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CONFIDENTIAL

MONTHLY PROGRESE MEMORAMDU™M
(Covering August 16 to September 15, 19€5)

I. ADMINISTRATIVE

N

There have been significant nersonnel changes during the nast
month. Humble has rotated peonle in three rnositions:

Analytical Laboratory Section

R. Bernheimer revlaced 3. L. Beck as an Pnalytical
Chemist. (D, Liederman was appointed Supervising
Chemist at 2nvil Points with H"umble's concurrence.)

Retort Section

E. E. Turner and D. P. Cotruve replaced C. 7. Tyson
and I. A. Jefcoat as Retort Engineers.

In addition, Phillips has assigned R. L, Clamritt as a full time
Technical Observer at Anvil Points. Mr. Clampitt is working
with the Retort Group.

Breaking these new neople in and acouainting them with Resgearch
Center procedures are proceeding rapidly and smoothly, although
it does impose some burden on the remaining mermbers of the tech-
nical staff,



IT. MINING SECTION (G, R. Haworth and J. B. Sellers)

A, Production

The fifth and final round in "Charlie" was drilled and blasted
on September 8. Improved fragmentation resulted from more care-
ful attention being paid to blast hole vositioninc. The yield
was 2,350 tons of oil shale, and haulage to the crusher plant
has started. 2All future rounds will be taken from the north

end of "Able".

B. Development

Work on the development necessary to onen un a full 40 foot hicgh
face at the north end of "Able" is complete, with the excerntion
of loading out the last round. The floor in "Able" and Crosscut-
9 was 9 to 11 feet ahove the floor in "Charlie". 2 25 foot wide
cut has been benched out along Crosscut-~2 from "Charlie"” to
"Able". A 40 foot wide cut has been benched out to the face at
the north end of "Able", with a ramp connecting the lower and
original floor.

Blast hole patterns were varied during the benching prooram.

Work was started with 4 foot 6 inch spacing and burden, and later
increased to 6 foot centers. The last round has been drilled
with holes inclined at 30° to the vertical in an atternt to
reduce the number and size of large slaks of shale in the blasted
rock. Examination of the shale as it ie loaded out of the face
will indicate whether inclined holes should be investigated

at a later stage, during bench blast research work. The tonnage
of shale finally to be removed from this 2 to 11 foot bench
totals 4,700 tons, averaging 47 ogal/ton. This shale is being
transferred to Crosscuts 1 and 2 where it is stockpiled for any
possible future use.

C. Water Supply System

Work is continuing on rehabilitating the mine water supply
system. This system is supplied bv reservoirs above the mine
on top of the mesa. A pump at the reservoirs feeds a head tank
from which piping leads down a borehole into 2dit No. 4, and

on to Adit No. 1.

The pump house has been repaired and the transmission line to
the pump house is under repair. The pipeline between Adits 1
and 4 has been checked out, and the foot path from the ventila-
tion raise to the top of the cliff face has been vnut back in
good condition for pump servicing purposes. There are eight
more days of electrical work to be completed before the oump

can be connected. The surface piping system can then he checked
out and put into overation. ™ater haulace from the vplant by
truck will be discontinued.



D. ™ine Road Maintenance

The portable crushing and screening plant has been overhauled
and is to be put into orneration, crushinc oravel, on September
20, The road between the main highway and the Anvil Points
Dlant has been resurfaced and therefore qravel haulage to the
mine road can be resumed.

E. Mining PResearch

The sag rods have been delivered from the manufacturer and are
being prevared for installation. Holes for the rod instal-
lations have been drilled in the roof of "Able” haulaceway at
all crosscut intersections,

Sag measurements taken from these rods will give an indication
of any movement or parting of the bedding planes in the roof
of "Able" haulageway.



III. MECHAMNICAL ENGINEERING (W. €. Pergen)

Retort No. 2 was evaluated using the riser type distrihutors
and the liner, During this period a major shutdown for ten
days was recuired to repair the primary crusher.

*

Retort No. 1 was revised for the use of oxyagen for combustion
air to obtain a high Cp gas.

Summary

The addition of the liner appears to have eliminated areas of
low density in the bed. Yields of 86 to 87% were found at
two operating conditions.

Clinkering has developed on occasions usually following a shale
stoppage or loss of combustion.

*

The primary crusher renairs extended to a ten day veriod, shut-
ting the retort down for a week. All main kearings of the
crusher were rebabbitted and the Pitman Cap cracks rewelded.

Revisions to Retort No. 1 were completed and the unit put into
service September 12.

Discussion

1. The riser distributors and the liner were tested at several
key conditions nroducing yields to 87%. During the last
runs, the riser ports were fouled and a clinker was formed.
The exact time this occurred is not known. However, foulina
has occurred when unretorted shale has reached the combusgs-
tion zone. This condition did occur when lining out for
the very low air, high recycle run.

No warping or hending of the distributor headers or risers
have occurred. These risers were connected to the air
headers by thread connections just helow the combustion
zone. After two months of service, they were removed with
no galling of the threads. "Silver Goop" ranufacturec by
Crawford 'fg. Co. is used as the anti calling comnound.

riew slctted, lov velocity port risers will be installed for
orneration the week of September 19, 1965.

2. New risers for Retort o. 2 wvere desigrned. Air will dis-
charge from thc riser slots with a 35 to 50 ft/cec velocity.
This contrasts the hich velccity port desion just reroved.
The low velocity ports are lrecing tested to ascertain port
velocitv effects upon dust generation, combustion intensity
and vyield.

3. The electrostatic precipitator has functioned with no prob-
lens. The adcdition of the second support has nroved effec-
tive and efficiencies are maintaining the 98.5% levels,



‘The liner has warped badly in the combustion zone. It

has been straightened on each major shut down. A gradual
coke build-up is occurrinc behind the liner in the re-
torting zone, It will recquire removal and cleaning on

the next shutdown. The liner in the retorting zone has
proved effective in minimizing shale bridoing and elimina-
ting the low density bed.

The cyclone liquid recovery has varied from approximately

60 to 85+% devending upon the recycle cas rate. At low

gas rates, the cyclone is most inefficient, This contri-
butes to fouling during startun. One solution to the start-
up problem mentioned in last month's report is to size a
cyclone for startup conditions. Other recovery ecuinment

is being investigated which hopefully will be more efficient
at wider operating ranges.

Mist recovery equipment now contemplated for testing are:
a. Cyclone (in use)

b. Multiclone (being fabricated)

c. Floating bed scrubber (to be rented)

d. Venturi type scrubber (to be borrowed)

e. Rotoclone (on site)

f. Electrostatic Precipitator (in use)

g. Derister (tested)

h. Air cooled condenser (tested)

During the shutdown for the crusher repairs, one roll of
the spent shale roll feeder was found to be loose on its
drive shaft. It was remaired. However, the imnlications
of the loose roll on past runs must be judged. The loose
roll was not completely friction free from the shaft and
would move at random, The chance of uneven shale flow
east to west was very probable. Charts of the Gamm-0-Tron
level control show the effect of the repair. Variation

in roll speed is now mininum.

A review of the Gamm-0-Tron charts incdicates the brenk

may have occurred hetween Runs DR445 and B446, last Decem-
ber. Clinkering problems durina past operations may also
have been caused by short time slow downs of the east roll.

The dilution cas for Retort Mo. 2 is now taken from the
purge condenser effluent before the reheat section. This
change was made August 16, The revision was made to »nro-
vide the cleanest possible gas to the risers thereby mini-
mizing port fouling.

Liquid and dust sampling problems are recurrirg. In order
to remove differences in unit operator techniocues in taking
the liguid samnle, a True-Cut proportionate fluid sampler
was purchased for D-3 and T-3 tanks. Delivery is expected
the week of September 1°.



10.

11.

12,

13.

Facilities to sample dust from the Rotoclone exhaust are
being provided and will be operative the week of September
19.

Present plans are to test horizontal vpipe distributors in
Retort Mo. 2 after the conclusion of the low velocitv riser
tests. The results of the tests with the lower slot
velocity risers will ke checked against the hiagh port
velocity runs. The hretter of the two type ports will be
used for the horizontal pipes.

Tests will be made with both single and double level hori-
zontal distributors. The liner will remain in hoth the
retorting and combustion zones for these studies,

Retort !Mo. 1 was repaired and nut into service. The warped
center section was removed., Fxternal stiffeners were in-
stalled at the combustion zone and sunports were mounted

at the top of the unit to prevent slumping and bulaing
during periods of very high temveratures.

The center air nort was lowered and is necw two inches above
the neripheral inlets,

Orifices were installed on the lines to the center and
peripheral air distributors to regulate air or gas splits.

A double star feeder was installed at the spent shale dis-
charge to prevent gas leakage at this noint.

Facilities to supply, measure, and regulate oxyaen flow
were nrovided for the high Cp studies.

The top ked height capabhility was raised from seven to
nine feet.

The retort was completely reinsulated., 2dditional pres-
sure taps were installed,

Further design work has been initiated for PRetort Yo. 1,

to incorporate three additional reripheral inlet sections
12-inches apart above the existing inlet. Hot inert gas

addition will be tested at various levels.

The crushing plant was sbut down Aucust 12 for inspection.
The Research Foundation remorted that three days would be
recuired to repair the bearings found damaged on the primary
jaw crusher. Ten days were required.

Three main bearinas were eventually rebabbitted. However,
the main problem was with cracks in the Pitman water
cooled bearing. The Research Foundation shipned all
bearings to Grand Junction for brazing and babhittinc.



Several of the babbitt jobs were poor and recuired rebab-
bittinag. Then, additional cracks develoned in the pitman
Cap. At this point, the Research Foundation recuestecd
our advice. The Traylor Comwany was contacted and their
precedures for rewelding cracks, rebabbitting, vplus shaft
clearances obtained. The Pesearch Foundation completed
their work using Traylor instructions 'londay morning,
August 23,
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IV. RETORTING SECTION (J. F. Lawson)

A, Rgtcrting_groun (R. L. Clampitt, D, P. Cotrupe, P. H.
Gifford, J. '. Hasz, K. I. Jagel and F. E. Turner

Summary -

Most of this month has heen sment overatinag Petort Mo, 2. The
last few days have been spent shaking down and operatinag Retort
Mo. 1 after a long down period.

The operability of Retort No. 2 has been imnroved considerably

by three recent wmodifications. The effect of nsing a riser

type distributor was shown to improve overability in last month's
report. Since then we have tested the effect of a stainless steel
liner installed in the retort and repnired a leose roller on

the roll feeder. The installation of the liner has marticularly
improved overability. 4

Yields in the 87% range have been obtained on Retort ¥n, 2 at
500 1b/(hr) (ft2) raw shale at relatively hiah recycle ratec
and low air rates. An attempt to reproduce Pun 507, 508 andg
509 yields obtained in Retort No. 1 has been unsuccessful.

A new technigue of sampling shale from the moving shale bed

has been developed. Dust concentration in the retorting and
combustion zones is as hich as 30 to 50 tirmes what it is in the
raw shale feed.

A new jacketed gas sampvling probe has permitted us to imorove

the quality of our gas sampling within the retort during operation.
There are still some mechanical problems with the sampler, how-
ever, it can be tentatively concluded that oxygen concentration

in the 2 to 5% range exist six inches above the air inlets.

A new method of evaluating the uniformity of shale moverent
during retort overation has also heen developed. Steel rings
are inserted around the periphery and in the center of the
retort and are picked up from the spent shale kelt by an
electromagnet. The time of travel is measured.

The dust carried out by the spent shale rotoclone is a sionifi-
cant, but small, stream of organic carkon leaving the unit

which is unaccounted for. 1In one run, if this were taken into
consideration the organic carbon halance was increased by about
0.5%. Some work is also being done to improve the samplinog of
liquid product and the analysis of the licuid product for

water. This sampling and analysis affects both yield and organic
carbon balance.

