by Open Cup—
D-92
Test for Flash Point by Pensky (Mariens
Closed Tester)—D-1310
tgnition Properties of Plastics—0D-1929
Determining Noncombustbility of Eiemen-
tary Matenais—E-136
Burning Extent of Plasuc Focams—D-16382
Flame Spread—C-209 part 32
Compressive Strength
Compressive Strength of Insulation Ma-
tenal—C-165, C-354
Compressive Strength of Foam (nsulaoon
—0D-1692
Deflection Strength
Deflection Strength—C-2098 iparts 14 1hru
16)
Density
Block Insulation—C-303
Pipe Insutation—C-302
Blanket Insulation—C-167
Organic Foam Insulation—0-1622
Hardness—C-569
Hot Surface Performance—C-411
Maximum Use Temperature—C-447
Resistance 1o Abrasion—C-421
Resistance 10 Dropping—C 487
Shear Strength—C-273
Shrinkage after Heat Soaking—C-356
Specific Heat—C-351



Tens:le Strength C.346

Tensie Strength  C-209 (parts 18 thry 24)
Thermal Conductuwity C-177

Thermat Conductwvity C-335

Thermal Conducuwity C-420

Thermat Conductivity C-518

Water Absorption—C-209 iparts 26 thry 28)
Water Vapor Transmussion (-385

As can be seen from the above, standard
test methods do not ex:st for all the praoperties
of insulation listed previously. Cne reason s
tnat some of these properues are difficuit 1o
gdetermine. in other cases lest equipment Is
quite expensive. few manufacturers or lab-
oratones have the required equipment, and
an industry standard has never been devised.

It should be remembered that any labora-
tory test 15 a measure of a small sample. For
certain charactenstics, 3 small sample will
prowde an accurate appraisal. whereas for
other matenals the answer may only sndicate
the characrernstics of that insulation. Qther
tests may attempt to predict the service i‘ife of
insylation. Such serwvice iife tests are quite dif-
ficuit to devise and evaluate. Yet this type of
test is essentidl, and as the demand for 1t in-
creases, eventually such tests wili De cevised
by the industry.

Service recorgas also assist in evaluatng ma-
tenais. Unfortunateiy., an early f{alure s
costly and a successful installation requires
many years to prove 115 success. There s no
one method of engineering atl insutation instai-
latons. and the really difficuit applications st
depend upon engineenng judgment. An engi-
neer with an extansive knowledge of the prop-
erties of many nsyiations 1s 10 3 position to
make the best decision. based on available
knowiedge at the time of the decision.

Raflective lnsulation

Reflective insulation. which consists af metal-
lic sheets spaced to direct the heat back to its
source, must be constructed to prowvide space
between each of the reflective sheets. As ils
efticiency depends upon the arrangement of
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the sheets and theirr means of support. a3 sys-
tem of construction s necessary its effec.
tiveness and properties are those of the sys-
tem and not the properties af any single ma-
terial used in its gonstruction

Reflective nsuiation Systems have been
employed in the side walls and cedings of
building. and when proper spacing of layers
and methods of construction are used they
have proven to be extremety efficient.

Another use of reflective insuiauons has
been in the construction of cold storage rooms,
This type of construction 1s simifar to that used
for insulaton of buidings. the only difference
being that tight vapor seals must be con-
structed on the warm side for coid service

Reflective insulation used to insutate pipes
and vessels, 1s 3 factory made product. and
more closely approaches a form which can be
evaluated by a iist of properties. This type of re-
flective nsulation :5 formed :nto sectional pipe
insulation, fittng covers. and shaped seg-
ments to fit eguipment. These shapes consist
of reflective sheets of aluminum. or stainless
steel. so formed as t0 have ntie direct contact
berween the sheets, or with spacers of a low
conduzuve mezal or cther matenal ¢ form
isolated air chambers between the sheets and
end closures.

As 3 firished product these formed reflec-
ttve insulation structures ¢an be evaluated to
have certain characteristics as follows:

Aklalinity (pH)
Capitlanty
Coefficient of expansion
Combustibility (or non-combustibility)
Corrosion to substrates
Cracking {in sennce)
Hygroscooicity
Leachable matenal content
Resistance to acids
Resistance to caustics
Resistance to soivents
Resistance to nuclear radiation effects
1. Damage to matenai
2. Lossn thermal efficienty
3. "Haltlife”
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Strangth
1 Crushing
a. Perpendicular 10 longitudinai  ax:s
b. Parallel to iongitudinal axis
2. Flexural—beam across supports
3. impact resistance
Specific gravity —apparent
Soecific gravity —real
Tempertature hrmits
1. Maximum —continuous
2. Maximum ~—cyche
3. Maximum-——intermittemt
4. Minmum —continuous
5. Mimmum ~cyche
Thermal emittance
1. Inner surfaces
2. Quter sutrfaces
Thermat conductance
1. Across total thickness
2. Perinch dispiacement
Thermal shock resistance
Vibration resistance
Water vapor transmission

The reflective insylation systems are fabri-
cated nsutation structures and do not lend
themseives as easily to testing as do homo-
geneous matenals. Thus there does not exist
a senes of standard test methods for ther
evaiuation, as exists for other matenais. Since
these are designed systems. the physical
properties and strength requued for any given
nstaflation can be engineered into the finushed
product. whereas with homogenecus ma-
tendls a product naturaily havwing the praper-
ties must be selected to fulfili the installanon
reguirements.

Although each of the indindual matenals
used in the construction may be tested by
standard test methods. thare presantly exist
few ASTM test methods which are suitable
for the tasting of reflective insulation systems.
However as these and other cryogenic in-
sulauon systemns increase N importance tests
will be devetoped.

Cryogenic insulation

When the term cryogenic insulation 1s used it
does not designate a specific type or system

of nsuiation, out reiers to ne use of nNsuia-
nan i controlhing heat Qains 10 cryocgenmic
hquids There 1s no established temparajyre
below which nsulation s termed cryogenie
However. 1t 1s generdily understood !0 be in
the range of —150°F down to absoiute zern
(—458 6°F

Although homogenecus mass nsulations
are used for apphcatons at the upper par: of
the cryogemc temperadture range. to ontain
the efficiency necessary for proper contretl of
very low temperatures. a system of insuiation
using more than one material 1s generaily em-
ployed Maximum efficcency to retard the flow
of heart by the cembined action of all heat
transfer rmechamisms (raciation. conduction
and cocnvection) s the aim of the cryogenic
insuiation sysrems.

Combining the principles of the control cf
heat iransfer by mass. by reflecuve sub-
siances. and by vacuum, systems have heen
designed to obtan therrnal res:stances unob-
tainable with ordinary mass insufations Qe-
velopment of these efficient insulations es:
senually started with the discovery of (he
Dewar Flask by James Dewar in 1898 Further
contributions to the develogpment of these
systems were made by L. A Black. A A Ffowie
and P. £ Glaser of Arthur O Little Company:
and by P. £ Riede. D. Wang, L C. Matsch,
C. R. Lindquist and L. R. Niendorf of the Linge
Company.

The systems of cryogenic insulations made
possibie by these deveiopments are basically
of two types—one type 1s compased of pow-
ders in 3 partal vacuum and the other mul-
tilayered, spaced reflective sheets in a parual
vacuum.

Powders such as perite and “Santocei”
used in vacuum have 3 congductivity of approxt-
mately 0012 Bw/sq it, hr.in. °F at tempera-
tures from 70°F to -300°F. Powders used
with reflective and absorptive opacifiers of
the proper formula can improve the perfer-
mance., Such 3 formula, developed by Linde.
using “Santocel” and cooper gpowder n 3
vacuum has a3 conductivity of 00026 Btussq
ft. hr, in.. *F in 3 vacuum of 005 to 50 mi-
crons of mercury, absolute pressure.
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Matenal
Wdenufication
number

Insulation material, genernc type

Description and generai charactenstics

10

11

12

13

Alumina-sihica libers, combined
with binders,

Alumina-s:ica fibers. combined
with binaers.

Refractory-fiber molded. pre-
dominantly aluming and
silica.

Amosite fibers and sihica bind-
ers.

Asbestos spange felts lami-
nated together.

Asbestos paper. plain and cor-
rugated. cemented together.
Catcium-siticate. hydrous. rein-
forced with small amounts of
asbestos fiber.

Calcium-siicate. hydrous. rein-
forced with smail amounts of
asbestos fiber, extra high tem-
peratures.

Cork. vegetable. compressed.

Diatomaceous silica. blended
and bonded, Class [.

Diatomaceous silica. blended
and bonded. Extra high tem-
perawrs. Class Il

Diatomaceous silica. asbestos
fibers and inorganic binder,

Diatomaceaus slica. asbestos
fibers and inorgaruc binder.

Block nsulation for exceptionally high
temperature service, resists thermal
shock.

Block nsuiauton—stronger than (1)
above For exceptionally high temperature
services. Resists thermal shock.

High temperature ightweight board.

Formed nigid pipe covering. Resists frac-
ture. Good cutting characterrstics. Water
absorbent,.

Formed semi-ngid block and pipe cover-
ing. Soft. Water absorbent.

Formed semi-ngid pipe coverning. Soft.
Water absarbent.

Molded into ngid block and pipe covenng.
Strong. for 1its weight. Good cutting char-
acteristics. Waier absorbent, but retans
most of its strength when wet.

Moided into rigid biock and pipe covering.
Strong. for its weignt. Gooc cutling cnhar-
acieristics. Water absorbent.

Molded into ngid biocks or sheets.
Strong. for its weight. Good cutting char-
acteristics. Will resist iquid water, but has
relatively high rate of vapor transmussion.

Formed into ngid block and pipe covering.
Good for high temperatures. Excelient
thermal shock resistance.

Formed into ngid block and pipe covering.
Good for higher temperatures than ma-
tenal {10]. Higher density. Excelient ther-
mal shock resistance.

Light density rigid sheet. Good cutting
characteristics.

Moderate density rigid sheet. excellent
strength for its weight. Excellent cutting
charactenstucs. Good for paneis where
needed in tigh temperatures Also se-ves
3s fire protective matenal.
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Matenal

igenhhication

Description and general characterrstics

number insuiation maternal generic type

14 Oiatomaceous sihica, asbestos
fibers and incrganic binder

18 Glass. cellular

16 Glass. cellutar. between layers
of feit.

17 Glass., fhiber, with organic
binder.

18 Glass, fiper. with organic
binder.

19 Glass. fiber, with organic
binder—higher temperature
liemit

20 Glass. fiber, with organic

21 binder.

22

23 Glass. fiber. with high temper-
ature binder,

24 Giass, fiber., wath arganic
binders with asphait attached
facings on both sides.

25 Glass. fibsr, with organmc

i binder with one surface coated
or treated.

26 Glass. fiber. with inorganic

27 binder. faced one side with

vapor resistant facing.

Heavy density ngid sheet Similae to (12!
and (13} except harger and stronger

Rigid biock and pipe covering Gceoc
strength charactenstics. Poor abrasion
resistance Can be formed and fabrnicatec
rapidly Water resistant. Has almost per.
fect resistance to the mugration ot mois-
ture vapaQr

Same as matenal (15} except it 1s fabn-
cated into sheets between layers of fen
for roof insylation.

Semi-ngid formed pipe covering Light
density pipe nsulation. Availaple with
vanous types of factory attached jacket.
ing.

Formed into rigid pipe covering. Heawvy
density pipe insulaticn. Available witn
various types of faciory attached jacket-
ing.

Semi-ngid formed Dipe covering, moder-
ate density with shghtly higher temper-
ature fimtt than 17} ang 18} Avalable
with vanous types of factory attacned
jacketng.

Semi-ngid formed board or sheets of var-
ous densities. The higher the density the
stronger the material. The higher densi-
ues aiso provide a lesser conducuwty
Available with vanous types of factory
attached outer facings.

Formed semi-rigid hoard and sheets. Suit-
able for higher temperaturas than (201,
(21). (22}
Formed into rigid sheets, for roof deck
insulation.

Semi-ngid formed sheets for use 1n INSu-
tating interiors of air conditioning oc heat-
ing ducts. One side. facing the air stream,
coated to resist air eros10N,

Formed into ngid sheets for constructing
ar condioning and heaung ducts No. 27
1s a higher density material than (26). for
use where additional strength 1s required
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Matarial
identficauon
number

insulation material. generic type

Descriptian ann ganer3l chacaclernsiics

28

28

30

31

32

33

34

35

36

37

38

39

40

41

42

Glass. fiber. with inorganic
binder faced with aluminum
sheet metal-faciory attached.

Magnesium carbonate. with
asbestos fibers and binders
180% Magnesia)

Mineral fiber, with inarganic
binders.

Mineral fiber. with norganic
binders.

Periite, expanded. blended and
bonded witth binders. Water
repelient.

Polystyrene. expanded beads.
molded to shape.

Polystyrene, cellular foam,
molded.

Polystyrene, cellular foam.

Polystyrene, cellular foam. self-
extinguishing.

Potyurethane. celiular foam.

Polyurethane, ceilular foam,
self-extinguishing

Rubber resin, cellular foam —
seif-extinguishing.

Siliceous fibers and binders
with factory attached sheet
aluminum facing.

Vinyi chloride cellular faam.

Wooad fiber ang binder.

Farmed into sems-rigid panels for applh-
cation 1o large diameter or flat surfaces.
Aluminum facing provides basic weather-
barrier.

Formed into rigid block and pipe covering
Reiatvely soft.

Formed r:qid biock.

Formed semi-rigid block. Made in various
densities.

Rigid board and pipe covering. low
shrinkage at high temperatures. Water
repeilent.

Formed intoc ngid block. board and pipe
covering. Light weight. exceilent cutung
character:stcs.

