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I. IN!'roDUCI'IOO 

The progress presented in this report covers the period September 1 through 

November 30, 1980 under the ~rk scope for Phase II of the OOE/Occidental Oil 

Shale, Inc. (OOSI) Cboperative Agreement. 

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

mining the voids at all levels for Retorts 7 and a; blasthole drilling; tracer 

testing MR4; conducting the start-up and burner tests on MR3; continuing the 

surface facility construction; am conducting Retorts 7 and a related lOck 

Fragmentation tests. 

Environmental noni toring continued dur. iuy the quarter. The data and analyses 

are discussed in the environmental section of this report. 

Sandia National Latoratory and Laramie Energy Techoology Center (LETC) person­

nel were active in the OOE support of the MR3 burner am start-up tests. 

In the last section of this report the final oil . inventory nor Retort 6 pro­

duction is detailed. The total oil produced by Retort 6 was 55,696 barrels. 

II • RE'IORI'S 7, a and ax PROGRESS 

A. MINING 

Mining activities to access and create the voids for Retorts 7, a and ax con­

tinued during the quarter with progress totaling 5,136' advance and 57,0a2 

cubic yards ( 107 ,aa5 tons) of shale renoved. The progress at each location is 

listed in Table I and illustrated in Figures 1 through 3. The upper and Lower 

Level voids were oampleted and the Intermediate Level voids were nearly com­
pleted. 
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TABLE I 

SUMMARi OF MINIM; PRCX:iRESS 

Average 
X-Section Advance Cu. Yds. 

I.Dwer Level 

Retort 7 void 44' X 13' 32' 6,992 
30' X 14' 95' 1,329 

Retort 7, slabbing 6' X 14' 12' 44 
Retort 8 void 30' X 15' 122' 1,901 

45' X 15' 213' 5,577 
Retort 8 pillar slabbing 7' X 16' 197' 828 

5' X 15 I 321' 614 
1230 llindl a:x:m 10' X Hi' 1 0' 59 

Intermediate Level 

Retort 7 void 44' X 17' 422' 7,455 
26' X 15' 308' 4,520 
28' X 18' 80' 1,460 

3.5' X 17' 45' 96 
7' X 17' 330' 1,336 

25' X 12' 212' 2,314 
7' X 25' 165' 1 '123 

Retort 8 void 44' X 17' 94' 2,588 
25' X 16' 347' 4,916 

3.5' X 16' 256' 537 
12' X 25' 80' 849 
12 I X 44' 116' 2,212 

Retort l:i slabbing 1,859 

Upper Level 

Retort 8 void 13' X 17' 112 I 1,~11 
5' X 17' 265' 740 

Retort 8 slabbing 5' X 16' 302' <ng 
13' X 17' 166' 1,319 

Retort 8x slabbing 5' X 17' 452' 1,844 
13' X 16' 138' 1,064 

Product Recovery Level 

Retort 7 14 I X 14' 200' 835 
I..r-1430-L 14' X 14' 12' 87 
I..r-1430-R 14' X 14' 12' 87 
S. Draw Pocket 9' Dia. 20' 47 
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Figure 3. Mining progress at the Upper Level through November, 1980. 
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Drilling work oontinued throughout the quarter. The Retort 7 Uf.per 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 drillirg started in late November. 

B. OONSTRUcriON 

In the Mini-Retort (MR) area, major construction work was ccmpleted on MR3 in 

September. The Air Level bulkhead was shotcreted and the steam and fuel lines 

were hooked up. Work en other utilities for start-up continued into October. 

On MR4 the piping, electrical and instrument de:::;l<:JII.l::) were oomplctcd early in 

lbvember and oonstructicn began. '!he intermediate level drift at MR4 was 

c1P.aned up and readied for the burner foundation. WOrk oontinued throughout 

lbvember with installation of the air, steam, water am fuel utility pipi~ on 

the upper and intermediate levels. 

stalled in the intermediate level. 

The inert gas generator piping was in­

Product check valves arrl pipirg supports 

were installed. Modifications were made to the intermediate level bulkhead. 

'!he grounding and electrical work were completed. 

A number of major activities on the surface ~ressed well during the quar­

ter. '!he boiler building grounding system design arrl the design of all sur­

face grounding tie-ins were cxxnpleted. The toiler foundation was fX)ured, the 

boil~r building framed, insulated and sided. Available pre-fabricated piping 

for Boiler i2 was installed. Eleven pipe stanchions and interoonnection steel 

were erected. '!be m:>tor control center for the vent raise fan in the vent 

raise building was installed. That building, plus the generator building were 

cx:mnissioned. '!he blower building was framed arrl sidirg work begun. The pad 

for the 1 , 500 IWA transfonner at the blower building was formed arrl fX)ured. 

The 7' diameter contact condenser was received and set in place in October. 

An inspection and vacuum test oo the 12' diameter oontact oondenser occurred 

at the manufacturer's location on October 20, 1980. 'lbe large contact con­

denser arrived on site in mid-November and was set in place. The platforms 

for the t~ condensers were installed l:7j the em of lbvernber. 

At the Heater Treater, the new C. E. Natoc Heater Treater was received in 
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September and installed on its foundation. In October pipe supports were p:>ur­

ed. '!he design of the tank foundations for the new Heater Treater tank am 
coalesced water tank were oornpleted. Delivery of the tanks was scheduled for 

January, 1981. 

In September, WESCO was dem:>bilized and The Industrial Canpany of Steamboat 

Springs {TIC), the successful bidder on the site electrical contract, was no­

bilized. Electrical installations oo the surface oontinued. '!he underground 

electrical conduits were completed. The generator switchgear was mounted in 

the generator building. Two total mine p:>wer outages were used in mi~r 

am late November to energize the surface main switchgear am 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 purface, 

• 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, 

• Completing design of the offgas piping and expansion space to be pre­

fabricated, am 
• Completing all engineering for the Heater Treater. 

III. ANALYSIS 

A. MR TRACER TESTS 

The objective of the MR tracer test program is fourfold: 

1. Tb characterize the rubble in MR's 3 and 4 and attempt to oorrelate 

the state of the rubble to the blasting procedure used. 

2. Tb establish an evaluation procedure which will yield reliable infor­

mation for Retorts 7 and a. 
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3. Tb obtain parameters for use in evaluating pressure drop data. 

4. Tb 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 bottan 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 roothod in which it was created and the test used 

to evaluate it prior to retort.iny. MR3 was cvaluatErl baRfrl on the expected 

advance rate of the flame front. 

The propagation of a flame front through a retort is a>ntrolled 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 oovance rates were calculated for a number of elPTOP.nts of MR3. Fran 

these advance rates, locations of the flarre front at various points in the 

retort were calculated at 5, 1 0 and 15 days into a bum. l'b OOL-rections were 

made for conductive and convective heat transfer into the center of the 

rubble. These heat transfer nechanisrns \ttUuld tend to SllOOth the oovance rates · 

and level the flarre front positions. 

A core 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 oonductive and convective heat transfer 

is considered, we expect MR3 retort to be reasonably efficient. 

8 



MR3 and MR4 were evaluated using the same tracer system and the same method of 

analysis. '!he retorts were then compared based oh tracer response. '!he 

oonclusions are: 

1. MR4 is generally tighter than MR3. 

2. MR4 shows improved radial distribution of the tracer. 

3. '!he center of MR4 has arout the same tightness as MR3 but flow to the 

center fran the periphery is much improved. 

4. Contour maps projecting the p:>sition of the flame front with time 

shcM that the flarre front position for MR4 should be rrore 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 crldition, by 

burning the MR's longer than the tine required for burner tests only, rrore 

oomplete information will be acquired on oow the retorts are rutblized by 

rronitoring the flarre front progress and comparing this information with tracer 

test results and predictions. Another reason 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 

oonducted tbvernber 1 through 5, 1980. 'Ihese people included process 

,o:Perators, test engineers, supervisors, rock mechanics engineers, technical 

support from Occidental Research Corporation, sampling tean members, computer 

prograrrmers, data technical support, and Sandia and LETC technical personnel 

and computer operators. 

Pages 11 through 19 are the: 

9 
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Page 

11- MR3 General Piping and Instrument Diagram (P&ID), 

12 - FOster Miller Burner Syst~ P&ID, 

13 - Retort Thermocouple Locations Table, 

15 - Thenoc>oouple 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 ab:>ut 18 hour~ operation at purge t:'OncHtions, when the oooling 

water suwly ran out. The seoond burner failed after ab:>ut 17 hours operation 

when a fluctuation in oooling water flow durin;J adju·strnent -of the burner 

outlet temperature to 1800°F (retort heatup temperature) caused formation of a 
steam pocket and concomitant severe overpressure in the ooolin;J channel. Both 

failures are believed to have resulted in mechanical damage to the internal 

cooling system that prevented burner ignition due to water leakage into the 

combustion chamber. FOster Miller's fault analysis, to be oampleted 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 arout 150°F. When these burner 

temper~tures were boosted to about 300°F, sill temperatures rose to about 

300°F am remained there ~rore or less until the burner was rennved. 

It appears that the sill pillar bottom began deteriorating somewhere between 

temperatures of 150° to 300°F. The thenoc>couples F4-01, E6-01 and F5-01 were 

presumed to be fully exposed (in their cased and grouted pipes) to the void at 

the time the temperature approached 2000 oF because they show an aliOOst 

i.nmediate 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 therm::>OOuples mentioned above had fallen 

into the void. 

10 
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ll . 

MR3 RE'IDRT 'lHEIMXXXJPLE IOCATICH) 

N:Jl'ES: Negative 'lC elevation is height above the sill pillar bottan. 

Positive TC elevation is depth f~ top of rubble. 

'OC elevation is the CXlfiPUter oode for the 'OC location am is not exact 

but close. '!be exact location is shown oo the following page. 

TC • s in boles F3, H5, arrl G2 were installed by s3 and will be 

manually nonitored arrl manually entered into the sarrlia canputer • 
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MR .. 3 ~£./o~.:r III£R!Aot-ov~L€ :r.P MAP 

LEf'-r Cot..VMAI I.S C4'MI'i/1"c~ I<£P&~€AIC.e C.P~£ ANI' f?.r6HI CPt..VN'IN .Z:S A~-r'c/lft.. PE./'{11 

NeG A rzvt: l<tf:~A!CCI? -rtJ S TLL Bo-r-ro;llf ANt' ,Oo$L/LVf3 ,(£Pr;fU.#C.Gi? 1o -r'PI' &F 'l?.vBBL£ 

Ai t A8 * C3 * C4 t CS ~ C6 * D~ * 
00 0.3 * 00 0.3 * 00 U.3* 00 0.3 *-10 -10.0 *-00 <-1.0)* 00 0.3 * 
15 15.0 * OS 5.0 * 02 2.0* 02 2.0 *-OS -5.0 * 00 0.4 * 02 2.0 * 
2 0 17.9 * 10 10.0 * * * - 02 -2.0 * *OS 5. 0 * 

w 15 17 . 4 * * *-01 -1.0 * * * 
******************** * * 00 0.3 * * * 
Hi * HB * * * 02 2.3 * t * 
00 0.3 * DO 0.3 * * *OS 5.3 * * t 
OS 5.0 * OS S.O * * * 10 10.3 * * * 
10 10.0 * 13 12.5 * * * 1S 15.3 * * * 
18 17.5 * * * * 20 20.3 * * * 

* * * * 30 30.3 * * ~ * * * * 40 40.3 * * t 
***************************************************************************~ 

D4 * DS *E3 * E7 * F7 * G4 *G6 * 
00 0.3 * 00 0.3 *DO 0.3 *-01 -1.0 * 00 0.3 * 00 0.3 *00 0.3 * 
02 2.0 * 01 1.0 * OS S.O *-00 <-1 . 0>* 02 2.0 * OS 5.0 *02 2.0 * * *10 10.0 * 00 0.3 * 08 7.5 * 10 10.0 *OS 5.0 * * *15 15.0 * * * * * 

**************************************************************************** 
D6 * E1 * E2 * M4 * E6 * F4 * FS * 

-28 -28.0* -28 -28.0* -28 - 28.0* -28 -28.0* -28 -28.0* -28 -28.0* -28 -28.0* 
-26 -26.0* -2~ -26.0* -26 -26.0* -26 -26.0* -26 -26.0* -26 -26.0* -26 -26.0* 
-24 -24 .0* -24 -24.0* -24 -24.0* -24 -24. 0* -24 -24.0* -24 -24.0* -24 -24.0* 
-2~ -22.0* -22. -22 .0* -22 -22 .0* -22 -22.0* -22 -22.0* -22 -22.0* -22 -22.0* 
-20 -20.0* -20 -20.0* -20 -20.0* -20 -20.0* -20 -20.0* -20 -20.0* -20 -20.0* 
-18 -18.0* -18 -18.0* -18 -18.0* -18 -18.0* -18 -18.0* -1 8 -18.0* -1R -18.0* 
-16 ~1 6.0* -16 -16.0* -1 6 -16.0* -16 -16.0* -16 -16 . 0* -16 -16.0* -16 -16.0% 
-14 -14.0* -14 -14.0* - 14 -14 .0* -14 -14.0* -14 -14.0* -14 -14.0* -14 -i4.0* 
-12 -12.0* -12 -12.0* - 12 -12.0* -12 -12.0* -12 -12.0* -12 -12.0* -12 -12.0* 
-10 - 1 0.0* -10 -10.0* - 10 -1 0.0* -10 -1 0.0* -10 -10.0* -10 -10.0* -10 -10.0* 
-09 -9.0* -09 -9.0* - 09 -9.0* -09 -9.0* -09 -9. 0* -09 -9.0* -09 -~.0* 
- 08 -8.0* -08 -8.0* - 08 -8 .0* -08 -8.0* -08 -8.0* -08 -8.0* -08 -8.0* 
-o7 -7.0* -o7 -7.0* - o7 -7.0* - o7 -7.0* -o7 -7. 0* -o7 -7.0* ~o7 -7.0* 
-06 -6.0* -06 -6.0* - 06 -6.0* -06 -6.0* -06 -6.0* -06 -6,0* -06 -6.0* 
-OS -5.0* -OS -5.0* - OS -5.0* -OS -5.0* -OS -5.0* -OS -5.0* -OS -5.0* 
-04 -4.0* -04 -4.0* -04 -4.0* -04 -4.0* - 04 -4.0* -04 -4.0* -04 -4.0* 
-03 -3.0* -0 3 -3.0* -03 -3.0* -03 -3.0* - 03 -3.0* -03 -3.0* -03 -3.0* 
-02 -2.0* -02 -2.0* - 02 -2.0* -02 -2.0* -02 -2 .0* - 02 -2.0* -02 -2.0* 
-01 -1.0* -01 -1.0* -01 -1.0* -01 -1.0* -01 -1.0* -01 -1.0* -01 -i.O* 

00 0.3* * * * 00 0.3* 00 0.3* 00 0.3* 
02 2.0* * * * 02 2.0* OS S.O* OS 5.0* 
04 4.1* * * * OS 4.6* 10 10.0* 10 9.8* 

************************************************************************* ~: *** 
F6 * G3 ~ GS * G7 * E4 * G2 * 

-10 -10.0* -1 0 -10.0* -02 -2.0* -01 -1.0* -10 -10.0* -01 -1.0* 
-OS -5.0* -OS -5.0* -01 -1.0* 00 0.3* -OS -5.0************* 
-02 -2.0* - 02 -2.0* 00 0.3* 02 2. 0* -0 2 -2.0* F3 * 
-01 -1.0* -01 -1 .0* 02 2.0* OS 5.0* -01 -i.O* -01 -1.0~ 

00 0.3* 00 0.3* OS S.O* 08 7.5* 00 · 0.3************* 
02 2.3* 02 2.3* 08 7.S* 10 10.0* 02 2.3* HS * 
OS S.3* OS 5.3* 10 10.0* iJ 12.5* OS S.3* ~01 -1.0* 
10 1 0.3* 10 10.3* {3 12.5* iS iS.3* 10 10.3************* 
15 15.3* 15 15.3* 15 13.8* 17 16.5* 1S 1S.3* 
?0 20.3* 2 0 20.3* * * 20 20.3* 
30 30.3* 30 30.3* * * 30 30.3* 
40 40.3* 40 38.7* * * 40 38.4 t 
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Since the initial void Lmder those wells was about 1-ft these falls of gro\100 

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 aw~ from the burner. 

The plot of temperature profiles, Figure 4, at the rubble surface and 1-ft 

belCM the surface was obtained about one-half hour before the burner failed 

due to the steam bul:i>le in the rooling dlamber. The temperatures in the 

vicinity of the burner 1-ft belCM the surface are startir¥J 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. FDam the test the 

following conclusions and recommendations were made: 

• Both burners failed mechanically when high pressure steam fonrel in 

roolirg jacket. 

• '!he FMA burner nust be nodified to prevent damage from rooling water 

loss. 

• Retort MR3 after Retorts 7 and 8 are rubblized. 

C. PRELIMINARY SANDIA MR3 IGNITION mTA ANALYSIS 1 

Although Retort MR3 wag not ignited, data obtained fran measurements of retort 

heat-up during burner q>eration have been oota.ined. Figure 5 shows 

temperature contours far the surfaae of the rubblized retort, and Figure 6 

shows temperature ~files 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 usi~~ 

the secorrl burner. The contours of Figure 5 iooicate that heat from the 

burner exhaust affected a small localized area and spread out fran this area 

in a sanewhat unifonn fashion. The ananalous shape of the contour in the 

~r left quadrant is an artifice of the oomputer ~am that makes use of 

an algoritlrn not well suited to the treabnent of regions of sparse data. 

1 From Sandia Noveni:>er ftt:>nthly rep:>rt, T. F. Bartel, author. 
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TABLE II 
MR3 srART-UP TEST OPERATING SUMMARY 

DATE TIME BURNER 00. RUN NO. 

11/01/80 1500 1 1 Igni tErl burner, ran at purge con-. 
dition. 

11/02/80 0912 1 1 Lost cooling water, burner shut-
down. 

11/02/80 1525 1 '2 TriErl to reignite burner. 
1600 1 .2 . Vent valve ruptured. Burner seal 

damaged. RerrovErl burner. 
11/02/80 2115 2 ., 1 Igni tErl burner, air flow 170 scfm 
11/03/80 0936 Increased· air flow 220 scfm 

·1100 . Incn~aserl air flow 250 scfm 
1330 Increased air flow 300 ~::>uiiil 
1340 Increased air flow 340 scfm 
1400 Burner flame out. Interlocked 

down, burner exhaust to 2200°F. 
11/03/HU 1430 2 1 Rennved burner 800 scfm air into 

MR3 ignited rubble 
E6-01 up to 1059°F 
F4-01 up to 1382°F 
ReplacErl and reinforced water vent 
valve 

1560 Shut-off offgas blower, shut-off 
inlet. 

2000 2 2 IgnitErl burner. Unstable opera-
tion for 15 minutes 

2125 Rem:>vErl burner and bottlErl retort. 
11/04/80 Day Shift 2 .Added separate water lines ( 2 - Y4 

plastic tubes) to seal. 
1840 2 3 I~ni tErl burner, operatErl about 15 

m1nutes 
· Venturi teJ!!Perature to 315 oF then 

down at 68°F. 
1900 2 3 Burner stuck in hole, Maintained 

1 0 scfm through retort, 
Swing Shift 1 ReweldErl baffles at top of· air 

venturi. 
11/05/80 1450 2 :3 RerrovErl burner after soapii'J3 doWn-

hole offgas flow increased ~ 60 
scfm to 2200 scfm. 
F5-0 1 increased fran 350 oF to 
approximately 400°F. 
~4-01 increased fran 350°F to 
approximately 400°F. 

2015 1 3 IgnitErl burner, unstable con-
dition. 
Venturi temperature to 405°F. 
Outlet to 360°F. · 
Shutdown after 15 minutes 

2135 1 3 RelrovErl burner. 
2200 Offgas blower shutdown Retort 

bottlErl up. 
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Figure 5. Temperature Contours on the Rubble Surface. 
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Figure 6 shows that constant temperature profiles are almost planar at various 

depths in the bed. Although the ef:f;ects of coupled convective am conductive 
• I . ' 

heat transport on the temperature distribution·have not yet·been examined, 

both Figures 5 and 6 terrl to support an ar9ument for a unifonn distribution of 

bed permeability. 

Use of data obtained fran airflow or · tracer neasurements may be used ·to infer 

the permeability distribution within the unretorted bed. A given distribution 

can, in tum, be used in the calculation of the bed's three-dimensiona;I. 

velocity field from whidl predictionS of. output flow, based on knowrl input 

flows, can be made. canparison 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 eadl i~eration. The improved distribution that 

affords··'reasonable a>rrespondence between observed and calcuiated flows may be 

regarded .as a suitable descripticn of bed permeability, but it cannot be 

regarded as unique. Indeed, the permeability distribution for the unretorted 

bed that is consistent with tracer data . may not be consistent with data 

obtained from measu~ements of other ~ parameters. In this regard, the ~ 

heat-up data (for whidl pontributions fran chemical reactions are absent) can 

be used in conjunction with thermal. nodeling ·techniques, \tlich include 

convective am conductive heat transPc>rt, to confinn the reasonableness of the 

inferred permeability and, hence, to validate an inversion technique that 

relies solely upon airflow or tracer data*. 

D. RE'IORTS 7 .AND 8 OORE 

The data am analySes completed. through November include the RetortS 7 am 8 

core (I.W-156) caliper log, oore hole location, and the lithologic de­

scripticn of the oore. 'lhe lithologic des_cripticn was perfonned t¥ Larry 
Trudell at the OOE Laramie ·Energy Techoology Center and is included in 
Appendix _A along with the other data. 

* In oammercial operation, it is expected that tracer data will ~vide ~e 
princiPal informaticn fran whidl unretorted bed permeability may be 
inferred.· 'lherefore, it is useful to seek an independent dleck en the 
utility of the inversion technique. · 
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IV. OOSI FUNDED IVCK FRAG!ENl'ATlOO' PKX:iRAM 

On 'Ihursday, Au9ust 28, 1980 the secom pillar test (Pl\-2L) was detonated. 

This was the second of two tests to study pillar destructio~ prior to Retorts 

7 and 8 rubbling. In September the J;X>St-shot survey was conducted. 

Two full-scale operational test holes (FSOP) were loaded on z.t>nday, September 

.. 22 am detonated on Friday, September 26, 198Q.. 'Ihese tests, comparing 

explosive ~ucts from various suppliers, .simulated the loading conditions 

am lengthy loadiBJ cycle for Retorts 7 and 8. Further full-scale operational 

tests were conducted during October. Test holes 6, 7, 8 and 9, located 

underground, were loaded October 28 am detonated on N:>vember 3, 1980. Three 

detonated, but at a low-order velocity; one misfired but was reprimed and shot 

on N:>vember 4, 1980. 'Ihese holes were loaded with a pl.tili>able DuPont blilk 

product. After a nEetiBJ 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 confinned by DuPont. 

At the end of N:>vember FSOP holes 1 0, 11 and 12 were loaded with the packaged 

~uct for detOnation seven days later on December.5, 1980. Pillar test 

holes loaded pneumatically with a cartridged ~uct and having a seven day 

wait time are also planned. 

A quarter-scale array floor shot (FS-8L) using the DuPont bulk ~uct was 

conducted in October to ocmpare this ~uct with previoLis quarter-scale tests 

in the Rock Fragmentation ~am that used different explosive ~ucts. 

V. IXE FUNDED SUPPORI' 

The Sandia assembly of the MR3 thernncouple strings, begun in August, was 
completed in September. FollowiBJ gtoutiBJ of ·the castingS in the inst~nt 

drill holes, the thernDOOuple assemblies were installed. Cabling was. p.il.ied 

fran the enty drift to eadl zone ro.x. . WiriBJ of eadl theiTIOODuple leal aJ'¥i 

uphole cable lead was completed at the zone l:x>xes and entry drift junction 

l:x>xes. 

25 



SOftware to a:>ntrol am manage the data taken from the therm:xx>uples am pro-
. . 

cess instrumentation was completed an:l entered into the computer in September. 

In October, a special };none line was installed for a:>mputer a:mnunication be­

tween IDgan ~w~ am the OOE ·in Grand Junction am the SaOOia Lab; in 

Albuquerque. ~start-up data were reoorded arid software am instrument 

systems checked out. On September 22, the first SaOOia produced mass spectro­

meter system ( 10 charinels vs. 30) was shi~ to IDgan Wash fran the Sandia 

Labs to attenpt a oold flow test on MR4. Because drillil'l3 of the MR4 rubble 

holes had to start en October 1, significant testing oould oot be oornpleted 

due to problems with site electrical po~r~er, the need to ad:i a filter systan to 

the trailer gas sample inplits, w::>rk to· cdapt the OOSI injection system to the 

mass spectraneter system, ~ the iJ'esenoe of a lill.-.;Je amnnt of w~ter in the 

MR4 rutble bed. The iilStrumentation trailer was ~tumed to Sandia for ad­

ditional work. A progran to verify the systan in the laboratory with the 

possibility of running o:>ld tests ai .MRS and oot tests oo MR4 prior to Retorts 

7 and 8 is beiDJ pursued. 

'ftle data acquisition am reoording system for MR3 was <X>IDPleted am tested. 

Problems that arose duriDJ system cheCkout am duril'l3 the MR3 ignition attenpt 

were eliminated. 'ftle system is capable of oollecting am processing informa­

tion that is pertinent to the m::>nitoril'l3 am control of retortin;;J processes. 

Data that are obtained fran measurements such as thermal, flow, am gas com-

. positioo measurements, as well as manually entered measurements, can be an­

alyzed by the a:>mputer to give derived information including information oon­

cernil'l3 mass balances am burner perfonnance. Results of these calculations 

can be displayed on two sets of two TV 100ni tors. Real-time control parameters 

such as retort arXi burner temperatures an:l flows can als:> be displayoo on 

these nonitors. Permanent reoords can be obtained in the form of lists or 

plots of any measured or JcnoWn process variable versus another. For example, 

sectional vieW& of temperature a:>ntours in the retort can be plotted for 

specified Pr:ocess times. 

in. addition to. the four main terminals cissociat~ with Trailer B-61, the data 

aoquisitioo sy8tem supportS three renDte terminals. Each of these renDte data 

links is designed .to provide a specialized subSet of the information process­

ing capabilities of the mairi wo:dt stations in B-61. 'ftlese specialized capa­

bilities are tailored to the data display and prOcessing requirements that 
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exist at terminals located in the Grand Junction OOE office, the OOSI control 

room, ... and the <X>SI gas chromatograth shed. 

During the checkout of the data acquisition and recording system, undesirable 

randomly occurring transients were observed on par:ticular"-data channels.· '!he 

cause of the transients was mt 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 m · explicable reason, the :data .acquisition system's fwbd · Canp a:>mp.1ter shut 

down· several times during the first 18 hours of the MR3 ignition attempt. 

After each shutdown, the system ·was retx::x>ted with ID· 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 ~ta acquisition scan rates, 

the shutdowns were halted. 

Attempts to ignite MR3 were unsuccessful due to failure of the FbSter-Miller 

Associates' downhole burners as as, described in Section III, B. . , 

After termination of MR3 ignition attempts,. the cables oonnecting the data 

acquisition and recording system with: the MR3 · thernocouples ·were cut at the 

.entry drift Nema lx>xes, and multi -:-pin a>nnectors 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 ooni toring equipnent for MR4 will 'be essentially. the 

same as that used for the MR3 ignition-. Approximately 265 thei'IOOOOuples, 

divided between the sill and rubble bed, will sense sill and rubble 

temperatures. Burner operation, tx>t 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 a>mplete by mid-December • 
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VI. ENVIRONMENTAL SUPPORI' 

The purpose of this section is to present a summacy of pennit status am to 

update the environmental monitoring pertormed in conjunction with oil shale 

retorting research activities at the Occidental Oil Shale, Inc., logan Wash 

mine site. Environmental monitoring has been conducted in acoordance with 

requirementS of applicable pennits am the OOE contract. This report covers 

data monitored during August through October, 19HU an~ data ra:;,t previously 

reported. 

Environmental. data currently being collected in the monitoring program for air 

arrl water are identifie:l in Tabies Ili and lv. 'lh~se tables identify 

stations, the neasurements taken at each station, the elevation at the station 

for collecting meteorological data, and the station codes used with a 

computerized data base for the data. 

The locations of environmental monitoring installations are shown an a map of 

the area in Figure 7. 'lhe various types of m:>ni tori~ station$ a~ iden~ified 

by symbols. The locations of past retorts and Retorts 7 and 8 ar~ ~"?11 for 

reference. Several water quality m:>nitoring wells located within the mine or 

· · near the retorts are oot shown on this map but are presented in Figures 8, 9, 

1 0, and 11 • Several photopoints tor the photographic nvniLoring pr-ogram are 

shown oo the map. These are used for monitoring {ilysical 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, am then to the metec>rological tower to depict 

the terrain variations. The elevation scale is in feet atx>ve nean sea level. 

While the horizontal scale is compressed in the figure, the steep slope am 
elevation change within the monitoring areas are quite significant. Elevation 

contours are shown on the map, Figure 7. 
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TABLE III 

AIR QUALI'IY/METEX>ROIOOICAL r«:>NN'IDRIN:; STATION) AT UXiAN WASi SITE 

· Station location Station Code 

Guard Gate I.W04 

Heater-Treater LWOl 

ID.rier Bench LW03 

Meteoroligical TOwer I.W02 

29 

Measurment Elevation Level 

Temperature ) 2 Meter 
Relative Humidity) 
Evaporation 
Precipitation 

Wind Direction) 
Wind Speed ) 10 Meter 
Temperature ) 
Inversion Height 

Temperature ) 2 Meter 
Relative Humidity) 
Precipitation 

Wind Direction ) 
Wind Speed ) 30 Meter 
Temperature ) 
Delta Temperature) 
Particulates ) 
Temperature ) 
Relative Humidity) 2 Meter 
Solar Radiation ) 
Evaporation 
Precipitation 



Water Type 

Alluvial Wells 

nP-Ap Wells 

Retort 6 Wells 

Retorts 1-6 

Streams 

Mine Discharge 

TABLE IV 

WATER MONI'IDRIN3 STATIONS AT r..cx;AN WASH SITE 

Station 

~2 
LW101A 
LW101 
LW102 
LW103 
LW104 
LW112 
LW115· 
LW121 

LW32 
LW33 
LW45 
LW46 
LW47 
LW106 
LW108. 
Jlo1116 

IJ1t81 
PLRL1 
LIIS-11 . 
LIISW2 
LILN3 
L2PS1 
L2PS2· 
UIL60Q 
AWl· 
UIISW'I 
UILSE2 

Top Retort '1 .. 
Bottom Retort 1 
Bottom Retort 2 
Bottom Retort 3 
Bottom· Retort 4 
Bottom Retort 5 

· BottOm Retort 6 

Bowdish Gulch 
IDgan Wash 
Upper Roan Creek 
Smith.Gulch 
Kelly Gulch 
Riley GW.di 
Upper Parachute Creek 
Dry Gulch 
IDwer Roan Creek 
Lower Parachute Creek 

Dry Gulch at Flume 
Research Port .Hole 
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C'.anputer Code 

I..WA022 
LWA100 ., 

LWA101 
LWA102 
LWA103 
LWA104 
LWA112 
LWA115 
LWA121 

LWD032 
UID033 
LWD045 
INID046 

'IliD047 
I.WD106 
INID108 
I.WD116 

I.WD601 
I.WD602 
00603 
I.WD604 
I.WD605 
I.WD606 
I.WD607 
I.WD608 
I.WD609 
I..WD610 
IMD611 

umooo 
UiROOl 
UiR002 
UiR003 
LWR004 
IklROOS 
LWR006 

LWS001 
Ui5002 
LWS003 
Ui5004 
LWSOOS 
Ui5006 
LWS007 
LWS008 
LWS013 
LWS017 

LVM001 
1»1002 
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The operational tirneline of Climatological and Hydrological monitoring of 

IDgan Wash for May, 1980 through October, 1980 is shown in Figure 13. Water 

sanpling frequency by site for water year October, 1979 to October, 1980 is 

shown in Figure 14. 

A. MGU'IDRIN3 

1. Air Quality and Meteorology 

Air quality and meteorological parameters presently being monitored at 

the IDgan Wash mine .site are suspende1 particulates, wirrl speed, wi,nd 

direction, temperature, relative humidity, and ROlar radiation. 

Data are collecte1 at four stations at the site: Guard-Gate, Heater 

Treater, lower Mine Bench, and Meteorological Tower. Table III presents 

the monitoring station parameters rneasure1 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 IDgan wa~h mine 

site. Monitoring of suspended particulates has continued through this 

reporting period. Data samples are analyze1 by Coors/Spectrol-chernical 

Laboratory in Golden, Colorado. Data mt previously reported are 

include1 in Appeooix B of this report. 

Wind speed and wind direction are measured at the 10-meter level mechan­
ical weather station locate1 at the Heater Treater. Data not previously 

reported are included in Afpeooix B of this report. Figures 15-17 are 

quarterly wirrl roses for three seasonal quarters for this station. The 

winter quarter exhibits prevailing winds frcm the southeast, principally 

in the 1-3 meter/sec (m/s) range. Both spring and surrmer quarters are 

nearly identical with prevailing winds f~ the west-northwest , primarily 

at 1-3 m/s with extremes to 11 m/s. '!be monthly direction-only roses 

Figures 18 and 19 exhibit generally WNW-ESE oouplets (ie: 

upvalley-downvalley) oonsistent 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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Air terrperature sensors at the 2-meter level are located at the Guard 

Gate, IDwer Mine Bendl, 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 from a winter low of -17°C 

to a summer high of 43°C. 

Relative rumidity is reasured at three locations; the Guard Gate, IDwer 

Mine Bendl, and Meteorological Tower stations. In the period from August 

to October, 1980, covered by the data of this report, relative rumidi ty 

varied fran a maximun of 1 00% to a minimun of 1%. 

Solar radiation is reasured by the ~ranameter at the Meteorological 

Tower. 'lbtal daily direct-radiation peaked at 752 Langleys duriJ'l3 the 

ronth of August. 

2. Hydrology and Water Quality 

Intermittent ground water drainage encountered in the ~ne is collected 

and utilized in mining operations. Occasionally some surplus mine water 

develops and is discharged into crljacent oormally dry drainages. 'lhese 

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 vol\.11\e. '!he peak discharge noted was 

approximately 0.14 cfs. N::> discharges have occurred since mid li:>ventler 

1980. 

Other field activities during the quarter included: 

• Routine repairs were made to ronitoring wells. Additionally, 

surface casing was exteooed above ground level and the wells were 

caRl9d. 

• Traffic guards and a new fll.Dlle were installed in Smith Gulch. 

• A monitorif'l3 program was set up to measure water levels in the 

air inlet/burner access mles 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 arrl the h:>les are cx:mpleted to access the 
rubble. This data will be used to estimate the amount of water 

peroolation from the upper zones into the retorts. 

An evaluation of the leachir¥3 behavior of spent retorts was reported 

(C. S. Stover) in March, 19802. StJWlemental data fran Retorts 1-6 
have now been added which veri~ the original oonclusion of Stover's re­

port. Indications are that the levels of soluble inorganics in the water 

decline rapidly while ooncentrations of less soluble material are more 

stable. 

The retort Sllltq?S are situated in the retort below the rubbli zed shale. 

Any waters that enter or are produced in the retort are oollected arrl 

held in sumps. 'lhese waters may originate fran one of several oources: 
oondensatioo of steam in inlet gas, water produced by oont>ustion of or­
ganic material, mineral water released from the rock dur·ng ret.orting, 

arrl intrusion of groundwater. Durir¥3 processing, these waters mingle 

with product oil arrl the gaseous p:oducts of retorting as well as oon­
tacti1')3 varying quantities of reb~ shale. After retorti03 is terminated, 

the first three sources of water are eliminated, although rPt inmediately 

nor simultaneously, arrl intrudir¥3 groundwater makes an ever-increasi03 

oontribution to the water oollected in the retort sunp. '!his groundwater 
comes into oontact with spent shale as it drains through the spent retort 

to the retort sump arrl, therefore, has the q:p:>rtunity to leach soluble 

material fran the shale. Scmplin.;J of retort SLJTP water was begun prior 

to the start-up period of each retort arrl oontinued during arrl after 

shuL-down. Figure 20 is a time line of retorti03 period::; for Retorts 

1-6. Figures 21, 22, arrl 23 are time series plots of concentration 
levels of total dissolved solids ('IDS), total alkalinity, arrl 

(Na+K)/(ca+Mg). 'lhese 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 \tbich can be 
attributed to an influx of water peroolati03 through into the air level 

of the retort from the surface. A1. though the concentrations are 

irregular, all of these parameters shcM a definite decreasi03 trend. 

Several p:trameters, floorine, nitrate, Kjeldahl nitrogen, and sulfate, 
show a bi.Joodal trerrl as seen in Figures 25 through 28. Maximum 

2 "Annual Progress Report for the Period June 1 , 1979, through May 31 , 
1980", <Xcidental Oil Shale, Inc., Af.pernix A. 
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Figure 22. Time Series Plot of Total Alkalinity 
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Figure 24. Time Series Plot of CarbJnate 
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·MG/L Figure 25. Time Series Plot of Fluorine 

RETORT SUMP WATER PARAMETERS VS TIME 
2~0 ,---------------------------------------------------------------------------------------------------. 

200 

!60 \ 

!20 

F 8o 

~0 

0 

- 40 

- 80 4-----~------r---~,-----~------r-----,-----~------r-----,-----~------r-----,-----~------r-----~ 
28MAR74 27SEP74 29MAR75 28SEP75 29WAR76 28SEP76 30MAR77 29SEP77 31WAR78 30SEP78 OIAPR79 OIOCT79 01APR80 OIOCTSO 02APR81 10MAY81 

Note: 1 - Retort 1 
2 - Retort 2 
3 - Retort 3 
4 - Retort 4 
5 - Retort 5 
6 - Retort 6 

DATE OF SAMPLE 



Figure 26. Time Series Plot of Nitrate 
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Figure 27. Time Series Plot of Nitrogen Kje"dahl 
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MGIL Figure 28. Time Series Plot of Sulfate 
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concentration levels appear four bo six months after retort ignition and 

again r i ght before shut-down. Two parameters have returned bo ambiept 

levels, dissolved organic caroon and botal organic caroon, \thile three 

parameters remain slightly elevated, F, NH3, and N-Kj. Figure 27 soows 

a strong increase during shut-down of Retort 6 which continued al:x>ut six 

m:mths, then concentration levels returned bo \tthat they were during re­

torting. Sulfate (004) was lower than l::efore retorting !:egan in Re­

torts 4, 5, and 6, but there has been a slight increase for all three re­

torts in SLmlller 1980, Figure 28. Phenols dropped within six nonths after 

shut-down of Retort 6, Figure 29. Phenols for Retorts 4. and 5 show a 

steady decrease during 1980. 

It ·cppears fran these results that the most soluble species are quickly 

depleted in the spent shale qy intruding grourowater. The levels of 

these species in groundwater p:tssing through the S{Jt:!nt t:etotts will 

quickly return to backgrouoo levels. Other parameters, of supposedly a 

less-soluble nature, are leached nore slowly fran the spent shale and 

their levels in groundwater persist for a longer period of time. Contin­

uation of monitoring the ~ss water drainage from spent retorts and 

monitoring of Retorts 7 and 8 will help bo further characterize the 

leaching l::ehavior of spent shale. 

3. Biology 

a. Flora Survey 

As a p:trt of the Logan Wash Shale Oil Project environmental nonitor­

ing program, a resurvey of vegetatioo macroplots was coooucted 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 ~evious data col­

lection. 'lhese macroplots were combined into nine plant coomuni ty 

types. 'lhree macroplots were chosen fran each amnuni ty type for the 

1977-1980 resurvey. Sumnary tables were consolidated for each of the 

ni ne cxmnuni ty types showing an increase in the l'll.liTi:>er of new iOOi­

viduals and total vegetal cover observed in roth t.re overstory and 

uroerstory vegetation. 'lhese changes were attributed bo two consec­

utive years of high winter precipitation. 
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Figure 290 Time Series Plot of Phenols 
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A oonplete sumnary 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 dlanges induced by man are 

principally associated with surface distribution caused by mining and 

road 'building activities • 

• 
b. Fauna Survey 

Vertebrate populations were studied in May/June and August, 1980. 

Data were oollected en experimental aoo oontrol plots in 

pinyon-juniper, m:mntain shrub, and aspen in order to test the null 

hypothesis that minin:J activitu~s are not a£f~'"tin:J omall manmal A, 

birds, or deer. Small mamnals were studied by the mark and release 

technique. Birds am deer were censusErl 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; Lower Fall, 1; Lower Mine, 10; total 

86. '!he 1980 estimated population is 29 percent bucks, 42 percent 

does, and 28 percent fawns. '!he 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 mamnal aburXlance declined at the site between 1978 and 1980, on 

both experiment .al and oontrol plots. Deer mice are the JOOSt abundant 

rodent at the site. At lower elevations they contribute 13 to 1 00 

percent of biomass on oontrol and 11 to 48 percent on · exper~ntal 

sites. At higher elevations they contribute 40 to 85 percent en 

oontrol and 29 to 95 percent on experimental sites. Other rodents 

include dlipnunk, golden-mantled ground squirrel, and voles. 

Total rodent bianass per hectare on all plots increases during summer 

due to reproduction and decreases during winter due to 110rtali ty. 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 

teoo to support the null hypothesis that minir¥3 activity is not 

affecting populations. 

Diversity indices provide a measure of both number of species and 

distribution of individuals amor¥3 species. Diversity is greater on 

lower elevation sites due to the presence of more species. rriversity 

indices tern to support the null hypothesis of oo effect of minir¥3 

activity on small mammal populations at the Logan Wash site. 

Minir¥3 activities may be creatir¥3 habitat rore favorable to deer mice 

and golden-mantled ground squirrels on the lower elevation 

experimental site. An increase in populations of these t\llO species 

may also be due to intrinsic differences in habitat between lower 

elevation control am experimental sites. 

In 1980, only 23 species of birds acoounted for a major percentage of 

sightings at the Logan Wash site, but field data indicate that as 

many as 35 species could have bred there. Twenty species are deemed 

of special importance at the site: three-species (white-throatP.d 

swift, tx)ard-tailed ht.mmingbird, MacGillivray's warbler) are a::mron 

at both higher am lower elevations, six (violet-green swallow, scrub 

jay, blue-gray gnatcatcher, Virginia's warbler, black-throated gray 

warbler, rufous-siderl towhee) are cona1D1 only at lower elevations, 

and eleven (American kestrel, oommon flicker, dusky flycatcher, 

black-capped chickadee, house wren, robin, rountain bluebird, 

warbling vireo, Audubon's warbler, green-tailed towhee, gray-headed 

junco) are COilllO'l only at higher elevations. '!he nine species c:xmtOn 

at lower elevations contribute 40 to 78 percent of all sightings on 

the control, and 61 to 91 percent on the experimental plot. '!he 

fourteen species oommon at higher elevations contribute 47 to 93 

percent of all sightings on control, and 59 to 93 percent of all 

sightings on the experimental sites. 

Patterns of avian abundance for ccmoon species are similar for 

control and experimental sites at both higher and lower elevations. 
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These data suggest that abundance is a function of same extrinsic 

factor such as weather. 

Avian diversity indices are quite similar on b:>th a:mtrol and 

experimental sites at higher elevations. At lower elevations, 

diversity is lower on the experimental site. 'Ibis may be a 

reflection of the impact of mining activities, or it may reflect 

habitat differences between experimental and control sites. 

Eastern fence lizards are present in low densities, and plateau 

whip-tail lizards are rare in pinyon-juniper. Other mamnals found 

occasionally at lower elevations are desert ootbonta11 rabbit, rock 

squirrel, and p:>rcupine. Those occasionally observed at higher 

elevations are white-tailed jackrabbit, yellow-bellied marmot, 

fO.Ccupine, coyote, E'hort-tailed W~?a~P 1 , and long-tailed weasel. 

Miners observoo a m:>untain lion adult with kitten in IDgan Wash in 

1980. Four bull elk were utilizing West Riley in August 1980. 

cattle were abundant at higher elevations in August and had a 

significant ~ct on vegetation around water sources in Upper Fall, 

west Riley, and Northwest Riley. 

In AH?endix D of this report is a rornplete sunmary by William 0. 

Wirtz and Joel s. Brown, "Vertebrate Populations at the Occidental 

Oil Shale, Inc. Logan wash Site Summer, 1980". 

c. Reclamation 

Reclamation activities, including seeding and mulching, continued 

along the roads between the guard-gate and Heater Treater area. 

4. Envirorunental Pootography 

As a qualitative record of general environmental conditions, a photo sur­

vey was conductEd during the m:>nth of August at the eight photo points 

indicated on Figure 7. Color slides are preserved as part of the 

permanent project record. Four representative 360° m:>saics (horizontal 

pans) from points 24, 20, 15, and 6 are presented as Figures 30 to 33 
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360° MOSAIC OF PHOTO POINT 24 
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360° MOSAIC OF PHOTO POINT 15 
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FIGURE 32 (CO NT> 
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FIGURE 33 (CO NT> 

360° MOSAIC OF PHOTO POINT 6 
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respectivel y. That for point 20 is the most striking and is additionally 

bei ng made i nto an enlarged color mosaic. 

B. PERMITS 

The report on pages 77 through 82 is the current permit status for Logan Wash 

mine site as of November 7, 1980. 

VII. MINE SI'ABILITY 

Early in September stress gages were installed in the U-370-N and L-26Q-N 

instrument drifts between Retorts 7 and 8 on the Upper and Intermediate levels 

respectively. 

Extensometers were installed in the MR3 sill pillar. In November, rod 

extensometers were installed in the MR4 sill pillar. 

Core samples from the Research mine and the U-370-N and L-662-N instrument 

drifts were boxed and shipped to OOSI's Grand Junction laboratory for storage. 

A core from the MR3 upper level was also shipped to the USBM for testing 

(microfracturing). 

VIII. MARKETING SruDIES 

A report which builds upon earlier work has been produced under the marketing 

studies program in Phase II. The report, in Appendix E of this Quarterly 

Report, is titled "Preliminary Investigation for Transportation of Shale Oil 

by Pipeline, Phase I: State-of-the Art Literature Search", Williams Brothers 

Engineering Conpany, September, 1980. Assembled to provide a data base for 

subsequent laboratory testing programs and feasibility studies of shale oil 

t r ansportation, the report suggests a number of pipelining alternatives for 

consideration. 
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Compilation Date: 11/7/80 
LOGAN WASH PERMIT STATUS REPORT 

CO!lRENT I'EilMITS -------
· P.ermitt ing Permit Date Date Date of 

Permit Title Purpose. Agency No. Submitted Approved Ex pi rat ion Remarks 
xrr-
~ PSD Operate Retorts 7 & 8 EPA 3/24/79 11/01/79 Received EPA revision to permit 

deleting control and reseat·ch re-
quirenent based on cost effect-
iveness. EPA has proposed under 
a separate program, tests, at 
their expense, of a Stretford 
unit. Further details of the test 
are being planned with .DOE. 

2) Emission Permit (APEN) Screen.ing Plant CAP CD C-10,619 2/19/75 3/03/75 :ndefinite 

3) Emission Permit (APEN) Shale Oil Heater CAP CD C-10, 7.61 3/28/75 4/22/75 :ndefinite 

-....J 4) Emission Permit (APEN) Hot Water Circulator CAP CO C-10,762 3/28/75 4/22/75 fndefi nite -....J 
(HT) 

5) Emission Permit (APEN) Hot Water Circulator CAPCO C-10,901 7/14/75 8/06/75 :ndefinite 
(LB) 

6) E1ni ss ion Permit (APEN) ·Retort 6 CI\PCO C-10,454/C-11,708 indefinite This permit is i~ retirement. 
Mini-retorts are covered under 
this permit. 

7) Emission Permit ( APEN) Retort 7 CAP CO C-1t:· ,319-1(SP) 1/26/79 7/25/79 indefinite 

. 8) Emission Permit (APEN) Retort 8 CAPCO. C-ll ,319-2(SP) 1/26/79 7/25/68 Indefinite 

9) .Emission Permit ( APENI Process Steam Boiler H1 CAP CO C-tt:·,319-3(SP) 1/26/79 7/25/79 Indefinite 

10) Emission Permit (APEN) Process Steam Boiler #2 CAPCO C-l2,319-4(S.P) I /26/79 7/25/79 Indefinite 

11) Emission Permit ( 1\PENI Process Steam Boiler #3 CAPCO C-1t:,319-5(SP) 1/26/79 7/25/79 lndefi.nite 



Compilation Date: 11/7/80 
LOGAN W/\SB PERMIT STATUS REPORT 

CURRENT P[iU1! T S 

Permitting Permit Date Date Oate of 
Permit Title Purpose Agency No. Submitted Approved Expiration Remarks 

Water 
!TNPDES (National Mine Water Discharge EPA/CWQCO 00-0029947 12131./83 

Pollution Discharge 
Elimination System) 

2) Subsurface Disposal Operate Retorts 6,7,& 8 EPA/CWQCD (6) 4/78 5/15/78 Indefinite Must complete an abandonment plan 
for Retorts 6, 7 & 8, (7&8) 4/80 5/()6/80 lndefi ni te before·project abandonment. Mon-
and mini-retorts, sub- itoring is now in maintenance. 
sequent adjacent retorts ' . phase. State sent draft permit 

and rron it or i ng .p 1 an. . Upon r.ev i ew 
oxv·an~ OOE agreed that monitoring 
plan is not acceptable. Joint 1 y-
developed plan incorporating 
recommendations of Oil Shale Task 
Force submitted to State. Meetinq 
with ~CO to resolve monitoring · 
plan set for 11/24/80 . 

....... 3] 1900 GPO Sewage Plant Sewage Treabn~nt Garfield t:o. 10/17/80 6,"10/80 Indefinite The district engineer. for th~ 00 
cwor:o has been contacted and a 
meeting concerning our increase 
in capacity on the pennit wi 11 be 
set by him, He is reviewing our 
present status. 

4) Sewage Plant Site 
Approval · 

Sewage Plant Locati:On Garfield Co. Indefinite 

5) Water We 11 #2 Well H2 .Constructicn Garfield co. R0320. 6/02/75 8.'07/75 Indefinite 

6) Water Right Water Decree Water Ct. #5 W-1895 5/73 10.'24/73 Indefinite 

7) Water Right Water Decree Water Ct. 115 W-1896 5/73 10!24/73 .Jndefi ni te 

8) Water Right Water Decree Water Ct. #5 W-1897 5~73 10./24/73 Indefinite 

9) Water Right Water Decree Water Ct. #5 W-7.223 5/73 5/21/74 Indefinite 

10) Water Right Water Decree Water Ct. W~2539/WW-1 1/09/75 9./25/75 Indefinite 

11) Subsurface Disposal Operate mini-retorts CEQCO 9/80 · Hil/80 Interim status approved. 
Monitoring program being 
reviewed. 
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Compilation Date: 11/7/80 
LOGAN WASH PERMIT STATUS REPORT 

CORRENi PrRIU TS 

Permitting Penn it Date Date Date of 
·Permit Title Purpose Agency No. Submitted Approved Expiration Remarks 

land 
n-special Land Use Observation Well BLM C0-76SL11 2/18/76 4/22/76 4/21/81 Application for renewal of Temp-· 

Permit (LW-112) (GJ-6:..J05N) orary Use Permit su~nitted. ·New 
regulations allow us to seek lony 
term right-of-way which we will 
app 1 y for after renew a 1 s are 
granted. 

2) T.emporary Use Pennit Fl4ffie - Smith. Gu 1 ch RLM C0-070-TU- 7/22/80 7/24/80 1/24/81 Renewed. Long term right-of-way 
78-5 grant being applied for. 

3} Temporary Use Pennit ·Flume - Riley Gulch BLM C0-070-TU- 7/22/80 7/24/f!J 1/24/81 . Renewed. Long term right-of-way 
78-6 grant being applied for. 

4} Temporary Use Pennit Observation Well and BLM C0-070-TU- 9/26/80 9/12/78 9/11/00 Appl·icat·ion for renewal of ,T~p-
......, Flume - Bowdish Gulch 78-21 orary Use Pennit submitted. New 
1.0 regulations allow us to seek long 

tenn right-of-way which we will 
apply for after renewals are 
granted. 

5) Right-of-Way Tramroad BLM C-23027 9/09/75 4/20/77 7/19/2007 Gate to mine and. experimental 
adit.. . 

6) Right-of-l~ay Heater-Treater and BlM C-22434 2/07/75 6/16/75 6/16/2005 Annual rental due 6/15/82. 
Pipeline 

7) ~pecia~ Land Use Observation Well BLM C0-76SL4 9/26/80 11/01/75 10/31/80 Application for renewal -~f Temp-
LW-101 GJ-6-53 orary Use Permit submitted. New 

regulations allow us to seek long 
: tenn right-of-way which we will 

app 1 y for after renew a 1 s are 
granted. 

8) Special land Use Permit Observation Well BU1 C0-76SL8 1/06/76 2/23/76 2/22/86 Same 
LW-108 

9) Special Land Use Permit Observation Well BLM C0-76SL9 2/28/76 4/22/76 4/21/81 Same 
Shale 2 (GJ6-108) 

10) Spec i a 1 Land Use Permit .. Observation Well BLM C0-76SLJO 2/18/76 4/22/76 4/21/81 Same 
LW-lOlA 



Compilation Date: 11/7 /fJJ 
LOG.C.N WI\SII PERMIT STAlUS REPORT 

CURRENT 11ERRI TS 

Permitting Permit Date Date Date of 
Permit Title Purpose· A~enc.y No. Submitted ~prroved Expir3tion Remarks 

11) Right -of .:w3"y · Opper Road Access BL co-23-27/ 10/12/79 3 12/ 80 -47197lO·Jr The ro<ld work is canpleted. 
C0-9246 

12) MLRB Permit Surface Disturbance CMLRB 77-424 3/28/78 11/01/80 3/2TnoJ8 Annua 1 Report and fee of $275.00 
due 4/1/81. 

13) Russell and Mar .Y Hugh Observation Well Private 8/26/75 8/2f.."85 Annual payment of $200 sent in 
Scott Smith Gulch Prope--ty for 8/00-8/81. 
Mark Longfield, 
Inv. Mgr. 

14) Exxon Observaton Well Pr i ville 1/19/76 lnde"inite Well appears to be in path of new 
Kelly Gulch Prop~ty highway. The roild survey was 

alerted to contact OXY if well 
will be affected. 

15) Union Oi 1 Observation Well Pr.i v c:te 10/2,4/75 Jndf!fini tc 
Riley Gulch !Property 

(X) 
0 16) Miner a 1 Waste Dump Mine Dump Garfield 131 1/19/76 5/01/76 Wilen fu 11 Capacity permitted is 8.8 x 106 

Co. cu. yds. 

17) Conditional Use Permit Access Road g. Benches Garf·eld None 3/15/.74 4/04/74 Ind~finite 
Co. Assigned 

18) Conditional Use Permit Tank Farm & Gate Garfield 008 8/07/74 9/25/74 Indefinite 
Co. 

19) Conditional Use Permit 6% Access Roo~d Garfield 009 10/21/74 12/17/74 1no:lefinite 
Co. 

20) Condition a 1 Use Permit 69 KV Sub stat ion Garfield Oil 5/75 6/04/75 Indefinite 
Co. 

21) Conditional Use Permit Heater-Treat?.r & Garfield 015 3/28/75 6/26/75 lnc'efinite 
Pipeline Co. 

22) Conditional Use Permit 69 KV Powerl ine Garfield 016 6/20/75 5/26/75 lndefinit e 
Co. 

• 



Permit Title 
23) Temporary Tra1ler 

24) lease Agreefllent 

Others 
T)"Txplosives Storage 

2) Explosives Storage 

3) Communication Station 
Authorization 

4) Underground· Flame 
Variance 

co 
-J 5) Variance to CBM 

Bullet in 20 

6) Radioactive Materials 
license 

7) Environment a.l 
Assessment 

LOGAN WASH PERMIT STATUS REPORT 
CURRENT PERMITS 

Pur~ose 
Personnel railer 

Permitting 
Age net 

Garfie d 161 
Co. 

Permit 
No. 

Tank Farm and Gate R. E. Prather 
& Getty Oil 

Federal Government Dept. of 5 C0-03833-
Treas. AP-90124 

Colo. Government Co.Bu. 418 
Mines 

Microwave System FCC None 
Is·;ued 

Retorts 4, 5 & 6 CBM & MSHA 

Alimak Hoist CBM 

Krypton Colo. 261-01 
Dept. Health 

Phase II Cooperative DOE OOE!EA0095 
Agreement 

Date Date Date of 
Submitted ~'2Jioved Ex7iration 
11/24/75 - TTt5 12 16/80 

9/28/76 H/31 Annually 

12/31 Annually 

4/02/75 5/01/78 Indefinite 

2/07/77 4/07/77 Upon shutdown 
of each retort 

5/10/76 4/30/85 

1/79 Issued 
11/79 

Compilation Date: 11/7/00 

Remarks 



(X) 
N 

Permit Tit 1 e 
1r rr- Federal Clear Air Act 

Emissions Permit 

Water . 
~ewage Treatment· 

Faci 1 ity 

2) Water Right 

3) Subsurface Disposal 

Solid Waste 
1) RCRA 

Land 
~-Right~of~Way 

Other 
~nderground Flame 

Variance 

2) Underground Flame Var. 

3) DOE/Cooperative 
Agreement - Monitor­
ing Plan,· Phase II 

LOGAN WASH PERMIT STATUS REPORT 
ADDITIONAL PERMITS REQUIRED -

Permilt ing Target Sub- Date 
Purpose Agency mittal Date ~~bmitted 

Heater Treater Expan- CAQCIJ 
sion 

Sewage - 2500 GPO. CWQCO 

Roan Creek Water Ct. #5 

Monitoring ·program for ·CWQCO 
7 and 8 

Generate, store, dis- EPA 
pose or treat hazardous 
waste. 

Access to Llll 121 and · BLM 
and LW 102 

Mini Retorts CBM & MS~IA 

Retorts 7 & 8 CBM & MSIIA 

Retorts 7 & 8 OOE/LETC 

9/80 

2/28/80 

9/80 

8/18/80 

7/22/80 

Jate Oat:! of'-
ApJroved Expiration 

Compilation Date: 11/7/00 

Remarks 

Permit application sutrnitted in 
July.· The CAQCO is reviewing the 
emissions modeling. Anticipate a 
response in late November. 

Inquired with CWQCO as to status; 
awaiting response. 

Republished in April due to mis­
print in legal descript.ion. Can­
ment period ends in July. 

Tentative testing program. for 
Retorts 7 and 8 suiJnitted to DOE. 

Filing suiJnitted for three sites: 
CB-toxic waste, Logan Wash-toxic 
waste, and Laboratory-hazardous 
waste.by all criteria. Filing of 
specific status due by 11-19-80. 

Permit application has been 
prepared. 

Draft app 1 icat ion has been pre­
pared. 

Draft applicaton has be"en pre­
pared. 

Monitoring plan suiJni tted to DOE. 



IX. SCHEOOLE 

During the quarter, tl1e major activities remainErl on schedule with the 

exception of the MR3 burner (ignition) tests. Under JlDdification A011 to the 

agreement, the milestones for Phase II in Exhibit A to Appendix C were changed 

as shown in Table V. 

The burner tests ~ MR3, scheduled to be9in in September; -were rescheduled for 

November 1 because of hook-up arrl shakedown woik needed. MR4 ignition has 

been updated to January 1981 with plans for rui:Dling 8x to occur following 

processing MR4. 

X. PlANS FOR 'lHE (l)MJN:i alARI'ER 

The major activities plannErl for December 1980 through February 1981 are: 

• Conduct inert gas gene~ator ignition test on MR4. 

• Rubble Retort ax in January 1981 0 

• Rl..ll:ble Retort 7 in February 1981 • 

• Continue surface construction. 

• Perform oot tracer tests on MR4. ( LETC) * 
• Conduct HF~ tests on MR4~ (ORC)** arrl (LLNL)*** 

• Detonate additional full Scale and pillar operational tests. 

*LETC - Laramie Energy Technology Center 

**ORC - Occidenta+ Research Corporation 

***LLNL - Lawrenpe Livermore Nattonal Laboratory . ' . ·. 
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TABLE V 

AGREEMENI' MILES'roNES 

Original Phase II Milestone Schedule 

1. Coninence Phase II 

2. Final Design for Retorts 1 and 8· 

3. Mini Retort Start-up 

4. Rubblize RetOrt 7 

5. Rubblize Retort 8 

June 1, 1979 

October 1980 

February 1981 

May 1981 

June 1981 

. 6. Complete Retort 7 and 8 Start-up Plan February 1982 

7. COmplete diagnostic test on Retorts 

7 and 8 December 1981 

8. Determine minimum 9uocess criteria Octobe.t• 1981 

9. Ignite Retorts 7 and 8 December 1981 

10. Oomplete Processing Retorts 7 and 8 October 1982 

11. Terminate Phase II November 1982 

12. Subni t Final Report February 1983 

f.Dd. A011 Phase II Milestone Schedule 

1. Commence Phase.II June 1 , 1979 

2. Ignite Mini-Retort i3 September 1980 

3. Final Design for Retorts 7 & H UCt.Ober 1980 

4. Ignite Mini-Retort #4 March 1981 

5. Rubble+ Cleanup of Retorts #7, #8 

and 8X October l98o-January 1981 

6. Start Diagnostic Tests of Retorts 

7 ' 8 June 1981 

7. Complete Retort 7 & 8 Startup Plan June 19tl1 

8. Estimate Minimum Success Criteria September 1981 

9. Ignite Retorts 7 & 8 September 1981 

10. Shutdown of Retorts 7 & 8 April 1982 

11. End of Phase II Juiy 1982 

12. Subnit Final Report October 1982 
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XI • RE'ID.Rl' 6 . OIL INVEN'IORY 

Detailed bel~ is the Retort 6 oil inventory in gross barrels as of AUgUSt 28 I 

1979. ·Note that the total oil produced by Retort 6 is 1,696 bbls greater than 

that reported in the Phase I Final Report. '!he number in the ·:report, 54,000 

bbls, was an estimate because ( 1 ) a small am::>unt of oil was still being 

released by the retort; ( 2) an accounti~ of oil in the tanks am lines had 

not been oompleted; and (3) vapor/aerosol figures had not been verified. '!he 

estimate figure was also rounded. 

Also note that the shipped gross barrels, 40,093, oonverts to the net barrels 

shipped of 3·8,677 for whidl the IX>E was billed. 

Shipped 
Used in steam plant 
Oil mist lost 
Samples taken 
·Estimated loss fran- spills* 
Estimated in sludge tank 
Oil on site 

'lOTAL P.OODUCED 

Gross barrels 

40,093 
3,288 
7,529 

690 
80 

1,200 
2 11 816 

55,696 gross barrels 

* Handled by procedures defined in the Spill Prevention, Control am 
Countenneasure Plan, OOSI (July 1978) for IDgan Wash. 
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XII. APPENDICES

APPENDIX A

CORE ANALYSIS
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I 

TO : Distribution 

SUBJECT: LW- 156 

INTER-OFFICE MEMORANDUM 

FROM : R. D. Hutton 
RDH: &,0: 1 

PROJECT: OOSI - Logan Wash 

DATE: March 11, 1980 

The following is information pertaining to core hole LW-156. 

Elevation 
Coordinates 
Location 

8,613.13 
N-22,133.85 E-58,495.87 
Centered in pillar between Retorts 7 and 8 

A density and caliper log was conducted on March 8, 1980. The log is 
attached. 

R. D. Hutton 

RDH:cdg 

Di stri but ion: 

W. J. Karwoski 
C. Nieuwenhuis 
J. E. Shaler 
H. S. Skogen 
R. E. Thomason 
L. Trude 11 

tH 

OCCIDENTAL OIL SHALE, INC. 
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FORMATION DENSITY COMPENSATED CALIBRATI(,)N LODING 

1. 
2. 

3. 
4. 
6. 
6. 
7. 

1. 
2. 

MECHANICAt ZERO 
RECORDER SENSITIVITY 

PANEL TEST 
FDC liQUID 

POS p 

* 1 
2.92 

#2 2.78 

* 3 
2.42 

* 4 
2.35 

* 5 
2.08 

MECHANICAL ZERO 
ELECTRICAL ZERO 

8. MECHANICAL ZERO CALIPER 

9. 8"RING 

10. 12" RING 

11 . TOOL CALI8RATE #1 SET p = 2.50 
l::,.p 12. TOOL CAll &RATE #2 SET 6. p = .00 
~ 13. LOG POSITION p = 2.59, l::,. p - .015 
+ .14 
-.10 

.00 

.01 . 

GAMMA RAY CALIBRATION CODING 

3. RECORDER SENSITIVITY 
4. MEMORIZER ADJUSTMENT 
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5. 
6. 

SACK GROUND 
CALI8RATE - SOURCE IN PLACE 



U.S. Department of Ene·rgy 
Laramie Energy Technology Center 
P.O. Box 3395. University Station. 
Laramie, Wyoming 82071 

Beverly Romig 
Occidental Oil Shale, Inc~ 
P.O. Box 2687 
Grand Junction, CO 81501 

Dear Beverly: 

November 26, 1980 

Enclosed are three copies of.our Illustration No. SBR-5083P, the lithologic 
description of cores from Occidental's LW-1S6. Also enclosed is one copy of 
Appendix B from BuMines RI 7357, defining and explaining many of the lithologic 
terms used in descriptions." 

Please note the corrected.core sequences at 848.35-867.95 and 888.0-907.5 feet. 
These corrections have been made in our samples and will appear on our Fischer 
assay tabulation. 

At our curt'ent rate of analyses, the assays should be completed in a couple 
weeks and it will take a few more weeks to have the data typed. I hopP. we will 
be able to mail the data by New Year. 

Enclosures · 

·~·~" 
Laurenc:~-~~udell 
Supervi~~esearch Geologist 

DEC 1 - 1980 

8. /\. ROrJHG ., 
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BUMines Rl 7357, .~PE~u~C B.- LITHOLOGIC DESCRIPTIONS 

Tna detaile~ lithologic description of cores from Bureau of Mines­

AEC Colorado Corehole ~o. 1 presenced ia table B-1 is r~presentative 

of the descriptions placed on open file (tables 1 and A-1). Each sample 

~~scri?~ion i~ prd~ehtcd in the following pattern: D~pth of interval 

C: ... c:-i~ed, follo~-1ed by 

A. Roc~ classification. 

B. Colo~. 

C., Action ~~~ith acid. 

D. Lust.er., 

E. Stratification. 

F. Physical p:-operties. 

G. Accessory features. 

H. Minerals by X-ray diffraction. 

To illustrate the application of this pattern the description prepared 

for the interval 1,025.0 to 1,027.2 feet is divided ~nto these segments: 

(A) Oil shale: (B) -.:tedium to very dark bro~mish gray and rare brown 

. to tan ( lOYR 4/2-2/2, rare 5/2 and 5/3- 6/J), (C) (no· entr'y); (D) rare 

satiny luster. (E) Faint to. rare distinct, slightly distorted to smooth 

la~nae; rare fine loop structures and displacements. (F) Smooth to 

slightly irregular, thick ~0 some thin parting; fairly smooth to irregular 

arid conchoidal fracture •. (G) Rare thin brown to gray tuff stringers and 

lenses. Rare tight diagonal fractures with very ·fine pyrite·in upper 

par::. (H) Sample of dark brmvnish-gray oil shale from 1,026.6 feet: 

X~r~y--quartz, dolo~it~, analcite, feld~par, illite, pyrite~ ferroan. 

From BuMines RI 7357 96 
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G:f..v~n b~loH ;J.r,:: expl.:::mations ·of entries in these subject headings and 

cieiini tions of the t.en1s used: 

A. Rock classification; 

Sands~one: Co~poscd predo~inantly of clastic grains between l/16 ~~ 

and 2. 0 r::::1 in di~r.1eter (textures were determined by comparison with 

standard samples in a sand gauge folder distributed by Geologic 

Specialty Company, P.O. Box 8337, Britton Station, Oklahoma City, 

Okla.). Cua.r.:se--1/:L-_:.w rom, medium--1/4-1/2 mm, fine--1/16-1/8. rom. 

<ltstonc: Compos~u predominantly of clastic grains discernible under 

lOX ~gnification but srr.all.er than 1/16 rom in diameter. 

Hud.stone: Composed predorainantly of poorly sorted microgranular to 

fine sand size clastic grains. 

Claystone: Composed predo~nantly of microgranular clastic material. 

Shale: Claystone displaying tendency to part into thin sheets along 

bedding planes. 

Marlsto:1e: :·Iicrogranular to silty-textured rock composed predominantly 

of chewically precipitated carbonates with m.:...:;.;:rate amounts of authi-

genic quartz, feldspar, clay, or other noncarbonate minerals. 

Oil shale: Organic marlstone, shale, or mudstone which, by visual 

· ex.:J.ciination, is esti:uated to yield r:1o:::e than 3 galions of oil per ton 

by retorting, excluding petroleum or bitumen-impregnated rocks and 

coal. 

Li:uestone: Composed predominantly of calcite or calcite and dolomite. 

Tuff: Composed predominantly of volcanic ash • . . 
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:a. Colo~. 

