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I. INTRODUCTION

The progress presented in this report covers the period September 1 through
Novemoer 30, 1980 under the work scope for Phase II of the DOE/Occidental Oil
Shale, Inc. (OOSI) Cooperative Agreement.

The major activities at OOSI's Logan Wash site during the quarter were:

mining the voids at all levels for Retorts 7 and 8; blasthole drilling; tracer
testing MR4; conducting the start-up and burner tests on MR3; continuing the
surface facility construction; and conducting Retorts 7 and 8 related Rock
Fragmentation tests.

Environmental monitoring continued during the quarter. The data and analyses
are discussed in the environmental section of this report.

Sandia National Laboratory and Laramie Energy Technology Center (LETC) person—
nel were active in the DOE support of the MR3 burner and start-up tests.

In the last section of this report the final oil inventory for Retort 6 pro-—
duction is detailed. The total oil produced by Retort 6 was 55,696 barrels.

II. RETORTS 7, 8 and 8X PROGRESS
A. MINING

Mining activities to access and create the voids for Retorts 7, 8 and 8X con-
tinued during the quarter with progress totaling 5,136' advance and 57,082
cubic yards (107,885 tons) of shale removed. The progress at each location is
listed in Table I and illustrated in Figures 1 through 3. The Upper and Lower
Level voids were completed and the Intermediate Level voids were nearly com—
pleted.



TABLE I

SUMMARY OF MINING PROGRESS

Average
X-Section
Lower Level
Retort 7 void 44" x 13"
30' x 14!
Retort 7, slabbing 6l.x ‘14"
Retort 8 void 30% x: 15"
45Y " x 15!
Retort 8 pillar slabbing 7 x 76
SV =15
1230 Lunch Room 10" x 16"
Intermediate Level
Retort 7 void 44" % 17"
265
28" x 18"
5 178
T x 07"
252 % 12"
7% 25
Retort 8 void 44' x 17"
25" x.16"
3.5 x 16"
12 xa 25"
12* » 44"
Retort 8 slabbing
Upper Level
Retort 8 void i I A
SR LT
Retort 8 slabbing 8% x 16’
18% 5 47"
Retort 8x slabbing - e & 5
13" x 16"
Product Recovery Level
Retort 7 14 x 14°
L~1430-L 14" x 14°
L~1430-R 14 % 14"
S. Draw Pocket 9' Dia.

Advance

32"
95°
12!
122!
213"
197°
321"
10"

422
308
80"
45'
330
212"
165'
94'
347!
256"
80'
116'

112"
265'
302"
166"
452"
138"

200"
]2*
12’
20'

Cu,. Yds),

6,992
1,329
44
1,901
5,577
828
614
59

7,455
4,520
1,460

1,336
2,314
1,123
2,588
4,916

537

849
2,212
1,859

1,511
740
939

1,319

1,844

1,064

835
87
87
47
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Figure 3. Mining progress at the Upper Level through November, 1980.
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Drilling work continued throughout the quarter. The Retort 7 Upper Level and
Retort 8x blastholes were completed. Retort 8 Upper Level blasthole drilling
began in November and Retort 7 Intermediate Level blasthole drilling began in
December. Surface burner hole drilling started in late November.

B. CONSTRUCTION

In the Mini-Retort (MR) area, major construction work was completed on MR3 in
September. The Air Level bulkhead was shotcreted and the steam and fuel lines
were hooked up. Work on other utilities for start-up continued into October.

On MR4 the piping, electrical and instrument desiyus were complcted early in
November and construction began. The intermediate level drift at MR4 was
cleaned up and readied for the burner foundation. Work continued throughout
November with installation of the air, steam, water and fuel utility piping on
the upper and intermediate levels. The inert gas generator piping was in-
stalled in the intermediate level. Product check valves and piping supports
were installed. Modifications were made to the intermediate level bulkhead.
The grounding and electrical work were completed.

A number of major activities on the surface progressed well during the quar-
ter. The boiler building grounding system design and the design of all sur-
face grounding tie-ins were completed. The boiler foundation was poured, the
boiler building framed, insulated and sided. Available pre-fabricated piping
for Boiler #2 was installed. Eleven pipe stanchions and interconnection steel
were erected. The motor control center for the vent raise fan in the vent
raise building was installed. That building, plus the generator building were
commissioned. The blower building was framed and siding work begun. The pad
for the 1,500 KVA transformer at the blower building was formed and poured.
The 7' diameter contact condenser was received and set in place in October.
An inspection and vacuum test on the 12' diameter contact ocondenser occurred
at the manufacturer's location on October 20, 1980. The large contact con-
denser arrived on site in mid-November and was set in place. The platforms
for the two condensers were installed by the end of November.

At the Heater Treater, the new C.E. Natoc Heater Treater was received in
6




September and installed on its foundation. In October pipe supports were pour-
ed. The design of the tank foundations for the new Heater Treater tank and
coalesced water tank were completed. Delivery of the tanks was scheduled for
January, 1981.

