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4.1 INTRODUCTION,
4 ParahannvironmentaliDatahu,

o Inm 1979, Paraho initiated the compilation of the environmental data
generated from the Anvil Points 0il shale facility. Several data groups have
. been organized: I. Process Characterization,:II. Air Quality, III. Water
‘1Quality, IV. Land Reclamation-and'Revegetation, v. yBiological Effects, VI .

- Occupational Health and Safety, and VII. End Use Effects; The first three
sections, I. Process Characterization, II. Air Quality, and III.. Water
Quality, were published by the U. S. Department of Energy in June, 1980. This
report, Part Iv. Land Reclamation and Revegetation, and Part V. Biological
‘Effects, VI. Occupational Health and Safety, and VII. End Use Effects will be
“published in 1981. |

~ Land Reclamation and Revegetation, Part 1V, compiles characteristics of
environment and ecosystems at Anvil Points, reclamation of retorted shale,
‘revegetation of retorted shale, and ecological effects of retorted shale. Date
fOund in another section of the Paraho Environmental Data is not reproduced

'h,here.
| 4,1,2 Scope of Reclamation'and‘Revegetation Studies

Colorado State University, Battelle Pacific Northwest Laboratories and

J J,Utah State University have done extensive studies on revegetation and recla-

’vhmation of disturbed 1ands. The CSU study was begun in 1976 and was underway
" during the demonstration of pParaho's technology in producing 100,000 barrels
of shale oil for the U. S. Navy. . The earlier USU studies ‘were primarily
performed in Utah; some Paraho retorted shale was used in those studies.
sWoodward-Clyde and Associates performed extensive tests on the reclamation of

retorted shale.A
4.1.3 Location of Anvil Points Facility
The Paraho Development Corporations's oil shale researchvfacility is

located'at Anvil Points about 9 miles west of Rifle, Colorado. Anvil Points

o

411



is near the southwestern edge of the Piceance Creek'Baein (Figure ‘4.1.1).
‘H,Figure 4.1.1 also shows the location of Anvil Poxnts in relation to other oil
{”shale developments in northwestern Colorado. A close-up of the Anv11 Points - 'Q‘;
- area. 1s provided in Figure 4. 1.2. The Anvil Points facility, identified as

the Bureau of Mines Oil Shale Experimental Statlon, is located on the Naval
Voil Shale Reserves. ' )

4.1.2
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, Locatlon of Selected 0il Shale Development
‘in Northwestern Colorado (ledung ana Zachara, 1980) .




FIGURE 4.1.2

Contour Map of Anvil Points Site
Contour Interval 40 Feet
Scale 1:24000
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4.2 'BACKGROUND INFORMATION
4.2.1 Characteristics of Enyironment

Precipitation. The climate is semi-arid with average prec1p1tation at

lele’and Grand Valley, Colorado of 27, 7-30 cm per year (Malek, 1980).' Thei
snowfall of October through March accounts for nearly half of the prec1p1ta—
tion (Table 4 2. 1). Spring and fall months, June and October, have peaks of
precipitation (Figure 4.2. 1).’ '

Drainage Patterns. The precipitation drainage patterns of the Anvil .

- Points area (Eker, Waters, Skaggs, 1979) begin at the base of the Roan Cliffs
and extend southward to the Colorado»River (Figure 4.2.2). Measurable run-off

occurs during spring snowmelt and the occasional showers of spring and summer.

Geologic Characteristics. The surface soils and stream sediments have

been analyzed to determine:a geochemical baseline of the Anvil’Points area
(Rutherford,,1979). Geological units of the Anvil Points region and Piceance

Creek Basin are illustrated in Figure 4.2.3.

, The elemental concentrations in SOllS and stream sediments vary signi-
ficantly w1th the underlying geological units (Table 4.2.2). Geochemical
,baseline studies would determine natural background levels and their
variability for various parameters. Geochemical baseline studies developed on
stream sediments and geologiciunitsAWOuld serve as a basis for'environmental

monitoring of stream and groundwater contamination from operatioms.

Although the statistical data is not adequate to draw definite
conc1u81ons, several geochem1ca1 trends may be suggested. The pH of soil and
sediment samples decrease: with increa51ng elevation (Table 4.2. 2). Organic
carbon shows the inverse relationship. Mercury concentrations do not suggest
a trend. Molybdenum, boron, and fluorine appear to be higher in concentrations
in samples taken frcm the Parachute Creek Member.: thtle correlation was 7
‘found between selected trace element (Mo, B, F)’ analyses of plants and the B
so;ls they grow on. ~Other factors may be affecting the uptake of trace

elements by plants (Rutherford, 1979).



4.2.2 Characteristics of Existiné Ecosystems

The major vegetation types of the Anvil Points site,'aslgiven‘in the
Draft Envzronmental Impact Statement (Harrington, 1980), are. coniferi_aspen,
mountaln shrub. sagebrush, and plnon-junlper {Figure 4. 2 4). TheJDEIS uses
other surveys of the Piceance Basin as representative of thls area. There
have been no detalled studies of flora or fauna (specles llst, cover den51ty,

'blomass, ete.) at Anv11 Pornts.
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12 Years at Grand Valley, Colorado (McKell, et al.,

4.2.3

3T
12254
| =
| 190
e
e
: g:-,avl.Z’I‘-, L _ , :
17 - GRAND VALLEY coLo. R
SR YEARS AVERAGE uess 1977) 30,0 ¢y
6a - -—o—— RIFLE , COLO. : RN |
S e s YEAR AVERAG:. usss 1977) 27‘,7_77“4,
Oo '1"'7'17' T R R i . RIS A_l
JAN FEB MAR APR MAY JUN JUL AUG SEP ocT NOV DEC
MONTH : ‘
FIGURE 4. 2 1
Prec:.pitation Record for 15 Years ‘at Rifle and
1980)




I
D\ //(( .\\ _ \ : }Jc%ﬁeg:@vl

| g N ;4 ‘ FACILITY \ ‘Y‘ﬁ .'
AN é /
7 |
\

FIGURE 4.2.2
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TABLE 4.2.1

"bfécipitafioh'ﬁistriﬂﬁﬁion'bygﬁéﬁtﬁéaiMAieﬁ}'iébb);

: . ' Rifle, Colorado - " 'Grand Valley, Colorado
Month .~ o Ave. 15 yrs. (cm) . __Ave. 12 yrs. (cm)

Jan. i e ot EE i REES R 2010 g Ll ©2412
Cpeb. e geg e T
CMarh ... ie . 206
april s e .80 e onmer o 2.62 vy .
‘May - a3 RO . s 1496 T f.s»‘»;;gi» Tty 268000 0
June S 2.54 S 2.6
gwly 203 1.82
e o R R
sept. o 2.89 - BRI
Coct: ,_ "' o WeE r*f“3;2olﬂ RN ¥ R
bec.t Tz ot 286

Year - ana0 i 30l00
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TABLE 4.2.2

Elemental Concentratlons of Sozls, Plants Sedlments
" By Geologic Units o
{Rutherford, 1979)

LSD/SR (least significant difference/studentized range) is the least signifi-
cant difference between any two means in a populatlon that can be considered
signlflcant at the .05 level.

.. The means for a population are listed from largest to smallest. All means
except pH means are transformed to:their logarithms. '

The results of the Duncan's Multiple Range Test are shown below the group
means.

‘Alluvium Wasatch Anvil Pts Parachute Uinta

Soil Parameters

a* a a a

PH LSD/SR = .667 7.97 7.78 7.75° - 7.69°  6.87
OC LSD/SR = .498 - .506>  ,0212° .354%° .509°¢  .577°
Hg LSD/SR = .399 1.53% 1.37° 1.48% 1.41° 1.37%
B LSD/SR = .204 2.13% 2.16% 2.200 2.26" 2.25%
Mo LSD/SR = .404 .4a3®  319° .203% .532% .204%
F  LSD/SR = .242 2.62°  2.66° 2.74%P 2.92°  2.70%

Sagebrush (Artemsia tridentata) Parameters

Mo LSD/SR = .436 0742 - .035%% - 256%®  _ 200%® - .372°
B LSD/SR = .212 1.48% 1.37% 1.32% 1.452 1.452
- b
F LSD/SR = .651 .55  1.11 1.18° .590° .519°
Indian Ricegrass (Oryzopsis lrvmenoides) Parameters
Mo LSD/SR = .577 2012 .342° .461° .151°
B LSD/SR = .304 .690° .675% .737% .735%
Western Wheatgrass (Agropyron smithii) Parameters
Mo LSD/SR = .459 .218% .384% .05952
B LSD/SR = .361 .805% .800° .780°

4.2.8



Sediment Parameters

pH LSD/SR =
_0.C. LSD/SR =

Hg LSD/SR =

Mo LSD/SR
B LSD/SR
F  LSD/SR

]

.565
1.428
.983

762

1.62
.681

TABLE 4.2.2 (Cont'd) .

Wasatch

Uinta

2.61

2.82

2.83

Alluvium - Anvil Pts Parachute
8.40°  8.30% 8.08% 7.96>  7.86°
- .823* - .s80? .218% ' L493% .475%
1.60 1.55 1.59 1.93. 1.88
. .562 .485 .469 .641 .492
' 1.59 i.68 2.15 2.30 2.29
2.46 2.84

*  Values not followed by the identxcal letters in each row are slgnlflcantly

" different at the

.05 1eve1.
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v
4.3 LAND RECLAMATION

Since an oil shaierfacility'represents arlarge-scale solids processing
plant, an oil shale plant presents several problems in land reclamation. '
~First, top soil is removed'dﬁrihg plant construction and operation.  Second, -
~raw shale is stockpiled dﬁring various'stages of operation; And finally,
retorted shale is produced at the:approximate rate of 1.4 tons for each

barrel of shale oil produced. = . ~r <

‘During the recent Paraho operations at Anvil Points, there were no land
reclamation studies directed towards the stabilization and revegetation'of'top—
soil. First, the’facilities‘and all the aﬁxiliaries (roads, pipelines,
.transmissiOn'lines, eté:)«Were installed in the'late 1940's - moxe than 25
years before the start of the Paraho researchhoperations. Second, the recla-
mation. of topsoils does not’ pose “the" potentlal ‘problems -that retorted shale
does. f S -

No major raw shale reclamatlon studies Were carried out during the .
recent Paraho research operations. All the raw shale storage areas repre-
sented vactive storage“.t Mine rubble,’crushed shale feed, and rejected fines
represent non-permanent storage areas.r StabiliZation'aﬁd revegetation studies

are not practical.

Retorted Shale{representS‘the'laroest by-product producedifrom?the-
retorting'operarioﬁs;"The chemical ‘properties of Paraho retorted shale are-

compiled in Part I, Process Characterization, of ‘the Paraho Environmental

Data. Two major studies involving the revegetation of retorted shale disposal
: areas ‘have been ‘carried out during the Paraho research operatlons at Anvil
Points. These studies are discussed in Sectxon 4. 4 Revegetatlon of this e

'volume, Land Reclamatlon and Revegetation,ﬂ,%k

 'During ;perParahofoperation,;Woodwardfciyde'Consﬁltants,,Inc;,'carried
out a research projecr for Developﬁent Engineeriné;jino:,dunder‘their
contract (No;'J0255004S;ﬁith'the U.'S. Bureau of Mihes; The final report,
"Disposal of Retorted 0il Shale from the Paraho 0il Shale Project" (ﬁolti,
1976) is available from the National Technical‘Information,Service, U. s.

Department of Commerce.

4.3.1



A second study entitled, "Seepage Through Partially Saturated Shale
Waste" was conducted for the U. S. Bureau of Mines by the UniVersiry of Idaho

Agricultural Engineering Department (Bloomsburg and Wells, 1978). L
'4.3.1 Stabilization

The Woodward-Clyde project consisted of laboratory and fleld tests to
determine the physical and chemlcal properties: of the retorted shale for use
in developing future full-scale waste disposal plans. The laboratory studleer
identified the physical properties of retorted shale. The field studies ‘

1dent1f1ed compaction and permeablllty characterlstlcs of retorted shale.

LaboretorYFStudies. jResu;ts‘showed that shale retorted by the,direct’

vheet'Paraho process is characterized as a siity-grevel mixture (Holtz, 1976).
.This is shown in_the’gradation data (see Figure 4.3.1). About helf{the semple
is gravel sized (greater than #4 sieve size). Compaetion causes particle
breakdown with fines filling the voids between the larger particles. This

increases density, promotes strength, and reduces permeability.

Research studies to ‘determine the best method of compaction were carried
out under various loads to simulate effects of various hauling, spreading, ‘
and compaction equiphent which could be used in field work - light, 6200
ft-lbs/ft3; medium, 12,375 ft—lbs/ft3; heavy, 56,000 ft-lbs/ft3 (see Figure
4.3.2). Results showed that moistening produces only small increases in
density. »Densities greater than 98 pcf can be achieved by heavy compaction,

with or without water addition.

Strength, measured by unconfined compression, shows that about optimum

water content is required for optimum strength'(see Table 4.3.1).

TABLE 4.3.1
Effect of Added Water on Strength

Water Added, Wt% Compressive Strength, psi
5 100
10 140
22 - 185
25 - 170

4.3.2



The unconfined compressive strength for the direct heat shale increases to
205 psi with curing- (see: Figure 4.3.3). This increase in strength w1th the
:addition of optimum water and  with curing indicates that Paraho direct heat
‘retorted shale behayes like a low-grade cement, Shalerretorted by the

indirect heatfproceSdeid not,exhibit a strength increase.

Field Compaction. Field compaction was carried out to confirm labora-

tory results and to determine proper handling techniques.i The field compaction

‘research was carried out usrng -about 16,000 tons of retorted shale in an area_
measuring 180 ft. by 400 ft. (see Figure 4.3. 4). 'The area was divided into

/two sections - ‘one using. dry compaction, one. w1th optimum water added.

Each section conSisted of six panels which received different degrees or - types
of compaction.’ The material was placed in layers about 8-12 inches deep. The
use of these panels or layers permitted heavy compaction'u51ng conventicnal

'equipment, reduced dusting even when handled dry, and -allowed rapid diSSipation
of heat to avoid autoignition... .- '

4.3.2 Permeability - ..

Permeability test results, shown in Table 4.3.2, indicate that perme-‘
: ability can be reduced by the addition of ‘-optimum water, compactive effort, and
loading. Permeabilities .of less: than 1. ft/yr (l X 10 cm/sec) have been
achieved. - Leachates -obtained from these permeability studies have been

- analyzed..:The data are. .compiled ‘in Part III, Water Quality.

Laboratory Studies. Another 1aboratory permeability test utilized the

A

» recirculation of the effluent (see Figure 4.3.5). These data’ show that

'.recirculation of- the effluent, such as may. be encountered w1thin a deep dis-
posal area, tends to. reduce permeability. This would indicate that even

though percolation might occur. at the surface, it would be reduced significantly
as the: effluent permeates w1thin the disposal pile.A,- '

Field-Infiltration'Ponds.. TWO'ponds were constructed'to determine the

permeability and infiltration. of retorted shale placed by normal construction_
‘equipment and methods (see Figure 4.3.6). Pond 1, which was about 75 feet

4.3.3



long by 50 feet wide, was constructed using optimum’techniques developed

- during the field’compaction,expeiiment. The retorted sha1e was~moistened
‘with optimum waﬁer;'properly agéd,]blacéd'in 8-12finchvlboseliaYérs,'and com-
pacted to an average density of 100;6”pcf by 7 passes of a heav&'&ibrating
‘roller. Sloping sides were uaedrtb aiiminate sidewail.éffects and the
wall-to-bottom interfaces.. Bath ponds were ‘constructed over:a'gravel layer
and a hypalon liner installed to collect any seepage (see'Fiéﬁrer4.3.7);
and 2, which was about'607feét'long?byﬂ46 feeﬁ wide, was compac£ed'without

any water addition and using only hauling-grading equipment for compaction.

After the field-infiltrat{qn'experimént was completed, 6 inch diameter
cores were removed from Pond 1. Results from the field expermient and
laboratory studies using these caréévare compiled in Table: 4.3.3. ‘Moisture
control was excellent - Pond 1 averaged 20 wt% water; there was no moisture in
Pond 2. Densities above 100 pcf were achieved for Pond 1. The mean compress-
ive strength from Pond 1 cores was 215 psi. Pond 2 had a permeation rate of
about 2000 ft/yr while Pond 1, with a permeation rate of less than 1 ft/yx,
based on drain outflow, can be considered impervinus.: Aithongh Pond 2, which
represented the main disposal pile, had a high permeation rate, an additional
field experimént showed that deep penetration may not occur. After Pond 2
had thoroughly dried for several months, about 5000 gallons of water was
sprayed on the surface to simulate a 2-inch rainfall in one-half hour. After
threebdays, less than 2 gallons seeped through to the drain. Even though all
the simulated rainfall was essentially lost to absorption and evaporation,
the 2 gallons of seepage indicate a potential for leaching. Significant

water flow and leaching 4id not occur.

The reclamation study performed by the University of Idaho Agricultural
Engineering Department was designed on the laboratory and field_permeability
tests that the Woodward-Clyde project used. Based_on the finite element
analyses results, their conclusions are as follows:

(1) Surface and gfoundwater effects originating_from waste shale
pilés and resulting from low inténsity, low yield'storms will
be insignificant. Evaporation will completely reclaim most

common storm yields. Most low intensity storms will
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completely infiltrate nith no specialjprofile_preparation.
l »Groundwater'nill.not'accumulate as a result of common
storms. ' _ '
(2) Hign intensity; low yield storms may require a disposal zone
border;~orfan.unc0nsolidated, low density surface layer to
contain surface water until it can be infiltrated. AEvapora-_
tion will‘pre?entngOundwater accumulation with no special
Aprofile‘preparation. ‘ _
(3) High intensity, high yield storms may‘require borders, or
unconsoiidated, low density surface layers. to contain runoff.
-buring the construction of the profile, care should be taken
vﬁo'produce-a uniformvprofiie‘so:as not to restrict upward'
'moisture movement during evaporation. Densetliners'requiring
-a’ larxge compactive effort are not necessary in’ order to
kl'prevent groundwater accumulation from direct storm effects.
Unlayered, naturally developing profiles are effective in

severe storm yield containment.
4.3.3 cher Studies

Dusting and surface erosion were studied in laboratory wind tunnel
experlments us;ng various types of surfaces and w1nd velocities (See Table
4.3. 4).' These results’ 1nd1cate that dusting and surface erosion were not
'serious 1mpacts and could be controlled by good engineerlng practices. These

findings were confirmed during the field compaction and permeation studies.

Heat'dissipation of . retortedbshale,jObtained directly from the retort-
ing operations, was . observed during the constructlon of the field compaction
and. permeation sites.r A long-term study of possible temperature,build-up
- within the compacted shaie uasocarried-out'in the field ccmpaction site (see
tTable 4.3. 5). Data shou that no heat build-up was;detected; ‘When the : j
materials Were spread in 8 to’ 12-1nch layers bypassing all extended storage
. piles, autoignition didfnot_occur. There has not_been a study performed on

-heat build-up of_deeper»piles.
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 TABLE 4.3.2

- permeability

00 . roading Permeability (Ft/yr) ..
Compaction o psd) T No Added Water “Optimum Water

standard .. 50 s T
. ' 30 1.4
e ‘ o - . 200 : 20 .. ... 0.8

Heavy = : S s0 - @0 1.1
200 . ” 26 | 0.1
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_ Parameters .

Moisture, Wt%

Density, pcf, Bottom

Sides
Strength, psi

‘ Permeability,t ft/yr

TABIIE <4-3¢3

Field Infiltration Data
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Pond I

Initial 1Core
22‘ f;g
100 106
100
- 215
0.3 0.6

i

Pond II

_ Initial

g

92
87

2000



Dusting and Surface Erosion -

Density ‘Water Added - Surface  Wind Speed, mph Dust

:Semp}ei pcf ,: -v'Wt%ﬂ.“ . Treatment 10 3 25 45 Collected ﬁgo{;
A 90 i ‘25_.i - None . N :.S‘ s ‘ 6.1

’ fs_”; 9o v¥,1 25 'IFSoarifiea s v_ s s 0.05 ¢
. 70 . ';1275 - Noﬁe L B "M B f11.oo

D - 70v{#; 0 v None '_ 'A ] .M H 1.25

E . 70 0 Coherex N N M 0.50

"No Surface Movement L
'Slight . Surface’ Movement
Moderate Surface Movement
Heavy Surface Movement

- Note:

mE Nz
n ||‘u ]

Note: Coherex is'a'comercially,aveilablefdust suppréséant;-
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TABLE 4.3.5

Auto-Ignition Tendencies

Te@ééra%ﬁfé:$°F'j

" Middle Bott@
March ' a ” S o 45 55 65
April - y o o B e 50 ‘55 6o
May N ' | 55 55 55
June R . es 60 55
July | | CT 75 65 55
August 70 65 60

Note: All temperature data are means from several probes (variations of + 10°F).

Top: about 1/2 foot below surface. i
Middle: about 6 feet below surface. '
Bottom: about 9 feet below surface.
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4.4 REVEGETATION

‘v4.4.l‘.Utah?State5UniversityiRevegetation Concept

' Utah State University has‘developed a plan‘to revegetate.Paraho pro- =
cessed o0il shale (McKell,1978).  The plan'is baSed on’ range management, .

. watershed management, botany, ' and ‘soil . science concepts and practices. The

.limited resources of water, topsoil, and native plants are given major - -

consideration~in the revegetation plan. ~The objectives of thelrevegetation
~ Plan are to~'(1) return retorted shale to a usable, productive condition
'compatible . with’ existing adjacent undisturbed natural areas and supporting B

fauna of the same. kinds and in the same numbers as those existing at the: ‘time -

~the baseline<data'were obtained, (2) effectively utilize the natural resources

ofrthe‘area,rsuchvas:locally”adapted'plant species, precipitation,‘topsoil,
and topography (3) be cost-effective by'making“optimum'use of local resources "
and establishing a system that w111 be primarily self-sustaining after the -

initial: development period. Once the ' initial plants: are established, the -

utilization of water. harvesting ‘techniques will allow’ succession to ‘take place.
" The creation of water harvesting techniques ‘would allow the vegetation to

perpetuate itself under natural conditions. :

~ Although' the revegetation techniques ‘developed by Utah State University
have ‘been’ initially successful, the proposed methods and ‘recommendations must
remain tentative until additional amounts of processed shale are available
for ‘field’ plantingsrand plot studies.»'” ' ‘ :
‘The system proposed by Utah state University coordinates seven =

components-~«

(1) - Use of native‘Plant species-- The'Selection”criteria'for natural

v shrubs, grasses, .and forbs is based on’ local ecotypes of dominant -species”

. tolerant ‘to salinity, ‘desired rooting habits, desirable feed for wildlife: and”
“livestock, tolerant of utilization, natural beauty, easily propagated,f
successfully established, and compatible with other species (McKell, 1976)
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(2) Transplanting of container-grown stock: Shrubs and perennial
grasses would be grown from cuttlngs or seedlings. Plants with well'deveioped
root systems, to ensure survival, would be transplanted at appropriate seasons
of the year. Seed germination and seedling establishment from direct seedlng
in arid regions have resulted inra highwprobability-ofofailure (McKell, 1978).
COntalner-grown and transplanted fourwing saltbush (A;;_plgg cgggscens) have
‘had a 75% survival after four- years of growth. . Nine shrubs and”five»grasses
had av60%-surviva1;rate after»four,years._;Irrigation and fertilizetion‘atrtime
of tiansplan*ing haVe shown:no'significant increase in. plant estabiisnment. |
The most successful plants have been fourw1ng saltbush (Atrlplex canesceus),

- kgreasewood (Sarcobatus vermlculatus), w1nterfat (Ceratoides lanata), black
- - sagebrush (Artemesia nova), weste;n wheatgrass (Agropyron smithii), and crested
wheacgrass (Agropyron cristatum)  (McKell, et al, 1979). Shrubs»required a high

concentrat;on of rooting hormone to establish a successful cutting.l The- peat
pellet used as a rootlng medium aids in establlshlng the cutting after planting.
Seedllngs and cuttings have been more successful in larger contalners, TWO
important shrubs;,big sagebrush (Artemesia tridentata) :and greasewood (Sa;cobatus
vermiculatus), have had poor rooting success. Other propagation procedures will

need to be developed for these species.

(3) surface shaping: The retorted shale pile should first be compacted
to 98.7 pcf, stabilizing the pile and reducing its permeability. After compac-
tion, the surface of the pile is shaped into terraces and slopes on side hills
and into hillocks on the flat top (Figure 4.4.1). This shaping would provide
a catchment slope for harvesting precipitation and a terrace for transplanting'
plants (McKell, 1978). Small basins, or small slopes and depressions as shown
in Figure 4.4.1, 75 cm in diameter and 100 cm deep, shaped in the retorted shale
and filled with topsoil, provide an area for better plant growth than on-a flat
scrface.v In order to facilitate movement of watér without 1ncreasing sedlment
productlon, the slope of the catchment area should be smooth and reduced. A
‘steep slope will lncrease the water velocity and also increase the destructive :
forces. Reducing the catchment area would reduce the area contrzbutlng to.salt

and sedlment production (Wagenet and McKell, 1980) .

(4). Shale surface stabilization: Substances resistant ‘to destruction .

and disintegration applied to the surface of retorted shale would prevent
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movement ‘of dust particles, increase water harvest, and restrict the capillary

rise of salts from the retorted shale.

s A completed study by Malek . (1980) with polyvinyl acetate, petroset SB,
‘Amulch, and paraffin applied to shale surface indicates that paraffin would be
the best,shale stabilizer.r Earaffin treated.shale:surfaces have ‘high runoff
after Simulated rainfall (Figure 4.4. 2), high water harvesting efficiency
"(Figure 4.,4.3, Table 4. 4 1), low:sediment delivery rate (Figure 4. 4.6), low
“sediment production (Table 4. 4 2, Figure 4.4.7),;: low ‘total dissolved solids in
_harvested water (Table 4.4.3,: Figures 4.4:8 and 4.4.9), low. total dissolved
solids of harvested water and corresponding electrical conductiv1ty values
‘(Tables 4 4.4 and 4 4. 5). Based on laboratory data, Table 4.4.5 estimates
»values of runoff, sediment, and total dissolved ‘'solids from a one hectare
'processed oil shale pile.  -The low electrical. conductivit§ of. paraffin treated
plots (O 5 kg paraffin per:. square meter) provides an . effic1ent .surface cover
against falling rain and flowing ‘water. The:surfaceycover reduces. direct .
~'contact-of runoff with retorted shale which reduces the’release of salt to
water running'off the surface. faraffin treated surfaces ‘had a negative
-capillary force that. prevented water from moving to the surface and evaporating.
Little or no salt crust ‘Was - formed due to slow evaporation process and low
'jsaline concentration of harvest water. : ’

(5): Effective but limited use. of topsoil. Trenches 75 .x-100 cm along
the terraces ‘and’ swales. would: be filled with topsorl._,The,topsoil,,serving‘as‘ _
‘the necessary growth medium to receivéthe container—grown native plants,ﬂi, -
would provide an inoculum of sozl microorganisms, a partial source of native o
ffplant seeds, ‘and a buffer against high salt concentrations that might develop
. from the processed shale.» It is expected that harvested water from the catch-
iment slopes’ will percolate through the topsoil and ;out into the processed ;;f*

_ shale, increasing the salinity 1eve1s around the root zone. Salt tolerant”'i
"ispecies are selected for growth in ‘the expected high salinity of retorted shale
"S(deen. 1078 SRN R S RE TS

| ““(6) FFulfillment'of‘minimal fertility requirements: - Fertilization of
"plants would occur as needed and as determined by existing and ongoing research.

As plant -xoots ‘grow into the retorted shale, some fertilization will be
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necessary. Beeause the native plants evolved in relatively low fertility
‘soils, their fertility requiremeénts of nitrogen and phosphorus -are not as high

as crop plants or some exotic species (McKell, 1978).

(7 Supplemental irrigaticn'for,piaht'survivalvand salinity management:
Sﬁpéleﬁental iriigatioh mey"be necessary during extended drought periods in theA
early years of the revegetation pibjeet. 'Qne'way to supply the water; if -
k_requi:ed, would be by a drip4iirigationasystem,‘periodicelly supplying low
Qolumes of water through a fleiible:pipe'sYstem installed aiohgfeaeh:terraCe.
~Low'volume'irriqétion’may*also'be'heeded’to feduce salinity in the -topsoil
trench to levels tolerable to the plants (McKell, 1978). Proper management -
-of irfigation can effectivelyiredueé?éelts'(sodium, magnesiﬁm,_sulfate) to
levels'notrdetrimenﬁal to 'most salt tolerant plant species. With limited
amounts of water, salts are not leached to groundwater, but are stored in the
'sheie‘pilel* Upward salt migration during evaporation has not been ‘evident as
a problem during evaporation. At low water contents, hydraulic’cenduCtivity

values have been characteristically low for the retorted shale tested."
4.4.2 Lysimeter Study

The Environmental Protection Agency sponsored-a lysimeter study
(Figure -4.4.9) at Anvil Points using Paraho retorted shale. The lysimeter
studyvperformed by Harbert (1978) had two objectives: to investigate'the
vegetative stabilization of Paraho retorted shale covered with various depths
"of soil and to‘investigete subsurface water and salt movement through
.compabted and uncompacted Paraho retorted shale covered with various depths
df'soil cover. The subsurface water and salt movement through retorted shale
will not be addressed in this volume. The initial results were inclﬁded in
Part III, Water Quality. The revegetation stabilization will be covered here.
The Seedihg mixtures used by Harbert are listed in Table 4.4.6. After one
year;Sjgfbwth, the perennial vegetation cover on the retorted shale was
sparse; 2-19% (Table 4.4.7). The perennial cover of the soil -control and
soil-covered shele wes 45f85% after one year's growth. The total!eover'for '
the retorted shale after one year was 15-50%, and the soil—covefed shale,and

soil control varied from 49% to 100%. After three years of growth, the
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retorted shale total was- 22-41%. The s011-covered shale and soil control was
31-72%. ‘The total cover for the different treatments generally increased
after the ‘second year s growth (Kilkelly, Harbert, and Berg,, 981) After
three years of growth, the total cover for the various treatments decreased.
The total cover decrease was especially evident in the high-elevation -
lysimeter. The total cover‘for the retorted shale showed only slight _: )
variations. The natural prec1pitation conditions of the loweelevation lysi-

. meter seemed to support shrub growth better than the increased precipitation

‘of the high—elevation 1y51meter.ﬂ Even though the retorted shale did not grow

74 4 3 Colorado State University Reclamation Studies

surrounding native vegetation. The high perennial covertvalues of SOll—
covered shale and the soil controls may indicate that the perennial grasses

are inhibiting species diversity.

The Colorado State ﬁniverSity ketorted Shale SuccessionUStudy:is:located
in the Piceance BaSin near Tract c-a (Figure 4 l 1) The Colorado State
University Retorted Shale Succession Study used Six artificial soil-shale

profiles (Figure 4 4 lO)lto evaluate plant growth and succession on Paraho

- retorted shale (Cook and Redente, 1980 and Redente and Ruzzo, 1979). The

‘ specific obJectives of the research include' (l) determining prqper seeding

practices of potentially usable mixtures of plant species and their relation-
ship to cultural practices such as’ fertilization, irrigation, and mulching,

(2) determining the .rate and direction of plant succession on disturbed topsoil,
subsoil, overburden,'retorted shale, and retorted shale overlain by soil as,r
nfluenced by natural invasion, species mixtures, and cultural practices, and

(3) determining proper management procedures for long-term stabilization and

, reclamation of retorted shale materials (Redente and Cook, 198;1)._i The study

was designed to consist of three variables'! soil-shale profile, seed mixture,

.....