Rock colors ~r~ indic~tcd by descri?tiv~ terms and by syrr.bol notations 

(in p.:;.r~nches~s) according. to the i-J:unscll system of color nota cion 

(:·Iunscll Eoo!~ of Colo~s, Pocket Edition, v. 1, Munsell Color Co., , .. 

Inc. , Bal ti::1.orc, }:d. , 1929 -42) • 

C. Act:ion \vith acid. 

Cores \..rare frequently tested with approxiwately 1.0 normal HCl giving 

the follo~.;in~ t·.::sult~: Calcareous--rapid effervescence prot!uc.::ing a 

white froth;. dolo.:U.tic-:..slo\v evol~tion of fine bubbles. 

D. Lu:J~.:;r. 

Cnal:\.y: Very dull, po~..rdery. 

Earthy: Dull, iuste~less; like clay. 

Satiny: Ve~y slight sheen. 

Resinous: Noderate· sheen. 

Waxy: Very lustrous;· like polished leather. 

Vit~eous: Bright luster~ glassy. 

E. Stratification. 

Massive: No visible stratification. 

Bedded: Textural stratification '..rithout distinguishable layers. 

Variegated: Irregular.s;;btle. color variations. 

}lottled: Irregular .color blotches or spots.· 

Streaked: Stratification marked by thin to. fine flat discontinuous 

· ele:'lents. 

Laminated.: Cor:1poscd o·c ~lternating iayers mostly thinner.· than 1/2 inch. 
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3and.:d: Cc:,1posed of alternatin:; lay~rs mostly thicker than 1/2 inch. 

Loop structu.:e: Pin.:l1.ing out of s~v~ral l.::.~ina.a. 

Displace~~nt: Vcrtic~l or diagonal offset of laminae, streaks, etc. 

~. Physical prop~rties. 

Parti:tg: Tendency of rock to break parallel to stratification. 

Shaly parting: Commonly breaks into fairly uniform plates 0.1 

to 0.5 inch thick ·. 

Papery par~ing: Co~only breaks into plates thinner than 0.1 

inch. 

"Cu!:'ly" parting: Breaks into irregular undulating plates. 

Fr.,.cture: Characteristics of vertical surfaces produced by" splitting 

core •. 

Conchoidal fracture: Smoothly_curv.ad. 

Rackly fracture:. jagged with sharp blades or irregular pro­

jections roug~ly parallel--to stratification. 

Unc~uous: Smooth soapy feel indicating abundance of cl~y 

minerals. 

, G. Accessory features. 

1. Forms. 

Band: Fairly regular· and conformable layer thicker than 1/2 inch. 

taoinae: Fairly regular and confor:r.able layer thinner than l/2inch. 

Stringe!:': Irregular layer O:"· vein .. 

·Streak: Thin to fine flat disconti;1uous cass. 

Lens: Roughly biconvex or oval cass. 

Kodule: ;Large rounded mass. 
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Bl~;, :~ V.:::.ry sm:.J.ll i-::rcgular or· rbunded mass. 

P.:1tcl-.: Ve.ry irregular m~ss. 

Di;;;,;~r.:L::..lt~d: Scattered through rock matrix. 
; . 

Zo~~= !nterval or layer cr~racterized by some particular.· 

proparty 1 such as cqlor or accessory content. 

Inta-::stitial: ·occ:.:rring as fine partitions bet\veen closeii s·paced 

c:::-ystals. 

V;;.g; S:i:all to large isolated cavity l~ft by solution of cirier~l~-

(usually nahcolite). 

Bo~"'vorks: Net\vork o~ interstitial partitions remaining e~.fter 

mineral solution, u~ually Lu~deriug a vu;. 

2. Textures. 

Sandy: Composed predoninantly of grains between 1/16 mm and 

2.0 ~~ in diameter. 

Silty: Composed predominantly of grains smaller than 1/16 mm 

in dia.:.1eter. 

Dense: Compact~ mictogra:-.,.:.ar or amorphous. 

Sparry: Composed of interlocked crystals which brea~ alung 

o.< ·:_tic: Containing fine spher:Lcal t() ellipsoi,4al concreti.o~ary 

grains. 

Porous: Containing common fine cavities. 

Spongy: Containing com=on small to large interconnected 

c.:1vities. 

100. 
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Coll.:l~)Se b:::-~ccia: Disori.~:1ted .:J.;:o.gular frag;nents formed: by 

ia:!.ll:re of the· rock aite::- nir::eral removal. 

Drt:sy: 1-Iineral linings co;71p~~-ed of. well-formed crystals. in vugs 

or on natural fracture surfaces. 

3. Distribucion. 

Qt:antity ter:;1s are used in t1·10· distinct senses in the :descriptions. 

As appl:.ed to large :nasses or·thick layers they_indic;:Lte-the 

per·centage of ·accessory material in the core. As applied to 

src.all scatterecj. accessory features or thin layers the.· terms 

indicate frequency of occurr-ence. In either case they are o·.-l.ly 

v:!.s;.J.al estimates and not rneast:red or counted quanti ti_es. 

· ?erc.:ntage. · 

Rare: L~ss· than 5· percent. 

Some: 5 to 15 percent 

Con:..'!lon: }fore· thai). 15 percent. 

Fre~t:ency of occurrence. 

Rare:. Feuer than 50 per square foot of core_ sur-face for 

scattered features or fewer than 3 per foot of core length 

for layers. 

Some: 50 to 150 persquare foot for scattered features or 

3 to 6 per. foot. of core for layers. 

Cor.m1on: .More thari 150· ·per square foot for scattered 

features or more than 6 per foot for layers. 
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L:::-;.:: or thid:: Grcat.;r than 1.0 inc.h. 

S2all or :hin: 9.1 to 0.5 inch. 

Pin~: S2~ll~r ·than O.l· inc~. 

n. :·fin.::::als by X-r.;.y diffraction. 

ELncrals identified by X-ray diffraction analyses of described 

S::!::lples are reported in t::~:~ descritJLiuu~, li3tc.d acoo:rding to 

estinat.::d aoounts in. descending. order. Sa~ples \vere selected 
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1 LITHOLOGIC DESCRIPTION oF s~~PLES suBMITTED FOR, ASSAY!/ · 
\• 

Quart(!r-c~re samples from Occ1dental·oil Shale, ·Inc~ 
corehole LW-156 drilled in.l980 in NEl/4NWl/4NEl/4 

(566 1FNL, 1,5o4'FEL)~()f ~ec 25·,·T1S, R97W, Gart~eld County, CQlorado 

Surface elevation:· 
Described interval: 

·8,613.1feet 
450.8- 1,003.8 feet· 
880.4 - 880.9 feet Mahogany marke.r: 

·From 
450.8 

. 452.7 

454.7 

456.2 

·To · :Descriptlon · 
452.7 ·. Siltstone: Light to medium slightly browitish gray and 

some gray buff; very slightly calcareou~.·. :taint aDd' raJ'e .. 
moderately distinctstreaked bedding and some. irregu]4r 
thin to medium iayering. Irregular. thiclt par·ting; slight­
ly to moderately irregular fracture. Rare·blacl.t carbon­
aceous plant debris. Occasional. fine pyritic blebs. : 
Slightly permeable in: paru. · . 

454 ~ 7 Siltstone: Light to medium slightly ·brownis.h gray; very 
.. slightly calcareous. Faint to moderately distinct streak- . 
. ··ed bedding an4 thin irregular layers; few 1- to l-inch 

massive layers. Irregular thick par.ting; irregular 
fracture. Abundant .carbonaceous flecks in some parts. 
Rare pyritic blebs and streaks. Some· irregular shredded 
stringers of buff to brownish-gray very finely streaked 
to· laminat~d mudstone .and marlstone in lower half foot. 
Slightly perneable in parts. 

Sample of light to medium gray siltstoae from 
·. 453.7 feet: X-ray - quartz, analcime. feldspar.· 

pyrite;. dolomite, illite, marcasite. 
456.Z ··.Marly mudstone :and some siltstone: Buff to 1ight and some.· 

medium brownish-gray dolomitic to slightly calcareous mud-
stone~ • Faint to moderately distinct very fine laminae · 

·with abundant fine to 1/4-inch displacements;· few intri-
. cately ·contorted and displaced zones in lower part •. · Few · 
thin to thick 'siltsto~e layers; wavy to truncating contact 

· with marls tone. Moderately . to slightly iqeg\llar thick 
parting; · sU,ghtly conchoid.al to irregular fractt,ire. 

456~6 ·· Siltstone: Light ·to rare medium slightly brownish gray; 
· very slightly calcareous~· .Faint contQrted bedding. 

Irregular parting and fracture. Some very fine black . 
carbonaceous plant debris. · Some fine pyritic blebs and. 
streaks.. Slightly per-meable •. · · .·. · . · .. · . . . · · · · 

457.4;. Marly mudstone: Buff to light and· rare medium brQwnisb 
gray; dolomitic to slightly calca,reous •.. Faint to moder-: 
ate dist.inct slightly inclined laminae with abundant fine 
.displaceznEmts; becoming ·tntricately contorted and dis-
placed· in lower 4 .inches. · Irregular thick parting;· slight-:... 
1}' conchoidal to ;f.rre~ular ·fracture. . . 

J/ By L. G. Trudell, completed September 26, 1980 

:Illustr~tion. N~: SBR~5083P 
:she.et 1 of 67. 

· i.aramie. :Energf 'fedin~iogy center · .November 19, 1980 
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From 
457.4 

460.9 

462.0 

462.5 

463.6 

465.1 

. . 

LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED-FOR ASSAY 

Quarter-core samples from Occidental Oil Shale~, Inc. 
coreho1e LW-156 (Con.) 

To 
460.9 

462.0 

462.5 

463.6 

465.1 

468.7 

Description 
Siltstone and very fine sandstone: Gray·buff and light· 
to rare medium slightly bro.wnish gray; very slightly· . 
calcareous in parts. Faint to rare distinct contorted.· 
to distorted stringers, streaks, and lamiriae. Irregular 
thick parting; moderately to slightly irregular fracture; 
slightly tomoderately·permeable. Regularly laminated 
marly mudstone as above at.lj.59.3- 459.6. Rare carbon­
aceous flecks. 

Siltstone: Mediu-m to light brownishgray-and gray buff. 
Noncalcareous. ~~~~~~y ~anded; occasional ve~ thin to 
fine layers of very finely lam.inated mec:li~ to light 
broWnish-gray marly mudstone. Irregular to regular thick 
to rare medium parting; irregular to regular' fracture-. 
Some carbonaceous plant debris. . . 

Silty marlstone: Buff to light brownish gray; dolomitic 
to slightly calcareous. Faint very fine laminae; slightly .. 
distorted near top .. Slightly irregular thick parting; · 
conchoidal to slighUy irregular fracture. 

·Siltstone and s9me very fine sandstone: Medium to light 
slightly" brownish gray; very slightly calcareous to non­
calcareous. Faintly banded; few thin to 3/4-incb layers 
of laminated marlstone as above and below. Moderately 
to slightly irregular thick parting; slightly to moderate­
ly conchoidal and irregular fracture. Abundant carbona-ce­
ous debris.in upper part, becoming sparse in lower part. 
Slightly permeable. · 

Silty marlstone (oil shale in part) and siltstone:. Buff 
to light and some medium brownish-gray lam.iGated· marlstone, 
banded with siltstone. as above. Regular to irregular 
thick parting; slightly col').choidal to irregular fracture. 
A very fine dark gray dense crystalline lamina with pyrite 
blebs at bottom. 

Silty marlstone: Buff and gray buff to light and rare 
medium brownish gray; slightly to moderately calcareous.•. 
Moderately distinct to faint very fine regular laminae. · 
Regular to some irregular-thick to.rare medium-parting; 
regular to conc~oidal and rare irregular fracture; very 
slightly permeable in parts. A very fine vitreous black 
organic streak at 466.85~ A small ovate leaf at 466~6. 

Sample of buff silty marlstone fro~ 466.7 feet: 
X-ray - doiomite, quartz, analcime, feldspar, 
calcite, illit~, pyrite. · · 

Sheet 2 of 67 

Laramie Energy Technology Center November 19, 1980 
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·From· 
468.7 

469.3 

470.6 

471.8 

LITHOLOGIC DESCRIPTION OF SA}WLES SUBMITTED FOR ASSAY. 

Quarter-core samples from Occidental Oil Shale, Inc. 
corehole LW-156 (Con.) 

To 
. 469 •. 3 

470.6 

471.8 

473.1· 

475.5 

Description 
Marls tone grading to oH shale: Buff to light and some 
medium grayish brown, dolomitic. Moderately distinct to 
faint very fine laminae. Regular to irregular thick 

·parting; slightly to moderately conchoidal fracture. 
· Sample of buff to grayish-brown oil shale from 

469.l.feet: X-ray- dolomite, quartz,. analcinie,. 
feldspar, calcite, illite, pyrite. 

Oil shale: Dark brownish gray to black and some medium to 
·.rare light grayish brown; common satiny to resinous luster 

in lower part. Faint to rare distinct streaked bedding 
and some irregular and discontinuous to regular laminae; 
interfingered with 1- to 2-inch irregular lenticular 
grayish-brown tuff (?) stringers in lower 0.2. foot. 
Fairly regular to irregular thick to rare medium parting; 
irregular slightly hackly fracture. 

Sample of finely streaked dark oil shale from 469.6 
feet: X-ray - dolomite, quartz, analcime, aragonite,. 
feldspar, iilite~ calcite, pyrite. 

Tuff: Very light gray; medium to light brownish gray in 
upper 2 inches; silty textured. Distinctly streaked with 
very fine to very thin shreds of black to grayish-brown 
oil shale. Irregular to slightly irregular thick parting; 
moderately to slightly irregular fracture. A thin broken 
and displaced oil shale layer at 471.6. Irregular diagonal 
contact with oil shale below. 

· Sample of light gray tuff with sparse oil shale 
shreds from 471.1 feet: X-ray - dolomite,. quartz,. 
feldspar, analcime, illite, pyrite. 

Oil shale: Medium to some dark and light brownish gray; 
dolomite to slightly calcareous. Faint to some distinct 
regular to discontinuous l.aminae; rare fine loop structures. 
Irregular to rare regular thick parting; irregular and 
conchoidal frac~ure. Some very fine .gray-buff silty tuff 
streaks in upper part. 

Oil shale: Medium to light brownish gray,. rare dark in 
upper part, some buff in lower part; do1oDiitic to slightly 
calcareous. Moderately distinct to faint very fine dis­
continuous to regular laminae; abundant fine loop structures 
and medium- to low-angle displacements. Irregular to 
slightly irregular thick to rare medium and thin parting; 
moderately to slightly irregular and conchoidal fracture. 
Fine dense cherty pyritic lenses at 474.5 and 474.9. 

Sheet 3 of 67 

Laramie Energy Technology Center .November 19, 1980 
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.. .. .. 

From. 
475.5 

476.9 

477.9 

• 
478.7 

483.1 

484.3 . 

. LITHOLOGIC DESCRIPTION OF ·sAHPLES SUBMITTED FOR ASSAY 

Quarter-core samples from Occidental Oil Shale.· Inc. · 
corehole L'w-i56 (Con~) 

To 
476.9 

478.7 ' 

483.1 

484.3 

485.6 

Description __ 
·on shale:· Light to medium brownish ·gray and some buff; 
·dolomiti~ to slightly calcareOus. _Moderately dist~nct to 
faint·very fine regular to discontinuous laminae; $ot1le 
very fine loop structures and displacenients. Fair.ly . 
~~gular .to irregular thick parting; slightly to 111oderat·ely 
conchoidal fracture. 

Oil shale: · Medium to light and rare dark grayish .brown .. 
dolomitic. Moderately <;listinct to faint very fine laminae;· 
eoll'lmon very tine loop ·SLtu~.:tures and clioplacuawnt~h · 
·slightly to moderately .irregular thic~ parting; moderate­
ly to slightly. conchoidal fracture. Ra7:e very fine dull 
black streaks and lenses. . 

Oil shal,e: . Dark brownish gray to black :f.n ~rpper and lower· 
parts, medium grayish brown in middle. dolomitic:. Faint 
streaked bedding and discontinuous laminae in upper and 
lower parts; very faintly bedded. in middle. ~lightly 
irregular thick parting; irregular and slightly hackly 
to slightly conchoidal fracture. Some .slightly silty 
grayish-:-brown streaks and lenses in dark parts • 

Oil shale: Dark brownish gray to black •. dolomitic. Faint 
streaked bedding and some discontinuous and distorted to 
rare regular laminae;· some ma.ssive zones in lower half •. 
Irregular thick parting; irregular to conchoidal fracture; 
smooth shiny black parting surfaces at 480.0. 480.15. 
480.3 and 480.5. So.me very fine disseminated crystals in 
massive shclle in lower part. A l-inch dense brown dolomite 
band at 482.6. ··• · 

Sample o.f dark o.il shale with fine disseminated · 
crystals. from 482.8 feet: X-ray - quartz,,,. dol~ite. 
calcite, analc.ime, ·apatite~ feldspar, pyrite. illite. 

Oil shale: Dark to medium grayish brown. very rare black, 
dolo111itic. Faint to moderately distinct very fine to thin 
regular to· slightly distorted lamina~. Irregular t!Q:c~·; 
parting; conchoidal to irregular fracture. Some fin~ 
dense to silty and porous, black to grayish .. brown cty,~;~l~· 
line streaks and lenses in lower 3 inches. · · 

Oil shale: Medium to some light and very rare dark grayish. 
brown, dolomitic. Noderately distinct to faint discon­
tinuous, distorted, and displaced laminae to s·treaked 

. bedding. Irregular thick parting; irregular to slightly 
conchoidal fracture. Very thin to l-inch pinch-and-swell 
light brownish-gray po~ous silty· to sandy-textured tuff 
stringers in upper 3 inches·. Fine pyrite streaks at 
484.6 and 485.5. 
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From 
485;6 

487~3 

491.4. 

492.5 

. LITHOLOGIC DESCRIPTiON. OF·. SM-lPLES SUBMlTTED FOR ASSAY 

Quarter:-core samples from Occidental Oil Shale,· Inc. 
corehole LW~l56 JCon.) 

.To 
. 487.3 

.487;.9 

491.4. 

49~i~5 

494.9 

Description 
Oil· shale and tuff: D~rk and rare .medium brownish-gray ·· 

to black oit· shale;. ·some . sa tiny to . resinous ·luster; dolo-· 
n;1itic. · F~lint regular• to 'distorted streaked bedding; · 
abundant fine to l-inch streaks, stringers and. l,enses of 
brownish.:..gray ~P buff, _silty to very fine saUdy:-texturecf 
tuff. · Irregular· thick to r~re medium; p~rting; · irreguiar 

.·to some hackly fracture. lrr-egt4,ar natural (?) high-angle 
.. fracture from :485 .• 9 to 486.:6. Abundant. very fine disse-
.uiinated crystals be16"w 486.9 (like 482.8).. · 

Sample of light.brownish-groay tuff with some. oil 
.·shale from 486.8 feet: x;..ray - analcime. quartz. 

feld_spar', calcite, pyrite. . . 
Oil. shale: Medium to. light grayish brow, dolomitic,· slightly 
silty. Faint slightly inclined distorted to regular str~ked 
bedding. ··Irregular thick parting; irregular to con-
choidal fracture. Some interfingered dark oil shale near 
top and bottom. Some tan silty tuff streaks in upper 3 
inches. Natural high.:..angle fracture at 487.5- 487.9. 
Uneven sample.eplit. 

Sample of grayish-brown oil shale fr001 481.6 feet:· 
x.,..ray.;..·dolomite, quartz, feldspar, calcite. 

Oil shale: Medium to dark grayish b.t:uwu, · cloluwitic; 
Moderately distinct to faint. inclined and very distorted 
laminae. and streaked. bedding in upper part, becoming 
slightly dis.torted in .lower part; some massive zones in 
upper part. Irregular thick parting; irregulaw. to con­
choidal fracture. A fine buff silty (bio·C:itic?J tuff 
stringer at 488.2. Some fine to. thin tan dolomite streaks· 
and lenses at 490.2 - 490.7. Few fine dark pyritic streaks 
and patches at 490.7 ·:... 490. 9. Fine partly collapsed 

·cavities with drusy calcite at 491.2~ 
Oil shale:· Medium to some dark grayish brown aDd brownish 
gray, dolomitic. Faint regular to discontinuous laminae. 
Irregular thick parting; irregular to slightly conchoidal 
fracture. Two very fine tight high-angle. calci_te~filled 
·fractures in upper 3 inches--one with varnish-like coatiugs 
and very fine disseminated pyrite. Woody carbonaceous 
streak on parting surface at 491.95. · Rare fine pyrite 
streaks in lower. part. · 

Oil shale: Light to medium and some dark brownish gray. 
dolomitic. Faint to fairly distinct very fine discontinu­
ous to·regular laminae. Moderately to slightly irregul~r 
thick to rare medium parting; slightly conchoidal to· 
irregular fracture. Rare fine gray pyritic streaks. 
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·From -
494.9 

495.2 

496.2 

496.6 

498.0 
498.5 
499.8 

501.3 

502.0 

LitHOLOGIC DESCRIPTION-OF SAMPLES_SUBMITTED FOR ASSAY 

Q\i,arter.:.core,· s~mples from: Occidental Oil Shale, Inc~ 
- corehole LW~l56 (~on.) 

496.2 

496.6 

498.0 

498 .• 5 
499.8 
501.3 

·5o2.o 

502.6 

Oil shal~: · Tan and: b.u,·f ~o- medium and some dark grayish 
brown, dolomitic. · Fairly distil)ct very fine discon­
tinuous and displ~-~ed:~iami!t-ae.- . Irregular parting and 
fracture. · . · - . · -.. · · · .· · .. .·· · . 

NOTE: . Sample depths·~~re rem~asured betwee~ 495.2 and 498-~S 
·feet.· 

Rubble and broken C,ore;·-- Medium grayish..:brown and b~own:tsh-· 
g'I'ay oil shale. Fa~~~(s_treaked bedding •. Abu~a~t very .· 

· irttegular fractun!il· f1H.Qwliltit5, · Pew por.,uJ. fa~tT"tohy pB.t,cn~a. 
Ra-re fragments of buft do'!'ostorie as. below. · 

Dolostone: . Light b_!ow:nfs~:.gray to tan and buff.; dense_ to 
fine sandy textur~d-~-~--':l:rreguiarly~ layered; few very fine .. 
dark irregular (sli:ghtfy-st.ylqlitic in part) p~rting~J in.·· 

. upper part. J;rreguta;~:-pa~ti~g and frac_ture. Rare fine. 
partly collapsed:·cav·:(X:{e-s~.near bottom.. · 

Sample of tan ~tc):j>\lff:··dens_e to--sandy-:texturecl. cioio$tone 
from 496.4- feet:=-- ·-x-.ray -- analcime~· quartz, felcl~ 
spar; do-lomite·; · · 

Oil shale:· Medium _:to_-~e.-dar-k·grayish browt:l'_a~d l:)ro_wnish 
gray, dolomitic."::·.iaii:l:fly:__iaihina.t_ed_ in upper. part. to very 

· faintly bedded in 'io:We~. part-:-:-:· Irregular thick-parting; 
slightiy to modeta-t~iY·,·conchQidal fract·ure~ ··Few···tight'. 
high-angle natura_! .fractures at bottom. . . . 

Rubble: Highly fr~c-tured~ oil8hate· its ·below. 
Missing (see NOTE. ~-f.·f~J. 2):·· -. . . . .. 
Oil shale: Mediu~ .'-tq~~t.:are-Clar-k--brownish gray aDd grayish 

brown, dolomid.c·.·-.~--~a:int -fo -£ilii-1.y cHeit_iru:~ ·wa-vy· and 
inclined· to ver.y·:(i:fat~OrtecL-str_aaked beddingi·;' SoUle dar'k: · .. 
streaks have shred:de4-'-ends._ Ir-t:egular partiag.. and fract~re. 
Coarse oil shaie: -b-iete_i8 with ·some. fine cavities and· blil¢k 
pyritic blebs at-_4.99-~-:9-~--- :soo-~c;>. -A 1/2-inch taii~buff _$·iltY 
dolostone stringer, :~t=~5:og __ ;.2 .•. ~Some- very fine C:rysta:l.line · 
(calcite?) stre~ks·· tji:.=i;ower .-par_t-.- · · . . . · 

Oil shale: Mediu~ tc{;i~me.aS:rk;-browi·sh -gray and rare .. 
black, dolomitic~ : .. ::Fa:!~·--slignt1y: curved .. to:·:fairly __ r.egular 
streaked bedding ~nd2~iscgi\tiiJ.tii>u.s ·laminae._ !loderately · · 
to slightly irregul~i:?~ihi;ck :pa:rting; .ir_:regular fracture: •. 
Sparse very fine· d~~ii~inated ~ry.stals and ceystalline .. 
streaks. A 1-i~ch .. strtng:e:[_._i.f-tan-buff silty do1o~tone · 
at 501.8. ·· 

Missing 

- ~ .. ·- -
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·From 
502.6 

502.9 

503.7. 

505.4 

507.1 

. . . . . 

LITHOLOGIC DESCRIPTION· OF .SAMPLES SUBMITTED FOR ASSAY . 

· ·:Qu~rter:..core samples from Occidental Oil Shale., Inc •. 
corehole LW-156 ·(Con.).· 

To 
502.9. 

503.7. 

505.4 

507.1. 

. 507.9 

Description 
Dolostone: Tan to. buff; silty to very.fine sa1ldy textured .• 
Faintly mottled coarse to fine tight breccia; irregular 
·displaced contact with e>il shale.· Irregular parting aud 
fracture. Abundant fine. Ught. lacy fractur.f!s with. brown-· 
ish-black coatings. · 

Oil shale: Medium. and some dark brownish gray ·to grayish· 
·. brown, dolomitic. VerY f~:d.nt wavy t:o regular lami.nae •nd 

streaked bedding. ·.·Irregular. thick part~ng; irregular to · 
conchoidal fracture. A thin stringer o·f dolostcme breccia 
near top. . Irregular vuggy brecciated core ends at ·50~.4. 

·Abundant very fine cavities with secondary crystalline· 
· fillings ·in lower. 0. 2 foot. 
Oil shale: ·Very dark to medium brownish gray; calcare<)us 

to dolomitic. Thick zones with very faint distorted to 
disrupted bedding alternating with zones with faint very 
fine. wavy to regular laminae. Irregular thick parting; 

.· irregular frac.ture. Some fine very irregular grayish-. 
. brown silty, porous, fracture fillings wit·h calcite. aud. 
pyrit~ crystals. Abundant very fine disseminated crystal­
line blebs in upper 0.2 foot. 

Sample of dark oil shale with abundant very {i,ne 
crystall~ne blebs from 503.7 - ·503 .8 feet:: 
X-ray -.calcite, dolomite; quartz, feldspar,.pyrite, 
Mg-siderite. · 

Sample of faintly laminated medium to clark browoi.sh­
gray oil shale from 504.9 feet: X-ray - dolomite, 
quartz, calcite, feldspar, analcime, pyrite •. · 

Oil shale: Medium to some dark and light brownish gray, 
dolomitic. Faint to rare distinct very fine discontinuous 
to regular laminae.. Irregular to slightly irregular .dlick 
p~rting; irregular: to conchoidal fracture. A thin. sil.ty 
and blebby brownish-gray pyritic band at 50.5.6. A very 
t~in pyritic oil shale streak at 506.1. A l-inch vug, · 
with irregular radial boxworks and abundant pyrite at 
506.5. Som~ very fine pyrite streaks below 506.6. 

Marlstone: Tan'to buff and some medium grayish brown, 
dolomitic.· ·. Distinct to faint very fine laminae; some very 
fine displacements.. Regular to irregul9-r thick parting; 
irregular fracture. Tight irregular high-angle natural. 
fracture at 507.3 - 507.7. · A l-inch pinch-and-swell }ayer 
of grayish-brown dolomitic siltstone at 50i.6 - 507.1 and . 

. a very thin layer at ~07.85. Sharp slightly-inclined 
contact between marls tone and dark oil shale below .• 
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From 

507.9 

510.4 

511.5. 

512 .• 2 

512.6 

LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR ASSAY 

Quarter-core samples from Occidental Oil Shale~ I~c. 
corehole LW-156 (Con.) 

To 

510.4 . 

511.5 

512.2 

. 512.6 

514.5 

· · Description 
Sample of puff. marlstone from. 507.5 feet: :x,..ray -

dolot,nite,. quartz, feldspar, calcite~ ·anal.cime. 
Oil shale: Dark to rare medium brownish gray. dolomitic:.• 
Faint· streaked bedding;. distorted and· inclined at 509.0 · 
509.5. Irregular thick parting;· irregular to slightly 
conchoidal fracture. Abundant fine crystalline blebs 
(like 503. 7) near top; ·sparse elsewhere. Abundant. thin to 
fine buff to white mat'ls·tone ·and tuff stringers. :and. streaks 
at 509.2 ~ .509.4 (also some med.ium to dark gl'ay) .• · · .. 

Oil shale: Medium to very dark brownish gray. dolom:l.tic •.. · 
Moderately distinct to faint slightly distorted streaked 
bedding. ·Irregular parting· and fracture. Fine to thin ·· 

·buff silty tuff stringers at 510 •. 6~ .510. 75 and 511.3. 
A very irregular vertical stringer· of grayish-brown . 
dolostone at 510.8 - 511.0; ·thickness· tapers rapidly from 
more than an inch at top to very fine at bottom; stringer 
exhibits swirly flow structure with abundant fine dark .. 
oil shale shreds. · . . 

Oil shale: Very dark brownish gray to medium· grayish brown. 
dolomitic. Faint to moderately d·istinct distorted s·treaked· 
bedding. Rare small to fine gray to brownish-gray silty . · 

. nodules. Ral;'e fine disseminated crystals. Irregula~ 
parting and fracture. · 

Oil shale (dolostone): Medium· grayish brown. dolomitic· • 
Very faint streaked bedding. Irregular to; conchoidal 
parting and fracture. A slightly irregulaur. vertical . 
fracture with. dull dark mottled coatings ami ra:re v.ery . 
fine brownish-gray silty crusts from 512.1 to 512 .• 6. ·. 

Sample of grayish-brown dolostone from .512 .4 f~et: 
. X-ray. - dolomite, quartz, feldspar~ calcite~. · 
analcim~. 

Oil shale: Dark brownish gray to black~ doloodtic. Very·: .. 
. fain·t distorted to regular streaked bedding;· some very faint 

discontinuo~s laminae. in lower part. Irregular thick 
parting; moderately to slightly irregular fraG:ture. · Some · · 
fine to thin brownish-gray to buff silty tuff (?) str~k.$ 
and stringers above 513.8. 

Sample of tan to buff silty tuff (?) from 513.7 
feet: X-ray - quartz, K-feldspar~ Na-fe1dspar~ 
dolomite .. 
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From 
514~5 

515.8 

516.0 

516.15 

516.8 

518.0 

519·.0. 

. . . 

LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR ASSAY. 

Quarter-core samples from Occidental Oil Shale. Inc. 
corehole LW-156 (Con·.) . 

To 
515.8 

516.0 

516.1:5 

516.8 

518.0 

Description 
Oil shale:· Dark and some medium .brownish gray-to black. 
dolomitic. Faint fairly regular .. to distorted -and dis­
rupted streaked bedding. Irregular thick parting; . 
irregular. to slightly conchoidal fracture·. . Irregular · 
vuggy parting surface at top. Fewvery fine irregl1lar 
lacy c~lcite-filled fractures,. becoming abundant below 
513.4. . 

Tuff: Tan to buff,' silty, slightly do.lomitic. Faintly 
·variegated; rare very_· fine streaks. ·R,ubble with some 
diagonal fracture surfaces in upper ·half. ·Wavy contact 
with a fine- black oil shale layer at bottom·. · 

Oil. shale: Light to medium brownish gray,. dolomitic. 
Moderately distinct to faint discontinuous laminae 
(sl~ghtly inclined).· Few diagonal fractures with patchy 
brownish-black varnish-like coatings. 

Oil shale: Medium and some dark brownish gray, dolomitic •. 
. Faintly laminated to very faintly streaked. Irregular 

thick parting; irregular to slightly conchoidal fracture •.. 
Tew irregular aiagonal fractures with .sparse. very fine 
drusy patches. . . . . 

Oil shale: Medium and rare dark brownish-gray, dolomitic. 
Faint to some mod·erately distinct laminae. Irregular to 
slightly irregular thick parting; conchoidal to' irregular 
fracture. Some very fine pyrite streaks. SomE!· tight 
diagonal fractures near bottom. Bedding-:plan~: f:racture 
at 517.8. 

Sample of brownish-gray oil shale from 517 ... 6 feet: 
X-ray - dolomite, quartz, feldspar, calcite, pyrite,· 
analcime. . 

519.0 ·Oil shale: As above, with numerous irregular 4.fscontinu­
ous tight to open fractures. 

522.6 Oil shale: Medium to light brownish -gray and ~orne buff;, 
dolomitic. Faint to some fairly distinct very fine regula',r. 

·to discontinuous laminae. Irregular t;o some regular thick. 
parting; irregular to conchoidal fracture. Abundant 
medium- to high-angle fractures lvith slight reddish stain­
ing and some with fine dull black mottling; some irregular. 
fractured core pieces and rubble. Partly grab sampled. 
(UV spectrum of extract from reddish stain. indicated 
presence of nickel porphyrin.) · 
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.From 
522.6 

523.3 

525.4 

526.4 

527.4 

LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR ASSAY 

Quart~r-core samplesfrom Occidental Oil Shale,. Inc. 
c~rehole LW-156 (Con.) 

To 
523.3 

. 525.4 

526.4 

527.4 

531.7 

Description 
. Oil shale: Black to dark and rare medium grayish brown; 

most has resinous to waxy luster; dolomitic. Faint regular.· 
·to distorted streaked bedding. Irregular to ~egular 
thick to rare thin parting; sl:tghtly conchoidal to 
irregular and rare coarse hackly fracture. Abundant 
fine crystalline blebs and streaks in lower part •. 

Sample of very dark resinous oil shale with abutldant 
fine crystalline blebs and streaks from· 523.2 
feet: X--r~Y - ~al,cite. dolomite ... qua;r.t~, feldspar • 
analcime. pyrite. . · . 

Oil shale: Medium and some dark brownish gray to grayish· 
brown, dolomitic. Bedding obscured by very abundant 
tight to partly open fractures and fine partly-collapsed 
cavities. Some cavities are partly to completely fi1led 
with drusy calcite. Irregular parting and fracture. 
Abrupt change at base from porous oil shale above to tight 
regularly laminated oil shale below. Good core recovery 
and good sampl"e representation. 

Sample of oil shale \·lith drusy calcite from 524.7 
feet: X-ray - calcite, domomite, quartz, feldspar.,. 

·analcime. 
Oil shale: Medium and rare dark grayish brown to tan and· 
rare buff, dolomitic. Distinct to some faint laminae; 
some fine loop structures. Regular thick to medium part~ 
ing; slightly conchoidal fracture. Very s1ight reddish 
staining on parting surfaces at 525.8 (Ni-porphyrin?). 

Oil shale: Medium brownish gray to buff, dolomitic. 
Distinct to faint laminae; some fine loop structures. 

·Regular thick parting; slightly irregular and conchoidaL 
fracture. Some very fine pyrite (or pyrrhotite?) blebs 
and streaks; a. thin Vt!J:y pyritic layer at. 527.2. 

Silty marlstone (very lean oil shale in part): Buff to 
light and rare medium grayish brown, dolomitic. Faint to 
some distinct laminae; rare fine loop structures and dis­
placements. Regular to rare irregular thick part~g; · 
slightly irregular fracture •. Some high-angle fractures 
and bedding-piane fractures with dark gray pyritic patches; .. 
reddish staining (Ni_:porphyrin?) on fracture at 530.7 and . 
on parting surfaces at 530.8. Abundant very fine dark. 
gray pyritic lenses disseminated in marlstone in some 
zones. 
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From 
531.7 

533.0 
534.0 

534'.6 

. 535.1 

535.4 
537.0 

538.0 

540.5 ·. 

541.0 

I LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR ASSAY 

QUarter-core samples from Occidental· Oil Shale,.Inc. 
corehole LW-156 (Con.) 

To 
533.0. 

534.0 
534.6 

535.1 

535.4 

537.0 
. 538.0 

540.5 

. 541.0 

542.0 

Descriptiqn 
Oil shale: Buff and tan to medium and rare dark grayish 

brown, dolomitic. Distinct to faint laminae; rare very 
fine displacements. Regular thick parting; slightly 
conchoidal to irregular fracture. Some natural fractures 
with sparse disseminated pyrite and porphyrin stains. 
Irregular fractured core pieces below 532.1. 

Missing 
Oil shale: Grayish brown to tan and rare buff, dolomitic. 
Faint to moderately distinct laminae. Mostly rubble wi.tb 
natural fract:ur~ ·surfaces. Sparse red stains. · 

Silty marlstone: Buff, earthy, porous, massive. Very 
abundant fine to small partly collapsed cavities. 

Sample of buff earthy porous silty marlstone from 
534.7 feet: X-ray - dolomite,.· quartz, feldspar, 

· analcime, illite. 
Oil shale: Tan to medium and some dark grayish brown, 

dolomitic. Faint to distinct laminae. Irregular rounde<l 
core pieces. 

Missing 
Oil sha'le: Dark to medium grayish brown and .rare tan, 
dolomitic. Faint to moderately distinct landnae. Irregular 
to regular thick parting; irregular to conchoidal. fracture. 
Rare fine dull blac~ streaks and lenses. High-angle 
fracture with very fine stellate searlsite (?) crusts at 
537.2 - 537.4. 

Oil shale: .Grayish brown to tan and buff; dolomitic to 
slightly calcareous. Distinct to some faint laminae; 
abundant fine loop structures and displacements. Regular 
to some irregular thick to rare medium par t:ing. . Fairly 
abundant high-angle to diagonal fractures--sQme with red 
porphyrin staining. · Thin massive pyrite streaks at 539.9 
and 540.1. A 2-inch vug with fine irregular platy box,~ · 
lvorks at tqp. . 

Sample of distinctly laminated grayish-brown to' bUff 
oil shale from 539.3 feet: X-ray -:- dolomite, f~ld-:­
spar, quartz, :calcite •. 

Oil shale: Medium grayish brown, 
bedded. · Vuggy core and rubble. 
calcite. 

dolomitic. Very .faiutly .· 
Some drusy pyrite and 

Oil shale: Buff and tan .to medium grayish brown, c1cHom:i.tic·. 
Dinstinct to faint laminae, becoming slightly curvect at . 
bottom.. Irregular to. regular thick to medium parting; · 
conchoidal fracture. Short diagonal fracture with reddish 
staining at 541.2. 
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From 
542.0 

543.0. 

·. 546.2 
546.7 

548.0 
548.8 

550.0 

551.0 

LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR ASSAY 

Quarter-core samples from Occidental Oil Shale, .Inc. 
corehole LW-156 (Con.) 

To 
543~0. 

544.0 

546.2 

546.7 
548.0. 

548.8 
. 550.0. 

551.0 

553.2 

Description . 
Oil shale: 'Medium to dark grayish brown and brownish· ~ray, 
dolomitic. Moderately distinct ·streaked bedding in upper 
half; very faint laminae in lower half. Irregular to· 
slightly irregular thick parting; irregular to slightly 
conchoidal fracture; vuggy and fractured rubble at top. 
Part of a vug at. 542.5. 

Oil shale: . Dark. to medium brownish gray, dolomitic. Faint 
to· same moderately distinct laminae •. Regular to irregular· 
thick to medium parting; irregular to conc.hoidal fracture. 
Rare fine dense dark gray streaks and .lenses.. · 

Sample of medium-dark brownish-gray oil shale. from 
··543.4 feet: X-ray -.dolomite~. calcite, feldspar, 
quartz. 

Oil shale: . Medium to some light artd ·rare dark brownish 
gray, dolomitic. Moderately distinct to faint laminae .• · 
Regular to irregular thick to rare med.ium parting; slightly 
irregular and conch<?idal fracture. Rare fine dull black 
streaks and lenses. Some high-angle fractures in lower 
part. Rubble at 545.5 - 545.7. 

Missing 
.Oil shale: Dark to medium brownish gray;. some light brown.,. 

ish gray to buff in lower part,. dolomitic. Faintly lamin.­
ated; some pieces with faint. to distinct streaked bedding· 
in lower part. Irregular to regular thick parting; · 
conchoidal to irregular fracture; irregular discontinuous 
core pieces and some rubble below 547.5;. Rare fine dull · 
black streaks. Some very fine pyrite streaks in upper 
part. Some natural (?) high-angle fractures. A 2-inch 
piece of tan to buff marlstone in lower part. 'uneven 
sample split. 

Missing 
Oil shale: Medium to dark brownish gray; ·some tan to buff · 
at .548.8- 548.9; dolomitic. Failtt and raredistin~t: 
laminae and streaked bedding. Regular to irregular thick. 
to medium parting; slightly conchoidal to irregular fracture,. 
Natural (?) high-angle fracture at 548.8 - 549.3 •. Vuggy 
core with irregular boxworks at 549.6. A thin pinch~and­
swell white earthy silty tuff st~inger at bOttom. 

Oil shale: Medium to dark brownish gray, dolomitic. Fa:t.nt­
ly, laminated. Regular to irregular thick parting;slightly· 
conchoidal fracture. Irregular fractured core pieces and · 
rubble in lower part.· 

Missing 
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From 
553.2 

553.6 

554.0 

. 1 

554.4 

556.7 

557.7 

560. g. 

562.0 

563~0 

LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR ASSAY 

.· Quarter-core samples from Occidental Oil Shale, I~c. 
corehole LW-156 (Con.) 

To 
553.6 

554.0 

554.4 

556.7 

557.7 

560.9 

562.0 ,· 

563.0 

. 566.0 

Description 
Oil shale.: Dark brownish gray, dolo.mitic. Faintly lami.n­
. ated. ·Irregular broken core piece; conchoidal fracture. 
Oil shale: · Dark to some medium brownish gray, dolomitic. 
. Very faint slightly curved bedding. Irregular parting 
and fracture. Interval cut. by a very irregular high-angle. 
fracture with slickensides. 

·Oil shale:· Dark to medium grayish brown, dolomitic. 
·Faintly laminated. · Regl.llar· thick parting; irregular to 

·.conchoidal fracture~ Rare fine dark gray streaks. 
· Oll shale: · Medium to some dark brownish gray.; dolomitic 

to slightly calcareous. Faintly laminated. Irregular to. 
regular thick parting; slightly·conchoidal to irregular 
fracture; fractured rubble at 555.6 - 555.8. 

Oil shale: Medium to dark brownish gray; dolomi,tic to 
slightly calcareous. Very faintly laminated. Irregular 
thick parting; conchoidal fracture. Some broken core •. . , 
A thin tan earthy porous stringer near bottom. 

Oil shale: .Medium to some dark brownish gray; dolomitic 
to calcareous.· Very faintly laminated .•. Irregular to 
regular thick parting; slightly conchoidal to irregular 
fracture. Broken· core with high-angle fractures at 
557.7- 558.2, 559.7- 560.0 and 560.7- 460.9 •. Rare · 
low-angle fractures. Rare very fine pyrite streaks. 

Oil shale: Dark to medium brownish gray; slightly cal~ 
careous to dolomitic. Faintly laminated. Regular. thick 
to medium parting and slightly conchoidal fracture in 
upper 0.4 foot; irregular fractured and rare vuggy core 
pieces in lower 0. 7 foot. Tan earthy crushed shale. with 
very abundant fine collapsed cavities at 461.2 - 561.3 •. 

Rubble: Oil shale as above and below. Some vuggy pieces·. 
Rare tan marlstone pieces. Grab sampled. 

Oil shale: Dark to medium brownish gray; slightly to . 
moderately calcareous. Faintly laminated. Re.gular to 
irregular thick to ~orne medium parting; slightly con-

. choidal fracture; mostly irregular fractured core. pieces : 
·below 564 .. 6. Very rare fine dull black streaks. A very 
thin tan earthy zone with abundant fine partly collapsed 
cavities at 564.4 . 

. Sample of dark brownish-gray oil shale from 563 .8. 
feet:· X-ray ~dolomite, calcite, quartz, feldspar, 

· .. pyrite. - · · 
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From 
. . . 5.66. 0 

. ·. 567 .o 

5~9.4 

570.0 

573.6 

·~74.1' 

575.1 

LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR ASSAY 

Quarter-core samples from Occidental Oil Shale, In~. 
corehole Llv-156 (Con.)· 

To 
567. C) . 

569.4 

570.0 

574.1 

575.i. 

575.8 

Description 
Oil shale: Medium to light grayish .l>ro~ and rare buff; 

few pieces of dark to medium brownish-gray oil shale as 
above; slightly to.moderately calcareous. 
Moderatelydistinct to faint laminae.· Regular to irregular 
thick parting; slightly conchoidal fracture; mostly irreg­
ular discontinuous core pieces with high-angl4i fract~res. 

·Rare fine pyrite streaks. . .· 
Oil shale: Tan and buff to mediu,m grayish brown;, slightly 

to modoratQly calc;,:~rPnns. Faint to mode-r~tely distinct 
discontinuous l~inae. Irregular to regular thtck parting; 
irregular to slightly .conchoidal fracture. Some natural{?) 
high-angle fractures. A fine gray silty tuff layer a~ 

· 568.7. (Fontr.ge remeasured to correct error in location·· 
of 5nR-fnot mark.) 

Sample· of tan to grayish.-brown oii shale .from. 568.3 
·feet: . X-ray .:... dolomite, Na-feldspar, quartz,. 
calcite. 

Oil shale: Medium to dark grayis}l brown. Very faint 
streaked bedding. Irregular high-angle. fracture with. 
patches of very fine noncalcareous mineral crust. 

Oil shale: Dark brownish gray to black •. dolomitic. . 
Faint streaked bedding, becoming distort4ad and>inciined 
in·lower half foot. Irregular thick parting; conchoidal 
to irregular fracture. Slightly irregular natural (?) 
vertical fracture in upper 1.2 feet. · Sparse very fine 

. pyr·ite blebs and streaks. Few small brown s.ilty dolo-·· 
· stone nodules near bottom. · · 
Oil shale: . Dark to medium grayish brown, do.loildtic. Very 

faiq.t streaked bedding. Irregular th~ck parting; irregular 
to s'lightly conchoidal fracture. 

Oil shale: Dark brownish gray to some· black; dolOJI:litie : 
to calcareous .. Faint streaked bedding • lrreg~lat thick 
parting; irregular to conchoidal fracture~ Some very ·fine. 
calcite and pyrite blebs (these appear· to be filli"Qgs .. in 

. partly collapsed solution cavities). A. very thin d.en~e. 
brpWnish-gray limestone lamina at 575.0. :Natural high-
angle fracture at 574.8 _: 575.0. · 

Oil _shale: Dark to medium grayi~h brown and. rare taxi;·:: 
doiomitic to calcareous. Faintly laminated., Irregular ·tO 
regular thick.to medium parting; slightly conchoidal to 
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.. From ... 

. ,. . 
575.8 

, .. 
j . 

. 576.9 

577.9 

578._9 

. S80.0 

581~0 
582.0 

LITHOLOGIC.DESCRIPTION OF SAMPLES SUBMITTEDFOR ASSAY 

Quarter-core samples from Occidental Oil Shale~ Inc~ 
·• corehole LW:...l56 (Con.) 

576.9 

Description 
some coarse hackly fracture. A l-inch tan marlstone 
nodule with abundant-partly collapsed fine platy 
crystal cavities and some drusy calcite and pyrite 
at 575.4. A fine black oil shale lamina with abundant· 
very fine pyrite streaks near bottom • 

Oil sh;,l!e( Grayish brown to tan and buff; dolomitic to 
slightly calcareous. Distinctto some faint laminae. 
Reguiar . to_ irregular thick parting; . slightly :irregul,ar 
to conchoidal fracture. Sparse very finepyrite streaks 
and blebs. Few diagonal fr~ctures with slight gray 
coatings. . Bedding-plane fracture with dark gray silty · 
pyritic coatings at 576.4 • 

Oil shale: Grayish brown to tan; slightly calcareous 
to dolomitic. Fairly distinct to faint laminae;· some 

·very fine loop struct1,1res and. displacements. Regular 
thick to medium parting; slightly conchoidal fracture. 
Some very fine pyrite streaks and-blebs. 

578.9 .. _ Oil shale:_ Medium to ra:re dark grayish brown~ dolomitic. 

580.0 

58.1.0 

582.0 
585.0 

Moderately distinct to faint latnina.e. ·Regular t:o rare 
irregular thick to medium parting; irregular to ·slightly 
conchoidal. fracture. Sparse very fine p~ite streaks. 
Diagonal fraeture wlth very slight reddish stains at 
578.0 ,... 578.2. Br-oken core with irregular l~onite-
stained fracture surfaces at 578.6 - 578.8. 

Oil shale: · Dark to medium brownish gray; calcar~us to 
. dolomitic. ·· Faintly laminated. Regular to irregular 

thick parting; irregular to conchoidal fract:ure'. Irregula~ 
.·vertical fracture with some slight limonite stains in 

·_ lower 0!4. foot. 
Oil shale: Dark to medium brownish gray aluf grayish 

brown; slightly calcareous to dolomit_ic. Very faintly 
laminated .. Irregular ·to regular thick partiog; conchoUal 

·fracture. High~angle- fracture :in upper 0.3 foot. Vneveo 
sample split. · . . _. 

Rubble: . Oil shale as ~bove and below. Rare vuggy piece a. 
Oil shale: Dark to medium brownish gray; dolomitic: ~o · 
slightly calcareous. Faint laminae; some faint: streaked· 

' bedding _in lower foot. Irregular thick parting;· con• 
_choidal to irregular fracture. · A thi1;1 .white aDd sfrty 
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·From. 

585.0 

Sd6.0 

587.1. 

588.6 

589.6 

590.9 

592.2 . 

LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR ASSAY 
. . . . 

Quar:ter-:-core samples from Occidental Oil Shale, Inc. 
corehole LW-:156 (Con.) 

To 

586.0 

587.1 

588.6 .. 

589.6 . 

Description _ , . 
. to brownish-gray and earthy stringer at 582 .1 •. Abundant 
. fine col.lapsed cavities. at 582.4 -·582.5. A 2-inch 

Vl.lg with fine radiating platy boxworks·at582.5·~· 582.6. 
Occasional high- to low-angle natural fractures. · 

Sample of oil shale with abundant fine collapsed 
cavities from 582.4- 582.5 feet: .x:...ray- dolomite~ 

. quartz, calcite, feldspar~ pyrite, Ug-siclerite. 
Oil shal,e: ·Medium to rare dark grayish brown,· dolomitic'. 
.Faintly lamina~ed. ~li~;ShLly irre~ular to irt'agula.r thi·ck 

·.parting; slightly conchoidal fracture. }rost:ly irregular 
.core pieces with medium- to high-angle fractures. Rare 
calcite crusts on fractur.e. surfaces. · 

Rubble: Medium to. some dark grayish-brown oil shale, 
dolomitic. · Some very fractured core pieces with nlilky 
white mineral patches. Some pieces with very abundant 
fine partlY collapsed cavities. · 

Oil · shale: Medium to dark brownish, gray, .dolomitic. Faint 
·laminae to very faint streaked bedding. Irregular to 

some regular ~hick parting; irregular ta conchoidal 
· fracture. Very irregular fractured core pieces in upper 
·half; rare- open sections of fractures. Few high- to low-· 
·angle fractures in lower· part. . · 

. . Oil shale: Medium· to spme dark brownisn gray and grayish · 
. brow; .calcareous to dolomitic. Very faint bedding. · 
Irregular .thick parting; irregul·ar to cortcboid:al frac.ture. ·. 
Nery abu~dant partly collapsed fine cavit.ies in. upper half 
foot. Small vugs w:l.th porous milky white mineral· fillings · 

·at 589.2. · · ~ ·. . . 
590.9 ·.·Oil sha1e: Medium to 4ark brownish gray; calcareous to 

dolomiU~. Very faint streaked bedding and 5ome l.~minae. · . 
. Mostly very fractured core pieces w1t'h some. partly- collapsed 
small vugs and fine cavities with calcite fillings •. ·Reason ... · 
ably good core contfnuity and sample split. · 

592.2 .. Oil shale: Medium to rare dark brownish gray and. grayish 
. brown;. dolomitiC to. ca.lcar.eous •. Very faint ,bedding, 
mostly obscured by very abunda11t partly collapsed· fine 
cavities. Slightly irregular to irregular thick par1;ing; 
slightly conchoidal to· irregular fracture.· Small vugs · 
with coarse boXworks and some pyrite at bottom. · 

592.8 Rubble: Oil shale, mostly like below. 
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From 
582.8 

594.0 
594.9 

599.9 

600.7 

601.7 

. . 
LITHOLOGIC DESCRIPTION OF S~~LES SUBMITTED FOR ASSAY 

Quarter-core .samples from Occidental Oil. Shale~ Inc. 
corehole LW-156 (Con.) 

-594.0 

594.9 
599.9 

600.7 

601.7 

602.5 

Description 
Oil -shale: Medium to rare dark brownish g~:ay; dolomitic 
.·to" calcareous. Very faintly streaked and laillinated .• 
Regular to irregular thick to rare medium parti,ng; very 

. irregular and some coarse haclcly fracture. Abundane 
irregular tight discontinuous·fractu-res in upper part:~ 
Abundant fine partly collapsed cavities and few·small 
vugs with boxworks ·in lower half foot •. 

Rubble: - on shale as above. and below.-
Oil shale: · Medium to dark brownish gray; dolomitic to 
sl'ightly calcareous. · Very faintly bedded to faintly 
laminated. Irregular to rare regular thick partiug; . 

. slightly to· moderately conchoidal and rare irregular·· 
fracture~ Part of a 1,.;. to2-inch vug at 595.1 and part 
of l-inch vug with coarse platy box-WOrks at 597.7. ·. · · · 

. Irregular broken core pieces in upper 0.8 foot. A th~ 
tan: silty stringer at 598.1. Natural (?) vertical. fracture 
in lower foot. Uneven sample split_becauseofoff-center 
sawing and _fractured core. . . . ... . · · . . . 

Oil. shale: Medium and rare dark grayish brown to some tan;. 
·dolomitic. Moderately distinct to faint laminae. Sl~htly 
irregul9t· to· irregular thick parting; slightly i:rregular 

. fracture.· . Two natural high-a~gle fra.ctures .intersect:lng. 
at about 90°. extend thru interval; fine .patchy mineral . 
crusts on one fracture~ · · ... · · · . · ... · · . .. . · . · 

Oil shale: Medium grayish brown. and some dat:k brownish 
gray, dolomitic. Very faintly bedded to $lssive; becOming 
faintly laminated near· bottom~ Irregular .t.o. sli'ightly 
irregular thick parting; irregular and conchoidal fracture. 
Some veryfine collapsed cavities with pyrite and rarely 
with vitreous black bitumen specks,. · . · . 

· Oil shale: · Medium and rare dark. brownish gray • dolOIIit.lc ~ 
Very faint. very fine laminae and streaked bedding.- Iueplar 

. thick parting; irregular· to conchoidal fractut:e. · Some. · 
· tight collapse breccia with bitumen-filled fractures. A · 
. fine buff silty and earthy tuff stringer at 60.2.1. 

· 602.5. • · . 603.1 · .. Oil shale: Medium to dark broWnish· gray. dolomitic~ Faintly 
laminated. Regular to irregular thick parting; slightly · 

. irregular and conchoidal fracture... . 

. . . . 
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. 603.1 

603.6 

604.4 

605.3 

606.0 

606.8 

607.4 

608.1 . 

. . . 

LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR ASSAY. 

Quarter-core samples from Occidental Oil Shale:. ~nc. 
· corehole LW-156 (Con.) 

To 
603.6 

604.4 

605.3 

G06.0 

606.8 . 

607.4 

608.1 

609.5 . 

. Description 
Oil shale: Like· 60L7 - 602.5~ . Mostty rubble of bitumen• 
filled collapse breccia. 

Oil shale: · Medium and rare dark brownish gray, dolomitic. : 
· Faint very fine regular to discontinuous laminae and some· 

very faint streaked bedding. Irregular thick part~; 
irregular to .. slightly conchoidal fracture. A tight :natural 
vertical fracture at 603.7- 603.9 •. A fine light ·bro~sb­
gt:ay to ·buff e:ilty bf.oti.t!ic tuff ·at 603.95. 

Oil shale: Dark t~ medium brownie:h gray j dol,m1.tic •. Mo~er-· 
ately distinct ~.treaked bedding; small Z-shaped .. fold at 
604~7. ·Irregular to slightly irregul~r thick parting; 
slightly conchoidal and irregular fracture. (Break in 
core continuity ~t: bottom.) . 

Oil chala: MPiiinm grayish brown in upper part to med:J.um­
dark brownish gray in lower part~- Faint very. fine ·dis.­
continuous to regular laminae. . Irregular to regularc thick 
parting; irregular to slightly coricoidal fracture. Natural. 

··vertical fracture with dark varnish-like coatings in -upper 
half. 

Oil shale.: Medium-dark brownish gray in upper part to dark 
.brownish gray and black in miQdle to medium and some dark 
. grayish brown in lower part, dolomitic. Faint very fine · 
slightly inclined laminae in upper part; massive in middle; 
faint to. moderately distinct streaked beddi~ in lower part. 
Irregular thick parting; irregular to conchoidal fracture .• 
Few very short tight bitumen-coated fractures at 606.2. 

Oil shale: Mediu,m to rare dark brownish gray and grayish­
brown,· dolomitic •. Faint to rare moderately distinct'· dis-.· 
continuous laminae and streaked bedding; ·bedding incl.in,ed 
about 200 - 25°, becoming wavy in lower part. Irt;egul~r ·. 
thick parting; irregular to conchOidal fractuJ;e.: · Ecv·· f~u.. 
gray pyritic streaks at 607. 2. · · ·· 

Oil shale: Medium to some dark brownish gray, dolOUiitic. 
Moderately distinct contorted to fairly regular st~E!ilbd 
bedding. Irregular parting and fracture. (Break i~, C::ore: 
continuity; 605.3 - 608,1 might be upside down.) . 

Lean oil shale and. ~ilty marlstone: Light and -rare :me<Jicim .· 
brownish gray to ·buff, dolomitic. Faint very fine reglilar 
laminae to very faint streaked bedd·ing. 'Irregular. f~ac~ ': 
tured ·core ·pieces in upper half; rubble· in.lower ha-lf;.· 'very 
lean oil shale at top of solid core to base. A ·sma11.piece.~'. 
of b'itumen-filled collapse breccia at 608 .6. · · · '· 
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From 
609.5 . 

610.8 

612.5 

613.1 

613.5 

616.5 

617.8 

6i9·0 

. . . . 

LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR ASSAY 

. Quarter-core samples from Occidental Oil. Shale 11 Inc.· 
corehole UJ'-156 (Con.) 

To 
610.8 

612.5 

613.1 

. 613.5 

616.5 

617.8 

619.0 

620.0 

Description · 
·Oil shale: ·Medium and some dark brownish gray ~o grayish. 

brown;. clolomitic to slightly calcareous. Fain~ fine to 
thin laminae. Irregular thick parting; slightly to mod• 
erately conchoidal and irregular fracture. Regular 
natural (?) vertical fracture from· 609.9 to 610.8. A 
fine buff-white ·silty tuff stringer. with abundant.bioti.te. 
(and hornblende?) at 610.7. 

Sample of medium brownish~gray oil shale from 610.0 
,feet: X-ray - dolomites calcite 11 feldspar, quartz 11 

. analcime. . 
. Oil shale: Dark brownish grays slightly calcareous. Very 

faintly laminated. Irregular to slightly irregular thick 
parting; slightly to moderately conchoidal fracture. Very 
fine vitreous black organic streaks at 611.2 and 612 .1. · 

Oil shale: Medium-dark brownish· gray, dolomitic. Very 
·faint bedding obscured by abundant fine buff specks. 
·Slightly to moderately irregular thick parting; irregular 
fracture. 

Sample of. oil shale with abundant fine buff specks 
from 612.6 feet: x.:.ray - dolomite. quartz• calcite. 
feldspar, · anal.cime. 

Oil shale: Medium grayish brown; dolomitic to calcareous • 
Very faintly bedded. A 1 1/2-x 2-inch vug filled with 
vitreous black. bitumen at 613.3 - 613 .4; contains <!lbundant 
broken oil shale boxworks fragments. 

Oil shale: Dark to medium brownish gray and grayish brown; 
slightly calcareous to dolomitic. Very faintly lamina~ed. 
Irregular thick parting; conchoidal to irregular fracture. 
Some fine lacy bitumen-filled fractures at 614.4. A fine 
zone of abundant buff-white specks at 614.55. 

Oil shale: Medium and rare dark grayish brown to some tan11 

dolomitic. Faint to moderately distinct lamiilae. Irregular 
thick to rare medium parting; moderately to slightly 
irregular fracture. Rare fine dull black lenses and s~reaks. 

Oil shale: Medium to dark brownish gray, dolomitic. 
Faintly laminated. Irregular to some regular thick tQ rare · 
medium parting; ·slightly irregular and conchoidal fracture. 
Rare fine black streaks and lenses. 

Oil shale: Dark to medium brownish gray and some buff. 
dolomitic. Faintly laminated; distinctly interbedded with 
thin to l-inch layers of buff. silty marlstone at 619.05 · 
and ~19.4- 619.7; small loop structures at 619•5. Irregular 
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From 

620.0 

620.8 

621.0 

623.3 

. LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR ASSAY 

Quarter-core ·samples from Occidental on ~hale, Inc. 
corehole LW-156 (Con.) 

To Description : 
thick parting; slightly to moderately conchQidal f~ac­
ture.. Few fine to thin blac~ .streaks. 

· .Sample ~f oil shale with thin bla.ck streak from 
. 619.3 feet: X-:-ray.- dolomite, quart.z;. feldspax .• 
calcite. 

Sample o.f buff siltt marlstone from 61:9~6 feet. 
X-ray - quartz; dolomite, feldspar:,. calcite. 

620.8 Oil shale.: Medium ·to rare dark grayish brown and browni·sh 
·grAYI dolom.it:ic to a].i.ghtly calaareoYI.. ·tioderateiy. 
distinc't laminae in upper part to· very ·faint bedding in 
lower part. Irregular to slightly i~regular·thick 
parting;· slightly to moderately conchoidal·fracture. 

·Rare fine black·streaks. 
621.0 Oil shale:· Dark brownish gray· to· black, dolomitic. ·Faint . 

streaked bedding. Natural (?) vert.ica.l fracture thru. 
interval. 

622.0 Oil shale: ·Medium to medium-dark brownish gray; dolomitic. 
to calcareous; Very faintly streaked and, laminated to 
massive. Conchoidal. parting;· slightly to moderately· 
conchoidal· fracture. · 

Sample of massive brownish:-gray oil shale from 
621.3 feet: X-ray ~ dolomite, quartz, calcite, 
feldspar, pyrite, analcime •. 

. 623.3 Oil shale: Massive. brownish-gray oil shale as above wi.th· 
irregularly streaked to regularly laminated layers of· 

"dark brownish-gray to black oil shale at 622.0-622.07, 
622.13-622.24, 622.47~622~59, 622.73-622.79, 622.88-
622.90, and. 623.0-623.3. Sh~rp irregular contact .. between 
black oil shale and light brownish-gray oil shale at 
bottom. Conchoidal to irregular thick to rare medium 
parting; conchoidal to irregular· fracture. . · 

635.0 Oil shale: Medium to some dark and light brownish gray; 
slightly calcareous to dolomitic. Distinct to some faint 

. laminae; some fine loop structures and displacements. 
MOderatefy to slightly irregular thick tO rare medium . 
parting; moderately to slightly irregular and conchoidal. 
fracture. Rare fine black streaks and lenses (like 619 .. 3. 
feet). Rare fine to thin pyrite streaks. Fine buff to 
white silty and earthy tuff stringers at 628.1. 628.8, 
and 630.9. · · 
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.From 
635 •. 0· 

'636.2 

638~3 

638.8 

639 .• 8 

.640. 3 

642.3 

LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR.ASSAY 

. ·Quarter.:Ocore samples froni Occidental Oil ·shai.e,. Inc.: 
.corehole LW-156 (Con.) 

To 
636.2 

638.3 

638~8 

639.8 

640.3 

642.3 

642 .. 9 

·nescription 
Oil shale: Medium to light and rare dark brownish gray;. 
dolomitic to s.+ightly calca.reous. Distinct tQ faint 
laminae;. some very .fine loop s'tructures and displacements. 
·Irregular tQ regular .. thick .parting; slightly irregular 
and conchoidal fracture. Rare very fine pyrite streaks. 

Sample of finely .lamin~ted.me4i1,111l to light oil. 
shale ·from 635.4 feet: ... x~ray - dolo~ite, feldspar, 
quartz, calcite; illite~ pyrite.· ·. . 

Oil shale: Medium and some light. to :fare dark brownish 
·gray; ·slightly calcareous· to dolom$,-t;Lc. · Mo~era~ely · · 
'distinc.t to faint regular to discontinuous laminae •. 
Irregular to regu,lar thi~k parting; sl~ghtl.y to moderately 

. .-irregular ·fracture. A smalt' dense brownish-.gray lens 
·at 636.6. 
Oil shale:. Medium-dark brownish gray, dolomitic. Very 
'faintly bedded. Conchoidal parting and fracture. A 
.fine. vermiform pyrite stringer at 638.4. . 

Oil shale: .Dark and some medium brownish gray to black; 
some satiny to resinous luster in lower part; dolomitic. 

· Faintly. laminated. Irregular to slightly irregular 
thick parting; irregular and rare slight to. coarse 
hackly fracture. ·A very fine radial platy crystal mass 

·on parting surface at 639.0 (possibly searlesite). Very 
small brownish-black silty coprolite at·6l9.1 •. Irregular· 
parting surface with fi.Jle striated .vitreous. black organic 

.crust near bottom. . 
Oil shale: Dark to medium and rare light brownish gray; 
· slightly calcareous to dolomitic. ·Faint to some distinct 

laminae.. Irregular to regula·r thick. parting; conchoidal 
fracture. 

Oil shale:. Medium to some dark and light brownish gray; 
dolomitic to slightly· calcareous. Fairly .distinct to 

.some faint laminae; some fine loop structures and displace­
ments. Moderately to sl:i,ghtly irregular thick parting; 

··.irregular and conchoidal .fracture. Rare very fine pyrite 
streaks. · · 

Oil shale: Medium to light and rare dark brownish gray, 
dolomitic. ·Faint to moderately distinct laminae; 
distinctly laminated with buff silty marlstone (like 

.619.6 feet) at 642.4-642~6~ A fine buff silty tuff. 
lamina at 642.75. Slightly irregular thick to mediua 

:parting; slightly conchoidal fracture. 
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From 
642.9 

643.7 

644.6 

645.6 

646.6 

649.0 

651.0 

· LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR ASSAY 
Quarter-core samples from Occiden.tal Oil Shale, Inc •. 

corehole. LW-156 (Con.)·· 

To 
.643.7 

644.6 

645.6 

646.6 

649.0 

651.0 

652.0 

Description 
Oil shale: Medium brownish gray; dolomitic to calcareous. 
·Faint very fine laminae; some fine displacements. Moder­
. ately to slightly irregular thick parting; slightly 
conchoidal to irregular fracture. . 

Oil shale: ~ledium. broWilish gray in upper part. to medi\ll& 
and dark in lower part; dolomitic to calcar·e9us~ Faint 
to fairly distinct laminae. Regular to irregular thic:k 
parting;. conchoidal fracture. A 1 1/2-inch massive 
brownish-gray dolomitic mudstone ban<l. at· 643. 9-~ 

. Oil shale!· Dark aml rare medium .brow'nillil& gr~y t'n black;·· 
some satiny to resinous luster~ dolomitic. Faintly · 
laminated to very faintly bedded. Regular to some . 
irregular thick tb rare medium parting; irregular to· 

. conchoidal fracture. ·High-angle fractures w.tth very fine . 
calcit~ crust·s and sparse ve.r:y fine pyrite thru interval·. 

Oil shale: Dark to medium brownish gray; slightly cal~ 
careous to dolomitic. Faint streaked bedding to massive. 
Thick conchoidal parting; cqnchoidal fracture. Thin 
to fine irregular buff-white qt~artz str~aks with some 
bitumen impregnations near bottom. 

Oil shale: Medium. to rare dark brownish gr~y and grayish 
brown; moderately to slightly calcareous. Faint. to 
moderately distinct fine to thin laminae. Moderately to 
slightly irregular thick parting; conchoidal fracture. 

Oil shale: Medium to light and rare dark brownish gray; · 
slightly calcareous to dolomitic .• · Faint to moderately· 
distinct discontinuous to regular laminae. Slightly to 
moderately irregular thick to medium parting; slightly · 
to moderately conchoidal fracture. Thin· to f:i .. n.e st-reaks 
of fine-grained marcasite at 649.1 and 649.3. {About 
a half foot 'of rubble at 6.49.1 is in eJCcess of a full: 
length of solid core.) 

Oil shale and marlstone: Medium to light. b-rowni_sh g:ray . 
and buff; some dark brownish-g-ray laminae and bands in 
lower half; slightly cal.careous to dolomitic. Faint to 
disti~ct. laminae and some bands; rare fine loop str~ctu-res 
and displacements. Irregular to regular thick and rare 
thin parting; slightly conchoidal to irregular fractUr-e. 
A thin light buff silty arid earthy tuff lamina with very 
fine dark specks at 651.3. Co~only silty in lighter· · 
parts. 
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. From 

652.0 . 

