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I. INTRODUCTION

This chapter presents the background of the economic impact study of the proposed OSHA standards
for vinyl chloride, the study scope and the organization of the report,

1. SNELL'S ASSIGNMENT WAS TO ASSESS THE ECONOMIC IMPACTS RESULTING FROM THE COST
TO INDUSTRY FOR MEETING ALTERNATE STANDARDS FOR WORKER EXPOSURE TO VINYL CHLORIDE
MONOMER (VCM) IN THE VCM AND POLYVINYL CHLORIDE (PVC) MANUFACTURING INDUSTRIES

On January 22, 1974 the Occupation
National Institute for Occupational Safety a
the deaths of several of its employees from

fety and Health Administration (OSHA) was informed by the
ealth (NIOSH) that the B.F. Goodrich Chemical Company reported *

e liver cancer (angiosarcoma) may have been occupationally
related As a result of this information, subseduent epidemiological studies and a fact-finding hearing, an

Emergency Temporary Standard (ETS) was laged by OSHA on April 5, 1974 detailing preliminary regu-
lations on worker exposure to VCM (50 ppm C?i/lﬁ exposure limit) .

As required by law, six months after the 15%1ance of an ETS a permanent standard must be formulated and

approved. Therefore, on May 10, 1974 OSHA pu@\fhed a proposed permanent standard which included "no-
detectable limit".

" Toaid OSHA in carrying out its standard s g mandate Snell was assigned 1o prepare this report dealing

with assessing the economic impacts of alternate s ards for worker exposure to VCM in the VCM and PVC manu-
facturing industries. The alternate standards invet%ated are:

50 ppm ceiling
25 ppm ceiling

25 ppm 8-hour time weighted average (TWA) with a 40 ppm ceiling
lower TWA (s) with u ceiling

“no-detectable” proposed permanent standard

The study is limited to U.S. production of VCM and PVC.,

+

Exhibit I-1, on the following page, is a summary of the scope of the Snell study.

I-1
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Primary Emphasis

Assess the economic impact of VCAM

< regulation on VCM and PVC manufacturing only

Concentrate on PVC manufacture (approximately
8% of level of effory

Investigate the following alternate standacds

- 80 ppm ceiling

= 25 ppm ceiling
25 ppm TWA®\ ik 40 ppm ceiling
lower TWA(9) with ceiling

= 'no detectable’ level

1

Emphasize key regulatory considerations

~ engineering and work practices primarily

= use of personal protective equipment

« environmental and personal monitoring
assembling of exposure data
residual monomer levels in PVC

.

)

@

Secondary Requirements

Include a study of VOM mannlaciure

(approximately 204 of level of efforn
=

Q
P

Incl%econdary regulatory conziderations(!)

mmal surveillance costs
record keeping costs

EXHIBIT -1
U. 8, Department of Labor/Occupational Safety
and Health Administration
THE SCOPE OF THE SNELL STUDY

Deliverables

Deliver preliminars report on
the &) ppin, 25 ppm and 'no
dereerable ' cases i 7T weeks
starting on July 1, 1974 on
23 August 1974

Present draft final report in
11 weeks (13 September 1974)

Key deliverables are

= estimates of the time table
required in each of these
evaluations for effective,
implementation

.. inthe near-term, 6 months
to one year

++ in the longer-term, 2 years
or moie

estimates of the costs of
achicving the various levels
of VCM controls evaluated

assess ment of economic impact
on the basis of technical
feasibility, dming and costs

Other regulatory considerations include, for example, emergency situations and signs and labels, but weee not included in the scope of Snell's work,
All the regulatory consideradons assigned for study are listed in the Exhibit, The work scope did not include study of PVC substitutes or evaluation

of economic impacts outside the VCM and PVC sectors,

TWA = Time weighted average

N




THE REPORT IS ORGANIZED INTO TWO PARTS

.

The report conclusions and recommendations are presented first supported by detailed appendices.

(1) The First Part Of The Report Represents The Findings Of Economic
Impact Together With Recommendations

Part One includes the following outputs:

[

. Chapter I =~ Int;l?go\ﬂ"uction. This chapter summarizes Lhe problem, the
scope of the study apd the organization of the study.
py

)
Chapter II - Metﬁg{ﬁélogy. This chapter presents the Snell study methodology.

Chpater III - Indgsj{?y Structure. This chapter presents data on:

-

A
- members of tﬁé“‘MCM and PVC producing industries;
- location of pl:fnts; ,
+ marketing an e-line economic data.

Chapter IV - The Temlogy of the Industry. This chapter describes the
processes of VCM and {_yjq and includes:

- process description and flow diagrams for each major process;
- representative operating procedures.

Chapter V - Findings and Economic Analysis. This chapter detdils the major
findings and economic analysis emphasizing technical feasibility, timing,

and costs based on aggregating individual company data to the industry levels as a
function of various VCM levels.

s L8880
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. Chapter VI - Conclusions and Recommenilations

(2) The Second Part Of The Report Presents Detailed Study Documentation (Appendices) .

“This part of the report is comprised of eight appendices and supports the material
in Part One.

Appendix A -~ Detailed Process Description and Procedures

Appendix B - Exposure Data For Polyvinyl Chloride (PVC) and
. Vinyl c%mde (VCM) Plants

Appendix C - Econonu?{@etaxls
. “‘:/ )
Appendix D - Personamotective Equipment and Hygiene
-
. Appendix E - Monitori(rﬁquipment
Appendix F - Medical S@}fillance of Employees
* =]

Appendix G - Safety Awaregpess Programs

Appendix H - NIOSH Rec ended Occupational Health Standard for the Manufacture of
Synthetic Polyfher from Vinyl Chloride.

* * * * *

This cﬁapter presented the scope of the study and organization of this report. The following
chapter details the methodology used by Snell to carry out the study.



II. METHOD‘OLﬁGY
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I. METHODOLOGY

'I'he Final Report supersedes the Preliminary Report. The timing of the project was such that on
August 23, 1974, seven weeks from the start of the study, the Preliminary Report was submitted to USDOL/
OSHA for inclusion into the Hearing Record for comments. The Preliminary Report featured:

fact-finding, such as field visits and telephone interviews
including recontacting of parties for data clarification;
[oeres
preliminary analysis.8Ftegulatory scenarios.
/"‘--.

_unhﬂ-qh

The Final Report represents refinement Aﬁ:&ﬁe Preliminary Report as well as inclusion of limited additional
information. The draft of the Final Repows timed for September 13, 1974 by the end of the eleventh week
of the study. 7

g

The methodology used by Snell in fulfilling the work requirement was to perform the study in several
major tasks described below. All exhibits 4 resented at the conclusion of the text of this chapter.

@

1, PLANT AND INDUSTRY VISITS WERE=#4PRINCIPAL MEANS OF INFORMATION GATHERING

During the course of the @Stigation, Snell team members mad !29 anustrz 7.) 7 = 5 7’ 70
Visits. The vinﬁl chlorid polyvinyl ¢hloride industries consfst of 30 j)

producers and lants. iése visits invalved either day long technical /
) 0

discussions in their engineering and production offices or detailed plant tours.

295y T

Exhibit II-1 presents the plants, location and purposes of these trips, These
trips were comprised of:

-

I-1



- ant visits

16 polyvinyl chloride plants representing/ 41% of
the polyvinyl chloride plants

8 vinyl chloride plants representing 53%
vinyl chloride plants iy ‘
26 %0

| 7, -
ot of 3o G's /39

INDUSTRY RELATED QRGANIZATIONS, GOVERNMENTAL AGENCIES, EQUIPMENT MANUFACTURERS,
AND SPECIALISTS WERE VISITED TO SUPPLEMENT INFORMATION OBTAINED FROM PLANT VISITS

- 8 visits to corporate engineering offices

In order to gain a broader view b;@e technical feasibility and necessary costs,

personal visits were made to rec B\Jzed experts in the areas covered by the study.
a2

Exhibit II-1 details the organizatfﬁﬁi{. governmental agencies, and equipment

manufacturers visited and the ty finformation obtained. These visits included:

-~ 4 visits to government agen(;fg ‘

- 3 visits to industry organizatjghs

- 4 visits to equipment manufdtturers or technical specialists
@

3. A TELEPHONE SURVEY WAS CONDUGTED OF @UFACTURERS OF MONITORING EQUIPMENT,
RESPIRATORY DEVICES, PERSONAL PROTECTWE]EQUIPMENT AND PROCESS EQUIPMENT

. The purpose of this task was to obtaqjgetailed information covering costs,
availability, and technology. Information was obtained both directly through
the telephone survey and the brochures and catalogues sent to Snell as a
result of the conversations,

£ersoa




. Exhibit II-3 details the manufacturers interviewed during the telephone survey.
Calls were made to:

13 monitoring equipment manufacturers

7 manufacturers of respiratory equipment
6 producers of protective clothing

7 processing equipment manufacturers

THE SNELL INFORMATION CENTER STAFF CONDUCTED A LITERATURE SURVEY TO IDENTIFY
AND QOBTAIN BACKGROUND INFORMATION ON AREAS RELEVAN’I‘ TO_THIS STUDY

To obtain an overview of ma)xufacturmg processes, polluuon problems, marketing,
end-use products, and p05§1ble protective devices, etc.. a survey of the following
journals was performed: . }

Hydrocarbon Procegsmg - 15 years
Modern Plastics - § ffdars

Chemical Marketmg Reporter - 3 years
Chemical and Engmqg.;:ﬁag News - 3 years
Chemical Engineerin;gt“‘% 5 years

European Chemical News - 3 years
[
L .

Standard chemical referenc ts such as the Encyclopedia of Polymer Science and
Technology and the Kirk-Oth Encyclopedia of Chemical Technology were also
researched to obtain more g@f‘})&l information.

Chemical Marketing Abstracts and Chemical Economzcs Handbook were used for
basic industrial facts.

a
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5. THE STUDY METHODOLOGY EMPHASIZED THE PARAMETERS DEFINED IN EXHIBIT I-1,
IN THE INTRODUCTION CHAPTER

The methodology described in the above points was employed to determine and define the scope
of the following parameters: '

. Profiling of industry structure and processes
. Definition of the number of workers potentially exposed to VCM considering

- job-description ;
- unit operation

- potential exposure to'f}\d levels
7 S
{

i

Determination of costs and Weans of controlling exposure levels through
engineering controls and im "ﬂ'%ved work practices with particular attention to:

gy
- “"bhuttoning-up" of pla
- ventilation Qﬂ
K operation A
- maintenance =<
- process improvements, such as reducing free

monomer levels in the }@ner

Investigation of further metho@d costs of protection through the use of
personal protective cquipment%ond controlling exposure through engin-
eering and work practices

1I-4



Development of a technical and economic information base for personal and
area monitoring and leak determination equipment

Isolation of information regarding:

- medical surveillance costs
- record keeping costs

- covered workers

- regulated areas

Detailed methodology is presented as footnotes to exhibits, textual reference
or material in the appem%@
r,;.-’n—--‘?-\\
‘ l\""-‘:;;.';" '
AS DIRECTED BY OSHA THE STUDY BFALT PRIMARILY WITH PVC PRODUCTION
LN/ g

Approximately 80% of the level of effort@@ devoted to PVC production. Discussion emphasis
in subsequent chapters reflects this.

Fersag




WORK AFTER THE PRELiMINARY REPORT FOCUSED ON THE FURTHER ANALYSIS
OF VCM LEVELS, AND THE RESULTANT COSTS, GENERAL DATA REFINEMENT AND
FURTHER EVALUATION OF TECHNOLOGY

The principal work elements in the finalization of the Preliminary Report included:

Study of comments fromsOSHA, public review and Snell's internal
review of the Prelimfj;aﬁy Report resulting in clarifications and
refinement of the datasos,

Aggregation of indivi plant exposure data from each company
as weéll.as from OSHA10 develop industry profiles of average
VCM levels \ ]

Development of order~ogéﬂf%gnitude estimates of the potential
economic impacts of meeti‘ﬁ% the PVC industry cxposure limits
of a 10-15 ppm VCM ceiling with a 5-10 ppm TWA

Preparation of a case st\%jn the PVC induslry as an illustration
of cost analysis approach

’

Internal review of the cost analysis resulting in data refinement

Incorporation of limited new information on technology such as
stripping




WHERE THERE WAS A QUESTION AS TO THE POSSIBLE PROPRIETARY NATURE
OF INFORMATION, DATA SOURCES WERE CODED

The elements of each coded plant designation are as follows:

Random number only for VCM plants i

P
+

. Random leading number -

PVC Plant Capach:y:*
for PVC plant

]
/
7 4

I

- PVC Plant Age PVC Plant Siting

- 8 = Small, less tha - New = to 10 yrs. - C = Cold climate
. 100 million lbs? <
- A Int. = 11 to 20 - W = Warm climate
"'éi-% yIS.
=]
- M= Medium, 100 to .
200 million lbs@:j - 0ld = Over 20 yrs.
- L = Large, over 20mlion lbs.
/ For example, the code for one of the PVC plants is as follows:
52 - s - oud - c

Exhibits featuring the code refer back to this page for meaning of the elements of the code

* * *

* *

This chapter detailed study pethodology. The chapter that follows presents the preliminary findings
and conclusions.

sscgae



549

sag

Fitm or Organization Visited

\/Air Products, Inc, wnO P/ﬂ,a'l s, ]
VaTlcy Torge, Pennsylvania

Allied Chemicals, Ine, 33

" e
Corporate M. Q. N /0,6'1- us: t N

Mortistown, New Jersey

i,

£
American Chemigd] Co, N’
Long Beach, C:i@'ma ‘k-/ﬁ
Conoco w:;) .V‘ [ P
. Corporate H.Q:’l'addlebrook, New Jersey
. Oklahoma Cil:yf, lahoma {/JQ
Diarnond Shamroé{(/ﬂ I ~
. Corporate H,Q. élcveland, Ohio .
. Delaware City, Q%afe t}:j
. Deer Park, Texas ——d rf}\
? by
Dow Chemicals, USA
. Plaquemine, bc.>ul CfO
Oyster Creek Divisigfi, Freeport, Texas !

. Texas Division, Frgxﬁf&. Texas
Fthyl Corporation

Paton Rouge, Louisiana

Fircstone Tire & Rubber Co.
Akron, Qhio

Ceneral Tie & Rubber Co,
Ashtabula, Ohio

EXHIBIT [I-X1)
USDOL/OSHA
VINYL CHLORIDE/POLYVINYL CHLORIDE
PRODUCERS VISITED AND INTERVIEWED
BY PHONE BY SNELL STAFF FOR DATA
COLLECTION

Pm:Eosc of Visit

Technical and engineering dara collection on PVC

Technical and enginecring data collection on VCM

Plant visit on VCM and PVC

Technical and engineering data collection
Plant visit on PVC

Technical and engineering data collection on PVC

Plant visit
Plant visit

Plant visit on VCM
Plant visit on VCM
Plant visit on VCM

Plant visit on VCM

Plhione interview on PVC

Plant visit on PVC
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Firm or Organization Visited

B,F. Goodrich Co.

. Cotporate H.Q. Cleveland, Ohio
. Calven City, Kentucky

.  Long Beach, Califomia

. Loujsville, Kentucky

. Pedricktown, New Jersey

Goodyear Tire & Rubber Co,
Niagara Falls, New York

-3
Great American’ﬁmmical Co,
Fitchburg, Massm%uscm
Hooker Chemicak€orp,

Flotence, New Je—j/@'
Monsanto JR
“Springheld, Massacifisetts
National Starch & Giamical Co,
Corporate H,Q. Plainfleld, New Jersey

* Olin- Thompson Plasdey .
Assonet, Massachusﬁﬁ*

Pantasote e
Passaic, New Jersey

Robintech, Inc, U_)

Painesville, Ohio

8hell 0il Co.
» Corporate H, Q, Houston, Texas

. Deer Patk, Texas

. Stauffer Chemicals
Delaware City, Del,

Tenneco
Burlington, New Jersey

. © EXHIBIT 1-1(2)
USDOL/OSHA

Purpose of Visit .

Technical and engineering data collection
Plant visit on VCM
Plant visit on PVC
Plant visit on PVC

. Plant visit on PVC

Plant visit on PVC

Plant visit on PVC

Plant visit on PVC

Phone interview on PVC

Technical and engineering data collection on PVC
Plar}t visit on PVC

Plant visit on PVC

Plant visit on PVCA

Technjcal and engineering data collection on VCM
Plant vidt on VCM

Plant visit on PVC

Plant vist, on PVC
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Firm or Orga

mn Visited

n

/M

So. Charleston, West\Virginia
- / v

ya
C,

- Uniroyal Chemical Co,

Akron, Ohio

Source: Sanell

%
w»

. ' EXHIBIT H-1(3)
USDOL/OSHA

Technical and engineering data collection on PVC

Plant visit on PVC

~aa
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Government Agencies

U, 8. Department of Labor
Washington, D,C,

National Institute for Occupational Safety and Health
Cincinnat, Ohio

Environmental Protection Agency
Washingron, D,C, and Research Triangle Park, N,C.

[
u. 8, Dcpqnfm&ém of Commerce
Washington‘,',,ﬂlg,ﬁ\c. -

Industry Orgapizations
ey
Manufacturin emists Association
New York, ‘_)@ork

Organizational Respurces Council, Ine,
Washingion, D&

Society of the fPlQ?&cs Industry
New York, New Y

Equipiment Man rers, Medical Laborateries, Industrial Consultants, Etc,

=
The Pfaudler Co, '}élv. Sybron Corp,
Rochester, New

Diagnostic Sciences, Inc. - Ivan K. Smith
Morris Plains, New Jersey

Tec- Air, Inc, - David Metal
East Northport, New York

Human Motivaton Resources - Joel D, Schaffer
Morris Plains, New Jersey -

Source: Snell

EXHIBIT 1I-2
USDOL/OSHA
GOVERNMENT AGENCIES, INDUSTRY ORGANIZATIONS,
AND EQUIPMENT MANUFACTURERS VISITED BY SNELL
STAFF FOR DATA COLLECTION

General data collection and attend hearings

Discussion on medical, monitoring, and protective equipment

General dara collection

Industry marketing data collecrion

Discussions on technical feasibility and marketing data
General discussion

Discussions on technical feasibility

Discussions on polymerizers and other technical questions
(sole U, 8. suppliers of glass lincd equipment)
Medical surveillance data collection

Protective equipment data collection

Safety program data collecton
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Monitaring Equipment Manufacturers

AID .
West Chester, Pennsylvania

Bacharach Instrument Co, \
Pittsburgh, Pennsylvania

Bechmann Instrument
Fullerton, Galifdrnia o

Bendix Corp 'n;a jon
Environmentil Science Division
Baltimore, Mzydand

7
Byron Instrunt Ire.

Raleigh, N. Cm

Carle Instrumer:ts
Fullcr'_mn, Calif

Century Sysiemng .
Arkansas City, Kansas

Respiratory Equipseny Manufacturers

.

Bausch & Lomb

1)
Rochester, New Y@

Mine Safety Appliarces

" Pitsburgh, Pennsylvania

Minnesota Mining & Manufacturing, Inc, e
Minneapolis, Minnesota »

Scott Aviatian
South Haven, Michigan

: EXHIBIT 11-3 (1)
USDOL/OSHA
FIRMS CONTACTED DURING THE SNELL TELEPHONE
SURVEY OF EQUIPMENT MANUFACTURLRS

Hewlert-Packard Co,
Avondale, Penasylvania

Microchemical Speeialties Co,
Berkeley, California

Perkin=Elmer i
Norwalk, Cennecticut

Anatole J, Sipin Co,
386 Park Avenue, S,
New York, New York

Varian Association
Pale Alto, California

Wilks Scientific
Norwalk, Connecticut

Survive= Air
Santa Ana, Californfa

Welsh Sciendfic, Inc,

" Pravidence, Rhode Island

Willson Products
Pennsylvania
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Protective Clothing Manufacturers

Arrow Disposables, Inc,

Cincinnati, Ohio

E. I, Dupont de Nemours
Wilmington, Delaware

Durafab
Cleburme, Texas

Prmcssin@em Manufacturers
o

Dresser Ind

(Compressors#nd Vacuum Pumps)

Connersvill ana

Durion Comm Inc,

(Valves and Pump

New York, I\% tk
9

Fluid Handling System

(Viking Pump@ .

Secaucus, Ney ey

GAF j

(Cleaning sysi{pdf )

- New York, New York

Source: Snell

EXHIBIT 1I-3 (2)

USDOL/OS:HA

Edmont-Wilson
Coshocton, Ohio

Mars, Inc,
Ashville, North Carolina

Uniroyal, Inc,
New York, New York

Nash Enginecring Co,
(Cornpressors and Vacuum Pumps)
Norwalk, Connecticut

Process Pumps, Inc,
(Pumps)
Kenilworth, New Jersey

Stauffer Ine,
(Cleaning Systems)
Westport, Connecticut
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III. INDUSTRY STRUCTURE

This chapter presents an overview of the structure of the U.S. vinyl chloride monomer (VCM) and poly-
vinyl chloride (PVC) industries. Key elements of production, prices and markets are delineated to provide

-a background and comparanve criteria to judge the economic impact of proposed regulations on VCM and
PVC manufacturing.

The chapter is divided into three secuo;ﬁ;@

m&" ==Y

)
Section IIIA" - Vinyl Chlond&ﬂonomer Production
Y
\*;“
Section IIIB - Polyvinyl Chlgrjﬁe Production
Section IIIC - Key Polyvinyl'%ride Markets
| »

@p)

eILsoa




IITA. VINYL CHLORIDE MONOMER

'

This section defines the structure of the vinyl chloride monomer (VCM) manufacturing ihdustry.

NINE COMPANIES OPERATE 14 VCM PLANTS

Exhibit III-1, on the following page, presents a profile of the VCM producers in
terms of plant locati\ons. capacities and manufacturing process. Process related
factors are'discuss% Chapter IV,

=
Shell, Dow and Goo irich are the leading 1974-1975 producers, accounting for
approximately 58% of Yameplate capacity,

Approximately 5, 225?'{1}?}11’011 pounds VCM are estimated to be available annually for

conversion into PVC in 1974-1975, assuming no major economic impact

from OSHA regulatiOnE,ﬁ{
(""“--.,\d'

With the exception of the Goodrich plant in Calvert City, Kentucky, the U.S.

.~ VCM plants are locat warm climate areas -- Texas, Louisiana, Puerto
Rico, and California. & general, the plants are open except for weather
screening. LT!

&

VCM plants are generg@located in or near petroleum rich areas to minimize
the cost of feedstock (ethylene) transfer.




. EXHIBIT H1I-1
USDOL/OSIIA
PROFILE OF VINYL CHLORIDE PRODUCERS

1974-1915 .

Nameplate

Capaciry (1+3)
pacity

Maior Producer/Location

Allied, Geismar, La,
American Chemical, Watson, Calif,
Conoco, lake Charles, La,
Dow, Freeport, Tex,

Dow, Oyster Creek, Tex.
Dow, Plaquemine, La,
Ethyl, Baton Rouge, lLa,

_ Ethyl, Houston, Tex,
Goodrich, Calvert City, Ky,
Monoclem, Geismar, La,
PPG, Guayanilla, P, R,

" PPG, Lake Charles, La,

Shell, Deer Park, Tex, ;_
Shell, Norco, la, Aﬂ

Toral ” /Fa

Correcting for 90% opcratingJIevel
Subtotal -

S lost in polymerizatiog ™3
Subrotal
Estimated 1974 exports
Estimated 1974 imports
-Subtoral
Other uses of VCM

oy
I

Tortal available for PVC %uion

*Order of magnitude values

(Million Lbs,)

300
170

625

“180

1,400 §'700
“450

450 }'270
*150

1,000

350

900 500

1,500

5,725

300
Negligible
5,425

200

. 5,228

Process

2,3)

Oxychlorination
Stauffer Oxychlorination
Stauffer Oxychlorination
Dow Oxychlorination
Dow Oxychlorination
Dow Direct Chlorination
Dircer Chlorination
Direct Chlorination
Goodrich Oxychlorination
Acctylene
Oxychlorination
Oxychlorination
Stauffer Oxychlorination
Stauffer Qxychlorination

Sources: (1) iCompany and indusiry totals based on Modern Plastics, May, 1974 and plant site estimates based on
Chemical Marketing Reporter, 17 September, 1973, and industry interviews,

(2) Industry jnterviews,
(3) Snell assessment

.




U.S. VCM PRODUCTION HAS INCREASED APPROXIMATELY 370% TO 6,000 MILLION POUNDS IN
1974 SINCE 1964, WHILE THE MID-1974 PRICE IS 7 TO 10 CENTS PER POUND OR ALMOST DOUBLE

- THE 1972 PRICE ‘

Exhibit III-2, on the following page, presents production, sales and price
data for the years 1962 through 1978-1980 (estimated). Sales and unit cost
information a-‘i_rtzjlso presented.

M

Since 1964 produgction of VCM has increased from 1,615 million pounds to an
estimated 6, 02&million pounds in 1974, for an increase of 373%.

1

For the years,ﬁz to 1972, production of VCM increased from 1,311 million
pounds to 5,0 illion pounds or 388%, while merchant sales increased from
516 million poungf to 3,343 million pounds or 647%. Merchant uses were 39%-
of production i% 1962 and 66% of production in 1972. This indicates a decreased
forward integpat\ién in the industry with growth,

The doubling @t@éice from 1972 to mid-1974 is attributed to the great escalation
in feedstock cq'sfjdue to the "energy crisis".

THE VCM MANUEFACTURING INDUSTRY HAS APPROXIMATELY 940 PRODUCTION WORKERS

Based on a Snell survey of VCM producers, representing approximately 65%
of 1974-1975 nameplate capacity (see Exhibit III-1), estimates were developed
of the number of production and related personnel in the industry. '




EXHIBIT INI-2
USDOL/OSHA

VINYL CHLORIDE MARKET TRENDS

Production(l) Salcs(l) Unit Value
_}_(_g_z_l_u: (MM Lbs,) (MM Lbs,) (¢/Lb,)
1962 1,311 . 516
1963 1,435 501
1964 1,615 597
1965 2,000 .688
1966 2, 500 836
1967 2,424 952
1968 2,969 1,463
1969 3,726 2,359
1970 4,010 2,720
1971 4,336 3,003
19712 5,089 3,343
1973 5,348 NA
. 1974 6,025(3) NA
1078-- o
1980 6,\51
(Unimpacted ™
by OSHA f’;

- .
Standards) ( p
P

.

Sources; (1) "Synthetic Organicﬁ icals®, U,§, Tariff Commission, Annual Reports 1560-1973,
(2) Posted price in tankso("\?é ks, freight equalized), Cnemical Marketing Reporter, December 31, 1'173
and June 24, 1974,
(3) Estirmate based on 19 city 6,695 MM Lbs, in Exhibjt IT1I-1 at 90% utilization,
(4) 17,500 MM Lbs, capaci % utilizatlon per Hydrocarbon Processing, May, 1974, p. 83,

NA=Not Available - (j)

a.58888




549

rALsgua

' A
. Exhibit 11i-3, on the following gage, summarizes employment data for 1974

. .
Vo,

- production, maintenance ghd laboratory personnel have
responsibilities with likelifipod of VCM exposure; these
represent 720 workers o"rv'w {f'%) of manufacturing employment

- there are approximately 220 management and support personnel
. /‘;’J_‘»x s .

* * .. * %

. This section defined the structure of the VCM mﬂ%y. The section that follows similarly profiles.

PVC manufacture. e

aup

11-4



EXHIBIT III - 3
USDOL/OSHA_

VINYL CHLORIDE PRODUCTICN WORKERS - 1974

';;f';:“*’\l Approximate 1074
Broad Job Classificadon ‘ez Number of Workers Percent of Total

Producrion(l) \—ﬁ 4 44%

Maintenance
Laboratory
Management and Support(2)

Total VCM Workers Scaled
From Snell Survey

2

Notes; (1) Includes line supervisors, such as foremen
(2) Includes plant managers, engincering staff, clercal, ete,

éource: Snell survey of industry covering approximately 65% of 1974-1975 nameplate capacity
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This section defines the structure of the polyvinyl chloride (PVC) manufacturing industry. The

IIIB. POLYVINYL CHILORIDE PRODUCTION

exhibits supporting this discussion appear sequentially after the text of this section.

1.

21 COMPANIES OPERATE 36 MAJOR PLANTS

A profile of PVC producers in terms of plant locations, nameplate capacities, and
probable pblymenzer (reactor) sizes is summarized in Exhibit IlI-4. Exhibits
III-5 and HI-6 pr vide interpretatiocn of these data.

. The total 1974 naﬁheplate capacity of the industry is approximately 5.4 billion

pounds per year’“
the next two yeafr;]

with over 1.9 billion pounds of new capacity scheduled over

;»

As shown in Lxh1b1t II-5, no single company dominates PVC production.

Goodrich, thg largest single producer with five plants, produces
approximately 20% of the nation's PVC,

- - _
The next fivg}llarpest producers, with a total of nine plants, each produce
between 6% % of total production. These producers are Firestone,
Conoco, Uniosarbide, Borden and Diamond Shamrock,

. , )
Each of the nQ@thirtcen producers, with a total of twenty plants, shares
from 1% to less than 5% of total production.

The remaining two companies, with a total of two plants, each shares less
than 1% of total PVC production.

II1-5
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PVC is produced in sixteen states, as shown in Exhibit III-6, Production is
close to raw material supply (VCM) or near resin market centers, )

- Within these five states are located eighteen producing plants.

- (Only ten plants are located in warm climates where open structuresj % :“‘7)/%

are possible; the remaining twenty-six plants are sited in states
having moderate to cold temperatures.

A majority of the operating plants are older than ten years, as estimated in Exhibit III-7.

=]
About t)m\plants are older than ten years.

Only 8% of oeeitmn plants are less than five years old, with the
nev plant: ting operation in 1971

~

7

LK
- Two new plantsfare scheduled to come on stream in late 1874, and
several others a,;:t planned for later consirucnon seen from Exhibit 11I-4,
T
Historically, PVC production has been a batch operation and manufacturing was
conducted in relativcﬁgﬁmall reactors to maintain product flexibility, quality, and
most important, thes & Heactors were not available in Iarﬂe capacities.

[

- As shown in ng it ITI-4, reactor sizes are almost equally divided
between those plifts using reactors less than 2,500 gal. capacity,
and those between 2,500 gal. and less than 7,500 gal.

- Only nine plants use polymerizers equal to or larger than 7,500 gal.

n1-8
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According to recent tcchnological developments, the trend is toward larger
reactors in new plants. An industry-wide summary of PVC homopolymer
production as & function of reactor size in 1972 vs. 1475 is summarized in
Exhibit III-8. -
*
- Approximately 85% of the homopolymer produced in 1972 was made in
reactors with 7,500 gallons or smaller capacity.

- By 197:). it ig g@pected that the smaller reactors will account for less
than 60% of to sroduction.

K ;S;

- Bulk polymerizbﬁﬁ}fhcapacity is expected-to alimost double.
- The use of small r Lg‘%rb is expected to continue in the long run, but
only for production s/,l\)c.cmlty resins.

The four methods used for polyzx‘mrmlng PVC include suspension, emulsion, bulk,
and solution polymerization, wilh suspension polymerization being used at a majority
of plants as shown in Exhibit )

= Suspension resin productic‘{)jﬁ reported in 33 plants, accounting for

78% of 1973 output.

- Emulsion resin production is repOrted in 16 plants, accounting for 13%
of 1973 output.

- Four plants produce bulk resins, while 2 plants produce solution resins,
accounting for 9% of 1973 output.

I11-7
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2. THE PVC MANUFACTURING INDUSTRY HAS APPROXIMATELY 5,600 PLANT EMPLOYEES

Based on the survey of PVC producers by Snell, estimates were

developed of the 1974 number of production and related personnel

in the industry, as shown ig Exhibit III-10.

' e

- the approximately 3‘,; workers identified with suspension
processes represent.84% of industry employment, while
emulsion process woy’ljﬁ s represent 27% bulk and solution
process workers repr;éc t 9%

- AT
e

- 55% of PVC plant employr%)t is represented by production
workers, while 24% by maintenance personnel; these approx-

imately 3,900 workers hfave‘ the highegt likelihood of VCM .
exposure, u—rﬁ.

e

= A
The Snell survey yiclded an estm of 5,575 plant employees., A
confidential study by industry sopyges independent of Snell, presented
in Exhibit B-1, identified 5, 045 we¥Kers. '

This section defined the structure of the PVC manufacturing sector. The section that follows defines
key PVC markets. -

111_8 r i



Producer

Air Products

American Chemical
Atlanti¢ Tubing

Borden

Certain- Teed
Conoco

Diamond Shamrock

Ethyl

Firestone

General Tire & Rubber

Location

Calvert City, Ky,
Pensacola,“fla,

@B&ach, Cal,
4

[,
o
Nliopbli}, # 111,

Leomingte ,}Mass.
Springfit¥d, Mass,

Lake Chacled—£4,
]

Aberdeen, Mis@}
Oklahoma City K1

)
Deer Park, Tex,
Delaware City, Dul@
Baton Rouge, La,

Poitstown, Pa,
Perryville, Md.

Ashtabula, Ohio

Approximare 1974
Nameplate Capacity
(million 1bs,)

EXHBEIBIT III - 4(1)

USDOL/OSHA

PROFILE OF POLYVINYL CHLQRIDE PRODUCE::S

Planncd Additons
Million Lbs, Starting

Probable Polymeriz.t
Size Ranoe (gally

Per Year Date 2,800 2,500« «7,50: > 7,500

125
80

160

200-300 plaancd X

X

2nd qu. 1974

late 1974

lae 1974

( B 4th qrr.
( unspecified 1974
(

200 lawe 1974

unspecified under way

g unspecificd . under way




EXHIBIT III - 4(2)
USDOL/GSHA

 PROFILE OF POLYVINYL CHLORIDE PRODUCE.S

Approximate 1974 Planned Additions Probable Polymerizcc
Nameplatwe Capacity Million Lbs, Starting Size Ranpe (gallo .

Producer Locaton (million 1bs.) Per Year Date < 2,300 2,500- «7,50. >7, 500

Georgia-Pacific Plaquemine, lLa, 220 . 4th qtr'. 1974

B. F. Goodrich ake, Ohio
] ANItH
Long=T ach, Calif.
LosviJle, Ky,

Pedr@xn. N. L

'Goodyaar ) Niagar{_@s. N. Y.
Plaquemine, SEA 3rd qtr, 1974

Lk
Great American Chemical Fiwhburg, Q‘M‘A‘ss.

. N
Hooker Chemical Burlington, @ g expanston
Lah

Hicksville, s hgld in
abeyance

K C S Cal mz&
eysor-Century augus, Cal, @

Nationa] $tarch Meredosia, 11,

Olin ' Assoner, Mass,

Pantasote Passaic, N,]J,
: Point Pleasamt, W, Va,

sLL808
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EXHIBIT III - 4(3)
USDOL/OSHA | '

PROFILE OF POLYVINYL CHLORIDE PRODUCI.::

Approximate 1974 Planned Additions Probable Polymeric.r
. Nameplate Capacity Million Lbs, Starting Size Ranve (zall @)
Producer location {million 1bs.) " Per Year Date 2,000 2 500 -<7,500 >7, 530
Robintech Painesville, Ohio . 250 220 4th qir, 1974 *
Stauffer Delaware City, D¢l 160 10 ard qtr. 1975 % X
AT 55 3rd qtr. 1976
Tenneco Burlingron, N,J, o ?’_'bx 150 E X X
. 9
Flemington, N.J, = - 85 X X
Pasadena, Tex. L 300" 4th qr. 1974 N.A T
. " P .
Union Carbide §. Charleston, W, Va, //* 160 *
' Texas City, Tex, o 2do ' ) X x
Uniroyal - Ppainesville, Ohio 6’3120 X x .
A -
. Total Nameplate Capaciry\”/ﬁgfhs Planned or 1, 900+ 22 27 9
Anteipated T - -
New Capacity
Notes: ) Opcrates a pilot plant at Plainiield, N,J. with an estimated capacity of 0,2 million pounds
) @) Joinily owned by Pantasote and General Tire & Rubber, and operated by Pantasote

Sources:  Chemical Marketing Reporter, May 20, 1974; industry intcrviews; Modern Plasties, May 1974,

£eaa

not available



EXHIBIT III - 5
USDOL/OSIIA

COMPANY CAPACITY AS PERCENT OF TOTAL
POLYVINYL CHLORIDE PRODUCTION CAPACITY

1974
. . Company Nameplate Share of Total Capacity Accumt 1. ted
Company Canacity (million 1bs,) at mid 1974 (percent) Perce.

B. F. Goodrich 1050 ) C19.07 19,4 .
Firestone ) 508 29,
Conoca 465 317.¢t
Usz_ig};lf’farbide 400 45,2
Bor g 385 52,0
DianserithShamrock 250 88
Robitegh 250 63,
Tenne p 235 67.¢
Air ProdeCrs, . 203

Goodyedf jf\ 200
Hooker ) 195
Ethyl / J"\ 180
Stauffer —-A 160

American Cﬁenzic 1 150
Pantasote @ 155
Qlia . 150
Geueral Tie \{EX 125
Uniroyal (ﬂ"‘) 120
Great American .

Keysor-Century
National Starch
Total

_.bc)qqoo

L3 N W 0D WL O =) W0 D N

_OH_IOMN)MMNLJCJDG}A

o
> o

Note: {1) Does not add 1o 1007 because of rounding crrors,

Source; Exhibir III - 4 and Snell esumates

88800
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Tn

Number

State of Plants

/ ldo(l)
Tcxa (
/ Massaczﬁu),a'ts(l)

/(‘ahfor a (é\

/llinois ){/(f’*
Maryland (Q)) 4
Kentucky ¢ C{Jr\
[.omsnana

/Dchwarc . ,\‘

£
West Virginia (1)"/"1'—)4

[#]

stsxsnppfz)

% Oklahoma ¢ \?
Pennsylv ama

V ew York(l) : V¢§é>
Florida® (j\

TOTAL

Notus: (1) Sitwed in rnoderate
1o cold climate
(2) Sited in warm

1 Q-0 g0

clirnawe 10
36
Source: ~ Exhibit Il -4 and Snell estimates

———

Production Capacity
{million 1bs,)

EXIIIBIT III - 6

USDOL/OSIIA

GEOGRAPIIC DISTRIBUTION OI

POLYVINYL CHLORIDE PLANTS - 19771

Share of Total

Capacity (pereent)

810 vff’ ) 14,9 %

635
490
430
385

- 139;1610(3)

68,7

31.4
100, 1%(3)

Accun “lite

Pe:

14,
20,

ot
wu

4,

81~

LR
64,
60,
74.!

76,
84, -

83, ¢

~

!

o9c, -
9t

100,

_— .

-3

i



EXHIBIT III - 7(1)
USDOL/OSHA

U.S. POLYVINYL CHLORIDE PLAN! AGE- 1971

.

D
Flant Ave Ac Approximartely Indicated By Startun Datc( (ycars,
Producer -+, Location 0-95 G-10 11 - 15 16 ~ €0 21 - 25 over 2

Air Products Calvert City, Ky, ®

Pensacola, Fla,

American Chemical \L{if@:},llcach, Calif, - E
7 iF g
N /’,'/
W
Borden Lepmu}}ter, Mass,
mhsp’i‘aiﬁ'f. ni, :

Sprifigfjobd, Mass.

Y
Conoco Abcrd%[ﬂ‘vﬁss. Zx ;
Oklahoma}‘i\ry, Okla. @
Léj__\

Diamond Shamrock Deer Parkg Tt;x. f

Delaware Ci Del,
- A .
Ethyl Baton Rouge%&xl\ X
Firestone Pottstown, Pa.@ .

Perryville, Md,

General Tire Ashtabula, Olio

Goodrich Chemical Avon Lake, Olio
Henry, I,
Long Beach, Calif,
Louisville, Ky.
Pedricktown, N, J,

ceLsag




EXHIBIT III - 7(2)
USDOL/OSIIA

U.S. POLYVINYL CHLORIDE PLANT AGE . 1974

Plant Age As Approximarely Indicated By Startl_m_Dalc(l) (yeuare)
Producer . Location 0-5 6-10 11 - 13 16 - 20 21 - 25 over 26

Goodyear Niagara Falls, N, Y,
Plaguemine, la, m

Great American Fitchburg, Mass,

Hooker AliEksvilie, N, Y,
H":i’r“ﬁﬁgton, N, L.
R

Keysor« Century Sa‘@ﬁ@alif,

National Stacch Mcrgdﬂsr;é, Il

A
Olin ' Assoxlcgéiﬂi\a(fs.
[+]

Pantasote Passaic, N, ]
Point Plc@ W,
o)
Robintech Painesville, 1

Stauffer Delaware Ciml.

Tenneco Flemingion, N, J,
Burlington, N, I,

£Rygag




LXHIBIT III -~ 7(3)

USDOL JOSH A

U.S. POLYVINYL CHLORIDE PLAN" AGE - 1974

4

1
Plant Ane As Approxinately Indicared By Steriep Dare ) (years)
15 =20 21 - 25 over 26

6-10 11 - 135

Producer . Location 0-5
Union Carbide ,g\\ harl«,ston W, Va.
\?  Texas City, Tex,

g
-

ey
(’" Painesville, Ohio
4; _:4’
8 4
=

Uniroyal
Total (Mp 3 12 6
' gk = = = o
A s wem e A Yy Yseoo,
AT LM Lot .

(1) Or when plant uncf W Feh d:astic rebuilding
Joint plant with Geheral Tire & Rubber and operated by Pantasote

: 2
Source; Snell industry interviews j\ﬁf
e




EXHIBIT IIT-8

USDOL/OSHA

*
PVC HOMOPOLYMER PROLUCTION IN VARIGUS
SI1ZE KFACTONS - 1972 1975

1975
1l

-3
(=]

-«
gl
W

1 o i
xxxxxxxsaxrxxﬁm‘n&ﬂlxx.‘}(ﬁwxzxxxxx

L4
<

§
G
8
[~]
&
[
b
g
[=]
&
L
-l
-l
&
I
b
(5]
£
[N]
&
i

oM OX X M ON X M ¥ X X X X M x X X X

-
<

oM OX X MW OX WM K X

XX X x X

flfl

5,000 7,500 7,500+ _bulk pdlym,

REACTOR S1ZF - CALLONS

Assumes no impact from OSHA requirements

Disch, G,E.. Plastics -~ Raw Materals to End Markets and Coatings-- New
Technology and Markets, American Chemical Socivty, Brooklyn, 1974, p.7,

e8sreua




549

aa

oy
U
)

)

Produccr‘l)

Alr Products

American Chemical
Atlantic Tubing
Borden

Conoco

Diamond Shamzock

Ethyl Corp,.

Firestone

General Tire

wcation(l)

Ca} rt City, Ky,
‘WeRsarola, Fla,

/‘.
Lqﬁﬁ?%ach, Calif,
Lcom%.pl‘, et, Mass,

Nliopolis, p! 1,
Springfig}#, Mass,

)
Aberdeen, Miss,
Oklahoma@ Okla.
Dcer Park, s-e/tﬁl
Delaware Cittﬁ.

Baton Rouge, La,

Potistown, Pa,
Perryville, Md, .

Ashtabula, Ohio

EXHIBIT III - 9(1)
USDQL/OSHA,

POLYVINYL CHLORIDE PRODUCTION BY
RESIN TYPE

Product Line

Suspcnsion Emulsion Bulk Solutinn - |
Resin Resin Resin Resi .
x
x -
b
x
X x .
X X
X
X
x
x X
x x
x x
X X
X
W .
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Producedl)

Goodrich Chemical

Goodyear

Great American

Hooker

Keysor-Century
Natjonal Starch
Olin

Pantasote

Location(l)

Xﬁ@.ake, Otio

rr&'m\lll.

Lofig Beach, Calif,
LOUI':_Syl , Ky.
Pedr n, N, J,

&
Niagarafalls, N, Y,

Plaqueming;La,
q 1/;;,4\

i

Fitehburgy Mass,

Ve
Burlington, & 4
Hicksville, 2

Saugus, Califm
Meredosia, 111
Assonet, Mass,

Passaic, N,I, N
Point Pleasant, W, Va,

POLYVINYL CHLORIDE PRODUCTION BY

EXINIRIT III - g2

USDOL/OSHA

RESIN TYPE

Product ling

)

Suspension

Emulsion Dulk
Resin Resin Resin
X b
b X N
b
b X
X X X
LY
x X
X
2 x
b
X
x
X
X
X

Soluti. o

Rasi
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EXHIBIT III - 9(3)
USDOL/OSHA

POLYVINYL CHLORIDE PRODUCTION BY
RESIN TYPE

Product Line
Suspension Emulsion Bulk
Resin Resin Resin

1)

Producer (}) ' - .ddcation
o

Robintech zﬁ??csville. Ohio
»

Stauffer ;Djvararc City, Del,

. Tenneco ‘ Bﬁr}f@mn, N. 1.

Flemington, N,]J.
A
Union Carbide S, @u}psmn, W, Va,
Texis City, Tex,

Uniroyal ' . Pain@, Ohio
A
N

Total . "j:}l

@

1973 U, S, Production, million 1bs,
Percent of Total Production

Note: (1) Jointly owned with General Tire, operated by Pantasote

Sources: Industry interviews and Snell assessment of product lines
Monthly Statistical Report, The Society of the Plastics Industsy,” Inc,, Ann] 6, 1973 and March 20, 1974 for P;Qducuon data




EXHIBIT III - 10

USDOL./OSHA

POLYVINYL CHLORIDE PRODUCTION WORKERS - 1974

Workers By Process Type
Broad Job Classificatdon Suspension Emulsion Bulk Soludon Total  Percent of To:. !

Production (1),__= 1,920 190 135 185 3, 0: 55%
Mairtenance (1) 790 470 . , (

Laboratory A 260 © 100 (125

Management andSygpost() 610 f____

Total PVC Indusuy \\ﬁem Scaled 3. 580 1. 500 310
From Sncll Survey (3) ﬁ?} vl Cild

Percent of Approximam'-gﬂﬂc.apaciry
Covered by Snell Survey©

2

un

Notes: (1) Includes line supervisors, such as forcmen
(2) Includes plant managers, cngineering suff, clerical, ete,
(3) Personnel associated with compounding and fabrication 1n integrated facilics are not counted

.

Sources: Snell survey of industry
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IIIC. KEY POLYVINYL CHLORIDE MARKETS ' ‘

This section presents data on polyvinyl chloride (PVC) output trends, prices, end-uses, and polymc -

. characteristics regarding free monomer levels as shipped to fabricators. Supporting exhibits appear seque .i-

tially at the end of the text.

1. PVC PRODUCTION HAS INCREASED OVER 300 PERCENT FROM 1963 TO 1973, AND FROM 1972
TO MID-1974 PRICES HAVE APPROXIMATELY DOUBLED

\
IS

Exhibit I1I-11 éﬁf@rs production, sales, and unit value trends since 1960.

- :
The incréa; in output from 1963 to 1973 was
o
?

i

- The leveliﬂ“’@output from 1972 to 1973 is attributed to a significant
extent to fesdstock and capacity shortages.
A . o
- In 1963, captﬁ&gonsumption represented only 13% of production, while

in 1972 this was 10%. .
-~ +  Unit value has@ily decreased until 1972.

Exhibit 11I-12 presents nt price data for the major resin types as well as price
and supply/demand foreeasts for the 1978-1880 period.

- Between 1972 and mid-1974 prices have approximately doubled due to
the effects of the "energy crisis", for example, from $0.10-50.11 per 1b.
in 1972 to $0.21-$0.23 per 1b. in mid~1974 for homopolymer resins.

- By 1978-1980 price levcling is exp‘ected, assuming minimal impact from
safety and environmental regulations.

W

III"g * ]
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.- The average expcected increase by 1978-1980 in PVC output compared to 1974
levels is of the order of 405%.

- In 1978-1980 VCM supply and PVC capacity is expected to be reasonably
balanced if construction expectations materialize, although PVC capacity
may be tight,

Exhibit III-13 'summarizes the supply situation of PVC and VCM including imports

and exports.

- Exports of PVC'?;@ained at approximately 160 million 1bs. in 1972 and 1973, T,
while VCM exports;dropped 32% from 620 to 320 million IGs.

- Imparts of PVC ineg;)zased over 15 times from 1972 to 1973, from 4 tc@
million 1bs., whileff)CM imports remained essentially negligible.

- Exports represent aﬁéroximatelf U.S. PVC output and 8% of
VCM output. i

Vi
_ N
MAJOR MARKETS FOR PVC INCLUDE g@mucnom, HOUSEHOLD PRODUCTS, CONSUMER GOODH. AND
ELECTRICAL USES ' . AL

PVC products find use in almést every major sector of the economy as shown in
Exhibit III-14.

~ Pipc and conduit applications in building and construction arc the single
most important end-use, accounting for 24% of 1973 consumption.

- Flooring, wire and cable, and furr;iture account for another 25% of 1973
consumption. . ‘

III"IO ' 1
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- The more rapidly growing markets for PVC are construction products,
packaging, pipe, and fittings.

- More mature segments include apparel, flooring, home furnishing,
phonograph records, transportation equipment, and wire and cable
coating. ’

Exhibit III-15 provides end-use forecasts of the PVC market through 1978-1980.

[

7
- During this period £0fisumption is expected to range from 6,330 to
6,820 million 1bs. ¢ '
\h.—_-:,i""
- Construction is cxpe&@to be the dominant segment at approximately
56% market share, a séig{ﬁjicant increase from approximately 43% in 1973.

A

&
PVC FABRICATION PROCESSES INCLUDE ‘GARENDERING, COATING, EXTRUSION, MOLDING AND T/ 3TE
PROCESSES . = -

Exhibit III-16 summarizes PVC ¢ wmption by major fabrication process
as well as resin kind, .

The table below shows the distribiffion of resin type in 1973 production.

1973
Resin Kind & Use Thaurand Lbs, Peraent of Total
Total Polyvinyl Clloride & Copolymers Production
(Dry Rasin Content) 4, 661, 500 100
Homopolymer Resins 3,432,671 . 75
Copolymer Resins £39, 627 12
Dispersion Pesins, Latexes, & Blending 583,196 13

Source: Exhibit HI-16

11I-11
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The table below shows the distribution of fabrication type in 1973 end-use,

o - 1973 ‘
Fabricadon Type Trousand Lbs, . Percent of Total
Calerdering 912,166 19,9
Coating 483, 548 10,5
Extrusion ‘ 2,207, 992 50,1
Molding 511,082 11,1
Paste Process 155,871 3.1
All Other ' 224, 591 4,9

Total U, S, Sales and Usc 4, 585,796 99, 97

I

e
———————— n .
Source: Exhibit HI-16 %™
ouree: =
'

\ A
e

Extrusion is the mo;ét;@nportant means of fabrication with 50% of the resin processed
by this means. Appfoximatcly one-half the extrusion throughput is to manufacture
rigid pipe and tubing,ﬁ‘xcept fittings) . :
:  FOX
\

_ A
FREE MONOMER LEVELS IN PVC SWED TO FARRICATORS VARY SIGNIFICANTLY AS A

FUNCTION OF RESIN TYPE AND MAIGQRA END-USE.
Ay =y}

Exhibit I1I-17 relates avez@order of magnitude free monomer levels in the
principal types of PVC to major fabrication catcgory.

111_12 ’



The table below summarizes the quantity of resin in three categories of frec
monomer content. '

Possible Free Approximate 1973 U. §,
Monomer Level (ppin) Szales End-Use (Million Lbs,) Percent of Total

less than 100 187
100 to 500 43 70
over 500 . _1_?.

Toial ¢ 199‘_'_’7

e

Source;  Exhibiv 111-17

Accordin@'@ndustr;r sources with improvements in stripping technology
average mogamer levels in pipe grade and gencral purposc resins of less
than 100 p;i;_rl__g n be achieved. Thus, the total resin consumption averaging
less than 100ppm average free monomer levels can be 3,850 million pounds
on a 1973 ani ‘a‘f basis or approximately 84% of the total yearly consumption.

{
. st

Stripping of cébolgmers and latex products to below 100 ppm free monomer

levels is reportgd to require significant technological development.

Exhibit A-7 in A@xdix A broadly discusses stripping technology

A

This report chapter presented the industry structure of VCM and PVC production and end-uses.
The chapter that follows briefly describes the technology of the industry.
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POLYVINYL CHLORIDE AND COIOLYMER

EXHIBIT III - 11

USDOL/OSHA

RESINS, RESIN EQUIVALENT BASIS

1,006 doliars

Production Sales
Year 1,000 Ibs, dev basis 1,000 1bs, dev basis
1960 .. __.-A935,508 900, 431
1961 ;};3977,254 955, 810
1962 214,510 1,150,807
1663 1,385,845 1,207,102
1964 TG, 891 1,373, 140
19C5 ng§37,467 1,715,321
1666 25 183, 561 1,816,457
1987 2,142,433 1,927, 942
193 2.632}394 2,325, 54l
1969 3,069 063 2,748, 068 .
1970 3.115%04 2,847, 001
1971 3,437, 328 2,995, 434
1972 4, @uo 3, 865, 000
1973 preliminary 4, 4%:‘,/?434 ’

@p

Source: “Synthede Organie Chemicals®, U, S, Tariff Commission, Annual Reports 19£0-1973

Vilue

207,189
301, 743
302,110
326, 536

e
4

P
LY L3 o0 Lo

o

w1
Al

‘b,

e

S = =
[

e L0

POGNC IS B IR



EXINBIT III - 12
USDOL./OSHA

POLYVINYL CHLORIDE OUTPUT AND PRICE FORI:ASTS

Resin ‘ 1970() 19721 1ty 19743 1078-1¢ -
Homopolvmer Resing, $/1b, 0.10~ 0,11 0,21 - 0,23

Copolymer Resins, $/1b ’ 0,23 - 0,25

Dispersion Resins, s/ﬂ’:‘;‘f’\ : 0,81 - 0,35
M
e
Total &VC Pruq".lcl:ion,(“) “Milion Lbs, ~ 4,700
PVC Capacity’?) Million Lm‘{h’ear ~ 5,000
VChI Capacity®,” Million Lbs%Ycar ~ 6,200
7

£

e

<

7 |
Note: . 1978-1980 valuck tinclude any impact of OSIIA regulations, and price and output projectons are jud, by Sneli
to be on the low

Sources: (1) Disch, G, E,, Plyffics--Raw Materals to End Markets and Coatings--New Technolosy and Markets,
Amcrican Chenwdal Sucizly, Brooklyn, 1694, p, 7

(2) Chemical Marketing Reporter, Tuly 22, 1974

(8) Hydrocarbon Processing, May 1974, p. 83

FeLrsag




EXIIIBIT X - 13(1)
USDOIL./OSIHA

SUPPLY SITUATION OF POLYVINYL, CHLORII:
AND VINYL CHLORIDE
(Million pounds)

. . Recent Moutlly Trends
: 12 months. Jan, - Dec, Qct, Nov, Dec, Jan, Feb,
Commodity 1973 1972 73/72 {parcenty 1973 . C 1974

Production Trends

4235 4239 368 3177
52487 5115 5 4350
N
"’/’;‘_ Export Trends
ﬁ
e ﬁ 18
" B2 30
A

’—’—"—-:\ . Import Trends

162

N
4 +1525 6
ne - 1

2)

¥1) ¢
Net Sunply

4135 354 363
4655 426 410

S65880




EXUIRIT III - 13(2)
USDOL/OSHIA
SUPPLY SITUATION OF POLYVINYL CHLORIDE NI

VINYL CHLORIDE
(Million pounds)

Laports As Percent of Production
1972 Oct. - Jan, 1973 (cum.) Jan, - Feb, 1974 (c

4.4 3.6
1.2 6.2

Source-

g
(1) Long-term conrrag;
(2) Net supply equals prod%jon plus imports less expotis
"f‘
;

RAOut 659,

e

Clerticals and Rubber Prog,?flﬁ, Office of Business Research and Analysis, U, 8, Department of Commerce,

April 1€, 1974 k

g2
o2




EXUIBIT III - 14(1)
USDOL/OSHA .

POLYVINYL CHLORIDE MAJOR MARKEY:
970 - 1973 (million pounds)

549

sag

2
0
‘0

Market 1970 1971 1452 1573
Apparel
Daby Pants 23, 19,8 24,2 26.4
Foctye, - 110.0 112.2 140.8 145,02
Cutery, 417.0 50.6 €5.0 €8.2
1/’_\
Building and C&Qij_._ry{:
Lxivuded .fc moldm na 6.0 50.6 57.2
Flooring 325,0 238,2 470,8 484,2
Lighting A 9.0 s.8 11,0 11.0
Pargls and 51 ling €0,0 53.4 70,4 85.3
Fipe and conduigh™ 475,0 582.0 §03.0 1155.0
Pipe fitdags 74.8 8.8 95.8
Rainwater system fits, fascias na 28,6 30,8 33.¢2
Swimming pouol It}é‘ 35.0 39.6 44,0 35, ¢
Wedthersfripping 30,0 30,8 39.6 ga.2
Windows, other pro 43.0 00,6 29,0 57.2
Electrical _!r) .
Wire and cable 410,40 354,2 429.0 426.8
Home furrishings
Appliaices 41,0 23.6 35.2 41,0
Furniture 247.0 250.8 297.0 819,0
Ganden hose 35,0 33,0 44,0 29,6
Housewares 80,0 81.4 193.4 1i2,2
wall coverings and wood surfacing films 97.0 ' 101,2 127.6 118.8
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EXHIBIT B-1 (35)

INDUSTRIAL HYGIELE SURVEY O VHIYL CHLORIDE

IN FONOVER PLAIT o, 1
#

_JOB CLASSIF]CATION ’j OPERATION - PEAK EXPOSURLE
N pett VO Mirncs
7 ) '
Loabuiic OFERATOR = DISCONNECTING 20.4 5
ATTANK CaR® )
Ly 26,9 10
35.9 16
o2 30.9 6
ﬁ}) L
: ﬁ 161 8
(J ‘ 48,1 7
26.2 8
2.9 5
8.0 9 ;
5.9 Y, |
26,8 13 "
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EXHIBIT B-1 (6)

2

_JOB CLASSIEICATION ' mnor PEAK_EXPOSURE
‘ j pea VOL Mimnes
SR, AssT Gem B - PRI(SE{JF e 90.2 10 l
/}“ 59,0 6 [
70.4 105 '
@ 11.7 2.5
159 y
(ﬁ 7.5 3
7.6 i
57 2
9.7 5
0.5 5 L
z 3.8 2
! *FRESH AIR MASK WORN

Source: Snell summary of industry data




EXHIBIT B~104 (1)
! USDOL/OSHA
MONITORING RESULTS FOR 50

548

Zersgoa

LEVELS T FIGFER PLANT O, 2
R —

SaHPLE PederoD)~ 4/25/74 - G/4/74

=

ﬂ,..m\
No. oF sm-:b(gg_,r 493 eacH LocaTION

op

LOCATION ‘p _ Vq'1 CONCENTRATION. PPM -
| ?:i - bveence M
ConTroL. Rooid @ .03 7.4
LaBORATORY x::ﬁ 0.4 9.1
Loaping Reck . @ gy ) 2
Probuct Tanks 0.5 7.2
. Furace Area - 1 L 03 . e ; :

() NO, OF SAMPLES

. .
o p—— e s —— e R
.