‘and fertilizer treatment. The six artificial soil—shale profiles simulating

field conditions constructed were.“;}d ,;‘=_'. , ,'.;:-lr : ;;hf, -

Dty

l.‘ Retorted shale to a depth of 61 cm without any soil covering.v}.

r_‘2. 30 5 cm soil over retorted shale. V,:5_

3. 61 cm soil ‘over retorted shale.;

445



:43.'91 5 cm soil over. retorted shale.(

5.: el cm soil over 30 5 cm gravel capillary barrier over retorted
' shale. :

6. Soil control with no retorted shale in the profile.
After three years, data’ from the artificial soil-shale profiles ‘indicate: that
soil cover is the most important factor in re—establishing a functional eco-
system. ‘The soil-shale profiles demonstrate that plant Vigor and productivity
increased on soil ‘cover depth of 30 5 to 91 .5 cm (Redente and Ruzzo, 1979a and
' 1979b, Cook, et al., 1980;" Redente and Ruzzo, 1980, ‘Ruzzo and Redente, 1980,
fRedente, 1980, ‘Motint and Redente, 1981; Redente and cOok, 1981). The soil
lfcover ‘of 61 and 91 5 cm produbed the ‘most total above ground biomass (Figure
4.4.11). o ' '

‘Topsoil of 61 cm depth over shale prov1des a suffiCient rooting zone, a
functional decomposer community, and a storage zone for mOisture recharge ‘from
snow melt. Topsoiling also reduces and in come cases eliminates the need for
41eaching, fertilization, mulching, irrigation and long—term management.
Results also indicate that the capillary ‘barrier of gravel aids in the
prevention ‘of ‘salinization of sOil cover and aids in the water holding capacity
of the SOil. The adverse pH and electrical conductiVity values ‘of the
retorted shale requires large inputs of resources and management for direct
revegetation, while the use of topsoil reduces these inputs and accelerates

the stabilization and successional process.

" 'Three diverSe seed mixtures of grasses, forbs, and shrubs were studied:
an all'nativehmirture,'a combination of native and'introduced'species, and an
introducedwspeciesvmixture (Tahler4.4.8). The combination mixture of native
: and“introducedjspecies appears”to provide the most rapid'stabilization of soil
profiles (Redente and Ruzzo, 1979b, Ruzzo and Redente, 1980) and allows greater
adiverSity of forbs and shrubs (Redente and Cook, 1981)

However,‘the native grasses and shrubs had excellent growth and the
highest cover values (Figure 4.4.11). The introduced species mixture
~approached a closed community more rapidly than native species mixtures.

Because of more rapid emergence, establishment and surVival rate, along with
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more rapid and vigorons growth, the introdnced species were able to reduce the -
entry of invading annuals at a significantly greater level than native species
(Redente and,Ruzzo,‘1979a; and Mount and Redente} 1981). As shown in Figure
4.4.12, the native and introduced mixed species had a consistentlyvhigher
biomass‘production than'either the native or introduced mixture. Even thongh '
the introduced seed mixturevhad-the lowest biomass production (Figure 4.4.13),
it had the highest'plant'denSity (Redente and-kuzzo,,1979b),p,The‘density
Valnes of{the}species mixtures are increasing and approaching'those'of the
native'vegetation;' The density of the native seed mixtures is increasing at a
more rapidvrate thanxthe introducedvspecies;miktnres;/;While the surrounding
native vegetation is'dominated by sagebrush,'the soil profile seeded areas
are predominantly ‘grasses w1th forbs and shrubs ‘as secondary components
(Redente and Ruzzo, 1980). S
The addition of nitrogen and phosphorus fertilizer increased the biomassp
of grasses by allow1ng higher seedling establishment (Figure 4.4. 14), decreased
the biomass production of forbs (princ1pa11y nitrogen-fix1ng legumes), and had
no effect--on-shrub establishment and growth (Cook and Redente, 1980, Redente
- and Ruzzo, 1980; and Mount and Redente, 1981) B
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Change in Water Harvestlng Efficiency
(Malek, 1980)

'~ Event Amount of Raln Time Interval (days)

1

2
3
4

2.57 cm start

1.90 cm 28 days

"3.43 cm 12 days

5.14 cm 3 days
. 13.04 cm
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Average Electrical Conductivity of Harvested Water

(Malek, 1980)

Event Amount of Rain Time Interval (Days) .
1 2.57 cm ' - Start
2 1.90 28 days
3 3.43 . 12 days
4 5.14 3 days

13.04 cm
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TABLE 4.4.1

Quantity of Harvested Water

(Malek, 1980)

Depth of Harvested

Sﬁrfaée | Volume of Harvested Water Over
Treatment ‘Water (2/Plot) Vegetated Area (cm)
PVA _ ‘» 145.4 | \ 22.9.
Petroset Sﬁ ) ‘ ) l90.i | 29.9
Mulch : | 130.8 20.6

- Paraffin 184.0 }‘ 28.9
Comp. Shalé | 172.5 ' 27.1

4.4.22



L X 2

L SR TABLE 4.4.2 .

Sediment Production
 (Malek, 1980)

Simulated Rain : . , |

Events/Surface ‘ ) 1 : L 2 3 , : 4 :
Treatment .~ -~ g/plot kg/ha g/plot kg/ha "~ g/plot. kg/ha v g/plot kg/ha

A ;,, : 15.8,,H, eif5> : 125;o°?u'476;3‘ 636.2 2465.2 1411.2 ..5469.5
Petroset s8 6.0 449.6 ’ﬂ’i¥ }1o3571 éwéééi.l S .289;;95‘iigo§.7 k3387.8 1312.8"
walch vln‘,125§ a9 53 20.6 1’ 3872 1500.4  982.4  3806.9
vé;réfiﬁ‘vqﬂ} - ;45;0._/’ i74;e ‘~’ ' 88.4 7345.5 - 426.8 _bi653,7 ’ “ ,550.4 ‘2131.9

Comp. Shale 172 663.5 © 477.1  1848.9 1312.0 = 5084.1 1450.0  5618.9

Event Amount of Rain Time Interval (days)
- 2.57 em : start - :
1.90 em - ' 28 days
3.43 om " 12 days
5.14 cm .- o 3-days
13.04 cm

W N




e vty

TABLE 4.4.3

Total Dissolved Solids (TDS) in Harvested Water
- (Malek, 1980)

lst Rain 2nd Rain © 3rd Rain 4th Réin'

Tréatmént : g/plot  kg/ha g/plot - kg/ha g/plot -kg/ha g/plot - kg/ha
A 2.91 11.28 10.48 40.61 43.97  170.34 79.27  307.14
Petroset snl 17.00 65.91 25.65 99.39 67.52  261.6 62.2 241.03
Muléh ' 4.33 16.77 3.06 4.09 25.24 97.8 45.61  176.84
Paraffin © 3.03 11.77 | 4.05 15.67 13.59 | 53.85 21.54 és.so
Comp. Shale 19.84 7.67 19.00  73.62 30.16  116.88 33.55 © 130.02

Event * Amount of Rain Time Interval (déys)

1 2.57 em start:
2 1.90 cm 28 days
3 3.43 cm 12 days
‘ 4 5.14 cm - 3-days.
13.04 cm -
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TABLE 4.4.4.

. Average TDS of Harvested Water and Corresponding EC Values. LoOgEC - (LogTDS +. .’47413)/1‘.1212'. j i
SR e AR - (Malek, 1980) SR gy -
1st Rain | . 2nd Rain 374 Rain . 4th Rain'’

_ . .wtdTDS ~ EC  wtd TDS = EC  wed TDS  EC - wtd TDS  EC
Treahnent*;‘ o mg/lit mmhos/cm mg/lit  mmhos/cm - mg/lit -~ mmhos/cm ‘_mg/lit mmhos/cm

VA - 4018 43 12622 12,0 oea1 - 9.7 9254 9.1
petroset SB 6424 6.6 - 14257 13.4 13388 1247 © e539 6.7

Mulech 5890 6.1  3@31 4.2 - 5891 6.1 5857 6.1

e

 paraffin o 1236 . 1.5 2008 2.3 2618 3.0 o 2402 2.8
Comp. Shale 8716 - 8.7 . 11893 1.4 5045 6.2 4041 4.4

Event  Amount of Rain Time Interval (days).
1 2.7 em .. . . start -
2 1.90° g .28 days
3  3.43 12 days
4 5.14 3 days-.

13.04 ‘

EIERER:




.Treatment
_PVAF
Petfoset SB
Ml
Paraffin

" Comp. Shale

TABLE 4.4.5

Estimated Values of Runoff, Sediment

and Total Dissolved Solids

(Malek, 1980)

Harvested Water

ha-cm M

6-8.5 600~ 850
9-12 900—1290
6- 8 600- 800
9-11 900—1160
7-9 700~ 900

4.4.26

Sediment

-ton(ha
5-7

16-20

2.5-4

2-3

10-14

- Sa1t 

‘kgzga
650-700
850-900

350-420

' 200-220

480-540



TABLE 4.4.6

Seeding Mixtures and‘Rates of Application (Harbert, 1978)

Common Name Scientific Nomenclature’i _ ' ;;Z§i~
HIGH ELEVATION MIXTURE ' o |
Spec;es Seeded - ‘ ‘ '
:Western wheatgrass , , '-_§gropyron smithii . - . 9.0
_iBluebunch wheqtgrass o Agropyron spicatum 7 rl'- - : 4;5
‘_Utah sweétvetCh_' » - Hedyéarum boréale utéhenSig ‘ 4.5
‘Palmer penéte@onr R ‘b Penstemon palmeri L o 2.2
‘ﬁupin SPp. ‘f "Vi; '.'*'LLupines §EE_. o T 2.2
_ Arfpwleéf balsamroot . .>‘ Balsamorhiza sagittata :'l o 2.2
| TOTAL. o 24.6
lépeéies Transplanted ‘ . : _
'Serviceberiy;'utah - : . Amelahchiér‘ﬁtaheﬁsis . : 4/replication
| Bittgrb:uéh} antelope = . ‘Purshiavtridentatg ‘ . 2/replication
oW ELEVATION MIXTURE
Spec1es Seeded i ) ; : ; . »

‘. Westérn wheatgrass \Ag : 1Agropyron smith11 kIA“T 4.5
: 31uebunch wheatgrassv ' ngropyron §2;ggtum  »  o A . 4.5 .
'Indian ricegiaSg‘ e Orxzopsis hymenoides .   e 4.5
Galleta', | T\*, e Hilaria jamesii B . 4.5

; Winterfat ';"" *a¥ff o Cerat01dg§ l_ga:zL : | 1.1
Fourw1ng saltbush ! Zf ,Atriplex canescens ., ' - - 2.2
Utah- sweetve;¢h~ . (FV' l‘Hedysarum boreale g;ghgg_;s_ o 4.5 °
Palmer penstemon ‘_ B | Penstemon palmeri S ‘f,'  ' S 2.2
TOTAL . S 28.0
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TABLE 4.4.7

Vegetative Cover by Species Categories for
Paraho Retorted Shale, Soil-Covered Paraho Retorted
Shale, and Soil Control, 1978 through 1980

(Kilkelly, Harbert, and Berg, 1981) .

High-Elevation Lysimeter

2% Slope 25% Slope
North Aspect : ' South Aspect
Treatment Species Categories 1978 1979 1980 1978 1979 1980
—_— , s :

Paraho Retorted Shale Perennial grasses 19 5 3 14 6 2

Shrubs 2 -, - - - .-

- Other 2 46 a8 26 48 39

‘ Total 50 51 51 40 54 41

: 20 cm Soil Cover/Paraho Perennial grasses. 59 72 3L 60 71:. 47
- | | Shrubs e - - e - - -
& Other 2 1 1= 8 2 9
P . Total 61 83.. 46 68 92 |- 56
40 cm Soil Cover/Paraho Perennial grasses 57 63 32 49 65 46

’ Shrubs : - - - R -

Other 5 39 13 4 30 16

Total 62 102 45 53 . 95 62

60 cm Soil Cover/Paraho Perennial grasses 47 60 43 44 67 " 40

Shrubs - - - ’ - - -

Other 7 22 24 5 3 13

Total 54 89 67 49 98 53

80 cm Soil Cover/Paraho ‘Perennial grasses 40 59 29 . - 39 73 . 46

' ‘ - Shrubs . - - el e e -

Other ‘ 6 22 2 10 26 U

‘Total 56 86 51 ' 49 99 57

Soil Control Perennial grasses 86 93 33" 73 . 95 . 29

. o Shrubs - - = e - -

Other 14 2 R ] 2 2

95 33 92 97 31

Total --100




AN A48 20

Treatment -

' ‘Paraho Retorted Shale|. .

?ébﬁquSoi:Tdever/ﬁereho'

”40“dmﬁs6114666ér/93fah5\;

60 cm Soil Cover/Paraho

o

80 cm Soil Cover/Paraho -

- 5611TCoﬁ£r¢1,{gﬁ~

:~»Other

. TABLE 4.4.7 (Cont'd)

Species Categories

 Low-Elevation Lfsfmeter -

- 2% Slope _ ~ 25% Slope
- North Aspect T South Aspect

Perenn1al grasses‘

Shrubs

Total

Perenn1al grasses ;f‘

Shrubs
Other
Total

Perennlal grasses i

Shrubs
Other
Total

Perennial grasses_
.. Shrubs :
_'Other

Total .

Perenn1a1 grasses "

Shrubs
Other
Total

", Perennial grasses

Shrubs
Other_‘,,,

© Total ¢

‘1978 . 1979 1980 1978 1979 1980

S
R olove

W N

e 69 . .88 T 69" 71
‘45 28 1270 - 41 . 20 17 =

o\
'~

18 69 59 19 el 47
64 97 T 62 82 66

39 22 13- .47 16 12

29 62 51 12 79 43

‘71 . 87 66. ° 60 . 96 55

45 22 13

-+ Q1 7 57 - 43
_ ; /. 58 " 180 .57
45 5. 20 - - 61 - 52 22

4 6 . 3 . 15 .18 10
33 29 30 -~ . _8 14 20
82 -8 53 - 84 .84 52




TABLE 4.4.8 -

Seed Mixtures Used on the Retorted Shale-to-Surface

(Redenté and Cook, 1981)

- Common Name

Mlxture A—-Salt~tolerant spec1es

1.

2.

3.
4.
5.
6.
7.
8.

9.v )

1o.
11.
12.
13.
- 14.
15.

Jose tall wheatgrass

Rosana western wheatgrass
Critana thickspike wheatgrass
Oahe intermediate wheatgrass

Slender wheatgrass

Vinal Russian wildrye
Madrid yellow sweetclover
Ladak alfalfa
Strawberry clover
Pourwing saltbush
Shadscale saltbush

Mat saltbush

Castle Valley clover
Gardner saltbush
Winterfat '

Mixture B-~-Native species

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
S 12,

Beardless bluebunch wheatgrass
Sodar streambank wheatgrass
Rosana western wheatgrass
Paloma Indian ricegrass
Green needlegrass
Sweetvetch

Lewis flax

Palmer penstemon

Big sagebrush

Fourwing saltbush

Curlleaf mountain mahogany
Winterfat

Mixture C--Introduced species

1.
2.
3.
4.
5.
6.
7.'
8.
9.
10.
‘11.

12,

13.

Nordan crested wheatgrass
Jose tall wheatgrass

Oahe intermediate wheatgrass
Siberian wheatgrass

Luna pubescent wheatgrass
Regar meadow brome

Vinal Russian wildrye
Lutana cicer milkvetch
Ladak alfalfa

Madrid yellow sweetclover
Small burnet

.Siberian peashrub

~Russian olive

Scientific Name

Agropyron elongatum

_ ‘Agropyron smithii

Agropyron dasystachyum

Study

Agropyron intermedium
Agropyron trachycaulum

Elymus junceus’

. Melilotus officinalis

Medicago sativa

- Prifolium fragiferum

Atriplex canescens

Atriplex canfertifolia

Atriplex corrugata
Atriplex cuneata

- Atriplex gardneri
Ceratoides lanata

Agropyron inerme
Agropyron riparium
Agropyron smithii
Oryzopsis hymenoides
Stipa viridula
Hedysarum boreale
Linum lewisii
Penstemon palmeri
Artemisia tridentata

Atriplex canescens
Cercocarpus ledifolius

Ceratoides lanata

Agropyron cristatum
Agropyron elongatum
Agropyron intermedium
Agropyron sibericum
Agropyron trichophorum

Bromus erectus

Elymus junceus
Astrogalus cicer
Medicago sativa
Melilotus officinalis
Sanguisorba minor
Caragana arborescens
Elaeagnus angustifolia

4.4.30

Seeding

PLS

- {kg/ha)

. 4.48
2.24
1.12
2.24
2.24
1.12
1.12
1.12
1.12

©4.48

4.48
2.24
'3.36
2.24
4.48

2.24
1.12
2.24.
1.12
1.12
6.72
1.12
0.56
0.056
4.48
4.48
4.48

1.12
4.48
2.24
1.12
2.24
2.24
1.12
2.24
1.12
1.12
4.48
13.44

44.80



4.5 ECOLOGICAL EFFECTS
;4.s.i'~T£5cé“E1ément'ﬁptaké'iﬁ"biants“

_ At the Colorado State Univer51ty lysimeter study site, Kilkelly and
Lindsay (1979) found that alfalfa plants in 1977 had high molybdenum levels
in all plots of retorted shale and'5011~cover over retorted shale. 1In 1978,
the-molybdenum averaged 10.2 ppm.on soil controliand'23 4'ppm;on'retorted-
shale.i Copper-molybdenum ratios in plant materials may 1nd1cate molybdenosis
g1n graring animals., Also, ‘the ratio of copper to’ molybdenum ‘is an 1mportant
’(factor of tox1c1ty for grazing animals. A copper—molybdenum ratio grater '
than 2 1s regarded as safe for gra21ng. At the C s.u. reclamation study s1te,
‘the copper-molybdenum ratio was below 2 except on the 61 ém soil=-cover w1th

30 5 cm gravel capillary barrier plot.' on the 61 cm profile all plants

SR

: except w1nterfat had a ratio greater than 2 (Schwab, Linday, Marx, 1980).

4.5.2 VAEffect"of Leachates on ‘Piant‘vbciowth SR

Several different laboratories have performed analyses of leachate
water. The parameters relating spec1f1ca11y ‘to ecological effects and
revegetation are discussed in this section. The entire available results from:
'ieach laboratory have been published in Part III Water Quality, of the Paraho .
EnVironmental Data. Battelle Pacific Northwest Laboratories and Colorado
State Univer51ty have additional data that was published after Part I1I, Water
Quality, was compiled. Their data presents detailed chemical characteristics
;of leachate water and could be included in an appendix to Water Quality. )

»"'

) A retorted shale pile is an adverse growth env1ronment for most plants
vbecause of high pH}'electrical conductance (EC), and sodium absorption ratio
V‘n(SAR). A comparison of laboratory data for pH and electrical conduct1v1ty of
fretorted shale leachate water 1s shown 1n Table 4 5 1.‘ The' pH varies from '

4'about 7 to 11, while the EC varies from 3. 2 to 20 6 mmhos/cm (Heistand,
;'Atwood, Richardson, 1980) " The beginning SAR value‘was 14 0, 3 years later

;the SAR value dropped to 5 0 (Redente and Cook,_1981)

£
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Even though the retorted shale leachate has characteristics that are
known' to be adverse to plant growth, there have been few studies performed
demonstrating the effects of 1eachate water on plant growth. The addition of
oil shale- leachates to the growth media of native Lake Powell phytoplankton
‘may stimulate growth (Cleave, Adams, and Porcella, 1979).

4.5.3. Microorganisms

‘ . Microbial presence was first investigated (Garland, Wildung, and -
Harbert, 1979) and postulated as. one mechanism involvedGWith the oxidiZing of
;,reduced sulfur speCies to SO4 "y OdelZlng NH4 to N03, and oxidizing organic
matter, Colonization of retorted shale by. microorganisms ‘may account for
Changes in leachate comPOSition with time. As thermodynamic equilibrium is
reached at the surface, a general ox1dation of retorted shale is required..
The presence of 82032‘ indicates that retorted shale is in the reduced phase.
The oxidation of reduced sulfur species to 5042_ with $5032~ as an intermediate
compound or co-product is a likely pathway (Garland, Wildung, and Harbert,'l979;
Stollenwerk, 1980; Brierley and Brierley, 1980) . The change in organic carbon
from 400 nug/ml in percolate water in 1977 to 25 ug/ml in 1978 may be brought
about by microbiological processes (Garland, Wildung, Harbert, 1979). a
combination of both chemical and microbial processes may account for decrease

of pH in retorted shale (Brierley and Brierley, 1980; Wildung, et al., 1979)

Further investigations'have indicated that'disposed_retorted shale
will initially be colonized by a microbial community of restrictedvdiversity
which is composed of microorganisms capable of:growth under conditions of high’
pH (9—11) and moderately high salt concentrations (Wildung, et al., 1978;
Garland, Wildung, Harbert, 1979; Wildung, et al,L 1979; Rogers, et alﬂ, 1980) .
It is thought that the microbial community will become increaSingly diverse on
‘ weathering of the retorted shale. A succession of microbial communities w111
develop as chemical changes occur as the organic ComPOSltlon is altered by the
turnover of microorganisms. These conclusions are based on a series of field
and laboratory studies (Wildung, et alq 1978; Garland, Wildung, and Harbert,
1979; wildung, et al, 1979; Rogers, et al,, 1980; Wildung, et al., 1980)

A single organism (species, Micrococcus) appeared to dominate the initial
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“colonizationf(30%finrfield:studies.and«IQO%pinkIaboratory,studies) underhboth
field and laboratory conditions as determined from. enumeration of bacteria on
'selective media (pH 7 2) containing as carbon source: glucose, casamino ac1d,
and: yeast extract In ‘laboratory studies, with cultures amended with
rphosphate, Micrococcus species completely dominated the microbial community
«which developed (Tables 4 5.2:and 4. 543). - In contrast, the addition of others
carbon sources in. .combination w1th phOSphate, lead to the development of a
‘mixture of organisms absentaofoicrococcus:spe01es;(Table,4,5.4), _Micrococcus
species isolated grechellfatipH,9,Q{and_10.0_and over a salt range of 0-5% ..
NaCl (Wildung, et al.,c1979;,Rogers,~et al., 1980).  From analysis of -a .core
sample obtained from thevshale only.portion of the field lysimeter at'Anvil
Points, it was determined*that'if diffusion ofroxygen is limited and/or
percolation of water is: sufficient, subsurface levels of a-disposal pile may:
become anaerobic, resulting in the development of microbial communities, in
particular;- anaerobic bacteria, capable of growth under such conditions .f -
(Figure‘4 5. 1).\,"4‘Tafj

" -Bacteria arefable?tovutilize;retort-water:for their;soletsource of
kcarbon'and nitrogen with'added'phosphates. However, the retort water is toxic
'-and has growth inhibitory properties (Li and Rogers, 1979) Soil bacteria
were observed to reduce- the - dissolved organic carbon content of 4% (v/v)
retort water solutions by 25-30% in 25 days of incubation w1th no. further
detectable decrease’ up to 55 days . (Wildung, et al., 1979). samples analyzed
'vat termination. of this study: contained no detectable levels of mono- and
dicarboxylic alipatic acids preViously shown to be constituents. of the organic
':fraction of - retort water (Wildung, et al., 1980). Complete degradation of the
.acid fraction would account for 50% of the observed-decrease in dissolved R

=organic carbon (Rogers, 1981).

The utilization of retorted shale by bacteria modifies the organic compo-

. sition of the retorted shale, which may affect the mobility of trace elements

.:(Wildung, et. al., 1979) With the addition of a nutrient supplement and 5
rnitrogen, as ammonium ion, supplement to microbial growth media, the: arsenic
supernatant levels increase (Figure 4.5.2 and 4.5, 3). The pH levels decrease

 with glucose additions and increase with ammonium ion additions (Figures 4.5.2
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and 4.5.3). The addition of nutrients has no effect on supernatant levels of

selenium (Klein, Tortoso, Meglen, 1980).

Field Studies«indicate*that microbial activity in soil-control plots: is -

greatér than in plots_of retgrted shale and .soil-cover :(Sorensen, et.al., 1980;
Klein, ét al., 1980). Aithouéh—the retorted shale plot with a gravei capilla:y
barriei’apﬁeared.to'have more microbial activities than COnt:oi'and goil-cover

retorted shale plots, its effects seem to be short-term(Klein, Sorensen and: -

‘ BrokiSh; 1981); The decreaéedJmicrobial;ACtivity of retorted shale may

correspond to similar decreased plant community responses.

With the application?df’nitrogen‘on'retorted shale plots, nitrogen
fixation and ph05phatase activity decrease sigﬁificéntly. ‘Laboratory studies
also supporf‘the inhibition of nitr;gen fixation by the addition;of nitrogen
(Klein,*etAaix, 1980; Sorensen, -et al., 1980). .However,'the‘introduced:
SPecies'mikture may lead to increased dehydrogenase, phosphatase;iana .
N-fixation activities, inde?endent of nitrogen applications. Légﬁminous
nitrbgen fixation microorganisms are stimulated hith increased conceﬁtrations
of retorted shale (Hersman and Molitoris, 1979). - Nitrogen fixation rates as
measured by acetylene reduction in»non-symbiotic'microorganiSms are reduced
with the increase of retorted shale concentratiéns (Klein, Hersman, Wu, 1979;

Hersman, Klein, 1978; Hersman, Molitoris, 1979; Hersman, Klein, 1979).

The invading plants of heavily disturbed areas are non-mycorrhizal
plants. Additions of nitrogen and phosphate to soils do not stimulate or
retafd.fungalrgrowth. However, the fertilizer is useful if it stimulates
plant growth. Particular mycorrhizal species are more effectivé in stimulating
plant growth than other species are. Mycorrhizae exhibit seasonal variations
in the retorted shale study plots. Greater than 50% retorted shale-soil
mixtures decrease fungal growth (Reeves, Bishop, Schwab, 1980a and 1980b;
Schwab and'Reevés, 1980; Reéves, Moorman, Kiel, 1978). After three’years of
study, the mycdrrhizal inoculum poténtial of retorted shale remains zero-

(Reeves, Sabaloni, and Schmidt, 1981).

Thé mutagenicity and toxicity studies of bacteria, plants, and_ophe#

organisms are compiled in Part V, Biological Effects.



L0G CFU/g DRY RETORTED SHALE

,. .1‘.0 |

.”'5'.0' t
| '4.0‘
|  3.0;

0 0 0 120 10

~ DEPTH, om

FIGURE 4 5 1

A 5 Depth Distrlbution of Heterotrophlc
Bacteria (.-.), Anaerobic Bacterla (A-A), and Fungl (I-l)

(Roger,_et al, 1980)

4.5.5




SOLUTION pH

SUPERNATANT ARSENIC-ug-m{~!

0.2 ’ . —_——— 01%N
S e ——— 0.8 % glu

L e ——— 0.1 % glu

0.4} —-— 0.8%glu
 +00%N

ol ' ] 1 g
0 ' i o2 3 4

TIME - WEEKS

FIGURE 4.5.2

The Effects of Glucose and/or A_mmonimn Ion Additions on
the pH (a) and Supernatant Arsenic Levels (b) in retorted
Shale Slurries. For the Arsenic Values, d = ;I-__O.O.?Oug/ml"‘l

(Brierley and Brierley, 1980)
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' FIGURE 4.5.3
The Effects of Glucose arid/or’Ammbm.um Ion Addi't'ionsi dh
the pH (a) and Supernatant ‘Arsenic Levels (b) in Retorted
Shale-So:Ll Slurries. For the Arsenic Values, a' = +0.020 ug/ml

(Br:.erley and BrJ.erley, 1980)
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TABLE 4.5.1

Comparison of pH and Electrical Conductivity (EC)
(Heistand, Atwood, Richardson, 1980 and .
Redente, E. F. and C. W. Cook, 1981)

Field Testsy

- SAR - . PH __EC mmhos/cm
» Beginning End Beginning End - -Beginning End.
csu | | 11.4  11.3 3.2 4.2
csu - 14.0 5.0 9.6 8.7 7.0 4.7
cu “ : | 10.4 7.1 10.5 10.4
cu | a 10.8 7.2 20.6 15.7
PNL 8.0 8.2 15.4 12.2
W-C ) 7.2% 7.8*% - -
110.4%%  11.4%% - -
* Uncompacted
** Compacted
.
Laboratory Tests
pH EC
Beginning End Beginning End

Usu ’, 9.4 - 15.7 -
W-C | ' 11.1 8.3 - -
Csu - Colofaao State University
CU - Colorado University
PNL - Pacific Northwest Laboratory, Battelle
Usu - Utah‘State University
W-C = Woodward~-Clyde i 4
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TABLE 4.5.2

Growth' of Bacteria on Retorted Shale as Sole Carbon '
Source:in Liquid-Media Containing Mineral Salts
Phosphate Necessary for Growth of Micrococcus

~(Wildung, et al, 1980)

. Mineral Salts L Time ~ Log 10" - » ' .
Composition . - -~ ~{Weeks) . . Bacterial cfu % Micrococcus
Phosphgtea ' 0 - < 2 -
KNO. - 1 6.3 99
Mgsd, 3 6.93 100
v 4 7 '6.92 ' 100
Phosphate 10H> < 2 -

: 1 5.5 | 100

3 6.84 o 100

7 7.06 100

KNO, o <2 -~
3 <2 -

7 4.8 67

Mgso, " 0 <2 --
7 4.71 0

Hzo . 0 <2 = -
1 <2 --

3 3.89 0

7 5.18 - 0

*

"a The concentratioﬁ of mineral salts'was:,‘phosphate (40 mM), KNO3v(1.mg/m2)

andMgSO4 (0.5 .mg/m&) . S : :

L 4.5.9 .



TABLE 4.5.3

Phosphate Requirements for Growth of Microorganisms

“on Retorted Shale as the Sole Source of Carbon

(Wildung, et al, 1980).

4.5.10

Concentration . _
" of Phosphate Time Log 10 -
. (mM) - _ (Weeks) -~ Bacterial cfu
40 0 <2
1 6.55
3. 6.74
7 6.57
4 0 < 2
1 6.72
.3 6.82
7 6.51
0.4 0 < 2
1 < 2
3 < 2
7 4.88
0.04 0 <2
' 1 <2
3 <2
7 5.62
0 0] < 2
1 < 2
3 <2
7 5.67

% Micrococcus

100
1100
100

100
100
100



TABLE 4.5.4
" Effect of Complex Organic Materials on the Growth
o .of:Microorganisms on Retorted Shale
~ (Wildung, et al, 1980)

. Concentration . Time : ' Log 10

_Organics - : (Days) . - Bacterial cfu .. = % Micrococcus
- Complete® 0 - <2 : -
‘ S 1 8.42 0
3 -8.59 - 0
7 8.52 - 0
1/10 dil.’ 0o <2 —
S 1 ©7.02 100
3 7.23 80
7 6.94 100
1/100 ail. 0 < 2 -
1 5.95 100
3 6.38 93
7 6.20 100
H. O 0 <2 —
2 1 . 5.15 © 100
3 6.53 100
7 6.64 100

a ,Thefundiluted.complex organic solutidh'éontained: glucose (2_mg/m2);
. yeast extract (l‘mg/mk)-and casamino acids (S»mg/ml). ,
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o

“experiments are des1gned and performed u31ng experlmental animals. Although

.usually not relevant dosages-and types of -exposure to_humans.;

'5,1.2 Outline of Research Methods

mutagenesis and genetic studies. Another route of research 1nvestlgates

5.1 = INTRODUCTION

5.1.1 ResearchrParameters

" The crude oil, raw shale, retorted shale, and product water samples used

for blologlcal ‘testing were produced during the. 1977-1978 ‘100, 000 barrel pro-
ductlon of crude shale oil by Paraho ‘at the Anvil Points research center. The

"reflned oil products tested were hydrotreated shale 011, hydrotreated re51due,

JP-5 product, JP-8 product, and’ diesel fuel marine product. These products:
were ref;ned by Sohio from the 100,000 barrels of Paraho crude shale oil.  All

- of these samples produced by Paraho at the Anvil Points research center, except

the product water, would be representative of a commercial size plant.