·. 654.2. 

656.3 

659.8 

662.1 

. . .. . . . . . 

LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR ASSAY 
Quarter-core samples from Occidental Oil Shale, Inc. 

corehole LW-156 (Con.) 

To Description . 
·Sample of buff marlstone from 651.4 feet: X-ray -

dolomite, quartz, feldspar, analcime, calcite. 
654. 2 Oil shate: Medium to dark brownish gray in upper part; 

dark and rare medium in lower part; calcareous to dolomitic. 
Very faintly laminated; some massive zones in upper . 
part. Irregular to conchoidal thick parting; conchoidal. 
frscture. 

Sample of dark brownish-gray oil shale from 654.0 
feet: -X-ray- dolomite, calcite, quartz,analcime, 
_feldspar. · 

· 656.3 Oil shale: Medium to dark grayish brown; some tan and 
r:are b~ff in lower part; moderately to slightly calcareous. 

_Faint to distinct laminae; some fine loop structures 
· . in lower. part. Irregular to conchoidal thi.ck parting; 

conchoidal. to regular fracture. A very thin tan-buff 
dolomitic mudstone lamina near top and a fine to thin 
irregular stringer at 655.05. Very fine gray silty 
streaks at 656.0. 

·659.8 Oil shale: Med-ium and rare dark brownish gray to light 
brownish gray and· some buff; slightly calcareous to 
dolomitic. Distinct to riue faint laminae; abundant fine 
loop structures and displacements in some parts~ 
Irregular to slightly irregular thick parting; slightly 
to moderately conchoidal fracture. Rare fine to .small. 
gray pyritic streaks and lenses. A very t:hin buff-white . 
silty tuff with veryfine.dark specks at 656.7; fine 
streaks and lenses at 656.8 and 656.9. 

Sample of oil. shale with fine pyritic streaks and 
lenses from 658.5 feet: X-ray - pyrite, dolomite,. 
quartz, feldspar, marcasite~ calcite. 

662.1 Oil shale: Medium and rare light grayish brown iri up.per · 
part_to medium and rare dark in lower part, dolomitic• 
Moderately distinct to faint very fine laminae; some fine 
loop .structures. Irregular to regular thick parting; 
conchoidal to regular fracture. Rare small gray pyriti.c 
lenses~ Fine buff -tuff streaks at 660.4. 

·. · 6.63 .J .. Oil shale:.. ~led_ium grayish brown in upper part to dark 
br_ownish gray in lower part; dolomitic to calcareous. 

_Faintly laminated. Slightly to moderately irregular 
thick.parting; slightly to moderately conchoidal fracture. 
A very fine gray tuff layer near top; thin grayish-brown 

. bic)titic tuff stringer at 662.4. · · · · 
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From 
. 66~ .1 

665.3. 

666~6 

5 667.6. 

669.6 

LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR ASSAY 

Quarter-core samples from Occidental Oil Shale, Inc. 
corehole LW-156 (Con.) 

To 

665~3 

.666.6 

667.6 

669.6 

. 670.5 

Description· 
Oil shale: Dark and. rare med;ium brownish ·gray; some black 
in lower part; slightly. calcareous to.· dolomitic. ·. Faint:ly 
laminated; very faintly ·bedded in. lower 0.4.foot. Ir-.· 
regular to slightly irregular thick parting; irregular· 
and rare hackly fracture. Fine browni.sh-black bitume~ 
s.tained tuff lenses at 663.2 and a 1 1/4:-illch brow 
stringer at 663.9. Abrupt chang~ to leaner oil sha:le at 
bottom .• 

Sample of dark browia Jii·tring~r fr"m 663-9. feet 1 

X-ray.- analcime,· quartz, feldspar, do.lom;lte •. 
calcite·. · · · 

ou shale: Medium to some dark grayish bro~. and browish 
sray; iillightly to modetately calcareous.. Model"at·ely · 
distinct to faint regular to disco.ntinuous· laminae. 

·SlightlY. to moderately irregular t.hick parting; conchoidal 
to· regular fracture. Rare fine,black streaks and.len~es 
(coprolites?). · 

· Oil shale: Meclium an4 rare dark browis.h gray to tan aDd 
rare buff, calcar.eous. ·Faint to distinct laminae; some 

· fine loop structures and displacements.. Moderately to 
slightly irregular thick parting; slightly. to moderate1y 

.conchoidal fracture. 
Oil shale and some marlstone: Medium and ra-re dark 

brownish.gray to buff; slightly calcareous to 4olomitic. 
Moderately distinct to distinct laminae;. some fine loop · 
structures~ Regular t'o irregular t1tick part.ing; slightly 
conchoidal fracture. · · · 

Oil shale: Dark to medium brownish gray; slightly cal-:-· 
· careous to dolomitic. Faintly laminated. Moderately ..• l:o 
slightly irregular thick parting; regular to conchoi4~ 
fracture. Rare very fine pyrite streaks. A thin pinCh~ 
and-swell dark brownish-gray tar-.stained silty pyritiC 
stringer at 669.05. . .. 

Oil shale: Medium to some dark and.· light bro~ish gray • 
dolomitic. Moderately distinct to some faint· laminae;. · 
some very fine displacements and loop structures. . 

· Slightly irregular thick parting; slightly conchoidal 
fracture. Very fine light gray biotitic tuff streaks·. 
at 669.8 and 670.1.. 
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From 
670.5. 

·670~ 8 

672~0 

672.2 

. 675.0. 

. 676.·0 

- 676 • ., 

LITHOLOGIC DESCRIPTiON OF SAMPLES SUBMITTED FOR ASSAY 

Quarter-core· samples from Occidental Oil Shale, Inc~ 
. corehole LW-156 (Con.) 

To. 
670.6 

672.0 .. 

·672. 2 

675.0 

676.0 

676.7 

. . . 677.3 

Description 
Marls tone: Burf. to light and. rare medium to dark brownish 
. gray;· slightly to moderately calcareous. MQderately 
distinct to faint laminae. Irregular. thick part.ing; 

·conchoidal fracture. . . · · . . . 
Oil shale: . Medium .to dark brownish gray; sl.ight:ly cal-
. careous to dolomitic; Faintly laminated. · Irregular to 
slightly irregular thick to rare medium part·ing; .slightiy 
conchoidal to irregular fr~cture. · Fine buff silty tuf( 
streaks at top. 

Tuff: Medium to light browish ·gi:~y; sil~y to very fine 
sandy textured; .slightly dolomitic (slightly hyd~ophob1e. 
in upper part). Faintly variegated~ grading. from medi\llil 
brownish ·gray in upper part to. light in· lower· part. 
'Sharp slightly wavy .. to regular contacts with oil shale 

.above and below. Abun9ant very fine hornblende and 
biot:ite near bottom. · 

··Sample of. tuff (including some adjacent oil shale· 
from 672 •. 2 feet: X-ray - Na-feldspar, quartz, 
analcime, dolomite, biotite, calcite. 

'Oil shale: Medium and dark brownish gray in upper part to 
.medium and some light in lower part, dolomi.tic. Faint 
laminae, becoming moderately distinct in ],.owe'r .part; 
rare fine. loop structures and displacements. !~regular 
to slightly irregular thick to rare medium parting; 
irregular to slightly conchoidal fracture. A !lery fine 
light gray biotite tuff lamina at 672.3. 

Marls tone and oil shale: · Buff to medium avn4 rare dark 
brownish 'gray, dolomitic.. Distinct to fainlt laminae; rar.e 
fine to 1/8-inch loop struct~res. Regular to irregular 
thick parting; slightly conchoidal.to some.,irregular 

··fracture. 
Oil .shale: Very dark ·brownish gray in upper part .to mediUIIl 
in lower part, dolomitic. Very faint streaked bedding 
to faint discontinuous laminae. Slightly to moderately·. 
irregular thick parting; slightly ·.to moderately irregu1ar · 
fracture . 

Oil shale: Dark brownish gray to black; rare satiny· 
luster; dolomitic. Very faintly laminated. Irregular 
thick parting; slightly hackly to slightly irregular· 
facture •. Some very fine gray tuff· streaks in upper half;· 
Al/4-inch dark grayish-brown pinch-and-swell tuff.at 676.9~ 
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From 
677.3 

678.1 

681.8 

682.9 

684.0 

686.9 

688.0 
688.8 

LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR ASSAY 

Quarter-core samples from Occidental Oil Shale, Inc. 
corehole LW-156 (Con.) 

To 
678.1 

681.8 

682.9 

684.0 

686.9 

688.0 

688.8 
689.3 

Description 
Oil shale: Medium and some dark to rare light brownish 
gray; dolomitic to slightly calcareous. Faint to moder­
ately distinct laminae; some fine loop structures and 
displacements. Moderately to slightly.irregular thick 
parting; slightly to moderately conchoidal fracture. 

Sample of oil shale from 677.7 feet: X-ray­
dolomite, calcite, quartz, feldspar, analcime. 

Oil shale: Medium to light and rare dark brownish gray, 
dulvmll:i•.:, MntiPrntcly distinct to snme fa.int laminae; 
abundant fine loop structures and displacements. 
Irregular to slightly irregular thick parting; slightly 
to moderately conchoidal and irregular fracture. Thin 
gray pyritic streaks at 680.0 and 680.8. 

Oil shale: Medium to dark brownish gray, dolomitic. 
Faintly laminated. Moderately to slightly irregular thick 
parting; moderately to sl·ightly irregular fracture. A 
very thin dark brownish-gray tar-stained tuff stringer at 
681.85; rare fine tuff streaks elsewhere. 

Oil shale: Dark to rare medium brownish gray and rare 
black, dolomitic. Faintly laminated. Irregular thick 
parting; irregular fracture. 

Oil shale: Medium to some dark brownish gray, dolomitic. 
Faint to rare moderately distinct laminae; rare fine loop 
structures and displacements. Irregular to slightly 
irregular thick to rare medium parting; irregular to 
conchoidal fracture. 

Oil shale: Dark to rare medium brownish gray and rare 
black; rare satiny to resinou~ luster in lower part; 
dolomitic. Faintly laminated. Irregular to fairly 
regular thick parting; conchoida't to slightly irregular 
auJ some slightly hackly fractur~. 

Sample of dark brownish-gray oil shale from 687.6 
feet: X-ray - dolomite, quartz, feldspar, calcite, 
illite, analcime. 

Missing. 
Oil shale: Dark to some medium brownish gray, dolomitic. 

Very faintly streaked to faintly laminated. Fairly 
regular to irregular thick parting; slightly conchoidal 
fracture. 
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From 
689.3 

692.0 

705.0 

LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR ASSAY 

Quarter-core samples from Occidental Oil Shale, Inc. 
corehole LW-156 (Con.) 

To 
692.0 

705.0 

710,0 

Description 
Oil shale: Medium to some light and dark brownish gray, 
dolomitic. Faint to some distinct laminae; some fine 
displacements and loop structures. Irregular to slightly 
irregular thick parting; slightly to moderately conchoidal 
fracture. Thin gray pyritic streak at 691.4. 

Oil shale: _ Medium and dark brownish gray, dolomitic. 
Faintly laminated. Moderately to slightly irregular thick 
to rare medium parting; moderately to slightly conchoidal 
fracture. A 1/2-inch white silty biotitic tuff laced 
with very fine oil shale stringers at 694.2. A J/4-inch 
pinch-and-swell tan silty and earthy tuff at 694.8. 
A thin pinch-and-swell dark brownish-gray pyritic tuff 
at 695.6. Sparse very fine pyritic streaks and dissemin­
ated crystals from· 695 to 697. A 3/4-inch medium to 
light brownish-gray laminated dolomite band at 703.9. A 
thin dark brownish-gray silty tar-stained tuff at 704.55. 

Sample of white tuff from 694.2 feet: X-ray -
Na-and K-feldspar; some hornblende, biotite. 

SAmple of tan tuff from 694.8 feet: X-ray - Na­
feldspar, quartz., analcime, dolomite, calcite, 
biotite, hornblende. 

Oil shale: Medium and some dark ui.'Ownish gray, dolomitic. 
Faint to rare moderately distinct laminae. Regular to 
rare irregular thick to some medium parting; slightly to 
moderately irregular and conchoidal fracture. Occasional 
very fine gray to buff silty pyritic streaks and laminae. 
Abundant very fine disseminated pyrite (or pytrhotite?). 
in some parts. A 1/2-inch. very light gray biotitic tuff 
·at 707.8; fine dark gray pyritic layer at top. A 1/8-inch 
dense gray layer with some very fine pyrite at 708.3. 
A 1/2-inch buff laminated dolomite band at 705.5. 

Sample of oil shale with .very fine disseminated 
pyrite from 707.4 feet: X-ray- dolomite, calcite, 
quartz, feldspar, analcime., illite. 

Sample of very thin gray layer from 708.3 feet: X~ray -
dolomite, analcime, feldspar, quartz, marcasite, 

fluorite, hornblende, biotite. 
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From 
710.0 

712.0 

713.5 

715.9 

717.0 

719.3 

LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR ASSAY 

Quarter-core samples from Occidental Oil Shale; Inc. 
corehole LW-156 (Con.) 

To 
712.0 

713.5 

715.9 

717.0 

719.3 

720.3 

Description 
Oil shale: Dark to medium brownish gray, dolomitic. 
Faintly laminated. Regular to slightly irregular thick 
to some medium parting; irregular to slightly trregular 
fracture. 

Oil shale: Medium and some dark brownish gray, dolomitic. 
Faintly laminated. Regular to rare irregular thick to 
some medium parting; slightly to moderately irregular and 
rare hackly fracture. 

Oil shale: Meulum and rare dark broWP1~h gray, dolomitic. 
Faintly lamina ted. Slightly irregular thick to some 
medium parting; moderately to slightly irregular and rare 
slightly hackly fracture. Some very fine pyritic streaks 
in 1.1ppP.r part, becoming sparse in· lower part. 

O:i 1 ~=;hale: Dark brownish gray to some black; rar~ satiny 
to resinous luster; dolomitic. Faint very fine laminae 
and some streaked bedding. Slightly irregular to regular 
thick to rare medium and thin parting; irregular and 
slightly hackly fractures. Some very fine disseminated 
pyrit~ in upp~r part. A thin grayish-hrown silty biotitic 
tuff at 715.95. 

Oil shale: Dark to medium brownish gray, dolomitic. Faint 
to rare moderately distinct laminae. Regular to slightly 
irregular thick to some medium parting; slightly to 
moderately irregular and rare hackly fracture. Abundant 
very fine disseminated pyrrhotite blebs and streaks. Small 
to l-inch gray-buff silty tuff lenses at 718.6. 

Oil shale: Dark and some medium brownish gray to some 
bl:=~.ck, dolomiti<;:. Faint laminae to very faint very fine 
streaked bedding. Regular to some irregular thick to 
some medium parting; moderately to slightly laminae and 
some very falnt very fine atreaked bP..dding; very rare fine 
loop structures~ Irregular to regular thick to rare medium 
parting; slightly to moderately irregular fracture. 
Abundant very fine pyrrhotite(?) in upper part. A very 
thin brownish-gray tar-stained silty tuff lamina at 725.15. 
A fine gray pyritic lamina at 725.2. A fine tight silty 
brownish-gray lamina with some pyrite at 725.3. 

Sample of medium brownish-gray oil shale from 725.4 
feet: X-ray- dolomite., quartz,· calcite, analcime, 
feldspar, illite. 
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From 
720.3 

724.5 

725.0 

727.1 

LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR ASSAY 

Quarter-core samples from Occidental Oil Shale, Inc. 
corehole LW-156 (Con.) 

To 
724.5 

725.0 

727.1 

728~1 

Description 
Oil shale: Medium and some dark to rare light brownish 
gray, dolomitic. Faint to rare moderately distinct 
laminae. Regular to some irregular thick to some medium 
parting; irregular to fairly regular and rare coarse 
hackly fracture. Abundant very fine pyrrhotite(?) 
blebs and streaks in upper part, becoming spars~ in 
lower part. Rare fine gray silty pyritic tuff laminae 
and streaks. 

Oil shale: Dark and rare medium brownish gray to some 
black, dolomitic. Faint and rare moderately distinct 
laminae; rare small loop structures. Regular to irregular 
thick parting; moderately to slightly irregular fracture. 
Abundant very.fine pyrite and/or pyrrhotite blebs and 
streaks. A very fine pinched out dense brownish-gray 
pyritic lamina at 724.95. 

Oil shale: Medium to some dark and rare light brownish 
gray; dolomitic to slightly calcareous. Faint to some 
moderately distinct laminae and some very faint very fine 
streaked bedding;· very rare fine loop structures. 
Irregular to regular thick to rare medium parting; slight­
ly to moderately irregular fracture. Abundant very fine 
pyrrhotite(?) iu upper part. A very thin dark brownish­
gray tar-stained silty tuff lamina at 725.15. A fine gray 
pyritic lamina at 725.2. A fine tight silty brownish­
gray lamina with some pyrite at 725.3. 

Sample of medium brownish-gray oil shale from 725.4 
feet: X-ray - dolomite, quartz, calcite, analcime, 
feldspar, illite. · 

Oil shale: Medium to light and some dark b+ownish gray, 
rare buff; dolomitic to very slightly calcareous. Distinct 
to some faint laminae; rare fine displacements. Slightly 
irregular to regular thick to some med~um parting; slightly 
irregular fracture. Abundant very fine disseminated black 
flecks and pyrrhotite in some parts. A very fine gray 
siliceous lamina at 7'27.6. Rare fine gray pyritic 
streaks near bottom. 

Sample of very finely laminated dark to light brownish 
gray oil shale from ·727.5 feet: X-ray- dolomite, 

quartz, calcite; feldspa·r, illite, analcime. 
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from 
728.1 

729.1 

730.5 

731.5 

735.2 

LITijOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR ASSAY 

Quarter-core samples from Occidental Oil Shale, In~. 

corehole LW-156 (Con.) 

To 
729.1 

730.5 

731.5 

735.2 

Description 
Oil shale: Medium to some dark brownish gray, dolomitic. 
Moderately distinct to faint laminae; some fine to small 
loop structures and displacements. Regular to some 
·irregular thick parting; slightly irregular and con­
choidal fracture. Abundant very fine black specks and 
pyrrhotite(?) in upper part. Rare fine gray pyritic 
streaks. A fine tight silty brownish-gray laminae with 
some pyrite at 728.95. 

Oil sha~e: Black to. dark brownish gray; common satiny to 
rcoinou!i;i and nn·A waxy luster; dolomitic. Faiully 
laminated to very faintly streaked. Irregular tu ,~gular 
thick to rare medium parting; irregular to slightly con­
choidal fracture. Thin to fine dark grayish-brown to 
medium brownish-gray very fine sandy to silty-textured 
tuff laminae interbedded with oil shale at 729.33-729.1•5; 
dark grayish-brown dense to silty tuff irregularly 
streaked with oil shale at 729.5-729.6. Some very fine 
pyrrhotite blebs in lower part. 

Sample. of dark to medium grayish-brown tuff with some 
interbedded waxy black oil shale from 729.34-729.41 
feet: X-ray - dolomite, feldspar, quartz, biotite, 
analcime, hornblende. 

Oil shale: Dark to some medium brownish gray; dolomitic. 
Thick faintly streaked dark zones alternating with lighter 
laminated zones.· Regular to irregular thick part~ng; 
irrPgnlar. fracture. Abundant very fine dis~eminated 
pyrrhotite(?) blebs and streaks. A fine brownish-gray 
pyritic tuff overlain by a thin brown dolomite lamina· 
near bottom. 

Oil shale: Medium to some dark a(td rare light brownbh 
gray, dolomitic. Faint very fine discontinuous to regular 
laminae. RPenlar. to rare irregular thic~ to medium part­
ing; slightly to moderately irregular and conchoidal 
fracture. Abundant very fine pyrrhotite blebs and streaks 
down to about 733.5. Two fine light gray· siliceous 
laminae at 734.05. Fine tar-stained black silty tuff 
lenses at 734.5. 

Oil shale: Dark brownish gray to rare·black, dolomitic. 
Faint very fine regular to discontinuous laminae. . Slightly 
irregular to regular thick to medium·parting; irregular 
'fracture. Abundant very fine disseminated pyrrhotite 
blebs. Rare fine· tight silty brownish gray laminae. 
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From 
736.6 

737.6 

739.8 
(NBS 1/1) 

740.3 

742.4 

LITHOLOGIC DESCRIPTION OF SAMPLES. SUBMITTED FOR ASSAY 

Quarter-core s~pl~s·fro~ Occid-ental Oil Shale, Inc. 
corehole · i.W-156 : (Con.) 

To 
737.6 

739.8 

740.3 

742.4 

743.6 

·Description 
Oil shale: Dark to medium brownish gray, dolom~tic. Faint 

to rare moderately _distinct laminae; rare small loop 
structures and· dispiac·ements. ·Regular to rare :.ir~egular 
thick parting; irregular to. slightly conchoidal fracture. 
Rare fine brownish-gray to gray silty laminae. Rare 
fine pyrite and/or-pyrihotite blebs. 

Oil shale: Medium and:rare dark brownish gray isome slight 
olive tint), dolomitic. Faint to rare moderat:ely distinct 
very fi_ne laminae; som~ fine low-angle displacements. 
Slightly irregular thick to rare medium parting; sliglitly 
to moderately irr.P.gnlr~r and conchoidal fracture~ Fine 
gray tight silty tuff streaks at 739.2 and 739~4. 

Sample.of slig~tly olive gray oil shale from 738.6 
feet: X-ray - dolomite, quartz, analcinie, feldspar, 
illite, calcite. . 

Sample of oil $hale with fine gray silty streaks 
_from 739.2 feet: ·x-ray -analcime, quartz, Na­
fel,dspar, pyrite, dolomite, smectite, hornblende. 

Oil shale: Medium- and rare dark brownish gray.: (some slight 
olive tint), dolomitic. Faint very fine discontinuous 
laminae. Slightly irregular to regular thick.to medium 
parting; regular to slightly irregular fracture. Abundant 
vP.ry fine di~seminated pyrrhotite and/or pyri-te il'l sum~ 
parts. A very fine pyritic lamina at 739.95 •. Some very 
fine biotite f,lakes. 

Sample of-oil shale from 739.9 feet: X~ray- dolomite, 
quartz, feldspar, analcime, illite, calcite, 
pyrrhotite. 

Oil shale: Medium slightly broWnish and oliv~ gray, dolomitic. 
Faint. very .f~n_e discontinuous to regular laminae. Regular 
to rare irregular thick parting; slightly to :~oderately 
irregular fracture. Abundant very fine disseminated pyrite 
or pyrrhot;ite in upper part, becoming sparse in lower part. 
Ra~e very fine dark gray silty laminae and streaks. 

Sample of oil. shale from-740.5 feet: X~ray -
dolomite,_ quartz, feldspar, illite, analcime, 
calcite. . 

Oil shale: Medium to. rare light and dark broWnish gray; 
some black laminae in lower 0.2 foot; dolomitic to slightly 
calcareous.· Faint to moderately distinct laminae; some 
very fine loop· structures. Irregular to regular thick 
parting; :slightly· to moderately conchoidal fracture. 
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From 
743.6 

744.6 

745.6 

752.0 

753.0 

LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR ASSAY 

Quarter-core samples from Occidental Oil Shale, Inc. 
corehole LW-156 (Con.) 

To 
744. 6. 

745.6 

752.0 

753.0 

754.2 

Description 
Oil shale: Dark brownish gray to black; some medium 

brownish gray in upper and lower parts; some satiny luster 
in middle; dolomitic. Moderately distinct to very faint 
lami~ae. Irregular to regular thick parting; regular 
to irregular and some slightly hackly fracture. Some very 
fine silty pyritic streaks and blebs in lower part. Few 
fine gray to brownish-gray silty tuff laminae. in lower 
2 inches. 

Oil shale: Medium to some dark brownish gray and rare 
black; slightly calcareous to dolumlLl~.:. Hodt!rntcly 
distinct t:o very faint laminae. Irregular to regular 

·thick parting; irregular fracture. Some fine buff earthy 
lenses in upper 0.4 foot, becoming sparse in lower part. 
A fiu~ brown silty tuff 13Illina at 744,7. 

Oll shale: Medium to rare light .<~nrl dark bt"ownish gray 
(some slight olive tint); some dark brownish gray at 
749.1-749.5 and 750.7-751.2; dolomitic. Faint laminae; 

·rare fine loop structures and displacements. Regular to 
some irregular thick to rare medium parting; moderately 
to slightly irregular fracture. Some very fine pyrrhotite 
blebs. Rare fine buff earthy lenses. A thin gray dense 
to fine-grained tuff layer at 746.9. 

Oil shale: Dark brownish gray to black; some medium in 
upper and lower parts; common satiny to resinous luster 
in middle; dolomitic~ Faintly laminated to very faintly 
bedded. Regular to some irregular thick to medium part­
ing; moderately to slightly irregular and slightly hackly 
fracture. Some very fine pyrite blebs and streaks in 
lower part. 

Sample of very dark oil shale from 752.7 feet: 
X-ray - dolomite, calcite, quartz, analcime, feldspar, 
apatite. 

Oil shale: Medium to some dark browni.sh gray and rare 
black (becoming slightly olive in lower part); dolomitic 
to calcareo·us. Faintly laminated. Irregular to ·regular 
thick to medium parting; slightly conchoidal to some 
irregular fracture. Rare fine buff to gray silty streaks 
in upper part.. A very small pyritic bleb at 754.05 •. Thin 
buff· silty biotitic tuff lenses at bottom. 
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From 
754.2 

755.2 

756.3 

757.5 

757.7 

758.3 

758.9 

LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR ASSAY 

Quarter-core samples from Occidental Oil Shale, Inc. 
corehol.e LW-156 (Con.) 

To 
755.2 

756.3 

757.5 

757.7 

758.3 

758.9 

759.5 

Description 
Oil shale: Medium to dark and rare light brownish gray 

(slightly olive on split surfaces that have been exposed 
a few hours); dolomitic to slightly calcareous. Faint to 
some moderately.distinct laminae; rare fine displacements. 
Irregular thick parting; conchoidal fracture. Thin gray­
buff marlstone laminae at .754.8, 754.9, and 754.95. 

Oil shale: Medium to some light and dark brownish gray 
(slightly olive); dolomitic to very slightly calcareous. 
Distinct to some faint laminae; rare very fine loop 
structures. Irregular thick to medium parting; slightly 
Lu muderately conchoidal fracture. Small dark brownish­
gray to medium gray silty pyritic tuff lenses at 755.6 
and 755.9. One-half to l-inch buff marlstone lenses in 
wrap-around oil shale laminae at 755.9-756.0. A very· 
thin buff-white biotitic tuff streak at bottom. 

Oil shale: Medium and rare light to some dark brownish 
gray, dolomit.ic. Mpdera tely distinct laminae in upper 
part to faint in lower part; rare fine loop structures 
and displacements. Irregular to slightly irregular thick 
parting; s1ightly conchoidal fracture. 

Oil shale: · Black, very slight sa tiny iuster, dolomitic. 
Very faint very fine streaked bedding. Slightly irregular 
fracture. Sharp regular contacts with leaner oil shale 
above and below. 

Oil shale: Medium to dark brownish gray and rare black, 
dolomitic. Faint and rare moderately distinct laminae to 
very faint streaked bedding. Slightly irregular to 
regular·thick to medium parting; irregular to slightly 
conchoidal fracture. 

Oil shale: .Black to very dark brownish gray; common satiny 
to resinous luster; .dolomitic. Very faint very fine· laminae 
and streaked bedding. Slightly irregular to regular thick 
parting; $lightly to moderately irregular and rare 
slightly hackly fracture. 

Sample of black oil shale from 758.7 feet: X-ray­
dolomite, quartz, calcite, feldspar, illite, 
analcime, apatite. 

Oil shale: Very dark to dark and rare medium brownish gray, 
dolomitic. Faintly laminated. Regular to irregular thick 
parting; slightly concho~dal to irregular fracture. 
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From 
759.5 

760.5 

764 .o 

764.9 

7.65-. 6 

769.8 

LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR ASSAY 

Quarter-core samples from Occidental Oil Shale, Inc. 
corehole LW-156 (Con.) 

To 
760.5 . 

764 .o 

764.9 

765.6 

769.8 

772.2 

Description 
Oil shale: Dark to medium brownish gray, dolomitic. 
Faintly laminated; rare very fine loop structures. 
Irregular to slightly irregular.thick to rare mediutii arid 
thin parting; slightly conchoidal to irregular fracture. 
Rare fine gray pyritic streaks and laminae. 

Oil shale: Medium to some dark and rare light brownfsh'gray 
(common slight olive tint), dolomitic. Faint to moderately 
distinct laminae; rare fine loop structures. Regular to 
rare irregular thick to· rare medium parting; slightly to 
moderately conchoidal and irregular fracture. A very 
fine black silty· pyritic lamina at 760.6. Occasional 
zones with abundant very fine pyrite or pyrrhotite 
specks. Rare very fine buff earthy lenses and streaks. 

Oil shale.: Medium to dark brownish gray; some black in 
upper 0.1 and lower 0.~ foot; rlnlnmitic. Faintly laminated 
to very faintly bedded. Irregular to regular thick to · 
medium parting; irregular fracture. A thin dark grayish­
brown silty pyritic tuff lamina at 764.7. A l-inch 
brownish-gray silty pyritic tuff with very fine wavy and 
slightly cross bedded oil shale stringers at bottom. 

Sample of brownish-gray pyritic tuff from 764~8-
764.9 feet: X-ray- analcime, quartz, dolomite, 
feldspar, calcite. 

Oil shale: Very dark brownish gray to black; common 
satiny to resinous luster; dolomitic. Very faint very 
fine laminae and streaked bedding. Regular to slightly 
irregular thick to medium and rare thin parting; slightly 
irregular to slightly hackly fracture. 

Oil shale: Medium to some dark and rare light brownish 
gray; slightly calcareous to dolomitic. Faint to 
moderately distinct laminae. Irregular to slightly 
irregular thick to rare medium parting; Uioderately to 
slightly conchoidal and irregular fracture. A thin to 
fine dark grayish-brown oil-s.tained tuff layer at 765.7 5; 
a fine pyritic lamina at 766.4. A 1/2-inch irregular 
light gray silty pyritic tuff at 766.9. 

Oil shale: Dark to some· medium brownish gray, dolomitic~ 
Faintly laminated. Irregular to slightly irregular thick 
parting; moderately to slightly conchoidal and irregul~r 
fracture. Thin to ·fine black tar-impr.egna ted silty tuff 
streaks at 769.8, 770.6, and 771.9. A l-inch medium 
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From 

772.2 

774.2 

775.2 

776.2 

LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR ASSAY 

Quarter-core samples from Occidental Oii Shale, Inc. 
corehole LW-156 (Con.) 

To Description 
brownish-gray massive dolomite band at 770.5. (NBS #2, 
769.8-770. 2) 

Sample of dark' brownish-gray oil shale from 770.0 
feet: x-ray - dolomite, quartz, calcite, feldspar, 
analcime, illite. 

774.2 Oil shale: Dark to medium brownish gray, dolomitic. 
Faintly laminated. Irregular to regular thick to medium 
parting; irregular fracture.. A 1 1/2-inch light gray to 
medium brownish-gray silty biotit~c tuff at 772.4-772.5; 
regular upper contact and wavy lower contact; some 
purplish-black spe~kR, A 1/2-inch tuff (lik~ 772.4) 
at 773.55; thin streaks and lenses at 773.65. A 1/2-inch 
band of light gray slightly silty tuff with abundant very 
fine disseminated pyrite or pyrrhotite at 773.85. 
Abundant very fine pyrite or pyrrhotite in oil shale at 
773.1-773.5. 

Sample of biotitic tuff from 772.45 feet: X-ray -
analcime, quartz, Na-feldspar, dolomite, illite.· 

Sampl,e of pyritic tuff from 773.85 feet: X-ray -
analcime, quartz, Na-feldspar, marcasite. 

775.2 Oil shale: Dark to medium brownish gray; some light 
brownish gray to buff in middle part; dolomitic to slightly 

·calcareous. Faint to oome distinct laminae; rare fine 
loop structures and displacements. Irregular to regular 
thick parting~ irregular to slightly conchoidal fracture. 
A fine pinch-and-swell very pyritic tuff layer at 774.3. 
Few very fine dense silty black lenses at 745.1. (Uneven 
sample split because of off-centered sawing.) 

776.2 Oil shale: Medium to very dark brownish gray; slightly 
calcareous to dolomitic. Faintly laminated. Irregular 
to slightly irregular thick to some medium parting; 
irregular to slightly conchoidal fracture. Fine dense 
gray lenses and streaks at 776.0. 

777.3 Oil shale: Dark brownish gray to black; some satiny and 
rare resinous luster; dolomitic. Faintly laminated to 
very faintly bedded. Regular to some irregular thick 
parting; slightly irregular and rare slightly hackly 
fracture. Some very fine disseminated pyrite blebs and 
streaks. A 1/2-inch brownish-gray silty to very fine 
sandy-textured tuff band at 777.1; fine layers at 777.05 
and 777.15. 
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From 
777.3 

779.2 

780.6 

781.6. 

782.7 

784.7 

LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR ASSAY 

Quarter-core samples from Occidental Oil Shale, Inc. 
corehole LW-156 (Con.) 

To 
779.2 

780.6 

781.6 

782.7 

784.7 

785.7 

Description 
Oil shale: Medium to some dark brownish gray; slightly 
calcareous to dolomitic.· Faint to some moderately 
distinct laminae. Regular to some irregular thick parting; 
slightly conchoidal to in:egular and some hackly fracture. 

Sample of brownish-gray oil shale from 778.6 
feet: X-ray - dolomite, calcite, quartz, feldspar, 
analcime, illite. · 

Marlstone: Buff to light slightly olive gray; slightly 
silty; calcareous to dolomitic; some light to medium and 
rare dArk hrown~$h-gray oil shale in upper 0.2 and lower 
0.3 foot. Moderately distinct to very faint v~ry fine 
laminae; rare fine loop structures and displacements. 
Slightly irregular to irregular thick·parting; regular 
to conchoidal fracture. 

Sample of olive-buff marlstone from 700.1 feet: 
X-ray - dolomite, quartz, feldspar, illite, 
analcime. 

·Oil shale: Medium to dark brownish gray; black satiny 
shale at 780.85-780.95; dolomitic. Very faint very fine 
discontinuous to regular laminae. Irregular to slightly 
irregular thick to rare medium parting; slightly con­
choidal to irregular fracture. Thin to fine dark· gray 
pyritic streaks at 781.5. 

Oil shale: Dark brownish gray to black; some satiny to 
resinous luster in lower half foot; dolomitic. Faintly 
laminated. Irregular to rare regular thick to medium 
parting; slightly conchoidal to irregular and rare 
hackly fracture. A.very thin black silty pyritic steak 
near top. 

Oil shale: Dark to some medium brownish gray; rare bl.<;tr.k 
in upper part; dolomitic. Faintly laminated. Regular 
to irregular th:i.rk parting; slightly .conchoidal to 
irregular fracture. A thin irregular and wavy dense 
brownish-gray to buff layer with dark tar-stained silty 
streaks at 784.6. 

Sample of buff to brownish-black dense to silty layer 
from 784.6 feet: X-ray - quartz, analcime, feldspar, 
dolomite, biotite. 

Oil shale: Medium to dark brownish gray, dolomitic. Faint 
very fine regular to slightly wavy laminae. Irregular to 
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From 

785.7 

786.5 

786.7 

786.9 

787.1 

788.1 

789.2 

789.4 

LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED. FOR ASSAY 

Quarter-core samples from .Occidental Oil Shale, Inc. 
corehole LW-156 (Con.) 

To Description 
slightly irregular thick parting; slightly conchoidal to 
irregular and rare hackly fracture. Thin brownish­
black tar-stained silty pyritic lenses. and streaks at 
784.9 and 785.2; very fine irregular· layer at 785.4. 

786.5 Oil shale: Dark brown·ish gray; some black in lower 0.1 
foot; dolomitic. Faintly lamin.ated. Irregular to regular 
thick to rare medium parting; slightly conchoidal fracture. 

· 786.7 Oil shale: Dark brownish gr.!:\y to buff, dolomitic. Faint 
to distinct laminae; some fine loop structures and dis­
placemEmts. SlightLy conchoidal fracture. A 3/4-inch 
pinch-and-swell dense blebby biotitic tuff in middle. 

786.9 Oil shale: Medium to ~ark brownish gray, dolomitic. 
Faintly laminated. Irregular thick parting; slightly 
conchoidal fracture. 

787.1 Tuff: Dark to medium grayish brown and rare light gray, 
silty. Faintly variegated and. irregularly strea'ked. 
Irregular parting and fracture. Regular upper contact; 
slightly wavy lower contact. Abundant very fine black 
specks. 

Sample of tuff from 787~0 feet: X-ray- analcime, 
quartz, feldspar, pyrrhotite. 

788.1 Oil shale: Dark to rare medium brownish gray; some black 
in upper part; dolomitic. Faintly laminated. Slightly 
irregular to irregular thick parting; slightly .to moder­
ately conchoidal and irregular fracture. 

789.2 Oil shale: Dark to medium brownish gray, dolomitic. 
Faintly laminated. Irregular to slightly irregular thick 
parting; slightly to, moderately conchoidal and some 
irregular fracture. Fine black drusy tar-impregnated 
streaks at 788.6. 

789.4 Oil shale: Medium to rare dark and light brownish gray, 
dolomitic. Faint to moderately distinct laminae. 
Irregular to slightly conchoidal fracture. Abundant very 
fine disseminated pyrrhotite(?) in some thin zones. 

789.8 Tuff: Light to medium brownish gray with some white 
streaks in upper. part, becoming dark brownish gray to 
brownish black in lower part; silty to very fine sandy 
textured; strongly oil stained in lower part. Distinctly 
streaked to faintly variegated and mottled. Regular upper 
contact; slightly wavy lower contact. Abundant very fine 
biotite. Irregular parting and fracture. 
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From 

789.8 

792.5 

793.7 

794.3 

795.6 
(NBS //3) 

796.4 

LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR ASSAY 

Quarter-core samples from Occ.i,detital Oil Shale; Inc. 
corehole LW-1.~6 (Con;) 

To Descrip.tion . 
Sample of white"-:~Q- brownish-gray tuff from 789.4 
feet: X-ray:-=·a.nalcime, quartz, feldspar, dolomite, 
pyrrhotite~· ··.-:_~ . . · . · ·· 

792.5 Oil shale: Medium··to.soril~-dark brownish gray, dolomitic. 
Faintly laminated~ .·)~~egu],?r thick parting; irregular 
and conchoidal fraCttire._.:Sparse very fine disseminated 
pyrite. A fine d.ir·k=:lff.awnis.h'-gray .oil-stained silty 
tuff streak at 791~-7-~anc:I.-"ii· th:i.n pinch-and-swell layer 
at 729.0. Rare fossi-l.- insect larvae. . 

793.7 Oil shale: Dark t~ ~·so~~nedluu1 lJroimish gray and rarP. 
black, dolomitic." .. -'f~:(iit".iQ~.rare. moderately distinct 
laminae. Irregul_ar. t6 slight.iy irregular thick to some 
medium parting; slign~iy_- c-onc-hoidal to. irregular fracture. 
A very fine black- s_jJ:'t.Y..:-:-t;,,lff .. lamina: at 792.9. Rare very 
fine dark silty pyrit'·j~~- streaks iri lower part. 

794.3 Tuff: Buff to darls..gr.~yish·b!'Q~; silty textured.· Distiri<:~ 
to faint nonparal,lel ~'Ql;:a_i4ed. stringers and streaks. 
Irregular thick ·parting;_.·$1ig4tly ... :i.rregular fracture. 
Some biotite. Most:l,.y .;oil· ·stained. SU.ghtly wavy con­
tacts at top and ·b·ottoin~ · 

795.6 Oil shale: Mediu~_.an.a...!.s..-Qme d~rk:brow.nish gray; ·some 
light brownish gray: ~o;. .. t~jl-~nd::-rare buff in upper half 
foot; dolomitic ... i1oderately-d;Lst.inct ·e·o·-faint -laminae; . 
rare fine displac~merit$·-ind .. ioo.p structures in upper' half 
foot. Irregular: to·~ sl{iht:ly ~irregular~ thick to rare .. 
medium parting;::_i~reiui~i~ ta·.·si1ghtly co~choidal fracture~ 
Rare fine medium t.o·_;d'a;t.-1< J)roWi1;tsh-gi'ay_.oil-stained tuffs 
in upper p~rt; a i/2~.ip2h. irr_egular layer at 794 .a with 
a very thin pinc.hed :·a)lt . .-laye~~. l/4 . ...:lnch lo~er·:. . 

796.4 Oil shale: Medi\lm.and.>'ta.ie··d-ark brownish-gray, dolomitic. 
Slightly irregular ··:to:-:-i~.r~gu'li:ir· th-ick p.arting; slightly .. 
to moderately concl}0::td~1 .fracture.. . 

. Sample o.f oil. ·s~nil~e··. fr-o~-:-:-796.;0 feet: .X-ray -
dolomite ;_:.quar,t::Z~ . C.~lcii:e~. feldsp_~r, analcime, 
illite. . . --. · . 

797.3 · Oil shale: Mediuin to;;~~me-l.igh_!: :and dar-k.....b.r_oJl!Il_i~h gr.~y, 
rare black, dolonii#\iL-r:._f~int~t~. moderately distinct. 
laminae. Irregular::Ah.te;k:.-P,cir·t~~g; irre8ular and con~hoidal. · 
fracture. Very. th.ii'!:·iptowtr:i:sh,S~J:a:ck- o.il-staine;d silty tuff .. 
streaks at 796. 6; 3/.S~inch .. pln_ch:._and.-swell.m.ed.ium .. grayish"" · 

·brown layer at 796 .:a·, •. 
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From 
797.3 

798.2 

799.2 

801.1 

803.4 

804.4 

LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR ASSAY 

Quarter-core samples from Occidental Oil Shale, Inc. 
corehole LW-156 (Con.) 

To 
798.2 

799.2 

801.1 

803.4 

804.4 

809.5 

Description 
Oil shale: Medium to rare dark brownish gray, dolomitic. 
Faint very fine regular~to discontinuous laminae. 
Irregular thick parting; conchoidal and irregular 
fracture. A thin irregular medium to dark grayish­
brown oil-stained silty biotitic tuff near top. 

Oil shale: Dark to some medium brownish gray and rare 
black, dolomitic. Faintly laminated. Irregular thick 
parting; conchoidal and irregular fracture. A fine 
oil-stained tuff lamina at 799.1. 

Oil shale: Medium to dark brownish gray, dolomitic. 
Faintly laminated. Irregular to rare regn]~r thick 
parting; conchoidal and irregular fracture. Abundant 
thin black tar-stained silty biotitic tuff lenses and 
streaks at 799.6-799.7. Fine striated brittle vitreous 
black organic crust on parting surface at 799.7. A 
fine lenticular black silty tuff stringer at 801.0. 

Oil shale: Medium.and some dark brownish gray in upper 
part to medium and rare light in lower part; very 
slightly calcareous to dolomitic. Faint to some moderately 
distinct laminae. Slightly irregular to irregular thick 
parting; moderately to slightly irregular and conchoidal 
fracture. Some very fine disseminated pyrrhotite from 
about 80i.5 ~o 802.5,. Rare fi.ne tuff strilaks. Large 
dark brownish-gray silty biotitic tuff lenses at 801.2-
801.4. A l-inch light.to dark brownish-gray silty tuff 
at 802.5-802.6; irregular interfingered upper contact; 
slightly irregular lower contact. 

Oil shale: Dark to medium brownish gray, dolomitic. 
Faintly,laminated. Irregular thick parting; irregular 
fracture. A l/2~inch dark brownish-gray silty tuff lens 
at 803.9; fine irregular layer at 804.3. 

Oil shale: Medium to some dark brownish gray; rare light 
brownish gray to buff in middle part; rare black in 
upper and lower parts; dolomitic to slightly calcareous. 
Faint to moderately distinct laminae; occasional zones 
with moderately abundant loop structures and displace­
ments. Irregular thick parting; moderately to slightly 
irregular and conchoidal fracture. Thin to l-inch 
irregular layers of dark brownish-gray oil-stained silty 
tuff at 805.4, 805.65, and 8ri5.75. Fine gray a~d buff 
silty tuff at 808.4. Firie striated vitreous black 
organic streak at 806.65. Natural(??) diagonal fracture 
at 807.3. 
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From 
80.9. 5 

810 • .5 

811.6 

813.8 

814.8 

816.0 

816.5 

LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR ASSAY 

Quarter-core samples from Occidental Oil Shale, Inc. 
corehole LW-156 (Con.) 

To 
810.5 

. 811.6 

813.8 

814.8 

816.0 

816.5 . 

817.0 

Description 
Oil shale: Dark to medium grayish brown and some black, 

dolomitic. Faintly laminated. MOderately to slightly 
irregular thick parting; s_lightly conchoidal to irregular 
fracture .. Rare fine gray silty pyritic streaks in lower 

_part • 
Oil shale: Dark to medium grayish brown and rare black, 
dolomitic. Faint to rare moderately-distinct laminae. 
Irregular thick parting; slightly conchoidal fracture. 
A 3/ 4-inch finely laminated buff marlstone band at 

.810.95. 
Oil shale: Medium to some dark grayish brown and rare 

black; dolomitic to slightly calcareous. Faintly 
laminated. ·Irregular to rare regular thick parting; 
slightly conchoidal to some irregular. fracture. .. 

Sample of grayish-brown oi.l .shale from 812.4 feet: 
X-ray - dolomit9, calcite, quartz, analcime, feld­
spar, illite. 

Oil shale: Medium to rare dark brownish gray; some light 
brownish gray in lower inch; dolomitic. Faint to moderately 
distinct laminae. Irregular thick to medium parting; 
slightly conchoidal to irregular fra~ture. 

WAVY BEDDED TUFF: Medium to light gray and brownish 
gray to buff; silty to very fine sandy_textured; dolomitic. 
~aintly variegated ,and mottled; ab.undant fine to rare 
thin wavy to broken stringers and streaks of lean oil 
shale as below. Irregular parting and fracture. 
Abundant very fine biotite. Irregular slightly inclined 
upper and lower contacts. 

Oil shale: Light to dark brownish gray and some buff, 
dulo~uitic. Di3tinct to fa.:int slightly wavy and inclined 
to ~egular and flat laminae. Irregular thick parting; 
irregular to slightly conchoidal fracture. · Interfingered 
with tuff as above at 816.2-816.3. 

Oil shale: Dark to some medium brownish gray, dolomitic. 
Faintly laminated. Slightly irregular to regular thick 
to medium parting; slightly irregular and conchoidal 
fracture. Rare very small pyritic patches. 

Sample of dark to medium brownish-gray oil shale 
from 816.6 feet: X-ray -dolomite, calcite, quartz, 
analcime, feldspar, illite. 
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From 
817 .o 

818.0 

819.0 

820.0 
(NBS /14) 

820.5 

821.9 

LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR ASSAY 

Quarter-core samples from Occidental Oil Shale, Inc. 
corehole LW-156 (Con.) 

To 

819.0 

820.0 

820.5 

821.9 

823.0 

Description 
Oil shale: Medium to some dark grayish brown, dolomitic. 

Very faintly bedded to faintly laminated. Irregular 
thick parting; slightly to moderately conchoidal fracture. 
Fine brown silty tuff lenses at 817.9. 

Oil shale: Dark to medium brownish gray, dolomitic. 
Faint to rare moderately distinct laminae. Irregular 
to slightly irregular thick to·rare medium parting; 
slightly to moderately conchoidal and irregular fracture. 
A thin lamina at 818.25: tan.and silty upper part; 
buff and dense lower part; irregular contact between. 

Sample of thin tan to buff ·lamina fl."om 818. 2.'i 
feet: X-ray - quartz~ analcime, Na-feldspar, 
dolomite, K-feldspar, calcite, biotite. 

Oil. shale: Medium to dark brownish gray, dolomitic. 
Faintly laminated. Irregular thick parting; moderately 
to slightly conchoidal fracture. 

Oil shale: Medium to light and some dark brownish gray; 
thin buff zones at 820.0 and 820.4; dolomitic. Distinct 
to some faint laminae; abundant fine loop structures and 
displacements. Irregular· to slightly irregular thick 
to rare thin parting; irregular to slightly conchoidal 
fracture. A thin buff fine-grained analcime lamina·near 
top. Few very fine dark gray silty pyr.i.tic streaks at 
'820. 2. 

Sample of distinctly laminated light to dark brownish­
. gray oil shale from 820.1 feet: X-ray - dolomite, 
quartz, calcite, feldspar. · 

Oil shale: Medium and rare dark brownish gray, dolomitic. 
Moderately distinct to faint laminae; rare fine loop 
structures. Regular to irregular thick parting; slightly 
to moderately conchoidal and irregular fracture. Some 
very fine pyrite. A very thin pinched out dark brownish­
gray oil-stained silty tuff lamina at 821.1. 

Oil shale: Medium and rare dark brownish to slightly olive 
gray; thin light zones at 821.95 and 822.8; dolomitic. 
Very faint very fine discontinuous laminae to faint and 
rare moderately distinct regular laminae. Irregular thick 
to rare medium parting; irregular fractur.e. · Some very fine 
disseminated pyrite and/or pyrrhotite. A 1/2-inch light 
to medium gray and brownish-gray silty biotitic tuff band 
at 822.0 (at base of thin light zone). A 3/8-inch light 
gray silty biotitic tuff lamina at 822.8 (at top of thin 
light zone). 
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From 
823.0 

824.1 

825.1 

826.1 . 

827.1 

828.1 

LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR ASSAY 

Quarter-core samples from Occidental Oil Shale, Inc. 
corehole LW-156 (Con.) 

To 
824.1 

825.1 

826.1 

827.1 

828.1 

829.2 

Description 
Lean oil shale and marlstone: Buff to some medium and 
rare dark brownish gray; dolomitic to slightly calcareous; 
siity in lightest parts. Faint to rare distinct laminae; 
some fine loop structures. Irregular thick parting; 
slightly irregular and conchoidal fracture. A fine dense 
gray cherty dolomite streak at 823.2. 

Sample of buff silty marlstone from 823.8 feet: 
X-ray - dolomite, quartz, feldspar, calcite, 
illite, analcime. 

Oil shale: Medium and rare dark brownish gray; some light 
brownish gray to buff at 824.8-824.9; dolomitic. Faint 
very fine discontinuous to regular laminae; distinct 
laminae at 824.8-824.9. Regular to some irregular thick 
parting; moderately to slightly irregular and conchoidal 
fracture. A fine pinch-and-swell dar·k grayish-brown oil­
stained s.ilty tuff at 824.3. 

Oil shale: Dark to some medium brownish gray and rare 
black, dolomitic. Faintly laminated. Slightly irregular 
to irregular- thick parting; moderately to slightly 
irregular fracture. Rare fine silty pyritic streaks near 
bottom. 

Oil shale: Medium to rare dark brownish gray and black, 
dolomitic. Faintly laminated. Moderately to slightly 
irregular thick parting; irregular to slightly conchoidal 
fracture. Rare fine brownish-black silty pyritic streaks 
in upper part. 

Oil shale: Medium to dark grayish brown and rare black; 
thin tan to buff zones at 827.2 and 827.6; dolomitic. 
Faint to moderately distinct laminae. Slightly irregular 
thick parting; slightly irregular and conchoidal fracture. 
A fine brownish-gray silty tuff lamina in tan zone at 
827.2; very fine streaks at 527.3; fine pinch-and-swell 
lamina in tan and buff zone at 827.6. Very irregular 
artificial(?) vertical fracture in lower 0.3 foot. 

Oil shale: Medium and some dark brownish gray; some medium 
to light grayish brown in lower part; dolomitic. Faint 
to rare moderately distinct laminae. Slightly to moder­
ately irregu~ar thick parting; slightly irregular and 
conchoidal fracture. 
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From 
829.2 

830.3 

832.5 

833.5 

834.5 
834.8 

835.5 

836. 6. 

837.6 

LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR ASSAY 

Quarter-core samples from Occidental Oil Shale, Inc. 
corehole LW-156 (Con.) 

To 
830.3 

832.5 

833.5 

834.5 

834.8 
835.5 

836.6 

837.6 . 

839.0 

Description 
Oil shale: Medium to some light and dark brownish gray 

and grayish brown, dolomitic. Distinct to some faint 
laminae; ·some fine loop structures and displacements. 
Irregular thick parting; moderately to slightly conchoidal 
and some irregular fracture. A very thin gray silty 
pyritic lens at 829.3. A thin pinch-and-swell buff silty 
dolomitic tuff at 830.2. 

Oil shale: Medium to dark brownish gray and very rare 
black, dolomitic. Faint to rare moderately distinct 
laminae. Irregular thick parting; slightly to moderately 
conchoidal fracture. Few thin lenses and small irregular 
nodule~ of dark gray silty tuff at top; rare fine streaks 
elsewhere. 

Oil shale: Light to some dark brownish gray and some buff, 
dolomitic. Distinct to some faint laminae; abundant fine 
to thin loop structures and displacements. Irregular 
thick parting; conchoidal fracture. Rare very fine 
pyritic streaks and laminae. 

Oil shale: Medium to some dark brownish gray, dolomitic. 
Faint to some moderately distinct laminae; rare fine loop 
structures and displacements. Irregular thick parting; 
slightly conchoidal fracture. A small dark silty very 
pyritic lens at 833.8~. Rubble in lower 0.1 foot.· 

Missing. 
Oil shale: Dark to light brownish gray and rare buff; 
very slightly calcareous to dolomitic. Distinct to rare 
faint laminae; some fine loop structures. Irregular thick 
parting; conchoidal fracture. 

Oil shale: Buff to medium and some dark brownish gray; 
slightly calcareous to dolomitic. Distinct to faint 
laminae; fairly abundant fine to 1/4-inch displacements 
and rare fine loop structures. Irregular to regular 
thick parting; slightly to moderately conchoidal fracture. 

0~1 shale: Dark brownish gray to rare black, dolomitic. 
Faintly laminated. Irregular thick parting; slightly 
irregular and conchoidal fracture. 

Sample of dark brownish-gray oil shale from 836.9 
feet: X-ray - dolomite, calcite, quartz, feld­
spar, analcime, illite. 

Oil shale: Medium to dark brownish gray and rare black, 
dolomitic. Faint to some moderately distinct laminae. 
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From 

LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR ASSAY 

Quarter-core samples from Occidental Oil Shale, Inc. 
corehole LW-156 (Con.) 

To Description 
Irregular to rare regular thick to rare medium parting; 
slightly conchoidal to irregular fracture. Fine 
striated brittle black organic crust on parting surface 
at 838.1. 

839.0 841.4 Oil shale: Light to dark brownish gray; some buff and rare 
black; dolomitic to very slightly calcareous. Distinct 
to rare faint laminae; fairly abundant fine to thin loop 
structures. Irregular thick parting; moderately to 
slightly ~onchoidal fracture; some rubble at 840.0 and 
841.0. Very tine dark brownish-grny s11ty ~yLlLl~ 
streaks at 839.7. 

841.4 842.6 Oil shale: Black to dark brownish gray; common satiny 
to resinous luster; dolomitic. Faint laminmae to very 
faint streaked bedding. Irregular to regular thick to 
rare medium parting; slightly to moderately irregular 
fracture. Rare very fine dark brownish-gray silty 
laminae and streaks. 

842.6 847.5 Oil shale: Dark to li&ht grayish brown; rare black and 
buff; dolomitic to slightly calcareous. Distinct to " 
some faint laminae; abundant fine to thin loop structures 
in most parts. Regular to some irregular thick to rare 
medium parting; slightly conchoidal to some irregular 
fracture; soine rubble at 844.1. Rare fine to thin buff to 
brownish-gray silty lenses in lower half. (NBS #5, 
844.3-844.9) 

Sample of dark to light grayish-brown laminated oil 
shale from 844.4-844.5 feet: X-ray- dolomite, 
calcite., .quartz, feldspar·, analcime. 

847.5 848.5 Oil shale: Dark and rare medium brownish gray to black; 
dolomitic; some satiny to resinous luster. Faintly 
laminated. Regular to some irregular thick parting; 
slightly to moderately irregular and some slightly hackly 
fracture. Irregular·natural(?) low-angle fracture at 
848.0; short irregular open high-angle fracture at 848.3. 
Rare fine to thin dark silty streaks and laminae~ 

Sample of very thin dark·silty streak in black oil 
shale from 848.0 feet: X-ray - analcime, feldspar, 
dolomite, quartz, illite~ hornblende, pyrite. 

NOTE: Core No. 24, between 848.35 and 867.95 feet, was· upside down and. 
partly mixed up. Numbers in parentheses below are·approximate original 
footages. before correction. 
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From 
848.5 

(8 62.4 

849.5 
(863.4 

850.6 

851.4 
(865. 3 

854.1 
(862.2 

LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR ASSAY 

.Quarter-core samples from Occidental Oil Shale, Inc. 
corehole LW-156 (Con.) 

To 
849.5 
863.4) 

850.6 
864 .5) 

861.4 

852.4 
866.3) 

854 .. 1 
868. 0) 

857.8 
858.5) 

Description 
Oil shale:. Dark to medium brownish gray, dolomitic. 
Faint to some moderately distinct laminae. Irregular 
to regular thick parting; irregular to regular fracture. 

Oil shale: Dark brownish gray to tan and buff, dolomitic. 
Faint to very distinct laminae; rare fine displacements. 
Regular thick parting; irregular to regular fracture. 

Oil shale: Black to some medium grayish brown; common 
satiny and some resinous luster; dolomitic. Very fine 
grayish~brown to tan blebby to lenticular mineral laminae 
separated by very dark shiny .organic-rich oil shale. 
Regular to rare irregular thick to medium and rare thin 
parting; slightly irregular and slightly hackly fracture. 
Abundant very fine pyrite blebs and streaks. Few very 
thin to fine grayish-brown to tan silty biotitic tuff 
laminae at 850.7-850.8 and near bottom. 

Sample of rich blebby oil shale from 850.9 feet: 
X-ray - dolomite, quartz, illite, feldspar, analcime, 
pyrite .. 

Oil shale: Medium to dark and some light brownish gray, 
dolomitic. Faint to moderately distinct laminae. 
Slightly to moderately irregular thick to rare medium 
parting; regular to slightly irregular and conchoidal 
fracture. 

Sample of medium· to dark brownish-gray oil shale from 
851.8 feet: X-ray - dolomite, aragonite, calcite, 
quartz, analcime, feldspar, illite. 

TO~ OF A-GROOVE 

Oil shale: Medium and some dark brownish gray to light 
brownish gray and gray-buff; dolomitic to slightly cal­
careous. Distinctly laminated; some fine loop structures. 
Regular to irregular thick parting; conchoidal to regular 
fracture. 

Sample of distinctly laminated leap oil shale 
from 853.1 feet: X-ray - dolomite, quartz, K­
feldspar, calcite, illite, analcime. 

Oil shale and some marlstone: Buff and tan to medium 
and .some dark grayish brown; slightly calcareous to 
dolomitic. Distinct to some faint laminae; some fine 
loop structures and displacements. Regular to rare 
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From 

857.8 
(858. 5 

859.1 
(857.2 

LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR ASSAY 

Quarter-core samples from Occidental Oil .Shale, Inc. 
corehole LW-156 (Con.) 

To 

859.1 
857. 2) 

862.5 
853.8) 

. Description 
irregular thick to some medium and thin parting; regular 
to slightly conchoidal fracture. A very thin dark oil 
shale lamina with abundant fine white mineral blebs at 
855.9; a thick zone at 846.5-856.7; a l-inch zone with 
very irregular large chalky white masses at 856.8-856~9. 
A 2-inch light gray to buff silty tuff .band at 857.4-
857.6. 

Sample of buff to tan marlstone from 855.5 feet: 
X-ray- dolomite, quartz,·feldspar, analcime, 
~.alc:l.t~, illite. 

Sample of dark to medium grayish-brown oil shale 
with fine disseminated crystal blebs from 856.6 
feet: X-ray - dolomite, caicite, quartz, feldspar, 
analcime:. :U 1 i t:P.. · 

SamplP nf rhalky white ma$S from 856.9 feet: X-ray -
quartz, trace dolomite, analcime. 

Sample of light slightly brownish gray silty band 
from 857.4 feet: X-ray- dolomite, quartz, feldspar, 
analcime, illite. 

Oil shale: Dark to medium and some light brownish gray, 
dolomitic. Distinct to rare faint laminae; some fine loop 
structures and displacements. Regular to irregular thick 
parting; slightly to moderately conchoidal and irregular 
fracture. 

Marlstone ahd leari oil shale: Light to some medium and 
very rare dark slightly brownish .gray, dolomitic, silty. 
Moderately distinct to faint laminae; rare fine loop 
structures and displacements. Regular to slightly 
irregular thick parting, becoming mostly irregular in 
lower foot; regular to some conchoidal fracture. .Possible 
raindrop impressions on parting surfaces at 859.2 and 
859.6. 

Sample of light slightly brownish-gray silty marlstone 
from 860.5 feet: X-ray -dolomite, quartz, K­
feldspar, illite. 

BOTTOM OF A-GROOVE 
TOP OF MAHOGANY ZONE 

Sheet 46 of 67 

Laramie Energy Technology Center November 19, 1980 



From 
862.5 

(853.8 
-

" 

864.9 
(850.4 

865.9 
(851.4 . 
(868.0 

868.6 . 
(NBS /16) 

869.0 

LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR ASSAY 

Quarter-core samples from Occidental Oil Shale, Inc. 
corehole LW-156 (Con.) 

To 
864.9 
850.4) 

865.9 
851.4) 

868.6 
848.4) 
868. 6) 

869.0 

869.8 

Description 
Oil shale: Medium to some dark and rare light brownish 
gray, dolomitic. Faintly laminated. Irregular thick to 

. medium parting; slightly conchoidal to irregular and some 
coarse hackly fracture. 

Oil shale: Medium to dark brownish gray and some black; 
some satiny to waxy luster; dolomitic. Faint to some 
moderately distinct'laminae; some very faint streaked 
bedding in richer part. Reg~lar to rare irregular thick 
to medi~m parting; slightly irregular and some slightly 
hackly fracture. Some fine dark gray silty tuff laminae 
and streako in upper part. · 

Oil shale: Buff to dark brownish gray, dolomitic. 
Distinctly laminated; some fine loop structures and dis­
placement~. Regular to some irregular thick to rare 
medium and thin parting; regular to slightly irregular 
and conchoidal and rare coarse hackly fracture. Occasional 
fine to 1/2-inch stringers, streaks and lenses of buff 
and white to dark gray silty tuff. 

Sample of distinctly laminated oil shale from 867.9 
feet:- x-ray - dolomite, quartz, feldspar, analcime, 
~!lite. 

Oil shale: Medium to dark brownish gray and rare black; 
ra·re satiny Lu r~sinous luscer; dolomitic. Moderateiy 
distinct to some faint laminae; rare fine displacements 
arid loop structures. Slightly wavy to irregular thick 
to medium parting; slightly to moderately irregular 
fracture. Abundant fine to very thin black pyritic streaks 
and lenses; a fine lamina near bottom. 

Sample of m·edium tq dark oil shale with fine pyritic 
streaks from 868.8 feet: X-ray - dolomite, quartz, 
analcime, feldspar, pyrite, illite. 

Oil shale and tuff: Dark and rare medium brownish-gray 
to black oil shale, dolomitic. Faint to some moderately 
distinct laminae; becoming slightly wavy adjacent to tuffs. 
Regular to some irregular thick to medium and rare thin 
parting; moderately to slightly irregular and some slightly 
hackly fracture. Dark gray to brownish-gray silty to very 
fine sandy-textured tuff in upper 0.2 foot; streaked 
with brownish-gray to tan marlstone in lower inch. Faintly 
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From 

869.8 

872.1 

873.4 

LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR ASSAY 

Quarter-core samples from Occidental Oil Shale, Inc. 
corehole LW-156 (Con.) 

To 

870.4 

872.1 

.873.4 

874.0 

Description 
variegated and mottled to indistinctly brecciated brownish­
gray silty to very fine blebby-textured biotitic tuff 
at 869.5-869.7. Abundant very fine disseminated pyrite. 
Short tight bitumen-coated vert~cal fracture in upper 
tuff. 

Sample of brownish-gray silty to blebby biotitic 
tuff from 869.6 feet: X-ray - analcime, quartz, 
feldspar, dolomite, pyrite, biotite, hornblende. 

Oil shale: Dark and rare medium brownish gray to some 
black, dolomitiC. Faintly' law.i11a ted • Regular to slightly 
irregular and wavy thick to medium parting; slightly 
irregular fracture. Some very fine to thin dark gray 
to black pyritic silty tuff laminae, streaks and lenses. 
Abundant very fine disseminated pyrite. 

Sample of dark oil shale with pyritic tuff streaks 
from 870.0-870.1 feet: X-ray - dolomite, quartz,. 
analcime, feldspar; calcite, illite, pyrite. 

Oil shale: · Medium to some dark brownish gray and rare 
-black; some medium grayish brown and rare tan in upper 
half; dolomitic; Faint to moderately distinct laminae; 
rare fine to thin displacements and loop structures. 
Irregular to regular thick to rare medium parting; slightly 
irregular fracture. A thin pinch-and-swell brownish-
gray silty tuff at top; thin lenses at 870.8; occasional 
fine streaks and lense·s elsewhere. 

Oil shale: Dark brownish gray to black; some satiny and 
rare resinous luster; dolomitic. Faint very fine laminae 
to very faint streaked bedding~ Slightly irregular and 
wavy thick to some medium parting; slightly i.rregular 
to some coarse hackly fracture. Abundant very.fine 
disseminated pyrite and pyritic. streaks. Some thin dark 
to medium grayish-brown tuff laminae and lenses at 073.0-
873.2. 

Oil shale: Medium and some dark grayish brown, dolomitic. 
Faint to moderately distinct laminae. Slightly to mod­
erately irregular thick parting; slightly irregular to 
regular fracture. A thin brown silty to fine sandy­
textured tuff lamina at 873.5. 
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From 
874.0 

875.8 

877.1 

878.4 

879.4 

880.4 

LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR ASSAY 

Quarter-core samples from Occidental Oil Shale, Inc. 
corehole LW-156. (Con.) 

To 
875.8 

877.1 

878.4 

879.4 

880.4 

880.9 

Description 
Oil shale: Medium to rare dark brownish gray, dolomitic. 
Faint very fine regular to discontinuous laminae. 
Regular to irregular thick to rare medium parting; 
moderately to slightly irregular and conchoidal fracture. 
Two fine tuff laminae at 874.2. 

Oil shale: Medium to rare dark and light brownish gray; 
thin buff zone near top; dolomitic. Faint to rare 
modera.tely distinct laminae; rare fine loop structures 
and displacements. Irregular thick parting; moderately 
to slightly conchoidal fracture. 

Oil ~hale: Medium to some 'dark and rare light brownish 
gray, dolomitic. Faint regular to discontinuous laminae 
and streaked bedding. Irregular to slightly irregular 
thick parting; irregular to some regular fracture. 

Sample of dark to medium brownish-gray oil shale 
from 877.8 feet: X-ray- dolomite, quartz, analcime, 
calcite, feldspar. 

Oil shale: Medium and some dark brownish gray to light 
brownish grayand buff, dolomitic. Faint to rare mod­
erately distinct laminae with some thin to 0.1-foot 
distinct lighter zones; some fine displacements and loop 
structures in lighter zones. Slightly to moderately 
irregular thick parting; slightly to moderately conchoidal 
fracture. 

Sample of light brownish-gray to buff oil shale 
from 879.1-879.2 feet: X-ray - colomite, quartz, 
feldspar, analcime, illite. 

Oil shale: Medium to some dark and light brownish gray, 
dolomitic. Faint to rare moderately distinct laminae. 
Slightly to moderately irregular thick to medium parting; 
slightly conchoidal to irregular fracture. Some very 
fine dark gray silty pyritic streaks; very thin to fine 
black silty pyritic streaks at 880.3. A thin dense 
medium-light brownish-gray dolomite band at 879.9. 

MAHOGANY MARKER Tuff: Light to medium and rare dark 
slightly brownish gray; silty to medium sandy textured. 
Faintly streaked and variegated. . Irregular parting and 
fracture. Some very fine disseminated pyrite and pyritic 
streaks. Sample includes a small amount of buff to brownish­
gray oil shale at top and bottom. 
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LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR ASSAY 

Quarter-core samples from Occidental Oil Shale, Inc. 
corehole LW-156 (Con.) 

From To Description 
Sample.of tuff from 880.8 feet: X-ray- analcime, 
quartz, feldspar, marcasite, pyrite. 

880.9 884.3 Oil shale: Light to dark brownish gray and some buff; 
some grayish brown to tan in lower half foot; uulowitic. 
Faint to moderately distinct laminae, becoming very 
distinct in lower foot; some fine loop structures ~nd 
displacements. Irregular to regular_thick to rare medium 
parting; irregular _and conchoidal to regular fracture~ 
Some very fine dark gray silty streaks in upper part, 
becoming sparse in lower par L. A thin grayish-brown 
fine granular· porous tuff layer at 884 .1. 