Molded ngd board and pipe covenng.
Light weight,

Rigid board. sheets and pipe covenng cut
from siab stock. Light weight. Good cut-
ung charactensucs. Combustbie,

Rigid boards, sheets and pipe covertng.
Lightweight. Good cutting characteristics.
Will not continue burning after removal of
fire.

Formed into nigid boards, sheelts, and pipe
covering. Light wesght. Good cutting char-
acteristics.

Formed into rigud boards, sheets and prpe
covenng. Light weight. Goad cutting char-
actenstics. Will not continue burning after
fire is removed.

Rigid board and pipe covening. Good cut-
ting charactenstics. Will not continue
burning after fire is removed.

4'x8’ lapprox.) semi-rigid panels for nsu-
lation of larg - diameter and flat surfaces.

Formed into rigid block and pipe covenng.
Easily cut. lught weight. Will not conunue
to burn when fire is removed.

Formed into ngid panels for roof deck
insulation.
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FLEXIBLE INSULATION

Matenal
dentification
number

lnsyiation materi3l. genaric type

Dascriphion and generat charactarnsiics

43

44
45
46
47

48
49

Asbestos braid inner and guter
tubing. filled with glass fiber.
Glass fiber narganic
binder, avaiable with varicus
facings.

and

Polystyrena foam.

Rubber resin, cellular
self-extinguishing.

foam.

Seamiess flexible tubular insulation.

Fiex:ble rolls or sheets. All are of similar
material except for density. As the censity
affects botn strength and flexibidity ang
also conduclivity, divisions n  density
were provided to establish the relation-
ships.

Roil foam. flexibta. Light weight

Malded into flexible sheets and pipe

covering. Resilient. Will not continue 1o
burn when fire 1s removed.

BLANKET, FELT

AND BATT INSULATION

Matenal
identificauon
number

Insulation matenal. generic type

QOescription and general characteristics

S0

51

52

83
54
55

56

57

58

59

Alumina-silica fiber,
Alumina-siiica fiber.

Alymina-silica fiber and as-
bestos fiber with binder.
Asbestos fiber.

Asbestos woven fibers.

Glass fiber, batts with vanous
facings.

Glass fiber, bonded with ther-
mosetting organic binders.
Availabie in vanous facings.
Giass fiber, faced on one or
both sides with metal mesh.

Glass fiber,
one side.

blanket. coated

Glass fibar, woven fait.

Formed into blanket for high temperature
service.
Formed into felt for

service.

high temperature
Formed into blanket for high temperature
service,

Formed into blanket.
Farmed into felts.

Formed into batts and encased in various
facings. Mainly used for building ceiiing
and wall cavity insulation.

Farmed into biankets. Numerous densities
available. General purpose blanket.

Formed into blankets. Expanded metal
lath or 1 hexagonal wire facings on one
or both sides. General purpose high tam-
perature blankets.

Blanket specially coated on one side to
resist air erosion. For liming heating or air
conditioning ducts.

Formed into woven felt for high tempera-
ture instajlations.
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Material
dentification
number

insulation material, generic type

Description and geaneral characternistcs

60

61

62

63

64

65

Glass fiber lhigh temperature
gtass). needled glass matt.

Minera! fibers, faced on one or
both sices with matal mash.

Mineral fibers, with wvarnous
binders.

Mineral fibers, secured by 17
hexagonal wire netung precut
and edged for vanous pipe
sizes.

Retractory fibers predomi-
nantly alumina and siica.

Silica fibers.

Specially needled mart of high temper-
ature glass fibers —without bingers. Soft
and resihient.

Formed into blankets. Expanded me1al
lath or 17 hexagonal wire facings on one
or both sides. General purpose high tem.
peratute blanket.

Formed into blankets.

Formed into blankets to be wrapped
around pipe. Facing precut and edged and
equipped with fasteners o secura around
pipe.

Feits avaiabie in variaus denscties from 3
to 24 Ibs/cu ft and thicknesses 1/8 in. to
2m,

Formed into felts or blankets.

INSULATING AND FINISHING CEMENTS

Materal

denufication

auMober lnsutatron matenal. generic type Descripuon and general characteristics

66 Alumina-silica, semi-ngid. hy- Semts-refractory and insutaling cement.
draulic setuno cement. . Water mix—hydraulic setting.

67 Alumina-sihca, asbestos fibers High temperature —water mix-—cement.
and binder.

68 Asbestas fibers. and bonding Water mix. insulating and finishing
clays. cement.

€9 Asbestots fibers, and binders. Water mix, finishing cement.

70 Asbestos fibers. bonding ctays Water mix. hard surface finishing cement.
and binders.

71 Asbesios fibers, with special Water mix. fimshing cement.
binders for adhesion to water
repelient insutation.

72 Calcium silicate with binders. Water mix. insulating and fimishing

cement,

73 Diatomaceous silica powder High temperature —water mix——insulat-
with binder. ing cement.

74 Magnesium carbonate and as-

bestos fibers.

Water mix insylating cement. High shrink-
age.
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Materiat
wgentification
numbper

Insulaion matenal. generic type

Descrnpltion and generai characiensncs

78

76

77

78

Mineral Kber with hydraulic
setung inges

Minaral fiber with hydraulc
setung binder-high achesion,

M:neral fibers asbestos fibers
and hydraulic setting binder

Vermicuhte and binger

Water mix. insulating cement. Hydraung
setuing. General purpose insulating
cement,

Water mix, insulating cement HMHydrauhe
setting. Similar 10 {75) with special bing-
ers to increasa inial wat adhesion

Water mix, insufating cament. Formulated
for use as a fire protection insulation

Water mix. insufating cerment.

FORMED OR FOAMED SPRAYED-IN-PLACE

INSULATIONS

Matenai

wenuficavon

number

insulation matenal. genenc type

Descripuion and generaj cnaraciensncs

73

80

a1

82

83

84

85

Asbestos fibers, Amosite, and
inorganic binders.

Asbestos fibers, Crocidolite.
and inofganic binders.

Bituminous material. cork or
mica filled mastic.

Ceramic fiber and inorganic
fibers.

Mineral wool granules, as-
bestos and inorganic binders.

Polyvinyl acetate cork filled
masuc.

Urethane, two part liquid mix,
rngid foam. Self-extinguishing,

Sprayable insulation cement mix. Water
added by spray gun. Compressed after
being applied to surface.

Sprayabis insulation cement mix. Water
added by spray gun. Compressed aher
being applied to surface. Simslar 1o (79
except will withstand higner service tem.
peratures.

Premixed mastic. Availabie in caonsisten-
cles suitaple for appl:catxon by Spray or
trowel. Used to control condensate.

Sprayable mix. Semi-refractory msuiation

Sorayable insuiatian cement mix. Water
added by spray gqun. Formulated to be
used as a fire protection and high tempes-
ature insulaton. '

Premwxed masntc. Can be apphed by spray.
trowel or palm. Used to controi conden-
saton.

Liquids mixed by spray gun. Lgquid on sur-
face foams to form ngid insulation. For-
mutas obtainable for nsulation will not
continue burning after fire 1s remaved.
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Matenal
idenuficauon
number

Insutation materiat. generrc tyne

Description and general characternistics

86

g7

88
89
30

g1

92

g3

94

95

86
97
98

93
100
101

102
103
104

105
106

107

Alumina-silica fibers, bulk.

Alumina-silica,
milled.

chepped and

Alumina-silica. long fibers
Asbestos fibers,
Cork. granulated.

Diatomaceaus silica,

powder.

coarse

Diatomacecus siica. fine pow-
der.

Diatamaceous silica. calcined.

Diatomaceous sihica and as-
bestos fibers.

Gilsonite granules.

Glass fibers, lcose or shredded.
Glass fibers. wool.
Glass. ceflutar, pellets.

Gypsum pellets.
Lampblack
Mineral fibers. with

amount of ol lubnicant.

small

Mineral fibers. oi free.
Minecal fiber. granulated.
Perlite. expanded. loose.

Silica fibers.
Silica-aerogel spheres.

Vermuculite flakes,

For fill applicattons such as packing fur-
nace joints,

Same as (861

Same as (86).
Available in various grades and densitres,

Available in vanous grades and panicle
sizes.

Milled to a coarse powder. far filing cawr-
ties.

Milled to a fine powder. for filling cavities.

Calcined to withstand hrgher tempera-
tures. Used as fill. or with concrete to
form insulating concrete.

Mixture for fill installatons.

Available in various grades for various
service temperatures. Used as fill around
underground hot piping.

Vanous grades available.
For pouring ar blowing 1nto cavity spaces.

Available in various sized pellets. Each
peliet formed with hermetically sealed
cells.

For pouring into cavity spaces.
Powder for pouring into cavity spaces.

Fibers In loose form for filling cavity
spaces.

Loose fiber for filling cavity spaces.
For pounng or blowing «n cawity spaces.

Loase for filling cavity spaces. Available
In vanous size spheres.

Soft fibers for high temperature service.

Smail spheres. Very low conductivity. Will
flow through a very smali opening.
Expanded mica. Available in various sizes.
For filling cavity spaces.
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REFLECTIVE INSULATION/FOILS AND SHEETS

Matenal
idennfication
number

lnsulation material. generc type

Descriotion and general charactenstics

108

109

110

Aluminum Sheet.

Aluminum Foul.

Aluminum Foil on membrane
paper. or other reinforcements
such as glass fiber.

Preformed atuminum with kraft

paper. accordian formed. Wall
and cesling insutation.

Polished sheet. thickness as required for
strength. Installed to enclose and sepa-
rate air spaces.

Thickness as required for strengin. In-
stalled to enclose or separate air spaces.
Foil with vanous reinforcements.
Instalied to enclose or separate arr
spaces.

Preformed into strips or rolls. then when
opened and :nstalled, layers of foil wnuit
form enciosed spaces (n cavity installaton.

REFLECTIVE INSULATION/PREFORMED PIPE AND EQUIPMENT INSULATION

Matenai
igentification
number

tnsulation material. generic type

Descnouion and general characienstics

112

1133

113b

Preformed stainiess steel case
with stainiess steel reflective
sheets.

Preformed stainiess steel case

with aluminum reflective
sheets.
Preformed aluminum case
with aluminum reflective
sheets.

Custom formed to fit piping or equipment
Non absorbent. Can be removed and re-
placed rapidly. Light weight.

Same as above. Shghtly more efficient.
but limited to lesser service temperatures

Same as 11 3a above.

REFLECTIVE INSULATION/PREFORMED PIPE AND EQUIPMENT INSULATION

Matenai
idenufication
number Insutatian material, generic type Descripuion and general characienstics
114 Alummum foil, spaced with Mulitilayers of aluminum reflectve fod n
glass mat—!n vacuum. vacuum cavity. Very iow thermal concuc-
tvity.
118 Alurminum  foul, spaced with Same as above.
gtass paper. {n vacuum.
116 Carbon-silica 1n vacuum. Powdec tn vacuum cawvity.
117 Perlite 1n vacuum. Same as above.
118 “Santocel” in vacuum. Same as above.
119 “Santocel” and  aluminum “Santocel” opacfied with aluminum pow-
powder in vacuum. der in vacuum cawvity
120 “Santocel” and copper pow- “Santocel” opawfied with ctopper pow-

der 1t vacuum.

der in vacuum cawity




Muitilayerad reflective sheets <consist of

vers of reflective sheets such as alurmnum
foit or metai-coated plasucs fim. separated
by micro glass-fiber mals 1n a vacuum space.
can attain even lower tharmal conductivity
than opacified powdersrs. However, their ef-
factiveness is much more dependent upon
the almost complele absence of pressure than
the powders. Depending upon the layers per
inch, conductivities of 0.00108 10 000012
Biu/sq ft. hr. :n. °F can be attained when In
spaces under a vacuum of O.5. or less. mi-
crons of mercury, absolute pressure.

Of course, the problem s to provide the
vacuumeed space for these insulations to
function. This s done by utizing double-
shell vessels., with the nsulation installed be-
tween the two shells and the vacuum gen-
erated in the insujated space. “Permanent
vacuum”~ vessels of such extremely low leak
rate that they do not require any re-evacuation
for many years have been developed.

As with reflective insuiations. the cryegenic
vacuum nsuiated vessels are designed and
constructed to withstand any mechamcal and
chermical abuses to which they may be suyb-
acted. Thus the properties are those of a de-
sign rather than that of a matenal. A chart
of thermal conductivities of the cryogenics
will be given later in this chapter.

Undearground Insuiation Systems

Pipe or equipment located underground.
which must be insuiated. 1n most instances
uses the more conventionat mass nsulations
in some system which ngt onty nsulates. but
also protects the insulation from water.

As these systems us8 mMany combinations
of conduit and thermal insulations., they are
not a “class”’ of insulaten in themseives. The
properties of the snsulation used in their con-
struction can be obtained from the properties
ol that insulatuon as listed. These systems
will be discussed in a later chapter.
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Property Tables—Not including
Conductivity

The properties in Tables 30 through 38 are not
all of the relevant properties of the matenats
isted previously 1n thus Chapter The tabies do
list, however. the mos! important properties
ang those most commaonly neeged 10 make an
intelligent selection of an nsulanon for a
specific purposea.

Note that many of the matenals have anly
a few properties listed and that none of them
are compiete. The properties weare compied
from information obtained from many sources.
but most were secured directly from the manu-
tacturers of the asulations, or from thewr pub-
hshed literature, As can easily be understood.
further testing and checking by the author of
each indwidual value obla'ned, involved 3 13ask
much beyond the scope of tnhis book How-
ever. based upon the author's knowledge of
insulation matenals, the values presented were
reviewed to estabbsh that each one was ap-
parently reasonable for that parucular insu-
lation and that parcular property.