-



EXHIBIT B-1.4(2)

LEVELS IN FOIROVER PLANT 1O, 2

nB.—g [']Q‘”‘[QBI[“A

‘ SavpLe Perion - 4/25/74 - G/4/7Y -

Ho. oF sarPLES - 499 EACH LOCATION

VM CoCENTRATION. PPM

AVERAGE M

0.5 @

Finising ffaa - 1 | ‘ 0.3 1)

FINISHING Aﬁ( 2 ' 0.7 7.5

FINISHING I\R@B 0.5
FinisHinG mé‘.’fh 0.6 '.
P

{ ) NO. OF SNPLES

rars8eag
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JOB egq][-.lcﬁllcﬂ

OpErATIONS SPECIALIST

Sk, Op, TecHiICIAN

Op, TECHNIZ@

Day OPEPATIOM)
o

LB PersorticL
SHIFT SurCRvIsogs ™
OrFice PERSC.’\'.\'EL@
V)
Bo1LERMAKER U)

ELecTrICIAN

LEVELS I FOXCHER PLANT 10, 2

, Vi G fgics

1973

1974

1.5 @

1.2 @)
12 @
9.5 G

.04 @

1.3 (8)
0.7 ()
2.2 (8
0.6

1,6 (6)

1.0 )
0.6 tp
2.4 (5)

3 6

EXHIBIT B-104(3)

’
{

— e — — H




. lEVELS IN IOHG R PLI\NT I‘D 2
O CLASSIFICATICH D.A,.Imjﬂm_f.rmmpc
~ 1973 o7y
INSTRWENT 1.9 1.0 6) .

' ‘LABORER 4.5 2.6 (5)

4.4 : 1.9 @)
l|;5 "‘17 (6)

lnmlt\@ ERATOR 14.2 10,2 %)

g/p)

MeariINE 0013%07 ‘ _ 1.3 (6

Tak Car ELcAkeR ; 3.7 @

OvFRALL m@@ 220 2.7 ()

(ﬂ |

Source: Snell summary of industry data

Sso+r86a




EXHIBIT B-105 (1)
USDOL/OSHA
MONITORING RESULTS FOR 38

LEVELS IN FOIOFER PLANT MO, 3

549

L8888

pem VN MINUTES
e S 4 e s e e - o - - 1
LoAp1ng @v DISCOUNECTING 1B.3 10
) Ta CAr .
gp)
Las Tecrn ¢ /) SnepLE 2.6
““ff\ ANnLYs1s 10
"RePAIR TEcmOZ\A ) Oa[ﬂmc 1.1 10
) UIPHENT |
vs) 1.0 10
59!

“FRESH AIR MASK m




EXHIBIT B-105 (2)

LEVELS IN FOIOFER PLUWT 10, 3

N
4 | . ppn VM MINUTES

.

Dism, TEC}LM 2 . Eourerenr 6 10
% SURVE TLLANCE ‘

— o 10

70 | - 0
?}) o 0

Reacror Tech: - 1 Eeyrrrent . 10
SURVEILLANCE

L8868




EXHIBIT B- 5 (3)

LEVELS IN FOUOVER PLAT N0, 3

TVA. eem Vit CHiosip:

@ 193 1974
© IsT O1R 2un OmR
Reactor Tecr - 1 U’ 10 201G 64

&

Reactor Teckv - 2 ﬁ.n.“ 0.1 @) 0.5 @
[#] 0 ’ )

Reactor TECHN -3 0.4 0.1

DisT, Teck | L0 08Q 34

& 04

[T A AV . - - - LT TIE TN EPRE -- - e —r———

( ) NO. OF SNMPLES

Controt. CTr Tecrn . ——

—eirey

*N.D, = NONE DETECTED

Sargag




EXHIBIT B-1u05 (4)

549
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LEVELS N FOUDVER PLVT O, 3 T

JOB_CLASSIFICATION T¥A,_pey Vinyy Chiorics
1973 1974
IsT G 2un (R

A Techn A 10.4 6.1 @ 7.4 3)
‘LOI\DN;G Tecn k (%5} 2.1 R3 G 6.3
Reparr Tecy & o1 o 0.4 @
Supr;nvxsxon @AN. * e 0.3
Services Techn | @ - 0.9
OveRALL AVERnGe - 17 (E(s)p 1200 120

() NO. OF SAPLLS

R e i ———

*N\D. = NONE DETECTED ' . J

Source: Snell summary of industry data



EXHIBIT B-106 (1)
USDOL/OSHA'
MONITORING RESULTS FOR 2

{73) -
Area . How sHigtorical % [ow

thit Operation Current VC, Measured 'VC, ppm Measured

Polymerization 2.8 - 15 onal
er,

Warehouse 0.9 : @

Silo

Car

Quality Contr.ol Lab 1.6 TUbQ’

arersoo




EXHIBIT B~106 (2)

VINYL CHLORIDE EXPOSURE DATA SUMMARY

PERSONNEL MONITORING RESULTS
Average
Dates No. Exposure
PVC Area ' 1974 | Samples (ppm) Remarks -

Emulsion Aptoclave _
Charge Operator 3/14-3/15 2.8 . . Within temporary standard

Suspension Autoclave
Charge Qperater 3/14-5/3 . 3.7 . Within temporary standard

Autoclave Cleaner 3/15~5/2 7 5 ' ) No entry. Within temporary
o ‘ standard

Autoclave Cleaner 3/14-5/3 A . Vessel entry with mask. 6
e samples above standard but

exposure less because of
protection.

First Floc;rman 4/16-5/3 . Within temporary standard
Ribbon Blender Operator 4/16-5/3 . Within temporary standard
FCM Mill Operator 4/16-5/3 ] . Within temporary standard
Q.C. lab Technician 4/16-5/3 . Within temporary standard

Hopper Car Load Operator 4/16-5/3 ; . Within temporary standard

Bagging Machine Opzrator 4/29 Within temporary standard

- - [




EXHIBIT B-106(3)

. NOTE:

Previous analyses performed are not now regarded as being

reliable. Base¢d on observitions following 50 ppm regulation, one
location (autoclaves) was akove 50 ppm and two other locations (centrifuge
shed and water collecti‘éﬁ?rains in polymerization building) may range
above 50 ppm for brief pepdds. Fresh air masks are now used before
entering an autoclave and &bﬁj entrifuge shéd. Measurement means for
specific jobs was carbon tuf ump system attached to operators. Area
and unit operation surveillancg (Bhalyses were by Miran I and II infrared
instruments and a portable Cerituryy OVA flame ionization hydrocarbon
analyzer, yae .

%,

Source: Snell summary of industry data
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EXHIBIT B-107
USDOL/OSHA

VINYL CHLORIDE TWA AS A FUNCTION OF JOB CLASSIFICA TION
FOR VINYL CHLORIDE PRODUCING PLANTS

Job Elassiﬂcation Plant 34 Plant 50 Plant 38 Average
Supervisors 3 1 0.3 1
Reactor Technicians NA 2 2 2
Distillation Technicians NA NA 3. NA

L
Control Room Technicians I{‘"ﬁ 1 0 3
.“‘7" ; P
Loading Operators {; j 10 6 9
Maintenance 2({_ ) 3 0.4 2
70
Chemists 13 % NA NA NA
Lab Technicians 1 LA 5 7 4
¥l
Office Personnel "NA @ 0.6 NA NA
Tank Car Cleaners NA @ NA NA

Sources; Exhibiss B~103, B-104, and B-105 and Snell assessment of industry provided data.

NA = Not Available




EXHIBIT B-108
USDOL/OSHA

SUMMARY OF OnHA VINYL CHLORIDE MONOMER MONITORING DAT.
WVNYL CHLORIDE MONOMER PLANTS

ber of VCM C ion M () Glving Values in Concentration Ranges (FPM )

T

*0-<15  *18 <20 >20 <25 >33 <30 230 <36 >35 <40 >40 <48 >45 ¢80 Towl Polots for Plant

Index

ol' 2)
Index(3)

1
tndext™

Toral No. of Potans
Total Index Value

% of Tetal Index
Valus for
wn Range

25

BN ENEEN!

Percent of Total Index Value
Pe: Coacentratica Renge

i

. e
>10 <15 16 €20 »20 <2 \/:/;}X‘ao >30
VCM Gonc:ncnw (PPM)

Notes (1) Data based on approximately 10 min, sippin rype samples with 1 liter kent air collecton over ch 1 tabes analyzed by the NIOSH method,
wmensgee (2) Plant codes are those developed by OSHA. )

e (3} Index (1) developed from the is: Humber of points in range/wial aumber of poinix reported = 1/15,

Sources: OSHA data submitted 1 Snell; Socll asesument of daa,

rlIr800
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APPENDIX C

ECONOMIC DETAILS

This appendix presents economic details supporting the findings and conclusions of Chapters IV and V,
Exhibit C-1 presents typical delivery times for key equipment items.

Exhibit C-2 presents Snell's overview of the time requirements in implementing
engmeered controls for VCM exposure in PVC plants

Exhibit C-3 is a case study for ’héPVC plant representative of the industry

P

Exhibit C-4 provides the statisticaDanalysis of the economic data for the
50 ppm ceiling case for PVC. “

) .
Exhibit C-5 presents the distributim@)f reported plant additions of engineering
controls estimated for selected VCM leykls in PVC plants.

o




EXHIBIT C.» 1(1)
USDOL/OSHA
TYPICAL EQUIPMENT DELIVERY, TIMES

FOR MID-1974 ORDERS

Meaths from Order to Shipment
Delivery Time

Centrifugals Carbon Steel (C, §,) 4
Stainless Steel (S, S.) n ]
Hastclloy
Canned ' 75,5, 1015 hp . 12
5 to 50 hp
Nash Vacuum 300 ACFM 23" Vae, C.5,

00 ACFM 28" VKC. 5.8,
Viking (positive displacement) A tﬂ

and S, §,
t4plastic lined)

Compressors(2) Low hp reciprocating 10 1%
Medium sizes reciprocating 10 to hp

Standard sizes centrifugal 10 t0°100
Large sizes centrifugal overl

Medium sizes screw type

Valvcs(l) All Types

Reactor Vessels . Glass lined ) 5,000 01 gal, 16 -24
Stainless Same size Somewhat
less than

glass lined
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Tanks

Spare Parts

Field erected over 10,000 gal,

Pump shalts, Impellers, casing
Valve parts
Agitators for reactors
J Gaskers
Filter cartridges
Heat exchanger tubes

. . {,@ .8
. For control fnstrume l@

A

g

0
o

Notes.

Sources:
e ——

.,

. z
(1) 1to 5 items of standard construction can be“wbtajned straight off the shelf {n many Instances
(2) Based on delivery schedules reported to be subjecfyo substantial upward revisions

Interviews with selected major suppliers and Snell estimates

EXHIBITC ~ 1(2)

16 - 20
10 -12
3.4
3-4
1-2
1-2
9-10
much longer
than C, S,
2-3

-

—t>



EXHIBIT C-2(1)

USDOL/OSHA ‘

SNELL'S OVERVIEW OF TIME REQUIREMEN

IN IMPLEMENTING ENGINEERED CONTROL:
OF VCM EXPOSURE IN PVC PLANTS

1, THE NATURE OF THE ENGINEERING SOLUTION IS A MAJOR FACTOR IN THE DETERMINATION
OF THE IMPLEMENTATION TIME

) From Snell's evaluation of the various measq;;d reparted by the industry several broad categories of -
engineering control measures to reduce area VCM égﬁ‘i&’ ntrations and to forestall excursion have emerged.

H

. Ventilation, including spot venﬁlsﬁiﬁ of critical pieces of equipment
Modification of the loading/unloadig‘gg?auipment

Modifications to the reactors includin matic ¢leaning
[+]

- Improvement of the stripping equipmen@.a.

U
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EXHIBIT C-2 (2)

Others, such as: USDOL/OQOSHA

- piping modifications
- pump and compressor replacement

- provision for adequate, contained venting of criticial pieces
of equipment, sections of piping, etc.

Ventilatmn Of Enclosed Areas And Spot Ventilation Of Critical Equipment Has

Already ‘Been . Substantially Implemented To Meet The Emergency Temporary
Standard . v

9]

. While indicating that su@tial additions are still required to meet more
stringent standards, mosthfthe respondents have installed some form of
improved ventilation. In orthern climates substantial additions to
heating equipment will be {ejﬁired to maintain adequate temperatures in
the enclosed areas,

. The considerable ductwork arbd‘f}dditional heating, necessary to implement
the 10 fold increase in ventilatiopxequired in many plants, may require
up to 6 months of design work, another B months for procurement and
3 months for installation. - Thus ificant venting improvements have a

4
i

time delay of about 18 months, (ﬁ

. Comparatively minor work on spot-ventilation can usually be accomplished
in about 1/2 to 3 months. 'Necessity for spot welding and such may require
a shutdown of at least part of the plant, which, for production reasons, may
add a further delay to the implementation,
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EXHIBIT C-2 (3)
USDOL/OSHA

Changes To The Loading And Unloading Facilities Are Required, Some Of

Them

May Require Substantial Amounts Of Time

The replacement of the present system of gauging the tank cars
with more sophisticated equipment may be a major cost element
to VCM producers who own and operate fleets of tank cars., A
delay of 1 year to 2 years may be expected due to the large num-

" ber of units involved.

Leaks

"

Immediately required changes to loading and unloading facilities
pertains to venting of the connecct-disconnect line between tank
car (or barge) and product storage. This can be accomplished
by venting through a vacuumipump, and/ar nitrogen flush and
implementation is ¢ matter'ﬂ‘yﬁeeks.

' /5‘;}\ )
Around The Reactor May ﬁg,;’i‘he Most Difficult To Control

The problems of the leaks aroj the reactors have been fully
discussed in Appendix A, and\fd particular Exhibit A-3.

- time needed in replacing conditioning the
reactors is estimated at 18<to 24 months

- time needed in installing sm@x washing system

is estimated at 30 months an onths for water

wash system . U)‘

-y



EXHIBIT C-2 (4)

USDOL/OSHA
Improvement Of Stripping Would Reduce The Amount Of Free Monomer Downstream
Of The Reactor, But Implementation May Be Subject To Long Delays

PVC manufacturers recognize the advantages of improved stripping ‘
and some steps have already been implemented in many plants.

The problem in the implementation of improved stripping -systems is
that some manufacturers are awaiting the completion of engineering
development work before installing any interim improvement.

A very important element in stripping improvement is the introduction
of sparging steam into the stripper. Some plants will have to add steam
generating capacity to acﬁve this, and thus implementation will be
dependent on design, préetirement and installation of additional steam
generating equipment. In‘this case a delay of up to 3 years can be antic-
ipated. e
i
Implementation Of Other Engineeripg Control Methods Is More Directly Related

To Delays In Equipment Delivery -’ *

Typical of such Engineering Control/ma\thodﬁ would be, for instance:

. Replacement of reciprocating b tary compressors (estimated |,

delay 18 months). ==
‘f‘ﬂ

Replacement of seal pump by sea_lcljgs (canned) pumps (estimated
delay 12 months).
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EXHIBIT C-2 (5)

USDOL/OSHA
Repiping (substitute welded for flanged) .

Replacement of flexible (or even open channel) transfer lines with
permanently connected piping.

Replacement of open strainers with more sophisticated (possibly
self-cleaning) equipment,

THE NOVEL JECHNOLOGIES WHICH MAY BE REQUIRED TQ ACHIEVE EXTREMELY LOW
LEVELS ARE SEVERAL YEARS AWAY

Due to the extremely proprietary nature of any new development, it is not possible to indicate

engineering details of new technologies involved. Continuous polymerization has a good potential, but

commercialization has not been achieved to date.

The main areas of new technologies are: o i\ '
. Radical changes in production met:h/ﬂs ‘
. " Generalization of the bulk (or mass)f&'ocess subsequent to equipment
"improvements. : N
% :

. o Ly
. Improvement of stripping. "

(1) Radical Changes In Production Methd@'{ay Be Under Development
\. .
. Continuous polymerization in total closed, remotely controlled
trains would obviously contribute ringing the PVC plant to very
low background levels. Appropriate equipment type, with a view

to the minimization of leakage, could be incorporated into the de-
sign at nominal incremental cost,

-,




EXHIBIT C-2 (6)
USDOL/OSHA

The table below summarizes a potential timetable for the implementation '
of such technology.

Hypothetical Continuous Polymerization Implementation

Step

Completion Date

Develop January 1978
Demonstrate January 1977

Design ' January 1978 .
Procure and In January 1980

A variant may be ﬁtiliz@ﬂ of part of present equipment, This may '
lead to a somewhat earl@ﬁnplementation.

. Since ‘such technology i@[!?mattcr of economics and engincering risk,
the added burden ¢f scvere/%itations on VCM emission may actually
help to spur its developme making it more economically attractive. \
It is to be noted that one reSpondent indicated the existence of such a ;
technology but described it ighly uneconomical®,

£ .
e
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(2)

The Bulk {Mass) Process MaLPoteﬁﬁally Be More Amenable To Low Area Levels Of VCM

EXHIBIT C-2 (7)
USDOL/O5HA

Inherently the bulk process, w}ﬂ"f’;p has no spent water stream, nor dryer
gas to be disposed of, should bg jidre environmentally acceptable. At
present too few plants exist in the United States to permit an evaluation of

the specific economic impact of engmeermg controls measures without
dlsclosmg proprietary data. /p

The values reported by the one respond nt using the Bulk Process both

for the implementation time and for tﬁa‘\}osts per pound of capacity are
among the highest in the industry. ‘ﬁ‘x}) .

P | -

P

S



EXHIBIT C-3
USDOL/OSHA
PVC PLANT CASE STUDY

A CASE STUDY OF A_REPRESENTATIVE PVC PLANT DETAILS THE ESTIMATED PROGRESSIVE .
P[LI}NT ADDITIONS TO REACH A VCM TARGET LEVEL OF 25 PPM CEILING WITH 10 PPM TWA

. Exhibit C-3A details the equipment which the case study plant is installing
to meet a 50 ppm VCM ceiling. /;\j'
f’;ﬂ"w
' ' . Supplier delays in shipment have dela,ye(ymstallanon of ventllatlon fans .
and the sequential monitoring system; Fossever, installation of all equip-
ment to reach the 50 ppm VCM ceiling i imated by the company to be
approximately 90% complete. (f" ‘ - '

e

Exhibit C~-3B details the equipment rcquxr{%’%nts which the case study plant
estimates for a 25 ppm VCM ceiling target Le‘él Engineering, purchase
and installation is estimated to require three ﬁars

. Exhibit C-3C details the equipment requiremes#s which the case study plant - ;
estimates for a 25 ppm VCM ceiling with a 10 pp TWA target level.

Development, engineering, purchase and ins f_l ion is estimated to require
up to four years. '

5449

. Page C-3A (4) presents a sample calculation, for productivity loss. In 'the industry

aggregates, productivity loss was-calculated based on the plant sample for each
VCM target level.
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Item

I. Engineering Controls -
VCM Unloading

Ventilation

Reactor Cleaning
Stripping

Other Engineering

Subtotal, Engineering Controls

Amortization of Capital (12% -

Total Annual Engineering Controls Costs

EXHIBIT C-3A (1)

USDOL/OSHA

CASE STUDY, COMPANY ESTIMATED COSTS TO ACHIEVE A

30 PPM VCM CEILING IN A PVC PLANT AND SUSTAIN 1974 CAPACITY

Des criEtion

No additions at 5 m VCM ceiling

-
Building Ventilatisas
Raise Vent Stacks{ )

Ventilate Strainer '
Supplement Polymévp@er Exhaust
System

A
Proprietary Equipment .
No additions at 50 pp CM ceiling
Replace Resin Air Comor Ducting

New Pump Seals
Housekeeping

10 Years)

Capital Costs
(¢/1b.)

0.0370
0.0014
0.0028

0.0014

.0,0016

0.0004
0.0004

0.0250

0.0700

Annual Costs
(¢/1b,)

0.0033
0.0003

0.0007

0. 0007

0,0050
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Item

Il. Personal Protective
Equipment

Showers and Bating
* Facilities

Breathing

Clothing

Other

Descrigtion

(Realloc?ted to 25 ppm VCM ceiling)

e

InstalyBreathing Air Lines

Respiratdrs and Filters All
Empfoffdes

Cartrid espirators

Airfed irators

Daily Covézlls for Employees
Imperviofis Suiting

Employee ining -

Subtotal, Personal Protective Equipment ([D

Amortization of Capital (12% ~ 5 years)

Total Annual Personal Protective Equipment Costs

T~

Capital Costs

EXHIBIT C-3A (2) -

Annual Costs

(¢/1b.) (¢/1b.)
0.0014 -
0.0216 0. 0079
0.0018 0. 0659
0.0014 0. 0026
- 0.0528
- 0,0079
0.0082
0. 0262 0. 1453
0. 0073
0.1526
p———

Kx)
v

?

—



Item
III.  Monitoring

Personal Monitoring

Area and Leak
Monitoring

Medical Testing
Recordkeeping

Subtotal, Monitoring Costs

Amortization of Capital (12% - 5 years) 2

. Total Annual Monitoring Costs

Capital Costs | .

EXHIBIT C-3A (3)

A‘nhual Costs’
(¢/1b.)

Description o (¢/1b.)

Pumps, Cartridges and Contract-
Analysis

(3) Organie Vapor Analyzers
ScquentialiSystem
7ol

Testingfﬁqgram and Follow-Up
Lt Lg ’

Pers onné‘fﬁecords

o

5]

o2

Subtotal, Engineering, Protective and Moni g Costs
1

@)

Productivity Loss

Total Costs




EXHIBIT C-34 (4

Annual Annual f
(1) Productivity Loss : Capital Capital O&M . . Capital And
" Costs Costs - Costs - Q&M Costs

(¢/1b.) (¢/1b, /yr.) (¢/1b, [yr.) (¢/1b., /yr.)

, . 'production Ioss = No. of Lbs. Lost = g g75
oo 1974 Capacity
(Lbs. - unimpacted by
OSHA stardard)

Industry Costs Per Lb. of Plant Output S 11.11¢ . 1.97¢ - 3.90¢ 5.87¢

(Capital Costs From Exhibit IV«%
Manufacturing Cost From Exhibif ¥V -13 : _ '
i.e. Cost of Manufacture Less V

Costs And Capital Charges) = '

wn
Additional Estimated Costs for E ering 0.07 0.01 ~0.00 0.01.
Controls in Case Study Plant at 1974 Capacxty
! Subtotal, Estimated Plant Cost Per’(I:.b Output 11,18 ¥ 1,08 - 3.90 5.88 ;
(Capital Amortized @ 12% - 10 Years) '
: s
M Additional Personal And Monitorin ts 0.08 0,02 0.26 0,28
b in Case Study Plant at 1974 Capacit
(Capital Amortized at 12% - § Yearsm '
Subtotal 11.26 2.00 4,16 6,16
-~ Total Additional Costs Per 1974 Production 0. 84¢ 0.46¢ i
& Lb. To Sustain 1974 Production (Capital or * - = .
o Annual Cost x Production Loss) .
4a ‘ g '
% Source: Company Interviev';r and Snell estimates, : = ' » [
L S P — — S - - >

.
3
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Item

1.

Engineering Controls
VCM Unloading

Ventilation

Reactor Cleaning

Stripping

Des criEtion
\F..:I
7

7~ kY

No additions<6f, 25 ppm VCM ceiling

Building veni;@zﬁion

Latex blend t¥iK exhaust

Exhaust hoodsﬁ" tanks and
charge pum 4 2

Vent hoods for’recovery pumps

Vent hoods {or merizers

Ventilation for ¥Spension
blend tanks ‘F;_fj,

Proprietary equig@nt

Modify reactor manhead gaskets
to permit multiple reactor
opening for cleaning without
leakage '

No additions at 25 ppm VCM ceiling

EXIIBIT C-3B (1)
USDOIL./OSHA

CASE STUDY
COMPANY ESTIMATED COSTS TO
ACHIEVE A 25 PPM VCM CEILING

IN A PVC PLANT AND SUSTAIN
1974 CAPACITY

- Capital Costs Annual Costs

(¢/1b,) (¢/1b.)
0.2923 0.0264
0.0007 0.0002
0.0071 0. 0003
0.0028 -
0.0082 0,0010
0.0083 0.0010
0.0550 ~ 0.0165
. 0.0313 -

~4
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Description

Proprietary equipment to reduce
polymerizer entry

Maintenance equipment for pump
and line cleaning to reduce
employce exposure to VCM
(Temporary workplace hoods,
exhaust systems, etc.)

Other Engineering

Strair leed-off system to
vC ecovery

Reactdf cleaning water collection
systSnr.

Replac isting reactor relief

systemith valves
Subtotal, Incremental Engincering Controlg Costs, 25 ppm VCM Ceiling
<

: T~
Engineering Costs To Meet 50 ppm VCM Ceiling E
F"::‘ .
Subtotal, Engineering Controls, 25 pPpm Ceiling
Amo&ization of Capital (12% - 10 years) @

Total Annual Engineering Controls Costs, 25 ppm VCM Ceiling

EXHIBIT C-38 (2)

Capital Costs Annual Costs
(¢/1b.) (¢/1b.)
0.0033 0.0016
0.0495 0.,0132
0.0220 - '
0.0220 0.0007
0.0769 0.0132
0.0700 0. 0050
0.6494 0.0791

0.1149

! 0.1940 )
s B

%
)

~—
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. Capital Costs
Item Description (¢/1b.)

I. Personal Protective

Equipment
Showers and Eating " Showers and eating - . 0.1544
Facilities facilities
_Breathing No additions for 25 ppm VCM ceiling
Clothing No additions for 25 ppm VCM ceiling -
Other Trammg %_ d records -
(\ \
Subtotal, Incremental Personal Protectx)te‘ quipment, ' 0.1544
25 ppm VCM Ceiling /g )
7
Personal Protective Equipment Costs To"/f\//?f‘éet 50 ppm S 0.0262
VCM ceiling A
. B
Subtotal, Personal Protective Equipment Costs, 25 ppm 0.1806

VCM Ceiling

. =,
Amortization of Capital (Showers and Eat@@ 12% - 10 Years,
Remaining Items @ 12% - 5 years) m

Total Annual Personal Protective Equipment Costs,
25 ppm VCM Ceiling .

EXHIBIT C-3B (3)

Am.lual Costs
(¢/1b,)

0.0609

0.0066

0.0675
0, 1453
0.2128
0,0343

7{/—"* T

10,2471




EXHIBIT C-313(4)

Capital Costs Annual Costs
Item Description (¢/1b.) (¢/1b,)

III. Monitoring

Personnel Gas Chromatograph 0.0029 0.0033 .
(Split 50 ~ 50 with area monitoring)

Area and I‘Jeak ' Gas Chromatograph 0.0029 ‘ 0.0033
Monitoring : (Split with personnel monitoring)

Area and Leak ‘ Computerize sequential monitoring 0.0269 0. 0020
Monitoring system for trend analysis '

Medical Testing No additions for 25 ppm VCM ceiling

Recordkeeping In%ed under personal equipment,
er

i

Subtotal, Incremental Monitoring ﬁﬁs, 25 ppm VCM Ceiling 0.0327
Monitoring Costs To Meet 50 ppmw Ceiling : 0.0508
Su‘l.)total, Monitoring Costs, 25 ppn%tm Ceiling 0.0835
Amortization of Capital (12% - 5 y;a;:) .

Total Annual Monitoring Costs, 25 VCM Ceiling

Subtotal, Engineering, Protective am/[onitoring Costs - 0.
Productivity l.oss (@12.5%) .

FEPEOAQ

1.50
Total Costs ' . 2.41¢

Source: Company Interview and Snell estimates.
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Item

I. Engineering Controls

VCM Unloading
Ventilation

Reactor Cleaning

Stripping

Other

' Repair VCM lezaks

!

Description

No additions for 25 ppm VCM ceiling
with 10 ppm TW

No additions for ng VCM ceiling
with 10 ppm TW%

Clean vessel techx{g@gy
(Includes cleaning techniques
and potential ref ulation of
reactor charge) #

x
Improved process@ remove
- VCM from prodn,;ﬁtx—jPrOp{'ietary) %

Improve reactor e%ency relief
system (manifold additional values
to VCM recovery)

R

* Development work is fncom plete as of June 1974, company estimates = 4 years to completion,

e

L [

EXIHIBIT C-3C (1)
USDOL/OSIIA
CASII STUDY .

COMPANY ESTIMATED COSTS TO
ACHIEVE A 25 PPM VCM CEILING

' WITH 10 PPM TWA IN A PVC PLANT

AND SUSTAIN 1974 CAPACITY

Capital Costs Annual Costs

(¢/1b.) (¢/1b,)
0.2747 0.0275
5. 6044 0.0879
0.1099 0.0055
- 0.0165
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‘Subtotal, " Incremental Engineering C ols, 25 ppm VCM Ceiling

With 10 ppm TWA

i”’" 1
Engineering Costs To Meet a .25 ppm \\% Ceiling

Subtotal, Engineering Costs.. 25 ppm V“Clﬁl) Ceiling With
10 ppm TWA
A

Amortization of Capital (12% - 10 year:s'.)’:ff..,d‘s

Total Annual Engineering Controls Costs@ ppm VCM Ceiling
With 10 ppm TWA ﬁ

wn

Capital Costs
(¢/1b.)

-5, 9890

0,6493

6.6383

EXHIBIT C-~3C (2) )

" Annual Costs

(¢/1b,)

0.1374

0.0791

0,2165

1.1750

1.391%
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Capital Costs

With 10 ppm TWA Cﬁ

Amortization of Capital (Showers and Eating Facilities @ 12% - 10 years,
Remaining Items @ 12% - 5 years)

Ae
Total Annual Personal Protective Equipment Costs, 25 ppm VCM Ceiling
With 10 ppm TWA

Item Description (¢/1b.)
. II. Personal Protective |
: Equipment
Showers and Eating -
Facilities
' Breathing , . additions for a 25 ppm VCM cexlmg ' -
@ 10 ppm TWA
Clothing =
Other i,;- ﬁ -
Subtotal, Incremental Personal Pro/}gctxve Equipment, 25 pPpm -
VCM Ceiling With 10 ppm TWA .
Personal Protective Equipment C@To Meet a 25 ppm VCM Ceiling 0.1806
Subtotal, Personal Protective Equiﬁfént Costs, 25 ppm VCM Ceiling 0.1806

EXHIBIT C-3C (3)

Aqpnual Costs
(¢/1b.)

-
-
’
-
-
————
—

0.2128

0.0343

0.2471




EXHIBITC-3C (4)

Capital Costs Annual Costs

548
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Source: Company Interview and Snell estimates.

Item Description (¢/1b.) : {¢/1b.)
III. Monitoring )
Personal No additions for 25 ppm VCM ceiling - -
and 10 ppm TWA
Area and Leak Monitor VCM leaks (Additional Personnel) - 0.0082
" Medical Testing No additions for 25 ppm VCM ceiling - -
and 10 ppm TWA
Recordkeeping No additions for 25 ppm VCM ceiling - - ’
. ';ﬁnd 10 ppm TWA
Subtotal, Incremental Monitdﬁ})g Costs, 25 ppm VCM Ceiling With - 0.0082
- 10 ppm TWA ’Z’“)
Monitoring Costs To Meet a %//épm VCM Ceiling - 0,0835 0,1212 ;
Subtotal, Monitoring Costs, 2?pm VCM With 10 ppm TWA 0.0835 0.1294
Amortization of Capital (12% 2 5 "S’ears) 0.0231
Total Annual Monitoring Cost% ppm VCM Ceiling with 10 ppm TWA 0.1525
Subtotal, Engineering, Protecttvjyﬁand Monitoring Costs 6,90 0.56
= 1
Productivity Loss (€@17.5%) 3.15 1,34 '
Total Costs 10. 05¢ 1.90¢
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EXHIBIT C-4 (1)
USDOL/OSHA
STATISTICAL ANALYSIS. OF THE ECONOMIC DA’
FOR THE 50 PPM CEILING CASE FOR PVC

Snell performed a statistical analysis of the data submitted by the industry and audited by Snell, on
the basis explained below.

A unit cost per pound of plant capacity was developed by dividing the total annual costs of compliance
by the nameplate capacity for each reporting plant.

Annual cost elements for VCM controls developed by Snell from audit of industry reports as detaileq in
the: case study of Exhibit C-3, the exp%mry text of Chapter V, and as summarized below:
e . ,
Annual engineering ¢68 S including: )

T

. - capital costs at@ﬂccovcry factor of 12% over 10 years
- operation and majpicnance cost of the additional equipment
- other costs as rted by the individual plants, )

“Annual cost of protecti/ equipment including:

- capital cost of agditjonal shower and eating facilities over 10 years
at 12% capital rewry '
- capital cost of p al protective equipment such as respirators and
ancillary equipm amortized over 5 years at 12%
- costs of short 1i tems (garments) on a yearly basis
.

operations and maintenance costs of the equipment including the
costs of breathing air.
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EXHIBIT C-4 (2)
USDOL/OSHA

Annual cost of monitoring equipment including:

- capital cost amortized over 5 years at 12%
- opcration and maintenance costs of the equipment
- medical and record keeping costs.

The summartion of these cost elements gave, for each plant in the sample, a total annual cost incurred
or committed to meet the Emergency Temporary Standard. This total annual cost divided by the nameplate

capacity of the plant gives the unit coﬁ% er pound of capacity for controlling VCM exposure on an annual
basis.

. i

. Examination of the data led to the a pfiori exclusion of three samples from the population. Two are
data pertaining to the two Firestone planf)and the third sample corresponds to a very small manufacturing
plant’ which has to bear the burden of vléw high costs on a minimal production (about 1/20 of plant average).

.~

With these exclusions, the charactcrifﬂics of the population are:
;:::‘__H({
Mean unit eost 0.221¢/1b.
Standard Deuvistion 0.152

T

idate statistically their exclusion. The differences from the mean
were respectively: 2,29¢/1b., 2.076¢/1h., a 0.659¢/1b., 15 Standard Deviation, 13.6 Standard Deviation, and
4.0 Standard Deviation. The highest sampl Acluded was only 2.7 Standard Deviations away from the mcan,
The exclusion of these three samples was statistically justificd, particularly given the comparative large size

of the sample population examined. In such cases usually an "ascribable cause" for the exclusion is found. As
indicated above, in one case the size of the plant was responsible.

The excluded data were examined to'
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-with the industry averages for ready reference.

EXHIBIT C-4 (3)
USDOL/OSHA

The two other excluded samples represent Firestone data for both plant locations. Snell reviewed the -
Firestone data with particular care and the audit results are shown in the table below with comparison

Firestone data are out of proportion with those reported by the rest of the industry.

It can be seen that in all items except monitoring equipment

Firestone Industiry Average
Item * Pottstown Perryville © (Other 23 Respondents)
Engineering Capital * $4,324,000 $1,867,000 $275,000 .
Engineering Annua@ "4,271,000 2,347,000 | 152,000
Personal Protective Equipment Capitafj 487,000 89,000 _ 26,000
Personal Protective Equipment Annual/,@ 135,000 37,000 ‘38,000
Monitoring Equipment Annuaiﬁ 365,000 185,000 121,000
| A . N .
Part of the gomwhmhj;g apparent from the table can_be ascribed to inclusion to Firestone

of equipment items that the rest of the respondents did not feel necessary to include at the 50 ppm levell

Of particular interest is the inclusi

\,‘v“'"'_'_“

million dollars and an annual enginccring“_’f st (as defined previously) of 2.2 million dollars.

A
ﬁat Pottstown plant.of a flare system with a capital cost of 2.5

This equipment,

be sald for a modification to a waste water treatment system at Perryville at a capital cost of $200,000,

C‘D—Mimg_'ﬁt necessary to mgetsthe OSHA requirements and, while it represents afi_cnvironmental
protection device, 1t5 Inclusion as an angwef to a 50 ppm ceiling requirement is not jusiilied. The same can

.Source: Snell analysis . "

-y



Engineesing
. frem

VOM Suandad

. VM Unloading()
» B0 ppm celling
« 15-40 ppm cetling with
15-25 (P TWA
« 15-35 ppm celllng with
10-15 ppm TWA

Vasillation ()

%0 ppm celliing

2549 ppon celling with

15+25 ppin TWA

« 15-2% ppon celiing with
10-15 ppo TWA

Resctor Cleaning’
« B0 ppin relitng
« 25-40 pp celling wids
156-25 ppm TWA
« 15°75 ppin celling wite
10-13 ppm TWA

Supping(T
« B ppm celling
« 25-40 ppm celilng with
15-25 ppm TWA
« 1325 ppm celling wich
10-15 ppm TWA(R)

Other(®)
« &0 ppm celling
« 25-40 ppm celling with
15-25 ppmi TWA
« 15-25 ppm celling wits
10-15 ppm TWA

549

Towl (10)
+ 8 ppm celling
« T340 ppm celling with
15-25 ppm TWA
« 16-3% ppm ceiling wid
19-18 ppm TWA

EXUHIBIT C+58 (1)
USDOL/OSHA .
DISTRIBUTION OF REPORTED PLANT ADDITIONS OF ENGINEERING CONTHOLE
ESTIMATED FOR SELECTED VCM LEVELS [N POLYV INYLOHLOROE FLANTS

t

Approximate

Comularive
Number of Flants Reporting Detafled Cost Extimares Caplial Cost
Nymbes of Nurmber of Humber of Number af Humber Per Plaat
Plang Noy Panw Reporsing  Plaot Repordng  Plann Reporting of Reporting
Reparging Deratled a0 Initial an Increased No Plaan 20 Expenditure
Sont Baymargd 1) Expendimre Expendioip Expenditure Endangerod(® {51,000) Comments
‘2 ] ] 11 L] &0 + Madificstiony w tamp ¥ may be wlewd by
. R VCM supplier, f
» [} L] 12 3 &0
L) [ 1 L3 7 [ 13
*
+ . 10 [ 3 [} 100 .+ Ventilavion fs wrd a1 al devels,
» Subuanifal cost Me estboaied w resch slb warget Jevch,
3 2 400 x Mo glann heve enginesrad ventisrian of fbe 30 ppm
. level, -
’ 1 500 {
4 [} 100 « 5ol 19 plana tmall reacror cleaning oquip ment for the
60 ppm leved,
4 2 400 « Mo plane have reacyyr cleaning for de 25-40 ppm celling
wids 15-25 ppm TWA rarger level,
' [} P ] .
bt} [ ] 300 « Thice plants seport capenditwes > $380, 000 ar the 50 pprn celliay
evel probahly fov new sy,
2 2 500 TP Ay re ot expemndisuics of < 370, 000 10 (each a 7540 o
celdng with 1525 Ppin TWA aper evel  These espendinums
} 7 4, 000 represent Inpyaveinenii (2 exlsting equiprent. Tluee plane
estinane expeditures 3§10, 000 probahly iayr new syset i,
+ Apabe 15-25 ppm celllng with 10-15 ppm TwA, 7 planm
repott expendinres > §1 milbion for RED and new sysicma
[ ] 300 + Extersive modificardans 1o physkcal plant are esihinated for all
levels,
] o 1 [ 2 690 « AL15-25 ppm VM celling with 10-15 ppin TWA expeodiruna of
: > 3400, 000 are esrimated for mch flenw a4 emeigeacy rescoe
1 ] '] 1 1 1,700 presure relicl sysems (10 VOM recovery) st compactiagd
control sysemi '
650
2, 000
8,960
L] +
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(u Flaog o this camgory 444 w01 release detaiiod cost estimares which could be upasated oo the five engineering fiema.

* 50 ppin €& .0 $ 200
25 pjiin e ag %00
15-25p; m . eliing
‘./ 10-35 [g m WA 3,000
(2) Endangered - Managenient ui \ ,’ﬁm‘f der plant shutdowng ¢ ¢ ¢ nol provided. .
{3 Venniation - Fany, ductng, el
{4) VCM unloading = Additlon o udinag]a’s racks, modificadons 1o Ve iy ing, unloading pumps and compresmst.
{5 Reactor cleaniag = High and 1ow pu..wmf }u tystems and salvent | | BAplng syieme,
(€) Only one plant reporied a $500, 000 $dd| } expendiure,
(T) Suipping = VOM sripping tanks, pumrps, p comprenors and condensens,
(8) Axthe 50 ppm ard 25 ppm ceiling levels wippdig npemlh'\m:l generally addiess Impr 0 present 5y W meel lo-plany fequirements, The much Lasger expenditures ar tha 15423 ppm celling and
10-15 ppm TWA levels reflect an effoct 1o sl idual free buvels 1o the produce,

®

Othex = = Nom-apecific pumps, compresson, plpm%h.
(10) Costs wounded b ous dgnificant figum. N

Mplum iy

VM Tatges Level

2, |

—— &

.

Source; Indusery ipterviews and Saell edmatas. ‘( ﬁ

POImIT C-8 (D)

bustead & wtal cout for engineering conuols was provided; tha wial ce par plast for

Apprrximate Cownt
Pet Flant
(Dallan in Thousands)
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APPENDIX D

PERSONAL PROTECTIVE EQUIPMENT AND HYGIENE

This appendix presents the elements of personal protective equipment and hygiene as related to their
purpose, costs, and availabilities. The appendix summarizes the relevant portions of the testimony at the
public hearings and details which types of equipment have been purchased by the industry. All exhibits
follow the text of the appendix sequentially.

1. REVIEW OF THE REGULATORY REQUIREMENTS PRESENTED BY THE OSHA VINYL CHLORIDE
TEMPORARY AND PROPOSED PERMANENT EXPOSURE STANDARDS IN RELATION TQ PERSONAL
PROTECTIVE EQUIPMENT AND HYGENE ARE SUMMARIZED BELOW

i A=
f."’ /;:_I‘:.,\ '

This section summarizes the requirements of employers in the vinyl chloride monomer (VCM) and
polyvinyl chloride (PVC) producing indust¥ig; concerning breathing equipment, protective clothing and
personal hygiene as they relate to both the t{aj;%rary and proposed permanent exposure standards.

7 -

(1)  TheEmergency Temporary Standard (ETS) For Exposure To VCM (1)

The ETS applies to any area Q}_B'\i)eration in which VCM is:
manufactured \-@i‘)
reacted @
handled
processed (ﬁ

relcased
repacked
- stored

(1) 29 CFR 1910, Occupational Safety'and Health Standards Emergency Temporary Standard for
Exposure to VCM ‘

Sr+8oa
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Wherever any monitoring sample reveals VCM at a concentration in excess of
50 ppm, or whenever any accident, such as rupture of equipment or spillage,

indicates the likelihood of a greater than usual release of VCM into the ambient
air

all employees exposed to such concentrations should be withdrawn to
a safe area

the emplbyees should not be permitted 1o re-enter the work area unless
they wear either

" type C continuous flow or pressure demand air-supplied respirators
self-contained breathing apparatus

Work which may reasona be expected to release VCM in concentrations in
excess of 50 ppm, such

e
Prrea
- repair ¢ h
- maintenance \‘f” .
- cleaning {J A
<

of a reactor or other equip;'&g;}l containing VCM, should be accomplished only

by employees wearing lype G gbntinuous flow ox pressure demand air-supplied
respirators or self-containe athing apparatus.
o ‘

‘(2) The Proposed Permanent Standard (2R4) For Exposure Ta VCM 1)

The PPS stales that engineerir@mrols are favored methods of compliance
becpuse they tend to avoid contafiifnation of the ambient air in the workplace.

However, until these controls instituted it requires the use of respirators
of the continuous flow or pressure demand types only. The PPS requires

o

29 CFR 1910 Occupational Safety and-Health Standards, Proposed Standard.

[
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a respiratory protection program in accord with CFR §1910.134 should
be established and implemented where respirators are required to be
used by the PPS

respirators should be used only in cases of emergency and where
engineering controls or change in work practices have not as yet
been instituted

respirators or combinations of respirators for protection from VCM
should be seclected from among the following types:

positive pxz_a?sure full facepiece self-contained breathing apparatus
G

pressure d)emind full facepicece self-contained breathing apparatus
3,

operaling in

_the pressure demand mode

combination'ﬁ})e C pressure demand full faccpiece respirator
operating in Uy pressure demand mode and a pressure demand
sel{-contained breathing apparatus operating in the pressure

demand mode .
4

combination ty:pé% continuous flow respirator and a pressure

demand self-contagined breathing apparalus operating in the

pressure demaﬁﬁ:ode :

=

Employee entering regulated arggs should be provided with full-body protective
clothing, footwear or shoe co #at no cost to the employee. The employee
should be required to wear this clothing, Where PVC powder contains detectable
levels of VCM in handling, employee should also be

provided and required to wear head covering

required to remove all protective clothing at each exit from the
regulated area '

D-3




required to shower after the last exit of the day

clean protective clothing should be provided whenever contammated
or soiled, but not less frequently than weekly

contaminated clothing should be decontaminated before re-use by
,removal for laundering or disposal

Where employees are required by the PPS to wear protective clothing and equip-
ment, charge rooms should be provided in accordance with §1910.141 (e)

Where employees are required by this section to shower, shower facilities should
be provided in accordance with §1910.141(d) (3) .

. The PPS prohibits ;ﬁegulatcd areas

the storage of co)nsumphon of food or beverages

. the storage or}l”'l of smoking or non-food chewing products
- the storage or" aﬁlication of cosmetics

un

A SUMMARY WAS DEVELOPED OF THEBTATEMENTS OF INDUSTRY AND GOVERNMENT REPRESENTATIVES
PRESENTING COMPARISONS OF PROTESTIVE EQUIPMENT TYPES AT THE OSHA HEARINGS ON THE PPS

This section presents summaries of s@

2.

ed statements of witnesses at the OSHA public hearings who
gave test results on detailed comparisons o iratory protective devices and protective clothing. These
are presented in five exhibits, t% :

s4g9

Y

Exhibit D-1 presents the S%lent of Karl QOelfke, Dow Chemical Company
. comparing the types of respiratory devices.

Exhibit D-2 details the presentation of Dr. Joseph F. Tomashefski of the
Cleveland Clinic also comparing various types of respiratory equipment.

M [

D-4
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A SUMMARY WAS PREPARED OF SNELL INTERVIEWS WITH VCM AND PVC PRODUCERS TO DETERMINE
THE COST OF RESPIRATORY EQUIPMENT AND PROTECTIVE CLOTHING UNDER THE ETS AND THE
PROJECTED EXPENDITURES FOR VCM LEVELS BELOW THE ETS '

In this section of Appendix D the results of Snell's interviews with the VCM and PVC producing

- industry in relation to present and projected costs of respiratory equipment and protective clothing are

presented, The exhibits detail:

Purchased equipment and clothing types

Capital costs ,‘

A
i

Operating and maintenance costs (O§M)

‘Procurement lead times {.'f”f}

)
Relevant industry comments regarding topics such as human factors

The information is arranged in the following manner: .

Exhibit D~10 summarizes thegdsts to the industry for protective equipment
under the ETS, P

Exhibit D-11 presents case s dies of cost profiles for respiratory equipment
as a function of VCM levels a rojected covered workers, including expected
wearing time. .



Exhibit D~3 is another contribution of Dr. Tomashefski. This exhibit is an
in-depth discussion of human factors relating to the use of respirators.

Exhibit D-4 is a summary of the statement of Dr, Marcus Key, NIOSH,

. Cincinnati discussing breakthrough times of VCM in air purifying
. . ) respiratory equipment,

Exhibit D-5 is a general composite statement of several individuals relating
to the human factors involved in wearing protective clothing.

BASED ON A SURVEY, SNELLILED RESPIRATORY DEVICES AND PROTECTIVE CLOTHING TYPES
INCLUDING DESCRIPTIONS, COFIPARISONS, THEIR COST AND AVAILABILITY

This portion of the appendix givbsﬁd\emilcd description and comparison of the various ty[..s of respiratory

devices and protective clothing. Also i@fided are their costs and availability to the industries studied by type '
and manufacturer. As in the previous sgcﬁqn. an exhibit format is used for the presentation of the information.

Exhibit D-6 is a general presentation detailing the procedure for the selection of
the proper type of resgjf’é ory protective devices as a function of use.

Exhibit D-7 is an in-depth of matrix presentation listing respiratory devices and '
detailing by type impnr@ijxcpics including: "~ .

- function \fd’ﬂfﬂx .

advantage -

- disadvantage m
- comparisons with other types .
- Bureau of Mines approval

s49
1

. Exhibit D-8 presents the costs and availability of typical respiratory devices by
type and manufacturer.

|
. Exhibit D~9 is @ compaxison to Exhibit D-8 as it describes typical protective clothing \
types and their cost and availability by manufacturers.

agorsog
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Resplratory Dievice

Advantages

EXHIBIT D -1

USDOL/OSHA

STATEMENT OF KARL OELFKE
COMPARING TYPES OF RESPIRATORY DEVICES

Disadvantapes

AT OSHA HEARINGS

Naose-mouth caruridge or canister
fespirator (N-My

Full face canfsres type tespirator
(FF) w/face mounted canisier

Full face canfster type w/chest
muunted canisies

Continuous MNow air supplicd hood
(Acid lload)

Continuous flow air supplicd hood
(Acid Hood)

Continuous Now alr pipplied full
mask

Sclf-contatned breathing apparanus

Portable breathing aie cylindens

Easy w0 don

Small sfze
Lightweight

Easy 10 wear- wy

Has Jarger canum\r.han N-M type
last longer ¢

Eye proteciforn 13 ap. tegral part
of mash "'/‘n

Longer Iireaklhrﬂhﬁ‘ tme than

above

Good head spill pm%
i

23

Good protecdon @
Best.of alr supplied bream
apparatus -

Moh{lity
Lony resplratory protection. Two
houws &t a demand of 53 L/min,

Imerferes with cenain types of
eye protection such a3 goggles
Can's fit all faces

Wearing of hard bag becomes
difffcult ’
Can't fit all faces

Bulkiness

Can't it all faces

Poas mobllity for worker due w0
air hoae

Bulkine:s

Vislon tesuicuon

Lack of head mavement
Poot mobility for worker

Viston restdction
Poor mobility for
worker due o air hose

Wearing of hard har becamea
diffieult
Poor mobility for worker due to

afr hose

Alf supply fs normally limired o
15-20 minutes in the pressure
demand mdde

Rreukthrough Time

100 cc canlster has breakihrough
dme of 15 min, at1 ppm VCM
and flow rte of 300 I/min,

Acme canster of 300 cc size had
breakthrough time to 1 ppm of
23 inin. a1 1000 ppm VCM,

1 ppm breakthrough afier 167 min.
Same conditions a3 above,

Source; Kar)Oelfke, Production Mapager foc Vingl Chlorlde, Texas Div,, Dow Chemical Co,, Statement presented to USDOL/OSHA Hearlags on Vinyl
Chloride; Occupational Exposuse Standand, June 25, 1974 and Snell assessment.
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STATIMENT OF DR, JOREPH I, TOMASHEIFSK) COMPAKING TY M5 OF BRI FILA TORY EQUDNE
AT OBLA HIAMHGCS

L Methond of Operation Advantages Dipadyamazey Loonren] Commenn

Und W ferove conzininanis fmm Work by clihver Gltaation, adsorpuon, Canister maiks have sttached to them Resplratony Intemded w it mricuwsier offx 10 potrotion sgsioa To prevarg clopging of the tosimar smd © facn
AN armowpiic it CONLlin 0B ' of a chemical actics W remove A camticr containing aa adsosteid. gAC O vapAD. e relmance = Weathing 0 b pramissbis w
slwmpiia coacemmtion of 8 (> 10 COMAMIRIK. Such maka sre of value in provecs e files wihis awch ety whary pucsvion [T
by valuma), tioa agains, Alr purifying respiraton proshuce high matuance o breathing, periculawe b mn mqulad,

o iganic vaps - Adeyuaie it o the ack conmut become of diffcrmnoen i dad sad

. Al shape and anshepological Charactenstics fa Wiica & petblcm,  Mady

. Ammodla amey Mmukt mug be molded W jadividuale=-a1 & renlt lahage

« Carbon diowids eommonly eccun.

They are very eficective and they can The reststanc: 0 both Uapiration and explotion caums mow
movide effertive and milable pommcdap, worken to dicard Hlver rype masks cinecially f they can't ses
the dust, yet thu Ve, pon-viuble dut may be mex hermivl,

Chemical canrldge fyps masa arc wually of the half mak
variesy, tha chemical sdmrbeoa (charcoal. mds Ume, of Mlca
gel) have very Winbied spplication aod are of valus winm uscd
gt wapory and gases of low weicity.
_;;,7‘
Usaally emplayud I apecifie wala Thia |Wl a how epanccicd (o 8g They inay be wied with full face When blowen are eniplayed with mch respieon, i O ReCraary Ows mugt bu vaie thel smspremed sl upphind &
-l AU sowce, They may masks, hoods, of with full body suite. w hav: a0 individual autcoding the blower oy & sand-bry, froe of CO sad CO,.
b “HF“.B‘; wiwo blawen of Wy puay Many alr=uppiled reipiawn employ Such rapitaon psluce an | d realn. w hreathing.
have an suachmens for conliim= & sl posliive pragure o ondal o They Ircyuently bave & long hose stsacliod, which, s hsed,
s or dfinahd flow, provent Inwand leaks,  They are good may be & Rubance or 8 wafely hezerd,
for hazardows cavironmenta oot
Ammadiaicly dangerous to lfe, There arm Limbations 06 e mesimum legth of bose that cam

: b asd
P v Uk w/o blower: < I
s Ut w/blower

¥ 10 h. w200 f,
u.__\_‘\A

Provide complete mapiarory o= Thiy can be wwtd with sm alr xerce The mli«comaincd appacatue is buravy, bulky asd requmg W b ncccmary whes ome avipleyy i
totbm for spy concemtagion of OF AR OUyLEn WAITE, highly asined tadividuals for we, coMalimd reapieinn B have waming drviom
Wie g o eypen elcigacy, q s oting thit W et iwpply & prriag
the valve w0 thau Tow,
it i1 w21
AR & ppeyy,

.

Erwece.  pomtph £, Toowubehhl, M, 1, licad of Pulmonsry Discas Deparimit uf muhﬂ Clinic, swarenmm prescoipd w USOOL/OGHA boadngs o viay) cab } Enprmars Standard, Juns 25, 3074 s Dl s st
-

ZeFr88a




EXHIBIT D~3 (1)
USDOL/OSHA
STATEMENT OF DR JOSEPH F. TOMASHEFSKI

DISCUSSING HUMAN FACTORS IN RESPIRATOR USE AT
THE OSHA HEARINGS - PROPOSED PERMANENT STANDARD

GENERAL PROBLEMS ASSOCIATED WITH RESPIRATOR USE

Problem Areas Problems

1. Safety in Terms of Fit and Improper Sealing of Mask . 1faleak occurs at the mask, espccially an inward

' leak, the toxic materials may be inhaled and a

false sceurity will be provided, .
There is a marked variability in the contour of facesea
therefore it is very important that any mask- fit
comfortably, otherwise an individual using it over a
long pcrim@ time may find a musk to be intolerable,

Perspiration When effort is dxpended and work is performed
requiring incrgfsed oxygen demand, perspiraticn
is not adequatdly)evaporaicd=-=jt remains within the
mask and prodiicgs an unpleasant effeer, ’
Toxic subsmnce@y beeome trapped between the
skin and the mask cgusing local irriation,
Allergic rcacu‘omA-c becn knawn to occur,

fsolation distressin

Other are uncasy a te need to work in an .

environment that rcéﬂ{lﬁpgthc us¢ of such cquipment.
Respirator and Mask Dead Space It is very important tl ¢ individual not rebrcathe

exhaled air, and thar the dead space in the mask be

kept to <150 cc or that the mask be adequarely

ventilated to flush out the dead space, Otherwise

there would be rebreathing of exhaled CO, and a
deficiency fin faspired Op. |

Psychological ' Many people find the gonfinement and sense of
gjt

£er8ga
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EXIBIT D-3 (2)

GENERAL PROBLEMS ASSOCIATED WITH RESPIRATOR USE (Cont'd.)

Problem Arcas

6. Design Problems Assoclated With the Eyepiece on Full-
Face Masks .

6. Speech Transmission

7. People With Respiratory Diseases

8. Personnel Training in the Use of Resplrators

Probicms

They should not distort the vision.

They do deercase the ficld of vision.

If an individual wears glasses, the glasses can
become fopged or the eyepicce itsell may become
fopped. .

The individual with bifocal vision may have
difficulty in performing his task. ‘
1t may beJfgeessary 10 construct the eyepieces by
means of special grinding with built-in lenses
Anu-fogg@ompounds may have 10 be employed
of & nese ¢HP wWorn to prevent fogging

of the eycpi

All of these capidecrease efficiency and be uncom-

fortable and asang for the individual.

Upon movomgﬁf the jaws, the mask may bccome'.

distorted and jeaRS occur.

It may be neeessary, w equip the masks with special

diaphragms, n@mnm, amplificrs, and radios to
<

provide ability %mmunicauon.

Pcople who have hitis, emphysema or chronie
asthma should nomlploycd in work using res-
pirators,

This limitadon knocks out a Jarge scgment of the
working population (approx. 327 of all males and
females over the age of 35),

Personnel must be trained {a respirator use, workings
and care.