In September, WESCO was demobilized and The Industrial Company of Steamboat
Springs (TIC), the successful bidder on the site electrical contract, was mo—
bilized. Electrical installations on the surface continued. The underground
electrical conduits were completed. The generator switchgear was mounted in
the generator building. Two total mine power outages were used in mid-October
and late November to energize the surface main switchgear and the main under-
ground 4100-volt power system.

Other construction activities included:

Forming and pouring surface stanchion pads,

Removing poles from an abandoned electrical line on the surface,
Receiving the first truckload of offgas/air piping spools,

Completing the field constructed 2,000 barrel product tank at the
Heater Treater,

® Tying in of the Retorts 7 and 8 mine feeder and Heater Treater feeder
switchgear,

e Completing design of the offgas piping and expansion space to be pre-
fabricated, and
e Completing all engineering for the Heater Treater.

III. ANALYSIS

A. MR TRACER TESTS

The objective of the MR tracer test program is fourfold:

1. To characterize the rubble in MR's 3 and 4 and attempt to correlate
the state of the rubble to the blasting procedure used.

2. To establish an evaluation procedure which will yield reliable infor-
mation for Retorts 7 and 8.




3. To obtain parameters for use in evaluating pressure drop data.

4. To establish parameters which will allow for the generation of a per-
formance criteria function for MIS retorts.

The tracer injection systems for MR3 and MR4 were constructed in a matrix
configuration to allow for both manifold injections over the top area of the
rubble and single point injections at various points in the top of the rubble.
The product recovery system consisted of three pipes spaced at intervals
across the retort bottom and lying in a north-south direction. Three wells
were connected to each line and thus made up production manifolds.

The primary purpose of the mini retort program is the prediction of a retort's
performance relative to the method in which it was created and the test used
to evaluate it prior to retorting. MR3 was cvaluated hased on the expected
advance rate of the flame front.

The propagation of a flame front through a retort is controlled by the mass of
air that is available at the combustion front per unit time along with other
factors such as presence of water, surface area of the particles, etc. By
evaluating the numbers obtained for the first arrival velocities, peak
velocities, and standard deviations, the air flow through a retort can be
quantitatively defined.

Daily advance rates were calculated for a number of elements of MR3. From
these advance rates, locations of the flame front at various points in the
retort were calculated at 5, 10 and 15 days into a burn. No corrections were
made for conductive and convective heat transfer into the center of the
rubble. These heat transfer mechanisms would tend to smooth the advance rates
and level the flame front positions.

A ocore has been obtained from the center of MR3. The ooring and tracer tests
indicated that MR3 was rubblized fairly well, however, displacement of the
rubble may not have been uniform. If conductive and convective heat transfer
is considered, we expect MR3 retort to be reasonably efficient.



MR3 and MR4 were evaluated using the same tracer system and the same method of
analysis. The retorts were then compared based on tracer response. The
conclusions are:

1. MR4 is generally tighter than MR3.

2. MR4 shows improved radial distribution of the tracer.

3. The center of MR4 has about the same tightness as MR3 but flow to the
center fram the periphery is much improved.

4. Contour maps projecting the position of the flame front with time
show that the flame front position for MR4 should be more uniform

than that predicted for MR3.

5. Wellhead flow based on tracer dilution techniques generally supported
the analysis obtained using tracer data.

B. MR3 BURNER TESTS

The major objective of the MR burner tests is to obtain the information and
data needed for the successful ignition of Retorts 7 and 8. In addition, by
burning the MR's longer than the time required for burner tests only, more
complete information will be acquired on how the retorts are rubblized by
monitoring the flame front progress and comparing this information with tracer
test results and predictions. Another feason for extending the retorting
period was the desire to obtain additional sill temperature effects data.

Over forty people were directly involved in the burner ignition tests
conducted November 1 through 5, 1980. These people included process
.operators, test engineers, supervisors, rock mechanics engineers, technical
support from Occidental Research Corporation, sampling team members, computer
programmers, data technical support, and Sandia and LETC technical personnel
and computer operators.

Pages 11 through 19 are the:



Page
11- MR3 General Piping and Instrument Diagram (P&ID),
12 - Foster Miller Burner System P&ID,
13 - Retort Thermocouple Locations Table,
15 - Thermocouple ID Map,
16 = Air Level Instrumentation Plan,
17 - Sample Tap Locations,
18 - Estimated MR3 & 4 Fischer Assay, and
19 - Plan view of MR3.

The preliminary results of the MR3 ignition test follow. The first burner
"failed" after about 18 hours operation at purge conditions, when the cooling
water supply ran out. The second burner failed after about 17 hours operation
when a fluctuation in cooling water flow during adjustment -of the burner
outlet temperature to 1800°F (retort heatup temperature) caused formation of a
steam pocket and concomitant severe overpressure in the cooling channel. Both
failures are believed to have resulted in mechanical damage to the internal
ocooling system that prevented burner ignition due to water leakage into the
combustion chamber. Foster Miller's fault analysis, to be completed in
January, should help explain these failures.