A slow equilibration of the unit after startun or after a process
change has been shown to exist. This line out is shown by
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gradual increases in
and spent shale. It
lation of an organic
Tentatively, we have
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the organic carbon content of both the gas
aonears to be consistent with the accumu-
carbon rich material inside the retort.

concluded that this is the Aust which has

been shown to exist in the retorting and combustion 2zones.

1. Retort Mo. 2 Operations

a. Effect of Hardware Changes on Operability

During the vacation shutdown, the major modification made
to the retort was the installation of a stainless steel
liner. The liner was installed to vrovide a wall surface
similar to that in Retort No. 1. Overation to date indi-
cates that the liner has had a definite and beneficial
effect. Bed height recuirements previously determined on
Retort No. 1 now amply to the Retort Mo. 2. PRefore instal-
lation of the liner, bed height requirement for a given
offgas temperature was about 2-feet oreater than required
on the No. 1 or lined No. 2 Retort.

It is fairly certain that the change in operation of the
retort resulted from the elimination of stable shale bridge
above the aijr distributors. Installation of the liner onro-
vided a slick wall surface and eliminated anchor noints
necessary to support and maintain the bridge. It should

be emphasized that the bridge was not static - it did not
prevent shale flow - but was a dynamic, steadv-state bridage
through which the shale moved. Thief samples taken with

a 3-inch pipe through the wall of the retort immediately
above the air distributor bayonets during Run R665 (prior
to the vacation shutdown) showed an extremely low bed
density above the distributors. The thief samples obtained
consisted primarily of dust with few large vpieces of shale
inclucded. The bed also offered no resistance to »robing.
Subseguent thiefing of the hed since installation of the
liner shows a high density bed comnosed of large shale
particles and dust. A large resistance to probing is also
noted.

The change in bed heicht reguirement and the probing experi-
ence indicates that prior to the installation of the liner

a low density expanded bed about 2-feet in height existed

in the region of the air distributors. This bed configuration
can account for a number of the operating difficulties
experienced on the Petort No. 2 such as: (l)}difficulty in
controlling the shale level in the standmine; (2)the obhser-
vation that occasionally something "broke locse" in the
retort; and (3)the formation of clinkers at high levels

in the retort.

During the shutdown necessitated by the crusher failure,
it was found that the east roll feeder at the bottom of
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the retort had broken loose from its drive shaft. Attempts
have been macde to determine how long the roll had been
broken. However, the various observations that can be

made are over shadowed to a larce degree by the effect of
the stainless steel liner. About the only conclusions that
can be reached are: '

(1) A review of Gamm-0-Tron charts indicates that
the roll may have broken between Runs B445 and

, B446, last December.

(2) The broken roll probably contributed materially
to the startup difficulties experienced on the
retort.

(3) Mechanical model studies indicate that once shale
flow is properly established, the rolls should
not have much effect at the level of the air dis-
tributors.

The unit was started up without difficulty on 2ugust 23,
Operation to date has been smooth and continuous. Although
90% FA yields have not yet been obtained, the objective of
providing an operable retort has been achieved.

b. Effect of Process Variables

Reasonable operability was achieved after the riser type
air distributor was installed. (This was done immediately
prior to Run B659.) Because of low organic carbon halances,
short run time, or failure to initiate combustion at all
eight of the risers, the first significant data were achieved
in Run B674. This run as well as replicates. of this run
having orcanic carbon balances in the 96 to 104% range are
presented in Table 1. This series of runs was carried out
at about the same conditions as were used in RPuns 507, 508
and 509 which were carried out in Retort o. 1. The air
and recycle rates are lower by about 400 SCF/Ton RS and
1,000 SCF/Ton RS, respectively and the bed height is 2-
feet higher. The average yield is about 5.6% lower than
was achieved in Retort No. 1. (Currently, a studv is beinc
carried out in Retort No. 1 to determine if the yields of
Runs 507, 508 and 509 are reproducible.,) It is doubtful
that this yield difference can be attributed to the dif-
ferences in process conditions. An alternative explana-
tion is that the retort hardware is responsible for the
yield difference. A study of the effect of some of the
hardwvare variables is planned in Retort Mo. 2. Some of
these studies have been completed and more are nlanned.

In addition, a very limited examination of process vari-
able effects has been carried out with this retort and air
distributor desion. WWith these studies, we have considered
this attempt at reproducing Runs 507, 508 and 509 as a

base case.



TABLE 1

RETORT NO. 2 ATTEMPT TO REPRODUCE RUN 507-9 PERFORMANCE

(BASE CASE)

RUN NUIBER

Le7d | Lo n7?. | 79,
DATE STARTED L2628 Gertird 2G| Pz S
LEYGTH OF RUIl, hours g g 4 i
RETORT TYPE NUIBER _ LRET CET | REIZ | pPEIT
QOIL RECOVERY SYSTE!M MNUMEER 59 Vot 4 & 49
OPERATING CONDITIONS: f ‘ )
Raw Shale, 1lbs/(hr) (ft2) “nO A 5o 25
Fischer Assay, Gal/Ton RS 246 | 254 | 2.9 24.6
Nom. Size Range, inches i Yt /s .
_Avg. Part. Diam., inches ~ 23 0.30 1. 8.30 0,27
Air, SCF/Ton RS Y228 )| sn8& s909 | 427/
Tot. Recycle, SCF/Ton RS(wet) vriol mreo | /#5720 | we/oo
Dilution Gas, SCF/Ton RS (wet) — - — —
Propane, SCF/Ton RS — - - -
Brine, Gal/Ton RS - — p— -
Air Temo. Entering Retort, °F A 792 /K2 74
Bed Hgt. Above Air Dist., ft 7 2 9 g
e DR 2R e IR S /A 748 774
QPERATING DATA: ‘
,__Offgas Terperature, °F o 13 /32 | 7 !
'"""ReevEle Gas TemperatUre, °F LS00 | /92 /80 /g% i
Svent Shale Temperature, °Fesz)| (+<o) | («Z5P) 38Y /2.3
Avg. Retort AP, in. H20/ft 0.33 2.37 o85r1 o«7
&P Above Air Dist. in H20/ft 0.5/ 0.3 0.6/ 0,53
Overall Oper. Performance Cropn V\ Comer Gann | Crond
PRODUCTS RECOVERED:
0il Collected, vol % RSFA /G pLE £3.3 | fF43
01l Lost as Mist, vol % RSFA o2 0,4 0. L o2
O0il in Spent Shale, vol % RSFA 0. 2.0 aon 0.0
Total 0il Meas., vol % ROFA o2,z | £4.G o2 7 A7
Total Vater, 1bs/Ton RS 2, 24/, & R4 78!
Calc. Dry Vent Gas, SCF/Ton RS 2. 2.€D C2/D &r/2 2 SR7G
Mineral CO2 Decomposed, % 30.3 IO L SG.pt 33.6
MATERIAL BALANCES : R
Ash, wt % (measured) ~ 92.8 | 2.4 fe.6 | 737
Basis for Yields & /lat'l. Bal. /25 25 2S5 25
Overall Balance, wt % 00.6 1 so0.0 7941 g9 3
Organic Carbon Balance, Wt % G922\ G 4.7 52. 7
" Total Carbon Balance, wt % Jca | 59 6 947 22.5
Organic Hydrogen Balance, wt % 25, VT 98.6 | o2 s L
. “Water Balance, wt % 2¢.0 1 170.7 2085 98,5
,_Gas Loss, SCF/Ton RS (Ary) —r - | —2c2 | Fef | = £SO
HEAT BALANCE:
Heat of Combustion, MBtu/Ton RS 705 4, HESS | g b
Unaccounted Heat, MBtu/Ton RS Co.l 20.0 £3.9 ¢35.8
SHALE OIL PROPERTIES:
T Gravity, °APL /9 o /9.7 ;9.2 /27
Ramsbottom Carbon, wt % 2,25 2.5 2,807 2.5,
- Ash, wt % o2 0,02 .97 2.0/
{GAS PROPERTIES (DRY):
Moisture, 1bs/MSCF_of dry gas 7 . 0.7 | 10,9 1/ 4f
i__Gross Heating Value, Btu/SCF 707 72/ L3O £20
'~ 02 vol % . = o.f 2.3 o.4
C02 vol % 2¢/ 7 24, Q 25,9 250
SPENT SHALE:
Fischer Assay, Gal/Ton SS o.n 2.0 0.0 o0
Organic Carbon, wt % /.75 LG [ &2 .82
KIJagel

L ——

9/65

1 gf'..) <L )
—

« -
r 2 Sl
e

£33

o 77

LES
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(1) Effect of Bed Height (Other Variables at PRase
Case Concditions)

In Table 2, a compariscn of the rase case average
results is made with Run P68l1. This comwarison shows
that there is no significant diffexence in vield. A
vertical temperature profile carried out in Pun

5678 showed that the two ton feet of the retort were
isotherral. Therefore, the lack of a vield effect
on bed height is not unexpected.

(2) Fffect of Dilution Zag (Other Variables, Excent
Bed Peight and MNilution Gas Rate, at Rase Case
Conditions)

The effect of dilution gas on retorting nerformance
when other variables are held at base case conditions
is shown in Table 3. There is probabkly no effect on
vield indicated but there is evidence that the com-
bustion zone is affected. The organic carbon content
of the spent shale is hjicher in the diluticn ¢as
situation than it is in the base case. This onrobably
indicates less ccke hurnino. The carbonate decom-
position is also lower in the filution gas case
indicating that the average temperature of the com~
bustion zone is probakly also reduced.

(3) rffect of Increased Gas Throughnut (Recycle PRate
was Increased and Alr Rate was Decreased, Other
Variables at Rase Case Conditions)

Increased gas throuchput accompanied with a slightly
increased heat input to the combustion zone causes

a slight increase in vield. This is shown in Takle
4, The fact that heat input to the combustion zone
was increased was inferred from the increased car-
bonate decomposition. That part of this heat came
from improved heat transfer in the shale cooling zone
is shown by the low sment shale temperature.

(4) Effect of Dilution Gas at Yigh Gas Throuahout
(Condition Same as 3 Above T'xcept Dilution “as
Added)

Runs P693 and R694 were made at these conditions but
no firm conclusione can ke drawvn as te vield brecause
of pmoor organic carbon balances. The indicated spent
shale temperatures are about the sare as above as
might be expected. The organic carbon content in the
spent shale was increased and the vercent carbonate
decomvosed was reduced. These orlservations are con-
sistent with the conclusicns drawn as to the effect
of diluticon gas oreviously. This is shown in Takle 5.