-y
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EXHISIT D=3 (3)

GENERAL PROBLEMS ASSOCIATED WITH RESPIRATOR USE (Cont'd,)

Problem Areas Problems

" 9. Maintenance of Resplrators . Masks must be inspected monthly,
) .« They have to be cleaned and examined after each
. - wus¢. The washing should be done with soap and
. - ' waler or with detergent and allowed to be air or
. foree dried.
. . ~ Occasionally it gAgy be necessary 1o sterilize the
: mask, because iti{ becomic & source for bactcrial

contamination and discase wransinission.
. Cleaning and repa#stations have 1o be set up where
. masks or rcspuatorg/ﬁ}c being used.

10. Storage . Storage {s another f@)r that must be considered,
Proper facilities must be provided to keep the

. " respirators and theiz ponent paris in good
conditon.

Sdd

Source: Joseph F. Tomashefski, Head of Pulmonary Discasc Depaniment, The Cleveland Clinic, Statement presented to USDOL/OSHA
Hearings on Vinyl Chloride; Occupadonal Exposure Hazard, Junc 25, 1974 and Snell asscssment,

»
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EXHIBIT D-4
~ USDOL/OSHA
SUMMARY OF TIE STATEMENT OF

DR, MARCUS M, KEY AT OSHA HEARINGS = AIR
. FURIFYING EQUIPMENT TO VINYL CHLORIDE MONOMER

549
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Respiratory Device

Organic Vapor Cartridges

Canister Gas Masks

Gas Mask Facepieces

Source; Marcus M, Key, M,D., Director, NIOSH Center for Disease Control, Statement prcsentfg@ USDOL/OSHA

Test Condidons

BREAK THROUGH TIMES.

Breakthrough

Comments

VCM concentration: 50 ppm
50% R, H.

Flow rate comsistent with a
moderately heavy work rate

VCM concentration: 100 ppm
6075R. H, *
Flow rate comsistent with a
moderately heavy work rate

VCM concentration: 100 ppm
50% R, H.

Flow rate consistent with a
moderately heavy work rate

»

~1055 breakdireugh

540 to 75 minutes
Service life decreases

_ as R AL increases

2 ”'\
107::’}%:f}cakﬂuough in
200-380 minutes
Service life decrcases
as R, H,zincreases

4
1% leakaje

]

Hearlngs on Vinyl Chloride; Occupational Exposure Standard, June 25, 1974 and Snell assessment, =

Beecause the odor
threshold of VCM °
is comiderably higher

than the breakthrough . -

conceutration, it is
the pceition of KIOSH
thar the only suitable
Iespiratory prowctive
devices for VCM are

“supplied respitators or

positive mazk sclf-
comained breathing
\apparawuses,”

[}
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Advantagey

Diradvantages

DHBTE D=2 (1}

USDOL/OIA

STATEMEINT OF INDUSTPY FIPMSINTATIVES O HUMAN FACTONG &ITA TING
TO FROTICTIVE CLOTHING AT THE OSHA HEARNG §

hytiolosica) Considersriony

Human Facrony

Comment

Full impareitn prasmrized mlt

fod) hedy Unpasviinm ois wpplicd
it

Woprrvivun yla g

Frowective agalo vinyd chiloride

e wents vinyl chloride gaa from
emtaciing hady

frevents vim | whlovide Gomn
contaciiag haods

Paces wonker in sination of
whakceprable heag

¥ hear and niolitore

‘y m& the simeipheie
Garmenialodld yudaniee lange
tetth expoiie 19 VOM U, by

thauce, » the gas enteced
U Saime .

L
P

deamrity

Clover il lmy\oyu‘u

A wrker, whule weardng r % s nds
to & wst afrer 3 ininutes wiung at
857 F aniblent vemperature, had &
skin wmpcratue of 100, 99 F,

Aliet Tive addltionsl minures of
saw walking the shin temperarune
war 191 89 ¢ 4nd the body vempera=
ture which had heen 98.49 § a1 the
beyinolng of the 1l fonc 10
102.6° F.

The hear and dhicomion poduced
will produce fanigue reducing
employce alertnen

Resspiarion genedaicd by the win
will caunsg spvere discomion

Suir ends 10 be 4 wleny haszand
hecause of iy bulsingss and
Hmited vinbliry

Heasing s diffbeuly

Conmunicsilon with othen b
almost Impouible

Rrductional enployer viftcirncy
due 1@ cuthulavtec eflece of
farigue, whure lootlng

Redcior cleanen, recuired by sheir
ok w be wire fovud, will b
greandy Unpalied by tuik of milt

Froplogee efiiciency will diop s
much 83 7% when iuch st
ag wah

Operaton will Nnd 1 dh i uli 13
opcrate vonhh and keep redondy,
and WmalntEnance mea, plmtululy
Mnsrrument and elecirical tepalrs
men, will oot be able 0 perform
thals job salely and properly

The wes of iy Fypr it showdd
Nembiod 08 emargoncy it i

-
Prernium wates will by 1e3.. 1 % '
fndrg MRy 10 widl pan

Recosniing fhe fact ghat the mim
repre ent b wlery hagard g
Becrtiary of Lot did pal tequint
diels um an the caninnges samlink

Bech me reacio clesrvn goc Wanils
Bed 404 growp of magmem

Sk iy houkd b mppied

with "prowcgre’ Bihes s
Impetvioun clolung snd fleve

In ordes 1o peotact Bxm om

i cosuct




TXHIIT =3 (2)

Imdeiry lc:cmﬂillvc § bothboz Typet Advaniaces Otudvantiges Poyvioionies] Contiderations Hum.an Facton Commeny

HAL vl ) Al mgplicd min erizned for exactly the bind of People couid warh (ar Tong pai gy Peopie den't vant this rype of
) Awadon a1 acwr cleaning fre of timc wraring air mpplied ity equipment becivd {1 Swubla
W de sl ware dinecied hroughout d can Meney
he Bt

Equipment can be med i prople st
tducarcd 3 use (¢ and krow rhe
sdvantages shd mecasaiey fog wing b

(1 Swicmem of 1.7 Hy. plast manapss, Mievons AsnlcyCompany, Feryville, Maryland prescated at USDOL/OSIA Mearing on the prop a o w vinyl chioemta, July 39, 1714

() Sttement of H.H. Faucan, Ohairmyn of g Comminee on Chemiical Saluty of the Ameilcan Chgmical Shclefy o4 m VSDOL/OSHA mnu-gu on the pro)

v amcupniional supaurs w0 vinyl shlovide, July 9, 3974,
(0 Sagll ameuntn,

P
nenl s aidard

in, hrr E d {or occupational & ¢ 10 viny ) chloride. fuma 28, 1974
_!u_n_ﬁu 1) Waiten mibminkan by K. W, Otlfhe, Froduction Manages at he Tenas Diviston of Dow, Chemical U, § A, prsenued st the USUOL/OTHA |\u| g v the " POV viny 1
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EXHIBIT D=6

USDOL/OSHA  »
Hazard

PROCEDURE FOR SELECTING RESPIRATORY
[ PROTECTIVE DEVICES

esrg8aag

DO)_tjy.gen ' Toxic
eliciency ‘ Contaminant
i ]
1 i . [ i 1
Sell.Containued Hcsiz Mask 5 i
Apparalus wﬁ':. a,o':m Gascous Gascous Particulate ’
an (%) b l-'.mc.ll
. | Bagliculate
: Lz
] A=
tramediately Not s Dusi, Miut , Abtazive
Dang#rous Immediately ! Or Fume RA"'.L'"" Biasting
To Lite Dangerous S Respiralor “':';‘“" Rewpiratar
To Lite ” (21) (9) (9
’w{f
——d——  r—]-—
Sall-Conlained Hose f“““ Gan A-Line Hose Mask Clierical
Apparatus Wiith Mask Aewpiator Withaut Carntndge %
0 Blower {14) (19) Blower Respirator 4 AN
(19) (1 (23) 4 '
I - N
. immodialely Not
Dargerous b Immediately
To Lile 4 Dongerous
' . To Lile
]
i i - « — )
Self-Conlained Hose Mask Gas Mask Air-Line Hose Mask Chemical
Apparatus With Blower With Special Respiator Without Carlndge Respurator
(13) (19) Filler (19) Blower With Specsal Filler
049) (19) (23)
Note: Numbers in parcathcses refer to fureau of Mines Schedules and Revisions thereof,
Source: Aliee Burcan of Miues informaton circular 7792

4
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GO/ Cn il

COMPANIOW OF FESARATORY MIOTIEC NION DEVICEY

Metbvn) of Operasiam Limitavons e ful Life

Amllnuon

Alr fonfying Pevicds emese contaniaint
Wont e #tmephen,

Budinay Apgroval

Vanaw chemicaly renwive specllic gakd  Can te yed oaly in Mmophemr coninlhg The wscul life of an alr punfying devics
std yapors aml ne bamca) filien wulficwent exygen 1o swaain lik (au leant s dependent upon e o
®rimn g parucutate ML, L by wolutne s sca devel) aml with- the CoNUTInANG, the breathing volume

Q) Machaniesl pjluy
!tnn"

M) Chemical Conndge
Buplirion
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Respizatory Device /Manufacturet

1. Als Purifying Devices
(1) Mechanical filter zespirasoe

« Bawsch and Lomb (Bkl)

« Mins safety apparatus (M5A)

» Welsh

(2) Chemical canridge respiraton

« Bkl

o MSA

L
Componcng
Catalog o
Number _.2¢, zipdon
1

R10 Provides pmxecttg dtnst dusrs (single canridge).

R20 Same as above bﬁ“l‘:ﬂ caruidge.

§-15-10 Replacement filtgha.

L7

96000 Dugtfoe 11 mvme.\%»;&mn from duss and misn

having a TLV of pot ’Tﬁ“ 2.4 million pardcles/cu. ft,
{

96106 Fllien ’

19943 Dustfoe provides protéfrighf dgainst finely divided
aetosols up 1o 0.3 mi diamerer (99. 98%
effcctive),

79084 Type “H" canridge. . A

Z

8201-R Duo=seal dual carurldge high cﬁitlcnﬂ:y dust filter
(0.3 micron panticles).

8004-R Replacement cartridge.

8101-R Same a3 above jespiratos b ¢ canridge.

502-R Replacement canuidge. 2

7680 Protex dual cantnid e sespuator jor4dusts with TLY
more toxic than 0.1 mg/m?3 { matk,

76008 Replacement canridge .

7406 Protex single cansidge half face masks .

1500-68 Sutlc wool Nilter replacement.

R21 Provides protection agafnst Jow concenttations of
organic vapors,

5-15-21 Orpanle vapor catridge replacemem for R 21,

85550 MSA chemical canridge respirator for protection ,
agalnst organic vapors (0. 1%).

44125 Replacenient canridge for 85556 .

16853 MSA same a3 85556 but with single canuidge for organic
vapor,

Ta883 Replacement canmidge for 76853 .

COSTS AND AVAILABIUTY OF TYFICAL RESPIRA TORY DEVICES

Lot Size

Up o 50 unipy

Pack of 50
24471
Pack of 60
T2~143
144 and up
50~99
50~9%
50-99

1

4

12~143
72143 packages of 100 za.

50~89

50~99 boxes of 6
T2-143

100-149
T2~142

100~149

EXHIBIT D-8(1)

USDOL/OSHA

Cont Per Unit

{1974 Douul)

'$ 1,35
a,%0
0.26

.25

9,00
8.99
2.80
45.75
1.4

5.50
.13

10.70

1,5
9.70

145
9.30

.65

Availabiliry
(Weeks To Recelve

After Order)

Stock frem
Stock trem

Stock ltem

Stock ftem

Stock ftem

Stock ftem

Stock ftem

Stack item

Stock iem
S1ock lem

Siock ftem
Stock ltem

Stock kem
Siock Mem

Stock ftem
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Components
. Catalog
_Respinatory Device/Manufa Number Description
. .
: Scon 8201-0V Duo-seal respicator for orgamc vapors, Dual canddge
82004-0V Replacement cartridge for R201-0V
8101-0v Same as 8201-0V but with single cartndge
' 502-0OV Replac L ruidge for 8101-0vV
« Welsh 7601 Full-facgAesflrator for organic vaport, Dual cartridgo
15001 Replacem dge for 7601
it
. . ) Gas masia U}\
. MSA 457081 MS5A mduslnw: up to 2% by volume
arganic vaporsSadd toxic dusts with full lace mask and
body mounted canister
T1705 Replacement ca%r 457081
) . 4512 MSA chin type Lg!\up to 0, 5% by volume
organlc vapors
88339 Replacement camster for 457112
- Scont 679-1 Chest sryle gas may Jopd to 2% by volume organlc
vapor protecton with Tul eplece
184-0V Replacement canister 791 (1000cc)
661-1 Chin style gas mask for drgaile vapor protecton
(full face)
2682-0V-L 600ce replacement ca r 656-1

8. Supplied Air Devices
@) Al Mae resplrawy '

« Constant flow

. - MSA a5TI62
457161
= Scott 4622-10

Ulira-Vuc facepiece and low pressure control
valve (10-15 pug with 50 foot hose)

Same as 457162 hox with hyper-flo control
valve (10-100 psig with up to 250 feet of air-
hose }

Lephyiair-complete full viston matk with belt
meountcd filter body and manual control valve.
Adjust awr pressurcs as follows with 3/8° ID hosa

" Hose Length  Pressure at Hose Lalet

15' 1o 50° 81017 pst
50 10 250° 17 to 30 pal -

Lot Size

50-99

100-499 pr,
100-499

100-499

1

72-143 packs with
§ piccea/pack

12.m
6-11

100 and up
18 and up

12-71
16 sod up

50-99

1840d up

EXHIEIT D-8 (3)

Cost Per Unit

Q914 Dollan)

$9.00
2.50
£.30
2,30

45, 95
1.28

78,05
1. 45

., 9%
5.85

15,43

6,50
42,16

510

82,30

82,30

80, M4

Availabiliry
(Wechl To Rexedve

Afcr Orden

Stock {em
Stock lecm
Swck lem
Swek jem

Swack frem
Stock Item
Stock {tem
Stock {tem
3 weeks

Swck Ltems
Stock ftem

Stock fuem

Stock jtemn

Stk item

2 wocks
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Respiratory Device/Manufscturer

Demand types

- MSA

= Scott

Host masks MSA

Accemodes for alz-lie systems

= Comprenion sysiemy/MSA

= Pressure regulatorsfMSA

= Als=lines snd manifolds/MSA

Components

Caralog

Number Dascription

T600A Low peessure (10-25 pel) full facepiece,

457151 Mask-mupnted demand air-line respirator w/ultra-yue
facepice 39-125 ps1/15-250 ft. hose lengths.

457163 Bek moatfftd demand fMow air-hine respirator w/ultya~
vuo f3 30-125 pri/15-250 ft. hose lengihs,

,,_;&“-‘::

4637-1 Dema; spmwr w/full vision mask 50-125 (ui/
15-9!: 4 h“;nﬁ;ose lengrh,

457140 e r, ni hihation hose mask, with hand operared
hlmn. ce; 1) and 50 fi, of hose,

457142 Same ag Q?mmul f3 & two man unit.

32057 “Clear plye M(w’:ﬂha( washes, cools, aud humldifies
air for |2 ,na¥ks (Nash Co. comprcisor)

41857 Air-hge filter for rerpoval of dusts, mists, fumes as &
final.

46721 Replacement ¢ 1 cartridge for 81857 fiker
2 required).

19030 Parttculate elenfonggedlacement for 1857 filter.

66716 MSA pressure tegulatdf reduces plant ~compressop
air pressure 0 |h@mlve Toy the equipment,

66709 Pressure relief val g

68265 Pressuse Telief valve-25 paig,

68858 Requircd accessory when aic-line pespirators sve
Operating from a high pressure cylinder
01000 i hi-pressure gauge
0-200 psi low -pressure gauge .

455020 Alr hose ~ 15 fi. long

455021 Aur hose - 25 fi. long

455022 Afr hose = 50 . long

93931 Manifold~4 mag (spap-tite)

‘18 and up

1-T1

- e

EXHIBLT D+8 (3)

Con Per Unlt

(1974 Dol

$ 57.85
95.90

93. 90

75.42

668. 00

Nn2.00

2,586.00
44.55
2,40

4,80
34,90

9.80
14.65

84,35

16.63
23. 8%
43.20
59,20

Avallability
(Weels To Receive

Afrer Otder)

Stock ftem

Stck em

3 weeks

6§0+90 lays

60-90 days

16-18 weela
Seoek WEmM
Swck ltem

Srovk ilem
Swock em

Stock item
Swmck iem

Seock lkem

Stock item
Stock item
Seock item
30 dayy
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Repicatory Device/Manufactures

& Salf Comsined Respitaton

1) Picsune dmend-fuil-laceplece i~
tacd breathing app 12 .

M5A

%) Comblnation messure demand full
facepinec respisto) and presmpe~ ¢
4 e Ied breathi
spparsen 1.2
MSA

) Posidve preswe full faceplece wif~
ined breathing app L2

{4) Comblnaci " Now respl

adap demand self inad
breathing spparatue ), 2

{8) Demand wark mask w /quick~<oonect/
discopnect smembly which can be

. ateschad 0 primary mis npply
MEA

4. Cylindex Mcharger Sysems
MEA

& Compomenty

Catalog
Numbet Pracyiprion
95049 With mm cloar-vus facepioce and sudible alamm

{
Nz
" Umphmmg cant
Would be very -nuh}ftompuucl ate
‘ T4

1+

Wounld he very wastaful of impn:uod afe
Lyt ] MSA e complctivi ultra=yue facepiece

assembly, speakiplf o, apm, demand regulator,
harness, and 12 ey, pacicy air cylinder i

carrylng case

Cascading $ymem for Cylindes Rechargin

68450 Al couples ten .
3851 Alr pigrail

Gh346 Alr outit conpuction, complets with gauge
1203 High peeasure sicfilling bose, 3 fix. loog.

Nutes. (1) Permitted vy pes under the tfemporary 50 ppm standard,

(2) Permiliied rypes under ths iy )

{3) Stock stcms are deliversd in not nwre than

no d 1 ard
one week,

Jowrces: Bausch & Lomb Safery Froducts Divixon Caulog, 1974, [

Mine Safcty Applapccs Resp y &

Caulog, 1074,
g

Scott/Acing Producis Respimory 7 E
Welsh Catalog 128, 1014, '
Reples of Sncll maryey of tha i

aod Aex des Catalogl, 1974,

1.

P )

EXHBIT D4 (0)
Coit Pes Ualt
Lot Size (1974 Dollan)
1 $518.00
1 $99.00
1 494, 00
1
1 17,50
] 22.98
|} .9
I .30

Availability
(Wacks To Recaive

Tad ugehy

Not svaflable

Nt avatlable

Sowck luem
Stock ltem
Stoch liem
Sck e



EXHIBIT ‘D'ﬂ )
' U6 DOL/OSHA

QOST AND AVAILARIITY OF PROTECTIVE CLOTIHING

1974 Cont

Protecove Clothing /Mam fscturer Per Unit {Doliary) Avpilabiliry

I. Diwomsbic Clowhing Nete Stock fame s delvaced Lo oun weak

o Jom,
L Cowslls, Hook and Khow Coveriags,
Gloves

« Dutafad Coveral Mﬂe‘c' Pupont Tyvek(R) with clastic wrix . Srock ltem
and & \ilo' ',“" r fit. - .

Shoe covy f Dupant Tyvek(R) Hightop with 0 X Spock ltem
dtawsgin, f C [¥:13

Hood madeloy f&m Tyvek (R with dmwatring . Stock ltem

fex tght Ac

Coverall made o nt Tyvek (R) with elargc : 1o developmert 2 - 3 months befove svallable
wrist and a ugn fit. o quandry

Coverall made"df Dupont Tyvek(® with elastic . Stock item
wieist and ankle for dghy As.

Disposable U oves. 30 weels

)

Airfed paitive in sult made of vinyL
Complerc with atta with clear vinyl face~
plece. Room far wspuawmry protective aquipment.

Designed for one e only.

B Pespasyc Clokilng

L Fell imperviow Premurized Suls
. Amssican Optical Vapor chcm‘lcnl sult premwsized with self-conained 3 G- weeln
breadtdng ¢ quipment,

. . MEA Qlempluf(n) sudt complewe with caze, hood and afr . 15417 wealn
' supply sysem  Us:d widh manifold and aldine suc :
develops positive Intemal pressure.

Rutherzed Protcedon Suit can be wam with MSJ\
Ar musks not supplied with unit,
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Protective c‘lmh(ngmlﬂum

2, Acid Resistapg Sult

-« M3A

« Amurican Opical

3, Cloth Wotk Clothes

« MSA

_... Componcnrs

Gatalog Ma.

17108

154

M-A27

MRO=-§57

o1l

503-1

M2

524

9134

Descnpuon

At
0
sun Ry M sule coated nylon made to be decon=

*
aminated ahir each pse, Jacket has safety cufls and
s fastened withpaliand socket fasteners, Paats have

blb frony and n?(ﬁjﬂ

Rubber utility suif jackel has stand~up collar with
starm Ny fom, «m ave bib front with no fly. Al
samy freuure wekded,”

Neoprene caawed on & scket with anached hood
with drawstring, for t face fit. Closed with storm

fly (ront, o

Neoprene coared on gylo type pants with map
Ny.

Acid resistant coveral neapene coated on
nylon.

Acid reststant jacken m@q duty vinyl with
storm Iy front,

Acid resiseant bib type pamts made of heavy dury
vinyl.

"
Hood made of heavy duty vinyl with clear vinyl
facepl g shouldess and upper chest,

Coveralls made of synthetic [iber fabrc Dynel(m
made 10 coves or mplace the worker's sreet
clothes,

|

72

U4 Cont
Pet Uniy (Dollany

5460

11.50

11.€6

.48
25, 00
25,80

48,70

18.80

EXHIMT D9 ()

Avallybiltry

v

1-Jweehy .

Giock Gam

Not fems than 2 mvormds

No ics then 2 mooche

681, ol

¢ weels

6 weeka

68 weclo

3% wetla



EXHIMT D=9 (D)

. Components 1914 Cont
. Potective annigmmfy_:;wu Catalog No, Descripuion Pes Unic (Dollag) Awvailab{liry

4. Gloves

« MSA t tubber designed with curved

fingers and using AQualicy Latex for pltabilicy and
chemical resisiancé over § wide temperature mnge.,
A

o
-4

Flexible, complerel with vinyl 12 Stock item
gauntiex oy pe.

Lightweight designedpié liquid tight protection. 64 weeks
Glove Is not particu ble, .

A

—

Knce leagth acid vesistabt rubber with stecl safety
toe,

Knee ieagth medivm \m@ reslstamt rubber with Stock hem

tafery toe. m
Koee .icngzh tmpareed acid rubber with safery

toe,

Stoch lteto

Scock laem

Sources: Dwmfab 1974 sales brochure, Mine Safety Appliances 1974 catalogue, Unisayal 1974 catalague, Ploncer Tubber 1974 Catalogue and Soell Survey of Protective Clothing Maaufacturens.

L E868

hrod
L =
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VC or PVC Producer(d)

1M -Im. =C and
175-1at, W

7

20 and 21M -Ing, =W

40L=New -W

13

19L~New =W

41L-0ld=W

54M ~New =C

G
‘. Resplzaton ’ 5@ 20

Number of Wotken
Requiring
Class of Protcctive Equipment Protective Equipment

Reapiratons, half {ace

alr supplied
1620
16-39
")‘H -
Respisfion ' v
MP“:l?ﬁ’FHI}' face N.4A,
alr supplied "9'
e

)’
1. Resplzators, ghlﬁ: 88

2. Proective clothing K\J‘x

Dispotable coveralls
Rubber glovey

b

Respitatons, aliline @

Respizatons, abrline

16
16
Reapiraton, pressure 6.5
demand or continuow
fiow '
Same ) 3

Cost of Equipment

Operating and
Matnicnance Costs

VINYL QHLORIDE/ POLYVINYL CHLORIDE MANUFACT
RELATING TO PROTECTIVE RQUIPMEN T PURCHASED

EXHIBIT D=10¢1)
USDOL/OSHA

SUMMARY OF SNELL INTERVIEWS WITH

Comments

(1974 Dollan)

$200, 000
200, 000

* 16, 000

N.A.

60, 000

B 1)
a0
4,750

14,000

13,000

8,000
L]

10, 000

(974 Dollan)

25, 000
25, 000

35,000
300
3o

6,300

6, 500

5. 000

8,000

G, 000

2,500

Several tipping accidenshave been anributed w respiraton ac

wome of the workers ate teluctant £6 ~ear them. Minke by -

minute supervision requited to ensure ws,

€ weeks procutcment lead time, e

MSA type.

One Incident of face and walp rash from wic of als mask.
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.VC ot PYC Producer

10M <New =W

M=int. -C

H-0U-C

13

BL~New-C

M-I, W

of Protective Equipment

Respiraron, half face
mapk

Reypitaron
Prorectve ch’lﬁ@'
Covesalls /
Sboc covem 5N
d co L A
Head covens - j

Gloves } ’_[D

1. Respiraror ‘C ]
Alrline masks i

Number of Worken
Requuring
Protective Equipment

Cost of Equipment

Opesating and
Maimenance Costs

EXHIBIT D-10 (2)

Commems

24

N.A.

Sel ~comained xupuuo# 12

Cartndge respisators
2.- Protective clothing
 Waterproof suits
‘Hecad covens. dust
shields, gloves

Respliaton
Alrline

Carsidge

1. Respirators

2. Protective clothing

1. Respirators, sell-contatne
caroidge

2. Potecilve clothing

coveralls

Dlipoable win

‘ % "
a.

fo

d 2

N.A.

(1974 Dollamsy

$ 25,000

40, 000

23, 500
7,025
2,112

Disposable ¢lothing
listed as operating
cost .

67, 000

15, 000

&, 000

4, 502
N.A.

(197 Dollan)

$ 5,000

12, 000

N.A.
N.A,
12,000

2,400

1,500

18, 000

3,000

N.A,
N.A,

36, 020

4,800

Worken complain o1 dry throat and impalred movemen,

$cott type

MSA type.

Welth and Scon type.

Theic have been complainy by wortkess on wearlag respiraton,

Scou type.

av
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'VC ot PVC Producer

4IM-OU-C

4UM-New~C

-

AUM-0UC

%[, -C

M =New ~C

355 -1, <C
31M ~New -C
425 <ot ~C and
385 «New =C

2WL=New -C

Chg: of Protective Equipment

1. Respirators, alr
supplied
Canridge
tective clothing
td hats

Wogalls
W roof suits

1 n{(pf:}u
2, Proréciive Clothing

Resplraton, ,
contlnuous
fow alline

Resplrator @
Respirators, full m

mask type C cont
fow

Protecdve clothing

Respiratons

Respiraton

Resplraton, botde
supplied afr masks

§elf wontained

Number of Wlrken
Requiriag

Protective Egulmem

N.A,

25

N.A,

N.A.

EXHIBIT D-10 (3)

Comments

Operating and
Cost of Equiprment Maintenance Costs
@974 Dollars) (1974 Dollan)
$ 2,500 $ 4,800
3,300 120,000
1,250 N.A,
72, 000
14,400
21,188 30, 800
56, 000
. 20, 000 12, 000
¥
(R
500 N.A.
45,000 3, 000
A\l
5,000 26,000
25,000 N.A.
15,000 N.A.
L}
10,300 120,000
] -
1,700 RN.A.

People with heart or lung problems have been advised not o wear
respiraiots ~ have been reassigned to areas bot requiring thelr we,

!

Ons worker with history of asthma became {1l whils wearing ale-
1ine mask,

(

Scott type. Individual cases of worken refusing 10 wear resplaton.}

2 = 5 weeks procurement lead time,

1 - 2 mionthy procureinent lead 1ime, Problems In flaing
masks on personnel with beards and musraches,

Increased absenteelsm and refusal of overime has been awributable

to ue of resplratory equipment, l

- One complaint of ear problems cauwsed by respirator uis.
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¥C or PVC Producer

WM -1ns, -C

-

46M~Old-C

e : P
Note: (1) For mesnlng of producer code,,:ﬁé_\glge -6,

CIgn of Protective Esulgmcm

.

et L

LY
y;

Prstettive Clothing
Hain snin

*

Ee

Resprgior

P

Number of Workent
chuiring
Protective Equipment

N.A.

200-300

Source: Results of Snell Interview with the VCM/FVC manufacturing indusury.

NA = Not applicable.

aa

=
%
2

Cost of Equipment
(1974 Dollary)

$ 13,000

41,000

EXHIMT D=10 (4)
Operating and
Maintenance Costy Comments

{1974 Dollans)

N. A,

$ 18,000

3 months procwremenk fead Ume, Worken bave complain.
of nasal and throar dehydration.
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+ Joud

Toa}

Toul

Teua)

"

M) DETECTARE”

B2ezz B2e%a

Jub Claulficadoy

Tatk car unloa
Malnieranca “‘7

Ship laading

Optiatng (samplet, L]

Operating
Matnichance
Laburstory
Ehip loading

o perating
@nlmmmﬂ N
‘llﬂl'
%ﬂ‘lﬁ’
jau
france

Supcevising and fuppnt
Ship bosving

Nomma) operation

Venel cleanlng

Routioe malmenance
Nop-rouiing MAINeRAnE S

Nermal opeiatioy .
Veual cleaning

Rovtina malnicnafce
Hoa-tounine ulniesioce

NOT FEALIMLE

Waaring Tima

[% ol 8 tir. Day}

W

1

100
L]

L
ki )

108
[
13

100

10

u
11
1)
»

EXNDIT D=3A (1)
VADOL/OEHA

.
SAMPMLE COSTY V3, MIMEER OF COVERED WORKERS NTEDING REIPIAA TORY §QUINMENT
AS AFUNCTION OF VINTL CHLORDE MOHOMIA LEVILS BY MODUCKR

Iacisreatal Ot nthons
Capitsl Coma aad Maumsnaacs
{Dollan} Covn (1¥74 Colan) Cornmans
FITWCE ) e Toul bu 30 ppm laval.
[
LW 1.9 Witk mb e gt aring Lrn peevh I
Witk waglne erag b peove arani,
NA A
", 0 [
N jassosse
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LXHOIT D) ()

.
YO Lavag Mo. of oy Lo remaotal Opeohthons
N N mployses Wearing Tima Capital Cons wid Ms Unenante
VOUTVG Paducur e Wearing hetpiraon Ieb Claubficantan (Rof 8 Hr. Day) __{Doli:n) Cows (1114 Ooilan)
Y A " .20 Ve Rescton cleaniog | vk 50, 000 119
4 Latge rcactor oprasion ’
4 Lage reaciorn lead opezalon ]
a d mail reaciot lead aperdton L]
. 7 Sihye )l tcacror opesainn ]
4 i cror deparument shifh sepetvine 3 . . .
* L] h ryed leads ' ' ] ’
a e operaion
1 H \E} wilier » .
' K) £f shify supervisms 3
[ ) | ] “theiw © leaning » e
4 Large reacion aperaton " Mo hncresen MA
L] I.:g%m Tead apesatony L] .
. [ 5 reacior lead opersien 10
10 tnulhncsnc Sptawn "
4 Regstor stift suprivisd ]
4 Dryes wady ]
L} Diyet o ]
1 Dryel "w .
K} - ]
..i

Drys
Yol . . ‘(ﬁ

» B
] 17 Sampling -« T e, 00 E Y
] Losden 3
o . 4 Malimenaace ]
Toml u [
”n 1" Sampling 1 e ncresss lov T,
. Loaden 1] # ppm Level
A Maimauams 1
Tom) F1
- )
1 Sampling L] NA WA
Leading 100
Maimenance L
Diben 1
Townl
) , n Al s 1L 358, 008 MA
Teml g ’ .
- 1
,“'
a, i
. *
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sl tgaa

VO PYC ymbanay

LA

VO Lavel Mo, of Emplayem
[Llas)] Weartng Reipleston
» 2
A
13
=1
" (]
Lx 3
1
" ]
.
100
112
-—
) m
pard
" [}
9"
"
® 1
. -
10 TWA asp 1
28 Kalliag) -
19
-
3
" "
[}
[H
. 1
4
]
|
1 ]
1
-4
43
o3 -
»

Clatficaton

Laader
Mainteasncy

e

Lasden
"y
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APPENDIX E

MONITORING EQUIPMENT

This appendix details the elements of monitoring equipment currently available to industry for the
detection of vinyl chloride monomer (VCM) including their costs and availability. The appendix also reviews
relevant material from the public hearings and lists the monitoring equipment purchased by VCM and poly-
vinyl chloride (PVC) producers. All exhibiﬁﬁ;}zﬁpear sequentially at the end of the appendix.

[

. C TR,
P

A REVIEW OF THE TEMPORARY AND PROPOSED REGULATORY REQUIREMENTS FOR THE MONITORING -
OF VCM AND PVC PLANTS FOLLOWS @f

1.

f“.\" . .
This section summarizes the monitoring rw\’ﬂred under the Emergency Temporary Standard for
axposure to VCM (50 ppm) and the monitoring requised under the proposed permanent standard (no-detectable -
limit) . <

A
)

(1) 50 ppm Emergency Temporary Standard gET8) 1)

. ‘;.I'he ETS required that as soon ssible but not later than April 22, 1974,
every employer of an employee ing in an area or operation in which VCM is

~ manufactured U)

- reacted

- handled

- processed
- released
- repacked
- stored

should begin monitoring the ambient air of the area to determine whether it
-contains VCM in concentrations in excess of 50 ppm.

(1) 29 CFR 1910, Occupational Safety and Health Standards, Emergency Temporary Standard for

———

Sr88eoe

o

Exposure to VCM

B4

.. v

E-1
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The monitoring should be of the nature that a sufficient number of employees

‘be monitored so that a representative sample of exposure to the gas may be
determined.

- monitoring should be accomplished not less frequently than weekly
until all results from three consecutive weeks are at a level below
50 ppm

- after achievement of the 50 ppm level, the monitoring should be

conducted not less frequently than monthly as long as the concentration
of VCM does not exceemﬁppm '

7
- if a monitoring sample rg\?@}lls VCM in concentrations in excess of 50
ppm, weekly monitoring $figuld be resumed until all monitoring results
for three consecutive weélgs-are at or below 50 ppm A
4
Monitoring should be accomplishéd through personnel monitoring by collecting
samples by suitable device worn b{%}e employee,
i —
- the samples should be analyzed by gas chromatography or by any other
) method which is of equivalen@vsitivity
- the analytical procedure shall entitive to 5 ppm of VCM in air with
an accuracy of + 20% for a ten n@e air sample

Employees working in an area of operation whose ambient air is monitored, or
their representative, should be given a reasonable opportunity to observe the
personal monitoring described by the emergency temporary standard.

Periodic tests should be conducted for equipment leaks and for emission of VCM
which may result from work practices.

E-2
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(2) Proposed Permanent "No-Detectable” VCM Level Standard (PPS) 1)

. A program of monitoring would be required to establish whether there are
detectable levels in regulated areas and to permit determination of employee
exposures on an individual hasis, A regulated area is whera

- VCM is
.+ _ manufactured
‘o reacted ' \_fﬁ
.." relcased =
. repackaged A
.s stored : -
P
. used 7 ﬁ
- PVC capable of releasing detestable levels of VCM is
. manufactured ZX)\
- reacted " ' '
) . released @
‘e repackaged 5

stored \‘,’/;k
d .
use ' (ﬁ

. Provision is also made for an employee to observe monitoring by them or their
designated representative. The monitoring will assume that any exposure may

be determined for each authorized employee with a confidence level of 95%. An
authorized emplayee is one

- whose duties require him to be in the regulated area and who has been
specifically assigned by the employer

1)

29 CFR 1810, Occupational Safety and Health Standards, Proposed Standard

E-3



any employee who enters such an area as designated representative of
employee to exercise an opportunity to observe monitoring and measunng
of VCM

The PPS requires that monitoring be accomplished by a sampling and analytical method
capable of detecting vinyl chloride at concentrations of 1 ppm with an accuracy of
1 ppm + 50G. :

The PPS is, in part, based on the NIOSH recommended Standard for VCM Exposure as transmitted to
OSHA on March 11, 1874. The NIOSH recommendations are presented in their entirety in Appendix H,

2. SNELL PERFORMED AN INDEPI‘NDEN’,@PRVEY OF AVAILABLE MONITORING EQUIPMENT AND
DETERMINED AVAILABILITY AND cO&m

Exhibit E-1 and E-2 presgn ﬁ summary of highlxghts of the testimony deahng
with monitoring systems. ™ f\

.Exhibit E-3 presents the propﬁed NIOSH procedures for VCM monitoring.

Exhibit E-4 presents a summar;\of the Snell survey of VCM monitoring devices
currently available; the surv@ample included 9 manufacturers.

Exhibit E-5 presents a summam the availability and costs of VCM monitoring

_devices. m .
Exhibit E-6 presents the results of the Snell interviews of VCM and PVC manufacturers
relating to current monitoring procedures and equipment.

Exhibit E-7 presents the VCM and PVG industry costs of purchasmg monitoring equip-
ment in compliance with the 50 ppm standard

E-4
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Type of Equipment ~

Qperating Parameters

EXHIBIT E-1

USDOL/OSHA

STATEMENT OF R H, STEHL COMPARING METHODS OF
VINYL CHLORIDE MONOMER ANALYSIS

Advantages

Disadvantages

Gas Chromatograbhs
(69

Infrared

Combustion=Conductivity

Total Flame lIonization
Detectors (FID)

GC - Mass Specometry

Personal Mon{roring
Equipment

NA = Not available,

Flame fonization

Gas~cell type

v o
$;3

Conversion by pyrolysis to/’ .

HCj and COp w_.a
Combustion, but not decom (,jg
Magneuc field, ‘:/A

[+]

Adsorption ~ onto media
{air pump, sample wbe)

‘@ ANA
\ﬁv .

Reproducfble at constant operating
parametery; selective in identifi-
cation; .1 - 1 ppm sensidviry.

Little interfererice: each com=
pound has characteristic bands;
2 minutes to ‘make energy
absorption measurement;

2 - § ppm sensitivity,

30 secs for analysis; can be
computerized,

* 2 minutes/sample analysfs,

1 ppm semsitivity; no interference.

102

Source; Testimony of Dr, R, H. Stehl, Dow Chemical Co., Midland, Mich., comparing methods of VCM analysis as presented ag
DOL/OSHA hearings, June 25, 1974 and Snell assessment,

.

Cannot be used where explosion
hazards exisr; § = 15 min, /analysis,

Water vapor {nterfeses and reduces
sensidvity,

Interference from other compaunds
(Freon),

Non~specific,
Not applicable to area monitorings
reference method only; requires

uwained analyst,

Non-continuous



EXUIBIT E-2
USDOL/OSHA

STATEMEINT OF R L. DANIEL DETAILING METHODS OF
MONITORING AND ANALYSIS OF VINYL CHLORIDE MONOMER

Type of Equipment Operating Paramerers Advantages Disadvantaces

Continuous Monftoring Flammable gas detcction Only alarms at 4000 ppm level,
Equipment v ‘

Sequentfal Monftoring GC, 12 potf‘ﬁ\mlnute cycle NA
- (M.onomer 1)

A

Sequential Monltoring GC, 10 polmg@ne cycle ‘ NA
- ¥

(Monomer plan{ {/}§)~

Sequental Monltoring . GC, 10 point 6 ml{r?é%‘ cycle NA
2

{Monomer plant #i3

Sequential Monltoring Non-specific analyz " NA
combustion-conducti . .

type, 18 poini, 1/2 miff}e kycle,
alarmsat 25 ppm (Copolwlam)

Personnel Monitors Exposure type ’ ' Can only be analyzed after the
fact; does pot provide on the spot
data; does not give min, /max.
concentration in employee’s work
arca,

Source: Testimony of R, L. Daniel, Dow Chemical Co,, Freeport, Texas concerning methods of monftoring and analysis of
VCM used at Freeport, Texas as related at DOL/OSHA, June 25, 1974 and Snell assessment,

NA = Not avaflable, P
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EXHIBIT E-3 (1)

USDOL/OstHA

RECOMMENDED NIO3H PROCEDURE FOR PERSONAL
MONITORING OF EMPLOYEES FOR VINYL CHLORIDE
MONOMER EXPOSURE

SUBSTANCE:

Vinyl Chloride Gas

$COPE OF METHOD:

Vinyl chloride s a gas boiling at - 13, 4 degrees C and having a vapor pressure of 2660 mm of meccury_ at25 degrees C,  The lower limit of detection

for the method is approximately 1 ppm.

- + .. aem = e - - - - [——

b rn = aa s - . 5 :

SAMPLING EQUIPMENT: "

(a) Personal sampling pump s - . . }
(b) 250 cc glass gas collecting b@—wkb teflon stopeocks. \

. . Q
SAMPLE SIZE: )

e

-

)
250 CC ) \f//;)})

SAMPLING PROCEDURE: ‘(j} ' ; ‘,
Glass Gas Collectng Tubes
(3) The gas collecting tube {s connected at one end to the personal sampling pump, Both stopcocks are opened and ait pulled through at approxi=
mately one liter per minute, . ‘
(b) A sampling period of 15 minutes would allow collection of a representative sampling of the worker environment. .
(©

Stopcocks shall be closed tightly, closing the stopcock nearest the pump first,

L™




EXHIGIT E-3 (%)

6. ANALYSIS: "’“é ) .

The gas collecting tube sample is analyze@dy by gas chromatography.

;' 1. SHIPPING INSTRUCTIONS: g
| : : ‘ '
I The gas collecting tubs should be wrapped wiz{@xioning materlal, placed in the shipping casc and shipped via Air Mall to the OSHA laboratory,
! Salt Lake City, ;
e S
L, ,
- . =]

Source: NIOSH Recommended Oceupational Health Standar % Manufacture of Synchetic Polymer from Viny! Chloride, March 11, 1974,
A —————— \‘__f’
X .

@n '

e
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EXHIBIT E-5(1)
USDOL/OsIIA

AVAILABILITY AND COXT3 OF TYPICAL MONITORING DEVILES
FOR VEX VL CUHLORIDE MONOMER DETECTION

549

o
ol
s
+

Componcaty . s
Mapufactuicr Catalng Unit Purchase Cost Pncwemem Lead Time
* Mondtoring Device {Instrument Name) Numb Caualog Descrniption/Lot Slze {1974 Dollan) {From Time Mesenyer Recelvey Onder) '
'; 1. Penoml Monltoring
1 A L4
* (1) Caladmatric Bendiy/Gastec 24175-24 Pump kit/6 or morc $72. 00 Stock jten
(Precision Gas Detector) 131 Detector tubcs (10/box, 6 ot more boxes) - 96 Stock ftem
24175-28 Sparc party kit/1 9.95 Stoch fiem
Mine Safery Appllances 85342 ilalogenated hydrmcarbon dexcctor $76.25 Stwck {lem -
(Group AY1
(Malogenated Mydrocarbon 85839 Tubes fos 8584/ paclage of 12 1.38 Stock hem
Detector)
{2) Charcoal Tube/Fump Anatole ], Sipin 5P=1 or 5P~2 Penonal alr sampler kit/1 300. 00 8-10 Weeka '
System (Automated) (Sipin Pesonal s-mmﬁ;:;.:ﬂl - " Charcoal ruber/packages of 12 .58 2 Weeks
Pump) e
7 # o
I R
)
%, Area Monlwring .
et
) A 4.3 Ist Bech el /‘ odel 6700  Procens gas chromatograph including 6,000.00 3-G Months
Gas Cheomatographic /e Lecds & Northrup Stnp Chan Recorder .
Syncrs {hocess Gay Chmmpgrap!r // ’ Ten point sampling sysiem : 3,710, 00
£l \ s@, '
. - Applicauon engincering depattment
p fina) system chech-out 650.00
. /»;‘,A-'a‘ .
Byron Instruments, Mo‘ael 320 VCM monitog 0 =10 ppris, fully Be §5.00 2 Monibw
ne, (FIDC.C.) o automated, 10 punts, 2 mia per
polnt, w/bar graph or strip char ecordes
Hewlen-Fackard ol 5870 Repocting gas chromatogeaph w/i6 point 10,675. 00 € Weeks
(F10 Avtomatic Gay e R sequennal sampling system (complete)=
Chronatograph W/ fpppmsarined system also includes buik-in digital
Minicomuter) \‘wfz processor, heyhoard comtrol centee and
. printer/plonier M
{2} Manual Gay Chuomatographa Pgadn < tmex mm Model 1320 GC whh ¥11), Mnear
For Arca Monloring, (Industrial Axmospheric lemperature progammer, coniplcie
Charcoal Tube Analyxs, Apalyzer) sutomauc data handung as an epdon
and Restdual VUM
Determinaons Vanan, Aetograph 144010~-00 Single column (187) FID, w/lincar 3,075.00 2-4 Month
. programmez, Gas Chromatograph
- Columns/t ~ 50.00 Stock item
. 00-9145+0)  Reconler, single oo \ 1,1:0.00 2 Monthy
. 2270 Duc ® integrator 195.00 2 Montha
10 - Dise ® auomutic printes L« 338,00 2 Monthe




Monitordnt Deviee

Manufacturer
(Instrurmcnt Name)

Componehes

Catalop

N,

Catalog Deseription/Lot Size

EXMIBIT E-5 (2)

Unijr Purchase Cost
{1974 Dollars)

Provuremons Lead Time
{FromTime Messcnzer Receives Ord )

(3) Towal Hydrocarbon Analyzens

{4) Infrared Spectrophotometer
{Automaied)

(8) Infrared Sy ph

Bendin/THA
Multipoing System

Wilks Scleatific/
Miran I Ambient Aly
Monitos

{Accu Lab, ¢

(Manual) for Area Monjtonag
and Residual VCM
Determinatlons d

3. Leak Detecting

(1) Gas Chwomatographic

Perkin € lmer 267

Apalytical Instceument
Devclopmens Ine. /
Ponable G,C,

Century Systems Corp, /
Cuganic Vapor Analyzer

+ Cost includes 10 point sampling stream
system
o FID oased

Miran I} J-R System complete including:
« 20M vaglable path cell
« Calbration curves for specific
analysis
LLHN Speedinax )i Motii~Poing
Recotdet '
Six sample inlet parts controlled by
nylon solcnoid valve . ’
Sample pump capable of pulling
samples @ 200 feet through 1/2° LD,
tubing
Intemal plumbing
: ; System housing
o ot » Pardculate flltes for each line
2122120 ., Same a3 above but for 12 sampling
“\R‘ﬁmmu

1896 DQG [{;ccuub GIR Spectrophotometer

" complote with recorder

200 muldpath ccll (sample cell)

530249 fﬂﬂl muldpath cell (refecence cell)
. j\ -

5802403

Model 267 © Infrared spectrometer
Singlg wenty meter cell
ot loop citculation system
'-!_!» rfice beam altemator

¥

.
D |
PortX G, C, equipped w/hydrogen Na: e

fonizatan deteciog

Revorder-tsterline Anglis © mulyvolt
fixed range completcly portable amd
contains its own rechargeable batieries
$ix chag spec

Mudel 511

210-G001

FIN w /stgip chant geindex/metes

$6,600,00

11,250.00

12,500. 00

6,130.00

2,310,00
2,310.00

2,860, 00
2,590,00

275, 00
40,00

3, 300.00

§10.00

9,500.00

36 Mocahy

3 Monthy

-4 Munthy

3 Mumhs

2 Montls

86 Weels




EXHIBIT -5 (3)

Camponents

Manufacturer Catalog Unit Purchase Cogt Procutement Lesd Time

Menitoring Device {instrument Name) Number Catalog Description/Lot Slze (1974 Dollars) (From Time Messenger Receives Ovder)

(2) Catalyte Comdustion Bachatach Insuument Co, /  23+7350 TLV portable sniffer, battery powered, $ 678,00 045 Dayy
Principle TLY Sniffer Uncar seale readowt ‘

€3) lafraced § pectpophotomenic 5652 Miran Portable Gas Analyzer w/lincar 4.823,00
. absorber readout, spectral sange 2,5 w

14. 5 micron, variable path gas cell

Mican U w/20 M varlable gas cell 4,900, 00

Specific for VOM

$outees: Analyucal lnwveament & Develogment, Inc. Catalog, 19745 et
- Bacharach Instrument Co, J-W Madzl TLV Caulog, 19947

Becknan Bubletin 41750, 8eckman lustruments, inc,; e
Bendix/Gastee Cataleg, 1974; \ﬁ‘_"";"'j
Century Systems, d. CUA-23 Catalogs i
Hewlen Packard Bulletin 5339, 1714; \;—_,-,——"’
Mine Safety Appararss, Inc, Model 85342 Catalog 1974; j:—u
Petkin-Elmer Gas Chromatographic and Infrared Equipment 1974
Wilks Sclentific, Mimn | & {1 Catalogs, 1974; 4 ﬁ
Varan Auociates,’ Varian Amerograph Catalog, 1974;
Sacll Survey of Gas Detection Equipment Manufacturers,




EXHDIT £+ ()
USDOL/CEHA
SUMMARY OF SNELL INTIRVIEW RESULTS WITH VINYL CHIOKDE AND

POLTVINYL QU AORIDE FHODUCERS RELATING TO FUBRCHASES OF VINYL QILORDT
MONITORNG BQUIFMENT §3) PERSONAL AND LEAK DETECTION DIVIETS

VM, PYC Producerd

MM ~inae=C sud
VRl W

Tye of Mmﬂn; Equipmen

1, Pumosl monktoring
Cutrm tulee

2. besh deimcdon .
o Orgaskc vapoy amatynsr
+ M thromawpaph

L. Leak Jdetortion

+ Ovganie vapor aadlyzes
b, Leak orteruod

« Ohpasils vopor smalysey

1, Pencpal
« Fomp and impingen

€.C, for amallys of charcos)
Mmples {1 D)

2. loak Jeracrion
« Orgace vepar analyses

b Pesvoas) monlsodag
o Cabap

2. Leab Jerectios

Mama of

Equd pmem Manufaciurer

T

Senitx (rey..,

Sipin
e

-
Rewlieny Paziay = iad

{Model 5750)
2

Cal@vared kuwunens ine,

Cattury QVA

Cemtury QVA

Totsl lnzalled Opcrating and Timing

Unft Coma Maiotenance Covns Provuremnem Supdip

(1974 Dollam) (1974 Dollam -

Ghare wmes foy
delivery,

Short times for
delivery,

Short dwes ler

18, 000 (m:e commcats)  3/74

Seo commeny for OLM /14
K 7]
Sea commens for OAM MN.A,
Sor comment for MM 3-5/T4

15, 400 -3 weein

& wesky

Comn e for U 3 plane. Amrmed w L hals e
of Labovarary gu chwomsropraph and chembie),

Apumed o by coen for § OVAs and pany-1ime
operai,

Avmtied 00 by covn for 3 poriabld ualn snd panye
daw opriemn,

Sl sxdensis OVA corm 31 53, 000 per walt,

ObM It total cow for 4 folloulog sacs gories-
3 whity
4 unin

Ured alia 10 desesvhine VEM reidusd bevelss

1 waly
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CXHBIT IS (D
L] +
. . .
‘ ) Mame of Toul luulied -Oposating and Timing
¢ eYOARYCPoducet | Jxpeof Moshodag fquismeny Fautpmeny Manulactwe —UniCots | Maintenance Coxy Frocwrement  _sund)p —Commesy
‘ : (1974 Dollas) (1974 Oollan) :
. L
P Penonai monttrtog N.A, 40,000 100,820 0% complels  1/14 Awumed 10 lackide con o G, C 3 and chacnbn.
50N <C » Charciul adeotpuon ' '
w/ G.L. aalph
- Pensonsl sampling NA 35,000 N.A. v -
» 1 D chmmatogtaph _
for aaplpis of .
noosl wmpling P—_,—,.\,-i )
” Additional amalyrical 5 N 15,000 10,000 ) 3
« Penodsl aenltoring d q} H.A. 10, 000 20,009 N.A, 32 months afiex
S go-shesd
~las. -C . Penonal roclioring g ff;] .
' + G.C.TED) for snslysls hin=5imet 10,500 Not yet hnows N.A. N.A.
of sharcosl fubes p""‘m‘:
+ Penasual ssmplos S d
. Leak denaction Centyry 9,000 16,000 NAS N.A,
. Organic vapat analyzer ™
._M [
()
SOM-C Peromal mortvoring )
carton e pamps i@a;?ﬁem-u n "o 20,800 ¥.A. N.A.
G.C. snslysis of amples I
snd VOM i Y’m 13,000 26.000 WA, NA.
Mondtoriag G.C, N 13,000 20,000 2 months 1 month Needad 10 comply with 8 38 ppm standurd.
Minicom, ey (0 compuie sad 35, 000 4,900 3 Awnths 1 mooth
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o New «C

T4 =i, W

AMOWC

TMOu-C

.'IU._C

2004~ G

Type of Mondtoring Equipment

| 8

2, Leak detection ~“'

Punonal monisoriag equl povasg

Lesh detervion .
+ Organic vapoy snalyser

Penoosl mogitoviag

Permnal monlioring

o

o Owpink vopor saalyzes 6, - i,
1 // "

o Gor clyomitogn g o
charcoal mihe ansfveer

Penoml moniofing &;@1
{

Nama of
Equipmens Manatacturer,

N.A.

R.A.
Berdix

N.A.

Mku Pachend
(£
v A

N

Leak detperion
« Orzanic vapor saalyzes

Leak devecton
« Orgesic vapor anslyser

Penoos] moailodng
+ Derdmeren

v G.C. for cartum rubc analysls
Leak derecrion

» Hganic vapre pralyzer
« Combmtion principle

/,/ b

f SN
Gy
ey
\f" -

Pemdix d‘}
$ipin
Vaslan Acrograph -

Century
aw

Towl tnasalied
_Unls Coms.
(1974 Dollag)

4.500

2,500

2,50

15,000

[ N M

12,000

10, 000

8, 000
2.3200
6.000

6,400
1,450

XHOITE-A ()
.
Omnting and Ximing
Malntenance Cons Procurcihent Sct-Up Commenos
{1974 Dollir) T
B 34,000 4 monde 3 manh Cann mpgen addliion of saalytical sall,
3,000 Complene, . y T wnin
12,000 ' Conts mpgen sddirion ol snniyucal wall,
32, 200 In operuiion Ce - mggem addicion of snslyccal nafl,
05, 000 n place
Not yet knows Ia place .
&o, 00'0 in place 4 anlu
N.A. N.a. N.A,
. -
3, 000 12 weeks 1 weak
1.000 # wecks -
1,000 12 weeky 1 weak
800 8 weeky -
450 § weala -
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EXHIT B4 (4)

- : MNagw of Tou] lnnalled Opetating and : Timing
VCM Producer Txpe of Mesiwnng mlmeu Equiprmetn Mamdfacturey - Unft Comy Malnrenan:e Corts Frocure ment Sesip Commesn
(1974 Dolian) (1974 Dollag) ; o
M tis Menhioring eqnlpmecat N.A. $ 65,000 $ 20000 & wamis fem
onder
M .
1. Penomal moajtoring . H .
+ Charcoal mbe rypy N. AL 2.100 45,000 Compless Fot scven innrumens .
- . L]
» C.C. for analyrly of rubey Vadan aerogaph 800 $0-23, 000 Complews $500 bs for redudlding of G.C,
Cors arggen addition of saalyrical mafl,
2. Leak derection A
« Organle vapor snalyser c“"’. 12,000 20, 000 Completa 2. Threy lastturreean,
WL Mgy o 3 Penona} monttoring .
» Penonal umpler o7 N.A. 250 each N.A. N.A MA, '
! 2. Lesk deteuion -;’ it
. . L3 = ;
+ Orgaaic vapor avalyder/ 2,300 . NA . A N.A,
+ Poeadle G,C. (\ . AlD 1,500 NoAL N.A. N.A. .
= '/-b\ R
WM -New -C and 1. Penoosl monltorg ys In place
AN -New - « Lab chromatoges ph for anal b N.A, 16,200 2%, 000
- Bags . ( 'Ir )2 .
= Carhot robes ({_.‘_’5 i = .
L7 s :
= ml:l::::‘u ,_/é/ Mins 5,200 80,000 M.A. wA.
+ Organic vapn anslyzer —"_gunq M, 000 - 10,000 2 uniy L placs ¢ miy
e, @ . % walts Augunt 1974
Bows (1) For meaning of puoducet cov, sy pags 09, . 4 vedla delivery Coma mige sddidem of snalysical maft,
Sourte; Rrmln of Sneld dmiwrviews w1 the VCAVIVE manafacraring tndueey, .
WA = Mot Avallahls, ,
W
L. ) L -

)
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Arda Monitoring Device

EXHIBIT ¥-T(D)

USDOL/OSHA

SUMMARY OF SMELL INTERVIEW RESULTS WITH VINYL CHLORIDE AND POLYVINYL
CHLORINE PRODUCIRS REIATING TO PURCHASES OF VINYL G LORIDE MONITORNG
EQUIPMENT: AREA MONITORING DEVICES 1)

Toaul Cost Including Operating and
(2 No. of Name of Equipment Installation Majnienance Coits Titning
VEMAVE Producer'? Destripdon Points Manufacrurer (Dollan) (Dallary Procurement  Stari-Up Commenn
’ .
1M <int, -C snd . NA 30 NA $200, 000 $ 45,000 & mon, Corts are for 7 planu, 30 pu, pes
178 at. W : from plant
order
40.-New-w Fixed point contpuous sysiem, NA Hoocywell 1000 98,000 1,200 a1 9/
. L]
I ~New W Fuxed potnt condhu%{ sysem, 20 Honeywell 1000 45,000 2,000 $~10 whs,
LN .
4IL-Old~w Cottinvous .mﬁ; fob NA NA 500,000 100,000 18 mos, 418 Comz ame for 2 plasts -
M =Naw «C 7 - ‘
& |
Mg -
7

» . AD ehromatogragh with wilpl M Amscor 60,000 . KA "4 Pending 2 unin

systems and complutee mtcu(éiﬁ’ .

equipment,  Sampling pointtotated

throughout operadons am loading /,ﬂ'

area. A
» Same ay sbave, ¢ 8 Amicor 200, 000 20,000, 18 mos, foy § urdey ;

= project
[ SRrT-up
g
e

§-0u-C Automaden toul hydrocarbon analyzer, 24 @kmﬂx 40,000 27,300 NA NA 4 unla
BL~NewC Same 3y above, NA Bendix 10,500 6,000 Completr
1M <l =W, Same 81 above, [ Bendix 6,000 8,000 Complewe
49M-0U-C ' Same a3 sbove. NA Bendix 30,450 12,000 @ moy,

Mind-Computer for tendix NA 49,000 3,600 § mos,
I 0M-C Seyuendal chromatogeaphic sysem 113 Bendix 50,000 NA NA NA NA

witwnt computes,
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L)
Area Monlwodng Device

YCM/PYE Producer Desceipiion

Name of Equipment
Manufacturer

Tora} Cost including
Tnnalladon

(Dollars)

Operatiag avd
Mainicnance Costa
{Dollars)

Timi
Procurement

#5-int. C D gas chromatograph,

J0M =New ~C Fixed polnt system,

425 ~Int. «C FID gas chromatograph,

29L-New «C 00D system

w2

9L ~New =W

At
26M «New~C and Automatic c:k(ue:.m.a aph with

data gysem,

Sequential monuor!@ tograph
A

e

46M-01-C

Perkin-Elmer

NA
Hewlett-Packand
NA

Custom made

Bendix

N .
Notey: (1) Equipment instalied Incompliance with the temporary mndan!/é( ?h‘ammpauon of a permineat nandard,

(2) For meaning of produces coles see page (1=, i,

©
Source: Remilu of Snell Imerview with the VCM/PVG Manufacruring Industry, P
-

NA = Not avatladla, ot
,

P
\

$ 18,000

200,000
NA
70~80, 000

30,000

137,000

NA

$ 20,000
NA
*30-40,000

NA

NA

Sua-Up
NA

EXHIBIT E~T(D

2 Intruments




5489

s8585a9

S
MEDICAL SURVEILLANCE OF EMPLOYEES

L,

W

o,

g

 "aPPENDIX F
-

“ )

L,

@u )
//‘/'L\
A

H
.\\

~

)

-—r?



s44

sgss5ag

APPENDIX F

MEDICAL SURVEILLANCE OF EMPLOYEES

This appendix details the elements of routine medical surveillance and their attendant costs,

. All exhibits appear sequentially at the end of the appendix.