PR

In a commercial plant, the gas. clean—up process w111 produce a large. -

) volume of water.' Because the Paraho operations: at- the Anvil Points facility

were essentially small scale research operations, there was no gas clean-up .

’ equlpment to produce process water. “As a. result, the process water escaped as

vapor with the product gas combustron. In a- commercial plant with gas clean-up

.equipment,‘the product (tank bottom) water would be minimal; 'The product water,

the material examined in these blological tests, was . separated from the bottom
of tanks fllled w1th crude shale il "This-water was in direct contact with

crude shale oil?for”aniunknown period:of"time.;'w

Biologlcal testlng of new products 1s planned and carried out to deter-

mine the existence of harmful side effects. In order . to obtain these results,

experimental exposure to- high doses of substances is necessary: to. enhance and
thus ascertaln 51de effects, the experimental doses and types of exposure are

: Biological testing'of‘a substance begins with screening bioassays .
(Figure 5.1.1) to_determine its mutagenicity. After mutagenicity is established,

several experimental pathways\may be followed.  One pathway explores further

carcinogenicity and toxicity. A third avenue examines pathologlcal_potentials.

5.1.1:




5.1.3 Preparation and Fractiohation of Crude Shale 0il

- There are three major fractionation methods of crude shale 011.

. dlstlllatlon, liquid - 11qu1d separation, and chromatography. The dlstillation
method separates fractions  according to thelr boiling polnts,(Calkins, 1980).
The distiliation“fractions“wouid be similar to shale oil p:oductswthat have
been refined. When distillation is used in combination with othef ﬁethods, it
is usually performed first to separate volatile groups from non—volatile groups

(Rao, et al, 1980).

Liquid - liquid separation (Figure 5.1.2) has been used'efter initial
separation of volatile groups from non-volatile groups by either distillation
or evapbra%ion. The liquid - liquid method uses ether/aoid eolventskto separate
bases, acids and neutrals, and insolubles.. Further liquid - ;iquid‘separation
‘or chromatography may be pefformed. Secondary liquid - liquid,fractionatioh
produces ether and water sdluble bases and acids, and ‘insoluble bases and acids

(Rao, et al, 1980).

Chromatography using silica gel fractionates alkanes, alkenes, cyclo-
alkanes; aromatic hydrocarbons; extremely complex nitrogen compounds; and
extremely complex phenols, acids, amides, and many multifunctional hydrocarbons

(spall, 1981).

Each fractionation method has various advantages and disadvantages,
depending on the type of reSeafch to belperformed. The distillation method is
useful to analyze components similar to refined shale oil products. The
liquid ~ liquid and chromatography fractionation procedures are used to
.determine which compounds are biologically active and to 'sum the total
activity observed. The total activity eums may be inaccurate or confusing

because of synergistic and/or inhibitory effects.

5.1.2
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- 5.2.. SCREENING BIOASSAYS . -
5.2.1 Ames Test o B } ' _ L PR Tr T h

Paraho shale 011 water separated from shale 011 tank bottoms, and water
‘condensed from the Paraho process have. been assayed for mutagenic: activ1ty in
the Ames assay. The shale oil and tank bottom water have been chemically frac-v
:tionated by one of the methods described in: Section ‘5.1, 3, Preparation and
Fractionation of Test Materials. “The " fractions “have: also been assayed us1ng:the

,»Ames test and chemically analyzed by gas’ chromatography and gas chromatography-

.mass spectrometry.

All Ames assays were carried out u51ng standard Salmonella typhimurium

strains TA 98 TA 100, TA 1535, and[or TA 1537, and S-9, a.rat . liver enzyme as a

metabolic actlvator. P

-~ o Mutagenicity tests have been performed on . shale 011, shale :0il fractions
»:from partition chromatography—high performance liquld chromatography (HPLC) and
distillation, and refined shale oil products hydrotreated .shale oil, Jet fuel,

and diesel fuel marine. R

"Qil;v Crude shale 011 has shown a mutaqenic 1inear response curve. (strain'
TA 98) based on 0—13 5 ug of crude shale oil (Figure 5 2 1). The response curve
'became non-linear from 13. 5-270 ua crude shale 0il. The TA 100 strain showed no
mutagenic.act1v1ty,AWith,or_without,$79:activation (Nichols,and Strniste, 1981).

Hydrotreated shale 011 produced no mutagenic act1v1ty with strain TA 98
or TA 100 (NlChOlS ‘and Strniste, 1981 Rao et al 1980) ) Mutagenes1s assays

with yeast (Saccharomyces cerev1s1ae) also 1ndicate that hydrotreated shale oil

and its ether soluble base fraction are not mutagenically active (Rao, et al,
1980) " When ' cytotox1c1ty results for hydrotreated shale 011 and crude shale
oil are compared, ‘the hydrotreated effects are higher than the crude shale 01l
3'effects.‘ POSSLbly the cytotoxic effects of the hydrotreated shale oil are.-

masking any mutagenic act1v1ty that may be present (Nichols and Strniste, 1981).

: The mutagenicity of crude and hydrotreated shale 011 and their a01d1c,i
basic,‘and neutral fractions has been tested. Both strains of TA 98 and TA 100

_showed mutagenicity in all fractions except acidic fractions./ Hydrotreatment of

5-A2.1



the shale oil decreased the’mutagenicity in both strains} ‘The neutralvfraCtion
of the hydrotreated shale 0il contained most of the mutagenic act1v1ty

(Timourian, et al 1980) : 3 . e : R‘ﬁ

.. Mutagenic activity was not evident'in'any of the refined shalevoil
produéts,”aS»shOWn—in Table 5;2;1 (Rao, et al,’l980)./ ;

e The follow1ng crude shale oil fractions were :obtained.from the distilla—
5ition process~ light ends, naphtha, light gas 0il: (LGO), mid gas oil (MGO) and
JpreSidue. The observed cut. points are::light ends - collected in dry ice/acetone
‘bath while naphtha distilled- naphtha - 100 mm Hy, 116°C; LGO.~ 5.0 mm Hg, -
179°C; MGO - 3.2 mm Hg, 201°C; residue - pot reached 326°C.  Of these fractions,
naphtha”and LGO,are‘non-mutagenicf‘ The res1due fraction produced positive
"uresults in ‘the Ames test: The crude shale oil ‘and re51due fraction Ames test

results are shown in Table 5.2.2 (Calkins, et al 1980) .

" The ligquid -xliquidipartitioning system separates acidic and basic frac-
“tions of crude shale oil into ether soluble and insoluble acids and bases. ﬂThe
neutral fraction was separated using Sephadex LH-20 into aliphatics;‘aromatio,
polyaromatic, and polar fractions by isopropanol elntion. The ether\soluble
basic fraction was further partitioned by eluting with benzene and ethanol on
an alkaline alumina column and then Wlth 1sopropanol and acetone using a

Sephadex LH—20 gel column (Rao, et al 1980; Guerin, 1980; Guerin, et al 1980)

- The detailed weight distribution of volatile, insoluble matter, acidic,
hasic, and neutral fractions are listed in.Table 5.2.3. Each of these fractions
was tested for mutagenicity, using the Ames test. Mutagenic activity was ’
present in the ether soluble basic fraction and the neutral polyaromatic
fraction (Table 5.2.4, Guerin, et a1,_l980). The mutagenic contributions of
each fraction to the total mutagenicity were calculated, based on correction for
weiéht contribution of the starting sanple'(Table 5.2.5, Guerin, et al, 1980).

A summary of'mutagenicity,and_weight distributions by chemical class is given in

Table 5.2.6 (Guerin, et al, 1980).

The neutral fraction was separated into aliphatic and aromatio,fractions.
of various ring s1zes using Sephadex LH—20 gel filtration. Results from the
.Ames test 1ndicate that aliphatics, mono and di aromatics, -PAH, and residue
are not mutagenic (Table 5.2.7). The PAH and polar compounds are’ mutagenically
active (Rao, et al, 1980).



The fractlons of the ether soluble base separatlon are g1ven 1n Table
5.2.8. The acetone subfractlon contained 90% of the mutagenlc act1v1ty whlch
'accounted for 10% or less of the welght ‘of the ether soluble fraction (Rao, o
et al, 1980). The com9051tlon of the acetone subfractlons has been character—
ized by use of gas chromatography—mass spectrometer (Table 5. 2 ,9) . Primary
7 aromatlc amines and azaarenes have been characterlzed as mutagenlcally actlve.
It is not known 1f secondary aromatlc amlnes and mlxed secondary and tertiary

' am;nes are,mutagenlc (Buchanan,‘Ho,“and Clark, 1980). .

, As a suspected mutagen' benzo (a)pyrene (BaP) has been quantitat:wely
‘determlned in shale 011 and reflned shale 011 (Tomklns, et al 1980). The
vfollowrng BaP concentratlons have been determlned by HPLC.‘ crude shale 01l,v

8 ng/g; hydrotreated, 9 ng/g; diesel fuel marlne, 0. 02/ug/g, and residue, -
16 ,u_g/g_.

Three fractlons of crude shale ©il prepared from Sephadex LH-20 partition
chromatography, hexane, toluene/hexane, and methanol have been tested for
lmutagen1c1ty. The non-polar hexane fractlon had no mutagenlc results, indicat~- -
blng that non-polar spe01es do not contribute to the shale oil's mutagen1c1ty :
(Toste, et al, 1980) The toluene/hexane and methanol fractlons were
mutagenlcally actlve throughout the moderately polar to polar ‘HPLC reglons,
1nd1cat1ng that the mutagens are chemlcally heterogenous.. The methane fractlon
was further assayed w1th mlxed functlon amlne ox1dase (MFAO) to actlvate
'aromat;cramlnes. The MFAO did not show any actlvated mutagen1c1ty of the
methanolvfraction. - The. non—actlvatlon of methanol fractlon by .MFAO suggests
fthat aromatic amines are- not respons1ble for most of: the mntagen1c1ty :0f shale
oil (Toste, et al, 1980) Gas chromatography and gas chromatography—mass
spectrometer analysesvof the methanol fraction reveal that nltrogenous spec1es «
such as azaphenols, amlnophenols, or nltrogenous carboxyllc acids are the:'.
mutagenlcally>act1vevcompounds (Toste, et al, 1980; and Sklarew, et al, 1981)..

No mutagenic act1v1ty was’detected in the polynuclear aromatlc (PAH)

jfractlons (Delroy, Sklarew, “and Downey, 1981)

Water separated from shale 011 storage tanks has been assayed before. -

and after fractlonatlon. Assays completed before fractlonatlon have glven

S
i
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different results. Results from S. tzphimurium strains TA 98 and TA 100 indicate
‘mutagenicity (Table 5. 2 10) and cytotoxicity (Nlchols and Strniste, 1981). No .,
mutagen1c1ty or tox1c1ty was ev1dent from stralns TA 98, TA 100 “TA 1535, and

TA 1537 (Tables 5.2. 11 5.2.12; Beck and Burbank, 1980) u51ng saturated fllter (.}
discs as contact with medla. Positive results,were.obtalnedrw1th stralns TA 98 |
and*TAllbo using the plate lncorporation (actlﬁated).method (Beck and Hepler,
1981). | B . | '

The mutagenicity studies of high performance liquid chromatography (HPLC)
fractions of water indicate that the mutagens were polar; fairly heterogenous,v
and hydrophobic organic compounds. Gas chromatography-mass spectrometry analyses
lndlcate that the non-mutagenlc, moderately polar HPLC reglon contained mainly
nltrogenous compounds (alkylated pyroles and pyrldlnes) The mutagenlc polar
"HPLC reglon contained malnly oxygenated and fixed functlon compounds (Toste, et al,

1l98l).

An agqueous extract separated from shale oil contains mutagenicity comparable

to the hydrophobic organic fraction of tank bottom water (Tbste,'et al, 198l).

Water condensed from the recycled a1r of the Paraho process is less
mutagenic than tank bottom water (Toste, et al, 1981). The mutagens of condensate

~water are polar and appear to be less heterogenous.

When shale derived diesel fuel of equal or better quality was compared to
petroleum derived fuel, the resulting particle bound organic emissions were not

significantly different in mutagenic activity in the Ames Solmonella typhimurium

plate incorporation'assay }Huisingh, et al, 1980).

. In Chinese hamster cells, CHO line, crude shale oil was weakly mutagenic
(Table 5.2.13) at two of four gene loci testing (Timourian, et al, 1980).
HYdrotreated shale o0il was not mutagenic. Cytotoxic and mutagenic effects -

induced by crude shale 0il show similar results (Okinaka and Strniste, 1981).

Light activated tank bottom water induced about 50% as many mutations
(Figure 5.2.2) (6-thioguanine resistance) as the potential carcinogen, far ultra,vA
violet (FUV) light (Strniste and Chen, 1981). With the treatment of near ultra
violet light (NUV) irradiation and tank bottom water dilutions on CHO cells,‘ »
mutations of the hgprt system (6-thioguanine resistance) increased 20 to 40 fold
(Barnhart, et al, 1978), as shown in Table 5.2.14. These results indicate a
potent1al risk in human exposure to a comblnatlon of shale 011 tank bottom , ‘~’

water and NUV from sunlight or indoor fluorescent llghtlng,

5.2.4



‘The addition of . the S9 activation compleX‘to the CHO cells (Figure 5.2.3)
. causes a detoxification of the responses produced by tank bottom water (Okinaka v"

and Strniste, 1981)

‘ Mutations may occur in CHO cells at other genetic loci (in addition to
vthe HGPRT locus) after exposure to tank bottom water (Strniste, Martinez, and
Chen, 1981). The reSistant mutants of ouabain, a dominant marker which affects
the membrane Na /K ATPase, increased about 60—fold over normal background
mutation rates. Among the five genetic loci tested the ouabain induced marker
was the most sensitive marker tested (Chen and Strniste, 1982). Other loci
tested were 8-azaadenine, 6 thioguanine, emetine, and diptheria toxin. The
_multipe marker CHO assay may have a broader senSitiVity to detect mutagens than

the commonly used cell strains (Timourian, et al, 1980)

Tank bottom. water appears to beJmutagenically active when tested against
: human embryonic skin fibroblasts (Chen, Okinaka, and Strniste, 1981). When
:fibroblasts ‘were: exposed to a 0 5% solution of the tank bottom water, there was
' approximately a 9-fold increase in 6-TG mutants induced (Figure 5.2. 4).' A .
0.5% tank bottom water solution was cyﬁotOXic to fibroblasts. only 15% of the
| cells. survived The cytotox1c and mutagenic effects observed in CHO cells were

less severe under the same experimental conditions. :

5;2.3' Somatic Cell Cytogenetics
i'h;Cytogeneticrresearch on'Chineseéhamsterwcells.(line CHO) -shows
-increased sister'chromatidfexchanges (SCE)-when-CHO'cells were expOSed to 0.2%
(V/V) crude shale oil tank bottom ‘water (Campbell, et al,.1980). *Tank ‘bottom
water, at.a concentration of O 2%, decreased the’ mitotic index by - 50%., At a
*concentration of 0. 5%, no metaphase cells were differentiated (Figure 5. 2 5)
i*indicating that the cells had not completed two cell cycles by the 29-hour

'—collection time.,

_ Hydrotreated shale oil produced inSignificant SCE frequencies (Timourian,
‘ et al 1980) at doses up to. 40 nl in 20 ml cultures (Figure 5. 2. 6) Normalized
:samples -of hydrotreated and crude shale oil showed no appreciable differences
in cell cycle perturbation or SCE induction (Campbell, et al 1980, 1981) Non—
b,normalized samples of crude shale Oll induces higher levels of SCE and increases
cell cycle traverse time when compared to hydrotreated shale Oil. All mutageni—'

Clty observed required activation by the s9 fraction (Timourian, et al, 1980).
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A known inducer of SCE, N-methyl—N'-n1tro-N—n1trosoquan1d1ne (MNNG), an
alkylating agent, and tank bottom water were added to CHO cells.  Tank bottom - )
water and MNNG are not addltlve or. synerglstlc. It is thought that.they may ’ ‘-&
1nterfere with each’ other 1n some manner in SCE productlon (Campbell, et al,

'1980)

‘CHO cells treated with emulsions of crude ‘shale oil show large increases

in cells under901ng endoreduplicatlon-

Crude Shale 0il ' Cells Under901ng Endoredupllcatlon
0.02% - 22%
0.3% | 38% - |
0.5% - 2% (increased cellular toxicity)

Water and medium extracts of crude shale oil indicate a maximum of 13% of
thevcells undergoiné endoreduplicétion. Comparative experiments with the natural
crude petroleums resulted in armaximum>of 2-4% of the cells undergoing endo-
~re&dplication. It appears that some endoreduplicated cells persist in the
populatlon as normal tetraplolds (Campbell, et al, 1980). The high incidence
of endoredupllcatlon found in crude shale oil treated CHO cultures may result

from the arsenic in the crude shale oil.

Pregnant mice were given 1% tank bottom water ad libitum from day 1 to
day 12 of gestation. Cells obtained from washes of embrYos showed cytogenic '
effects in metaphase cells (Table 5.2.15). The frequency of chromatid breaks,
isochromatid breaks, exchanges other than centric fusions were increased in
enbryo metaphase cells. There was no significant difference in centric fusion
frequencies between the control and the treated embryos (Mejne and Deaven, 1980).
The cytotoxicity of crude shale o0il to primery oocytes is significant, but is
lost after hydrotreatment (Timourian, et al, 1980). These results indicate that
clastogenic compounds within the tank bottom water can cross the placenta and

induce chromosomal aberrations in embryos.
5.2.4 Bone Marrow Cytogenetics
- The aberration frequencies of bone marrow cells from mice that were skin

painteq with crude shale o0il were within the levels of the control mice, 0-0.01

"b
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aberration frequency (Campbell, et al, 1980; and Meyne and Deaven, 1980). The
_ number of chromatid breaks per cell and the number of gaps per cell were the
- same for both the treated and control mice groups._ No‘other aberrations were

cbserved.

» . Doses of crude shale oil‘ hydrotreated,Shale oil, and tank bottom water’:
~ were injected 1ntraper1toneally into mlce. The frequencies of chromatid breaks
.and ‘gaps both increased, as shown in Tables 5.2.16 and 5.2.17 (Meyne, 1982,

i Meyne and_Deaven,»lgsl). ‘The 0.5 ml/kg and 1.0 ml/kg dose induced about five
i‘times nore'chromatid'breaks than control anlmals,3 Hydrotreated shale oil

f demonstrated increased aberration induction, with two-three'fold,increases
b(MeYne,»lQSl)' Theimitotic indices; as shown in Tables 5.2.16 and 5.2. l7,
indicate that these 1ntraper1toneal dose levels of crude shale 011 ‘do not

/.severely inhibit cell prollferatlon. : : " ' ‘?

‘>Tank bottom water induced a slight increage of aberration frequency in .

: nice; even»though the results_were not dose related'(Meyne.and Deaven,;lQél).

The SCE analysxs of murlne bone marrow exposed to crude shale oil hydro-'
’5treated shale o11, and tank bottom water are shown in Tables 5.2. 18 and 5 2.19
'J(Meyne, 1982). Crude shale oil 1nduced 50% increase above control levels at
‘gkthe 2 ml/kg dose. Hydrotreated shale oil and tank bottom water demonstrated

' "SCE frequenc1es w1th1n the control range at all doses tested.- The number of

/j‘SCEs of mlce treated with elther crude or hydrotreated shale oil d1d not -

1f1ncrease sxgn;ficantly at concentratlons that were ‘one-third or less of the LD50
'i'dose (Timourlan, et al 1980).; At higher 011 concentratlons, SCEs could not .
{ be determlned because cell division- was 81gnificantly arrested lndicatlng somatlc

- toxicity.
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Figure 5.2.1

* Mutagenicity of Paraho retort crude shale oil (CDOL 601) and hydfotreatéd '
shale oil (CDOL 602) as detected in the Ames/Salmonella test with S9
activation (Nichols and Strniste, 1981).
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' Flgure 5. 2 2 :

,6-'1'GR mutants 1nduced per surva.v:mg fractlon of CHO cells (lme AA8~4)
‘after exposure to- shale oil tank bottom water and NUV or to FUV only..
(strm.ste and Chen, 1981) FUV only, —®—; tank bottom water, —@— .
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Flgure 5.2.3

. Cytotoxic” and mutagenic effects induced by

Paraho shale oii extracts in CHO cells with
and without»s9_activation,- Open symbols
represent cytotoxicity and is a measure of

.decrease in plating efficiency after treat-

ment. Closed symbols represent mutation.
frequenc1es measured as cclonies formed 1n _
the presence of the drug ouabain. Circles =

no S9 present, squares = 0.1 mg/m 1 S9 mix;

triangles = 0.3 mg/m 1 S9 mix (protein)
(Okinaka and Strniste, 198l1).
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. results. (Chen, Okinaka, and Strniste, 1981).
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- SUMMARY OF PARAHO-SOHIO SHALE OIL WORK WITH

ORNL Reposifory No.
4601
4602
4604
4605
4606
4607
4608
4609
4610
4614
4616

Data from Rao, et al, 1980(

TABLE 5.2.1

SALMONELLA SYSTEM

. -Sample Description
Crude Shale 0il
Hydrotreéted Shale 0il

JP-5 Precursor
JP~8 Precursor

DFM. Precursor

_Hydrotreated Residue

JP-5 Product
JP-8 Product
DFM Product
Jp-5 Petroleum

- DFM Pettoleum

5.2.14

Mutagenic
Activity

(Rev/ug)

.382

©O O 0 000 0 © 0O ©
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. TABLE 5.2.2 ., .
MUTAGENICITY OF CRUDE SHALE OIL

AND RESIDUE FROM DISTILLATION'

Activity (rev/ﬁg)

S. tymphimurium S R N
‘Strain _ Lo ' - Residue = = o 7 Crude

‘7a 98 ;,L . 0.3-0.8 o £ 0.6-0.7
TA 100 - : ?: ‘ ' ©0.03-0.05 e '_f 0.5
A 100% - | . o o 0.02-0.3 g;"j L —
TA 1537 é" o . ooa 0.05-0.08

Ta 1538 . 0.6-1.0 - v o 0.5-0.6

_‘a,No S-9 Activator.

Data from Calkins, et al, 1980.

i




91°2°S

TABLE 5.2.3

"DETAILED WEIGHT DISTRIBUTION OF BIOTESTED SAMPLES IN WEIGHT PERCENT

I<
N

Petroleum Crude Oilb 7.2 -

Petroleum Crude 0Oil 19.6 -

Crude Shale 0il 0.3 -

ESA
0.3
0.2

0.4

<0.1

0.3

a Using summation of neutral subfractions.

b

Data from Guerin, et al, 1980.

- N=-Ply
. N-Ax

Volatiles

Ether Insolubles
Ether Soluble Acids
Insoluble Acids
Ether Soluble Bases
Insoluble Bases

Neutral Saturates

Neutral Polyaromatics
Neutral Aromatics -

0.2

0.6

3.3

ESB

US EPA/US DOE SynfueIS»Reseérch Materials designation.

N-Pol

dPZmZH

0

Neutral Fractionc

N-S N-Ar N-Ply N-Pol T N Ng %
55.7 16.5 9.8 6.2 98.8 90.2 88.2 97.7
51.0 7.4 3.9 1.1 83.9 -  63.4 -90.3
55.6 27.4 7.0 2.2  96.9 95.4 92.1 . 96.5

Neutral Polarx

Total

Experimental (before subfractionation)
Summation (sum of subfractions)

Recovery (Ng/Ng)
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TABLE 5.2.4
MUTAGENICITY OF CLASS FRACTIONATED SAMPLES -~

SPECIFIC MUTAGENICITY IN REVERTANTS PER MICROGRAM OF FRACTION

v 1 Esa 1A  EsB 1s N-S  N-Ar  N-Ply  N-Pol
' Petroleum Crude Oil No. 5301 Qe o . 0 .0 0 ‘ o] | 7.020 - .015° 0
,petroleum Crude Oil No. 5305 o - o 0 o 0 0 .040 .020 0

Crﬁae_Shaie~oii?N§;f4solwf2 ~*¥3‘t;o el ossigoiio.0  8.0000  .141  .020 - 0 "1.600 0

11 tests using strain TA-QB w1th Arochlor 1254-induced s9 actlvation. Dash, “-", indicates "not tested"
or: "unable +to test dde to tox1c1ty or. 1nterference v

~bSee Table 5 2.3 for names of fractlons.

us EEA/US DOE Synfuels~Research~Mater1al§‘designation.

patarﬁrom Gueriﬁ,;et'él, 1980
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TABLE 5.2.5
MUTAGENICITY OF CLASS FRACTiONATED SAMPLES -

WEIGHTED MUTAGENICITY IN REVERTANTS PER MICROGRAM OF ORIGINAL SAMPLE

v 1 EsA 1A ESB 1B N-S N-Ar N-Ply N-Pol T
Petroleum Crude 0i1% 5301 o - 0 0 o o0 0 004 .002 o .006
Petroleum Crude Oil 5305 o - 0 o o o 0 .003 .002 o 005
Crude Shale 0il 4601 o - 0 0 .265 .001 .01l o .an 0 .388

2Al1 tests using strain TA-98 with Arochlor 1254-inducedbsé activation. Dash, "-", indicates "not tested"
or "unable to test due to toxicity or interference”.

bSee Table 5.2.3 for names of fractions.

cﬂS‘EPA/US DOE Synfuels Research Materials designation.

Data from Guerin, 1980; Guerin, et al, 1980; Rao, et al, 1980.




Gtuzog

TABLE 5 2.6

vSUMMARY - APPROXIMATE MUTAGENICITY AND WEIGHT DISTRIBUTION BY CHEMICAL CLASS

" Mutagenic Activity ' : Weight DiStriBﬁtion

qys EPA/US DOE Synfuels Research Materials Facility de51gnation.

bVolatiles and precipltates other than acidic and ba51c precipltates.

ot

Data,from Guerin; et al, 1980.

Percentage Contrlbutlon ' ' Percentage of Total
: | o - Total
‘Total Acids Bases Neutrals Other Acids Bases Neutrals Other Recovered
‘Rev/ug = % s . % . % % % 3 % %
* petroleum Crude 0i1® 5301  .005 . O 0 .00 0 2 1 %0 7 99
Petroleun Crude Oil 5305 005 O o .00 - - € 4l 65 20 .85
Crude shale 0il 4601 ~  .3% O  .069 .03l 0 1 4 s T 0 100




TABLE 5.2.7

MUTAGENIC ACTIVITIES OF NEUTRAL SUBFRACTIONS .

Specific Weighted
' _ _ : Activity Activity
. - Fraction . % Weight : (Rev/ug) - (Rev/ng)
Aliphatic o 55.61 ’ .02 S 01
| ~Mono and Di Arom. : 27.37 | 0 - Ov
Polyafomatic B 6.95 v .11
PAH | | .12
N-PAH ' | 0
folar' _ _ 1.10
Residue : ‘ 2.15. | 0 o
Total ;12
Total of Base Neutral Fractions .38
6riginal 3 | » .50 ' .50

Data from Rao, et al, 1980.
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" PABLE 5.2.8

| - ISOLATION OF MUTAGENIC ACTIVITY FROM THE BASIC FRACTION (ESB) %
Shale 0il-ESB (4101)
Relative = Specific Weighted
Weight Activity | !"Activity
¢ . (Rev/ng) - (Rev/ug)

ESB ‘ ‘ ‘ o S o L _.'ﬂ . : - - 2.500
Benzene - SR | .77 _ - 0 >, 17 o )
Isopropanol . S - 12 "70'2  ”  0

' Acetone T . 9 °20.000 -~ 1.800

. gomAL T e 1.800

2pgp - ether soluble base.

. pata from Rao, et al, 1980.
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TABLE '5.2.,9

NITROGEN CONTAINING COMPOUND TYPES IDENTIFIED IN THE ACETONE SUBFRACTIONS

kl:Priméry Aromatic Amines

“aniline

aminoindan
-aminonaphthalene

‘aminobiphenyl

aminofluorene
aminoanthracene
., TOTAL

Secondary Aromatic Amines

N-alkylnaphthalene

N-alkylindan

N-alkylfluorene
TOTAL

Azaarenes

Pyridine

Quinoline

Azafluorene
Benzoquinoline
Azafluoranthene/Azapyrene

. Azabenzofluorene

Dibenzoquinoline
Azabenzopyrene

- Azaanthanthrene

TOTAL

Crude Shale 0il

Petroleum Crude 0il

‘Mixed Secondary and Tertiary Amines

Methylpyridoindole

or N-methylaminoazaacenapthylene

1

gram area

Data. from Buchanan, Ho, and Clark, 1980.
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4601 5301
3A% 47ns
3 5
£2 3
t 1
b -
6 56
7 .20
1 16
- -3
8 39
3 3
35 3
2 t
11 t
- t
51 6
35 -

t designates trace amount detected (<< 1%).

A% = Area percent - chromatographic peak area as percent of total chromato-



TABLE 5.2.10
' HISTINE REVER:ANTS INDUCED IN sALMONELLA TA98 AND- TA100

BY SHALE OIL RETORT PROCESS WATER USING STANDARD AMES TESTa b

TAG8 - TA100

o ' . g ~ Revertants per Plate’ Revertants per Plate
al sample/plate y o ~ 'with §9¢.4 with sge, &
. . ‘ Paraho : B Paraho
RIS R 46 ¢ 6 113 t 16
1.0 ) . s1%10 . 1334 34
10.0 - L 252te4 - .672%31
100.0 e © app 3260?'-l . 713 37132
300.0 - o - - app 3100 ] 387 + 10
| TA98 . TA100
/Revertants per Plate = Revertants per Plate
v B w1thout S9 . : : -without S9
0.1 | R 3145 G ‘171 + 19
1.0 e 237 _:‘_, 160t 29
10,0 - . 2sri12 152 £ 7
100.0 o arsE 170 % 14
| ‘ + 37

0.0 . - . 59.%17 24

%The above data represents the results of two . separate experlments in which
each data point is the average number - of colonies formed (six plates). '

b1240‘ug S-9 homogenate proteln per plate.

Dlagnostlc Mutagens: 2-nitrofluorene (l 5 pg/plate), (-59) 323 22 B(a)P‘
(2.5 ng/plate), (+59) 173 % 67. : :

'dBackground revertants (controls) were ‘51 '17i}+39), 32 £ 17 (es9); app is
the abbrevxation for- approx1mately.. P o STl

Diagnostlc Mutagens- HVNG 2. S,ug/plate, (—S9)!920 + 108; B(a)Pé.S}ug/plate
(+89) 32 % 110. ’j “ . ‘ . : S
fBackground revertants (controls) were: 137 37 (+59); 175 + 22 (-S9).