Sill pillar temperatures 1-ft up into the pillar at four locations around the
burner, are associated with the first ignition trial on 11/3/80. For the time
period 307.8 to 308.4 the burner temperatures were about 200°F and sill pillar
temperatures 1-ft into the sill were about 150°F. When these burner
temperatures were boosted to about 300°F, sill temperatures rose to about
300°F and remained there more or less until the burner was removed.

It appears that the sill pillar bottom began deteriorating somewhere between
temperatures of 150° to 300°F. The thermocouples F4-01, E6-01 and F5-01 were
presumed to be fully exposed (in their cased and grouted pipes) to the woid at
the time the temperature approached 2000°F because they show an almost
immediate response to that increase. From an examination of this data and
thermocouples deeper (higher up) in these holes it was concluded that an
average of 1-ft of rock around the thermocouples mentioned above had fallen
into the woid.

10
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MR3 RETORT THERMOCOUPLE LOCATIONS

Negative TC elevation is height above the sill pillar bottom.
Positive TC elevation is depth from top of rubble.

TC elevation is the computer code for the TC location and is not exact
but close. The exact location is shown on the following page.

TC's in holes F3, H5, and G2 were installed by S3 and will be
manually monitored and manually entered into the Sandia computer.
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Since the initial void under those wells was about 1-ft these falls of ground
might be expected to cause the burner gases to circulate differently in the
future, and that in turn would be seen as temperature increases by
thermocouples at wells further away fram the burner.

The plot of temperature profiles, Figure 4, at the rubble surface and 1-ft
below the surface was obtained about one-half hour before the burner failed
due to the steam bubble in the cooling chamber. The temperatures in the
vicinity of the burner 1-ft below the surface are starting to increase to
ignition levels (the time is about 1-2 hours after the burner temperature was
increased above the purge temperature or about 300°F).

Table II lists MR3 ignition test operating summary. From the test the
following conclusions and recommendations were made:

® Both burners failed mechanically when high pressure steam formed in
ocooling jacket.

e The FMA burner must be modified to prevent damage from cooling water
loss.

® Retort MR3 after Retorts 7 and 8 are rubblized.

C. PRELIMINARY SANDIA MR3 IGNITION DATA ANALYSIS1

Although Retort MR3 was not ignited, data obtained from measurements of retort
heat-up during burner operation have been obtained. Figure 5 shows
temperature contours for the surface of the rubblized retort, and Figure 6
shows temperature profiles for a vertical section that extends trom the
surface to a depth of 15 feet within the bed. In both figures, data are
plotted at times corresponding to the end of the first ignition attempt using,
the second burner. The contours of Figure 5 indicate that heat fram the
burner exhaust affected a small localized area and spread out from this area
in a somewhat uniform fashion. The anomalous shape of the contour in the
upper left quadrant is an artifice of the computer program that makes use of
an algorithm not well suited to the treatment of regions of sparse data.

1 From Sandia November Monthly report, T. F. Bartel, author.
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TABLE II
MR3 START-UP TEST OPERATING SUMMARY

DATE - TIME BURNER NO. RUN NO.
11/01/80 1500 1 1 Ignited burner, ran at purge con-.
: dition.
11/02/80 0912 1 1 Lost cooling water, burner shut-
down.
11/02/80 1525 1 "2 Tried to reignite burner.
1600 1 "2 . Vent valve ruptured. Burner seal
damaged. Removed burner.
11/02/80 2115 ' 2 - Ignited burner, air flow 170 scfm
11/03/80 0936 - Increased air flow 220 scfm
' 1100 : _ . Increased air flow 250 scfm
1330 Increased air flow 300 sclm
1340 ' * Increased air flow 340 scfm
1400 Burner flame out. Interlocked
down, burner exhaust to 2200°F.
11/03/80 1430 2 1 Remnved burner 800 scfm air into
MR3 ignited rubble
E6-01 up to 1059°F
F4-01 up to 1382°F
Replaced and reinforced water vent
valve
1560 ) ) Shut-off offgas blower, shut-off
: ' © inlet. .
2000 2 2 Ignited burner. Unstable opera-
tion for 15 minutes
2125 Removed burner and bottled retort.
11/04/80 Day Shift 2 . Added separate water lines (2 - Y4
. plastic tubes) to seal.
1840 2 3 Ignited burner, operated about 15
. minutes
" Venturi temperature to 315°F then
down at 68°F.
1900 2 . 3 Burner stuck in hole, Maintained
10 scfm through retort,
Swing Shift 1 L Rewelded baffles at top of air
C. venturi. '
11/05/80 1450 2 -3 Removed burner after soaping down-
' . hole offgas flow increased from 60
: scfm to 2200 scfm.
i F5-01 increased from 350°F to
approximately 400°F.
F4-0l1 increased from 350°F to
approximately 400°F.
2015 1 3 Igruted burner, unstable con-
’ dition.
Venturi temperature to 405°F.
Outlet to 360°F. :
Shutdown after 15 minutes
2135 1 -3 Removed burner.
2200 ‘ Offgas blower shutdown Retort

bottled up.