1. A REVIEW FOLLOWS OF THE TEMPORARY AND PROPOSED REQUIREMENTS FOR THE MEDICAL SURVEILLANCE

OF EMPLOYEES IN VINYL CHLORIDE (VCM) AND POLYVINYL CHLORIDE (PVC) PLANTS

This section summarizes the medical surveillance required under the emergency temporary
standard for exposure to VCM (50 ppm) apd the medical surveillance required under the proposer
permanent standard (no detectable limit) . .

i
1
(1) 50 ppm Emergency Temporary }ﬁmgard (ETS)( )
’ ‘ A

The ETS does not recommend or réﬁi&@e any medical surveillance of employees in VCM
and PVC plants. It is concerned only with the{ixing of exposure levels to 50 ppm value
(127.0 ms/cm) . & .

4

(2) Proposed Permanent "No-detectable” VGM Blandard (PPS) (2)

A Soap
Comprehensive requirements for employeeﬂ ical examination are proposed, in-
cluding necessary tests. Some additional guidancq ifAncluded for the convenience of
physicians. The proposed requirements have been recommended fo OSHA by NIOSH (see

below) as reasonable and appropriate to detect liver dysfunction which may be indicative
of, or.predisposing to, the development of liver angiosarcomas.

(1) 29 CFR 1910, Occupational Safety and Health;Standards‘. Emergency Temporary Standard
for Exposure to VCM.

(2) 29 CFR 1910, Occupational Safety and Health Standards, Proposed'Standard.

F-1
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Records of medical examination are to be kept with provision for access by appro-
priate OSHA and NIOSH officials, Specific requirements are made to furnish a copy of a
medical record to an employee's physician on the employee request. In the event of an
“"emergency", that is, an unforeseen circumstance or set of circumstances resulting in
the release of VCM into arcas occupied by employees, a special medical surveillance by

a physician shall be instituted within 24 hours for employees present in the affected area
at the time of the emergency .

(3) NIOSH Recommendations For Medical Surveillance Referred To By The Proposed
Permanent Standard

The following recommendations are directed primarily at medical screening to detect
liver disease and/or hepatic tumor. They should be considered in the context of routine
health screening for any general employee health problem, including non-hepatic health
condition potentially related to VCM expcgguﬂ;. Routine health screening should include at
the time of initial employment: G‘f\'_’ ) '

. the recording of past medical f’rmvt’f:gy

¥ ) &
. the performance of EN G

« . ageneral physical examinatxom
~ certain basic laboratory proced_“ Tes including '

complete blood count \;" ;
. urinalysis
. chest x-ray \/): ;

o, Provxsions should also be made for routine pengd[)health follow-up examinations.

NIOSH, Recommended Occupational Health Standard For the Manufacture of Synthetic Polymer
From VCM, March 11, 1974,

gAY
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Employees covered by the following specific recommendations shall encompass all
persons engaged in VCM production and polymerization including personnel peripherally
involved such as in clerical and management assignments. The recommendations shall be
applied both as a pre-employment requirement and as a part of periodic health follow-up.
Screening priority should be given to current employees with prolonged and close potential
exposure to VCM, whether in present or past work settings.

The recommended examination protocol is:

. At the time of initial emplekment, or upon institution of screening, a
physical examination sf?’qi e performed with specific attention to
detecting enlargement of“l{x/e‘r or spleen by abdominal palpation.

. At the time of initial employ . or upon institution of screening and
annually thereafter, a medm’n‘t‘r fistory check-list shall be completed
by the employece. This list sh mclude questions concerning:

k]

£
L e,

~ alcohol intake
- past history of hepatitis oy
- past exposure to potential he\@d}oxw agents Including drugs and chemicals
- past history of blood transfusi

- past history of hospitalization (j;)

[} |'"<=~\

The completed medical check-list shall be reviewed by a physician and
should be acted upon as medically indicated for each individual employee.

F-3

el 4
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At the time of initial employment, or upon institution of screening,
a serum specimen shall be obtained for screening with respect to
the following five bio-chemical determinations of liver function:

- total bilirubin
- alkaline phosphatase
- serum glutamine oxalacetic transaminase (SGOT)
- serum glutamine pyruvic transaminase (SGPT)
- gama glutamyl transpepti}.(\iase (GGTP)
-’\

Additional tests that optlonally y be considered for use in screening
include (i‘a

- lactic dchydrogenase (LDl@)

- serum protein delermmahoﬁs

- serum protein electrophoresis ',;,L\

- platelet count >

Laboratory analyses shall be performcqﬁjaboratories accredited by
the College of American Pathologists, licensad in accordance with the
provision of the Clinical Laboratories Im ,tj;ment Act of 1967,

|
If results or laboratory screening are normgf. screening shall be repeated
on an annual basis. If the person being screened has been employed
directly in vinyl chloride monomer production or polymerization for 10
years or longer, screcening shall be repeated kvery six (6) months.

If one or more liver function tests are abnormal, serum testing shall be

repeated as soon as possible, preferably within two (2) to four (4) weeks.

If no abnormalities are present upon rescreening, testing should be re-
peated in three (3) months, .

F-4

. f‘-

-l }



If abnormalities persist on rescreening, the employee shall be removed
from contact with VCM operations and an individualized workup shall be
instituted. Suggested as initial steps in medical workup are

- a complete physical examination

various special procedures such as

.. hepatitis B antigen determination
.o liver scanning
If liver function abnorma%&@;; are determined to be unrelated to liver disease
(e.g. clevated alkaline plgoBphatase in a young, physically active man or
clevated bilirubin in Gilbeyt's 'syndrome) or to be transient (e. g. duc to .
recent hepatitis or recent al€g m intake), the employec may be permitted to
CM related emplo e'ht subject to individual medical evaluation

In view of the preliminary resfﬂts qf animal toxicology studies, it is recom=-
mended that no woman who is prmant or who expects to become pregnant
should be employed directly in VQM operatxons.

“r
\,/ J -
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2, SNELIL, ASSESSMENT OF THE COST OF MEDICAL SURVEILLANCE UNDER THE PROPOSED
PERMANENT STANDARD (I}

This section details the cost of medical surveillance needed by the VCM and PVC industries to
comply with the requirements of the Proposed Permanent Standard (PPS). Costs are essentially

. based on the physical examinations and laboratory tests recommended to OSHA by NIOSH. (2)

. Exhibit F~1 presents a screening flow sheet for the physical examination
and laboratory tests which %;qﬁ}be performed. It details the screening
steps which are given by th (P‘Pﬁ ‘

. Exhibit F~2 presents the time reggired for an average worker to spend
on oblaining the needed physic&ﬁmmination and laboratory tests by
a physician under contract to thegﬁ/@"m and PVC manufacture,

. Exhibit F-3 details the types of Iabo;;;;;i%ry tests which may be required
as well as their normal values. It is“';(rb“m these tests that a portion of
the total cost is based. - A '

N . .

. . Exhibit F-4 summarizes the itemized costscfar the various elements of

the medical surveillance program from Snil‘g}stimates based on the

detailed study. The Snell estimate is $16 “worker .

. Exhibit F-5 shows the costs which were reported by the VCM and PVC
industry for their medical surveillance program. Their costs average
- out to $143 per worker based on sixteen reporting firms.

(1) 29 CFR, 1910, Occupational Safety and Health Standards, Proposed Standard For
Exposure to VCM

(2) NIOSH Recommended Occupational Health Standard For the Manufacture of Synthetic
Polymer From VCM, March 11, 1974 '



REVIEW WAS COMPLETED OF THE INFORMATION BY NORMAN B, JAVITT, M.D., PH.D, HEAD,
DIVISION OF GASTROENTEROLOGY, DEPARTMENT OF MEDICINE, NEW YORK HOSPITAL-CORNELL
MEDICAL CENTER

According to Dr. Javitt in hi tter to Snell, shown in Exhibit F~6, he reviewed
the appendix and in his ]udgeﬂem "the proposed protocol adequately reflects
both the recommendations of te appropriate governmental agencies, and
considering the constraints of%nd expense, is carefully constructed to

obtain a scnsitive estimate of th 3tcnce of liver dysfunction as well as other

ancillary data on health status." ¢ |/ #
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Test every 6 months
/_(E,( employed over 10 years
Normal ‘

Q
» /;’A)
st.annually if employed

EXHIBIT F-1

USDOL/OSHA

SCREENING FLOW SHEET
BASED ON NIOSH RECOM-
MENDATIONS TO OSHA FOR
THE PROPOSED PERMANENT
STANDARD

ux}’@ 10 years
P

Normal resuits

/Repeat tests in 3 months

Abnprmal liver function tests

Repeat tests in 2-4 weeks

Abnormal Results

Return to VCM area if

/medically approved

1. Remove from VCM area
2. Medical workup

Note: (1) EXHIBIT F-3 provides listing of Screening tests

Source:

Based on NIOSH Recommended Occupational Health Standard

\m]ated to liver disease

Additional medical
evaluation necessary

for the Manufacture of SyntheticPolymer from Vinyl Chloride, March 11, 1974
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Fiaome

Worker Completes
Medical History
Checklist While

Waiting

gg minutes

Source:

Snell estimates

Blood Samples
Taken

% minutes

Total Time Required

Exammahon and laboratory tests
Travel to and from exammation fgmlxty 2.5

Urine Sample
Pr% V}ﬂ\ed

/,, "-‘

Smm{j

Maximum time required

EXHIBIT F-2

USDOL/OSHA

TIME REQUIRED FOR TRAVEL,
PHYSICAL EXAMINATION AND

LABORATORY TESTS QUTSIDE

OF PLANT
Chest X-ray EKG Taken Physical
Taken Examination
10 minutes 10 minutes 30 minutes
1.5 hours
2.5 hours
4 hours

\»
03
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Laboratory Test

Blood Chemistry

Cholesterol (1)

LCalcium

Inorganic Phosphorus. (1)
Total Bilirubin (1.2)
Total Protein (1)

Albumin (1)

Uric Acid (1)

Bun(1)

Glucose (1)

LD (1,2)

Alkaline Phosphatase (1.2)
scoTt (1,2)
Creatinine (3}

GG1p(2)

scp1(1,2)

NeN (3)

PurEose

Cholesterol metabolism
Calcignmetabolism
Phospliorys absorption

Liver fynction
Liver fuir ;;an
Kidney and/liyer function

Purine metgbokism

Kidney function ,
Carbohydrate sfietabolism
Organ damage o

Liver function , -

Organ damage 0™
Kidney function ‘¢*%-;
Liver function D)
Organ (part. liver) ddmage
Kidney function

+

EXHIBIT F-3 (1)
USDOL/OSHA
NORMAL VALUES IN
LABORATORY TESTS

Normal Valuas

150 to 300 mg /100 ml
9to 11.5 mg/100 ml
2.51t0 4.5 mg/100 ml
0.2to 1.0 mg/100 ml
6.0 to 8.0 gm/100 ml
3.5t0 5.0 guy/100 ml
2,5t0 7.5 mp/100 ml
10 to 20 mg/100 ml

65 to 100 mg/100 ml
67 to 122 tcchnicon units

4 to 17 KA units

" 15 to 45 units

0.9to0 1.7 mg/100 ml
€ - 28 mu/ml

15 tes 56 units

251, 38 mg/100 ml
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'Laboratory Test

-Hcmatologz

RBC (2)
wsc (2)
Hgb (2)
Het (2)

Differential (2)

Polys

Stabs
Eosinophils
Basophils
Lymphocytes
Atypical Lymphocytes
Monocytes
Platelets
MCV

MC1H1

MCHC

Purgose-

- “j"\\

\‘?',.v:\ a
,'f\.—l
Standard scre@xﬁﬁg for all diseases
n )

EXHIBIT F-3 (2)
USDOL/OSHA
NORMAL VALUES IN
LABORATORY TESTS

Normal Values

4.61t06.2x 108
4.8 to 10.8 x 103
15to 18 gm

42 - 52%

60 - 70%

0-1%
1-3%
0.25 - 0.5%
25 - 33%
0-1%

2 - 6%
2-4x105
80 - 94 3
273 pug
32 - 365
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Notes: .

Sources:

Laboratory Test

Urinalzsis(z)

Color
Appecarance
Specific Gravity
pH

Albumin
Glucose

Accelone

Bile
Urobilinogen

" OSHA sgpecifically fo

(3) included to obtain a tota‘f‘l‘aboratory profile of the worker

N

A

o
\Q 4

N

: Purpose

Standard screening for all diseases
n

1]
"
"

L
/-“

(1)  Included in autotated, SMA12 analysis

(’,v lc\ /'\"

{2) ° recommecnded for defﬁ’f}ination within first screening or initial examination by NIOSH to

HV/ function.

(1) Recommcnd as a special te&t_jﬁ/\ IOSH to OSHA.

Ivan XK. Smith, Diagnostic Services
NIOSH, Recommended Occupational

Polymer From Vinyl Chloride, March 11, 1974:
Snell assessment of the NIOSH recommendations to OSHA

EXHIBIT F-3 (3)

Normal Values

Palc straw to amber
Clear to slight hazy
1.905 to 1.002

5.5-7

Negalive

Negative .
Negative

Negative

Up to 2.1 Ehrlich units

., 520 Speedwell Ave., Morris Plains, NJ 07950;
1th Standard for the Manufacture of Synthetic



EXHIBIT F-4 (1)

USDOL/OSHA

APPROXIMATE COSTS OF PHYSICAL
EXAMINATIONS AND LABORATORY
TESTS COMPLETED OUTSIDE PLANT
BASED ON A MANUFACTURING
FACILITY WITH 500 COVERED WORKERS

Cost (Dollars)

Full-time cleri json for typing, filing, coordinating visits to labs and physicians,

etc. ($9,000 n fringe) $ 11,225

Records, statiow . postage, etc‘.{ﬁi\j 7,500

Overhecad (1) ) 5,000
500 examinations by physician (gen ral, practioner) @ $20 per examination - 10,000
500 reviews of physical and laboratorwamination results by physician @ $15/review 7,500
500 chest x-rays @ $20 per worker e 10,000
500 laboratory test series @ $24 per 'se{(i\ggsfz) 12,000
500 EKG's @ $25 per worker " . . 12,500
125 repeat laboratory test series (25% of wérkers) @ $24 per series (2) 3,000
125 repeat medical reviews by physicians @ $15 per review ‘ 1,875
25 special laboratory tests @ 5% of the workerss@%25 per worker (3) 625
25 reviews by physician at special laborator)}ﬂfftégts @ $15 per worker 375
g

Total expenditures per annum for 500 covgf(/&ﬂ workers 81,500

Approximate cost of medical screening per worker : 160

8Isgs8aa




EXHIBIT F-4 (2)
USDOL/OSHA

(1)  overhead includes electricity. telephone, heating, space allocations for clerical activities, etc.

(2) ' initial laboratory' \sg,reemng tests mclude SMA12, §GPT, GGTP, CBC with platelets and
urinalysis . Ly

v

N u/

(3)  special laboratory tesﬁgjéy include: serum hepatitis B detérmination, serum protein

electrophoresis - x‘f ( P

Sources: Ivan K. Smith, Diagnostic Scienceg{g}gc. » Morris Plains, NJ 07950; Snell assessment

?,
vzt
v

o
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EXHIBIT F-5 (1)
USDOL/OSHA
RESULTS OF SNELL INTERVIEWS TO
DETERMINE THE COSTS OF MEDICAL
SURVEILLANCE COST PER WORKER
PER YEAR

Number of Totak>Cost Cost per Worker per Year

Workers ‘ (ﬁg@ Lrs) (Dollars)
97 16 \ose

N 165
173 34,0Q0) # 200
(NA) (NA) ¢ . (NA)
57 3,000 . 52
222 (NA)y T (NA)
1,137 (NA) P 200
50 NA)  NOr (NA)
325 (NA) Py . 150 - 200
128 12,000 , B 94
420 12,900 (p 40
(NA) (NA) . (NA)
81 10,000 125
150 22,000 146
3,204 224,280 70

68 (NA) 200
74 (NA) 200
(NA) ' (NA)

Teg8aa
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EXHIBIT F-5 (2)

USDOL/OSHA
Number of - Total Cost Cost per Worker per Year
; Workers (Dollars) | (Dollars)
338 ° 45,000 Vé?ffhh 133
; 200 mNAY (NA)
: 693 110,600 "= 160
111 (NA) . (NA) :

150 20,000 ¢

0 ww A = 06lS i

_ Average annual cost per employee ©

T

]

J
Notes: (1) Cost for examinations assumes tests are based on NIOSH recommendations.
Sources: Snell review and assessment of interviews with VCM and PVC manufacturers.

NA = not available



EXHIBIT F - 6(1)

USDOL/CS1IA

LETTER OF DR. NORMAN B. JAVITT
TO SNELL REVIEWING THE
DATA IN APPENDIX F

»
V{' ) H S25 EAST €btn STREET,NEW YORK, N.Y. 10021

THE NEW }@Rl\ llOHl’! IAL CORNELL MEDICAL CENTER .

,’

P

r(w).} #\
QEPARTMENT OF MEDICINE (&
DIVISION OF GASTROENTEROLOGY ‘

August 16, 1974

John W, Keating, Ph. D, .
Director, Biological Sciences
Foster D. Snell, Inc,

Norman B, Javitt, M.D., Ph. D.
Professor of Medicine and

Hcad, Division of Gastroenterology

New York Hospital-Cornell Medical Center

SUBJECT: Review of Appendix I (first draft) Technical Feasiblllty
and Economic Impact Study




EXHIBIT F - 6(2)

USDOL/QOSHA

I have reviewed the above appendix with special emphasis on Exhibits F-2.
through F-5 and have the following comments;:

1. In my judgement the proposed protocol adequately reflects both
the recommendations of the appropriate governmental agencies, and
considering the constraints of time and expense, is carefully con-
structed to obtain a sensitive estimate of the existence of liver
dysfunction as well as other ancillary data on health status.

2, I would suggest cbnsideration of the following modifications:
A. Routine testsga ”‘\

1) Hepatitis B % enemia (by RIA), A positive test should be an
automatic exclusC:aH from working with vinyl chloride because of

the possibility of@ﬂpcrson being a high risk for developing toxicity.
Final judgement woqu require complete medical evaluation. Expense
for this test is probably minimal since now, by state law, every
unit of blood obtained mr the purpose of transfusion must be tested
for the presence of Hepautxs B antigen.

.B. Special tests in the evv&’nf\of abnormal screening tests:

In the event of persis tenﬁ&normal test of liver function, the
following further studies sh be done:

*1. Alphaj Fetoprotein (cdrrelateswith hepatoma)

*2. Mpha| Anti-trypsin deficiency (at special risk to develop
chronic lung and/or liver disease).




EXHIBIT F - 6(3)

USDOL/OSHA

*3. 2-hour post-prandial serum bile acid. (The most specific
sensitive test f@téﬁepatoblliary disease - not as yet
activated-cost ;:zét";sst on contract basls, $20 test).

{

y
. e
* Probably can be costia)ég”ounted through Bio-~Sclence
Laboratories and other @lﬁlar laboratories .
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APPENDIX G

SAFETY AWARENESS PROGRAMS

LN

T

An important element of the Proposed Permanent Statdard For Worker Exposure To Vinyl Chioride is
the requirement for a safety awareness program for employees of vinyl chloride monomer (VCM) and poly-
vinyl chloride (PVC) p]ants(” The purpose of the prograr;\ is to indocirinate and educate them as to
the problems associated with working with VCM. The appendix contains two exhibits which follow the text:

Exhibit G-1 presents a general discussion of a samﬁ'le safety awareriess program.

Exhibit G-2 provides a cost estimate for the sample prpgram for a VCM or PVC
plant with 110 employees.

kS
AR

0

R

.

(1) 29CFR 1910 Occupational Safety and Health Standards, Proposal Standard.
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_and doubt., The images remain vivid and the fear and doubt

SAMPLE SAFETY .AWARENESS °

Upon the institution of any new prosgram, process
or installation, people must ve trained for new skills or
taught to adapt and accent new conditions. To adapt and
accept new conditionsV/SJnot 2 difficult transltion if the

individual 1is motivatcd(énd encouraged.
f"\

Of the prime mo#i%ators to man, none 1s more para-
rount than survival itself. Ay effective in-plant training
program concerning the critfﬁéﬁ nature of vinyl chlor;de
should capitalize on the pr;meﬂ%otivator.

“‘"/\

Using multi-media pré%entations geared to the

. subject, an employee is able to V¥ fness end internalize the

lmportance and significance of proper safety procedures and
the use of the safety equipment provided for his or her own

benefit.

A shock effect presentation instills initial fear

'

EXNIBIT G-1 (1)
USDOL/OSHA

PROGRAM (1)



"EXHIBIT G-1 (2)
USDOL/OSHA

diminish in due coursd,.

As a learning ﬁrocess, none leaves
&s lasting a merwory of the subject matter a&s a "shock
presentation®,

With "shock“ belng the prime motivator, a

three phase multi- mcdia presentation will effectively begin

training and ley the foundation for continuous training and

3 re-enforcement,

Py _
Presentatlon Bgﬁ is the preconditloning that
teaches the indlvidual da%ﬁathat can be reczlled as a

rational thouzht when a "sggkﬁ presentation" 1is used., It 1s

& subliminal presentation unrelqted to the daily routine of
the worker.

It takes the workgf ‘from his Jjob into the jJjobs
of others who have adapted and aﬁéﬁpted external.conditions
g

e
that are critical with ease and ﬁggility. The viewer does

g
not relate to the total presentatfgg, yet many common
factors become apparent.

sA49

The need -of the space suit, the
helmet for the Appollo astronauts,

the 1life support system
on a submarine, proper ventiletion of exhausts at a toll

booth, & mask on a pilot

, & pressurized cabin all show com~-

mon need for life support and present the fact on visilons of
'ldolic professions.
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The first presentation impresses upon the viewer
that the need for 1life support is present in many areas and
that these are importént supports for important positions.

Presentation Two displays the shocls and actual
condlitions that arrive from exposure to the substance. The

critical nature and danger are vividly displayed.

e

= 3
Prescntatloﬁﬂmhrcc g a custom presentation

/,-"""

featuring the safety meakgxes instituted by a glven faclllty
for the protcction of theaéﬁgloyees.-

Each pre"entation P}Fys an integral part in the

total educational presertation. Indepvendent of one ‘another
each can be used for re- enxorccgﬁrt on a yearly. basis, The

l

training program can be viewed?}ﬁﬁlarpe and small zroups.

By installing a theme Qﬁﬁmame for the safety progzram
displayed in Presentation Three, an award program that seeks
to re-enforce and recognize performance can be phased 1in

upon completlion of the initial training. Notivation is

achieved through recognition.

A program of awards that.can be presented to the

EXHIBIT G-1 (3)
USDOL/OSHA
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EXHIBIT G-1 (4)

USDOL/OSHA
achlever in full view of all and continuously displayed in
‘the plant not'only recognizes but rotivates future performance
;as well. Those who have achieved strive to continue, those
who have not are motivated to become an achiever. Peer group
pressures serve as a motlivator when a department seeks an
award, Individual needs for soclial acceptance and self- '
esteem motivates a man.,
Giving pragse) ard recognition to an
erployee fo{“é task well done seems
so fundamen ‘that it appears a
bit pretensi to label the act a .
managerment te 6— que., But at a {ime ¢
when business =~tattling a cost *
squeeze, high kdtes of employee

ebsenteelsn: and tyrnover, and low
productivity, sopetimes the first
step towards finding a soluilon is
to zet back to the ggsics.

Positive action déhégd@ recognition and praise, A
long term goal can be ectablisgﬂﬁ)and achieved through

training and a basic recoznition program.

With the program, constant attentlon must be paid

l"Wnere Skinner's Theorles Work", Business YWeek

(Decemtber 2, 1972),

' '
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EXHIBIT G-1 (5)
to features in in-house organs, bulletin boards, posters - USDOL/OSHA

end 211 media established by a company for communication

with its employees.

All areas of communication should be examined as

a Texas chemical company did when it decided to send a

"season's greetings" card to the employees stating "Merry

Cnristmas and Happy New Year, here's wishing you-another

safe year.

Programs must be sequenced and developed prior to
‘ izmplimentation from tfainlw&ﬁ%o préctlce. Listed are the’
" /;( et

items to consider as a modei(ﬁ&ntaining.the ingredients

for a viable safety program, {j?- '

[y

‘;’;
¢ e

Initial high-impact tralning seminar for all : E
employees .

(.z'

T
{ ,:,

Aviard for completion of JSeminar uniform patch
wlth project name \-

559

Sy

Poster progranm with cotiBuous sefety reminders

(
: Supervisor's guide to mg;ivation and continuing ‘ :
! re-enforcement

Section or line awards for annual performance ‘
based upoi down time, etc,

I£8889
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EXHIBIT G-1 (6)
. USDOL/OSHA

Continuation of annual award of patch with color
sequence

In-house organ promotion of safety awards and
people at work

Arnual scrolls for achlevers

¥onthly red and green safety plaques for foreman's
area

Annual recognition gift,

The above discussion presented an g,{mlysis of the rationale behind safety awareness programs and

a sample of such a program. For an in-dept‘?j‘;' iscussion of the concept of management awareness of
OSHA rules, knowledge of testing, and evalu’é{icms procedures see source (2) below. )

N
H Ik

e
$E

: N

o

Source: (1) Joel D. Schaffer, Human Motivation Resources\:"ﬁg. .
P. 0. Box 225 ' 1)
Morris Plains, New Jersey 07950 and Snell analy3is.

(2) Stephen F. Nagy and Herbert Terry, Management Awareness of OSHA,
presented at: OSHA and the Plastics Industry, National Conference, New York, April, 1973.

ILELe88a
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' EXHIBIT G-2
USDOL/OSHA
COST ESTIMATE FOR A SAMPLE SAFETY AWARE-
NESS PROGRAM AS OUTLINED UNDER THE PROPOSED
PERMANENT STANDARD FOR WORKER EXPOSURE TO

VINYL CHLORIDE

Individuzl, First Year Supervisors and Foremen
Tralning 325 A\ Training eLo
Awards 5 w0 Awards 15
JHise, 11 /7 Mise. 10
Total 31 Q;M 7) Total $65
J :
. - /f"a) , .
. * First Year Starﬁ-ifﬁ Costs: !
100 Tmployees, 10 Supervisors '
.ci”;’i_ﬂ\, ¢
Enployees 253,100
Supervisors 050 =
liisc, L =500 ' :

Total .

Cost Per Employee

R ]

&
A el 8
o
|5
=

Annual Budset Second Yea::---'-"-Contlnuingrl

Awards : $500
Misec. 200, \
Total 2800
Cost Per Employce $ 7.50 . ]

Srurce:

Joel D, Schaffer, Human Motivation Resources, Inc.

P.O. Box 225, Merris Plains, New Jersey 07950 and Snell analysis. | ' : i

' . .. _.ﬁ-,* ST
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APPENDIX H

NIOSH RECOMMENDED OCCUPATIONAL HEALTH STANDARD FOR THE MANUFACTURE OF SYNTEETIC
POLYMER FROM VINYJL CHLORIDE -

1.

SCOPE AND APPLICATION

This'standard regulates the manufacture of

c. “Authorized employee"” means a'n employee

whose duties require him to be in the regu-
synthetic palymer from viny! chloride (chlo- lated arca and who has been spacifically as-

rocthené, Chemical Abstracts Registry No. signed by the enipioyer. ,
75014), in order to protect the health and d. “"Detectable levels” means the determina-

safety of vorkers. 2 tion that airborne cancentrations of viny! chlo-

Vinyl chiaride also know as vinyl chfﬁrm - ride are in excess of the limit of sensitivity of
monomer {VCM), chloroethylene and chlbr

the sampling and analytical method recom-
ethene, is a colorless sweet smelling gas mer.\‘céeld by t:‘c L?nrcctor." o ]
ordinary temperature and pressure and has ay J} e tan change room™ means a room where
boiling and melting point at one atmosphere

employees put on clean clothing; clean change
of —~13.8°C, and —153.71°C, respactively. Its room shall be contiguaus to and have an entry
chemical formula is CH.CHCI and it has a .,{\ ' ff_OfT} a shower room, when the shower room fa-
molecular weipht of 62.50. Although non- AN cilities are otherwis® required in this standard,
corrgsive 2t normal atmospheric temparatures,

. f. “Closed container” is any container which
“in contact with water and at elevated temper- _ .~ is used to prevent the physical contact of em-
atures it 2ccelarates the corrosion of iron and ‘7"‘1-) ployees with material containing vinyl chioride
steel. Of considerable concern is the fact that monomer,

vinyl chicride is casily ignited and has a lower
and upper expiosive limit of 3.6% and 26.

“Closed system” means an operation in-

%, lving vinyl chloride where containment pre-
respectively. vents the release of vinyl chloride into regu-
‘ . lated arcas, nonregulated areas, or the external .
m 2, DEFINITIONS environment.
a For the purpase of this standard h; Vi():cnlnt?:::;qztecr!n refers o detectable levels
a. “Ass: ant Secretary” means the Assistant io "'D)c(zcgnla;ir?at';:'?mm. the inactivati
Secn.tar,' for Occupational Safety and Health, o‘f vinyl chloride tc; e Sn:ﬁ«;nsd :c ;tjgtl:h\‘/aholn
U. S. Depariment of Labor or any person di- viny . | s n delectable levels
rected by him, or lfs safe d::sposa . )
. b. “Director” means the Direclor. National j- 'pnsposal ' means the sa!fe removal of viny!
Institute for Occupational Salety and Health, ' ﬁhlc.’,réde frim U,}E work cnvwofnmr;nt. .
© of an; perscn directed by him or the Secretary t morg_ncyf means etan unforeseen circum-
) of Health, Education, and Welfare to act for the -stance or set of circums gnce_s, such as a rup- ‘
0 Director ' . s tuced transfer line, resulting in the release of o
m - - .
7]
)]

(- ._.",""--" Ll -
v [} . .
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vinyl chloride sufficient to produce acute
symptoms among workers. expased or having
coatact with the vinyl chloride.

L "External environment” means any environ-
ment external to regulated and nonregulated’
areas.

m. "“Regulated area” means an area where
entry to and exit from a vinyl chloride wark-

© . placeis restricted and controlled.
- n. “Nonregulaied arca” means any area under

the ccntrel of the employer where entry and
exit is neither restricted nor controlled.

0. "Protective clothing™ means clothing de-
signed to protect 2n employce against contact’
with or exposure to viny! chloride,
p. “Waste resin” means any resin or othc\r‘?
vinyl chloride reaction product which has been
removed {rom vessels during clean-up opera-
tions, or w.hich has been collecled as a result.
of in-plant housekeeping operations.

3. REQUIRENMENTS FOR REGULATED AREAS

A regulatéd area shall be established where

synthetic resins containing vinyl chloride are
marufactured. These regulated areas shall in-
clude but zre not limited to vinyl chloride
loading or unlcading operations, storega, and
transler facilities; synthetic resin polymenza-
tion processzs ard fy-.'ians; and resin han-
dlinf, cocmpoum . ,uiraging and storage
arezs. AcZ-oss shull be restricted to authorized
employees only. All such regulated areas shall
be controiled in accordance with the following
requirements.

a. Routine Operations

.

PN

[

o

- 7,}
< i

‘{u .

“s

{i} Initial concentration of vinyl chloride in
all regulated areas shall be determined by per-
forming air measurements at strategic sam-
pling points under normal cperating conditicns.
These initial sampling paints must be selected
by a professional industrial hygienist apd will
serve as monitoring locations for future en-
vironmental measurements. The sampling pat.
tern shall be adequate to represent the en-
 viropment of the controlled area.

(i) Where detectable levels of vinyl chlo-
ride are measurcd, a Control Plan to reduce
such levels shall be developed and imple-
mented, The Plan shall consist not only of
establishing goals for reducing vinyl chloride
levels by designing and introducing engincer-

7 and process controls, but shall alse identify
plans for developing additional (healthful) work

i practices. Target daics shall be established for
all poals 2nd the Plan must be updated at least

on an annual basis. Copies of the Control Plan

Q,:_ﬂstxall be posted in all regulated areas and te

prowdcd to all authorized employces,
iii) There shall be periotiic tests for prec-

,¢

eﬁyo equipment ledks and for emission of
vi dloride which may result from work
practice®), The frequency of these tests shall

be su s to insure the integrity of equipment,
agherence to proper work practices, and {o de-
termine achicvement of the poals of the Con-
trol Plan. Tests shall be performed at each
sampling point at least daily or more frequently
if concentrations of viny! chlorice are in excess
of those cstablished in the Pian, When such
levels are exceoded, ads ‘monal szmuLius to
identify sources of contaminaton shall be
_taken. Results of all such tests shell te made

[N
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available to authorized employees in such a

manner as to evaluate achievement of goals
contained in the Control Plan.

(iv) Until exposures to vinyl chloride are
reduced below detectable levels, employees
entering any regulated area shall be provided
with and required to wear and use a full-face,
suppiied air respirator, of the continuous flow
or pressure demand ltype in accordance with
§1910.134,

(v) In operations involving loading or un-
toading vinyl chloride monomer from tank cars,
trucks, barges, or other conveyance equipment,
each transier line and gach vapor-cqualizing
line shall be equuppoqt with vent connections
permitting, at the comgflelu)\n of the transfer,
pressure to be vented nd the hose purged
with an inert gas in such a'maﬂgler to preclude
any employce exposure. S:@gﬁmc and dctailed
transfer procecures shall be’ ﬂéﬂdopnd and
provided to involved emp.o,eas In writien form.

{vi) Employecs shall be prowg;fg;b with and
required to wear, clean, !ull-bo‘dc’“arotuctive
clothing  (smccks, coveralls, or onrv«s})eeved
shirt and pants), and gloves prior tg e termg
the regulated area, /

(vii) Prior to cach exit from a régu’ra ed
area, employees shall be required to remi
and leave protective clothing and equipfient
‘at the point of exit and at the last exit of the
dey, to-plece used clothing and cguipment in
impervious containers at the point of exit for
purposes of decontamination or disposal. The
contents of such impervious containers shall

te identihied as required under paragraph
e(2)(i) of this standard,

type in accordance with §1910.124

'b. Reactor and Vessel Entry

(i) A reactor and vessel entry procedure
shall be developed and provided to involved
employees in written form, Employees shall be
familiarized with the procedure and shall be
trained and rehearsed in the techniques pro-
~vided for in the procedure. Emphasis shall not
only be placed on concern for potential expos-
ure to vinyl chioride but shall also include
. appropriate precautions for entry into confined
spaces.

(ii) Techniques shati be developed and ap-
plied to minimize to the maximal practicable

“extent employee exposure to vinyl chloride
when opening any closed vessel. Examples of
effective methods are the appliccl.on of heat
or suction to the vessel prior to apening, or use
of sufficient exhaust ventilation around the

vessel. Where operations such as cleaning or
maintenance conducted inside an open vessel
could result in the hbcrauon of vinyl chloride,
suitable procedures such as exhaust ventila-
_tion shall be developed and implemented to
“insure that viny! chloride is not released into
the general work environmant,

(iti) Exhaust air shall not be discharged to
regulated areas, nonregulated areas, or the ex-
ternal environment unless decontaminated.

{iv} All piping to and from the vessel shall
be blanked or otherwisa isolated pricr to entry,

(v} Employees entering the reactor or
vessel shall be provided with and required to
wear and usc 8 fullface, sunpliod air recria

tor, of tha continugus flow or pressire €omend
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(vi) Employces entering the reactor or
vessel where levels of vinyl chloride are mon-
itored and are found to not exceed ambiont
levels external to the vesse! shall be provicded
with and required to wear clean, full body pro-
tective clothing {coveralls or long-sleeved shirt
and pants), ploves, footwaar or foot coverings,
and head covering. Where vessel levels are in
excess of ambicnt levels, employees shall in-
stead be provided with and required to wear
impervious clothing to prevent skin contact of
vinyl chloride or other malerials containing
vinyl chloride, .

(vii) After each exit from the reactor or

 vessel, emnloyees shalpbe required to remove
, and leave proto ctnve‘*’«tlo}

thing and equipment at
a designated point m/the\regumcd area, and
at the end of cach v’om;tut to place used
clothing and eqmpment" Im impervious  but
vented containers for thes purpose of. decon-
tammatlcn or disposal, nm’n;mments of such
pervious containers shall Be ldﬁﬂh.lt’d as re-
quurcd undar paragraph e(2)(|)gf“ his standard.
{viii) Employees engaged m “reactor clean-
ing or other operations mvolvunn P sel entry
shall shower at the end of the »-}@ hift.

c. Maintenance and Dccontammaha’% ivities

(i) Emphasis shall be placed u')ﬁ\pmne-
diate clean up of spills, pericdic inspection,
prompt repair of eguipment and leaks, and
proper handling, storage and disposal or de-
contamination of materials to prevent airborne
contamination and accidental skin contact with
vinyl chloride. Because vinyl chloride is a pas

The rosters and/or summaries shzail be pro-

at normal temperatures, waste materials,
equipment, and other sources of the monomer
in closed centainers, shall not be placed in
arcas of excessiva temperature or sunlight
since build-up of internal pressure may result
in rupture of the container, fire or explosion,

(i) Waste resins or other materials con-
taminated with vinyl chloride shall be placed
in closed containers identificd as required
undcer paragraphs e(2)(i) or (1) of this standard.

(i) Appropriate procedures shall be de-
veloped and implemented for the decontam-
ination and/or disposal of all such waste
material,

(iv) In clean-up of leaks or spills, mamte-
nance or repair operations on contaminated
systems or equipment, or any operation in-
volving work where direct contact with vinyl
chloride monomer could result, each autho-
rized empolyee involved in such opcrations
shall be provided with and required to wear
clean, impervious garments, including gloves,
boots and continuous’ air supplied hoods in

. accordance with §1910.134, be decontam-
" inated before removing the protective garments

and hood; and be required to shower upon re-
moving the protective garments and hood.

d. General Regulated Area Requirements

1. Employee identification.

A deily roster of employces entering regu.
lated areas shall be established and main-
tained. The rosters or @ summary of the roster
shall be retained for a minimum period of 20
years by the employer or successeors thereto,
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vided upsn request to authorized represent-
glives cf the Assisiant Secretary and the
Director. In the event that the employer ceases
tusiness without a successor, rosters shall be
forwarded by registered mail to the Director. .

2. Emerzancios.

In an cmergency, immediate measures in-
cluding tut not timited to the requirements of
suddivisizns (i), (1), (i), (iv), and (v) of lhis
subparzzsraph shall be implemented.

(1) The potentially affectcd area shall be
cvacuated as soon as the existence of the
emerporcy hes been determined.

(ii) Hazardous conditions created by the
emergency shall be eliminated and the poten-
tially affected area shall be deghntaminated
prior to the resumption of nor:ﬁ’é"@peratidns.

(iii) Special medical surveillange-by a phy-

sician shall be instituted within @4-bours for
emplc,ezs prosent in the po:cntia‘[@(fﬁccted
area 2t the time of the emergency. Witcport of
the medizzl surveilliance and any t(fc(?&nent
shail ba included in the incident report, in ac-
cordance with paragraph (g)(3) of this staw% .
{iv) VWhare an employes has a knowﬁ?é'h-
tact with liguid vinyl chloride such employee
shall be reguired to shov.er as soan as possi 'A)

. . B . . . Yo
unless centraindicated by physical injuries. 'J:/,‘
Y ) N

. e
{(v) An incidant report on the emergencyi"

shall ke reperied 2s provided in paragraph(gr);

(£)3) of tris standard.

3. H,gp'ene lacilities and practices.

(i) Starzge or consumption of food, storage
or use cl containers of beverages, stcrage or

_epplication of cosmctics, smoking, Storzge of

smoking materials, tobacco products or other
products for chewing, or the chewing of such
products, are prohibited in regulated areas.

(ii}  Where employess wear proective
clothing and equipment clean changs rooms
shall be provided, in accordance with
§1910.141(e}(3).

(iii} Where employces are required by this
standard to wash, washing facilitics shall be
provided in accordance with §1910.141(d)(1)
and (2)(ii) through (vii).

-(iv) Where employces are required by this
stancard to shower, shower facilities shall be
provided in accordance with §1910.141(d)(3).

4. Contarmination control,

(i} Regulated areas, except for outdoor sys-
tems, shall be maintained under n. ;ctive pres-
sure with respect to nonregulated arcas. Loca!
exhaust ventilation may be used to satisfy this
requircment. Claan tempered makeup, air shall
replace air removed. Exhaust air shall not be
discharged to regulated arcas, nonrepulated
areas, or the external cnvironment unless de-

. contaminated.

(ii) Any equipment, material, or olher item
taken into ar removed from a regulated arca
shall be done so in a manner that dces not
cause contzminaticn in nonregulated areas or
the external environment,

(iii) Decontemination procedures shall be
establiched and implemented to remove vinyl
chloride from the surfaces of materials, equip-
ment and the decontamination facitity.

e. Signs, Information, and Training

1. Signs.

"
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(i) Enﬁtrances to regulated areas shall be
pested with signs bearing the legend:

CANCER-SUSPECT AGENT AREA
AUTHORIZED PERSONNEL ONLY

(i) Enirances to regulated areas contzin-
ing crerztions covered in paragraph 3(c) of
this stancdard shall be posted with signs bear-
ing the lepand:

CANCER-SUSPECT AGENT IN THIS AREA.
IMPERVIOUS SUIT INCLUDING GLOVES,

BOOTS, AND AIR.SUPPLIED HOOD REQUIRED:

AT ALL TIMES. AUTHORIZED PERSONNEL
ONLY.

2. Container contgRts identification,

(i) Containors df,w ste or other materials
contaminated nth vmﬁ‘ chloride shall be
labelied as follows: ,;’_

7 “ﬁ'}
VINYL CHLORIDE cbm*g\wmao
MATERIAL
CANCER SUSPECT AGENT
'DISPOSE OF OR DECONTAMINATE USING
APPRGVED PROCEDURES ,

(ii) Containers of synthetic polyr?&;, made
from vinyl chloride shall be labelled: Mb&lows

SYNTHETIC VINYL CHLORIDE PO

VINYL CHLORIDE 1S A CANCER S CT

AGENT
POLYIAER CONTAINS __*% BY WEIGHT
UNREACTED
VIMNYL CHLORIDE
*(To te analytically determined by manufae-

. turer znd eprrepriate velue entered on Izbals,)

(ili) Containers of vinyl chloride shall be
labelled as follows:

VINYL CHLORIDE

DANGER! EXTREMELY FLAMMABLE LIQUID
AND GAS UNDER PRESSURE

CANCER SUSPECT AGENT
HARMFUL IF INHALED

MAY POLYMERIZE VIOLENTLY
UNDER FIRE CONDITIONS OR
LOSS OR REMOVAL OF
INHIBITOR

-Keep away from heat, sparks, and open flame.
" Keep container clesed.

Use with adequate ventilation.

Avoid breathing vapor.

Avoid contact with skin.

Keep cylinder out of sun and away from heat.

Container should be grounded when being
empticd

Never drop cylinder, °

FIRST AID: If inhaled, remove to fresh air. If

not breathing give aruficial respiration, pref-

erably mouth-to-mouth. If breathing is dm‘ucult,

give oxygen, Call a phys:csaﬂ .-
In case cf: .
Fire — Use water spray, dry ¢hemical, or
CO..

Spill or Leak - For small spills, evacuate
area and permit to evaporate. For large
spills or leaks, evacuale area. Dike or
flush to pround and It evaporate. Do not
flush to sewer because of explosion
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hazard.

3. Training and indoctrination.

(i) Each employeo, prior to being autho-
rized to enler a rogulated area, shall receive a
training and indcctrination program including,
but not necessarily timited to:

{a) The nature of the carcinogenic haz-

ards ol vinyl chloride monomer, including local
and systemic toxicity;

(b) The specific nature of the operation
involving vinyl chioride monomer which could
result in exposure;

(¢} The purpose for and zpplication of
the medical survicliance program;

(d) The purpose for and application of
decontamination practites and purposes;

{e) The purpose fer and significance of
emergency practices a%ocedures;

() The employégisispecific role under
normal operating or em‘ez y conditions;

{g) Spercific inforkatign to aid the em-
ployae in recoganition and gegfdxtion of cendi-
tions and situations which™#ay result in the
relezse of vinyl chloride moffojher;

(h) The purpose for and application of
specilic first aid procedures znd practices;

(i) A review of this stindatd at the
employee’s first training and indociination
progrzam and annually thereafter. &<

(i) Specific emergency procc&?’ﬁ"r %hall
be prescribed, and posted, and emploﬁsﬁ hal}

be familiarized with their terms, and rel@_@d
in their application.

(iii}) All materials relating to the program
shall La prosided upon request to authorized
tepreszntatives of the Assistant Secret2iy and
the Director, ,

f. Environmental Monitoring and Record-
keeping

(i) Environmental concentrations of vinyl
of 'methcds for sampling and analysis recom-
mended by the Director or by methods of at
least equal sensitivity.

(ii) Employees or their representatives shall
be provided with the opportunity to obsearve
chloride shall be determined throuzh the use
environmental monitoring activities and shall
have access to the results,

(iit) Complete and accurate records of all
environmental measurerments shall be main-
tained for at lecast 20 years by the employer or
successors thereto and shall be provided upon
request to authorized representatives of the
Assistant Secretary or the Directo.

g. Reporis

1. Operations.

Within 60 days the following information
shall be reporied in writing to the appropriate
Occupational Safety and Heaith Administration
(OSHA) Area Directer. Any change in sugh in-
formztion shall be similarly reperted within 15
calendar days of such change,

{i} A brief description and in-plant location
of the area(s) regulated and the address of
each regulated area.

(i) The number of employees in each reg-
ulated area, during nermal operations, includ-
ing maintenance activity.

{iii) A copy of the Control Plzn is developed
under paragraph 3{a)(ii).

2. Enviconmental Measurements,

On a semi-annual basis the results of mea-

“surements taken at strategic sampling points,




s49

ZrPSgag

presenicd in such a manner as to identify
achiegvement of goals established in the Con-
trol Plan, shall be reported in writing to the
apprapriate QSHA Arca Director.
3. Incidents. '
Incidants which result in the release of
vinyl chloride monomer into any area where
emcloyces may be potentially exposed shall be
regcrted in accordance with this subparagraph.
) A repaort of the occurrence of the in-
cident and the facts obtainable at that time
inclucing a report on any medical teeatment
of aieztcd empioyces shall be made within 24
hours to the appropriate OSHA Areca Director.
(ii) A written report shall be filed with the
appropriate OSHA Area Director within 15 cal-
endar cays thercafter and shall include:

(3) A sapecification of the amount of
material refeased, the amount of time involved,
and an explanztion of the procedure used in
determining this finure:

(b)'ﬁ&@scription of the arca involved,
and the extentd! known and posstble employee
exposurs and red contémination;

(c) A repit of any medical treatment .

of aflected empi ;rles, and any medical sur-
veillance program pgmplemented; and

(d) An ana?@g of the circumstances of
the incidont, and moepsurcs taken cor to be
taken, with specific ¢edmpletion dates, to avoid
furthar similar releases,

h, Miedical Surveillaneﬂ\fj

The following recéfmmendations are di-
rectad primarily at medicab-gcreening to detect
livar diszase and/er hepa*jk: mor. Theyv should
Lz considered in the context of routine healtn

“screening for any general employee health

problems, including non-hepatic health con-
ditions potentially related to vinyl chlorice
monomer exposure. Routine health screening
should include at time of initial employment
the recording of past medical history and the
performance beth of a general physical eram-
inaticn and certain basic laboratory progedures
(e.g., completa blood count, urinalysis, chest
%-ray); provisions should slso be made for rou-
tine periodic health follovrup examinations.
Employees covered by the following spe-
cific recommendations shall encompzgs all
persons engaged in vinyl chloride monomer
procduction and polymerization, including per-
sonnel peripherally involved such as in clerical
and management assitnments. The recom-
mendations shall be applicd both as a pre-

-employment requirement and as part of peri-

odic health followup. Screening priority should
be given to current employees with prolonzed
and close potential exposure to vinyl chloride
monormer, whether .in present or past work
settings.

{i) At time of initial employment, or upon

institution of screening, a physical examination

shall be periormed with specific attention tor

diteéting enlarpement of fiver or splecn by
abdominal palpation,

(i) At time of initia, empioyment, or upon
institution of screening and annually/there-
after, a medical history check-list shall be com-
pleted by the empieyee. This list shall include
questions concerning:

(a) alcohol intake; .
. {b) past history of hepatitis:

{c] past exposure to potential hepa-
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tctoxic agents, including drugs and chemicals;
(d) past history of blood transfusions;

and
{e) past history of hospitalizations.

Completed medical check-list shall be ret
viewed by a physician and should be acied
upon as medically indicated for each individual
emglcyee.

(iii) At time of initial employment, or upon
instituiion of screening, a serum specimel
shall ba cblained for screening with respect to
the folloxing five bio-chemizal determinations
o! liver function: *

(2) total bilirubin;

(b) alkaline phosphatase;

{c) serum plutamic oxalacetic {rans-
aminase {(SGOT);

(d) serum glutamic pyruvnc transam-
inase (SGPT); and

(2) gama glut am‘\;l transpeptidase
{CGTP),

Additional tesis that ’rr'TSy optionally be con-

~ sidered for use in screenimdy include lactic de-

hydrozznese (LDH), serumy protein determine
ations, serum protein  elegtronhoresis, and
plaielzt count. Lzborztory ?Kalysis shall be
performed in labzratsrics accugducd by the
College ¢of American Pal holo‘d’é's\ or licensed
in acezrdance wHith the provisipns of the Clin-
‘ical Laboratorics Improvement Act_gf 1967.

(iv) M results or laboratory? s r-eenmb are
normal, screening shall be re 2§ on an
annual basis, i the person being screened
(has brea employed directly in vnr@, loride
IR Ingnor proctuclinn or polyimerization for 10
Pyrars or longzr, screening .shall be repcated
every six (6) msnihs,

v

{v) If one or more liver function tests are
abnormal, serum testing shall be repeated as
soon as possible, preferably within two (2) to
four (4) weeks. If no abnormalities are present
upon rescrecning, testing shoud oe repeated
in tree £3) months,

(viy 1t sbnormalities persist on rescreen-
ing, the employee shall be remcved from con-
tact with vinyl chloride monomcer operations
and an individuzlized medical workup shzll be
instituted. Sugeested as initial steps in med-
ical workup arc a complete physical examina:
tion and various special procedures such as
hepatitis B antigen determination and livey
Scanning. i

If liver function abnormalitics are deter-
mined to be unrefated to liver c.zease (e.g.,
elevated alkaline phosphates in a young, phys-
ically active man or elevaied bilirubin in
'Gilbart's syndrome) or to be transient (e.g., due
to recent hepatitis or rccent alcohol intake),
the employee may be permittad .to return to
vinyl chloride-related employment, subject to

_individual medical evaluation.

{vii) In view of the preliminary results of
animal toxicology studies, it is recommended
that no woman who is pregnant or who éxpects
to become pregnant should be employed di-
rectly in vinyl chloride monomer operations,

RECOMMENDED OSHA SAMPLING DATA SHEET
. Substance:
Vinyl Chlcride Gas

. Scope of Method:

* Vinyl chiloride is 2 gas bmlm at -13.4 depree C
znd having a vapar pressure of 2660 mm of mercury
at 25 depree C. The lower himit of delcclnon for the
methcd 15 approximately 1 ppm.




Sampling Equipment:

a) Perzcnal samphing pump

b} 250 ce glass gas ccllecting tubes with teﬂon
stopcocks

Sample Size:
250 CC .

Sampling Procedure:
Glass Cas Collecting Tubes
a) Tre rqs cefiecting tube is connected at one end
to the £lrsanal sa: npling pump, Both stopcocks
arg crc/ﬂ‘%‘s’ and air pulled throug,h at approx-
imataly® ter per minute.
b) A samphng pericd of 15 minutes would allow
cohctlcn‘“&f"a renrasentative samplmg of the
v Giref er‘.?f went,
©€) Stepoocks™ghall be closed tightly, closing the
stopzock nqﬂr{fr\tm pump first,
Analysis
The s ccllec mg tube sample is analyzed directly
by gas chromaioz r,:;:rhy
Shipping Inst ruclwns
The cas ecllecting :ute should be wrapped with
custuening matenal, faleced in the shipping case
and s uppcd via Mr“‘M I to the OSHA laboratory,
Salt La-ce City. o
\"‘-_r >
e L

un

Source: NIOSH Recommended Occupanon Health Standard For The Manufacture Of Synthetic Polymer from
VCM, March 11, 1974. ks
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EXTIBIT I - 142)
USDOL/OSHA

POLYVINYL CHLORIDE MAJOR MARKETS
1970 - 1973 (million pounds)

Markets

Paclkaging
Blows molded bottles
Closuze liners and gaskets
Coartings
Film
Shcet

-3

]

[y
o]

9,2
9,8
19,8
2.8
0

-3
-3
.

Recreation
Records
Sporirg goods
'I‘o:.'s,

Transportaiion
Aty mats
Auto tops
Uphoalsiery and scat covers

Miscellarcous
Agricultuze
Ciedit cards
Lanxinates
Meudical tubing

fog ey of s




IEXTIBIT III - 14(3)

USDOL/OSHA

POLYVINYL CHLORIDI MAJOR MARKETS
1970 - 1973 (million pounds)
Marrer
Noveldes

Stadonery supplics
Tools and hardware

Zxport (Net) 129,0
Oti.cr 81,0

Total : 021,

Sources- Modern Plasties, Januacy 1971, 1972, 1973, 1974

Freseaa




EXITIBIT LI - 15
USDOL/OSITA

END USE FORECASTS OF POLYVINYL CHLORI "
MARKET, 1974 and 1978 - 19880 .

Polyvinyl Cllaride End Use Market
{million 1hs.)