\gapp = approx1mately.

'Data from NlChOlS and Strnxste, 1981.
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Tester

Strain

TA98

TA100

TAl535

TA1537

*n.r. refers to no revertant ring around filter paper disc that would indicate mutagenesis.

+ .Histidine

Histidine

TABLE 5.2.11

ACTIVATED AMES ASSAY

5.0 ul Mutagen
0.5

Ruh
Number

26 revertants

26 revertants:

16 revertants

1] revertants

no growth

no growth

no growth

no growth

Data from Beck and Burbank, 1980.

5.0 n1 Mutagen

24 revertants

16 reVertants

12 revertants

22 revertants

99 revertants
23 revertants
35 revertants

31 revertaﬁts

ml S$-9 Mix

1
2

N

Process Water

n.r.*
n.r'.

n.r,
n.r.

n.r- ’
n.r.

n.r.
n.r.



YA A

Tester

Strain

TA9S .
TA100

"TA1535 .

TA1537

TABLE 5.2.12

INACTIVATED AMES ASSAY

+ Hisgidine',v\ - Histidiné :
15 rgyertéhts vf: ’4' no growth
'26>révé£§a§£§‘.f  : ';hpig§6é#ﬁ  -
25 revéit%@#s: ' no grqﬁth
,'?,revertan#sii f o  no:g;§wth f
( o

‘Data’ from Beck and Burbank, 1980.

0.1 ml Mutégen

30 revertanté

TNTC (5 ul NaN,)

Tl

51 revertants

.46 revertants

Run
Number

N ~

N

C4nLr, refers to no révértant ring around filter paper disc that would indicate mutagenesis.

Process Water

n.r.*
n.r.

n.r.
n.r.

n.r.
n.x.

n.r.
n.r.
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TABLE 5.2.13

<

MUTAGENICITY OF CRUDE AND HYDROTREATED SHALE OIL TO FOUR LOCI IN CHO CELLS. MUTAGENICITY WAS DEPENDENT .

ON S9-MEDIATED METABOLIC ACTIVATION AND WAS LOST AFTER HYDROTREATMENT.

(Timoufian, H., et al, 1980)

Mutant frequency/viable cell after drug exposurea

Dose ’ AA_. TG_, OUA_, TFT_, FUAR,
Treatment {ug/ml) Survival (x 10 7) {x 10 ) (x 10 ) (x 10 ) (x 10 7)
Experiment 1 - _
None 0 1.00 1.6 3.4 7.0 NT NT
Hydrotreated Oil 4000 0.45 0.4 0.3 1.0 NT NT
+ 89 4500 0.02 0.2 0.2 0.7 NT NT
Crude 0il ' 750 - 0.84 1.8 1.8 6.7 NT NT
+ 89 1000 0.28 1.6 2.6 17.0P NT NT
Experiment 2 v :
None 0 1.00 2.9 3.4 0.6 2.6 1.4
‘Crude 0il 1000 0.30 5.6P 4.0b 1.57 3.8P 1.5
+ 59 . 1100 0.23 3.9 2.1 1.98¢ 5.4¢ 2.1
1400 ° 0.03 4.2b 1.1 1.96€ 6.1¢ 2.1

aAA, azaadenine exposure, mutation ‘at adenine phosphoribosyl transferase locus.

TG, thloguanine exposure, mutation at hypoxanthine phosphoribosyl transferase locus.
OUA, ouabain exposure, mutation at ATPase locus.

TFT, trifluorothymidine, mutation at thymidine kinase locus.

FUAR, fluorodeoxyurindine, mutation at thymidine kinse locus.

Significantly higher than spontaneous rate at 2 SEM.

Higher than spontaneous but not statistically significant. NT = not tested.




TABLE 5.2.14

' MUTAGENICITY OF -SHALE OIL PRODUCT WATER . . .

O ' 80-Product Watef'fil‘
~ fpil) - - (ul/ml) -

VEL

17100 © - 10 o

a ‘280 dmuzs-l.ﬁﬁM

* NEAR-UV ACTIVATION

(Barnhart et al, 1978)

Ny
198

o

20
40

20
40

20
40

© . survival
S (S/SO)

1.00 (0.36)°

0.93
0.68

. 1.00 (0.97)
jO;Qlég"'
0.82
1.00
0.98
1.03

b Survival relative to control value.

5.2.27

‘G-TGR per

105 ‘CHO Cells

0.17
2.9
7.7

.0.89
9.8
15.5

0.93
0.81
1.06



TABLE 5.2.15

Cytogenetic Aberrations in Day*l? Embryos from Females Exposed

To}l% Paraho Retort Water'(PRW) Ad Libitum

{Campbell, et al, 1980)

Number of

» Total Cells Aberrations® .

- Exposure . Female _Scored? b B ‘XC - - gaps

1 300 9 0 0 14
II 300 6 ) 0 15

es: 300 8 0 0 18

v 300 6 ] ] 14

v 300 7 0 0 17
mean/cell . 0.024 0 0 0.052
| + 0.004 + 0.006

1 300 13 3 4 26

I 300 | 23 9 0 27

11 300 17 3 3 26

v 300 22 1 1 31

v 300 19 1 3 27
mean/cell  0.063 0.011  0.007 = 0.091
+ 0.013 + 0.011 + 0.005 + 0.007

a . ..
A total of 50 cells scored on each of 6 embryos from each female.

b-chromatid breaks; B-isochromatid breaks; xc-exchanges other than

centric fusions.

5.2.28
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Table 5.2.16 CHOMOSOMAL ABERRATION ANALYSIS.OF BONE MARROW OF CD-1 MICE AFTER INTRAPERITONEAL INJECTION OF
" . SHALE OIL } s . ‘ ‘ ‘

R a - .Totai.Ce%15i~- ' . B;eak§J§er Cell >Qaps per Cell Mitotic Index
?reatment . : : Scored: _ + s.d. S 2 s.d. N -+ s.d.
Untreated | 1000 . 0.008 % 0.006 _'0.625 + 0.007 4.74 £ 0.45
Olive Oil. - . .. . .. 2000, i . 0.009 £ 0.006  0.027 ifo.oo7 © 4.79 % 0.46
0.5 ml/kg PGSO ”:,' 1000 . 0.023 £ 0.008 ' 0.040 £ 0.010 4.55 £ 0.62
1.0 ml/kg PCSO. - - f/;.,.looog‘;ﬁ?_,u' | k0.026 i>Q;609 ©0.047 £ 0.009 : .é;éi £ 0.70
2.0 ml/kg PCSO f:_;,;!/f 16¢O’ . 0.045 % 0.012 B 0.059 * 0.012  4.12 % 0.76
0.5 ml/kg Pcéo-nryf'f ; '1qoo'“ L 6.0;5 $£0.007 1 0.028 ¢ 0.008 . 4.78 £ 0.37
1.0 ml/kg pcsg;éfl D 1000 S vo.017'¢'o;ooe s o.¢27_£ b.do7‘ . 42 0.39
2.0 ml/kg PCSO-HT 1000 ~ 0.029.% 0.011 0.043 £ 0.018 | 4.63 + 0.69.

;afPCSO,”Parého crude shale oil; PCSO-HT, hydrotreated shale oil.
b A total of 100 cells per animal. Each treatment group was evenly
divided between males and females. R o T

Taken from Meyne and Deaﬁen, 1g81.. - -
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. Table 5.2

'Treatment

Untreated
Saline

0.5 ml/kg
1.0 gl/ké
2.0 ml/kg

4.0 ml/kg

a A total

INJECTION OF SHALE OIL

Total Cells

Scored?®
1000
2000

PHRO 500

PHRO 1000

PHRO 1000

PHRO 500

of 100 cells scored per mouse.

Taken from Meyne and Deaven, 198l.

Breaks per Cell

i‘s.d,

0.007
0;012
0.015
0.014

0.020

0.008 %

+ 0.006

3 )

H

0.006

0.008

0.012

0.008

0.007

Gaps per Cell

0.030

t s.4.
10.021 # 0.019
0.026 + 0.013
© 0.038 * 0.016
0.029 £ 0.010
0.033 t 0.009
+ 0.007

<17 CHROMOSOMAIL. ABERRATION ANALYSIS OF BONE MARROW OF FEMALE CD-1 MICE AFTER INTRAPERITONEAL

Mitotic Index

* s.d.
4.26 + 0.41
 4.00 % 0.46
3.64 + 0.34
3.73 £ 0.65
2.78 + 0.37
2.30 + 0.24
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.Table 5.2. 18 SCE ANALYSIS OF BONE MARROW OF FEMALE CD—l MICE AFTER INTRAPERI-

TONEAL INJECTION OF SHALE OIL

cp, cyclophosphamlde.,

b A totalrof’25 cells were scored per mouse.

\

Taken from MéYné; 1982.

- -5.2.31

&/

, Total Célls
Treatment Scoredb '
Untreated ~ éSO
011ve.;11 250
0. 5 ml/kg PCSO 125
1.0 ml/kg PCSO i 125
2. o ml/kg PCSO 1é$
0 5 ml/kg PCSO— 125
1.0 ml/kg pcso—HT" ‘125
2.0 ml/kg PCSO-HT - 125

5 mg/kg CP 250
a PCSO, Paraho crude shale 011; PCSO—HT, hydrotreated shale" ;

Mean Number
of SCE

per Cell

+ s.d.

6.84
7.40

" 8.82

9.22

10.68

6.57

6.10

6.84

16.80

*

+

T T T T 78

T

0.44

0.35

0.21

0.17

0.35



Table 5 2.19 SCE ANALYSIS OF BONE MARROW OF FEMALE CD-1 MICE AFTER INTRAPERI-
TONEAL INJECTION OF PROCESS WATER :

-

Mean Number

- Total Cells of SCE.
Treatment? o : Scored® 'per'CeI; + s.d.
.'Untieateq A 225 6.73 £ 0.55
Saline | | | | .250 6.67_£ 0.47
'i.o ml/kg PHRO ' } 125 6.65 + 0.57
2.0 mg/kg PHRO = o 125 6.53 + 0.39
4;0 mg/kg PHRO | 125 6.74 £ 0.44

5 mg/kg CP 250 ' 15.57 + 0.46

a PHRO, Paraho process water; CP, cyclophosphamide.
b A total of 25 cells were scored per mouse.

‘Taken from Meyne, 1982.
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5.3 TOXICOLOGY
5.3.1 Tumor Initiation Studies ) B o o

: Crude shale 011 applied to mouse skin caused moderate to severe ,
_‘1nflammatory responses at doses abcve 10% (Wilson and Holland 1979) . Breakdow:
of the ep1dermal layer and 1nvolvment of dermal structures were observed. At

“the hlghest dose of crude shale 011 the 1nf1ammatory response con51sted of
,thlckened epidermls, sub-dermal edema, crust fcrmation, and ulceratlon w1th
an influx of mono- and poly—nuclear cells. Frank ulceration occurred in 4 of
the 6 exposed animals. Even though 1nf1ammatory responses occurred at the

. highest doses, no animals died and there were no 51gn1f1cant weicht changes.
'Histologlcal examinatlon of major 1nterna1 organ systems revealed no altera-
tion 1n micro-anatomy that could be attributed to exposure to crude shale oil.
| 'These observatlons enforce the need for adequate protective measures (personal
hyglene and appropriate protective clothing) to be provxded for higher risk

. 1ndustr1al populatlons.

The repetitive application of crude shale oil to 1ntact mouse skin has
been used to determine comparative carcinogenic potent1al (Wilson and Holland,
1980; and Holland and Wilson, 1981) Crude shale 011 1nduced tumors appeared
in all surv1v1ng m1ce after 453 days, with the first tumor appearing after
78 days and two more appearlng after 136 days. A statlstical evaluatlon of
'crude shale 011 and a crude petroleum are compared to two dose 1evels of _
benzo(a)pyrene (BaP) (Figure 5 3. 1) Most of the tumors were either papillomas
or squamous car01nomas,,however, the hlstological types were not dlstlnguished.
h_It appears that hydrotreated shale 011 produces a s1milar, but diminished,
(tumorlgenlc response.‘ Investigaticns of epidermal responses to conditions of
crude shale oil exposure have been initlated: dose frequency versus total
(dose, comparative solubility of~the 011s 1n various vehicles, ‘and DNA -
absynthe51s by epidermal cells follow1ng chronic and acute exposure (Wllson,

- Valdez, and Holland 1981) 'ﬂ”k ~

After 20 weeks of treatment, frequency of exposure induced higher '

percentages of epidermal degeneratlon than s1ngle total doses. Mice
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exhibiting severe cytotoxicity did not produce tumors; tumor bearlng mice had
exhibited severe cytotoxicity (Wilson, Valdeé, and Holland, 1981). o
A o T o

‘The comparatlve solublllty of the 01ls in varlous solvents 1nd1cates -

that: 30/70 cyclohexane/acetone e11c1ts tumors beq1nn1ng at about 20 weeks

and shows cytotox1c effects in 10% or less of the anlmals ‘after 30 weeks. A

'chronlc contact dermatitis was demonstrated by mice in the ‘control group

treated w1th cyclohexane.' After 20 weeks no overt cytotox1c1ty has been

1observed in any group.' Five percent of the mice 1n the cyclohexane group have

'exhlblted conflrmed tumors (Wllson, Valdez, ‘and Holland 1981)

Vlsual observatlons durlng chronlc exposure 1nd1cated a cell prollfera-
tlon followed by eventual degeneratlon after h1gh dose/hlgh frequency treatment.
-Flow cytometry (FCM) analys1s of DNA content of cell suspen51ons obtalned from

mice treated dally for 14 days w1th 40 mg’of crude shale oil or a natural
petroleum 1ndlcate that DNA synthesis increases and is sustained, followed
by degeneration (Wilson, Valdez, and Holland, 1981).

Chronﬂ:dermal exposure to crude shale oil, hydrotreated shale oil, and
hYdrotreated.residue induces skin tumors (Holland, J. M., et al, l981)‘in
mice. Distillates of crude shale oil seem to have a low skin tumor

induction (Table 5.3.1).

Dermal applicationsrof crude shale 0il, hydrotreated shale 0il, and
hydrotreated residue‘(Zg/Kg)'to male.and female rats demonstrated no visible
toxic responses (Smith, Hascheck, and Witschi, 1980). No visible.skin lesions
or manifestations of central nervous system perturbations were observed. No
deaths occurred durlng the 2 weeks follow1ng appllcatlon of the substances.
All rats showed a progre551ve ga1n in body welght (Table 5.3. 2) . These
.results are s1m11ar to the observatlons obtained from petroleum—derlved JP—5
JP-8, and diesel fuel marihe products: no animals died, no skin lesions

. developed, and weight gains over a 2-week period were normal.

Mouse skin tumor 1n1t1at10n-promotlon tests were conducted on Paraho
crude shale oil and four distillates (Calklns, et al, 1980, McAlack, et al,
1980) . - These results are shown in Table 5.3.3. The Salmonella mutation test
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data correlated well with the results from the 1n1t1at10n/promot10n test.
(Table 5.3.4). The matation and 1n1t1at10n—promotion test exhlblted mutagenlc
- and tumor 1n1t1at10n act1v1t1es 1n the crude and hlgh boillng fractlons of
' petroleum and shale 011., Both screenlng test results exhlblted the greatest
act1v1t1es 1n the hlgh bolllng fractlons., The, naphtha fractlons were con51dered,
to be 1nact1ve.w The crude shale oil and 1ts fractions exhlblted biological
act1v1t1es qulte 51m11ar to those observed with the petroleum sample and 1ts
vifractlons selected as controls.iv :
Daily applicatlonlof orudeishale\oil to hairless mice»followed by near
ultra-violet (NUV)~1i§ht induced skin abnormalities (Gomer and Smith, in
"press),:,At lower concehtrations'oﬁlorude shale oil, minor skin reactions were
7 ohserved; ,Atrhldher-cohcentrations, a.characteristic’dryvdesquamatiohiwlth-
the formation of scabs was'observed. Without erposure’to‘NUV, the skin was

, ‘characterizedrby erytherma and flaklnggof&the,epldermis,_ -

Tank bottom water;(dosage of 5_ml/kg) appliedftovrabbittskin abrasions
‘showed no abnormal observations ordsigns anFoﬁiQitY'dﬁ?in-the obsexvation
.period. No systemlcﬂtoxjcitydorgtreatmehtfrelated systemic lesions were
observed during postmortem examihatiohs; Thus,‘crude shale o0il may be placed
~in EPA Category III, dermal LD 0 greater than 5 g/kg (Beck and Alblnanla, A

1980).

-5
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5.3.2 SYstemic:Tbxicity

Acute SYstemic Toxicity. Tank bottom water produced acute ‘deaths 1n mice \"
at 11.3 g/kg (Table 5.3.5) when given orally (Smith, Hascheck - and Witschi,
1980; Beck, Morita, and Hepler, 1979) Another laboratory observed oral LDSO

ofjcrude'shale oil at 8-10 g/kg (Disbennett, 1980) Intraper1tonea1 1nJection
produced deaths at 2 g/kg and 5 g/kg body weight (Smith, Hascheck, and Witschi,_
1980; Timourian, et al, 1980). Hydrotreated shale 011 produced LD50 of 17 g/kg
and >16 g/kg (Timourian, et al, 1980: Smith, Hascheck and Witschi) The LDgq
.for refined shale oil products was 6-16 g/kg (Table 5.3.6). '

Hydrotreated and refined shale oil products appear to be slightly less

toxic in ‘whole mammals.

Raw and retorted shale produced acute deaths in rats >10 g/kg (Disbennett, -
1980). ' ' '

Impregnated mice drinking 7.0% tank bottom water showed no significant
toxicity; there is no fetal toxicity (Gregg and Hutson, 1980).

Chronic Toxicology. Neither shale 0il nor its derivatives ‘indicate

‘any primary skin irritation in rabbits (Smith, Hascheck, Witschi, 1980).

No visible redness or edema was observed. Applications of JP=5 and diesel fuel
marine derivatives of shale oil produced only slight dermal irritation in
rabbits (Cowan and Jenkins, 1980). Crude and hydrotreated shale oil produced
visible redness in rabbit eye. The irritation was slight, transient, and
insignificant (Smith, Hascheck, Witschi, 1980). Other research of JP-5

and diesel fuel marine products show only slight irritation of eye in only
one rabbit from the diesel fuel marine product (Cowan and Jenkins, 1980).
None of the products'were.judged to be sensitizers based on test criteria.
Tank bottom water is minimally irritating to rabbit skin (Beck, Morita, and
Hepler, 1979).

‘During delayed-type allergic contact with crude shale 0il, hydrotreated

shalejoil, jet and diesel fuels in guinea pigs, only slight redness and focal
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“SCab formation Qere noted in SOme.animals. ;Afterra,challenge,injection, crude
and hydrotreated shale oils produced,a greater degree of redness and‘edema,,and
‘a slight hecrosis was noted‘(Smith,:Haschek; Witschi, 1980). . No reaction was
observed from’diesel fuelrsensitization;; Other . researoh:shows no sensitization
“in guxnea pigs to shale oil or raw and retorted shale (Dlsbennett, 1980) . Tank,
bottom water is non—sen51t121ng to guinea: pigs . (Beck Mills and Hepler, 1980).

‘~Histopathologyr; Serositis*and thymic cortical depietion were the-only

hlstopathologlc reactions observed follow1ng 1ntraper1toneal 1n3ectlons of crude
and hydrotreated ‘shale oil. Superf1c1a1 pyogranulomatous :serositis- of the
'~per1tonea1 cavity resulted From 1oca1 reaction -to- the substances (Smlth,
Haschek,.and Witschi, 1980).- ‘

Teratogene51s.. Female rats were exposed to airborne oils and dusts

during;gestatlon. No teratogenic. act1v1ty was observed (Dlsbennett,_l980)

_ Offspring from female mlce exposed to 1.0% shale oil tank bottom-water, ad,
libitum, exhlblted malformatlons (Gregg .and Hutson, 1981). Offspring w1th
palatal ‘abnormalities falled to form(posterlor portlon of. palate., Slngle
cleft, double and multlple'cleft abnormalities were observed.' Other. malform-,

atlons ‘observed were 1ncrease of: sternebrae abnormalltles and 1ncrease of .

s

enlarged or rudzmentary 14th ribs‘ - S '[ L T S O ST PP

Reproductlve Study. Male and‘female rats were'given 10% and :15% tank

bottom- water for an entire reproductlve Cycle of matlng, whelplng, and weanlng.
,There was no deorease;ln»reproductive behavior forvthe‘testjanimals, It is_,
thought :that the”observed'decreaSed conception rate, - fetal viability, pup.
surv1vab111ty after parturltion, and decreased weight gain ‘of 'pups are due to .
water deprlvatlon and nutrltlonal def1¢1enc1es (Beck, et al;. 1980) rather o .
.than to-the 1nductlon of reproductive abnormalities by a toxic effect of the

:tank bottom water. - T okt A ;\,; R



5.3.3 Inhalation-Intratracheal Studies -

lnnalation studies of Syrian hamsters and Fischer-344 rats have been. ,Q_J
completea or are in progress.(Holland and Tillery, 1980). Many of'the.hamsters
surviving the entire exposure period'exhibited‘mild'degrees of localized
fibrosis of the Iung ‘even . though. the Syrian hamster is not a good model for
pneumoconiotic diseases. Most of the shale partlcles ‘inhaled accumulated in
macrophages (Holland, Spall,. Garc1a, 1979) .. Retorted shale dusts appear to
cause more 1nflammatory reaction with varying degrees of fibros1s, ep1the11a1
hyperplasxa with: extentlon of bronchiolar cells into proximal alveoli and
thiokening of intra-alveolar septa are present in all observed cases.. The shale
" dusts appear as agglomerations rather than as individual partioles and a

peribronchiolar pattern is common to all materials (Holland, et al, 1979).

'Hamsters in each group were allowed to complete their lifespans and
histological examination of all relevant tissues has been completed. Two
hamsters ‘in the group exposed:to raw shale and one animal from the group
exposed to retorted shale exhibited a'proliferation of reticulo-endothelial .
cells within the lung. A generalized hyperplasia of this tissue is not-
uncommon in rodents as a response to toxins and may even be associated with -
tissue necrosis and cell death. 1In one of the raw shale exposed animals, the
cellular characteristics were more typical of neoplasia than an inflammatory
response. The significance of these changes is problematical at best.
Indications of fibrotic tissue response, ranging from slight interalveolar
thickening to extensive fibrotic scarring, were observed in most animals
completing the exposure period and both focal and generalized pneumonitis nere
common (Holland, et al, 1980). )

Syrian hamsters, exposed to inhalation of raw shale, were used for
serial sacrifice to study early lung response and hematological values -
(Holland, Smith; Thomas, 1979). No significant differences of total white
blood cell counts, differential counts, red blood cell cdunts,'packed,cell
volumes, and hemoglobin values were noted between the experiméntal animals and
control animals during and after exposure. Early histopathology observations

on the inhalation animals have shown a minimal response to the raw .shale
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::materials. A slight\increase‘in macrophage activity was the only change noted.
_Under‘the conditions.of exposure used, most of the material was found near

the termination of'respiratory bronchioles,'with only a slight deposition in -
the deep lung. Animals exposed to shale materials: intratracheally exhibited -

a more intense macrophage response in foc1 located near the bronchiolar

terminations.,

Fischer rats'haye been sacrificed at frequent intervals for neutron
activation analysis of the deposition of inhaled materials in the lung.
. Preliminary results -of - the histological examinations of the sacrificed animals
'.indicate a more general fibrotic response than that seen in hamsters. Most_of
‘the inhaled shale dust particles are accummlated in macrophages (Holland, et al,

11980).

" Cytological and_biochemical»indicators_forkmeasuring'damage»to

respiratory tract cells of experiment animals exposed by inhalatiOn or intra-

. tracheal instillation to shale dusts are being . developed (Steinkamp, et al,

1979; - Steinkamp and Wilson,v1979) Flow cytometric methods are used to
analyze and detect changes in lung. epithelium as a function of éxposure to
shale dusts. The purpose of the automated flow-analysis assay is to determine

atypical changes in- exposed 1ung macrophages and epithelial cells.

» .‘Hamsters have been exposed to raW-andlretorted shale particles, silica
‘dust, and ozone . The lungs were lavaged four times With saline to obtain '
exfoliated macrophages, leukocytes, and - epithelial cells, which were fixed in
£~35% ethanol .prior to staining for DNA content with mithramyCin. Cell samples
'-were analyzed using flow cytometric methods, where cellular fluorescence :

(DNA content) was measured on a cell-by-cell basis as frequency distribution
shistograms.v Cell ‘counts.. (cells/ml) also were made on 1avage samples using a
; hemocytometer. Cytology was performed to determine the number of . different

cell types present (steinkamp and Welson, 1979).
Hamsters were exposed to raw and retorted 0il shale particles via intra-

'itracheal instillation (Steinkamp, Wilson, and SVitra, 1979). DNA content
distributionsyfor,the,period.4 to 49 daysppostexposure appear normal
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“(Figure 5.3.2) except for a region of dead cells (or debris) to the left of the
2c DNA cells, Peak 1 (Figure 5.3.3). The peak of binncleates and'cell.doublet,
Peak 2, is pfesent in ali distributibns. After 60 days‘of exposure to raw -
shale, Peak’ 1 splits into two regions, demonstrating a bimodal distribution.
This indicates a change in DNA content, differences in stainability between cell
types, or other factors. Total cell counts, leukocyte cells, and epithelial
cells showed a definite increase comparéd to controls. Macrophage ceils showed’

a small increase.

-

DNA content distributions of hamsters exposed t0'retort¢d shale partigles

appeaf similar to those determined for hamsters exposed to raw shale particles
(Figure 5.3L3). There is a region of dead cells and/or debris to the left side
of Peak 1. Peak 1 illustrates a'geﬁeral bfoadening; and after 28 days of
exposure, Peak 1 splits into two disfinct peaks -similar to respiratory tract

cells exposed to raw shale for 60 days.

At 35 and 42 days postinstillation, a definite shoulder appeared on the
right side of Peak 1, and the number of cells within region 3 increased. The
region of cells to the right side of Peak 1 appears to be similaf to the
results from hamsters exposed to ozone. Initially, cell counts were slightly
elevated compared to controls but then decreased with further exposure..

Total numbers of macrophages and leukocytes were also initially elevated
whereas epithelial cells remained nearly constant throughout the exposure

period.

_ The DNA content frequency distribution histograms of hamster respiratbry
tract cells exposed to silica particles appear similar to hamsters exposed to
raw and retorted oil shale (Figure 5.3.3). At 28 days postexposure, Peék 1-
splits into two distinct peaks. At 35 and 42 days, a region though to be dead
cells has appeared to the\left of Peak 1. The percentage of binncleated cells

(4c DNA content cells), Peak 2, appears to be increasing also.

By 49 days and continuing through 90 days postéxposure to Siiica, Peak
1 of the DNA content distributions were divided into two regions (Steinkamp
and Wilson, 1979). The DNA content distributions of cells exposed to retorted

shale similarly were bimodal but appeared to be reverting to normal as the
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time after exposure increased:. ' At 60°'to 90 days postexposure to raw shale,

ﬁ‘bimodal dlstribut1ons began ‘to appear (Figure- 5 3.3 .T and 5 3.3 J).

Cell counts performed on hamsters exposed to s111ca were elevated by an
_order of magnitude compared to controls. Macrophages and leukocytes greatly
increased and remalned high throughout the 90-day exposure period, indicating
an 1nflammatory response. Eplthe11a1 cells also 1ncreased in nunber during the
30-day exposure perlod but then decreased to nearly zero at 40 to 60 days
exposure (Stelnkamp, Wllson, Svitra, 1979).

The DNA distribution of hamster cells exposed to acute levels of ozone
shows a bimodal distribution of cells in Peak 1. (Flgure 5.3.4). The percentage
of cells has 1ncreased‘1n Peakspl and 2. Figure 5.3.4H shows a DNA content
distribution for hamster cells 48 hours_after_ozone exposure, which "resenbles"
a typical DNA distribution for randomly growing CHO cells‘in which Peak 1
'represents Gy - phase cells'(z ¢ DNA content, such as macrophages and leukocytes)

- and Peak 2 represents G*‘- ‘and M-phase cells (4 C DNA content, such as epithelial.

2
cells). Cells located between Peaks 1 and 2 would then be S-phase cells

A(Stelnkamp and Wilson, 1979)

Intratracheal instlllatlon of raw. shale particles on Syrlan hamsters
exhlblted increased phagocyt051s, and ‘then decreased. The raw shale partlcles
were of varylng 51zes, and the macrophages could only 1ngest the smaller
particles. The larger: partlcles or groups of partlcles of raw shale seemed to

be surrounded by macrophages but could not be 1ngested due to their large size.

- The combination of raw shale and s111ca increased phagocytosis similar to the

observatlons of raw shale. This may suggest that silica does not have a
synerglstlc effect when comblned w1th raw shale (Wllson, Hansen, and Holland,

1978)_ e - S N - L

Microscopic'eXaminations of cytOCentrifuge sample preparations of exposed
hamster resplratory tract cells reveal that macrophages cluster around large v
raw and retorted shale partlcles to form rosettes (Stelnkamp, et al, 1977)

fMacrophages appear to be "chemlcally attracted" to the shale partlcles. Large
silica ‘particles attracted only a few macrophages (Table 5.3.6). Increased

multznucleatlon of ”glant cells" was also observed in lung cell samples from
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‘hamsters exposed to raw shale and silica at 7 to 14 days postexposute

(Steinkamp, Wilson, Svitra, 1979). Even though "giant cells" were not observed

at other times or in cell samples exposed to retorted shale, they are expected &hi
to be present.

EN N
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' 5.3.4  Cytotoxicity .

gﬁ; - f' Cytotox1c1ty of crude shale 011 on mouse hepatoma cells (11ne Hepa~l)
was ‘eight times. greater than exposure to hydrotreated shale 011 (T1mour1an, et
al, 1980) . Crude shale 011 treatment of CHO cells was twice as, toxlc as. |
hydrotreated,shale oil exposure. . Crude shale oil exposure to female mice at
: LDSO for whole mouse was toxic to oocytes (Table}5,3,7),Myh;le hydrotreated
shale oil was not cytotoxic to ococytes (Timourian, et al, 1980). Crude shale
Oilf?MSO extract exhibits cytotoxic properties (Okinaka and Strniste, 1981).
The addition of S9 activator (Figure 5.2.1) reduces cytotoxicity‘(Timourian,
et al, 1980)- of crude shale 0il extracts (Okinaka and Strniste, 1981; and

Timourian,’lgeo)gi

Hydrotreated shale 011 appears to produce less cytotox1c effects than

,crude shale 011.

Blastogenes1s. Treatments of retorted shale extracts on CHO cells show

a 10 to 20 1nh1b1t10n of blastogene51s. The'same treatment‘on mouse lymphocytes
failed .to show any 1nh1b1t10n (wilder: and Cram, 1978) “The -inhibition of :

blastogene51s may be an. 1nd1catlon ‘of: 1mmunologlcal competence.,<(
\5.3.5t,Miscellaneous Toxicity.Te;ts

Aquatic Tox1c1ty.’ Acute toxicityrtests"mere‘performed'on tﬁo‘freshwater

o,algae.' The test organlsms were Selenastrum caprlcornutum, a unlcellular green

alga, and Mlcrocystls aeruglnosa, a non-nitrogen-f1x1ng, blue-green alga.