T2



0 ft

= . =303.50 PLOTTED RT_229.42
Eont80R vaLues 989 T158.9 200.0  250.9 300,80
' [ . '
3 j
QS S~ : N
S P i
," Y ’
s .
ool ...
S BURNER
‘&/ :
smeeaen., \?’t' ‘:{5\ .
AT Y PR kel ”~ . ”" \‘ o
& —?
AN
k VD
s .
1 \\/ /"‘
A ] F,-
E \‘\—q_// '0"
v ARy
I' ::~
Figure 5. Temperature Contours on the Rubble Surface.
BURNER A &
. (V]
= 0.0 TIME=398.50 ILOTTED AT 339.43 DD= 4.45 ~
CONTOUR VALUES _ ?5.9 109.9 125.¢] 150.8 175.9 ~
A ; :
]
k—-'-—\.\\s‘. ‘I
\ i
“s r//
N S ) 3 )
e ~ T T150°F ]
N T —— . _,f"'/L"'\ et
N e _125°F N

15 ft

Figure 6. Tempcrature

Contours in the ZéY’Plane;
23 |



Figure 6 shows that oconstant temperature profiles are almost planar at various
depths in the bed. Although the effects of coupled convective and conductive
heat transport on the temperature distribution have not yet been examined, -
both Figures 5 and 6 tend to support an argument for a uniform distribution of
bed permeability. '

Use of data obtained from airflow or tracer measurements may be used to infer
the permeability distribution within the unretorted bed. A given distribution
can, in turn, be used in the calculation of the bed's three-dimensional
velocity field from which predictions of ~output flow, based on known input
flows, can be made. Comparison of predicted and observed flows is the basis
for making improvements in the original distribution. This inversion
technique, applied iteratively, can provide an improved estimate of the
permeability distribution with each iteration. The improved distribution that
affords reasonable correspondence between observed and calculated flows may be
regarded as a suitable description of bed permeability, but it cannot be
regarded as unique: Indeed, the permeability distribution for the @mrétorted
bed that is consistent with tracer data.n\ay not be consistent with data .

" obtained from measurements of other bed parameters. In this regard, the MR3

~ heat-up data (for which ,coritributions fram chemical reactions are absent) can
be used in conjunction with thermal modeling techniques, which include ’
convective and conductive heat transport, to confirm the reasonableness of the
inferred permeability and, hence, to validate an inversion technique that
relies solely upon airflow or tracer data*.

D. REIORTS 7 AND 8 OORE

The data and analyses completed through November include the Retorts 7 and 8
ocore (LW-156) caliper log, ocore hole location, and the lithologic de-
scription of the core. The lithologic description was performed by Larry
Trudell at the DOE Laramie Energy Technology Center and is mcluded in
Appendlx A along with the other data.

* In commercial operation, it is expected that tracer data will provide the
principal information fram which unretorted bed permeability may be
inferred. Therefore, it is useful to seek an mdependent check on the
utility of the inversion techmque. :
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IV. OOSI FUNDED ROCK FRAGMENTATION PROGRAM

On Thursday, August 28, 1980 the second pillar test (PT-2L) was detonated.
* This was the second of two tests to study pillar destruction prior to Retorts
7 and 8 rubbling. In September the post-shot survey was conducted.

Two full-scale operational test holes (FSOP) were loaded on Monday, September
.22 and detonated on Friday; September 26, 198Q. These tests, comparing
explosive products from various suppliers, simulated the loading conditions
and lengthy loading cycle for Retorts 7 and 8. Further full-scale operational
tests were oconducted during October. Test holes 6, 7, 8 and 9, located
underground, were loaded October 28 and detonated on November 3, 1980. Three
detonéted', but at a low-order velocity; one misfired but was reprimed and shot
- on November 4, 1980. These holes were loaded with a pumpable DuPont bulk
product. After a meeting with DuPont in December on low-order detonation of
this explosive, a decision was made to use the packaged product used for
‘Retorts 5 and 6 in Retort 7, 8 and 8x because the low order detonation of the
DuPont explosive was confirmed by DuPont.

At the end of November FSOP holes 10, 11 and 12 were loaded with the packaged
product for detonation seven days later on December .5, 1980. Pillar test
‘holes loaded pneumatically with a cartridged product and having a seven day
wait time are also planned. '

A quarter-scale array floor shot (FS-8L) using the DuPont bulk product was
conducted in October to compare this product with previous quarter-scale tests
‘in the Rock Fragmentation program that used different explosive products.