All properties listed are not significant for all
maternals. For example, the water vapor trans-
rmisston rate of an insulation used for high tem-
perature service IS unimportant because the
high temperature pipe or vessel causes a high
vapor pressure which drives motsture oytward
and the insuiation remains dry and effective.
For this reason. the vapor transmission rate
on high temperadture matenais 15 seldom
measured.

For certain properties. such as atkalinity,
there has been no test method agreed upon
by the insulation industry. Some manufac-
turers provide the information n terms of pH
and others in respect to percentage of Na;Q.
Again because of these limitations, despite the
tact that thuis may cause confusion, the only
recourse was to list the values obtainable.

Another factor which should be remembered
in the use of these tabies i1s that a particular
generic matenal may be made by several

(Text conunued on p. 192!
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TABLE 30 Rigid and semi-rigid insulations
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TABLE 30 Rigid and sami-rigid insulations (continued}
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Combuyttibihity
Flarme  Smoas o Comer risne Hygro Linese Sowciix Therme Nater ::::
wresa/ cenuty/ Nrengniioe  xoowiry/  VYISRaRl hesw  Temoe g L, sOwroion/ TR
Home  wmone :°m| W at%  Nvaume ™otV Bty oo MrwngIn/ x e Yol 24 on
toreea  cenvry  PUIOIS i on  mler e MM BDw DGl Moo ~
o e 1) tamo F s merion o
e
28 %0 1.2
or o o 2 Neg. 20 o8 93
L] lem 1o
e %0 2.7
o o [ 2 Neg. .20 02 91
- . 1o%
2% $0 38
or or n .d Neg. .20 .03 9
irm L ] 1%
3 50
or or 2 Neg X0 023 2]
oy T
po] 50 .
or or 2 0 20 Re o) 33 to
lons less [+
2% L]
or or 2 o .20 018 93
taxs L -]
25 5Q .01
or or 2 o o) cis 93 to
L Lo 10
28 50 o1
or or .2 [+) .20 017 93 ©
L} ] .10
L] 10 0oe
NC t by 2 I o) w 90
0% weL 012
210 t8 .00%s
NC n .2 1.8 22 -] 5
10% a0
twts 01 .09
"t 2 4 22 to 1)
0% 02 9]
K s
NC ot .$ 1.2% 218 32 014e [ 18
5% 4
o ] 68 A00CIS
han then st 'Exa. ca 27 063 23 10
5 0 % )
oy = 14 Q.1 1.0
0000
than than at €10 g:. 27 25 017 7 w0
] 3%0 % 1.2% 20
0w o000 o
Coma, Coma. Comn X = 8 33 > 20 017 to 1.0
=zp. Co.
% 1.2%
lome L] 810 HO0C 0.1
Than hen On : 33 s 70 017 o 1.0
o] a0 5% Exo. Co. 1.2%




170

TABLE 30 Rigid and semi-rigid insulations (continued)

Tharmal Insulation
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Comouiibiity
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TABLE 32, Blankat, felt, or batt insulations
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TABLE 33 Insulsting and finishing cements
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Combusi bty

t
Flame Smone Comorrrme  Ory covering Sheinusge .,:l‘:::;. S:: K© Theerat Nu:r )
wresal  deraity/ NO mrenqiniibel  cpoecityllbel  wet 1o ary ditfusevity/ somermne
Herre wToRe com- maz % Bty per % vol 24
(I ELETR Y 100 Wg £t  iume P B our WQq 'tihe .
0 eed genuty Bustol deformation 1 ncm thedi change n‘ £ lcarcuisted)
Oe s HGE X temp merLen
&0
e 1
%0
50Q 1
10
NC to
0
130
NC t0
580
100 to 370 1
NC 15C at 10 to 25
% 528 5
40
o 2
50
100 158
NC at w0 1 28 0055%
% 190
150 1
NC to w 2 25 o1
40 5
50 12%
NC at - 22 .28 0Qss
10% 16%
160 22 ocs
NC 10 o b4 to i)
20 .23 012
150
NC 13 30 10 2 23 007
10%
150 40
NC n 0 0 2 22 on
10% %0
150
NE to D1s

1658




178

Thermal insutation

TABLE 34 Sprayed, formed, or foamed-in-place insulations
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TABLE 35 Loosa and fill insulations {continued)
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TABLE 36 Reflective insulation/folls and sheets
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refisctve theen  SOWIEMENT 00
POy TYIINT.
Aluminum 5
13 cmng and 1000 1000 10 7 o
8 Murnrum 1
reflectve theety,
TABLE 38 Cryogenic insulations
Generc Type R e ommenced
ovd Class Vacuum
Mprened or Number - 'y
| g e sctoon Owacroiran of Comrucuion of A bty te ey R
number \sviamon Layen Pressure
Merona n
Mxrons ot He
114 Alurnmummn foul, gass mu Flutty glass mats saparyting fod sheety 10 0 20 0.1 28
114 Alumrnarn tod, glem met Same | sDOve 18 ¢ 20 0.1 2.0
114 Adumenum fod, glam mat Same m wove 3 e 70 Q.1 4.7
k311 ARstturum fod. e Deoer Glass pader secaraong surmirem fod sheen 50 10 100 a1 5.8
1% Aluminaen foil, o s paper Same = Wove 75110 150 0.1 75
116 Carborvelica Caroon-ed a DOwOs Miznere - 2.0 B.0
117 Peritg Periite OOwORT - 2.0 3.0
®
118 Sentocel Santoce powsier - 2.0 5.0
119 Smlc:d.® umimam Santccel s St Dowoer ) Hiea 2.0 Q0
10 s""“"iow Santocst and CODOer DowORY Hhied 20 110

Powder




Properues of Therma! insulation
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genury/ censity/ Noncom Mest rent
flarng wnoks Duihibig  emizuvity rafiactancy Corstruction
=r eay Genmty
irnoex ndex
NC 0% 94 inrtaied tg forrn Bir
VLR which are
IS0 dnd/or yeves sted
NC 06 95 by erts o! slurmaum,
oFr Wuminum surisced
- omcer
than NG 05 95
29
[Py .06 99
Ta De instaited
HB. refiec. el 1O CIVItY ADacEs.
Comntasatitul ety
Hygro-
Lineay w
Flane Smone ®AoKITY > Spenhc  Thermas e
Sheinkasge . Absorption
Sores/ Deraity/ rest Dithusmry
Norcorm E zpansion Mazx % % vol.,
Figrne Smoxs ® Volume Beruper s fUhe
3 Deres bustibis atind F shw " “': b per *r {caicuinsted) 24 e
pread hd Tens 'F RsDmerson
| raoet =T Tt
NC 000001 0 o] 12 0
NC 000G [} o] 18 o]
NC .0000a1 ] Q 17 [+
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Idenl-

Generic type, cloas of

.
tication descrlption of Form  lemp ‘(::’“‘“‘V Mesn Temperaiure £
Aumber insulation materiel °F uit_200 -100 0 100 200 300 400 00 600 JOO BOO 900 1000 1100 1200
1 Alumineg silice fbeds,
combined with Linders Block 2000 16 0319 041 048 063 U's 06} 089 0CJ4 080
Atumina silce Hibers
b4 comblned with binders Blok 2000 ral 060 065 00 015 O8O OB 09) 111
3 Petrectory Hber molded Boawd 2300 1} 036 040 046 060 0S6 OG? 06GE OJ4 081 CBE 096
Lght weight
Amosile ssbasios flbeve 14
4 and siikcers binder, FCo1200 032 037 047 047 052 057
16
Block H60 26
s :‘"‘;""' woom felte, od  to 10 036 042 048
sminated togeithier fC 700 21
Ashestos page, plain snd P 9
9 corrugated. Comented together, c 00 0 050 068
12
Caicloum nilicate, Block 10
7 telnforced whih aod 1200 [ 0313 G)) 04) 048 0B) 067 UKD
sstyentos fiLers, PC 13
Celcium silicate, reinlorced Block 10
8 weith sabastion fibers snd 1800 (1) 045 05) 0B5 060 064 069 04 OBO
(Entsa high tempersturel PC 14
8
[ Cork, vegeistis Block 200 to 074028
8
Diatomecoous silice, Block
10 blended and bomisd and 1600 24 061 062 064 066 068 069 021 014
[ TR PC
Distomeceoui tilice, blended Block
" and bonded Class 11 and 19000 26 087 069 07y 0171 072 01! 019 082
h (Entrs high wmpeiaturs) PC
Diatomnecsous sliice,
12 astreutos fibees annd Buaid 1200 23 069 060 087 062 063 065 066 O6?
Inorganic binder
Distomeceoun silica
13 sstroatons fWen nerd Buard 1200 16 0718 O3 0BO 081 082 0B84 (0BY O0OBS

inot ganic Linde

I4:3
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Distomacsouy sitkca,

14 ssbroeton libess and Boerd 1200 66 170 176 180
Inotgenk Linder.
Gloss, calluler Block 9
- ) 4 4
16 Hermatically saslad calls :::d B8O :; 020 026032039 04? 065 064 074 0BG 094
Gless, collulas. 9
16 Harmetically sseiad Colls Bowd 200 1 039 047 OGBS
Beiween layers ol talt 10
Glass, libwous, 3
17 with 'monnk binders. PC 310 |‘° 02) 027 0732
Glesa, Hbrous,
'8 with oipanic binder. e 460 7o 026 030 034
Qlass, tibious, 3
P dih o ganic binder. FC o e0 o, 023 021 032
]
Glass, Hbrous, with Semi- 4
0 orgenic bindes. Availsble rigid 450 10 024 030 0.27
with verlous tacings Bosrd b
Qiaas, tibeous, with Seni Y
n ovganic bindes. Avsilatile gkt 450 1) 024 028 024 0.4
with vaslous lacings Boad 7
Glass_ tlscous, wilth Soml- 7
22, organic binder. Aveilalita rigd 460 o 02) 027 033 09
with veslous tecings. Boacd e
QGless, tbrous, with
2 high temperature binder. Boerd 1000 k13 026 032 029 048 08)
Giass, Ibrous, with osrgenic
24 binder. Asphatl sitached Bosgd 100 ] 030
facings. {roof board)
Gless, IWous Board 16
% Coet1od 0 sida to Dt 260  to 026 030
1ealst als srueion Lines [}
Glama, hibrous, oeganic Cylindricet
» binter. With vegor and 250 J 024
teslstant lacing {Duce) Boed
Gisss, hitsrous, organic Cyillnaiicsl
n binder With vapor and 260 ] 023
toalsient facing. {Ducts} Boed
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TABLE 39 Thermal conductivities of insulations {Btu/sq ft, hr, inch, °F)

1denil- Gaeneric 1ype. Cless o¢ Man .
fication Sescription ot Form temp o'"""' Mean tempeeture F
mumbes Insutation materisl *g ®UUN 350 -500 O 100 00 300 400 SO SO0 700 8O0 S00 1000 1100 1700
‘. Gl Insul
28 Glass, (e ous, bonded M ;d 450 only 026 032 038
10 shaet sluminum. oneis Jwd
Block "
Magnasium caconatd, with 800 .
% e 1 ond bl .:g 'g 036 0)0 043 Q.48
Mine sl fiber ond 16
1
30 Inorgenic bl ) Block 1800 :: 02 019 D42 047 089
4 B Ib denaity 039 034 040 048 058 085
n l‘"“”"k'";d"“’ Black 1200 10
norganic binder. 8 41 desity 032 0.4) 050" 060
Puilte, anpanded end Block o6
a2 bonded. Yieated 10 s snd 1600 13 034 040 0483 080 0564 000 064 0JO 075 0OBO
watesr repellont, PC ne
Hilock,
) Polyutytens, sapsnded besds. Bomd, 180 ' 022027
Molded 10 shaps PC
Block, 9
R ¥ Polytiytens, celluler foam Bowd, 175 to 022 0.26
Moided to shape. PC 1.2
Block, (B
J6 Polystyrene, colluler loam, Bosd. 166 10 0122 0.26
PC 33
Block 10
poy ::Y:}':"“;.’"“"‘ losm.  Bosd, 186 10 0.220.27
ngulshing PC 21
Block, 1.6
k) Polyurethane fomn Board, 260 10 016016 0.19
PC 26
Olock 19
Polyruthens foem, i
3B gl extingamhing Bosd, 260 10 017038 019
C 4
Block ‘
39 Rubber reeln, foamed K. 220 w0 0
s 8
1 t fih o ‘x 8 ‘0
0 Sikcoous tiress, with laciory 4 x8 ©wo w0 026 012
sppiied sluminum laing Paneiy

v81
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112 1.6
41 Viayl cNocIldc. coliuies loam. Bﬁk, o o 018 Q.16 018
Self-antinguishing 276 2
Wood fitvar Insuisting board e
nauvisting Boad 3 1 020
41 {Footed ¥ ] 1]
19
Astreston, breided, innet end Flanibls
4) outer tubing Fllled with #C 0% 089 po2
plave fibers
Class, firers. with ovgenic Flexible o0 086 L. densiny 032 0.42
44 binder. Avellsria with RAal 400 ta
varlous fecings. & Boad 15 1.8 b density 026 022
16 1.8 {b. density 028 0.2
46 Seme s 44 froslolt 400 10
2 215, denelty 026 030
2 2o decslty 028 030
foa bt
L] Seme m 44 'Ot:ud. 400 0
3 Jib. derslty 024 029
Flesible 3 3 Ib. density 0.24 0.9
47 Seme s 44 Bowg WO 1
o 4 4% denslty 023 028
Pol Tules § o9
P ystyrene, Collules foam, Roll 186 [ 022027
Flaxible 1.2
@ Rubibes tesin. Jomned. ‘Shul, 270 ': 0.27
Flealde. PC Py :
3 2": Owepity 033 049 060 07) 088 103 120 128 137
ib 0)X 041 080 060 073 OB 09?2 13 128
80 Alumine ut fier Biankel 1300 [} =
uming ulice nnne a 8 b 030 0 044 Q081 067 072 083 094 (08
B Ib. 020 034 040 047 OBS 061 020 080 GO0
4
1] Alumine sliica fiber Feli 2300 10 Q66 066 0I5 O0BS O9S 11§
8
Alumine dikce, long
62 fiber s bindes Blanket 3300 a 038 041 047 064 062 DO OB OB) 09’
@
8) Aspastoe liber, Bisnkat 350 o 030 068 D8t 087 O+
12
(2] Asbesios woven feft Fat 760 10 060 0% 062 087 0712