Erd Usas 1974 1975-1980
Construction 2,250 3,500 - 3,800
Howsel old Uses 640 6SO - 725
Fackaging > 320 440 = 475
Cleetrical Uses J<' 410 520 - 540
Censunier Coods \ ("‘- 520 570 - 625
Transportation w{;g,o 250 - 205
Miscellancous  shoo 240 - 220

Exports 1567 1o

4,750 ' 6,350 - §,820

v

[

e
-

Souice:; Disch, G, E., Plastes =-Raw Materials toEad parkets and Coarinns~=New Technolosy and Markcts,
American Chemical Socicty, BGrooklyn, 1974*,",5,\ 3.
2

¢
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EXIIEIT 1T - 16(1)
USDOL/O SITA

POLYVINYIL CITLORIDE CONSUMPTION BY
MAJOR FABRICATION PROCLESS - 1970 TO 1§
(000 LES. DRY WEIGIIT)

) ProJuction
(%) Sales
(9] Internal Use

Posin Kind & Use

Total Polyvinyl Chloride & Copolymers ("

R

(Dry Resin Conmngﬁ\ 3,115,204 3,437, 523 y 4,881, 500
2,252, 008 2, 474, 906 49,421 3,432,675
519, 02€ 504, 461 539,627

. AN - o . n ‘-
Dispacsion Resing, 13 t n;s, & Blewding 364,110 451,901 589, 14¢

Homopolymier fieg
Cupolymer Pusing, ™

it

- o,

i\
T0u.1 bolyvinyl Chioride & G ;{yr}gers (5& U)
(Dry fesin Conteny ) . : 3,351,125 4, C',C 830 4,782,15"
Taral Fapesss S . 169, 154 133, ¥10 143, 50!
Total Don.estic B s 3,224,731 4,180,970 4,3%5,70
Caleadering, Total : ) 935,114 963, 404 919, 16t
IMeuring 47,2 271, 514 2,88 202,230
Toxtiie 66, 934 YL L, et
All Oiher Calendering Uses b1, 937 - 473,636 : 513,07¢
Coating, Tctal : 349,189 27 : 483,828
Floering 116, 629 : I 0,325
Texiile & Papyer Coating 5 142,464 y
Protcctive Coatings ‘ 41, 660
Adhesives & All Oiher Coating Uses 5, 49,025

Ereg8aa




SNTTIRT 11 - 16(2)
USROL./OSIIA
POLYVINYI. CHLORIDE CONSUMPTION BY

MAJOR TFTABRICATION PROCIHSS - 1970 TO 16 .-
(000 LBS. DRY WEIGHT)

Resin Kind & Use 1970 o 1479

-1
s
S

g
T tnoel

o

Extrusion, Total 1,004,177 20 2,0!
Wire & Cable 408, 720 4
Film & Sheet 193,020 /2 : 2.2«‘.,1'1.3
Rigid Pipe ‘x)\z Tubing (Except I'itdngs) 07, 05 1,003,077
Al omxfs;’{;yrmns : ' 5, 7108 381,551

hMolding, Toralf e . 304, 6% 419,795
b otios ( » 26,119 77,254
Sound Records ¢ e’ / 137,810 148, 02y
Fitdngs (Ripid B : @ﬂ'ubm{)) -
A Otier Metdings 7 113, 565 135,105

Paiie Preccuces (Exeept Coarip ) 113, 054 105, 945
Pu.,_ual ‘fonmulation / 113,054 103, 045
All Other : - . -

All Otrer Usas Ny , 376,594 320, 720

1,

[
PN el
[l %)

o
¥y
v

L

-2

'3

o)
>
o

[oe)
[ g
o
“
L]
v

o

o
(GO
[ o BN ]

]

Sofoe

—
—~
—
~—

- .-
[ I o]

._.
[N Fo T o N #2]
[ B ¥ 5 T S s BN
w !
(J\Z‘
Pt

]
oy

Notes: (1) Cowparable 1972 data not available
(2) Mot camparadle because fittings were includad in all other moldings in 1972

Sources; “Synthet¢ Organic Chemicals”, U, S, Tariif Commission, Annual Reports 1971 and 1972,
Mornthly Srausuul Peport, The Socicty of the Plastes Industry, Inc., April G, 1973 and March 20, 1674,

&FS888




EXHIBIT I - 17
USDOL/CSHA

MAJOR RESIN TYPDES AND THEIR TYPICAL
FRIEE MONOMER LEVELS RELATED TO
FARBRICATION CATEGORY
(Million Pounds)
Typical Average
Mid-1971 R(\sidual
ocin Tyvpe VOLM Jeveds

(rom) Calendering Caoating Exrrusion - Molding

Suzpension
Vipe Gradz 100 1,255
Cereral Purpose less than 500 810
Copclymer »,1('.’%,‘00 - 7,000
Y
Overall 900
: "y’ig\

Latex

A
Other less than 25 4
Cverail 107

o L
Cisporsicn T
. 2
490 7
LN

Fulk
Hiyh Porosity
Cherall

Solution
Ovtrall

Note: (1) Incividual data points acound the averages can vary by a factor of three or moze,  Lefoiv steps were taken to comply with the Emo
Tuerporany Standand these averages were signiflieantly higher, Improved stripping is belicved 10 have been schicved usliag stie=ot-
techrology and operating procedures,  Some major producers reported average VOM levels in general puspase resin sigrificantly |
500 ppm and as low as 50 ppm,

"

a5s58o84a

Sourcees: Snell estimates and Exhibit [11-14 and 11{-16 bascd on indusuy interviews,




IV. TECHNOLOGY OVERVIEW
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IV, TECIHNQLOGY OVERVIEW

The previous chapter defined the economic infrastructure of the vinyl chloride (VCM) and polyvin: .
chloride (PVC) industirics. This chapter presents a technological overview of VCM and PVC manuiacture -
to provide broad ¢ngineering and operational perspective to the information of Scetion V, which presents

findings and conclusions. ;
. 'a";\
I

This chapter is divided into f‘.\fg,s\ections:
” 4

‘:‘-‘ ’/. N
Section IVA, Vinyl C};fty ide

L
Section 1VB, Polyviny],(ﬂfxloridc

» - . N A \ .//, ‘\‘ . N »
PVC is given significanlly proater dlscussn:ﬁ}—-&mphasxs than VCM since the study is primarily of PVC

k)
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IVA. VINYL CHLORIDE

This section discusses the technology of vinyl chiloride (VCM) manufacture. Exhibits appear
sequentially at the end of the text.

LN
1. THE OXYCI“LORIN}\’I‘I@&fPI’.OQESS ACCOUNTS FOR APPROXIMATELY 60% OF VCM CAPACITY

Lo
7

T
. The table belod summarizes estimated U.S. VCM capacity in 1974 as a function
of the manufadt¥ring process. '

S
- N

P
‘ Estimuted 1971 Mameplare

N .
YCM Praciss AN Capacity (Million Lhs, ) Percent of Total
—— e e /fl \ & —_—
S
Oxychlorination @ , 5,450 , €17
e
7y

Direct Chlerination Only g

A
»
Acetylene . (g‘) 350 5

Total €, 700 1007

: Exhibit Il = 1

“
1

Soun

-2
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The balanced oxychlorination process is described by the following equations:

Direct Chlovination: (1) CH, = CH, +Cl, C16112C£~12C1
Oxychlorination (2) Clly=CH, + ZHCL + ;0, _CLU_E)‘_le_ CICH,CH,Cl + 1,0
2500 C < -
EDC Cracking ) (2) 201(2}12CHZCI—4—666-6— 2CH, = CHC + 2HCI
'-‘,J‘g\; ) -
N{_‘;t /u::} 2 CII2 = Ci{z + Clz + 102 ZCII = C}!Cl + 1’! O '
e ) 2 2

Source:

Brownsici \ M., U. S. Petrachemicals, Tulsa, Oklahoma;
The Petroledy) Publishing Co., 1071, p. 250.
i (» 4

Exhibits IV-1 and 1V-2 provié"é—#cprcsomuLive flow diagrams for the balanced
oxychlorination process based on the Stauffer Chemical and B. F. Goodrich
Chcmical designs, 1"L:Spcctively/®nit operations are similar in balanced oxy-
chlorination plants, although d%ﬁetails can vary appreciabily regarding

i

mass aud heat balances, purticula (én fractionation steps.

Exhihit IV-3 provides a general process description related to the Staufifer
dosign. The Exhibit also provides a more detailed description of unit opera-
tions involving VCM.




The American Chemical plant is believed to feature unbalanced oxychlorination,
ueing only reactions (2) and {3) in the preceding table.

Tha Ethyl plants and Dow's Plaquuinine plant are believed to feature dircct
cnlorumhon and cracking only, using reactions (1) and (3) in the preceding
t'j

The Monomciiem plant, the only substantial acctylene-based process still op~
eraling, iz belicved to be balonced type employing both ethiylene and acetyicne.
The HCI produced by py? lysis of cthyleue dichloride is added to acelylene for
further VCM pr oc.uumm/ }Q,gt(.ud of oxychlorination.

The newest process is thvgjﬂuscm process (Lummus Co., and Armslrong Cork

Co.}) with the potentinl to cte strongly with the cthylene process. It is one
step synthesis of VUM by ofy* lorination of ethanc. VCM is produccd by passing

ethane, HCl and air (2to 1o 2 5 vol) through a molten catalyst of KCI and

CuCl/CuCl, at 875 . P

3

VCM PRODUCTION COSTS WERF rCTIvA"ID\‘I)cm 1974 TO PROVINDE THE BASIS FOR TIIE ECONC
LIPACT ASSLSSMINT ‘%)

Ixhibit IV-4 swmnniarizes c:.c;timatcc@%-’l VCM economics.

The data is provided in terms of umit costs of manufacture and profitability
to. enable sensitivity anolysis of the potential impacts upon price of various
VCM exposurc limiwtion scenarics.

5558048




GENERALLY, \.’(“I PRODUCTION CAN PRESENT RELATIVELY 1LMITED CITANGES OF

LNi ’()uLu(L, TO THE 0PN '”"\'(‘ e lca(_ '.‘ i’L. ,J‘JJZ 'IC AUTOMATION AND BEMOTE

CONTHOL AND OUTBLUH COMTRUGTION SINVILAR 10 RUFINGIIES

However, Jocalized Lanard arcas are assceiated on a routine basis with the loading of tank
cars, the cleaniag of tank curs and of other cquipment. Maintenance operations may be also a
source of personnel exposure.

(1) The VCM Production Plonts Ave Dlighly Automated, Continuous And Closed Systems

A typical’ VUM proou t.i,uilp‘.um congjvls of an island of process units,
Erincipally {ractiouatic rénd similer towers, cracking furnaces, and
soincties compros. uL.a( a)uy tinks, providing storage spuce during
testing, are also insluded
‘fff

e mg—tcr.a storege is provide }fti by Hortonspheres which are located in
Lanx farms and connested tu" tl ¢ leading racks where the tank cars are
filled.

L i \

fro.n control yooms, which, oo ly in newer installations, are fairly
removed [rom the sctund prounc%\xlmtb.

iam P @, . . . 2
The flow of material throuah mcﬁud :ction train (or trains). is controlled

TlLe operators spend much of 11101‘{9@'»0 in the control room, mostly monitoring
the operation of awtomatic vontrollers and from time to time making necessary
sci'point adjastments. Norwmaily there is little need for the operating personnel
ta be physically prosent in tho “)roclucaon area,




However, inspection trips may be necessary from time to time and are usually
modvated by some o ,n(:lh‘“!‘l'” in the operation. While most of the ahnormal-
itics are usually traceable to instruments or control maliunction, significant
letuks could be occurring and resuit in appreociable exposure risk. '

{2)  The VCM Plants Arc Usually Complerely Outdoor Operitions

All production couipaent is cenerally installed cut-of-doors. There is
imited chanen of VO necuulntion and arca concentrations may remain
low even in the prescence of Lenificant Jeaks, particularly. whoen atmos-
pheric conditions ire not H“\{.dh

' //
Huwever, significant ex poamu may be encountered by the greaser. Since
his function is to {ill up the &um cuting devices of pumnns and comprossors,
whicli in smne instenses xvmy\{jvv to be donc daily, he conies into close
nroxinity of senls which may *,re dyaking, ¢nd his own personal exposure
L'ay b in considurobla excess 0 what would be surmised from the general
bawlk zround, ’ ,,.;{/‘

::.«’.“I__)\
r Touding And Tank Car Cl("n L, Prosent Critiond /\rvnq Of Noutine

Ure iy Mouonnn }‘}.:nts

b

While there are sone "ovaer-tho-fon 8$ ipeline delivories and some marine
shipoieats, the bulk of the VeI is vl in railroad tark cars. Significant
VGM cxposure risk can resail from cm'""onm.ctm" trunsfor lines and from
the histourical practice to use "dip tubes” to determine the level inthe tank
car.




86E880

The "dip e mothod cousiats m allowing o minute amount of VCM gas
continuously to cianpe thirough an adjustable tube dipping into the tank,
when tie level of the Hould In the car reaches the botlom of the tube
Hauld VO s dhechinrgad resaiting in a visible "plume” from the tube.
Jpuel precac: nos Losa o raise further the dip tnbe et this point and to
complete the iilling carelully at a lower rate until the permissible level
woae reavhaed. Undes eortain atmospheric conditions this method is known
to have piven sienilicend '75‘1 concontrations even at some distance {rom
the tank car dose. A soigdivh to Uiz problem has heen to re-equip larger
Teats of tunk curs with mows Slaborate, non-cmitling gauging devices.

' . e,
Tork cur elenning U‘i)(:t‘i\“(‘](@éf\ﬁll men in close contact with cars which may
cortain residuni amcunts of weormer. But thorough vernting and incin-

cration c.n be inctalicd and parsonul protection used. Thus, exposure
hererd o pevsonnel can be m‘ini;;;i\cud. '
,/L_,_\
nee Cnerations, While f',i_r;_;'imi—’s,: Potential Scurces Of Personnel Exposure, Can

-

Iy Appropiiain l)upr(:s_«sl'rm:ia!_i(m And Venting Procodures
7

Catustrophic failures involving rujtdre of lurge volume containers or
. - . F . .
massive leaks upstream of the main ’@qﬁtrol device arc rare.




Ofrer sltnations recairine meiens noe action (sech as puelling a unit off the

t

Hoe for repiacy avide into fwo eatcroeries: scheduled and unscheduled, with
e fominer oo cuatiy tecemplizhed using proper procedures tu minimize VCM

CMLLOS0e Yivivn,

Anpronrigte operating winres ondd addidonal venting equipment can be

)

coed o roduea or o vy olimineie thoe risk of exposure. Exhibit IV-5
- | ! e N . .
£10Ws an cxiampic of carregl operuiing procedure for meintenance action of
. : - Py
the Bow Chaateal Conopaay ”’3}

.

suehwon W, following, proviae

685808
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EBIT V=1
uscOL/ CEHA

T AT T Y Ty 5% A REASSEE AL
AT POCCAIS PO VINYL Gt gD
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CRAHISIT V-2
USDOL/OCHA
THE 3. F. GCCDLRIGI PRCCESS FOR VINYL CILCRID

QHCL _Oncy kM)
REACTOR PRIMARY RECOVERY Y PEnovanyY

VSR U
e sttt st wnF o
e
U '1

—_ 161*

WASTE WATER
/q\iTHYLEN'.: CRUDEEDC VINYL CHORIDE

R Y L X : % 3 -~
N CRUDEEDC  _ | LIGHTS  PURILDS ks
. l P A ““““ xm_ !

! ,.[ ! 1

5 4-COOLING WATER X . m h

ey
-

A

(I

o
L
.

13
A O ‘WL—:’

> \

T
l_; Al .’ l.__,u! ’

. » ::Ef\l\/IES HECYOLL LDC Y
CH “c“rum;_r_(ﬁj 0T L P
“LM':‘ NATION PURIFICATION ChLu M COoLUINN
_REACTOR

Sovreer B F. Goodrich Chemical Co.: Vinyl Chleride. Hydrocurbon Processing 52:
121, November 1973.



General Desc ription(l)

Ethylene dichloride (EDC) is produced in both additlon (dircct)
chlorination and oxychlorination units, In the addition chlorina-
tlon unit ethylene and chlorine are combined to produce EDC in
a liquid phase reactor, In the oxychlorinatlo%g(ﬁkxethylenc, air
and byproduct HC1 from the EDC cracking uni /é’t‘e’reacted to pro-
duce EDC, An efficient catalyst in the vapor ﬁlw“oxychlonna-
tion reactor is used to promote high yields, Hibhpw,ssurc steam
generated in the oxy reactor removes reaction heata "Is used

as heat medium in other points In the process, ENG: mamd

from vent gas by condensation {n two recovery units,’ are
no moving parts in the entire oxy process except in the air opmn
pressor and refrigeration units,

Crude EDC from the addition and the oxychlonnation unlts
fs combined with recycle EDC from the cracking unit and puri- -,
fied by removal of small quantitics of light and heavy matdgtd
Aqueous effluents seperated from the crude EDC are steam st

ped and are suitable for biological treatment, Both light and Lw
heavy ends may be treated for further use as feed to other chlor-x( /ﬁ;

.

ination processes,
Vinyl chloride monomer (VCM) Is produced by cracking
purified EDC in the pyrolysis furnace,

EXHIBIT IV-3 (1)
USDOL/OSHA

VINYL CHLORIDE PROCESS DESCRIPTION

Description of Unit Opcrations Involving VCM(Z)

Dry EDC is dehydrochlorinated to vinyl chloride as it passes through
the packed tubes of a cracking furnace,

The tubes arc normally packed with pumice, charcexsl or some other
“contact" type catalyst, At 900 to 950° F and 50 PSIG, 11C conversion
fs about 50% and yield to vinyl chloride is 94 to 97 mole . The hot
effluent gascs are then quenched, and pardally condcnsc'l by direct
contact with cold EDC in a quench tower,

Effluent fractionation and product purification are generally accom-
plished in three additional towers, where each producer of VCA! has its
own modification of this process,

Hydrogen chloride and light chlorinated hydrocarbone are rejected over-
head in the "HCL" and ~Light Ends” towers, The hydrogen chloride is
normally recovered by water serubbing and reeycled to the I'DC plant,
Trichloroethane, chlorinated C ‘s and other heavy ends are rejected from
the bottom of either the "qucnc’f\ tower” or the "vinyl towcr”, Contained
EDC s recovered by fractionation and rccycled to both the qucnch tower

- ,and the feed storage tank, The light and heavy ends arc cither further
" ‘processed or disposed of by, for example, incineration, Vinyl chloride

monomer is taken overhead In the "vinyl" column, generally caustic
washed, and then sent to the product storage facilitles,




EXHIBIT Iv-3 (2)
USDOL/OSHA

VINYL CHLORIDE PROCESS DESCRIPTION

General Description(l)

After quenching, the furnace products are seperated into HCI,

which fs recycled to the oxy unit, and high purity VCM, Unreacted
"EDC s recycled through the EDC purification system,

The overall process is balanced so that only VCM is produced
without byproduct HCl, Design is easily adapted to produce HCI for
other uses, to use HCI from other sources, or to make EDC as a
seperate product, p .

The process is highly automar&d” dstable, fajl-safe operation
at high yields over a wide turn-down/’rp » Startup s easy and
rapid, Units combine simplicity of operatfon with low manpower,

capital, operating and maintenance costs, (E*)
vt

oD
A

/:'J/ A
(1) Related to the Stauffer pratess;” Exhibit V-1
(2) Reflects generalized practi&z N

"‘/’;_,,) .
de, Hydrocarbon Processing 52: 194, November 1973,

(1) .Stauffer Chemical Co,: Viny Ml_ _
{2) Air Products & Chemicals, Ine,¥ ty Division, Survey Report on Vinyl Chloride Monomer Production Via Dichlorethane Pyrolysis,

Prepared for Environmental Protect/' gency; Durham, North Carolina; 1972,

13




EXHIBIT IV - 4 (1)

USDOL/OSHA

ESTIMATED VINYL CHLORIDE MONOMER
ECQNOMICS - 1974 g
(¢/1b.)

Unit Production Costs For A 500 Million Lb, Ethylene Oxychlorination Plant of 1974
ngg;rucn'on With Total Fixed Capital of $20, 4 Million
i)

Plant u;;ml'm) }
a \2;; ent

Cost of N(Bﬁyurfagture
) F
Raw Materials () )
Ethylene (0,49 1b/1b @ 6. 0¢/1b)
Chlorine /(;%567 1b/1b @ 3.0¢/1b)

Subtotal «
Labor "‘?;“-")
Udlides 3:‘2 ‘
Maintenance
Overhead ‘(JQ
Taxes & Insurance
Depreciation

Total cost of manufacture

rIgEaa




598800

EXHIBIT IV - 4(2)
USDOL/QSHA

ESTIMATED VINYL CHLORIDE MONOM EER
ECONOMICS - 1974
(¢/1b.)

Unit Production Costs For A 500 Million Lb. Ethylene Oxychlorination Plant of 1974
Construction With Total Fixed Capltal of $20, 4 Million

Profitabi @
AN

Net sclligg-price (FOB plant) ) T1.41
Cost of manufacture (6,13)
Selling, gé” al and administrative expenses ~ (0, 30)
Pretax profif - 0,98
Pretax retum@ total investment (@ 1.2 plant {nvestment)  20%

A

T

“
7]

R

= o
snell es es based on Brownstein, A, M,, U, §, Petrochemicals, Tulsa, Oklahoma,
The Petrol Publishing Co,, 1971, p. 25

Snell estintates based on mid-1974 Chemfcal Marketing Reporter posted prices




EXIIBIT IV~ 5 (1)
USDOL/OS114A

EXAMPLE OF A STANDARD OPERATING PROCEDURE FOR
MAINTENANCE AT DOW CHEMICAL CO, VINYL CHLORIDE WORKS

SAFETY PROCEDURE

" Subject: BLEED-DOWN OF VINYL CHLORIDE CONTAINING F'.'QU:PMENT

Problem: At preseni, pumps, sections of piping, and some equipment are partially or otherwisc bled down to atmosphere, This exposcs personsel to vinyl.

vapors {f care Is not taken, } i

P \

AR

Situation: Obviously, there arc numerous situations thatsgecur in the plant, where exposure to vinyl vapors is possible when preparing equipinent for repale
ot entry, Most cquipment is either already ticd into thc vent recovery system for bleed-down, or can be, with limited temp~rary piping, Almost all

.

bleed-downs can be done through the vent recovery s) :im and all parsonncl exposures to vinyl vapors must be climinated, Llimination of exposure
d-down of equipment that has alrcady been relieved through the vent recovery systern.  Also,

preventative measures should be taken wher opening cqim?pmcnt with stagnated vapors in it, In these two cases, proper respirators should be used to
prevent exposures due to changc of wind dircerion or othérwise,

to the vapors should extend to any final low pressure

Solution:

1, All seal repair work done on vinyl furnace pumps shggld adlize the vent recevery system for the primary blecd-down,  Any small final blecd-
down should involve personal respirator prorccnonj‘}n some cases, it may be necessary to use a full face mask, rather than a mouth-bire
respiratot, iy

PNy

Temporary piping to the vent recovery system shou@ mrun when necessary to vent an isolated picce of equipment, or run of piping,

When breaking into a vesscl or piping system containing vinyl that has been depressured, use a respirator, (Hose-Line Mask), In the case of
bregking vinyl containing system, the use of respirators should parallel the policy of using monogoggles,




EXHIBIT IV~ 5 (2)

/: USDOL/OSHA
MPLES OF A STANDARD OPERATING PROCEDURE I'OR

MAIN NCE AT DOW CHEMICAL CO, VINYL CIILORIDE \WORKS

. All vessels will bc purged to D-234 vent recovery system before opening, Comider@f}xposure to vinyl vapors is possible working arowd
these openings due to trapped lquid vaporization inside the vessel, Therefore, fresh air-sypplied masks should be used around such openings
for exposures of any length, : /f

used, and issue a safe work permit in some cases,

When breaking into vinyl containing equipment the immediate supervisor of that area should idvise the type of respiratory equipment to he

“5)

&

Source:  Dow Chemical Corporation




IVB. POLYVINYL CHLORIDE

This chapter discusses the technology of polyvinyl chloride (PVC) manufacture in broad terms.
. Appendix A provides more detailed data from tacts with industry, from submissions to OSHA related -
-to the "Proposed Standard" and other sourc All exhibits appear sequentially at the end of the chapter.

There are four basic processes which ca@e used for producing PVCG.

3y

Suspension Polymerization ( fﬂ
. - A
Emulsion Polymerization /

Bulk Polymerization

Solution Polymerization T | fd& s/ 7/

. =78 7°°.
S(.) ».SPM 4 /] ,O/CZZJC-Z OA/

1. OF THE FOUR PROCESSES FOR THE MANUFACTURE OF PVG THE SUSPENSION PROCESS IS THE
MOST ECONOMICALLY IMPORTANT, ACCOUNTING FOR 78 PERCENT OF PRODUCTION

These processes are presented in a "capsule" summary in ibit IV-6.

The table on the following page summarizes the relative contribution of each
process to the total production for 1973.

sIsLea
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1973 Production

Source: Exhibit I1I-9

Process (Million Lbs, ) Percent of Production
Suspension 3,558 78
Emulsion 593 13
Bulk 274 6
Solution 137 3
-Total 4, 562 ”1"6'6%

The importance of the suspension process is reflected in subsequent discussion.

Exhibit IV-7 presents a flow diagram for a repreésentative suspension process.

Principal unit operations include

where Exhibit A-1 prese

erating procedures while Exhibit

- monomer receiving am@ra?e. This is discussed in Appendix A,

A-2 shows a flow sheet.

- polymerization - @

- stripping and in-process storage .

Fa
this is also discussed in Agpendix A, where a .
technological assessmenyé‘ﬁ developed by Snell ~
addressing reactor design and cleaning in Exhibit A-3.

a comparison is also pres@ of large versus small

reactor technology in Exhi 4.
Exhibit A-5 shows the schemgtig~of an older polymerizer,
while Exhibit A-6 shows that newer design.

- drying

finished product handling

IV-lU 0

Stripping technology is broadly discussed in Fxhibit A-7.

¢



Exhibit A-8 in Appendix A provides a representative plant
layout with typical operator movements.

Exhibit A-9 in Appendix A presents a flow diagram of emulsion polymerization.

It is seen from Exhibit IV-8, at the end of this chapter, providing a te¢hnological
overview of suspension polymerization, emulsion polymerization and their copoly-
mer production variants that suspension and emulsion polymerijzation are very
similar in terms of gross equipment used. Differences in detail are summarized in
the Exhibit, 3 :

-

- %
Exhibit IV-9 presents an overvi{ggs=af the polymerization cycle for the suspension
and emulsion processes. Differ@s principally concern time requirements,

detailed in the Exhibit. ’ (j}

Exhibit IV-10 provides a checklist g{/}ggtential VCM sources contributing to
local or area type VCM exposure riskmspension polymerization. The most
important potential sources are identiffeddin the Exhibit.

@

A
Exhibit IV-11 shows a flow diagram and&@@:ess description for bulk polymerization.

" @ ‘

Exhibit IV-12 presents a summary discus@of copolymers manufacturc, which
involves the suspension, emulsion or solufion processes,
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2.  ESTIMATES WERE DEVELOPED BY SNELL OF PVC INDUSTRY ECONOMICS AND THE TIME REQUIRED TO

ACHIEVE VARIOUS ENGINEERING GOALS

*

Exhibit IV-13 presents typical time requirements for implementing various engineering
control methods.

Typical delivery times wergialso estimated for key equipment items and thesec are pre-
sented in Appendix C, E%t c-1.

Exhibit C-2 presents Snell'@:‘_rview of time requirements in implementing engineered
controls of VCM exposure in M}plants.

Exhibit IV-14, at the end of thigvgx)apter summarizes 1874 PVC economics. Total-cost
of manufacture is estimated at 14.4¢/% . at a 20% pretax return on total investment.
This cost profile is used in the ne tﬁapter in economic impact evaluations of various

VCM compliance scenarios. ?

* * @b * *

This chapter discussed the technology and basic promon economics of VCM and PVC manufacture.
The next chapter presents findings and conclusions, e

V-12 -7 .



Sutprnsion Polymerdzation 1.3

Exlibit Iv~6

USDOL/OsHA

CAPSULE OVERVIEW OF POLY VINYL CHLORIDE PROCESSES

FEmulsion Pnlymcnza:lon(l' 9

(nH

Btk Poloneri-ation

Suspeggion pelymenzatim utes water as 3 medivm for VOM with a
AAPeR. 0 Asems sach an pelyvanyl aleohnl and 3 catal;d such as bensoyl
=toxile, Boffen such as wdlivin cadwnatea ar phosphate ¢an be wed o
wainta a pHoat % te 3 <unng the feaction and prevent hydrechdone acid
volution, Polyrwrization undes nlaogen Increases reaction rarc a well
4 ecoarrols actd feieas.,

The charge 10 A reactor might be composed of:

100 nam VO

00 parts water

0.1-2.2 part catalyst
0.005-0.1 part susporsion agent

The VCM/water ratio {s limired by the rheology of the suspension to
nable feoper removal of the heat of polyrerdration. Vigomus agitation
-dds heat erchance and mainiams Vet as fine drodlets suspended In warer,
Ater dey, ey e el et Tpearhs” vanae from 90 © 3170 mictons for general
urpese aprbcatons, and aaller for solalty products,

Procens reraperatures range from 10 to 45°C, and the dme 1o tum around
t polymerzer can range from 5 to 15 hours,

Mafor uses of smupersion polymerized FVC ase In calendered film;
‘xtruded film, wire coatings, pipe and pafile; and malded products.

urces: (1) 1972-1973 Mademn Plamics Encyclopedia, p, 104,
{2) 1313-1974 Modem Plagics Emyclpncdh. p. 112,
(3) Snell

Emeliion (Mspersion of patte) polymerization is very sirilar to the suspanzion process. Reelpe
differences pracipally concern the wse of emul-ficrs and 1tiatozs, The dtae to tum around a
reactor can range fiom 10 wo 249 howrs,

A colloid disjursion ofifVC particles in an aguecus phase {3 produced b tits process, These
particles, approxis nniﬁ‘;élnncmm i size, can be utilized directly from the dispersion, or
latex, either plasticiz ilastie,ed, or they zan be spray d.ied 10 4 powder for we in plastisols,
ngulols, plast gels, or Procesas utilizing PYC dhperton resing inclade slush molding,
casung, dirping, spray cqfung, u and kuufe ¢oating, and rotatiofal nolding.

Plastisols are vinyl dts:g:/ Aiacniag Litde o no volattle Halds and this are essonrially
100% solids, Qiginosols e $An conpostion to platdsols eacept (or the pn.sz.nce of volanle
Liquids uzed to extend the Lu,u. lm 4 thus reduce viseogiry,

/"

Polyvinyl chlordde for plas m}fhﬂﬁnd organasaly 15 polymerized {n emulsion systems that ovide
collofdal water dispezslons eontaindny uitipdyee particles of approximately 0.2 to 2.0 micronsn size,
Spuay drying of the warer disw mion progdfus the commercial pradict, a dry powder of approximarcly
2 mictons dvetage Marticle aze, with 4 icles as large as 15 vo 20 micronz, Abou: 100 of the
PVC used in the U, S, 18 dispersioa gradeg )

Most vinyl duspersion resing find use 1m ﬂ'@ braad acess of coatng and moldings.

Organosols are used to produce thin filns'd] hardaess than can generally be obtained from
plastisols,

J copalymers are alio avallable. Thase
1o stze by ywually les than 0.2 miccon.

Latex liquid systems of viny 1 chlonde hormopofym
systems are collondal dipenfons an water.  The ave fartic

Latexes ace effectively used to coar, Impregnate ot saturate fabdces, paper and leather with
polymeric dispernons of lower viscosity than most plastisols.

. A roere reeertly descioped promess is camied out In spectally
dostned feacions i e 2t e of wateraal
Bevanse hatk reens are pogyrenized in a o t atna, the wwaed
poruonof whch is tcoyoled, abey ¢ L)
estducs to the caviror.eat a3 pellatanty, While capable of jralucs
ng both practal=purpose and speciaity vynes of Py, the tulk of
mass Julyrn noation poorcst can ales el e very pone o TV, the
grrmec tare of Wil difers eomade o Py from retss pulye coced v
o penmon. Fevaae PV parioier ot el Jroate frer of
=y lack
mer anws coata se The cuociloat clanty Ll oranf b olh e
has mralde them prefermed (D Thany Wan paiom pedact matkarg, inciwde
ing pachaging fim, tottles, and cuating.

Piived.

: O [
re co ul Ly prosenitg

achinves Lied L3y -anen and o Ll PP gl

[$3)

Soluuon Palvrienzanten

A poweis of Toster c0s ercial tmpokanee Rza e nthen
discussed has hern unb. ol 1y ;“tr.’m.n.:
terpol oo of vinglchilonide, PRlyic n2sticn oeum in o ame
solveny whivh then must b2 usually rem wved 3ad recpvered, The
solution folymen are gencrally ipher poiied o0d wed i product
applications such as coatings and adhesiver,

e tally cige iy mem and

'




USDOL /OSHA

REPRESENTATIVE POLYVINYL CHLORIDE
SUSPENSION RESIN \IA\TUFACTURE FLOW DIAGRAM

YinyL CHLORID[ STORLGE TAHK

SECONDARY

oust ! r‘ [s]e]
| -

COLLELTOR ‘ TAHX CAR

SUSPENGION
. p] VINYL sos_f.-'r:oi MOoITIEA
MECHANICAL . WEIOH TANK e —
LLPARATON - I
. ol Bt r59
. SCREEN |

AUTO T LJ . CataLrsl

HATHE - -

SAMPLER - [ S —|
I——/]J TAILS . DELOIL2LO wWATER

PEACTCA

COMPRESSOIS
(o i
b4 o4

FOAM i 1
TRAP |

COHDENSER

STRIPPING
TANEK
RELCOYERED
YIHTL
RECEIVER

- STRAMNER

SLURRY
TakX

[

DAGOER

PRIMANY DUST -
COLLECTON . I'.‘_O"_ z

]

N CENTRIFUGE

g

SEOLD AOTARY DRYELR
AR

Source: “Valter B, Connolly, Statement ol Position of
Firestone Plastics Company, A Division of
the Firestone Tire & Rubber Company, With
Respect to the Proposed Permanent Standard
Dealing With Occupational Exposure to Vinyl
Chloride to Occupatiopal Salety and Health

BFS a8s837-3




549

FLe8008

Mozt Commenly Used

Less Cotnmaonly Used

: EXERT V=81
USDOL/ONHA
TEQHNOLOGICAL OVERVIF W OF SUSPENSION (%),

EMULSION (B) ARD CO-FOLYMERIZATION
(5& ETYID)

Proceys Suep Proces Wheie Used Fquip Tent Equipment (oM asnt
(1) VCM Unloading 5, E Co Some plann have pipe Une delivery with of without loeal sevage.
8, E Co Tank car Barge Tank cars: 10 10 38,000 gale,; Bages: Up 10 300,000 gals,
5, E Co Flexible hoses Rigid ptpe with flexible
couplings
S, E Co Transfer pump L
S, F Co Evaporamr Some Jow capacliy placts are szld 10 we nfuouen dhplacement for unloading.
5, E Co Evaporatar feed pumnp Tris pracdce Lan €aoae ventdng problemrs on rerum can at tie VOM plans, ad
5 E Co Unloading compresor at the ualodiug 13- Llty.
Vacuum purup Someddn.es wizd 0 vent Laoes prior 1o dixconnect,
{2) VCM Sraeage Horronspheres Hor{zontal tanks Hortonspheres: £00-800, 000 gals.; Tanks: Up ro B0, 000 galy,
. Sametimies swrage bs under celvigecation 159C.
(3 VCM Tranufer snd Metesing s, E, Co Transfer pump ¢
5, E, Co Day unk Some planis paruculardy thone wing weigh tanky omft the day tank
- Line sirainec Used occasionally,
5 E Co Weligh rack and tedc Mcterlng tank ard reactor In copolyinerization the other tnofomer s fntroduced l-nc.
Loading pump Loading puimp o merenny
mp
. S, E, Co emix tank Somerines used,
5 E Co dition pot Suspend iz agrnts and caralysy ang somermes premixed and added d‘arm‘hll?ﬂ'.huy
(ﬁl A deslgied additton por,  Often Ingredients ae manually pouwred 110 de reacton.
(#) Polymerizadon s, E Co Stlrred reactor (poly= ([f\\ Glag lin=d ot sialiles, siecl: From 2,000 to0 5, 602 gale hlavarically, |
merizer, aumoclave) L # New techinaiony: To 25,000 rals. s 1w 13,000 pals, G, L,
(5) Swipping 5 F Co Srrtpper B%ﬂ tank Strpping 4 watactdmes cazried out Ia thereacto, et sl ply duousd defrerasizacion
- ‘_'—A . and fcuotier recovery. The use of steain jeo Wiore advanoed, while vacuum pun s
are also uied, Hearing and steam spaszing s somerimes pracrfeed,  Separate wirippers at
@ approximarely wice the volume of the reactor are uwed. DevelaPing rehole 7y s lthely
@  fetture sl ~115 2 SEpp g wing siparm o duce fice monanadin e proatuct and ot
in-plant and enyer exhacso emisixg,
(€) Mooomer Recovery 5 E Co Foam knex hoat pot Several @ Monomer recavery s ted £n o s ipping. R
5, E Co Vacuum sieam Jet Aud/or vacoum ps Jet exhaus is uzually vented to atmiaspheres  Vacuum pump exhiaut ¢an go
theouh monotier recovery uitle,
Co Condenzer Most prowessors do not separate the comonomerbut recycle the mized
' Co Comonomer $eparator recavered sream,
Reciprocanny cotmpressor  Rotary compronor The ot cornonly uzed of die roiary compresrns 5 the Nash water geal,
$313 2 fave leas malntenadce problem e gie reciprac iy,
S, E, Co Conderser Recovery still Skhighr propnictary weetaolo, sl differeaces extsr B e Lardling of tic
5 E Co Recovered VCM rank rccovcred moNomer $rCan,
5 E Co Chillcd vent condesiser
S F Co Recovered VOM pump The recovered moaomet s retumed to the day or the welzh ank

bt
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EXHIBIT 1v-8 (2)

Mort Commonly Used Leas Commonly Usad
Procem Seep Frocen Where Lsed Equipment Eguipmeny Comments
(T Product Transfer & E Co Tranifar pamp ! Some reacton a6 gravity dropped wing (lerlble coupling ar pecmanent
. . . , pping.
§ K G Breajher Fllser or wet sifuy Basket stalnert have been semaved I some suspension plants, Open igalnen
. ! somatimes used i enulsion Plans requlre tigniticant operator attenroa.
" V‘/‘X‘ Newer type stiainers are equipped wirh backfunh,  In sorme ingtaliailons, he
A stralning equipinent 1 spor vented.”

¢

& E Co Blend tnk f;\ Urially 2 vo § thinea the slze of the reacton, Sometlines open w the aunphr e
\ j (out-af=Unors), usnally vented, sometimes with blowes and vent sack,
o
(h Dvylng 8 E Co = I 2 Jatex product s destred, weps 8, 9, and 10 are omined,
& E Co Feed pump (( ﬁ Suspenston sturey 18 20 ~ 30% salide,
s Cenurifuge . Usually coniiouow solid bowl,
1 Wet cake conveyor wet cabe contabns about 30 ~ 3% water,
E Concenmwr( s Somctines used befoce apary diyer.  (hwal wiped (lm ryps,
E Spray diyee Cosgulation 1ai
E Rotary vacuum {ilur This equipment combination has been reporied.
E Apceon dryer
s Rotary dryer Flash or fluid hed A 30, 000 % 70,000 CFM of Jrylng alr, Flnal molsture: 0.3 = 0, %h,
() Product tranglar and Hovage 5, E Go Duit collecmr @ A
§ L Co Intermediate storage o holdlng product while Q. G tesis are performed,
5 & G Fucumatic conveyos \-/
i K Co Grinder 1o Is & large varlery of alu te types of equip and {iguradons fo
5 K o Dust collecror eaveying of dty produce,  Several alternate sysiemn exvt i the same
& ECo Storage sitos v
{20y Packaging and Shipping R EC Bulk loading Bagging m:ulpm:m 1 wually ic o semi v Muidized valve ba; 1ype
Hopper can Tote biaa ull v sometlmes use s form of fluidlzing far unloadiag,
‘Taok tucks

———

Source; Snell agalyvis bhaed oo ndumy (ntarviawy,

.



Cyele Step

Host Common Practice

habalT Vel

USEan, OsliA

THE POLYMOH S ATION CYCHE 10 THE ST AL SO ACSY LU L0 PO RSV ES

Alternare Praciice

Lo is

Charging

=  Water addition

= Ingredients
addition

. ,
= Monomer addition

-Reaction
+ Initdation

- Cooling

Stripping (Blow
down)

Reactot inspection

Cleaning

10-20 minutes

5 minutes

10-20 minutes

16-20 minutes

$-20 houn

1§=60 mlnutcs

5+10 minutes

20 minutes
0 4 hours

1+1.'$ hours

Manw ay open. exhaust via “elephant hose”.

Till the reactor with the required amount of
water, Usually by observing the level in the
reactor on metering,

Add manually through open manway.
Close the valves, secure the manway,

Ptior to monomet addition the reactor
atmosphiere 13 veated through a steam jet or
& vacuurn pump,

The menamer is metered through a weigh
tank or other metwsing dovice.

Stcam ot hot water is admitted to the jacket
to bring the temperature 10 35-459C.

During the rezction. cold water Is circulated
through the jacker 1o carry away the heat
evolved,

Some plants use only depressurization through
the recovery unit, via foam knock-out pot,
followed by steam jet,

To determine that rthe teactor is empry,

In moz operations this is done every 3td to
Sth cycie.

A man cnters the reactor and chips or scrapes
away the accumulaied matecal.

Since January 1974 the man is vquipped with
a fresh afs breathing Jevice while in the
reactor, and wears protecrive clothing,

Someatimes the water is metered in with
manway sccured,

Premixed amounts dissolved or suspended in
water are introduced to an addition pot.

Sometimes, in addinon, nitrogen is used eithet
at atmospheric or under reduced pressure.,

Dircet steain spaW@to the rcaction mixture.
P&

-

Somctimes the rate P‘Gf&/ tion of the cooling
water {3 adjusted by anjfu tic closed loop
control,

Use vacuum purnp at the mdcprcs;urizaﬁon,

venting to the recovery sysiem., /\

A newer practice 1§ to 5pa:ge¢zm4o enhance |

the strippung and reduce the amdount of free monomer
£0ing (o the et steps-

resjdual

e

Somctimes the manway Is opened
matenal is hosed out of the reactor

Nawer mothods are wad:
=~ -place water cleaning
=~ Solvent clcamng

A man enters the reactor and uses a hand-held
high prossure water hose.

In most piants the opcrator is in clase proxititry to the reactor dunng
the charging operations,  In mast cases the Jusplaced atrmosphere is
vented by means of the clephant bose during wates fill,

A newer practice 35 to have the ineredicats dosolved aof suspended
nappropiate weigh s and added thmuyh 2 marlold, som dma
with computensed controls,

In some cascs the inptedients, particularly the caralysus), ate held
in a specially designed addition pot. After monom.er adJition the

atmosphere of the pot us connected with that of the reacior and the
ingredicnt change is droppea by graviry iato the reactor,

Unrcacted monomsr is recovered elthier in the reacter itclf or
aficr wansfur of the charge to a sthppet or blow down rank,

Newer automatic ¢leaning methods have been devised to cumnate
the necd 1o open the manw ay. or at keast to nuninae manal
clearung by a man ceering the reacior,

The most commontly used methods of astoniai:c cleaninyg are
described in Appendix A

Prior to «ntry and while the man s inihe reactor te armaslete

of the tank 13 fonewed dirougeh an oabaud sysiem connectd 10 30
wlephunt hose, Wath ecactons vquipad watl 11z bl €0iu Lon Le
dischare Lase is left opun. Wath juvrtanently eonncuted toaciés, 8
wparate blower is lowered 10 the reactof 10 ats{ft the #ir cuvaiation
in the reactor,

Source: Sncll englocering assessment based on industry intcrviews,

L ER8aa
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EXIIBIT IV =10 (1)
USDOL/OSHA

POTENTIAL EXPOSURE CHECKLIST BASED ON “USPENSION
POLYVINYL CHLORIDE MANUFACTU.,

1, Tank Farm (VCM Storage)

Rail car unloading

«  Gasketing at hose connections
Pumip scals*
Compressors *
Flanges at pipe joints
Valves®
Venting pre ff hoses before disconnecting
/’ i

Transfer opcration@ storage tanks, to weight tanks)
b-‘_.--’/}

Pipe flanges tﬁ

Pump seals* N

Valves* ( ﬁ(r #

Compressors* /)‘\
SUl

" Airing out tanks for ppg#iire inspection or cleaning®

—

2, Potymerization - Reactror and Stri_ppcc; Level

Pump scals*® oz .
Flanged pipe joints or vessel th}tions
Reactor and stripper heads* f

Reactor and stripper scals (ﬁ

Valves*

Opening reactor and suipper heads for flushing*
Flushing reactors and strippers*

Cleaning reactors and suwippers*

Cleaning buildup from valvcs, lines, etc.*
Maintenance on various pieces of equipment
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2.

3.

5.

EXHIBIT IV-~10 (2)

Polymerization - Reactor and Stripper Level (continued)

".  Airing out cquipnicnt in preparation for entry
. Operator errors* )
. Plugged lines resulting in gasket failure*
. Ventilation of reactors during flushing operation (vapors discharged on roof)
. Alring out vessels contafning poorly degassed materfal as a result of plugged discharge line, setwp, erc,®
. Purging of reactors prior to charging (vapors discharged on roof)
. Turging of stripping vessels (vapors discharged on roof)

Polymeri'zation Building - Pump Out Level (Relief Area)

. Pump seals

. Compressor’

. Leaking pipe flanges resulting in spills

. leaks in VCM filiering vessels*

. Drains from top floor*

. Reclai /é)cr containing dissolved vinyl chloride discharging inside buflding®
. Drami%ﬁmm raps on compressors”

. Draining v:;:c;}' off the condensed recovered vinyl chloride*

. Moving puigitier chips outside building and dumping drums

. Changing @ﬁndling VCM filters L

-
‘Blend Tank Area( Wor@-ﬁroccss Storage)

. Monomer evol%@fé during storage
. Flushing blend Lank . .

. Leaks (pumnp seals, hoses, pipe flanges)
\—(gﬁ/

Rotary Drying Operation

. Rotary dryer exhaus
. Leaks from pump semipe flanges

. Centrifuge liquid discharge (effluent)




EXHIBIT IV-10 (%)

Rotary Drying Operation (continued)

Any operation involving handling or storage of finishied resin or where dried resin accumulates

Bagging

Housckeeping

Dried product screening

Changing dust collector bags

Cleaning equipment

Pncumatic wansfer of resin 10 storage or into bulk trucks and rail cars

« Maintenance ope:‘fa;giﬁ? in areas where large masses of resin are stored, primarily silos

A

Warchouse Arca

. Spate where resin i sto?%a manner that restricts afr circulation

-« Plastic shrouded pau@ff:‘e
= Resin (and compound) in sealed drums or boxes, ete,
~  Resin (and compound) in}gzxi-bulk containers {metal tote bins, ete,)

"

Storage of resin in bags ¢

Lab Arca \@

Testing of finished resin (and coinpgu
Testing of resin slurry prior to dry #ipension resins)
Testing of VCM

* Likelihood of relatively greatest exposure.
Source: Firestone and Snell assessment,

s5S85800
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The two-step batch polymerizadon process carried
out in wo rcactors in series, During the {list step poly-
mcgization procecds in a liquid medium of vinyl chloride
monon.cr; ftis a bead formation phace rate in the range
of 10 to 127, For this inftial phase, a stainless clad,
vertical autoclave equipped with very turbulent agitation
is used, Operating pressure and apiration condirions set
the parnicle size distribution and the shapg c bead

. used thereafter as a sced in the second step, :

The sccond step Is a growing phase for @cds;

It s performed in stainless clad autoclaves desigmf@yfor
efficicnt apitation of a powder; medium, At thé/e
. of the polymerizatian ¢ycle the unrcacted mono wf
tecovered by condensation and dircctly reused for furthgr
polvmerizavon, PVC resin is then discharged from t
horizontal autoclave 1o a classification unit which séream
the product to the desired specificarion,  Oversize aniount-
fng to 5-13 7% of total is reduced in cize with an approp@
grinder desigued not to affect the product propertics, (’/ﬁﬁ
Since mass procaess procuces a dny free flowing resin
prior to classification the normal capital expenditures as- (ﬁ
sociated in suspension PVC process for dewatering and
drying aré not necessary,  The plant is run by a sequen-
tial progran: the automatic conitol of cperating pro-
codures results §n excellént reproductibility of products

D—[}

P POLY-
MERIZER

EXIHIBIT V11
USDOL/OSHA

TYPICAL FLOW DIAGRANM FOR
TIE BULK PROCESS

NITROGEN

@ V.‘.CUU_!i
___O__r%_cq*-fpﬁﬁ,s_m.____. o

O Oolrrﬁagmm FRESSURE
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manufactured, c

Source: Hydrocarbon Processing, November 1968, p, 193,
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ENHILIT IV-12
USDOL/OSHA X

OVIRVICW OF COPOLY MERIZATION

COPOLYMERS ARE MANUTACTURED BY THE SUSPENSION, TIE EMULSION, OR THE SOLUTION PROCESS

.

Rased on Lxhibit 111-16 data, copolymers fepruscn:cd 127 of PVC resin output in 1973, Copolymers are obtained by the simultancous polymerization of
viny] chloride and up to 15-207; of other monomers such as vinyl acetate, vinylidene chloride and aerylics, The vinyl acctate copolymers arc most fn:portant

In terms of volume, The production processes differ only in details from the standard polymerization processes, Main points of difference are in the charging ‘
and rccovery arcas,

(1) Suspenzion And Emubvion Copolymerizations Wity Vinyl Acetate Are Carricd Qut In The Same Dguinment As Used For Homenolvmerization

= i - - v - e
The only differcnces are the addition of é/ccd line from vinyl acetate storage tank to the monomer weigh tank and a slicht modification to the

recovery system as indicated below, ) ' f
=
e - Stripping of the unteacwed monomers is(ﬁd out by venting the unrcacted VCA] to a recovery line modified to pormit seperate recovery
of the vinyl acetate, When most of the irgacted YCM has been vented 1o the recovery, staam is sparged throagh the slurry until a vapor
stcam containing VCM, viny! acctate mm\hsxamial amount of water vapor is ebtajued. The recovery line is equipped with two con- .
densers in scrics upstream of the recovery comp{-msor.
& ) .
s A twvo phase system of liquid vinyl acctate .%cxﬁa"\"{bmur is discharped from the bottorn of the condensers, The vinyl acetate, seporatcd by ’

ducantation is returned to the process via the weigh tauk and the water plase is discarded.  Somie processes are desipned to reeycle the
mixed monorer stream back to the reaction \3&" tseperation,

(2) Copolymerizations Involving Vinylidene Chloride As A @@omcr Differ From Homopelymerizations In The Recovery Process

A scparation column is usually fncorporated in the m&f&’ train to ceparate the'vnreacred vinylidene chloride, The colunu is designed to take
advantage of the lowér volatility of the vinylidene chloride (B, P, 940=31, 7°C), The rccovered monomers zre returned seperately to the pracess and
the charges alljusted accordingly,

Source: Sncll asscssment based on industiy intervicws,



EXHIBIT IV - 13 (1)
USDOL/OSHA
TYPICAL TIME REQUIREMENTS FOR

IMPLEMENTING VARIOUS ENGINEERING CONTROL METHODS
FOR POLYVINYL CHLORIDE PLANTS

Method Rationale Time to Complete

Major ventilation project Increase rate of air changes in closed buildings

Minor ventlation ' Install spot ventilation on a piece of equipment; 1/2 - 2 months
pump, strainer, ete,

Venting of temporary tank car connection lines Decreasg se of VCM trapped between tank car 1 = 2 months
valve, usi acuurn and/or nitrogen flush

e T ""‘-_\M_\
Installation of new gauging systems on tank car Eliminate the tinuous emission of VCM which <12 - 24 months >

fleet occurs with tmtube system y
Replacement or reconditioning of reactors (polys) Reduce lcakagefﬂ;}anholes, seals, erc, 18 - 24 months )

Installaton of solvent cleaning of reactors Reduce neced to cleaﬁ\.n)i\ually

Installation of automatc water cleaning of reactors (Alternative to solvefit clciﬁing) . -
Additional stripping rot requiring new stcam Reduce VCM emissions eam from the poly- ‘ C 18 months \
generating facilities merization step

Additional stripping requiring new steam generating Reduce VCM emissions dowmx from the poly- @
faciliries . merization step

Replacement of strainers Eliminate open strainers and/or substitute closed 3 ~ 8 months
self cleaning units




EXITIBIT IV - 13 (2)
USDOL/CSIIA

TYPICAL TIME REQUIREMENTS FOR
IMPLEMENTING VARIOUS ENGINEERING CONTROL METHODS
FOR POLYVINYL CHLORIDE PLANTS

Method Rationale Time to Complete
N

e . - _Th
Installation of rotary compressors to replace Reduce WéM_Lgakage during operation 18 months
teciprocating compressors @? )

Modifications to the piping ‘ Reduce the I@Qr of flanged connections, etc. 1 - 12 months

Major processing change requiring R& D and e.g, Change &@om the batch to a continuous process

demonstration /\
.

New plant construction - Install a completegredesigned facility

Sources: Snell’s estimates based on interviews wit producc}s. equipment manu@ers and engineering know-how

rseesaa




EXHIBIT IV-14
USDOL/OSHA

POLYVINYL CHLORIE ECoNonIcst) - 1974

Designed plant capacity (MM 1b, /year)

Plant investment (MM §)

Production (MM 1b, /year Z 90% utilization)
Plant investment per unit of production (¢/1b.)

Cost of Manufacture

Vinyl chloride mopcmer (1,06 1b, @ 8¢ /1b,)
Operating labo%é supervision

) .
Capiral recoveryNzg=A27 = 10 years)

All other costs (ca(j)

td (smuﬁlitics. maintenance, etc,)
s

Total cost of manufacruxy\

. - ..___A\
Proﬁtab:hgx .

Net selling price (FO8 plar@
Cost of manufacture %

Selling, general and administrﬁ_‘ﬁxpensc

Pretax profit 2.7

Pretax return on total investment (@ 1.2 plant investment) 20%

@) Gras{ oot plant, located on Gulf Coast, producing general purpose suspension resip, prior 1o the Emergency Temporary OSHA Standards,
Source: Snell estimates based on Milgrom, Jack: Incentives for Recycling and Reuse of Plastics, Washington, Environmental Protection Agency, 1972:
y

g

Tndustry interviews; and mid-1974 Chermic ] orter posted prices for monomer and polymer,
Wh sy Jact Miglam ks daeT

"
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A\ FINDINGS AND ECONOMIC ANALYSIS

This chapter presents the findings and economic analysis drawn from aggregation of plant-by-plant
economic data, and the detailed data appearing in Chapters Il and IV dealing with mdustry structure and
technology respectively, as well as from the appendices.

Information is presented in individual sections topically addressing each of the key regulatory con-
siderations of primary concern to t%pdy (See Exhibit II-1). Sections follow as shown:

VA

VB

vC

VD

VE

7
Economic I%ﬁc}t Assessment
__/_;-"'_ '

Personal Proéﬁe Equipment Availability and Costs
70
Monitoring Equ p"ment Availability and Costs

Vs
y
Medical SurveilladceCosts

Exposure Data @

59!
o
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VA. ECONOMIC IMPACT ASSESSMENT

’

This section presents the estimated economic impact of various regulatory standards on the vinyl chloride

monomer (VCM) and polyvinyl chloride (PVC) industries. For this study, economic impact is defined only
as the direct cost impact on the VCM and PVC industries resulting from compliance ‘with proposed GSHA levels

of VCM exposure.

As shown in Exhibit II-1, study of economic impacts in other sectors and evaluation of

PVC substitutability were not included in_ghe scope of work. The specific study methodology employed and

the indicators of economic impact are d€failed in the respective discussions for the VCM and PVC industries.
/;‘”“"\
1. METHODOLOGY FOR ESTIMATING&I&E ECONOMIC IMPACT IS BASED ON SNELL AUDITS

OF INDUSTRY ASSESSMENTS OF B@!quRED ENGINEERING, PERSONAL PROTECTIVE AND

MONITORING EQUIPMENT ( ﬂ?\

Information for assessing the &conomic impact under various VCM regulatory
levels was collected throug industry survey conducted by Snell,
The cost estimates are develfor various compliance levels.
A
- plant-by-plant costs rep“ﬁ?/};}i by industry for various VCM
exposure levels provided (rf}lata base

- individual plant information was aggregated to provide the
estimated impact per pound of VCM or PVC produced for the industry

Cost estimates of specified equipment were checked by Snell for order of
magnitude validity.



*

monitoring and personal protective equipment information were
compared with equipment supplier quotations

specific items such as compressors, pumps, etc. were validated
with supplier quotations

Major cost items for the required engineering steps were reviewed by Snell
engineers to determine thg'%r accuracy.

St

7 : - o
Jag\page, summarizes the economic impact indicators used.

Exhibit V-1, on the follofy

FINDINGS FROM ECONOMIC IMPACT ANKJ/@(SIS RELATEETFO THE VCM IND
ON_SUBSTANTIAL DATA TO A TARGETWEVEL F 10 PPMACM CEILING/AND 2 - 5 TWA

- U~ ‘
Snell assessed industry costs of xeducing VCM levels in VCM plants were
separated into five categories th include:

=]
- engineering costs, includin

)
¥
N ‘*‘j A
ventilation )

=
- 5
vapor recovery a
stripping (product pul(igé\ﬁtion) )
loading for shipping
other (pumps, piping, etc.)
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Indicator

Estimated Industry
Costs of Achieving Various
VCM Target Levels

-  Engineering )
-  Personal Protective Equipment )
- Monitoring and Other )

= Productivity Loss

o Price Impact Analysis

o Industry Claimed Time to
Reach VCM Target Levels

« Percent of Industry "Endangered”
As A Function of Target Levels

« Change in Emphasis of Engineering
Controls in PVC Plants As A Function
of Target Levels

_Source:  Snell

Definition

Based on capacity weighted aggregation of
industry reported costs audited by Snell

Vo
These are ddB; in the text of the

Economic Irr ssessment for VOM
and pPvC plan@pectively
Productivity losme cost of additional
capacity ncede aintain industry-
wide capacity argf\:ybls unimpacted by
OSLIA regulationdd/ ~

/!-A -
@y

The impact of the cpsts of compliance
relative to a standard unimpacted

. e
price element

)

Analysis of the distribumthe times
claimed for each plant ™=
The level at which management will

seriously consider plant shutdown based
on distribution of industry responses

Analysis of the distribution of the
major categories of engineering
action in the industry responses

EXUIBIT V-1
USDOL-OSHA
ECONOMIC IMPACT INDICATORS

USED FOR THE STUDY

Comments

Expressed as unit capital and annual
costs in Exhibits V-2 1o V-4 for VCM
and Exhibits V=7 to V-10 for PVC

Exhibit C-3 in Appendix C provides
further explanation of productivity

loss
Based on darta for the plant sa:. ale

at each level

Does not consid ngal shifts in”
supply /demand confi
Sce Exhibits V-13 and 14 for VCM

and PVC, respectively

See Exhibits V-5 and V=11 for VCM
and PVC, respectively

Acty iei -~ ('"‘\ul“ dedlwanlants
ate based on a complex set of factors

gp—

antby-
See Exhibits V-6 and vV~12 for VCM
and PVC, respectively

. Sec Exhibit V=17 and Exhibit C-5
in Appendix C,



personal protective equipment costs, including:
shower and eating facilities
breathing equipment (respirators, air lines and bottled air)

clothing (uniforms and protective clothing)

monitoring costs, including:

personnel Roring equipment
area and leak/wonitoring equipment

medical testi \
record keeping=/

productivity loss (Jﬁ

the continued cost of/keeping at the levels unimpacted by
OSHA capacity othérwise derated as a result of regulation

[}

the cost includes equipment, personnel, etc. but does not
include the costs of {epporary shutdowns '

o

up
these include consultant costs, management time, etc.

out-of-pocket expenses of 0.01¢/1b are not included
since these are considered as one time only costs

expensed items

ass88ag




For VCM plants, engineered OSHA compliance steps are judged to be significantly
the same as those for air pollution control.

Summarized estimates of VCM industry cost impacts and timing to meet selected
VCM compliance levels follow in Exhibits V-2 through V-6.