V. DOE FUNDED SUPPORT

The Sandia assembly of the MR3 thermocouple strings, begun in August, was
completed in September. Following gtouting of “the ‘castings' in the instrument
drill holes, the thermocouple assemblies were installed. Cabling was pulled
from the enty drift to each zone box. Wiring of each thermocouple lead and ‘
uphole cable lead was completed at the zone boxes and entry drift junction
boxes. ‘
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Software to ocontrol and manage the data taken from the thermocouples and pro-
cess instrumentation was completed and entered into the computer in September.
In October, a special phone line was installed for computer communication be-
tween Logan Wash and the DOE ‘in Grand Junction and the Sandia Labs in
Albuquerque. Pre-start-up data were recorded and software and instrument
systems checked out. On September 22, the first Sandia produced mass spectro-
meter system (10 channels vs. 30) was shipped to Logan Wash froim the Sandia
Labs to attempt a cold flow test on MR4. Because drilling of the MR4 rubble
holes had to start on October 1, significant testing could not be completed
due to problems with site electrical power, the need to add a filter system to
the trailer gas sample inpits, work to adapt the OOSI injection system to the
mass spectrometer system, amd the presence of a large amunt of water in the '
MR4 rubblé bed. The instrumentation trailer was returned to Sandia for ad-
ditional work. A program to verify the system in the léboratory with the
possibility of rﬁmirng oold tests on MR5 and hot tests on MR4 prior to Retorts
7 and 8 is being puréued. '

The data acquisition and recording system for MR3 was completed and tested.
Problems that arose during system checkout and during the MR3 ignition attempt
were eliminated. The system is capable of oollecting and processing informa-
tion that is pertinent to the monitoring and control of retorting processes.
Data that are obtained from measurements such as thermal, flow, and gas com-
‘positionv measurements, as well as manually entered measurements, can be an-
alyzed by the computer to give derived information including information con-
cerning mass balances and burner performance. Results of these calculations
can be displayed on two sets of two TV monitors. Real-time control parameters
such as retort and burner temperatures and flows can also be displayed on
these monitors. Permanent reocords can be obtained in the form of lists or
plots of any measured or known process variable versus another. For example,
sectional views of temperature contours in the retort can be plotted for
specified process times. '

In addition to the four main terminals associated with Trailer B-61, the data
acquisition system supports three remote terminals. Each of these remote data
links is designed to provide a'specialized subset of the information process-
ing capabilities of the main work stations in B-61. These specialized capa-
bilities are tailored to the data display and processing requirements that

. 2% .



exist at terminals iocated in the Grand Junction DOE office, the O0OSI control
room,..and the OO0SI gas chromatograph shed.

During the checkout of the data acquisition and recording system, undesirable
randomly occurring transients were observed on particular:-data chénnels_.‘ The
cause of the transients was not identified, but the source of the problem was
narrowed to the comux system. Replacement of relay cards for the affected
channels eliminated this problem. : :

For no explicable reason, the-data .acquisition system's Mod Comp computer shut
down several times during the first 18 hours of the MR3 ignition attempt.
After each shutdown, the system was rebooted with no. apparent :ill effect upon
data collection. Because the system was being severely taxed through ‘constant
use of the four main terminals, shutdown as a result of system overload was
suspected. By making field modifications to the software that limited
terminal access to the main frame and decreased data acquisition scan rates,
the shutdowns were halted.

. Attempts to ignite MR3 were unsuccessful due to failure of the Foster-Miller
Associates' downhole burners.as as:described in Section III, B.

After termination of MR3 ignition attempts,-the cables connecting the data
acquisition and recording system with:the MR3 thermocouples were cut at the
entry drift Nema boxes, and multi-pin connectors were installed to allow
.connection to MR4 cables. MR3 cables will need to be terminated in mating.
connectors prior to the resumption of MR3 ignition tests.

The instrumentation and monitoring equipment for MR4 will be essentially the
same as that used for the MR3 ignitiqm Approximately 265 thermocouples,
divided between the sill and rubble bed, will sense sill and rubble
temperatures. Burner operation, hot gas input, and output gas and liquid.
parameters will be recorded. Installation and checkout of the sill and rubble
temperature sensors is. expected to. be complete by mid-December.
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Vi. ENVIRONMENTAL SUPPORT

The purpose of this section is to present a summary of permit status and to
update the environmental monitoring performed in conjunction with oil shale
retorting research activities at the Occidental 0Oil Shale, Inc., Logan Wash
mine site. Environmental monitoring has been oconducted in accordance with
requirements of applicable permits and the DOE contract. This report covers
data monitored during August through October, 1980 and data not previously
repbrted.

Environmental data currently being collected in the monitoring program for air
and water are identified in Tables III and 1V. These tables identify
stations, the measurements taken at each station, the elevation at the station
for oollecting meteorologlcal data, and the station codes used with a
computerized data base for the data.