vonensu| jewiayy o Smuoamd
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Table 38 Thermal conductivities of Insulation (Btu/sq {t, hr, inch, °F] {continued)

ssbimrioa (1bers s binder,

1dentl Genatlc type, clews 07 Max Denal " .
ticstion dexciipiion ot Form  temp lbu:“. ll' san Vanpwrstuie F
number insuistlon materiad °F wft 200 -100 0 100 200 300 400 500 600 700 BOG 900 1000 1100 1200
Gloss, librour
5% Batts In roll form. Baits on
. 260 [:]:] 032 042 06 10 15 deryit
h yly
58 rvutte with veious trcings Blankes fo 19 026 012 16w
o 450 k] 024 029 Zwli
Glgss, fibrous, facad On Matal 24
87 one o¢ bo(h sides with mesh 1000 to 024 032 040 05 0861
metal mesh. Blankat [
(o] de
Gissa librous blankar. J‘:.:Ld 180 t6
68 Tivsted 0n 0ne 1ds (0 reist _'® 10 0128
{Duct liner) oronon 280 3
&0 Gisss, woven felt Felt 1200 B 078 032 036 041 048 050 055
Glass, fiber, needled, no o
) ' B M
60 binder. (High Tempersturel ot 1200 ;4: 027 034 041 046 052
Mineral fiber biankets 2%
81 between verlous types Blanket 1000 10 026 D32 039 047 004
of matsl labric. 12
gy Minevsl fiber, fattsd, Aol 43)0 .1 Mo dersty 028 038 050
t with Dindas, e eo0 8 Bb. dersny 024 028 G34
Minerel fibee, sacured by Seclions 6 8 Ib demily 0286 03% 037 043 049
[ N] anponded rmetel mash tor 1200 to
Procut for p1ps cuvering PC 12
Refraciory hibeis J J b dansity 040 048 067 068 08B0 DYI 104 125
84 pradominently Feolt 2300 w0 12 1L. denity 03] 037 042 047 051 059 065 012
Alumins snd Sitice 24 24 b dantity 03t 035 019 044 D4 053 058 062
Felt 46
es Silica fibsers and 1800 w0 040 045 052 060 010
Blenkaet 7]
Aluming silica, semi 48
66 1o(18¢10ry, hydisulic Cemant 2000 o 147 147 152 158 164 170 1)8
satting cotient. 70
64
oy  Alumineslica snd Cement 1900 10 16

g8l
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Ashes10e s and bonding

(o v 000 1 21
8 tloys Finishing coment. snen 68
40
60 Asbeston, long libers Coment 1000 0 s
and binders 10
45
10 Asbesios hbecs and Londing Comnent 1000 0 21
clays Finlihing coment 55
Asbastos lilrers with specist 60
hAl binders For athasion 10 Cement 1000 10 120 Y320 140
waler copoliant surlece 60
19
72 Calcwm slcats coment Comamt 200 (2] 040 043 Oad 052 067 0B 068 04
22
O ] 8.
12 ulnm-c-ouhl sHeca Camasny 1100 o
Proveder, veith Lindeo 30 076 01! 0719 082 0B4 OBE OBY 09I 094
Megresium cabonste 6
i
14 ol sebed 108 fibrors Cunent 600 l;:) 043 061 064
22
18 Minscal fibee, with bindery Coment 1500 10
pL 049 067 072 076 O0B1 OUB8 081 )08
Mineral tiber, with 38
18 hydraulc setling Linder Cenent 1200 0 0720 06 081 0868 092
High sdhesion, 43
Mineral liber, sbesice 30
n firers, with hydssullc Ceanent 1400 1 0.75 080 085 090 095
selting binder. 42
L1
8 Vermicullte and binders Cemet 1800 ta 074 079 083 088 092 0907 107 108 4
20
7 Ambasios, libecs, Amosiia Spray 150 : 034 039 04 s 62
and inot ganic binders mix 12 0 o 088 on
Abeeios, fibers, Crocidolite Spray 8
80 ond 100t ek bindan. mix 1350 ;; 03 039 04) 043 0B2 058 017
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Table 39 Thermal conductivities OT INSULELIO \DIU WY 18, 101, 11Aas; o ¢ temsromasrmennes

1dentl- Geneic Lype. cloes or Masn -
licetion destriptlon of Form temp 0"'“': Mesn tempergture F
umbes insulstion meterish ¢ WM 300 -100 0 100 200 00 400 600 600 700 800 ©00 1000 1500 1200
-L
Sprey o¢ 40
Blruminous materlels, cork 110wl
el or mica {liied. Mastic. conshks- 200 ;Z 0.0
toncy
mastic
Cesamic tiber and Sprey ¥
82 lootganic binder. min 300 :t; 048 049 0062 068 060 0684
Minerel fiber, grenulas_ s 11t
83  esbeston Hibers and ’;:" 1800 to 032 038 G40 04¢ OGB! 066 068 O 54
inorganic binder. m 3
Spiey o0
84 Palyvinyl scerate, trowel
cock fillad. Mastic. consls- 180 069
tency
mastic
g Urethene 2 puimix Ipet 50 -zo 017 018
Seil-axtlaguishing gun min 3 :
Butk
o8 Alumine silice filsecs Libers 2308 & 083 000 Y10 122 31.35 185
Chopped
e7 Alumina sillca libers d 200 16 065 00O 076 08 006 116
milled
Long
88 Aluminasiiica long libers soloct 2300 L] 048 060 0.70 ©B3 105 120 136 160
fibers
20 Q60
89 Astemios fibers ":“m": W00 1o 1a
! 50 162
Granul 8
20 Conk, vegelabia, pianulsiad for 200 10 Aveiogs [k ]
poutlng 12
20 22 1L denslly 048 LRS:] 06) 0Jo on 097
Coarts
o1 Distaensceous sitc s poweier 1600 10
30 25 1b densriy 063 0127 aez t13 122 147
H 12 126 1b denmy O 36 0 44 053 064
92 Diatomaceous siics, fine M.‘ 1800 (1)
poval 1} Y2 ib denaity 0 42 048 0 5% 062 063 O B4

88
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Dle . 25 AV Yensiny 069 06 083 08) 100 130 V2 VIS
03 :w: ous silkca Looss 2000 i
eakc n I iv denshiy 692 097 103 1068 1.14 118 128 131 13} 142 148
Dlstamaeceous sica
act . . , 68 068 066 021
™ and (0e fibers. Looss 1800 18 ong 061 062 0083 0068 O
Glsonlle, granules. G 300 44 0063
[} Verlous grsdes ;:::‘ o 1o 1o
100 varlous tempearatuies, . 460 60 080
Shisdded 2 4 1b. denslty 024 012 D40 061
96 Glam, tibees, unbonded ot louns 1000 10
libers 12 8 Ib. density 024 0J1 036 046
Pouring ot 08
o7 pleas tome Liowing 350 1o 530
ourirg wool. wpe 16
Vericus
98 Gioss, colluton, petiets sies BOO 0.40
f pollew
0 44
99 Cypesum, collular pellsis 800 [T
1.00
Vsl 41 020
100 Lampbleck "_;“' 1200 10 10
v 18 0.26
Mineral fibers, with 4
101 small amount of Loose 1200 to 10 b, density 0280 034 042 081 081 032 083 094
oll tubsicent. "
Minerad fibers 10
102 el Locse 1200 10 10 Ib. derwity 0563 068 064 0.70 0.6 083 090}
Oll lioe 16
Geonu- 1000 ]
103 Minerst libers isted w0 [T
1200 16 10 ib. denalty 078 034 041 0Bt 061 072 08) 084
Pesiite, anpanded.
104 Sohoens Looss 1400 3 027 03
v 2 3 . density 068 078 000 108 120 128 167
106 Silica tibens ¢ 1800 1)
9 0 tb densliy G40 047 068 063 OJF 082 QOO
Vot bous 4
100 Bilica ancogel granulas size 1200 10 63ibuenedty012038 DIB DI
wowles [}
[ B b, denality 047 G118
107 Vermiculite Fishes 2000 [T
10 10 6. dermity D44 064 0062 O 0OQC OGS 068 110 121 1132
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TABLE 40 Thermal conductances of reflective insulations (B /sq. ft., hr., inch, °F)

Material

Generlc type snd closs

. Conduciance
at 75_ F Mean temperature

tdentilt o desctiption af £ Positiy Olsaction ot Ai spaces % € = 0 08 {Atuminum
cation Insulstion ovm ositign haest Air spaces snclosed and sspesied by reliective shiedd
aumbes material flow
Numbaes of spaces
1) 2 J 4 [} 6 ? 8 9 10
o8 inum Sh Verous ) ([ vewicst  Ace 035 018 012 009 007 006 004
J Aluminum Sheet thicknessss ertic ctoss 005 5 004 0035
Various
109 Aluminum Foil thick nesses J
oli
]
Atuminum foll (both sides) r Horlzon Upward 048 025 012 012 0.10 008 007 006 0065 005
10 on Mmembesne paper or Laminate
othes reinforcemant.
Atumioum {oll, Expendsble
1" accordian tormed roll loe Hoslzontel Dowawerd 035 0.18 012 008 008 007 00550046 004 0O0IS
ol Insulstion covitles J

Note: Heat transler is given In CONDUCTANCE, not Conductivity

Thermal conductlivities of insulations (Btu/sq. ft., hr., inch, °F)

TABLE 41
Identitt  Gaeneric 1ype, class Ot Muax. Denglt Mean tampes olwve °F
catlon dexcrigtion of Form  lamp. /e 'vu
o ']
number insulation matsds! [ 200 100 0 100 200 J00 400 600 600 70O BOG 800 1000 1100 1200
8
Stsintess stesl casing Custom
1
1 ond SS rallociive sheets Duily 600 ;; ) Varted 10 st need
Stainiam steeil casing 6
11 suminum Cuttom 1o 1o 0265 0318 0400 D466 D637 0600
A built
alleciive sheets 8
Aluminum casing 6
';J and stuminum C;’:'l:'“ 1000w 0260 0307 D378 0.444 0607 Q610
raflaciive sheela 7

CTonoucivities e giver. In “apperent” &k veluss
CApparent’” & vatua Is the equivsient eversgs thermal conductivity of IlEnon homoeeneous Isulsllon, 107 COMpParllan with the k value O ROMOYINEOUL INales als o8

Jetermined by ASTM Test Method C 336

081
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TABLE 42 Thermal conductlvities of Insulations (Btu/sq. ft., hr., Inch, °F)

Genaric type, closs o

Max.

Maan termnpesiuie °f

tdentification N Density
N deacsiption ol Form tep. g cu
umber lnsulation materist °¢ ~200 - 100 0 100 200 300 400 500 600 200 800 900 1000 1100 1200

laininate

4 Aluminum foll, giasi mal 101012 26 0 00108
laymy
tsminate

114 Atuminum foli, glass mat 1610 30 2.0 0.00078
layers
aminats

LR E I Aluminum foll, gises mat 3510 70 4.7 0.00024
layors
laminate

18 Aluminum (oil, gleas peper 60 10 100 6.6 0.00022
layors
farminate

1"ns6 Alumtoum (oll, ginss paper 76 10 160 76 000012
layers

116 Carban-sitice paweder 80 0 00480
mixture

" Peciite Powdes B.O 0.00866

ne Santoce!® Powder 6.0 001150

ng Santocal,® sluminum Opacifled 100 000264
powder
Opacitied

0 000270
120 Santacel.® copper povter 1" 00

UoHRINSUY| |eWIBY] O S8148d0IY
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152 Thermai Insulation

manufacturers. As thaere are diHerences in 1he
properties of a generic matenal produced by
different manufacturars. the properties are 2
mean of the values listed for the products of
the various manufacturers. Thus. for thoss
products made by several manufacturers. no
single manufacturer’s product will have exactly
the values as listed. It follows then, that these
tabies are presented to serve as a guide for
selaction of the correct generic materal for an
instaitlation. However, the final choice of the
particutar manufactured product must be made
by the individual by comparing competitive
products.

The praperty “"Maximum Temperature
Limits” is given first as this is the first require-
ment that must be fulfilled. “Density” is sec-
ond, as it frequently identifies or classifies a
particutar material as being in 3 given genenc
class. and within a generc class it affects the
thermal conductinity.,

All other praperties are iisted in alphabetical
order.

Property Tables—Conductivity

The thermal conductivities given in Tables 39
through 42 have been gathered from various
sources and wiiie deemed accurate, are not
the result of tests by the author. In most cases.
they are the resuits of tests performed upon
laboratory-dried samples by the manufac-
turers. They are based upon representative
vaiues for generic matertal within their ranges
of densities and are neither the highest nor the
lowest of 3 particular listing of compeuuve
matsnalis. They represen! mean averages
which we expect will provide relatively ac-
curate information for use in heat transfer
calculations.

