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'ABSTRACT - -

An environmental and health, monitoring and testlng plan is now being
implemented at the low*Btu ga31f1er located on the campus of the University
of Mlnnesota—Duluth Thls is.one of several project plans under con31dera—

tion by the Department of Energy in conJunctlon w1th the Gasifier in Industry

. demonstration program.’

‘Numerous Stafonf-theZOak'Ridge-Nétional Labofatory and Depértment of ..

.. Energy participated in-the development and review of. tha monitoring and

testing plan- which includes on-line studies, in—blant'studies, and local
area‘studies to be integrated thxoughAmultidisciplinary assessments. A
description is provided of the-process and facilities, of the rationale
for the envirenmental and health plan, and of the principal program compo-
nents including process measurements and controls, occdpational exposures

and effects, environmental fate and effects, and assessments.

INTRODUCTION

The Gasifier in Industry Program of the Department of Energy (DOE) is

paft of a broader activity to develop and improve technologies for .convert-
: 1 v - .
ing coal to synthetic gas and liquid fuels. Specifically, this program

involves demonstrating the integration of existing low-Btu gasification -

*Research sponsored by the Division of Biomedical and Environmental Research,
Environmental Control Technology, and Technology Overview, U.S. Department
of Energy under Contract W-7405-eng-26 with the Union Carbide Corporation.



\L‘Vﬂ‘, vl

technology in various operational environments. State-of-art technology
is to be applied in six selected projects, one of which is the gasifier

located on the‘campus of the University of Minnesota-Duluth (UMD).

Information to be gathered dufing the demonstration period will con-
sider questions of environmental acceptebility as well as those related
to technical and economic uncertainties. The Oak Ridge National
Laboratory (ORNL) was requested by the DOE to develop for their consider-
ation a comprehensive, environmental and health plaﬁ for study of the
UMD Ga31f1er.24 Follow1n° is a descrlptlon of the monltorlng and testlng

iactlvitles 1nvolved in developlng the env1ronmental and health data base:

Characteristics of Program Plan

AAnumber of environmental and health concerns in coal‘gasification
were identified previously by DOE, and listed in an Environmental De&el—
'opment-Plan;3 'The .issues and 1nformat10n requirements to satisfy these .
concerns for coal gasification were- subsequently enhanced by ‘staff of the
Assistant Secretary for Environment, DOE; and 1t ‘was ‘the latter determina—
- tion of env1ronmental and health tasks that were used as guldes An plan

.development for UMD

Design of the program plan for UMD is based upon several premises:
(1) the study ﬁeriod will be limited to three years; (2) state-of-the-art
capabilitiesAin monitoring and testing will be applied wherever practicable; -
(3) the first-year program will emphasize scoping and screening activities.
to delineate the requirements for' more detailed investigations; and (4)
, program activities will be condueted without interruption of normal plant
operation. Ailthough every effort will be made to utilize methods and
-instruments already available, some development in monitoring and testing
protocols may be required to address unexpected problems. Screening ’
activities during the first year will be followed by detailed investigation
of the major concerns and important constitutents, and by initiating moni-
toring and testing efforts into potential problem areas identified in the

screening studies.
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Four general areas of study are emphasized in the study plan; on-line
studies, in-plant studies, local area studies, and mnltidisciplinary
assessments that encompass the entire effort. On-line studies, or process
characterization, provides guidance for saﬁple testing and information
for control technology evaluation; in-plant studies.provides information
for occupational health controls and for correlations of potential to
actual personnel exposures; local area studies identify pollutant fate
and potential effects and provide conflrmationiof-projections based upon
'effluent monltorlng, and local 1mpact assessments are concerned with’ the .
' potentlal impacts on health and env1ronment, and with the adequacy of

env1ronmental and englneer1ng controls.

PROCESS MEASUREMENTS AND CONTROLS

An ex1st1ng oil- flred heatlng plant at UMD has been converted to “burn

% " Tar. by-products from the

1ow—Btu gas. produced by coal gasification.
gasifier will be collected and these will be used for peak heating require-
"ments in an ex1st1ng 011 flred b01ler. . The major components of the heatlng
plant are: 1llustrated in F1gure 1, and lncludc a cosal haudllng sectlon, the

gasifier, environmental control'dev1ces,»and the boiler-steam-off gas section.

A Wyoming bituminous coal from the Elkol’Mine, containing 6.6% esh and
0.5% sulphur, will be the initial feed stock. Coal will be received at the
Duluth docks as 90% 1-1/4 x 3/8 in., then screened and.trucked to the heat-
ing plant. -Several other lignite and bituminous coals have been proposed

for testing.