Photosynthetlc 1nh1b1tlon is the crlterlon of tOXICIty.

"~ Crude and hydrotreated Shale oil water soluble fractions (WSF) were -
\;more toxlc than petroleum WSF ° (Table 5 3. 8 Figure 5.3. «5), w1th signiflcant
inhlbltlon at WSF concentratlons of 1 to 10% (Glddlngs and Washington; 1981).
. Hydrotreatment ‘reduced’ the tox1c1ty to both species (Table "5.3.8) .. The WSFs -
~ of reflned shale oil products (JP-S ‘and. DFM) were. sxmilar in tox101ty to those
of the petroleum products (Table 5.3, 8) “The shale 011 residue, a No.~6 fuel |

011, was more toxic than any -of its petroleum equlvalents, S.- capricornutum

was inhibited by 1% WSF.
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- The reduction in toxicity by.hydrotreéting is thought to be due to the
removal of nitrogeh and oxygen froﬁ the o0il during hydrotreating. The
nithgeﬁ;‘and oxygen=containing ébmpouhd#; espéCially pfimary amines and - k;’
phenols, are among the most toxic aromatic compounds. to freshwater algae.

These compounds are also much more soluble in ﬁater thanvtheir'hYdrocatbon'i
analogs, so their abundance in WSFs is'gréater,‘proportiohally, than their
abundance ‘in oil (Giddings, 1981). |

’>Sha1é'oil extracts weré cytotoxic when exposed to Tetrahymena ngifdrmis,
a large mobile ciliate. One hundred per cent cell mortality of T. pyriformis
within 24 hours is achieved with exposure to 90% crude shale 0il extract
(Cowser, 1986). Hydrotréafed shaie oil éxhibited slightly redﬁced mortality
when compared to contfols (Table'5.3.9): A 72-hour réproduction impairment.
was conducted. _Crude:shale 611 responded three times mbre;toxic théhvhfdro~

treated shale oil (Table 5.3.10).

Two tank bottom waters were assayed to determine acute'aquatic toxicity

levels. Ninety-six-hour flow-through acute bioassays indicate that LCSO values

of rainbow trout, fathead minnows and Daphnia pulicaria exposed to tank bottom

. water 75-76 are 0.52%, 0.64% and 3.00%, réspectively (Table 5.3.11). The 96-hr
LC50 values for‘the same species exposed to tank bottom water 77-78 are 0.068%,
0.071% -and 0.147%, respectively. An embryo-larval test was performed with tank
bottom water 77-78 (Tableé 5.3.11,5.3.12). An estimated gafe concentration (ESC)
éan be.predicted for this water at 0.001%. By using the same application factor
(0.01) as tank bottom water 75-76, the ESC for tank bottom water 77-78 was

calculated at 0.005% (Table 5.3.12).

Tank bottom water 77-78 was fractionated into hydrophilic and hydropholic
basic, acidic and neutral components. Twenty-four-hour static acute bioassays

exposing fathead minnow fry and Daphnia pulicaria to each of these fractions

were then‘performed. The highest toxicities were found in.the hydrophilic _
fractions. A portion of this toxicity can be attributed to ammonia which is
found in the hydrophilic fractions. When ammonia was xeﬁoVed from the

hydrophiliq fractions, toxicity was significantly reduced.

5.3.12



- .growth studies w1th wheat and soybean.

both types of tests (Epler, et al 1980).

‘Phytotoxicity. Two phytotoxicity tests were performed.»short-term root

-(radicle) elongation test With radish and sorghum and longer—term seedling

A tenfold dilution extract of retorted

shale reduced root growth of the monocotyledon species (sorghum and wheat) in
Raw- shale caused a growth reduction

of 14% in sorghum roots (Table 5. 3 13). Both raw and retorted shale were

phytotox1c at less than a tenfold dilution and may display a toxic interference

" of acetic ac1d.\

5:.3.13



R _Tumor .Initiation in Mice Treated With
Crude Shale 0il, Crude Petroleum, and Benzo(a)pyrene
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Table 5.3.1  ~ Skin Tumor Frequency in Mice Exposed Eithef 3 Times or 2'Times_WEekly:tO‘Graded”Doses of -
Shale 0il Crude, Hydrotreated Shale 0il or Hy@rotreated Residue for 10 months.

Avéragé Time to lst Tumor

Concentration Percent with Tumor A (days + S.E.)
Material : (w/v%) 3/wk- 2/wk : .3/wk - 2/wk
~ shale 0il Crude _ 50 93 75 206 (6) 261 (11)
25 nt? © 35 ' - : 271 (18)
12.5 . nt 10 - 278 (52)
Hydrotreated Shale Oil 50 46 5 228 (12) 280
\ : 25 | nt 0 - -
12.5 . nt 0 - -
Hydrotreated Residue '50 . 70 ' 20 -~ 192 (11) 270 (26)
25 nt . 0 - ' -
12.5 nt _ 0 - -
Benzo(a)pyrene 0.1 100 nt 169 (6) -
\ 0.05 : 100 nt 215 (4). . -
0.025 67 . nt 254 (4) ‘ -

~a Not tested,

Taken from'J, M. Holland, et al, 1981.
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Table 5.3.2" Welght Gain in Male and.Female Rats Follow1ng Dermal Appllcatlon of 2 gm/kg of .
Shale 0il, Hydrotreated Shale 0il, -or Hydrotreated Re51due a,

Mean Body Weight (g),t SE

. e _ CMale 7 ___ Female
‘Substance R . bayo . . Day 14 . - Day O -+ Dpay 14
Crude Shale 0il o 358 %8 415 + 7 209t 5 E 241 & 2
Hydrotreated Shale 01 =~ 352 %9 422 £ 9 . 200%3 . 238t4
‘Hydrotreated Residue 370+ 4 43547 - 225&5. . 256 %6

a'Six»animals per group except for substance 4602 females, for which there were five
rats. - ' . S : Co o .

 Taken from Smith, Haschek, and Witschi, 1980.




MOUSE SKIN PAINTING INITIATION-PROMOTION STUDY

¥ 29 surviving

TABLE 5.3.3

(Calkins, et al, 1980)

mice in group.

# Mice
With. Tumors
Lasting
Sample >30. Days
Controls
Toluene/Acetone 0
Toluene/PMD -4
None/PMA 3
Benzo(a)pyrene 6
Petroleum

' Naphtha 2
LGO -3
MGO 3
Residue 5
Crude* 5

"Paraho Shale 0il
Naphtha "0
LGO 0
MGO* 2
Residue* 7
Crude 9

5.3.22

Average #
Tumors/

Tumor Bearing

Mouse

Number of
Days to 1lst.
Mouse With

Tamor

111
92
48

111
ST
62
n

113
62
59
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Fraction

Naphtha

Light Gas 0il

Mid~Gas Oil
Residue

crude -

_‘Benzo(a)évieﬁe_

- Not mutagenic (only refers to Salmonella data) .

TABLE 5.3.4

PARAHO SHALE OIL

'eSalmonella Mutation Assay (with Activation)

TA 1535 TA 1537 . TA 1538

TA 98 TA 100
- o.05*8  0.20  0.20 0.40®
(8.1)+ (6.5  (6.7) (1.8)°
- 0.4  0.80 - 0.0 0.40°
(16.1)  (31.3) - (40.6) (4.4)
R 0.55  0.70  0.50 °
(29.7) © (2.8)

(12,00 ¢ (41.9)

* Revertants ‘per ng . (average)

control reversion frequency.
a Without activation 0.01 (2.3).
b Without activation 0.06 (1. 3).
¢ Without activation 0.03 (1.4).

_Taken from Calkins, et al, 1981.

'COMPARISON OF SALMONELLA AND INITIATION-PROMOTION TEST RESULTS

_ Initiation-Promotion Assay

Number Mice Total Number of
With Tumors Tumors Days to
" Lasting Lasting First Mouse
>30"Days: >30 Days - ~With Tumox
0 0 -
0 0 -
2 3 113
7 22 62
9 17 59
26 48

193

-+ .The ‘maximum number of revertants observed expressed as a multiple of the average solvent
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TABLE 5.3.5

Acute Lethality Test in Mice: Shale 0il and Its Derivatives

Substance

Crude Shale 0il

,Hydroﬁreated Shale 0il

Hydrotreated Residue
Jet Fuel JP-5
Jet Fuel JP-8

" Diesel Fuel Marine Product

a 95% confidence limits.

b - ND = not done.

(Smith, Haschek and Witschi, 1980)

LDsqg (g/kqg)

Oral . Intraperitoneal
Male Female S Male o Female
1.3 11.3 6.1 (4.5-8.2)° 4.3 (2.0-6.1)
> 16.0 > 16.0 > 16.0 - > 16.0
> 16.0 >16.0 > 16.0 ‘ > 16.0
ND® > 16.0 ND | 8.0 (5.4-12.8)
ND > 16.0 R 6.4 (5.0-8.0)
ND > 16.0 D > 16.0




Time after

' Exposure (days)
4 |
7:

1

21

28

35

42

49
0

90

TABLE 5.3.6

NUMBER OF MACROPHAGE ROSETTES AS A FUNCTION -
_~ OF TIME AFTER EXPOSURE TO RAW SHALE, -
SPENT SHALE, AND SILICA

‘Total

Number of Rosettes

‘(raw shale) (spent shale) (silica)
5 . 35. | -
20 25 : ?
0 o -
8 7 -
29 5 ' -
‘17 30  8
 26  - 1
‘3 7 -
J

. o n _
A =

127 160

5.3.25
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TABLE 5.3.7

The Cytoxicity of Crude and Hydrotreated Shale
0il to Primary;oécytes in Young Female Mice

(Timourian, et al, 1980)

No. Ovaries
from Indi-
vidual Mice

0il - Oocytes counted Counted
Corn (control) | 173 + 27.5 » 5
Crude Shale - 106 + 2.9% 4

‘Hydrotreated Shale 153 + 16.9 ' 4

Each tested at LD5

o for whole mouse.

a Significantly different from control at p < 0.05.

'5.3.26
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Survival

100
59

88

()
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TABLE

5.3. 8

RESPONSE OF SELENASTRUM CAPRICORNUTUM AND MICROCYSTIS AERUGINOSA TO WATER SOLUBLE
» FRACTIONS OF SHALE OIL AND PETROLEUM PRODUCTS

-Sampie

(Glddings and Washlngton, 1981}

' S. capricornutum.

M. aeruginosa

S0

7 10%

%The vaiues shbwn are photoSynthesis expressed as a'percentage of controls.

Asterisks (*) indicate significant photosythetlc 1nh1b1tlon (p = 0. 05).

performed

Dashes indicate tests not

WSF Concentration 1% ~ 100% 0.1% 1%  10%  100%
shaie'Oii.A i R R : _ o
Crude - 04 21 fi*_' - 70+ 104 '”.1*'
Hydrotreated - o113 s2r o 2¢ o - ea 67+ 1
'Hydrotreated res;due- floa, Lg% 24*,“ 13+ 94 L1101 84* 26*
Jp-5 103 110 100 99 e - -
DFM - 93 106 84* - - - -
Petroleum ; o
No. 2 Diesel Fuel es 97 91 39+ 97 100 98 ' . 50%
-5 99 108 ., 109 90 - - e
No. 6 Fuel Oi1 9% - 112 106 so* 87 92 88 4l
No. 6 Fuel Oil 87 101 98 124 100 110 103 . - 83*
 No. 6 Fuel Oil 111 98 97 93 114 105 103 75%




TABLE 5.3.9

Leﬁhality of Wafer*Soluble Extracts of Selected
. Paraho ‘Shale 0il Materials®

(Cowser, 1980)

sample - pH 1c100
Crude Shaie . 6.9 - 9%
HDT-Shale 0il ‘ | o _‘ 6.9 - 100%
HDT-Shale 0il Residue ' 7. | 100%
Shale Oil Derived Diesel Fuel Marine . 7:6 ' - 100%
Conv. Petro. Défived Diesel Fuel Marine ' - 7.6 ' 100%

a Special Notice. These samples are intended for generic and scoping reseaxch
only at this time and are not intended to define or compare specific processes
in the absence of process operating conditions and detailed sampling and
storage histories.
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TABLE 5.3.10
‘~Reproductiqn Impqirment'ofvMediuﬁ—SolubleiExttécts
of Selected Paraho Shale 0Oil Matérials;iﬂ
~ (Cowser, 1980) '

L

s : - Regression _Correlafion‘ o IGCSOa,”.
Sample - v Equation = - ' Coefficient =

(%)

0.024X +'0.483 =-0.938 13.9

Crude Shale 0il Y
: , (5.8 - 33.2)

HDT-Shale 0il Y = 0.003X + 0.298 ~  -0.983 45.4

{(13.1 - l52.5)

HDT-Shale 0il Residﬁe j o e - ' o Q—f_ C 100%
S ' » S R R ' No Effect

Shale 0il Derived == J; S emit o 2100%
Diesel Fuel Marine - s _ ’ SR .. No Effect

. Conv. Petro. Derived : - ST -—;, ;‘ . ..100%
Diesel Fuel Marine ‘ R I SR No Effect

a 95% confidencelimits in parenthesis.
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TABLE 5.3.1l1

. SUMMARY OF BIOASSAY RESULTS FOR RAINBOW TROUT (RBT), FATHEAD MINNOWS (FHM) , AND
DAPHNIA PULICARIA (DP) EXPOSED TO PARAHO RETORT_WATERS.a'

(Bergman, 1980)

Embryo-larval
24-hour static acute 96-hour flow-through acute lowest concentrations causing effects
Retort water Species LC50 . LC50 hatchability survival weight length
c b o
Tow 75-76 RBT — , 0.52 ‘ , -
FHM 0.9 0.64 ‘ , ——
DP 2.85 3.00 o -—
Tow  77-78 RBT — 0.068 | - - |
w ‘ : .
w FHM £0.05" 0.071 : 0.0063. 0.0063 0.0016 0.0016
W ' S .
0

DP 0.079 ' 0.147 | | -—

aAll values expressed as volume percent,
--=- = test not performed.

Thw = tank bottom water
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TABLE 5.3.12 - o I (f

SUMMARY OF RECOMMENDATIONS ON MAXIMUM ACCEPTABLE TOXICANT CONCENTRATIONS (MATC)
'AND ESTIMATED SAFE CONCENTRATIONS (ESC) FOR PARAHO RETORT WATERS.

AR (Bergman, 1980)
" Acute toxicity v _ L » o ;
bioassays ' Embryo-larval biocassay _ . Recommendations

~~Most : ‘ N _ S S . .
o - sensitive. : . most sensitive threshold effects -~ application estimated safe
Retort water  species. LCSO ‘species measure(s) vconcentration MATC factor . __concentration
Tbw 75-=76 ~  RBT = 0.52%  ==-=-: : - 0.01 s 0.005%
Thw  '77-78 . RBT,FHM  0.07%  FHM . ' length,wt. 0.0016%  0.001% 0.0l . - . 0.001%

®pased on applicétidn factor for tank bottom water 77-78.

Thw = tank bottom water.




S TABLE 5.3.13
SUMMARY OF RESULTS FROM THE ROOT ELON"ATION BIOASSAY

‘ *
AND THE SEEDLING GROWTH STUDIES

(Epler, et al, 1980)

Seed Concentration Toxic Effects Acetic Acid

Extract - Type (%) Root  Shoot  _ (meg/1)
Acetic Acid radish 2 yes  —=-
1l yes —_—
0.5 no —-——
sorghum 2 yes = ===
1 yes -
0.5 no -z
wheat 2 yés . yes
1 yes yes
0.5 yes yes
0.1 no yes
soybean 2 yes yes
1 yés yes
0.5 yes yes
0.1 yes no
Raw Shale** radish 4 SV 2.74
sorghum 4 yes —_— 2.74
no —— 1.37
wheat 10 no no 6.85
soybean 10 no no 6.85
Retorted Shale**  radish 2 no - 2.0
' sorghum 2 yes - 2.0
1 yes ——— ri.o
0.5 "no — 0.5
.wheat 10 yes no | 16
soybeén i 10 no  no 10

*Significant. difference was calculated with standard t-test comparing results
of treated plants with results of control. '& .
**Possible acetic acid interference at a 10% concentratlon in long-term studies.
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6.1 INTRODUCTION
'6.1.1 Relationship with Environmental Information

: Thls report, Part VI, Occupatlonal Health and Safety, represents one

sectlon in the seven—part data compllatlon, Paraho Environmental Data.

Detailed dlscu351ons of these data are not provided in the data compllation.
Those dlSCUSSlonS are prov1de4 in the or;glnal llterature. The parts of
th1s compllatlon are: o ' ' 1
‘ Part I ‘Process Characterlzation
IPart II’ Air Quality - o
Part III Water Quality
'PartvIV> 'Ecosystem Effeets and Land Reclamatlon :
fart v Biologlcal Effects V g
‘"fPart VI ; Occupatlonal Health and Safety
’UPart VII End Use Effects 4 R
3 Partlcular 1nformatlon is restrlcted to 1ndlvidua1 sectlons, for the most part,
data are only complled once. For example. detalls of the Paraho process, the
a1r quality and water quallty are found in Parts I—III (Helstand, Atwood and
'R1chardson, 1980). ‘ IR ' .

' This report, Part VI Occupatlonal Health and Safety, ‘contains informa-
tlon concernlng the 1ndustr1al hyglene and medlcal studles made at Anvil Points

; durlng Paraho research operatlons.‘ Background data and a55001ated informatlon

- are. complled in ‘other parts of the Paraho Environmental Data. Follow1ng the

guldellnes establlshed for ‘the earller parts (Helstand, Atwood, Rlchardson,’
“1980), the information contained in this report is based, for the most part,

on operatlons and materlals produced durlng the 1977—1978 operations.

6.1.2 Scope.oftoooupatiohal Health and safety Studies
The scope of the occupational health and safety studies’of the recent
Paraho‘operations at AhVil Points was quite limited. No sampling was
performed to evaluate compliance or worker exposure. These limitations
resulted, for the most part, from 11m1tat10ns of the Paraho operatlons. Ihose

‘operations represented early stages of short-term field researxrch; in many cases
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the optlmum occupat1ona1 health and safety measures were not utilized. The
sustalned operatlons, directed towards the productlon of 100 OOO barrels of .
shale oil, lasted less than two years. The total work force conslsted of - '&_j_
less than 100 workers; of these, nearly one—thlrd represented a mlnlmally
exposed group cons1sting prlmarlly of office workers, guards,. admlnlstratlve
personnel, etc. Nevertheless, some occupat10na1 health studles were carrled
out.’z’ . | . . S

i Much of the‘data utilized in the‘occupational health andrsafety evalua-
tions-were obtained from other studies. For‘example, data that appearrin

Part II, A1r Quality, of the Paraho EnV1ronmental Data (Helstand, Atwood,

Rlchardson, 1980) “have been used exten51ve1y in the occupatlonal health and
safety studies. There was llttle personal monltorlng performed. Instead, the
' studies relied on the area samples and emlsslon samples for 1nformatlon rather
than actual worker exposure,' The data complled in this oocupat10na1 health
and safety report should be considered as a preliminary'indication‘rather than
the finalvassessment’of,an‘ahove—ground oil shale'retorting facility. ' The

potential effects of sustained, long-term exposure have not been evaluated.

This oompilation does not contain the information obtained in the_NIOSH
studyr(Costello,11978) concerning the health of oil shale workers. Although a
few of the workers from Paraho's work force were asked to take part in that’
study, the NIOSH study centered on the health of workers associated with
earlier oil shale projects. The NIOSH study examined long-term health effects
associated with those‘operations. It does not contain any information dealing
with the occupational health and safety aspeots of 'the recent Paraho

operations.



6.2.2 ‘Dust

6.2 . INDUSTRIAL HYGIENE

6.2.1 TIntroduction .
. .
During the Paraho research operations at Anvil P01nts, there were’
three studies concerning 1ndustr1al hygiene: (Holland, 1976) (Vblkwein and -
Fllnk, 1977) (Rudnick, Garcia, Voelz, ‘and Schulte, 1980) . Both earlier

studies were made ‘before the 1977-1978 operations and contain 1nformation

'collected before the crusher was updated and ventilatlon systems were

installed_in the plant. The latter study was carried out during the -
l97iV1978voperations, but relied heavrly on, air quality and em1551on data

obtained earlier during that two—year operating period. All studies’

'1ndicated that, for the most part, personal exposures were not 1n excess of

industrial hygiene standards.: Area samples, however, 1nd1cated that the i

potent1a1 for Significant worker exposure to dusts, gases, ‘and - noise do

‘ex1st It is not p0551b1e to predict on the basis of these data ‘what

”dexposures w111 ex1st in an adequately designed and controlled commercial

operatlon.

" The data compiled in this- industrial hygiene ‘section are- divided into

; hree subsections. 6.2. 2, Dust, 6.2.3, Gases and Vapors, 6. 2 4, Noise. When-

_Yever poss1b1e,. the data compiled in these" subsections are compared With data

compiled in Part II, Air Quality.

e . . G AP R o o
" Because an”oil“shale facility-is~essentially'a large-scale materials:

handling plant - from mining to crushing to screening and storage to retorting

. to shale disposal - dust presents the most serlous industrial hygiene problem.

" Total and respirable dust have been measured in the mine area (see Table 6.2.1),

in the crushing area (see Table 6.2, 2),in the retort are (see Table 6 2 3)

and in the shale disposal area’ (see Table 6 2. 4) Samples were ‘not taken’
concurrently and. values obtained at a specific 1ocation would show wide
variations with time.’ Total ‘and respirable dust values'are both time and site
specific and therefore,cannot,be compared directly. Many of these’ data repre-

sent samples obtained near fugitive emission sources (such as the bin area,
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Table 6.2.2; and top seal, Table 6.2.3) in locations where none of the work
foxce spepd time duripg normal 6peratidns. For the most part, both the A
‘maximum andAaverage:concentrations listed in Tables 6.2.1-6.274 represent
higher values than those obtained by other researchers and listed in Part II,
Air Quality. The values observed foi_industrial hygieneisamplihg‘are‘higher
than area samples because the industrial hygiane Samples were»ofteh obtained

in close proximity to the sources of contamination.

Particle size information was obtained on dhsts collected at various
operations-at.tﬁe,AnviI;Eoints faciiity; These data, obtained by cascade
impaétors, are presénted in Table 6.2.5. Mass median. aerodynamlc dlameteré
(MMAD), ranging from 2.2 um to 7.3 um, would 1nd1cate that a large portlon of
these dusts would be classified as resplrabla. VPartlcle size data, complled
in Part II, Air Quality, and obtained from several 1nvest1gators, show more
scatter, ranging from less than 1 um to greater than 20 um.

The dusté produced during oii shale operations pose‘sevéral problems in
the area of industrial hygiene. First, the levels are high enough to éause
sihpiy a nuisance and general discomfort to the worker. Secondly, the dusts
contain alkaline carbohate minarals and free silica which can cause‘serious
health problems. Finally;’the dusts contain orgapics.' Benzene extractable
portions of dust ranged from 0.2 to 2.6 wts (sae Table 6.2.6). Although this.

_benzene extractable ﬁaterial can contain condensed polynuclear compounds,
biological availability from the solid material is quite limited. Inhalation
tests of raw and ;étorted shale have not indicated induction of.canceré of the
lung in test animals. Handling the shale does'not appear to represent a
significant skin risk. Data compiled in Part I, Process Characterization,
~show that mean concentration of benzo(a)pyrene, a commonly measured poly-

-nuclear carcinogen, is only 0.002 ppm in Paraho direct mode retorted shale.

These data, although not indicating any serious industrialvhygiene
problems associated with the small-scale Paraho research operatidn do indi-
cate the need for future studies to adequately assess the. requ1rements for
. future control measures and worker protection when scaling up to commerc1a1- ‘

sized operatlons.
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6,2.3, Gases and Vapors

Fugitive emiSSions measured at sources do exceed standard levels.bu

| However, various measurements by several investigators have not followed a
‘standard industrial hygiene plan, so it is not pos51b1e to relate these values
to worker exposure. Commercial scale operations will require wall—deSigned
;'equipment and operation and a. well-planned industrial hygiene program to- aVold

potential health and safety problems.ﬂ'

B Concentrations of gases and vapors ‘were measured in the mine area,
l(GarCia and Schulte, 1979)(see Table 6.2.7). These data, compiled in Part II1,
Air Quality, similarly, were not obtained in a pattern that would be repre-
sentative of worker exposure._ They are not based on 8-hour workday time

weighted _averages, These data show. carbon monox1de, less than 20 ppm.

L total hydrocarbons, 0-16 ppm, nitrogen oxides, below detection limits,

ammonia, cyanide formaldehyde, sulfur dioxide, and hydrogen sulfide only

" traces. Oxygen  levels. were normal (20 8%). Immediately after blasting, the
concentrations of most gases increased. carbon monoxide rose to 100 ppm;
-nitrogen oxides increased to 20 ppm; total hydrocarbons to 120 ppm.. These
data do not show any serious occupational exposure. These were confirmed by
‘nitrogen oxide dosimeters worn‘for 2-1/2 hours by miners during drilling ‘

- operations; concentrations were 1.0 ppm or less.

Gas and vapor concentrations have been‘measured at various locations in
' the retort area (Rudnick, Garcia, Voelz, and Schulte, 1980). These data are
presented in Table 6.2.8. Most of these data represent fugitive emissions
assoc1ated ‘with the- equipment used with the earlier Anvil. Points research
,.operations and are not indicative of planned commerCial operations.‘ Many were
"obtained in locations where none of the work force spent time during normal -

.'operations. Some of the concentrations (ammonia in thermal. oxidizer effluent,:

. Table 6. 2 8) exceed the concentrations normally found in recycle gas.

During the earlier industrial hygiene survey (Holland, 1976), various
fgas and particulate concentrations were measured in speCific work areas. '

.'These data are presented in Table 6.2.9. Also presented in Table 6.2.9 are
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the analytical procedure, the 8~hour TWA and the TLV. The bigh levels

' A(exceedlng the TLV) of dust and lead found in one weld;ng locatlon has been .

—_—

corrected by 1mproved ventilation. None of the other gaseous concentratlons \ )

exceed the TLV standards."
,>”6,2.4.'NOise

Noise 1evels, though representlng a 51gn1f1cant portion of any

1ndustr1a1 hyglene program, were not measured during the Anv11 Polnts research

i Voperatlons. High noise levels in the’ mlne were mitlgated by personnel worklng

- for the most part in closed cabs. Ear muffs were prov1ded to miners and
workers at the crushlng operatlons. Both operatlons present hlgh noise

levels. In a commer01al operation, workers exposure to. noise could be
controlled by equlpment de51gn, the use of baffles, and protectlve equlpment
for the workers. A quantitative assessment of noise 1eVels w111 be needed for

a well-de51gned 1ndustr1a1 hyglene program.'
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“TABLE 6.2.1

Dust Concentrations - Mine Area ;7;

Concentration (mg/m )

R . ____'motal Dust Resp. Dust
Operation - o No. Max. Avg. Other No. Max.,'Ang_vOther
Drilling 7 sl 147 3 146 9.8 2.
‘Loading 2 7.0 6.8 5.0 —=m=  ====3.0,1.0
o . , 3.7 :
Mucking 1 e—em 1401 cmmm m=== 0.6
Rock Bolting 1 === -12.6 ——ee - 0.6
_ General Mine Area . 2 14.6 . 9.2 2 0.3 O;i
 Mihe Entrance (before blast) 1 ~=—=- 1.9 1 --—- 3.1
' Mine Entrance (after blast) . 1 -—-- 9.7 ===~ 3.4 0.8
Travelvon‘Mine Road 1  -—- 12.6. L mm—— ————
- Drilling (Personal Sampler) S 2 11.2 8.7 2 3.2 2.6

4 Hrs. Exp.

Note: Max., avg. from (Rudnick, et al, 1980); other from (Holland, 1976), and

(Volkwein and Flink, 1977) .-

. ‘Mass median aerodynamic diameter (MMAD) 2.2 um.

Geometric standard deviation (' g) 3.5.
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. TABLE 6.2.2

Dust Concentrations - Crushing Area

RAVA;M‘,-“  ;’—' ' Lo Concentration (mg/m3)

e RSN - °___Total Dust
Operation S LT No. - Max. Avg.
At Primary Crusher- 2 33.6 18.0
‘- At Secondary Crusher '1, — 4.7
At TertiaryvCrushe} 27 47.2  28.1
: Vcrushég - Retort Area 1 ~--- 0.8
f Crusher,- End Conveyor ‘1_ ———— 45.2
" Bin Axeé - Dufiﬁé Screening 1 ~--- 1180.0

Note: data from (Rudnick et al, 1980).

’

Particle size of dust:

Primary Crusher 3-9 um
Secondary Crusher - 6-8

Tertiary Crusher 3

6.2.6

-Resp. Dust
No. Max. - Avg.
2 6.5 4.2
2 20.0 10.4
2 1.0 8.3
i = 5.2

Total Dust Conc.

11 mg/m3
22 '
36



TABLE 6.2.3..

'gl,Duét Concentrations - Retort Area

No. of

Concentration (mg/ms)

Total Dust

Max. Avg.

OEeratidn' » : 7 samples

rop seal oS 7
Bottbmiséal'ff‘ - o
Retort; Ground Level
Middle ‘Distributor
Bpttdm'Distributor
Bottom Conveyor
Outside Landings

kAﬁ-Thermal.Oxidizei ‘
Retort Operatoi.(Pers.)

T N i o

Pilot Plant Retort, lst Level

(Pers.) B A
Pilot Plant Middle Distrib. . = 1

Tpersa .

90.8 41.5
54.0 17.3
12.0 8.0
28.6 - 14.6
-——- 59.2
— 7.4
2.7 1.3
—— 1.
——— 1.7
—=== 1045

R

%+ No detectable dust in the single sample collected.

f.Note: Data from (Rudnick et al, 1980).

602.7"

Resp. Dust
Max. Avg.
15.6 8.7
4.5 - 1.8
4.4 2.5
4.2 1.5
——— ND*
1.8 0.8
—— ‘0.9
—_—— 0.4
-— 1.2

1.1



TABLE 6.2.4

Dust Concentrations - Shale Disposal Area , : &_

Concentration (hg/m3)

L No. of Total Dust - . Resp. Dust
- Operation ’ ~ Samples Max. Avg. Max. . -Avg. .

At Retorted Shale Pile ' 6 18.6 7.3 7.2 3.2
‘Over Retorted Shale ConVeYOI . 3 "640* 10.0 16.7 14.1

* Sample was taken at ground level of retorted shale Pile near the location
where the retorted shale falls from the conveyor to the plles. This area
has a heavy, localized concentration of dust. This sample is not included
in the "average".

Note: Data from (Rudnick et al, 1980).
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TABLE 6.2.5

‘,_Particle Size Data

Lbcafion B |
Mine. . . . . . 3.5
)\Ptimaxy Cruéhér : - _4.0. Ny
Inside Bins ‘ 4.4  '
Retort,rTOPVSeal e ,:: o 3.67
' Retort, Bottom Seal = 2,7
3v Retorted Shale Area ._ 2.2

MMAD - mass median aerodynamic diameter

'¢'g =~ geometric standard deviation

Note: Data from (Rudnick et al, 1980).