As all values listed are taken as reprasenta.
tive of the means of genenc materals avail-
able and are provided for engineering calcuia-
tion only, they are not deemed suitable for use
as matenal specificanon hmits Any one par-
ucular manufacturer’s product 's not hkely to
have the mean values of ail the materiais
manufactured in that particutar geraric class:-
fication.

For a parucuiar installation. the material
specification must be written by deciding what
property values are essential and, with knowl-
edge cf materiadls avaiable. the specification
must be written to obtain theose essenual
properuies within the ranges of the materais
available.

Hopefully. this book will indicate the need
for more complete information on properties
of maternals and that any missing nformation
will be made available by the manufacturers
When insulation c¢onsumers understand the
need for designing insuiation systems on a
scientific basis the manufacturers will quickly
respond by providing the necessary techmical
information.

The abbreviauons in the Tables have the
following meanings:

amts. amounts

Exp. Co. Coetficient of expansion
Comb. Combustible

hex. hexagon

insul, insuiation

Neg. Neglig:ble

NC Noncombustible
PC Pipe Covering

RH Relatrve Humidity
Temp. Temperature

thk. thickness

SS stainless steel



Installation
Requirements

“lnstaltation Requirements” per se may be mus-
understood to mean only the requirernents
durning the applcation or service lLife of an “in-
statlatron.” What 1s intended. however. 1S a
discussion of the requirements that an (nsuia-
tion must fulfill from the imat1s manufacturad
untl 1115 1n service. After insulation s produced,
11 passes through saveral phases. te. it s
shipped. stored. possibly fabricated. reshipped
to the job. nstalled. and finally used n the sarv-
ice for which it was originally specified.

For lack of a more descrniptive term. these
various operations that the insulation must pass
through from the time of tts production until
its ultimate discard will be called “phases.”
They may differ. depending upon the method of
manufacture, type of matenal. and use. but in
general they may be listea as follows:

Shipping
Storage
Fabrication
Application
Service

Each of these phases imposes a set of re-
quirements upon the insutating matenal.
must meet these requirements in order to ful-
fill successfully its ecanomic function. Evalua-
tuon of these requirements and the selection of
the insulating mataerial which will best perform
the specified function is an engineering design
problem. This problem 1s complicated. not only
by the large number of requirements. but also
by the lack of reliable data on the requirements
themseives. Because of this lack of data. it s
impossible to provide both an exact fist of the
requirements and of the properties whereby 3
precise selection of material can be determined.
Therefore, this discussion must be kept general,
for the final selection will be determined by
engineering judgment. This chapter will be
heipful in determining the factors atfecung that
judgment. It must be understood that an error
in judgment hers may make the difference be-
tween 3 successful or an unsuccessful instal-
launon—a profitabie or unprofitabie operation.

Other than the purely technical aspects.
there are reasons of business and procurement
{such as availability} which influence the selec-
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204 Thermal tnsulation

saton and dnp. A general rule to remember: the
ilower the emittance. the ctoser the cuter sur-
face temperature will be 1o the temperature of
the surface under the insuiation Conversely,
the fugher the amittance. the closer the outer
surface tamperature will he to the temperature
of the ambient arr.

Moisture requiremants

Insulatien, to be efficient. must be kept dry.
Mosture in two forms. the liquid or the vapor
state. can saturate the nsuylation. It can enter
by vanous means, waler pressure. vapor pres-
syre, in-gassing, and simple leaks. The protec-
tion required will be determined by the installa-
non conditions.

When insulated piping or equipment is sub-
merged in water. a compietely water-tight
outer shell s required around the nsulanon.
Such systems must be encased in meztal. fabri-
cated by welded sectons. and/or flanged with
jacketed flanges. so that the outer jacket ts suf-
ficiently ught and strong 1o withstand the water
pressure. '

Underground installations where insulation
systems may not be direcily subjected 0 defi-
nite water pressure must stll be protected to
prevent the entry of water. Such protecuon
must not only prevent the said entry, but it
must also resist corrosion to rermnain water-tight.
The corrosion may be ordinary rust. chemicat
corroson. or galvanic corrosion,

If the function of the two previously men-
tioned examples s the insutation of hot sur-
faces. vapor megration wdl be of no concern.
Howevar. if the installation is for low tempera-
ture service, water vapor migration will be an
additional probiem. Many conduit systems may
be water-tight and not be vapor-tight. Practi-
cally, it is reiatively easy to construct water-
tight systems. but aimost impossible to con-
stru¢! vapor-tight ones. For this reason, it is
suggested that, wherever possible. the c¢old
equipment and p'pin'g be nstalled above
grade.

The moisture protection necessary on equip-
ment and! piping iocated above grade s de-
termined by whether the jocation 1s indoors or

outgoors. and the operating temperature above
Or below ambtent,

High temperature :nsuiated equipment and
piping located ndoors and not subjected to
rain, snow. of sieet does nOt raquire waler or
moisture protection A word of caution—the
insulation must be adeguately protected from
moisture due 10 possible spilage or the washing
down of vessels.

Low temperature insufated equipment and
ping located ndoors must be protected
against maisture vapor The necessity for such
pratection was axplained n Chapter 3, and -
iustrated in Figure 33.

High temperature insuiated equipment and
piping located outdoors must be protected
trom liquid motsture 1n the form of ramn. sleet.
Of snow.

Low temperature insulated equipment and
piping located outdoors muyst be pratected both
from liquid water, and aiso mastufe 0 the
vapor phase.

These morsture requirements are summa-
reed below:

Servcs Morsiure Protection Required

Waier

Temosrature  Location [ T ] Waler Yaoor

Hghtemp.  Uncerwstsr  Redquwed
Cvouc tamp.  Underwatar  Reguusa
Low wma, Underwater  Reoguwed
regh tamp.  Beww grsce Depencs
Cvexc tarng  Beiow 9208 Devends Raquired Reguired

\owwmo.  Beiow grace Owperws Required Recuwea

hgn tamq.  Above grsos  Not requwed Depends Not required

Required Not reQuwed
Requwed Reduwed
Recuwwd Reouswrec
Required MO required

0O

Cyouc temo.  Abowve grade Not equwed ODepends Reguirea
NOOONs

Low emp.  Above grace Nat reguwed Oepends Reaurred
NGoOr

Yagh lemp  Above grade Noi reqursd Required Mot RGuired
UBOOrs

Crenc tamp  Above praoe  Not requved Required Asguersd
ou rdoors

Low tema.  Above grade Not requred Recuired Aequired
outooors

Safety requirernents

The major safety requirements may be sepa-
raled «n1o the foilawing divisions:

Safe surtace temperature for personnel pro-
tection or igmtion.



Safety from radicactivity or chemucal reac-
n.

a>dfaty from toxic conditions.

Fire protection.

vwhen hot eguipment ar piping 18 located
where 1ts insulation may be touched by per-
sonnel, the insulation should be so0 designed
that ts thermal resistance. surface emitance,
and jacket conductivity together create a con-
aition which will not produce skin burns whan
/1s outer surface is accidentally touched. in gen-
eral. matallic surfaces at a temperature over
145°F can cause skin burns. A spegific figure
15 not possibia as thus depends upon the indi-
wdual. the roughness of the surface. the cigan-
ness of the surface. and the conductvity and
mass ol the metal. The higher the conductwnty
af the metal, the smoother the surface, the
zieaner the surface. and the greater 1he mass of
matal. the more likely a personis 10 be burned
at a parncular tempaerature,

Where combustble mazerais are present and
chances of leakage or spillage prevail, a suitable
tow surface tempearatura of insulated vessels
ang piping may be very important in preventing
1~ gnition of these matenals. When this con-
c .1 prevais. 1t bacomes necessary that ail
hot surfaces, such as valves, flanges. and metal
projections. be insulated so as to maintain all
exposed surfaces delow the maximum allow-
able surface temperature. Some areas which
cannot be insulated, such as valve bonnets and
stuffing boxes. may require shielding to prevent
contact with the chem:cal,

As previcusly mentioned. non-combustible
but absorptive insulation may be a firs hazard
n two ways. First. in tha case of combustibie
material lsaks, the msulanon’'s tremendous in-
ternal surface area can assist n causing rapid
oxidation which will result in spontaneocus com-
bustion. Second. also in the case of leaks, any
absorbent can hoid large quanuties of com-
bustibles and, if an accidental fire occurs. the
saturated insulation wit feed and spread it. To
llustrate the potential hazard—a cubic foot of
saturated insulation can hold approximately
six galions of combusuble material. In case of
igrinon, the insulation then acts like the wick of

Installation Requirements 205

a lantern. Even though t does nat ritself burn, it
conveys the vaporizing combusnible 10 the syr-
face whare it can burn For these (easons. it 1S
evident that the process. the matenals being
processed. the potential of leaks. and the degree
of hazard of the location, all must be considered
in the selecton and design of an nsulation Sys-
tem.

The potential fire hazard of an insulation. as
related to an instaliauon, has been shown.
However, properly used insulation c3n bs used
as fire protection. An installation on equipment
and piping must be consideced from two bas-
cally ditferent viswpaints. First, the combust)-
bility of the insulation must be considered. In-
cluding the speed at which the insulation will
spread fire, or the amount of heat and smoke
it will cantributa. Second. the time rata at which
ternperature will pass through the insylation
fram the fire side to the vessel! ar pipe must be
thought of.

Where fire spread is hazardous. the system
should be of non-<combustible insulations which
do not contribute fuel ta the fire. In many n-
stances fight weight insuiations and thin me-
tatlic jackets will meet these requirements.

if vessels and piping are to be protected for a
period of tme from acoidental fire, then the
time required for the high temperature of the
fire to pass through the insuiation to the pipe of
vessal is of utmaost importance. Where this is a
requirement. hght weight matenais of high dif-
fusivity are of little advantage even though they
are incombustible. To iifustrate: 3 piece of wood
will provide much greater time-temperature
protection to a vessel than any insulation of 2 1o
3 Ibs. density, even while burning on its outer
surface. Of course, the use of wood 1s not rec.
ommended for fire protection as it ¢an add con-
siderable fuel 10 a fire. It was menuoned only
to show that. for temperature retargation, the
rate of diffusinry and mass are the deciding
factors. not conducuwity {by itseif) or combust-
bility,

Economic raquirements

The economic value of the insulation depends
upon the installaton requirements, and. as this
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LIST BY SUBJECTS, PART 14

TEERMAL AND CRYOGENIC INSULATING MATERIALS, ACOUSTICAL
MATERIALS, BULLDING JOINT SEALANTS, FmRE TESTS,
BumLpiING CoNSTRUCTIONS

Sipce the standards in this book are arranged in aiphanumerical sequence, no page num-
bers are given in this list.

THERMAL AND CRYOGENIC INSULATING MATERIALS

Specifications for:
*C Wi-64 Amosite Asbestos Thermal Insulation for Pipes

C 194-64 Asbestos Thermal Insulating and Finishing Cemept

C 533-67 Calcium Silicate Block and Pipe Thermal Insulation

C 298 - 56 (1965) Cellular Asbestos Paper Thermal Insulation for Pipes

C 552-66 Cellular Glass Block and Pipe Thermal Insulation

C 640-69 Corkboard and Cork Pipe Insulation for Low Temperature Thermal
Insulation

C 517-64 Diatomaceous Earth Block and Pipe Thermal Insulation

C 197 -61 (1967) Diatomaceous Silica Thermal Insulating Cement

C 489-64 835 Per Cent Magnesia Block and Pipe Thermal Insulation

C 196-61 (1967) Expanded or Exfoliated Vermiculite Thermal Insulating Cement

C 610-67 Expanded Perlite Block and Pipe Thermal Insulation

C 299-56 (1965) Laminated Asbestos Thermal Insulation for Pipes

C 193-64 Magnesia Thermal Insulating Cement

C 262-64 Mineral Fiber Batt Insulation (Industrial Type)

C 3553-70 Mineral Fiber Blanket and Felt Insulation (Industrial Type)

C 592-70 Mineral Fiber Blanket Insulation and Blanket-Type Pipe Insulation
(Metal-Mesh Covered) (Industrial Type)

C 665-70 Mineral Fiber Blanket Thermal Insulation {or Wood Frame and
Light Construction Buildings

C 612-70 Mineral Fiber Block and Board Thermal Insulation

C 449-64 Micx:ieral Fiber Hydraulic-Setting Thermal Insulating and Finishing

ement

C 547-67 Mineral Fiber Preformed Pipe Insulation

C 195-64 Minera] Fiber Thermal Insulating Cement

C $49-67 Perlite Loose Fill Insulaton

C sS78-69 Preformed, Block-Type Cellular Polystyrene Thermal Insulation

C 534-70 Preformed Flexible Elastomeric Cellular Thermal Insulation in
Sheet and Tubular Form

C 591-69 Rigid Preformed Cellular Urethane Thermal Insulation

C 656-70 Structural Insulating Board, Calcium Silicate

C 208-60 (1966) Structural Insulating Board Made from Vegetable Fibers

C 532-66 Structural Insulating Formboard Made from Vegetable Fibers

C 516-67 Vermiculite Loose Fill Insulation

*E 11-70 Wire-Cloth Sieves for Testing Purposes

® Approved as American National Standard by American Nutional Standards Insti.

tute.