884.3 885.3 Oil shale: Dark grayish brown to black; common satiny 
to resinous and some waxy luster; dolomitic. Faint very 
fine blcbby laminae (li.ke 850.9) and streaked bedding 
in upper half, bP.~oming very faintly bedded in lower 
part. Regular to some irregular thick to medium parting; 
slightly irregular and hackly to slightly conchoidal 
fracture. Abundant very fine disseminated pyrite and 
pyritic streaks. (Top of, "rich section") 

885.3 886.3 Oil shale: Dark to medium brownish gray, dolomit;J.c, 
Faintly laminated. Slightly to moderately irregular 
thick parting; slightly to moderately irregular fracture. 
Very rare fine gray silty streaks. . 

886.3 887.3 Oil shale: Medium and some dark brownish gray; thin 
buff zone at 887.2; dolomitic. Faintly laminated; rare 
fine displacements and loop structures. Irregular thick 
to rare medium parting; moderately to slightly irreg~lar 
fracture. Very rare fine gray silty streaks. 

887.3 888.0 Oil shale: Brownish gray to buff. Distinct to faint 
laminae. Mostly rubble; grab sampled. 

NOTE: Core No. 26, between. 888.0 and 907.5 feet, was upside down. Core 
was reversed and renumbered. Numbers in parentheses below are original 
footages before correction. 
888.0 889.2 Oil shale: Medium to dark brownish gray; some light brown-

(907.5 906.3) ish gray; some light brownish gray and rare buff in upper 
0.3 foot; dolomitic. Faint discontinuous to regular 
laminae; some moderately distinct laminae near top. 
Slightly to moderately irre~ular thick parting; irreg~lar 
to slightly conchoidal fracture. A 0.2 foot .pinch-and­
swell brown to brownish-gray dense to siltytuff at 888.6; 
includes some fine waxy-lustered crystal blebs. A 3/4-inch 
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From 

889.2 
(906~3 

890.7 
(904.8 

891.2 
(904. 3 

892.1 
(903.4 

892.9 
(902.6 

LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR ASSAY 

Quarter-core samples from Occidental Oil. Shale, Inc. 
corehole LW-156 (Con.) 

To 

890.7 
904.8) 

891. :l 
904.3) 

892.1 
903.4) 

892.9 
902.6) 

894.5 
901. 0) 

Description 
light slightly brownish-gray fine- to medium sandy­
textured tuff at bottom. Fine tuff lenses at 888.8. 

Sample of dense brownish-gray tuff with fine crystal 
blebs from 888.6 feet: X-ray - quartz, analcime, 
feldspar, dolomite, biotite, hornblende. 

Oil shale: Dark brownish gray to black; common satiny 
to resinous and rare waxy luster; dolomitic. Faint 
discontinuous to regular la~inae. Regular to irregular 
thick to rare medium parting; slightly irregular and 
hackly to some irregular fracture. Thin dark brownish­
gray dense to silty tuff lenses ~t 890.1. 

Oil shale: Dark grayish brown and rare black to tan and 
buff, dolomitic. Distinct to faint laminae. Regular 
thick to medium part.ing; slightly irregular fracture. 

Sample of distinctly laminated buff to dark grayish­
brown oil shale from 890 .• 9 feet: X-ray - dolomite, 
quartz, calcite, feldspar, analcime. 

Oil shale: Dark grayish brown to rare black; almost all 
has satiny to resinous luster; dolomitic. Faint very 
fine laminae. Regular to· slightly irregular thick to 
some thin parting; slightly irregular to slight and rare 
coarse hackly fracture. 

Oil shale: Dark to medium brownish gray and rare black; 
rare satiny luster; dolomitic. Faint to rare moderately 
distinct laminae. Regular to slightlY! irregular thick 
to rare medium parting; slightly irregular .to slightly· 
hackly fracture. Abundant very fine pyrite(?) blebs in 
some layers. 

MAHOGANY BED Oil shale: Black to dark and some medium 
brownish gray; nearly all has waxy to satiny luster; 
dolomitic. Faintly laminated with occasional very distinct 
light brownish-gray to buff laminae; some fine to 
1/4-inch loop structures and displacements •. Regular to 
slightly irregular and wavy thick to rare medium parting; 
slightly irregular to hackly fracture. Abundant very -
fine disseminated mineral blebs (pyrite in part?). 

Sample of very rich oil shale with very fine 
disseminated mineral blebs from 893.1 feet: X-ray -
quartz, illite, feldspar, dolomite, analcime, pyrite. 
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From 

894.5 
(901.0 

895.7 
(899.8 

896.9 
(898.6 

898.0 
(897. 5 

LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR ASSAY 

Quarter-core samples from Occidental Oil Shale, Inc. 
corehole L\v-156 ·(Con.) 

To 

895.7 
899.8) 

896.9 
898.6) 

898.0 
897.5) 

898.8 
896.7) 

899.7 
895.8) 

Description 
Sample of buff lamina from 893.2 feet: X-ray -
dolomite, quartz, feldspar, pyrite. 

MAHOGANY BED Oil shale: Dark to rare medium brownish 
gray and rare black; most has satiny to reslnous luster; 
dolomitic. Faintly laminated;. some fine to 1/4-inch 
loop structures. Regular to slightly irregular thick to 
some medium parting; slightly irregular and hackly fracture. 
Abundant very fine disseminated ~ineral blebs as above. 

Oil shale: Dark and some medium brownish to black-gray 
in upper and lower parts; dark grayish brown to tan and 
rare buff at 896.0-896.5; dol:omitic. Faint laminae in 
upper and lower parts to distinct in middle. Regular to 
slightly irregular thick to rare medium parting; slightly 
irregular to some irregular and hackly fracture. Un­
identified mashed fossil('?) on parting surface at 896.8. 

Oil shale: Very dark brownish gray to black; most has 
satiny to resinous luster; dolomitic. Very faint very 
fine laminae and streaked bedding. Regular to irregular 
thick parting; slightly conchoidal to slightly hackly 
fracture. Possibly natural diagonal fracture at 897.2. 
A,3/4-inch pinch-and-swell broWnish-gray to gray silty 
to sparry .tuff at 897.85. A very fine crystalline streak 
at 897.45; fine platy and·granular crystals; fine vitreous 
black conchoidal surfaces (bitumen or glass?). 

Sample of very fine crystalline streak in black oil 
shale fro~ ~97;45 feet~ X-ray - dolomite, quartz, 
analcime, feldspar, illite~ 

Sample of tuff;from 897.85 feet: X-ray- analcime, 
. quartz, pyrite~ feldspar. 

Oil shale: Dark to medium awl some light brownish gray; 
rare black near' top; dolomitic to calcareous. Faint to 
some distinct laminae; some fine loop structures in 
distinctly laminated part. Regular to irregular thick 
parting; irregular to slightly conchoidal fracture. Fine 
dark gray silty pyritic· streaks at 898.25. 

Oil shale: Medium and some dark brownish gray to light 
~rownish gray and some buff; calcareous to dolomitic. 
Distinct to some faint laminae. Slightly irregular to 
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From 

899.7 
(89.5.8 

900.0 
(8,95.5 

(NBS 117) 

900.3 
895.2 

900.9 
,(894. 6 

902.5 
(893.0 

903.6 
(891. 9 

LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR ASSAY 

Quarter-core samples from Occidental Oil Shale, Inc. 
corehole LW-156 (Con.) 

To 

900.0 
895.5) 

900.3 
895.2) 

900 • .9 
894 0 6) 

902.5 
893.0) 

903.6 
891. 9) 

904.6 
890.9) 

Description 
regular thick parting; regular to irregular fracture. 
Very fine pyritic crystalline streaks at 899.3. 

Oil shale: Black to dark and some medium brownish 
gray; ~ommon satiny to resinous luster in upper part; 
dolomitic. Faint streaked bedding and discontinuous 
laminae. Irregular thick parting; slightly conchoidal 
and irregular fracture. 

Oil shale: Dark and some medium grayish brown in upper 
part to brownish black in lower part; common satiny to 
resinous luster in lower part; dolomitic. Faint streaked 
bedding and discontinuous laminae in upper part to very 
faint very fine laminae in lower part.. Slightly irregular 
thick parting; irregular to slightly conchoidal fracture. 
Fine brittle vitreous black organic crust on parting 
surface at bottom. 

Oil shale: Black to very dark.brownish gray; some medium 
brownish gray in lower 0.1 foot; almost all has resinous 
to satiny luster; dolomitic. Very faintly streaked to 
faintly laminated; rare thin loop structures near bottom. 
Slightly to moderately irregular thick to rare medium 
parting; slightly conchoidal to irregular fracture. 

Oil shale: Medium to some light and rare dark brownish 
gray; rare buff in lower part; calcareous. Distinct to 
some faint laminae; abundant fine displacements and 
loop structures; thin conglomeratic zones at 902.4 and 
902.5. Irregular ·t~ regular thick parting; irregular to 
regular fracture. . 

Sample of medium to dark brownish-gray oil shale from 
901.8 feet: ··x-ray - calcite, dolomite, quartz, 
feldspar, illite. 

Oil shale: Dark brownish gray to black; common satiny to 
resinous luster; dolomitic. Very faintly streaked to 
faintly laminated. Regular thick to some medium parting; 
slightly irregular and hackly fracture. · 

Oil shale: Medium and some dark brownish gray; dol9mitic. 
Very faint to rare moderately disti~ct laminae. Regular 
to some irregular thick to medium parting; regular to 
slightly irregular fracture. A thin irregular brownish­
gray dense and sparry to silty tuff at 904.3. 
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From 
904.6 

(890. 9 

905.6 
(889. 9 

906.9 
(888. 6 

907.5 

908.0 

911.0 

912.1 

LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR ASSAY 

Quarter-core samples from Occidental Oil Shale, Inc. 
corehole LW-156 (Con.) 

To 
905.6 
889.9) 

906.9 
888. 6) 

907.5 
888. 0) . 

908.0 

911.0 

912.1 

913.1 

Description 
Oil shale: Dark and rare medium brownish gray to black; 

common satiny to rare resinous luster; dolomitic. Very 
fai~t very fine laminae. Regular to some irregular thick 
parting; slightly irregular and hackly fracture. A thin 
brownish-gray silty tuff lens.at 904.85. 

Oil shale: Medium and some dark brownish gray to tan and 
some buff, dolomitic. Distinct to rare faint laminae; 
some fine low-angle displacements in upper part. Regular 
to some irregular thick parting; slightly' irregular to 
TP.enlar fr~<,:ture. F1ne black silty streak at: 905.7. 

Oil shale: Dark and some medium grayish brown in uppe~ 
part to very dark brownish gray and black in lower part; 
rare satiny luster in lower part; dolomitic. Faintly 
laminated. Slightly to moderately irregular thick 
parting; conchoidal to slightly irregular fracture. A 
thin dark brownish-gray silt:y tuff lamina at 907.35. 

Oil shale: Dark brownish gray to bl~ck; common satiny 
to resinous luster; dolomitic. Faintly laminated. 
Regular thick parting; slightly irregular ~racture. 

Oil shale: Medium and rare dark grayish brown to tan 
and buff; calcareous in upper half foot to dolomitic in 
other parts. Very distinct to some faint laminae; 
abundant fine loop structures and displacements in some 
parts. Regular to rare irregular thick to some medium 
parting; conchoidal to regular fracture. Fine slightly 
wavy light gray silty lamina at 909.2. 

Oil shale: Very dark brownish gray to black; most has 
satiny to resinous and rare waxy luster; dolomitic. 
Very faintly laminated; some fine to thin loop structures. 
Irregular to regular and slightly wavy thick parting; 
moderately to slightly irregular and rare·hackly fracture. 
Irregular 1/2- t~ l~inch grayish-brown to brownish-gray 
blebby to silty tuff lenses at 911.6, 911.7 and 911.95 

Sample of l-inch tuff lens from 911.7 fe~t: X-ray 
Na-feldspar, quartz, analcime, pyrite, biotite, 
hornblende. 

Oil shale: Dark to light brownish gray and rare buff; 
calcareous to. dolomitic. Dis'tinctly laminated; rare fine 
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LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR ASSAY 

Quarter-core samples from Occidental Oil Shale, Inc. 
corehole LW-156 (Con.) 

From To 

913.1 915.2 

915.2 916.3 

916.3 917.9 

917.0 919.1 

919.1 920.0 
(NBS /18) 

Description 
to thin loop structures and displacements. Regular to 
irregular thick parting; slightly to moderately irregular 
fracture. A thin pinch-and-swell light gray silty biotitic 
tuff at top. Very thin medium to dark gray silty pyritic 
lenses at 912.8. 

Oil shale: Buff to medium and rare dark brownish gray and 
grayish brown; slightly calcareous to dolomitic. Distinct 
to some faint laminae; some very fine to thin loop structures 
and displacements. Regular to rare irregular thick parting; 
regular to conchoidal fracture. Rubble at 915.0 

Oil shale: Dark brownish gray; some black in upper part; 
dolomitic. Very faint streaked bedding in upper part; 
faint very fine discontinuous to regular laminae in lower 
part. Irregular to regular thick to rare medium parting; 
slightly to moderately irregular and rare coarse hackly 
fracture. A thin dark gray silty tuff lens at 915.6; 
rare fine streaks elsewhere. · 

Oil shale: Dark to rare medium brownish gray, dolomitic .• 
Very faint to faint discontinuous to regular laminae. 
Slightly to moderately irregular thick parting; slightly 
to moderately irregular fracture. . 

Oil shale: Dark to medium and some light brownish gray; 
rare black and buff; uulumitic to slightly calcareous. 
Faint to distinct laminae'; some fine loop structures and 
displacements. Regular to rare irregular thick to rare 
medium and thin parting; slightly irregular and conchoidal 
fracture; rubble at 918.9. A l-inch pinch-and-swell 
medium-light brownish-gray silty to blebby tuff(?) at 
top. Very fine black silty pyritic streaks at 918.25. Very 
.fine light to dark gray silty streaks at 918.85. Top of ' 
core below rubble zone appears slightly leached. 

Sample of brownish-gray tuff from 917.9 feet: X-ray­
Na-feldspar, calcite, analcime, quartz, dolomite. 

Oil shale: Dark and some medium grayish brown to rare 
black, dolomitic. Faint streak~d bedding in upper part; 
faint to moderately distinct discontinuous to regular 
laminae below 919.4. Slightly to moderately irregular thick 
parting; slightly irregular to slightly hackly fracture. 
Rare very fi~e dark silty pyritic strepks. 

Sample of black to dark grayish-brown lamina~~d oil 
shale from 919.6 feet: x-ray - dolomite, quartz, 
analcime, calcite, feldspar, illite. · 
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From 
920.0 

921.0 

922.0 

924.7 

925.5 

926.2 

LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR ASSAY 

Quarter-core samples from Occidental Oil Shale, Inc. 
corehole LW-156 (Con.) 

To 
921.0 

922.0 

924.7 

925.5 

926.2 

928.5 

Description 
Oil shale: Black to medium brownish gray, dolomitic. 
Faint to dis.tinc t laminae. Regular to rare· irregular 
thick parting; slightly irregular to conchoidal fracture. 
Sparse very fine disseminated pyrite in lower part. Rare 
very fine silty streaks. · 

Oil shale: Dark to light·brownish gray; rare black and buff; 
dolomitic. Very distinct laminae in upper part; moderately 
distinct to faint laminae below 921.4; ·some fine to thin 
loop structures. Regular to irregular thick parting; 
eli~htly to moderately irregular and conchoidal fractut'e. , 

Oil shale: Buff to medium and rare dark brownish gray; 
calcareous to dolomitic •. Faint to very distinct laminae; 
some fine to rare thin loop structures. Regular to rare 
irregular thick to rare meditim parting; tegular to some 
irregular and some slightly conchoidal fracture. Few 
fine irregular milky white chert sp.ecks (very short 
fracture fillings?) at 923.25. 

Oil shale: Black to dark and some medium brownish gray; 
some satiny to resinous luster; dolomitic. Very faint to 
some moderately distinct laminae. Moderately to slightly 
irregular thick to rare medium parting; slightly conchoidal 
to irregular fracture. A 3/4-inch pinch-and-swell medium 
to dark brownish-gray silty to sandy-text~red biotitic 
tuff at 925.2. Very thin dark silty pyritic streaks at 
925.4 and 925.5. 

Oil shale: Medium to light and some dark grayish brown; 
dolomitic to slightly calcareous. Distinct to some faint 
laminae; some fine loop structures and displacements. 
Slightly to moderately irregular thick. parting; slightly 
conchoidal fracture. 

Marb.tone ;mil some oil shal,e: Very light buff to some 
medium and rare dark grayish brown, slightly calcareous. 
Very distinct to very faint very regular laminae. 
Regular to rare irregular thick parting; regular to con­
choidal fracture. A very regular 1/2-inch light to medium 
gray. silty to fine sandy-textured lamina with rare pyrite 
at 926.65. Very fine dark gray silty pyritic streaks at 
927.05; rare very fine pyritic streaks elsewhere. 
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From 

928.5 

929.3 

929.8 

930.6 

LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR ASSAY 

Quarter-core samples from Occidental. Oil ·Shale, Inc. 
corehole LW-156 (Con.) ,·, 

To 

929.3 

929.8 

930.6 

931.3 

Description 
Sample of thin gray lmaina with some marlstone from 

926.65 feet:· X-ray - analcime, feldspar, quartz. 
Sample of very light buff marlstone from 928.2 feet: 
X-ray - dolomite, quartz, calcite, feldspar, analcime, 
illite. 

Oil shale: Medium and rare dark brownish gray to buff, 
dolomitic. Distinctly laminated. Irregular to regular 
thick parting; conchoidal to regular.fracture. A fine 
white silty biotitic tuff lamina at 928.8, A thin light 
brownish-gray silty to very fine sandy-textured tuff 
band at 929.2. 

Oil shale: Dark to medium and rare light grayish brown, 
dolomitic. Distinct to faint laminae. Slightly to 
moderately irregular thick parting; slightly conchoidal 
and irregular fracture. 

Oil shale and tuff: Buff to some medium and rare dark 
brownish-gray oil shale. Dist·inct to faint laminae. 
Irregular to regular thick to rare medium parting; slightly 
conchoidal and irregular fracture.· Tuff at 930.1-930.4: 
light gray and silty in upper part to dark gray.coarse 
bitumen-coated analcime grains in lower part; some pyrite 
at upper contact and disseminated among analcime grains 
in lower part.· A fine gray silty pyritic tuff lamina at 
9·29.9. A fine vertical·dark gray silty pyritic stringer 
at 930.4-930.5. 

Sample of light gray silty tuff from 930.15 feet: 
· X-ray - analcime, quartz, feldspar. 
Sample of dark gray analcime tuff from 930.35 feet: 
x-ray - analcime, quartz, pyrite, feldspar, dolomite. 

Oil shale: Light to some dark brownish gray, dolomitic. 
Distinctly laminated. Moderately t·o slightly irregular 
thick parting; irregular to slightly conchoidal fracture. 
Abundant very fine black minerat grains in some laminae 
in upper part. ·A very thin tan fine-sandy-textured tuff 
lamina at bottom. 

Sample.of oil shale with some very fine black mineral 
grains from 930.85 feet: X-ray - dolomite, quartz, 
feldspar, illite, anaicime. 
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From 
931.3 

9.32.3 

933.4 

934.1 

934.8 

935.8 

936.8 

LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR ASSAY 

Quarter-core samples from Occidental Oil Shale, Inc. 
corehole LW-156 (Con.) 

To 
932.3 

933.4 

934.1 

934.8 

935.8 

936.8 

937.8 

Description 
Oil shale: Dark to some medium grayish brown and some 
black; some satiny to resinous luster; dolomitic. Mod­
erately distinct to faint laminae in upper and lower parts; 
very fine grayish-brown mineral blebs aml Llebby laminae 
in black organic-rich shale at 931.5-931.9 (like 850.6-
841.4). Regular to slightly irregular thick to some 
medium parting; moderately to slightly irregular fracture. 

Sample of rich blebby oil shale from 931.6 feet: 
X-ray - dolomite, quartz, feldspar, illite, pyrite, 
cii."Utlcim~. 

Oil shale: Dark to some light brownish gray and rare buff, 
dolomitic. Distinctly lamir~ted rare fine displacements 
and loop structures. Regular to irregular thick parting; 
slightly irregular and conchoidal fracture. Fine gray 
silty tuff lamina at 932.7. Abundant very fine dark 
specks (biotite?) in lower part. 

Oil shale: Buff to medium and some dark grayish brown, 
dolomitic. Very distinct laminae. Irregular to regular 
thick parting; slightly conchoidal to regular fracture. 
Very fine gray pyritic laminae at 933.7 and 933.95. 

Oil shale: Light to dark brownish gray and some buff, 
dolomitic. Distinctly laminated; abundant fine loop 
structures. Slightly irregular to regular thick parting; 
slightly irregular and conchoidal fracture. A very thin 
gray silty tuff lamina at top. 

Oil shale: Dark and rare medium brownish gray to black; 
common satiny to resinous luster; dolomitic. Faint regular 
laminae in upper and lower parts to blebby laminae and 
streaked bedding (like 931.5-931.9) in middle; few small 
loop structues near top. Slightly to moderately irregular 
thick parting; slightly to moderately irregular fracture. 

Oil shale: Buff to some medium and da·rk grayish brown, 
dolomitic. Distinct to faint laminae; rare small loop 
structures. Slightly irregular thick parting; regular to 
conchoidal fracture. A fine white silty biotitic 
tuff lamina at 936.1. 

Marlstone: Buff to light and rare medium to dark brownish 
gray; silty in parts dolomitic to slightly calcareous. 
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From 

937.8 

938.9 

939.5 

940.5 

LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR ASSAY 

Quarter-core samples from Occidental Oil Shale, Inc. 
corehole Ul-156 (Con.) 

To 

938.9 

939.5 

940.5 

940.9 

Description 
Moderately distinct to very faint laminae and rare 
streaked bedding. Regular to irregular thick parting; 
conchoidal to regular fracture. A very thin light gray 
silty to very fine sandy-textured. lamina at 93 7. 65. 

Sample of very light buff silty marlstone from 937.1 
feet: X-ray - dolomite, quartz, feldspar, analcime, 
illite, calcite. 

Marlstone and oil shale: Buff to some medium and rare dark 
brownish gray; dolomitic to slightly calcareous. Faint 
to some distinct laminae; rare fine loop structures and 
displacements. Irregular to regular thick to rare medium 
parting; regular to some conchoidal fracture. Very fine 
disseminated white crystal blebs in some oil shale layers. 

Sample of brownish-gray oil shale with abundant very 
fine crystal blebs from 938.45 feet: X-ray -
dolomite, calcite, quartz, feldspar, illite. 

Oil ~hale: Light to dark brownish gray and some black; 
rare satiny luster; dolomitic. Distinct to very faint 
laminae; rare fine loop structures. Irregular to regular 
thick to_ rare medium parting; slightly to moderately 
irregular and conchoidal fracture. Fine brownish-gray 
to black silty pyritic tuff streaks at 939.05. Irregular 
half-inch coarse-grained analcime lens at 939.4. Finely 
interfingered lenticular contact with tuff below. 

Sample of dark brownish-gray to black oil shale from 
939.35 feet: X-ray - dolomite, quartz, calcite, 
analcime, illite, feldspar. 

CURLY BEDDED TUFF: Medium to lig4t gray and rare buff to 
white; silty to coarse sandy textured. Faintly variegated; 
some indistinct irregular layering. Irregular parting 
and fracture •. Some very fine biotite. Sharp slightly 
wavy contact with oil shale below. 

Sample of gray fine-grained tuff from 940.1 feet; 
X-ray - quartz, analcime, biotite, pyrite, feldspar. 

Sample of coarse-grained salt-and-pepper tuff from 
940.4 feet: X-ray - analcime, quartz, biotite, 
feldspar, pyrite. 

Oil shale: Black to some dark brownish gray; almost all 
has satiny to resinous luster; dolomitic. Very faint very 
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LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR ASSAY 

Quarter-core·samples from Occidental Oil·Shale, Inc. 
corehole LW~l56 (Con.) 

From To 

940.9 941.4 

941.4 942.0 
(NBS /19) 

942.0 942.8 

942.8 947.4 

Description 
fine laminae; rare fine loop structures. Regular thick 
to medium parting; slightly conchoidal fracture. Fine 
grayish-brown dense blebby streaks at 940.8. 

·Sample of black oil shale from 940.55 feet: X-ray 
do'!omite, quartz, analcime, calcite, feldspar, 
illite, pyrite. · 

Oil shale: Dark to medium brownish gray; some black in 
upper half; dolomitic. Faint to moderately distinct 
laminae; some fine loop str11r.tHr.es. Slightly irregular 
thiclt partinH; !L·o~.·wsul;ar t-n ~li ehtl y conchoidal fractur€'. 
Fine dense dark brownish-gr.Ay silty lenses at 941.2. 
Very fine black pyritic streaks at 941.25. 

Oil shale: Medium to dark brownish gray; thin light zone 
at 941.R; rlolomitic. Moderately distinct laminae; some 
fine to thin loop structures. Irregular thick parting; 
irregular fracture. A fine black silty pyritic streak 
at 941.5. Fine dark gray silty lenses at 941.7. 

Sample of dark to medium brownish-gray oil shale 
from 941.6 feet: X-ray - dolomite, quartz, calcite, 
analcime, feldspar, illite. 

Oil shale: Dark to medium and some light brownish gray; 
some black near top; dolomitic to very slightly calcareous. 
Distinct to rare faint laminae; rare fine loop structures 
and displacements. Irregular thick parting; irregular 
to slightly conchoidal fracture. A 3/4-inch moderately 
coarse grained analcime band at 942.45. A very thin white 
silty tuff lens at 942.6. 

Oil shale and marlstorte: Medium and rare dark brownish 
gr;:~y to buff; dolomitic to slightly calcareous; commonly 
slightly silty in lighter layers. Distinct to some faint 
laminae and rare bands; some fine loop ·Structures and 
displacements. Irregular to some regular thick to rare 
medium and thin parting; regular to conchoidal fracture. 
A very thin light to medium gray biotitic tuff lamina at 
943.7. Very fine gray silty streaks·at 947.2. (NBS /110, 
946.0-946.6) 
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From 
947.4 

947.9 

948.7 

949.7 

952.0 

LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR ASSAY 

QUarter-core samples from Occidental Oil Shale, Inc. 
corehole LW-156 (Con.) 

To 
947 .;9 

948.7 

949.7 

952.0 

959 .• 7 

Description 
Oil shale: Medium to some dark and light brownish gray, 
dolomitic. Faint to moderately distinct laminae; some 
very fine loop structures and displacements. Slightly 
irregular to regular thick pa.rting; slightly irregular 
fracture. Rare· very fine dark gray silty pyritic streaks. 

Very lean oil shale grading to silty marlstone: Medium and 
very r.are dark brownish gray to buff and gray-buff, 
dolomitic. Faint and rare moderately distinct very fine 
laminae; rare very fine loop structures and displacements. 
Irregular thick parting; slightly irregular and conchoidal 
fracture. Some gray silty streaks. Some very fine biotite. 

BOTTOM OF MAHOGANY ZONE 
TOP OF B-GROOVE 

Mudstone and siltstone: Gray buff to some light brownish· 
gray and rare gray, dolomitic. Very faint to some mod- · 
erately distinct laminae; some distinct medium to dark 
gray pyritic and biotitic streaks. Slightly irregular to 
regular thick parting; slightly irregular fracture. 

Sample of mudstone with fine dark ·streaks from 949~1 
feet: X-ray - dolomite, quartz, feldspar, analcime, 
illite, calcite. 

Siltstone and mudstone: Gray buff and rare light to medium 
brownish gray, dolomitic. Faintly lamina ted and banded; 
some distinct dark gray streaks as above in middle part. 
Moderately to slightly irregular thick parting; slightly 
irregular fracture. · Massive to .faintly variegated and 
mottled dark gray to rusty brown silty band at 950.3-
950.5. Fine dark brownish-gray silty lamina at 951.7. 
Slightly permeable in parts. 

Sample of dark gray and rusty brown silty band from 
950.4-950.5 feet: X-ray - analcime, pyrrhotite, 
feldspar, quartz, calcite. · 

Siltstone and some mudstone: Gray buff and rare light 
brownish gray; dolomitic to slightly calcareous. Very 
faintly laminated and banded to massive; rare distinct 
dark gray streaks. Irregular to some regular thick part­
ing; regular to some irregular fracture; slightly permeable. 
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From 

959.7 

961.0 

. 968.0 

974.0 

LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR ASSAY 

Quarter-core samples from Occidental Oil Shale, Inc. 
corehole LW-156 (Con.) 

To 

961.0 

968.0 

974.0 

979.2 

Description 

Abundant fine to 1/4-inch dark gray silty very pyritic 
streaks at 955.25-955.35. Light to dark gray dense 
silty and slightly sparry band at 955.5-955.65. 

Siltstone and some mudstone: Gray buff and iight gray to 
some_light and medium grayish brown, slightly calcareous~ 
Very faint to some moderately distinct laminae. Regular 
to rare irregular thick to some medium parting; regular 
to slightly irregular fracture; slightly permeable in 
parte. 

Siltstone: Gray buff to some llght gray and rare buff to 
light brownish gray, slightly calcareous. Very faintly 
laminated and banded tn m~ssive. Irregular to rare · 
reguiar thick parting; regular to some irregular fracture; 
slightly permeable. 

Sample'of massive light gray siltstone from 963.9 
feet: X-ray - dolomite, quartz, feldspar, calcite, 
analcime, illite • 

Stltstone and marly mudstone: Gray buff to buff and light 
to some dark gray; slightly calcareous to dolomitic. 
Faint to some distinct laminae and bands. Irregular to 
regular thick parting; regular to some irregular fracture; 
slightly permeable. 

Sample of gray $ilty layer from 973.2 feet: X-ray -
dolomite, quartz, feldspar, analcime, illite. 

Sample of buff marly layer from 973.3 feet: X-ray -
dolomite, quartz, feldspar, analcime, illite. 

Mudstone and marlstone:. Gray buff and buff ~o some light 
and .rare medium brownish gray, dolomitic. Very faint· to 
rara moderately d:i.st:i.nrt 1 aminae; some distinct dark gray 
silty laminae in upper part; wavy distorted laminae at 
974.5-974.6. Irregular to regular thick parting; ~lightly 
to moderately conchoidal and sume i:q:egular fracture; 
slightly permeable, Abundant very fine dissemi04ted black 
specks. · 

Sample of buff marlstone with abundant very fine 
black specks from 977.7 ·feet: X-ray- dolomite, 
analcime, quartz~ feldspar, illit~, pyrit~. 
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From 
979.2 

980.4 

982.4 

·983.4 

984.4 

LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR ASSAY 

Quarter-core samples from Occidental Oil Shale, Inc. 
corehole LW-156 (Con.) 

To 
980.4 

982.4 

983.4 

9a4.4 

987.0 

Description 
0~1 shale and marlstone: Medium and rare dark grayish 

brown to'tan and buff, dolomitic. Distinct to some fai.nt 
laminae in 1/2- to 2-fnch lighte.r and darke'r zones; rare 
fine loop structures and displacements. Irregular thick 
to medium parting; conchoidai fracture. ~ thin dark gray 
silty to very fine sandy-textured very pyritic lamina 
at 979.4; some very f·ine dark pyritic specks at 979.5. 

Marly mudstone ~nd siltstone: Buff; dolomitic to slightly 
calcar~ous. Very faint regular to slightly disrupted and 
irregular laminae and bands. Irregular t~ick parting; 
slightly conchoidal to irregular fracture. Two fine 
irregular wavy oil shale layers in lower 2 inches. 

BOTTOM OF B-GROOVK 

Oil shale: Buff to medium and some dark brownish gray; 
very dark to black zones at 982.46.,..982.67 and 983.12-983.18; 
dolomitic. Distinct to some faint laminae; rare fine loop 
structures; faint discontinuous laminae and streaked 
bedding in-dark zone near top. Irregular to slightly 
irregular th~ck to medium parting; moderately to slightly 
CQnchoidal fracture. A very thin rusty brown silty tuff 
lamina near bottom• 

Oil shale:: Black to dark and rare medium brownish gray; 
comma~ satiny to waxy luster; dolomitic~ Very faintly 
streaked to faintly laminated; slightly blebby in middle 
part (like 85Q.6-841.4 and 931.5-931.9). Irregular to 
rare regular thick to some medium parting; moderately 
to slightly irregular and some slightly hackly fr~cture. 
Some very fine pyrite blebs and streaks. Rare fine to 
small brownish-gray silty le~ses. Natural(?) vertical 
fra~ture at 984.0-984.2. · 

Oil shale, some marls tone in lower part: Dark to light 
brownish gray and buff; dolomitic to very slightly cal­
careous. Distinct to rare faint laminae. Regular to 
irregular thick to rare medium and thin parting; regular 
to slightly conchoidal and some irregular fracture. Very 
abundant very fine disseminated black specks (like 977.7) 
in upper part, becoming. sparse in.lower part. (986.4-
986.6 missing). · 
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·From 
NOTE: 
987.0 

987.4 

988.1 

. 989.2 

989.5 

LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR ASSAY 

Quarter-core samples from OccidentalOil Shale, Inc. 
corehole LW-156 (Con.) 

To Description 
Core sequence from 987.0 to 993.0 might not be exactly correct. 

987.4 Oil shale: Dark brownish gray to black; dolomitic; some 
satiny to resinous luster. Faintly laminated; rare small 
loop structures. Irregular to slightly irregular thick 
parting;· slightly conchoidal to irregular coarse hackly 
fracture. Fine to l-inch dark gray silty to very fine 
sandy-textured tuff streaks and lenses at 987.1. Abund­
ant very fine-disseminated pyrite. 

988.1 Oil shale: Black to medium·grayish brown and brownish 
gray, dolomitic. Moderately distinct to faint laminae. 
Irregular to regular thick to rare medium parting; con­
choidal to regular fracture. A small dark brownish-gray 
silty tuff lens near bottom. Abundant very fine pyrite 
in dark layers. 

989.2 OH sh<tle: Medium to dark brownish gray; rare black in 
upper part; some light brownish gray in lower part; 
dolomitic. Moderately distinct to distinct ·laminae. 
Irregular to regular:. thick parting·; regular to irregular 
and some conchoidal fracture. Some very fine disseminated 
pyrite (or pyrrhotite?) in upper part. Gray silty tuff · 
band at 988.7-988.8. A very fine irregular vertical 
fracture filled with dark gray silty pyritic material 

989.5 

990.5 

in lower 0.3 foot; a fine lens of similar material at 
989.05. 

Sample of medium to dark brownish-gray oil shale 
from 988.4 feet: X-ray - dolomite, quartz, aragonite, 
calcite, feldspar, analcime, illite, 

Marlstone: Buff to light and some medium brownish gray; 
very sl:f.ghtly ('.al.careous. Moderately distinct laminae; 
rare fine displacements. Irregular t~ick parting; slightly 
conchoidal to irregular fracture. A 3/4-inch gray silty 
tuff band at top. A fine gray silty lamina with abundant 
very fine biotite (and hornblende?) at 989.35. 

Mudstone: Gray buff to light gray; rare light to medium 
brownish-gray streaks and laminae; dolomitic to slightly 
calcareous. Very faint to rare moderately distinct laminae 

·in upper and lower parts to very faintly streaked in 
middle. Irregular thick to medium parting; conchoidal to 

. irregular fractur~. Slightly irregular and displaced dark 
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From 

990.5 

991.9 

.993.1 

995.2 

996.4 

LITHOLOGIC DESCRIPTION OF- SAMPLES SUBMITTED FOR ASSAY 

Quarter-core samples from-Occidental Oil Shale, Inc. 
corehole LW-156 (Con·.) 

To Description 
gray silty band with some fine pyrite streaks and blebs 
at 990.3-9-90.4. (Continuity with core above and below is 
questionable.) 

Sample of dark gray silty band from 990.3-990.4 feet: 
X-ray - analcime, pyrite, feldspar, quartz, illite. 

991.9 Oil shale: Very light buff to light and rare medium to 
dark brownish gray; slightly c'alcareous to dolomitic. 
Faint to some distinct laminae •.. Irregular thick to rare 
medium parting; slightly to moderately conchoidal 
fracture .. 

993.1 Oil shale: Light to some dark brownish gray, rare buff, 
dolomitic. Moderately to very distinct laminae. Irregular 
to rare regular. thick parting;.slightly to moderately 
conchoidal and irregular fracture. .Abundant very fine 
disseminated dark gray to black specks. Some very fine 
pyrite and/or pyrrhotite blebs and streaks in dark layers. 
Rare fine gray silty laminae and streaks. 

Sample of medium to light brownish-gray oil shale 
with very fine dark specks from 992.3 feet: X-ray -
dol~ite, quartz., calcite, feldspar, illite. 

995.2 -Oil shale: Buff and tan to dark brownish gray and rare 
black; dolomitic to. slightly calcareous. Distinctly 
lamina ted. Regular to irregular thick parting; conchoidal 
to regular fracture. A 0.2-foot gray silty tuff band at 
top; light gray and biotitic in upper 1/4-inch; dark gr~y 
and pyritic in lower 1/4 inch. A thin dark gray silty 
pyritic lamina at 993.8. A very fine gray silty lamina 

996.4 

997 •. o 

at 994.55. 
Marlstone and oil shale: Buff to some medium and rare dark 

brownish gray, dolomitic. Faint to some distinct laminae. 
Irregular to r~re regular thick parting; moderately to 
slightly conchoidal fracture. Rare very fine pyrite blebs 

·and streaks. 
Oil shale: Light to medium and rar.e dark brownish gray,. 
rare buff, dolomitic. Distinct to rare faint laminae. 
Irregular to regula.r thick parting; regular to slightly 
conchoidal and some irregular fracture. A fine gray 
silty pyritic tuff ~a~ina at 996.55. 
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From 
997.0 

998.0 

999.8 

1001.1 

1001.9 

1002.9 

LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR ASSAY 

Quarter-core samples from Occidental Oil Shale, Inc. 
corehole LW-156 (Con.) 

To 
998.0 

999.8 

1001.1 

1001.9 

1002.9 

1003.1 

Description 
Oil shale: Buff to some medium and rare dark brownish 
gray; dolomitic to very slightly calcareous. Very 
.distinct to faint laminae. Irregular to regular thick 
parting; slightly conchoidal to regular fracture. A , 
fine pinch-and-sweil dark gray silty pyritic lamina at: 
997.15. A 1/2-inch irregular medium to dark gray silty 
biotitic tuff at 997.4. Abundant very fine m!lky white 
mineral blebs in lower 0.3 foot. 

Sample of light to medium oil shale with very fin~ 
white mineral blebs from 997.9 feet: X-ray- dolomitet 
calcite, quart'z, analcime, feldspar, illite. 

Marlstone and lean oil shale: Very light buff to l~ght and 
rare medium to dark brownish gray; slightly calcareous 
to dolomitic; commonly silty in lighter parts. Faint to 
rare distinct laminae. Regular to some irregular thick 
to rare medium parting; regular to conchoidal fracture. 
A very thin white silty biotitic tuff lamina at 998~85. 

Oil shale: ·Buff and tan to medium and some dark brownish 
gray, dolomitic. Disti~ctly laminated. Regular .to 
irregular thick to medium and rare thin parting; slightly 
to moderately conchoidal and some irregular to coarse 
hackly fracture. Rare fine pyrite blebs and streaks. 
A fine gray silty tuff lamina at 1000.7. 

Oil shale: Very light buff to medium and rare dark brownish 
gray; dolomitic to- slightly calcareous. Faint to distinct 
laminae~ Regular·to irregular thick to some thin parting; 
moderately to slightly conchoidal fracture. 

Oil shale: Buff to dark brownish gray, dolomitic~ Distinct­
ly laminated. Irregular thick to rare medium parting; 
slightly to moderately conchoidal and some irregular 
fracture. A fine dense light brownish-gray lamina with 
abuntf~nt pyri.te blebs at 1002.05. A fine dark gray silty 
pyritic lamina at 1002.3. A 0.1-foot gray t.o brownish-gray 
silty to very fine sandy-textured at bottom; slightly 
irregular upper contact; finely interfingered lower contact. 

Oil shale: Dark brownish gray to black; rare satiny lu~ter; 
dolomitic. Very faint very fine laminae (slightly curved). 
Slightly conchoidal fracture. Abundant very fine dissem­
inated pyrite blebs. A 3/8-inch brown silty dolomite 
lamina near bottom, with a 10 x 1/2-inch brownish-gray 
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From. 

1003.1 

LITHOLOGIC DESCRIPTION OF SAMPLES SUBMITTED FOR ASSAY 

Quarter~core samples from Occidental Oil Shale, Inc. 
corehole LW-156 (Con.) 

To Description 
silty nodule nested in a depression in the upper part 
of the layer. 

Sample of black oil shale with very fine pyrite 
blebs from 1002.95 feet: X-ray - quartz, dolomite, 
feldspar, analcime, illite, pyrite, marcasite. 

1003.8' Oil shale: Medium to dark and rare light grayish brown, 
dolomitic. Faint to some distinct.laminae. Regular to 
irregular thick to rare medium parting; slightly con­
choidal fracture. Occasional layers with abundant very 
fine pyrite .blebs and streaks. Very fine dark brownish­
gray oilty streaks at 1003.6. 

Sample of medium to dark grayish-brown oil shale 
from 1003.5 feet: X-ray - dolomite, quartz, analcime, 
calcite, feldspar, illite. 

BOTTOM OF CORE 
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This appendix includes data not 

previously reported in prior 

quarterly reports. 

Following table is a list of 

malfunction codes used for missing 

air quality and meteorological 

data. 
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Nunerical 

Entrx Code 

8000 

gooo 

gloo 

gzoo 
9300 

g4oO 

g450 

g5QO 

g550 

9600. 

g650 

g7oo 

9750 

g800 

9850 

9870 

9goo 

gg5o 

ggao 

gggg 

Letter 

Code 

TR 

CA 

MT 

FO 

IM 

PF 

WR 

RF 

NV 

Ll 

OE 

OS 

IN 

SE 

OR 

TS 

VA 

CM 

UN 

AIR QUALITY AND METOROLOGICAL 

MALFUNCTION COMPUTER CODES 

Description 

·Trace of Precipitation 

Calibration ·(calibration. system check) 

Maintenance (changing paper. tape. charcoal) 

Flame Out (on the GC - THC. HC. CH4• CO) 

Instrument Malfunction (instrument failures) 

Power Failure (generator failure) 

Weather Related Malfunction (instrument 

freezes. temperature readings below 

instrumental detection) 

Recording System Failure (chart jams. runs out 

clock stop) 

Not Visible (values were not within range of 

instrument i.e. inversion heights may exist 

beyond the full scale of the Acoustic Radar) 

Local Interference (c4r nearby) 

Operator Error (Field tech leaves switch in 

wrong position) 

Off Scale 

Interference (C02 interference on sulfur 

data. SO interference in oxidant readings) 

Special Experiment 

Out for Repair (instrument removed from site 

.with no rep 1 acemen t) 

·Temporary l-1onitoring Shutdown due to 
Operations Conflict 

Variable Wind Direction 

Calm (no wind direction when wind speed = 0) 

Unlimited Ceiling {reported by NWS Stations) 

Blank (causes a space to be printed as in the 

beginning of a new month before a component 

star·ts) 

7/31/00 
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tboid.lsPECTRO-CHEMICAL LABORATORY I )I DIVISION OF COORS PORCELAIN COMPANY 
GOLDEN, COLORADO, U.S.A. 

303-278-4000 Ext. 2302 

CI-1317·A 

lABORATORY 
TO: Occidental Oil Shale, Inc. 

2372 "G" Road 

NUMBER 

DATE P. O. Box 2687 
Grand Junction, CO 81501 OJSTOMER 

ORDER NO. 

Attention: Paul Oliver 

·METEOROLOGICAL TOWER STATION LW02 . 
Filter Nu. Date ParticulAtes 

(IJ.g/rrr) 

1005282 7-22-80 30·9 

1005283 7-29-80 7824;* 

1005284 8-5-80 0.4 

. +.O.o-5285. 8-19-8o ;.2 

1005286 8-12-80 0.5 

1005287 8-25 .. 80 5·8 

Mailing Address: 
P.O. Box SOO 
Golden, Colorado 80401 

94-61~6 

10-7-80 

AFE 8779-01 

Hi-Vol Filters 

·* The data record for filter 1005283, dated 7-29-8o, indi~ates a 
sample time of only 56 minutes, ''~hich gives an excessively high 
partieu.le.te·-count-.w::·:.If.,.t-~~a-.23 hours and -56 minutes, the 
particulates would be 37.; IJ.g/m3 , a much more ret:listic number. 
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-
wiND DIRECTION. liiiJO~ LOGAI~ WASH 
OfGREES MIH Ullll 

FF.R 1980 
OIL SHALE OCCIDENTAL INC. 

'10U~ <LOCAL STANDARD TIME I 
·DAY 2 3 4 5 6 .7 8 9 10 11 12 13 14 15 16 17 1t! 19 20 21 22 23 24 PREV 

. 1 179 10~ 155 125 131 122 121 115 132 123 1213 269 169 2114 290 323 l87 141 124 123 121 136 130 127 165 
2 12fl 134 150 132 127 126 12A 146 12ti 175 2!lt! 2~= 277 251 293 278 Ill 113 128 133 1'19 145 135 105 167. 
3 134 )40 134 121 122 133 131 105 101 135 ~a ?.!>3 84 303 262 331 91 101 )2:, llH 122 139 . 96 135 145 4 12A 115 132 . 13.9 136 137 76. 159 125 300 288 285 314 84 87 l46 228 135 124 13S 132 128 Ill 106 160 
5 128 124 111 116 107 134 110 124 155 138 144 307 283 296 240 264 255 122 134 131 131 135 131 129 165 
6 139 122 124 161 118 135 147 105 108 126 273 265 272 217 286 289 252 192 1!:'12 91 252 133 300 2H7 192 
7 55 80 180 302 59 38 ">6 157 66 4/4 57 61 44 335 237 55 ICMI •:CMI ICMI ( C~ll 110 90 45 61 107 
8 62 62 302 169 117 52 200 206 270 280 24t! 23d 292 2AFI 51 105 84 47 5:S 1:!4 120 189 131 146 158 9 140 152 148 136 136 141 212 141 132 13.2 146 134 290 290 29() 289 284 60 148 130 116 125 125 lH 168 - 10 134 136 128 133 125 139 ll4 . 125 126 130 lfl3 173 293 272 291 292 260 236 117 168 120 101 107 168 ....., 1 1 123 120 124 124 134 12fl 139 1111 139 137 135 24!:'> 304 229 296 295 266 53 105 120 130 115 95 130 159 ....., 12 130 131 123 127 144 137 12fl 155 140 228 320 275 290 293 287 319 273 257 128 185 212 122 139 116 194 

13 121 125 131 135 120 129 110 1A2 273 2130 C75 300 311 312 315 305 290 292 2!!1 101 335 285 276 237 231 
l4 32"i 293 321 150. 70 273 317 35 41 713 9 49 298 320 307 309. 270 288 299 )3d 2.73 290 246 98 212 
15 315 231 324 250 . 285 273 224 252 276 111 214 279 297 285 292 269 246 20b 19:) 87 114 34 285 60 ·22s 
16 87 lOS 94 113 130 134 124 141 116 19 fo7 30f> 307 75 123 l96 273 135 133 132 121 138 117 133 142 
17 1 Jb 122 112 31 286 319 . 24 20 269 301 2~7 2'12 284 299 288 297 294 289 lt>4 251 140 201 312 97 217 
18 1f>9 307 291 2f>f> ·289 IVAI IVA) IVAI 279 284 2A2 297 230 302. 288 231 151 320 3::'i 233 317 IVAI (VAl IVAI 254 
19 IliA) IVAI IVA) 290 212 261 99 145 11:>8 1f>6 198 340 261 276 284 307 32!> 323 339 . 344 133 104 302 95 237 
20 25R 240 259 270 332 316 28?. .286 295 21:10 302 279 273 291 21H 294 303 290 (JM) (I1>1) I IM) (!M) (I M) I I Ml 285 
l1 ICMI IJ"') (JM) I I M) (!,..) (JM) liM) ·1 I M) I I,.. I I I '1 l 312 344 30A 318 292 286 4b 33Cf 27 153 41 33 ICM) ICMl. 208 
22 ICM) ICMI ICMl ICMl ICMI IC"'l (CI~) IC"'l ICMI 282 295 291 281 167 2Jl 276 278 207 162 108 . 105 115 11~ 105 201 
23 292 91> 118 93 252 2H 126 169 24 29!> 322 2ti!) 280 284 1b5 8!! 157 111 260 114 102 283 92 135 184 
24 134 157 149 177 138 118 111 30 148 163 167 ' 268 2:i0 228 145 277 254 162 16~ 90 76 101 85 88 153 
25 104 127 128 122 139 122 117 202 123 134 120 280 272 211 27f:4 266 273 52 129 127 132 118 126 122 159 
26 131 .123 123 133 115 114 119 109 129 139 2~4 2H8 235 247 272 2b2 241i 124 130 un 125 114 115 116 161 
21 126 124 114 121 134 132 D'i 115 p9 138 283 ?.87 252 304 257 256 23J 59 130 122 124. 87 122 123 163 
28 135 129. 120 137 124 1?.A 130 135 30 137 204 2j4 245 239 297 266 223 276 102 1l7 140 83 284 328 182 
29 225 121 28 147 93 65 55 IC~l 209 283 290 291 310 275 286 170 195 142 299 264 331 194 108 80 194 

PV 155 143 159 156 155 157 137 140 157 180 211 260 262 263 253 260 230 1tU 159 146 152 138 159 131 185 

Cll/05/fiO-RPI) 



Wt~O DIRECTION li10"1 LJGAr-4 IIIASH 
DEGREES . 1'1=<1 LWOl 

!'1Aiol 1980 
OCCIDENTAL OIL SHALE INC. 

t-OUR I LOCAL STANDARD TI!o!EI 

DAY 2- 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 PREV 

1 71 64 67 68 55 72 2~9 79· 139 129 294 300 136 271 247 27f.l 260 233 170 116 121 118 117 119 159 
2 127 130. 121 124 194 139 115 12~ 276 294 297 297 297 60 293 29f.l 279 26 51 152 ·1 09 134 157 146 177 
3 125 24 275 296 311 322 296 302 303 101 31'1 300 302 313 286 2<.J2 307 307 312 2b2 337 258 29.2 232 270 
4 290 2qo 299 295 294 288 287 272 288 30~ 302 287 293 290 292 lli' 297 280 131 99 88 153 134 98 240 
5 127 145 133 86 94 115 109 158 276 337 312 2Al 311 279 279 293 2A6 201 280 2H8 220 291 297 285 228 
6 312 2~4 290 2A7 300 295 247 204 284 270 290 ·297 293 288 276 15'7 245 (V.S) IVAI IVAI IVAI IVAI IVAI IVAI 272 
7 (\I AI (VAl IVA I· IVA I IVAI IVAI IVAI. IVAI IVAI I \I AI 31b 291> 298 296 311 293 21'!4 278 294 248 279 300 291 275 290 

'A 299 300 304 281 104 278 lOY 115 133 143 296 256 333 21b 340 218 305 2S6 255 244 112 43 79 117 221 
9 133 1.25 129 113 130 1313 101 114 135 16.5 297 164 2A2 312 297 292 295 2E1 222 136 72 113 144 125 180 

10 11 Q 134 121 137 124 116 124 11'11 145 152 276 250 311 246 281 :C7b 275 2it8 94 97 110 9t. lOb 102 169 .... 11 12·7 123 130 . 1'43 127 132 l3CI 142 290 301 2A7 2S8 IOEI IOEI IOEI IOE.• COD IOEI IOEI IOEI IDE I IOEI IOEI IOEI 183 
~ . 12 IOEI IOEI lOt:: I IOE I IOEI IOEI IOEI IOD IOEI IOEI IOEI IOEJ IOEI COEI COEI (·OE I IOEI IOE I IDE I IOEI IOEI IOEI IOEI IOEI ( I 
():) 13 IOEI COE I· IOEI-IOEI IOEI IOEI IOEI !Of) IOEI IOEI I OF. I IOEI IOEI COEI IOEI lOE I IOEI COE I IOEI IOEI IOEI IOEI IOEI IOEI ( I 

1'4 IOE I COEI IOEI IOEI IOEI IOEI I OF. I 100 COEI IOEI IOEI IOEI IOEI IOEI IOEI COEI IOEl (Of.) IOEI IOEI IOEI IOEI IOEI IOEI ( I 
15 IOE I I OF.I IOEI IOEJ IDE I IOEI IOEI I OF.I IOEI IOEI (OEI IOEI IDE I IOEI IOEI COEI IOEl <OEl IOEI IOEI IOEI IOEI IOEI IOEI ( I 
16 IOEI IOEI IOEI IOEI· COEI IOEI IOEI IOEl IOEI IDE I (Of) IOEI IDE I tOE I (Of) GOEI IOEI (Of) IOEI IOEI IOEI IOEI IOEI IOEI ( I. 
17 .IOEI I Of I IOEI IOEI · IOEI tOE I IOEI I OF.: I IOEI IOEI (Of I IOEl IOEI WEI IOEI WD IOEI COEI IOEI IOEI IOEI IDE I IOEI. IOEI ( I 
18 IOEI IDE I IOEI IOEI IDE I IDE I IOEI IOEI IOEI IOEI (OEI IOEI IDE I IOEI IOEI IQE) IOEI WEI IOEI IOEI IOEI IOEI IOEI IOEI ( I 
19 IOEI IOEI IOEI IOEI IDE I IOEI IOEI I OF.: I. IOEI IOEI ;IOEI IOEl IOEI (Of) 289 295 275 2 .. 8 298 99 89 93 104 100 ( I 
20 110 110 115 89 93 713 1St. 202 153 187 .246 177 2b9 287 297 300 308 2'il3 b1 122 Jl9 127 146 74 172 
21 149 117 129 135 170 281 . 315 l'oJ <:!87 4::99 297 '!fj1 309 298 303 300 304 303 283 170 179 164 71 299 230 
22 167 170 347 157 315 154 194 315 29 61 61 Ill 29~, 43 131 63 201 208 145 291 40 114 118 135 161. 
23 266 116 225 143 !75 136 121> 6b 294 85 328 296 204 19f> 287 75 301 2'F4 217 131> 127 133 114 159 187' 
24 119 121'1 ·90 133 . 276 113 320 122 232 244 271 314 2b5 339 307 309 297 31)0 297 305 303 257 47 290 237 
25 27.3 294 260 228 304 106 120 148 287 . 301 247 314 287 292 140 ·:C"''I ICMI ((1~1 CCMI ICMI IC!o!l IC"'l lyMI IC!o!l 240 
26 100 CC"'I IC"'I CCMI (CMI ICMI ICMI .ICMt ICMl 142 140 16~ 186 309 295 2ti0 257 ~52 70 131 134 130 32 125 183 
27 lb3 }3Q 127 198 133· 135 122 127 151 299 2A8 295 221 309 286 278 294 -oo 103 109 138 17 41 97 17.3 
28 9A 113 80 64 54 75 ~4 65 110 1·20 137 2b8 182 157 221 214 231 2CJ2 3d 7'3J 223 291' 281 284 157 
29 289 263 203 149 . 74 2R6 163 203 1'79 223 21'14 164 28:) 141 18<:! 141 2H3 lU 157 109 103 103 123 126 180 
30 127 10<; 113 107 130 147 209 105 96 205 213 197 324 308 309 301 2R1 300 94 262 258 279 305 271 210 
31 1M 155 105 211 126 124 174 323 28!> 256 301 289 295 174 . 307 276 78 2H2 233 87 104 109 96 111 195 

PI/ 174. 158 .1·74 164 171 168 181 160 208 210 265 255 272 249 272 246 270 244 181 16d 153 161 152 170 205 



.. 
·wiNO DIRECTION 10110M LOGAN WASH 
DEGREES MRI LW01 

APR 1980 
OCC.I DENTAL OIL SHALE INC. 

HOUR ILOC~L STANDARD TIME) 

DAY . 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 1~ 20 21 22 23 24 PREY 

·1 113 144 165 82 214 81 h7 2~2 257 87 299 .13.4 279 283 169 304 280 220 177 119 112 55 75 58 169 
2 40 45 55 49 85 89 f-o2 312 282 312 99 70 306 306 306 308 ICI'II ICMI ICMI ICMI ICMI ICMI ICMI 263 176 
3 IC"'I ·(CI-11 · IC"'I ICMI ICMI IC"11 ICMI ICr-11 198 294 294 231 291 326 321 303 293 291 213 109 131 128 131 137 231 
4 131 125 l23 114 130 126 119 151 194 2137 298 296 303 257 284 121 311 241 7'+ 116 121 115 144 130 180 
5 139 122 128 138 9'.1 118 214 136 1~9 263. 310 309 301 300 303 310 306 303 256 277 293 220 294 190 230 
6 288 225 307. 131 199 178 107 133 2'57 303 2'.l3 298 30':1 301 284 300 288 295 310 305 287 303 132 256 253 
7 284 287 112 294 115 292 . 287 .'2'5'+ 2':10 307 293 286 292 297 123 293 ·272 303 193 125 122 103 112 116 227 
8 80 106 110 96 152 169 129 1<;0 134 286 300 286 297 302 274 305 136 130 140 133 132 142 134 116 177 

.q. 179 121 146 175 140 156 290 .311:1 280 329 326 328 331 331 327 331 199 153 150 151 155 162 151 146 224 
10 136 1'5i? 142 264 222 264 247 1<18 218 309 313 309 177 327 302 130 168. 132 276 108 142 148 142 143 207 
11 157 149 143 144 175 i?19 214 294 20.0 221 214 211 112 233 232 201 313 204 199 202 210 130 106 111 191 

~ 1i? 113 .111 147 150 116 155 122 104 220 66 ~4 118 155 145 83 102 105 153 116 135 135 160 103 116 126 
~ 13 129 64 157 86 144 246 167 257 218 283 207 294 156 181 110 89 73 101 149 .106 135 129 146 146 157 

"' 
14 147 151 151 154 148 ·148 181 243 300 . 301 300 302 175 116 87 32'1 92 lltJ 149 147 149 144 147 149 180 

·15 162 160 150 145 152 148 26H 298 268 267 296 266 292 266 265 269 85 116 113 87 89 85 141 177 19.0 
16 87 91 86. 118 57 150 210 146 86 1&2 176. 212 88 150 298 (CMI 59 89 118 119 90 IVAI IVAI IVAI 131 
17 1 }II 118 120 149 151 120 206 150 120 2<19 210 272 119 l52 273. 299 300 64 97 89 93 92 92 122 159 
H! 11<l 134 130' 126 131 125 129 135 238 2<16' 2'.13 212 292 274 301 299 304 300 211 1113 126 96 97 122 192 
19 123 125 122 124 124 124 153 124 198 283 277 181 305 302 156 296 282 303 246 211 92 119 124 121 188 
20 118 183 126 133 136 134 122 Hd 290 281 144 323 316 305 311 310 310 299 270 93 122 136 139 164 205 
21 .131 141 l't.A 146 119 191 180 146 316 299 295 296 327 317 319 296 287 .300 250 283 143 134 172 292 231 
22 104 167 139 101 129 116 140 1?.4 129 117 RO 103 . 78 132 ·1o3 303 212 94 47 116 83 99 83 82 123 
23 89. 98. 301 115 119 136 13<; 141 28'l 317 307 302 294 301 301 328 164 303 298 212 118 178 273 145 219 
·24 139 ·308 182 307 338 325 172 . 92 59 316 328 255 77 345 317 299 57 l65 31 114 77 203 89 132 197 
25 53 59 40. 59 75 56 140 A2 ~14 294 237 294 119' 294 266 129 1'+7 295 85 120 129 170 148 108 151 ·u, 81 117 117 91 93 84 20?. 118 OR 32.1 313 212 115 183 181 318 314 205 160 107 129 122 126 74 171 
27 63 104 101 114 .129 120 133 1A2 261 279 2941 301 304 174 126 117 101 59 51 65 120 89 100 1'53 148 
28 129 12b 127 130 110 l13 125 14 3 304 '2>!9 300 303 303 305 295 355 288 297 299 139 104 135 109 113 206 
29 1L'7 87 ~ 

92. 142 130 122 144 63 81 85 65 290 101 .319 57 71 286 76 287 30'5 103· 278 260 31 150 
30 114 25f-o 166 68 118 75 149 112 286 301 298 318 284 303 117 296 287 286 217 134 187 274 216 137 208 

PV 127 141 140 136 140 151 166 174 222 263 251 2~4 230 261 232 256 218 203 179 150 135 148 142 140 186 

llli'O!'ii''IO-QPTI 



Cl1/0S/RO-~PI) 

-WINO DIRECTION lill·O~ot LOGAN IIASH 
OfGHfES AAI LW01 

•HAY 1980 
OCCIDENTAL OIL SHALE INC. 

riOU~ I LOCAL STA,..OARD TIME I 

DAY 2 3 4 5 ·6 7 a 9 10 11 12 13 14 15 16 17 La 19 20 21 22 23 24 PREll 

1 174 96 286 302 310 162 2M 295 307 342 11+7 307 288 291 164 301 145 1.:!7 56 102 46 109 110 121 206 
2 125 211 126 138 124 134 159 2~8 301 307 288 127 313 295 286 295 291 B7 233 126 17 125 120 Ill 199 

'3 12.3 119 131 118 128 132 no 136 289 32?. 301 352 2fl7 292 286 86 223 J·Js 75 96 14 94 111 103 182 
4 187 6fl 100 95 131 117 99 29'5 301 294 301 295. 123 294 122 50 117 1:8 272 135 55 137 120 136 171 
5 129 130 274 130 126 141 109 1,., 314 300 312 322 120 76 101 77 114 3J2 307 94 99 105 124 134 171 
6 ll~ 108 106 115 137 ll2 132 2R·) 290 2~6 302 312 314 309 95 268 276 2:!2 104 262 .288 115 132 145 204 
1 123 12A 138 125 124 130 134 a,r, 306 21'.3 <:1?3 297 264 286 291 127 161 2~4 2=76 217 ~20 291 281 246 205 
8 132 131 110 103 (VA) IVA) (VAl IVAI 287 289 ·.:o 1 297 279 

0 334 324 310 224 2:i·O 257 298 J43 182 134 124 227 ..... 9 185 182 212 2Al 170 131 110 25r. 195 342 .C42 304 288 193 31A 301 293 2~6 291+ 281 1:13 292 169 298 237 
(J) 10 72 97 186 317 99 67 324 325 306 3?.0 ::15 339 303 30a 334 2'i3 314 3?6 297 284 302 301 292 273 266 
0 11 27~ 302 304 2f.l0 65 295 257 303 1801 292 ~-go 309 295 315 313 2e1 300 3~3 26•0 158 284 80 323 298 265 

12 28A 297 324 327 249 98 29~ .30!1 271 2A3 '287 278 293 299 307 304 279 2S7 122 255 112 141 88 278 253 
13 as· 92 . 93 117 124• 109 1·03 132 125 192 414 148 182 292 301 2E9 286 . 3[•.0 333 121 110 127 121 103 164 
14 176 136 .169 33 137 229 2111 -122 302 308 305 300 330 317 312 2'i0 298 2=;!9 146 91 89 75 58 97 203 
15 145 Hl 126 102 194 131 142 130 103 296 289 294 305 301 289 31i4 94 2t19 111 l-44 105 307 120 104 191 
16 1'1'9 122 137 117 105 112 134 3?..0 276 294 301~ 300 296 306 308 3(7 301 ~3 302 219 289 218 lf>2 143 229 
17 157 113 109 84 I VAl (If A) lilA) 143 137 118 ]01 288 62 63 124 3C7 303 293 295 115 ns 133 105 108 156 
18 llA 124 A6 58 118 89 111 124 111 291 ICH 171 210 285 295 1 !:.1 137 304 302 93 63 87 87 101 155 
19 lOA 101 106 97 143 127 121 132 269 290 292. 2~2 2tH 294 2>36 2i9 252 118 188 76 79 101 120 108 178 
20 90 140 223 118 l';l 117 130 119 29" 296 316 26!.~ 292 209 260 312 295 286 . so 99 l15 116·. 120 135 190 
21 10 321 131 232 {32 lOS 194 118 30€: 291'> 299 32'i 282 314 274 311 33 2111 302 103 ll8 100 103 . 89 202 
22 112 146 1313 133 34. 139 ·1211 100 87 84 2R9 2~7 274 80 286 297 113 2'14 104 133 108 309 104 71 165 
23 5b 303 304 307 291 306 277 29.3 30) 313 303 303 lY~ 306 291 309 299 312 276 306 311 311 29R 312 291 
24 297 297 310 293 282 303 297 3{)16 30) 307 115 302 297 2137 29) 300 2.8& 276 297 319 277 297 200 294 
25 258 lA8 3'16 155 177 312 301 312 3U 269 297 298 296 302 302 290 297 295 299 '274 160 120 169 165 .257 
26 21'9 111 130 105 llZ lOR 123 118 1 0~· 295 103 309 321 314 307 307 319 29!:1 304 105 127 115 119 108 .199 
27 150 123 113 107 120 133 123 12-6 2914 291 2CIR 313 285 313 311 310 30S 305 283 292 117 180 152 112 215' 
28 132 141 136 129 123 130 131 Q9 i93 307 )17 29f'l 282 294 309 2q2 298 295 252 2b7 145 151 108 103 210 
29 13~ lfl6 227 280 272 256 242 -240 2R£< 298 279 294 293 302 283 289 286 JOO 298 228 218 . 104 113 91 242 
30 90 119 113 116 128 .1'56 123 11.7 2R] 2BA 307 302 306 292 283 310 301 3.14- 299 282 91 142 134 133 209 
31 305. 3'04 276 306 36 307 ·f>O 302 2B9 292 2~4 30:3 297 292 299 3~S 311 286 295 . 248 136 141 1'26 126 247 

PV 154 163 179 1 '61!\ 153 162 173 ·203 252 283 272 288 270 213 269 2b7 244 as . 234 187 154 164 149. lSi 212 



W.JIIIO DIRECTION ~10M LOGIIN wASH 
DEGREES Mki LWOl 

JUNF. 19140. 
OCCIDENTAL OIL SHALE INC. 

HOU~ I LOCAL STANDARD TIME) 
·oilY 2 3 ·4 5 6 ·1 8 9 10 11 12 13. 14 15 16 17 lH 19 20 21 22 23 24 PREV 

.1 107 91 "1 01 99 118 128 139 125 117· 28~ 303 289 279 290 309 302 291 287 282 289 180 134 131 129 200 2 117 1"31 113 119 131 128 99 67 287 301 30b 295 294 293 285 303 311 300 299 288 54 280 297 331 226" 
3 2b4 315. 316 311 318 296 H~ 301 303 291'> 294 2.31!l 29F, c99 313 299 301 308 l94 272 276 87 84 317 273 4 303 303 320 323 275 3lh 300 291!l 302 298 298 300 308 311 296 302 315 30<; 202 167 135 125 109 272 5 125 ·125 131 113 117 1 01 95 274 295 281!l 304 2~6 303 312 311 313 300 296 314 242 134 97 133 177 216 6 122 180 92 150 171 136 135 32~ . 320 310 326 325 322 307 310 309 295 308 300 29S 171 9F! 61 1'!3 227 7 117 108 104 299 150 163 130 120 305 297 295 296 314 ~~1 310 306 299 302 296 . 201 lOB 127 101 101 215 8 106 A3 121 139 153 180 117 131 273 314 293 2'14 185 133 250 2!15 288 152 123 94 100 . 94 104 179 9 .'!9 119 135 113 89 92 92 131 280 300 303 309 297 277 303 295 287 308 50 107 85 78 108 134 . 180 

10 121 121 125 105 105 66 132 106 305 2qf.. 314 295 294 307 291'! 297 305 294 308 214 308 83 132 116 210 .... 11 101 90 117 123 126 133 112 125 203 2'17 313 325 306 305 31]' 313 315 293 306 233 134 97 107 160 206 
~- 12 . 131 151 130 157 98 138 131 108 297 304 314 293 292 301 307 309· 293 30.9 297 276 148 137 98 78 212 .... 13 133 116 76 110 97 128 l.lO l3b 93 292 302 292 306 318 323 307 302 318 311 293 303 174 121 127 213 14 10-3 131 112 126 137 144 124 144 317 323 309 309 297 . 289 307 294 301 295 289 290 297 199 96 79 221 15 lOA 134 77 1.22 54 167 125 126 69 276 21\3 301 300 320 2A') 291 297 297 268 297 104 112 97 85 191 16 97 75 78 75 62 32 131 119 111 295 2A3 309 2t!4 2A2 18] 314 2R6 295 297 61 107 86 137 59 169 17 7IJ 122 126 120 119 116 128 125 119 323 23~ 2'-14 304 242 329 1!:12 290 287 286 70 122 95 lft 85 . 177 

18 88 86 102 lOS 127 121 131 126 110 131 297 2135 295 296 284 289 2'14 287 296 270 140 195 97 190 19 95- 8R 90 88 98 105 126 121 llA 1J7 294 2113 299 307 287 . 286 2b9 294 276 337 60 91 268 84" 188 20 66 69 134 119 132 109 172 124 132 325 304 304 294 292 301 311 290 299 274 309 190 123 121 107 204 21 IH 96 111 118 124 113 Ill 101 92 277 307 296 288 312 302 301 297 289 282 274 164 139 98 91 194 22 85 83 98 96 125 125 121 .128 124 236 279 2i:H) 276 294 3l.l 304 301 315 291 293 128 1.00 306 148 202 23 125 57 115 l33 132 112 115 128 332 301 315 306 315 314 2119 299 324 326 311 310 294 90 136 116 221 
~~ 92 119 135 l30 127 126 130 126 275 30] 302 2~1 289 30<; 291 301 2'12 315 307 296 167 117 126 128 212 ·96 119 116 l29 83 125 144 126 135 296 2~9 ?91 285 300 53 41 298 296 30~ 313 123 112 126 108 180 
21!l lOh QO 97 96 150 139 100 141 po 2'19 293 303 301 307 303 321 316 305 299 301 270 154 299 135 219 27 177 191 200 275 264 158 116 108 95 2Al 151 181 293 276 290 21<8 285 297 JOS 286 137 126 113. 102 20F! 
28 150 102 104 96 ·111 "126 99 QO ll2 290 2F>~ 2')9 293 83 277 288 309 315 31 308 114 97 102 98 172 
29 9l lOQ 1 01 . 110 118 143 }34 1.17 184 293 288 297" . 292 298 303 289 2~7 297 293 284 11.3 185 87 113 202 
30 113 109 119 129 298 153 141 104 54 7" 295 <,14 139 304 273 286 297 292 108 319 89 92 88 221 175 

PV 120 124 127 141 140 137 129 144 . 196 278 291 286 288 291 283 285 298 301 268 255 159 125 133 126 205 

Ul/05/AO-R~tl 



Cll/05/80-RPJI 

wiNO OIHECTION lil10'4 LOE.~N WASH 
OEt;lolfES MiH Llll01 

JUL·t 1980 
OCCIDENTAL OIL·SHALE INC. 