The locations of environmental monitoring installations are shown on a maplo.f
the area in Figure 7. The various types of monitoring stations are identified
by symbols. The locations of past retorts and Retorts 7 and 8 are shown for
reference. Several water quality monitoring wells located within the mine or
near the retorts are not shown on this map but are presented in Figures 8, 9,
10, and 11. Several photopoints for the photographic monitoring ‘program are
shown on the map. These are used for monitoring physical and biological
.changes that may be related to shale oil retorting.

Figure 12 presents an elevation profile along a cut from alluvial monitoring
well 101 to the Retort 6 stack, and then to the meteorological tower to depict
the terrain variations. The elevation scale is in feet above mean sea level.
While the horizontal scale is compressed in the figure, the ét_eq: slope and
elevation change within the monitoring areas are quite sighificant. Elevation
contours are shown on the map, Figure 7. ' ‘
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" Station Location

Guard Gate

Heater-Treater

Lower Bench

Meteoroligical Tower

TABLE IIIX

Station Code

LW04

LWO1

LWO3

LW02
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Measurment

Temperature )
Relative Humidity)
Evaporation
Precipitation

Wind Direction)
Wind Speed )
Temperature )

Inversion Height

Temperature . )
Relative Humidity)

Precipitation

Wind Direction

)
Wind Speed )
Temperature )
Delta Temperature)
Particulates )

Temperature )
Relative Humidity)

Solar Radiation )
Evaporation
Precipitation

AIR QUALITY/METEOROLOGICAL MONITORING STATIONS AT LOGAN WASH SITE

Elevation Level

2 Meter

10 Meter

2 Meter

30 Meter

2 Meter



TABLE IV

WATER MONITORING STATIONS AT LOGAN WASH SITE

Water Type ' | Station Computer Code

Alluvial Wells w22 ' LINA022
o : Iw101Aa LWA100
Lw101 . LWA101
w102 : LWA102
IW103 LWA103
-LW104 ‘ : LWA104
w112, IWA112
w115 - o LWA115
w121 . ILWA121
Deep Wells LW32 ' LWD032
W33 : LIWDO33
LW45 ‘ ‘ IWD045
LW46 . LIND046
LW47 _ 'LWD047
IW106 - LWD106
w108 ~ LWD108
LW116 - LWD116
Retort 6 Wells IMB1 _ LWD601
PLRL1 .~ LIND602
LILSWt . ) : IWD603
LILSW2 : ‘ LWD604
LILN3 ' LWD605
L2PS1 ‘ LWD606
L2PS2 . . . LWD607
UIL600 : LWD608
ALN1 - ‘ v LWD609
UILSW1 LIND610
UILSE2 o LWD611
. Retorts 1-6 Top Retort 1 LINRO0O
, . Bottom Retort 1 LWR0O1
Bottom Retort 2 ~ L LIWR002
Bottom Retort 3 LIWR003
Bottom Retort 4 LINR004
Bottom Retort 5 ' - LIWRO0S
- Bottom Retort 6 ‘ . LWR006
. Streams Bowdish Gulch : LWsS001
"~ Logan Wash : LWS002
Upper Roan Creek LWS003
Smith Gulch : LWS004
Kelly Gulch g LWS005
Riley Gulch , Co LIWS006
Upper Parachute Cree : LWS007
Dry Gulch . N LWS008
Lower Roan Creek o ' LWs013
Lower Parachute Creek , . LWS017
Mine Discharge Dry Gulch at Flume _ LwM001

Research Port Hole : LWM002
30 :
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The operational timeline of Climatological and Hydrological monitoring of
Logan Wash for May, 1980 through October, 1980 is shown in Figure 13. Water
sampling frequency by site for water year October, 1979 to October, 1980 is
shown in Figure 14.

1.

A. MONITORING

Air Quality and Meteorology

Air quality and meteorological parameters presently being monitored at
the Logan Wash mine site are suspended particulates, wind speed, wind
direction, temperature, relative humidity, and snlar radiation.

Data are collected at four stations at the site: Guard-Gate, Heater
Treater, Lower Mine Bench, and Meteorological Tower. Table III presents
the monitoring station parameters measured and the level of the
instrumentation for these stations.

The Hi-vol sampling instrument for suspended particulates is co—-located
at the Meteorological Tower station at the surface of Logan Wash mine
site. Monitoring of suspended particulates has continued through this
reporting period. Data samples are analyzed by Coors/Spectrol-Chemical
Laboratory in Golden, Colorado. Data not previously reported are
included in Appendix B of this report.