After tramp iron removal and another screening for fines removal, coal
will be dropped through purged lock hoppers into the gasifier.” The gasifier
‘is a Foster-Wheeler, Stoic two-stage design. Gas and tars are produced as
the coal falls through the 250-1100°F devolatilization zone and are removed
from the top of the gasifier. Combustion and gasification of the devola-
tilized coal in a 1100-1800°F zone, fed b&~air and“steam, produce bottom
- gas. Ash is removed beneath the gaeifier from a water~filled pan, which
" serves to quench the hot ash and seal against operating pressure (less than

30 in. Hzo).
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Top and bottom gases must be cleaned of tars and particulates before
combination into boiler feed. Since bottom gas at 1100°F is primarily -
laden with particulates, a hot cyclone removes the dust for storage or
disposal. In contrast, top gas (250°F) will contain tars and some par—
ticulates. These will be removed in a hotvelectrostatic precipitator
and stored in heated underground tanks for use as beiler feed during the

winter months.

Two modified 25,000 1L/l steam boilers will burn low-Btu gas. Tars

5.collected ‘from the underflow of 'the - electrostatlc _precipitator wild elthers"

'be burned dlrectly in an ex1st1ng 50 000 lb/hr Combustlon Englneerlng

buller. Gas-fired boiler flue gases vent to the main heating plant stack,
while tar-fired boiler flue gases vent to a stub stack. - Figure 2 shows
the recently completed addition of the gasifier to the heating plant, on
which shake-down tests began Qetober 24, 1978.

Process Sampllng And Characterlzatlon

Numerous sampllng p01nts have been de31gnated to achleve the requlre—

-ments of process measurements, and rhese are identified in the flow

schematic of the heating plant (Figure 3). The details of process sampling
and analyses are described in the ﬁroject plan. In general; process

sampling strategy provides for characterization of materials introduced

into the process, and of intermediate or final product, recycle or waste

streams.

The sampling schedule, analytical procedures, and the constitutents
or parameters to be measured were chosen to allow early measurement of
traditionally monitored or suspected materials, and to maximize the likely -
detection of unexpected and hazardous constituents. Results must be
adequate to document process conditions, to evaluate the efficiency of
environmental control technology, to identify limitations in sample size .
or analytieal methodologies,‘to identify_possible biological hazards in
potential fugitive emissions, and to'prioritiie‘materials for subsequent

bioassay.
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On-line instrumentation required for process sampling and monitoring
is summarized in Table 1. Gas chromatographs will monitor the primary
gases (N2, co, C02, H ), water vapor, and sulfur compounds (H s, €0s, CS )
at the electrostatic prec1p1tator, cyclone, and stack effluents. S0, a d
NO, will be monitored initially in the main stack effluent. Grab samples
and samples'classified by use of four special sampling trains will also be
used in process and effluent characterization. Table 2 includes a general
description and the intended appllcatlon of each sampllng train. Twenty=
'three chemical and phy31cal tests w1ll be ‘uséd 1n1t1a11y in. characterlzlngx

fsome 400 process samples collected ‘the first year.,'.-

OCCUPATIONAL EXPOSURE AND EFFECTS

. Potential exposure of man in the Worklng env1ronment includes

conS1deratlon of plant area controls and effects on man 1f exposures occur.

- Monltorlng and testlng act1v1t1es thus 1nvolve the requlrements of worker

protection and the potentlal effects of exposure to prlmary effluents and A

'fugltlve em15310ns.

Plainl Area Sampling and Characterization .

_The primary objective of an: industrial hygiene program is to-recognize,
evaluate, and control exposures which may have the" capablllty of produc1ng
overt health effects. An industrial hygiene and medical surveillance pro-
gram Has been established in cooperation with the Unlversity. The University
_has prime responsibility for protecting the health of their employees, and
. we have participated to complement the University requirements and to ‘provide

informationzfor'occupational~health control'assessments;"=

‘ Two types of monltorlng for. potent1a1 exposures is prov1ded Area moni-
torlng for CO PAH NH > NOx, fug1t1ve emlsslons, heat n01se, and varlous .
_chemlcal stresses, provldes an 1nd1cat10n of p0531b1e exposures, “and w111
be . accompllshed by various 1nstruments prov1d1ng real ~time monltorlng. A
partial llstlng of area monltors and thelr functlon is prov1ded in Table 3
Personnel monitoring defines the actual exposures. ' A variety of standard
industrial hygiene'techniques employingAfilter cassettes and gas badges will
be used to define the time—weighted exposures to gaseous and particulate

contaminants.
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Table 1. On-line instrumentation for continuous process monitoring

Instrument

Monitored streans

Gas chromatograph

_G&s’éhromatograph

Gas chromatograph

Continuous monitor

Continuous monitor

13,.17
18, 20

13, 17
18, 20

13, 17

18, 20
18
18

S0,
S0

Analysis
SNy, €O, coz, C1s cz, c3
H20

HoS, COS,‘CSZ,'metﬁyl meréaptan,

ethyl mercaptan,lthiapene

x4‘.'