HOUiol (LOCAL STANDARD TIME I 

DAY 1 2. 3 4 '5 6 7 8 9 )I) 11 12 13 l4 15 16 17 l8 19 20 21 22 23 24 PREV 

1 153 139 107 '105 103 . 94 1'16 239 296 283 2R2 300 297 289 293 .21i0 283 133 308 113 192 292 68 104 202 
2 293 322 123 123 . 131) ·) 42 165 79 16!1 296 279 2tH 295 2RA 309 zen 299 309 299 54 135 ij2 115 168 211 
3 ~q 303 ' )45 ]53 130 131 122 127 . 125 281 2A3 320 27C 311 292 21?7 302 297 303 313 261 37 193 137 21 R. .. 116 119. 11B · I 09 99' 95 143 I 19 133 132 304 306 313 313 317 298 311 29~ 298 307 143 135 p4 lOS 198 
5 101 93 105 132 1'24 129 129 134 136 H5 305 296 306 302 302 297 309 300 290 298 286 147 05 111 211 
6 119 97 97 109 90 111 )49 138 138 l36 1<'2 274 2b5 296 306 122 297 264 246 144 ij7 95 98 91 163 
7 93 114 111 130 144 132 Ill 134 13fl ~91 1-47 291 305 318 308 297 296 62 182 321 102 157 128 . 214 189 

·8 1213 91 10 1 135 123 113 12fl 1'43 125 h3 239 277 299 .zen 306 301 295 304 295 310 281 125 99 90 198 
9 · R5 · 119 1 OJ. 104 101 101 1?.7 hO 152 127.· 293 280 294 . 293 287 100 85 sc 283 300 50 66 113 96 156 

'10 9R 103 97 82' 122 118 120 107 122 115. 2R8 292 291 277 293 285 299 294 28~ 300 262 176 106 130 194 
11 291 150 124 . 124 129 103 104 125 294 29Q 282 . 314 310 289 30(, 3116 303 74 72 8~ 62 98 116 65 184 
12 80 90 142 83 12.4 125 112 75 zen 294 2R~ ;?.ij7. 294 294 295 303 332 117 310 115 331 303 124 149 207 

..... . 13 . 271 .. 140 116 138 237 141 142 257 311 . 36 287 97 310 99 66 39 330 270 336 295 280 122 114 138 191 
ex: 14 131 127 165 130 127 134 147 111. 31A 312 5:. 293 300 299 175 308 297 299 298 166 128 117 102 105 194 
N 1'5 10~ 112. 132 138 121 114- 104 11 (, 259 30~ 2!18 306 302 295 2!!3 337 ·319 303 320 109 116 127 129 Ill 202 

16 125 10 l 96 157 132 131 l2A 129 i!.14 .2B3 270 313 300 308 307 3•)7 299 307 RO 104 102 111 99 94 190. 
17 103 ' 103 101 118 119 '130 12~ l?'i 132 '2.9A 298 294 296 2~1 297 3·Jc 308 306. 310 134 73 138 132 117 194 

· l A 92 LOB l 0 l 71) 81 146 94 90 . 295. 298 303 96 296 - 307 . 297 3')6 310 294· 293 117 131 l 07. 141 159 189 
19 131 146 137 314 lE-2 87 272 296 297 306 30& 306· 305 311 293 2.:14' 291 299 297 137 106 129 118 114 227 
20 129 105 103 107 129 139 152 118 149 272 29.0 296 289 185 281 38 291 119 71 107 123 78 96 103 160 . 
21 124 Ill 105 100 l 0 l. 94 112 132 132 305 2Rl 305 294 293 288 2~8 lc8 77 133 105 ll7 10& 126 143 169. 
22 120 All 136 ll7 103 141 117 .ll9 197 290 300 292 300 302 304 2~2 294 30!':1- .JOO 147 139 109 12& 9!+ 197 
23. 13~ }.)9 152 142 131 143 129 12~ 145 305 287 300 311 ~53 IA4 ~8 44 271 97 100 142 114 119 110 165 
24 89 )OF. . 114 114 135 125 137 123 285 2137 299 27R l94. 265 267 279 285 loa 112 267 102 37 121 132 . 182 
25 . 120 134 122. 121 168 130 1?.5 131 30 249 2A~ 310 291 302 295 285 300 295 288 122 Ill 104 104 126 190 
26 116 136 '128' 131 123 117 121 128 297 lA2 293 264 261 316 29A 275 107 2Ait 27::>· 287 95 85 164 137 193 
27 109 96 99 113 121 125 132 1?.7 297 283 294 2!:16 276 299 303 284 294 61 48 ll~ lh 131 104 107 176 
28 109 104 130 126 121 . 120 138 129 249 29:) 279 .302 304 298 290 307 340 3H 62 94 96 104 98 lOS 189 
29 107 l2fo 127 114 130 ' 105 132 Bf 118 284 296 300 2&0 286 283 288 285 29: 2b9 302 90 98 74 89' 192 
30 70 91) '154 165 124 15J 125 289 290 292 29'; 2&9 31 64 151 82 10( 80 95 84 Ill 103 101 145 
31 100 116 119 128 .. 126 102 87 133 123 289 lBB 287 294 295 293 303 285 24E .. 119 144 135 ll8 110 121 178. 

PV 127 ' 126 ·120 127 '126 122 130 137 204 254 268 282 . 295 277 274 259 269 229 224 181 144 121 115 11.8 189 



WIND SPEED fai10M LOGIIN WASH 
MtTE~S/SEC MRI Loo• 0 1 

fER 19BO· 
OCCIDENTAL OIL SHALE INC. 

HOUH CLOC.IIL STANDARD TIME I 
DAY 2 3 4 5 6 1 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 AVE PEAK 

1 1 2 2 2 2 ·1 1 1 l 1 1 1 1 1 1 1 1 l 2 c 2 2 2. 2 1 2 2 ?. 2 2 2 2 2 1 1 1 1 1 1 1 1 1 1 1 2 2 1 1 1 1 1 1 2 3 1 1 1 1 1 1 1 1 1 . 1 . 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 .2 2 2 2 2 2 1 2 5 2 2 2 2 2 c 2 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 1 2 2 6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l 1 1 1 2 2 2 2 l 2 7 .2 3 3 3 4 4 3 3 3 3 3 4 3 .3 3 3 3 4 4 5 5 5 5 6 4 6 8 '5 4 2 2 3 3 2 2 1 1 1 2 2 2 3 3 2 3 3 2 2 1 1 1 2 5 9 2. 2 2 2 2 ·2 '1 1 1 1 1 1 2 2 2 1 1 1 1 2 2 2 2 2 2 2 10 2 2 2 2 1 1 1 1 1 1 1 1 2 -2 1 1 1 2 2 2 2 2 2 2 2 2 11 2 2 2 2 2 1 1 1 l l . 1 l 1 l 2 2 l 2 2 2 2 2 2 2 2 2 12 2 2 2 2 2 2 2 l 1' 1 1 1 2 .2 3 2 2 2 1 1 1 1 1 1 2 3 - 13 2 2 2 2 2 1 1 1 2 3 3 4 4 0 4 4 3 2 2 2 2 2 2 2 2 4 
(X) 14 1 1 1 1 1 1 1 2 2 2 2 2 3 3 3 3 3 3 1 1 1 1 1 1 2. 3 
w 1'5 1 1 1 1 1 1 1 1 1 1 1 1 3 2 2 2 1 1 1 1 1 1 1 4 1 4 16 1 1 1 1 2 2 2 2' 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 1 1 2 17 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 3 2 1 1 1 1 1 1 1 3 1A 2 2 2 2. . 1 CCMI CCMI CC"'I 1 1 1 1 2 2 2 2 2 1 1 1 2 coo ICMI CCMI 2 2 19 coo ICMI CCMI 1 1 1 1 1 1 1 1 1 2 2 2 3 4 3 3 2 2 2 2 . 1 2 4 20 1 1 1 1 2 2 2 2 2 2 2 2 2 2 3 2 2 liM I C IMI C IMI CIMI C IMI CIMI CIMI 2 3 21 1 I JM.). CIMI liM I CIMI C IMI. C IMI I IMI 11"11 I lMI 2 2 2 2 2 1 1 1 1 1 1 1 2 2 1 2 22 3 2 1 l 1 1 '2 2 2 ?. 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 3 23 1 2 2 2 3 2 1 1 1 1 1 2 3 4 2 2 1 1 1 1 1 1 1 1 2 4 24 1 . 1 2 2 2 2 ?. 2 . 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 1 2 . 25 2 2 2 2 1 1 1 1 1 1 1 1 1 l . 1 1 1 1 2 3 3 3 3 2 2 3 2n 2 2 2 2 1 . 1 1 l 1 1 . 1 1 1 1 1 1 1 2 2 .] 2 2 2 2 2 3· 27. 2 2 2 2 2 1 1 1 1 1 1 . 1 1 1 1 2 2 2 3 3 3 3 3 3 2 3 2A 3 3 2 2 2 2 2 2 2 1 1 1 2 2 2 1 1 1 1 . 1 1 1 3 2 2 3 29 1 1 1 1 1· 1 1 2 2 2 Jl 3 2 2 2 2 2 2 2 2 2 2 3 3 2 3 

AV 2 2 2 2 2 2 1 1 '1 1 1 2 2. •2 2 2 2 2 2 2 2 2 2 2 2 'PK 5 4 3 3 4 4 3 3 3 3 3 4 4 4 4 4 4 4 4 5 5 5 5 6 6 

C 1l/G5/.80'"'RPI I 



WIND SPEED lii10M L·OGAN WASH 
MfTERS/SEC MRI LW01 

MAH 1980 
OCCIDENTAL OIL SHALE INC. 

HOU~ I LOCAL STANDARD TIME I 

DAY 2 3 4 5 6 7 8 9 lO 11 12 13 .14 15 ib 17 18 19 20 21 22 23 24 AVE PEAK 

1 to 4 3 3 3 2 2 2 1 1 2 2 2 1 1 1 1 2 2 2 2 2 2 2 4 
2 1 1 1 1 1 1 1 1 1 1 l 2 2 2 1 1 1 1 1 1 1 1 1 1 2 
3 2 2 3 4 4 3 3 3 4 4 4 4 5 2 2 3 4 3 1 1 1 2 2 3 5 
4 3 3 3 3 2 1 1 1 1 2 2 2 2 2 2 2 1 1 1 1 1 1 1 2 3 
5 1 1 1 1 1 1 1 1 2 3 3 3 4- 4 3 3 3 3 3· c 3 3 4 2 -2 4 
6 2 4 4 4 4 3 2 2 1 1 2 3 2 2 2 1 1 IC"'I ICMI ICMI ICMI ICMI ICMI IC'41 2 4 
7 ICMI ICMI ICMI ICMI ICMI ICMI ICMI ICMI (CMI ICMI 3 3 3 3 2 2 1 1 1 1 1 1 2 2 2 3 .a 2 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 1 1 1 1 1 1 2 
9 1 1 1 1 1 1 1 1 1 1 1 1 1 2 4 4 4 2 1 1 2 2 2 2 2 4 

10 2 2 ·2 2 2 2 1 1 1 1 1 1 1 1 1 1 1 2 2 c 2 2 2 2 2 2 
11 2 2 2 2 1 1 1 1 1 1 1 I OF.: I IOEI IDE I IDE I IDE I IDE I IOEI· IOEI IOEI IOEI IDE I IDE I IOEI ( I 2 
12 IOEI IOEI IOEI ·I OE I IDE I IOEI I OF. I IOEI IOEI IOEI ICE I IOEI IOEI IOEI IDE I (0[) IOEI IOEI IOEI IOEI· IDE I IDE I IOEI <OEI I I 
13 ,IOEl IOEI IDE I I OF. I IOEI IDE I IOEI I OJ: I IDE I IOEI ICF.I (Of) IOEI IOEI IOEI IOEI IOEI IOEI IOEI IOEI IDE I IDE I· IOEI COEI. I I - 14 1 on I"OE I IOEI IOEI IOEI IOEI IOEI IOEI IOEI COEI I CF.: I IOEI IOEI IOEI IOEI I Ot:l -IOEI IOEt IUEI. IUEI IOEI IOEI IOEI IOEI ( I I 

Q; 1S IOEI IOE l IOEI IOEI IOEI IDE I IOEI IOFI IOEI COEI IC·EI IOEI IOEI IOEI IOEI (0;::1 COEI 10£) IOEI IOEl IOEI IOEl. IOEI IOEI· I I ) .,. 1t- IOE I I OF. I IOEI IOEI. IOEI IOEI IDE I IOEI IOF.I CDEI ((of) IOEl IDE I IOf.l (Qf.) 10·::1 <OEI ·IOEI <OEI . IDE I IDE I IDE I IDE I IDE I ( I ) 
17 IOEI IDE I IOEI IDE I IDE I IOEI IOEI I OF.: I IDE I COEI WE I IOEI IOEI IOEI IOEI 10::1 I DEl IOEI IOEI (0[1 I-DEI IDE) IDE I IOEI ( I ) 
18 IOEI IOEI (0[) IOEI IOEI IOEI IOEI IOF.:l IOEI GOEI I OF. I IDE I . IOEI (0£1 IDE I· 10::1 (QE) IOEI IOEI IOEI IOEI IDE I IDE I IOEI ( ) ) 
19 IOEI IDE I IDE I IOEI 10[) IDE I I OF. I IDE I <OEI IDE> IOE I 10£1 ·IOEI IDE I 4 4 3 2 2 3 4 6 6 5 I I 6 
20 6 6 5 3 7 3 2 1 1 1 2 1 2 2 2 2 2 2 2 2 2 2 2 2 3 7. 
21 2 2 2 2 2 2 2 {! 3 4 ':I 6 6 6 7 7 5 3 2 2 2 2 2 1 3 7 
22 2 1 1 1 1 1 1 4 3 3 2 2 3 4 3 2 3 4 4 4 2 2 1 0 2 4 
23 1 0 1 0 1 0 0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 2 

. 24 1 1 1 1 1 1 1 1 1 1 1 2 3 3 3 4 3. 3 3 l 1 1 2 1 2 4 
25 1 1 1 1 1 1 1 l 1 1 1 2 2 2 4 3 3 2 2 1 1 1 1 1 1 4 
26 1 . 1 1 1 1 1 1 1 1 1 1 1 1 2 2 1 1 1 2 2 2 2 2 2 1 2 
27 1 2 2 2 2 1 1 1 1 1 1 1 1 2 2 2 2 2 2 3 3 3 4 4 2 4 
28 5 5 5 5 5 5 5 4 4 2 2 3 3 4 3 3 3 3 2 2 2 2 2. 2 3 5 
29 2 2 2 2 2 2 1 1 1 2 2 2 2 3 3 2 2 1 1 1 2 2 2 2 2 3 
30 2 2 2 2 1 1 1 1 1 1 1 3 3 4 4 4 3 3 j 1 l 1 1 0 2 4 
31 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 1 1 1 1 2 .2 1 1 1 1 2 

AV 2 2 2 2 2 .2 1 2 2 2 2 2 2 2 3 3 2 2 2 2 2 2 2 2 .2 
PK 6 f, 5 5 1 5 5 4 4 4 5 6 6 6 1 7 5 4 4 4 4 6 6 5 1 



lfii~D SPF.EO !lo1014 LOGAN WASH 
14fTE~S/SFC MRI LWOl 

APR 19AO 
OCCIDENTAL OIL SHALE INC. 

hOUR I LOCAL STANDARD TIME I 
DAY 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 AVE PEAK 

1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 1 1 l 2 3 3 4 5 4 2 5 2 5 4 4 5 5 3 ?. 2 1 1 2 3 3 3 2 2 2 2 1 1 1 1 1 2 2 5 3 ?. ? 2 2 ·2 2 1 1 1 1 l 1 1 1 2 2 3 3 2 2 2 2 2 2 2 3 4 2 2 2 2 2 2 1 1 1 1 2. 2 2 2 2 1 1 1 1 2 2 2 2 2 2 2 5 2 2 2 2 2 2 2 1 1 2 3 J ·4 5 5 4 4. 3 3 2 2 2 2 1 3 5 6 3 ? 1 1 1 1 1 1 1 3 4 5 4 5 6 6 5 3 3 4 2 2 2 2 3 6 7 2 2 ? 3 5 4 3 3 5 4 5 4 5 4 3 3 4 4 2 2 2 2 2 2 3 5 
~ ?. 2 2 1 1 1 1 1 1 1 2 2 1 1 1 1 2 2 2 2 2 2 2 1 2 2 9 1 1 1 1 1 1 1 2 2 2 3 9 5 9 4 2 2 2 2 2 2 2 2 2 2 9 

1 0 2 2 2 2 2 2 3 3 3 , 4 3 9 3 3 3 3 3 3 4 4 3 2 2 3 9 11 1 2 4 IRFI CRFI IRFI (~FI IRFI (Rfl CRFI IRFI CRFD CRFI IRFI CRFI CRFI CRFI CRFI IRfl CRFI CRFI IRFI CRFI CRFI I 4 12 CRFI CRFI CRFI !RFI CRFl IRFI IRFI IRFI CRFI IRFl CRFl CRFI CRFI CHFI CRFl CRFl IRFl CRFI CRFl CRFI CRFl IRFI CRFl IRFl I I 13 CRFl CRFI CRFl (HFl CRFl IRFl IRFI I~Fl CRFI IRFl IRFI IRFI IRFI CRFl CRFl CRFI (!{f) CRFI CRFI CRFl CRFI IRFI CRFl CRFI I ) .... 14 IRFI IRFI IRFI· CRFI CRFl (Rf) IRFI IRFl lf<Fl IRFl IRFI CRFI IRFI IRFI lkFl CRFI CRFl CRFI IRFI IRFI CRFI IRFl CRF·l CRFI I ) 
Q:. 15 (RF) CRFI IRFI !RFI CRFI IRFI 1 1 1 2 2 2 2 4 4· 3 2 2 3 3 2 2 2 3 2 4 
I.T· 16 4 4 3 2 1 1 1 3 3 2 3 3 2 2 2 2 2 2 2 3 3 lOll CC141 ICMI 2 4 17 2 2 ·2 2 2 2 2 1 1 1 1 2 2 2 1 1 2 2 2 3 3 3 2 2 2 3 

1H 2 2 2 2 2 2 2 1 1 1 1 2 2 3 3 4 4 2 2 3 3 2 2 2 2 4 
19 2 2 2 2 2 2 2 2 1 1 1 2 2 3 3 3 4 2 1 1 2 3 2 2 2 4 
20 2 ? 2 2 2 1 1 1 1 2 2 2 3 5 5 5 3 2 2 2 3 3 3 2 2 5 
21 2 2 2 2 2 2 2 2 2 2 2 3 4 3 2 3 5 4 3 2 2 2 2 2 2 5 
2? 2 2 2 2 1 1 1 2 3 4 4 3 3 3 3 •3 3 3. 4 5 5 4 4 0 3 5 
23 1 4 3 3 3 2 2 2 2 2 3 4 4 4 3 3 2 2 2' 1 1 1 1 1 2 4' 
24 1 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3• 3 4 3 3 5 5 3 5 
25 3 3 4 3 3 3 2 2 2 2 2 r.· 3 3 2 2 3 2 1 2 2 2 3 3 ';) 4 
2h 3 3 3 3 3 3 2 2 2 2 2 2 3 3 3 2 2 2 1 1 1 1 1 1 2 3 
27 2 2 2 2 2 2 2 2 2 2 21 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
214 2 2 2 2 2 1 1 1 1 2 3 3 .3 3 3 3 3 3 2 2 2 2 2 2 2 3 
29 2 2 2 2 2 2 2 3 3 3 3 3 3 4 4 4 2 2 2 2 2 1 1 1 2 4 
30 2 2 2 2 2 1 1 1 1 1 1 1 2 2 2 2 2 2 2 1 1 1 1 2 2 2 

AV 'i' 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 2 2 2 2 2 2 2 2 
PI( 5 4 4 5 5 4 3 3 s 5 5 9 9 9 6 6 5 4 4 5 5 4 5 5 ·q 

0 



WT"''O SPF.EO fill 0114 . L•JG .. N WASH 
Mf.TERS/SEC M'11 LillO 1 

~A'T 1980 
OJL SHALE O:CIOENTAL INC. 

HOUR I LOCAL STANDARD TIME) 
DAY. 2 3 4 5 6 7 a. 9 10 11 12 13 14 15 16 11 18 19 20 21 22 23 24 AVE PEAK 

1 1 1 1 1 1 1 1 1 2 2 2 2 2 3 2 2 2 :2 1 1 1 1 1 1 . 1 3· 
2 1 1 1 1 1 1 1 . 1 1 1 1 2 2 5 4 3 2 l 1 1 2 2 2 2 2 5· 
3 2 2 2 2 2 2 1 1 1 .~ 2 2 3 3 2 2 1 1 t. 2· 2 2 ·2 2 2 3 
4 2 I. 2 2 2 1 1 ~ 1 2 2 2 2 2 2 2 2 2 1 1 1 2 2 2 7 4 
5 1 1 1 1 1 1 1 2 2 2 3 2 2 2 2 2 1 1 1 2 2 2 2 2 2 3 
6 2 2 1 1 1 1 1 J 2 2 2 2 6 1 ·2 3 2 2 2 2 2 1 1 2 2 1 
1 2 2 1 1 1 0 1 ] 1 1 1 3 2 2 1 l 1 ;> 1 2 2 2 1 1 1 3 
I! 1 1 1 1 ICMl ICMl ICMl (CMI 2 2 2 2 2 2 2 2 2 2 2 1 1 1 1 1 2. 2 
9 1 1 1. 1 1 2 2 2 2 3 4 5 3 3 3 3 3 3 3 2 2 2 2 1 2 5 

10 1 1 1 1 . 2 2 3 4 4 4 6 8 8 8 1 5 .1 & 3 3 2 3 2 2 4 8 
11 . 3 . 3 3 1 1 1 2 2 2 3 3 3 ~ 3 3 3 3 4 2 2 2 3 2 2 2 4 

~ 12 2. 2 2 2 1 2 2 2 1 1 2 3 1 2 1- 1 1 1 1 1 1 1 1 1 2 '3 
(1: 13. 1 1 1 . 1 1 1 1 1 1 1 1 . l 2 2 2 2 2 2 2 2 2 2 1 1 2 
Cl 14 1 1 1 1 1 1 1 1 1 2 2· 2 3 2 2 2 3 3 3 4 2 2 2 1 2 4 

15 1 1 1 1 . 1 1 1 l 2 2 2· 2 2 2 2 2 2 1 1 1 1 1 1 1 2 2· 
16 1 1 1 1 1 1 1 l 1 1 2 2. 3 3 4 4 3 3 2· 2 2 2 3 3 2 4 
1 7 2 2 1 1 ICP4l (CMl ICMl l 1 1 1 1 1 1 1 1 2 1 2. 2 2 2 2 1 1 2 
1A 2 2 2 2 2 2 2 ;> 2 2 2 2 2 3 2 :2 2 2 2 2 2 2· 2 2 2 3 
19 2 2 2 2 1 1 1 2 2 2 3 3 4 3 3 3 2 2 2 2 2 2 2 1 2 4. 
20 1 1 1 1 2 2 2 2 1 3 3 1 1 1 ·2 2 2 2 1 2 2 2 2 2 2 3 
21 1 1 1 1 1 1 1 l 1 2 2 2 3 3 3 J 2 2 2 2 2 2 3 2 2 ·3 

. 22 2 2 2 2 1 1 1 2 2 .2 3 3 3 4 1 3 3 3 3 3 4 3 2 1 2 4 
23 5 4 3 4 5 3 3 5 5 5 ~ 5 5 4 5 6 6 4 1 8 6 1 4 4 5 8 
24 4 3 3 3 3 4 4 3 1 10 9 7 1· 8 1 6 5 3 3 2 1 1 1 1 4 10 
25 1 1 1. 1 1 2 3 3 c:, 5 6 4 4 6 6 5 5 5 3 1 1 1 1 1 3 6 
26 1 2 2 2 2 2 2 2 c: 2 3 3 3 3 3 3 4 3 2 2 2 2 '3 3 2 4 
27 1 3 2. 2 2 2 2 2 2 3 4 5 6 6 6 5 5 1 4 2 3 4 2 2 3 6 
2M 2 3 2 2 2 2 2 4 5 5 5 5 5 1 6 1 5 3 2 2 1 1 1 1 3 1 
29 2 2 2 3 1 1 1 2 t. 5 6 5 4 4 3 3 '4 4 3 2 2 2 2 2 3 ~ 30 2 2 2 2 2 2 2 2 2 2 3 3 4 ·5 o; 1 6 5 4 1 2 2 2 2 3 
31 . l 3 2 2 2 2 3 3 lj 6 5 5 5 5 9 4 4 4 3 1 1 2 2 2 3 9 

AV 2 2 2 2 2 2 2 2 z 3 3 3 3 4 3 3 3 3 2 2 2 2 2 2 2 
PK 5 4 3 4 5 4 4 5 1 10 9 8 8 8 9 6 '6 & 4 8 6 1 4 4 10 



WJN!"l SPEED (i!10M LOGAN I'IASti ~1ETERS/SEC .. ~I LW01 
JUNE 1~80 
OCCIDENTAL OIL SHALE INC. 

HOUR I LOCAL STANDARD TIME I 
DAY . 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15- .16 17 18" 19 20 21 22 23 24 AVE PE.AK · 

1 . 2 2 2 2 2 1 1 2 2 2 3 4 8 4 4 5 6 ~ 3 2 2 2 2 2 3 ~ 2 2 2 2 2 2 1 2 2 3 4 5 1 5 5 6 6 6 5 3 3 3 3 3 3 3 6 3 4 ·5 2 b 4 2 2 4 5 6 3 7 2 7 2 6 6 5 2 2 1 1 3 3 4 7 4 3 3 3 2 2 2 3 3 5 ') 5 7 2 7 7 7 6 5 4 1 .2 2 2 2 "4 7 5 2 2 2 2 -2 2 2 2 3 4 5 6 6 7 6 6 J 5 4 2 2 2 2 2 3 7 b. 1 1 1 1 1 2 2 4 5 6 5 6 2 5 6 2 1 2 s· .2 2 2 3 4 3 7 7 c; 4 2 2 2 1 2 1 2 2 .3 3 3 3 3 4 4 3 2 2 2 2 2 3 3 5 1:1 2 2 2 1 1 . 1 1 1 1 2 2 2 2 2 2 2 ~; 2 2 2 2 2 2 . 1 2 3 9 2 2 2 2 2 1 1 I 2 2 2 3 3 3 3 3 .!· 2 2 3 3 3 2 2 2 3 ..... 10 2 2 2 2 2 1 1 1 2 2 ·2 3 3 3 4 4 s 4 2 2 2 2 2 2 2 5 
Q.. ll 2 2 2 2 2 2 2 2 l 3 3 5 7 7 , 6 1 5 4 1 1 1 2 2 3 7 .;.., 12 ·2 1 1 1 2 2 2 2 4 4 5 ~ 6 5 "6 . 5 5 5 4 2 2 2 2 .2 3 . 6 13 2 2 2 2 2 2 3 2 2 2 4 5 5 5 6 6 6 5 4 3 2 2 2 .2 3 6 u 2 2 2 2 2 2 2 3 3 4 .s. 6 6 7 6 6 6 5 ·5 4 2 1 2 3 4 7 15 4 q 4 3 2 2 1 1 1 -2 2 2 2 3 4 5 4 3 2 2 2 3 2 2 3 "9 16 3 3 s 4 3 2 2. 1 2 2 2 2 2 2 2 3 2 2 2 2 2 2 2 2 2 5 17 2 2 2 2 2 2 2 2 2 2 ~ 2 2 2 2 2 3 2 2 2 2 3 3 3 2 3 HI. 3 2 2 2 2 2 1 1 1 2 2 2 2 2 4 5 4 4· 2 2 2 2 2 2 .2 5 19 2 2 2 2 2 2 2 1 1 1 2 2 3 3 3 4 .4 4 J 2 2 2 2 2 2 4 20 2" 2 2 2. 2 2 ?. 1 1 1 2 2 3 3 4 4 9 4 9 3 1 2 2 2 3 q 

21 3 3 3 2 2 2 2 2 1 1 3 4 5 6 5 5 5 "9 4 2 1 .2 2 3 3 9 22 2. 2 2 2 2 2 2 2 2 2 2 2 2 3 4 4 4- 4 2 2 2 2 .2 2 2 .4 23 . 2 2 2 2 2 .2 2 2 2 4 6 ij 3 7 2 7 2' 6 5 4 2 2 2 2 3 8 24 2 ... 2 2 2 2 2 2 2 2 3 4 5 0 5 6 5 5 5 4 1 2 2 2 2 3 6 25 3 3 3 2 2 2 1 1 1 3 3 4 4 5 5 0 5 4" 3 2 2. 2. 2 2 3 5 26 3 3 2 2 1 1 1 2. 2 2 31 4 6 d 6 7 1 6 5 3 2 1 1 1 3 8 27 1 1 2 3 2 2 2 3 1 2 2 2 3 5 5 4 4 4 4 3 2 2 .2 2 3 5 
2~ 2 3 4 3 2 2 2 2 1 1 2 2 2 2 2 3 3 2 2 2 2 3 3 3 2 4 29 2 ? 2 2 2 2 2 1 1 1 ~ 2 2 2 3 4 4 3 2 2 2 2 2 2 2 4 30 . 2 1 2 1 2 1 2 1 2 2 2 2 2 2 2 3 4 3 2 2 3 3 3 1 2 4 

AV 2 1 2 2 2 2 2 2 2 2 .3 4 4 4 4 4 4 4· J 2 2 2 2 2 3 PK 5 q 5 6 4 2 3 4 5 6 () 8 8 8 7 1 9 9- 9 4 3 3 3 4 9 

111105/RO-RPJI 



wiNO SPEED lil1014 L•JGAN iiASH 
"'FTEP.S/SEC M·1 I LW01 

J.JLY 1980 
O:CIDENTAL OIL SHALE INC. 

~ou~ I LOCAL STANDARD TIME I 

DAY 2 3 4 5 6 7 8 9 10 11 12 13 14 15 1t 17 18 19 20 21 22 23 24 AVE PEAK 

1 3 4 4 4 4 3 1 1 1 2 2 2 2 3 2 3 4 3 2 1 1 1 1 1 2 4 
l 1 1 1 1 1 1 1 1 1 2 1 2 2 2 4 ., 4 :3 2 1 1 1 2 3 2 4 

3 2 1 1 1 1 1 1 1 1 1 2 3 3 3 4 3 4 :3 3 2 1 1 1 2 2 4 
4 2 2 2 2 2 2 2 2 1 1 2 2 3 1 ~ 5 9 ·4 3 2 2 2 3 3. 3 9 
5 3 .. 3 2 2 2 2 2 l 1 1 2 2 3 4 6 5 5 4 4 3 1 2 2 2 3 6 
6 2 2 2 2 2 1 2 2 1 1 1 1 2 3 3 J 3 3 1 1 2 2 2 2 2 3 
7 2 2 1 2 2 2 1 2 1 1 1 2 3 3 5 5 2 2 1 3 2 1 1 2 2 5 
F\ 2 1 1 1 2 2 2 1 2 1 2 2 3 4 4 .. s 4 3 3 .1 2 2 2 2 5 
9 2 2 2 2 2 2 1 J 1 1 1 I 2 2 2 3 3 2 2 1 1 2 2 2 2 3 

lO 2 2 2 3 2 2 2 ;:· 2 1 1 I 1 3 4 • 3 3 3 2 1 1 2 2 2 4 

11 I 2 2 2 2 2 1 I 1 1 2 2 2 2 3 2 2 1 2 1 2 4 4 3 2 4 
12 3 2 2 2 3 3 3 I 1 2 3 3 5 1 4 3 3 2 5 3 2 2 .1 ·2 3 5 - 13 1 1 1 1 1 1 1 I 1 1 1 1 2 2 1 ~ 3 "5 3 1 2 3 1 1 2 5 

~ 14 1 1 1 1 1 1 1 J 1 2 2 3 3 3 3. 3 3 3 2 2 2 2 2 2 2 3 
a; 15 2 2 2 2 2 2 2 2 1 2 2 3 3 3 2 ;;> 2 2 2 2 3 3 2 2 2 3 

16 3 3 1 1 1 2 2 2 1 1 2 2 2 3 3. 2 2 2 2 3 3 3 3 2 2 3 
17 2 2 2 2 2 2 2 ' 0 2 l. 3 3 4 5 It 4 4 2 2 2 2 3 4 2. 5 
lB 4 4 4 4 3 2 3 2 1 2 3 2 5 9 4 4 .... 2 3 1 2 2 2 .2 3 9 
19 2 2 2 2 2 2 2. ~. 3 4 s 0 5 5 5 5 5 4 2 -z· 2 1 2 2 3 5 
20 3 4 3 2 2 2 2 2 2 2 2 2 2 3 2 2 2 1 1 2 2 2 2 2 2 4 

21 3 4 4 3 2 2 2 2 1 1 2 2 2 2 2 2 2 2 1 2 2 3 2 2 2 4 

l? 2 2 2·· 2 2 2 2 2 1 3 3 3 3 3 3 3 3 3 2 2 2 2 2 2 2 3 
23 2 2 1 ' 2 2 2 2 2 2 2 2 2 2 2 3 3 2 4 3 2 2 2 2 2 2 4 
24 2 2 2 2 2 2 1 l 1 2 2 2 2 2 2 1 3 4 4 3 3 2 2 2 2 4 
25 1 2 2 2 2 2 2 l 1 2 3 3 3 4 5 1 2 2 1 2 2 2 2 2 2 5 
26 2 2 2 2 2 2 2 l 1 1 1 .2 2 3 2 2 0 2 1 2 2 2. 2 2 2 3 
27 2 2 2 2 2 3 2 il 1 3 2 2 3 3 3 3 2· 2 2 2 2 3 3 2 2 3 
28 2 2 2 2 2 2 2 il 1 2 2 2 3 3 3 4 2 2 3 3 3 3 2 2 2 4 
29 2 2 2 2 2 2 1 1 1 1 3 3 3 2 4 4 '4 4 4 4 4 4 3 3 3 4 
30 2 2 1 1 1 1 0 1 l 2 2 2 3 2 3 2 2 3 2 2 1 2 2 2 2 3 
31 2 2 2 2 2 2 1 1 l 2 2 3 3 3 3 3 1 1 1 1 2 2 2 5 2 5 

AI/ 2 2 2 2 2 2 2 1 1 2 2 2 3 3 3 3 3 3 2 2 2 2 2 2 .2 
PK 4 4 4 .4 4 3 .3 2 3 4 5 3 5 9 6 5 9 5 5 4 4 4 4 5 9 



Tf"'PERATU~E io10M LOGAN If ASH 
Of,GREE c MHI LW01 

FEH 1980 
OCCIDENTAL OIL SHALE INC. 

HOUR I LOCAL STANDARD TIME I 

DAY 2 3 4 5 6 1 8 9 10 11 12 13 14 15 16 17 18 19 20. 21 22 23 24 AVE PEAK 

1 -ll -ll -11 -11 -10 -12 -13 -13 -12 -11 -~ l 6 3 -2 2 1 0 -1 -8 -7 -a -9 -9 -7 6 
2 -9 -9 -9 -9 -9 -10 -10 -11 -10 -q -5 ·-1 3 2 l 3 0 -1 -3 -~ -5 -s -5 -5 -5 3 
3 -s -6 -6 -6 -5 -4 -7 -7 -6 -4 .-1 0 2 2 5 3 4 1 -2 -2 -2 -2 -3 -2 -2 5 
4 -2 -2 -2 -2 -3 -3 -3 -3 -3 -1 1 b 3 4 ·-:; 3 1 0 -3 -4 -5 -6 -6 -7 -1 6 
!) -7 -P. -a -a -8 -8 -Q -9 -q -1,1 

_, -1 3 3 3 ':I 5 5 -4 -5 -5 -5 -5 -5 -4 5 
6 -:. -5 -6 -s -6 -6 ·-6 -6 -5 -2 1 1 6 4 4 3 2 1 -1 -2 -2 -3 -4 -6 -2 6 
1 -6 -4 -5 -6 -5 -6 -6 -6 -6. -5 -4 -.. -5 -3 -3 -4 -4 -s -6 -7 -A -a -9 -9 -6 -3 
8 -q -9 -10 -12 -14 -12 -1() -16 -1f'> -16 -1<+ -b -7 -4 -6 -2 -1 -1 -10 -11 -12 -13 -14 -14 -p -2 
9 -14 -15 -15 -16 -17 -11) -1<; -18 -17 -16 -14 -6 -6 -4 -3 -2 -2 -2 -13 -10 -11 -12 -12 -13 - 1 -2 

10 -13 -13 -13 -13 -13 -14 -14 -15 -14 -13 -11 -l -2 -2 -2 0 1 1 -a -a -8 -9 -9 -11 -9 1 
11 -12 -12 -12 -13 -13 -13 -l.l -14 -14 -13 -10 -2 -2 4 0 -1 2 2 -6 -a -8 -a -a -9 -a 4 
12 -9 -10 -11 -11 -11 -12 ·-12 -.12 -11 -Q -6 -3 -1 0 -1 0 1 -l -~ -:; -6 -6 -6 -7 -6. 1 
13 -6 -6 -1 -7 -7 -6 -4 -4. -2 0 1 l 1 2 2 2 2 0 -2 -1 -1 -2 -1 -1 -2 2 
14 -3 -3 -4 -4 -4 -4 -3 -3 -3 -4 -2 -2 -2 -1 -1 -2 -2 -2 -3 -4 -2 -2 -2 -3 . -.3 -1 ..... 15 -2 -2 -2 -3 -3 -3 -4 -3 -3 -2 -1 (• -1 -1 0 2 1 -1 -2 -2 -3 -3 -4 -4 -2 2 0:: 16 -3 -4 -4 -4 -s -5 -6 -6 -4 -2 2 (· 1 3 4 1 2 -2 -3 . -3 -3 -3 -3 -3 -2 4 ..c 17 -4 -3 -3 -2 -2 -2 -?. -3 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -1 -1 -1 -2 -1 
1A -1 -1 -1 -2 -2 -2 -3 -3 -2 -?. -1 -l 0 1 1 1 0 -2 -3 -3 -3 -4 -4 -4 -2 1 
19 -4 -3 -3 -3 -4 -3 -4 -3 -3 -2 4 c· 1 1 2 1 1 1 1 . 1 0 0 1 -3 -1 4 
20 -1 -3 -3 -4 -3 -4 -4 -5 -4 -4 -4 -4 -4 -3 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4 -1 
21 -4 . -4 -4 -4 -4 -4· -4 -4 -s -4 -4 -3 -3 -3 -1 -2 -4 -4 -3 -4 -3 -3 -4 -4 -4 -1 
22 -4 -5 -5 -5 -6 -s -s -6 -5 -4 -3 -2 1 2 3 -1 -3 -3 -4 -6. -6 -6 -5 -5 -4 3 
23 -f-. -6 -6 

_, 
-6 -1 -1 -1 '-6 -.. -.3 -1 0 -4 2 1 -2 -.. -s -6 -6 -6 -7 -a· -4 2 

24 -I! -9 -9 -10 -12 -11 -1?. -11 -12 -10 2 6 7 2 -2 3 5 -1 -1 -a -8 -8 -8 -10 -5 1 
25 -10 -11 -12 -12 -12 -13 -13 -13 -12 -12 -1 4 5 6 s 3 .3 6 

_,. -6 -1 -7 -a -a -5 6 
26 -~ -fl -9 -8 -9 -9 -10 -10 -10 -7 3 3 8 7 11 11 9 5 -2 -3 -3 -4 -4 -4 -2 11 
27 -4 -5 -5 -6 -6 -6 -1 -7 -6 -4 4 8 11 9 D 9 12 1 1 0 -1 -1 -2 -2 1 13 
28 -3 -3 -4 -3 ·-4 -4 _, 

-6 -4 -2 1 1 13 11 A 8 ·9 8 2 1 2 1 1 -1 2 13 
29 -2 -3 -4 -4 -4 -4 -4 -4 -2 -1 -2 -3 1 2 3 0 -2 -J -4 -4 -4 -4 -4 -4 -3 3 

AV -6 _, -7 -7 -1 -7 -8 -8 -7 -fi -3 0 1 1 ?. 1 1 0 -4 -4 -5 -5 -5 -6 -4 
PK -1 -1 -1 -2 -2 -2 -2 -3 -2 0 7 8 13 11 lJ 11 12 8 2 1 2 1 1 -1 13 
MN ··-14 -15 -15 -16 -17 -16 -16 -18 -17 -16 -14' -6 -7 -4 -6 -4 -7 -7 -10 -11 -12 -13 -14 -14 

MONTHLY i>IINI"'UM = -18. 

I 11/05/RG-RPJ) 



111/05/AO•~Pll 

TI:MPF.R/1 TURE filll OM LOGAN WASH 
DEGREE c ~] LW01 

,1'14R 1980 
OCCI DEN'TAL 01~ SHALE I NCo 

HOUR I LOCAL STA"IDARD TIME: 

DAY 2 3 4 5 6 1 3 ~ ~ 0 11 12 13 0 14 15 16 17 1:8 19 20 21 22 23 24 AVE PEAK 

1 -5 -5 -6 -6 -1 -7 -1 -q -9 -7 2 -1 1 3 7 5 6 7 -2 -4 -4 -3 -4 -6 -2 7 
. 2 -7 -7 -7 -1 -7 -7 -7 -7 -I'. -2 1 -1 -3 3 5 4 2 .;;~ 1 -1 -1 -2 -1 -1 -2 5 
3 -1 1 2 2 2 2 ? 2 3 3 4 4 2 -3 -3 -2 -1 -2 -2 -2 -3 -3 -4 0 4 
4 -1 -4 -4 -5 -5 -5 -5 -5 -3 -3 -2 -2 -3 -1 2 -2 0 -2 -3 -4 -4 -4 -5 -4 -3 2 

.5 
_, 

-f.. -7 -6 -6 -6 
_, -5 -2 -2 -1 0 1 0 1 l. 1 . 1 -1 -1 -2 -2 -2 -4 -2 1 ,., -2 -? ~1 -1 -2 -2 -4 -4 -It -4 -4 -3 -4 -4 -4 -3 -3 -3 -4 -4 -4 -4 -4 -5 -3 -1 

7 -4 -4 -4 -4 -6 -6 -f> -6 -It -5 -4 -4 -4 -4 -4 -4 -3 -4 -5 -6 .-6 -6 -6 -'6 -5 -3 
a -6 _,., -7 -1 -a -7 -A -8 -F- -3 -3 0 -1 -1 4 l -1 -1 -3 -4 -6 -6 -6 -6 -4 4 
9 -6 -1 -8 -a -a -8 -9 -9 -i'. -3 -3 2 1 -1 0 0 -2 1 -3 -6 -6 -6 -6 -7 -s 2 

10 -1 -a -1 -8 -a -8 -8 -8 -i -2 4 9 . 1 a 8 7 6 7 1 -4 -4 -4 -4 -6 -2 9 
11 _, -6 -7 -1 -A -1 -1 -1 -~ -2 0 -1 IOEI IOEI IOEI IOEJ COEI COEI IOEJ COt:: I COEI COEI IOEI IOEI ( I 0 
12 IOE I IOEI IOE I IOEI IOEI IOEI IOEI IDE I IDE I lOt:: I IDE I IDE I IDE I IOEI IOEI (O[J IOEI (0£1 COEI IOEI COEI IOEI COEI (QE:) ( I I - 13 !OEI (QEJ IDE I IDE I IDE I IDE I IDE I IOEI IOEI lOti COEI IOEI IDE I IOEI IDE I (0[) IOEI IOEI !DEl IOEI IOEI IOEI IOEI IOEI (. I I 

\(i 14 IOE I IDE I IDE I IOEI !DEl IDE I I OF. I IDE I !DEl IOEI !OEI IOEl IDE I IDE I IDE I IOEI IDE I (QE:) IOEI IOEI COEI IOEI IOEI IOEI ( I ) 

0 15 IDE I IDE I I OF. I COEI IOEI IOEI IOEI IOEI IOE: IOU (Qfl IOEI IOEI !DEl IDE I COEl IDE I 10::1 IOEI IOEI IOEI IOEI IDE I IOEI ( I I 
16 IOEI IDE I IOEI IDE I IDE I IOEI COEI I OFI COE:• !OEI I OF.: I IOEI COEI IOEI <OEI !DEl IOEI co::1 !DEl IOEI IOEI IOEI IOF.:l IOEI ( I I 
17 IDE I IDE I I DEl IOEI IOEI COEI I OF: I IOEI IDE'• IOEI tOE I !DEl IOEI COEI IOEI 101:: l IOEI IOEI IDE I IOEI IOEI IOEI COEI (Of) ( I I 
1A COEI !OF.: I IDE I IOEI IOEI IOEI IOEI IOEI IOEI 10£1 <OF: I COEI IOEI IOEI IOEI co::1 fOE I wn IOEI IOEI !OEI IOEI IDE I IOEI ( I I 
19 !DEl !DEl IDE I IDE I IDE I IDE I IDE I IOEI COEI IOEI IOEI COE) COEI IDE I 5 6 5 f, 4 2 1 -2 -3 -4 ( ) () 

20 -4 -4 -5 -6 -6 -6 ·-7 -8 -7 -1 3 7 6 4 6 6 6 1 4 -1 -2 -2 -1 -1 -1 7 
. 21 -1 -1 -1 1 0 2 1 1 •;;> 3 4 6 7 B 1 6 5 5 4 3 3 1. -1 -2 3 8 
22 -4 -4 -3 -4 -4 -5 -5 -4 -·~ 1 1 1 4 2 f) 2 -2 '-2 -3 -3 -3 -3 -5 -5 -2 4 
23 _,., _,., -6 _, -6 -7 . -1 -7 -5 -4 -2 1 -1 2 1 1 1 0 -1· -3 -s -s -5 -s -3 2 
24 -6 -6 -4 -s -4 -7 -6 -7 -~ 3 2 3 6 2 2 3 2 1 1 -1 -3 -4 -3 -4 -2 6 
25 -4 -4 -4 -s -5 -6 -6 -5 -'+ -3 -3 -1 -3 -2 -3 -s -s ·-t. -6 -6 -6 -6 -6 -6 -s -1 
26 _, 

-6 -6 -6 -7 -7 -7 -7 _,., 
-':) -3 -3 -1 -3 2 2 1 ~ 0 -7 -7 -7 -7 -a -4 2 

27 -7 -8 -9 -9 -10 -10 -11 -LO -1 -2 -2 3 3 3 3 .a 2 2 -3 -3 -4 -s -6 ;..3 a 
za -6 -5 -6 -6 -7 -7 -7 -7 -6 -3 -2 -1 1 a -1 -2 -3 -J -4 -5 -5 -6 -6 -7 -4 1 
29 -1 -1 -7 -7 -7 -a -R _, -4 -4 -2 0 2 3 3 0 2 • 5 -4 -5 -s -6 -7 -3 5 
30 -7 -7 -7· -8 -8 -R -q -6 -J -3 0 3 2 0 1 1 -1 -· -a -9 -9 -10 -11 -12 -5 3 
31 -12 -12 -12 -12 -13 -13 -13 -12 -10 -6. -8 -7 -6 0 -4 -2 -1 -1 -7 -9 -11 -11 -11 -11 -9' 0 

AV -5 -5 -5 -6 -6 .-6 -6 -6 -s -2 -1 1 ( ) I 2 1 1 i) -1 -4 -4· -s -s -s 
PK -1 1 2 2 2 2 2 2 3 3 4 ·9 7 a A 8 6 1 5 3 3 1 -1 -1 9 
MN -12 -12 -12 -12 -13 -13 -u -12 -to -7 -8 -7 -6 -4 -4 -s -5 -7 -8 -9 -11 -11 -11 -12 

MONTHLY MINIMUM = -13 



TfMPf.RATURE. lill10M LOGAN WASH 
OE!,REE C M!H LW01 

APR 1980 
OCCIDENTAL OIL SHALE INC. 

HOUR I LOCAL STANDARD TIME I 
DAY 'I 2 3 4 5 b ·7 R 9 10 11 12 13 lit 15 1& 17 18 19 20 21 22 23 24 AVE PEAK 

1 -11 -11 -11 -11 -11 ,-11 -11 -10 -7 -4 -3. -1 -2 2 4 0 3 3 -2 -4 ~4 -3 -4 -3 -s 4 
2 -4 -5 -5 -(, -~ -b -(, -7 -3 -3 -2 -2 -3 -3 -3 -3 -3 -· -4 -4 -4 -4 -s .;s -4 -2 
.3 -I:> -6 -6 -6 -7 -7 -7. -7 -6 -2 2 0 2 l. 1 -1 1 2 3 -3 -4 -4 -3 -3 -3 3 
4 -4 -4 -5 -<; -~ 

_, 
-'6 -5 -2 6 8 4 7 7 8 11 8 13 8 2 1 1 1 1 2 13 

5 1 1 1 1 -1 -1 0 2 4 6 b 6 7 7 8 8 8 8 b 5 4 3 3 1 4 !'! 
b I -1 0 -2 -3 -2 -4 -2 2 .1 3 3 1 4 6 7 7 5 ~ 4 ·3 3 1 2 2 1 
7 -1 -1 -1 0 -3 -4 -5 -5 -4 -4 -4 -1 -2 -1 -1 -1 -2 -1 -3 -5 -4 -6 -6 -6 -3 0 
A -« -A -~ -9 -9 -9 -11 -10 -6 0 -1 3 2 -5 -4 IRFI IRFI IRFI CRFI IRFI IRFI IRFI IRFI IRFI ) 3 
9 (kFl IRF'i IP.Fl IRFI (l(f) !RFI IMFl IRFI IRFI IRFI lkFI IRFI IRFI IRFI IRFI IRFI IRFI IRFI IRFI IRFI IRFI IRFI IRFI IRFI ) ) 

10 IRFI IRFI (PF) IRFI IRFI IRFI IRFl IRFI IRFI IRFI IRFI IRFI IRFl IRFI IRFI IRFI IRFI IRFI (Rfl IRFI IRFI IRFI IRFI IRFI ) ) 
1 1 -1 -2 -1 IRFl IRFl IRFI IRFI (RF) IRFI IRFI IRFI IRFI IRFI IRFI IRFl IRFI IRFI IRFI (Rf) IRFI IRFI IRFI !Rfl IRFI I -1 
12 (RFI !RFI !RFI IRFI !RFI IRFI IRFI !RFI OWl !RFI !RFl IRFI IRFI IRFI IRFI IRFI IRFI IRFI IRFI IRFI IRFI IRFI IRFI IRFI ) ) 
13 (kFI !RFl IRFI IRFI !RFl IRFI IRFl !RFI !RFI IRFI (RF) IRFI IRFI IRFI IRFI IRFI (Rfl IRFI (Rfl IRFI (Rfl 13 11 IRFI I 13 
14 !RFI IRFJ !RFI !RFI !RFI IRFI IRFl (Hfl (Rf l (kf) (RF) !RFI <RFl (Rfl (RFI <Rfl (Rfl IRFI (Rfl IRFI IRFI IRFI (Rfl IRF.I ) ) 

....... 15 !RFI (KF) !RFl !RFl !RFI !RFI !RFl (HF) !RFl (kf) (RFl !RFI <RFI <Rfl IRFI IRFI <RFI (Rfl CHFI CRFI (RFI IRFI (RFI (Rfl ) ) 
;c. 1h IRFl !RF) (RF l (Rf) !RFI IRFI (RFl !RFl (RF) (RFl (RF) (kf) (RFl (RFI (Rf) (Hf) IRFI IRFI (Rf) (Rfl IRFI 9 (Rfl IRFI ) 9 ..... 1"7 (RFI !RF) (Rfl IRFI (RFI (RFl (HFl (MFI <RFl IRFl (HFI <RFI <RFI (Rfl <Rfl IHFI <RFI (Rfl (Rf) IRFI IRFI <RFI IRFI <RFI ) ) 

1~ (Hf) IRFl !RFI IRFI IRFl IRFI (RFl (RFI (HF) (Rf) (RF'I <RFI (Rf) OWl <Rf) IRFI (Rf) IRFI (Rfl IRFI IRFI (RFI (Rfl IRFI ) ) 
19 I~F) !RFI IRF l IRFI (RFl IRFl IRFl (HFl !RFI (RFl IRFl IRFl 1A 1<l 19 ' 19 19 20 23 (Rf) 11 9 10 9 ) 23 
20 ·a ~ 6 b 5 b 4 b 9 13 15 19 19 21 19 19 19 21 26 12 11 11 11 10 13 2& 
21 q 9 8 8 1 0 8 8 12 14 14 16 19 18 1<l 14 19 19 13 9 1 5 4 6 1 12 19 
22 q ,... 5 5 5 4 4 5 10 12 13 15 . 14 13 13 14 16 14 13 10 9 8 8 8 10 16 
23 q 9 9 fl 7 4 3 3 7 8 12 11 7 tl 11 1 1 7 b 3 -1 -1 -1 ;.1 6 12 
24 -1 0 2 2 1 2 2 2 3 4 6 1 7 9 9 9 1 7 1 6 6 6 s s 5 9 
25 '4 3 4 3 2 3 -1 2 I 4 7 9 11 13 12 15 14 14 15 19 9 6 6 6 6 8 19 
26 5 4 3 2 2 2 2 2 3 6 1 'I 12 12 12 13 13 19 19 1 6 5 4 3 7 19 
27 4 2 2 1 1 0 0 2 6 10 11 12 14 15 14 14 15 18 18 9 8 8 7 1 8 18 
28 '5 4 5 4 4 3 3 4 8 11 13 15 16 16 18 17 18 19 19 13 10 9 9 9 10 19 
29 ~ Q 8 A 7 7 8 11 13 14 15 b 17 13 14 15 11 6 5 3 2 '2 2 '2 9 17 
30 2 2 2 2 1 1 1 2 2 3 4 6 8 8 11 10 8 1 4 3 3 2 2 2 4 11 

AV I ) ) ) ( ) ( ) ) ) ) ) ) I ) l I I ) ) ) ) ) ) I ) 
PK Q 9 9 8 10 8 A 12 14 14 16 19 19 21 19 19 19 21 26 13 11 13 11 10 26 
MN -11 -11 -11 -11 -11 -11 -11 -10 -1 -4 -4 -2 -3 -5 -4 -3 -3 -4 -4 -5 -4 ·-6 -6 -6 

MONTHLY MINIMUI4 = -11 

111/0c;;/l'lll-.RP T I 



111/0S/RO•RPII 

TF"1PERATURE ioi1 OM LOG~N tiASH 
DfGREE c Mit< I LW01 

~AI' 1980 
OCC[DEIIITAL OIL SHALE INC. 

t-,ou~ I LOCAL STANDA~D TIME I 

DAY 2 3 4 5 6 7 ·8 9 10 11 12 13 14 15 16 lT l.a 19 20 21 22 23 24 Air'::: PEAK 

1 2 2 2 1 1 0 0 1 2 5 7 f! 7 6 7 9 9 8 1 ~ 4 3 2 1 4 9 
2 1 2 1 2 2 1 2 2 5 4 ~ ~ 9 1 9 10 9 ~3 12 b 6 4 3 3 5 13 
3 2 3 2 2 1 1 1 1 1 Q 11 11 10 9 q 13 13 n 11 tl 6 1 6 6 1 13 
4 F., 7 7 5 4 3 4 fJ 8 9 L 1 13 10 8 13 11 10 9 ~ 7 6 5 6 6 8 13 
5 5 ,., 6 3 4 4 6 5 R 11 12 . 13 H 1?. 11 12 15 D 12 9 8 8 7 7 9 16 
F., 7 F, 6 5 6 5 5. 7 q 11 11 12 u 12 13 13 14 10 9 6 6 6 6 6 8 14 
7 4 4 4 3 4 4 4 4 5 !) 9 7 4 5 7 8 9 7 7 5 4 4 4 3 5 q 
8 3 2 2 2 2 3 ?. 3 4 6 7 8 7 7 11 13 13 9 1-! 4 4 4 3 5 13 
q 2 3 3 3 2 2 1 4 6 7 8 !! 6 6 6 7 6 1 6 6 7 6 5 4 5 8 

..... I 0 3 3 2 3 3 3 4 4 5 6 6 8 7 9 9 9 9 8 8 6 6 6 3 4 6 9 
>L I 1 c; 6 4 2 2 2 2 -1 0 3 2 5 3 5 4 3 3 ;,! ~2 -3 -3 -3 -2 -3 1 6 

12 -3 -3 -4 -4 -4 -4 -4 -G. -4 -3 -3 -3 -4 -3 -3 -3 -2 -1 -2 -2 -2 -3 -3 -3 -3 -1 N 13 -3 -3 -3 -3 -3 -3 -3 -3 0 2 () 6 6 7 ~ 9 9 B 11 5 3 3 2 2 3 11 
14 2 1 1 2 1 1 1 2 5 6 8 9 9 A q 11 9 6 4 4 3 3 3 1 4 11 
15 0 -1 -1 -1 -1 -1 1 2 b () b ij 10 11 12 11 9 8 6 ~ 4 5 3 2 5 12 
l6 2 2 1 3 1 0 ?. 3 4 4 1 A 12 10 11 12 ·ll 11 11 10 () 4 4 2 6 12 
17 -:;> -2 -3 -3 -3 -3 -3 -J 1 5 1 3 3 4 5 4 5 4 3 3 2 1 1 0 1 5 
lR 0 -1 0 1 -1 -1 -2 ! c; 7 q 11 12 14 12 13 1.6 14 17 9 7 1 b 6 1 17 
19 5 '5 4 4 4 3 3 .. 10 11 12 13 13 15 16 16 17 15 17 12 9 9 9 8 10 17 
20 9 8 7 7 7 5 '5 ., 12" 13 14 14 If> 19 20 19 19 ~1 19 14 12 13 12 10 13 21 
<:'1 11 9 8 9 7 9 8 1•) 14 16 18 19 21 22 24 24 24 ~4 26 lfl 16 15 14 14 16 26 
22 13 12 11 11 11 9 9 12 11i 11'1 .21 a 21 22 22 23 24 18 21 18 16 16 14 13 16 24 
23 14 14 12 10 8 1 7 ' 8 10 12 12 14 16 16 16 17 !lb 16 14 14 13 13 12 12 17 
24 11 11 9 A 8 7 8 9 12 13 12 13 14 13 11 7 3 1 1 -7 -1 -1 0 -1 1 ·14 
2'j -1 -2 -2 -2 -3 -2 -1 -~ 2" 2 2 3 c; 6 7 b 6 7 4 3 1 -1 1 0 2 7 
26 1 -I -2 -3 ·-3 -3 -2 l 7 7 9 9 10 10 13 14 15 17 1!l 10 8 7 7 9 1 lJ 
27 12 11 9 10 6 5 6 7 13 l4 14 15 17 17 17 15 17 18 18 14 12 11 10 9 12 18 
28 1 7 5 4 6 5 5 R 1() 11 12' 14 16 16 17 17 1A 18 15 15 12 10 10 11 11 1A 
29 9 8 7 7 () 5 4 4 6 1 7 9 11 10 13 12 13 ·]4 15 10 8 6 4 5 8 15 
30 6 '5 4 3 2 2 2 4 10 12 13 14 16 17 18 18 19 )9 18 14 12 13 9 10 11 19 
31 12 12 10 7 8 8 8 'I 10 11 11 13 13 14 15 16 16 18 17 13 9 8 6 6 11 18 

AV '5 4 4 3 3 ?. 3 4 7 8 9 10 11 11 12 12 12 12 11 8 1 6 5 5 1 
PK 14 14 12 11 11 9 9 12 1A 18 21 22 21 22 24 24 24 24 26 18 16 16 14 14 26 
MN -3 -3 -4 -4 -4 -4 -4 -4 -4 -3 -3 -3 -4 -3 ·-3 -3 •2 -1 -2 -7 -3 -3 -3 -3 

MONTHLY MTNIMUM = -7 



Tf"PERATURE fcl}OM LOGAN WASH · 
DEGREE· C MHI LwOl 

JUNE 191:10 
OCCIDENT~L OIL SHALE INC. 

HOU~ <LOCAL STANDARD TIME I 
DAY 1 2 3 4 5 6 7 8 9· 10 11 12 13 14 15 16 17 18 19 lO 21 22 23 24 AVE PEAK 

1 6 6 6 7 5 '5 4 6 12 14 13 15 17 16 16 14 13 9 9 9 8 7 5 4 9 17 
2 4 3 3 3 3 3 3 7 9 11 12 14 14 16 17 17 17 19 19 1o 15 14 }5, 14 11 19 
3 }4 14 14 13 13 12 10 13 14 16 16 18 1~ 19 20 21 2l 21 21 17 15 14 16 16 16 22 4 16 14 13 1 3 11 11 11 13 14 14 17 17 19 20 21 21 22 22 23 17 13 11 11 10 16 23 
5 q q 10 .7 

J ~ 13 7 13 15 16 17 19 20 20 21 21 22 22 22 . 18 14 12 12 14 15 22 
6 14 1 1 11 9 il 11 13 14 16 1 7 lB 19 20 21 21 22 22 21 17 15 13 13 11 15 22 
7 11 10 10 9 6 6 4 8 15 15 17 18 19 21 21 ll 2l 23 22 17 14 13 12 12 lit 23 
8 12 12 I 0 9 ·10 9 11 12 17 1!< 21 23 26 27 26 27 25 27 24 20 17 19 17 14 18 27 9 12 11 11 13 13 13 13 14 17 19 19 24 24 26 26 26 27 30 33 19 17 17 17 16 19 33 ..... 10 16 }4 12 16 14 12 12 15 lR 21 ?.3 24 26 26 27 26 27 2tl 29 23 21 18 17 16 20 29 

.c. 11 }4 1'5 14 14 12 12 9 12 HI 20 21 22 24 24 24 24 25 26 27 22 18 15 15 15 u 27 
w 12 }4 )4 13 12 11 11 9 12 113 113 19 22 22 23 24 25 24 26 26 22 18 15 14 13 26 

13 12 12 12 11 10 9 13 10 17 18 19. 19 22 23 24 24 24 26 26 23 21 18 14 14 17 26 14 14 13 14 14 13 11 10 9 16 17 18 19 21 21 21 22 22 23 23 23 19 14 13 12 17 23 
15 13 .11 11 11 9 7 4 4 7 11 }4 16 17 11:1 18 19 19 19 27 23 13 11 13 13 14 27 
16 1 ) 11 9 8 8 7 4 3 A 13 14 II> 19 19 22 21 23 23 22 24 16 14 13 14 14 24 
17 14 12 11 10 10 9 9 8 13 17 19 21 23 24 24 27 24 26 27 27 19 17 17 17 .18 27 
18 16 16 13 12 12 11 1 0 9 14 19 ?.3 23 24 26 27 27 26 28 29 29 23 21 17 17 20 29 
19 17 15 15 1'5 14 13 13 12 15 21 ?3 23 24 26 25 l6 26 27 30 2~ 18 18 17 ~~ 20 30 
20 IF< 17 15 14 12 12 12 1 1 14 19 20 23 24 26 26 26 26 26 2~ 26 22 17 15 19 28 
21 14 14 13 . 13 12 13 12 14 l'i 19 21 23 23 24 24 24 24 25 26 26 21 19 15 16 19 26 
22 }I) 14 14 14 12 11 11 9 IS 20 24 24 23 26 26 26 26 27 28 2~ 21 18 22 18 20 28 
23 15 18 16 14 15 17 14 13 19 21 21 23 24 26 n 27 26 2tl 28 29 23 19 17 16 21 29 24 16 16 15 13 13 12 12 11 16 19 21 22 24 25 27 27 28 28 29 29 23 19 19 16 20 29 
25 15 15 16. IS 16 13 12 12 17 24 22 23 26 27 29 29 29 30 32 32 23 20 19 19 22 32 
26 }A 19 18 19 lA 16 16 14 19 24 25 2o 28 2·1 28 29 29 30 30 31 25 22 21 21 23 31 
27 21 21 19 21 19 1& 14 17 1A 21 25 26 24 25 25 2~ 2& 27 2d 27 23 17 16 16 22 28 
28 14 1'5 16 1'5 14 11 11 10 12 1>1 ?.1 22 23 25 26 26 21i 29 3l 37 21 19 19 18 20 37 
29 1R 17 1& 14 13 12 12 13 18 21 ?.4 26 27 30 30 29 29 31 31 32 2'+ 24 22 22 22 32 30 22 21 20 18 18 113 If! )A Iii 22 ?3 2b 26 27 30 l9 29 29 23 28 19 20 18 17 22 30 

.All 14 14 13 13 12 11 10 11 15 1q 20 21 22 23 24 24 24 25 26 24 19 17 16 15 18 PK 22 21 20 21 19 18 1R 1R 19 24 ?.5 26 28 30 30 29 29 31 33 37 25 24 22 22 37 MN 4 3 3 3 3 3 3 j 7 11 12 14 14 16 11'> 14 13 9 9 9 8 7 .S 4 

MONTHLY M!NIMUM = 3 

111/l)c;IAO-PPT! 



/ 

111/05/80-RPII 

TF"'PERATU~E ~10M LO,:;AI1 IIIASH 
OEGQf.E C MIH LWOl 

.JULY 1980 
OC•: !DENTAL OIL SHALE INC. 