TABLE 2

EFFECT OE’ BED HEIGHT (OTHER VARIABLES AT BASE CASE CONDITIONS)

RUN NUMBER A2/ 452-@*# '

DATE STARTED L 25 ] s

|LEMGTH OF RUN, hours 2 A ve

;RETORT TYPE NUMBER LT Vs

!OIL RECOVERY SYSTEM MNUMBER K2 7;,?5.;‘.;/.‘,

OPERATING CONDITIONS:

Raw Shale, 1bs/(hr) (£ft2) S/ s7 <
Fischer Assay, Gal/Ton RS 2 24,7
Nom. Size Range, inches 2l 1
Avg. Part. Diam., inches 0.2%

Air, SCF/Ton RS 53 532

Tot. Pecycle, SCF/Ton RS (wet) /5 Go )

Dilution Gas, SCF/Ton RS (wet) - -

Propane, SCF/Ton RS - -~

Brine, Gal/Ton RS — -

i__Air Temp, Entering Retort, °F 202 2l
Bed Hgt. Above Air Dist., FE 7 2

A2 L0 37 Rt B sTndd r7al v

OPERATING DATA:

Offgas Temperature, °F /35 L3%

Recvcle Gas Temperature, °F 180 «E£ —_

Spent Shale Temperature, °F $29 27

Avg. Retort ¢P, in. H20/ft o2 0.0

; &P Above Air Dist. in H20/ft 0,55 0. &
Qverall Oper. Performance CFop D Jinlal»)

.PRODUCTS PECOVERED:
0il Collected, vol % RSFA P IA £3.5
01l Lost as Mist, vol % RSFA 0.3 o.¢
Oil in Spent Shale, vol % ROFA 2,0 2:2

Total Oil Meas., vol % RSFA y 7 L34

__Total Water, lbs/Ton RS £/ 3 26

“Calc. Dry Vent Gas, S6CF/Ton RS | 2,2~ £rSS

Mineral CO2 Decomposed, % 32.¢/ 32.6

MATERIAL BALANWCES:

Zsh, wt % (measured) Gl 2¢.8

Basis for Yields & Mat'1l. Bal. 2% 28

Overall Balance, wt % 80,4 79¢

Organic Carbon Balance, wt % B¢, R 2EL

Total Carbon Balance, wt % G2l 9%.0

Organic Hydrogen Balance, wt $ 0/ 3 or 7

Water Balance, wt $ 1757 /80 6

Gas Loss, SCF/Ton RS (dry) +p3 ~—35¢

‘HEAT BALANCE:

Heat of 50mbusti0n,_MBtu/’I‘on_ﬁRS /757 «728.6

Unaccounted Heat, MBtu/Ton RS 53.0 L7 S

SHALE OIL PROPERTIES:

T Gravity, CAPI G0 19/
Ramsbottom Carbon, wt $% 2.58 2,328
Ash, wt % O, 0 (o)

GAS PROPERTIES (DRY):

Moisture, lbs/MSC?—of dry gas 77. 7 70.&

Gross Beating Value, Btu/SCF 1/ 77

02 vol % o2 .4

C02 vol % 2577 250

SPENT SBEALE:

Fischer Assay, Gal/Ton SS D5 O.0

Organic Carbon, wt $ /.27 .25

v e s 1 st o oo



TABLE 3
EFFECT OF DILUTION GAS (OTHER VAREABLES, EXCEPT BED HEIGHT AND

DILUTION GAS RATE, AT BASE CASE CONDITIONS)

9/65

IRON_NUMBER _ Lesi | e | S v | \Laas
DATE STARTED Feogs ] Qa2 O A e
LENGTH OF RUNl, hours 2 e P
RETORT TYPE NUMBER R - m | ORI S
,OIL RECOVERY SYSTE' NUMEER 57 70 £ 2 7R PYA
OPERATING CONDITIONS: -
Ravw Shale, 1bs/(hr) (ft2) < < | 2 i/ L sy

Fischer Assay, Gal/Ton RS 26,4 Z27.0 24,5 260 Ao I 259

Nom. Size Range, inches 2= [

Avg, Part. Diam,, inches . o,.+9
Air, SCF/Ton RS /g2 2V arosT 4 2770 YE2o
Tot. Pecycle, SCF/Ton RS(wet) 2070 22502537 A Y
Dilution Gas, SCF/Ton RS (wet) tefR_sotp | /037 Lfosy -
Propane, SCF/Ton RS _ — - — —
Brine, Gal/Ton RS — = = gy =
Air Temo,. Entering Retort, °F 2089 2¢~3 Z 25 e s
Bed Hgt. Above Air Dist., ft 7 7 i 7 2

(27D 8PP B 02 Jo7 zx |z v | ]
QPERATING DATA: f

Tgas lemperature, °F )8 124 | s 35 Al 3%
Recycle Gas Temperature, °F ;53 7 GL. 798 A ifé;f
Soent Shale Temperature, °F 7Y W25 | /Y3 Y7 “/27
Avg. Retort oP, in. H20/ft D, /0 o, 3,57 0.5/ Q.40
OP Above Air Dist. in H20/ft 0. 5t 0.7 | .62 0.2 o0.4f
Overall Oper. Performance Croon | Gean | Crend | Gools Cron L

PRODUCTS RECOVERED:

__Oil Collected, vol % RSFA g8\ srs | £3.5 s G £3.<

_0il Lost as Mist, vol % RSFA 0.2 2.5 0.3 - o 0./
0il in Spent Shale, vol % RSFA O, A 2,4 fas) 0, 5 .2

Total Oil Meas., vol % RSFA 2.7 vz, 2| _£39 fé. o £3.9
Total Vater, lbs/Ton RS 20,0 T Y2 A 7 D2 76 G
Calc. Dry Vent Gas, SCF/Ton RS o | &rr7 | 5955 to7/ CrsK
Mineral CO2 Decomposed, $% 220 28/ 297 25.9 2l )

MATERIAL BALANCEES: :
Ash, wt % (measured) 53,9 Gr.o L7 3.2 6.8
Basis for Yields & lat'l. Bal. /25 25 23 /25 S
Overall Balance, wt % 200.¢ ser.0 | /00, 7 /80, 77 ¢
Organic Carbon Balance, wt 3 G L6 re3. 5 7.7 2O, D 70.c
Total Carbon Balance, wt % 90| _ro2.5| 725 oo 220
Organic Hydrogen Balance, wt % /0. 31 z00.3 9%9.8 ro0, piad 4
“ater Balance, wt % /201 2275 | 4179.6 L2205 70L&
Gas Loss, SCF/Ton RS (dry) S | ~32 - S e — 3%
HEAT BALANCE: , '
"“Heat of Combustion, MBtu/Ton RS | 4o~ K| &gl 4284 A5 3 #7286 |
Unaccounted Heat, MBtu/Ton RS /P90 7L F e A Cq. 5 -
SHALE OIL, PROPERTIES: §
Gravity, °API 1941 19,3 27.3 1%.3 (7L
Ramsbottom Carbon, wt % 2.0/ 223 2./3 >, /3 2.3¢5 !
Ash, wt % d.03 | .oz | Oga o002 0.02
GAS PROPERTIES (DRY): ;
Moisture, 1bs/MSCE of dry gas o | T o 1o, 4 G, 10, <
Gross Heating Value, Btu/SCF 270 27 L /8 Lo 17/ 227
._02 vol % cf o, 2 e 2 2.3 24
+ C02 vol % 244 z<=z | 252 7/ 50
‘SPENT SHALE: ’ !
Fischer Assay, Gal/Ton SS DO o, 3 20 o/ i 0.0
Organic Carbon, wt % 2,28 1 2. x5 2.2 | '
KIJagel




TABLE 4

EFFECT OF GAS THROUGHPUT {(RECYCLE RATE INCREASED, AIR RATE

DECREASED, OTHER VARIABLES AT BASE CASE CONDITIONS)

’RU\T NU"‘.BFR e’ffj_"“ 7 /’/ o2 ,4}//:” Ve
'DATE STARTED Ry TN, e
,LI: IGTH OF PUN, hours 00 Z b i
(RETORT TYPE NUMBER T 2R S
'OTIL_RECOVERY SVSTEN NUMBER = 77 Taie £-
OPERATING CONDITIONS: ’
Raw Shale, 1bs/(hr) (ftz) <7 (/,/ ~ /L 5
Fischer Assay, Gal/Ton RS 272¢ 27.9 27,7 259
Nom. Size Range, inches Rz
Avg. Part. Diam., inches .29
Air, SCF/Ton RS PN £/30c /2389 s
Tot. Recycle, SCF/Ton RS(wet) /seen | /eo3n /B0 EsD
; Dilution Gas, SCF/Ton RS (wet) — — - -
Propane, SCF/Ton RS — — - -
Brine, Gal/Ton RS — — - —
Air Temo. Entering Retort, °F 20 | 205 208 e
} Bed ligt. Above Air Dist., FE 3 g g va
LA PP TSI g0 3 g TZE “@' vy vzl
‘OPBRA‘I‘ING DATA: T
Offgas Termperature, °F /R /37 /37 753 .
Recvcle Gas Temperature, °F 08" /05 s 4&2.4
| __Spent Shale Temperature, °F Fos | 305 200 “s27
l Avg. Retort P, in. H20/ft /. of Py Yy .Y
|__OP Above Air Dist. in H20/ft /.3 /35 X Falidi
| Overall Oper. Performance Eo sy Cron D CGroo > ornd
}PRODUCTS RECOVERED
. 0il Collected, vol % RSFA Sz < £/ £¢.8 £2.5
0il Lost as Mist, vol % RSFA 0.3 2.3 .3 -
0il in Spent Shale, vol % RSFA o.0 Vo e 2.0
Total 01l Meas., vol % RSFA 6.5 f],% 27,/ g3. 9
Total Vater, 1lbs/Ton RS ' 765, 7 72,2 745 26. &
' _Calc, Dry Vent Gas, SCF/Ton RS S742 | S4Y <t L L25S
. Mineral CO2 Decomposed, $% F¢4 7 Zz7, £ 20 22.6
%'EAT“‘RIAL BALANCES » A .
_Esh, wt % (measured) gs5.2 | 958 X2 9.8
. Basis for Yields & Mat'l. Bal. 2 23 25 =
. Overall Balance, wt % vonn | 997 44,7 77&
i Organic Carbon Balance, wt % Gz s G, O 97, 2 ar.6
| Total Carbon Balance, Wt % 923 | 92/ 927 95.0
| Organic Hydrogen Balance, Wt % vos 2 | o2, 20/ 8 609
Water Balance, wt % 99, 2V /00.é SO0, 2 A
Gas Loss, SCF/Ton RS (dry) ) = 3£9
HEAT BALANCE:
Heat of Combustion, MBtu/Ton RS | .4g0«| 24t S3.& #7846
Unaccounted Heat, MBtu/Ton RS 272 242 20,7 9=
SHALE OIL PROP]:Z-‘-RTIES'.’. d
i Gravity, YAPIL 6, ¢ 6.7 /%6 /5. /
 __Ramsbottom Carbon, wt % 2./¢, 2.28 2,22 2.3¢
I Ash, wt % O, 07 ., 0 0.03 o, D2
.GAS PROPERTIES (DRY): - f
foisture, 1bs/MSCF of dry gas O.0 0.0 0.0 /0.4
Gross Heating Value, Btu/SCF R 17 > 227 |
02 vol % o 0.0 rL c.o
__C02 vol % 267 | 27.8 273 25,0
SPENT SHALE: ’ 1
Fischer Assay, Gal/Ton S8 2.5 o0 I o.0 2.0
Organic Carbon, wt $% zeone\ 2,07 | 72.08 2. 85
KIJagel



TABLE _5

EFFECT OF DILUTION GAS AT HIGH GAS (CONDITION SAME AS PREVIOUS

TABLE EXCEPT DILUTION GAS ADDED)

RUN NUMBER e o) [ o L2 IWMT
DATE STARTED T L B
| LENGTH OF PUI, hours o £ (T B B
STORT TYPZ NUNBER - 3 RT3 R
OIL RECOVERY SYSTEY MNUMPER & ed ) | Testes /L
OPEEATING CONDITIONS: e
raw qﬁale, le/(hr} (ftZ) e < Z 7 f < e
Fischer Assayv, Gal/Ton RS R 2/ F s - 279 A4
jom. Size Range, inches P w2 W paey e R N R
Avg. Part. Diam., inches RN 52 © | | D02
Air, SCF/TOH RS 57/‘7_)" VA4 ‘7 i N &I '0'“:1;5\’"
Tot. PRecycle, SCF/Ton RS{wet) R 7 WA LG 0
Dilution Gas, SCF/Ton RS (wet) sm A . /673 ‘ - -
Propane, SCF/Ton RS . _ = T = .
Brine, Gal/Ton RS - = = . - ’ _
Alr Temo. Entering Retort, °F e ;o o f?’
Bed Hqt.?j Above Air Dist., FC R C » 5 I
pol T s P =7 v 75l
OPERATING DATA: — ST | e A
T Diifgas Termperature, °F )55 i) 22 s A
'~ Recvcle Gas Temperature, °F /2 P /57 pdsd 2£C
Svent Shale Temperature, °F 234 2 L 3/0 20 < o7
Avg. REtort £P, in. Ha0/Ft P 0.93 Y g
AP Above Air Dist. in HO0/ft 0.5 5 - Y 21 2, 4
Overall Oper. Performance oo 1 S0 lD Lo Geen Cro
PRODUCTS RECOVERED:

011 Collected, vol % RSFA gi5 | goo ¢ g¢.8 £2.L
01l Lost as Mist, Vol % RSFA 0.5 2. o 0.7 ©.2 20
01l in Spent Shale, vol % RSFA e s 2.0 2.0 ”b g
! Total Oil lMeas., vol % RSFA e ree S 72 i |27
" Total Vater, lbs/Ton RS V {7-;¥. Ya o 727 7/ 5 ——7—‘/’-{’*—-
i Calc. Dry Vent Gas, SCF/Ton RS VIl % Lo | _eLEl
i~ Mineral CO2 Decomposed, % 3249 CPA =/ ef S ] 22l
MATERIAL BALANCEES: , -
Ash, wt % (measured) e A 95 2 98 < Lok
Basis for VYields & Mat'l. Bal. RS P L2 AL é/f‘
Overall Balance, wt % g4 5 e G g7 2.6
Organic Carbon Balance, wt $% A 97, | a2 267 90(
Total Carbon Balance, wt % 5.7 | G/ | Q57 c7 7 4R
l Organic Hydrogen Balance, Wt % e o 4 iz U o2/ ceh & s0l ¥
{ _“ater Balance, wt % SOLAN A C oS 7¢0, 2 ’/0/";;

,i Gas Loss, SCF/Ton RS (dry) el sef2 8 e ’ -5&
{HEAT BALANCE: ; 3 i
‘" Heat of Combustion, MBtu/Ton RS “23 = a2 2700 £ & 3/ r—ﬁ/—?‘,&“{:‘
3 Unaccounted Heat, MBtu/Ton RS 22,2 22,2 22.2 o7 G755
|SEALE OIL PROPERTIES: ' ‘
i__Gravity, °API /5% 2 29 2 ] /52 ‘Z L
, __Ramsbottom Carbon, wt % 2. 27 Z .24 2.2 2.2 2 N
. Ash, wt % Sy m L2 00 2Ll T
{GAS PROPERTIES (DRY): |
. Moisture, lbs/MSCF of drv gas 4O, 2 G, 200 PhNe /r’;"/
" Gross Heating Value, Btu/SCF 7 s 25 2 AVA
02 vol % o,/ £ i A
CO02 vol % 26,/ V7L 20,/ 25 T,
SPENT SUHALE: . :
Fischer Assay, Gal/Ton SS 3.0 oo Lo L. f'.c,)
Organic Carbon, wt % 2,25 Z.37 .5/ 2.0 2 L
KIJagel
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(5) Fffect of Overation at Conditions Approaching
Minimum Operable Heat Innut

A pair of runs were also made at 400 lb/(hr)(ftz) which
approached the condition of minimum operable heat

input (Runs B696 and B697). One of these runs had

an acceptable organic carbon balance. The vield was
about the same as the high gas throuchput run at

500 1b/(hr) (ft2). The percent carbonate decomposed

was much lower and the organic carbon content of

the spent shale was slightly greater than at the 500
1b/ (hr) (ft2) conditions. This is shown in Table 6.

(6) Reproducibilitv of Base Case Oneration

After completing Pun B627, an attempt was made to
reproduce the base case operation. It was not pos-
sible to deo this at that time. This is shown in

Table 7. The retort was shut dovn two runs after

this attempt at reproducing the base case data. An
inspection of the retort indicated that three of the
four bayonets on the west side were pluaged with soft
deposits in each of the ports and two of the four on
the east side were martially plugged. A clinker was
also observed resting on top of the riser in the south-
west corner of the retort. The clinker was burned

and somewhat glassy in the bottom indicating that it
was there durinag some portion of the retort's operation.
The top of the clinker had the apvearance of coked

cil. Since the topr of this clinker was in what would
normally be the bottom of the retorting zone or the

top of the combustion zone, it suggests that this
clinker may have fallen as a dusty, oily shale agglom-
erate into this position from the region of the retort
normally containing oil.

The temperature of the streams leavina the retort are
about the same for the new data as for the hase case
although the srent shale temperature may be slightly
lower due to the slightly higher recycle.

The Ramshottom carbon is 50% higher in the new data
liquid product than in the base case. This probably
indicates a greater provrensity for the oil to coke
and release light cracked products. The facts that
the heating value of the gas and the organic carbon
on the spent shale are higher are consistent with this.
If these light cracked products were in the trouble-
some licht naphtha region and if they were not re-
covered as pnart of the gas sample in a revmresentative
proportion the poor carbon balance of these data
would also be accounted for.



TABLE 6
EFFECT OF OP_ERATION AT CONDITIONS APPROACHING MINIMUM OPERABLE HEAT INPUT

IRON NUTSER g b s -

_ DATE STARTED A L e
yLENGTH OF PUIM, hours “ P 2l
ROTORT 7YPE NUMBEE /0;/7 T c L Tooar
"QIL RECOVERY SYSTEM NUMEER Vel a a) D)
OPERATING CONDITIONS: ' i

Raw Snale, lo@/{~.4.}(ft2) g S/l <,
Fischer Assay, Gal/Ton RS P, 27 LG
Wom., Size Randge, inches [N S VN P B R o
Avg, Part. Diam., inches 0.20 . Cop

Air, SCP/%on RS |z D AN

Tot. RBecycele, SC¥/Ton RS(wet) Vo G S R AN

Dilution Gas, SCF/Ton RS (wet) — — - :

Propane, SCF/Ton RS — — -

Brine, Gal/’l‘on RS — _ -

g Air Temo, Entering Retort, °F SR 2 " g
|__Bed Hgt. Above Air Dlst., ft 7 ' 2 7

S S s e . T w7 77
OPLRATIVG A’PA. :

Ot q s Temperature, °F pole ’/ 87 223

Recveclie Gas Temnerature, °F G2 2585 sEE

Spent Snalie Temperature, °F e P R o7

Avg. Retort P, in. H20/ft i 0.63 Lot O.er)

LP Above Air Dist. in H20/ft HIIZ2Z) e

Overall Oper. Performance { onrp s oo

PRODUCTS RECOVERED:

0il Collected, vol % RSFA L 4.8 Pt £ co T

Oil Lost as Mist, vol % RGFA 0.5 I St

Cil in Spent Shale, vol % RSFA = .0 S Soan
otal 0il Meas., vol % RSFA A i L7 P2, &

Total Water, 1lbs/Ton RS 4 4. 76

Calec. Dry Vent Gas, ECF/Ton RS S0 P St Lol

Mineral CO2 Decomvosed, % 720, % St.4 J2 e

MATERIAL BALANCEE:

Ash, wt % (measured) {0 G 5~ B G0

Basis for Yields & Mat'l. Bal. /IS 28 L

Overall Balance, wt $ 79 7 57, 5 G5,

Organic Carpon Balance, wt % QL G0 Gl

Total Carbon Balance, wt % 7Y sz 7 G0

Organic Hyvdrogen Balance, wt & | /.= 4/, 2 R

Wacer Balance, wt % /27.0 0. 2 \ s

Gas Loss, SCF/Ton RS (c&ry) 14003 ‘ - 25

HEAT BALANCE:
Heat orf Combustion, MBtu/Ton RS 2o 8 P IAA T
- . ccounted Heat, MBtu/Ton RS 26,0 20,7 L
) SHALE OIL PROPERTI .3- ‘
T Gravity, °APT 2, / 146 s/
___=msbottom L.-bcon, wt % 2.50 . P o2 2.5
~ Ash, wt % e 2/ R
{GAS P?O»«“T LS (oRY) e ; :
T o5/1sCr of dry gas 0. o 0.0 L
| Coons ..o Value, Btu/SCF oS /7 vl
707 wvolL % 2./ 2.4 ol
" Chp voi ¥ i~ < 223 2.0
SDENT SiL.Los T
" PFischer Assay, Gal/Ton S8 A2 b oy a0
Organic Caxbon, wt % .35 A 5.8 7.0
KIJagel




REPRODUCIBILITY OF BASE CONDITIONS

TABLE 7

RUN NUTBER

AL SAns Aoy, '

DATE STARTED R W T B - =

‘LENGTH OF PUM, nours o B Vi T

"RETORT TYPE NUNBER Pl A= A (Zoe=

OIL RECOVERY §VS7El NUMBLR ;o G oG e £ /)

QOPERATING CONDITIONS:

Rav Shale, 1bs/(hr) (ft2) R TS ) -
Fischer Assay, Gal/Ton R3 JJ 3 22,0 (ko) 202
om. Size Range, inches DER— VRS T -
Avg. Part. Diam., inches N e P P

Air; SCF/TOZ"X RS Lroee Ty ‘/, /; T o

' _Tot. Recycle, SCF/Ton RS{wet) vy Ry 223D /00 D

- Dilution Gas, SCF/Ton RS (wet) - — — —

.__Propane, SCF/Ton RS — — — -

i Brine, Gal/Ton RS —_ — — -

|__Air Temo. Entering Retort, °F >y 55 = P

|__Bed Hqt. Above Air Dist., ft 5 = 7 9

i pf g e a e g Iz 7 777 =il

{OPERATING DA"‘A° -

T Qftgas Temperature, °F ; var, V zes 17 WA

" Recvcle Gas Temperature, °F y 15 i SEZ

__Svent Shale Temperature, °F 39 @32 22 sz 7

E Avg. Retort P, in. H20/ft o, L O,y 0. 2,470

.  OP Above Air Dist. in H20/ft 2. 75" O, 2 2,700 2. 25

t Overall Oper. Performance Cornr o s 7 oo

PRODUCTS RECOVERED:

|_0il Collected, vol % RSFA YA 22.8 A4 el

i 01l Lost as Mist, vol % RSFA 0. 0./ £ oo
01l in Spent Shale, vol % RSFA o o~ A~ ) Jron

Total Oil Meas., vol % RSFA R 27, i aa Sy

Total Vater, lbs/Ton RS L 76, & ot TH. b

' _Calc. Dry Vent Gas, SCF/Ton RS (,/», &2 L FD e

I Mineral CO2 Decomposed, % 2.2 P 0 20,5 22 L

MATERIAL BALANCES: B
Ash, wt % (measured) <o A 72/ G5 &

} Basis for Yields & lat'l. Bal. A <3 £
Overall Balance, wt % j 58 7 GG G, f Lo L
Organic Carbon Balance, wt % G LG S G0, 9
Total Carbon Balance, 'wt % go s A, g5,/ &5
Organic Hydrogen Balance, wt % G e GE D 100
“agter Balance, wt % G/ G ¢ G TP
Gas Loss, SCF/Ton RS (dry) —/f% 1 —287 —yf 7Ly

HEAT BALANCE: )

'  Heat of Combustion, MBtu/Ton RS SE g 5E 8 priSevs

| Unaccounted Heat, MBtu/Ton RS /3 T 2, K

;SH.@L"’ OIL PROPERTIES:

|__Gravity, °API 87 /70 A ’G,/

. Ramsbottom Carbon, wt % PR 2. 2o SAReL, 7, 2
Ash, wt % I pZ O.r s /\h;,

‘GAS PROPERTIES (DRY):