Exhibit V-2 presents t\ﬁ@ﬂse of the 50 ppm VCM ceiling
=,

Exhibit V-3 presents th 9g?se of the 25 ppm ceiling

. e
Exhibit V-4 presents the@s’é of the 10 ppm ceiling and 2 to 5 ppm
TWA (time weighted averé@@

Snell assessment in these Ex;lﬁi’t\i;ts of VCM levels potentially achieved |
is based upon the exposure data in Section VE and Appendix B ’

Exhibit V-5 presents the inclu?it_:);;> claimed time requirements for compliance

o
jje
Exhibit V-6 serves as a summar%cussion of these findings

regsago
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EXHIBIT V-2
USDOL/OSHA

ESTIMATED INDUSTRY COSTS OF ACHIEVING'M
CEILING LEVEL IN VCM PLANTS AS CLAIMED BY INDUSTRY

1. ! AND ASSESSED BY SNELL ‘
Snell assessment of VCM level potentially achieved( less than 50 ppm ceﬂmg with 15 ppin TWA.
Total plants in sample: 9
Processes represented(?); O, STO, DO, DC, G
Locadon of plants in sample(?); 8w, 1C
Capacity in Sample - Millions 1bs. per year (Percent 1974 U, S, nameplate capacity); 5, 125 ('7'M%)
Percent Industry claimed capacity from sample for which management will serfously consider plant shutdown
at 3 50 ppm ceiling VCM level: b
Snell estimate of percent capacity from sample for which management will seriously consider plant shutdown
at a 50 ppm ceiling VCM level: (1,
Capital . ‘F“‘“‘ﬁ Annual . '
Direct Costs ($/1, 000 1b,) é $$[1, 000 1b,) Percent of Total Annual Cost
— o
L Engineering Cosus(4) $0.66 “'7 0.29(% 43%
I Personal Equipment Costs(6) 0,03 ‘ K‘j,ig) 02(M 2
UL Monitoring 0.08 ;]- 3(7.8,9) 19
! /'v/”'v’ -
Total Direct Costs(10) $0,717 0, 44 64%
Productivity Loss $0.16 ‘@i) $0.24 36%
Total Costs - 0.93 "

J

Note; (1) Snell estirnate of VCM levels achieved in plants incorporating the level of control effort represented in the Exhibit,
' Mondtoring data is detafled in Appendix B.
(2) O = Oxychlorination, STO = Stauffer Oxychlorination, DO = Dow Oxycholorination, DC = Direct Chlarination, G = Goodrich Oxychlorinadon,
(3) W = Sited in warm climate, C = Sfted in cold climate,
(4) Includes ventilation, vapor recovery, stripping, loading and other ( piping, general pumps, maintenance, etc.)
(5) Includes capital amortized @ 12% - 10 yrs, and O&M charges,
(6) Includes breathing equipment and clothing.
(7) Includes capital amortzed @ 12% - 5 yrs. and O&M charges.
(8) Includes area and personal monitoring equipment.
(9) Includes medical and recordkeeping costs,
(10) Productvity loss is the industry average cost of additlonal capacity, personnel, etc, to malntain indusuy capacity levels

unimpacted by OSHA regulations, an example is provided in Exhibft -3,
ustry interviews and Sne




EXBIBIT V-3
USDOL/OSHA

ESTIMATED INDUSTRY COSTS IN ACHIEVING A 25 PPM VCM
CEILING LEVEL IN VCM PLANTS AS CLAIMED BY INDUSTRY
AND ASSESSED BY SNELL
Snell amsessment of VCM level potentially achieved(1) 25 ppm ceiling with 15 ppm TWA.
Total plants in sample; 7(2)
Processes tepresented(3); 0, §TO, DO, DC, G
Locadoq of plants insample(4) ;. 8w, 1C

Capacity in Sample = Millions Ibs, per year ( Percent 1974 U, S, nameplate capacity): 3, 625 (54%)
Percent Industry claimed capacity from sai' i for which management will seriously consider plant shutdown

at a 25 ppm ceiling VCM level:

Snell estimate of percent capacity from sample for which management will seriously consider plant shurdown
at a 25 ppm ceiling VCM level: ‘

Capiral Annual :
Direct Costs ($/1, 000 1b,) ($/1, 000 1b,) Percent of Total Annual Cost

Engineering Costs (%) $1.12 $0, 69(6)
Personal Equipment Costs(T) 0,05 0. 04 (8)
Monitoring 0,17(9) 0,21(8,9,10)

Total Direct Costs $1.94 $6.94
Productiviry lm(u%;‘j

$0,26.
Total Costs i,—-\ 100%

(1) Snell estimate of VCM jevély achievable in plants incorporadng the level of control effort represented fo the Exhibit,
Monfroring dara is deta n Appendix B,

(2) Two plants not in this co@@ple did not report cost estimates for a 25 ppm VCM ceiling target but provided an anallysi.s for
a lower target VCM level,

(3) O = Oxychlorination, STO = ffer Oxychlorination, DO = Dow Oxychlorination, DC = Direct Chlorination, G = Goodrich Oxychlorinarion,
(4) W = Sited in warm climate,4G=J5ited {n cold climate,

(5) Includes veni{lation, vapor recovery, stripping, loading and other ( piping, general pumps, maintenance, erc,),
(6) Includes capital amortized @ 10 yrs, and O&M charges.
(7) Includes breathing equipment othing,
(8) Includes capital amortized @ 1 yrs, and O&M charges,
(9) Includes area and personal monit equipment,
(10) Includes medical and recordkeep ts,

(11) Productivity loss is the industry avérage cost of additional capacity, personnel, etc. to maintain industry capacity levels

unimpacted by OSHA regulations, an example is provided in Exhibit C-3.
Source; Industry interviews and Snell esumates, {9 WO

4 [}
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EXHIBIT V-4
USDOL/OSHA

ESTIMATED INDUSTRY COSTS OF ACHIEVING A 10 PPM VCM TARGET
CEILING AND 2-5 PPM TWA LEVELS IN VCM PLANTS AS CLAIMED
BY INDUSTRY AND ASSESSED BY SNELL
Snell assessment of VCM level potentdally achieved' 1), Same as industry claimed.,
Total plants in samples; 9
Processes represented(2); 0, STO, DO, DC, G
Locadon of plants in sample(a): 8w, 1C

) (fapaciry in Sample - Millions 1bs. per year (percent 1974 U, S, nameplate capacirty): 5, 125 (17%)

Percent industryclaimed capacity from sample for which management will seriously consider plant shutdown at a

10 ppm ceiling and 2-5 ppm TWA VCM level; %  RBAPSEFO o~ W hAT
Snell esdimate of percent capacity from saniple for which management will seriously consider plant shutdown at a

10 ppm ceiling and 2+5 ppm TWA VCM level: % Bostyo O~ ik A-r'

Capital ’ Annual
Direct Costs (8/1,0001b,) (8/1,000 1b.) Percent of Total Annual Cost

L Engineering Cosus(4) $3.68 $1, 4(®
II. Personal Equipment Costs(6) 0,09 0,07(M

1L Montoring 0.22® 0.24(1:8,9)

2
—L
Total Direct Costs $3.99 $1, 75 5440,

-

Productivity Loss(10) =

P

Toral Costs( 11

i
Notesy (1) Snell estimate of VCM levels achlem; in plamts incorporaring the level of control effore represented in the Exhibit, Monitoring

data is detailed fo Appendix B, )

(2) O = Oxychlordnation, STO = Stauffer Oxé chlorination, DO = Dow Oxychlorination, DC = Direct chlorination, G = Goodrich Oxychlorinadon,

(3) W = Sited {n warm climate, C= Sited in cold climate,

(4) Includes vendlation, vapor recovery, sujﬁing, loading and other (piping, general pumps, maintenance, erc.).

(5) Includes capital amortized @ 12% - 10 yg. and O&M charges,

(6) Includes breathing equipment and clothing, _

(7) Includes capital amcerrized @ 120 ~ 5 yis, ‘@;@&M charges,

(8) Includes area and personal monitoring equip

(9 Includes medical and recordkeeping costs. ¥

(10) Productivity loss is the industry average annuamof addidonal capacity, personnel, eie, to maintain capacity levels unimpacted

by OSHA regulations, An example is provide xhibit C-3,

(11) Cost estimates include analysis for two plants with a reported 2 ppm VCM TWA (8 hr,) level
Source: Indusmy inerviews and Snell estimates.




VCM Target Level
Claimed by lndusury

Sample Total

EXHIBIT V-5
USDOL/OSHA
U.8. INDUSTRY CLAIMED TIME TO REACH SELECTED VCM LEVELS

IN VCM PLANTS THROUGH ENGINEERED (CONTROLS

End of Year

1974 1875 1976 1917 1978

Number

Capacity.
of Plants  (Million Lbs.)

Number Percenfl) Number Percenfl) Number Percendd) Number Percentl) Number PercendD)
of Plants  Capacity  of Plants  Capacity of Plants  Capacity  of Plants Capacity of Plants  €apacity

50 ppm ceiling
25 ppmn celling

10 ppm celling and
2 - 5ppm TWA

9 5,125

7«2 3,625
v
e
o
P

1

Notes; (1) Percent of sample 1974 ¢ 'A\iry
(2) Two plants did not rcport cost estmates for a 25 ppm VOM ceiling target, but provided an analysis for a lower t.uget VCM level,

Source: Industry interviews by Snell?

e
P

9 100%

9 93%

ol oMo
(,/[069 I oTlee 27

PLpmTS P

)
oL




EXHIBIT V-6
USDOL/OSHA

SUMMARY OF VCM INDUSTRY COST IMPACTS, COMPLIANCE
TIME AND CAPACITY ENDANGERED

Industry Claimed
. Snell Assessment Annual Unit Costs, ¢/ Ib.(l) Compliance Period Percent of Indusry
VCM Targer Level of VCM Target Direct Costs Costs To Make Up for Required for *Endangered <3)
Claimed by Industry Level of Compliance Loss of Productivity Total Costd %) Engineered Controls Based on Sample

50 ppm ceiling < 50 ppm ceiling
and 15 ppm TWA 0. 03¢ 0.07 + 10% In compliance now (1)

25 ppm ceiling 25 ppm ceiling p
and 15 ppm TWA 0. % 0,12 + 20% 2 years

10 ppm celling with 10 ppm ceiling )
2 - 5 ppm-TWA and 2 -~ 5 ppm TWA 0.15 0.82 + 40% 3 years o

“No detectable” ) . Not feasible
based on engineering conmols.

=]

Notes; (1) Costs at each VCM Ievel represent the cumulative costs jpcurred to reach the target level,
(2) The percentage ranges of total costs represent Snell

Source: Exhibius V-1 through V-5.

Fesgay




FINDINGS FROM ECONOMIC IMPACT ANALYSIS RELATED TO THE PVC INDUSTRY ARE

BASED ON SUBSTANTIAL DATA TO A TARGET LEVEL OF 15 - 25 PPM VCM CEILING AND
10 - 15 PPM TWA

Snell assessed industry costs of reducing VCM levels in PVC plants
were separated into five categories which include:

engineering c&?ﬁ including:
. VCM unfgaftﬁng
ventilatidn./
reactor clea g
stripping at d-VCM recovery (possibly to meet a 100 ppm
residual VM target, but definitely to facilitate meeting
the PVC indus% exposure target level)

other (pump#’./ﬂpi)ping, etc.)
=]

personal protective e@émem costs, including:
A

showers and eat\fﬁ/gkacilities )
breathing equipmgrf\(respirators, air lines ana bottled air)
clothing (uniformsand protective clothing)

LJ668588
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- monitoring costs, including:

personnel monitoring equipment

. area and leak monitoring equipment
medical testing

. record keeping

- productivity loss

. the continued cost of keeping at the levels unimpacted by
OSHA capacity otherwise derated as a result of regulation

the cost incl equipment, personnel, etc. but does not include
the costs of t rary shutdowns '
=

- expensed items U"!

these include cmltam costs, management time, etc.

out-of-pocket exepygxses of 0.033¢/1b are not included in the cost
summaries since<thgsc are considered to be one time only expenses.
N =]
Summarized estimates of PVC i try cost impacts and timing to meet selected VCM
concentration levels follow in its V-7 through V-12.

e

. Exhibit V-7 presents the mof the 50 ppm VCM ceiling

- Exhibit V-8 presents the case of the 25 to 40 ppm ceiling and 15 to 25 ppm TWA
- Exhibit V-9 prosents the case of the 15 to 25 ppm ceiling and 10 to 15 ppm TWA

- Exhibits V-7, V-8, V-9 follow page V-7



EXHIDIT V-7
USDOL/OSHA

ESTIMATED INDUSTRY COSTS OF ACHIEVING A 50 PPM TARGET VCM CEILING LEVEL
IN PVC PLANTS AS CLAIMED BY INDUSTRY AND AS3ESSED BY SNELL
Snell assessment of VCM level potentally achteved V. same as indusry claimed,
Total plants in sample: 23
Processes represented@): s, E, B, 50
Location of plants in ample®). 5w, 18C

Age of plants in sample: Range, Years D-5 6-10 11- 15 16 - 20 21 - 25 > 26

No. of Plants 2 10 4 2 3

Capacity of sample - millions lbs, per year (percent 1974 U, 5. nameplate capaciry): 3,750 (69%)

Percent industry ¢laimed capacity from sample for which manag will sedously consider plant shutdown at a 50 ppm VCM cefling: [

Snell escimate of percent capacity from sample for which manag will serlowsly consider plant shutdown at a 50 ppm VCM celling: Negligible
Capital Annual

Direct Costs i (3/1,000 Lb.) /1,000 Lb.) Percent of Total Annual Cost

Engineering Costs(®) $1.69 0, %65 1%
Personal Bauipment Costs®) - 0.16 0.2 4

Monitodng 0. 74(T+8.9)

-
e

Total Direct Costs ) / $1.90
B

Productivity Loxs(®) ‘(ﬁ ; $6.53 $3.48

=

S

Total Costs Uj $9. 08 $5.38

Notes: (1) 5nell estimate of VCM levels g::b@d in plants incorporating the level of control effort represented in the Exhildr,
Momtonng data is detailed in Appendix B,

(2) 5 =Suwpension, E = Emulsion, Dispersion, B = Bulk, 50 = Soludon.

@) W = Sited in warm chmate, C = in cold chmate (U,.5. 26C, 10W),

(4) Inciudes ventilation, loading, redteerileaning, stripping and other (piping, general pumps, mainrenance, etc.),
(5) Includes capital amortized @ 19 - 10 yrs. and O&M charges,

(6) Includes breathing equipment and ¢lothing.
(T) Includes capital amortized @ 17@5::. and Q&M charges.

(8) Includes area and personal moni
(9) Includes medical and recordkceptlggmﬁs.
(10) Froductivity Joss is the indusury a 'e-rﬁ/ nnual cost of additional capacity, personncl ete, to mafntatn industry capacity levels unimpaciad
by OSHA reguladons; 4n example is in Exhibir C-3.
Source: Industry interviews and Sncll csﬂma!@ !

Quipment,

6658848
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EXHIBIT V-8
USDOL/OSHA

ESTIMATED INDUSTRY COST OF ACHIEVING A 25-40 PPM VCM TARGET
CHLING AND 15-25 PPM TWA LEVEL IN PVC PLANTS AS CLAIMED
BY INDUSTRY AND ASSESSED BY SNELL
Snell assessment of VCM level potentally achieved() sme as (ndurry clatmed )
Tota) plants in sample. 17
Processes represented @) 5, E, B
Locadon of plann in sample(4); 5w, 12C

Age of plang in sample: Range, Years 0-5 6-10 11-15 16-20 21 -2§ >26
No, of Planu 2 8 1 3 2 1
Capacity in Sample - Millions Ibs. per year (Percent 1974 U. 5. nameplate capacity): 2,801 (52%)

Percent Industry claimed.capacity from sample for which management will seriously consider plant shutdown at a
25-40 ppm celling and 16-25 ppm TWA VCM level: %z 4% of original 23 plant sample

Capital Annual
Direct Cosus ($/1,000 1b,) (3/1, 000 1b.) Percent of Total Annual Cost
L Engineering Coas(™ - $1.18 $2.19(6) 26%
1L Personal Equipment CostsT!) L0 0, 708) 8
UL Monftering V:"":"" _0.619 _0.76(8:%:10) 9
@
Total Direct Cost ' J;.::«\ 4,86 65 3%
Productivity Los@) S $9.38 $4.87 7%
Total Costs (;//j $18, 24 $8, 52 100%

Notes: (1) Snell estirate of VCM levels achl’g\‘r e
Monitoring data {s detailed in Appendfx B

plants incorporadiig the level of conmol effort represented n the Exhibit,

(2) Four plants not in this cost sample did not repomt cost estimates for these condftions but provided an analysds for a lower rget

VCM level, Two plants bot {n thix samyld did not provide cost estimates for this and lower levels; one reported being endangered,
the other had not completed an snaly

, (3) § = Suspensfon, F= Emulsion, Dispegion, 1 = Bulk, $O = Solution,

(4) W = sited In warm climate, C = Sited {n cold climate (U. 5. 26C, 10W),

(5) Includes ventilation, loading, reacta

(6) Includes capital amortized @ 1% -

(7) Iicludes breathing equipment, clodiing’shoyers, and eating facllides,

(8) Includes capital amortized @ 1%% - 5 hpra

(9) Includes arca and personal monimwring
(10) Includes medical and recordkeeping

(11) Producdvity loss I3 the industry aveﬂm additional capacity, personnel, etc. ro maintaln industry capacity levels

ﬁg jng, suipping and other (piping, general pumps, malntenance, erc.),
v

unimpacted by OSHA reguladons, excluding plans which reported fnabiliry 10 meet the standard. An example is presented fn Exhibit C-3,

Source; Indwry interviews and Snell estimates,
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EXHIBIT V-9
USDOL/OSHA

ESTIMATED INDUSTRY COST OF ACHIEVING A 15-25 PPM VCM CEILING AND 10-15 TWA PPM TARGET
LEVEL IN PVC PLANTS A5 CLAIMED BY INDUSTRY AND ASSESSED BY SNELL
Snell assessment of VCM level potendally achieved(d), Same as Indusay claimed.
Toral plants in sample: 16
. Processes represented'”/: 5, E, B
Locadon of planu in nmplcm: 4W, 12C

Age of plants {n sample: Range, Years 0=5 6-10 11-15 16 - 20 21 - 25 28
No, of Plants 1 7 1 3 2 2
Capacity in sample - millions lbs, per yesr (percent 1974 U, S, nameplate capacity): 2,600  (43%)
Percent tndustry claimed capacity from sample for which management will seriously consider plant shutdown at a
, 25 ppm ceiling and 10-15 ppm TWA VCM level: 26% of original 23 planr sample
R Snell estimate of percent capacity from sample for which mansgement will seriously consider plant shutdown at a
26 ppm ceiling and 10-16 ppm TWA VCM level; 26% of original 23 plant sample
Capital Annual
Direct Costs (3/1,0001b.) $/1,000Lb.) Percent of Total Annual Cost
(5 (6)
1. Englneerng Costs 326, 44 $7.30 4%
* IL, Personal Equipment Costs(T) 0,48 o, 76(8) 5
111, Monjtoring 0, 85(8) 0, 95¢8: %:10) 8
Total Direct Costs $27.18 $9, 01 56%
Productivity Lon(11) - $14.41 $7.03 s
Toml Cosus /‘w $42.19 $18.04 100%
opasma
Al

'Notex (1) Snell estimate of VCM levels achieved hﬁg&gﬂ incorporating the level of control effort represented Lo the Exhibit,
Monitoring data is detailed in Appendix B

(2) The four plants not included in Exhibit v ;}Ied cost est{mates for this VCM wrger level, Five additional plants nm in
this coat sample reported endangered stams 31 this level and did not provide cost estimates,
(3) § =Suspemsion, E = Emulsjon, Dispersion, =/ ﬁ" + 50 = solytion,
_(4) W = Sited in warm climate, C = Sited in cbid cﬁm.\w
(5) Includes ventilation, loading, reactor clcaning. Yipplng and other (piping, general pumps, maintenance, ctc.)
(6) Includes capital amortized @ 12% - 10 yrs,
(7) Includes breathing equipment,clothing,. lhowé’;;kagd eating facilitles
' (8) Includes capital amortized @ 12% - Syn, o '
(9 Includes area and penonal monitoring equipment,
(105 Inchides medical and recordkeeping costs, i -
v (11) Productivity loss is the {ndustry average annuj}
by OSHA regulations, This is based on thote
Source: Induttry interviews and Snell estimartes, Kl

o

,)’f addidonal capacity, personnel, ete, to maintain industry capacity lavel, unimpacted
.

Tt expected ability o meet the claimed level, shown in the Exhibit. An example is presented in Exhibit C-3,



At these levels (particularly at the high VCM target levels)

engineering controls reported by industry principally addresses OSHA
compliance but substantial air pollution control is judged to be an
indirect benefit from "bulloning-up"T of the plant, improved stripping, etc.

Snell assessment in these Exhibits of VCM levels potentially achieved
is based upon the exposure data in Section VE and Appendix B

Exhibit V-10 provides cost analyses based on data provided by Firestone
for an attempt to reach "no detectable" target VCM levels primarily using
engineering controls

Firestone was the only PVC producer reporting an analysis
related to a "no detectable” VCM standard primarily using
engineering &o‘j‘n‘Lﬁols

Firestone con a:abd that meeting a "no detectable" standard

prima ENgineering controls is not feasible %
B /9

The two Firest plants were not included in the industry
summaries for her VCM target levels based on the findings

from the statistical{analysis presented in Exhibit C-4 in Appendix

C for the 50 ppﬁ{cpiling target; at this level Firestone cost
estimates are intonsistent]y hi i e provided

by therest of thezimdustr nossibly because these estimates

include costly enwA¥onmental protection measures no

related to OSHA E%j)liance.

xhibit V~10 follows pam—a.




USDOL/OSHA

COST ANALYSES BASED ON DATA PROVIDED BY FIRESTONE FOR AN

G ENGINEERING CONTROLS PRIMARILY

Soell assessment of VCM level potentially achlevu!(“. This represents an analysis of an avempt to approach "no detectable” levels
with actually achieving the level judged not feasible, based on engineering conwols primarily.

Total plants in sample; 2 (Portstown, Pa. and Perryville, Md.)

Process represented(®); S and E

Locadon of planu in sample(3); 2C

Age of plang in sample: Range, Years g - 10 11 -15 16 - 20

Plann; Perryville
Capacity of plant - millions Ibs. per year (percent 1974 U. 5. capacity): 507 (993
Capital Annual Two Plant Average

Portstown, Pa. Perryville, Md. Potstown, Pa.  Perryville, Md. . Capfial Annual
Direct Costs (3/1,000 1b.) (3/1, 000 1b.}) (3/1, 000 15,) (3/1, 000 1b.) (3/1,0001b.) ($/1 000 1b.)

L Englneering(®) $142, 56 $55, 94 $53, 60(5) $25,79(5) $88. 40 $36.21
IL Pemsonal Equipment® 0.32 1.88(M 181" 3.27 1.84

1M, Moniroring L 1.28® 3.207.8.9) 31 4¢7.8,9) 2.25 2,01

Total Disect Casts ss'szer‘% $58. 68 $29, 00 $93.92 $40.12
& T
Productvity Loss(19) . ( 80,35 $67.05 $69. 52 $30.66

ATt

Total Costs ) C}v 90 $125.73 . $157.44 $70.78

Notes: (1) Snell estimates of VCM levels achievable in planu mcorpou(tig@e level of control effort represented in the Exhibir,
(2) 'S = Suspension, E= Emulsion, Dispersfon.
(3) W= Sited in warm climate, C = Sited in cold climate,
(4) Includes ventilation, loading, reactor cleaning, swipping and,gﬂa (piping, general pumps, maintenance, etc.)
(5) Includes capital amortized @ 12% - 10 years and O&M chargc.a. A
(6) Includes breathing equipment and clothing.
(0 Includes capital amortized @ 12% - 5 years and 0&M charges‘_, 4
*(8) Includes area and personpal monitoring equipment, (:} 7
(9) Includes medical and recordkeeping costs,
(10) Productivity loss is the Industry average annual cost of addm acity, personnel, etc. to maintain indusury capacity levels
unimpacted by OSHA reguladons; an example Is presented {n Exhib C+3.
Source; Firestone Case I(0-1 ppm VCM level) presentation w June 1974 C{%armg and Srell estimates of costs of productivity loss,




Exhibit V-11 presents the PVC industry claimed time requirements
for compliance , following page V-9

Exhibit V-12, following Exhibit V-1, serves as a summary discussion of these findings

INCREASINGLY STRICT VCM COMPLIANCE REQUIREMENTS ARE EXPECTED TO RESULT IN
SIGNIFICANTLY GREATER PRICE ESCALATIONS FOR PVC THAN FOR VCM

Price analysis did not include consideration of supply/demand changes
due to potential plant shutdowns at lower levels.

The price analyses are relative to a standardized price pro forma unimpacted
by OSHA compliance requirements and assess price sensitivity of OSHA
compliance steps based substantially upon engineering contro's

Exhibit V-13, following Ext}.@t V-12, presents the estxmated impact of
selected VCM standards on qu prices.

u../
Exhibit V-14, following Exhiki ,,;‘13' presents the estimated impact of

selected VCM standards on PV rices.
4

Exhibit V~15, following Exhibit V-14, presents estimated capital and annual
costs for VCM target levels for ﬁﬂe VCM industry.

Exhibit V-16, following Exhibit y;ggs presents estimated capital and annual
t

costs for VCM target leve's for CM industry.

P!

ra25aa
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VCM Target Levels
Claimed By Indusiry

50 ppm cefling

25 - 40 ppm cefling and
15 - 25 ppm TWA

15 - 25 ppm ceiling and
10 - 15 ppm TWA

Attempt to reach "No detectable”

EXHIBIT V-11

6 ()dJ USDOL/OSHA

U. 5, INDUSTRY CLAIMED TIME TOREACH SELECTED VCM LEVELS

IN PVC PLANTS THROUGH ENGINEERED CONTROLS(D)

End of Year

1974 , 4 1975 1976 1977

1978

Number

Number Percent Number  Percent Number Percent Number Percent

of Plants f Plants Capacity of Plans  Capacity of Planis Capacity of Plans Capacity
23
- T 35% 12 48% Fle
- 5 24% 7 oK) 19%-

Not feasible based on engineering controls

Notes: (1) Percent of sample 1974 capacity, 23 plants reporting with a total capacity of 3,750 million 1bs. per year.

Source: Industry fnterviews by Snell



EXHIBIT V-12
. USDOL/OSHA

SUMMARY OF PVC INDUSTRY COST IMPACTS, COMPLIANCE
TIME AND CAPACITY ENDANGERED BY VCM TARGET LEVEL

Industry Claimed
Annual Unir Costs, ¢/Lb.( D . Compliance Period Percent of Industry
VCM Target Level Direct Costs Costs To Made Up for : Required for "Endangered3)
Claimed by Indusay of Compliance Loss of Productivity ‘Total Costs(2) Engineered Contols Based on S8ample

50 ppm ceiling 0.19 0.35 ' 0,54 + 20% 0 to0 6 months Negligible(4)

25 - 40 ppm cefling
with 15 - 25 TWA 0.85 + 35 2.5 years 4%

15 - 25 ppm celling with .
10 - 15 TWA , = 1.60 + 50% 2.5 years 26%

Attempt 10 reach "No detectable™9) 7.08 + 15% 2.5 to 4 years

o

Notes; (1) Does not include additional VCM costs resulting from OSHA standard,

(2) The percentage ranges of total costs reprcsg;&"’ nell’s estimates based on partial statistical analysis of data.

(3) Endangered = Management will seriously Q;;rﬁtder plant shutdown. .

(4) Temporary shutdowns for installation of controls were reported. In addition, one plant (not in sample) accelerated a planned shutdown
by six months resulting in a loss of 50 nmyiHeN Ibs. of PVC,

(5) Economic data based on average data showhs _}xhibit V-10 for the Firestone plant which were not included in the sample for the reason
explained in the text. These figures repre M Me costs estimated for an attempt to reach a "no detectable” VCM level, but reaching this
level is judged nor feasible based on engineesing controls, .

Source: Exhibits V-7 through V-11,
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EXHBIT V-13

USDOL/OSHA
'
ESTIMATED VINYL CHLORIDE ECONOMICS IMPACTED BY
SELECTED VCM LEVEL STANDARDS
(1974 DOLLARS)

Unimpacted 50 ppm 25 ppm 10 ppm Ceiling Extrapoliated Costs of
by OSHA Ceiling Ceiling 2 - 5 ppm TWA Arternpt To Reach a
Item . (¢/1b.) (¢/1b.) (¢/1b.) (¢/1b.) VCM Level ?
Plant investmend 1) 4, 08¢ 4.16 4,27 4.48. 11, 58¢
Cost of manufacture 6.13 6.17 6.21 6-31 9.63
Selling, general and administrative .
expenses 0.30 0.30 0.30 0.30 0.30
Pretax profit on total investment ":‘,\‘ 2
@ 20% at 1.2 x plant investment) 0.98 ',;;\\ 1,00 1.02 1.08 2.78
Net selling price (FOB plant) 1. 41¢ ‘-‘-’/ 7.47¢ 7. 59¢ 7. 69¢ 12.71¢
/”f‘t

Notes: (1) Unit production costs for a 500 milljon 1b, ::thylene oxychlorination plant of 1974 construction with total fixed capital of $20.4 million
unimpacted by OSHA costs include producuop/lpss replacement,
(2) Based on log-log straight line extrapolat:lon“efme,pcl.stmg data to a 1 ppm VCM ceiling. This does not imply technical feasibility of engineering controls,
Extrapolated costs are for arteinpring to redtch a "no detectable” level and are used for cost sensitivity analyzing purposes only,
Source: Exhibit IV~4 for basic ecoromics and Snell esup_a;a for compliance levels based on Exhibims V-1 through V-4,
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Teery
( 50 ppm 50 ppm 25 ppm
VCM Standard ( Daimpacted Cetltng Celling _Ceiling
PVC Standard ( by ORiA 50 ppm 2540 ppm 2540 ppm
{ Ceillng Cefling Celling
15-25 ppm 15-25 ppm
TWA TWA

Designed PV C plant capaciry
(mitlions lby. /yean)

FVC plant Invesanent (dollars
millionsf3)

PV C producrion (millions ihe. /
year @ 90% urdlizarion)

Plant investmieny per unit of
production (¢/th.)

Catr of Manufacwre
Viny! chlordde mmomed4)

Operating labor and mupervision

Capiral recovery (@ 17% -
10 yean)

All other cosa { catalysm,
utiliries, mainienance, ew.) 3.5

‘Total comt of manufacnure 14, 4¢

s

. Profirability
Caur of maufacrare 14. 44

Selling, general and
sdminlnative 1.8

Prewas profly (@ 20% x 1.2
plant Invesement) 2.7

Net selling price (FOB planty 18, & 0.4

EXHIBIT V-14
USDOL/OSHA

POLYVINYL CHLORIDE ECONOMICS IMPACTED BY
SELECTED VCM LEVEL STANDARDS
(1874 DOLLARS)

Exmapolatad Cosix
25 ppm 10 ppm Celling To Anenpt To Reach 3 *No
Celling 2- 5 ppm TWA _ b ble” VM Levef 1)
25 ppm 15-25 ppm Celling  Firestone Analysis of Arterapt
Celitng 10-15 ppm TWA To Reach *No Detecrable”
10-15 ppm VCM Levek D)
TWA

| 3 i does not imply techaical feability of
Hotes; (1) Based on log-log, straight line extrapoladaon of exisdng dats o a 1 ppm VCM celling, Th
enginecring contals. Extrapolated coum are for anempuing o reach & “no derectable® level and de used for cont wengdtiviry snalysis

parposes only.

(2) Bosed om Flreswort data presenned In Exhiblr V-10. These {igures represent the com eadmated for an auempt & reach & “no detectable®
VCM level, but reachiag thiy lovel ¥ Judged not femlble based on caglneering controls primaily.
(3) Gram root plany, locamed on Gulf Coast, producing general purpose Ropendan resin.
(1) VCM #t price shown on Exhiblr V-12 x 1. 06 producdon shrinkage + 0, 5%¢/1b. oaamport,
Soutce; Snell exdmares based on industry invervisws and prices for VOM preseoted in Exhibli V-13.
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4
Industry Claimed Snell Assessed Capital Costs( ) Annual Costs (% 5
VCM Target VCM Target (% Millions) ($ Millions )

level (2) Level (3) Direct Costs Productivity Loss Total Direct Costs Productivity Loss Total

50 ppm ceiling
and 15 ppm TWA

25 ppm ceiling
and 15 ppm TWA

10 ppm ceiling
and 2-5 ppm TWA

10 ppm ceiling
and 2 -~ 5 ppm TWA

./M\‘
'

1974 capaciry estimated at 6, 695 million lb\skr.:‘.pe’r year in Exhibir ITI-1
)

. . . . -
Compliance actions are based primarily on enfifncering control methods-
5

Based upon the exposure data in Scction VE and"VApplendix B
P
Estimates include costs of engineering controls,“ﬁ&c&pnal protective and monitoring equipment, Costs presented represent
the estimated cumulative compliance costs for the VCA level shown in the Exhibit and were estimated by multiplying
the costs presented in Exhibits V-2 through V-4 by thé 1874 VCM industry capacity.
' 3\_::/“-“'"1
Includes capital costs amortized at 12% b—_—f" .
)

R

Source  Industry interviews and Snell estimates

<50 ppm ceiling $ 5.2 $ 1.1 $17.2 $ 3.0 $1,6 $ 4.6

25 ppm ceiling 14,2 6.3 1.7 8.0

EXHIBIT V-15
USDOL/OSHA
ESTIMATED CAPITAL AND
ANNUAL COSTS FOR VCM
TARGET LEVELS FOR THE
VCM INDUSTRY AT 1974

CAPACITY (1)
(1974 DOLLARS)




EXHIBIT V-16
USDOL/OSHA

ESTIMATED CAPITAL AND

ANNUAL COSTS FOR VCM

TARGET LEVELS FOR THE PVC

INDUSTRY AT 1974 CAPACITY(D)
(1974 DOLLARS)

‘ndustry Claimed and Capital Costs ® Annual Costs (3+4)
Snell Assessed VC M (3 Millions) (3 Millions)
Target Level (2. 9) Direct Costs  Productivity Loss Direct Costs  Productivity Loss Total

50 ppm ceiling $13,9 $ 35.5 $10.3 $18.9 $29.2

25-40 ppm ceiling 48.1 51.0 . 19.8 26,5 46,3
and 15-25 ppm TWA

15-25 ppm ceiling 151,0 78,3 38,2 87,2
and 10-15 ppm TWA

=

s
1974 capacity estimated at 5,435.‘iflﬂi)ion 1bs, per year from Exhibir Ii1-4,

i
Compliance actions are based primar%on engineering control methods,
ot

Estimates include costs of engineering )@Fc;!urols. personal protective and monitoring equipment. Costs presented represent
the estimated cumulative compliance costs for the VCMIevelsshown in the Exhibit and were estimated by multiplying
the costs presented in Exhibits v-17 throygﬁ‘ V-9 by the 1974 PVC industry capacity,

-t

Includes capital costs amortized at 127,

If the PVC industry expended the capital fupds represented by the Firestone analysis of attempting to reach the infeasible "no derectable”
levels, total capital costs are estim of the order o million based on Exhibit

RS

Source: Industry interviews and Snell estimates - /!’

grIsgea
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5. SHIFTS IN ENGINEERING CONTROL METHODS WERE REPORTED FOR DECREASING VCM
TARGET LEVELS IN THE PV(C INDUSTRY

Exhibit V-17 on the wing page summarizes the distribution of engineering
controls for selectedﬁ levels.
a
!

Exhibit C-5 in Appendiw=C provides a detailed discussion of the distribution
of engineering controlé”‘fy@selected VCM levels.

7

. * £ A % * *
2y
123 ‘
This section presented economic impact @ils. The next section discusses personal protective

equipment, =
V1)
e U
é{/ \.ﬁ’
o

V-10




EXHIBIT V-17 (D)
USDOL/OSHA
SUMMARY OF THE DISTRIBUTION OF REPORTED

ENGINEERING CONTROL METHODS ESTIMATED FOR
SELECTED VCM LEVELS IN POLYVINYL CHLORIDE PLANTS

Engincering Control Method Comments for 50 ppm Ceiling: 25-40 ppm Ceiling with 15-25 ppm TWA;
and 15-25 ppm Ceiling with 10-15 ppm TWA

VCM Unloading (1) Modification to transport equipment may be completed by VCM supplier

Ventitation (2) Ventilation is used at all levels
Substantial costs are estimated to reach all target levels
Most plants ha%tilauon at the 50 ppm level
A :
Reactor Cleaning (3) . 5 ol 19 planss ig cactor cleaning equipment for the 50 ppm level
Most plants have, reactor cleaning for the 25-40 ppm ceiling with 15-25
ppm TWA target lev)

probably for new s s

Scven plants report expehditures 3> $70, 000 to reach a 25-40 ppm ceiling

with 15-25 ppm ’r\v%'rget level, These expenditures represent improvement

to cxisting equipmerg, Three plants estimate expenditurcs > $350, 000,

ptobably for new systems,

At the 15-25 ppm ceilfT Bith 10~15 ppm TWA 7 plants report expenditures »$ 1 million,
for R&D and new systeind, '

Stripping (4-3) Thirce plants repor nditurcs » $380, 000 at the S0 ppm ceiling level
pping ( m PP 4 '

Other (6) Extensive modification sical plant are estimated for all levels,
At 15-25 ppm VCM cei th 10-15 ppm TWA expenditures of 2» $400, 000 are
estimated for such items as emergency reactor pressure relief systems (to VCM
recovery) and computerized control systems,

Noges foliow (Exhibft V—l’l 2)
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Notes;'

1t

EXHIBIT V-17 (2)

USDOL/OSHA

Fans, ducting, etc, it

st

Additions to unloading racks, modxfxcaﬂof\to VCM piping,
unloading pumps and compressors, .:/

o
High and low pressure water systems and s‘és{\’:/?n\t cleaning systems,

Tanks, pumps, piping, compressors and condcns§rs.

A
At the 50 ppm and 25 ppm ceiling levels stnpp‘mg expenditures generally address
improvements to prescat system to meet in plant requucmcnts The much larger
expenditures at the 15-25 ppm cefling and 10-1, TWA levels refleet an effort
to also improve the residual free monomer lcv ﬁ'l’ the product,

‘( L
Non specific pumnps, compressors piping, scals, eic,

o

Industry Interviews and Snell estimated from Exhibit C-5,
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VB. PERSONAL PROTECTIVE EQUIPMENT AVAILABILITY AND COSTS

This section presents the estimated costs, the procurement lead times, and a summary of the available types

of equipment as required by the proposed permanent standard.

1.

2.

TWO OF THE FOUR TYPES OF RESPIRATORS LISTED UNDER THE PROPOSED PERMANENT STANDARD
(PPS) ARE READILY AVAILABLE FROM AT LEAST ONE EQUIPMENT MANUFACTURER

Two of the types of OSHA listed respirators are normally available

from the manufacturer in approximately 60 days from the placement of
the order. These types are:

- pressure demand full-facepiece self-contained breathing apparatus (PD)
- combination press:u demand full-facepiece respirator and pressure
demand self-conta;ﬂﬁy breathing apparatus (CPD)

If sudden orders were plqéﬂ'@ for 500 to 700 of these
is quoted by one supplier I; another indicated up fo 40 week

The two other types of breathipg apparatus listed in the PPS are not currently produced.
Interviews with manufacturer's indicate that these devices are considered wasteful of
compressed air. These types are:

o

- positive pressure full i epiece self-contained breathing apparatus

- combination continuous respirators and a pressure demand self-contained
breathing apparatus.

THE REQUIRED TYPES OF RESPIRATORS PURCHASED UNDER THE 50 PPM TEMPORARY STANDARD
MAY BE USED UNDER LOW VCM CEILING CONCENTRATIONS

The purchase costs for types PD and CPD from exhibit D-8 afe $515 and $615

V-11



The operating and maintanance costs from Exhibit D-1lasesgr-Retween($500 to $1,000 .

per man per year, with an average of data estimated .

For example, the cost of grade D or better breathable air is $15 per 310 SCF cylinder.
With an air flow of 4 CFM, this amounts to a cost of $0.20/minute,

INDUSTRY AND THE EMPLOYEES PREFER HALF-MASK AIR LINES,CANISTER OR CARTRIDGE TYPE
RESPIRATORS OVER THOSE REQUIRED BY OSHA IN THE PPS

Industry and worker preferences and human factors are detailed in
Exhibits D~1 through D-4.

Self-contained devices are heavy, bulky, and require highly trained individuals.

. Air line respirators are much lighter than self-copigined, but they require a long
hose for the air supply and a complicated air distribution system.

Cartridge and canister typ‘é‘;‘:};@re the lightest and least expensive of the three,
but lifetime has not yet becf%_ﬂ\lly established Ior atmaspheres containing VCM.

, )
Users of cartridge or canistéi'":;){pe masks have no way of knowing when their air
purifier is no longer effecti{dj,,.

Half-face mask-types are mo{:a@mfortable to wear thapn thase with full-facepieces,
however, they do not provide cgﬂlplete facial protection,
“if:offf;(“-"*‘*v e T ,
4. THE NUMBER OF COVERED WORXERS NEE?)INQ RESPIRATORY PROTECTION INCREASES WITH A

DECREASE IN PERMISSIBLE VCM CONCENTRATION LEVELS OR REQUIRE HIGHER RESPIRATORY ;
WEARING TIMES L . :

548

The following table summarizes case studies of
tection as a function of VCM permissible levels, cl

More data appears in Exhibit D-11 of Appendix.

he percentage of workers needing respiratory pro- '
dté of plant location, and plant type (VCM or PVC).

v-12
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. Percent Of Percent Of
Climate of Ceiling VCM Workers Needing Time Respiratory
Plant Location Level (ppm) Respiratory Protecton Protection Needed Comments.

wWarm 50 15% 50% With Engineering Controls
25 15 50 with Engineering Controls
10 30 75 Without Engineering Controls
10 14 50 With Engineering Controls
1 100 100 With Engineering Controls

50 75 1 - - With Engineering Controls
25 3 With Engineering Controls
10 ppm TWA 25 With Engineering Controls

+25 ppm ceiling
1 . NA NA With Engineering Controls

50 . 10 Without Engineering Controls
@ db 25 * Without Engineering Contr-*.
1 100 . 100 ' Without Engineering Controls
Source: Exhibit D-11 and Srell Assessment 60 O X‘FQO + 7()"0 x J_fD — m/ C., 7 o7 4)01@”2/
C oAt 25HM oA Fiaesid = 525, O
MOST OF THE TYPES OF PROTECTIVE CLOTrﬁm ARE AVAILABLE WITHIN FOUR WEEKS FROM ORDER F‘,/g

PLACEMENT : ‘
PLACEMENT a2 | psp RI72

Disposable clothing, hoods, shoe covexs, gloves and overalls are available within o7 A'#’??L-H
one week from the manufacturers Mdlng one piece pressurized suits, as shown

in Exhibit D-9. . Dn /2'

|
{fr:nanent (reusable)} work clothinb‘sﬂalso available within one month of order.

ey e s i B R S Ace LR eV

Full impervious pressurized suits ho er, have a procurement lead time of at
least two months. '

Sragaa
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6.

COSTS FOR PROTECTIVE CLOTHING VARY WITH TYPE, WITH A LOW OF $3.50 FOR DISFOSABLE

CLOTHING TO A HIGH OF $178 FOR A PERMANENT, IMPERVIOUS,FULL PRESSURIZED SUIT

A full suit of disposable clothing including coveralls, hoods, shoe covering, and
gloves costs approximately $3.50.

Permanent work clothing costs in the neighborhood of $40.00 per worker for a
full suit of clothing mcn}uﬁ\ng coveralls, gloves and hoots.

7
A permanent imperviou ““m pressurized work suit which can be worn with an
air mask costs $178. In try believes that routine use of these is not feasible
on grounds of human fac@jﬁ. indicated in Exhibit D-5 and concluded from the
Snell mdustry mtervxew%f[f

e

—
The cost of cleaninga suit of Permanent work clothes is in the range of $1.00
to $1.50 per suit, per worhﬁr.\ per day.

* * - ik * *

- ?r;:,‘; .
— . _i::j@_ e

The next section deals with monitoring eﬂ?ﬁment.
/.

(ﬁ : ‘ .

V-14
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VC. MONITORING EQUIPMENT AVAILABILITY AND CQSTS

This section summarizes the available types of VCM monitoring equipment, their costs, and procurement
lead times needed to determine worker VCM exposure under the provisions of the proposed permanent standard.

THE THREE MAJOR CLASSES OF VCM MONITORING DEVICES: PERSONAL, AREA, AND LEAK, ARE ALL
AVAILABLE TQ THE VCM AND PVC PRODUCING INDUSTRIES

Personal monitoring, which is the technique recommended to OSHA by NIOSH
(see Exhibit E-3), is avallaﬂa@e‘*o industry from the manufacturer within twa.__,
months from time of order. /‘fl'{e gas chromatograph needed for the analysis

of their samples can be rec:egved from the manufacturer in two to three months
time. . e

P

Area monitoring gystems of t};ze/&utomatlc sequential or continuous type can be
obtained for installation withir’six months from time of order. Installation
could take upwards of two montbq

T

Manual area monitoring systeris comprising a gas chromatograph with a flame
ionization detector (FID) and M; or Tedlar bags for sample collection can

be obtained from the manufactue#? within three months. These devices require
little or no set-up time. Vﬁ

Leak detection devices such as kﬁable gas chromatographs or infrared spectro—
photometers can be recelved from supphers within two months

w‘-ﬁ_-_-— o T T
If demand for these devices suddently increase, it is Snell's judgment that procurement lead

times could double, especially for the more sophisticated types of equipment such as the
area monitoring systems,




THE COSTS OF MONITORING EQUIPMENT RANGE WIDELY DEPENDING ON TYPE, HOWEVER, MOST
EQUIPMENT PURCHASED UNDER THE TEMPORARY 50 PPM STANDARD MAY BE USED AT LEVELS
DOWN TO AND BELOW ONE PPM VCM

Personnel monitoring equipment vary in cost from $300 for automated charcoal
tube/pump system to $70 for colorimetric tube devices. For the automated

system, a back-up gas chromatograph is reqmred at a cost upwards of$7,000
including basic chromatograph, columns, xecorder ,and mechamcal mt'egrator o,
as shown in, Appendix Exhibit D- 5 S ~‘ \‘ : . DR S
Ared: monitoung syttams of the sequanual ga% Mtog!aph 4ype cosun qurj e
neigﬁborhood of $12; 000 er 10 poi instrumtmt systpm wi ut installdtinﬂ. .- .
Those op‘rati}‘u under total ydruca on pri mple be pnxchvseﬁ

for $8 o0go, amin without n;ﬂ latlcm charges o AT

Leak detection eqmpment h are exther of thB portable gas. chromatograph
total hydroearbon FID, and 5 red types cost from $3,000 to $5,000,, NQ
installation is required for t dev1ces

i,ﬂ

EXPENDITURES FOR MONITORING EQUIPM@JN)T FOR A TYPICAL 'VCM OR PVE PLANT AVFRAGE
$100,000 IN CAPITAL WITH ANNUAL OPERATING FXPENSFS OF %80,000 :

Personal monitoring equxpme&y@ the colorimetric types do not require a chemist
for back-up due to their insta eous reading Capability. The charcoal tube types,
however, require a trained ch al technologist for analysis of samples due to the
'necessity of using a gas chronf’@raph At least one chemist per plant is needed at
an annual cost of $15,000 to $20,000. Overhead, general and administrative and
chemical costs in support of the ¢chemist could approximately double his annual cost.

& Iregaa




The cost of installation for automated sequential or continuous area monitoring systems
is approximately $15,000 per 10 point unit with operating and maintenance costs of
about $30,000 per year with an operator. A mini-computer can be interfaced with the
system for alarming and recordkeeping for an additional $10,000 to $15,000 and O&M
costs of $4,000 per year.

Leak detection devices cost in the area of $2,000 to $3,000 for OM including a
part-time operator for each instrument.

THE INDUSTRY AS A WHOLE SHOWS NO PREFERENCE FOR PARTICULAR TYPES OF MONITORING
EQUIPMENT, ALTHOUGH THE CONCEP® OF AREA MONITORING APPEARS WELL ACCEPTED
i

The VCM and PVC prodyetifrg industries employ a variety of different types of
monitoring equipment in h classification.

o _
In personal monitoring, both the colorimetric and charcoal tube system are
employed. However, the'charcoal tube type are sensitive to lower VCM con-

centrations than colorim etric,ﬁievices. i
e

&
For area monitoring, both.gas chromatographs (GC) and total hydrocarbon
analyzers and combustion qgg%.xctivity detectors are used.

o

e
s

- gas chromatographs mde concentration values which are specific

for vinyl chloride mon r

P,

>

total hydrocarbon analyzers, as their name suggests, are not specific
for VCM but give the total hydrocarbon concentration in the sample air.

combustion conductivity detectors have also shown great utility in VCM
detection at low concentration levels.




5. AUTOMATIC SEQUENTIAL MONITORING SYSTEMS (ASMS) CAN SERVE AS A LONG TERM DATA
COLLECTION SYSTEM FOR AN ENTIRE PLANT

5449
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The ASMS can analyze an air sample from a particular point in the plant in 1 to
3 minutes with potential for at least 10 point monitoring.

A system installed in the polymerization building can provide warning to work
personnel in that area if VCM levels have gone ahove ceiling levels,

Personal monitoring data can provide the statisitical basxs for locating sampling
pomts for tlie ASMS.

Feey

- TWAs can be det&r’ﬂﬂned by the personnel monitors for critical areas

) .
- these values can ;gmnde a calibration for the ASMS and determine the
points within an a@fwhere the greatest VCM exposures are most likely
to occur. Sl

O
Wl e

The ASMS can be used to proyide correlation with personnel monitoriﬁg data of
actual worker exposure. -ﬁ:@pditibn, it can be used to provide a permanent record
of VCM levels, provide al#rms in case of exceeding ceiling values, serve as a
means to initially identify the.general sources of VCM releases, and to monitor
progress in complying with.08HA requirements.

THE AUTOMATIC SEQUENTIAL MONITOHQBISYSTEM CAN PROTECT WORKERS AND ALERT

MAINTENANCE PERSONNEL WHEN EXCESSIVE VCM CONCENTRATIONS OCCUR

VCM emissions can occur from two sources:

- slowly developing minor continuous leakage, such as a worn pump seal

V-18 Y



serious leakage, such as resulting from an operating error (e.g. valve
left fully or partially open) or a serious sudden leak (e.g. blown gasket,
sight glass breakage, etc.)

In both cases, the system can prove useful in alarming the potentxally affected
people.
o

In the case of a minor le¢ owever, (with localized effects) the sample point
nearest the leak will register the localized concentration and alarm on the next
sampling indicating localized concentration above the lxrmt

. ¢ f,.
Response to either type of al@gm can be standardized. These steps could include
donning of personal proteétiV equipment, investigation using leak detectors,

isolating the point of VCM rel/e,gse and corrective maintenance.

ol
L]
)

* * ¢k *

Il

‘ =
The next section deals with medical surve@&#}ce costs,
=)
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VD. MEDICAL SURVEILLANCE COSTS

This section presents the annual costs to industry for medical surveillance essentially based on thé
NIOSH recommendations to OSHA .

L 5]
1. THE AVERAGE TIME REQUIRED PER @MEE FOR THE REQUIRED MEDICAL EXAMINATION
IS FOUR_HOURS WHEN PERFORMED 001‘",8?51«; THE PLANT

From the information presented in the Appe{xﬂm Exhibit F-2, the time allowance per employee is
itemized as follows: /.,\

Travel to and from examination fag.\hty -- 2.5 hours
Examination and laboratory tests - 1.5 hours
Maximum time required - 4 houks@r 1/2 working day
2. THE SNELL ESTIMATE FOR TOTAL EXAMINAT@J COST PER EMPLOYEE IS $160
" The cost estimate developed by Sng[fs based primarily on the

tests and examination procedures recommended to OSHA by NIOSH
as detailed in Exhibit F-3.

The costs were estimated for examination and tests completed out-
side the plant for a manufacturing facility with 500 covered workers.
’ The total cost for such a plant would be approximately $82,000/year.

v-~20
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3. INDUSTRY ESTIMATES OF THEIR PR&@E,NT MEDICAL SURVEILLANCE CQOSTS AVERAGE
$140 PER WORKER PER YEAR (ﬁ‘i

It was assumed by Snell that the examiné&ﬂﬁs performed by the reporting plants were based on
the NIOSH recommendations to OSHA.,

“:.\
S
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VE. VINYL CHLORIDE EXPOSURE DATA

A

<
,ﬂﬂxalyses of ambient air monitoring data taken under the Emergency Temporary

o)
This section presents t% -
by industry and OSHA. In addition, the limitations of these data are discussed

Standard and supplied to Snel

together with the summary of p@gble worker exposure for both monomer and PVC plants.

1. INDUSTRY AND OSHA SUP}@@) DATA ARE LIMITED, HOWEVER, THEIR ANALYSES BY SNELL
PROVIDED AN INDICATION OF AVERAGE VCM LEVELS FOR THE MONOMER AND PVC PLANTS
a
The following points describe the data limitations:

73;7"“3
Sample locations fo“{__.)% a monitoring or spot sampling within the plants are
not clearly identified;;;?'; owever, the data allowed general association with

job classifications. 2
U

The measuring techniques employed for the OSHA data were 10 minute Sippin
pump carbon tube samples with a total ambient air volume collection of 1 liter.
Industry data were collected by organic vapor analysers (OVA), bag samples,
charcoal tube pumps, or area monitoring. Some of the data levels represent
averages of individual samples gathered at random time intervals.

In general, Snell did not receive raw data from industry, but rather the
averages of individual data points without data point statistics (i.e., No. of
individual data points, mean, standard deviation, etc.). The OSHA data
submitted to Snell are in terms of individual data points, but these are not
related to job classifications or unit operations.

%

In both the industry and OSHA cases, the data population is small.

eIggag
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The data base is judged inadequate to quantitatively differentiate suspension
polymerization from emulsion polymerization which are the main processes of
the PVC industry.

Snell arranged the available data in two major categories

- VCM Plants
- PVC Plants \fv‘/’\

The available data were ave@d and then correlated to the various job
classifications. The data présented average levels of VCM for individual
plants which were then used @evelop an industry-wide profile of average
VCM concentrations. s "y

2. IN PVC PLANTS THE HIGHEST EXPOSURE OCC/‘AI};RS IN JOB CLASSIFICATIONS DIRECTLY INVOLVED
IN THE MANUFACTURE OF PVC; WITH VCM LEVELS AVERAGING APPROXIMATELY 15 PPM ACCORD-
ING TO DATA SUBMITTED TO SNELL BY INDUSTRY

= j

The following table summarizes the average VC els by job classification as presented in
Exhibit B-22 in Appendix B. v '

u
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II.

III.

V.

Production

VCM Unloading
VCM Unloaders

PVC Processing
Supervisors

Senior Reactor Operators
Reactor Operators
Chargers -
Stripper Operators .
Centrifuge Operators
Dryer Operators
Utility Men (Cleaners,
Laborers, etc.)
Baggers

Warehouse

Overall Production

Maintenance

Laboratory
Professionals
Technicians

Overall Laboratory

Management § Support

Source: ~ Exhibit B-22

.Range PPM

Average High
16 10
A 10 22
Vgﬁﬁ{ 9 20
(“‘”“\, 17 30
w19 70
7% 35 90
- FNA 120
1 13 51
S8, 78
"7 20
‘xf)ﬁ 20
16 -

Vs

a(fH., 92
NA 6
63 184
42 -
<1 2

V-24
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ANALYSIS OF THE MONITORING DATA SUBMITTED TO SNELL BY THE PVC PRODUCING INDUSTRY
INDICATES THAT 92% OF AVERAGE MEASUREMENTS HAD VALUES OF 50 PPM VCM OR LESS

[y

As summarized in Exhibit B-23

3% of averages had values of 1 ppm or less
22% of averages had values of & ppm or less
58% of averages had values of 10 ppm or less
67% of averages had values of 15 ppm or less
75% of averages had values of 20 ppm or less
80% of averages had values of 25 ppm or less
83% of averages,had values of 30 ppm or less
84% of averaje§ had values of 40 ppm or less
92% of averagés -had values of 50 ppm or less .

4. ANALYSIS OF THE MONITORING Dﬂf“f{mTAKEN BY OSHA AT PVC PLANTS AND CONFIDENTIALLY
SUBMITTED TO SNELL INDICATES 'FHAT 93% OF ALL SPOT SAMPLES HAD VALUES OF 50 PPM,
WITH VCM LEVELS AVERAGING APPROXIMATELY 14 PPM

A
As summarized in Exhibit B-24 il
3% of samples had valugghof 1 ppm or less
% of samples had val@{pf 5 ppm or less
56% of samples had valué?ﬁai 10 ppm or less
64% of samples had values 5 ppm or less
72% of samples had values 20 ppm or less
samples had values of 25 ppm or less
79% of samples had values of 30 ppm or less
B6% of samples had values of 35 ppm or less
90% of samples had values of 45 ppm or less
93% of samples had values of 50 ppm or less

5489
~3
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Overall, agreement exists between the OSHA data and those submitted by industry to Snell.
However, the OSHA data contains approximately twice as many more values, on a percentage basis, in

the range of 5 ppm or less,

associated with each reading.