HOUR I LOCAL STANDARD TIME I 

DAY 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 AVE PEAK 

1 16 16 14 14 13 13 14 lJ 14 18 1a 21 23 24 24 25 25 18 14 13 14 13 13 13 17 25 
2 12 12 11 9 9 9 9 lli 11 14 15 1f> 17 18 19 20 21 _22 21 24 16 16 16 14 15 24 
3 14 .14 12 11 9 9 fl 9 12 18 20 21 22 23 24 l3 26 26 23 29. 22 21 20 18 18 . 29 
4 1"> 15 14 14 13 n 11 11 14 20 21 22 24 24 26 27 27 -27 29 30 24 18 17 18 .20 30 
5 1A 17 17 16 13 1~ 12 12 11 19 22 23 24 26 27 28 28 28 . 31 32 27 21 18 17 21 32 
6 1 7 1n 18 17 17 16 14 12 12 18 24 25 29 28 29. JO 30 28 28 2b 24 22 22 22 22 30 
7 1Q 19 19 17 18 17 17 16 19 20 22 24 24 24 25 23 22 22 24 21 14 14 14 14 20 25 
8 1? 12 11 10 10 9 9 H 8 ll 17 17 17 19 21 22 22 23 24 2S 27 21 18 17 16 27 
9 1.5 14 14 13 13 .13 12 12 13 14 19 20 a 24 27 28 29 26 29 31 31 23 20 19 20 31 

10 19 HI 18 18 17 16 14 14 14 17 20 23 26 29 28 27 26 25 24 23 22 19 19 20 21 . 29 
11 2!) 17 16 16 16 15 17 11'1 22 2~ 2b 28 28 29 31 31 . 31 .35 36 23 21 23 21 21 23 36 ...... 12 1-~ 19 16 ·18 14 14 1A 19 19 26 £'6 26 26 27 27 27 30 26 21 18 18 18 19 16 21 30" 

\() 13 13 13 13 14 15 14 15 16 18 t7 17 17 21 23 23 24 22 18 13 13 10 11 12 9 16 24 
~ 14 ~ A 8 8 8 8 8 12 15 l7 1H 19 20 22 -23 23 24 26 27 19 16 15 14 15 16 27 

15 13· 13 12 12 12 12 12 15 19 21 22 23 25 26 26 27 29 30 37 20 19 17 17 17 20 37 
16 17 19 19 15 13 12 12 15 20 22 25 27 28 29 29 29 31 3::1 32 22 21 20 20 19 22 33 
17 19 18 17 14 14 14 13 16 22 26 27 28 29 31 30 30 31 33 33 24 24 21 19 23 23 33 
18 22 22 22 19 19 19 19 21 23 27 27 28 29 31 ]I) 30 31 32 34 23 21 22 22 22 25 34 
19 20 19 ·19 21 21 21 20 20 22 23 2'::. 26 27 28 28 29 29 31 31 24 21 21 23 21 ·24 31 
20 21 21 20 17 16 16 14 17 22 l4 24 ·27 29 ?8 26 31 31 38 31 23 21 22 22 20 23 38 
21 22 22 21 20 17 17 1S 17 23 23 28 28 31 31 31 31 36 37 43 26 24 23 23 21 25 43 
22 ·19 19 17 17 17 1"> 14 18 24 24 ?5 27 29 30 31 32 31 33 34 26 21 23 21 19 24. 34 
23 1q lfl 17 16 }I) }'j 15 17 24 25 27 29 29 28 24 25 28 25 22 22 19 17 17 17 21 29 
24 17 17 1f> 14 13 13 . 13 16 22 24 ?5 27 28 26 29 28 24 23 25 21 19 19 16 15 20 ·29 
25 13 1S 13 13 12 11 11 14 18 22 23 22 25 27 27 24 24 27 29 20 18 18 17 16 19 29 
26 16 15 16 13 14 12 12 14 18 23 ?5 29 30 29 31 31 28 26 24 23 19 19 22 lA 21 31 
27 1f> 11'. 14 13 14 13 13 15 22 26 £'4 26 30 29 29 31 31 37 35 23 21 21 19 21 22 37 
2A 20 17 17 15 15 15 14 15 22 23 27 29 31 30 31 32 31 34 33 24 22 22 22 21 23 34 
29 21 17 18 17 16 17 15 18 20 25 2E> 28 29 29 29 27 28 29 23 23 19 19 18 18 22 29 
30 11'1 17 15 15 14 14 15 17 21 23 2'+ 25 2'5 28 2fl 27 30 24 25 22 19 18 18 17 21 30 
31 l7 1n 14 14 13 17 17 16 23 ~5 2B 26 28 29 30 29 29 29 26 23 23 24 23 23 22 30 

'-
AV 17 16 16 15 14 14 14 15 113 21 23 24 26 27 27 27 28 28. 28 23 21 19 19 18 21 
P!( 22 22 22 21 21 21 20 21 24 27 28 29 31 31 31 32 36 3!! 43 32 31 24 23 23 43 
"'N 9 8 8 8 8 8 8 8 8 11 }:, 16 17 18 19 20 21 18 13 13 10 11 12 9 

MONTHLY MINIMUM = 8 



I 

. · TE~I-IERA TU~E lilcl'l LOGAN WASH 
"DEGREE C STATION LW02 

AUG 1'id0 
OCCIDENTAL OIL SHALE INC. 

. tiOUR I LOCAL STANI>ARD TIME I. 
.. . 

UAY 1 2 3 4 5 6 7 d 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 AVE PlAK 

.. 
1 hcfl. (!Ml I I "'I liM I IIMl I IMl I iMl I 1M I liM I I 1M I . I 1M I I 1M I llMl liM I (1M I 11Ml llMl Ml IIMI llMl I 1M I I 1M I liM I 11Ml I l l 
c 1 1~'- 1 1"'' I I "'I I IM l I IMl 11Ml I 1M I I 1M I I IMI I 1M I I lMl I IMl liM I I I I'll C IMI I 1M I I 1M I Ml 11M I I 1M I I 1M I liM I IIMl I IMl I ) ) 
J I ML-( Ml IIMl I I "'I I IMl I I l'l l I IMl I 1M I I 1M) I 1M) I 1M I I 1M I 11M) I IMl ( lMl llMl llMl Ml 11M I IIMl I IMJ I lMl llMl I lMl I ) l 
-4-+lM~IMl 11Ml--11'4l-·11Ml .. (1M I· ( lMl · ( lMl -I lMl · ( lMl ( IM l ( IMl --I 1M I I IMl IIMl I lMl I 1M) Ml liM I I IMl IIMl I IMl I lMl I lMl I ) l 
5 IIMI'~<IMI IIMl ( 1-'11 liM) ( IMl I IMI I IMl I IMl ( IMl I 1M l ( lMl I IMl I IMl IIMI (lMl llMl Ml liM I llMl I IMl IIMl liM) ( IMl ( l ) 
b ( I M ,-:.<I M) I IMl I IMl I ir~ l I I M l I iMl I IMl IIMl I lMl I IMl I IMI liM I I IMl ( lMl I IMl IIMI Ml liM I I lMl I lMl I 1 Ml IIMl I IMl I ) l 
7 ( Ml ·.:(lf•1l I 1"11 llMI 'IIP-11 I II~ l I lMl I lMl I IMl I IMl I i M) I 1M) I lMl I IMI I I Ml I I M I liM) M) liM I I IMI I lMl I IMI llMl I IMl I ) l 
d UMI-41Ml liM). IIMI. liM) I IMl I lMl I lMl . I IMl . I IMl I l M l IIMl I IMl I I 1'1 l I lMl I l M l IIMl Ml liM) I lMl I IMl I I M l I lMl I lMl I ) ) 
'1 I IMI ·.(lMl I IMl I I:-11 liM I I lMl I 1M I I lMl I II~) I lMl I lMl I lMl I IMl I 1M l I lMl I lMl I IMl M) liM I I lMl I lMl I lMl I IMl I 1M) I ) ) ..... 10 I lMI <lMI I IMl- (JM) liM I I IMl I IM l I IMl I 1M I I 1M I I IM l I I M l I IMl I 1M) llMl I I Ml I lMl I'll liM) I lMl I I Ml I IMl I 1M) I IMI ( I l \(. 11 IIMI "( IMl I lMI IPO IIMl I IMI I IMI I IMl I IMl I IMl I IMl I lMl (lMl I lMl llMl liM I I I Ml Ml ( IMl ( IMl IIMl I IMI I IMl I IMl I l l U'; .. 12 1-lJ.ll--,.(..1 M l -IIMl -IIMI -IIMI -11M) .. I lMl (.1M) ... llMl ... llMl 21 a .. 23 24 23 24 . 20 19 18 14 14 14 14 14 I. ) 24 

1.3 ; ': 14·- 14 14 14 14 14 14 15 16 17 1d 19 21 23 IRFl (f<fl IRfl lf(f) 16 13 12 11 11 11 IS 23 
l<t ~1-l II II 11 12 !2 12 13 . 14 14 14 14 ld 20 22 22 21 20 1d 17 13 13 13 13 15 22 
15 13 13 12 12 11 11 11 11 11 II 12 12 13 lJ 13 14 14 14 14 9 8 d d 8 12 14 
lb -·-8 -8. d 8 8 .. . 8 'J 'J 9 11 11 13. h 16 17 17 17 16 13 13 13 13 13 12 12 17 
17 '.12 12 12 12 12 12 12 12 12 u 1~ H 1'-J 20 20 20 20 19 1Y 18 11:! 17 17 16 16 20 
1d )]~ 16 16 1o 15 15 14 15 11:! Hl 1d 11:! 1d 11:! 17 17 17 16 1o 15 14 14 14 13 16 11:! 
1'-J lJ 12 13 liM) IIMl I IMl I lMl I IMl I lMl 11M I I IMl I IMl llMl I IMl I lMl I 1M I I lM) CIMl (1M I I IMl I IMl I IMl I IMl (. ) 13 

-20- Uki~: .. :,UM.) ... I IMl I I M l - I I M ).. I I M l . I 1M I..- I ·I M l -- I I M l . I I M l . liM) .. llM) .... IlMl I IMl IIMl IIMl liM). IIMl CIMl I IMl I IMl IIMl IIMl llMl I ) ) 
d IIMI ... IlMl i!Ml I IMl liM) liM) I lo'4l I 1M I I IMl I I M l I IMl I IMl I IMl I J M l IIMl IIMl I lMl IIMl CIMl I IMl I IMl I IM l I IMl I IMl I ' ) 
22 liM I ;.;:1 IMl liM) I It~) ( 1 I~) liM) I 1M I I 1M I IIMl I 1M I I IMl IIMl I 1M I 11Ml I 1M I I I M l liM) I IMl liM I I 1M I I 1M I I 1M I I lMl I lMl I ) ) 
23 (JM) tJIIMl <IMl I 1M) I lMl I lM) (1M) 11M) I lMl IJM) I 1M I I lMl I 1M I llMl I IMI I 1M I I 1M I I iMl (IM) I lMl I 1M I I 1M I llMl I 1M I I ) ) 
2'+ 1-114 )...::j 1M l {1Ml'IIM) I 1M I liM I I lMl I lMl llt-11 I IMl. 11M) I 1M I I 1M I I I Ml I 1M) 11M) IIMI I lMl CIMI 11Ml I 1M I I 1M I 11M I I lMl I I ) 
~~ IIMJ·IIMI ·I l M l I lMl I 1M I I IMI I !roO I lMl I 1M I I IMl ! 1M l I IMI llMl I IMI ClMl <lMl I lMl llMl ( IMI IIMl ! lMl I 1M I I I M l I 1M) I ) l 
26 liM I I IM·l {1M) I IM l I 1M I I lMl I lMl llMl I IMl I lMl I 1M I IIMl I 1 Ml I J M l I 1M I 11M) I 1M I llMl <IMI I IMl I 1 Ml 11Ml 11Ml I IMl I ) ) 
n liM). liM) (IM) <lMl liM) IH1l I IMl I 1M I I IMI ! IMI ( lMl I IMl 11Ml I l M l I lMl I 1M) I 1 Ml I IMI 11Ml ( IMI IIMl I 1M l ( lMl (fM) I ) l 
21:! .. I.I.M.l-LIM l .. 1 IMl .. I lMl .(I MI ... I I MI... I IMl .. I 1M I .... I lM) .. I 1M I I 1M I . I IML.I lMl I IMl 11M) 11M) I 1M I I I Ml llMl I 1M) IIMI I 1M I 11Ml I lMl I ) ) 
2~ II M) ":· I I M l (IMI I I loll liM I I lMl 11Ml I 1M I IIMl I IMI ( 11'11 IIMI 11Ml I I M l liM I I IMI I 1M I I I Ml llMl I IMI I IMI I 1M I IIMl I IMl I ) ) 
30 liM) '.llMl C1Ml I lMl (1M) liM) 11M) 11M) I IMI I 1M I IIMl IIMl llMl I IMI (1Ml (1Ml I IMl llMl !lMl I IMI I lMl IIMI IIMI llMl I ) ) 
31 n:M):<I IMl liM) (!loll 11M) liM) IIMl I 1M) I 1M) 11Ml 11M) IIMl I 1M) 11Ml liM I C1Ml I IMI 11M) (lMl llMl llMl liM) 11M) IIMl I ) l 

--~---

AV ) . ) ) ) ) ' ) ) ) ) ) ) ) ) ) ' ) ) ) ) ) ) ) ) 
... K- 1~ 16 16 16 1!) 15 14 15 lt! 18 21 22 23 24 23 24 21 <!0 1<J 18 18 17 17 16 23 



C
--------TEM-Pi"RAtli"RE:·-------------------- ---- ----------------------------------------- -

DEGREE C 

·---~-- -- -- .... - -···-·- -· -··- -- -·-·- ·---· -- -

HOIJR !LOCAL STANDARD TIME) 

~~t7y~:~~~~-- ----------- ---· ................. ----- ···----·----- -~ 
OCCJDF.NTAL. OIL. SHALE- INC. 

I .:::::::·-~-F ~--- :R;·:--.~~:~~=:~-.JRF·:_-_~~-:::-~-~·:.:::_~-:~~--~R::-·-,-~::--:~~-~-~-~: :·:·,~:·:· -~~-:~·· .• ~: ~- cR::. 
1 
~:: --,-~:~ _ IR:~·-,-~::·~-- ,·R::. IR~:--,~::-·,~v: :EA~------~ 

2 IRFI CRFI IRFI IRFI IRFI IRFI CRFI IRFI (RFI IRFI IRFI IRFI IRFI !RFI (RFI •RFI IRFI IPF) IRFI (RFI IRFI IRFI IRFI IRFI I I ( ·I 
J IRFI IRFI IRFI IRFI IRFI IRFI IRFI IRFI IRFI IRFI CRFI CRF) CRFI IRFI IRFI IRFI IRFI IRFI IHFI CRFI IHFI IRFI CRFI IRFI ( I C I 
4 IRFI (RFI IRFI IRFI IRFI IRFI IRFI IRFI IRFI CRFI IRFI IRFl IRFI !RFI IRFI 1RFI IRFI iR~I IRFI IRFI IRFI IRFI IRFI IRFI I I ( I 

· ~_5._!QE.) __ I RF l.._( RFJ ... I RF l-.(RF.l-I.Rf. . .l._ .. (.Rf.!.-IRF.l-1 RF.I--- ( Rf-1---1 RFJ----t-Rf..) ... IRFI----~ RFI--·· IRFI -I ~F I ... (RF ). --(RF I ---IRFI -·1 Rf. 1----1 A F)-- ··I Rf I --( AF 1·--IRF I- ( ··· ) --( - ·I --·---~ 
~ IRFI IRFI CRFI IRFI IRFI IRFI IAF)· IRFI IRFI IRFI IRFI CRFI IRFI IRFI IRFI •RFI IRFI ~R~I IRFI IRFI IAFI IRFI IRFI 4RFI I I I I 
1 IRFI IRFI IRfl IRFI IRFI IRFI IRFI IRFJ. IRFI IRFI IRFI IRFl !RFI IRFI IRFI •RFI IRFI IR=) IRF) CRFI tAFI IRFI (RFI IRFI I I ( I 
~ IRFI CRFI IRFI IRFI IRFI IAFI IRFI IRFI CRFI CRFI IRFI IRFl IRFI IRFI IRFI (Afl IAFI cR=t (RFI IRFI IAFI cRFI IRFI IRF) ( I I I j 

....,. _.9.-.lHF,) ... IRFL..IRFI IRFL.JRF.L ... I.RF.I ... IRFI.-IRFl. IRfl .. IRF.I .(RFI--IRfi .... (Rf) .. (Rf.). IRFI -•"Rfi.IRFI IR"=) IRf) .. (l~fl.,(RFI IRFI IRF·I· IRFI ( ) .. I· -1-· --·-· 
~ JO IRFI !RFI 1Rf1 IRf) IRFI IRFI (Rfl IRFl IRfl IRFI IRFI IRfl CRfl IRfl IRfl ~RFI IRFI cR=t CRFI IRFI IRFI IRFI IRFI IRFI I ) I I 
~ 11 IRFI (RFI IRFI IRfl IRFI IRFI (RFI (RF~ (RFI (RFI JRFI IRFI IRFI IRFI IRFI ~Rfl IRFI IR=) IRfl IRFI IRFI IRfl IRfl IRFI ( ) ( I 

12 IRFI. IRFI IRFI IRFI IRFI IRFI IRFl IRF:· IRFI IRFI IRFI 23 . 24 26 25 27 28 ~2 20 14 H 14 15 11 21 28 
--u-~~-----tl--~t~----t:--t~--u-----~~---·--t~---+~-----~-~~--f~-----t~-----t~-----~~--- ~~----· -~z------ ~~--- -~~ ---·· ~f ---fg-----~~ ---~~ -----~~---·-· ·tl·-- --~~---- ~z---l 

15 14 13 12 12 11 . 10 10 10 10 11 13 14 16 16 13 1~ 19 ~9 20 17 12 10 10 11 13 · 20 1 

I __ Jt __ g __ jg ___ }~--~t ___ }t_ __ j_t ______ 1z _____ 1t ____ 1L .. Jt .... lt .. JL_~t. .. ~~--J1 ~~ J~ n ~~ ~~---~~ ~~---B-.B .. tt .... }~ : 
18 17 16 16 16 14 14 14 1• 14 14 17 19 20 21 21 21 21 22 21 20 19 19 18 18 18 22 
.19 1R 11 11 16 16 14 13 12 12 13 15 16 1~ 20 11 11 1a 11 14 14 10 10 9 8 15 20 
20 1 7 1 6 6 5 4 ... 5 9 12 l'o 1.6 17 18 18 19 19 16 14 13 13 13 12 1 19 

--H------~~---- -g -----H--~:--1~--i~---- -1~-----i~ -·-----~~---- ~t----~~--~~ -- -~!- ·--~~ --- ~~ ·-:~l -- ~~- :. ~~ · n---- ~~-----~~ ----~~- -- U ~~~s-----~1 49
3 ---, 

18 17 17 16 13 13 13 13 14 16 16 19 19 13 14 17 17 17 17 1~ 11 11 9 9 
9 ~ A 8 R ~ 8 a ~ q 11 11 12 13 14 14 .14 13 12 12 11 11 11 11 1 14 

s----1L ... 1o ____ 1o .... 9 _____ g _______ g __________ q __ .1!l. 11 :.3 ... 16 16 11 .. 1s 13 13 13 ~6 16 13-- 12- 12 12- 12 12- 11 ---
26 11 11 10 11 10 10 10 ~ }I) :2 15 17 1" 18 CRFI CRFI IRFI c..-> l~fl IRFI CRFI CRfl IRFI CRFI 12 18 
27 IRFI IRFI (Rfl 9 9 9 9 10 13 :fl 20 21 21 21 21 21 21 20 19 19 18 18 -18 18 17 21 
28 }"I~ 17 17 16 16 16 14 11+ 14- ::R 19 20 21 22 22 23 23 CR:FJ IRfl (Rfl -IRFI CRFI (Rfl IRFI 18 23 

-2.9--CHEL..C RF '---1 RF.I ... I Rf.L .IRF. .. I_tRF.l-...1 Rf..) __ :fRF.J -.!Rf-) ... ( Rri--CRF 1 .... ( RF-1--- 1-~F I .. CRF I .. ( Rf) 4 RF •... ( Rf ) .... C AFJ---CRF I . IRF-1 --C Af-t .. -CRF-1 .. IRF I· IRF-1·-· C· .. I .. ·I --·-·--1 ___ 

1 L-~-~-~::! ___ ~~:: ~~-~~ :~~: -~t_:.:~--~-:~~--:.:~-~---:~~~-l ~~~~- ~~~~ ~~~~ t~~~ t~~~ t~~: ~~~: 1~~: ~~~~ ~~~ ~~~: ~~~: ~~~: ~:~: :~~~ :~~~ : ~ : : I 

AV 14 13' 12 12 11 11 11 11 12 'i4 16 1e 19 20 20 20 21 20 18 17 15 15 14 14 15 
PK lA 17 17 16 16 16 16 16 16 19 ?.1 23 24 2b 26 27 28 2t-.· 22 21 20 19 19 18 28 

--- ----------] 



~ ~----·-·--··--·- --· --·---------. ----·-·---·- ·-·----·----- ··-···-----·- ·--··-·-····--···· ... 

tL_____ - ----- -----·· -···-·-- ··-----··-· . -.. 

HOUR !LOCAL STA~DARD TIME) 

. --·- ··-··--·· --·] 
. - ·-- ~··-. ·--··-

.... ·- ··-l.oGAN··wASH ····--······ -. ·--·· ·--- ··- -·-···-·- -·-···-·--· ···- ..... -·--·--·-·-·1

1 
STJHION LW04 
~UG 1980 
OCCIDENTAL OIL- SHALE. INC •.... -········ .. ·····-·-· - ......... l 

~----- --2-----3------4--5 6 . . .:,-----8----q- ·--~-o--·- ·-'if·---~-i-1T ___ i"4·-·1s··-··-i6 ···:_·-

3

1. :· .. ·.-.. _-:·

3

1 .. a
1

··-. -__ ·-. ·.: 9

9 

.. :-. --·:2

2

- :-. -.. ::·.-~ 6~~~- ~26··-~---·-.-22- ~-------~43··------··A·:.E,· ·_··---~-~- A

3

-· K6··~. -_· __ ] 

L.~....: __ z~----24--- .. zJ .... 22------21------i-9-· --l~L----21------·2J:._: .. ;n .... : .. 2A----3z. ______ J3 ... ~·-.34---·--36-- 34 , -- , - ... , , .. , , - -
2 22 21 20 19 19 18 18 19 24 27 29 31 33 32 33 32 34 33 32 29 24 23 23 23 26 34 
3 ~~ 19 17 17 17 15 15 18 22 24 27 31 32 33 33 34 34 33 31 29 28 26 24 21 25 34· 
4 20 21 18 16 13 12 13 17 21 24 28 31 32 32 33 34 34 33 33 CRFI IRFI CRFI CRFI IRFI 25 34 
5- CHH--CRF·I-IRF 1--- IP.F-1-.fRF-·1--4-RF-J-fRF-~~RF-)--(RF-1--fRF-1-·~RF 1-(RF}----CRF 1---4 RF 1·- CRF 1-· IRF I- CRF I ·--1RF 1-IRF I --(RF 1--CHF 1-CRF 1-CRF I -CRF 1- ·C--· I · 1-- I--- -1 
6 CRFI CRFI· CRFI CHFI IRFt CRFt (RFI CRFI CRFI CRFI CRFI CRFI CRFI 4RFI CRFI CRFI IRFI ·:RFI IRFI CRFI 24 24 21 21 I I 24 
7 19 17 17 15 14 13 13 16 19 22 27 32 33 34 35 36 36 - 36 36 36 30 28 26 23 25 36 

__ a __ ~j-~L ~~ -~~--Jt_.J~--~---il---·~----n-.--~~---~t_Jy__j3_ ~L-j~. ~~. j~. U--~t_J~---J~---~~-----~t-~:.--~~ ~L-----
10 23 23 23 22 21 19 ·ta 16 19 23 21 30 3l 3~ 36 36 36 36 35 34 31 29 21 21 21 36 · 
11 27 25 23 21 19 18 16 15 19 22 26 29 31 33 34 35 36 36 36 35 30 27 24 22 27 36 

._. 12 23 18 16 12 IOEI IOEI COEI IOEI IOEI 24 ?.fl 31 33 34 34 35 30 30 24 18 18 17 16 IS 24 35 
~ ;-:--~~---~~---·1~·-··--··tt--tl-.-tt::-tt-H··--~y--~t---~~--u---n·--~~----~~--- ~~-----~g-·---· ~~ ---·n· ---~~----~~---~~-----~r--~~----~~- --·n ·----] 

15 20 19 16 16 14 13 . 13 14 15 18 20 . 22 23 18 21 24 24 25 23 19 18 16 16 14 18 25 
16 lJ 13 12 11 10 9 . 10 lJ 16 18 21 23 24 26 26 26 26 26 24 21 20 17 16 13 18 26 : 

-11·-··-·--12----·11-····-···11-----·· 9 ......... s.--:...&---9------1J .......... t.6 ........ 1R ..... ._ .. 2L---··-24 ...... 26 ...... ·u .za ... 29 29 29 28 2J .. 19 19 .16 ... _15 .. 19 --29 .. --·· 
18 13 11 10 9 8 7 9 13 16 19 24 27 2A 28 29 29 29 29 29 27 26 21 18 17 . 20 29 
19 16 13 12 II II 10 12 19 COEI COEI IO.fl IOE·I 26 26 27 27 26 27 27 21 22 lQ 17 16 19 27 
20 t4 13 12 12 11 9 8 8 8 11 14 17 20 21 23 24 24 25 25 25 23 20 17 16 17 25 

n
~---~~-u---~~----~---r-~ , ~--~------~~---~~---n--n----~~--~~--- ~r-----~~----~~---- -~~-:- -~1----~~ -- ·-!~- ~~-----~~---~g ·-----~~--1 
3 21 19 JR 16 17 17. 16 16 16 17 19 22 .23 25 24 20 22 23 24 23 22 21 14 14 20 25 

--~L-.11. .,B ____ .J~.--.. U-.~--H .... : .. JL .. JL .. JL.Jt ... B ... Jt_Jt .... ~L.JL .. ~~ .... l~. ~~- .JL. ~g --~Y _J~-- U ~~ .... It ___ n __ ~~---J 
26 1J 12 12 11 10 9 IRFI CRFI CHFI (.Rfl CHFI 21 24 26 27 26 26 24 22 20 19 17 15 IRFI 19 27 
27 IRFI 4RFI IRFI IRFI IRFI CRFI CRFI CRFI 13 17 20 23 2h 28 28 28 28 28 28 . 21 18 16 16 14 22 28 
28_JL_J~--- U ... -.. 1~---1~---lr---'r_ ___ g __ Jt .... f& --~~------ ~t __ n ____ ~g_ --~i . .. ~t- -~~ .. ~~---JL ... JL .. -~~----U---· II ___ Jt ___ u ___ n ___ 

1 
12 10 8 1 6 6 4 10 13 IS 17 21 19 19 20 27 27 27· 24 23 21 19 19 17 16 27 
14 13 12 11 . 9 8 1 11 15 17 18 20 24 24 25 26 25 24 22 21 18 17 16 14 17 26 

------- -· ... -·. . --·- -···-··-·--··--··-··-·-··-·- ···-··- .. ·- ·- . - .. - . . .. ---
AV 18 16 15 14 1J 12 12 14 16 19 22 25 27 28 29 29 29 29 28 26 23 21 19 18 21 
PK 27 25 23 22 21 19 19 21 24 27 ?Q 32 34 36 36 36 37 37 36 36 32 29 27 27 37· 

r-==~~-----·-·· ·---·-·-··=~-----·· --~--~-....... -~-:··--.--:·-·-·- -·--· ·--···-·- ·-·-··-·--· --·-·------····· -··-· ---~-----] 



UAY. 

....... ;.l-:,-.... 

TEMPERATIJRE 1!112M 
'~E.GREE C 

4 5 6 7 10 

. MUJI'( .. lLUI,;AL. STANOA.RO .TIME) .... 

11 12 13 14 lS 16 ·17 

LOGAN WASH 
STATION Llf02 
SEPT 1\ltiO 
OCCIDENTAL OIL SHALE INC • 

18 19 20 21 22 23 

1 UMI/.CfMI lli41 CIMI IIMi IIMI IIMI .. IIMI IIHI IIMI llMl IIMI IIMI IIMI IIMI 111'11 IIMI IIMI ClMI IIMI IIMI IIMI IIMI 

_.t l.:ftttut~ .. ~ii --·~~u -~~-ii .. ~~.ii.~_~i~ -~-lit.~-~-it~Ii~ (li~ ·~-~~t_~R~r IR~t H .. u n u . u . n lt. u. H 
~ 1a ·17 11 17 17 · lb 1b 16 16 IH 1~ 22 23 23 24 24 24 23 20. 19 19 19 . 19 
b •. ~18· ,. :17. 17 16 16 16 1b 16 16 lb. HI 19 20 i2 22 22 19 18 IIMI IIMI IIMI (IMI CIMI 
7 UM) .CI"'I CIMI' ClMI CIMI · (IHI ClMI (IMI (IMI CIMI ClMl (IMI CIMI (li'11 CIHI (IHI CIMI CIMI (JMI CIMI CIMI IIMI llMI 
tt UM..Lil.llU .. tiM I tiM I tiM I l-IM I UMI tiM I . UMI I lMI llMI I lMI . ( IMI I V"l I IMI I IMI I IMI I IMI ( IMI I I loll .(1M) I IMI I IMI 
'I U.MI··,".UMI. 11"!1 IIMI 111'11 .IIMI UMI IIMI ClMI IIHI CliMI IIMI ClMI 7 .16 lS 14 13 12 12 12 12 12 

10 '':12'"".·12 12 12 12 12· 12 13 13 14 1b lb lb 17 17 l7 17 15 14 14 14 14 13 
1 1 . :13 l 3 1 2 .1 2 12 12 . 12 13 }It 14 14 1 b 16 15 14 l4 14 14 14 14 14 14 14 

i1· eM ffi-t--,T~r-i,~t' dA~--.-.~j H~l-H~l----:I~l· n=: g=:--a=:--a=: a=: ll~l ll~l·lf=l :~=~ H=l· a=: a=l a=: !l~l 
14• (liH 'UMI CIMI llr-41 IIMI IIMI tlMl IIMI IIMI IIHI llf"l CIM). CIMI CIMI CIMI CIMI IIMI CIIH ClMl IIMI (lMl IIMI IIMI 
b UMJ. JIMI. (1141 CIMI IIMI fiMI (IMI t.LMI CIMI IIHI tlfolll (IMI CIMI CIMI CIMI IIHI IIMI liM) CIMI CIMI CIMI IIMI IIMI 

.1 b U:M.L.LUM.I .. .(I M I I I M I I 1M I CI M I I 1M I . ( 1M I I I M I I 1M I 11M I (l M I I I M I 16 . 17 1 7 1 7 17 1 7 1 7 16 1 S 14 
1l · ~>13 :·.' 13 1 J · . 12 12 11 U 11 11 11 11 13 14 16 1 ~ . 1 9 1 9 19 HI 16 16 15 15 
18 ~14: 14 1~ 14 14 14 14 14 14 14 16 17· 1H 19 20 21 19 20 1~ 18. 17 17 1b 
19 ';'-:.16 '16" 15 14 14 14 · 1J 13 13 14 16 li:l 111 19 19 19 19 19 17 17 16 I IMI I IMI 
20 .. -f:Ht H.HL(IMI.IIMI IIMI.UMI .IIML(lML.ClMI.·:IMI !I~l·'l"'l-HMl.IIMl.(l11l- CliHl tiM) :~~:·-·a~: a=:·'lMl.(lMI llMl 

j~ r1·:t ~~=:-a=:. n~: H=: n~: H~l g=: H=: ·~~~~ ([M) H=: :~~: a~: H~l a=: ~~~~ ((Ml CIMI IIMl a~: a=: a~: 
2 J (' ·M) U M I II M I C 1M I II M I . I I M I I 1M I I 1M l I Hll : Hll I I M l (I M l 11 13 14 14 15 14 14 13 12 12 11 
2~t. ·'~lJL_;-__ a 1 1 1 7 1 1 7 6 a ~ 10 12 lit. 15. 16 16. 16 15 13 13 12 
2~ .:rz 11 11 a 8 1 · 1 1 1 r '} 1 o 11 14 15 16 18 1a 111 1 1 1 r 14 12 
co fl2 1?. 12 12 12 12 it 12 llMI IIMI 11 1c 13 14 16 ·11 18 .l3 17 17 16 14 14 
c 1 ~13· 1 3 13 13 1 3 I I M l I 1M l ( I M l I I M l II M l ( l M l ( I M l 14 16 1 7 1 tl 1 9 1 9 · 1 7 1 7 1 7 1 b 1 6 
.28 \)..6_ lb._ ...... l6 .... 16 .... 16 ... _ ... 1!;,. __ .. 14 ....... 14 .. _. __ 14. 14 14 ...... 16: ... ltl 18 19 20 20 .cO. 20 19 ... 1H .. 17 17 
c'1 :n- -16 .. 16 1b 14 14 .t3. 13 lJ 13 13 14 15 11 1a 1a 1., 1CJI 19 19. 1a. 11 11 
30 11·6 :16 16 16 16 14· 13 13 13 13 14 16 17 18 18 2(} 20 20 19 18 18 17 17 

:·>····· 

14 
17 

14 13 13 1J .. 13 13 c ) 
17 17 17· 16 1b 16 16 

) 
1d 

14 
19 

) 
22 

16 
23 

17 
23 

18 
24 

18 
24 

18 
24 

1c 
c::. 

17 
2~ 

17 
21 

16 
1~ 

15 
19 

24 

liM I 
17 
18 
18 
1H 

IIMl 
llMl 
llMl 

12 
13 
13 

I IMl 
IIMI 
(1M I 
(lMl 

14 
14 
16 

I IMI 
llMI 
I 1M~ 
IIMl 

11 
12 
12 
14 
16 
17 
16 
17 

1!) 
18 

AVE PE.AK 

) ) 
) 19 

17 21 
.... 1H ... 23 

19 24 
18 22 

I I 
I I 
) 16 

14 17 
14 16 ., 14 

I I 
l I 
) ) 
) 17 

14 19 
16 21 
16 19 

I. l I 
( ) ) 
I I I 
I I 15 

11 1b 
12 18 
14 18 

I 19 
17 20 
16 19 
16 20 

1b 
24 



TEMPERATURE 
OEG~EE C 

LOGAN WASH 
STATION UIOJ 
SE..,T 1980 
OCCIDENTAL OIL SHALE INC. 

DAY J 

-----······. ··- ....... . 
1 CRFI CRFI IRfl 
2 CRFI CRFI IRFI 
3 16 16 lb 

-~.--· i7 17 17 
5 18 17 17 
6 19 17 17 -·-·r·----.s ··----g ·1t. 
8 14 14 '14 
9 12 12 12 

-10--· .. iz 12 12 
11 1 8 8 

- 1Z . 9 9 9 
._., T~-- "i2 "i2 f2 
._., .... 14 14 14 

15 14 14 13 
'i6 -.5 14 14 
'11 13 13 12 
lti 14 14 14 

.,_i9--H·--- is 18 
·- 20 1 8 a 

21 12 12 12 --zz- ~ . 4 3 
23 9 9 9 
24 11 9 9 -g--·-··z--· n to 
26 13 12 12 
Z1 14 13 13 

... 28 14 u 14 
~-~- 14 14 15 
30 15 '15 14 ----····- .... 

AY 13 --pi( .... i 9 13 
18 

13 
18 

HOUR CLOCAL STANOARO TIMEI 

4 5 6 7 8 10 11 12 13 14 15 

CRfl IRFI CRFI CRFI IRfl CRFI IRFI CRFI CRfl CRfl CRfl CRFI 
CPFI CRFI CRFI CRFI CRfl CRFI CRfl CRFI CRFI CRFI CRfl 22 

15 lit 14 .J 13 13 H 16 18 .. ?0 , 22_ Z2 
16 14 14 l4 13 lJ 13 11 ··io 21 24 26 
17 16 17 16 16 14 14 19 22 23 24 26 
17 16 14 14 14 13 14 17. 19 20 22 21 
14 1~ --··u-···· iJ ·T3 .. 13-----h·-----1o ----~6--·-ie;·-----i9 ____ 19 

13 13 12 11 ·11 11 12 12 12 13 .4 1b 
12 12 12 12 12 11 12 12 12 12 14 13 
12 12 12 12 - 12 12 .. 12 ... 13 ... i4 i3 12 9 

8 . 8 H 7 8 8 · 9 11 11 12 13 14 
8 8 8 ·7 8 6 9 11 . 12 16 14 14 

12 .. iz u···---i~ --iz--··i2 ...... iJ ...... i4·----I6"·-·ia i9 ____ i9-
t4 14 13 13 14 14 15 17 18 19 21 20 
13 13 13 12 12 . 13 14 17 19 19 20 20 
14 i4 ·· 14 tl 12 12 12 1~- is· 19 · 2o it 
12 11 11 11 11 11 15 18 19 21 21 21 
14· 14 13 12 13 14 lO 21 22 23 24 23 
·i1· ···i7 --··n-----16·--·r6---17 "19 "zo z1·--·iz---·---··zz··---h 

7 7 7 7 1 7 11 13 1~ 16 17 17 
1l- 11 10 10 10 10 13 14 16 17 18 18 

3 3 ·- 3 3 3 4 6 1i ll 14 16 17 
8 8 7 6 s 6 1 0 1 J 1 5 1 ~ .16 1 7 
8 8 l 1 7 1 1 10 13 15 l6 18 
9 8 .. "tt.. . tl 8 . .... . 8 .. tj'"""' i i .. . lit ..... i 7 .1 9" i 9 

11 11 10.. 9 9 9 12 14 17 17 19 21 
13 12 12 12 11 11 12 16 19 19 21 22 
13 13 13 12 11 ·1o 11 1b i9 zi .22 2i 
13 13 12 12 11 11 12 14 17 19 20 22 
14 14 13 12 12 11 11 13 lH 21 22 22 

16 17 18 19 20 21 22 

·- ·······---···--··.. ... . ·--. 
CRFI CRFI CRFI CRFI CRFI CRFI CRFI 

22 22 23 23 19 19 18 
23 23 23 23 20 19 1~ 
24 26 26 26 22 20 19 
27 27 28 26 23 21 21 
24 24 23 21 19 1H 17 
zi' ··· 20 'i9- --'i6 T6 ........ 4 ·---·is 
17 18 18 16 14 13 13 
15 14 14 13 13 13 13 

9 9 8 8 9 9 8 
14 13 13 12. 11 11 10 
14 16 16 15 13 12 11 
21 ..... zo ... zo· -- 18 i 1 16 i6 
20 20 21 18 17 16 15 
20 f9 .19 18 17 16 16 
21 21 19 i8 11 16 16 
22 21 19 17 17 16 1b 
24 24 22 21 lO 20 19 · z3 22 ..... ii" _______ zo .... · i9 19 11 

18 18 15 13 13 12 12 
18 17 ·14 10. 8 7 6 
n 11 '1s 13 i2 11 10 
18 18 18 15 14 i3 13 
18 18 19 16 14 1J 13 
21 21 "ici 18 16 15 14 
21 21 21 18 16 16 16 
22 22 22 18 17 17 17 
22 22 Z2 i9 17 17 17 
22 21 ~1 19 18 16 . 16 
23 23 23 22 20 18 18 

12 12 11 11 11 
17 17 17 16, . 16 

11 
17 

12 15 
20 21 

17 18 19 19 20 20 
22 23 24 26 27 27 

19 17 16 15 15 
28 26 23 21 21 

23 

CRFI 
17 
19 
1H 
20 
16 
15 
13 
13 

7 
10 
11 
15 
15 
16 
14 
16 

·19 
10 
12 

6 
·9 

i2 
13 
13 
16 
16 
i7 
16 
17 

14 
20 

24 AVE PEAK 

CRFI 
17 
18 
18 
20 
16 
13 
13 
13 

7 
9 

11 
15 
14 
16 
i4 
15 

,.19 
8 

12 
5 
9 

1 i 
i2 
13 
l't 
15 
15 
15 
16 

14 
20 

·······-
) ( 

) 

18 
19 
20 
18 
16 
14 
13 
11 
10 
11 

.. 15 

16 
16 
16 
16 
19 
18 
12 
12 

9 
12 
12 
13 
15 
16 
16 
16 
17 

15 

, 
23 
23 
26 
ltt 
24 
21 
18 
15 
14 
14 
16 
21 
21 
20 
21 
22 
24 
23 
18 
18 
17 
18 
19 
2i 
21 
22 
22 
22 
23 

28 



r 

TEMPERATU~E 
· .. DEGREE C 

LOGAN WASH 
ST-'TION LW04 
SEFT 1980 
OCCIDENTAL OIL SHALE INC. 

------~---- - ............ -......... ·······--·--------·---. ------·----------------- ----·--- ... ·-··------------------·-·· .... -........ -········-·- ...... -······-~·- ··- .. ····;--·--· - -····-····. 

l>AY 1 

f 13 
2 11 

-···· .J. .14. 
4 18 
5 18 
6 22. 
1 21 
8 18 
9 19. 

10 17 
1 i 9 
12 ~2 

1\l -13-·- 1 {) 
0 14 11 
Cl 15 12 

16 ... i6 
17 12 
18 10 

-~ ii-- --~6 

20 )4 

21 1 
22 12 

2 

11 
9 

12 
16 
11 
19 
20 
.. 1 
18 
11 

8 
12 
10 

9 
10 
16 
11 

9 
17 
13 

1 
12 

3 

10 
8 

.11 
14 
1!:i 
18 
1~ 

Hi 
17 
16 
.. , 

- Jl. 
10 

9 
9 

l6 
10 

7 
jij 
12 

6 
io 

23 1 b ~ 

_ _?_4 ......... 11 1? .... 8 
25 10 8 1 
26 10 9 . 1 
21 kO 8 1 
28 12 10 9 
29 12 11 10 

--~0 ______ !_6 ... 13 ... 11 

_AV ____ 13. 12 
PK 22 20 

11 
19 

4 5 6 1 9 1D 11 12 13 14 1!> 16 

9 8 6 9 12 15 1s 21 .23 2• 2s 26 26 
8 7 ~ 5 8 12 17 20 22 26 29 29 29 

10. 9 ..... 8 ....... 8 .... 7 ...... 6. .12 ...... .18 ........ .21 ,._.2~L .. Zit .. 31 31 
12 11 9 9 8 9 14 19 23 27 29 32 32 
14 12 11 9 9 10 14 ~0 23 27 l1 32 ]4 
1.s 1~ ____ J(» _______ 1;. _____ 13 ____ 13 __ u ______ zJ ____ 2~.- .. 2.L_J~9 ..... · 3o ...... n. 
11 16 14 13 13 14 18 20 23:. 24 . 26 27 29 
16 16 16 16 16 16 16 11 11 · 20· ·22 23 24 
17 16 .1~ ... 1;; ... 15 16 ... __ l7 ... Jtl ___ 19 ... , _19 20. 20 22 
16 16 16 15 16 16 17 19 20 20 16 15 15 

7 7 6 b 7 8 11 14 16 21 21 22 22 
11 10 8 8 10 13 16 17 21 22 21 23 23. i o ···-·- 9--- ··-;f···--··-·-;-···-·····9 ·--··-ii ______ i6--i 9--~zy---··z47.::-··;zr--··z7·-- · 2a 

.. 1 6 5 ~ 8 12 16 19 22 • 2~ .. 27 28 28 
a 1 1 & 1· 10 14 18 2~· 25 21 2g 28 

is i4 · ·u · ·--"io 'Il - ·ii ·· · 22 ·· 2•- ··--z-; -·- 27·--· 28 ·· · 29 za 
9 a 1 8 12 16 19 u 24 · 26 .27 2s· 28 
7 . 6 6 8 11 17 20 2J 27 29 31 31 31 · ··14·- ·-·Tz·---·u---~3----··n;··· z6 ·-·--zt--·29 _____ z9·--3o .... _3f .. __ 3i. ·29 

11 9 9 10 13 16 18 ~0 22 23 24 2~ 24 
~ 4 J 6 10 14 17 21 24 24 24 26 24 
9 9 a 9 iT 13 16. ia· i9 .. 2i ··22 zz 23 
J 2 1 3 1 12 14 18 1Y 22 (HTI 2J 24 
7 . 6 5 . 3 4 7 12 1~ 17 19 21 23 24 & ··-··--s------ 4----·- ~ 4 ·-···a·· -·i2 ... ---i6 ..... 19·--- .. 22··· 24 26 21 

b 4 3 3 j 7 12 16 19 22 25 27 27 
6 5 4 3 J 8 12 16 19 22 24 27 26 
1 7 6 4 5 8 13 17 19 22 24 27 26 
9 8 1 6 5 8 12 17 20 23 25 27 28 

.. 10 ...... 8 6 ·----~-- 4 1 12: ..... 2J ......... 2J 26 28 30 30 

10 9 
is· 18 

9 ·12 16 -~' 22 24 .25 26 21 
18 ~b 27 29 29 30 31" 32 3. 

11 l8 19 20 21 22 23 

26 26 26 23 17 1b 14 
30 29 29. 27 20 1H 16 
32 .. 31 -- 31 29 23 .22 20 
33 33 32 JO 24 24 22 

.34 JJ 33 32 29 25 24 
31. ____ 31 ...... 29 ____ .2~ _____ 24 .... 24. 23 
2~ 29 23 22 21 20 19 
24 24 24 23 22 21 21 
2~ ·zz 21. 20 19 18 18 
14 ·~ 14 13 13 11 10 
22 22 19 17 17 16 13 
24 2• 23 20 16 15 14 
2if ···· 2-r·····-·27-··b·· ·-20 16-· ··12 
21 28 27 22 19 17 15 
27 21 27 24 22 19 18 
28 2E 2i i9 18 16 1~ 
2~ 21 18 17 16 14 13 
30 2~ 22 21 18 .16 14 
29 -2i - ""26 -- "24 2Z.. 23 ll 
24 l2 16 13 12 11 9 
2~ 19 1b 14 13 13 12 
2j 22 1u . 16 1J 11 10 
25 25 23 20 15 14 13 
24 ,lit 24 19 16 15 .. . 13 
21 2~ 2~ 18 11 16 13 
21 2~ 26 11 11 15 · 13 
28 28 26 21 19 18 16 
29 2~ 2H 19 17 17 16 
29 2~ 28 24 21 21 19 

... 31 z·~ 26 19 ~7 11 1s 

27 2~. 24 2l 19 17 16 
34 ~~ 3J . J2 29 25 24 

24 

13 
16 
19 
21 
22 

.. 23 
18 
20 
16 

9 
12 
12 
13 
i4 
17 
13 
11 
16 
15 

9 
12 

8 
12 
12 
13 
11 
14 
13 
11 
12 

14 
23 

AVE PEAK 

17 
1H 
19 
21 
22 
23 
21 
1~ 
18 
15 
14 
16 
17 
17 
11 
1'l 
17 
lit 
22 

26 
30 
32 
33 
3~ 

31 
29 
24 
22 
20 
22 
24 
28 
28 
28 
29 
28 
31 
3i 

16 24 
14 26 
15 23 
14 25 
h 2~ 

15 27 
15 27 
16 28 
16 29 
17 29 
17.. 31 

17 
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.~r~~~~A~URE.1112L .. ---·--·· ......... _ .. __________ ..... ...... ----·- _________ .,,. ... _ .. __ ..... . ----·-------· .. ·- --- LOijAN WASH ... ________ , ......... ·-··-· ·----r· ·-· 
STATION LW02 
OCT 1980 
OCCIOt:NTAL OIL SHALt: INC. 

. --·- _________ ,. 

!iOUR I LOCAL STANDARD TIME I. 

1 .. UA.Y f .. 2 .. __ .. _ J ....... .. 4 ____ _s ___ ,& _____ ..1. .. ...... 8 -· ____ 9 . . ... 10 ....... .. 11.--.l z. ..... .13 .... 14 .15 .. . 16 17 - ... 18--.-19 ... -20 21 22· . .. ii!J .. 24 . AVE PEAK 
I .. 

•. ·. 
1 IIMI '16 16 16 1& 16 1& 1!':1 16 16 16 1? 18 19 20 21 21 c1 21 18 16 14 14 13 17 21 
2 ...::..1~_12 11 .. 10 10 9 tl 7 .. 1 7 ti 11 12 14 1~ 16 1& 16 15 14 12 11 11 11 11 1& 
J 11 11 11 11 11 11 11 11 11 11 11 IRFJ IRF I !Rfl CRF I IRFI IRF I 18 11i IRF I (Hf) 16 15 14 I 18 
4 14 14 14 13 13 13 lJ 12 12 12 IRFI CRFJ II-IF I <RFI IHFI IRFI IRFI (Rt'J IRFI IRF I IRFI IRFI IRFI IRFI I 14 
::, ..JLJ~ 12 11 11 10 10 10 10 11 12 14 16 17 17 18 11i 16 15 l~ 12 12 12 12 13 1t! 

r· .b .. 12 .. ... 12 . .. . 12 . 12 ... ... 11 _ lL 11 .. . 11 . 12 . ... 14 ..... 16 17 11i . 19 20 co 19 . 17 16· 16 16 . 15 .. 20 
I 16 15 15 15 15 15 15 (rifl IRFI !Rfl !RFI (Rf') · IRFI ~~~t a 22 22 22 2i! 20 1~ 19 19 18 I 22 
tj 18 :· 18 18 18 11 1'1 17 17 17 17 l7 19 19 22 22 2J 23 22 20 I IMI IIMI I IMI IIMI 19 23 
'J CIMI !IMI IIMI CIMI IIMI CIMI liM I I IMI CIMI (IMI liM I liM) IIMI llMI ( IMI ( IMI liM I liM I IIMI (IMI IIMI IIMI CIMI I IMI ( I ( I 

. 10 H~f--H~: IIMI liM I IIMI I 1M I CIMI ( IMI . ( IMI IIMI IIMI I IMI . I 1M I liM I IIMI I IMI I IMI llMI liM I IIMI 11M I IIMI 11MI IIMI l. I I I 
N 

. -Ji Cl141 I I 141 I I M I I IMI IIMI liM I 11MI 11MI I 1M I I I Ml I IMI ll Ml I 1M I I IMI I 1M I l IMI IIMI IIMI l IMI I IMI liM I I IMI I I I I 
0 tc I!MI !IMI 11141 I IMI IIMI I IMI I IMI 11M I I IMI I IMI I IMI ( IMI liM I I IMI I IM I IIMI IIMI llMI I IMI ( IMI !IMI ( IMI ( IMI I I M I ( I l I 

lJ liM) ClMI ll141 I 1~1 1114) liM I liM I ( IMI IIMI ( IMI I IMI IIMI liM I I IMI liM I IIMI ClMI IMI I IM.I ( IMI· ( IMI IIMI . I IMI I I M I I I I I ...... ... 14 1 P"~-~-P"' 1 . CIMI .. llMI I I MI .. I IMI .. I 1M 1 .... I I M I _. ( 1M I .. ( lfol I . liM I .IIMI .. IIMI . I IMI (1M I .. I IMI .I IMI. !loll IIMI liM) . I IMI IIMI CIMI IIMI I. I I ... I 
15 ( M):. 1M I ll141 I IMI II I'll I 1 fol I I 11'11 I 1M I I IMI IIMI ( IMI IIMI IIMI liM I l IMI llf-11 IIMI IMI IIMI llMI IIMI I I Ml liM I I IMI ( ) I ) . 

16 liM I ClMI IH41 IIMI IIMI liM I IIMI I IMI IIMI I IMI IIMI (IMI (IMI I IMI I IMI CIMI liM I IMI IIMI liM I IIMI I IMI liM I I I M I I I I ) 
1'1 11141 liM I CIMI liM I I 1141 I IMI I IMI I 1M I liM I ( IMI I lMI IIMI liM I I IMI liM I IIMI liM I IMI liM I liM) . (IM) ( IMI ( IMI I IMI ( ) ( ) 

·. J ti U~I_C IMl. l IMI. I IMI (lfo4) liM) !1MI (1M I . I IMI (I Ml ( IMI ( IMI .. I IMI I IMI CIMI (IMI IIMI IMI CIMI ( IMI !IMI I IMI CIMI ( IMl I ) I. I 
~~ liM) llt41 llMI ( IMI I IM) IIMI I I M I I I M I I IMI I I M I I lMI (IMI IIMI liM) IIMI liM) I IMI IMI CIMI I I M I I IHI I IMl I IMI I I M I I ) I I co liM I ( IMI CIMI liM I I 1M I IIMI I I I'll I 1M I liM I IIMI liM I IIMI IIMI ( IMI CIMI IIMI IIMI I loll liM I IIMI IIMI I IMI liM I I I M I I ) I ) 
~1 liM I 11M I . I 1141 (1'41 I IMI I IMI I 1 1'1 I liM I CIMI liM) IIMI IIMI I IMl ( IMI liM) 11Ml ( IMI IMI (lMI IIMI I IMI l I Ml ( IMI CIMI I ) I ) 

.~ 2~ ·H~H+~l I IMI .!IMI. llMI .. IlMI. ( IMI, liM I .. ( IMI .. liM I (1M I .... ! I M I ... ( 1M I .. ! IMI liM I. I IHI. I I HI ... IMI . I IMl ( IHI. I I loll- I IMI . ( IHI l IMI. ( I ( .. ). 
r. cJ I 114) I IMI l IMI I IMI I 1M I liM I CIMI l I Ml (1M I IIMI liM) flMI llMI CIMI IIMI ·:I fol I II HI IIMI IIHI CIMI IIMI llMI ( ) ( ) 
I '24 lhO CIMI liM I liM I liM I I IMI IIMI 11M I CIMI liM) CIMI IIMI I IHI t IMI ( IMI liM) ( IHI O:IMI CIMI liM) l IMI ( IMI IIMI liM I I ) I ) 
i l~ liM) . CIMI liM I liM I I 1M I IIMI liM I IIMI liM) IIMI IIMI IIMI IIMI I IMI I IM I IIMI IIMI •: I fol I I IMI CIMI II HI I IMI IIMI I IM I I ) ( ) 
~b 1f"1L .. CIM). IIMI liM I I I r~ I liM) ( IMI I!Ml CIMI ( IMI IIMI I IMI. ( IMI llf-11 liMY IIMI IIMI O:IMI IIMI CIMI (IMI CIMI IIMI liM) '(.. .I I ) 
'21 I HI I IMI liM I I IMI IIMI I IMI I !MI I IMI CIMI IIMI liM I ( IMI I IMI tiM I I IMI liM) I IMI •IMI I I M I llMI IIMI I IMI liM I IIMI I ) I ) 
eli (!H) CIMI IIMI liM) CIMI IIMI CIMI I IMI I 1 Ml ( IMI IIMI I IMI I 1M) liM I I IMI IIMI I IMI O:IMI llMI IIMI (IMI IIMI I I M I l IMI I. ) I ) 
~'I CIMJ lH41 ll M) liM I liM) IIMI IIMI I I Ml I IMI IIMI 11M I IIMI IIMI UMI liM) CIMI IIMI tlMI IIMI I IMI liM) liM) IIMI I IMI I ) I ) . 
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I 
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OAV I_ 

TEMPERATURE 
.. OEGRf,E .t: . 

2 J 4 5 6 7 

I 16 IS 14 14 14 14 14 
l IS 14 IJ 13 12 11 11 

I ; ., 3, .. P·. 1.1~ ·'' ~/. : .. }?.:;.. ·.,1:2 ... :.~··, ~.~.;: ... J~· 
. ', . .14, ... ,•1·l!;•l,,l~l\'l:4!·, ,:·.\:IJ'1:•:·1·]."'.·:}•2"· '·'1"'2' '12 

' "~ 'J 1 .. ~ ,., .\ :: :, .;, ! ".. • • • l 

. fi I 5· I 14 1,4 14 13 12 12 l1 
I 6 14 14 13 14 13 12 12 ·· ·· r 1· · 16 16 1 .. 1 4 1 4 14 1 2 

Jij 17 lb 1b In 15 14 13 
'i I 17 16 lb 16 1b 13 13 

It 13 13 13 1~ 12 I~ 11 
11 13 13 1) 12 11 11 11 

.N 12 14 14 14 13 12· 12 12 
C 13 4c b b ~ 6 ~ 5 
N· 14 8. 8 H 8. 1 8 1 

15 -1 -1 -1 0 0 0 0 
16 -4 -3 -4 -4 -4 -4 -4 
17 -4 -4 -4 -4 -4 -4 -4· 
18 •J -3 -J -J -3 -3 -3 
1~ -i 0 -i -1 ~1 -1 .. ~i 
20 3 ~ 2 2 2 1 0 
21 3 j J j 2 l 2 
2~ 4 4 j j 3 3 j 

~J -J -] -4 -4 -6 -6 -6 
24 -3 -3 -J -4 -4 -4 -6 
25 0 I 1 0 -1 -2 -3 
26 6 6 ~ 4 4 4 4 
21 -2 -2 -2 -3 -3 -3 -3 
2~ -1 -1 -1 -1 -~ -~ -8 
2~ -b -6 -7 -1 -1 -1 -1 
30 -1 -l -l -2 -2 -2 -2 
j1 4 4 3 j 2 1 I 

AV 
f>K 

5 
16 

5 
lb 

~ 

1b 
4 

16 
4 

14 
.. 

14 

14 
ij 

.. 1 0 ·' 
'il 
11 
12 
12 
13 
13 
11 
10 
12 .. !)-· 

7 
-1. 
-4 
-4 
-J. 
-i 
-1 

1 
:J 

-b 
-6 
-2 

4 
-3 
-t!· 
-1 
-t: 

4 
14 

9 

14 
9 
8 

''ii 
11 
10 
12 
13 
13 
10 
10 
12 

4 
7 

-1 
~4 

-4 
-2 
-i 
-1 

I 
j 

-6 
-5 
-3 

3 
-4 
-~ 
-1 
-1 

2 

3 
14 

HOUH (LOCAL STANDARD TIMEI 

10 11. 12 13 

... . .. 
13. 13 17 21 

9 9 13 16 
,:·;'. ~·: ·. J 1.9·,,: ... 1··1-3 . :1:1' 

11 11 ~~ 1~ 
12 13 17 18 
11 12 J.~.-. )8 
12 12 14 18 
13 12 14 18 
12 13 16 17 
10 10 12 15 
1i 10 13 16 
12 11 12 14 

4 .. ····4·.-··- t;•··-- ·=;·· 
1 1 7 9 

-2 -1 -1 -1 
-4 -4 
-4 -3 

!I I :.:r· i 
-1 2 

l 2 
3 4 

-2 -6 
-5 
-2 

4 
-3 
-7 
-J 

2 

4 
13 

-I 
2 
3 

-3 
-b. 

-I 
b 
6' 

5 
13 

-4 
-2 

l 
3 
s 
1 
6 
0 
2 
6 
4 

-3 
-2 

0 
1 
9 

1 
11 

-4 
-2 

2 
6 
1 
8 
8 
1 
3 
8 
4 

-J 
-l 

2 
8 

10 

9 
21 

14 

21 
17 

,'18 
19 
19 
20' 
21 
21 
19 
18 
18 
13 

7 
10 
-1 
-4 
-1 

2 
7 
8 
9 
9 
3 
4 

10 
4 

-3 
-3 

3 
9 

1 i 

10 
21 

15 

23 
19 

' 19 
21 
21 
2t. 
22 
22 
20 
19 
19 
12 
8 
6 

-1. 
-4 
-1 

2 
1 
9 

11 
9 
2 
6 

11 
2 

-3 
-3 

4 
10 
II 

10 
cJ 

16 

23 
21. 

. 21 
22 
22 
22 
23 
23 
21 
21 
2C: 
q 

9 
6 

-1 
-3 
-1 

l 
8 

l:i 
1 J 
11 

• 
1 

12 
2 

-3 
-3 

It 
1!) 
ll 

u 
23 

LOGAN WASH 
STATION LW03 
OCT 1980 
OCC.fDENT.AL OIL; SHALE INC. 

17 18 19 20 21 

.... 
24 23 23 21 18 
20 .9 17 14 13 

·21 22 ~··22 .· ·. 18 ..... 11. · 
22 22 21 18· 17 
21 21 19 18 16 
23 __ . _23.- .... 22 19 18 
24 24 24 22 19 
24 25' 25 21 19 
21 21 21 18 16 
21 22 l'f 16 14 
21 21 19 17 16 

6 7 6 6 6 8 .. ''1 ii"- .. 'ii -- 9···-·---·· 8 ·-··· 
J~ 3 3 1 1 

-1 -· -3 -3 -3 
-J -j -3 -J -3 
-1 -1 -2 -2 -2 

2 2 0 0 0 
tl 7 6 . 4 ·-·· 4 

11 11 8 6 6 
11 ·11 tl 6 6 
10 9 7 7 4 
4 1 -2 -2 -3 
1 6 3 2 2 

12 8 7 j 6 
2 0 -1 -1 -1 

-J -3 -4 -4 -5 
-4 -4 -6 -6 -6 

4 1 0 0 0 
8 6 5 4 4 
8 7 1 6 6 

11 
24 

10 
25 

9 
25 

8 1 
a 19 

22 23 

18 16 
13. 13 
'17 . 16. 
17 '17 
16 15 
17 1.7 
18 17 
18 18 
15 14 
13 13 
15 14 

6 5 
8 8 
1 I 

-3 -3 
-3 -3 
-2 -2 

0 0 
4 J 
6 4 
5 4 
2 -1 

-3 -2 
2 1 
6 6 

-2 -2 
-6 .-7 
-6 -6 

0 0 
3 4 
6 4 

6 
18 

6 
18 

24 AVE PEAK 

16 
13 . 
16 
16 
14 
17 
17 
18 
14 
13' 
14 

4 
8 
1 

-4 
-4 
-3 
-1 

3 
4 
4 

-2 
-3 

0 
6 

-2 
-7 
-6 

0 
4 
4 

6 
18 

18 
14 
1? 
16 
16 
16 
17 
18 
16 
14 
15 
10 

1 
6 

-1 
-4 
-3 

0 
3 
4 
5 
5 

-2 
0 
4 
2 

-4 
-6 
-2 

3 
5 

1 

24 
21 

·: 22 
: z'2 

22 
23 
24 
25 
21 ~ 

22'· 
21 ,~ 
14 ~ 
1i"~'-
10 

0 
-j 
-1 

2 
8 

11 
11· 
i I,· 

4 
7 

12 
b 

-2 
-2 

4 
10 
i 1 

25 



. 
i 

J 
i 
l . 
0 

> 

I\) 
c 
w 

OAY l 

I 11 
2 11 
~ 9 
it 9 
5 9 
6 12 
., 11 

8 14 
... ~ .. 12 
10 17 
ll 12 

_g ___ 10 
13 10 
H 9 
15 6 
lb 2 
17 2 

_18 1 
19 1 
20 I 
l1 2 iz 5 
2J 5 
24 0 

··2s -2 
ZtJ 1 
21 3 
28 2 
29 -2 
30 -3 
J1 -1 

6 
11 

TEMPERATURE 
DE.GRE£ C 

HOUR ILOCAL STANOARO TlMEI 

L06AN WASH 
STATION LW04 
OCT 1 ~80 
GCCIOENTAL OIL SHALE INC. 

2 4 5 ., 
9 10 11 13 14 15 16 17 18 19 20 21 22 23 24 AVE PEAK 

10 
18 

1 
·1 

8 
liJ 
10 
13 

. 11 
16 
10 
a 
~ 

10 
!:i 
2 
l 
1 

-I 
0 
2 
3 
it 

-1 
-3 

0 
3 
2 

-3 
-3 
-2 

5 
18 

~ 

17 
7 
6 
6 
'-l 
~ 

11 
~ 

16 
8 
1 
~ 

10 
~ 
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2 
1 

-1 
-1 

1 
2 
3 

-2 
-J 
-I 

J 
I 

-it 
-3 
-3 

4 
17 

.. 
7 

lb 
4 
it 

6 5 5 ij lJ 17 20 23 26 
15 14 13 14 16 18 . 21 23 24 

J 2 2 1 12 15. 18 .. 21 .... 24 
4 3 l 6 11 16 18 21 23 

4 J 3 3 1 12 16 19 22 24 
ij ....... ~. 5 5 ...... 7 ..•.. 12 .. 16 .... 1~ ...... 22 24 
8 6 ... .. ~.-··· -·--·j"· 6 1 i 1 5 1 8 2 0 l1 
9 1 6 6 it 5 9 15 18 21 

. 7. 7 5 4 3 . . 5 1 0 lit 1 ~ .... 2_1 
12 12 13 11 12 11 lit 17 19 21 

7 6 4 J 2 3 8 11 16 18 
. ~- ____ 1. ......... 4 4 it 7 8 12 16 18 

9 9 9 9 9 9 ····· -· <J·--·---u·· ·--u- ·-- i 6 

9 9 8 CHFJ CRFI CRFI CRFI 13 11 lit 
5 J 4 J it 6 6 1 1 8 
2 2 2 2 2 3 . it J ··-· j it 
2 2 2 2 2 3 4 5 ~ 7 
1 1 1 1 1 2 4 6 b 9 

-• ·· .:.z-.. -2 ·- ·.:.3 · --·.:.z.. i · ··· ··--·- · ·:;- ·· ·r-··u 
-z -2 -2 -3 -2 1 4 8 10 12 

0 -1 -2 -J -2 1 6 8 10 13 
2 1 i 0 0 0 1 4 t" 10 
3 3 2 2 1 1 2 3 6 7 

-3 -4 -4 -6 -7 -6 -3 1 ~ 6 
-4 . -5 -6 ;.7 . ;.7 -r -3 T ....... ~······· ·7 
-2 -2 -3 -3 -2 -2 -1 1 J 6· 

3 J J 3 3 3 4 4 . ~ 4 
0 0 -1 -1 -1 -1 0 1 3 ·--; 

. -4 -6 -6 _, -4 0 2 5 7 8 
-4 -6 -6 -b -3 2 5 8 10 12 -· -4 -1 i 3 1 9 12 

28 JO 
24 25 
26 27 
27 28 
27 28 
27 2(f 

·24 26 
. 24 27 

24 26 
24 26 
21 23 
18 1 tS 
17 16 
16 16 

8 8 
2 2 
7 8 

10 10 
13 .. h 
14· 16 
14 CMTI 
iz 14 

8 8 
8 10. 
9 1 i 
8 10 
5 5 
8 8 

10 11 
13 15 
lJ i4 

30 
26 
28 
28 
27 
28 
28 
29 
27 
26 
25 
13 
17 
14 

9 
3 
1 

10 
15 
17 

CMTI 
16 

9 
12 
13 

9 
5 
8 

11 
15 
14 

30 29 22 21 21 19 18 
26 23 21 19 17 lit 13 
27 26 .. ·18 17 18 15 13 
29 27 20 18 17 14 12 
27 25 22 22 21 21 18 
28 28 ·24 .. 18 16 .... .lL. 15 
30 3o 29 2s zo 21 18 
30 30 28 22 22 19 17 
27 26 24 21 20 18 19 
26 26 24 21 i9 17 15 
27 26 24 16 14 13 11 
12 12 11 11 11 11 10 
H -i., ··---rt·-···i:t.- -·u ·- ii · io 

9 9 . 7 7 7 7 7 
8 8 5 5 4 4 4 
3 3 3 j 3 3 3 
7 6 4 3 3 2 2 

10 10 7 6 4 3 3 is·-··-14·----a·-···.r--.. -·6··· 4 ·· 3 

17 17 . 13 8 8 7 4 
18 18 17 13 9 8 7 
i7 17 "1~ i3 11 11 9 

9 9 8 7 4 3 2 
13 lJ 12 3 2 2 1 
14 . 16 ... i4 8 3 2 2 

8 8 . 7 6 5 4 4 
5 5 4 4 4 3 3 
7 4 3 3 2 1 -1 

11 4 2 2 1 0 -1 
14 6 4 3 2 1 1 
il --; 6 ·4 ·j 3 ·z· 

18 
11 
11 
10 
17 
13 
i7 
14 
18. 
13 
10 
10 
"9 

7 
3 
2 
.z 
2 
2 
4 
6 
6" 
1 

-1 
2 
4 
3 

-1 
. -z 

-1 
0 

3 3 
16 . 15 

2 
14 

1 
13 

2 4 
14 ·16 

1 10 
18 21 

12 i4 16 17 17 17 i6 
23 2tJ 28 JO JO 30 30 

14 11 
29 25 

10 9 
22 21 

8. 7 
19 IM 

18 
19 
15 
15 
16 
H. 
17 
17 
16 
18 
13 
10 
12 
10 

6 
3 
4 
5 ·s 
6 
6 
7 
5 
2 
2 
3 
4 
2 
1 
3 
4 

9 

30 
26 
28 
29 
28 

.28 
30 
30 
27 
26 
27 
18 
ii' 
17 

9 
4 
8 

10 
15 
11 
18 
17 

9 
13. 
16 
10 

5 
8 

11 
15 

. 14-

30 
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RELATI 1ft:. HUMIOITY I.CGAN WASH 
f'ERCt::IIIT SlATION LW02 

AL16 1980 
OCCIDENTAL OIL SHALE INC. 

···--------·----- ...... ·--·-·-·--·--·-·-- HOUI~ I LOCAl STANUARU Tlto4El. 

DAY 1 .2 3 4 5 6 7 8 9 1 0· ll 12 13 14 15 16 17 1.8 19 20 21 22 23 24 AVE PEAK 
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25 26 27 28 21 28 

42 
AB 

43 
90 

44 
91 

45 
90 

4(: 

9c 
48 
lj5 

HOUR ILOCAL STANDARD TIME! 

10 12 13 14 15 

48 47 45 37 29 30 
33 33 28 22 20 21 
29 .. 2_9 .. 29 _25 . 23 . 21 
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62 ~~ 55 61 
81 8~ 78 75 

100 8~ 100 97 
40 4i 42 45 
42 40 _____ 3!_ _______ 35 
22 15 15 16 
i!3 ?:!+ 23 24 
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26 26 
29 32 
24 25 
17 19 
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LOGAN WASH 
STAT JON LW04 
SEPT ·1980 
OCClDENTAL OIL SHALE INC. 
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10 10 10 11 19 22 
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5 5 5 8 13 l"f 
12 11 17 23 27 34 
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13 --T7 ---·--19·---26 Ji ---33 
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32 
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31 
28 
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47 
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36 
35 
49 
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51 
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57 
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36 
32 
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36 69 
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31 65 
31 63 
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2 ,] 4 5 

' 
6 7 8 9 10 

:HOUR lLOC~L STANDARD TIMEI 
·····-

11 12 13 14. 15 16 17 

LOGAN WASH 
STATION LWOJ 
OCT 1980 
OCCIDENTAL OIL SHALE INC. 
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1t =2i 27 2d 2~ · 3o 32 33 J2 32 32 JJ 35 ·35 29 2~ 2s 22 20 19 18 21 24 zs 
5 21 22 24 24 26 28 30 33 35 38 40 38 37 34 31 28 26 25 24 24 25 27 28 
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21 ~o\ o o o o o o o 8 21 47. 54 62 &6 &2 5o 35 12 o o· o r ~~ .... ·:!- ., ::~----~-- g ·-· g -----& ·--·:-&------· &----·--·:---n --- !~ ---!~ ------~i-· !~ .... !! ..... u .. u .... n i! g g ........ g 

I ~::; 0' 0 0 0 0 0 0. 4 23 43 58 . &2 6b 66 &2 SO 31 8 0 0 0 
! 26 . ···o. · o o o o o o 4 8 1ti 21 43 31 21 19 16 19 4 o ... o o .. 
-21 ~--·-o ·o o o o ·o 4 a 12 1o · ... 19 23 19 · · 12 a 4 4 o o o 
2~ ·0 . 0 0 0 0 0 0 4 8 31 43 54 47 39 47 39 8 0 0 0 0 
2~ 0 0 0 0 0 0 0 16 39 54 58 62 62 58 47 31 8 0 0 0 0 

1
-~Y-· -.. ~~,.... _g -------8-----8-----&---8· · ---l·--· ~§--·-t! ---~I--~~·--~~---~~---- ~~-- -- ~~- -- ~1-- -----~- ---,8-----· g ---· g -· g ·· 

TL .. 0 ... 0 0 .0 0 0 0 117 ___ 4tH · .. 965 1337 1620 .. 1647 1&32 .1500 1264. 826. 4:73. ,10~ ..... 0 0. 
I"K ·--. o--· ·o · .. o · o · o· · .. o o ~3 39 &;,( 5~ · o6 7o 10 o& .&2 50 35 16 o o · 

~- --·-·-·---------···-·-------------··· ·---------------- ··--··--·--·-·-- ----·- ... ---············- ·····--·----··· 

0 
0 
0 
0 
o· 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
u 
0 
0 

...... 0 
0 

.0 
o· 

0 
0 
0 
0 
0 
0 o· 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
·0 
0 
0 
0 
0 
0 
0 

0. 
0 

····~-·-----, 

' 

24 ..... -TL PEAK ··-----· . 
! 