Iv



Aethods of Test for:

C

*C
*C

¢

*C
*C

o
*C
C
*C
*C
*C

590 - 69 Action on Substrates by Coatings, Adhesives, and Joint Sealants
Used on or with Thermal Insulations

353 - 56 (1965) Adhesion of Dried Thermal Insulating Cement

383 - 58 (1967) Adhesion, Wet, of Thermal Insulating Cements to Metal

589 - 68 Apﬁmn}mlmpact Strength of Preformed Block-Type Insulating

ateri

203 - 58 (1963) Breaking Load and Calculated Flexural Strength of Preformed
Block-T, Thermal Insulation

446 - 64 Breaking Load and Calculated Modulus of Rupture of Preformed
Insulation for P‘i‘pa

240-61 Cellwdar Glass Inswiating Block (see Part 13)

165 - 54 (1970) Compressive Streagth of Preformed Block-Type Thermal Insulation
354 - 56 (1965) Compressive Strength of Thermal Insulating Cemeat

405 - 60 (1967) ConsmmcE of Wet-Mixed Thermal Insulating Cement

464 - 64 Corrosion Effect of Thermal Insulating Cements on Base Metal

166 - 61 (1967) Covering Capacity and Volume Change Upon Drying of Thermal
Insulating Cement

519~ 65 Deasity of Fibrous Loose Fill Building Insulation

520 - 65 Density of Granular Loose Fill Insulations

*C 303 - 56 (1965) Density of Preformed Block-Type Thermal Insulation
*C 302~ 56 (1965) Density of Preformed Pipe-Covering-Type Thermal Insulation
C 548-69 Diﬂscnu!siopal Stability of Low-Temperature Thermal Block and Pipe
tion
*C 487-64 Dropping of Preformed Block-Type Thermal Insulation, Resistance
to
*C 445 -61 (1967) Emmittance, Normal Total, of Surfaces of Materials 0.0 in. or
Less in Thickness at Approximately Room Temperature
*C 488-64 (1970) Eg:ure Tests of Finishes for Thermal Insulation, Conducting
erior
*C 411 -61 (1967) Hot-Surface Performance of High-Temperature Thermal Insulations
C 569-68 Indentation Hardness of Preformed Thermal Insulations
*C 461-64 Mastic Coatings Used in Conjunction with Thermal Insulation
°C #47-64 . Maximum Use Temperature of Preformed High-Temperature In-
sulation, Determining
*C 421 -6} (1967) Mechanical Stability of Preformed Thermal Insulation by Tumbling
*C 163-¢4 Mixing Thermal Insulating Cement Samples
*C 390- 60 (1967) Sampling Preformed Thermal Insulation
*C 356-60 (1967) Shrinkage, Linear, of Preformed High-Temperature Thermal In-
sulation Subjected to Soaking Heat
*C 351 -61(1967) Specfic Heat, Mean, of Thermal Insujation
*C 209 - 60 (1966) Structural Insulating Board Made from Vegetable Fibers
*C 419-65 Test Specimens of Mastic Thermal Insulation Coatings, Making
and Curing
*C 236-66 Thermal Conductance and Transmittance of Built-Up Sections by
Means of the Guarded Hot Box
*C 177 -63 (1968) ’I'h;gn&l Conductivity of Materials by Means of the Guarded Hot
te .
C 518-70 Thermal Conductivity of Materials by Means of the Heat Flow Meter
*C 335-69 Thermal Conductivity of Pipe Insulation
*C 167 - 64 (1970) Thi{dn& and Density of Blanket- or Batt-Type Thermal Insulating
aterials

C 550-68 Trueness and Squareness of Block Thermal Insulation

E 9-66 Water Vapor Transmission of Materials in Sheet Form

*C 355-64 Water Vapor Transmission of Thick Materials
Recommended Praciices for:

C 585-68 Inner and Outer Dismeters of Rigid Thermal Insulation for Nominal
Sizes of Pipes and Tubing (NPS System)

C 450-¢8 Prefabrication and Field Fabrication of Thermal Insulating Fitting
Covers for NPS Piping, Vessel Lagging, and Dished Head Seg-
ments

C 653-70 Thermal Resistance of Low-Density Mineral-Fiber Blanket-Type

Building Insulation, Determination of |
41-17



LtsT BY SUBJECTS xvii

Definitions of Terms Relading to:

*C 168-67

Guide for:
C 647 -69

Specifications for:

C 635-69

Methods of Test for:

C 522-69
C 384-358

C 523-68
643 - 69

423 - 66
367 - 57

L]
anon

Thermal Insulating Materials

Properties and Tests of Mastic Coatings for Thermal Insulation

ACOUSTICAL MATERIALS

Metal Suspension Systems for Acoustical Tile and Lay-In Panel
Ceilings

Airflow Resistance of Acoustical Materials i

Impeda.no(cie and Absorption of Acoustical Materials by the Tube
Metb

Light Reflectance of Acoustical Materials by the Integrating Sphere
Reflectometer

Painting Ceiling Materials for Acoustical Absorption Tests

Sound Absorption of Acoustical Materials in Reverberation Rooms

Strength Properties of Prefabricated Architectural Acoustical Ma-
terials

Recommended Praciices for:

E 90-70
C 636-69

E 336-67T

Airborne Sound Transmission Loss of Building Partitions, Labora-
tory Measurement of

Installation of Metal Ceiling Suspension Systems for Acoustical
Tile and Lay-In Panels

Measurement of Airborne Sound Insulation in Buildings

Definition of Terms Relating to:

C 634-69

S pecifications for:

C 509-70
C $42-69
C 564-70
C 510-66

Methods of Test for:

D 2450- 69
D 2451 - 69
D 2452-69
C 603-69

C 661-170
D 224967
C 639-469
D 2453 - 69
D 2376 - 61
D 2202 - 66

D 2203 - 66
D 23717 - 67

3{ ethods of Test for:

*E 119-69
*D 1230 - 61

Acoustical Tests of Building Constructions and Materials
BUILDING JOINT SEALANTS

Cellular Elastomeric Preformed Gasket and Sealing Material
Elastomeric Structural Glazing and Panel Gaskets

Rubber Gaskets for Cast Iron Soil Pipe and Fittdngs

Staining and Color Change of One- or Two-Part Joint Sealants

Bond of Oil and Resin-Base Caulking Compounds

Degree of Set for Glazing Compounds on Sash

Extrudability of Qil and Resin-Base Caulking Compounds

Extrusion Rate of One- and Two-Part Joint Sealants and Applica-
tion Life of Two-Part Joints Sealants

Indentation Hardpess of Elastomeric Type Sealants by Means of 2
Durometer

Predicting the Effect of V'zathering on Face Glazing and Bedding
Compounds on Metal Sash

Rheological (Flow) Properties of One- and Two-Part Joint Sealants
to Be Used in Building Construction

Shrinkage and Tenacity of Oil and Resin-Base Caulking. Compounds

Slump of Face Glazing and Bedding Compounds on Metal Sash

Stump of Oil and Resin-Base Caulking Compounds

Staining of Oil and Resin-Base Caulking Compounds

Tack-Free Time of Oil and Resin-Base Taulking Compounds

FIRE TESTS

Building Construction and Materials, Fire Tests of
Clothing Textiles, Flammability of (see Part 24)

Ly—42?
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Maihods of Test for:

*E 152-66 Door Assemblies, Fire Tests of
D 1433~ 58 (1966) Flezible Thin Plastic Sheeting, Flammabilily of (sec Part 27)
E 136-65 Noncombustibility of Elementary Materials

D 1360-58 21965) Paints, Fire Retardoncy of (Cabdined Method) (sec Part 21)
D 1361-58 (1965) Paints, Fire Retardancy of (Stick and Wick Method) (see Part 21)
D 777 - 46 (1965) Poper and Paperboard, Treated, Flammabilily of (see Part 15)

D 1692 - 68 Plgstic Sheeting and Cellular Plastics, Floammability of (see Purt 27)
D 568-68 Plastics, Flexible, Flammability of (see Part 27)
D 757-65 Plastics, Self-Extinguishing Type, Flammability of (see Part 27)
*D 635-68 Plastics, Self-Supporting, Flammabilily of (see Part 27)
E 108 - 358 (1970) Roof Covenngs, Fire Tests of
*E  84-68 Surface Burning Characteristics of Building Materials
E 286-69 Surface Flammability of Building Materials Using an 8-ft (2.44-m)
Tunnel Furnace
E 162-67 Surface Flammability of Matenials Using a Radiant Heat Energy
Source

*E 160- 50 (1969) Treated Wood, Combustible Properties of, by the Crib Test
*E  69-50(1969) Treated Wood, Combustible Properties of, by the Fire-Tube Ap-

paratus
E 163-65 Window Assemblies, Fire Tests of
Definitions of Terms Relating to:
E 176-66 Fire Tests of Building Construction and Materials
PERFORMANCE OF BUILDING CONSTRUCTIONRS
Meshods of Test for:
E 149-66 Bond Strength of Mortar to Masonry Units
*E 73-70 Truss Assemblies
*E 196-66 Load Tests of Floors and Flat Roofs
*E 72-68 Panels for Building Construction, Conducting Strength Tests of
E 283-63 Rate of Air Leakage Through Windows
E 330-70 Structural Performance of Exterior Windows, Curtain Walls, and
Doors Under the Influence of Wind Loads
E 154-68 Vapor Barriers, Materials for Use as, Under Concrete Slabs and as
round Cover in Crawl Spaces
E 331-70 Water Penetration of Exterior Windows, Curtain Walls, and Doors
by Uniform Static Air Pressure Differential
*C 355-64 Water Vapor Transmission of Thick Materials
E 405-70 Wear Testing Rotary Operators for Windows
Recommended Practices for:
E 241-68 Ingeasing Durability of Building Constructions Against Water
amage
E 90-70 Laboratory Measurement of Airborne Sound Transmission Loss of
Building Partitions
E 336-67T Measurement of Airborne Sound Insulation in Buildings
Classification for:

E 413-70T Sound Transmission Class, Determination of
METRIC PRACTICE GUIDE
£ 380-70 Maric Pradice Guide (Excerpts) (see Related Materials section)

NEW AND REVISED STANDARDS
RECEIVED TOO LATE FOR PUBLICATION

(Available as Separate Reprints)
New Standards:

C 667 - 70, Recommended Practice for Prefabricated Reflective Insulation Systems
for Equipment and Pipe Operating at Temperatures Above Ambient Air '

C 669 - 70, Specifications for Glazing Compounds for Back Bedding and Face Glazing
of Metal Sash

37-4)
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Revision of Standards:

CSi7-70
E 84-68

Reapproval of Standards:

C 163 - 64 (1970)
C 193 - 64 (1970)
C 194 - 64 (1970)
C 195 - 64 (1970)
C 449 - 64 (1970)
C 464 - 64 (1970)

C58-90 X
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ASTM STANDARDS AND TENTATIVES RELATING To CEEMICAL-RESISTANT
NoNMETALLIC MATERIALS; CLAY AND CONCRETE PIPE AND TILE;
MasoNrY MORTARS AND UNtIS; AsBESTOS - CEMENT Propucts;

C
*C
C
C

NATURAL BUILDING STONES
A complete Subject Index appears on p. 479.

This contents includes only those standards and tentatives in this book and
those standards in the area covered by Part 12 that have been superseded or dis-
continued during the past five years. Since the standards in this book are
arranged in numeric sequence, no page numbers are given in this contents.

In the serial designations prefixed to the following titles, the initial letter,
indicative of the general ification, and the first number are permanent. The
pumber following the dash indicates the year of original issue as tentative or of
adoption as standard or, in the case of revision, the year of last revision. Thus,
standards adopted or revised during the year 1969 have as their final number,
69. A letter following this number indicates more than one revision during that
year, that is 69a indicates the second revision in 1969, 69b the third revision,
etc. Tentatives are identified by the letter T. Standards that have been reap-
proved without change are indicated by the year of last approval in parentheses
as part of the designation numberz, for example, (1969).

4-62 Spec. for Clay Drain Tile
7 - 42 (1965) Spec. for Paving Brick
12-64 Rec. Practice for Installing Vitrified Clay Sewer Pipe
13-69 Spec. for Standard Strength Clay Sewer Pipe
14 -68 Spec. for Concrete Sewer, Storm Drain, and Culvert Pipe
32-969 Spec. for Sewer and Manhole Brick (Made from Clay or Shale)
H-62 Spec. for Structural Clay Load-Bearing Wall Tile
43-65T Def. of Terms Relating to Structural Clay Products
52 - 54 (1965) Spec. for Gypsum Partition Tile or Block
55-66T Spec. for Concrete Building Brick
56 -62 Spec. for Structural Clay Non-Load-Bearing Tile
57 = 57 (1965) Spec. for Structural Clay Floor Tile
62-69 Sp;g.&l fO)r Building Brick (Solid Masonry Units Made from Clay or
e
67 - 66 Sampling and Testing Brick
73-67 Spec. for Caldum Silicate Face Brick (Sand-Lime Brick)
76-69 Spec. for Reinforced Concrete Culvert, Storm Drein, and Sewer Pipe
90 -66T Spec. for Hollow Load-Bearing Concrete Masonry Units
97 — 47 (1970) Tcgsts for Absorption and Bulk Spedfic Gravity of Natural Building
tone
99 - 52 (1970) Test for Modulus of Rusptm-e of Natural Building Stone
112-60 Sampling 2nd Testing Structural Clay Tile
118 -6 Spec. for Concrete Pipe for Irrigation or Drainage
119 - 50 (1958) Def. of Terms Relating to Natural Building Stones

® Approved as American National Standard by the American National Standards

Institute.
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120 - 52 (1970) Flexure Testing of Slate (Modulus of Rupture, Modulus of
E.luticg/)

121 - 48 (1970) Test for Water Absorption of Slate

126 - 69 Spec. for Ceramic Glazed Structural Clay Facing Tile, Fadpg Brick,
and Solid Masonry Units

120-64 T Spec. for Hollow Non-Load-Bearing Concrete Masonry Units

139 - 65 Spec. for Concrete Masonry Units for Construction of Catch Basins
and Manholes