, folsture, 1bs/MSCF of drv gas G, 3 p 7, o N

i Gross Heating Value, .Rtu/SCF o/ o/ L s
02 vol % - - 4 4
Cdy vol % 22,7 350 S/ PR

SPENT SHALLD: ;
Fischner Assay, Gal/Ton SS ) 4 - €. n cA
Organic Carbon, wt % 2,70 2.53 Z.57 el

KIJagel
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This change in the properties of streams leaving the
retort may be due to a change in shale richness, but
after examining the unit, it seems more probable

that it is due to changes in shale and gas flow dis-
tribution due to port plugging and clinker formation.

c. Shale Flow Studies During Hot Operation

Uniform shale flow through a retort may be important in
obtaining good operability and vields. Temperature pro-
files, residence time, fines refluxing, gas distribution
and other variables could be affected by non-uniform shale
flow, Tracer tests have been conducted in Retort Wo. 2

to determine the flow pattern of the shale. The tests
were made by dronping metal cylinders, cut from pipe, into
the top of the retort (See Table 8) and catching the
cylinders with a magnet placed over the belt after it
leaves the retort. The travel time of the cylinder from
the top of the retort to the magnet was obtained. To get
the travel pattern in the middle of the bed, the cylinders
were dropped throuch the chute feeding raw shale to the
retort. The results of these tests are civen in Table 8
and pertinent data are summarized below:

SUMMARY OF SHALE FLOW TESTS

Average
Test Location Residence Residence Time ({(Mins)

No. Date in Retort Time {(Mins) ™in.  Max. Difference

1 8/27 s 107 101 120 19

2 8/27 N A 99 98 99 1

3 8/30 s 120 110 127 17

4 8/30 N 164 105 233 123

5 8/30 N 115 106 125 19

S 115 107 123 16

6 8/31 N 116 103 138 35

S 117 107 123 16

7 8/31 B 121 112 134 22

o 121 105 157 52

8 9/1 Chute 110 100 115 15

9 9/1 Chute 110 106 112 6

10 9/9 N 98 95 100 5

s 130 112 143 31

E 114 99 143 44

W 108 92 134 42

On an average these data indicate a fairly uniform flow
except for in a few instances. Test 4 indicates some
variations in shale flow while tests taken about three
hours later showed improved flow characteristics. OQual-
itatively, these limited data indicate somewhat faster
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rates in the middle of the bed (average time N 124:

S 115; Middle 110), although the time may be within the
precision of the data. The calculated residence time of
the shale is about 118 minutes.

Test 10 was made after Run B702 and before the unit was
shut down. The data indicate poor flow characteristics
in the south, southeast and southwest areas of the retort.
After shutdown of the unit, a clinker was found over the
bayonet in the southwest corner and the ports on three
of four of the west bayonets were nlugged with soft de-
posits. Two of the east bayonets were also partially
plugged. The clinker and the plugged ports must have
occurred sometime after Run B691 (9/1/65) as Tests 7, 8
and 9 showed good flow characteristics. The poor flow
characteristics may have affected the yield results for
the runs made prior to the shutdown.

d. Sampling Shale From a Moving Shale PBed

Starting with Run B682 a new type of sample has been ob-
tained. It is called a thief sample, and is taken by driving
a 3~-inch pipe into the moving shale bed at given locations.
The purpose of this sample is to gain additional insight
into what is occurring in a moving bed of retorting shale,
and more specifically to determine what the main causes of
yield loss are. Prior to the development of this sampling
technique an isokinetic dust sample was taken to serve this
purpose. The isokinetic dust sample technique has now been
abandoned in favor of the more reproducible and correlatable
thief sample method.

Some of the results which have been obtained are presented
on Tables 9 and 10. The data on Table 9 show the repro-
ducibility of this technique. The three samples of Test
No. 1 were taken at Port No. 2 at half hour intervals.
This port is located 8~inches above the air inlet in the
west wall of Retort No. 2. Originally, it was thought
that the first sample contained a high weight percent dust
because of the procedure used, but subsequent data, given
under Test No. 2 show that even with a corrected procedure
and an hour sampling period the subsequent samples equili~-
brate to a dust concentration different than the first
sample.

In Table 10 the vertical dust profile for a typical high
dust operation and a typical low dust oneration is given.
Although a more complete analyses was obtained, only the
weight percent of material larger than the pan fraction

and weight percent on the pan are given. Pan is defined as
any material larger than 0.093 inches in order to conform
with the raw shale screen analysis which were tyvically 1
to 2 percent pan. In addition to these data, the Fischer



TABLE 9

THIEF SAMPLING TECHNIQUE FCR DUST CONCENTRATION -
REPRODUCIBILITY TEST

Test No. 1 Test No. 2

Weight Percent :
2n Sampie Sample Sample Sample Sample Sample Sample

Size No. 1 No., 2 No. 3 No., 1 No, 2 No. 3 No. 4
0.742 27.3 41,4 34.3 31.8 60.1 54,2 55.0
0.624 .4 12,1 13.2 4.0 6.6 1l.2 2.2
0.414 9.4 10.4 13.3 2.9 3.4 3.1 3.2
0.371 2.9 3.5 4.1 l.2 0.7 0.4 0.3
0.263 &.0 4.0 . 3.7 1.3 0.7 0.8 0.7
0.185 3.7 3.2 3.3 1.0 0.7 0.7 1.2
0.131 3.2 2.8 2.9 0.9 0.8 0.7 0.9
0.093 3.0 2.4 2.6 1.0 0.7 0.6 0.9
0.065 3.5 2.7 2.6 1.4 0.9 0.9 1.3
0.0328 7.5 5.1 5.5 8.6 3.5 4.2 5.4
Pan 30.1 12.4 14.5 45.9 21.9 23.2 28.9
Total
Weight

of
Sample 1417 1318 1516 757 880 647 457
PHGifford

9/20/65



VERTICAL PROFILE OF DUST CONCENTRATION AND SHALE PROPERTIES

Run No.
Raw Shale
Air
Recycle
Dilution
Bed Height
Yield

A

COsy

Ash
Carbon
Hydrogen

Wt %> Pan
Pan < 0.09

TABLE 10

Typical High Dust

Typical Low Dust

699 694
, 502 « 513
. 4,830 4,200
12,071 17,000
0 1,000
78 7
87
23:! 8" 23" 8"
" RS Above Above sSs RS Above Above S8
33.0 13.7 2.5 0.0 31l.6 28.4 0.4 0.0
16.8 15.0 17.5 14.8 7.1 16.2 19.2 14.9
65.3 74.2 77.8 83.1 66.0 67.8 77.9 83.3
19.0 13.9 9.07 6.6 18.4 17.4 7.93 6.43
2.07 1.01 0,41 0.18 2.0 1.74 0.25 0.18
98.5 42.5 56.6 -— 97.9 89.7 72.5 -
1.5 57.5 - 43.4 - 2.1 10.3 27.5 -
PHGifford

9/20/65



-17=

Assay, COp, ash, total carbon, ash total hydrogen are

given for each sample and for the raw and spent shale.

With this information one can follow these variables as

the shale passes through the retorting and combustion zones.
The external process variables are given at the top of the
table.

The main preliminary conclusion which was drawn from these
results is that the greater the concentration of dust
accompanying the raw shale through the retorting zone the
slower the rate of retorting. This implies that the dust
tends to slow down the rate of heat transfer to the incoming
shale particles; it also gives the mechanism by which
partially retorted shale enters the combustion zone. To
fully substantiate these conclusions additional data are
reguired.

The dust concentration is related to both the air and
recycle rates as shown in Table 11l. Run 8699 with an air
rate of 4,830 SCF/Ton RS and a total recycle of 12,000
SCF/Ton RS gave 57.5 wt % dust at port lNo. 1. When the

air was lowered to 4,200 SCF/Ton RS and the total recycle
raised to 17,000 SCF/Ton the dust dropped to 10 wt % at

the same position. Thus the total gas traffic, air plus
recycle went from 16,900 to 21,200 SCF/Ton RS vhile the

dust dropped from 57.5 to 10 wt %. In B697, a 400 mass

rate run, the air was 3,500 SCF/Ton, the recycle 19,300
SCF/Ton giving a total of 22,800. The dust concentration

at position 1 went up slightly to 15.5 wt %. The con-
clusion which was drawn is that at sufficiently high recycle
rates, the dust concentration will increase with increasing
recycle rate, but at total recycle rate of around 17,000
SCF/T or less the air rate is the variable which most strongly
influences the dust concentration. The postulated mechanism
is this: 1increasing air rate increases the jet velocity
through the air port. The surface of the particles in the
region of the jet become very hot and this combined with the
increased force of the jet causes attrition of the surface.
Once attrition starts the rate of oxygen consumption per
unit volume in the region of the jet may rise rapidly. This
theory will be studied during the next period of operation
of Retort No. 2, by lowering the jet velocity at a known

air rate - dust concentration condition and determining what
effect, if any, this variable has on the dust concentration.

e. Sampling of Gas From a Moving Shale Bed, Primarily
For Oxygen

A new design for the oxygen probe was used starting with

Run B683. This design entailed the use of a cooling jacket
around the 1/4-inch sample tube. The nurrose was to cool

the gas as soon as it entered the tube. Prior to this design
the results indicated that a change in the gas composition



TABLE 11

DusT CONCENTRATION VERSUS EXTERNAL VARIABLE

Run No.

Raw Shale

Air

Total Recycle
Dilution

Air + Recycle

Wt % Dust at 23"
Above Air Inlet

B699
502
4800
12,000
0
16,800

57.5

B694
513
4200 °
17,000
1,000
21,200

10.3

B697
395
3500
19,300
0
22,800

15.5

- PHGifford
9/20/65
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was most likely occurring when the non-jacketed, hot probe
was used. Tests with the new probe confirmed that this was
in fact happening.

Two typical gas analyses are shown in Table 12. They
represent typical high and low oxygen cgncentration gases
with the bayonet type air distributor. Thermocouple

ports TR 4-3, 4-4, 3-14, and 4-5 are located in ths -jest
wall of the retort 6 1l/4-inches above the air inlet level.
These ports are used because of their proximity to the four
western bayonets. A seven inch immersion places the probe
at the same distance from the wall as the bayonets. TI~10
is located at the level of an inlet and is directed toward
a bayonet.

Comparing the gas analysis results with the thief sample
results show that oxygen concentrations of 0.4 to 1.7%
occur when the Fischer Assay range from 0.4 to 7 gal/ton RS.

f. Organic Carbon Balance

The organic carbon balance has continued to be difficult
to maintain near the 100% level. During the study of
this problem on Retort No. 1 the reliability of shale
sampling and analysis was established. It was concluded
at that time that gas analysis and gas flow measurement
were the primary problem areas.

This is still an area of concern on Retort Mo. 2; however,
other problems have also been encountered.

(1) Effect of Line Out

"uch of the data collected on Retort No. 2 has been
taken during runs which followed shortly after either

a cold startup or a process change. Recently, we

have had the opportunity to hold a process condition
for a protracted period and observe the effect line

out time had on organic carbon distribution. 1In

Table 13 a tabulation of organic carbon distribution

is presented for a group of successive runs at the

same process conditions. It may be noted that there

is a general increasing trend in the organic carbon
content of gas and spent shale in each of these series
of runs. This is consistent with the slow accumulation
of some organic carbon rich species within the retort
followed by release of organic carbon in the product
streams leaving the retort after an equilibrium level
is reached. Such a species might be the dust which

has been observed in the combustion and retorting zones
of an operating retort. This "eguilibration" must

be achieved before the unit is lined out.