NOxi.t




\Table 2. éamph‘ng trains for UMD gasifier =

- Gas In-stack Heated =~ Meated Knock-out drum, Gas LAD-2 lce-cooled 1r_np'1ngers Vacuun pump
. . and dry
train’ sampler probea seriesd:® precipitatord filter@ condenser sorbent :so1utions Empty Drierite test meter

sampling particle isokinetic 3-cyclone electrostatic Heated cooler/ organic Reagent

Purpose

N X X - ox T x . x
2 X x : % . ‘ XX
3 X X X X X X X
4 X X X X X X X

y
»

"Measurenent of tar loading.

Measurenent of particulate

loading and sizes.

Assessment of tar loading;
- collection of samples for
organ-c, aqueous, and trace

'. elemert analyses.

.jAssessment of particulate

loadirg and size; collec-
tion ¢f samples for organic,
aqueots, and trace element
analysis.

“Heated to 360°F to prevent water condensation.
bAlternative staged particle separators could be used.
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Table 3. _Area monitors

Control pollutant

‘Type of instrument and capability

€0

NH3, NO [ 502,

CoHg» CgHsOH,
naphthalene and
its derivatives

Respirable aerosol

and dust particles

(coal dust, tarry

fumes and ash
particles).

Multipoint, contihuouSlyebberatjng=sensor station
for CO. ana]ysis with-visual and‘audio alarm

Second der1var1ve uv absorpt1on spectrometer

with multipass gas cell for rea] time mon1toring

of se1ected e.f1uents

P1ezoba]ance, portab]e mon1tor for measuring
respirable aerosols with mass concentrations
readout each minute; analyses: for particulate
polycyclic aromatic hydrocarbons (as benzene
solubles) to determine 1ntegrated exposures will
be conducted as part of the conventional indus-

trial hygiene program; attempts will then be made

to correlate the mass concentration and benzene
soluble fraction- for specific locations in the
gasifier plant. If such correlations are found
to exist then -one would have indirect, but near

real-time method for measuring benzene 'solubles




Medical surveillance is necessary to ensure full protection of all
personnel involved in operation and maintenance of the gasifier. Infor-
mation recorded by such surveillance will be correlated witn results of
personnel monitdring and become a part of the assessment activity. The
University provides for complete physical examinations, with special
attention given to skin abnormalities and'sputum cytology tests for

employees at the gasifier.-

Occupational ‘Toxicology

The.principal.focus of occnpational toxicology is the testing-of
primary elfluents and ﬁqgitiveeemissionszfor’potentialﬁeffects‘onfman,"
Information will be denelbped'in'tesponse to questions of (a) relative
toxicity of by—pfddncts'and effluents, (B) tokicity variation-with process

conditions, and (c).toxicityipotential"ofAfugitive emissions.

. A two—level bloassay program is de31gned to test the. effluents and

: potentlal fugltlve.em1331ons. Level. one,Aor cellular bioassays, w111 be
‘used to ascertain how.the relative toxicity of effluents, by-products,
and fractions thereof vary;with’process cpanges, to screén~for_further
testing, and to correlate with whole animal, somatic effects.v_Tests in
this category make use of a vatiety.cf,biological systems including bac-
teria, yeast,:and'mammalian cells*to.investigate mutagenic effects. These
shorter—term tests will provide guidance and be complemented by longer-
term validating assays using drosophila, cultured mammalian cells, and
whole animal (mouse) systems. Not all tests will be run on all samples
-collected at a given point,fbut priorities will be established based upon

the biological activity detected in the screening assays.

Level two, or mammalian somatic toxicity tests, compliment the muta-
.genic and cytotoxic testing. .These assays involve . use of whole animals
'-ltovcharactefize the acute, subacute, and- chronic toxicity of products

.and efflnents. Only selected samples will be used 1n1t1ally in the more

vexpen31ve toxicity tests, with selectlon based on the’ probablllty of direct
or 1nd1rect human exposure and on current information .of potent1a1 em1531ons._
Additions to the toxicity testing program are likely as the information

base on biological activity develops.



ENVIRONMENTAL FATE AND EFFECTS

Environmental area monitoring includes the collection and analyses of
samples, operation of continuous monitors, and application of appropriate
ecological toxicity tests. Information derived from these activities is
used to characterize and quantify air, water, and solid effluents which

may impact the immediate environs'of the plant.