140-65T Sampling and Testing Concrete Masonry Units

144 - 69 Spec. for Aggregate for Masonry Mortar

145-66T Spec. for Soiid Load-Bearing Concrete Masonry Units

159 - &3 Spec. for Vitrified Clay Filter Block for Trickling Filters

170 - 50 (1970) Test for Compressive Strength of Natural Building Stone

200 -~ 69 Spec. for Extra Strength Clay Pipe

21168 Spec. for Standard and Extra Strength Perforated Clay Pipe

212 - 60 Spec. for Structural Clsy Facing Tile

216 -69 Sp;t:.hﬂfOr Fadng Brick (Solid Mesonry Units Made from Clay or

e

217 - 58 (1970) Test for Weather Resistance of Natural Slate

218 (Test for Effect of Combined Temperature Cycles and Wesk Salt Solu-
Kons on Natural Building Stone) Disconiinued 1965

220 - 67 Spec. for Flat Asbestos-Cement Sheets

221 - 61 (1968) Spec. and Methods of Test for Corrugated Asbestos-Cement Sheets

222 - 66 Spec. for Asbestos-Cement Roofing Shingles

223-66 Spec. for Asbestos-Cement Siding

241 - 51 (1970) Test for Abrasion Resistagce of Stone Subjected to Foot Trafic

267 - 635 Test for Chemical Resistance of Mortars

270 - 68 Spec. for Mortar for Unit Masonry

279 - 34 (1965) Spec. for Chemical-Resistant Masonry Units

287 - 67 Spec. for Chemical-Resistant Sulfur Mortar

296 - GHa Spec. for Asbestos-Cement Pressure Pipe

301-63 Testing Clay Pipe

306 - 60 Test for Compressive Str of Chemical-Resistant Resin Mortars

307 - 61 Test for Tensile Strength of Chemical-Resistant Resin Mortars

308-64 Tc;t;{x for Working and Setting Times of Chemical-Resistant Resin

ortars

315 - 56 (1965) §pec. for Clay Flue Linin .

k3| -g; Sut f(f)l' Bﬁgg St;;gt.h Ag:-r Chemigxl-léow'sunt gm o

331 - or Lightweight egates for Concrete Masonry Units

361 - 170 Sgp; for Reinforced Concrete Low-Head Pressure Pi

386- 60 Rec. Practice for Use of Chemical-Resistant Sulfur Mortars

395 - 64 Spec. for Chemical-Resistant Resin Mortars

396 (Test for Compressise Sirength of Chemicolly Setting, Silicale and
Swica Chemscgl-Resistant Moriars) Discomtinued 1968—Replaced
by Mathod C 579

397 - 67 Rec, Practice for Use of Chemically Setting Chemical-Resistant Sili-
cate and Silica Mortars

39865 Rec. Practice for Use of Hydrsulic Cement Mortars in Chemical-
Redistant Masonry

399 - g{ (1969) léec. Pr:u:t:rc:ef .‘;ggrf:;nmcid Chemical-Resistant Resin Mortars

404 - pec. for tes for Masonry Grout

406 - 58 Spec. for Roofing Slats e

410-60 Spec. for Indastrial Floor Brick

412-65 Spec. for Concrete Drain Tile

413 - 66 et for Absorption of Chemical-Resistant Mort. 3

414-65 - Tests for Working and Setting Times of Chemicz Resistant Silicate

and Silica Mortars
425-66T Spec. for Compression Joints for Vitrified Clay Bell and Spigot Pipe
426-66T Test for Drying Shrinkege of Concrete Block

427 - 64 Test for Moisture Condition of Hardened Concrete by the Relative
Humidity Method

428 - Ha Spec. for Asbestos-Cement Nonpressure Sewer ng

443-170 Spec. for Joints for Circular Concrete Sewer and Culvert Pipe, Using
Rubber Gaskets

444 - 638 Spec. for Perforated Concrete Pipe

334
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C 453 (Tast for Flexural Strength of Chemically Setting Silicate-Type Chemni-
céalggémdanx Moriars) Discomiinued 1967—Reploced Method
*C 458 - 62 (1968) Test for Organic Fiber Content of Asbestos-Cement Products
*C 459-63 Sampling and Testing Asbestos-Cement Flat Sheets, Roofing and
Si Shingies, &ng Clapboards
*C 460-69 Del. of Terms Relating to Asbestos-Cement and Related Products
C 466-64 Sp;;. for Chemically Setting Silicate and Silica Chemical-Resistant
ortars
C 476~ 63 (1969) Spec. for Mortar and Grout for Reinforced Masonry
C 477 (S f_oc. Jor Castsn-Ploce Nonreinforced Concrde Agricsliural Pspe-
sne) Discontinued 1970 ‘
C 478-69 Spec. for Precast Reinforced Concrete Manhole Sections
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C S03-67 Spec. for Exterior Marble
C S05-70 Spec. for Nonreinforced Conerete Irrigation Pipe with Rubber
Gasket Joints
C 506-69 Spgc. for Reinforced Concrete Arch Culvert, Storm Drain, and
ewer Pipe
C N7-69 Sptsac. for PIi{cinforced Concrete Elliptical Culvert, Storm Drain, and
ewer Pipe
C 508 -67 Spec. for Asbestos - Cement Perforated Underdrain Pipe
C 515-63T Spec. for Chemical-Resistant Ceramic Tower Packings
C 530-63T Spec. for Structural Clay Non-Load-Bearing Screen Tile
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TENTATIVE REVISIONS

Under the standardization procedure of the Sodety, Tentative Revisions of AS'I‘ M
Standards are published for one or more years with a view of elicdting critidsms of which
the committee concerned will take due cognizance before reoommmdl:f final action.

The Tentative Revisions pending of standards in this part are Listed below.
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Combioaloe Bwit-Up Asbestos 1s spnait Uver Naua ck$-3MOQ
~liog Towert (1964 . Asbextos Cement Matenais (or Applicauon Qu Industral Wat CTt 7
Standard Specifications {or Rubber Rings for Asbestos Cement a;x (1966) AST D1sss
Insailauon of Asbestos Cement Water Pipe (1964) AWW C603
Asbestos Cement Water Pipe (1965) AWW C400
Standard Specification and Tolerances for Woven Asbestos Cloth (1967) ANS L014.13} AST D57
114t Standard Method of Test for Asbestos Content of Asbestos Texule Materials (19670 ANS L AST D1918
I Determining  Asbestos Dust Concentration (1964) AT XYZ)
re Molding (1961) . Asbeatos Felting- B Stage Phenolic Resin lmpregnated, Low P SAE 18S8AMS
3T rete, Poured Gypsum/ Specifications for Asphali-Saturated Asbestos Felts and Aspnalt, Smooth Surface, Over Poured Con  ARE  XYZ14
Precast Gypaum or Of Specificauons fof Asphali-Saturated  Asbestos Fells and Asphalt, Smooth Sur{ace, Over Wood Deck, ARE XY2140
ons {or Dead-Level Roofing Consusting of Asphalt-Saturated Asbestos Feits and Special Asphalt Over Naiable Decks-Smoo ARE XYZ2143
oas {or Dead-Level Roofing Consisung of Asphalt-Saturated Asbestos Feits and Special Asphalt Over Noo-Nadable Decks- ARE XYZ144
) Standard Specifications for Asphali-Saturated and Coaled Asbesios Felts for Use In Construcung Buill-Up Roofs (1963 AST D63S
Built-Up R/ Standard Specificauons {or Asphalt-Saturated  Asbestos Felts for Use [n Waterprooling and In Coastructing AST D230
Teatative Method of Sampling  Asbesios Fiber for Tesung (19671) AST D25%
1-Supporting St Method of Test for Chemical Resistance of Asbestos Fiber Rc@n{or:cg Thermosetting Resins Used In Sel AST Cél19
. Fluorocarpon Resm (1961) . Asbestos Fiber Reinforced-Polytetrafluorocthylene Sheet, T SAE 1842AMS
« Fluprocarbos Resun-High Compressibility (1962) o Asbestos Fiber Reinforced-Polytetraftuoroethylene Sheet, Tf SAE J&41AMS
uve Method of Test lor Bauer-Mcoett Wet Classification of  Asbestos Fiber (19671) Teata AST D2589
Testing Procedures (or Chrysotilke  Asbestos Fibre (1966) ATI  XYZ3
Currest-Carryin ch;Pcu.xes for Asbestos Insulated r Nickel and Mone! Conductors (1948 NEM AIS
Suandard ication for Asbestos keﬂ (1968) ANS L14.232 AST D106}
Asbestos Paper and  Asbestos a9n USC RI19
. . Asbestos Paper and Asbestos Millboard (1937 USC R19
Standard Specificatons for Cellular  Asbestos Paper Thermal Insulation {or Pipes (1565) AST (98
S ications for Saturated Asbesios Pipeline Felt (1969) NPC BULS
tandard Specifications for Asbestas Roving (1968) ANS L14.230 AST D375
Standard Methods of Tesung Compressed Asbestos Sheet ing (1959) AST F39
Standard Specification and Tolerances [or Woven Asbestos Tupe (1967) ANS L14.218 AST D31s
Standard Method of Test for Asbestos Contant of Asbestos Textde Matenals (1967} ANS Lol4.14} AST DI9ig
:968) ANS C39.61 Specification for Asbesios Textiles Used for Electneal Insulaung Purposes ( AST D100
Standard Method of Test for Heat Aging of Asbestos Texules (1961) o AST DI3573
Standard Specifications for  Asbestos Thermal Insulating and Finishing Cement (1964) AST Ci%4
Standard Specification for Amosite  Asbestos Thermal Insultation for Pipes (1964) ANS 0011.2 AST €91
Standard Specifications for Laminated Asbestos Thermal Insulation for Pipes (1565) AST C299
Mantenance of Vinyl Asbestos Tile and Asphait Tile Floors (1960) AYA XYZ10
Color Chans for Vinyl Asbestos Tide and Asphait Tie (1966) AVA XYZ13
Areas 1n Which One Sixteenth Inch Vinyl Asbestos Te Can Be tsed (1965) AVA XYZ14
installation of Vinyl Asbestos Tile Flooring and Asphalt Tle Floonag (1564) AVA XY23
Cleaners for Use On Asphuit and Vinyl Asbestos Tde Floors (1960) AVA XYZS
Water Emuision Fioor Polish for Use On Athan or Vinyl Asbestos Tue Floors (1964) AVA XYZ6
instatavon of Asphait lile and Vinyt  Asbestos Tie With Hardboard Underlayment (1961) AVA XY29
Water Emulsion Type Adhesive for Asphait and Vinyl Asbestos Tie (1961) AVA XYZ4
Standard Methods of Testing Asbestos Tubular Sleeving (1952) ANS LO14.4! AST D623
Standard Metbod of Test for Magnetic Rating of  Asbestos Used for Elecincal Purposes (1957) ANS C059.58 AST Dils
Sundard Specifications (or Asbestos Yarns (1968) ANS L14.18 AST D19
Method of Test {or Air Permeability of Asbestos (1968t) AST D252
ic Iasulated Wires apd Cables (1963) NEM WcOl, ANS CO08.)/ Asbesios, Asbestos-Vamished Qoth and Asbestos-Thermoplast S.28.357
i« lasulsted Wires and Cables (1963) ANS C8.36 [PC 5-28-3/ Asbestos, Asbestos-Varmshed Cloth and Asbestos-Thermoplast NEM Ww(Ci
. Asbestos-And Asbestos-Varmushed-Cloth-Insulated Wires (1963 UL 115
Standard Definitions of Terms Relating To  Asbesios-Cement and Related Products (1967) ANS A130. AST C40
Standard Specification for Asbestos-Cement Fiderboard Insulating Pasels (I19%67) AST Ci51
d Clapboards (15/ Suandard Methods of Samphing and Testing  Asbestos-Cement Flat Sheets, Rooling and Siding Shingles An AST C459
Sundard Specifications for  Asbesios-Cement Nogpressure Sewer Pipe (1967) AST C428
Sundard Specifications for  Asbestos-Cement Perforated Underdrain Pipe (1967) ASH M189 AST Cs08
Plasuc Lined Asbestos-Cement Pipe and Couplings for Sewers (1964) NSF 7
. Asbestos-Cement and Couplings (1967) uL o7
Standard Methods of Testing  Asbesics-Cemest (1967 AST C300
Standard Specification {or Liningy for Asbestos-Cement Pipe (1967) AST Cs4l
tandard Specifications for Asbestos-Cement Pressure (1967} AST C2%
Standard Method of Test for Organic Fiber Content of Asbestos-Cement Products (136) ANS A128.1 AST C4s3
Standard Specifications for Asbesios-Cement Roofing (1966) ANS A126.1 AST I
Staodard ications for Flat Asbesios-Cement Sheets (1967) ANS A124.] AST CX0
standard Specifications and Methods of Test for Corrugated  Asbestos-Cemeat Sheets (1968) ANS A[25.1 AST C
hering Tests of Latex and Emul/ Stndard Specification for  Asbestos-Cement Shingle Blanks To Be Used As Pasels [o Weat  AST D191}
. Asbestos-Cement Shingles (1970 ICB UBCI2-9
Uo/ Specificauoa {or Fourpoint Two loch Pitch Corrugated Asbestos-Cement Siding and Rooling Sheets and Their Applica ARE XYZ215
Standard Specifications for  Asbesws-Cement Siding {{966) ANS AIZ7.1 AST
Specificavons lor Application of  Asbeswos-Cement Siding, Shingles, and Clapboards (1954) ARE XYZ150
of Asbestos-Cement Water Pipe (1964) AWW H2
) Asbestos- ylene Impregnated, Sintered (195 SAE IBLOAMS
C8.36 IPC $-28-3/ Asbestos, Asbestos-Varnished Cloth and  Asbestos-Thermoplastic lnsutited Wires and Cubles (19631 ANS  NEM WCI
Wcol, ANS CD08.3/ Asbestos, Asbesios-Varnished Cloth and  Asbestos-Thers uc lasulated Wires aod Cables (1963) NEM  [PC 5-28.357
¢d Wires and Cables (1963) NEM Wc01, ANS C008.3/ Asbestos, Asbesios-Yarnished Cloth and Asbestos-Thermoplastc Insulat IPC 5-28-387
ed Wires and Cables (1963) ANS C8.36 IPC $-28-3/ Asbestos, Asbestos-Varnished Cloth and Asbestos-Thermoplastic [nsulat NEM WCi
Asbestos-And Asbestos-Varnished-Cloth-1nsulated Wiges (1963) UL 11
] ~ Ascoroyl e TGA 93
) Specifications for Ash and Hick Handles for Track Tools (1962) ARE XYZ107
Tenutive Specificative for Fly Ash and Other Pozzolans for Use With Lime (1966¢) AST 93
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accurate antlciraatit gen.
1res ity speed, cltitude, ond
1d shoots it down.