.6.2.9
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TABLE 6.2.6

' Benzene Extractable Data

Sample' Source

Air sample, Outside Retort Top Seal

Air Sample, at Auger Cdnveyor, Retorted Shale Pile
- Bulk Sampié, Retort Baghouse Fines

Settled Dust, Near Bottom Retort Seal

Settled Duét, Product Shale Convéyor, Top of Retort
Raw Product ShaleASample.

Retorted Shale Sample

Note: Data from (Rudnick et al, 1980). -

6.2.10

Per Cent
Extractable

by Benzene

2.6 -
0.4
0.3
0.8
1.6
1.4
0.2



'TABLE 6.2.7

- Gases and Vapors - Mine Area

Constituent o o : .NorméI'Opeiations S AftervBlést
Carbon Monoxide, ppm ) T . <20 . 100
Total Hydrocarbons. Ppm : . R ' 0-16 IR . 120

Nitrogeh Oxides, ppm S : S ND . _ 20

Ammonia, ppm - ' ' ' _ Trace . -
Cyanidé, ppm . . ' : : .‘ Trace : ;. . S -
FormaldéhYde,.ébm _ 7 : | v Trace o -
Sulfur Dioxide}?ppm I - Trace i.i"._ -
Hydrogen Sulfide R Trace - . -
10xy§en; vols f o “ _‘f N ‘v 20.8 | . ?, 20.8

Note: Data from (Garcia and Schulte, 1979) and (Holland, 1976).
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Location

Retoxt,
Retort,
Retort,
Retort,
Retort,
- Retort,
Retort,
Retort,

Recycle

¢t ¢-9

Top Seal

Bottom Seal
Ground Level
Bottom Distributor
Middle Distributor
Top Distributor
Off-Gas Collector

.Thermal Oxidizer

Gas Blower

Blower Area

Retorted Shale Conveyor

Retorted Shale Piles.

Gas and Vapor Concentrations - Retort Area

TABLE 6.2.8

Hydrocarbon
100~-400

0.7, 0.2

100

9.0, 3.0, 0.2
3.0, 0.2

4.5, 4.0 <25
10-50

N.D., 0.6,
<25 ppm

80-170
200-5000

N.D.

Contaminant Concentrations (ppm)

co

25

N.D.

———

200
20-700

15-25
10
12

N.D.

NH3

—

N.D.
0.1

N.D.

4-6%

40, >30

-

a Single sample, result highly unlikely, unknown interferences, maybe amines.

b None

detectable.

Note: Data from (Rudnick et al, 1980).

O

et b ] A A oy

HS S0, ©CS, 4o  memo O5 €O,
20 N.D. =—-== 8 2 N.D. 1000
N.D. N.D. N.D. N.D. N.D. N.D, ===
N.D. N.D. === N.D. =-== N.D. ----
N.D. >35 =—-== 60

10-20 N.D. 5 5-15 10-15 N.D. 5000
N.D. N.D. ==== N.D. === —mm=  ———



Area

Mine-

- Control Room

Weld Shop

Laboratory
Sampling .

Note: Data from (Holland, 1976)

‘cd

Cro

TABLE 6.2.9

. Gases, Vapors and Particulates - General

Constituent

o,

NO

~ Formaldehyde

802
Co

0_ + NO
NO, .

-+ H 80, ¢

2774

Alkanes (<C8)

Aromatics(<C1l2)

F?zos

Mn

3
Zn

Pb
Ni

Co
,co’

2

- NH
-3

PVC Fiiter

'PVC Filter
- PVC Filter
. PVC Filter

Procedure

Solid Absorber
Solid Absorber.
© Solid Absorber
Solid Absorber

Det. Tube
Det. Tube
Det. Tube
Det. Tube

Charcoal Tube
_Cafcoal Tube -

PVC Filter
PVC Filter
PVC Filter

Det. Tube
Det. Tube
"Det. Tube

6.2.13

Conc.
0.3 ppm
1.6 ppm
< 2 ppm

- < 2 ppm

0.4 ppm
0.4 ppm

- < 5 ppm

5 ppm

.0.27 mg/m3

0.26 ppm '

0.30 ppm

10 mg/m3

0.8 mg/m3

0.b2'mg/m3

< 1 ppm
0.04%

'zppm.

8-hr TWA

<Q;OO4'mg/m33<0.003 mg/m3
0.6 mg/m3_
1 <0.02 mg/m>  <0.01 mg/m
' 7'0.04 mg/m3‘_0.03'mg/m-

TLV
- 0.3 ppm C5 ppm
‘l;s'ppm - 25 ppm
< 2 ppm Cc2 ppm
< 2ppm . C2 ppm
\ - c5 ppm
- 5 ppm
- 50 ppm
O.é? ﬁlg/m3 1l mg/m3
- 0.26 ppm  ~ 500 ppm
_9730 ppm  ~ 100 ppm
6.7 mg/m3 10 mg/m3
Co0.1 mg/m3
0.4 _mg/m3 c5 mé/m3
/i 0.1 mg/m3
3 5 mg/m3
0.5 mé/m3 0.15 mg/m3
0.01 mg/m3 1 mg/m3
; SO ppm
- 0.5%
- 25 ‘ppm




6.3 SAFETY

There were no detailed safety studies made during the Paraho research

- operations at Anvii Points. Routine inspectioﬁs were made at the Anﬁil
Points.faéility by Colorado Bureau of Mines and/or MSHA personnel. As part

of the opcupatidnai history, during the medical examinations (Rudnick et al,
'1980) , employees were asked about ény lost;time injuries they incurred dﬁring

' .thelpreviouS'lz mdnths. Among the 87'employeeé evaluated, there were 7
-lost-time accidenﬁs‘resultihg from éccidentallphysical trauma. Although the
operations and eqﬁipment are hot'representétive of future commercial operati&ns;
these fihdingé indicate the impbrtancé‘of occupational traumatic injury as a

safety factor in the oil shale industry.
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6.4 : MEDICAT,

\aJ V'. Although the Paraho operatlons ‘did not constltute a large work force

that would provide a statlstlcally reliable sample, a: comprehen91ve medical

evaluation of Paraho _employees was made during ‘August, 1978 (Rudnlck et al,

© 1979, 1980).

L]

Q.

Q'°V;PhysicaluExaminationl.a

o
(]

o

Medical History

These - evaluatlons concisted of:

Occupational HiStoryfx; C

Accident History: -

'Laboratorytand X-ray

Special Studies .

Epidemiologic Record

Of the 92 employees, 95% volunteered to_participate in the study. In order to

~analyze the results, the work force was divided into three:groups: Group I,

highest‘exposed (mining} crushing, retorting, maintenance); Group II, less .

exposed (remalnlng plant employees), ‘Group ‘III, minimally exposed (adminis-

trative and- office- employees)

A summary ~of the results ‘are complled in: Table 6. 4 1. Most skin

problems were associated with the group having lowest- exposure “(Group III)

which probably reflects the 11 12 year older mean age of this group. ~No skin

'cancer was detected.

Pulmonary problems existed in. all: three groups and does

not appear to be related to shale or shale oil exposure. Overall, the employees'

dlseases of long: latent perlods.

?5;4.1v%Pulmonary'Functionf:1 FRANE

,~

‘Were found,to be infgood health with no apparent incidence of chronic or acute
: disease‘attributable to exposure,to'oil,shale’operatiOns;~-These>findings doy
'ifnotrconfirm the earlier oilvshalefoccupationalfhealthfstudy[Which.implicate

skin and pulmonary disorders as areas of primaryaconcern.;fNorado the findings

of the recent evaluation (Rudnick et al, 1979, 1980) take into account

v

Pulmonary problems that were encountered appeared to be largely: related

to cigarette smoking rather than exposure - to shale or . shale 0il. Chest x-rays

- 6.4.1




indicated some members in each group with pulmonary problems associated with
smoking orQIengthy mining careers (uranium, molybdenum, coal). Sputum P

cytology and pulmonary function tests also showed positive correlation with &-

»smoking but not with oil shale exposure.

6.4.2 Body Chemistry E o : - ; e

4 Routine laboratory tests were run on both urine and blood samples. A
total of 25 tests Qere performed on the blood samples. . Results from these.
tests did not provide‘any significant correlation with exposure to _shale or

‘

shale oil.
6.4.3 Skin Disorders

Frequency of skin disorders was greéter in Group III than for the other
Paraho employees. The five disorders (see Table 6.4.1) found‘among the
employees in Groups I and II are not attributable to oil shale exposuré. All
skin disorders were benign. It is worth noting that many of the Paraho ‘
empioyees lived in the region (5,000 ft. and higher elevation) for many years
where they are subjected to higher levels of natural radiation caused by

redﬁced shielding effect of the atmosphere.
6.4.4 Special Tests

The LASL medical personnel who conducted the medical examinations used
the opportunity to evaluate some special medical tests. These special tests,
aryl hydrocarbon hydroxylase (AHH) and the Ames assay may have some usefulness

to detect effects of hydrocarbons.

' The AHH test was measured in cultured lymphocytes from blood samples of
83 employees. The AHH inducibility, expressed as a ratio between AHH dctivity 7
induced = cells/AHH activity noninduced oells,'is presented in Tablés-6.4.2 and
6.4.3 and compared with shale_exposure‘(Groups I - III) and amount of cigafette

smoking. The results are striking - there is no correlation with shale

' exposure; there is a pronounced correlation with smoking.

gif
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A total of 288 Ames tests of urine samples were run on 24 workers using °

morning and evening,samplesvover—a,24fh9ui peried,A Each urine specimenvwas

incubated in the Salmonella typhimurium strain TA98, TAl00, TA1535, and TA1537

.containing medium, with and without Sy, metabolic activation with controls. -
-Results were negative from 21 ind1v1duals. Three individuals, all users of
4tobacco, yielded positive or unexpected results. It is not known why these
vthree 1nd1v1duals yielded positive results.  Based upon these limited data,

o Paraho employees do not appear to be excretlng unexpected amounts of mutagenic

material in their urine..
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‘'TABLE 6.4.1

Summary of Medical Results

‘ o Groug‘I , GrdugnIIf w GrouE'III
Number | 15 a5 | 27
Mean Age (years) S o . 38 - 37 49
Skin Problems {all types) o
Skin Cancer (#t time of examination)
Skin Cancer (past)

Pulmonary Problems (all types)

W O 0O
v e o o a
o W NN O o

Opacities noted on chest X-ray

Note: Data from (Rudnick, et al, 1980).
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 TABLE 6.4.2

,AHH Inducibility vslShale Exposure

,’31, _
12

AHH Inducibility
e Mean
o | 14 ' o 1047

B B , 43 | ’, : 12.6 + 1.0
mro | - 26 AR 14.7 + 1.8
Total = S &3 AV = 12.9 + 0.8

S.D.
‘1.3

I+ H+ I+

I+ |+

Note: Data from (Rudniék-et al, 1980).
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Group

Noné

< 1 pack/day-

1 to < 2 packs/day
> 2 packs/day

Total

. TABLE 6.4.3

i

AHH Inducibility vs Cigarette Smoking

|=2

49
15
11

‘GJI
N

Note: Data from (Rudnick et al, 1980).

6.4.6

AHH Inducibility

Mean
11.4
~13.5
14.9
18.9
Av = 12.9

|+

I+ I+

I+ [ I+

S:E-.
0.9
1.8
2.4
3.8
ﬂp_g

O
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7.1 INTRODUCTION

- ‘hif7.l.1 Background

The'Paraho'operations, carried out at Anvil Points Oil Shale Research
ac11ity near Rifle, cOlorado from 1974 throuqh 1978, produced nearly 110 000

v;barrels of crude shale orl., This oil produceqd during the research operations
~of retorting technology was investigated for several- end uses., These . ‘
'Jincluded direct combustion as boiler fuel, use as a petrochemical feedstock,
-and as a refining feedstock._ More ‘thah 100,000 barrels of crude shale oil was

shipped to refineries for processrng into various military fuels and for use as

a normal. refinery feedstock. These’ military fuels, ‘produced from- Paraho shale

" o0il, have been subjected to detailed characterization testing, performance

testing, and biological testing. o

This section of the Paraho Environmental Data, Part VII, End Use,
discusses the end uses - -of crude shale oil: and the ‘possible health effects

x'assoc1ated with the end use. The following sections of this report deal with

a discuss;on of  the following end uses that have been’ studied., In Chapter 7.2,
the end uses of crude shale 0il in direct combustion as boiler feedstock, as-a

petrochemical feedstock, and in refining to produce dlstillate fuels are:

’ discussed In Chapter 7. 3, material properties, 1ndustrial hygiene, and health

effects of refinery feedstocks, intermediate products, and final. products has

' been reported in detail and compiled in' a small number of symposia proceedings

(see 7 4) or other data reports. An annotated appendix has been included (see

7. 4) to detail the contents of those proceedings and reports. .

7.1.2  Paraho Environmental Data

This report on end use;represents the seventh and final part of’the'4
vcompiled_Paraho'Environmentai‘Data. “The other parts ‘of this compilation are.o

Part I _Process Characterization ' et
Part II . Air Quality '

Part III Water Qualitydi
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Part IV Land Reclamation and Revegetation
Part V Blologlcal Effects
Part VI Occupatlonal Health and Safety

Part I, Process Characterization, discuSses the chemical characteriza—
tion, of the process streams -found -in the Paraho retortlng process. used at
Anv11;Po;nts.; These characterlzatlons were made to assess probable 1mpacts
these streams could.lmpart on environmental and health aspects by v1rtue cf
normal process operations, fugitive emissions, and accidental spllls. Much
effort -has been spent on. the quallty assurance of these process data by the
b.calculatlon of_materlalrbalances,for many species. A discussion of the Paraho

retortingrtechnOIOgyiused;at Anvil Pcints'is,also‘included,in this section.

Part II, Air Quality, discusses the particulate and gaseous'emissions ;
that were found in the various steps in the operatlons carrled out at Anvil
Points.  These steps included: mlnlng, hauling and crushing, retortlng, and

shale.disposal.

 Part III, Water Quality, discusses the effects of the Paraho Anvil
Points operations on water quality. The chemical characterization of water

produced by the process, groundwater and surface water are discussed in this

part.

Parts I, II, and III were published as a single volume in May, 1980

{Heistand, Atwood, Richardson, 1980).

Part IV, Land Reclamation and Revegetation, compiles the data obtained
1n those areas during the Paraho operations at Anvil P01nts. For the most
part, this section deals with the effects of retorted shale disposal on
microbial and plant growth. There were no studles conducted dprlng‘the Anvil
Points operation concerning vertebrates or land disturbance other than |

retorted shale disposal.

Part V, Biological Effects, compiles the toxicity test data obtained

on the products and by-products produced from the Paraho retorting operations

7.1.2
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carried out at Anvil Points. Aléo inéluded in Part V are the results of
biological testing of the end products - particuiarly those obtained from

refining operations,

Part Vi, Occupational Health and Safety, compiles the available

industrial hygiene data obtainediduring the Paraho operation. For the most

pait, fugitive emissions andvfhe‘levels'bf various gaseous and particulate
contaminants are;cdmpiled;and'digcussed'in Part II, Air Quality. Any
ihdustrial hygiene studies dealing with end use - the production and use of

products obtained from Paraho retorting operations - will be discussed in

"this volume, Part VII, End Use.

7.1.3




7.2 ‘END USES
'7.2.1 Direct Combustion

The use of crude shale 011 as fuel in dlrect combustlon to produce steam
‘and electr1ca1 power is an attractlve alternatlve for end uses. Although thls
'Ialternatlve would be con51dered anytlme the economics would warrent it}'it'mey
be most useful during the early development of a commercial oil shale industry.
Since many existing refineries would'require.extensive retro—fitting in order
to be able to process crude shale 011, the end use of shale o0il in dlrect
combustlon would' present an alternatlve use for shale oil produced from the

ploneer plants and would free the oil now used_ln combustlon for other uses.

» The main drawback to the direct combustion of c¢rude shale oil is the
same as that facingidirect”refining*—‘tne high“nitrogen;content. " In the case
of direct combustion, the 2 wts total’ nltrogen would lead to unacceptable

emissions of nltrogen oxides in the stack effluents.

Combustion studies were carried'out byféouthernxéalifornia Edison et'
their nghgrove Generatlng Statlon (CA) u51ng Paraho crude shale 0il (Jones
and Mansour, 1978, see.7.4.2)~ U51ng blends contalnlng 25 wts crude shale 011
and spec1a11y designed burners, it was p0551b1e to meet the strlngent NO,

emission standards' of southern Callfornla w1th no add1t10na1 controls.

- 7.2.2 Petrochemical Feedstocks

Although extens1ve characterlzatlon studles of crude shale 011 have
not been made, preliminary studies 1ndlcate that 1t can be used as a feedstock
o produce petrochemlcals. This end use, 11ke dlrect combustlon, ‘would free
: conventlonal crude 011 and natural gas, currently used as petr0chem1ca1
"feedstocks, for other end uses. The hlgher concentratlons of hetero—atoms,
such as nitrogen, which can cauSe‘problems-w1th dlrect combustion and direct
'refining;'could beathe sourCe‘of'unique*petrochemicai'products;'wMany “
addltlonal, detalled studles ‘are needed to more fully explolt thls end use of

crude shale oil.’




The available information concerning the end uses of Paraho crude shale
011 as a chemical feedstock is based upon research carrled out at’ the du Pont
research laboratories at Wilmington, DE, and reported at the AIChE semlnar
"Feedstock Alternatlve I - New Technologles for the Production of Chemlcal
Feedstocks from Unconventlonal Resources" (Glldden and King, 1980, see 7.4.4).
This .study. focused upon the preparation of 1mportant unsaturates - ethylene,

propylene, and benzene - from crude and hydrotreated shale oil.
7.2.3 Refinery Feedstocks

The use of crude shale oil as a reflnery feedstock, replacing the main
use of the dw1nd11ng world supply of conventional crude oil, represents the
most attractive end use. This use, the productlon of liquid fuels, represents
the main dr1v1ng force behind the development of shale 011 production. Nearly
all of the crude shale 011 produced at Anvil Points u51ng the Paraho retorting
technology was used 1n studles as reflnery feedstocks. In addltlon to
several smaller (10-100 barrel) reflnery studies, there were two major
‘refinery runs -~ one at the refinery at Fruita, Colorado (10;000 barrel) and

one at the refinery at Toledo, Chio (100,000 barrel). The refining studies

will be presented separately under the headings: 10,000 Barrel Refinery Run,

100,000 Barrel Refinery Run, and Miscellaneous Refining Studies.

Crude shale oil has several characteristics which can cause problems
in refining operations. Some of these characteristics are: '

1. High nitrogen and sulfur contents

2. Low hydrogen/carbon ratios

3. Low yields of low boiling materials

- 4. Moderate arsenic and iron contents

5. Suspended ash and water (BS&W). ‘

However, by the proper selection of refining operations and ‘the use of proper

pre-refining procedures, all these problems can be eliminated.

10,000 Barrel Refinery Run. Crude shale o0il, produced during the early
Paraho operations under the privately-funded Paraho 0il Shale Demonstration,

was provided to the U. S. Navy for refining at the small Gary-Western refinery



located at- Fruita, Colorado. Crude shale oil was'shipped by truckifrom Anvil

‘pPoints to the Fruita refinery - a distance of about 80 miles.? Details of the

",refinery run are described in the final, 148-page . report “Production and

‘ Refining of 10, 000 Bbl.. Paraho Crude shale '0il into Military Fuels" (DEI, 1977,
see 7.4.3).

A total of about 9,600 barrels of Paraho crude shale 011 were received -
at the Gary-Western refinery and stored in heated tanks.i The untreated shale
011 was fed . 1nto a guard ‘bed to remove organic iron and arsenic as well as
,traces of ash and solids and then into a. coker/dlstillation unit to produce :
naphtha (see Figure 7.2.1) " Not shown in this simplified 11ne diagram are '
'~the.yarious;recyc1e loops. The products produced in thls run are listed in
'Tabie 7. 2”1;Q The naphtha was passed through a hydrotreater and a catalytic

eformer to produce motor gasoline, hydrotreating, alone, was used -to produce

= Jp-4. The kerosene fractlon was hydrotreated to produce JP -5 and Jet-A.

Shale diesel was ac1d treated to produce an improved quality diesel 0il. No
'upgrading was required to produce fuel . 01l.i These upgrading operations were

carried out sequentially in this refinery run.

The results from this early refinery,run'can be summarized as
follows:, - . e et
L}l,ﬂfyieidsmof:eight1products_metdthe,requirements_of;theicontract.\
» 2. Due to the lack of adequate hydrotreating, high severitygcoking
was. required to maximize -yields of usable fuels.
. 3.  All fuels met initial spec1fications.rﬁqi L AR
‘Z;. Again - due. to the lack of hydrotreating, many of the fuels
o did not meet thermal stability requirements. .
-5... No unusual problems Were noted during the refinery run.» A '
) probe 1n the light. gas 011 tray indicated that corrosion rates
oigwere slightly higher than _normal. ' There was no measurable

.. loss in catalyst activity during the run..

.In order to process crude shala oil more effic;ently, the follow1ng

' recommendations were made:

7.2.3




1. 1Install new facilities (steam stripper, salt drier, clay °
treater) to improve quality and yields of jet fuels. | |

2. InStéll hydrogen plant an§ hydrotreater to improverproduqt
stability. - S : T - V

3. Improve pollution control devices (sulfur plant, MEA plént)‘r

and offsites (rail car loading facilities, tankage, boilers). -

100,000 Barrel Refinery Run. ~Based upon the success ofvthe‘eaﬁlierﬂ”

10,000 barrel refinery run, the Office of Naval Research and the Department
of'Ehergy,'through a series of contracts, requested Paraho to produce, store,
ship and refine 100,000 bairels of crude shale oil. . The production took
Place at Anvil Pointé_during 1977-1978. It Was.this production run that-
prévided the basis of the environmental déta compiied.iﬁ the first three

parts of this Paraho Environmental Data report.

, The crude oil was stored in. tankage at Anvil Points including-éight."
10,000 barrel tanks erected during 1976-1977 for this'purpbse. Nearly 90,000
barrels of shale oil was shipped in jumbo tank cars to the Standard 0il
Company of Ohio (SOHIO) refinery located at Toledo, Ohio.

The results of this refinery run were reported in the formal final
report and in technical presentations included in the proceedings from several

" symposia (see 7.4.3).

Based upon the information obtained during the earlier 10,000 barrel
refinery run and the research pilot run performed at SOHIO's Warrensville

(Ohio) laboratory, a catalytic hydrocracking process was used in the 100,000

barrel refinery run. A simplified:bloék flow diagram is shown in Figure 7.2.2.

A more detailed process fow diagram is shown in Figure 7.2.3. The success of
this larger operatibn was due primarily to hydrotreating which lowered the

' heteroatoms (S,N,0) to about 5% of the concentration found in the crude shale-
©oil. Heavy metals (As,Ni,Fe,V) were also reduced to less than 1% of tﬁe level
found in the crude shale oil. More details conéerning the composition wi11v
be presented in Section 7.3.1, Characteristics. The military’fuels:bfodﬁced
at the Toledo refinery are 1iste& in Table 7.2.2. All producﬁs met the

military specifications normally reéuired for fuels.



Conclusions dravn from the refinery run include:.
, 1.v Proven technology exists to refine crude shale oil into
‘4\=¥F - oo omilitary quality transportation fuels. »" ‘.
B 2. ‘The' finished products produced from shale oil are compat-
-ible W1th and similar to. products produced from conventional -
_crude oil. _ » )
3. Supplementail research tests show that‘high severity hydros'
i’treatingrcould‘eliminate}the‘needrfor acid treating, thusvv’
'imptovihg?yields and'reducing'waste sludge. More‘severe

'7hydrOtreating also improves jet fuel stability.

“'Miscellaneous Reéfining Studies,“iBecause.of the "large number of refining

proceSseS'available‘to proCess crude shale oil into\distillate’fuels and

because of the many energy companies 1nterested in producing these fuels from
lqshale oil, there have been many small-scale refining studies. Results from 2

many of ‘these have not been published in the technical literature nor presented'

oy at technical symp051a.; Reports of three miscellaneous refining studies will

 be presented in this section.3 These are the pilot runs performed before the
dpreviously discussed lO 000 barrel and 100 000 ‘barrel refinery runs. The pilot
" runs established operating conditions for the 10 000 and 100 000 barrel

vrefinery runs and researched various hydrotreating SChemes.r

Pilot refining' studies - ‘were carried out” at" SOHIO's research laboratories
at WarrenSV1lle, ‘Ohio, prior'to the 10,000 barrel and 100,000 barrel large- '
.scale refinery runs. " These pilot research studies examined the properties of
the crude shale 011, selected a refining scheme, established operating
conditions and estlmated the quantities and properties ‘of the products
produced. The properties of the crude shale 011 will be presented- in detail
in Section 7. 3 l, Characterization. The refining schemes have been. discussed :
(see Figs. 7 2. 1—3). For the most part, the operating c0nditions,_y1elds, and

t. product quality estimated in the’ pilot runs were’ met in the refinery runs. A
-_.comparison of- product composition is’ presented in Table 7. 2 3., A limited
_ :comparison of product quality along with the military’ specifications is
. presented’ 1anable 7.2.4. These data show that the pilot study did predict
thefproperties’of‘refinery produCts”and that’the-refinery‘products did meet -




-

military specifications. Acid.treating is an effective means of reducing

nitrogen in jet fuel (JP-5) and -diesel fuel marine (DFM); nearly 100% of the
‘nitrogen was removed from the raw JP-5, 99% of the nitrogen was removed from

- raw DFM,

A more complete listing of these properties.can be  found in the

original papers KRobinson'1979, Cawein_1980, and Winward and Burdett, 1979,
see 7.4.3 and 7.4.5). '

_ " Research studies involving the use of Chevron hydrotreating on Paraho
shale oil indicates that hydrocrackingbcan remove essentially all the sulfur,
nitrogen, oxygen. and heavy metals (Sullivan and Strangeland, 1978, see 7.4.3).

The effect of sulfur and nitrogen removal using a Chevron proprietary catalySt

at hydrogen pressure at 1850 psi at various 11qu1d hourly space veloc1t1es

(LHSV) are illustrated in Table 7.2.5. . Three cases were studled in the

treated shale oil is an ideal refining feedstock.

Sullivan- and Strangeland study (see Figs 7.2.4—6)..

. Case 1, shown in Figure 7.2.4, is a refinery 'in which the
_whole shale oil is hydrotreated and then distilled.- The naphtha
is reformed,  the middle distillate is further hydrotreated, and
a vacuum gas oil fraction is hydrocracked. This refiﬁery scheme
offers the most flexibility and is the preferred scheme, if jet
fuel is an important product.

Case 2, shown in Figure 7.2.5, also uses whole oil Hydro—
treating as the first catalytic step. This is followed by fluid
catalyticecracking as-.the major conversion process. »Again, the
naphtha - from the first-stage hydrotreater is catalytically re-
'formed;»and the middle distillate is furthei hydrotreated. This
processing route is probably the choice for high voluﬁes of high
octane motor gasoline as a major product. '

Case 3, shown in Figure 7.2.6, involves delayed coking
followed by hydrotreating. This refinery is the.least costly
but the least energy efficient in the production of.tfansporta—
tion fuels. It is particularly attractive if the production of

diesel fuel is to be maximized.

The hydrocracked shale oil

~

These. btudles,,representlng preliminary feasibility studies, show that hydro-

v

-



' —

: containS»no residuum, no nitrogen or sulfur, and no heavy metals. It is

éssentially a middle distillate. Additional information chcerning_proceés

conditions, product quality, comparisons with other conversion processes

can bebfound in the original paper (Sullivan and Sttangeland‘1978, see

7.4.3).
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TABLE 7.2.1
PRODUCTS PRODUCED

10,000 Barrel Refinery Run

Motor Gaéoline
P-4 :
gp-5

Jet A

Diesel 0il
Fuel 0Oil

Coke



. TABLE 7.2.2
- PRODUCTS PRODUCED

lO0,000»Barrel Refinery Rug:

: Gasoline-sféck
Jet Fuel (prS)
Jet‘fﬁelﬂ(JP-B)
Diesel Fuel Marine

Heavy Fuel
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COMPARISON OF OVERALL PRODUCT COMPOSITION

C4 ~ 163°C (Gasoline)
163 - 249°C (Jp-5)
249 - 343°C (DFM)

343°C @ Btms

Net H, Cons (L/M3 x 103)

TABLE 7.2.3

100,000 Barrel

Pilot Plant

267.2 - 285.0

7.2.16

Run

10.3%

24.0%

32.5%

33.23%

100.0%

Téledo
‘1l1%
26%
313
_32%
100%

240.5 - 258.3



Product

JpP-5, Raw

Jp-5, Acid
Treat’

Diesel Fuel
Marine, Raw
(DFM)

DFM, Acid
Treated

Heavy Fuél

TABLE 7. 2 4

COMPARISON OF PRODUCT PROPERTIES

100 000 Barrel Refinery Run

‘Test

. Grav:.ty," OAPI z R M N
.Flash, °F .
' Freeze, °F

Nitrogen, Wt%

Distillation, °C
10%
End Paint

Acid No., mgKOH/gm '

Nitrogen, ppm
JFTOT, 260°C
Visual
TDR
- AP, mm Hg -

~ Gravity, °API
Flash, °F
. Pour Point, °F

Nitrogen, Wt%
Distillation, °C

90% :

End Point-

% Residual
Octane No.

Nitrogen, ppm

Gravity, °API

‘Pour Point, °F

Nitrogen, Wt% -
bistillation, °C
End Point

Pilot Refinery Mil. Spec.
41,8 42.7 36-48
69 70 60 min
-84 -89 -83 max
0.32 0.29 -
193 195 205 max
247 249 290" max
nil "~ 0.006 10.015 max
8 0.6 -
< 2 1 3 max
© 10 0 17 max
1 0.5 25 max
33.4 36.8 -
143 72 60 min
—9' . —;8 R - —7Jmax‘.
“0.40 10.32 B
312 294 357 max
331 306 385 max -
1 . 1 3 max
1 50.1 52.5 45 min
90 4 -
30.3 29.6 -
105 80 -
0.33 " 0.44 -
522 540 :

72417




TABLE 7.2.5

" EFFECT OF HYDROTREATING ON SUI;E}JR AND NITROGEN CONCENTRATIONS : ;\;
gggé : Hydrotreated Product
sV - | 0.6 0.6 0.6 0.3 0.2
Temp, °F | - 742 ‘ 744 76;1 766 767
Sulfur, ppm " 6600 145 33 45 - 42 (?)
Nitrogen, ppm 21800 2800 1325 505 30 1.3

Source: Sullivan and Strangeland, 1978.
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~ 7.3 ENVIRONMENTAL/HEALTH INFORMATION
iii) 7.3.1 Characterization

The reflnery feedstock, reflnery 1ntermed1ates, and final products were
characterlzed as part of an extended study by Amerlcan Petroleum Instltute .
(Burdett, 1978; see 7.4. 5).1 The earller ‘studies by Amerlcan Petroleum Instl-
tute characterlzed raw shale, retorted ‘shale, and ‘crude shale oil (Wlnward
and Burdett; see 7 4 5) 7 The materlals examlned for thelr chemical and

phy51cal properties include the follow1ng'ﬁ

‘1. Crude Shaleoil . = " sample No. 4601
2. Hydrotreated Shale:OiI  “ EIR 'Saméle‘No. 4602
3. Weathered Gas Feedstock DR ""'Samplé No;L4603
4. Jp- -5 Precursor SR ‘(‘i"" ?"f 'Seﬁéle No. 4604
5. Jp-8 Precursorv'lvp;;id,"; %“'”:YF:;x' ddSample No. 4605
6. DFM éfecﬁrsar”T‘”” o v>;fw ;jJ:’;ﬁ' M'dSample}No. 4606 -
7. ‘Hydrotreated Re51due (#6 Fuel 011) SR SamplefNo._4607
_ 8.‘HJP—5 Product R S ;ft‘;risahéie“No.i4éO§'
)7 9. JP-8 Product ‘Ad“‘ | '?" . sample No. 4609
iOA _DFM Product o ';4wv ;fv3~ ; ?‘Semple'No; 4610

11. sulfuric Acid Sludge A ' sample No. 4612 -
" (from‘DFM treatment) : SO T - e

Data obtained from these detailed‘characterizetion.studies were designed
to proVide.comparisons%With1coﬁVentiona1 crudeﬂoil"refined~§roducts’and{to.
"assess.potentia‘l,health probi’ems.,., Some -of - the physical properties studied : -
includes i ' : o e

PR ’Refractivetlndex w SR P L ff~”; R
Llre -'Moleculdr weuight » - ’ ' |
° Viscosityl~17f‘\g¥
© . Solvent Fractionisetion'
©.°%+ simulated. Dlstillatlon ¢

Lo iprye’ Boillng Point Dlstlllatlon k

Someﬂof'the thsicalﬁpropertiesfare¥listed in Table 7.3.1.- Organic"
elemental analyses are listed in Table 7.3.2. Trace elements are listed in':

-

-

“7.3.1



Table 7.3.3. Slmulated distillation curves are shown for many of the mate-

rials in Flgure 7.3.1.