TABLE 12

TYPICAL COMBUSTION ZONE GAS ANALYSES - RETORT NO. 2

; Immersion

Location Inches . co 0 N C
Run 702 2 VB%Ghe”%Z“ —L
6 1/2" Above Air Inlet (TR 4-3) 7 24 0.4 66 1.3
(TR 4-4) 7 23 0.4 68 1.4

(TR 3-14) 7 23 0.33 64 1.4

(TR 4-5) 7 22 0.35 65 2.3

Directly into a TI-10 3 23.5 0.39 67 1.6
Bayonet at Air TI-10 4 21.5 0.4 - 68 1.9
Inlet Level TI-10 5 21.0 0.35 72 1.3

Run 685

6 1/4" Above Air Inlet (TR 4-3) 7 21 1.4 70 0.9
, (TR 4-4) 7 24 1.3 68 0.3

(TR 3-14) 7 22 1.7 69 0.4

A (TR 4-5) 7 22 — 72 0.4

Directly into a TI-10 3 18 4,5 68 1.0
Bayonet at Air TI-10 4 18 4.6 68 0.85
Air Level TI-10 5 17 6.3 - 68 0.70

\
PHGifford

9/20/65




TABLE

ORGAMIC CARBON BALANCE

13

Organic Carbon Distribution, % "It

Start Up With Cold Shale

IN

ouT

RUN

Raw Shale

Liquid Product
Vent Gas
Spent Shale

LOSS

B672

100

61.0
19.1
13.5

6.4

Start Up With Cold Shale

IN

ouT

RUN

Raw Shale

Liguid Product
Vent Gas
Spent Shale

LOSssS

B676

100

63.8
17.1
11.6

7.5

B673

100

60.8
17.5
13.8

7.0

B677

100

64.5
14.9
12.7

7.9

RE74

100

62.2
21.7
13.6

205

B678

100

64.8
21.9
13.0

0.3

Adjusted Bed Heicht to 7 Feet (No Other Change)

IN

ouT

RUN

Raw Shale

Liguid Product
Vent Gas
Spent Shale

1.0oss

B680

100

64.2
19.1
12,0

4.7

3681

100

63.2
20.0
13.1

3.7

B675

100

63.2
21.8
14 .4

0.6

B6792

100

64.9
13.5
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A correlation between carbon in the gas and organic
carbon balance is shown in Ficure 1. Although this
plot suggests a correlation with a slight slope re-
lating these two variables, the slope of this line

is too low to imply that the increase in organic car-
bon balance is due to an increase in total carbon in
the vent gas only. Apparently, scmething which varies
with vent gas carbon is actinag with vent gas carbon

to improve the organic carbon balance. Spent shale
organic carbon appears to increase with vent gas
organic carbon as seen in Table 13, therefore' this
apparent correlation is consistent with the slow
equilibration of the unit. As a first attemnt at
removing this line out effect from data obtained with
Retort No. 2 it has been agreed that the unit will

not be put on test until twenty hours after a cold
startup or sixteen hours after a process chancge which-
ever is the longer.

(2) Effect of Organic Carbon Content of Dust Dis-
charged From Rotoclone

Part of the discrepancy in organic carbon balance in
Retort No. 2 could be due to an erroneous assumption
that the organic carbon content of the spent shale dust
discharged from the rotoclone is the same as that on
the spent shale. Heretofore, a 100% ash balance was
assumed and the organic carbon calculated from carbon
analyses of the spent shale. 1In order to check the
accuracy of this procedure, dust samples were obtained
from the rotoclone during Run B701. Calculations
based on analyses of the dust samples show an average
organic carbon content of 3.5% commared with 2.7%

in the spent shale. The ash content of the cdust
averaged 83.7% and an actual ash balance for the run
showed a loss of 1,440 pounds. Assuming the ash dis-
crepancy was due entirely to dust loss, the calculated
dust loss is 1,720 oounds. This is equivalent to

60 pounds organic carbkon. The orcanic carbon balance
calculated on an “as is" basis, therefore, is 95.7%,
compared with 95.3% based on raw shale and assuming
100% ash balance.

(3) %ater - 0il Emulsions

Obtaining representative samples for the cdetermination
of water and sediment has continued to be a problem

of major concern both in calculating organic carbhon
balances anc yields. This problem is magnified as

the percent water in an oil-water emulsion exceeds
approximately 10%. There have been recent runs on
Retort No. 2 where water nercentages reached 50% in
product tank T-3.
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Under nresent sampling procedures liguif product
samples are caught manually by retort operating
personnel. Samples are taken from a vertical dis-
charaoe line off the liguid transfer rumps. Liouid
product tanks are thoroughly pre-mived before licuid
transfer begins. '

A test was run recently to reevaluate sampling tech-
niques on liquid product tank T-3. Seven liquid
samples were taken as seven 100 pound increments of
product were transferred from the nroduct tank. Col-
lection of these samples was closely supervised by
engineering personnel. The samples were analyzed

in the lak using standard laboratory nrocedures for
percent water. Percent water in the samnles as
determined by standard procedure were as follows-

Sample Mo. 1 20.2% Sample No. 5 26,9%
2 23.7% 6 22.8%
3 26.2% 7 24,1%
4 30.1%

As shown, water nercentages varied hetween 30.1%
and 22.8%. This indicates a substantial difference
in water percentage hetween samples. The followinag
three thinas will cause differences in water per-
centages: (1l)inadecuate mixing in the tanks prior
to sampling, (2)huran element involved in manually
catchina representative samples, and (3)the akility
to break water-oil erulsions in the lab in order to
arrive at reoresentative water nercentages.

It is believed the major difference in water percen-
tages between samples is due to our inability to
break emulsions. This has been substantiated to a
larage degree. The seven aforementioned samrles were
given additional laboratory treatment utilizing heat
and chemical demulsifiers. Results of efforts to
treat out additional water are listed below:

Percent Vater Percent Yater After
Following Mormal Additional Heat &
Laboratory Procedure Chemical Treating

Sample No. 1 28.2% 31.9%
2 23.7% 30.8%
3 26.2% 31.1%
4 30.1% 30.1%
5 26.9% 31.8%
6 22.8% 29.4%
7 24.1% 27.1%


http:reevalue.te
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Note that the spread or difference in water percentaces
was reduced as a result of additional heating and
chemical treatment. This suggests that our manual
sampling techniques may not be as bad as first thought
if procedures are closely followed, It should also

be noted that all samples were not given the same

type of chemical treatment. This vartially exnlains
why relative increases in water percentages differed
from sample to sample.

Visual observation of the oil samples in sunlight
indicated the presence of water remaining in the oil
after chemical treatment.

Work accomplished thus far suagests the need for im-
proving licuid sampling procecdures along with irprovina
procedures for evaluating nercent water and sediment

in the lab.

Two mechanical liguid samplers have been ordered.
These will be installed on oroduct tank systems D-1
and T-3. These samplers are designed to obtain
representative licuid samples of flui? flowing in a
vertical pipe. A turbulence inducinc device will be
installed immediately upstream of the samplers. This
will insure a thoroughly mixed stream prior to sam-
pling.

Tretolite Company, a firm specializing in chemically
treating oil-field emulsions, was contacted bty pro-
ject personnel in regard to emulsion voroklems. A
Tretolite field service man svent one cday here at

the project attempting to break some of the erulsions
with various chemical compounds. He experienced
little success,

Tretolite Company reguested by letter that a twenty
gallon sample of oil be sent to their St. Louis
laboratories. Twenty gallons of shale oil have been
shipped. This o0il will be analvzed in an effort to
find a chemical that is effective in breakinc water
in 0il emulsions. An early reply from Tretolite is
expected.

Mechanical Models Group T. C. Lyons and L. J. Skowronek

1. Shale feagregation Studies

The objective of this work is to determine the degree of
segregation that may be encountered in retort and hepper
design and to study methods of minimizing it. The major
portion of the work has been comnleted and the results are
summarized in the following discussion. Descrintions of
the model and procedures used in this study are included.
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The model used in this work is illustrated in Figure 2.
0il shale is fed to one side of the model through a feed
leg and is allowed to flow to the other side at its nor-
mal angle of flow. The far wall is adjustable in order
to vary the horizontal distance the particles can travel.
The movable tray at the bottom of the model draws the bed
down uniformly across the entire width. The tray is com-
partmented so that 6~inch vertical cores can be samnled
across the bed from the feed point to the far wall. 2
screen analysis of each core results in a warticle size
profile across the bed.

When a solid is allowed to form an unconfined nile as in
this model, a certain amount of size segrecation takes
place. The amount of segregation is a function of the
size range of the flowing particles, the particle shape,
and the length of path along which the solid flows

(size of pile).

A typical particle size profile obtained with the 1/4 to
3~inch shale is shown in Figure 3. The four individual
runs which are plotted in this figure indicate that the
reproducibility is reasonably good. The procedure used
in this case was to circulate the entire inventory at
least once to eliminate the segregation that resulted
from filling the model. This insures that the distri-~
bution of varticle sizes at the bottom of the model is the
result of the segregation that took place at the ton.
After the circulation, two sets of samnples were taken
(Runs 1 and 2). The inventory was then circulated once
again and two more sets of samples were taken (Runs 3
and 4).

In this work, the average particle diameter (APD) is used
to compare one core sample to another. The APD is the
standard calculation used in the retort work excert that
the pan fraction has been eliminated and the 1 or 2% of
the material which shows up as man has been normalized
over the entire screen analysis. This tends tc¢ eliminate
the wild scatter in the APD due to the calculation pro-
cedure.

In addition to using the APD to compare the individual
core samples, it is necessary to have a means of com-
paring one entire profile against another. To do this,
we have instituted a term called EXTENT OF SI'GREGATION
which is the difference between the APD of the coarsest
and finest streamg in the bed divided by the APD of the
composite. In other words, it is:

APDp., ~ APDmin

APD,yq

= EXTENT OF STLGREGATION




FIGURE 2

MODEL FOR STUDYING PARTICLE-SIZE SEGREGATION OF OIL SHALE
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In the examnle in Figure 3, the extent of segregation of

the averace profile is shown to be 115%. Actually, through-
out this work, the extent of seqregation was calculated

for each individual run rather than the average.

Initially, the effort was concentrated on the 1/4 to 3~inch
shale since the tendency to segregate woul? bhe ocreatest
with the widest ranae in particle size. The size vprofiles
that resulted from cdecrearing the distance that the shale
had to travel toc reach the wall are shown in Fioure 4.

The soread of particle size across the bed is auite larce
even when the travel is as short as two feet. In this
entire set of runs, the shale was fed to the model through
a feed leqg vhich was sloned at a rather shallow ancle of
32° with the horizontal. Thus, it was susrected that
searegation was occurring in the feed lec as well as in
the model.

In order to minimize searegation in the feed lea, the model
wag modified so that the feed leg was vertical. The re-
sulting size profiles across the hed are shown in Fiaqure

S. These profiles reveal the characteristic U-shared
segregation pattern that was anticirnated, Furthermore,

the spread of narticle size across the ked has bkeen reduced.
This effect is more obvicus in Figure 6 where the extent

of segregation for the sloved feed leg is compared with

the vertical leg. These data show a substantial reduction
in segregation in the smaller rile sizes; however, at a
travel of six feet the effect is rather small. This com~
pariscon illustrates that the georetry of the hardware which
feeds a vessel cannot be neglected when considering seg-
recation.

Up to this point, the discussion has dealt with the seo-
regation resulting with the wicde range, 1/4 to 3-inch
shale. However, there is also conrsiderable interest in
the segregation that occurs when operating with a narrow
size range. Therefore, similar studies were carried out
with 3/4 to 1 1/2-inch shale. The particle size nrofiles
for this material are shown in Fiaqure 7. The extent of
segregation is corvaresd with the wider size range in
Figure €. These curves reveal that the secregation with
the narrow range is about half that with the wider range.