The OSHA data do not specify the unit operations or job classifications

5. ANALYSIS OF THE MONITORING DATA TAKEN BY OSHA AT VCM PLANTS AND CONFIDENTIALLY

SUBMITTED TO SNELL INDICATES THAT 96% OF ALL SPOT SAMPLES HAD VALUES OF 35 PPM

OR LESS; WITH VCM LEVELS AVERAGING APPROXIMATELY 8 PPM

From Appendix B-108

15%
62%
77%
84%
89%
94%
96%

“of
of’
of
of
of
of
of

A

N
w

saméfé?.‘ had values
samp‘!@g,— ad values
sampleg/ Had values
sampleg’ ff&‘d values
samples “had, values
samples h/agé'“‘yalues
samples Hé:dqbalues

of 1 ppm
of 5 ppm
of 10 ppm
of 15 ppm
of 20 ppm
of 25 ppm
of 35 ppm

,/’
6. INDUSTRY AND OSHA DATA INDICA-T@HAT AVERAGE

or less
or less
or less
or less
or less
or-less
or less

VCM CONCENTRATIONS IN PVC PLANTS

ARE LESS THAN 50 PFM FOR THE FOUBFRROAD JOB CLASSIFICATIONS

N

2

The following table summarizes PVC incﬁﬁy*wide VCM'-average exposure levels as a function of
broad job classifications in relation to industry employment in each worker category.
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Approximate 1874 Average of

Broad Job Classification Number of Workers Percent of Total Concentration
Production (1) 3,030 55% 16
Maintenance (1) 1,350 24 24 '
Laboratory 390 7 42
Management and Support (2) 805 14 1
Total (3) 2R 5.575 100% 15(4)
Pr — : ) =
o

Notes: (1) Includes line superv%ﬁ}a. such as foremen

(2) Includes plant managéfs, engineering staff, clerical, etc.

(3) Personnel associated wimxcompounding and fabrication in integrated facilities are not includcd.:

(4) Average VCM concentrafl‘nﬁ\ for all job classifications

P
Yyt
Sources: ‘Exhibit III-10, B-22, and Sne% dsessment of data,

7. INDUSTRY AND OSHA DATA INDICATiE THAT AVERAGE VCM CONCENTRATIONS IN VCM PLANTS

ARE LESS THAN 10 PPM FOR THE FOUR BROAD JOB CLASSIFICATIONS

The following table summarizes VCM industry-wide average VCM exposure levels as a function of

" broad job classifications in relation to industry employment in each worker category. ;
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Approximate 1974 Average VCM
Broad Job Classification Number of Workers Percent of Total Concentration

Production (1) 410 44%
Maintenance (2) 250 27
Laboratory 60 6
Management and Support (2) 220 23

Total 940 100%

Includes line supervisors, such as foremen
Includes plant managers,, engineering staff, clerical, etc.
(3) Average VCM concentrd lon for all job classifications
y

V.
R,

Sources: Exhibits I11-3, B-107, and T‘l assessment of data.
== g

o R

.} hi ‘l)'
" * *
A '

Based on the assessment of the limi'f)é'a'éﬁ-data supplied to Snell be industry and OSHA, it appears that
average VCM concentrations for the four bro_ag job classifications in both the VCM and PVC producing industry
are below 50 ppm. Furthermore, the aver&fg/VCM concentration in vinyl chloride plants is in the range of
3 to 8 ppm Wts the averagf:aeﬁxncentration is approximately 15 ppm. ‘

. [l

The nrext chapter provides conclusions ar@ ommendations,
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VI. CONCLUSIONS AND RECOMMENDATIONS

This chapter addresses the conclusions and recommendations of the report based on the fmdmgs and
economic analysis of the previous section .

1, ACHIEVING "NO DETECTABLE" LEVELS OF VCM PRINCIPALLY THROUGH ENGINEERING MEANS
IS JUDGED NOT FEASIBLE WITH PRESENT TECHNOLOGY BOTH IN THE VCM AND PVC SECTORS

Based on the industry surveys and Snell's independent assessments of the state-of-the-art

of the technology, it is concluded that achieving "no_deiectable™ (0 - 1 ppm) VCM levels

in the VCM industry is not feasible principally through engineering means, Reasons include
the following’

technology, including state-of-the-art developments, is not available to
eliminate VCM leakﬁ’}gﬂ)d fugitive losses

/iw
existing plants have' @been designed for total VCM containment

there is no design orgoffgrating experience in the industry aimed at
maintaining very low %levels

no direct technology transfer opportunities are known to enable

development of designs fé‘r__\'fno detectable" levels in new plants.
Based on the industry surveys U «Snell's independent assessments of the state-of-the-art
of the technology, it is concluded-_;that achieving "no detectable" (0- 1 ppm) VCM levels
in the PVC industry is not feamb%}p)rmc:pally through engineering means. Reasons include
the following: 7 (’)

PVC manufacture is a batch operation

Technology, including state-of-the-art developments is not available to eliminate
VCM leaks and fugitive losses

VI-1
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- existing plants have not been designed for total VCM containment
- there is no design or operating experience in the industry aimed at
maintaining very low VCM levels

- no direct technology transfer opportunities are known to enable
development of designs for "no detectable" levels in new plants.

Up to four years of development is estimated to reduce residual VCM levels below
100 ppm in PVC products on the basis of output volume.

The technology mcludm%aﬁue -of-the-art developments is not available to reach
very low or "no detectab}é“”remdual VCM levels on the basis of output volume.
N
THE COSTS OF COMPLIANCE INCREASE= APIDLY WITH DECREASING VCM TARGET LEVELS AND
REPRESENT SIGNIFICANT ENGINEERING{UNCERTAINTY OR INFEASABILITY BEYOND 10 PPM
CEILING AND 2 - 5 PPM TWA FOR THE ,V(KM INDUSTRY AND 15 - 25 PPM CEILING AND 10 - 15 TWA

FOR THE PVC INDUSTRY - o
. The analysiz which follows irf&iéates the cost sensitivity of attempting to reach very
low VCM levels in the VCM iddustry.
N
\ )»—’
\”1’:1

w
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Standard ‘1ime To Keach

VCM Target Price price ~ Percent of VCM Industry level Via Englneering

Level (ppm) (¢/1b,) Index Capacity Endangered Controls (ycars)

Historical Practice 1,41 1.00 Nor Applicable Not Applicable

50 ceiling ~ .41 1,01 0% 0.5 '
25 ceiling 1.59 1,02 0% 2,5

10 ceiling and 7.69 1,04 0% 3.0

2-5 TWA ‘?;'ﬁﬁ\ .

Extrapolated Atrempt A

to Reach "No Detectable” ! ;‘JP'*\

Levels 12, 'I{ e 1.72 100% @ Not Estimated

: "No Detectable”
o e
4PN

e

Source: Exhibits V-15 and V-13 ) - '
L4
"7‘\,:\',’

. Wy
The table indicates the rapid rise in costs‘\(ﬁ’ﬁciatecf with attempting to reach the technologically infeasible
"no detectable" levels beyond the 10 ppm ceiling 'a CFZ - 5 ppm TWA target level.

)

Exhibit VI-1, on the following Pagﬂi,?presents a similar discussion for the PVC industry.

VI-3
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ECONOMIC INMPACT CRITERIA
PLANTS LIKELY TO BE MOST "ENDANGERED*(?)

Highest compliance costs

Plant located in cold climate

Old plant

Small plant

Small reactors

Copolymer, emulsion or latex tesin production
(High free monomer)

Small company

« Merchant sales

« Slackening demand

PLANTS LIKELY TO BE LEAST "ENDANGERED“(Z)

Lowest compliance costs

»

» Plant located in warm climate

+ Modermn plant with automation

e lLarge reactors

» Bulk or suspension resin producdon

e Large company
o Large plant

« Captive use of PVC .
« Highly disciplined plant personnel
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For the VCM industry, the engineering contrcl steps for OSHA compliance are significantly
the same as those potentially used for air pollution control. Therefore, appreciable air
pollution control costs are automatically accounted for by OSHA compliance.

For the PVC industry, engineering control steps from the 50 ppm VCM ceiling level

to the [57= celling with 10 - 15 ppm TWATPTIMATIIY address OSHA compliance,
_ but significant air pollution contro 3 ed, Cially at lower levels. — —

AREA MONITORING, PARTICULARLY IN PVC PLANTS 15 RECOMMENDED TO OSHA AS A COMPLIANCE
REQUIREMENT REGARDLESS OF THE TARGET LEVEL SELECTED BY OSHA

Automatic Sequential Monitoring Systems (ASMS) can serve as a long term data collection
system for an entire plant.

- The ASMS can analyze an air sample fr
in 1 to 3 minutes with potential for a?;/?
g
-ﬂ
- The ASMS can be used to provide corx@g}ion with personnel monitoring
data of actual worker exposure. In adcw';{%, it can be used to provide a

a particular point in the plant
3st 10 point monitoring.

permanent record of VCM levels, provide“alarms in case of exceeding ceiling
values, serve as a means to initially ideﬁ&f the general sources of VCM
releases, and to monitor progress in complyi}lg with OSHA requirements,

- A system installed in the polymerization bu.ﬁFi"hg can provide warning to
work personnel in that area if VCM levels have, gone above ceiling levels.

- Response to alarm can be standardized. Th zateps could include donﬁing
of personal protective equipment, investigation‘éi ing leak detectors, isolating

e,

the point of VCM release and corrective maint




IT IS RECOMMENDED THAT OSHA ESTABLISH PHASED REQUIHEMEI\;TS FOR REACHING VCM
TARGET LEVELS TO ALLOW THE COLLECTION OF ADDITIONAL VCM MONITORING DATA
TO FULLY ASSESS THE EFFICIENCY OF THE CORRECTIVE STEPS, SUBJECT TO REVIEW

IN LIGHT OF CURRENT MEDICAL FINDINGS, AND AS THEY BECOME AVAILABLE

The currently available data base particularly for VCM monitoring, is relatively
small. In addition, the technology required for compliance with the lower VCM
levels is not yet proven. Consequently, considerable risks exist as to the
efficacy of engineering controls even for levels other than "no detectable",
which is not technologil;zf_lw feasible. ‘ '

A phased compliance plarﬁ%uld allow for the assessment of the efficiency of
corrective steps already t by industry. In any eveni, significant lead TM&s
“exist for hardware requir or engineering controls,

— TR

The phased compliance plan"é’lim\lld be reviewed in light of current and emerging

medical findings. A
et

SN

A possible result of a phased c::om_ liance plan would be to spread the costs of

compliance over periods of tim&®, This may be desirable considering that the
oo

VCM and PVC price impacts may’he\of the same order of magnitude as the price

b
results of the "energy crisis". ¥ S

¢ ,
Develepmental efforts should be encouraged to improve techniques in personal
protective devices, monitoring systems, and residual monomer reductions.

* * ' * * *

The Appendices supporting the report follow in a separate volume.

8rIguy
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APPENDIX A

DETAILED PROCESS DESCRIPTIONS AND PROCEDURES

This Appendix presents design details, discussion of critical technological aspects and operating
procedures regarding polyvinyl chloride (PVC) manufacture. A list of exhibits follows:

Exhibit A-1 presents the receiving, storing and distributing of viny! chloride
monomer (VCM) as it reaches the Union Carbide Corporation. Monitoring for .
the vinyl chloride concentration is noted. The unloading mechanism along with
the storage paramete?gﬁﬁe also noted in this exhibit. The special features that

are pmvxded to mini (;;eqnersonnel exposure is summarized herein.
I

Exhibit A-2 presents af ¢ diagram of tank car unloading. This schematic is of
advanced practice usin ij ventilation.

,}W

(N

‘|‘ 7o

Exhibit A-3 deals with rééct}er design showing a technological overview by Snell.

Exhibit A-4 provides a coglﬁ’a\rlson of Conoco's large reactor PVC technology with
historical reactor technology.,
o

—

Exhibit A-5 presents a deta, idiagram of an older polymerizer design.
Exhibit A-6 presents a Pfau@ﬁ}lasteel Polymerizer, a modern polymerizer design.
Exhibit A-7 is a broad discussion of monomer stripping technology.

Exhibit A-8 is a typical schematic for polyvinyl chloride operator movements and
plant layout.

Exhibit A-9 presents a flow diagram for the PVC emulsion process.

A-1
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EXHIBIT A-1(1)

USDOL./OSHA

RECEIVING, STORING AND DISTRIBUTING
VINYL CHL.ORIDE MONOMER-AFTER UNION CARBIDE

DESCRIPTION

Union Carbide Corporation receives vinyl chloride at South Charleston, West Virginia in 48, 000-

gallon tank cars shipped from Freeport, Texas.

Due to the size of the car only five tank cars are unloaded

per week in an open area used ferading various chemical tank cars. Monitoring this operation on

S
three consecutive car unloadings y{elded the following results:

o
g Time Required Sample Time Concentration
Date - Operation ™ minutes minutes ppm
/,ﬂ'
June 28, 1974 llookup Car e 20 20 4
Disconnect Car . 15 15 15
=
<7
. \;;;—‘:.;:3
July 2, 1974 Hookup Car ) 19 19 6
Disconnect Car (f:& 8 8 <1
July 3, 1974 Hookup Car 22 22 8
) Disconnect Car 5 5 <1
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EXHIBIT A-1(2)
USDQL/CSHA

Vinyl chloride monomer is received by railroad tank car into a storage area located outside the
boundaries of the plant proper, It is unloaded into a refrigerated sphere from which it is pumped to the
consuming units,

Unloading is accomplished;hf)equalizing the pressures in the tank car and the storage-sphere and

R L
then applying vaporized vinyl chl(ffﬂe to the vapor space in the tank car. This provides positive suction.
. .‘,:-7'

predsure on the pump which trans@_}ﬂ} vinyl chloride to the storage sphere. After all the liquid has been

{?’ 1 ;
removed from the tank car, a com‘p@ésor pumps vinyl chloride vapors from the car to a condenser and

e . . .
the condensed liquid is then pumpedﬂg&he sphere, The vapor pressure in the car is reduced to 5 psig,

and the car is then returned to the v%chloride supplier for refilling.

=

The vinyl chloride in the sphere@naintained under its own vapor pressure (maximum of 29 psig)
at a maximum temperature of 15° C by the use of refrigeration, with vinyl chloride serving as the

refrigerant,
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Transfer pumps and piping transfer vinyl chloride to the consuming units as required.

2, SPECIAL FEATURES PROVIDED TO MINIMIZE

EXPOSURE OF PERSONNEL

General N
\‘,;7‘::’5‘
(1) The receiving and storage :ffeﬁ is remote from the consuming units.
. e
(2) A high degree of automationfi “pmployed, so that there is little need for operators to be near the
tank car or the sphere whilefu;),l\oading proceeds,
.‘tj ot

(3) Nitrogen is not employed as a ppessurizing medium, so there is very little venting to rid the
system of inert gas during unl—ﬁ:g%ing or loading by the supplier.

(4) Safety valve discharges and othen vent streams are piped to a remote, elevated loaction for discharge.
I
(5) All pumps handling vinyl chloxﬁdpiare provided with mechanical seals to minimize leakage,

(6) Vent and drain valves not requE@ for normal operation are maintained in closed position and plug-
ged with pipe plugs,



EXHIBIT A-1(4)
USDOL/QOSHA

Tank Cars

(7)

© (8)

Sphere C =

(9)

(10)

(11)

The tank cars are provided with dip tubes for top'discharge only. The dip tubes are provided with
excess-flow check valves; if the flow exceeds a pre-established value, the valve automatically
closes.

The tank cars are provided with a tape liquid-level device, which eliminates the need for venting
vinyl chloride in detertﬁ?ﬁg the liquid level in the car,

. %E;,f

The sphere is located in @é}perately diked area, with sufficient capacity to contain the entire
contents of the sphere. o

Lines leading into the sphere are provided with check valves, and discharge lines from the sphere
are provided with excess;ﬁo‘w check valves,

The sphere and associateming is insulated for 15° C maximum temperature; the insulation is

such that it will not decon e if subjected to fire,
The sphere is provided wittﬁter spray protection,
i/

The sphere is equipped with a refrigerated vent condenser (-20°C) through which inert gases are
vented to the atmosphere.
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=
Scavenging System ::_w
9
(14) A scavenger compressor S)}Sf/ is provided to remove vinyl chloride from lines or hoses which
must be disconnected durin ding or unloading operations, When scavenging is completed,
such lines or hoses are purgfé@";}mth nitrogen to a remote vent stack,
,‘_/,'}1
2
- 2
e,
Nl
59
Source: . Testimony of Richard T, Hughes, Vice President, Union Carbide Corporation, before

OSHA, on Vinyl Chloride Ocdcupational Exposure Standard, July 5, 1974,
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SNELL'S REACTOR DESIGN AND CLEANING OVERVIEW

REACTOR DESIGN CAN SIGNIFICANTLY REDUCE CHANCES OF EMISSIONS OF VCM

Recent changes have mﬁﬂ incorporated to the design of reactors which will contribute
in several ways to minimize ghances of emission.

(1) The Trend To Largergmé Reactors Diminishes The Number -Of Leakage Points

549

8 K

In early designg/fv947—1967, the reactors were kettles, usually glass lined,
ranging in size froin two to five thousand gallons. The bulk of the equipment
still in use fallsdh thls category.

However, new ns have been developed together with manufacturing methods
and the most re@;j equipment incorporates reactors which can be as large as

18, 000 gallons 15—@55 lined and even 35, 000 gallons (Shinetsu) if stainless,
Hillle in Germany reported to be using a §5, 000 gallon reactor.

@2
Glass lining techniques, transportion restrictions, and heat transfer considera-
tions will limit the size of glass lined equipment to 18, 000 gallons.

The factory cost of an 18, 000 gallon glass lined reactor is $350, 000, including
agitator and drive. The cost of a stainless reactor (clad construction) of 18, 000
gallon capacity shoul'' he competitive.
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Exhibit A - 4, following this Exhibit, summarizes the advantages and devel-
opment needs of large reactor technology.

Design steps such as elimination of the manual charging of minor ingredients,
the possible use of ball and plug valves, reduction of the number of flanges
can aid in limiting leaks from peripherals.

(2) The Newer Design Boﬁj\ Entering Agitators And Baffles Can Significantly. Reduce
Possible Monomer Légkage

_ -

In the older de ,gﬁ, shown in Exhibit A - 5, following Exhibit A - 4, the agi-
tator usually (fé}ﬁ;hrs the reactor from the top, so that the seal around the shaft
is containing the high pressure VCM atmosphere, High Pressure Dual Seal de-
sign is used, butdince the sealing depends in large part on the oil pressure in
the ring, a prqbtemn may arise in case of power failure.

The same pro@ arises (with lesser severity) with the top entering baffles,
Seal deteriorat ogjlaround the baffles has been observed in several instances
Al

and creates a m cularly insidious problem,

J )h '
A newer desigric.fs own in Exhibit A - 6, following Exhibit A - 5, incorporates
bottom entering agitator and baffles; thus the seals are containing liquid., It
has the double advantage of making the containment easier and to give visual
warning of leakages,

asa3gea
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Furthermore, the newer design of the bottom entering seals used in glass
lined reactors incorporates a pre-seal in which water at a pressure slightly
higher than in the reactor is deliberately allowed to leak in at about 15 g, p.h,,
thus precluding the possibility of leakage to the outside,

For the baffle installation, a new flush glass-to-glass seal has been developed;
this design could_qgt be used with the conventional nozzle entering baffle.

i
In the larger sitg.reactors, baffles are used as an auxiliary cooling surface,
adding an extra(25 sq, feet of heat exchange area to an 18, 000 gallon reactor,

ptiey

. [ ot
The Indirect Effects Of'\ﬂb;!tom Entering Baffles And Agitator May Be More Important

From The Standpoint Of (General VCM Levels In The Plant

5]
The main reason which prompted the design change was the attempt at eliminat-
ing, or minimizing, the "Bath Tub Ring" effect,

Pt

the solid surfac tend to build up to considerable size, sometimes break-

ing out in multip chunks, This phenomenon is particularly bothersome at

the comparatively’low clearance between baffles and wall, With bottom entering
baffles and agitator these effects are virtually eliminated since there is no hy-
draulic dead space for the agglomerates to form and grow, The reduction or
elimination of formation of agglomerates lowers the frequency of strainer clean-
ing and thus significantly minimizes a source of potential exposure. Pipe clogging
is less frequent, Perhaps the main advantage is that the need to open the reactor
for inspection and cleaning is greatly reduced,

=
This is the form““_"_i;aj:x at the gas liquid interface of agglomerates which cling to
eEIEiTa d
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MANUAL REACTOR CLEANING IS A MAJOR CAUSE OF EMISSION PROBLEMS AROUND
THE REACTOR

While the most obvious problems associated with manual cleaning of the reactor are
the possible emission of VCM upon opening the manhole and the exposure of the man entering
the reactor, these do not constitute gajer engineering difficulties. Adequate venting proce-
dures either are in force or can bei#taplemented to significantly limit exposure to VCM upon
opening the manhole. Personal prgtesative devices eliminate the risk of exposure of the man
entering the reactor. . N ’

7’/_‘:*

But there are two more sex;igﬂu:s and long-lasting effects of the manual cleaning operation:

. the deterioratign of the manhole cover sealing surfaces due to
unavoidable-&hipping from repeated opening and closing

o

the possibi%that during hand cleaning operations a sight glass

may be chi leading to subsequent bursting under pressure
I-. -
IRt

Several methods have been propo(;"gj to reduce or eliminate the need to enter the reactor for
cleaning, \ 'C

(1) Deterioration Of The Manhole Cover Seal Is A Significant Cause Of Leakage

Every time a manhole is opened in a glass lined reactor, there is a chance for
the glass covering the outer part of the manhole nozzle to become chipped,
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EXHIBIT A - 3(5)'
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. In addition, there is a possibility of deterioration of the gasket. A combina-
tion of a faulty gasket and a chipped manhole lip is a frequent source of a sig-
nificant leak, Until recently, little attention was paid to this feature due to
the comparatively high ppm level considered acceptable around the reactor,

Design Improvements Havgf’lﬁeen Developed To Reduce The Risk Of Detenoratlon
Of The Manhole Cover Se_i \

-—f
-

. Recently designed }\1 s lined reactors are equipped W1th an Inconel overlay
which is t‘used to th ass lining in the vertical portion of the nozzle,

. This design elimin&‘\{ég the chances of chipping the glass lining and permits a
tighter tongue and“grdove metal-to-metal seal which, combined with a com-
pressed ashestos gasket, insures a much more durable and positive seal,  Un-
fortunately this dés; cannot be applied to older reactors unless they are sent
to the factory for| T%ﬂassing The turnaround time for this can be 60 weeks,

. _ Replacing the cor{_@xonal manheads with Lenape's can allev1ate leaks around the
manhole,

Another Danger Area Is The Rupture Of The Sight Glass

. During manual cleaning it is often necessary to free the nozzles holding sight
glasses from accumulated solids. In the process sight glasses may be accident-
ally chipped, which may induce an undetected hairline crack resulting in a burst-
ing of the sight glass when the reactor is pressurized,
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Another source of sight glass rupture is the removal of the sight glass for
cleaning., Upon re-installation, uneven tightening of the bolts is known to have
induced stress inpt-gg]glass with the result that when the pressure stresses

were added the sjght/glass burst, A novel design incorporated in the late models
of glass lined retf‘f&ps eliminates this possibility,

/r;‘.-ﬁ - ) ,
IN SITU CLEANING METHODSE/HOULD PROVIDF A SOLUTION TO THF LEAKAGES CAUSED BY
FREQUENT OPENING OF THE BHACTORS '

-
The ideal solution woul‘d\B'é to eliminate the need for opening the reactor, Complete in

situ cleaning would provide this splution if it could be made thorough enough, Several methods
exist or are under developme d a brief review of their characteristics is given here,
by '
(1) Historical Changes Hayé-Already Reduced The Frequency Of Cleaning
\ /Y

In all reactors involving a change from a liqu'id to a solid'phase, such as encoun-
tered in PVC production, there is a tendency for the solid to agglomerate and ad-
here to solid surfaces under certain conditions., This tendency is a function of;
nature of the solid and liquid phase(s)
quality of the reactor surface

presence of stagnant zones in the reactor

"Bath Tub Ring" effect
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[

It has been observed that in the course of the development of PVC production
from its beginning in the 1940's to the present, two changes have contributed to
reduce the frequency of cleaning:

- a trend to larger reactors has reduced the tendency for

the agglomerates to bridge, say between baffles and side

- formula _'_f:if‘\znges seem also to have resulted in a lower ten-

dency for the solids to agglomerate
The result has been th‘:_a_fd‘:lhe cleaning frequency has gone down from once every
batch to once every fo%,\'or five batches, Yet this still may constitute an un-

acceptable frequency, "+

Furthermore, with thé:;rend to large reactors (10, 000 gallons plus), structures
had to be erected in the reactor to allow for reaching the required areas (usually
in the nozzles on the=tgp cover and at the liquid gas interface). A development
was the use of hand ected high pressure (up to 10,000 psi) nozzles, This is in

fairly widespread uﬂe‘i’

There Are Two Basic Me%s For Automatic Cleaning With Some Variants: Water Wash

And Solvent Wash

One method uses water under pressure and relies on the mechanical impact of
high kinetic energy water particles,
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There are two variants of the water method:

very high pressure low volume spray--a typical instance
would be 6,000 psi at 50 g, p, m, for a §, 000 gallon reactor,
Cleaning time is twenty minutes

low pressurem‘i&h volume spray--typically, for the same
5,000 gallon saattor, 200 psi at 200 g.p. m, Cleaning

time-is twen(f:{pinutes

By and large the problem @jth water consists simply in separating the solid poly-
mer from the water stream “!In fact, for large volume applications, water re-use

L

may be justified, AR

The other method uses séfvents. At present, there are several solvents in use:
EDC, Tetrahydrofuran,“MVPyrol, and one as yet undisclosed from Robintech,
fec g

The solvent method hagAwo variants:

in one%hod the solvent is allowed to completely fill the
reactor” '

the other solvent method is the use of an automatically con-

trolled solvent spraying ‘
The main drawback of the solvent methods is the need to recover the solvent (they
are quite expensive, on the order of $0, 50 to $1. 00 a’pound), and to a certain ex-,
tent it displaces the problem to the cleaning of the heat exchangers or other solvent
recovery devices, This is a major reason for which proprietary rights and patents
cover these methods,
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(3) The Cleaning Methods Are Proprietary But Are Offered For Licensing

At present there are several methods offered for licensing. Two of them are basically

water methods:

GOODRICH HRC
High Pressure Water

the method:i?olves the use of very high
pressure, ractable, multi-directional
water sprays; manual cleaning is required
approxima%y after every ten batches

_the equipmgnt cost is about $100, 000 (one
unit needed per reactor size class); there is
a $50, 000 pdage fee; believed to be non-

recurring ~y

-‘-ﬁ-h-_—

the methofjdrawback is that reactors have

to be openéd to install the portable equipment,
causing 4,erioration of the manhole cover seal

the timg@g for the institution of this method
depends on delays in construction of the-special-
ized equipment, and in acquisition of the ancil-
lary equipment, pumps, tanks, etc, It is esti~
mated at about 6 to 8 months
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PFAUDLER Low
Pressure Water -

other factors as plant 1

EXHIBIT A - 3(10}°
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the method involves the use of a patented
retractable nozzle assembly which is per-
manently installed in the reactors. Its ad-
vantage is that with twenty minutes of clean-
ing after each batch, at least twenty-five
batches can be processed before another

type of cleaning is required. An interesting
variant is the use of solvent™on, s&ay, evex'y__J >
twenifieth cleaning, This is claimed to make
it unnecessary to the reactor for other
than annual or semi nual routine inspection

the spray pdzzhe as@bly is estimated to cost
about § (ﬁ

ancillary piping and e%ment varies widely
depending on the number gf reactors and such
t, etc, Probably

$10, 000 per installed reactor is a good approxi

mate figure, @

installation delays may b@the order of 10 to

12 months (ﬁ

the cost of adding solvent capability may double
the capital investment costs
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The other proprietary methods involve the use of solvents:

STAUFFER EDT

the heart of the method is the solvent recovery
unit, A drawback is that it is a soak method

in which the reactor is completely filled. Turn
around time for a 5, 000 gallon reactor is about
three hours

the required equipment involves essentially cir-.
culation pumps, solvent storage tank and a sol- .

vent recovery u%
/ o

a license fee basgdgn capacity entitles the li-
censee to flow di ms, thermodynamics and
energy data, opel@ﬁlg manuals, etc.

the cost of the re%y unit is said to vary from

$75, 000 to $150, 000 depending on solvent hand-

ling capacity. Thi%es not include the engineer~
For a 5, 000 gallons

ing costs nor the storage.

per year of solvent ification a fotal 1 d
cost of $250, 000 to , 000 appears reasonable
T ——— I - - -

such an installation niag require(up to 2 years and

significant shut dow producti ities have
to be anticipated

American Chemical is believed to use the Stauffer
method with EDC as the solvent. This may be an
interesting solution for integrated plants, where
EDC is available
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EXHIBIT A - 3(12)

USDOL

/OSHA

this process uses a trademarked solvent s

M-Pyrol and retractable
manently installed on the
ing devices are installed

spray devices per-
reactor. The clean~
typically in 4" noz-

zles, They retract behind a quick opening
gate valve during reaction

a problem with this equipment is that gate
valves are not very reliable as closing de-
vices in presence of solids, so that leakage .

cannot be ruled o der pressure. The de-
sign does not inco ate the elaborate seals
required to contai M should the gate valve

not close complet

the costs of equip are similar to those for
the Stauffer proce d subject to about the )

same installation dela%s
) Q

part of the Shinetsu

e Reactor Technology.

this is a proprietar;@;ess which is an integral

It requires specific %
be economically insta

In addition, the proc
lined reactors.

n features which may not
in existing reactors.
annot be used in glass
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COMPARISON OF LARGE REACTOR

TECHNOLOGY WITH HISTORICAL
REACTOR TECHNOLOGY-AFTER CONOCO

A new Conoco PVC plant based on the large reactor technology came on
stream in 1971 in Oklahoma City, Oklahoma. Conoca also operates a small reactor
PVC plant in Averdcen, Mississippi, and the following data are related to small
reactor plants based on our experience at the latter plant.- Approximately 32
to 34 small 2200 gallon reactors are needed to provide the same capacity that
is obtained” In 4 large reactors at Qklahoma City. This means that 8 times as
many reactors must be charged, polymerizations contained, stripped, dumped,
cleaned, etc.” The number of mechanical entities (valves, flanges, pumps, etc.)
reyuiring mainfenance (leak problems) is substa 11y less in the large rcactor
plant; & ong ' . over, most of the mcchanical
steps 1n the new plant are carried out by remote trol while the operator
keeps all phases under observation by means ot CQEZZS, schematic diagrams, lights,
and closed circuit TV camcras. These comparisons also based on censiderations
of the cooling watcr avallability, product mix ax;ﬂjge particular clemical and
enginecring approach in use. Cfx

s

Host of the small reactor plants have been ;;%fFrUCtEd with the reactors

contained in buildings. Our large reactor plant nly a reoof over the reactor
building. The associated piping, Instrumentation,®ctc. are enclosed on the sides
by a protective metal screcn-iike structure which covors only about two-thirds

of the vertical rise. Therefore, the reactor areafzgfissentially *open air",

The large reactor technology, when producing truction type resin, re-
guires peorsonnel entry only about once every thirty ; in small recactors, entry
for cleaning is aboul every ¢ or 5 days. Reduced (nc;ggffroqucncy is obviously pre-
ferred until the goal of zeoro personnel entry can Le achieved by additjonal reo-
search on “clean wali" polyrerization formulations. Until that time a conmbination
of solvent cleaning followed bu periodic personncel entry in the reactor to manually
chip away polymer will be reguired. '
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Our largec reactor plant provides ahout a 98% yicld of PVC based on vinyl
chloridc monomer charged whereas small reactor plant yield is only about 94 to
95%., While the distribution ¢of the viecld loss is not fully deofined, we bhelisve
a significant reduztion in atmospheric emissions is being obtained. In addition
to the differences in procuct mix, thiz diffcrence in vield reflects the fact
that fcwer operational steps are reguired in large reactor technology which
mininizes the loss of both solid PVC an ascous VCii., This should provide a
workplace with a lower risk for the eﬂhyégch of VCM cxposure.

Large reactor manpower requircment are approximately one half that of
small reactors on an-equal production pasz Two large reactors require two
reactorten per shift., Sixteen small reachJQ% the -number nccessary to equal
the production of two large reactors, reguyp four reactormen per shift, On
a per pound basis, large reactors reguire g: j4 reactormen per million pounds
per year while small reactors require 0. 168///4

In vicw of what we believe to be positdive advantages for large reactor
plants, we plan to install additional large reagtors to replace the small reactor

sections of the Aberdeen plant when appropri echnology is available. At
the present time, large reactor technology is-limited to a very specific range
of ‘resirs which find application in the const ion industry. These types of
resins do not have rigorous requirements on s 1 important PVC properties;
e.g. "fisheyes". Altkouch higher quality resi uitable for wire and cable,

calendering and other applications have been demonstrated to be technically
feasible in our large reactor technology, significant additional developmental

~®ffort will be required to demonstrate production of these resins on a commercially

practical basis. To accomplish the goal of replacing our small reactors at
Aberdeen and of providing resins required by the market, we believe that the
following is a very realistic timetable:



549

£IeROa

EXHIBIT A-4(3)
USDOL/OSIjIA

tsssvsea Basic R & D Program %e&r.

essvess Engineering design an@taining bids - 1 year
ssesass Plant construction and@rt up - 3 years

This endincering analysis indicates that 5 ye@are required to implement tech-
nology required_to satisfy market demands while %a‘intaining our .employee VCM -
exposure In keeping within our proposed standazﬁdd In the interim, we plan to
meet the proposed standards by restricting workol:»réict:.ices {hy use of protcctive
equipment, ctc.),until such time as we are able to gmplement the replaccment of
small reactors with large reactors. @ :

>

Source: Submission to Docket Officer, Docket OSH-36, OSHA, by R. W. Genwig,
Vice President, Continental Oil Co,, June 27, 1974.'

R
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Nozzie Heights:
2434" (3" Nozzles) = a

25" (4*Nozes) - b OLDER POLYMERIZER DESIGN

26" (6" Nozzles) — ¢

Clamps (24)

8" Jkt Overflow

— Glasteel Batles (5" OD)

| I Glasteel Agitator (514" OD)

3" Jkt Couplings

Split Hub Agitator

0 f ‘ . \ 3" Jkt Drain
J fa—
4

6" Bottom Outlet

v 3" Legs (8) with Floor Bases
L-—-—-— 106" Bage Dia.

Source: Pfaudler Bulletin 1051, Glasfeel Polymerizers




T TR bt R WL 2800, QRIS O 2 Q»Wv;! r«m——m»ﬁs Tt Nt £ et WHM-*L\
PO I A T PR &».'_.,"7 PR s Aks e n e i b s Y o T

B e it i 1 et Ak & e Skt i S ot s e

R e

B T VNN F . TS Nr P TEL UL PR

PRTFALRE

Thalah, o em P n unad A e ey

PRERNE. K R

EXHIBIT A - 6

USDOL/OSHA }
MODERN POLYMERIZER DESIGN

3
/ \ \\ \%:
»* FACETO FACE
BAFFLE

1 | BOTTOM r
ENTERING ,
. AGITATOR i

1
F PP iT T dd T il rrrirriririiiirirrssy k
3

LamC o okt ot ) L

BFS a85665

e e \u,.-.m.".-‘-., T e ey




549

939848

—

EXHIBIT A-7(1)
USDOL/OSHA

BROAD DISCUSSION OF MONOMER

STRIPPING TECHNOLOGY

IMPROVEMENTS TO THE STRIPPING STEP IN PVC PRODUCTION WILL MINIMIZE
VCM EXPOSURE HAZARD DOWNSTREAM FROM THE REACTORS

Residual VCM in PVC slurry downstream of the reactor causes problems of potential VCM emission
through "degassing" of the finished products. Furthermo ere is the possibility of emission in blending
and in-process storage, centrifugation, drying and produg ndling if there is a significant concentration
of unreacted VCM in the PVC slurry or resin. ( () ‘

Historically, the stripping operation was tailored to n@ize VCM losses and thus increase the prod-
uction yields. A new dimension has been introduced to this @sation by the recognition of the hazards
which may be created by the existence of significant VCM concéntrations in the atmosphere as a result of
residual monomer.

nomer:. Z,

Limiting residual monomer in the resin can reduce expoSure risk from unit operations downstream of
stripping, limit air pollution from dryer exhausts and other do@ream sources and limit the exposure risks
of compounders and fabricators. - ‘

. Thus, improvements to the stripping, which are not econ nj 1ly justified by the value of the VCM
recovered, have become necessary. This discussion addresses { broadly to the technology of stripping.
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(1)  For Economic Reasons The Stripping Method Which Was Found Historically
Practical Was The Depressurization Of The Reactors Through A Recovery Unit

A substantial VCM pressure exists at the end of the polymerization cycle. The reactor
atmosphere, which is essentially composed of VCM vapors, is vented through a system in which
the VCM is cooled and recompressed to a liquid phase which can then be returned to the process.
Up to 10-12% of the initial charge can thus be readily returned to the process. However, at at-
mospheric or near atmospheric pressure a significant concentration of VCM (2 to 3%) remains
in the slurry. Slow liberation of VCM occurs when the atmosphere in contact with the slurry
is renewed, but the bulk of the free VCM is dissipfﬁduring the drying step.

Additional treatment of the slurry via, for instange, reduced pressure, heating, etc.,
requires both equipment and energy, the costs of w are not justified by the value of the

minor amount of VCM thus recovered.
1

The geometry of the reactor, which is favorable to agitation and heat exchange is not
the most favorable for stripping due to a low ratio of f%rea to liquid volume. This aggra-
vates the foaming problem which is often encountered anrequires the use of knockout pots
on the recovery lines. Thus, some plants have incorporated an additional vessel in which
the stripping takes place. Usually this vessel has abo ice the capacity of the reactor and
can be of a different geometry (horizontal cylindrical t with the liquid level near the cen-
ter line. This offers not only a better area volume ratio’, but also a considerable extra capac-
ity for whatever foam layer is formed. The stripping raEﬂd degree of completion can thus
be ifnproved.
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(2) An Improvment To The Stripping Which Has Been Implemented In Some Plants
Is Pressure Reduciion By Steam Jet Or Vacuum Pump

Reduction of the pressure of VCM over tlff@’?lurry will result in a reduction of VCM
concentration in the slurry itself. The advanta"”_“é\of using a vacuum pump is that the dis-
charge of the pump can be handled directly vig'the recovery system. Steam jet exhaust has
to be vented to the atmosphere, thus creating a “fential environmental problem.

Ijl /3
(3) A Further Refinement Is The Sparging Of Jbive Steam Into The Slurry,

Preferably Under A Reduced Pressure “& *

. / .
A further refinemeni of technology consists"é\*he application of heat to increase the
partial pressure of the remaining VCM. This, cofipled with reduced pressure over the slur-

ry, should result in a greatly enhanced stripping nging the unreacted VCM level in the
slurry itself to perhaps 100 ppm. This would hav added advantage of reducing drastically
the amount of VCM in the dryer exhaust gas, thus iating a potential environmental problem.

@p



EXHIBIT A-7(4)
USDOL/OSHA

(4) . More Sophisticated Stripping Methods Are Under Development, But

This Work Is Highly Proprietary

As a result of the Emergency Temporary Standard, the industry has been engoged in
a vigorous development program addressing itself to the problem of residual monomer in the
finished product. In the table below are presented some typical residual monomer concen-
trations in the major resins since the promulgation of the Emergency Temporary Standard.

Reported Range

of Residual V Representative Average (1)
Resin Type ’ (ppm). (ppm)
‘ Suspension 50 - 4, 00()9 500
Emulsion 1- 400 10
Bulk 0 - 35 20
Solution (ﬁ 1.5
Copolymers 10 - 14,000 /A 1,000 - 7,000

o

549

(1) Average value considered by mdustry souro represent residual VCM
levels in common resins of the type mdlcatepecxalty resins, which

represent 10% to 15% of production (generally ension resins) were re-
ported to contain up to 8,000 ppm. (ﬁ

Source: Industry interviews by Snell

It is seen from the table that considerable reductions are needed in free VCM levels in some
resin categories to reach the 100 ppm levels advocated at the OSHA Hearings.

69938048
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EXHIBIT A-7 (5)
USDOL/OSHA

A considerable amount of development work is being carried out, principally addressing itself to
the stripping step, to achieve a drastic reduction of residual monomer levels. However, it is reported
that for many products increases in the stripping efficiency, e.g., through steam sparging, results in
unacceptable deterioration of product characteristics such as, for instance, coagulation of latex. Thus,
the development program has also to incorporate changes in the polymerization steps, such as reformula-
tions. The nature and type of the information handled in this development work makes .it so confidential
that no technical details are publicly available.

Very generally, sophisticated stripping methods such as countercurrent or cascade stripping are
said to be under study.

(5) Implementation Time For Stripping Improvemeﬁts Are:'-ﬁriable

&

the few remaining plants which do not have this capability.*Implementation time of the order of six months

=
Introduction of vacuum stripping is comparatively ea@ a}‘nd will result in immediate improvement in
m
is required. (ﬁ

%

: 7

Steam sparging will require more time due to the addén@aquirements of the recovery system which
will have to incorporate reflux condensers for the water Vapof:_/ From 1.5 to 3 year implementation time
can be expecled. Time requirements are greatest for those plt which will require additional steam
generating capacity. ¢ '

N

Stripping of copolymer ‘and latex products tao below 100 p‘ ree monomer levels is reported to

require significant technological development.

Newer, more sophisticated methods may already be in the %ementatiom state or, on the other hand,
be only at the earliest phase of development. Levels of residual monomer below 100 ppm for all products °
on a quality controlled continued basis are probably years away.

Source: Snell Analysis



EXHIBIT A-8
USDOL/OSHA

TYPICAL POLYVINYL CHLORIDE
OPERATCR MOVEMENTS AND
PLANT LAYOUT

v TRIPS - CONTRIL RO TO REACTORS - 80 PER
A> SHIFT

. :
C)y~4WIX|Ns AREA - 6 PER SKIFT
A

[]rilfgyaur TANK - 6 PER SHIFT
O @ Qlfgknvcn - 6 PER SHIFT

Muyﬁ%igx TANK - 6 PER suIFT
. TOTA TANCE PER OPERATOR PER SHIFT
0= .
oumces i 4 - § . -

_' D &

usmn

WSTRUMENT FANEL
INSTRUMENT PARTL

.
»

Source: Industry Interview by Snell,
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APPENDIX B g

EXPOSURE DATA FOR POLYVINYL CHLORIDE (PVC) AND VINYL ﬁ},‘ORIDE MONOMER (VCM) PLANTS

o

2,

U
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APPENDIX B

’

EXPOSURE DATA FOR POLYVINYL CHLORIDE (PVC) AND VINYL CHLORIDE MONOMER (VCM) PLANTS

This appendix presents exhibits summarizing the exposure data from a number of PVC and VCM plants.

The appendix also contains a confidential invent ry of PVC workers for 1974 (see Exhibit B-1), used for
reference purposes in Chapter III- discussxon@,qé&mployment

An explanation of the elements of the cod{lng I;that is assigned to the data sources follows:

Random leading numbers onl ear for VCM plants
. Random leading numbers app f6r PVC plants followed by possible
symbols as shown y
- PVC plant capacity °
S = small, less than 100 millj 5

M = medium, 100 to 200 millio
L = large, over 200 million lbs @

- PVC plant age

New = 0 to 10 years
Int, =11 to 12 years
Old = over 20 years

- PVC plant siting

C = cold climate
W = warm climate



The exhibits presented in this appendix are arranged in the following manner for clarity of
presentation.

Exhibits presenting PVC industry submitted VCM monitoring data are numbered B-2
through B-21,

Exhibits B-22 through B-24 present the Snell assessment of the industry data and data
submitted to Snell by OSHA.

Exhibits numbered B-100 through 106 contain VCM industry submitted VCM monitoring data.

Exhibits B~107 and B-108 sﬁﬁﬁ}he Snell assessment of the industry data and data submitted
to Snell by OSHA. ‘5

The data contained herein will prc\;ﬂ—; general location of VCM source in a plant, VC concen-
tration in ppm, number of employees exp at given work posts, and in most cases the measurement
methods. ”(M[

There is some evidence that data obtaigﬁ from manual sampling versus area monitoring may be
biased downward. A PVC producer presentqﬁ“&ata showing the comparative results of sampling in the
same area by manual methods and by means of five twenty points automatic sequential sampling chrom-
atographs. The results are presented below.zﬁ

\?ﬁﬁNumber of Samples Average Point Range (95%)

@/P)

Manual Sampling 218 10.14 0 - 46

Automatic Sampling one full day 16.30 0 - 64

Without a statistical analysis of the population it is premature to affirm that a bias exists be-
tween manual and automatic sampling, particularly since one deals with a one-sided distribution.
However, in view of the magnitude of the difference of the averages a real bias is likely.

L9584
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_Plant Start-Un Date No, of Workers
1957 64
1963 46
1961 80
1963 ~ 155
1946 %
1966 . 158
1968 120
1954 130
1953 300
1960 vj}i}o
1970 ]
1946 300
1956
1958 1)
1956 7 )
1966 14&1:,-11?' ’
1963 187 A
1926 212 A

1]

(1)

Source:

Plant Start-Up Date

1947
1959
1955
1950
1971
1953
- 1965
1947
1965
1965
1942
1969
1955
1968
1965
1967
1957
1649

EXHIBIT B-1
USDOL/OSHA
CONFIDENTIAL INVENTORY .OF POLYVINYL
CHLORIDE WORKERS - 1974

.

No, of Workers

140
74
150
74
30
241
200
350 .
70
180
266

150

Since the data is coded and confidential accoﬁ%the source, it is not clear to Snell what the precise definidon of “PVC

Worker* is,

Staterent of PVC Producers in the United States Rme to Health Experience of Workers in Plants Polymerizing Vinyl
Chloride, Draft No, 3, 5/28/74, per private communicaton with Snell by Arthur B, Stcele, Operations Manager, Union

Carbide Corporation Chemicals and Plastcs, July 26, 1974,



EXHIBIT B-2 (1)

USDOL/OSHA
MONITORING RESULTS FOR

12-M - INT. - C '

Job Classification Average Exposure (ppm VCM) Number of Data Points

Suspension
Area Foreman . 39
Homopolymer Reactor Operator 0 ‘ 79
Copolymer Reactor Operator . 76

Dryer Operator . 24
Bagger/’cﬁner ’ : . 59

Labor Poo@aner . od
‘\‘q‘

Plastisol
Area Forem . 32
Shift Foremar‘(‘p . 27
Tower .Operator . 176
Laborer A : . . 100
Bagper o
Atomizer Dryer O@mr

Additive Dryer Op Véx);

Laboratory
Q.C. Lab. Supv.
Analytical Chemist
Colorist
Q.C. Technician/Days
Q.C. Technician/Shift

Maintenance .
Maintenance Foreman
Mechanic/Shift




EXHIBIT B-2 (2)
USDOL/0OSHA

Job Classification Average Exposure (ppm VCM) Number of D‘ata Points

Warehouse and Miscel us
- Warehouse Supv.# .
Warehouse Shippi erk
Warehouse Receivi erk
Warehouseman

Effluent Plant Operamﬁ_ﬂ")

Boiler Operator

Utility Man g f

Yard Man and Service Mgn

[y
T E-E - -
L W 3 St

h

‘@ﬁ
ap

Source: Snell summary of industry data




EXHIBIT B - 3(1)
USDOL/OSHA
17 - § - INT. - W

Number of Average 1) Type of
Job Description Duties Employees 8 Hr. TWA PPM Exposure

Supervisor ' General Supervisory - 5 Intermittent

Senior Operator General Roving Duties 8 Intermittent

Reactor Operator Reactor Charging, Dumping 22 Continuous

Solutions Operator Reactor Chaﬁglg, Dumping ' 19 - Continuous
Intermittent

) ’\.ﬁ Wear Masks
Recovery Operator Stripping, Tra@@r Slurry 17 Continuous
i
‘ 7 Intermittent

‘Utility Reactor Cledqipg 16

Finishing Oﬁerator Drying /,A
Bulk Operator Bulk Loading Re%iiT“Transfer_ 7
14 Intermittent

Intermittent

Bagper Bagging ‘:A
Artisan Operator Monomer Unloadingwﬁﬂes

Mechanic Maintenance (j} Imermittex'lt
Intermittent

Intermittent

Bulk Loader Material Handler
Lab Technician Analytical Intermittent




EXHIBIT B- 3(2)
USDOL/OSHA ‘

Number of Average(“ Type of
Job Description Duties Employees 8 Hr. TWA PPM Exposure

Supervisor General Supervisory 8 5 * Intermittent
drd Floor. Operator Reactor Charging 8 22 Continuous

Utility Reactor Cleaning 16 Iztermittent
Wear Masks

LA
v
2nd Floor Operator Stripping Tranggygp}of Slurry 17 Continuous

}

Dryer Bulk Loading Resmansfer
Bagger Bagging (Iﬁ

Dryer Drying 7 Intermittent
7 . Intermittent

14 Intermittent

Area 5 Operator Monomer Unloading U}iﬂties Intermittent
Ay

Maintenance Mechanic Maintenance o

Material Handler Warehouse Work =@

Lab Technican Analytical \ﬁfk

Intermittent

D WM e s B

6
3 Intermittent
7
1

Intermittent

P
Note: (1) Data collected May 1 - July 15, 1974@

Source: Snell summary of industry data

gg83Iseyg
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EXHIBIT B -4(1)

~ Breaking, etc.)

-

(1) Five minute average

(2) None Available

USDOL/OSHA
MONITORING RESULTS FOR
19-L-NEW-W *
i (1) How Historical How '
*Unit Operation Current VC, ppm Measured VC, ppm Measured
VCM Unloading Typical = 40 ppm Gas N/A  (2) N/A
Ceiling =500 ppm Chromat~
' ograph
Organic
Vapor
) . Analyser
Reactor Oper- Typical = 25 ppﬂ;ﬂ)
ation Ceiling =300 ppqﬁw, " d N/A N/A
(‘:;::fj;
¢ ff
Drying & Typical = 20 ppm xaf%" N/A N/A
Product Trans- Ceiling = 75 ppm ¢ [F)
fer =
P
Z_y
Mechanical Typical = 30 ppm gt N/A N/A
Repairs (Flange Ceiling =1000 ppm
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1.

III1.

VCM_UNLOADING AREA

Activity Arca

Under Compressor Shed

Guaging VCM Storage Tanks

VCM Transfer Pumps
VCM Unloading Platforms

V-11 VINYL BUILDING

Activity Area

P
Recov;g; System

Buildi xposure
At thc(-h_ p Strainers

Water B ing Reactor
Fresh Al¥ System
gP:
v-12 VINYL BUILDING
A,

Activity Afea?
[=]

Recovery Sya@
Building Exp

At the Dump § ers
Water Blasting ctor
Charging Contr nel

VCM  LEVEL

EXHIBIT B -4(2)
USDOL/OSHA

ppm

10 ~ 2200
80

10 - >100

10 - 200

- VCM __ LEVEL

ppm

5 -2100

5 - 7100

5 - 7100
40-180
0-10

VCM __ LEVEL

ppm

5 -2100
5 - 2100
5-65
40-180
5-65



1v.

V-11 DRYER BUILDING

Activity Area

Centrifuge discharge
Sifter deck

Bird deck

Slurry Hook-up Station
Resin Hook-up Station
Cleaning Dryer

In Dust Collegtg
Taking Silo Rgéhi%gs
Sifter OverflJQQWﬂ
Resin Bagging kﬁ S/

ot

Resin Warehouse Uﬁ

LARGE_REACTORS v‘ n

Activity Area /AA
2

Recovery @

Swego P

VCM Charge Pumps

EXHIBIT B -4(3)
USDOL/OSHA

LEVEL  ppm

0 =100
10-100
10-100

10 - %100

6 -7100
25-35
8-80
10--90

. 10-35

10-100
10-20

=)

Source: Snell summary @dustry data
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Historical

EXHIBIT B - 5 (1)
USDOL/OSHA -

MONITORING RESUL'I:S FOR
40 -L - NEW - W

: : How How
Unit Operation Current VC, ppm Mcasured VC,ppm Mcasured
V~12 Charge 21 Gas Bag N/A N/A
Operat .

/il Gas Chrom- -
vV-12 Reé%iffy 7 atograph
Operation
)l

V-12 Mainte 12
Mechanic {I! )
V-12 Utility /\ 11

@
V-11 Charge 42
Operation
V-11 Recovery Vﬁifb 50
Operation (JT)
v-11 Utility 102
Large Reactor 1l
Lead Operator
Large Reactor 5,
Operation
Resin Bagger 13 .
Vinyl Area Maing. 3

Shop
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EXHIBIT B - 5(2)
USDOL/OSHA

Fork Lift Operator 17

Receptionist

Office

Engineering

Offices

"‘A:,;--,i ;’ :
Maintenance Shop 1 {;ﬁi&

‘Note: . 1)

2)

am ,
Continuous monitoringig}ta shown in attached table. This data is
as yet experimental, A '

Z

ABD & OKC are presentéd ééparately because of difference of equipmentg

and technique. ‘ f

Source;

Snell summary ofinduétry




EXHIBIT B - 6(1)
USDOL/OSHA

MONITORIN G RFSULTS FOR

Table 1 == Vinyl Chloride Levels . M EE oM _NFW W
o (non-respirator areas -- grab samples) May 1 - June 26, 1974
Location - : Operation ) Vinyl Chloride == ppm \
. ‘-', Median Low‘ ngh .
Day Tank Area Pumping VC , 3.4 0.0 _I_71.6 |
) Compressor 1lK-1 , De-gas 7.0 0.'0' . }36.:' ..
Compressor 2K-1 e-ngg?g T 3.0 . 0.6 3i.4
VP tSeal Discharge De-ga{»\ ' 8.4 0.3 !.59;.“ :
m Blower Dischax;éé Durmg@ﬂ:aning . 1.0 029 T36.0°
a Popo Sampling Before mcharge. 4.5.. 0.0° .46. 5
109/209 Blind Changingflind 9.3 0.4 137.
Warehouse - (2) Aisle ° L - 5.2 0.0 -7, 7
5 Labora}:g)ry (3) Workbench .. 4.(‘) lﬂot.Ai)plica?lg
2 ow 3) Office (/ﬂ 1.7 " "
% -~ " (3 . Compositing Samples 6.4 U
o . )

Office (3) . .  Center of Area 2.1, ". M i




EXHIBIT B - 5(2)‘
. ! . USDOL/OSHA
Table II -~ Distribution‘of Data -- ._. . - _ VG Levels
110 Grab Samplesl!) .

May 1 to June 26, 1974

Minimum Value 0.0 ppm
Maximum Value 159 ppm

10% of samples showed VC levels 0.5 ppm vor_l_ess -A’.F ’
20, " " " on ;;‘;' _ 1.1-% * ) “
3% ". " e UL TS R R
“or o, " n 2.9 " MM
»50% - " " 4.0 Moo
. 60% Y. p 6.4 " " "
0% v " " “ 9,7 " " =n
goz " " " 14,9 " " "
90% " . " "o 26,2 . " LMo
95% Moo oo 39,7 " "ot
97.54 - 0w 1.6 " T

S 8IFIBAG




EXHIBIT B - 6(3)

Simi.larly . USDOL/OSHA
3.64% showed VC levels,greater than, 50 ppm
4. 55% L) (1) 2@ " 40 n I.
11.8% " ," " " 9g W
30.0% ‘ " " " (fj) ) w 10 M -
: un . .,
42.7% " " n n " _ 5 '" } K
81.8% 'u . " " ﬂ/_m; " 1 .u' ' * .
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EXHIBIT g - g (9)
USDOL/OSHA .

»

. Table III -- Distribution of 8-HR TWA Levels

e b

May 15 « June 11, 1974 S
K
. Median 4,9 ppm |, '
Range <« 0,1 == 27.9 ppm °
' 10% of employes had TWA valuegsef 1.2 ppm or less

(A |
07 " . 0" " " KL < 1.5 " " "

_30% T » " T " (’Iﬁ}é.:} " " "

by, MM wTom W m g e e
% Cson m W owomow woggowo w W

S~ D

.80%';" W w 10§4T>" moe
@ BT TGRS CH oo
0 S sy m M momoow owgpy Taw

\ l‘g7.5% u . n‘ AL " " 27.9 nooon ‘.u‘




EXHIBIT B ~ 6(5)
USDOL/OSHA

Similarly:

‘None had. TWA ?rg.\cs grecater than 50 ppm

2.2% " @

] .oon 25 W

. 22.2% (1} " Ui " " 10 ‘H

4h 5% " ow n(ﬁf} " . " 5 "

91.1% "ll : y s ' 1 n
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Table IV

Job Classification

*Reactor Cleaner

*“Poly Area Operator -
*“Outside Operator
Finish, Bldg. Operatbr

Loading  Rack Operator

Control Room Operator

Supervisor

Tech. Supt. (in plant)

TOTAL

EXHIBIT B- 6 (8)
USDOL/OSHA

- Number of Values Vinyl Chloride ‘=~ ppm as TWA

2L

Lﬂ (ST S ;~¢tm I

45

Median

Low -High '_

e 6.3
i§%> 11.4°
'Ejﬁh 3.4
. L.
45%% 3.6

° 0.9
P, 3.7
ke

Ur—

4.9

2

1.4 27,9
4,2 ‘?, 23,7
S1.9 7 14.3
0.4 T 302
1.2 . 9.6
$H.1 6.0
2.5 4,9
Egg_AppligéEle

< 0.1 ©27.9

*TWA mecan for reactor building 8.5 ppm =~ rénge l.4 to 27,9 ppm -,




EXHIBIT B ~ 6(7)
USDOL/OSHA °

Notes: (1)

549

&38848

o
s

.u“
Concentration meas‘iﬁf@ents were obtained from samples taken in 250 ml. glass tubes.
Aliquots of these san?l were injected directly into a gas chromatograph. Samples
absorbed on carbon Wer ) desorbed in carbon disulfide prior to injection into the

chromatograph. @
Four samples only ¢ ff)
One sample only 22\

o
Snell summary of industry Q@

“)
>
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EXHIBIT B-7(1)
USDOL/OSHA

MONITORING RESULTS FOR
'22-M-OLD-C

VINYL CHLORIDE LEVELS _

FL

1946-1967

1968-1971

1972-1973

1974

TABLE 1 ~

VCM TEST METERS

e
MSA Explosig'- ' :
Lowest reading on scale, 2% of LEL, or 720 ppm -

not accur at this level. - g

Davis Vaporteq@?@ -
Lowest reading on a X10 scale was 0.2% of LEL or
72 ppm - noiﬁgbcurate at this level,
Johnson & Nilliams&SS PK Tester
Scale recads m per division but not accurate
below 50 ppm%%j@gro drift often in excess of
50 ppm, '
Century OVA #98 Po e FID Testers
Not specific foF VCM. Reads down to 1 ppm, We
calibrate with certified gas at 50 and at 5 ppm.