In Addition to the foregoing ektensive characterization, polynucléar
7 aromatlc compounds (PNAs) and n1trogen heterocycllcs and amino-aromatics
(N - PNAs) have been measured ‘in many of the shale oil llqulds (Robblns 1980,
and Robblns and Blum 1980, see 7.4.5). Thls work, also under thevdlrectlon,
- of 'the Amerlcan Petroleum Instltute, met these objectlves.
l. To develop a separatlon scheme for the shale 01ls whlch
| would yield an aromatlcs.rlch fraction that could be
analyzed for PNAs by the'GC/UV.procedure.
2. To adapt the GC/UV procedure for specific N-PNAs
(carbazole, acrldlne and their benzo analogs).‘
3. 'To apply the GC/UV procedure for spec1f1c N-PNAs to a
N-rich fractlon isolated in the separation scheme.
4. To qualitatively characterize other N-heterocyclics in
the isolated fractions. | v |
The separation scheme developed for these materials is shown inLFignre 7.3.2.
The GC/UV procedure, used to detect the PNAs and N-PNAs, produced valid results.
Validity was assured by examining residues with low voltage, high resolution
mass spectrometry (LV/HR/MS). Results obtained for PNAs in shale oil‘liquids
are shown in Table 7.3.4. Concentrations of nitrogen analogs are listed in

Table 7.3.5 (N-PNAs) .and Table 7.3.6 (alkyl N-PNAs).

. Additional characterizations of shale oil liquids have been performed
at Oak Ridge National Laboratory (Griest, et al, 198l1). Boiling point
properties are listed in Table 7.3.7. The chemical class fractionation data
for shale 0il liquids is found in Table 7.3.8. Benzo(a)pyrene has been
' measured in some crude, process and refined shale oil liquids (Table 7.3.9).

Concentrations of n-Paraffins are found :in. Table. 7.3.10.

These studies have shown that the chemical composition‘and physical

- properties of refindd shale oil products compare favorably with’conventional
refined petroleum products. The close comparison of the two types of refined
products indicates that the related health hazards would not differ signifi-

.

cantly.
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7.3.2 Industrial Hygiene

-The industrial hygiene studies performed on shale oil and its end

products were not available for review.

7.3.3 Biological Testing

There'has been cohsiderable biological testihg performed on-crude shale
0il, hydrotreated shale»bil, and shale oil product5¢” This information is

found in Part V,‘Bioiogical Effects. The biological tests and publication

‘references for crude shale oil, hydrotreated shale oil, jet fuels, and diesel

‘fuel marine are listed in Table$ 7.3.11, 7.3.12,°7.3.13, and 7.3.14.

7.3.3
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Bottom Sediment and
Water (ASTM D-96), vol.%

Density (ASTM D-1481)
@60°F, gm/ml

Moledular_Weight (Cxyoscopic)
Pour Point (ASTM D-97), °F

Refractive Index (Abbe)
@67°C

Viscosity (ASTM D~-445),
. ¢St @40°C

Viscosity (ASTM D-445),
. ¢St @100°C

TABLE 7.3.1

Physical Properties of Shale Oil Liquids

Crude Shale

. 0il
4601

0.1

0.9290
310

485
too dark
40.79

5.359

Weathered -

Hydrotreated

Shale 0il.. .  Gas Feedstock
4602 4603
0.2 -
0.8610 0.7620

245 -

+85: -
1.46 1.4052
6.329 -
2.004 -

JP-5 Jp-8
Precursor Precursor
4604 4605
< 0.05 < 0.05

0.8063 0.8101

160 160

< -60 -60
1.4293 1.4313
1.271 1.336
0.679 0.694




Le°L

Bottom Sedlment and

~ Water (ASTM D~ 96), vol.%

Density (ASTM D-1481)
@60°F, gm/ml -

Molecular Weight‘(cryoéébpic)

~

Pour P01nt (ASTM D-97),‘°F o

,Refractive Index (Abbe)

@67°C

VlSCOSltY (ASTM D—445)r

" oSt -@40°C

. Viscosity: (ASTM D—445)f o
cSt @100°C

. TABLE

DFM

" 'Precursor -
4606

< 0.05

0.8409
204

-5

1.4448

2.678

1.113

S

7.3.1 (Cont'd)

Hydrotreated
Residue
4607

0.5

0.8880
300
+95

1.4749

© 9.068 @L40°F

‘too waxy

3.727

JpP=5
Product

4608

0.05

0.8068

167

=60

1.4299

1.352

0.706

JP-8
Product

4609

< 0.05

0.8036

156

1.4283°

1.299

'0.687

DFM
Product
4610

< 0.05

0.8342

201

1.4471
2.599

1.101




TETL

Carbon, Wt.%
Hydrogen, Wt.%
Nit¥ogen, ppm
Oxygen, ppm

Sulfur, ppm

O

S

TABLE 7.3.2

Organic Elemental Analysis of Shale 0il Liquid

Crude Shale
0il
4601
84.9

11.5

. 2.20 wt.% (M-H)

1.05 wt.%

0.70 wt.% (XRF)

Hydrotreated Weathered
Shale 0Oil Gas Stock
4602 . ' 4603
86.6 ' 85.7
13.1 14.3
3300 (M-H) 890 (MC)
260 80 -

3 (HA) 3 (HA)

JP-5

Precursor
4604

85.8

13.6

3000 (M~-H)

200

.4 (HA)

Jp-8
Precursor

4605

85.3

13.6

- 3600 (M-H)

270

1 (HA)

. DFM
Precursor -
4606 -
86.5
13.2
3600 (M-H)
310

7«6 (HA)
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‘Hydrbtreated

Residue -

4607 .

Carbon; Wt.% - 87.1

Hydrogen, We.s - 12.9 ﬁ

Nitrogen, ppm: .

Oxygen, ppm 330

Sulfur, ppm .. 5 (HA) |

IF.:
MC: -
: MTH,
XRF:

ToRRN

4

-, Houston Atlas v
. Induction Furnace -

- . Microcoulometric
" Mettler-Heraeus
. X=-Ray Fluorescence

4600 (M-H)

TABLE 7.3.2 (Cont'd)

- Jp-5
Product -

4608

86.2

13.8

~

0.5 (C)

1100.

15 (HA)

Jp-8 -

Product e

4609

' 86.2

13.8
22 MC)
90

.6 (HA)

~

DFM

- ‘Product

4610
86.6
13.4

15 . (MC)

80"

7¥(HA)

Acid -
Sludge
4612

1.85 wt.s (M-H) .

16.2 wt.% (IF) -
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Aluminum, ppm
Antimony, ppm (XRF)
Arsenic, ppm (XRF)
Beryllium, ppm (AA)
Cadmium, ppm (AA)
"Calcium, ppm

. Chlorine, ppm (XRF).

Chromium, ppm
Cobalt, ppm (FE)
Copper, ppm (AR)
Iron, ppm (FE)
Lead, ppm
Magnesium, ppm
Manganese, ppm
Mercury, ppm (XRF)
Molybdenum, ppm
Nickel, ppm
Selenium, ppm. (XRF)
Silicon, ppm
Silver, ppm
Sodium, ppm (FE)
Strontium, ppm
Thallium, ppm (XRF)
Tin, ppm

Titanium, ppm (XRF)

‘Vanadium, ppm
Zinc, ppm (AA)

C

TABLE 7.3.3

Trace Element Analysis of Shale 0il Liquids

Crude Shale
0il
4601

1.5 (FE)
ND (<3)
29
ND (<0.005)
0.010
3.8 (FE)
ND (<2)
0.036 (FE)
1.0
0.035
57
0.06 (FE)
2.1 (AR)
0.092 (FE)
ND (<2)
0.07 (FE)
3.2 (FE)
ND (<0.5)
7.4 (A7) .
ND (<0.01) (FE)
1.1

0.034 (FE)
ND (<6)
<0.5 (AA)
<0.4
0.28 (FE)
1.7

- Hydrotreated

Shale 0il
4602

0.040 (FE)

ND(<3)

<0.5

<0.005

ND (<0.005)
0.052 (FE)

ND(<2)
0.010 (FE)

ND(<0.03)
0.030
0.24

ND (<0.05) (FE)
0.002 (aAn)

<0.005 (FE)

‘ND(<2)

ND(<0.02) (FE)
<0.05 (FE)
ND(<0.6)
<0.3 (An)
<0.01 (FE)
0.15
0.003 (FE)
ND (<6)
<0.5 (AAn)
ND(<0.4)
<0.03 (FE)
0.064 '

Weathered
Gas Feedstock
4603

0.031 (NAA)

ND (<3)
ND(<0.5)

<0.01

<0.03
ND (<0.6) (NAA)
ND (<2) L
ND(<£0.1) (NAA)

<0.07

<0.03

<0.01

.<0.07 (AA
ND (<5.3) (NAA)

© <0.03 (AA)
ND{(<2) T
ND (£0.032) (N2aA)
ND (<1.7) (NAA)
ND (<0.5)
ND (£7.0)

<0.03 (AA)

. 0.08 .
ND (£0.8) (NAA)
ND(<6)
ND{£1.5) (NAA)
ND (<0.4)
ND (<0.0008) (NAA)
. <0.03

Jp-5
Precursor
4604

- 0.081 (NAA)
ND (<3)

<0.5

<0.01

<0.02
ND (<0.6) (NAA)
ND(<2)

' ND(<0.16) (NAA)

<0.01
<0.02 -
0.5
. <0.06 (AA)
ND (<5.3) (NAA)
<0.02 (AA)
ND(<2) j
ND (<0.042) (NAA)
ND(£1.6) (NAA)
ND (<0.5)
ND (<18) (NAA)
<0.02 (AA)
0.05
ND (£0.97) (NAR)

'ND(<6)

ND(£1.5) (NAA)

ND(<0.4)

ND (£0.0008) (NAA)
<0.02

)

i ol
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‘Aluminum, ppm
‘Antlmony, ppm (XRF)

Arsenic, ppm (XRF)
Berylllum. ppm- (AA) -
Cadmium, ppm (AA)
Calc1um, ppm
Chlorlne, ppm (XRF)
Chromlum, ppm

Cobalt, PPm (FE) -

Copper,:ppm (AA)
Iron, ppm (FE)
Lead, ppm
Magne51um, ppm
Manganese, ppm -
Mercury,, ppm (XRF)

-Molybdenum, ppm

Nlckel, ppm- .
Selenlum, ppm (XRF)
slllcon, ppm
Silver, ppm

Sodium, ppm (FE) |

Strontium, ppm

-Thalllum, ppm (XRF)
Tin, ppm

T1tan1um, ppm (XRF)
Vanadlum, ppm
Zinc, ppm (AA)'

Jp-8
Precursor
‘4605

o 045 (NAA)
(<3) '
' <o,01°
<0.02
ND(£0.6) (NRA)
SRR
ND(£0.11) (NAA)
.<0.04
. <0.02
1.5

.. <0.06 (AR)
ND(£5.3) (NAA)

<0.02 (AA)-

ND(<2)

ND(£0.028) (NAA)

- ND(£2.7) (NAA)-

ND(<0.5)
ND(<£10) (NAA) . -
<0.02 (A7)

0.01.

" ND(<0.74) (NAA)

ND(<6) -
ND(<1. .8) (NAA)
ND(<0.4)

ND (<0;0008) (NAA)

 <0.02;

TABLE 7.3.3 (Cont'd)

DFM ‘
Precursor ‘
4606

0. 041 (NAA)
ND(<3) - o
- ..<0.5
'<0.01
. <0.02
 ND(£0.6) (NAA)
" ND(<2) '
"~ ND(<0. 074)(NAA)
. <0.02
% <0.02
'£0.01 ..
<0.06 (AR)
’.ND(_5 3)(NAA)
<0.02 (An)
ND (<2)
ND (£0.024) (NAR)
' ND(£2.5) (NAA)
'ND(<0.5)
"ND (£9.3) (NAA)
"<0.02" (AR)
“0.11
ND(£0. 56) (NAA)
ND (<6)
ND(<1.4) (NAA)
ND(<0.4)

<0.02

ND (£0.0008) (NAA)

‘HydroﬁreAted

Re51due
4607 )

0.055 (FE)

NDA<3)
© <0.005 -

<0.005 "

0.26 (FE).
" 'ND(<2)
£ 0.010 (FE).

<0.03
©0.023
0.41

. <0.05 (FE). = _
0.052 (An),
~0.004" (FE) -
'ND(<2) ,p
| <0.02 (FE)
©<0.05 (FE)"
ND (£0.5) *

0.35 (AA)

<0.01 (FE)

0. 11

0.004 (FE)

ND (<6)
<0.5 (aA)

 ND(<0.4) -

.<0.03 (FE)
0.28 '

Jp-5
Product
4608

0.048 (NAA)
ND (<3) '
0.5
'<0.01
<0.02
ND (<0. 6) (NAR)"

'ND(<2)

ND(<0. 094)(NAA)
<0.04

1 <0.02
<0.01
<0.06 (A7)

ND(<5.3) (NAA)

<0.02 (An)

 ND(<2)"

ND(<0.031) (NAA)

ND(£3.9).(NAA)

ND (<0.5)

ND(£10) (NAA)
<0.02 (AA)
0.14

ND{<0'94)(NAA)

ND (<6)
ND(<0. 93)(NAA)

‘ND(<0.4)

ND(£0.0008) (NAA)
<0.02°




ZI'C'L

Aluminum, ppm
Antimony, ppm (XRF)
Arsenic, ppm (XRF)
Beryllium, ppm (AA)
Cadmium, ppm (AA)
Calcium, ppm
Chlorine, ppm (XRF)
Chromium, ppm
Cobalt, ppm (FE)
Copper, ppm (BA)
Iron, ppm (FE)
Lead, ppm
Magnesium, ppm
Manganese, ppm
Mercury, ppm (XRF)
Molybdenum, ppm
Nickel, ppm
Selenium, ppm (XRF)
Silicon, ppm
Silver, ppm

. Sodium, ppm (FE)

Strontium,  ppm
Thallium, ppm (XRF)
Tin, ppm

Titanium, ppm (XRF)
Vanadium, ppm
Zinc, ppm: (ARD)

AA = Atomic Absorption

Flame Emission

Neutron Activation Analysis
XRF = X-Ray Fluorescence

FE -
NAA

)

8

P e ———

Jp-8
Product
4609

0.056 (NAA)

ND(<3)
ND (<0.5)

<0.01

<0.02 '
ND(£0.6) {NAA)
ND(<2)
ND (<0.068) (NAA)

<0.06

<0.02

<0.01

<0.06 .(ARA)
ND(£5.3) (NAA)
- <0.02 (AA)
ND(<2) .
ND(<0.024) (NAA)
ND (£1.6) (NAA)
ND (<0.5)
ND (<£13) (NAA)

<0.02 (AR)

0.06

ND (£0.58) (NAA)

-ND(<6)

ND (£0.87) (NAA)

ND(<0.4)

ND (£0.0008) (NAA)
<0.02

TABLE 7.3.3 {Cont'd)

DFM
"Product
4610

0.047 (NAA)
ND (<3)
ND(<0.5)
<0.01
<0.02 )
ND(<0.6) (NAA)
ND(<2)
ND (<0.047) (NAA)
<0.06
<0.02
. <0.01
<0.06 (AA)
ND(<5.3) (NAA)
<0.02 (AA)
ND (<2)
ND (<0.019) (NAA)
ND(£2.4) (NAA)
ND (<0.5)
ND (<10} (NAA)
<0.02 (AK)
0.16
ND (<0.75) (NAA)
ND (<6) '
ND (£0.57) (NAA)
ND(<0.4)
ND (<0.0008) (NAR)
<0.02 :

Acid
Sludge
. 4612

2.2 mg/1 (FE)

ND(<0.5 mg/1)
0.7 mg/1
1.6 mg/1l (FE)
0.3 mg/1 (FE)
ND(<0.2 mg/1)
3.0 mg/1
54 mg/l
3.5 mg/1l (FE)
0.65 mg/1 (AA)
0.54 mg/1 (FE)

" ND(<0.02 mg/1) (FE)

<0.1 mg/l (FE)

<2 mg/1 (AA)
<0.5 mg/1 (FE)
- 4.3'mg/1
<0.03 mg/l (FE)

<10 'mg/1 (AA)
0.72 mg/l. (FE)
2.3 mg/1




= i ' TABLE 7.3.4 . o : ‘ (»

" pNA Measured by GC/UV in Paraho Shale Liquids

ETEL

Analyzed by Metho§ A, all others analyzed by Method B. -

"4601.3 4602.3a : -4607.3 - 4606.3" . 4610
Crude Shale Hydrotreated Hydrotreated DFM DFM

0il ~~ _shale 0il Residue " Precursor ~ Product
ug/g ug/g . uwg/g ug/g . ug/g
Fluorene <29 .28 - 14 208 124
Phenanthrehe - 77 133 - 124 - 193 281
Anthracene - 11 ‘ <10 <10 <10 <10
NFluoranthene “ 4.7 23 - 109 <0.5 <1
Pyrene . 2.6 146 287 <0.5 <1
Benz(a)anthracene 9 12 .10 <0.5 <1
Chyrsene - <4.6 16 16 ' <0.5 <1
Triphenyléne <6.5 2.0 1.7 <0.5 <1
Me-B(a)A <4.6 23 58 <0.5 <1
DMe/Et—B(a)A - 4.6 5.0 . 48 <0.5 <1l
Benzo(g,h,l)fluoranthene <10 - ©125 276 <0.5- <1
Benzo (b) fluoranthene <10 3.8 <12 <0.5 <1
Benzo (j) fluoranthene <10 <5.1 <1l <0.5 <1
Benzo (k) £luoranthene <1.5 1.0 1.6 <0.5 <1
Perylene o <1.1 2.5 3.7 <0.5 <1
Benzo (e)pyrene - <5.5 40 54 1 <0.5 <1
Benzo (a)pyrene 2.0 10 14 <0.5 <1

Methyl B(e)P <1.7 44 39 <0.5 <1
 Methyl B{a)P - <5.7 12 11 : <0.5 <1
1,2,3 Indeno(c,d)pyrene. <0.9 0.5 <1.1 1 <0.5 <1
leenz(a,h)anthracene : <3.2 1.1 <3.9 <0.5 <1l
_ Benzo(g,h, i)perylene ' 5.0 - 77 83 - <0.5 <1

Coronene : <1.7 - 8.8 11 <0.5
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TABLE 7.3.5

N-PNAs Measured by GC/UV

4602.3 4607.3 4606.3 4610.3

Hydro. Hydro. DFM v DFM
Shale 0il Residue Precursor Product
' (ng/g) (ug/g) | (ug/g) N (ug/g)
3:Ring |
Carbazole 2.0 4.9 ‘ 31.7 4.9
Benzo (h)quinoline - - ‘ ;“ - . -
4fRing
Azapyrene B — 13 B - ' -
fBenéocarbazole 3.0 22 o - --
Benzacridine ' - ' - : » - | - : C—
EVS-Ring
‘Dibehz(a,h)acridine - - - : -
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TABLE 7.3.6 - o o (:

Alkyl N-PNAs Estimafedvin Shale Liquids From GC/UV. Data

3

, (ng/qg) : :
4601.3 , 4602.3 4607.3 4606.3 4610.3

Crude Hydro. Hydro. DFM DFM

Shale 0il - Shale 0il ~Resid. Precursor Product
3 Ring
C, Carbazoles . R - .6 18 10 S 5
Ch Benioquinoline ‘ : - , . o 43
4 Ring
Cn'Azapyrenés S - A 11 128
Cn Benzocarbazoles o -

C Benzacridines ’ L -=
n N .




TABLE 7.3.7
Measurements of Benzo(a)pyrene in Some : - —

Crﬁde, Process, and Refined Samples 

No."~ _ . Description » o Coné., ug/g.
4601 ' Crude Shale 0il o - 11
4602 ' ' HDT Shale 0il - ' 11
4607 HDT Residue | | 16
4608 JP-5 Product ‘ N.D.2
4614 . Petroleum JP-5 _ Lo 4+ 0.04
4606 - DFM Precursor ' ~0.03
4614 DFM Product ' . 0.04
a

ND = not detected.

7.3.16




‘Repository

Sample No.
4601
4602

4603

4604
4605

4606
4607
4608
4609

" 4610
4612

4614
4615
- 4616

TABLE 7. 3 8

Phy51cal Propertles of the Crude,

Erocess, and»Reflned Pxoduct Samples -

'.Boiling Points (°C)’byi“
‘simulated Distillation °

7.3.17

—Descrigtionf; ' ;;bf- Initial Average  Final
Crude Shale 0il 20 358 514"
nydrotreated Shale 011 B S ‘369 514
Weathered Gasoline Feedstock 17 92 | 168
JP-5 Precursor - 0 . 124 . 201 271
JP-8 Precursor 5 T 125 207 - 272"
DFM Precursor - . . - ..152 278 330
Hydrotreated Re51due SO 255 401 - 513
Jp-5 Product 117 ,211_ 274
Jp-8 Product . - v . 13 . 206 273
DFM Product - - 135 277 . 333
Acid Sludge from: DFM Treatment = - -
Petroleum JP—Sv L g"lyi.yh .60 o225 287
Petroleum JP-8 o 25 ‘205 291
~ Petroleum DFM : ’< . 96 ;268' 363
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Table 7.3.9

Chemical Class Fraction Data for Crude, Process, and Refined Product Samples

Chemical Class
Fraction '

Volatile _

' Base (Ether Soluble)
Base (Insoluble)
Acid (Ether Soluble)
Acid (Insoluble)

Total Neutrals
Aliphatic
Mono/Diaromatic
Polyaroﬁatic

Residue

Total Recoveryb

Number of Replicates

a Percentage of original sample.

Percentage Compositiona

Based on neutral fractions.

ERPA— —_

4

No. No. No.  No. No. No. No.  No. ‘No. ‘No. -No. No.
4601 4602 4603 4604 4605 4606 4607 4608 4609 4610 4614 4616
0.3 1.2 36.1 1.9 2.1 0.7 0.6 . 5.5 0.6 1.0
3.7 1.3 0.16 2.25 4.1 . 0.8 . .2 . .0.02 oO. 0.02
1.0 0.4 O 0.6 0 0.7 - 20 - - -
0.4 0.2 0.07 0.6 0.3 0.3 0.5 - 0.07 0.9 0.1
1.1 0.3 0 0.5 0 0.5 06 - 0 - - -
93.3 92.2 27.1 89.1 86.1 105 99.4  90.8 90.3 97.9 93.9 97.5
58.9 51.5 2.2 40.4 50.0 84.8 53.2 37.8 36.4 82.4 59.3 65.0
26.4 21.0 0.05 5.2 5.7 12,3 34.2 4.5 . 5.2 7.2 4.1 17.9
2.8 4.1 0.6 0.09 0.2 0.6 10.0 0.1 0.1 0. 0.1 1.3
2.1 4.6 - 2.4 1.3 1.8 5.1 1.1 1.8 2.1 2.0 1.3
97.7 95.3 63.4 48.1 63.7 102 102 47.5 49.4 . 92.5 68.2 86.7
2 1 2 2 2 1 1 2 1



TABLE 2.3.10 =
_”Meaéurgménts‘of;Tdtal pfréxaffins in

-Some Crude, Process, and Refined,sémples

_..Description =~ Conc., ng/g
Crude Shale 0i1 . 27
~ HDT shale Oil- -~ 102
HDT Residue .. .~ - 65

_3P-5 Product P LY,

. DFM Product . B 11
" 'DFM. Precursor U 158

7.3.19

‘Major Species -

€10733
10734
18734

€1013
10718
€108
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TABLE 7.3.11

Crude Shale Oil (Feedstock) ~

Biological Test ' . Reference

Screening Bioassays

Ames Test ao ' Buchanan, Ho, 'and Clark, 1980

' Calkins, et al, 1980
Guerin, 1980
Guerin, et al, 1980
Nichols and Strniste, 1981
Pelroy, Sklarew, and Downey, 1981
Rao, et al, 1980
Toste, et al, 1980

Sométic Céll Mutagenesis . ' Barnhart, et'él,71978
' Streniste and Chen, 1981
Timourian, et al, 1980

Cytogenetics o ' Campbell, et al, 1980
. .Meyne, 1981 _
. Meyne and Deaven, 1980

Toxicology

Carcinogenesis Beck and Albinana, 1980
: Gomer and Smith, 1981
Holland, J.M., et al, 1981
Holland, L..M. and Wilson, 1981
Holland, L.M., Wilson and Foreman,
1981
Lewis, 1981
McAlack, et al, 1980
Wilson and Holland, 1979
Wilson and Holland, 1979
Wilson, Valdez, and Holland, 1981

Systemic Toxicity Beck, Morita, and Hepler, 1979a
Beck, Morita, and Hepler, 197%
Beck, Morita, and Hepler, 1979c
Disbennett, 1980
Smith, Hascheck, and Witschi, 1980
Timourian, et al, 1980

Cytotoxicity Cowser, 1980 .
: Okinaka and Strniste, 1981
Timourian, et al, 1980

Aquatic Toxicity Giddings, 1980a
. - Giddings, 1980b
' Giddings and Washington, 1980

7.3.20
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TABLE 7.3.12,..

Hydrotféqged Shgleioil‘(intermeﬁiate)

_Biblogical Test

Screening Bidassayé
Ames- Test

Cytogenetics

Toxicology :

Carcinogenesis

Systemic quicity‘

Cytotoxicity

Teratogenesis

. Aquatic’TOXicityj

Reference.

Nlchols and Strniste, 1981
Rao, et al, 1980

g Campbell, et al, 1980

Holland, J. M., 1981 |
Holland, L. M., Wllson, and Foreman,
1981

‘Lewis, 1981

smith, Hascheck, and Witschi, 1980

 qimourian, et al, 1980

gCowser, 1980

Timourian, et al, 1980
Disbennett,71980

,Glddlngs, 1980 :
Giddings and Washington, 1981

7.3,21




TABLE 7.3.13

Jet Fuéls (Jp-4, Jp-5, Jp-8) °

Biologicai-Test IR Reference
Toxicology
Systemic Toxicity . = "f‘:‘i  Cowan and Jenkins, 1980 -~

Holland, J.M., et al, 1981 _
Smith, Hascheck, and Witschi, 1980

Aquatic Toxicity - - Giddings, 1980
Giddings and Washington, 1981

7.3.22



Biological Test

Toxicology
Carcinogenesis

Systemic Toxicity

Aquatic Toxicity -

' TABLE 7.3.

Dieselzfuel Mari

14 -

nei(DEM) 

‘Reference

Lewis, 1981

‘Cowan and Jenkins, 1980
~'Holland, J.M., et al, 1981

Smith, Hascheck, and Witschi, 1980

Giddings, 1980a

7.3.23

Giddings, 1980b -
Giddings and Washington, 1981




7.4 ANNOTATED BIBLIOGRAPHY

The annotated blbllography of Part VII, End Use Effects, describes the:
type of information to be found 1n each publlcatlon of the bibliography.

Many of these reports contain extensive data and are qulte volumlnous. For

this reason, the avallable 1nformatlon 1s summarlzed._"

7.4.1 General

;Coffln, L D., Proceedlngs of a Conference, "A Matrlx Approach to Blologlcal o
Investlgatlon of Syn ‘Fuels," cosponsored by the U.S. Environmental Protection’

Agency and Oak Ridge National Laboratory. Aprll 265 1979. Research Triangle:
Park, N.C. 1979.

ThlS report contalns the seven presentatlons “from. the conference held

‘Aprll 26, 1979 ln Research Trlangle Park N.C. TOplCS presented 1nclude. the
matrix research program, dlstrlbutlon of Paraho ‘shale o071’ 11qulds, recent
-Paraho operatlons, 'the ref1n1ng of Paraho shale 011 ‘the" ‘overall research

- work plan of the blology d1v151on at Oak. Rldge Natlonal Laboratory, shale 0il

: bloassays at Battelle Pac1f1c Northwest Laboratories, and the appllcatlon of :

biocassays to determine genetic tox101ty of Paraho shale: 011 products. It has

81 pages, 21: tables, and-14 figures. i

[ P Y
NS R S B T TR

Griest; W.H., Mr. R: Guerln, :and. Dy L. Coffln, ‘eds: [Proceedings:-of - Symposium

on "Health Effects Investlgatlon of 0il Shale Development. . June 22-24, 1980.

“Gatlinburg, Tenn. Ann'Arbor 501ence Publlshers, Inc /The: Butterworth Group.

19814 - 1 e ot rhar ooiaulh e et Lt

The report contalns 17 presentatlons of the symp051um held June 23- 24
1980 in Gatllnburg, Tenn._ Toplcs presented 1nc1ude. an overv1ew of the

research matrlx program, Paraho operatlons, results of the SOth reflning

,,run, dlstrlbutlon of shale 011 11qu1ds, PAH analy31s of shale 011 11qu1ds,

data collectlon and- computer proce551ng systems 1n occupational health programs,

dermal tox1c1ty of shale 0il llqulds, carclnogenlc bloassay of shale oil

,11qu1ds, toxlclty studles of shale oil llqulds (Navy study, acute tox1c1ty,

mammallan genetlc tox1c1ty, and algae toxlc1ty studles), mlcroblal testlng

of shale-oll materlals, and env1ronmenta1 and health problems,assoc1ated
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.with’oil shale technology. The book has 269 pages, 83 tables and 66

C

figures.

"Heistand, R. N., R. A. Atwood, K. L. Rlchardson, "Paraho Env;ronmental Data;

Part I, Process Characterization; Part 11, A1r Quality; Part 1II, Water Quality,
U.S. Dept. of Energy, May, 1980.

This report represents a compllatlon of the available env1ronmenta1 data
obtalned durlng the Paraho 1977-1978 operatlons at Anvil Points in the areas of

process characterization, air quality, and water quality.