De51gn of the monltorlng program con31ders the amblent env1ronmental
condltlons and the expected operatlng characterlstlcs of the ga31f1er.
The follow1ng 1nformat10n guided. the development of the monitoring program"
. (a) - the Duluth—Superxor ‘urban -area is - 1ndustr1allzed and operatlon of the

heatlng plant is not expected to modlfy the amblent air to a d1scernable

- level; (b) water use: at the ga31f1er is expected to be. prlmarlly consumptlve )

and not result in any llquld effluents, and (c)’ the pr1nc1ple solid waste .

is ash from the ga31f1er.

Two 1nstrumented monitoring’ statlons will monltor prlmarlly criteria -

air pollutants (CO,,NO i hydrocarbons, SOZ' ox1dants and particulates) . -

, with per1od1c sampllng for total organlcs and organic spec1at1on. .The

monitoring scheme and sampllng frequency are listed 1n_Tab1e 4., 1If stack.
monitors indicate sufficient efflux of noncriteria pollutants (e.g., COS,
.NH3, ﬁCN) then.additional.measpres will be -adopted to monitor for theése.

pollutants.

Water quality measurements will be limited to samples taken from‘wells
.in a sanitary land £il1l used for ash:disposal In the event of unusual '
plant operatlng cond1t10ns, liquid effluents -and surface streams w111 be-:
‘monitored. Gasifier ash will be leached .to 1nvest1gate this important .-
environmental parameter, .and the water samples and leachates w1ll be anal—
yzed for a varlety of organlc and 1norgan1c constltuents. Screenlng
act1v1t1es w1ll be used ‘as approprlate, to test .the tox1c1ty, transport
_degradation, and bloaccumulatlon characterlstlcs of elther whole effluent

streams, selected ‘chemical- fractlons, or spec1f1c model compounds.

&
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'|__Table 4, On-line environmental monitoring . -

| “Analyses : Insfruméntation< ; ' Sampling frequency
Gases , | - : _
-co- :Infra'red spectrometer - Continuous
N, - Chemiluminescence detector . Zontinuous
- Hydrbéarbonsl Gas chromatograph o '.f_Contihuous
S0, . - ‘Flame photometr1c detection Continuous
~Oxidants - Chemxlumﬂnescence detector " Continuous
:.ParfiéuTates: T  A' L
= Total particu1atesa High yo10mé]samp]erl-f' . hr samp11ng,

v co]lect1on weekly

Grav1metr1c analyses carr1ed out bv samp11ng personne]



ASSESSMENTS

Site specific assessments will be used to ensure a maximum integra-
tion and utilization of information developed by the program elements of
sample collection, analytical characterization, biological and environ-

mental testing, and occupational control and medical surveillance.
Analyses of potential impacts includes consideration of :

a.” Human health related assessments —-- including the industrial
. worker and the general public, ' o o
b. -Ecological felated assessments —- both terrestrial and aquatic‘
_systems in the site area; and oo ' . )
el Qperational assessments -- involving (1) enVironmentalgcontrol .
. equipment, its efficiency,and‘reliability, and (2) occupational
health control and the engineering systems used to reduce

‘1fug1tive emissions:
Information develOped in'these assessments'willﬁbe combined'With that from
studies of several other low—Btu gaSifiers, and Will be used to 1nvestigate

the potential impacts of antiCipated industry growth

1 c e

: Sample and Data Management

Successful execution of this program requiresfthat”a'large number-of
samples be characterized by many investigators, and that the data and
' information developed be of . high quality and readily acce531ble in assess-
ment activities. Several thousand samples subjected to numerous analyses
-and tests, and the on—line monitoring equipment output must be handled the

./'flrSt year. Both sample and data management are required.

Initially, all samples other than those characterized on site will
. enter a’ Sample Management Center at ORNL. - Samples- Will be treated as A

required forwarded to. pro;ect leaders responSible for various dlSClpllne:
oriented tasks, and distributed to indiVidual 1nvestigators.. The. Center ‘
will Serve as the interface between the UMD sampling staff, the discipline7
“task groups, and the Data Management Center. AR

The Data Management Center w111 proVide a computerized data manage-
ment system for storage and retrieval of data and information, and Wlll
include: (a) structure for data base development, (b) procedures to ensure

proper identification and recording of data;.(c) network to provide user -

access to the files; and (d)-data analyses routines.




CONCLUDING REMARKS

Design 6f the mohitoring and testing program for UMD involves all of
the uncertainties in:the characteristics of a gasifier only recently oper-
ational,Aand consequently in the nature of the process streams, byproducts,
and effluent streams. Parameters and tests were chosen with emphasis on

screening methodologies as opposed tetonly.selected‘cbnstituents.:;Programl"

- bhahges can:be'éxpéctéd-after;theifirstAfull year of study, with emphasis

on investigation of the more significant components.

.
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