TABLE 2

EXHIBIT B -7(2)

Vinyl Chloridé Lovelé in Operating Buildings USDOL/OSHA

Pine Span, - C-1 €-2 E-1 [E=2 ¥-1 F-3 _K.
1946-1972 THA 500 140 500 150 20 - -
1973 Number of Readings - 77 73 582 597 222 73 :¥ 85
‘ TWA (ppm) 50 5 50 25 125 5 ‘175
Maximum reading (ppm) 2800 200 3000 2800 2460 200 2240
Jan, 1974 Number of Readings 9 9 63 ‘80 27 8 9
VA (ppm) 64 8 25 17. 93 44 17

Maximum Reading (ppm) 300 60 504 168 840 300 100 .
April 8, Number of Readingss® 306 131 935 1068 528 328 132
n§3731f° " un (ppm) = 8 4 7 6 10 8 7

1974 . S e g
T Maximum Reading (Hy@§ 246 35 43 34 50 65 46
7N g

(e

e
“Exclusive of Reactor Cleaning(JTB

o Jork Functions: o 7 0 .
¢c-1 - Tank Car Unloading, VC pumping, VCM production until 1967

‘n C_ 2 - $i " i 1 2] ) L] " [} Lk

o E-1 - Polymeﬁization, Mougmer Rccgﬁary
E-2 - o .
F-1 - Filter, Apron driers = .
F- 3 - Filter, Rotary drier ' |
K - Filter, Spray drier yffﬁ

teIRBE
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Table 3 -- Area Sampling Results -- - Y

EXHIBIT B-7(3)

April 8 ~ June 27, 1974 ) USDOL/OSHA
(Century OVA Meter)
Building Readings

Time Period - 1974 Upwind  E-l B’ Fal .ol Ce2 K Eo3

Reading . e "

age of All ﬁqndigns_igﬁ

4/8-6/17 L 49 167 12,6 A 389 9.1 142 147
4/21-5/7 62 17 114 e- 10,1 10.6 14.2-"12.8
5/17-5/25 _ 4.8 - 9.3 9.2 YZ;§ 6.7 7.9 10.3 10.9
6/5« 6/13 : 'f. 3.7 7.0 7.9 8.%».5 5.9 6.2 10.5
6/14- 6/27 3.8 7.6 7.7 9.2°5.5 6,073 7,0
4/8-6/27 - 4.8 10.5 6.7 13.1 7.2 7.9 10.5 1il.6
Number of Readings 240 1678 1229 398 310 153 154 .. 215



EXHIBIT B-7(4)
USDOL/OSHA

L _ Table 3 (continued)

L

Maximum Reading Recorded (as ppm Vinyl Chloride)

4/8-&/17 . 7 45 - 500 30 45 - 42

4/27-5/7 13 28 - 26 40 49 33

5/17-5/25 18 - 35 - 21 22 27 45

6/5-6/13 6 20 33§%3_ 4 10 10 16 55

6/14-6/27 5 27 - 45V 35 12 11 50 20
E’I * /A«\ ‘ '- :
ol 4/8-6/27 18 50 45 “%:%%5 500 40 50 - 55
Note: These data do not cover excur310ns®ut represent routine '_ ..

conditionsS. A -

FeILLaa




Table- 4 -=- Vinyl Chloride Levels
April 8 «- June 27, 1974

Century OVA Readings as ppm Vinyl Chloride

Time Period - 1974 Averages Maximuns Mimimums®

E-1 ) - 3. - E-1' E-2

—t—— — Se———

4/8-6/117 ’ 15 14
4/18-4/26 ; 27.5 b B TR
4/27-5/1 . 29,9 o 6 ° 15
5/8<5/16 . . 34,2 e 10 e
5/17-5/25. - 25.9 RN | 10
5/26=6/4 20,8 ) R A
6/5-6/13 | 21.8 . 4 15
6/14-6/27 20,3 - | = ig"

4/8-6/27 26.5 : | 10

LY
-

* A total of 193 readings were taken in E-1 reactors; 98 readings
in E-2 reactors. ‘

EXHIBIT B-7(5)
USDOL/OSHA




Table 5 -- Personnel Monitoring Data -- .

EXHIBIT B-7(6)

April-17 -- June 28, 1974 USDOL/OSHA

. L 250 ml 10 wmin All Short- 8-HR

Description of Value ‘ " Glass Carbon Term Samples =~ TWA

Number of Samples 94 74 168 - .él

Minimum Value -~ ppm < 0.1 " N1l CNil Y < 0.04

Maximum Value == pbm . 160 55 -- 160 ‘&.' 100

| = - |

vcn (ppm) -- 10% of(ia”;a}nples 6.6 -1 -1 3

20 "U:\ o 1 1 -4-1'5 4
30 P 2 1 1.8 5
o s v uA 2 © 2 2 .
a 50 v 3 3 3 12
60 " "% 5 3.8 5 14

720 " " (ﬂj 7 6 6 16

g .. cigot-woom 129 10 o - 20
% 9 " " 22 12 15 24
> o 95 omow 42 25 37 28

L
o~

0 ) 97.5 % " 60 55 S 100 Y




EXHIBIT B -7(7)
USDOL/OSHA

Table 5 (continued)

\f
72
(J

5 in 4,3
‘e b3 []) 4" [} 4()&;' m 6 '4

Percentage of values above 5

" " TH " 25 ) 9.6
£ “'A

”" " " .. 1) 10 20 . 2

n " 11} [1] 5 ll@ 39 . 4 ’

" " " " " VE§%§3.4




EXHIBIT B'-7(8)
USDOL/OSHA

Table 6 -- Distribution of Personnel Monitoring Data By
Job Function @nd/or Area :

Ten Minute~-Glass & Carbon Tubes - . 8-HR TwA

Work Area or - Total No. . No. Vinvl Chloride Tatal No, " No. Viavl Chloride
Function o Samples .~ 40 ppm > 25 ppm Ave  fMax iin Samples > 25 pom 10 ppa Tva rax iR
S v;’é,pm ppm  ppm _ PP ppm ppa

o )

(/ﬁ‘?.\,l 160 22

V8.3 75 12
22 24

9
12 23
-- 51

6
24

Reactor Cleaning 20
Batch Transfer 23
Reactor Area 23
Pump Room 12
Control Room 11
E-Bldg. Supervisor =T

h
LV SO Wi

! CoOo;
bR b bt = N

i coone

s

W WL
OO H~COOoOOO
WO = O N 0

oo

Bagger
P&S Dryer

Break Room
Locker Room
Lunch Room

Main Office
Warehouse

Telex

'Laboratory
Maintanance Shop

Shift Monitor

-
NS
(N}

N

| Wsm_%ﬂ X

- L ] - - -
f
OZO. ZZO
- e @ ‘s e *
Pt ot e e S e L

ot
NOONNO N O L

COCOO0CO0 O
OCOCCOCO0 O
COHN

» L]
WO N

Source: Snell summary of industry data




' EXHIBIT B -8
USDOL/QOSHA

MONITORING RESULTS FOR

31-M-MEW-C
| Current
Total Estimated VCM
Location " Employees Exposure Levels (PPM) (1)
. OQOutside, Tank Car 1 0 -5
*Unloading, .
et
. Outside, Storage Area 1 ?@ 0-5
ﬁeactor Building 60 © ’ 25 - 30 (w/excursions to 50)
Centrifuge and Dryer 8 w 0-5
Building v
. Outside, PVC Silos 6 , ‘Z\ 0 -5
. Bulk Pack Bagging 6 ) o ~0 -5
¥ Building (o2
Bagging Warehouse 15 (ﬁ 0 -5
Note:

{1) Monitoring performed with Ovameter

fao

K
a

Source: Snell summary of industry data

or
.




Unit Operatig Current Range

z’-"',;/ . VCM (PPM)

VC Unloading (f) - 200

Polymerization (,{f) 50

Kettle Cleaning (lle
[~

Drying @
Packaging (1) ‘(/ﬁ)
Shipping (j)

EXHIBIT B-9

USDOL/OSHA
MONITORING RESULTS FOR
45-M-INT-C

How Measured

Gas Chromatograph
Gas Chromatograph
Gas Chromatograph
Gas Chromatograph
Gas Chromatograph

Gas Chromatograph

Note: (1) Type C continuous flow air masks required while performing this function.

Source: Snell summary of industry data




Unit Operation

1. VC Unloading
2. Prepolymerizer
——./'A
Chatgisg
Openj

Charging A
Opening & |

Cleaning o
Transfer , .-

\(v
4. Bagging ;ﬁ

Current VC, PPM

<50

<25

50 - 150
<50
>50

<50

Note: (1) Nota l@@ble measurement

Source: Snell summary of industry data

EXHIBIT B-10 .
USDOL/OSHA

MONITORING RESULTS FOR
30-M-NEW-C

Historical
How Measured VC., PPM . How Measured

GC

Odor 1)




EXHIBIT B-11 -,
USDOL/OSHA

MONITORING RESULTS FOR
41-L-OLD-W
Range of Worker

Number

Average Worker

of Exposure to Exposure to
Job Description _ Samples VCM in PPM VCM in PPM
Maintenance : 42 1.9 0.1 -26.6
Poly Scrubber ' 16 14.4 2 -49.7
Lab Technician 13 184.1 0.2 - 2375
Bagger 6 2.5 ' 0.1-8.4
Compounding Operator 19 1.7 0.1 -8.7
Dryer Operatoy===, 34 78.8 . 0.5~ 915.7
L , :
HRC Operator - 10 3.8 1.0-18.4
w P o <
n 7
W Head Operator Y /- 17 4.9 1.0-26.4
Poly Head Operator,,é‘fi* 21 6.6 0.3-45.9
[#]
Poly Drop Operator \@ 26 5.7 0.9 -52.7
o Drop Operator \{ﬁi 6 ) 2.5 1.0-5.6
3 o
" Note: Snell average oija.%a for the months of March through June 1974,

" i
_—

Source: Snell cummary of industry dotn “




EXHIBIT B-12
USDOL/OSHA

MONITORING RESULTS FOR
28-L-NEW-C

Current VCM Historical VCM .
Concentration How Concentration How
Unit Operation : Since July, 1974 (PPM) Measured Since April, 1974 (PPM) Measured

. Polymerization and 5 - 10 Fip (1) .7 -90 FID
Setting 11 - 10 Carbon Tube 20 - 130 _Carbon Tube
. Centrifugation . 100 - 160 FID 100 - 160 FID '

. VC Recovery a‘vfﬁ 7 - 180 ' FID - Up to 10,000 FID
Unloading 7= 27 Carbon Tube Up to 10,000 Carbon Tube

. Reactor Entry F C eaning 4 - 42 Carbon Tube 40 - 200 ~ FID

. Transfer and Loal 0-3 FID 0-3 FID

. Warehousing ‘{ﬁ 0-3 FID 0-3 FID
o

/é‘_"___‘_\
Note: o

A

(1) FID =Flame Ionizau@ tector

Source: Snpell summary o{’ﬂlslustry data




EXHIBIT B-13(1)
USDOL/OSHA

MONITORING RESULTS FOR
54-M-NEW-C

Vinyl Chloride
. Monomer Concentrations (PPM)
Job/Location No. of Data Points Avg. (1) High - Low

Scrubbing 20 ) 65 199 8
Bagger and Bag Operators 17 20 70 0
Operator and Operator Workmen 72 21 239 0
Control Man/Control Room 27 27 343 0
Sampling and Checking 28 61 1021 0
Reclaim Operato’f-ﬁ 7 ' 55 227 3
Waste Lake 2 2 4 0
Maintenance 7 17 10 34 0
Washing and Cleany 42 65 1389 0
Perimeters m\ 48 2 11 0
Loading Operators { fI” 16 a1 213 0
River Discharge A 1 1 X X
Dicer P 6 , 3 8 0.
Dropping and Charging 23 70 0
Blending and Milling/M‘i_l/l,ﬁ 9 6 36 0
Intakes, Exhausts, Ventg 9 22 0
Dust Collectors = 10 16 76 1
Office Areas . 7 2 4 0
Work Areas and Decks (_J/T) - 33 ) 8 74 0
Dryers and Vicinity 7 51 : 0
I'roduct Collectors 2 10 16 3
FCM Rotors 2 2




L

EXHIBIT B-13(2)
USDOL/OSHA

Notes:
+ X = Not Applicable

(1}  Snell averaging of(._ge‘i')orted data.

A
Source: Snell summary of Kg/;lt'f\‘stry data

% |
Jn




EXHIBIT B-14(1)

USDOL/OSHA
MONITORING RESULTS FOR

5-L-OLD-C

Atmospheric Concentration Vinyl Chloride During Cleaning
of 4,000 Gal, .

Suspension Process

Air Concentration
Sample Location Viny! Chloride ppm

Operatot" breathing zone when 19
entering polymerizer

Operator breathing zone while : 22
scraping wvalls of polymerizer

Operator breathing zone while
scraping walls _polymerizer
=
Au September 1967
g
Qe

Monomer Concentrat¥off in Polymer{izer Atmospheres

/,’\»\ Total
Polymer Poly Poly"*"—fq\l ) Evacuation VC1l ppm Monomer
Type No. Size © Time 10 Min,* 30 Min,*¥

Suspension 120 1100 K;;ﬁ 20" 84
" 130 1100 V;ifk 18" 50

151 1100 25" 42

102 1100 35" 99

126 1100 P 20" 230

128 1100 : 20" 77

150 1100 50" 20

150 1100 20" 76

121 1100 40" 34

128 1100 4" 104
136 1100 45" 56




EXHIBIT B-14(2)
USDOL/OS'HA




EXHIBIT B-14(3)
USDOL/OSHA

August;Sept;ﬁber 1967

Monomer Concentration in Polymerizer Atmospheres
]
con't.

. Total
Polymer Evacuation VCl ppm Momomer .
Type Time 10 Min.* 30 Min,*¥

Dispersion 8 60" 27 80
" 12 25" 174 320
» 21 18" 102 104
v 12 3o - 142 168
" 17 3s" . k1.1 68

Suspension 137 20" 374 134
" 143 300 45" 405 142
137 25" 62 112

141 L 35" 138 123

113 ol 54 59

127 _ 10" & 30" 32 498

116 ¢ 1w0e 5" 440 . 390
106 30" 192 188
146 /\ 3o 162 200
142 — 35" 147 139
124 ° 3o" 128 101
142 @35" 106 113

105 ﬁ" 52 47
148 26 24
* Sample collected 10 minutes after opera;o(;g;kers poly,
operator breathing zone sample.

**Sample collected 30 minutes after operator enters poly or
after cleaning, if cleaning time was leas than ‘30 minutes;
vpevator breathing zone sample.




EXHIBIT B-14(4)
USDOL/OSHA
LN

Monomer Concentration in Room Air

ppm VC 2
i)
41‘%’

0 e
Dispersion g;;;m Suspension Resin
4 lr)

Date Bldg. Bldg. 461
8-29-67 ’ }(Jﬁ 53
9-5-67 : 16 : 27
ya
]

9-7-67 58 45

9-11-67 . ' % 26

9-12-67 . (Jf) 18

9=25=67 31

9-20-67 48

9-28-67 ‘ Lo 32




549

S IL868a8

Polymer
Type

Suspension
L 1]

"
"
"

Dispersion
"

"

Suspension

M

onomer Concentration in Pol

Poly

25

33
29
41
25
30
45
34
4é

16
18
14
18

142

October 1967

Poly
Size

‘\*?if‘ywo

rizer Atmospheres

EXHIBIT B-14(5)
USDOL/OSHA

VCl ppm Monomer

Total
Evacuation
Time 10 Min.
65" 71
45" 59
45" 48
3s" 73
35" 75
30" 73
65" 66
80" a0
65" 35
35" 56
50" 115
20" 156
0" 53
35" 58
25" 58
45" 50

30 Min.

95
50
70
11/
38
98
114
23
43
55

210
114
74
62
56

35




EXHIBIT B-14(6)
USDOL/OSHA

Monomer Concentration in Room Air
ppm VC1

Dispersion Resin Suspension Resin
Date Bldg. 451 Bldg. 461

10-16-07 142 26
10-17-67 . 14 :
10-23-67 ) 28
10-30-67 . IAA

Ambient Concentrations of Vinyl Chloride ppm

Dispersfion Resin Suspensfon Resin  Susper-ion Resin
Building 451 Building 461 Building 464

53
16 27
54 45
26

9 12 /x 450 18

9-26 48
9-28 32
10-16 WV 26
10-17
10-23
10-30

9-18




EXHIBIT B-14(7)
USDOL/OSHA

Average




EXHIBIT B-14(8)
USDOL/QﬁHA

Atmospheric Vinyl Chloride Concentrations in Charging Area

Dispersion Resin
Building 451

Tuesdav, 8-22-72; 11 a.m,

West Side
East Side )
Control Roqw%i}

”ﬁﬁ;ﬂ Tuesday, 8-22-72; 3 p.m,

{_s
West Side (Jr}
n

East Side
Control Room

A
léghadeaY. 8~24-72; 9 a.m,

)

West Side
East Side Vﬁﬁf}

Control Room

Thurqgg;k 8~24~72; 11 a.m,

West Side
Center
East Side

Thursday, 8~24-72; 1 p.m.
West Side :

Center
East Side




549

o
©
0
K
e
o

West Side
Center
East Side
Friday, 8-25-72; 9 a.m.
West Side .z
Center *?/
East Side o
Fr , 8-25-72; 11 a.m,
#
West Side (JT}
Center
East Side JﬁA
“Dispersion Resin
® Building 451
V%;;Eon't.
pS .
Friday, 8%???}2; 1 p.m.
West Side (JT)
East Side

Control Room

West Side
East Side

Thursday, 8-24-72; 3 p.m.

Thursday, 9-7-72; 1 p.m.

33
33
13

135
22

148

24
24
131

47
95
54

23
440

ppm
ppm
ppm

ppm
ppm
pPpn

ppm
ppm
ppR

PpPm
ppm
pp

ppm
ppm

EXHIBIT B-14-(9)
USDOL/OSHA




EXHIBIT B-14(10)
USDOL/OSHA

L]

Suspension Resin
Bullding 461

Tuesday, 8+22-72; 11 a.m.

West Side
East Side
Control Room

Tuesday, 8-22-72; 3 p.m,

West Side
East Side

Contro%?§
QZ?VJ
1’ Thursday, 8-24-72; 9 a.m.

West sx&%ﬁ”

East Side’
Control Rou@if)

5
/., Thursday, 8-24-72; 11 a.m.

Y

West Side ¢ )

L
Center 4??}
East Side \&;;§f>
(5F)sday, 8~-24-72; 1 p.m.

West Side
East Side

Thursday, 8-24-72; 3 p.m,
West Side

Center
Easc Side




West Side
Center
East Side

West Side
- Center
East Side

Fri

West Side
East Side

West Side

East Side

North End

Norch End
Center
South End

Friday, 8-25-72; 9 a.m,

Suspens{on Resin
Building 461

Fridav, 8-25-72; 11 a.m.

Thupsday, 9-7-72; 1 p.m.

Y
Q

%;ifxspenéion Resin
Building 464

Tuesdgg4r%-22-72; 11 a.m.

Tuesday, 8-22-72; 3 p.m,

EXHIBIT B-14(11)
USDOL/OSHA




North End
Center
South End

North Eand
Center
South End

North End
Center
South End

Norcth End
- Center
South End

¥orth End
Center
South End

North End
Center
South End

Thuvsday, 8-24-72; 9 a.m,

lhursday, 8-24-721; 11 a.m,

Thursday, 8-24-72; 1 p.m,

™

%
C

P

o

(Jfaursday, 8-24-72; 3 p.m,

A
&

=
[}

A
%z;}SuspensiOn Resin
oA Building 464

Friday 25-72; 9 a,m.

Friday, 8«25-72; 11 a.m.

*

EXHIBIT B~14(12)

USDOL/QSHA




EXHIBIT B-14(13)
USDOL/OSHA

Friday, 8-25-72; 1 p.m.

North End 47 ppm
Center 108 ppm
South End 115 ppm
: Ares Measurements Using Portable and Fixed
Ingtrumentation, Heasuring Total Hydrocar-
bona by the Flame Ionization Method

’ X Readings
Building Product *L Above 50 PPM Under 10 PPM
451 D1 1 Sl
spersion i
Resein

8.7
14.4
23.4
42.9
65.2
72.5

O OO




EXHIBIT B-14(14)
USDOL/OSHA

. - 461 Suspension JAN. 74 25.6 6.7 24.1
Resin FEB. 74 17.8 3.3 37.9
. MAR, 74 19,1 2.5 21.7
) APR. 74 18.7 3.4 14.6
MAY T4 15.4 2.2 59.3
JUN 11.9 4.9 57.8
. ’/’
{ m-;-a-\
464 Suspension  JAN. ’*/' 31.4 5.1 11.1
: Resin FEB. 7 N22.7 3.1 10.3 .
MAR. 74 8.3 1.1 3.8
APR. 710 (ﬁq 0.0 58.9
MAY 8 2.8 71.2
JUNE 71. [Xo 2.8 82.5
1
463 pyC JAN. 74 @ 0.0 70.9
Latex FEB. 74 0.2 91.7
- MAR. 74 7 =4 0.0 97.5
APR, 74 7.6 0.7 97.6
we 76 96> 0.4 86.3
JUNE 74 8.1 1.9 82.3

5489
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5489

Location and Type

East Bldg. 464
Suspension Resin

West Bldg. 451
Disperasion Peain

. Weat Bldg. 461
Suspension Resin

West Bldg. 453
l.atex

MNotes:

EXHIBIT B-14(15)

USDOL/OSHA

PERSONNEL MONITORING DATA - MAY-TULY, 1974 '
) TWA PPM VC1
Oneracio_ti No. of Samples Average Maximim Minioum
Charging 5 10 23 3
Cleaning 4 12 23 2
Recovery 6 14 . K} 3
Chargplog *5 8 18 4
Cleaning 7 19 42 &
Recovery 3 9 15 3
Drying and Baggin}‘g 4 1 2 . 1
S
Charging J(ﬁa\ 3 10 22 i}
Cleaning e 6 22 £ 5
Recovery f 4 17 - 26 6
Supervisory (;f§\ 1 12
r

arging A 14 23 2
Cleaning 'ii:A 3 47 126 4
Recovery ° 2 80 154 6
Supervisory 1 3

" Evorytne wears resplratory equipwent vhere the work mhere is greater than 25 ppm or where operations

and experience show there 1s a risk of exceeding 25 pp(.jf}

Personnel monitoring samples are taken over a period of time generally 4 hourxs (some
sents 20 minute samplea) to obtaln the time weighted average for employee exposure.

. data repre-

by absorption on carben tubes and tested using guas chromatography.

Source: Snell summary of industry data

All samplea are collected




EXHIBIT B-15(1)
USDOL/OSHA

MONITORING RESULTS FOR
8-L-NEW-C

Atmospheric Concentrations of Vinyl Chloride
K -~ Building 731

' i Vinyl Chloride
Sz-ple Location, Concentration (ppm)

Near Manhole, Poly No. 2 - Suspension Resin 15
Near Manhole, Poly No. 7 " " 18
Near Manhold, Poly No. 11 24

Near Manhold, Poly No. 21 -~ Dispersion Resin 34

Atmospheric Conegntrations of Vinyl Chloride

2nd Floor BlA&T81 _ B
i .

ence
Tucsday, Aoril & ( 3

ot
S

12:50 PM (’Jﬁ\

f
Alsleway paste® line proccedingkug?&h to South Poly #36 & 35
Aislevay paste line procecding North to South Poly #29 & 30
Aisleway paste line proceeding Norq:Ato South Poly #22 & 21

2

1:05 PM

Alsleway pearl* line procceding Noriﬁ South Poly #15 & 17
Aisleway pearl line proceeding Nort South Poly #9 & 11
Aislcway pearl line procceding North CQJ?3UCh Poly #3 & 5

1:30 PM

Alsleway pearl line proceeding North to South Poly #15 & 17 (approx.)
Aisleway pearl line proceeding North to South Poly #9 & 11
Aislevay pearl line proceeding North to Sourh Paly #1 5 =




2:58 PM to 3:02 PM

* EXHIBIT B-15(2)
USDOL/OSHA

Aisleway pearl line proceeding North to South Poly #9 & 10 (Approx.) - 550

Aisleway pearl line proceeding North to South Poly #2 & 1
Outside control room by metering station

3:53 PM

Alsleway pearl line proceceding North to South Poly #15 & 17
Alslcway pearl line proceeding North to South Poly #9 & 11

Aisleway pearl line procceding North to South Poly #3 & 5

Outside control reom by metering station

4:15 PM

P

Aisleway paste line_procceaﬁhé North to South Poly #36 & 35

Aislevay paste lire proccedinf™North to South Poly #22 & 21
Alsleway paste line proceeding North to South Poly #15 & 17

Outside control room by mctcrf?fRSCatLon

4:25 PN ¢ [

Aisleway paste line between Poly #46 & 35
Outside control room by metering “%tation
@

4:50 PM @

Aisleway paste line proceeding Northﬁi@BSouth Poly #36 & 35
Alsleway paste linc proceeding North tg.South Poly #29 & 30
"Alsleway paste line proceeding North (tg South Poly #22 & 21
Alsleway pearl line at South end of Poly #3 & S

* "“Paste' means dispersion resin
"Pearl" nmeans suspension resin

62
260




| EXPIPIT B -15(3)
. UCDOL/OSHA

Atmospheric Concentrations of Vinyl Chloride
2nd Floor Bldg., 731

kedneaday, April 5 VC1 ppm

12:13 PM to 12:19 PM

* Just inside doorway to 2nd floor poly area 250

Y Afsleway paste*® line procceding North to South Poly #35 & 36 318

R Aislevay paste line procceding North to South Poly #30 & 29 462
Aisleway pearl® line procceeding North to South Poly #20 & 19 332 ,
Alsleway peard lindé proceeding North to South Poly #14 474
Alsleway pearl line prqﬁ%§§inu North to South Poly #4 122

'r"y,
12:42 PM to 12:48 PM 7

| e

Inside control room \“4?, 15
Outside control room by meﬁgr}ng station 130
Aisleway pearl poly line bepw@n Polys #9 & 10 130
Poorway to compound room neaw freight elevator 145
Alsleway paste poly line by Poly\#24 ' 133
By Bldz. exit door located bely control room 117

UJ ’ ]

m 3:00 PM to 3:00 PM ?z§§

“ Inside control room e 5
Qutside control room by metering ion - 45
Aisleway pearl line; North end by @ $15 & 16 38
Aisleway pearl linc; South end by Poiys #l & 2 23
Aisleway paste line; North end by Polys #33 & 34 90

' Alsleway paste line; South end by Polys #21 & 22 108

@ I

=

0 .

R

(N

U' '
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EXHIBIT B-15 (4)
USDOL/OSEA

:30 M to 3:40 PM

manhead to pearl Poly #6; just off recovery, fumes seen

venting to roonm (approx.)
aisleway in front of pearl Pdly #6

manhead to pearl Poly #2; exhaust hose had just been removed
mantcad to paste poly #34; after HRC cleaning

manhead to paste Poly #30; poly filled with cleaning solution
aisleway between paste Polys #27 & 38

:00 PM to 5:15 Py

Inside control room

OQutside control rcom‘?ﬁi%ctcring station

Aisleway pearl line pfogecding North to South Polys $15 & 16
Aisleway pearl line prgceelding North to Scuth Polys #5 & 6
Aisleway paste line prd§§§ﬁing North to South Polys #35 & 36

Aisluway paste line pro

*

ing North to South Polys #21 & 22
uw

"Paste” means dispersion xdsin
. 4 :
"Pearl" means suspensioniegin

Atmospheric COgccn’rations of Vinyl Chloride
In Bldg, 731 "

=
Thursday, April 6 Vﬁifk

9:30 AM to 9:40 AM dp

Inside control room

Quts

ide control room by metering station

Aislcway pearl* line proceeding North to South Polys #19 & 20
Aisleway pearl line proceeding North to South Polys #1 & 2
Aisleway paste® line proceeding North to South Polys #35 & 36
Atsleway paste linc proceeding North to South Polys #21 & 22




JTL 838

EXHIBIT B-15(5)
USDOL/OSHA

10:45 AM to 11:0Q AM

Inside control room

Ouiside control room by metering station

Aisleway pearl line procceding North To South Polys #19 & 20
Aisleway pearl line procceding North to South Polys #14 & 13
Alsleway pearl line proceeding North to South Polys #3 & &

At manhead pearl Poly 48; opened for cleaning

Aislceway paste-line proceeding North to South Polys #35 & 36
Alsleway paste line proceeding North to South Polys #31 & 32
Breathing zone of man hose washing #25 paste -poly

Aislcway by paste premix poly

1:45 pm to 2:05 PM. ﬁixg

Outside control recom by fiet¢ring station

By doorway to compoundinpg<#gom; near freight elevator
Aisleway pearl line procc@dfipgg Norch to South Polys #15 & 16
Aisloeway pearl liage procu: Wrg North to South Polys #3 & &4
At manhead of pearl Poly #4900~

At manhead of pearl Poly 414 4 .

Aisleway paste lioe prOCVediggw‘orth to South Polys #33 & 34
Alsluway paste line proceedigg Rorth to South Polys #29 & 30
Alsleway paste line proceeding Narth to South Polys #23 & 24
At manhead paste Poly #31 Yi;%

At rmanhedad paste Poly 34

By bldg. exit door behind contﬁgif;ocm

On mezzanine level by #9 blowdos nk
On nvzzanine level by #6 blowdojiﬂggnk

On Mezzanine level at South end paste blowdown area

"paste'" means dispersion resin
Ypearl' means suspension resin




EXHIBIT B-15(G)
USDOL/OSHA

Thursdav, Anril 6 -- Con't.

8:40 PM to 8:50 PM

-
Outside contral room by metorup tation

At doorway to compound room; n freight elevator

Aisleway pearl line prOCLcd\ngwggf}h to South Polys #15 & 16
t

Aisleway pearl line proceceding h Lo South Polys #5 & 6
Aisleway paste line proceeding Nor i to South Polys #33 & 34
Aisleway paste line proceceding Nd{ hyto South Polys #23 & 24

‘;ﬂ‘
%
P

sIL888




EXHIBIT B -15(7)
USDOL/0OSHA

VCL MONITORING.DATA

Area Measurements Using Portable and Fixed
Instrumentation, Measuring Total Hydrocar-
bo-m by tl%§'lm:e,10ni’zation Method

e

l( ——
4,’»“‘ \
|

f
o
m 3 % Readings Z Readinga
Building Product MoeH ©  Average  Above 50 PPYH Under 10 PPM
,,/'\ ppm
731 Suspension JAN. -\{]Tﬂ%\ 90.7 . 20.3
and FEB. 74 31.4 . 17.4
Dispersion MAR. 7@ 18.3 . 27.9
Kesins APR., 7 15 a 69.1
HAY 74 ' 82.0

JUNE 74 (ﬁ 3 g 9.1
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EXHIBIT B -15(8)
" USDOL/OSHA
PERSONNEL MONITORING DATA _ May - July, 1974
TWA PPY VC1
Location and Type Operation No. of Samples Average Maximim Minicunm
Charging ’ 7 6 13 -
Suspension Resin Cleaning 7 4 8 2
Recovery 4 6 9 4
Gmrgl« ) 5 5 B 2
Dispersion Fesin Cleantinl 4 3 12 26 2
‘ Recovery (ﬁ 3 4 5 3
P
_— e e i ——— A e U e im e -
=]
Everyone wears respiratory equipment where the rk atwosphere is greater than-25 ppm or wherxe operations
and experience show there {5 8 Tisk of exceed %ippm.
Personnel monftoring samples are taken over a per of time generally 4 hours to obtain the time weighted
average for employee exposure, All samples are lected by absorption on carbon -«tubes and tested using gas

chromatography.

Source: Snell summary of industry data '




CHROMATOGRAFYHIC ANALYSIS DATA

‘Ambicnt Concentrations Vinyl Chloride, ppm

‘7@10 LYMER SUSPENS TON SUSPENSION
. 4

RES TN RESTIN RESIN
Tilying ’ Building Building
~ 1 111

31‘1 glkor
17 y
117 //iA
51 o
183
182
99
75

47
30
18
2
38
98
97
68
55
28
111

EXPILT B 16 (1)
ULSDOL/OSHA

MONITORING RESULTS FOR
49-M-01,D-C

DISPERSION
RESIN & LATEX
Building
121

3rd Floor




COPCLYMER
RESIN
Puilding
15

Ko

SUSPENS1ON
RESIN
Building
1

EXHIBIT B-16(2)
USDOL/OSHA

SUSPENSION DISPERSION
RESIN RESIN & LATEX
Building Building
111 121
3rd Floor




-
- EXHIBIT B-16(3)
USDOL/OSHA

Anbient Cencentrations Vinyl Chloride, ppm

DISTLERSION
COPOTAMER RESIN SUSPENSION RESIN RESIN & LATEX
Buildiug BuiTding Building Building Building Building
15 15 15 1 111 121
3rd Floor 2nd Floor 1st Floor 3rd Floor 3rd Floor 3rd Floor

24
%%ﬁ;;
sy

P

&
&

vi
WL W EVNOO O N
L%, ]

SRV




EXHIBIT B-16(4)
USDOL/OSHA

Exhaust Time ~ 15 Min.

- 30 Hin. '
Polymerizer Vapor Concentrations: Vinyl Chloride, ppm
Copolymer Resin Suspension Resin’
Year Date Buildine 15 Buildine 1

i 1964 @— 93

LY 153 .

. (s@ 150 30 .

< A To120 30 .
/BN 120 : 30

! 1965 3.1 ° 310
! ! 145

%}, 150 .

10-27 j) 28 .
& 3 |

: 77
134
29
)} 21
n 11-8 55
ln 11"'9 [)8
11-10 132
12-8 92
12-10 32

©

m '
03 +

h._d

U

4




O

EXHIBIT B -16(5)
USDOL/0OSHA

Copolymer Resin Suzpenslon Reoin
Building 15 Fuilding 1

26
50
18
23
94
49

L) f 164
' 34
/ A O

2
9
1

3
% 4
¢

45
20
126
129
100
40
20
100




EXNIBIT B-16 (6)
USDAL/OSHA

Polymerizer Vapor Concentrations: Vinyl Chloride, ppm

Copolymer Dispersion
rsin Suspension Resin Resin & Latex
idding Building Building Building

111 121




Copolymer
Resin Suspension Resin

Building Building Building
15 1 111

EXHIBIT B-16(7)
USDOL/OSHA

Digpersion
Reain & Latex

Vﬁ?%%izg 131

Luflding
121




FXUIBIT B -16(8)
USHOL/0SHA

VL MOKITO RINGC DATA

Area Meaaurements Using Portsble and Fixed
Instrumentation, Measuring Total Kydrocar-
bons bysthie Flame Iouization Methed

[@\ }
. {lg)

% Readings Z Readings
Building Product Month rape  Above 50 PPM Under 10 PPM
I TpTT

=]

121 Dispersion JAN. 74
Resin and FEB., 74 %\)
Latex MAR. 74 13
. APR. 74 12.4(5)’

MAY 74 9.5
JUKE 74 4.2

Suspension  JAN. 74 35.6
Resin FEB. 74 20.8
MAR. 74 15.6
APR. 74 12.1
MAY 74, 8.9
JUNE 74 3.4




PREHILTT P16 )
USDOL/OSHA

« Prpdicgs

Eullding Progduct Hoath vernse Above 50 PPM

Su pension JAN, z“‘
Fesin Fi.B. ¥4
Mall, 76
APR. 74
MAY 74
JUNEAT G

Copelymers

3
VCl Recovery -—— ‘“& Data Not Taken -~
Purificatfon 27.0 y 3+
29.0 (j .0
15.5 .9
20.2 A
17.6 .8




EXHIBIT B -16 (10)
. USDOL/OSHA

PERSONNEL MONITORING DATA - MAY-JULY, 1974 -

TWA PPM VC1

g i, e e . b e .

Location and Type Operation + _No. of Samples Averape Maxirum Min{rum

Bullding 121 Charping
Latex and Dispersion Cleaning
Resin Regovery

Pipefitter @
({’ e
Bulldfng 111 Charpling @?’)

Suspensfon Resin Cleaning

2
Recovery (gﬁ’
Bagging and Drying """3%
/o

=}

Bullding 15 Giarglag \/? -
Copolyoer Resin Cleaning St @\) -
Bagging Y

Pipefitter (p 14

Bullding 1 Charging
Suspension Resin Clegning
) Re covery 15
Bagping 3

1antns:
Everyene wears respiratory equipsent where the work atmosphere is greater than 25 ppm or where operations

and experfence show there is a risk of exceeding 25 ppm.

Perionnel monitoring samples are taken over a period of time gewerally 4 hours to obtain the time welghted
averare for crployee exposure., All samples are collected by sbsorption on carbon tubes and tested using Fas

chromatqgraphy. '

Source: Sunell summary of industry data




EXHIDIT B-17(1)
USDOL/OSHA
MONITORING RESULTS FOR

44-M-NEW-C

L

Atimospher{c Vinvl Chloride» Concentrations
' Suspension and Dispersion Resins

@ Vinyl Chloride
(i;J ' Concentration,

anmple Description ppm

i
<Fggkvﬁdny, 7-19-72; 11:20 8.m,
i

North Arcea /{/h

East 2
Middle V‘@
West ‘ = ?%j}
Center Area A
East (iS}
Middle
West ‘
South Area
East
Middle
West




EXiuniT B 17(2)
USDOL/OSIHA

Wednesday, 7-19-72:-3:30 p.m,

North Area
Fast
Middle
West

Centecr Area
East
Middle ¢
West . d X

South Area \wéy( >
East
Middle B

West ’
/2.\
WPdnosdn:;6;51"-72; 9:30 p.m,
‘ i ?%>>

L

.

North Arca \
East
Middle ] ' (.g}
West
Center Area
East
Middle
South Area
Middle
West




EXHIBIT B -17(3)

USDOL/OSIIA
[}
Suspension and Dispersion Resin
cou't,
Thursday, 7-20-72; 10:00 a.m.
North Area ,
East ; 16. ,
tidd {:\ . 4,
k’est% ".;.\ . , 8.
Center Arcal ; .
East \“5¢ 12,
Midile @ 8.
i Weat { ﬁj‘ 12,
South Area . A
Fast . 12. .
Midale "’ 20.

@ ,
Woor \(ﬁ@ 20.

Thuré&i ~20~72; 4:00 p.m.

)3
% Mass Poly Building (.g\
U'l Bottom of Prepoly (Charging VCl1) 9.
First Level of I'repoly 6.
Second lLevel of Prepoly 12,
Third Level of Prepoly
Bear Vinyl Pumps (OQutside) 6.
Tank Farm
Near Vinyl Pumps . L. (N,D,)
' Under Vinyl Storage Sphere 23.

o

o

m X L)
R

&

W
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Fr.880

*

et ———— . i o — Ar—— g by b a——_— g - v i

VCL MOWITORING DATA

Area Measurcments Using Portable and Pixed
Instrumentation, Measuring Total liydrocar-
buns by the Flawe Ionization Hethod

% Readings

O
BEXHIRIT B-a7
USDOL/OSHA

. 4 Feadings »
Buildiag Product Moaoth Average Above Sy PPH Under lU PPM
;E) ppm
P
N
ﬁ’/. )

512 Mass \_ JAN. 74 23.8 5.1 35.7

Polymerizatifon » FEB. 74 15.5 2.0 46.5

¢ (g*)mx. 74 11.5 1.1 69.3

# WPR. 74 10.5 0.6 76.2

“Z?rs\u 8.7 1.4 79.3

JURE" 74 8.9 0.6 80.7

&,
>

513 Suspension JAN, y4 7 17.1 3.8 39.1

and FEB. 74 14.5 2.4 66.0

Dispersion MAR. 74 11.0 1.0 g1.3

Resins APR. 74 8.8 0.7 78.8

MAY 74 9.4 1.2 75.2

JUNE 74 8.8 0.5 75.9




EXMIUIBIT B-17(5)

USDOL/OSHA

PERSONNEL MONITORING DATA

TWA P’ VC1

Location and Type + Operation No. of Samples Average Maximum

Mass PResin Charging . ‘ ) 27
Cleaning 46
Recovery 23

2
Suspension and ‘V//,éirginp, 11 20

Dispersion Pestin @ing 33 32

. Re cus 7 8
Dryﬂhﬁnd Bagging ‘ 1 - 1
Tank Fathy - 1 N
‘ . @ N
Everyone wears respiratory equipment where/the work atmosphere 1s greater than 25 ppm or where operations
end experience show there s a risk of cexceeding 25 ppm.

Personnel monitoring samples are taken over a"v@d of time generally 4 hours to obtain the time wefghted
average for employee exposure. All samples are cted by absorption on carbon tubes and tested using gas
chroratography.

Source: Snell summary of industry data




exHIBlL B-18(1)
USDOL/QSHA

MONITORING RESULTS FOR
3-M-INT-C

.

VCM Concemradon(l) PPM

. Sample Point” . No, Of Range
" Number Location Breathing Zone Fans Measurements Average(2) High Low
a8 SE Corner, Lowert Facing Toward Center On 4 6 19 1
Polymer Building - of Building 2 Off 17 8 19 1
39 SW Corner, Lower Facing Toward Center On 4 1 1 0
Polymer Building of Building 2 off 117 “ 6 23 0
40 SW Lower Polymer Fan Level, in Front of On 4 6 15 1 )
Building Small Exhaust Fan 2 Off 17 5 28 0
2
' 41 Center of Lower \?’ff:} Breathing Zone On 4 4 8 1
Polymer Building N 2 Off 17 21 325 0
42 NW Lower Polymer (\ evel, in Front of on - 4 4 8 1
Building 5 Exhaust Fan 2 Off 17 15 175 0
43 NE Comer, Lower Fagil Toward Center On 4 3 3 0
Polymer Building of Buildin BN 2 off 17 8 a8 1
“ NW Comer, Lower Facing 'I"oé:ard enter On 4 1 3 1
ty Polymer Building of Building « 2 off 17 7 31 0
M 45 Qutside NE Polymer Facing Towa %\) On 21 6 43 0
0 Building (5)
46 Front of Polymer In Front of 4 ft, Fan On 21 10 32 0
Pit = Quuside Facing Toward Fan
417 Lower Polymer QOutside In Front of 4 ft, Fan On 21 12 115 1

Facing Toward Fan




LA L1 (4
USuuL/Oonn

' VCM Concentration{!) ppM
Sample Point No, Of Range
Number Location Breathing Zone Measurements Avemge(z) High Low

48 . On Slurry Platform Breathing Zone 21 28 . 105, 0
By Shack ~ Westside

49 Upstairs Poly mer Center Breathing Zone 16 17
of Locker Room | 5 5

50 SE Corner, Upstairs Polymer Breathing Zone 21 25
Across From Locker Room

61 SE Corner Upstairs Polymer  Facing Toward Center
By Ice Tank

52 SW Comer Upstairs Polymer Facing Toward Center
LA
52 SW Corner Upstairs Rglgxmér Facing Toward Center
PR
&3 Center Polymer Control l%oom) Breathing Zone

53 Center Polymer Control Room N}athmg Zone

54 Center of Upstalrs Polymer Hreﬁl)iing Zone

By Reactor 307-308 /U .
55 NE Corner, Upstairs Polymer Facing‘ "I_"oward Center
56 NW Corner, Upstairs Polymer Facing Tow gnter
56 NW Corner, Upstairs Polymer Facing Towar%ﬁ;}br

57 West Center Monomer Breathing Zone (p
Pump House

58 - Center of Monomes Breathing Zone
’ Pump House




Sample Point

Number Locaton Breathing Zone
69 s East Center Monomer Breathing Zone
. Pump House

9 Hose Con House on Breathing Zone

Slurry atform
N

80 Wind Vector e Facing Toward Wind

Stde of Property

.k

. N
i

(1) Mcawrements taken by Century Ofganic Vapor Analyzer
a4

Note:

2) Snell average of data submitted E

Source: Snell summary of industry data (_5 ’

No, Of
Fans Measurements
On 11
Off 4
16
5

EXHIBIT B-18(3)
USDOL/OSHA

1
VCM Concentradon( ) PPM

___Range
Average(z) High ‘_le_v_g_
9 23 1
37 62 9
46 188 3
1 1 0




EXHIBIT B-19
USDOL/OSHA

MONITORING RESULTS FOR
8-S-INT-C

Exposute (1)

Process gggm - VCM)

VCM Tank Car

wmmge u?‘l:::gi;go-

. Measuﬂ@y .

Reactors up to 100

Blowdown
Centrifuge &

Drying

Bagglng

Source: Snell summary of industry data




4 Shifts - Textile Workers

Classification

Production
Reactor Operator (clean reactor)
Dryer Operator

ead Operator
vice Operator (material handling)
}ﬁ’n’y Operator (reactor guard)
P
Mainte@&e

Maint@co Weorkers :
Tnstrumien. Nplaintenance (part time)

Electricalj intenance
Supervisory an

Q. C. Supervi#

Q. C. Technic.:

Engineer

Plant Manager

Foreman

Safety I'ngineer

Lab Technician

Analytical Chemist

R & D Resin Chemist

Number -

EXHIBIT B-20(1)
USDOL/OSHA

MONITORING RESULTS FOR -
42-S-INT-C

% Exposure

16
12
8
4
8

DO ot DO vt U5 e o P e

100
100
100
100
10uv

100
50 - 60
10 - 20




Sourcae:

Location

Monomer Pump Station (open air)
Pump House (open building)

Storage Tanks (underground outside)
Day Tank (outside)

Reactor Room #1

Reactor Room #2

Open Manhole -reactor (momentary) ‘

en Manhole -exhaust in place
actor during rinsing
agtor during scraping
Scréen, (open once per shift)
Slu anks (open manhead)
Slurr{ Wanks (closed)
Slurry T?(s while rinsing
Centrifugd—" o
Dryers *°
Bagging X
Storage Area .
walkway (S‘)
between bags )

Bulk Storage Transfer Vessels

Snell summary of industry data

EXHIBIT B-20 (2)
USDOL/OSHA

Level ppm

0
0 - 150
0
0
0- 40 (30 avg.)
35 avg.
70 - 80
5 -8
0 - 20
600
1000
3000 - 10,000
0
200
0 - 35
less than 20
0 - 100

0
85
10 - 20




EXHIBIT B-21
USDOL/OSHA

MONITORING RESULTS FOR
14-M-INT-W
Area Measurements Using Portable and Fixed : .
Instrumentation, Measuring Total Rydrocar-
bona by the Plame Ionization Method

Q % Readings % Readings
Mo

Building Product Averag_ Above 50 PPM Under 10 PPM

812 Susr;mminr. JAN. 711;%{ 25.}%
Resin FEB. 74 [ lo.B 24.4

MAR. 74 “Z-18,1 57.0
APR. 74 218, . 49.5
MAY 74 %) 23.1
JUNE 34~ . 90.7




EXHINT B-22

USDOL/OSHA

AVERAUE VINYL CHLORIDE MONOMER CONCENTRATIONS (FI'M)
08 CLASSIFICATION AND POLY VINYL GiORDE RANT(D

Pant Ringe
Job Clasvification 12M . -C  L95-Imt. W 19L-New-W  40L-New-W 4IM-New W 22M-Ol4-C  3IM-New-C  41L-Old-W  20L-New-C SAM-New £ BL-OWC  BL-New-C 4SM-OW-C  44M-New-C  Avctige High i
.

i, VCM Unloading

VCM Unkoaden NA HA NA NA NA NA' “ Ll ] &

r

. PVC Predocrion
Supervisom
Senlor Reactor Opamion
Redctpt Opstation
Chargess
Strippar Opesann
Ceowrifuge Opertin
Dryar Opasauy
Uslitey (Clasmoss, Laborets, onc.}
Paggen

Warehows: Opuarions ()

RA
20
0
70
[ 1]
NA
1)
NA
20

sanFEERER
EeEFTEZE-
w8ZE2EZLZ

NA

s 8 sazBrpeun

H

B Im-ununm 2

Laboratory 4
Profauionals®
Tochnicism

VI. Mapagemesm and Iuml“)

Averags of Raponted Dava r@)
]

Netex (1) Dota belicved to be obtalned from OVA, bug samples, charcoal nibe pumis or srea Wonltoriag of » piixed n&&.
(%) iacludes mpervismn snd clera, taa based primarily on waishomaman,
(t)] Ap and e, -
{4) Includes wmp and chamd
(5) Includm plant 8 gl and cledes) paoommal.

Sowrces Exibits B-3 tacugh §-7) and Sasll of indusry sbmioed




SUMMARY OF POLYVINYL CHLORIDE PRODUCING INDUSTRY
VINYL CHIORIDE MONOMER MONITORING DATA SUBMITTED TO SNELL

EXHIBIT 8-28

USDOL/OSHA

Number of VCM Conceniation Measwsemens Giving Values in Concentration Range ( PPM)

Plant

o
A
-

>156

>5510

»10515

>45% 50

Toral Polnts
For Plant

»

Type of Dara Basd 2

12-M-Iat. -C
Index (1}
22-M-0Wd-C'
index (1)
41-L-Old-W
v Index( V)
§4-M-New-§
Index (1)
5-L-01d~6
Index (1)
3-M-Int-8
Index (1)

Total No, of Polons
Total Index Value

% of Total Index @
Value For % 19% 3% @ 8% - 100%
Concentration Range 2
<

o

[

©“w

4“9
38.12
131
3.82
100
41

83

15
4,60

759
111

327

22.16
3,207
96.18

41

22.18

a6
3.08

23 Y :f‘h 51

[-BE - T N - -]
SO 0O DO DCoCO o

- s“
S 000 FON I - I )
LI I T I - - I )

(-]
(-]

o000 D00 O

1,178
100
3,428
100
210
100
400
100
113
100
326
100

5,658
600

Average TWA Values.

Average TWA Values,

Average of Imtantaneous Resdings.
Average of Trstantanaous Readings,
Average Twa Values,

Average of Instantaneous Ru‘d.lngs.

sS4

s382%S

-5
oo 00

Percent of Total Index ifatue
Per Concentzation Rsnge
o
=]

<

Notes; (1) lndex(l) developed from the formula; No. of Poinw in range/twtal number of poinw reported by Plant = 1/100,
(2) Dara believed o be obtained from OVA, bag samples, charcoal tube pumps or area monitoring on a mixed time basis,
Sources; Exhibit B2, B~7, B-13, B-18, B-18 and Snell sssessment of reported dara in eahibin,

%
) =

)

»155

>5510

»105 15

»25530 »30535 »355£40 >405 45

VCM Concentration Range (PPM)

>455 50




EXHIBIT B-24
USDOL/OSHA

SUMMARY OF OSHA VINYL (JILORIDE MONOMER MONTTORING DATA OF
POLYVINYL CHLORIDE PRODUCING PLANTS

Number of VCM Concentration Measuremens( 1) Giving Values in Concenwation Ranj; (PPM)

Flant »5510 »10515 >155 20 »25<30 >30535 >35%40 >40545 >455 50

1(2)
Index($)

n®
Index!¥

L{¢ ]
Index(3)

v,
———:

Total No. of Points 5
Total Index Value '}

% of Total Index
Value Far \b %
Concentration Range ) ng

Aversge VCM Concentration for Reporied 53 Samples = 14 PPM

Percent of Total Index Value
Fer Concentration Range

/A //// 77 ///[//1 /]//////V///”// TZTZIIT I (1) LF) rrssrsrersPIIIIIY
>155

>5510 »>10515 »15520 »20525 »25530 »30535 »35540 >405 45 »455.50 >50

1

VCM Conceniration Range ( PPM)

Notes: (1) Daia based on approximasely 10 min, sippin type samplu with 1 liter ambient alr collection over charcoal tubea analyzed by the NIOSH method.

(2) Flant codes are those developed by OSHA.
(3) lndex(l) developed from the fomula; No, of Point in range/wial number of points reported = 1/40,

Somrces: OSHA daca submicted 1o Snelly Snell apessment of data, :




EXHIBIT B-100
USDOL/OSHA
MONITORING RESULTS FOR 13

TWA PPM VC1

Operation No. of Samples Average Maximum

Futnzgétgperacor ' 13 11

EDC Synt

N,
<(§ g

Purification f 17
Y

@ A LS
Tank Farm \//)\:) 10 10 25 1

NOTES: X
Everyone wears respiratory, ipment where the work atmosphere is greater than

25 ppm or where operations-and experience show there 1s a risk of exceeding 25
ppu.

Personnel monitoring samples are taken over a period of time generally 4 hours
to obtain the time weighted average for employee exposure. All samples are
collected by absorption on carbon tubes and tested using gas chromatography.

Source: Snell summary of industry data




s48

@
ol
]
-~ J
U
™

q
Tank Car Lo’édinﬁ .

i

Control Room %

&

No. of Employees Exposed

20

N.aA.(1)

EXHIBIT B-101 (1)
USDOL/QSHA
MONITORING RESULTS FOR 24

VCM Exposure Level (PPM)

10-15

6-16

<0.3
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aga

0

7
“—

Location and Type

}/@)ension Resin

T
Notes: { \)”
= f\l@ A}@ilable

/i

-

EXHIBIT B-101 (2)

A '
(1) Operatioqs%sonnel spend 75% of time in control room

Everyone wears re
operations and experi

- Personnel monitoring samples are taken over a period of time generally 4 hours to obtain the time

USDOL/0OSHA
PERSONNEL MONITORING DATA MAY - JULY, 1974
TWA PPM VCL
Operation No. of Samples Average Maximum  Minimum
Charging 3 3 6 1
Cleaning 3 3 4 .2
Recovery 3 2 4 1

y equipment where the work atmosphere is greater than 25 ppm or where
show there is a risk of exceeding 25 ppm.

weighted average for employee exposure. All samples are collected by absorption on carbon tubes
and tested using gas chromatography .

Source: Snell summary of industry data




EXHIBIT B-102(1)
USDOL/OSHA
MONITORING RESULTS FOR 15

TABLE 1

Current VCM Exposu're Levels (TWA)

Area VCM. (ppm ave.) VCM (ppm range) No. of Data Pts, Meaguring Device

Block I 2.0 .1 to 15 ‘ 28 (2)

Block II @ 1.2 .1 t0 8.6 24 @

I
; / .
Offsites s 3.5 .1 to 66 43 (2)

{
Control Room «§ 0.7 1o 9.5W 56 (2)

T

Maintenance ‘ . 1 to 50 : (2)

Office 1.4 1 to 201) 52 (2)

Lahoratory . .2 to 50 2)°

Ship Loading . 1.4 t0 5.5 (2)




EXHIBIT B-102 (2)
USDOL/OSHA

TABLE 2

Current Results of VCM Area Monitoring

Area VCM (ppm ave.) VCM (ppm range) No. of Data Pts,

Block 1 ‘ 8.6 0 - 119 270
Block II 6.9 0-124 270
Offsites o : - 898 T 260
Contro] R . . i 16.2 18

2.1 25

Offi O ;

ice / gk

6 |

Maintenance » » . 4.9 . 14
7o

f

Laboraotry . PR .
Ship Loading /?/Q . ‘ 73
Notes: ‘(SQ '

(1) Employees in these areas are periodically in the process unit.

28 23

(2) The measuring device used is a Bendix Environmental Science Division Permissible Air
Sampling Pump. This device is worn by employees for time periods of 20 minutes to
" 8 hours. It detects VCM by carbon adsorption and is analyzed by flame ionization GLC.

Source: Snell summary of industry data

]




‘ EXHIBIT B-103 (1)
‘ USDOL/QSHA
MONITORING RESULTS FOR 34

: MUS]RIAL HYGIENE SURVEYS OF VINYL CHLORILE
LEVELS IN HOOVER PLANT o, 1

0B CLASSIFICATION _ - I¥A,_pem Vinv Crorine
W

A ControL - Section | 3.7

Y 0.7 (3)

C &ﬁ’)m ~ SEcTIoN | 8.2 '
v,

A mw%’ﬁacmm Il 1.8 13 3

T ..
B ControL Jﬁgcrgg;« 11 1.1 i N.D,*(3)

ACwmou-Secnion Iy 69 050
- Cuass I OperaToR %{;{:)} 1.8
() No. oF swLes

*N.D. = NON DETECTED




5489

JOB CIASSIFICATION

A CoxtroL. ~ SecTion V

CovrroL - Section V

%sr. Chem, B

SUP%EMK

PAINTENVGE

Loaning G*cﬂl‘ﬁ’%g

OVERALL AVERAGE U“ )

( ) No. oF sweies

*N.D, = NON DETECTED

37 QW

TVA, pen ViryL CHLoripe
~ PP Virve (HLoRIDE

12

} 0.2 ®

14 6)
136
17 G)
5. 0)
7.0 @)

p
EXHIBIT B-103 (2)

52Q
33

.6 @
12 (®
2,0 (5)
1.1 0)

I‘I2 (29)
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INDUSTRIAL HYGIERE SURVEYS OF VINYL CHLORIDE

LEVELS 1N FOUOVER PLANT 10, 1

LB CLASSIFICATICH

A Com?u :-SECTION |
C Cmm%ﬂccnm I

A .Coumof*@}nm 11
o &

- B ConmoL - Sch}‘o\;v 11

A CovmroL - SecwigV
- c%%
Css 1 Operator ¢ Jf*

A Coamot. - Section V

C CowrroL - SecTion V

1.0

ds7 Qr 2n0 Qrg
1,0 Al
5.4 1.5
1.8 0.6

0.9 0.9
0.4 5.9

" 108 20
0.7 14

EXHIBIT B-103

)
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SRI ASSTI CHE}"L B

&)
BEERVISION

M«x@?maz

. Lomgmﬁi\&;gw.on

-

Dev, Las-

b

( ) No. oF guﬁss

EXHIBIT B-10 v

*Penx [xposure MEASUREMENTS WERE MADE FOR THIS JOB,

T¥A_epi iyt Ciomype
T 9y
ds7 Qre 20 OrR
2.7 '
2.9 &) 2.7 5)
17 @) 2.5 @)
1650 6.8*
09 0.9 6)
44 QL) 1.9 Q0)