Process_Characterization, Part I, is divided into solids, liquids, gases,
and quality assurance. The solids data is organlzed 1nto tables of organlc
data, major elements, and mlnor elements. The liquids 1nformat10n is organlzed

into product 011 and process water. The gases data is presented -as product gas,

'thermal ox1dlzer, and mlscellaneous stacks. Elemental mass balances are given

in the quality assurance section.

Air Quality, Part II, gives extensive data of total suspended solids

© (TSP) from various sections of the oil shale retorting facility, Respirable

dust‘quantities, elemental analysis,'toxic elements, and mineral-analySis have.
been‘performed'on TSP. Effluents from retort, thermal oxidizer, and product gas

were analyzed for comp031t10n, elemental analysis, toxic- elemental analysis, and

- toxic metals.

‘Water Quality, Part III, lists bulk properties, major inorganics, trace
elements, organic analyses, and miscellaneous parameters for product water,
water‘from the evaporation pond, ground and surface water. Data generated from

leachate studies is included in'PartllII,'Water Quality.

All three parts of this compilation contain 348 pages, 159 tables, and
45 flgures.
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”7.4.2: éombustion

FAE AR R

) Jones, D.G. and M. N. Mansour,v"Low qu Combustlon of Paraho Shale 0il in a-

45-MW B011er.“ J. Eng. Power, 1978, presented Am. Soc.vof Mech Eng. Atlanta,7
GA. Nov. 27-Dec. 2, 1977. 4 L T

3T

Combustion tests of crude Paraho shale'oilA(0‘7 percent sulfur and 2

percent n1trogen) were conducted 1n a 45 MW b01ler equlpped with six frontface

mounted burners each rated at 85 milllon Btu/hr. Shale 011 was blended 1n -

 varicus proportions with low sulfur 011 and natural gas so that the sulfur = -

content of the fuel d1d not exceed 0. 5 percent. It was found that s1gn1f1cant
levels of NO, reduction were obtalned u51ng dual fuel combustion. Thls regult

was . conflrmed durlng further testlng of the two blendlng methods at various

"’combustlon sto1ch10metr1es us1ng both conventzonal and steam—atomlzed low NO,

burners. The max1mum reductlons 1n NOx em1551ons occurred durlng fuel—rlch
combustlon of shale 011 in the bottom row of burners followed by combustlon of

a,low—nitrogen fuel in the top row of-burners. (5 pages, 2 tables, 4 figures.)

7.4.3 Refining

 cawein, D. L. "Refining of Shale 011 by Sohio,” in Proceedlngs of a.Conference

Cosponsored by the U. S EPA and ORNL. Research Triangle Park N c Aprll 26,
1879. "~ : G bl ‘

Caweln, D. L."“Results of the SOth Refinlng Run ﬁ in Proceedlngs of the

... Symposium on Health Effects Investlgatlon of 011 Shale Development. Gatllnburg, .
- Tenn, June 23-24, 1980. l[g LTt e AN R

The first presentation of the Sohio reflnlng run descrlbes Sohio s Toledo

' reflnery, parameters of shale orI‘that requlred special consrderatlons 1n

reflnlng shale 011, and the steps 1nvolved in the’ Sohlo reflnlng process. “No

frefinery run results or conc1u51ons were presented. The paper is 8 pages, w1th

,:1 table and 2 flgures.,
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The second presentation of the Sohio refining run'discusses'the specia1>
requirements of shale oil and the conclusions of the pilot test run Thev
refinery run is descrlbed and its results and conclus1ons are glven. 'A block
flow and a process flow dlagram are glven. Results of the pllOt test run and the \-J
reflnery run are listed in tables. Product yleld characterlstlcs of the pllot
plant and reflnery runs, and JP-5 and DFM quality data is presented.‘ The paper

contains ‘11 pages, 5 tables, and 3 figures.

 Frumkin, H.A. "Refining andrUpgrading‘of Synfuels from Coal and 0il Shales by
Advanced Catalytic Processes." 4th Interim Report to U.S. DOE, Updated Costs
for Processing of Paraho Shale 0il. FE-2315-50 Dist. Category, UC-90d. June,.
1980. _ :

“This report updates the cost eStlmates of prooessing Paraho shale oil
that were presented in the flrst 1nter1m report (FE-2315 25 Sulllvan, et al,
Aprll 1978). The two tables of the report contaln the updated bases for cost
estlmates and comparlsons, and the revised overall cost summary. The report is

5 pages long, including 2 tables.

Frumkin, H.A., E. J. Owens, and R. B. Sutherland. "Cost Comparisons - Alterna-
tive Refining Routes for Paraho Shale 0il." Presented at AIChE 86th National
‘Meeting, Houston, Texas. April 1-5, 1979. ’

A Colorado shale oil produced 1n a surface retort at the Paraho test
fac111ty was refined in pilot plant fa0111t1es at Chevron Research Company.
Advanced commercial petroleum processing technology was employed to produce
transportation fuels (primarily gasoline,.kerosene jet fuel, and diesel). Three
likely refining routes were identified and demonstrated sufficiently'to-permita
Preparation of screening-type process designs and cost estimates. These routes
are: (I) hydrotreating followed by hydf¥ocracking, (2) hydrotreating followed by
catalytic cracking, and (3) coking followed by hydrotreating. 1In addition; a
fourth alternative was evaluated where raw shale o0il was hydrotreated to produce

a synthetic crude suitable for processing in an existing refinery.
The presentation estimates refining costs for each of the three'process :

routes based on producing (1) 50,000 BPCD of transportation fuels from a

"grass roots" refinery in a remote Rocky Mountain location, and (2) 100;000
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BPCD of transportation fuels from a "grass roots" refinery located near- a Rocky
Mountain or Mid-Continent urban center. The costs for hydroproceSSing to produce
‘iJa synthetic crude also are estimated both’ for a “grass roots“ site near the- shale
oil: retorting facilities and for location at a typical existing Mid-Continent
refinery.‘ All refineries are deSigned w1th faCilities to meet present environ-
‘mental reguirements and antiCipated near-term environmental and energy
conservation»regulations. This presentationuisvtaken from Sullivan, et al, 1978.

Thelpresentation71s354 pages in length,_with_26 tables and 7.figures.f~

~Paraho Development Corporation.' "production and Refining of 10, 000 barrels,
Paraho Crude Shale oil: into Military Fuels."  May, 1975.

' Thevreport'disCusses thefproduction*and refining of 10,000 barrels of .
Paraho crudeishale'oil" The major»areas‘summarized are the Paraho process, pre-
process1ng studies, and refining. ﬁppendix A'containsia 5chematic’diagram, flow
. diagram, and material balance for the Paraho process and refining process, and

Aphysical properties of crude shale 0il ‘and estimated’ yields of the products.

Appendix B glVES distillation data of crude shale 011, thSical and
chemical properties of distillates, and nitrogen, sulfur, and oxygen balances

forncrude»shale oil.

The experimental"parametersdfor crudebshale'oil'distillation,»coking,
coker gas Oils distillation, hydrogenation, and blending and trimming of hydro-
treated fractions are presented. ‘The discussion involves crude shale oil pilot

» coking and distillation, pilot plant hydrotreating vof shale 011 fractions,
blending ‘and testing of hydrotreated fractions for finished products, and -
pro;ected yield for full-scale refining at Gary Western.' ‘Results and conclu-

o Sions are also given. The schematic flow diagrams and schematic diagrams ' of

' distillation, coking, preproceSSing pilot study, weight yields through coking
and hydrogenation, Jet fuel freeze, flash testing, diesel pour: and flash testing
are included. Weight balance, inspections ‘of feed and 1iquid product, and

omposition of off-gas and recycle gas for each run are- found in the tables.

The post refining analysis report is under Appendix D. The refinery'

preparation, shale 011 proceSSing, laboratory analyses, and recommended future

" ymodifications are discussed.

.
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Appendix E summarizes the shale oil byproduct dispositionm“-

» Appendix F lists the product supervision. R _d; d’ d»lf“r
This report with appendices A-F contains 162 pages, 73 tables, and 31

- figures. .

Paraho Development Corporation. . "The Commercial-Scale Refining of Paraho Crude
Shale 0il into Military Fuels: Phase II and Phase III." June, 1980

<The Phase II report.from:Sohiofs iefinery at Toledo)‘tho.bresents an over-
~ all material and volume balance, a description‘of processingrscheme,.and a summary
of daily ‘progress reports (daily data) of the:commercialfscale refining of crude
shale oil. It contains 17 pages, 3 tables, and 2 figures. Thevfigures are

rschematic'diagrams of the hydrocracker unit and acid-clay treater unit.

The Phase III report on commercial-scale refining of crude shale oii$b& the
Sohio refinery at Toledo, Ohio presentsAthe results of Phase II and Phase IIi.
The discussion centers arounddthe processing scheme, logistics of pgoduction,
shipment and handling of products, the refinery preparation, and shale oil
processing. Preparations for the refinery include shale 011 rece1v1ng and
storage, hydrocracker, acid-clay treater, and product storage and shlpment. The
hydrocracker processing results include overall material volume balance comparison
of actual vs. pilot plant yields, catalyst performance actual vs. pilot plant,
~and the hydrocracker mechanical performance. The acid-clayAtreater results”
discussed are the overall material balance and production of JpP-5 and bFM,_
comparison of actual vs. pilot plant yields for JP-5 and DFM, and'acid usage,
sludge formation and clay life for JP-5 and DFM, and acid—clay treatefimechauical
performance for JP-5 and DFM. The fuels distribution is aISO'given{: Appendices
A-G list fuel properties and analysis of battery limits, summarize dally verbal
reports, discuss reactor guard-bed fouling, and list assays- of crude shale 011 V
and hydrotreated shale oil. The Phase III report is 168 pages in length w1th
73 tables and 29 figures.

Pforzheimer Jr., H. and E. T. Robinson.  "Processing of Oil shale - from Rock - &
in the Ground to Finished Petroleum Products." .Presented at National Petroleum
Refiners Association, March 8, 1979. : DI o

NEORPRSE S
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The presentatlon addresses productlon operatlons in Part: I and results

from the pilot plant reflnlng program and: prellmlnary results from the

& commerc1al—scale reflnlng run in Part 1I. 1In Part II, the pllot plant program

; objectlves and propertles of Paraho shale 011 are dlscussed. The commerc1al-

scale refinlng run descrlbes the loglstlcs of the run, compares pllot plant and
reflnery performance, and llsts conclus1ons The presentatlon contalns 24 pages,

6 tables, and 2 flgures. N

FKobinson, E.T. "Refining of Paraho'Shale 0il 1nto‘MilrtaryrSpeciflcatlonﬂFuels,"
:4n 12th .0il Shale Symposium Proceedings, Colorado School of Mlnes, ‘Golden, Co.
’Aprll 18 20 1979. . . o - : ‘

This paper presents the results of reflnlng Paraho crude shale 011 into

mllltary specification fuels. This program was a joint effort by the DOE and

_'Department of: Defense, sponsored by the Navy.: The paper 1nc1udes the flnal results
"of the Phase I pllot plant program and ‘the prellmlnary results from the actual

.areflnery run at Sohio's Toledo Reflnery (Phase II) and wrap-up analyS1s (Phase

III). It was demonstrated that mllltary spec1f1cation transportatlon fuels such

L.-as JP—S and dlesel fuel marlne can be produced from shale 011 ut111z1ng conven-

o tlonal reflnlng technology.. The proce551ng scheme (whole shale 011 hydrotreatlng

followed by dlstlllatlon and acid/clay treatlng) and the phy31ca1 characterlstlcs

\'of the fuels are rev1ewed and dlscussed The paper contalns 18 pages, 11 tables,

afand 2 f1gures.‘°

Sullivan, R.F. and B. E. Strangeland. “Catalytic ﬁ&droproceSSing of Shale 0il to
Produce Distillate Fuels." Presented at Symposium on Refining of Synthetic

‘ Crudes, Petroleum. D1v151on,,174th N.A. C S Meetlng, Chicago, Ill. _Aug. 28-Sept.
2 1977. o

o

Thls paper presents results from a feasxblllty study to demonstrate the

converSLOn of whole shale oil to a synthetlc crude resembllng a typlcal petro-

leum dlstlllate._ The synthetic’ crude thus produced can then be processed in
conventional petroleumrreflnlng fac111t1es, to transportation fuels such as high.
octane gasoline, dlesel, and Jet fuel. Background 1nformatlon, pretreatment of
raw shale oil, whole 0il hydroflnlng, FCC processlng, and shale 0il reflnery are
discussed ' Thls presentatlon is taken from Sulllvan, et al, 1978 The paper is

42 pages long and has 15 tables and 5 flgures.f
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Sulllvan, R. F. and B. E. Strangeland. "Converting Green RlVei Shale 0il to
Transportatlon Fuels," in 11th 0il shale Symposium Proceedings, Colorado School
of Mlnes, Golden, CO. April 12- 14, 1978.

The removal of nitrogen, oxygeh and heavy metals’f:om cfude shele.oil ié
a major_consideration in the catalytic conversion of shele oll to‘transportation
fuels. ﬁydrotreating can remove substantially allkof>these elements, while
‘coking only removes most . of the heavy metals. Pilot plant'data for three
'process1ng schemes were generated during the course of this study: hYdrotreating
followed by hydrocracklng, hydrotreatlng followed by fluid catalytlc cracklng,
and delayed coking, followed by hydrotreating. .Yleldsrand product 1nspectlons
are presented for these three cases. Schematic flow diagrams are also given.

The paper has 15 pages, 17 tables, and 4 figures.

Sullivan, R.F. et al. "Reflnlng and Upgradlng of Synfuels from Coal and 011
“Shales by Advanced Catalytic Processes.” ‘1st Interim Report to U.S. DOE.
Processing of Paraho Shale 0il FE-2315-25 Dist. Category. UC-904. April, 1978.

part I ~ Laboratory and Pilot Plant Studies

Chevron Research Company conducted extensive laboratory;vpilot plant,»and
engineering studiés to demonstrate the feasibility and estimate costs for ‘
reflnlng of surface-retorted Paraho shale oil. These studies showed that raw
shale oil can be conventionally refined using advanced, commercialized petroleum
technology to produce finished transportation fuels, primarily motor gasoline,

_kerosene jet fuel, and diesel fuel.

Three alternative refining routes were evaluated: (1)‘ﬁfdrotteatin§

" followed by hydrocracking, (2) hydrotreating followed by fluid catalytic cracking,.
and (3) coking followed by hydrotreating. In addition, a fourth alternative was
evaluated where-taw shale oil was hydrotreated to produce a synthetic crude ‘

suitable for processing in an existing refinery.

AThe,technicaI.sccomplishments are described by task::
Task 1 - Feedstock Analysis and Feed Preparation
Task 2 -~ Whole 0il Hydrotreatlng '

 mask 2A - Alternate to Whole 0il Hydrotreating Coklng of Whole
' Shale 0il, Hydrofinishing of Coker sttlllate
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“;fTask.Br~‘-‘:Middle:Distillate'Hydrotreating
- .TPask 4 =~ 'Extinction Recycle Hydrocracking.

‘ oo - Task 4R

.~ ‘Alternate Processlng of 650°F+ Hydrof;ned Shale 011 FCC

“Tasgk 5 = Catalytlc Reforming

"ih‘Task 6. -=- -Final Process: De51gn (summarlzed in part II)
Task 7' - Reports . |
Task 8

:P-,'Distillate shale. 0il Hydrotreating’-"

‘Aalist'of:duarterly reportsﬁand papers covering portions of this contract

is 'included.

Areas for future study also ‘were 1dent1f1ed.f~None'Of these appears to
represent a major problem. .~ Rather, most 1nvolve second-order process refine~
ments that will be 1ncorporated in’ future commerc1a1 projects which are based on
1spe01f1c product slates.v Part I is 174 pages in- 1ength w1th 79 tables and 39..
’“flgures. o S ' o ' ‘ :

J

_Part II. Engineering Design Studies and Estimated Processing Costs

5creenin§?type process designs and estimated refining costs were developed
for each of the three process routes llsted above based on producing (1) 50,000
aBPCD of- transportatlon products from.a "grass roots™" reflnery in a remote Rocky
"Mountaln locatlon and. (2) lOO 000 BPCD of" transportatlon products ‘from a “grass
roots" reflnery 'located near ‘a Rocky Mountaln or Mld—Contlnent urban center. The
- costs for hydroproces51ng to produce a synthetlc crude were estlmated both for a
“qrass roots" s1te near the shale o0il retortlng facilltles and - for 1ocatlon at a
"atyplcal exlstlng Mld—Contlnent reflnery.- All refinerles were de51gned with’
f?fac111t1es to meet present env1ronmenta1 requlrements and. ant1c1pated near—term
envrronmental and enery conservatlon regulatlons.v Part 1T contalns 51 pages, 28
, tables,‘and 10 figures. o B
[  >’le : ; ﬁaup - 7 - 5 :
‘Sullivan, R. F. et al. “Reflnlng Shale 011. API Preprlnt No. 25-78. Presented

at API Refining Dept. 43rd Midyear Meetzng, ‘Conserving Petroleum - New Feedstocks
, and Fuels for Reflneries, Toronto, Ontarlo, Canada.v May;lQ 11978, L .

A pllOt plant reflnlng study on surface retorted Paraho shale 011 was

recently completed by Chevron Research Company.ﬁ Three bas1c shale 011 proce551ng
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samples, Flscher assay, partlcle size distribution, refractlve index of retort
0115, ASTM methods, molecular wezght, simulated distillation, solvent fractlona-
tion,’ true boiling point: distlllatlon plus blend1ng of fractions, hydrocarbon,%iv;
types on 11ghter fractions, hydrocarbon separatlon and mass spec analysis of
heavier fractions, trace elements -in retort oils, yethods used for. radionuclides
andlysis by Controls for Env1ronmenta1 Pollutlon Inc. (CEP), and major
analytical 1nstrumentatlon used for radionuclides analyses., Section. II is
compoged of detalled tables from the analytlé/i data obtalned. The figures
include electron~photom1crograph5'anquual-tatlve x-ray data, and TBP and

simulate distillation of shale oil.-

The fixst report contalns 93 pgées, 52 tables and 16 figures. The rev1sed

,report has lod\pages with: 66 tables aﬁd 24 flgures.

}’f”'
7

Winward, M.R. and L\ W. Burdett.iﬁ"ComprehenS1ve Analyses of Shale 0il Products:
Second Study." Union 0il Co. of/Calif., Science and Technology Division, Project
Report No. 79-39 to Am. Pet. Iné. Nov. 27, 1979. o -

\‘ . . }
\ _.*'

b .

W1nward, M.R. and L. W. Burdett. "Comprehen51ve Analysis of sShale 0il Products.
Second Study - Final." Uni oh 0il Co. of Calif., Science and Technology D1v1sion,
Pro;ect Report No. 79-39 tq ng Pet. Ins. 1979.

. Section I lists the samples analyzed, dlscusses the sampling handllng and .
preparatlon, and the analytlcal methods. The analytical methods are divided into
physical properties and chemical analysis. The physical properties include _
.refractlve index, molecular weight, ASTM methods, solvent fractionation, simu-
1ated dlstlllatlon,/and true boiling point dlstlllatlon plus blend;ng of
fractions. The chemlcal analysis is based on elemental analyses, trace elements,.

d hydrocarbon types. Section II is organiged into detailed tables and charts
.of the phys1ca}fpropert1es and chemical analyses data. '
f o
The sebond study report contains 71 pages:\43 tables, and 16 figures.
,The second gtudy - final report has 74 pages, 46 tabies, and 16 flgures.

7.4.6 Influstrial Hygiene

e 1ndustr1a1 hyglene studies performed on shale oil and its end

, products were not avallabe for rev;ew. o co : f'” }' v . - ";g 'J;;
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given. The paper is 13 pages long, with € tables.

'
-
.

routes for the production of fransportation fuels were studied: hydrotreating
followed by hydrocracking, hydfotreating followed by fluid catalytic cracking
(FCC) , and severe coking followed by hydrotreating. Also, a fourth alternate
was evaluated in which raw shale oil was hydrotregted to produce a synthetic
crude suitable for processing in an existing refinery. In this paper, product
yields, product properties, and estimated process costs derived from these
studies are presented. It is concluded that shale oil can be refined to high
quality transportation fuels via modern state-of-the-art refining technology
énd that it can serve as a substitute for crude oil in a refinery equipped with
modern hydrotreating facilities.

7.4.4 Petrochemicals

Glidden, H.J. and C. F. King. "Light Olefins from Shale Oil Distillates,"
presented at Symposium: Feedstock Alternatives I - New Technologies for the
Production of Chemical Feedstocks from Unconventional Resources. Philadelphia,
PA. 1980. ' :

This study evaluates the commercial potential for production of olefins
from shale oil. The sample analysis and preparation, process studies, pyrolysis

_rrésults, and commercial unit prbjections are discussed; and the conclusions are

7.4.5 Material Pioperties

Robbins, W.K. "Analysis of Shale 0il Products.”™ Exxon Research and Engineering
Company, Final Report to Am. Pet. Ins. March 4, 1980. ' :

- Model compouhd studies were used to determine separation characteristics .
of the 14-N-PNA's (polynuclear aromatic N-heterocyclics) of silicic acid columns
and in N-methy1~pyrrolidone/cyclohexane‘extractions. ‘These data were utilized in
the development of a general schéme for the isolation of PNA and N-PNA from shale
oil liquids. Six samples of shale o0il liquids were analyzed for PNA and N-PNA
by the GC/Uv prqcedure after the separation. Three rihg PNA's were found in
diesel fuel marine (DFM) precursor and product samples. The higher boiling
samples contained 4-7 ring PNA's as well. Only a few N-PNA's were detected in

all but the crude shale oil sample. The most commonly encountered species were
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carbazoles and benzcarbazoles. Qualitative analyses on the isolated N-PNA
fractions by high resolution mass spectrometry suggest the-presence of numerous
unidentified N-PNA which do not correspond to the available reference compounds.
The GC/UV data are listed in tables; the separation scheme and the N-analogs of
anthracene and phenanthrene are shown in figures. The paper contains 33 pages, '
16 tables, and 2 figures.

Robbins, W.K. and S. C. Blum. "Analysis of Shale 0Oil Liquids for Polynuclear.
Aromatic Hydrocarbons and their N-Heterocyclic Analogs," in Proceedings of the
Symposium on Health Effects Investigation of 0il Shale Development. Gatlirnburg,
Tenn. June 23-24, 1980. ’

Six shale oil liquids have been analyzed for PNAs and selected N-PNAs.
These samples were found to contain PNAs at levels similar to those in comparable
petroleum fractions. Few of the selected acridines, carbazoles or benzo analogs
which could be measured by the GC/UV procedure were detected. However, elemental
analysis and LV/HR/MS (Low Voltage/High Resolution/Mass Spec.) demonstrate that
numerous N-containing compounds are isolated in the fractions which would contain
N-PNAs. OQualitatively, the LV/HR/MS data suggest that the bulk of the N is
associated with highly substituted or partiaily hydrogenated multi-ring hetero-
cyclics. The(GC/Ms and LV/HR/MS data are presented in tables, the separation
scheme are N-analogs of anthracene and phenanthrene and are shown in figures.’

The paper has 31 pages, 18 tables, and 2 figures.

Burdett, L.W. "Comprehensive Analyses of Shale 0il Products."” Union Oil Co. of
Calif., Research Dept. Project Report No. 78-75 to Am. Pet. Ins. Jan. 31, 1978.

Burdett, L.W. - "Comprehensive Analysis‘of Shale 0il Products (Revised)." Union
0il Co. of Calif., Research Dept. Project Report No. 78-75 to Am. Pet. Ins.
Sept. 1, 1978. '

Section I of the reports listekthe samples analyzed, describes” sampling
handling and analytical methods. The analytical methods described and used
include minerals, scanning electron mieroscopy and photomicrographs, sample
preparation,'micrographs,and interpretation, surface area, benzene extractables

- followed by specific analyses, elemental analyses of whole samples, chemical

analysis for major constituents of whole shale samples, trace elements in whole
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_represent a maJor problem.

t",figures.

&'Mountain 1ocatioﬁ“and (2)“100;0’O‘E§CD of;traﬁ

T,costs for hydroprocess1ng to roduce a synthetlc

""grass roots" 51te near the :hale 011 retortlng fac

'tables, and 10 flgures.

" and Fuels for Refineri

- Pask 3

- :Mlddle Distlllate Hydrotreatlng R
~Tagk 4 .~ zExtlnctlon Recycle Hydrocracklng "
!Task74A ‘= .Alternate Processing of 650°F+ Hydroflned § ale Oil:FCC.
.Task § = Catalytic Reforming" o : ; ) '
;ﬁTaSkis""— Final Process Design’ (summarlzed in Part II):
Task’ 7 = - .Reports (RN A B
‘. Task 8 ' ‘= Distillate Shale 0il Hydrotreating/-
“A-1list of - rterly reports -and papers cov' ing portions ‘of this contract

is included.

‘Areas for. future ;tudy also were 1dent f1ed.* None of these appears to

olve ‘second-order process refine- -

ather,:most in
mehts that will be incorporated in future commercial projects which are based on

specific product slates. Part N\ is 174" ages in length withv79wtabiesvand 39

Part II. Engineering DesignfStudies i dpEstimatederocessiog Costs

Screeningstype process:deSi’hs an :eStimated refining costs were deVeloped

for each of the three process rouf es liste above based on producrng (1) 50,000 -

BPCD of transportatlon products rom a - "gras' roots" reflnery in a. remote Rocky

:Hrtatlon products from a “grass

“roots" refinery located near a Rocky Mountaln o Mld-Contrnent urban center. ' The

Jude were estlmated both for a

ities and for locatlon at a-

7Utyp1ca1 exxstlng Mrd-Contln nt reflnery.‘ All reflner es were de51gned w1th

fac111t1es to meet present environmental requlrements akd antic1pated near—term

contalns 51 pages, 28

env1ronmenta1 and enery c servatlon regulatlons.' Part

A

Y

Refining Shale 011." API Preprint Nol\25-78. Présented
3rd Midyear Meeting, Conserving Petroleum - New Feedstocks
s, Toronto, Ontario, Canada. .May 10, 1978., . .

Sullivan,'ﬁgf;let‘aiﬁ?
at API Refining Dept..

A pilot plant refining study on surface retorted Paraho sbale‘oil.was

recently completed by Chevron Research Company, Three basicsshaleqoil processing
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samples, Fischer assay, particle gize distribution, refractive index of retort
oils, ASTM methods, molecular weight, simulated distillation, solvent fractiona-
tion, true boiling point distillation plus blending of fréctions,'hydrocarbon.

types on lighter fractions, hydrocarbon separatlon ‘and mass spec analysis of

- heavier fractlons, trace elements in- retort oils, methods used for radionuclides

analysis by Controls for Environmental Pollution, Inc. (CEP), and major
analytical instrumentation.used for radionuclides analyses. Section II is
composed of detailed tables from the anathical'data ebtained. The figures
includevelectron photomicrdgraphs’and'quaiitative x-ray:data, and TBP and

simulated distillation of shale oil.:

The first report contains 93 pages, 52 tables and 16 figures. 'The revised
report has 100 pages with 66 tables and.24 figures.

Winward, M.R. and L. W. Burdett. "Comprehensive Analyses of Shale 0il Products:
Second Study." Union 0il Co. of Calif., Science and Technology D1v151on, Project
Report No. 79-38 to Am. Pet. Ins. Nov. 27 1979.

Winward, M.R. and L. W. Burdett. "Comprehensive Analysis of Shale 0il Products:
Second Study - Final." Union Oil Co. of Calif., Science and Technology Division,
Project Report No. 79-39 to Am. Pet. Ins. ' 1979.

Section I lists the samples analyzed, discusses the sampling,handling'and
preparation, and the analyticai methods. The analytical methods are divided into
physical properties and chemical analysisb" The physical properties include
refractive index, molecular weight, ASTM methods, solvent fractionation, simu-
lated distillation, and true boiling point distillation plus blending of

fractions. The chemical analysis is based on elemental analyses, trace elements,

_and hydrocarbon types. Section II is organized into detailed tables and charts

of the physical properties and chemical analyses data.

The second study report contains 71 pages, 43 tables, and 16 figufes.
The second study - final report has 74 pages, 46 tables, and 16 figures.

7.4.6 Industrial Hygiene

The industrial hygiene studies performed on shale oil and its end

‘products were not availabe for review..
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7.4.7 Biological Testing References of Shale 0il Products

Since the biological testingvdata of end producte'has been compiled. in -
Part Vv, Blological Effects,’ Paraho Environmental Data, a list of biological
testlng references from Part v follows. SRR ' :

Beck, L.S. and I. Albiana, 1980. '
Beck, L.S. and D. 1. Hepler, 1980. -
Beck, L. S. and D. 'I. Hepler, 1979." WAe‘i.ﬁvl o
Beck, L.S., D. Morita, and D. I. Hepler, 1979.
Beck, L. S., D. Morita, and D. I. Hepler, '1980.
 Beck, L.S., et al, 196l. : -
Buchanan, M.V., C. =h. ‘Ho and B R Clark, 1980.
Calklns, W.H., ‘et al, 1979.~‘__ R S ,-“v',;*'
Calkins, W.H., et al, 1979. - Lo
Calkins, W.H., et'al,: 1930.~-Ja.~4,l cooveiel
Campbell E.W., F. A. Ray, and L. L. Deaven, 1981.,
Campbell, E. W, et al, 1980. _ RS
'Cowan, M.J., and L. J. Jenklns, 1980.:
Cowser, K.E., 1980 ‘ S ;
';Disbennett, D.B.,_1980;7¥;zk\;n«ﬁ . 1f_-~;t'f“
Giddings, J.M., 1980. | IR
_ Giddings, J. M., 1980. .
o ‘Giddings, J .M., and J. N. Washington, 1980. -
' Glddlngs, J M., and J. N. Washington, 1981. =
‘Gomer, C.J. and D. M. Smlzn 1981. '
. ‘Guerin, 'M.R., 1980. '
'Guerin, M. R., et a1 1980.
Guerin, M. R., et al, 1980. Ny
Hatch, F.T. and H. Timourian, 1979.
_Holland, J.M., et al, 1980. B
: Holiand,'L;M;, 1980. R oo
Holland, L.M. and J. S. Wilson, 198l.
McAlack, J.W., et al, 1980..
‘Meyne, J., 1981. - o
"Meyne, J. and L. L. Deaven, 1980.
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Nichols, J. and G. F. Strniste, 1981.

Okinaka, R.T. and G. F. Strniste, 1981.

- Pelroy, R.A., 1979. )

.- Pelroy, R.A., D. S. Sklarew, and S. P. Downey, 1981.
Rao, T.K., et al, 1980. |

Rao, T.K., et al, 1980.

Sklarew, D.S., et al, 1981. _

Smith, L.H., W. M. Hascheck, and H. Witschi, 1980.
Spall, W.D., 1979.

Spall, W.D., 1981. »

Strniste, G.F. and D. J. Chen, 1981.

Strniste, G.F., E. Martinez, and D. J. Chen, 1981.
Timourian, H., et al, 1980. ‘

" Tomkins, et al, 1981. B

Toste, A.P., R. A. Delroy, and D. S. Sklarew, 1980.
‘Toste, et al, 1980.

Wilder, M.E. and L. S. Cram, 1979.

Wilson, J.S. and L. M. Holland, 1979.

Wilson, J.S. and L. M. Holland, 1979.

'Wilson, J.S., Y. Valdez, and L. M. Holland, 1981.
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