After establishing the decree of segregation thzt wight

be encountered when handling oil shale, the investication
turned to methods of reducing it. Of course, one method

is obkvious frorm the pwreceding discussicon: that is, keeninco
the pile size srall. Unfertunately, this aonearcs to ke

the most effective means of reducing segreaation as con-
ventional anti-seqregation schemes have not been narticularly
promising. Confinement of the pile surface has reen used
effectively to reduce particle segregation of catalyst in
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FIGURE 6
SEGREGATION OF 1/4 TO 3-INCH OIL SHALE IN AN UNCONFINED PILE

Effect of Inlet Geometry
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moving-bed cracking units. FHewever, vith cil shale, sur-
face confinement has not lived up to expectation. This

ig illustrated in Ficure ¢ where the segregation in an
unconfined pile of 1/4 to 3-inch shale is commared to that
of a confined pile. In this study, cones of 50° and 60°
(with the horizontal) were used to confine the surface by
11° and 21° below the normal angle of flow (39°). These
data indicate that the 50° cone increased the searegation
although there is no reason why this should be so. PRe-
cause of this lack of improvement, the 60° cone was used
solely in the larcer pile sizes. %ith the €0° cone, the
effect was not significant until the narticles traveled
six feet and even then the reduction was not large. The
confinement simoly made a six foot pile act like an uncon-
fined five foot pile.

Confining the pile surface seemed to he somewhat more effec-
tive with the 3/4 to 1 1/2-inch shale (Figure 10) althoudh
the improvement was not noted until the lencth of travel

was six feet as in the previous case. Fowever, with six
feet of travel, a 60° cone cuts the segreagation in half

or lookino at it another way, it makes a six foot pile

act like an unconfined four foot nile.

"ith the bulk of the segreagation work completed it is un-
likely that any of the conclusions will change. Limitino
pile size seems to be the most effective means of minimizing
segregation and vertical or steep feed legs should ke

chosen rather th»2n shallow legs wherever possihle, Studies
are continuing to extend the »nresent curves with the ver-
tical leg throuch eicht feet of travel and confined anc
unconfined piles. Investigation of other surface baffle
schemes will be continued althouch snot runs have not been
encouraging to date.

Shale Flow Studies

The larce demonstration flow model is currentlv under con-
struction and should be in operation by the end of Sevntember.
It will be recalled that this model is a continuous flow
unit which is 10 feet wide, 20 feet high and 2 feet deen,.

The nrimary objective of the studies in this model will

be to develor a suitable shale drawoff svstem for Retort

NMo. 3. Fowever, the model dimensions are such that it can
be considered a reveating section for a commercizl retort.

Both the mass-flow bin concept and the conventional multiple
coning technigues will be evaluated. Bmall scale flow
studies will be made to sunplement the larce model work.

It is in the small model area that the advice of Dr. Jenike
holds the most immediate nrcmise. If scalable data can

be obtained from the small rodels with 1/1¢ to 1/8%-inch
shale, the flow ratterrs of many different honner and
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retort configurations can be develoved cuickly with mini-
mum cost. In order to develop the feasikility of the
small-model avnroach, we have submitted samples of 1/16 to
1/2 and 1/4 to 3/4-inch raw shale and srent shale to Dr.
Jenike for flowability analysis in his shear testino equin-
ment. e are currently awaiting Dr. Jehike's interpretation
of the test results.

Dust Demonstration Model

Samples of shale thiefecd from the ted of Retort No. 2 have
revealed considerable guantities of dust in the retorting
and combustion zone. It is hypothesized that this dust

has an adverse effect on vields, shale flow, and operability
in general. 1In order to learn something as toc the action

of dust in a moving shale bed, a demonstration model is
being constructed. 1Initially, the studies will be explora-
tory in nature. The model will be shaped like an hour glass
in order to simulate the velocitiec in the bottom, tovo,

and combustion zone of a hot retort. It is w»lanned to

vary the oas velocity and observe the extent of elutriation
from the bed (amount and size of dust). 1In addition, it

is planned to restrict the area in the simulated combustion
zone and ohserve the extent of dust accumulation in the
upper section of the retert.
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v. ANALYTICAL LABORATORY SECTION (D. Liederran and R. Pernheimer)

A, "Tork Loads and Overtime

Mork loads during the latter two weeks of Pugust and the first
week of Septemker necessitated the use of 12-hour shifts for
our laboratory technicians. This exvedient enabled us to cone
with successions of three 8-hour back-to-rack runs without an
increase in personnel. %ith the werk load returned to neorral,
we have reverted to 8-hour shifts, which should ke adecuate for
prorcosed retort oweration for the near future.

B. Gas Analysis Standards

While checking the apparent non-linearity of mneak heicht ver-

sus concentration for our ™Matheson gas "standards", we ran two
additional points, air (78.0% N3) and 100% ¥,. BRBecause these
points did not fall on the curve, we submitted samnles of the
standard gases to the Paulsboro Laboratory for mass snectrometric
analysis.

The results from Paulsboro differed from those certified on

the Matheson "standards”, but fell much more closely in line
with air and pure 2, as shown on Figure 1l1. Results for these
and other gases are shown on Tahle 14. Z2Apnarently, the errors
are mainly in the CO and He determinations. Since s is usually
determined as the difference between the total of the other com-
ponents and 100 mercent, the error avvears in the 72 €iqures
also.

To further check the true concentrations of these “standards”,
we are currently assembling our own gas hlendina anparatus.

In the meantime, we are recalculatinc all gas analysis data on
runs of interest based upon our best estirates of the true
standaré concentrations. Although “atheson was low by 0.4 and
1.4 percent for nitrooen and high by 0.3 and 1.3 percent for
carbon monoxide, on standards A and R resnectivelv, the effect
of these errors on data interpretation are nominal as shown in
Table 15. The only important effect would ke on the inter-
pretation of corbustion data.

C. "Others"”

Continuing the investigation of "Others" in the recycle gas,
we found that the inexpensive Chronofrac is not sufficiently
stable and sensitive for this determination. Therefore, we
intend to pursue this probler by submitting samnles of recvcle
gas, from retort runs at different conditions, for mass
spectrometric analysis. If results frcm these analyses are
significantly interesting, we will pronose the purchase of a
gas chromatograph with flame ionization detection, for this
analysis of "Others”.
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TABLE 14

ANALYSIS OF MATHESOM GASES BY MASS SPECTROMITER
AT PAULSBORO LABORATORY

Volume Percent

Standard A Standard B » Standard C
Gas IMatheson Paulsboro VMatheson Paulsboro "atheson Paulsboro
CO2 16.3 ‘ 16.2 25.2 25.1 28.0 28.3
02 0.1 0.1 0.7 0.8 1.2 1.1
No 75.9 76.6 65.4 66.8 57.4 59.3
CHy 0.5 0.5 1.9 1.9 1.9 1.7
Cco 1.0 0.7 4.9 3.6 0.0 0.0
Ho 5.8 5.9 1.9 2.0 0.0 0.0
Ar 0.0 0.0 0.0 0.0 0.0 0.1
CoHg 0.5 0.5 0.0 0.0 0.0 0.0

He 0.0 0.0 0.0 0.0 11.5 8.5



T LE 15

COMPARISON OF SOME RESULTS ON RUNS B547 AND B674 BEFORE AND AFTER
RECYCLE GAS CORRECTIONS

Before After
Ho0 Dry Gas Co H50 Dry Gas Co
Run No. FAY C-Balance Balance SCF/Ton SCF/Ton FAY C-Balance Balance SCF/Ton SCF/Ton
B547(2) 90,1 103.9 123.4 8,985 692 90.1 102.8 108.8 8,760 500
B674(P)  g1.9 97.5 96.0 6,285 220 81.9 97.5 91,8 6,285 163
(a)co was decreased by 2.0% and N> was increased by 1.5% absolute.
(b)co was decreased by 1.1% absolute.
r 4
DLiederman

9/14/65
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D. Specific Cravity

Because of an apparent discrepancy between specific cravities
determined at our laboratory and at Laramie and Golden, we
looked again at our comnuter-prepared tables: ™e found a
slight error in the equation used to cenerzte these tahles.
The error was extant for Runs 222 through RB622, inclusive.

It gave results 0.006 low for SG 60F/60F and 1.0 high for API
gravity at 60F., It further resulted in rerorting Fischer
Assay 0.2 gal/ton hich at the 28 gal/ton level, but because
of compensation in calculation, this caused@ no change in retort
yields. The API gravities are now more in line with those
obtained by the Bureau of Mines.

The results of the cooperative analyses between the three
laboratories (ours proverly corrected) are shown below., The
samples are composites of Fischer Assay oils, collected according
to gravity over a meriod of time.

Specific Gravity 60F/60F

F. A. 0il Sample Anvil Points USBM CSTRE
1 0.917 0.917 0.916
2 0.914 0.915 0.914
3 0.920 0.921 -

It is apparent that there is excellent acreement aronc the
laboratories.

E. Determination of "Water and 0il in Liquid Products

Although we had had nroblems occasionally in the past in
separating water-oil emulsions for the cdetermination of water

and oil, they were brought forcefully to the fore again recently.
R. L, Clampitt of the Retort Section, who has had extensive
experience with emulsions, discovered that the laboratorv centri-
fuge method that we use - and that the Pureau of "ines used -

is not accurate. Although, to an untrained eye, there anpears

to be a clear break between water and oil, in reality there
exists more or less emulsion above the water layer. Mr. Clampitt,
by extensive emulsion-breakina technigues, was able to break
about 14 percent more water out of one hich water-content liguid

product.

However, at the same time, we ¢id some calibrations on the centri-
fuge tube and fcund that the tube read hich, practically com-
pensating for the additional water knocked out. In any case,

it was shown that sometimes the emulsion was not being completely
broken. Even stringent treatment with heat, emulsion hreakers,
and centrifugation, were not effective for some samnles. 2
representative from Tretolite Company, who spent the better nart
of a day working with his kit of chemicals, also failed to

break the emulsions., Samples of our products have reen sent to
Tretolite's laboratories for further study.
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Meanwhile, we have set up ASTM D-95, a distillation method, to
give water results on samples we have testecd by the centrifuge
method. Although this method takes loncer, it is known to cive
good results.

Although errors may have existed in the determination of water-
and-oil, they are not as serious as they may first appear to
be. The liquid product distributed about 75 - 25 between the
D-3 and T-3 tanks, respectively, contains only about 5 vercent
water. If we assumed a maximur error of as much as 40 percent
for water in the D=3 tank, and 15 percent in the T~3 tank, this
would give us an error of only about 1l rercent in yield. We
believe that the error is usually less than that: but we are
determining more accurately what it may be and are studying ways
to decrease it further.
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VI. ENGINEFERING AND ECOMOMIC ANALYSES (J. E. Burchfield and
P. V. Snyder)

A. Visit to Colorado Fuel and Iron Plant at Pueblo, Colorado

The economic information in the last monthly progress memorandum
highlighted the large cost of pumning air, recycle gas and

retort gas in a commercial operation. The cost for pumping

the gas in a 50,000 B/D plant is nossibly 8 - 18¢/8bl or roughly
$2,000,000/year. Because of this hich cost and the similarity
between retort and blast furnace gas, a visit by J. E. Burchfield
was made to the Pueblo Plant of Colorado Fuel and Iron to see
what could be learned of the steel industries' experience with
blast furnace gas.