' ~ 
0 485 66 
0 515 70 
0 496' b6 
0 ~19 7-0 
0 481 70 
0 535-- 70 
0 53'>1 66 
0 4b9 6& 
0 492 66 

... _1 
! 
' 

0 484 6& 
0 4!:)7 . 6& 
0 178 5~ 
0 221 47 
0 229 .. 43 

,0 140 31 
0 13C 23 
0 174 35 
o. 244 ... 47 
0 ~43 70 
0 50ij &6 
0 422. 6& 
0 442 66 
0 465 6o ·o 473 6b 
0 473 66 
0 213 43 
0 12~ 23 
0 318 !:14 
0 434 &2 
0 411 &2 
0 349 &2 

.. o ...... ~ 
o· 10 

____ J 



MONTHLY FREQUENCY TABLES

STATION LW01
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FHEQUENCY TAi:lLE OF wiND SPEED IH DIRECTlON 

10 METER LEVEL L-~ SHALE OIL PKOJECT 

STATION LwOl PERIOD( 1/01/80 TO 1/31/ao) 

"'IND DIRECTION 
N NNE NE ENE E ESE SE SSE s ssw sw IISIW w WNW Nw NNW VAR TOTAL 

WIND SPEED 
MAX 0 0 5 5 8 3 j 3 3 .3 3 3 3 5 b 2 ,o 

METERS/SEC 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

GT 11. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 (J 0 

a. - 11. 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 

5. - a. 0 0 1 l 2 0 0 0 0 0 0 0 0 .3 3 0 0 10 

3. - s. 0 0 4 4 3 2 1 1 1 1 1 l 1 1& 11 0 0 47 

1. 3. 0 0 3 13 14 36 o2 12 13 12 5 lll• 18 46 13 5 0 262 

1\l ~T 1. 0 1 0 3 d 20 13 12 3 2 6 4 16 3!:) 10 0 0 133 --..1 
TOTAL 0 1 a 21 28 5d 7b 25 17 b 12 15 35 100 31 5 0 453 

·················································································~············ 

PERCENT o. o. 2. s. 6. 13. 17. 6. 4. 3. 3. 3. a. 22. a. 1. o. 100. 

0 = NO OdSERVATIONS 

(03/07/aO-RPI) 



., 
t:.: 

10 METER LEVEL 

WINO SPEED 
MAX 

METERS/SEC 

N NNE 

2 1 

FREQUENCY TABLE OF WIND SPEED BY DIRECTION 

STATlQN.iL,W~-1 

NE ENE E ESE 

5 5 5 5 

PERIODt .2/0l/80 TO 2/29/80:} 

WIND DIRECTION 
SE SSE S SSW SW WSW 

2 2 2 2 2 2 

L-W SHALE OIL PROJECT 

W WNW NW NNW VAR TOTAL 

3 3 2 

·······························································~······························· 
GT 11. 

a. - u. 
1\) ; •. "'!' 

--e le -- 5;. : 
'' 

tic l ~'L- I 1 ·: •i-' 

0 

0 

.i: 

.l. 

0 

0 

0 

6' 

j 

9 

0 

0 

.'j lr 

0 

0 

1 

. 6.· 

1.0. 

.18 

0 

0 

1 

-0. 

·26' 

0 

0 

1 

0 

0 

·o 

. o· 

t45 

lcj 

164 

0 

0 

0 

10 

30 

0 

0 

0 

0. 

.(2 . : 
2 

14 

. . 

0 

0 

0 

--~ 

13 

17 

~o 

0 

0 

0 

.10 

8 

18 

0 0 

0 0 

0 0 

0 2· 

21 44 

9 

30 60 

0 

0 

0 

2 

79.' 

15 

96 

0 

0 

0 

5 

26 

35 

0 

0 

0 

0 

9 

2 

11 

0 

0 : .. 

0 : 

4 : 

12. : 

1 

17 

0 

0 

26 

527 

114 

671 
•;•;·!· •• ~ •.••••.•• ~ ............... ·•·• ~, ................................................................. . 

pERCE'NT o. 1. 3. 3. 5. 14. 24. 4. 2. 3. 3. 4 •. 5. 2. 3. 100. 

·o .. =.NO ~B~ER~ATIONS 

<11/ll/80-RPIJ 



FREQUENCY TA8LE OF WINO SPEED BY DIRECTION 

10 METER LEVEL L-W SHALE OIL PROJECT 

STATION LW01 PERIOD( 3/01/80 TO 3/31/80) 

WIND DIRECTION 
N NNE NE ENE E ESE SE SSE s ssw sw WSW w WNW NW NNW VAR TOTAL 

WIND SPEED 
MAX 0 2 5. 5 6 5 3 3 2 3 3 2 3 6 5 3 3 

METERS/SEC 

···········································~··················································· 
GT 11. • 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 • • 

a. - 11. . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 : 0 • 

N 5. - a. • 0 0 1 2 4 3 0 0 0 0 0 o· 0 5 2 0 0 17 .... • 
>I) 

3. - 5. • 0 0 3 6 1 3 '3 1 0 3 1 0 4 27 11 1 1 -71 • 

1e - 3. .. 0 3 4 18 15 47 61 21 12 12 ·12 17 39 85 21 5 3 375 . 
LT 1. • 0 0 1 0 3 10 11 6 2 2 2 2 6 6 3 1 14 . 69 • • 

TOTAL • 0 3 9 26 29 63. 75 28 14 17 15 1'9 49 123 37 1 18 532 • . . . .. . .. ~ ............... ·~ ......... •· ............................. ·• ........................ •· ....... •· .......... 
"PERCENT o. 1. 2. 5. 5 •. 12. 14. 5. 3 •. 3. 3. •• 9e 23. 7. 1. 3. 100. 

0 = NO OBSERVATIONS · 

.. , 

Cl1/ll/80-RPU 



FREQUENCY TABLE OF WIND SPEED BY DIRECTION 

10 METER LEVEL L-W SHALE OIL PROJECT 

STATION LWOl PERIOD( 4/01/80 TO 4/30/80) 

WIND DIRECTION 
N NNE NE ENE E ESE SE SSE s ssw sw WSW w WNW Nlill NNW VAR TOTAL 

WIND SPEED 
MAX 2 3 It It 5 5 4 3 8 3 3 2 It 6 5 8 1 

METERS/SEC 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

GT 11. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

a. - 11. 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 2 0 3 

·5. - a. 0 0 0 0 1 2 0 0 0 0 0 0 0 9 2 0 0 0 14 N 0 

N 
c· 

3. - 5. 0 1 8 7 14 ,8 4 2 1 1 1 0 5 24 17 3 0 96 

1. 3. 0 1 1 2 21 37 73 96 33 22 19 8 lit 25 80 35 7 16 490 0 

LT 1. 0 0 0 0 3 0 3 2 '3 0 2 0 1 1 0 0 0 15 

TOTAL 1 2 10 28 55 a.3 103 37 _27 20 11 lit 31 114 54 12 16 618 .................................................... , ............................................... 
' .. 

PERCENT o. o. 2. ·5. 9. 13. 17. ·.6. 4. 3. 2. 2. 5. 18. 9. 2. 3. 100. 

0 = NO OBSERVATIONS 

Cll/ll/80-RPI) 



FREQUENCY TABLE OF ·tfiNO SPEED BY DIRECTION. 

10 METER ·LEVEL L·• SHALE OIL PROJECT 

STATION LW01 PERlODC 5/01/80 TO .5/31/80) 

WINO DIRECTION 
N NNE NE ENE E 'ESE -5E SSE .S . ssw sw WSW w WNW NW NNW "AR TOTAL 

WINO SPEED 
MAX ·2 2 -4 3 -4 3 ·'3 2 3 2 2 3 5 ·8 9 8 0 

METERS/SEC 

······································J························································ 
GT 11. • 0 0· 0 0 0 0 0 0 0 0 0 D 0 0 0 0 0 • 0 • • 

e. - u. • .o 0 0 ..0 0 0 0 '0 0 0 0 0 0 2 z 1 0 . 5 • • 

N· s. 8. 0 0 0 0 0 0 0 .0 :0 0 0 0 1 29 17 .1 0 . 48 N • .... 
3. - s. • 0 0 1 1 3 1 2 .0 1 0 0 1 3 so 3J 0 0 • 96 • • 

1. - 3. ... 1 2 5 16 40 104. 85 17 1•5 11 13 12 39 112 50 1 0 • 529 • • 

LT 1. • 0 0 0 0 tt 13 17 4 3 0 1 1 4 8 2 0 0 • 59 • • 

TOTAL . 1 2 6 17 49 118 104 21 19 11 14 14 47 201 104 9 0 737 ... 
. ·~····························································································-

PERCENT o. o. 1. 2. '· 16. 14. 3. 'l .• 1. 2. 2. -6. 27. 14. 1. o. 100. 

0 • NO OBSERVATIONS 

C 11/ll/80-RPI, 



FREQUENCY TABLE OF WIND SPEED BY DIRECTION 

10 METER LEVEl L-Ilt SHALE ·OIL PROJECT 

STATION LW01 PERIOOC 6/01/80 TO 6/30/80) 

WIND OIAECTIO,.. 
N NNE NE ENE E ESE SE SSE s ssw sw llfSif ., WNW· NW NNW VAR TOTAL 

WIND SPEED 
MAX 0 2 It It 3 4 6 2 z 2 1 l 8 8 8 3 0 

METERS/SEC 
e e e e e e e e e e e e e e e e e e e e e I• e .• e e • e e e·e e e e e e e e e e e e e ••• e e e. e e • e e •.• e e •.• lr.e •·• e e e •.• e.e •·• e e.e -~· e e .e,e e e e e e. e e e.,. •·•· ...... ~ . 

GT . 11. • 0 0 0 0 0 0 0 0 0 0 0 o· 0 ·o 0 0 .0 • 0 . ' • 
o' 

a. - 11. 0 .0 0 0 0 0 1 0 0 0 0 0 2 2 1 0 0 I 6 
N s. a. :. 0 0 0 0 0 0 0 o. 0 0 0 0 0 36 39 0 0 . 75 1\) ~ . 
N 

3. .- 5. 0 0 1 It 2 6 0 0 0 0 0 0 2 78 .35 2 0 I 130 

1. - ·3. 0 2 It 17 81 96'. 105 20 15 6 'It 3 27 82 35 3 0 • 500 • 

LT 1. 0 .o 1 0 1 2 0 1 1 0 1 (I 1 1. 0 0 0 I 9 

TOTAL • 0 2 6 21 84 104 106 21 16 6 5 3 32 199 110 5 0 ·720 . . 
·····~·····························~···························································. 

PE~CENT o. o. ~~ l. 12. lit. 15. 3. 2. 1. .. 1.· c •. 'It• 28. ·15. > 1. o. ·100. 
-.. 

., 

0 = NO. OBSERVA liONS 

C 11/11/80-RPU 



FREQUENCY TABLE OF _.IND SPEED BY DIRECTION 

10 METER LEVEL L-W SHALE OIL PRO~ECT 

STATION LWOl PERIOD( 7~01/80 TO· 7/31~80) 

WIND DIRECTION 
N NNE NE ENE E ESE SE SSE s ssw sw llfStl _. WN .. NW NNW VAR TOTAL 

WIND SPEED 
MAX 0 2 2 3 It 5 3 3 2 1 ~ 2 5 5 tt 3 0 

METERS/S~C 
" 

.. -. ............... ~ ...•..•.. ~ •....•..........••. ~ .........•......... ; .... ~ .............. ~ ..... ~ .. 
GT 11 •. 0 0 0 0 0 0 0 o·. 0 0 0 0 0 0 ·o 0 0 • . . 0 . 

e. - 11. 0 0 ·o 0 0 0 0 0 0 0 0 0 0 0 2 0 0 . 2 . 
1\) 
1\) s. - a. 0 0 0 0 0 1 0 0 0 0 0 0 1 3 3 0 0 : 8 w 

3. - 5. 0 0 0 It 11 lit 5 1 0 0 0 0 5 50 17 1 0 : 108 

1. - 3. 0 2 10 lit 67 126 122 23 7 2 1 5 28 121 44 6 0 . 578 . 
LT 1. 0 0 0 1 3 5 17 5 0 1 0 It 2 8 2 0 0 • 48 . 

--TOTAL 0 2 10 19 81 146 14/t 29 7 3 1 9 36 182 68 1 0 744 .................... ; .... ~ .... ~ .... ~ ..•...•........•............. ~ ......... ~ ......... ~ ...... ~. 
PERCENT o. o. 1. 3. 11. 20. 19. 4. l. o. ·o. 1. ·s• 24. . . 9. 1. . o •. 100 • 

·0 = NO OBSERVATIONS 

Cll/ll/80-RPl) 



QUARTERLY FREQUENCY TABLES

STATION LW01
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FREQUENCY TABLE OF WIND SPEED BY DIRECTION 

.10 METER LEVEL L-W SHALE OIL PROJECT 

STATION LW01 PE.RIOD (12/01/79 TO 2/29/80) 

WIND DIRECTION 
N NNE NE ENE E ESE SE SSE s ssw SW WSW w WNW NW NNW liAR TOTAL 

WIND SPEED 
MAX 2 1 5 8 8 5 3 3 3 3 3 3 3 5 b 2 4 

METERS/SEC 
••••••••••••••••••••••••••••••o••••••••••••••••••••••••••••••••••••~•••••••••••••••••••••••••• 

GT 11. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

N a. - 11. 0 0 0 1 2 0 0 0 0 0 0 0 0 0 0 0 0 3 
N 
U1 

s. - a. . 0 0 2 3 3 1 0 0 0 0 0 0 0 3 J 0 0 . 15 . . • 

3e - s. 0 0 11 22 13 9 1 2 2 1 1 1 3 21 1& 0 4 . 107 • 

1. - 3. 1 6 20 30 4& 152 431 66 41 29 25 41 83 170 52 15 12 . 1220 • 

LT 1. 0 4 2 5 22 37 56 35 11 9 20 20 49 74 24 4 1 . 373 . 
TOTAL 11 10 35 61 86 199 488 103 54 39 46 62 135 268 95 19 17 1718 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

PERCENT o. 1. 2. 4. s. 12. 28. 6. 3. 2. 3. 4. a. 16. b. 1. 1. 100. 

0 = NO OBSERVATIONS 

( 11/12/aO-RPU 



!· 

FREQUENCY TABLE Of "'IND SPEED BY r;)IRECTION 

10 METER LEVEL L-111 SHALE OIL PROJECT 

STATION L11101 PERIOD( 3/01/80 TO 5/31/tD) 

WIND DIRECTIC•N 
N NNE NE ENE E ··ESE SE SSE s ssw sw WSw w WNW Nlll NNW VAR TOTAL 

WIND SPEED 
MAX 2 3 5 5 6 5 4 3 8 3 J 3 5 8 ~ 8 3 

METERS/SEC 

······~······················································~································ 

Gl' 11. 0 0 0 0 0 0 0 o· 0 0 0 0 0 0 0 0 0 0 

1\) a. 11. . .0 0 0 0 0 0 0 0 1 0 0 0 0 2. 2 3 o· a· ·• 
1\j 

a-
'21 5. - a. 0 0 1 2 5 5 ·o ·o 0 0 0 0 1 4J 1 0 79 

3. ~ s. 0 1 12 14 24 
: 

12 9 3 2 4 2 1 12 101 61 4 1 263 

1. 3. . 2 6 11 55 92 224 242 71 49 42 33 tt3 103 277 106 19· 19 1394 .. 
LT 1e· 0 o· 1 0 12 2:.r 31 12 8 2 ~ 3 11 15 5 1 14. 143 

T.OTAL 2 7 25 71 ·133 264' 282 86 60 48 40 47 127 438 19!)' 28 34 1887\. 
•• ·=-· .• ; .... • •.••..• •·• ........................... • ....... ·- ...•••.• • ..•..•....•.....•..•.••.••••.••• • .•• • .••••• 

PERCENT o. o. 1. 4 •. 7. 14. 15. s. J. 3. 2. 2. 7. 23. 10. 1. 2. 100. 
'·· 

0 = NO OBSERVATIONS ' 

(11/12/80-RPI) 



FREQUENCY TABLE OF WIND SPEED BY DIREC"i''ON 

1 . ·10 METER LEVEL L-ill SHALE OIL PRO~ECT 

STATION U101 PERIOOC 6/01/80 TO 8/31/80) 

wiND DIRECTION 
N NNE NE ENE t: ESE SE SSE s ·ssw ·Sill -.sw w WNW Nw NNW VAR TOTAL 

WIND SPEED 
MAX 0 5 4 4 8 5 8 4 3 2 l l 8 a d 3 0 

METERS/SEC 

··························~···~··································································· 

GT 11. • 0 0 o. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 .. • 
1'\) 
1'\) a·. - 11. 0 0 0 0 1 0 1 0 0 0 0 0 2 1 1 0 0 • 18 .... • 

5·. - a•-: 0 1 0 o· 1 2 0 0 0 0 0 0 2 '55 54 0 0 115 

3~ s. 0 0 2 r:l 29 27 1 3 2 0 0 0 10 205 13 5 0 • 372 . 
1.: 3. 0 8 21 42; .· 206 323 351 83 40 15 10 10 69 299 117 14 0 . 1608 • 

LT 1. • '1 0 3 1 ~ 11 22 14 4 1 1 5 5· 18 3 1 0 . 95 . • 

TOTAL . ·: 1 9. 26 52 242. 363 381 100. 46 16 11 15 8ij 584 254 20 0 2208 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

PERCENT o. o. 1. 2. 11. 16. 17. 5. 2. 1. o. 1. 4. 26. 12. 1. o. 100. 

0 ·- NO OBSERVA liONS 

C11/12/80-RPI) 



WATER

QUALITY DATA
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.GROUNDWATER QUALITY FOR ALLUViAL WELLS 

January-October 1980 

229 



LOtiAN WASH 
WAlE!< UUALlJY PAHAMlllkS 

ALLUVIAL WELL~ 
FOR SAMPLt: UATA 5HOWN 

Cll a v cu MOLY L1 ZN AL HA SR NtiJ 
·wELL YR MO .IIY cr-tu/LI IMG/LI IMG/LI HIG/Ll CMu/U (MG/Ll CMG/LI 1"'16/U ·.1'16/LI IMG/LI IMu/Ll ·------ ------ ------ ------ ------ . ------ ------ ------ ------ ------ ------LWA022 80 1 .., ~-,o.o· o400 -.usc -.020 .030 .100 -.020 -.100 -.~oo 9.00 .so 

2. 13 180.0 olOO -.osc -.U10 .u41i .100 .010 -.100 .!:iOO 9.Jo .05 
3 lJ f.''+UoO • .300 .-.0~(· .u~o oOJU .100 -.U20 -.loo -.500 b.bO -.04 
4 21 no.o .JOO - • O~l• ,OlO o07U .lOU .U2U -.100 .sou .60 .u~ 
~ ~2 190.0 o4UU -.oso .U40 .100 .loG .0.30 -.100 .aoo 3.80 .20 
6 19 24U.u .40U -.o~o .obO o1UO olUO .0<:!0 -.100 -.~oo 5.60 -.04 
1 ?.4 21.0.0 .300 -.0!111 -.U20 .100 .100 -.020 -.1UO -.5oo H.bO -.04 
8. 20 21U.O .• 400 -.oso .020 .100 .200 -.020 -.1oo -.500 5.40 .70 

10 22 L"Jo.o .bOll -.o~o .U60 olUU olOIJ -.020 -.100 -.500 s.zu -.04 

LWA101 80 11 150.0 2.000 -. 05•J - .• 020 .4UO .100 -.0<:!0 -.100 -.500 9.20 -.04 
~ 13 IJO.O 2.2011 -. O~c) --.010 .400 .lOU • 020 .2UO .soo u.ou -.04 
3 .lJ lllO.O 1.5ou -.05:1 .020 .JOO olOU .U20 -.100 .500 7.b0 .20 

. 4 . 21 .?40.0 loOOO -.050 .U3U o400 .lou .020 -.luo .soo .70 2.00 
5 u l«+OoO oHOO -.osu .uao .200 .• U9Q .oJo -.1uo .500 J.Ho .40 

N b 19 1bo.o 1.300 -.osu -.040 .bOO .100 .u10 -.luo -.soo 4.70 .20 
w 7 l'+ 1)9.0· 1.JUU --. u~o -.02U obOO .• 1 ou -.020 -.luo -.~00 1.20 1.00 
0 . tl 20 10:,0.0 l.Suo -.o~ .030 .roo .100 -.020 -.100 -.soo 5.20 2.b0 

10 22 140.0 2.100 •.0!>0 .usu .700 .100 -.020· -.100 -.500 5.40 .10 

LWA102 80 1 'I IJOoU .400 -.O!lU -.U21J olOO .200 .020 -.liiO -.soo b.JO -.04 
2 1 tto.o .JOU -.050 -.1129 .zoo .200 .U20 -.101) -.500 &.oo -.04 
j b 160.0 .• ::.ou -.o::o .020 .200 .111U -.02U -.10{) .soo 3.60 -.04 .. 10 190.0- .Joo -.u~o -.o~o .200 .200 .030 -.100 .~oo .JO -.04 
~ 1:1 200.0 .1oo -.o=-o .040 o2UO .20U .03C -.100 .roo 3.50 -.04 
6 J 14 o. o· .. oJOU -.o~o .ObO olUO oHIO • 04(• -.1UO -.500 4.20 -.04 
1 .i 1~0.0 .::;oo -.o~u -.020 .400 .200 -.OlC• -.100 -.sou 3.50 .05 
H , 15U.U .400 -.050 -.o~o .zoo .200 -.Ull• -.100 -.500 4.Ho .oH 
<J 4 140.0 .400 -. U!>O· -.IJ£0 .Juo .lOU -.020 -.loo -.sou 2.40 .05 

10 2 PIU.O o'+OU -.Uju .020 .;coo .2110 .o~o -.loo -.~00 2.50 .20 

LWA103 80 16 21.10.0 .2110 -.o::.o -.020 .o9U .100 .020 .4uo· -.500 s.oo .20 
4 23 27U •. O .o20U -.o::.o .U20 .070 • U'-l 0 .020 -.100 -.500 .40 .10 , lJ 2JO.O .200 -.0'>0 -.020 .too .liiU -. Ill•) -.100 -.,50U b.5o .05 

10 16 i!70.0 .Juu -.u-.;u -.01.0 .lOU .1UO -. 02·) -.1uo -.::>00 6.30 -.04 

LWA104 HO . 1 1b J4U.o .9UO .olu -.020 -.010 .200 .OJ :.I -.luo .sou 8~50 -.04 
1 2.i '14. 0 .::;ou -.o:.u -.020 -.u1o .lOU -.uliJ -.100 -.500 5.40 1.40 

10 16 150.0 oJUO ~-0~0 -:.Ul(l-· -.olo .0'-10 -.02U -.10U -.500 J.bO .07 

IL"'A112 BU 5 21:i 64.0 1.700 -.o~o .lOU .Huu .lOU .Ui:IO -.loo -.500 1.~u -.04 
6 l'i ':11:1.0 2.000 -.o~u .OJU .700 .1UO • 0 }() -.luo -.500 3.10 l.lU 

NOTE: - HIIJI CA Tt:S uss TtiEIII 



LOGAN WASH 
WATER QUALI TX PARAMETERS. 

ALLUVIAL wELLS 
FOR SAMPU:: DATA SHOWN 

CA ~ 'V cu MOLY LI ZN AL HA SR NHJ 
WELL YR MO OY IM6/LI IMG/Ll IMG/LI 1 Mu/Ll IMG/LI IMti/U IMG/U IMG/Ll IMG/LI IMGILI IMl>/L) ------ ------ ------ ------ ------ ------ ------ ------

LlliA112 80 . 1 l4 1cu.o 1.700 -.050 -.020 .1:100 .lou -.OcO -.100 -.500 5.30 .40 
8 1Y .,2. 0 1.400 -.o!lu -.020 o60o· • .!00 -.020 -~100 -.500 3.20 5.1:10 

10 22 ')9.0 1.1:100 -.050 .OJU .!:iOO .lOU -.oiu -.100 -.~00 J.oo 9.00 

LwA115 80 1 17 l':>Ooll .1·00 -.0':>0 -.020 .060 .100 .020 - .• 100 -.5.oo 6.3o .08 
2 13 1(.0.0 .400 -.oso -.010 .060 .100 .020 .400 -.:>00 ., • 20 .05 
3 1 J . 2~0.0 .400 -.O!:iO .020 oO'tO olOO .020 -.100 .500 Y.40 .20 
7 24 220.0 .400 -.050 -.020 .090 .200 -.020 -.100 -.500 8oYO -.04 
8 20 240.0 .700 .-. O!:iO .• o:':!o • 08l1 .200 .OcO -.100 -.5oo 6.30 ·95 

10 22 16Uo0 .400 -.050 .o~o .100 .lOO -.020 -.100 -.500 4.30 ..• 1 0 
I 

LWA121 80 !:i ij 160.0 .200 -.050 -.010 .UJO olOO .OJO -.100 .700 J.oo -.04 
1 j. 11.0. 0 .JOO -.o~o .• 030 .zoo .loo .010 -.100 ""'.500 J.oo o10 
ti 6 120.0. .JOO -.050 -.020 olOO olOO .020 -.100 -.~00 4.50 .20 
9 4 l?.o.o · o200 -.050 .020 olO(I .loo -.OcO -.100 -.5~0 2.30 1.50 

NOTE: - INOICATt::S u::::ss THEN 
J 

N 
w .... 



LUG AN wASH 
WATt:H uUAll T'f PARAMETERS 

ALLUVIAL WELLS 
FOR SAMI-'Lt: OATA SHOWN 

Ft::CAL TOTAL 
COLIF. COLIF. N RAl>IUI'4 
COLONY COLONY KJt:U:> • 503 n: I~G TOC ALPHA l::iETA Z26 SR90 AG TU~B 

LOC YR MO UY /100 Ml /100 ML CMG/Ll IHG/LI IMG/LI IM<;/Ll ·cMG/Li Cf>Cl/11 CPCI/11 tPCI/11 CPCI/11 (Mu/LI NTU ------- ------- ------ ------ ----- ------ ------ ------- ------- ------ ------- ------
LWA022 80 1 11 1.900 170.0 15.00 2o00 75.0 

2 13 .JO • lOU 140.0 . 18.00 £1.00 .35 6.50 65.0 
j J.3 2.70 -.U<!O 130.0 S6.0U 19.00 o'+U .so 66.0 
4 21 .70 .OJU 180.0 6.90 14.00 .90 47.0 
!> 2? 1.30 .020 150.0 24.00 4.70 abO 62.0 
b 19 1.10 .030 1bO.O 32.0 
7 24 1.oo .020 180.0 38.0 
8 20 1.30 .030 1tso.u 18.00 9.50 .so 32.0 

10 22 · ;,0 I .030 260.0 29.00 .94 49.0 

LwAl01 80 1 17 .lou 190.(! 18.00 53.00 .33 58.0 
?. B 2.20 .090 190.0 62.00 161:1.00 .66. 4.70 23.0 
3 13 J.'IO -.020 160.0 21.00 a.oo 41.0 
4 21 4.20· .030 c1o.o a.u·o 14.00 1.60 9&.0 

N 5 22 2;,70 .020 160.0 28.00 1o.ou 1.2.0 .so 34.0 
w b 19 2.50 .OJO 1'+0 .• 0 -· 73 .• :o N 7 24 1.10 -.020 12o •. o. 47. 0. 

8 co 11.00 • 020 no;o . 13.oo co·. oo .19. 33.0 
10 22 .3o .030 zco·.u 8.30 . so.o 

LWA102 1:10 1 9 -1.0 -1.00 -1.00 -.020 96.0 5.0 1 ,.011' 69.00 .JO -.010 "23.0 
2 ., .o 7 .ozo 91.0 8.900 12.00 1&.0 
3 b .60 -.020 19.0 'Jl.4()1 a.oo a.4o ss.o 

"4 10 .70 • 030, 95.0 46.00 21.00 .... so 1.80 18o0 
5 !:1 1.10 - .• 020 1!9.0 1J.OO 2l.OO .62 1.20 34.0 
1:> 3 .40 .020 80.0 14.0(1 11.00 1.10 1.0 
7 j .Jo .030 92.0 21.00 26.00 390.0 
8 b .1:10 -.020 IH.O i4.8U a.so 2.10 .&0 36.0 
9 4 .10 .IIJU tH~O 15.00 24.00 .45 1.10 53.0 

10 2 .&0 .030 89.0 19.00 .Jb 4·1. 0 

LWA103 80 16 1.1oo 1£0.0 29aOC l3.00 .13 140.0 
4 23 .10 .ozo 130.0 32.oc 33.00 1.10 .so 160.0 
7 23 .o7 -.0211 1cll.o 36.00 1o.9o .so 62.0 

10 lb ~30 .020 120.0 16.00 140.0 

LWA!"04 80 1 16 '>I.UOO -'+80.0 23oUG' 19.011 •. 49 98.0 
7 23 2.00 .020 i~o.o 1. 20 &.&u .40 58.0 

NOTE.: - lN01CATi::S u.ss THEtl 



LOC 

LWA104 

LWA112 

LWAJ15 

LWA1l1 

NOT!:.: 

YR 

~0 

RO 

80 

80 

-

1\) 
t..; 
w 

FECAL 
COLI F. 
COLfHn 

MO UY /1110 ML -------
10 16 

5 cti 
6 1'1 
7 24 
f:j 1':1 

Hi 2l 

1 lf 
2 13 
j 13 
7 24 
b 20 

10 22 

5 ij 
1 j 

f:j 6 
9 4 

INUICAJt:S Ll:. 55 

IOJAL 
COLI f • N 
COL01'4Y KJELO. 503 
/100 ML HW/Ll (MG/LI 
------- ------ ------

.60 

1.50 
3.20 
boi:IO 
6.70 

1?..00 

.oo 
o10 

1.~o 
.40 

1.60 
.10 

.40 

.30 
1.10 
1.70 

[HE.N 

LOGAN WASH 
\IIATEH UUALIIY f'Af.!AMt::JEHS 

ALLUVIAt. wELLS 
fOR SAt~PLt:: ;JATA SHOWN 

HAOIUM 
H. Mu roc ALPHA BETA 226 SR90 AG TURB 

IMG/LI (MG/Ll IMG/LI (PCI/11 O'C 1111 (PCI/11 IPCI/11 (MG/Ll NTU ------ ------ ------- ------- ------- ------- ------
-.0?.0 1!;0.0 14.00 130.0 

.o~o 82.0 u.uo 9.60 .90 16.0 

.020 100.0 .48.0 
-.020 100.0 160.0 

.020 lcCioO 13.00 l1.00 I..oo .40 180.0 

.OJO 1611.0 9.90 z.ooo.o 

.oro 1fJit.o 4.60 u.oo 34.0 

.Jou 140.0 22.00 .,. 00 1.30 48.0 
-.oto 1'10.0 48.00 11.00 .64 .2l.O 
-.0?0 no.o 88.0 

.OcO 220.0 50.00 11.00 1.oo .10 160.0 
oOjU 210.0 17.00 2~)0. 0 

-.020 'll.O 12.00 11.00 1 •. so 56.0 
.030 9b.O ~9.00 19.00 78.0 

-.020 91:1.0 12.40 bo':IO z.oo 83.0 
.050 96.0 17.00 15.00 .ij4 1.50 60.0 



~ 

Lll\jA"oo wAS I-I 
tiAIEi-1 YlJALirY PA~AME.Tt::RS 

AlllJV1AL WE.LLS 
FO~ SAMPLt: OAIA SHO"N 

TOTAL 
scu" HG Sl: so .. CL f NU3 Sl NA K AS· SULFUR 

LOC' YR f1f) ()y (Oif,/LI IHG/LI ( H~U Ll (Mu/ll IMt;/LI IMG/LI (MG/LI CHG/LI (MG/LI (M:;;/L) lHb/Ll IH6/LI -- ------ ------ ------ ------ ------ ------ ------ ------ ------
L"A022 HO 1 1 I ~IC·o.oo !:>boOO .70 b2.00 !)00.0 iJ.OO -.020 

2 13 -1. (II) 1·~oo.oo 4<!.00 .80 !)~.00 410.0 7.00 -.020 
3 n .010 l=+eo.oo· l!h 0 lJ 1.00 120.00 350.0 u.oo -.020 
4 21 .oco 1 ~•o.oo· 1tlo00 obO tH .oo 240.0 7.40 -.020 
~ 22 .o~o 1uo.oo ':lloOU ~tiO too.oo l?.o.o 7.70 -.020 
6 1'-1 - ·'J 10 1cto.uo .u.oo .':10 !;;8.00 ~~o.o 7.80 -.020 
I 24 .010 1'!>00.00 2'1.00 1.oo bboOO 2~0.0 .13.00 -.020 
>j 2u .010 1':>t:IO.OO 23.00 1.40 58.00 lfiO.O 9.20 -.050 

11J cc .010 Ht•Jil.OO c':loOO .co 51.00 340.0 .lo.oo -.020 2.20 

LWA)01 110 I 17 Lno.oo 110.00 • '10 170.00 2tW.O ll.OO -.020 
l 1J -1 0 0 IJ 1.2)0.00. rt.ou .80 110.00 320.0 !0.00 -.020 
j 1.1 .040 l.cJo.uc lio.OU 1.uo 19u.oo 310.0 9.90 -.o2o 
4 21 .0!:>0 UJo. oc· 1oo.oo ... o cJo.oo 2':10.0 9.50 -.020 

1'\; ~ 2c o040.lliiO.OC· 120.00 • 10 230.00 2Ju.o 7.50 -.u2o 
(.... 

b 1'-1 oOIO '>1'+0 • Ul• JtloOO 1.00 140.00 zttu.o 7.90 -.020 ~ 
7 24 oOlO '>I~O.Oli 4!:>.00 1.10 120.00 270.0 7.30 -.020 
b 20 .uco l2UO.Ol• 52.00. 1.80 170.00 Jto.o 8.30 -.020 

10 2~ .u?.o 1400.00 10.00 .20 180.00 310.0 8.60 -.020 1.60 

LWAl02 ItO 1 ':1 -I .110 -.020 -.Oi::'O ~':lo.uo 1h.OO 1.40 :::.oo 14.0 230.0 .18.00 -.020· 
2 I -I .ll•J -.ooc tlo':>IO ;,01 21.00 1.!:>0 1ts.ou 220.0 .18.00 -.020 
3 b -.020 9010.00 JU.OO I. t>O. 1);,00 27o.o 17.00 -.020 
4 10 .020 fWO.UD 71:1.00 1.!:>0 lt:I.OO 200.0 16.00 -.020 
:-> . tl · ·.osu '~O.CJU . '.>6.00 1.':>0 1::1.00 l10.0 u.oo -.020 
6 j o080 dt>OoUO t>I.oo 1.30 1:1.00 210.0 1b.OO -.020 
I .J -.010 ':oiOO o\1 1) 11•. 0 II 2.20 tl.60 230.0 1tt.OO -.020 
tl 6 -.OIU ':li~O.O•J 1t>.OO 1.30 b.70 uo.o 1b.OO -.020 
q 4' -.010 '>cO. O•J 1c.oo 2.90 u.uo 230.0 1 i.oo -.020 

10 l -.010 '>20.0J U.ou 1.JU "-~0 ao.o 17. 0.0 -.020 .60 

LWA103 80 .1 b !i:OO.OiJ J~o!JO 1.10 IJO.OO 2'>0.0 7.30 -.020 
4 l3 .040 uoo.ou ~o.uo .·':10 .Jl.OO · 2t.>O .0 5.50 -.020 
I 2.1 .010 14110.00 ~.t>IJ 1.40 10.00 £60.0 4.40 -.020 

10 16 .010 1~.uo.uu 1o.oo 1.40 o.ou 2f>Uo0 4oli0 .300 1o30 

Lltll\104 AO lt:> t>C·UO. 00 73. tJO .60 3Jo.uo 11:100.0 ~.oo -.020 
7 2J oliSO :!'i-00. 00 ~-l.oJO .tto -.so 11ou.o 4.40 -.U20 

10 11> oUCll l JUO • Ott ld.(lll .YO -.su 410.0 l.50 -.020 .70 

NOTE: - lNiliCArt.'j L~_ss T11EN 



LOC 

L -..A 11 c 

L~AI1!> 

LWAI21 

NOTE: 

1\_: 
(... 

V"· 

YR 

80 

80 

80 

-

S203 
MO OY (MI1/Ll 

------
5 ?.~ 

b 19 
7 24 
tl 19 

lO l2 

1 .., 
2 13 ·-1.110 
] 13 
7 24 
8 20 

10 l2 

5 8 
7 j 

ij . "b 

'} 4 

INOICAit::~ LE')S 

ltiA lf.k 

FO~ 

l·j(j SE S04 
( Mti/l I (MG/LI <Mu/Ll 

.OJO 1:170.00 
-.010 6bO.OO 
-.010 ti!>O.UO 
-.010 910.00 
-.010 tl'IO.OO 

1200.00 
.uoo 12oo.oo 
o020 1tiOO.OO 
.oco 1ooo.oo 

. • OJO 190o.ou 
.020 1400.00 

.o~o 640.00 
-.010 650.00 
-. 01.0 ·roo.oo 
-.010 "700.00 

IH(N 

LO•;AN WA!:>H 
VLIALI TY 1-'AH#\Ht::TE.RS 
ALLU~IAL llt.LLS 
~AI~I'LE. UATA SHOWN 

TOTAL 
CL F NOJ SI NA K AS SULFUR 

IHG/U IMG/Ll lt-IG/LI lHG/LI (M6/LI lMG-.fU (M6/U U4G/U ------ ------ ------ -~---- ------ ------ ------ ------
91.00 1.00 9tt.OO 190 o I) !to40 -.020 
4J.OU 1.20 14.011 240.0 111.. 0 0 -.020 
55.00 lo10 ~.40 2bO.O u.oo -.020 
S!>.OU 1.b0 1.JO 2ttO.Q 1 ~. oo· -.020 
64.00 .Jo -.su 260.0 u.oo .020 2.40 

lJ.OO .60 4.-00 Joo.o t>.70 -.020 
·25.00 .90 -.10 340.0 5.20 -.020 
63.00 1.00 t.1.00 J80.CJ a.oo -.020 
HoOD 1.uo 55·.00 340.0 5.20 -.020 
14.00 .50 ()6.00 490.0 5.50 -.020 
1!>.00 -.10 32.00 340.0 ... 90 -.020 1.60 . 

45.00 .90 12.00 1t>O.O l.OU -.020 
u.oo 2.40 u.oo 160.1.1 7.20 -.020 
16.00 .80 18.00 170.CJi L 0 40 .-.020 
12.00 2.10 12.00 180.0· 5.40 -.020 



LOu AN WASH 
"II A fi:.H •1UAL II Y f>AHAHETE~S 

ALLUVIAL Wt::LLS 
t-Ll~ SAMI'U: DATA SHOWN 

TOTAL 
luT ALK HCOJ ~OJ ~USf>EN!J CHf.M 02 OIL AND 

IMG/L IMG/L IMG/L 11)!) SOLI US T URA II) I TV' UE"'-ANU PriEN ~005 GREASE DOC 
LI)C y~ 1'41) U'l' CA.C:UJl I.:AC03l CACOJl (M!;/Ll IMtULI NTU IMG/Ll (M.U/Ll I"'G/U IMG/Ll IMG/Ll ------- ------ ----·-- ------ ------- --------- ------- ------ ------ . ------- ------

LWA0i'7. RO l 7 40llo0 400o0 -loO JbOOoO 110o0 7~o0 1o0 o002 l30o00 -1o00 
2 Li -~'>0 0 0 J!:;OoO -a.o c9ouoo lJOoO b5oo 25o0 -.001 -1o00 16o00 1o00 
j 1J 4qooo 490o0 -l.O t'dOUoO nooo bfioO 5o0 .004 12o00. 1o00 18o0·0 
4 ?.I 47Uo0 4 70o0 -loU z .. ouoO 1~0o0 47o0 2.0 ·-. 001 2o00 1oooo 40o00 
5 a 430o0 3~ooo 40o0 2JOOoO 1!:;0oo 6lo0 ZoO -.ool l7oOO loOO 
b 1'1 4JOoO 430oo -loO c4UOoO 80o0 32o0 40o0 .003 8o00 SoOO 
7 1!.4 460o0 4ij0o0 -1,."0 c90'iloU l60o0 3Koo 30o0 -oOOl 40.00 4.00 
8 ~0 4">0o0 4-j\JoO -l.o 2"fOuoo 43o0 32o0 JO.O o030 32o00 2o00 

10 n 540o0 5'+0o0 -1.0 3400.0 400o0 49o0 80o0 o009 2o00 3oOO 45.00 

LWAhll 130 1 ' 430.0 43Uo0 -l.u t'700o0 20Uo0 56.0 313.0 .oos 37-.00 20.00 
2 lJ 400.0 400.0 -loO 2b00o0 J'I.O 23o0 b8o0 -.DOl s.oo 4o00 10.00 
j 1J 440o0 440.0 -loO lf>IJOoO 3t:'oli '+loU l4o0 -.oo1 15.00 8.00 22.00 
4 21 4J1Jo0 430oO -lou nouoo l60o0 9tio0 54o0 -.Dol lOoOO 16o00 60.00 

N ~ a 420o0 42ti 0 0 -1o0 c400oU 34o0 3<to0 27o0 -.001 19o00 6o00 w 6 19 390o0 J'IO.o -1.0 210Uo0 240o0 7Joo 20.0 oOOb looo 7o00 0' 
I <!4 3'10o0 J90o0 -1.0 dOooo ~'loO 4lo 0 56o0 -o001 5o00 9o00 
d 211 JlilloO JI30.0 -·1o 0 C:'500o0 120o0 33~0 64.0 o040 60o00 2.00 

10 ~c 4i'O.O 420o0 ·-1. 0 2700o0 aooo 50 oil bO.O .010 16.00 4.00 s·&. oo 

LWA10.2 liO . 1 <.J 34"0 0 0 340o0 -1o0 1700o0 Jti.O 23.0 "4o0 -.oo1 50.00 llo 00 2.00 
i!. 1 3I)Oo0 JI:>Ooo -lou U ()O o 0 'so o .lbo 0 -ZoO oD02 s.oo 'ioOO boOD 
3 b 340.o 0 34u ou· ·-1o 0 lf 00 0 0 120•0 56o0 26o0 -.001 SoOO 24o00 7o00 
4 Ill J'">o.o JOO.o SO oil l"fUOoO 1 7. 0 11io0 13o0 o001 34o00 llo 00 to.oo 
s 8 3'">ooO J'jOou -1oO l1300o0 14llo0 34o0 SoO .003 10o00 12o00 
h _t ]f>Ooll ;,;,u.o -l.u )/OOoO 1o0 loo 2o0 -.001 11o00 4.00 
7 j 350.1} JSOoO -lou noooo 120o0 3'10.0 boO -o001 ~sooo 4.00 
8 , 31>0.0 360oU ·-.. ) 0 (I l8(1Uo0 ~4o0 36o0 boO • 00 1_ 2'1o0D 3o00 
~ .. 370o0 ]70 o.O -loU 111110.0 210o0 53oO 5o0 oOlO s.oo ·4o 00 

10 2 3':.0.0 J-;uoli -loO ltiUUoU ~7o0 4lo0 16o0 -o001 ':I oil 0 2o00 42o00 

LWAlOJ ~0 ·~ J~Ooo 3::;u.o o -loU 2~011.0 '210o0 140o0 2.0 .003 1~o00 ~ooo 
4 cJ 4?.n.o 42\lou -.loU ~zoo.o ~llUoO 1bOoO 2.0 -.001 1.-oo 9o00 
7 23 40o.o 400o0 -loo 2:;,llu.o JHOoO ~>2 o o· 24.0 -.001 26.00 1.oo 

10 .1 b 400o0 400o0 -lo 0 24110o0 HbO .-o 140o0 20.0 -.001 s·I.O·O JoOO 50o00 

UIA I 04 tiO 1 lf.t 241Jo0 241lo0 -loO ·10000. () 2SOoO 9l:i 0 0• ~2.0 .013 35.00 4o00 ., 1.3 J':IOoll J~Ooo -1o0 b21JO oO 2l0o0 SIJo\)1 34o0 -.001 1,9o00 -loOO 

NOTE: - lNIJ(CATt:.-S LlSS THE \I 



LOGAN WASH 
Wlllf.R QUALITY PARAHETEH5 

ALLUVIAL WtLLS 
FUR SAt1Plt: UATA SHOWN 

TOlAL 
lOT ALK HCOJ CU.j SUSPlNU CHI:H ·:J2 OIL ANO 

C l~l;/l CHii/L CMG/l TOS SOL lOS TURIH011Y OEMAN':J PHEN ttOOS ijHEASE DOC 
LOC · Yk MCJ 1).'( CACUJI CACOJI CACOJI CMG/LI 11'11;/LI NlU CHt,/U CHG/LI (MC,/L) CMG/LI CMG/LI 

·------- ------ ------ ------ ------- --------- ------- ------ ------ ------- ------
LWA.l ()4 ISO 10 J() J'io.o J~o·. o -J.o lJOI.Io\1 l.O 130.0 BoO -.001 51.00 -1.00 . 45.00 

LWA112 ~0 !) 28 .uo.o 2-iO.O co.o 1401.1.0 20o0 16.0 51.0 .015 lo.uo 1o00 
6 1~ 320.0 ?.'10.0 ~".o 1400.0 76.0 4!S.O 40.0 .oos tto.uo 9.00 
I ~ .. ~1~ (J. 0 300.0 48.11 1700.0 1!:10.0 1t>o.o 1too.o -.ool 14.00 14.00 
u 1'1 .Lto.o ii'YUoll 44 0 0 1r.10u.u ltbllOoO UIO.O 11.0.0 .040 190.00 -1.00 

10 2~ JiiOoO JdOoO -1. u 1'JOOoU 1t'.-t000o0 z,ooo.o 140.0 .020 c9o.oo s.oo uo.oo 

LWAll5 ~~~ 1 11 SJO.o ~3Uo\J -1.o lbOUoll 94.0 J4.0 -1.o -.·001 32.00 19.00 
2 l·.J ':\411o0 ')4.11. u -.1. 0 c2oo.u 140.0 4tt.O J5o0 -.001. .fo 10.00 J •. oo · 
J J.f ~dO.O 5Ju.o -1.o J'loo.u 1.0 ct.o -1,;0 .025 20.00 1.00 11.01) 
1 24 ~=i:io.o 5JO.o -).lj JlCIOoO 4.00.0 811.0 20.0 -.001 10.00 1.00 
~ co ~1 ti .• 0 S10oU ,-1. 0 Jsoo.u 4'::10•0 160.0 21.0 o040 54.00 J.oo 

10 r!~ 'i~u.u S5u.o -1.0 21:100•0 9211 .• 0 250.0 24.0 .ous J.oo 4o00 44.00 

L-'A121 ~0 5 tl 490.0 ~t'*lloO -1.0 tooo.o 2b0o0. !)6.0 2.0 -.001 12 .• 00 14.00 
7 j 4Su.u 45UoU -1.o· 1400.0 4Jo.o 78.0 1lt.CI -.001 41.00 z.oo 
11 b 4:')(1.11 45u.u -1.0 1!Jilo.o 490.0 83.0 14.0 -.001 60.00 1.00 
'I 4 47o.u 4/U.O -1.tJ 1'jOU.U £o7oo.u bO.u HoO .oto 31.00 14.00 

NOH:.: - lf~l.llC.:A f(:; u:o,s lHt:N 
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L06AIII WASH 
WATER QUALifY PARAMUEHS 

UEE.P iff::L,LS 
f01( SAMPLE OAfA SHOWN 

CA tf v cu HOLY Ll ZN AL SA SR NH3 
IIE.LL YH HU OY Cl'll>ILI CHG/LI (Mii/LI (MG/LI (MG/LI (HG/LI (HG/LI (H6/LI (HG/LI CMG/LI CMG/LI ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------

LWUU32 lfO 9 11, 4tt.O .400 -.oso .020 .020 -.050 -.OlO -.100 -.!JOO 3.10 -.04 

LWD046 tJO 'I HI ts.o .lOU -.o~o ..,.020 -.010 .090 -.020 -.100 -.500 3.50 -.04 

L\110047 80 9 1ti 63.0 -.100 -.050 -.020· •. 010 -.oso -.020 -.100 -.500 s.3o -.04 

LW010b 80 1 l1 -.t».O .;2110 -.0:>0 -.020 .oso .070 -.010 -.100 -.5oo IJ.oo .05 
9 1t> 66.0 .200 -.o~o .020 .otto .080 -.020 -.100 ..;.500 10.00 .20 

LWU108 80 1 10 :H.o 2.500 -.o~o ·-.020 • OC'O. .71)0 -.020 -.1110 -.500 7.20 1.7.0 
2 14 '.)J.O .300 -.050 -.010 .010 .700 .o1o -.too -.soo 9.30 1.60 
3 20 7o.o 15.000 -.050 .020 .200 .500 .040 -.too -.500 J.JO 1.70 
4 16 100.0 14.1100 -.uso -.020 .6110 .500 .uJo -.too -.soo obO 1.70 
6 1'1 97.11 8.2011 -.1)!)0 .usu .400 • 700. .• 040 -.too -.500 6.30 1.90 
1 24 74.0 8.!:>00 -.050 -.otu .090 .lOti ~.020 -.100 -.soo 9.20 I.oo 
tJ 20 71.0 9.2UU -.020 .030 .oso • 901) -.ozo . -.r:uo -.soo s.<~o .60 

10 2l 65.0 n.ooo -.050 .030 .200 .700 .,..020 -.too -.500 4.80 .60 

L\110116 80 9 16 70.0 -.100 -.oso .1120 .020 -.osu -.020 -.100 -.soo 1.20 .04 

NOTE: - JNOlCATt.S LESS THEN 



FECAl. TOTAL 
COL IF. COLIF • N 
COLONf COLUIIi'f KJt.LU. SOJ 

LOC YR MO OY /.100 I'll /100 loll IMb/U IMG/ll 

------- ------- ------ ------
LWU032 MO 9 1b obO 

LW0046 80 " 1d .60 

lWU047 80 9 1d -.10 

LWOI06 eo 1 17 6e':JO 
9 16 .JO 

LW010B HO 1 10 -1.ll -1.00 :i.co 
2 1'+ J. '• 0 
j 20 ].20 
4 1b ~.10 
6 19 1.'10 
7 c4 1.40 
a co 2.00 

10 22 .60 

LWD116 80 9 lb .tlO 

NOTE: - I NIJI CA Tt:S u:ss TrlEN 

LOGAN WASH 
WAltH UUALITY PAkAM£TEHS 

IJE:t:J' wt::LLS 
rUH SAMPLE OATA SHOWN 

Ft:: MG TOC 
IM•>ILI IMG/LI (Hu/LI 
------ ------. ------

.020 15.0 

-.~20 14.0 

-.020 27.0 

-.litO 2!J.O 
-.uco 45.0 

eil70 62.0 137.0 
-.020 63.0 
-.020 48.0 

.0?.0 !J3.0 
-.020 66.0 

.il20 6'+.0 

.020 b9.0 

.oo:;o 76.0 

-.0?.0 n.o -.5 

ALPt-A 
IPC111 I 
-------· 

fl.oo 
s.oo 

22.01 

META 
tPCI/11 
-------

62.00 
4.00 

RADIUM 
l26 

!PCI/11 
-------

SR90 
(PCI/11 -------

.oo 
7.10 

• 30 

AG 
IMG/LI ------

-.010 

TUH8 
NTU 

41.0 

42.0 

57.0 

22.0 
39.0 

34.0 
16.0 
?.J.O 
14.0 
25.0 
26.0 

120.0 
46.0 

76.0 



LOGAN WASH 
WATE~ QUAL! TY' PA~AM£TEkS 

UE.tP Wt:.LLS 
FOR SAMPLE OAU SHJWN 

TOTAL 
5203 HG SE 504 CL F N03 Sl NA K AS SULFUR 

LOC YH MO OY' CMG/U CMG/LI (MG/LI CMG/LI CMG/LI CMG/U · CMG/U IMG/LI IMGIL) CMG/ll IMG/LI (MG/LI 
----·-- ------ ------ ------ ------ ------ ------ ------

~LW0032 80 9 16 -.010 120.00 6.60 .~o -.50 83.0 .70 -.020 

LW004b 80 9 18 -.o1o 1&0.00 1.oo 1 .10 -.so 140.0 .ao -.020 

LW0047 80 9 18 -.010 200.00 2."10 .70 .70 110.0 .80 -.020 

LWD106 80 7 17 -.010 260.00 10.00 .30 &.30 140.0 3.30 -.020 
9 1& -.010 380.00 4.40 .80 -.so 140.0 .60 -.020 

LWIH06 80 1 10 3.90 -.020 -.020 720.00 86.00 .,. 1 (I -.lO 620.0 4.60 -.020 
2 14 -1.00 -.020 -.020 ti'JO.OO 100.00 1. 9(• -.to 750.0 s.oo .020 
3 lO -.010 8~0.QO 140.00 8 o1 C• 21.00 610.0 6.80 .020 
4 16 .010 1:190.00 uo.oo 8.4C· 15.00 &30.0 5.60 .020 
6 1~ -.010 910.00 50.00 S.6C &.70 620.0 s.oo .020 ., 24 .010 900.00 !>1.00 6.20 .90 580.0 3.10 -.020 
8 20 .oJo 8tiO.OO 47.00 6.20 1.30 &1o.o 3.&0 -.020 

10 22 .010 920.00 14.00 6.20 2.70 b70.0 5.20 -.020 

UiUllb 80 9 16 -.010 77 .oo 9.311 .70 .70 4&.0 2.20 -.020 

NOTE: - INDICATI::S Lt:.SS THEN 



LOC 

LWD032 

L .. D046 

LW0047 

LW0106 

LWIH08 

LIIID116 

·NOTE: 

1\) 

~ 
1\i 

-

,, 

TOT All(. 
Clo4G/L 

YR MO OY CACOJI 
-------

IJO ~ 16 21JO.O 

ItO ~ 18 2BO.O 

80 ~ lit JBO.O 

80 7 17 2HO.O 
'J lb .J50.0 

80 1 10 920.0 
.2 14 '150.0 
j 20 ri50.0 
4 16 ti?.O.O 
6 li.J HlO.O ., . 24 li50.0 
B 20 t~4o.o 

10 22 •ii80.0 

80 'J lb 320.0 

INl>ICATtS USS THt-:N 

WAltH 

FuR 

HCOJ CUJ 
CMG/L. CMlilL Tl>S 
CACOJI CACUJI CMG/U ------ ------ ·------

250.1) za.o 4co.u 

260.0 l4.0 !;;OO.O 

380.0 -1.0 600.0 

2!>0.0 30.0 1000.0 
J!>o.o -).0 9~u.o 

920.0 ·-1. 0 2300.0 
870.0 ·ao. o 211lO.O 
800.0 :,6.0 2500.0 
7411.0 !:JO.O 2400.0 
tHO.o -1.0 21.JOOoO 
850.0 -1.0 2200.0 
H4o.o -1.0 2200.0 
880.·0 -l. 0 ttoo.o 

270.0 ~4.0 4'io.o 

LOu AN WA5H 
(~UAL I rv t'ARAME:TE:R.S 

Ot::EP Wt-:LLS 
SAMPLE OATA SHOWN 

TorAL 
SUSI"tNO CHEM 02 OIL ANU 

SOLI uS TURIHOITY Dt.MA1'40 PHEN 8005 GREASE DOC 
CMli/U N"IU CHG/LI Cr~G/LI CHG/LI CHG/U CMG/LI 

------- --------- ------- ------ ------ ------- ------
11JO.O 41.0 36.0 -.001 10.00 

")40. 0 42.0 12.0 -.001 1.00 

430.0 ~7.0 14.0 -.001 J.oo· 

4'1.0 22.0 2.0 -.001 14.00 
170.0 39.0 -1.0 -.001 1.00 

4b.O J .... o 300.0 -.001 570.000 5.00 26.00 
s.o 1&.0 160.0 .006 16.00 u.oo 39.00 

JO.O 23.0 4tio0 .004 19.00 2.00 
1s.u 14.0 1o.o .oos 71.J.OO · 46.00 
3!>.0 25.0 190.0 .ooJ u.oo 
59.0 26.0 60.0 .004 u.oo 
3'-J.O 120.0 32.0 .030 6.00 

110.0 4&.0· 84.0 .020 8.oo 52.00 

JJo.o 76.0 4.0 -.001 a.oo 



GROUNDWATER QUALITY FOR RETORTS 

January-October 1980 



LOGAN wASH 
WAH.H QUALIT't' PARAME.Tt:HS 

Rl:.TORJ~ 
FUH SAMI-'LE. UAlA SHOWN 

r./1 tl v cu HOLY Ll lN AL MA s~ NHJ 
•ELL YR MO liY C'·lb/Ll (HG/Ll Ciolb/U Cr-'16/Ll CMt?/LI CHG/L) CME/Ll Cllo!G/Ll U4G/Ll CMGILI CMG/Ll ------ ·------ ------ ------ ----- ------ ------ ------ ------ ------ ------ ------

llfROOl ISO 3 100.0 ?oiOU olOU -.020 .Joo lo200 -.ozo -.lOU ~.~oo bo'#O u.ou 
If .Ju .10 
o.J 1!:1 ?.?.o.o lodOO -.u~u .Oi!'il .oro ·obOU -.ozo -.too -.500 z. '10 2.50 

lWR002 tJO l .) J.J loOUU ocUO .OcU 4 .• 2oo • ·roo -.ozo -.1-uo -.~ou 1.00 6.30 
4 Jll. 49.0 2.500 .o:>o .ucu .:100 obOO .020 -.1•00 -.soo .60 bolO 

lWR004 t!O. 1 c 5.5 2olUO -.lOU -.ucu .usu leOOO .OJO -.1:00 .~ou 1'.·40 Jc.o. oo ,. 10 7.2 18.000 -.050 -.020 -.010 o900 .• 0111 -.1·00 -.soo 1.10 300.00 
9 ),;. 4oU' 26.000 -.O!)U -.OcU -.010 .'bOO -.OlD -.lUO -.sou .70 340.00 

u•~oo5 tJO 1 c s •. o 1.ooo .100 -.oco oUitO loOOU -.021) -.100 loUOO • 1o· 400.00 
J 2f 3.6 16. o.oo -.oso - .• 020 .1110 lolOO .ozu -.1110 -.sou .90• 290.00 
7 10 7.6 16.1100 -.050 -.020 -.010 .9oo -.OlD -.1110. -.500 o60 .170.00 
9 

·~ 1.7· 14.1)0.11 -.o~o -.uzu - •. 1110 loOOO .,..OlD -.lou -.500 -.so ho.ou 

LWM006 60 1 . ? . ts.o tj. lhl I) .zoo - •. 020 .200 olOO -.020 -.100 .soo 5.60 IHO.OO 
J. lb · 'It ol l•~>oiiOU· -.oso· ·-.uzo -·.cuu o900 · .OJU -.100 -.sou .90 JJO.OO 

9 .• B so.uoo -.o~u -.020 . -.010 .lou .ozo - •. too .sou 2.40 860.00 
1 10 13.0 23.000 -.o~o - •. uzu .. 1-.700. .suo -.010 -.1110 -.soo 1.50 'illtUoOU 
9· 111· ~.z y.·tuu -.oso · - •. u~u - .• o1o •. 40.0 -.020 -.100 -.soo .so 1700.00 

NUTt.: - INliiCATt:S u:s~ THt:N· 



LO(;AN· WASH 
wATtH UUAL I TY t>AHAME H.HS 

HE TOHTS 
FUR SAMt>Lf.. L>ATA SHOIIN. 

H. CAL TOTAL 
CULl F. CULIFo N HAOIUM 
CULONY COLOI'IY 'KJELU. SO.J fE H6 roc ALPHA BUA 226 SH90 AG TUHti 

LOC YR HO OY /lUO ML /100 ML IM\i/U (Ml;/L) IMG/LI (!IW/l:l I M6/LI IPCI/11 IPCI/11 IPCJ/U IPCifll IMu/LI NTU ------- ------- ------ ------ ------ ------ ------- ------- -------· ------- ------
LWR001 80 3 -t.o -1.00 17.00 ot>UO . ~40.0 31.0 1.50 11:1.00 -.010 

4 Jo 1.oo 
9 itf lotiO .OJO JJO.O 1tlo0 

LWH002 liO. j -1.0 -1.00 t.oo .100 .1:1 24.0 Y.oo 1'H.OO .56 -.010 
4 )If 12.00 .01:10 1:1.0 

LWH004 1:10 1 i!. -1.0 -1.00 1Yo.oo .OYO 2.2 220.0 15.00 '-.01'0 
1 10 J.JO,;OO .• 030 3.7 
9 11i Jtto·.oo .030 1:1. 3. ·250. 0 

LWR005 tiO 1 2 -1·. 0 -1. 00. uo.oo .otto 1.1:1 473.0 6.00. 1:12.00 o92 -'.010 
3 n joo.oil· ·-. 020 J.b 
1 10 210.00 -.u20 3.2 
9 1ij 110.00 .• 0.40 2.0 300.0 

U1H006 60 I 2 -1.0 -1.00 410.00 .040 25.0 360.0 4.50 -.010 
3 c& JJo.oo -.020 1. 5 

t160.00 -.020 14.0 
7 1 0 1ooo.oo ·• 020 Jl. u 
9 l'd ltiOO.OO .040 s.o 4~0.0 

NOTEr - INUICATlS LlSS THEN 



LOu AN IIIIASH 
WAlt::k UUALlT'f I'AHAMET£kS 

kETORlS 
fOH SAI'II-'LE DATA SHOWN 

TOTAL 
S2t.l3 HG St:: SJ4 tl F N"'-1 Sl .NA IK AS SULFUR 

LOt YA ·-MO OY I"Hi/LI. IMG/Ll IMu/Ll I ;o,;;/LJ IMG/LI IMG/Ll IMti/LI IMG/Ll IHG/LI . <M..:/U IM6/LI IMG/Ll ------ ------ ------ ------ ·------ ------ ------ ------ ------ ------ ------ ------
LWROOl 80 3 'i.lll -.020. -.020 2400.00 ~u.oo j.~o 42.oo· 5.0 570.0 2l:o) .00 .oso 

4 30 430.00 b2.00 1.10 50.00 .o 
9 1ij -~010 1~oo.uo 20.00 I:I.Jo· JJ.OO 28.0. 0 lit •) .·0 0 -.020 

LWH002 ~0 .. J .. 32.00 -.020 -.020 a5o.oo 44.00 a.2o -.10 12.0 3'+0.0 2il.oo· .oso 
4 30 -.010 860.00 uo.oo ~.20 24.00 . 3lo.o 2':J.OO -.020 

LIIIH004 tiO 1 2 40.00 -.020 -.020 J;Jo.uu 100.00 21.00 40.00 26.(} ~60.0 H.oo -.o2o 
7 10 .oo .020 710.00 320.00 18.00. '780. 00 11oo.o ~·2.00 .040 
9 1d .uu .020 ~o.oo 350.00 19.00 1200.00 1000.0 :.·;~.oo .050 

L.,;;R005 80 1 2 108.00 ·.-.• 020 ~.020 190.00 6'+.00 38.00 100.00 35 .. 1) 1200.0 2iO.DO .ozo 
3 c.7 .006 -.oos Ji1o.oo 330.00 Jo.oo . 200.00 1200.0 2!:-0.00 .060 
7 10 .;010 340.00 240.00 24.00 540o00 11100.0 2c:.o.oo .090 
'I 18· -.010 210.00 240.00 J3.00 580.00 l.ooo.o 2!:>0.00 .090 

·LWR006 ~0 1 2 . 1 0'+. 0 0 -.020 '-:. 0;:'0 21>0.00 H.ou l't.oo · 130.00 28.0 iOOO.O "-2.00 .020 160.00 
3 26 -~ 001 .010 . 2'+0.00 JOU.OO 2J.Oli 150.00 uoo.o Cl.l. 0 0 .020 

.• 001 .ooi-.01-U :Ho.oo 49'[)~00 21.00 240.00 IJ·oo. o !14.00 .020 
7 10 .020 470.00 3:j·U.I>O 18.00 640.00. .uoo.o "3.00 .060 
'I 113 .oco .Jco.oo 42-D.OO 21:1.00 1100.00 :1.600.0 55.00 .030 

NOTE: - INDICA Tt;:S u:ss THt::N 



LOC 

LIIRII01 

LWH002 

UIR004 

LwR005 

LWH006 

NOTE: 

1'\l .. .... 