Wind speed and wind direction are measured at the 10-meter level mechan-
ical weather station located at the Heater Treater. Data not previously
reported are included in Appendix B of this report. Figures 15-17 are
quarterly wind roses for three seasonal quarters for this station. The
winter quarter exhibits prevailing winds from the southeast, principally
in the 1-3 meter/sec (m/s) range. Both spring and summer quarters are
nearly identical with prevailing winds from the west-northwest, primarily
at 1-3 m/s with extremes to 11 m/s. The monthly direction-only roses
Figures 18 and 19 exhibit generally WNW-ESE couplets (ie:
upvalley-downvalley) consistent with the quarterly roses indicating that
winds are principally channeled by the valley walls near the Heater
Treater.
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Figure 17.
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2.

Air temperature sensors at the 2-meter level are located at the Guard
Gate, Lower Mine Bench, and Meteorological Tower stations. A fourth sen-
sor is located at the Heater Treater at the 10-meter level. Typically at
the Heater Treater, temperatures have varied fram a winter low of -17°C
to a summer high of 43°C.

Relative humidity is measured at three locations; the Guard Gate, Lower
Mine Bench, and Meteorological Tower stations. In the period from August
to October, 1980, covered by the data of this report, relative humidity
varied from a maximum of 100% to a minimum of 1%.

Solar radiation is measured by the pyranometer at the Meteorological
Tower. Total daily direct-radiation peaked at 752 Langleys during the
month of August.

Hydrology and Water Quality

Intermittent ground water drainage encountered in the mine is oollected
and utilized in mining operations. Occasionally some surplus mine water
develops and is discharged into adjacent normally dry drainages. These
intermittent and infrequent discharges are monitored according to a cur-
rent National Pollutant Discharge Elimination System (NPDES) permit.
Averages of these intermittent discharges are included in the hydrology
appendix. Flows are so small and intermittent that it is difficult to
obtain accurate measurement of the volume. The peak discharge noted was
approximately 0.14 cfs. No discharges have occurred since mid November
1980.

Other field activities during the quarter included:

® Routine repairs were made to monitoring wells. Additionally,
surface casing was extended above ground level and the wells were
capped.

@ Traffic guards and a new flume were installed in Smith Gulch.

® A monitoring program was set up to measure water levels in the
air inlet/burner access holes from the surface to the top of Re-
torts 7 and 8. Water level monitoring will continue until the
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retorts are rubblized and the holes are completed to access the
rubble. This data will be used to estimate the amount of water
percolation from the upper zones into the retorts.

An evaluation of the leaching behavior of spent retorts was reported

(C. S. Stover) in March, 19802. Supplemental data from Retorts 1-6

have now been added which verify the original conclusion of Stover's re-
port. Indications are that the levels of soluble inorganics in the water
decline rapidly while concentrations of less soluble material are more
stable.

The retort sumps are situated in the retort below the rubblized shale.
Any waters that enter or are produced in the retort are collected and
held in sumps. These waters may originate from one of several sources:
condensation of steam in inlet gas, water produced by combustion of or-
ganic material, mineral water released from the rock during retorting,
and intrusion of groundwater. During processing, these waters mingle
with product oil and the gaseous products of retorting as well as con-
tacting varying quantities of raw shale. After retorting is terminated,
the first three sources of water are eliminated, although not immediately
nor simultaneously, and intruding groundwater makes an ever-—increasing
contribution to the water collected in the retort sump. This groundwater
comes into contact with spent shale as it drains through the spent retort
to the retort sump and, therefore, has the opportunity to leach soluble
material from the shale. Sampling of retort sump water was begun prior
to the start-up period of each retort and continued during and after
shul-down. Figure 20 is a time line of retorting periods for Retorts
1-6. Figures 21, 22, ard 23 are time series plots of concentration
levels of total dissolved solids (TDS), total alkalinity, and
(Na+K)/(CatMg). These concentrations show significant trends down to
background levels. Total alkalinity and carbonate for Retort 6 (Figures
22 and 24) seem to show a seasonal decrease and increase which can be
attributed to an influx of water percolating through into the air level
of the retort from the surface. Although the concentrations are
irregular, all of these parameters show a definite decreasing trend.

Several parameters, fluorine, nitrate, Kjeldahl nitrogen, and sulfate,
show a bimodal trend as seen in Figures 25 through 28. Maximum

2 "Annual Progress Report for the Period June 1, 1979, through May 31,
1980", Occidental 0Oil Shale, Inc., Appendix A.
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MG/L Figure 21. Time Series Plot of Total Dissolvad Solids
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Figure 24.

Time Series Plot of Carbonate
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MG/L Figure 25. Time Series Plot of Fluorine
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Figure 26. Time Series Plot of Nitrate
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MG/L Figure 27. Time Series Plot of Nitrogen Kje' dahl
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MG/L Figure 28. Time Series Plot of Sulfate
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concentration levels appear four to six months after retort ignition and
again right before shut-down. Two parameters have returned to ambient
levels, dissolved organic carbon and total organic carbon, while three
parameters remain slightly elevated, F, NH3, and N-Kj. Figure 27 shows
a strong increase during shut-down of Retort 6 which continued about six
months, then concentration levels returned to what they were during re-
torting. Sulfate (SO4) was lower than before retorting began in Re-
torts 4, 5, and 6, but there has been a slight increase for all three re-
torts in Summer 1980, Figure 28. Phenols dropped within six months after
shut-down of Retort 6, Figure 29. Phenols for Retorts 4 and 5 show a
steady decrease during 1980.