The visit was interesting, informative and profitable.
Some items of interest included:

1. A venturi scrubber is used to clean the blast fur-
nace gas prior to burning.

2. Blast furnace gas is burned in blast furnace stoves
and steam boilers without unusual difficulty.

3. The gas must le unusually clean or it causes
efficiency loss in the boilers.

4. The burners omerate with the gas supoly at a verv low
pressure, 8 inches of water vsig.

5. Low pressure drovn chordal orifices are used to mea~
sure gas rate.

The blast furnace gas is considered an extremely irmportant
part of the plant's economv.

1. Blast Furnace Operation

There are three blast furnaces almost 23-feet in diameter
and approximately 90-feet high. 2 taver of 1 inch/foot,
increasing diameter fromr the top toward the bottom, assists
the flow of exmanding solids down to the melting zone. At
the contracting melting zone the taper is reversed until
the air inlet is approached. The wall then hecame verti-
cal. The 3-foot thick refractory wall has fcur radioactive
sources inbedded at various depths on three separate

levels - a total of twelve. T'hen a given source can no
longer be detected erosion of the refractory to that known
depth is indicated.

Air is supplied to the blast furnaces via a steam turbine
ériven air compressor.



Each furnace has an air rate of 60,000 - 70,000 SCF/Min.
The air preheated to nearly 2,000° P ig mixed with unore-

heated air to a blend temperature of 1,350° F. The air is

then introduced throuoh peripheral tuyeres into the blast
furnace where it burns at a peak temverature of 3,500° F,

The oxygen is consumed within ahout 3-feet of the air inlet.

Skip hoist cars discharge six lcads of combined ore, coke
and lime, (3/8-inch and larger) into an air lock comvart-
ment. See Figure 12, Iron ore smaller than 3/8-~inch is
sintered to larger size at a sinterinc plant. The top
conical seal seat rotates each dump to distribute the
charge evenly on the lower conical seat., The lower seal
dumps after six charges and presumably deposits a donut
shaped shallow pile on top of the bed.

The cases pass upward through the furnace with CO reducing

the oxides of iron to iron which is periodically tapped -
about every six hours. Slag is semi-continuously with-
drawn as it floats on top of the accumulated molten iron
in the bottom of the blast furnace prior to tapning. In
tapping, slag floating on the molten iron stream is skim-
mec off into a slag channel.

The pressure at the air inlet is 20 - 25 »nsig and about

2 psig at the ton. The large pressure droo indicates the
high gas mass rates common to blast furnace oreration.
The literature indicates the mass rate of solids is proh-
ably around 700 1b/(hr) (ft2) an@ of gas about 1,000 1lh/
(hr) (ft2). The high gas velocity an@ other process con-
ditions apparently contribute to brideing in the blast
furnace which periodically break through resultino in
large surges of gas and pressure. These “slins” occur
frequently perhaps every 10 minutes or so.

The cas nroduced from the blast furnaces is similar to
retort gas in heating value and comrcsition as shown
below.

Rlast Retort

Component Furnace Gas
Nitrogen, Vol % 58 60
Oxygen 1 0.2
CO2 10 26
co 27 5
H2 1 5
CHg 0.5 2

2

Others

Typical Gross
Heatino Value, 90 - 105 80 - 120
Btu/SCF
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The gas temperature is normally ahout 400° as it comes cut
of the furnace.

Rlast furnace Gas Cleen Un

Blast furnace cgas from the torn of the bed masses thouch
large ductirg into a vertical venturi scrurher for cleanuo.
The gas contains about 15 crains of sclids/SCF aas. The
gas was forrerly cleanecd in an electrostatic nrecinitator
to ahout 0.5 agrain/SCF. Fficwever, this level cof cleanup
was unsatisfactory. The solids, frund to ke oxices of
iron, devnosited during burninag in the hottor of the heoilers,
Each vear a larce accurulation of these depcsits had to

be cleared out manuvallv. “uccess with venturi scruhkers
elsewvhere lead CFI to install this tyve of cleanup device
about a vear aoco.

The venturi scrubber is sirmply a venturi restriction instal-
led vertically in the Jfuctina. 'ater ie injected in mul--
tiple rorts at the restriction. The water and gas ago into
larce diameter cone bhottor serarator beneath the scrubber.
The cas sevarates anc¢ is taken off the tor of the vessel
through large Jucting. The water seals the cae down leo
and is withcfravn from the Lottorm of the vessel.

The scrubter takes a pressure dron of about 45,0-inches

of water to 2 wsi. The blast furnace cas pressure is
maintained at akout 1l4-inches of Y20 fownstrear of the
scrubher. The gas is c¢leaned to 0.03 orains/°CF. It con-
tains about 2.1 vround of free water/'8CF ae it ocoes to the
consurming unit.

Surnine Rlast Furnace Casg

Akout cne third of the gas is burned in blast furnace stoves
used for preheating blast air. The other two thirds along
with some natural gas is burned in boilers to produce steam
and electricity for the steel works.

Blast Furnace Stoves

Each blast furnace has four stoves in which air is pre-
heated. Three stoves are regenerating or storing heat while
one is preheating blast air. The air preheat cycle is six
hours., Blast furnace gas and natural gas are mixed with
air and burned in large burners. The icnited cases pass
upward through a burnine chamber and then turn downward
passing over and heating brickwork called checkers. See
Figure 13. The brickwork consists of large hricks perhans
3 X 6 X 10~-inches containing two orenings through which gas
vpasses. The brickwork stores heat, up to a temperature
approaching 2,000° F. flame temperature. After the stove
preheating air cools it is swung into this regenerative
cycle while a hot stove is swung over to preheat air.
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Air is introduced at the bottom of the checker works and
passes upward in a direction ooposite to that in which the
burned gas travelecd. It is preheated initially to nearly
2,000° F and gradually falls off in terperature. DBy vassed
air is mixed with vreheated air to oive a temperature of
1,350° F. This air is then introduced through peripheral
tuyeres into the blast furnace. Mo difficulty is encountered
in burning the gas.

hen "slips” in the blast furnaces release large surges of
blast furnace gas, the system has pressure controllers and
releast vents which rrevent serious upsets in the consuming
units.

Boilers

Blast furnace_gas is burned in several boilers at the rate
of 1.0 -~ 1.2 MSCF/hr. The older boilers with radiant walls
burn blast furnace gas alone. ewer boilers with black fur-
nace wall use a natural gas pilot to guard against a flame
out. Since supplemental natural gas is reguired to meet
power need this is not regarded as a disadvantage. These
newer boilers are nore efficient and are base loaded so

that swings in load are taken on the clder furnaces.

A chordal orifice taking 0 -~ 4 inches of water pressure drop
is used to measure gas rate in large 3€é-inch piv»ing. The
chord is located in the top of the pipe tc mininize the
effect of entrained solids and water buildup on measurements.
Nevertheless, the meters do lose accuracy as deposits accumu-
late on the bottom of the nipe.

There are three types of burners used to burn blast furnace
but they function in essentially the same manner. The
burners used at CFI are Peabody, Freyn and a home-made burner.
The burner bofy is a ring about 18-inches in diameter and
2-inches thick, and nerhavs 10 or 12 inches long. The

blast furnace gas vasses through the center of the cylinder.
Small natural cgas ports are located around the periphery of
the burner. Air preheated to 550° F is introduced into a
concentric chamber surrounding the burner cas sunply duct.
The air and blast furnace ignite in the fire box after mixing
at the burner. A refractory lined shield protects the

burner from burn out by radiant heat. Cee Figure 14.

The gas is available downstream of the chordal orifice meter
at approximately 8-inches of water pressure. The boiler
operates at a negative pressure of about 0.1 - 0.2-inches

of water gauge.

The smaller amount of solids and entrained water cause prob-
lems in the beoiler burner. However the problem is smaller
than that due to the solids remaining after cleanup by the
electrostatic precipitator. The problem is also different.

2 hard deposit is formed on the first row of tubes lower
boiler efficiency by 3%/vyear (estimated to ccst $60,000/vear).
The deposits are zinc compounds, which tenaciously acdhere
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to the tubes. Coke breeze (finely divided coke particles)
is used to clean the deposit from the tube during operation.
But there is some concern this erosive actien will also
reduce tube life.

The solids ana water are believed to be jointly responsible
for the type deposit and the mechanisrm by which it is

layed down. In addition the entrezined water must be vapor-
ized in the boiler at a high cost - estimated at $60,000/
year,

Design features such as water seal legs guard against in-
filtraticn of the toxic gas during shutdown of a boiler.
Alarms are also used extensively to guard against hazardous
leaks during boiler shutdown.

Miscellaneocus

CFI uses a hydraulic coupler on the gas blower for the

coke oven gas which is also burned in their furnaces. The
couple permits them to change nressure outnut on the bklower
and thereby save some gas compression costs.

Although CFI does not use gas turbines on blast furnace
gas apparently some steel companies do. The blast furnace
superintendent, Mr. John Carlson, indicated that turbines
were in satisfactory use elsewhere in the industry.

Effect of Air Rate on Gas Production

The gas production from Puns 543 to 576 from Retort No. 1 have
been compared with the gas production for Runs B620 to B700
from Retort ¥o. 2 in an attempt to seek differences between
the two retorts. This comparison showed no differences in the
gas production between Retort No. 1 and Retort llo. 2. However
it does point out the fecllowing interesting characteristics
of the combustion reactions which take place within the retort:

1'

Carbonate decomposition is directly pnroportional to the air
rate in SCF/T at any one recycle gas rate. Increasing
recycle rate increases carbonate decomposition. This
relationship is not unexpected. Since the heat recuirements
in the top of the retort does not vary sicnificantly, any
incremental heat of combustion must go to either carbon
decomposition or increase spent shale temwerature. The
relationship is the same for Retecrt Nc. 1 and ilo. 2; indi-
cating that air rate measurements are consistent between

the two retorts. This relationship is shown in Figure 15.

The nature of the net combustion reactions changes with
air rate above 4,000 SCF/T. Above 4,000 SCF/T the incre-
mental air is utilized in producing primarily CO, and CO
and very little in producing water as shown in Figure 16.
The chance in combustion characteristics above 4,000
SCF/T of air results in a 16% reduction in the heat re-
leased per incremental SCF of air. It also indicates the
burning of a very hydrogen-rich material with the initial



FIGURE 15
CARBONATE DECOMPOSITION
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FIGURF 16
PRODUCTS AND HEAT OF COMBUSTION
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oxygen and a hydrogen-poor material with the incremental
air above 4,000 SCF/T. The oxyvgen utilization and its
significance is shown below:

Incremental Over
Air Initial 4,000 SCr/T 2,000 SCF/T

Oy Utilization, %

CO2 49 65
co 6 27
H20 45 8
Total 100 100
Met Heat Released,
Btu/SCF of Air 100 R4
Net C/H of Material
Burned, wt/wt 4 46

The carbon-to-hydrogen ratioc for coke on spent shale is
about 15 and is 3 for methane. The exceedingly hiaoh
carbon-to~hydrogen ratio of material burned with incre-
mental air is most likely the result of simultaneous
steam reforming reaction converting water to H; and CO.

The hydrogen procduction also increases with increased air
as shown in Figure 17. This is further evicdence of the
steam reforming reactions increasing with hicher air rates.
Adjusting the hydrogen yield for fluctuations in raw shale
assay from 24 to 33 gal/ton improved the correlation indi-
cating that the hydrogen production is also a function of
assay. This is expected since the amount of hydrogen oro-
duced by the Fischer Assay is directly onroportiocnal to the
assay.

The methane vproduction was not a function of air rate. It
does appear to be a function of Fischer 2ssay yield as
shown in Figure 17.

The significance of these observations with resvect to retort
yield and nerformance has not been established at this timre.
Additional evaluation and analyses will be spent toward developing
this significance and any conclusion will be reported in a later
progress report.
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