=¥ by blasting the enemy’s ,
j “~ring attacky, disrupt- |
and transportation .

2.a troops, destroying his |
and laying down smoke

1s, which are highly me-
ed oo trueks, drawn by
or be sell-propelied. The
the United States Field
-mm. bowitzer, whick ean
ods daring its first hour
'an pour out shells at a
¢ brief periods {overhest-
: too rapidly for too loog
stroys artillery). Other
j0oas inelude the 75-mm.
ity 78-mm. gun, 155-mm
S-in, howitzers and guns,

and the 280-mm. atom

The task ofI t!:lo et:::
ect seaports. It does

it ke the fleld artillery,
eavier guns. Its largest

piect, the 16.i1n. rifie, ia permanent .
pisesd. Othar huvx lsces, sach s 10., 1%,
tod 14-10, gung an ¢ 18.in, howitzsr, may
pe sitber umplaced or mounted as railway
Smaller artillery also is used io coastal
ofecses, but large-caliber, high-veloeity
pieces that throw boge shells for great dis-
tapces are more typieal of coast artillery.

Anttstrerafy Artillery, of vital importanes
in the air age, bas resebed 2 high state of
development. Ses ANTLRCRAFT DETINSE.

Naval Artillary. Naval vewsels ose guns
ol many kisds, ranging from 40-mm. antiair-
eraft guns to mighty 16-in. rifies. A battle-
ship may carry a3 many as ten 14. or 18-in,

ns,besides a large number of smaller pieces.

be larger guns are mounted in beavily ar.
mored turrets, which are mechanicaily turned
ja the desired direction. Naval veasels may
ilso earry eqm;Ement for launeching tarpe-
does or depth charges. See DzrrE CHARGE;
Navy; Toxrmno.

History. The use of artillery begsn earl
in the fourteenth century. By the ffteen
century the typical gun was a hoge, unwield-
iy weapon suited oaly to sieges. An extreme
was reached in the guns Mohsmmed I used
in the siege of Constantinople in 1453, Made
of brass seventeen feet long, and weighing
almost nineteen tons, they fired s stone ball
35 inches in diameter and weighing 600
pounds. Smaller, lighter guns appeared in
the sizteenth eentury, and the gun earriage,
on which the gun could be fired as well as
drawn, was invented. The canoon ball of
wolid iren tise esme into common use. With
the iron eannon ball came the system of clas-
sifying guns as &pounders, 12-pounders,
and 0 on, according to the weight of the abot.

In the seventeenth ecentury, Sweden's mili-
tary genins, Gustavos Adolpbus, established
a true fleld artillery — one eapable of main.
taining pace with the infantry and acting
in its stpport. To attain the neeesur{ mo-
bility, he used light guns mounted on horse-
drawn carriages. He also speeded up the rate
of Are by wing cloth eartridges of powder
instead of the old method of messuning out
esch charge of powder with o ladle.

The outstanding artillerist of the eight-
eenth ceptury was the French geperal Jean
Baptiste Gnbeauval. Hs establithed sepa-
rate fleld, siege, and coast srtillery organ-
izaticas and provided different types of
weapons for each. He standardized guns and
carrisges, making the parts of each type in-
terchengeable.

Stronger guns, lighter for their ealiber,
came with the development of stee]l alloys and
.mproved methods of mannfacture In the
pineteenth eentury. Soon after the middle of
the century the rified &\m, spirally grooved
within its barrel, and the cyhindriea) projec-
tile came into use. The cylindrical projectile,

NIDVLD IV

presenting lest rurfacs to the alr, sould at-
tain a greater range than the eannon ball
The rifliog o the barrel cansed the projectile
to 1pia, £r¢venung {¢ from tumbling ead over
eod in gbL
A pro lem that had vexed artillerisa
since the fourteenth eeatury, that of pre-
venting the propellant gases from eseaping
through an opesable breeeh (rear of the bar.
rel), was finslly solved, and breech-losding
guns became practicable. Near the end of the
century, gunmakem began to equip gun ear-
riages with mechsnisms copaisting of by-
draglie braking devices and springs to
sarb the shock of reeoil and return the
to ita Aring position. Previonsly recoil m
driven the gun earrisge backward, and it
was neegury_gor the gunners to replses
the gun in pocition after every shot. Smoke-
less powder also was invented. The improved
me and ammaorition made possible ranges
ormerly beliered to be unattainable. Longer
raoges created a demand for rmore efficient
uming devices. To meet the need, telescopie
D egndu; were inné:t.ed.

rged oo by two world wary, artillery has
made further great advances during tb:rpm-
cat century. Radar and other eleetronie aim-
ing devices have greatly increased the s
aod aceuracy of artillery and bave made it
effcctively wsable in fog and darkness. The
motorization of artillery bas enabled it to
mantur  pace with the swiftest-moving
forces (in aireraft and tankx, indeed, it bas
become part of the swiftest forees). It has
made it posrible also to regard sueh gigan-
tie weapons as the 85-ton atom gun as field
artillery, The development of easily portable
light mortars, rocket launchers, and reccil-
iess rifles has placed artillery in the hands
of the infantry. Bee also AxrxuNrmoxn; Bar-
usTics; Dmrcriow Frxoma; GuwoorroN;
QonNrowDER; Rupan; SER4rNxL; TANK, M1~
rraxy; TNT,

ARTIODACTYLA, ahr td ok dak’tik Iuh,
the order of eloven-boofed mammals to which
roany of our common wild and domenticated
apimals belong. Included in this large groep
are swine, eattle, sheep, goata, deer, antelope,
esmels, girsffes, hippopotarmuses, and re-
lated formsa

ARYAN, ¢ic’th an. See Races oy Mux,

ABSBESTOS, the common nsme of 8
number of xinds of remarksble rocks com-

of fibers that will not bury, invalaable
or their uses in fireproofing and as insula-
tion. The kind of asbestos most widely used,
chrysotils, is found in eracks in a rock called
serpentine, whers it has been formed bry the
action of underground water or steam on
the rock. Chrysotlle occurs ss «lky fibers
extending acroes the cracks; they range trom
2 fraction of an ineh to several inches in
leagth. The lcoger fibers may be separated,



LONG, SILKY ASBESTOS FIAERS may be spwn and
wovea lnto materiais that will resst fire, water,
chemical action, and decery.

and made into edoth, straps, cords,
.rg; and tubes. Several other Xinds of as-
bestos may be umih.rlz processed, but the
fibers of some are too oritlle, weak, or stff
to be spua. )
Usss. When Mareo Polo, back from his
travels in Axis, spoke of secing handkerchiefs
that eould be cleaned in s fire without
burning, people listened in disbelie?. Bat
asbestos fabries had been known in Europe
long before the thirteenth centary. They
were known to the ancient Romans, who nsed
ssbestos lamp wicks, napking, and a eioth in
which bodies were wrapped before crema-
fion 10 as to keep their ashes separste from
those of the &re. Charlemagne iz asid to hare
!ud&:‘n asbestos tablecloth that was cieaned
m
Asbestos is now put to many uees. It is
made into suits for fire fighters and ints
gloves, sprons, end other clothing to lpt:r
tect workers in milly snd f{oundries. It is
nsed in the safety cartains of theaters, and,
often mived with other fibery, in fire-rexistant
draperies, apholstery fabries, and As-
bestas is csed also to make store lamp
wicks, gaskets, and packing for steam en-
ﬁn: and it iy employed to inrulste and
roof electric wirew Combined with
strands of metal, it is uaed I the brake
h&\m;;d clateh facings aof antomobiles,
. fibers unsuited to spinning are
used in a variety of wayw They are felted,
to paper, for use aq heatproof mats
and pads ruch as those used in Kitchens and
dining roows. They are mized with other
substances to make freproa? plasterboard,
fiberboard, roofing felt, ahingles, and floor
tiles. Finely ground, they are nsed in fire-
proof paints. Huge quastities of asbestos
are ueed a3 insulation to prevent the loms
of beat from boilers, water heaters, and
stesm and hot-water vx::ipex. Proof agrinst all
acide, asbextos is in scddd Alters angd
in the walls and foors of laboritories.

A.370 ASCETIC
8ources. About 78 per cent of the world's
annael w2 of aabestos 18 quarnad in
Capads, chiefy {n Quebec. Qther leading
roducers of asbestos are Africa (Boulbers
ghoduis, the Republis of BSoath Afr
Swaziland), the Soviet Union, a0d the Uni
States (Vermont and Ariona). Ses also
SxrENTINE, TARL X. WEIINTE

ASBURY, Fauwcs &}75-1818 , knows
as the fir3t bishop of the Methodist gi:wpd
Chureh in Amernies, was born pesr Birming-
ham, England. In 1771 John Wesley sent
Asbury ta Ameriea as & mistianary; the pext
year be mude him general superintendent of
the Ameriean organization, & post whick 2
few monthg luter u.i:{ asxigned 0 Thomas
Rankin. When the Revoigtionary War begas,
Asbury's collesgues, some of wham vere
Tus of alist sympathies, retaroed
to England, bat he remained in the colamies
Within & few years As became the vir.
taa) bead of American Methodizm, and in
1784, at s eonference in Baltimore, be wus
consecratad an superintendent. Therealter be
ealled himsalf bighop. Although not s grest
preacher, Asbury was o foreeful lesder and
a master of organization. He advoeated s
strong ecentral chareh government and i»-
stitoted the cireuit-rider which eo-
abled bim to reach the frontier regions. Trav-
eling on horseback, he ecove some fve
thoussnd miles s year for fve yeany and
ventuhrutbeliinim’ pi River. Bee also
MrrrODIFTSY; WEaLEY, Jofn Wasley.
_ABCEN’BION DAY, oae of the great {o
tivals in most Christian churehes, commen-
orates the ascension of Christ into besven,
forty days after His resurrection. It tals aa
the Thursday after the fifth Sunday after
Easter. In the Anglican shurches it is called
Holy Thursday.

ABOETIC, a st ik, one who tarns avwsy
from warldly pleasures in favar of thom of
the spirit, for the purposs of attaining marsl
or religions tction., Varioms religiow
orders requirs their members to lesd lives of
rigid sell-denial, and many individual sseet-
ics bave spent yeary in fasting and sobitasry
contemplation. Asceticiom was widespresd
iz medieval Europe and has always been
prominent among the Hindus of Indis I2
the N!'T Worldntgc Paritens followed asevix
pnaaples in banning all oroamestation
their clothes, their bomes, and their chusthes
snd in forbidding all idle pleasures. TodsT
not only those who practie extreme aw-
terity for religious reasons but slso thae
who choose lives of extraordipary smpbaty
are ealled asceties. The aseetic wsy of B¢
may be chosen for intellectual as well &
spiritual rewards, for sheer love .of smp¥
Lving, and for the power of self-masterY:
Bee also Fraxcis or Asaixy Since; Aosis
Monisriane

ABOR, 8notxu o= 3E410)
Yiddish anthor whoese worts b
read in Eopglish transiaticas.
village near Warnaw, Polanc.
his edueation in the Hebrex
bg;.n to write after moning -
18v9, end within a {ev yeans -
{amiliar to readers of Yiddiax
of the Atlantie, After e ontl:
War 1 he went to the United
1920 became & dtizen. He mc
shortly before his desth Ascc
whort stories, most of which
with Earopeas Jews, are drama:
wnd impresxive in their aathentic
AT ene &939) ta a story of Jesz
other works arveisble 1a Eagls
the Thisf, Tho God of Vemgeance
TAres Cities, Childrem of Adrara:
tle, and A Passcpein the Nighi.

ASOCORBRBIQ, ¢ skawr bik,
Yrraxore, .

ABGARD, abgahrd, in hors-
the gbode of the gode corT
Olympus, home of the gods of &=
Hers Odin, god of waz, was ch
Alse wan Valhalle, bafl of her
battle, See also Ovow; Varmart.

ARE, ths cammon name of
trees of the olive family. The
pinnata (featheriike) e::ipou:
wzall, pointed leafletn, thex
tery of tiny fowers before thei
pear. Their fruits are dry, e+
o samaras. About twenty of the
tixty gpecies of ashes wre nmalv
Ameries, sad fnest 3 tbe
vhieh grows in the Ohio Va.

120 feet tal] and mx feel U
wpecamens of this gite are nar

, closegrained wood & ez
lough and springy. It is oweed ¢
bate, skis, oers, tennis rackenn
handles, and also for interior =
abinetmsking. The wood of the ;
Wd red ashey is similarly =sed