It appears from these results that the most soluble species are quickly
depleted in the spent shale by intruding groundwater. The levels of
these species in groundwater passing through the spent retorts will
quickly return to background levels. Other parameters, of supposedly a
less—-soluble nature, are leached more slowly from the spent shale and
their levels in groundwater persist for a longer period of time. Contin-
uation of monitoring the process water drainage from spent retorts and
monitoring of Retorts 7 and 8 will help to further characterize the
leaching behavior of spent shale.

Biology

a. Flora Survey

As a part of the Logan Wash Shale 0il Project environmental monitor-
ing program, a resurvey of vegetation macroplots was conducted during
July, 1980 at the Logan Wash mine site. Twenty-one of 54 macroplots,
located during 1974 and 1975, were resurveyed for plant cover, den-
sity and frequency. Methods were consistent with previous data ocol-
lection. These macroplots were combined into nine plant community
types. Three macroplots were chosen from each community type for the
1977-1980 resurvey. Summary tables were consolidated for each of the
nine community types showing an increase in the number of new indi-
viduals and total vegetal cover observed in both the overstory and
understory vegetation. These changes were attributed to two consec-
utive years of high winter precipitation.
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Figure 29. Time Series Plot of Phenols
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b.

A completé summary by Neil E. West and James R. Irvine, "Vegetation
Data and Analysis for September, 1980", is included as Appendix C of
this report. West and Irvine conclude changes induced by man are
principally associated with surface distribution caused by mining and
road building activities.

L]

Fauna Survey

Vertebrate populations were studied in May/June and August, 1980.
Data were collected on experimental and control plots in
pinyon-juniper, mountain shrub, and aspen in order to test the null
hypothesis that mining activities are not alfecting cmall mammals,
birds, or deer. Small mammals were studied by the mark and release
technique. Birds and deer were censused visually.

Most mule deer are at higher elevations in summer. Populations on
study plots were: Upper Fall, 18; Upper Riley, 22; Upper Mine, 21;
east end of mesa, 12; 8605, 2; ILower Fall, 1; Lower Mine, 10; total
86. The 1980 estimated population is 29 percent bucks, 42 percent
does, and 28 percent fawns. The percentage of bucks decreased and
the percentage of fawns increased from 1978 to 1980. Productivity
was 66.7 percent, up from 1978, but lower than 1977 and the Colorado
average of 90 percent.

Small mammal abundance declined at the site between 1978 and 1980, on
both experimental and control plots. Deer mice are the most abundant
rodent at the site. At lower elevations they contribute 13 to 100
percent of biomass on control and 11 to 48 percent on experimental
sites. At higher elevations they contribute 40 to 85 percent on
control and 29 to 95 percent on experimental sites. Other rodents
include chipmunk, golden-mantled ground squirrel, and voles.

Total rodent biomass per hectare on all plots increases during summer

due to reproduction and decreases during winter due to mortality. An

increase in total biomass on the lower elevation experimental site is

due primarily to an increase in numbers of deer mice, which may be an
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effect of mining activity. Total rodent biomass per hectare data
tend to support the null hypothesis that mining activity is not

affecting populations.

Diversity indices provide a measure of both number of species and
distribution of individuals among species. Diversity is greater on
lower elevation sites due to the presence of more species. Diversity
indices tend to support the null hypothesis of no effect of mining
activity on small mammal populations at the Logan Wash site.

Mining activities may be creating habitat more favorable to deer mice
and golden-mantled ground squirrels on the lower elevation
experimental site. An increase in populations of these two species
may also be due to intrinsic differences in habitat between lower
elevation control and experimental sites.

In 1980, only 23 species of birds accounted for a major percentage of
sightings at the Logan Wash site, but field data indicate that as
many as 35 species ocould have bred there. Twenty species are deemed
of special importance at the site: three-species (white-throated
swift, board-tailed hummingbird, MacGillivray's warbler) are common
at both higher and lower elevations, six (violet—green swallow, scrub
jay, blue—gray gnatcatcher, Virginia's warbler, black-throated gray
warbler, rufous-sided towhee) are common only at lower elevations,
and eleven (American kestrel, common flicker, dusky flycatcher,
black-capped chickadee, house wren, robin, mountain bluebird,
warbling vireo, Audubon's warbler, green-tailed towhee, gray-headed
junco) are common only at higher elevations. The nine species common
at lower elevations contribute 40 to 78 percent of all sightings on
the control, and 61 to 91 percent on the experimental plot. The
fourteen species common at hig<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>