-

llll ALK 
HHj/l 

YR MO DY CAC0.3J 
--- -------

HO· ~. J J1o.o 
4 JU 2HO.O 
~ 1b 370.0 

. liO 3 21!0. (} 
4 30 ~1o.o 

80 1 c -~Jou.o 
I 10 ?.l'oou.o 
9 }!j ?.800.0 

80 l 2 3~oo.o_ 
j n 3~00.0 
7 10 2!100~0 
~ 11J 2bOil.O 

80 1 2 4luo.o 
3 2b 2HUO.O 

4/UO.O 
7 . 10 5')00.0 
9 11i <~loo.o 

I Nlll CA TE. S LlSS hiE"' 

t1COJ l:OJ 
CMG/L C ~I \ill 
CACoJJI CAC031 ------ ------

Jlo.o -1.0 
~du.o -1.0 
37u.o -1.0 

-1.0 1lo.o 
1o.u 200.0 

71~0. 0 1300.0 
1500.0 1100.0 
670.0 <::100~0 

1100.;0 2400.0 
1400.0 1800.0 
looo.o 1200.0 
1400.0 1.200. 0 

15oo.o lbOO.O 
Jooo.o 1dOO.U. 
17oo.o Jouo.o 
ltJOO.O J7ou.o 
4300.0 '+dOO.O 

,, 

LOu AN liASH 
'riA T t::H UUALI T Y 'IJAHAMElERS 

Htfi)HfS 
t-'OH SAMt>LE U·A T A SHOWN 

fOIAL 
SUS!Jt:NO OIL AND 

TUS SOL lOS PEt Nl PHEN CD GREASE ooc 
· · IMu/LI CMu/U CMu/LI CMu/LI c":u/LI CH6/LI CMuiLI CH6/LI ------- ------ ------ ------ ------- ------

J~oo.o 47.0 .0?.0 .o:Jo .480 -.020 33.00 u.oo 
1UIJO.U 40.0 .ooz 2e00 
2800.0 10.0 .020 .OJO .0~(1 -.010 u.oo 

1t:.ou.o 4.0 -.020 .020 .064 -.020 18.00 lb.OO 
1bOO.o 51.0 .020 -.020 .Ob~ -.010 9.00 

~hOO.O 4.0 .020 -.020 13.000 -.020 19.00 184.00 
3Joo.o -1.li -.020 -.020 .~00 -.010 15.00 
31_00. 0 31.0 .020 -.020 .oo~ -.010 13.00 
" .. 
40UO.U , boO -.020 .oJo 15.00() -.020. 18.00 44~.00 
3800.0 ·b.O -.020 .oso 13.000 -·.o1o ?5.00 J'io.oo 
J4UO.O -1.0 .020 -.020 12.000 -.010 8 .• 00 
3.400. 0 24.0 ' • 020 -.020. .ooJ -.010 3.00 

3000.0 lb.O .020 .OJO' 2.;?.000 -.020 2'7. 00 J1o.oo 
J100.0 1le0 -.020 .o4o 7.000 -.001 lo.oo 260.00 
3'/UO.U 24.0 -.020 .oJo 9 .• uou -.010 12.00 340.00 
J5oo.o tt.O .• 020 -.020 1:1.1.100 -.010 }l. 00 
4}00.0 21.0 -.020 .020 • 0'20 -.010 a.oo 



GROUNDWATER QUALITY FOR RETORT 6 WELLS

January-October 1980
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WELL 
Cll 

YH MU UY (MG/ll 

LW11b02 80 

LW0603 KO 

Lwf)604 tiO 

LWU60~ tiO 

J.U 
a 

t!. ct> 
4 c 
'.) 1 
1 11 
B 13 
'I li 

10 t:, 

1 a 
c 26 

.J t!.O 
.. ~ 

16 
5 1 
6 cb 
1 l"f 
l:i lJ 
'J K 

J.(} b 

1 22 
c. cb 
J ~0 

4 2 
1t> 

5 1 
I~ 

t> 2,., 
, J. 7 

JO 
li 1 j 

.i!b 
f.J d 

10 IS 

1 JO 
.2 t!.t> 
.i t!.O 
4 c 

J.~ 

c.Y 
c.Y 
4.':1 
~.5 

~2.0 

1:>.0 
c.J 
c.Y 
1.3 

12.0 
J.b.O 
l!i.ll 
15.0 
.I '1. 0 
n. o 
1 7. u 

·1. 7. 0 
1'1.0 
i'J.O 
20.0 

4~.Q 
4c.u 
32.11 
3t.'.O 
':I~.(J 

1!0. 0 

31.0 
Jl.o 
jt). 0 
zu.u 
Jt>.ll 

.Jil.o 
4f>o0 

'I.~ 

lti.O 
14.0 
1.i.O 

.}4. tl 

~UTE: - INUltAT~S l~S~ fH~N 

H 
'"'lj/L) 

.coo 

.too 

.400 

.sou 

.200 

.Joo 

.Jou 

.400 

.~:>uo 

J.YUO 
4.1.00 
4.400 
4.400 

•'•OO 
4. IOU 
4.100 
3.900 
4.300 
4.400 
4.1:!00 

17.000 
IJ.OOO 
9.100 

11.000 
12.000 

'}.tWO 

7.300 
1.401) 
f>ot>UU 
1.oou 
6.200 
h. IOU 
tlo500 

3S.tJOO 
37.000 
4(.000 
')6.1)00 
46.000 

v 
IM(.;/LJ 

-.050 
-.oso 
-.0:>0 
-.0':>0 
-.o:::.o 
-.u~o 
-.0':>0 
-.osu 
-.0':>0 

-.050 

-.050 

-.o::.o 
-.0':>0 
-.050 
-.o:>o 

-.050 
.oso 

-.050 

-.0::>0 

-.050 

-.0::.11 

-.osu 
-.o:>u 

-.uso 
-.usu 

-.050 

LOGAN "'ASH 
WAlE~ UUAL1TY PAHAME1EH5 

I<EIOi<'f b WELLS 
FUH SAMPLE UAlA SHOWN 

cu 
IMG/LJ 

-.020 
-.Ot!.O 
-.0/!0 
-.020 

.041J 
-.020 
-.020 
-.020 
-.020 

-.1120 
-.Ut!.O 

-.Ut!.U 

.020 

.o~o 

-.uzo 
-.Ot!.U 
-.oc.u 

-.ucu 
oUl:'U 

-.020 
.uuu 
.UJO 

.U?.U 

-.Ot:'U 

-.UcO 
.OJU 

-.ucu 
-.OcU 

• oo·u 
-.-o?.u 

MOLY 
IMG/U 

.ozu 
oU2U 
.010 
.Juo 
.010 
.020 
.010 
.Ot!.() 
.Ot!.O 

.010 

.o1o 

.100 

.040 

.020 

.010 

.030 

.010 

2.000 
1.500 

1 •. , 0 0 
.ooo 

1.700 

t.ooo 

•. , 00 

.suo 
.• UtlO 

.OdO 
-.010 

.100 

Ll 
CMG/LI 

.coo 

.lOU 

.200 

.zoo 

.zoo 

.zoo 

.zoo 

.zoo 

.zoo 

1.zou 
1.C'oo 

1.300 

1.400 

l.cOO 
1.600 
1.100 

'· 300 

.800 

.'100 

1.00(1 

.IJOO 

.roo 

.1:!00 

.700 

.tsoo 

2.J[)O 
c.lDo 

ZN 
(MG/L) 

-.UC'O 
-.020 

.!140 

.OJO 

.uJo 
-.010 
-.1120 
-.020 
-.020 

-.020 
.020 

.030 

.ooo 

.OJO 

.010 
-.Ot!.O 
-.020 
-.020 

-.020 
.040 

.030 

-.010 

-.020 

.030 

.020 

.030 

.ooo 

.uJo 

AL 
'CMG/U 

-.1JO 
-. 1 ·J 0 

• 1 •JO 
-. 1•J 0 
-.100 
-.1110 
-.1110 
-.1uo 
-.110 

.100 

.200 

-.1l'O 

-. 1l· 0 

-.Ho 
-.1li0 
-.100 
-.lliO 

-.100 
.100 

-.100 

-.1uu 

-.11.10 

-.100 

-.100 
-.100 

-.100 
.100 

-.1vu 

HA 
CMG/LI 

-.500 
-.500 
-.500 
-.500 
-.~00 

-.soo 
-.sou 
-.500 
-.500 

.soo 
-.soo 

-.500 

-.sou 
-.o;oo 
-.500 
-.500 

1.000 
.:;oo 

-.soo 

1.200 

-.500 

-.':>00 
-.500 

1.000 
l.lOO 

1.000 

SR 
CMG/LI 

.30 

.20 

.20 

.40 
-.10 
-.o;o 

.90 
-.50 
-.so 

1.70 
1.50 

.oo 
1.20 

2.1:10 

2.1:10 
2.10 
1;20 
2.20 

13.00 
12.00 

10.00 

11.00 

s. 70 
12.00 

NH3 
IMu/LI 

.06 

.05 
-.04 
-.04 
-.04 

.10 
-.04 

.10 
-.04 

3.10 
4.00 
3.20 

12.00· 
3.1:!0 
3.oo 
4.10 
3.90 
J.oo 
J.YO 
3.30 

12.00 
12.00 
u.oo 
12.00 
1. 60 

11.00 

8.'10 
7.00 
7.1:10 
6.00 
6.10 
5.30 
6.30 

b.50 1900.00 
s.oo 25.00. 

21:10.00 
3.oo 2Jo.oo 

no.oo 



"E.Ll 
CA 

tW HO OY ~~~/ll 

~ 

C Hli/LI 

L"u&u:; uu '> 
b ~b 

I 11 
JU 

tt lJ 
~, 

'I It 

10 1~ 

l"0606 HO H 13 
'I d 

10 1~ 

Lw0&07 so J 
l~ 

tt 1J 

LW0608 80 4 ·2 
9 114 

LWU6111 bO 

N 
U"· 
0 

LWU611 80 

2 t!b 
j t!U 
.. 2 

16 
'j 1 

1~ 

6 1l 
., 17 
tt I 3 
9 d 

Ill 1:; 

l ~ 
lb 

b 1l 
I 11 

bl.O 
rl.l 

15.0 
6.9 
f>.4 

12.0 
1o.u 
9.3 

170.0 
au11.o 
21ii.O 

J.O 
~.J 

~7.0 

41.0 

b '· 0 

,.., .OliO 

6~.11uo 
6'1.01111 
11.01111 
68.000 
..,7.000 
1,4.000 
40.000 

2t,.UOU 
27.000 
l~.oou 

.roll 
oYOO 

14.0110 

9.9110 

5.600 

_,~.o 411.ooo 
11.0 40;.ouu 
8.2 43.0110 

11.11 J'I.OOO 
61.0 4d.OOO 

tt.7 37.0110 
11.0 4bo00U 
14.0 41.000 
4.8 45.11011 
n.K so.oo11 
-~.3 ~1.0011 

11.0. 3'1.000 
IJ.o <!6.uuu 
16.0 l8.00U 
lt>.O 2~.000 

NUTF.: - INIHCAH.S LI::'>S Hlt.N 

-.0'>11 

-.0~11 

--.o~u 

-.o~o 

-.0'>0 

-.oso 
-.o~u 

-.0':>11 

--.100 
-.0':>11 
-.o:,u 

-•0'>11 

-.0':>0 

-.o~u-

-.u:iu 

-.o~u 

-.o!:iu 
-.o:::>o 
-.050 
-.o~o 

-.u~ll· 

-.0':>0 
-.o~u 

-.u~o 
-.O~ll 

li~.GAN WASH 
wArE.w ~UAL11Y PAHAHE.TlRS 

RETOtH 6 wt::LLS 
~0~ SAMPLt:: DATA 5HO~N 

c.;u 
lHu/LI 

.IIlii 

-.Ulll 

-.0(!0 
-.1120 

oUlO 
o040 
.11&0 

-.uzo 
-.OlO 
-.ozu 

-.020 

oUlO 

-.Ot!ll 

-.020 

.040 

.U.,II 

.030 
-.0(!11 
-.OlO 

0 0311' 

-.U(!U 
.1.00 
oUJU 
.UJO 

MOL'i' 
CMt;/LI 

-.010 

o020 

.uJII 

.2110 

.300 

3.100 
1.soo 
•• 0011· 

.300 

.uso 
2.700 

1.200 

1·2110 

oJOU 

.zoo 

.too 

.~oo 

-~00 
.lOU 
.400 
.400 

.200 
1.100 
1.000 
loOOU 

Ll 
CHu/LI 

1.600 

t.luo 

loJOO 

t.Iou 
1.200 

1o700· 
1.ooo 
1.400 

.300 

.Jou 

.7oo 

.400 

.bOO 

.400 

.600 

.500 

.600 

.;oo 
of>OO 
.bOO 
odUU 

.sou 

.700 

.601) 

.600 

Zl'l 
IHGlll 

.030 

-. Oc:O 

-.020 
-.ozo 

.. 0£0 
-,. 020 

.• 030 

-.ozo 
-.o~o 

-.020 

• 0.;:'0 

-.uco 

.osu 

.oro 

.0'10 

.ozu· 
• 030 

-.Ci?.O 
• (•]0 

.0/0 

.060 

.i(!O 

.120 

-. IL-0 

-.1l•O 

-. hiO 

- • l!IO 
-.teo 

-.l!iJO 
-. ~·JIJ 
-. )'J I) 

-.I·J D 
.1JI) 

-.1ao 

-.IUO 

-.:oo 

-.LIIO 

-.LUO 

.1100 
-.HO 
-.100 
- .] 110 
- • .1 00 

-.JOO 
- .. 100 
-,.loO 
-.100 

l:iA 
CMG/LI 

SR 
CHG/LI 

-.soo 2.5o 

-.500 2.10 
-.sou J.oo 

-.500 
-.5oo 
-.sou 

-.soo 
-.500 
-.!jOO 

-.sou 

-.soo· 

1.600 

.soo 

1.800 

-.suo 
-.sou 
-.soo 
-.soo 
-.sou 

1.1100 
-.;oo 
-.suo 
-.soo 

5.60 
5.50 

10.00 

.40 

.40 
2.30 

J.oo 

.so 

1.10 

.30 

-.so 
.so 

1.20 
-.so 

.so 

.40 

.40 

.so 

.so 

NHJ 
CMG/LI 

240.00 
200.00 
160.00 
170.00 
so.oo 

150.00 
100.00 
50.00 

6.30 
9.00 
3.60 

1.-so 
I.oo 
4.80 

so.oo 

9.60 

3.50 
.o; 

1.40 
3.30 
4.00 
-.04 
5.80 
4.60 
4.60 
3.oo 
9.20 

6.00 
2.111 
3.70 
3.10 



LOu AN OIA5H 
WAltH •lUAU TY PARAMt::Tt::HS 

RETORT 6 Wt.LLS 
FOH SAMt>LE. I>AfA SHOWN 

t:[Clll TOTAL ' ' 

t:IIL If. COLIF ~ N RADIUM 
COLONY COLONY -KJE.Lo. SQ.J Ft: MG lOC ALPHA ijl:: TA C26 SR90 AG TUI·HI 

.LOC YH HI) l>Y /100 >1L /100 l'fL I·Hu/U IHG/Ll IMG/Ll IHii/Ll IM6/LI IPC1/11 IPCI/1 I IPCI/11 IPCI/1 I IMG/ll NTU 
---------- ------- ------ ------ ------ ------ ------ ------- ------- ------- ------- ------LW0602 ~0 10 .. -1.0 -1.00 -1.00 .<tOO .'i 11.0 23.00 .b2 -.010 26.0 
22 .oo· .OliO 1.o 1o.oo 14.0 

2 co 1.10 .030 1.4 13.00 26.00 2.90 1~60 14.0 
4 2 .tto .030 1.~ 41.0 s 1 .so .•J20 tt.o . 311. 0 
1 11 .oo -.020 1.5 15.0 
8 1J .10 -.020 .tt 1'4.0 
9 ·a .. ,0 .oso 1. 3 16.0 10 1~ -.10 . .-.020 .5 20.0 

LwOoOJ ao 1 2l. .oo .zoo 100.0 1.50 17.0 
2 26. o.1o .1oo 13.0 s.oo 11.00 3.'7o 42.0 
j 20 :t.9u .oou 10.0 
4 2 12.00 .080 12.0 140.0 

I\) 16 :;,.10 .uoo lJ~O 
U'1 5 1 5.JO -.020 28.0 33.0 ...... 6 t!b· ·5. io .• 000 19.0 

7 J1 ... 10 -.020 21.0 170.0 
ij 1J 4.20 ..:.ozo 20.0 120.0 
'I IJ s.Jo .uso 21.0 -.s '16.0 

10 IS ... ~o .uzo l'ii.O 150.0 

LW0604 80 1 Zl. .ou t.suo 6J.u 24.00 ltt.OO .75 40.0. 
'l 26 l.o.OO .400 11.0 6.00 .40 23.0 
] 1.0 u.ou .oou 41.0 
4 2 22.00 .oau 49.0 ~o.o 

16 1ts.uu· .ooo 70.0 
-; 1 ·z~:~.oo .1 00 ~:t.o 33.0 

15 .oo .ooo .o 
(> l.f> 10.00 .oou S<t.O 

.7 11 ·'I· ISO eUl.ll 47.0 45.0 
JO lu.·oo .uoo !:»1.0 

IJ lJ 7.110 -.-ozo ~u.o 32.0 
t!b 12.00 .ouu !)4.0 

'I 1:1 ts-1 u .u~o ~1.0 -. ~; 23.0 
10 1~ 11.00 .020 tJ'j.O 14.0 

L"'OtJIJ5 HO JO l.ouo.uu • U TO ::.6.0 1.1. 00 29.00 1.1:10 

NOTt: - IIIIUlt:ATtS Lt:~' fHtrt 



LUGAr4 WASH 
wAlE~ QUI\Ll T Y f'A .. AME ft:.RS 

~t::rUIH b WlLLS 
f UH ~AMPLt:: OATA 5HO'o!IN 

FI:.C4L TOTAL 
C•JL IF. COLH. N HAOIUM 
CULO•lY COLONY KJELlJo SUJ n. MG TOC ALPHA l:lt.TA 226 SR90 AG TUf{~ 

LOC y~ MO t)'f /100 'IL /100 ML IMI>/LI IMG/U IMt,/LI IMb/Ll IMG/ll lf.'Cl/ll IPCI/ll lf'Cl/ll IPCI/ll CMG/Ll NTU ------- ------- ------ ------ ------- ------- ------- ------- -------
liiUf>O!:i HO c ct> Jlu.ou .too 4M,O 2~0.0 .o 

J 211 2tiO.OO JJ.O .o .. 2 cdO.OO .coo .Jf.O 22.0 
lt> 2riO.OIJ ~1.0 .o 

~ 1 .uu.ou .020 44.0 24.0 
6 ?.t> 200.00 32.0 .o ., 1T 2uu.ou .090 30.0 32.0 

30 ltiO.OO c~.o .o 
~ D 'oiUoOII .020 23.0 18.0 

l-6 l~u.ou JJ.o .o 
'I 0 lcu.uo .Jou JO.U 17 .o 

I U ·~ bc.UO .osu 23.0 17.0 

LWU601J 8() tl l.i 9.cu .o .. o 1oo.o 98.0 
'l "' lb,OU ;.0130 2'+0.0 J7.o 

Ill 1~ 1S,OO ,040 2'+0,0 92.0 

LwUb01 1:10 [· J -1.0 -1.00 1o60 • u 30 2.0 9.0 21.ou 38.00 o26 -.010 15.0 
u .• 00 .• 4oo 3.1 .. s.oo BJ.OO .so 36.0 

H lJ loi.\0 ,U?.O ~o.o 300.0 

LIIIObOtl !10' ... t!. b':lollU .070 49.0 76.0 7&. 0 

<J 1d 

1::>o0ll .ur.u ~1.0 29.0 

LWUE-10 1:10 t!. 2t> 1 (. ou .ooo 12.0 8,30 23.00 l.Jo 6.1() .uoo 150.0 
:~ 20 7.00 .Job .ooo .o 
4 2 Co till .':IOU J,S .ooo 23.0 

1\; 1b c.u.oo l:lo':l .ooo .• 0 
U'· '> 1 1 7 o II 0 .300 14.0 .ooo 71.0 
1'\) 15 l.J.IIO 4,5 ·.ooo .u 

t> 12 2o.uu • .;oo 4.2 .ooo 40.0 
7 If 2Uollll .Joo 4 •. , .oou 1':>o0 
K 1J 1b.UO ,JOU J.'ol .uuu 1oo.o 
'I 1:1 t!.UoUII ,t>OO ... 6 .oou 14.0 

11) b 21.00 • u 30 4,i) .0011 12.0 

NOTt:: - (NIJICA rt.S Lt"S-, H•t:N 



n•LL 
o•LL 
o·~e 

6 •·Ofl 

naN 
IUIOJ 

------ (1/9W) 
9V 

ot•z 

------- ll/lld) 
O(,lfS 

t,~c;• oo·~r oo•;n 

--------------------- lt/lld) ll/lld) ll II ltt) 
~2?. VHH VHd1V 

WOIOVH 

~·- 9 • ., 
r•r 
r·~ 

------------ l1/9W) (l/<)11!1) 

:lOl ~w 

OOQ• 
noR• 
oot• 
ooc;• 

11/'lW) (1/')W) 

l.::l roc; 

N~OHS VIVO 31dWV~ HOA 
S11:111 9 JHOB~! 

S~3J3HVHVd ~Jl1Vn~ ~~J~~ 

HS VII NV~lCll 

nq•., 
I)Q•t, 

no•o1 
oo•q., 

------· 11/HH) 
• OT=lr)l. 

N 

IT 
?.T Q 

G 7 OR 11901&1 

-------------- 11H Olll/ 1W Ullf/ AO ow HA :>01 
ANfllOJ "'"'010:') 
•. :II 10:1 •:~t1n~ 

1VJOI 10::1'71.:1 



LflljAN WASH 
WAft::!< UUIILI f l' PA~AMETEHS 

rltlUIH 6 wELLS 
I' UH ~AMPLE OAIA SHOWN 

TOTAL 
S?.OJ Hu 51:: 504 CL F NOJ 51 NA r( AS SULFUR 

LOC y~ MU lJY lt•W/LI I MG/LI (MG/LI I t·H>/L I I MG/ Ll IMu/LI IMG/LI I._.GIU IHG/U (M(;/U (Hb/LI IMG/U ------ ------ ------. ------ ------ ------ ------
LWOf>Ol HO Ill -1.lJIJ -.01.0 -. 02L• 710.00 ~c.OO 1o40 a.uo <~.:J 430.0 3.10 -.020 

a 1C::o.oo 52.00 1.oo -.10 370.0 4.20 -.020 
2 26 -1.00 -.020 . -. 02ll. 400.00 42.00 1e10 -.10 400.0 4.10 -.020 
4 2 -.OH• 410.00 c;~.oo 1.40 "14.00 410.0 3.b0 -.020 
~ 1 -. 0 ltl .. oo.oo 6~.00 1.oo 12.00 370.0 3.20 -.020 
1 11 -. 0 ll• 400.00 3o.oo • "10 14.00 370.0 3.20 -.020 
H :13 • 00(1 

' 
J'ilo.oo 43.00 .} • 20 12.00 JliO.O 2.20 .:..020 

4 lj .o11.1 40n·.oo 41.00 2.00 17 .oo Joo.o 2.10 -.020 
10 1S .01ll Jtso.oo s1.oo 1.1o .14.00 400.0 1.oo .020 

L•D603 liO 1 22 470.00 t~o.oo 3.40 -.10 bOO.O 9.20 -.020 
l 2o -1.00 -.020 -.oco 4SU.OO 76.00 3.70 -:.10 bSu.o 8.50 .030 
j ~o 110.00 J.~o 3o.oo 670,0 7.90 -.020 
4 2 -.011.1 400. (}0 110.00 .3.~0 ~to.uo 670.0 6.70 -.020 

16 130.00 3.50 7.50 5~0.0 c;.oo -.020 
1\) ~ 1 -. u·11t 540.u0 Jbo.oo 5.00 14.00 660.0 1.30 .• 040 
(j; , 26 64.00 4.20 tt. 70 610.0 7.50 -.o2o 
.p. 1 11 -.011 olo.oo 66.00 2.11u 14 .• 00 640.0 8.10 -.020 

8 lJ &20.00 "ll. 00 3.10 a.uo biO.o 5.80 -.020 
':1 13 .u2o t.2o.oo 70.00 4.00 1.1t0 600.0 .S.ItO -.020 

lfl lS .u2u 51>0.00 7.J.OO 5.10 12.00 b<JO.O 3.60 .030 

UIU604 1!0 2l 940.00 <J::t.oo o;,.tso 170.00 1100 .o 12.00 .o8u 
i! 26. I. 10 -.020 -. 02•) ~<Jo .• uu 120.00 7.00 l7o.ou llOO .0 11.00 .• 020 
3 20 110.00 5.)0 30.00 .890 .o• 7.90 .otto 
4 2 -.IJ1L 1:100.00 10fl.OO 5.90 28.00 !14 u. II' 9.50 .• 050 

1b .11-u.oo .6.~0 34.00 900.0> 8.50 .040 
5 1 -.01:1 1:1-10'. 0 0 12llo0U . 6.';;0 J'I.OO nu.Uo . ,;. 00 .020 

lS 
h 2'> sc.oo 5.60 11.00 b40.0o ·8.20 -.020 ., 11 .~.Ol!J 1"10·. 00 '>1.011 J.40 1 t. 00. bt'O.O 13.10 :-.020 

Jo 4~.ou J.~u 9.60 620. () 5.b0 .• 020 
8 I J ·,:;v. uu :,].01) 4.10 ~~.~o 600.0 6.20 -.020 

2o ltJ.OU 2.10 ·ti.IO 5'IO.u 7.10 -.o2o 
9 1:1 .ozu 690.011 41.00 4.ou 1~.uo ';;.JO.O 5.40 -.020 

10 1':> .020 6~0.110 40.00 J.tso tl.10 !)I:JU,O 4.00 .020 

LW060~ 80 Jo '+20.011 J~o.ou P.oo 1tso.ou l<J.o 1HOO,O 120.00 .020 
~ ~b -.020 420. 01). :i:>O.OU l.J.OO 62.00 tsoo.u 9.30 .020 

NOTE: - INIIICAft:~ u:s~ lHEI~ 



r 

LOu Alii "ASH 
wAri:.H OUAL1TY ~A~AME rt:.kS 

•~1:. Tow r 6 Wt:::LLS 
fOH ~At-11-'Lt:: IJAlA SHOWN 

TOTAL 
S2tU t1G st: :;o~ C.:L f NO..i Sl .NA K AS .SULfUR 

LOC YR MO UY CMt..i/LI CMt..i/U CMIJ/LI CM(;/LI CI1G/LI . CMt..i/U CM\.7/LI U46/Ll CMG/LI CMt..i/LI CHb/Ll JHG/LI ------ ------ ------ --------. ------ ------ ------LWIJ605 MO 3 2U .4 111. oo 1t;.oo ltW. 00 1400.!1 70.00 .020 
-4 2 -.1110 . 2JO.OO· ~oo.oo £0.00 ho.oo 1500.) d6.00 .020. 

1b ~1o.oo 1,.00 '>16.00 1 JOil. •J 68.00. • 020· 
!:> 1 .o~o 3Su.oo 440.00 u.oo Ico.oo 12110.•) 60.00 .020 , 21> J"lo.oo ~1.00 n.ou 1400.11 f5.00· .020 
7 17 -.010 340.00 310.110 J4·.oo 300.00 14011.0 73.00 .020 

30 3~0.011 Jt!.OO 21.00 1300.0 ~3.00 .030 
8 lJ 420.110 Jno.ull 31.00 32.00 12011.0· •1.00 .030 

lb 310.011 1~.oo 2tt.OO IJou.e lt9.00 .1130 
q " .0211 4~0.00 J.JO.OII 24.00 2!!.00 1300.0 J7.00 .OJO 

10 1~ .OJO SHO.IIU· c~u.oo l'hOO 16.00 91:10.9 17.00 .zoo 
LWIJ606 BO H 13 bUOOoOO 1300.00 J.uo 31.00 21:100.(• B3.00 ·.020 

~ B .060 s~oo. 1111 1JUO.OO. 4 .. 00 36.00 3100.(1 tt3.oo .020 
)0 b .OI:iU t>Ooo .• oo 1200.00 4.40 24.00 3400.(• 64.00· .040 

Lt~~IJt>07 liO J -1.00 -.o?.o -.u20 s~o.oo S"T.OO 1.10 -.10 Io.o 46.0.Ci· 4.60 -.ozo 
22 420.00 b4.00 1.10 -.10 4l'O.U 6.50 .02.0 

"' l..i 24liO.IJO 100.0\) 2.~0 -.so 1SOO.O 28.00 -.020 

LWOt,Ot! HO ~ 2 -.u10 810.00 140.00 6.70 3~0.00 6b0.0 4B.OO .oao 
q lb 

.u211 1200.00 S!:l.UO 7.t>O. JJO.OO 4b0o0 1"10.00 -.020 

LW0610 HO 2 21) 4.,. Ill) -.020 -.020 J1.UO .3~11.00 Js.oo 2bO.OO 4200.CJl 24.00 •. 080 
3 C'O .j·:lu. uo Jt>.OO ~Hu.oo 32UO.O• 15.00 .150 
4· 2 .uJo -5.00 JHIJ. UU 41.00 J4u.uo 3600. II• 4~ 0 QO o?OO 

r\_: 1b 4411.110 ..i'>I.UO 400.00 Jcoo.o 14.00 .200. 
;,;: s 1 -.111 it -s.oo 4~0.00 4 .t. 00 Jfo.oo .JJIIO.O 16.00 .100 
!.11 IS lJu.11u .!;0 400.011 .?ttoo.o 20.00 .100 

f> 12 .u~u -~.oo r.~u.oo 4H,.oo 4110.00 '•IOO.O 1':1.00 .100 
7 l 1 -.010 -s.uu -~·:;o. o o :>4.00 !;,40.00 .l~uo.o a.oo .100 

" 13 -s.11o J~o.oo 41),00 640.00 .j4UU.O 17 .oo .• I oo 
9 tl .-.ttl 0 -';).011 3!10.00 

j '· 00 ~co.oo 3900.0 lH.DO .100 
10 IS -.010 -!>.IJO 40U.UU Jf).OO 6HO.OO 2'100.0 13.00 .100 

LliiDftll 130 l' ~. 

2t> ~I .oo -.020 -.021) t!o.oo ~"10.00 Jf,.OO biJO.UO 3400.0 16.00 .coo 

NOTE: - INOICATI:S Lt'~ ss THEN 



5~0.3 HG 
!-OC YR MO UY IMG/LJ (M(;/Ll 
---- -- -- -- ------ ------

LWU!>ll 80 6 12 ., 17 

NOT[: - JNOJCATES LES~ THE~ 

!"\_. 

;J": 

0' 

St: 
(Mu/LI 
------

.040 
-.010 
-.010 

UJ!;;AN IWA~H 

WATt~ YUALITY PA~AMtftWS 
Ht.f0t(( f> Wt:LLS 

fOil !)AMPU:: UATA ~HUWN 

504 CL F N03 
(M(;/Ll I r'lbl :..1 IH6/LI IM(;/Ll 
------ ------ ------ ------

tt40.UU no. ou 2b.UO 2<t.OO 
6'10.00 .,.:,o .. oo Jo.oo 2tsO.Ou 
.b.,O.UU c~o-.ou Jo.uo ldO.OO 

TOTAL 
Sl NA K AS SULFUR 

IMG/LI (Ml:>/Ll IMG/Ll IMG/Ll IH(;/Ll 
------ ·------ ------ ------ ------

l':~OO.U 9.70 .030 
2lOO.u 14.00 .070 
2100.0 14.00 .070 



LOGAN 1114511 
WAlt:~ QUALI TV =>AHAMETE.RS 

HETOHT 6 oiELLS 
fOR SAMPLE I>ATA SHOWN 

TOIAL 
TOT ALK HC03 C03 SUSPt.NO CHi:.M 02 OIL AND 

U4t>IL (MG/L (MG/L lOS SOL! OS TUHHIOlTY OEMANO PHEN tl005 GREASE DOC 
LOC YR t-10 UY CACUJI CACOJI CAC031 (Mu/LI IMu/U NTU IMG/LI (Ml>/LI (MG/U ( Mu/LI IMG/LI ------- ------ ------ ------- --------- ------- ------ ------ ------- ------

UW60i! ~0 10 420.0 260.0 1oo.o 12011.0 ~.o 26.0 2.0 -.001 25.00 23.00 3.00 
22 400.0 250.0 150.0 lloo.o Jo.o 14.0 13.0 -.001 21.00 1.00 

2 26 3-fO.O 21 o .• 0 1tlo.o 1100.0 5.0 14.0 11:!.0 -.001 19.00 2o00 12.00 
4 2 420.0 230.0 1':10.11 1100.0 42.0 41.0 19.0 .-.001 10.00 1b.OO 
:; 1 430.0 260.0 170.0 1000.0 51.0 38.0 54.0 .OOtl 4.00 
7 1 7 400.0 i!40o0 16o.o 1100.0 22.0 15.0 4~0 -.001 6.00 6.00 
tl 13 440.0 260.0 180.0 1100.0 t:.o 14.0 20.0 .oJo 9.00 
'J fl 420.0 250.0 110.11 1100.0 30.0 16o0 12.0 -.001 11.00 

10 15 400.0 200.1.1 coo.o 11oo.o 17.0 co.o -1.0 .ool 3.00 44.00 

LW0603 80 1 i!2 1110.0 730.0 tiO.o 11:100.0 s.o 17 .o 'fc.o .009 1.oo 3.oo 
2 26 9110.0 7~0.0 110.0 l\100.0 37.0 42.0 100.0 .004 1.00 1.00 36.00 
3 co ~70.0 &so.o 120.0 -.oo1 46.00 
4 2 950.0 t150.0 100.0 1~oo.o 140.0 140o0 1£0.0 -.001 7.00 36.00 

1b 9'JO.O t150.0 140.0 .oos 46.00 
1\) 5 1 uoo.o 9'10.0 94.0 2100.0 90.0 33.0 'J2o0 .010 14.00 
U1 6 £6 'f90.0 tl'fO.u 100.0 .004 110.00 ....., 

7 l7 940.0 tl60o0 tiO.O cooo.o 350.0 170.0 tltloO .004 -1.00 23.00 
tl 13 9So.o 890.0 bO.O 1901.1.0 6JO.O 120.0 bO.O .009 15.00 
9 tl '1~0.0 !:180.0 66.0 2000.0 360.0 96.0 96.0 .009 10.00 

10 15 tl'IO.O !:170.0 u.o 1'100.0 b10.0 150.0 1!:10.0 .010 2.00 49.00 

LW0604 t!O 1 u noo.o 1600.0 100.0 3700.0 12.0 40.0 21:!0.0 .oo7 1.oo 13.00 
2 26 1'+00.0 1300.0 1oo.o 3100.0 11:!.0 t:>3.o 250.0 .004 650.00 16.00 76.00 
J co 1300.0 1100.0 150.0 -.oo1 84.00 
4 2 l4tJO.O 1200.0 170.0 2900.0 59.0 50.0 100.0 -.001 10.00 81.00 

16 1soo.o l400oO 1oo.o .007 93.00 
5 1 1400.0 12011.0 200.0 2bOU.O 100.0 JJ.O 250.0 .010 6.00 

15 .ooo , 21> 900.0 tHO.O ·~2. 0 .oo1 110.00 
I 1 7 910.0 tuo.o 76.0 2100.0 6?..0 45.0 1oo.o -.001 ~1:!.00 2!:1.00 

30 tHIO.O tl20.o ~6.11 -.001 32.00 
tl 13 ~bO.O d'IO.o btl.v 21 vo. v 120.0 J2.0 120.0 -.oo1 14.00 

2b 910.0 ti'+V.O .,4. 0 -.001 2'l.OO 
'J H '100.0 !:170.0 32.0 2000.0 31.0 23.0 1'i.O .004 tloOO 

10 15 li'+l) .o 81 o·. o t:fi.O l'fOO.O 7.0 1 ... o 74.0 .004 2.00 48.00 

LWObOS 80 31J ssoo.o 2300.0 J200.IJ :,zoo.o 12•.1. 0 3.400 110.00 330.00 

NOrE: - 1NDJ.CAlt.S u: ss TH£11 



N31H ss:n S~111::>H1NI -:310N 

00"016 oo•r c;oo· o•oovr 0·" ?.l 0 • J. f . o·o·onot 0"091'1 o•nooL O"OOf.L c;t or 
oo•s1 roo•-o•ooor. O"i>l 0 • .,., . ll"OOOIT O"Qh o • 0 II. o•nta R F. 
00"21 900". o•oosr. o•ont o·?.~ c·ooorr 0"07.f> O"OO?.L o•ootR f. I . fl 

oo•ora 00"91 roo·-O"OOJ.f o•c;r O"l'lf r•oo!ltr O"OO?T 0"0099 o•onAL ll L 
oo•or ?.to• o•oo?r .o•o., o•rr r•ooon o•oorr o•oov9 0 • OOL/ 21 9 

oo•ova no• 210" 0"07.f. n ··ooot O"OOf>l c;t 
oo•at 020" o•ooot' 0 .,,_ 0"002 ("OOOIT n·on n•noR9 o•oot-4 . ' c; 

00.~0001 600" O"OOl o•ooTL O"OORJ. 91 
oo•oorr oo•rr roo•-o•orv ("£7 O"tll f:I"OOOOT O"OOIH o•ooRc:; O"OOH9. ?. ., oo•oorr roo·-o·o~« n•oo;,s· 0"0094 o;.o. f 
00"0021 00"12 OO"OH soo• o•oor.r n•oc;r o•onc; I"OOIJTI o·oor•r o·oopc; n•.onA9 97 7. ·op ot<Hun 

oo•1 too•-O"O?T (1"00E7. 0"9F. n•n.,l o•ovc 

R( f.. 
00"022 00"2 roo•-o•ov2 0"9L O"SL 1"00<;?. ·o • ooz o•oac; 0 • ORJ 2 .. OR aoctmn 

oo•s oro· o•oc;2 o). oor o•oor•r n•ooLv O"OPI o•ovr O"OC?f· fl R 
oo• oo•or. oo•r. 600" o•o?. ., • 9r. 0"9S n•oorr o•ov1 n•orz O"OL£ ??. 
00"9 oo•c OO"L£ 062" o•r2 !)•<;[ o•st ·o•oort O"OR[ o·or~ 0".06£ f 09 L090"1 

oo•nvt oo•s 020" o•oor 0"26 o•o2r o•ooo rr · o•ov1 o•ort o•ot?· c;r or 
oo•v 020" o•oov o•tr o•c;a o~~•ooon 0"092 o•rv o•oor R f, 
oo•o2 oro• o•o9r. O"R6 o•o9v .o•ofl.OII o•orr o•r-o•orr. fl R :09 9090111 

oo·ot.r 00"2 oto• o•o9r. oO•tr o•v.£ o•oo"?. 0 • Of\.-t, o·ooor o•ooc;r c;r or 
oo•rr oov• O"ORv ·o ·u O"M: o•ooov o•ooc;r o•oon O"OO<JZ R 6 

oo•osr Otv• O"Of>~ o•ooo2 0"0(lQ(1 9? , oo•zr. 006" o•o.,9 O"Al 0 • I. v n•norv O"Ot.6 0"007.2 o·ootr fT R . .n 
00"061 OPO" 0"00191 o•oovr· o•ooor Of. t\1 

00"61 o•oaa 0"7.£ o•Ac; o•nor., 0 • Ofl<Cit o•ooc;r o•ootr Ll L 
00"092 009"1 O"Ofi?.T O"OOf.l o•oorr 47. Q 

oo·z oor•z o•oc:;L o•v;> n•vz o•oozv o•oorr n•oor2 0"009f I c; 
OO"Of.>T oos•2 o•ooR 0"0067. o·ooLr 91 
00"f1L 00"9 noo•c; o•nv2 0"?.2 o•av O"OOQlJ n•oon O"OOR2 o•ooov 2 .. 00"0£2 oov•r 0"007.1 o•ooa O"OOM' 02 1:,: 
00"022 00"9 oo9•s o•nor n•oo.,., o • or rr o•oov2 o•ooc;r '92 'l 09 S090M1 
----------------------·-------------------------------------------------- 11/9Wl C1/9Hl C1/9HI 11/!)t;) Cl/!'nof, OJN Ill'> .. ) ll/9Hl 1((1:)'1::> lfO::>II::> lfO::>IIJ A(l ·ow ~A :'101 

:)00 3SI13~9 soo~ N]H<! ONifW30 All 0 HH1rt 1 SOJlO<; SOl ·1/91~) 1/'lWl 1/~IHI 
ON \I 110 20 W1H:) o~qr~snc; fO:) f.O:>H )11\1 H•! 

1\1101 

NIIOHS Vl\10 ·nc~wv·;· 1:10:1 
511314 Q lHOJ :Jt:t 

SI:I313Wl1Hif<l A1111f05 1:131\1" 
HSitlll NV~Ol 



TOT All< HCOJ COJ 
CMu/L CMGIL CMG/L 

LOC YR MO DY . · CAC031 ·cACI)J) CACOJI 
--· .. -- -- -· -------. ------ ------' . 

. ''-

LWI;)611 HO 2 5 
2f> 1oooo.o 9000.0 1000.0 

6 12 2200.0 1600.0. .600.0 
7 17 "31:lOO.O 3200.0 6dO.O 

3900.0 J~oo.o 6dO.O 

NOTE:: - INIJICATt.S LESS THEN 

LOGAN i'IASH 
WATtR QUALifY PAHAMtTERS 

Rt=:TOHT b WE.LLS 
FOR SAMPLE OATA ~HOwN 

TOTAL 
SUSPtNU 

lOS SOL IUS TURHIDl TY 
CMG/LJ IHG/LI NIU 
------ . ------- ---------

'J200.0 lt'JOO.O 40.0 
sooo.o ~~o.o 1:!6.0 
b400.0 l!>O.O 71.0 
6400.0 1~0.0 77.0 

CHEM 02 
DEMAND 
CMG/LI 
-------

3300.0 
2!)0.0 

2200.0 
2200.0 

OIL ANU 
PHEN. tWOS G~EASE DOC 

IMG/LI . CMG/LI CMG/Ll CMG/LI ------ ------ ------- ------
.010 1300.00 H.OO 1600.00 
.oos 19.00 

-.001 1.00 ~tzo.oo· 
-.001 1.00 420.00 



SURFACEWATER QUALITY FOR STREAMS

January-October 1980

j
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WELL 
CA 

YR "0 OY 1MG/Ll 

lwsoot Ho ~ ~ 
'b 1 'I 

LWS002 HO l 20 
J 21 
~ H 
b J 
8 6 
'J 4 

10 r. 

LWSOOJ HO 1 9 
.2 7 

J b 

4 10 
1\1 5 M 
0' b j 
... 7 3 

li 6 
~ 4 

10 /!. 

LI(SOO 4 tiO J b 
4 10 
~ d 

6 3 
7 j 

ti , 
'J 4 

10 c 

LWSOUS 1:10 4 cJ 
10 16 

LWS006 -HO 1 23 

10 16 

LWS007 HO lb 
4 c3 
., <!J 

10 '16 

'11.0 
J~o.o 

·4'{ .o 
200.0 
JJo.o 
120.0 
170.0 
11:10.0 
220.0 

6'1.0 
66,;0 
Tti.O 

110 .o 
<J<J.o 
~5.0 
65.0 
74.0 
79.0 
tlfl.O 

1-+0.ll 
170.0 
l'>o.o 
lco.o. 
110.0 
130.0 

SA.u 
tit:I.O 

1Ju.o 
240.0 

bS.o. 
110.0 

H1.u 
11o.o 

NOTt:· - lNOI~ATt~ LESS fHEN 

H 
CMG/U 

-.100 
.zoo 

.zoo 

.200 

.200 

.400 

... oo 

.400 

.400 

.400 

.lOU 

.coo 
~cOO 
.lOU 

-.lou 
.coo 
.200 
.cOO 
.JUU 

... uo 

.Joo 

.400 

... uo 

.~oo 

.·400 

.sou 

.::,oo 

.200 
-.100 

.too 

.too 
.-.lou 

.200 
-.too 

.c::uu 

.200 

v 
(M(:i'/L). 

-.050 

-.050 
-.oso 
-.oso 
-.050 
-.osu 
'-~0!:>0 
-.oso 

-.oso 
-.o~o 
-.050 
-.o~o 

-.o~o 

-.oso 
-.0'::>0 
-.050 
-.050' 
-.oso 

-.oso 
-.050 
-.Ot>O 
-.o':>O 
-.0'::>0 
-.0!:>0 
-.oso 
-.oso 

-.o~o 

-.oso 

-.o~o 

-.050 
-.o~o 

-.O':JO 
-.osu 
-.o~o 

-.o~o 

l06AIII wASH 
WATE~ ~UALlff ~AHAHETERS 

ST~UMS 

FO~ SAM~Lt UATA SHOWN 

t;lJ 
CMG/Ll 

.osu 

-.020 
-.010 

oO<!U 
.o9u 

-.020 
.020 
.030 

-. 0·.20 
-. 020· 

.020 
-.u2o 
-.020 

.060 
-.uco 
-.OcO 

.020 

.OJ_U 

-.02.0 
-.010 

.oco 
• ObO · 

-.020 
•• 020 
-.020 
-.Uc.'O 

.020 
-.OcU 

-.020 
-.020 
-.020 

-.oco 
- -.020 

-.Oc.'U 
-.oc::o 

MOLY 
CMG/U 
---~--

.030 

.010 

.050 

.-050 

.too 

.100 
-.:.1 00 
.oro 

.u3o 

.uJo 
oOJO 
.030 
.oJ·o. 
.050 
·100 
.• 040 
.·070 
o040 

.100 

.o<Jo 

.cOO 

.200 

.400 

.cOO 

.JOO 

.coo 

.070 

.020 

oObU 
.060 
.OctO 

.030 

.oto 

.050 

.040 

u 
CMu/Ll 

.o.~o 

-.050 
.200 

-.0!:10 
.060 
.100 
.100 
.lou 

.oso 

.oso 
• 0.50 
.uso 

-.oso 
-.oso 

.oso 

.060 

.070 

.oso 

.lou 

.200 

.200 

.lou 
.• cOO 
.zoo 
.2oo 
.lOU 

.oiu 
-.uso 

o\160 
.uoo 

-.050 

-.050 
-.oso 
-.o~u 
-.0!:10 

ZN 
CMG/Ll' 

.o10 

.020 

.020 
-.ulu 

.060 
-.020 
-.020 
-.OlO 

-.020 
-.020 
-.020 

.030 

.030 

.030 
-.o1o 
-.020 
-.020 
-.020 

-.020 
.OJO 
.010 
.020 

-.010 
-.020 
-.020 
-.020 

.020 
-.01!.0 

-.020 
-.020 
-.020 

-.020 
.o?.o. 

-.020 
-.020 

AL 
CMG/Ll 

-.100 

2.400 
-.100 
-.1uo 
-.100 
..,.lao 
-.1\10 
-.100 

-.100 
-.1uo 
-.100 
-.luo 
-.1UO 
-.100 
-.100 
-.1uo 
-.100 
-.11JU 

-.100 
-.100 
-.roo 
-.100 
-.100 
- • .1 00 
-.100 
-.liJ.O 

-.100 
-.lou 

-.lOU 
-.too 
-.lou 

-.100 
-.luo 
-.100 
-.100 

SA 
CMG/ll 

o!>OO 
1.ooo 

o'JOO 
-.500 
-.500 
-.soo 
-.soo 

-.soo 
.soo 
.500 
.soo 

-.soo 
-.sou 
-.500 
-.soo 
-.soo 
-.sou 

.sou 

.:,oo 

.500 

.~ou 

- • S.OO 
-.500 
-.~00 
-.soo 

-.soo 
-.500 
-.500 

-.sou 
-.~oo 

-.sou 
-.!:100 

SR 
CMCi/Ll 

1.30 
bolO 

.so 
3.00 
3.5.0 
6.20 
7.20 
3.90 
4.10 

J.bO 
3.50 
2.20 

.20 
1. 10 
1.40 
.1.60' 
c.<Jo 
1.40 
1.40 

3.20 
.Jo 

J.lO 
4.40 
3.40 
s.Jo 
1.70 
1.'10 

.20 
J.uo 

J.oo 
b.OO 
2.~0 

3.20 
.10 

.2. 70 
2.80 

NHJ 
CM6/L) 

-.04 
-.o .. 

.10 

.60 

.50 

.08 

.so 
-.04 

.06 

.Oti 
-.04 
-.04 

.05 
-.04 

.os 

.05 

.20 
-.04 

.10 

.04 
-.04 
-.04 
-.04 

.05 

.80 
-.04 
-.04 

-.04 
.60 

-.u .. 
-.04 
-.04 

1.20 
.JO 
.07 
.JO 



WELL ------
LWSUl3 

LWS017 

NO'H.: 

N 
0' 
N 

-

Cll 
Yk 1'40 UY 1"1•3/LI 

·------
ttO ~ 72.0 

t! '1. bHoO· 
j () 7l:I.O 
4 10 100.0 
s I;! ~6.0 

6 j 5S.O 
7 J l'l3.u 
ij. 6 .,4. 0. 
9 .. 71i.O 

lo 1- -:11.0 

80 1 lb b7.u 
4· t]· tuu.o 
7 23 llii.O 

10 1':1 tou.o 

INIJICATt.S Lt::SS THt.N 

~ 'I 
I MulL I IMI.i/LI ------

.coo -.u~u 

.coo -.0!>0 

.400 -.osu 

.coo -.osu 
- •. 1 00 -.o~o 
-.100 .-.o~o 

.200 -.0!>0 
•. 200 -.oso 
.coo -.0!>0 
.Jo·o -.o~o 

-.lOU - .• 050 
-.too . - .• 051.1 

.20.0 -·.050 

.200 -.oso 

LOHAN WASH 
W.!\ Tt.H QUALl TY PARAMETERS 

STRt:AMS 
•=uH SAMPLE. OAT.A SHOWN 

cu l•lOLY L( ZN AL BA SR NH3 
1-Mu/LI IMG/LI IH(;/LI IHG/LI IHb/LI IHG/LI IM6/LI IH(;/LI 
.------ ------ ------- ------ ------- ------ ------ ------

-.u2o .UJO .0!:10 -. •120 -.10(1 -.~00 3.10 -.04 
-.020 .030 .050 .-. •JlC .20(1 -.500 3.60 ..... 04 

ol.llO .·uJo .060 - • •J2C ..;..1UO .500 2.20 • 10 
-.0?.0 oOJO .u5o • •)2(' -.100 .sou .20 -.04 

.040 .OJO -.oso .·)2(• -.100 .soo 1.00 .40 

.040 .oso -.050 .)J(• -.roo -.!>00 1.40 .10 
-.uco .100 .050 -.!l10 -.101 -.:;o·o 1.60 .30 
-.020 oU40 .060 -.020 -.lOCI -.500 2.'10 -.04 
-.oco .060 .070 -.020 -.100 -.sou 1.40 -.04 

.oto .0'+0 .oso -.1120 -.100 -.sou 1.'+0 .08 

.:.020 .oJo -.050 -.0211 -.1 O•J -.sou 3.10 -.04 
.030 .OlD -.050 .020 - ._1 0 t) -.soo .10 .10 

-.020 .060 -.050 -.020 -.11}•) -.SOU· 2.ro -.04 
-.!)20 ~ 040 . -.oso -.020 -.1 ()•) -.500 z.tto -.04 

.. 



. 

LOuAN WASH 
wAfEH YUAUTY PAHAMETEHS 

STRt::AMS 
FUR SAMPLE OUA SHOWN 

FI::.CAL TOTAL 
.. 4;0Ll f. COLIF • N HAOlUM 

COLONY COLUt~Y KJE.LU. SOJ Ft:: Mt; Toe ALPHA I:IETA 226 SH90 AG TUHI:I 
LOC YR 1-10 OY /100 ML /100 ML (Mii/LI CMG/LI C·Mu/LI CMG/U (Mt;/ll CPCI/11 Cf>Cl/11 CPCI/11 CPCI/11 (14\i/ll NTU ------- ------- ------ ------ ------ ------ ------ ------- ------- ------- ------- ------LwS001 'II) !) lj .1,0 .oco lttt.l) 5.Jo 35.00 2.50 .a·o 210.0 

b .1"' .70 .ooo 180.0 

LWSOOc 8!1 2 20 2.20 l.HOO 26.0 123.00 463.00 .3~ ,,40 220.0 
J 27 .60 -.020 120.0 58.00 J4.00 .35 .so 44.0 
5 tt 1.Jo -.020 63.0 12.00 15.00 1.40 130.0 
6 J 1.40 .ozo 130.0 boOO 1~.oo .40 320.0 
8 6 1.10 -.020 150.0 5.~o 13.00 .40 10.0 9 4 ,!jl)· .oso 160,0 -'.5 S.'iO 14.00 .90 10.0 10. 2 .07 .020 190.0 ~.10 1.0 

LWSOO.J ItO l 
"' -1.0 -1.00 -1.00 -.020 76.0 6.0 1.60 1~.oo -.010 23.0 

2 ., . 
.60 -.C?.O 80.0 .10 1.oo 59.0 

J ~ .1o -.020 77.0 11.00 coSO .20 250.0 4 10 .Ju -.020 86.0 20.00 7.00 .1.00 240.0 N 5 8 .10 -.ozo 38.0 19.00 9,50 1,60 111o.o 0' b 3 .40 -.020 35~·:1 8.10 7.30 olD 360.0 CAl 
1 3 • u 7· .020 61.1) n.oo 16.00 170.0 
B b· ,40 -.020 76.0 13.40 4.60 1.so 78.0 
9 4 .1u .030 71.0 14.00 12.00 .90 16o.u 

10 c: .Ju .030 ao.o 9.60 28.0 

LWS004 80 J 6 .140 .020 76.0 29.00 32.00 :2.40 1.10 46.u 
4 10 .so .U4U uo.o 40.00 14.00 .22 12.70 230.0 
5 t! .20 -.ozu tH .o 1.30 14.00 1.40 66.0 b J .71) ,03U 94.0 19.00 24.00 o8b 1.20 20.0 1 J .40 .021) 98,(.1 22.00 2bo00. 1.5 
8 b .au -.020 IJtl.ll. cl.oo 29.00 .4b 1.10 tt.o 
9 4 .40 .030 5 '· u 15.00 31.00 ).03 1.oo 2.0 

JO l otlO -.o?o b9.0 34.00 .23 10.0 

LWSOO!:i t50 .. 4 23 o40 -.020 lH ,O 27.00 b!:ioOO .67 obO 350.0 
10 16 1.10 .020 40.0 23.00 z.au 2t600.0 

LwSOU6 dO 1. 23 .10 -.OcO tss.o 6.co 3o3U .30 12.0 
.10 -.020 8:>oU 12.0 

10 1b obU -.(!co S9.U 1J.oo 3.40 120.0 

NOTE: - lrtOICAfi::.S Lf. S'::l THtN .. 



LOu AN wA~H 
YIAI"E~ 1.1UALl TY PARAMt.TE~S 

STREAMS 
rUR SAMI-'U .. DATA StiOioiN 

H. CAL TIJ TIll 
COLI F. COL If- • l'l IHOIUM 
COLO:"IIV COLONY KJt:LU. S.03 H Mb TOC ALPHA. BUA 226 SR90 A~ TURB 

LOC y~ Mll UY /lOll t~L .. /llJO ML CMG/LI (MG/Ll CMG/Ll CMt>/LI CM6/Ll CPCI/1 l I PC Ill l IFCl/11 IPCI/11 (MG/Ll NTU ------- ------- ------ ------ ------ ------ ------ ------- ------- ------- ------
LWSOOJ dO lb" .070 55.0 1. 50 11.oo 14.0 

4 cJ .50 .oao 4.3.0 26.00 35.00 1.80 1.60 240.0 
7 2J .JO -.020 51.0 1.70 bobO .90 12.0 

10 lb .40 -.020 49.0 8.10 16.0 

LWSOlJ 1'10 1 I.J -1.0 -1.00 -1.00 .070 81.0 b.O 18.00 30.00 .04 -. 0-l 0 26.0 
2 7 .Of .100 ·82. 0 3.to 5.oo 54.0 
] 6 .30 -.or.o 713.0 15.1:0 D.oo 1.oo 250.0 
4 10 .o'l -.OcO 89.0 JI.c-o 3.00 .30 200.0 
5 8 .3.90 -.020 36.0 4 ol•O 9.10 .90 200.0 
f> j .1:10 .020 35.0 9.30 3.20 1.20 350.0 
7 j o40 -.020 bO.O 35.(10 17.00 180.0 
1:! b .JO -.020 76.0 11.10 4.20 1.70 82.0 
I.J 4 .10 .030 10.0 -.5 4.iO 11.00 3.10 1 7:0. 0 

10 ·2 .10 -.020 80.0 9.40 2b.o 

LwS017 130 1b .050 !:'14.0 3.oo 35.00 .65 12.0 
4 2J .20 -.020 47~0 24.00 27 .oo .1.60 .90 230-.0 
1 23 .40 -.ozo s2.o 1.80 14.0 

10 1~ .60 -.020 4:).0 3.60 57.0 

NOTE: - INDICATES U.SS THEN 



LOG AI~ wASH 
~lA H:.ii lJUALl r 'I' 1-"AHAMETERS 

S H~E.At~S 
f 0~ SAMPLE DATA SHOWN 

TOTAL 
S20.i HG St::: 504 CL F NOJ SI Nil K AS SULFUH 

LUC YH MO lJY' ( MG/LI IMG/L) IMG/LI IMG/Ll (1~(:;/Ll INu/Ll (MutLI IMG/Ll IMu/Ll (Mu/LI IMG/Ll IMG/LI ------ ------ ------ ------ ------ ------ ------ ------ ------
LWSOOI I:!U !') 1:! -.U10 1tw.oo .J'/.00 • fO 7,01) '::1:1,0 4.~0 -,020 

6 1~ 11;SOO,UU 4~.ou ,<,10 40,00 26J,O 7.'+0 -.020 

LW5002 ~0 2 20 -1.00 -.020 -.020 21o.oo ~50.00 .50 ~.oo c;.:..o 7.20 -.020 
j 21 .u40 1500,00 41:!.00 ,90 14,00 21EI,O 10.00 -.020 
5 "tj -.010 !)01),00 5'::1.00 ,50 40,00 12•J. 0 6.50 -.020 
6 3 .u6U 9~0.00 !:14.1)0 .70 75,1)0 1 '::1 1). 0 6.t!O -.020 
0 b -.o1o 1400.00 Ju.uu .60 5'::1.00 2t>'l.O 7.90 -.020 
~ "4 -.010 14oo.uu 2~.00 1.1:1u 49,00 27•),0 8.40 -.020 

10 2 .010 l500.UU 2~.00 .60 54,()0 JO•l. 0 10.00 -.U20 1.00 

LWSOOJ 1:!0 1 9 -1.011 -.1)20 -.uco 4!:IO,(JU 1t>.OO ,tlO 2.00 15.0 14CI.O 4.30 -.020 
2 , -1.00 -.OOi' 440.00 2'::1.00 .1:!0 -.10 1!lD,O J.SO -.020 
3 b • I 00 4bO.uO 29.00 1.00 25.00 150.0 6.80 -.020 
4 10 -.01U Jbo.uo 50.00 ,91) 2-+.00 1411.0 4,10 -.021) 

f\_; 5 H -.utn 110.00 Jli,UU .-5o o,7o 50,0 3.70 -.020 
0' 6 j -.UIO 1lo.oo 4'1.00 .no 4,40 61.0 2 •. iu -.020 
u ., 

3 -.010 J10.00 11.00 1.co J.1o 11(1.0 5.40 -.020 
H b -.u10 4'+0.00 u.ou .au 3.00 1!)(•,0 4.00 -.020 
~ 4 -.010 4130.00 13.00 2.1u .J.50 16l'. o 5.10 -.020 

1iJ t! -.010 4'::10,1)0 12.00 ,tiO 2.20 1 !:ol'. 0 5,40 -.020 2.00 

Ll!IS004 /iU .i () .too 'olcO.UO 34.00 1.50 JH,UO 20(.0 14.00 -,020 
4 1 u .ucu ·~?.(}. uo bJ,Utl 1.40 Jo.oo ~3(.0 14.00 -.020 
s tj' oU40 (1.:10.00 54.00 1.:,o 22.00 1tiC,O 19.00 -.020 
6 j ··•Ji!ll ~cu.oo b'+.liU 1,t!O 1~.00 au.o !7. 00 -.020 
7 j -.010 .,..,o.uo }o-,,(jl) I. tl U 16.00 25U,U 21.00 -.020 
H b -.o1o 11liO.U!J 17.00 1, I 0 6.~0 260.0 11:!.00 -.020 
'-1 4 -.u1o 5bO.OU 1t!.UO J,ou 1<;.00 150.0 cS.OO -.020 

I 0 2 -.010 Srjl),UO 11.00 1.50 19,1)0 ISO.O ~5.00 -.020 1.20 

LWS005 l:iO ... cJ -.u1u 470.00 47.00 • (U 15. uo 1<:'0.0 S,40 -.020 
1 u 1t> .ocu 1JO(I,UU ':l.~u 1.oo 5,10 2 1+ u. 0 !!.40 -.020 6.00 

LwS006 .AI)-. "I 2J -.OIU ::>Jo.oo 11.00 .t>O ,'JO 1SO.O 3.30 -.020 
-.010 5JO,UU lJ.uo .ou .~o ISO.J,O 3.30 -.020 

1 0 It> -.u10 4UU,Oil i.J • l I) ,'/0 J.20 l'• u. 0 4.20 -.020 4.20 

LWSOOf 1:!0 11> t't• II. Uti l ~·. 0 () • <j I) -.1u IIU,O 5.60 -.021) 

"'OTI:: - lllllllCIIIt~ U'. ~s I HEN 



L.OuAN wASii 
WATt::k· YUAL II.Y PA~A~I:.ft::HS 

~THt::A~S 

I'Ok SAMPLt UAlA SHUIIfN 

TOTAL 
~lll i tiu St. SO't CL F NOJ Sl NA K AS SULFUR 

LOC YR Mil OY (M(•/ll lt-l<.j/LI IMH/LI IHU/LI IM!i/ll IMu/LI (HG/LI 1146/LI I 146/LI (M<.i/Ll (M6/L) IMG/LI ------ ------ ------ ------ ------ ------ -----·- ------ ------
LwSOU7 1\0 .. ~j -.U}IJ l·oo.uu ~ .r. u o .40 £tt.UO 4fl.O J.60 -.020 , lJ -.010 ~ .. o.oo 1 r. oo 1.10 2.20 Joo.u ·4.10 •.o2o 

10 lb -.010 Joo.oo t.J.OO l.t.o 3.~0 110.0 ..-..20 -.020 1.20 

Lt~SOIJ tO 1 <I -1.011 -.020 -.0£0 .. ru.oo 1 n. 00• .KO z.oo 14.0· 1so.o. ~.60 -.020 
2 ., -1.00 -.uol q,j{). 0 u. ~~~. 00· .dO -.10 / 1SO.O ·4 .50 -.020· 
J t) -.020 ltbUoUO 24oUIJ! 1.00 21.00 160.0 1.10 -.020 
4 10 -.010 <tlO.OO 4.2.0\J .so £"f.OO 140.0 4.10 -.020 
':'> tl -.o1u Jlu.uo 4l.OIJ .~u bo'IO 60.0 fl.o10 -.020 
b j .uzo I dO·. 0 0 ::OJ.OU obO ~.30 b£oU 2.40 -.020 ., J -.010 310.00 11. UIJ 1.30 J.dU 11o.o 5.40 -.020 
ij b -.010 t ... u. uo lJoOU .10 Zo':IO 1~o.o 4ol0 -.uzo .., 4 -.OlO ... !lri.oo }J. ou 1o':IO J.Ju 1bo.o 5.40 -.020 

10 r. -.1110 1-dO.OO J.c.ou 0 10 2.80 160.0 '5.60 -.020 .so 
.J 

-.10 loo.o 5.50 -.020 LIIIS011 KO lb '0 000 l~o.oo 20.Ul .~u 

4 23 -.010 .loo.oo tH oUl o40 a.oo '+boO 3.40 -.u2o 
7 t.J -:-oUlO l'jo.oo .l<J.oc 1ol0 2.00 1oo.o 4o00 -.020 .lio 

10 IS -.010 :no.uo ,zi.o~:o 1.20 3.50 100o0 4.10 -.020 .70 

NOTE: - 1NOlCATt.S Lt.SS T •1E.N 



L061\N WASH 
lliAlEH <~UALI TY PAHAMtTlHS 

STi<EAMS 
FO~ SAMPLI:. l)A f.A SliUWN 

TOJAL 
T!Jl ALK HCU..i CO]. SUSPt.NO CHt:.M 02 OIL AND 

(Mi.i/l IMG/L (Ml>/l llJS SOL! OS TURI:HOll Y IJE::t~ANO PH£N I:!OU~ GREASE uoc LOC YH 1~0 OY CACOJI CACUJI CACOJI ( ~h;/l) CMl>/LI NTU IM6/LI IMG/LI IHG/LI IMG/LI CMG/LJ ------- ------ ------- --------- ------- ------ ------ -------· ------LW<;OOl HO 5 li . :1oo.o 1~u.o lin .o t:.:Jo.o .::too.o 210.0 a.o -.001 4.00 2.00 b hi j~II.U ?.so.o ~6.o -.001 

LWS002 80 c en 130.0 ~o.o '+0.0 ':lllo.u ~so.o 2~0.0 t>tt.o .003 22.00 4.00 36.00 j d t~o.u ':lc.u 1:>0.0 2':100.il sJ.o 44.0 J'+.IJI -•001 2.00 -1.00 ':I >1 t.''+UoO l40o0 ':iH.O 1000.0 s,tsoo.o uo.u 4. 0' -.·oo1 4.00 CJ.oo b j 4411.0 22o.o ao.o 20ou.o 620.0 320.0 22 .. 0 -.001 15.00 16.00 IJ i> 34•).11 1~0.0 1'::10.0 csuo.o 13.0 10.0 26.0 -.001 48.00 Io.oo 
9 '+ 4'>0.U J1o.u 1'+o.u 2bOO.O -1.0 Io.u bb.O .o1o b.Oo 7.00 1 0 i' <t'lO.O 3SO.u loo.o 2~oo.o 8.0 1.0 38.0 -.001 1.00 -1.00 55.00 

LWSOOJ 140 " t.!JII.O. 320.0 ~o.o 11oo.o ~d.O lJ.o 2.0 -.001 46.00 5.00 s.oo 
i-! 7 <t':IO.O Jtlo.o 70.0 1100.0 uo.o 5'i.O 2.0 .020 7.00 ~.oo -1.00 J b 4()0 ·'' Joo.o 1oo.o 111io.o ctso.o 250.0 26.0 -.001 12.00 4o00 6.00 4 111 4UOoO Joo.u 1oo.o o,~i+u •.II 4'::10.0 240.0 t~.o •. 001 25.00 -1.00 u.oo 1'\i 5 IJ ;;;ro.o 19o.o 76.0 '::1.30. 0 J,aoo.o 180.0 4.0 -.001 20~00 22.00 0'· ....., b J .. vo.o 22o.o 100.0 s/o.o 1•400.0 360.0 140.0 -.001 92·.oo 12.00 

' J _Hu.o Jto.o 711.0 tt2u.o 360.0 170.0 14.0 -.001 3'i.OO 4.00 
tj , 440.0 31:iO.o .':IIi .• 0 1100.0 300.0 78.0 14.0 -.001 10.00 4.00 
':1 4 '+40.0 Jco.o 12o.o 1200.0 ;ao.o 160.0 ... 6. 0 .010 10.00 6.00 

111 ?. 440.0 3'>0.U 94.o 1100.0 5b.O 21:4.0 12.0 -.OI/1 r,.oo 1.oo 10.00 

LWSOU4 till j b ;.>4o.o 17u.o ro.o 12oo.o 4,1oo.o 46.0 ~.o .004 2.4~00 H.OO 13.0 0· 
4 10 i'~O.O 1t,o.o ~o.o 17oo.o 410.0 230.0 SJ.o .001 20.00 4.00 14.00 
':I· d 250.0 190.0 60.0 1SUO.u bu.o bb.O r;.o .003 .4. 00 12.00 
b .i 2~1).0 19o.o 1oo.o 1soo.o 3J.O 20.0 2.0 -~·oo1 -1.00 .4.00 
1 J ?.1:>0.0 140.o 120.0 11oo.o -I.o 1.5 ltt.o .. -.001 45.00 -1.00 
ij b ~Yo.o 17u.o 1lO.O 2ooo.o .:.1.o tleU 14.0 -.oo1 60.00 1o.oo. 
y 4 i::'JO.O 11 o. 0 lco.o 11oo.o p.o 2.0 4.0 .009 5.00 16.00 

10. 2 r'+OoO 11u.o 1JO.O IC:'oo.o -1.0 10.0 1~.o :-.001 ·'J. 00 t.oo 51:1.00 

LWS005 80 .. C:'J i::'I.O.O 12o.o 1oo.o Y'+O.O . hcUO.O 350.0 '+. 0 . -.oo1 -1.00 6.00 
. 10 16 ld.o 7th 0 -1.o c1ou.o 11.ooo.o 2~bOO.O 24.0 .002 .SJ.OO -1.·00 47.00 

·-
33.0,0 LWS006 HO 1 1:!3 JI:IO.O lJiJ.o 1bO.u 11CJO.O a.o ll.O Jo.o .oor; 2.00 

.4~0. 0 ?..h.l. 0 1,o.o 11ou.o ti.O 12.0 Jo.o .oo~ 33.00 2.00 
10 lf> JUo.o coo.o Ioo.o tf',IO.O lo':ll!O.O 12o.o 1b.O .oot 49.00 -1.00 ao.oo 

N\JTE.: - INIJl~Ait~ lt_S-, IHt"l 



LOC 

LW'i007 

LwS013 

Llli'i01T 

Non:: 

1'\.' 
a 
0. 

I fJ I IILK 
(M'jfl 

y~ MU IJY l."CO.il -------
tW I 11:1 J.HioO .. 1.3 2~0ou , I.J 3~0o0 

10 11> '+llllou 

t\0 1 'I 410o0 
l 7 4JOoO 
.J b J'IUotl 
4 10 410o0 
~ H 1.1:\0oO 
b 3 330.0 , 3 J'IOoU 
tl C> 4~UoO 

'J 4 4':>Uo0 
1u 2 4':>0.0 

1:10 1 1t> JbCioO 
4 cJ 2~0.0 , cJ 3'10.0 

1 ,, 1':> 400.0 

- lNUllR rt.!-> L'I'::SS fHf.N 

11CtJ.J COJ 
IMb/L IMI;/L 
li\COJI CACt)J) 
------ ------

2'+Uo0 ~oou 
·uooo 1~0o0 
I.~Ooll 'lnoO 
310o0 ~zoo 

J?Oou ':10.0 
JIJUoO !:>ooo 
2~0o0 100.0 
J,O 0 o 0 110.0 
220o0 60.0 
21 O·o iJ lco.o 
z·~o. u Ioo.u 
:HO.IJ 16oU 
J?.u.v Ho.o 
360.0 t16.0 

c40o0 11.0.0 
1~o.u 7o.u 
ci:IOoO 110.0 
J2Uo0 1:12.0 

l06AN wASH 
~AllK QUALifY PAHAMlTlKS 

ST~t.AMS 
fUR SAMPlt OAfA SHOWN 

fOTAL 
SU$1-'t.NO CH[M 02 OIL ANO 

TUS SOLI US fUH~l01 TY UlMANO PHEN I:WOS GHt::ASt. uoc 
l•~u/U 1"'1>/U NfU IMG/U I M<.;/LI IMG/LI IMG/LI IMG/LI 
------ ------- --------- ------- ------ ------ ------- ------

nooo -1o0 I'+ 0 0 -1o0 oOlij lloOO 2o00 
'+hlloO ~oooo 240o0 2So0 -oOOl loOO 3o00 
750oll '+oO l2o0 6o0 -.oo1 25oOO -1.00 
74ooo boO 16o0 4o0 o003 SJoOO -1o00 45o00 

lOOOoO !>2o0 2bo0 4o0 -o001 42o00 10o00 3o00 
1'+00 oO b~oo 54.0 4o0 o010 2o00 boOO 12o00 
1111ooo J40o0 lSOoO 4o0 -o001 l4o00 l:loOO 14o00 

9b0oll 't10o0 200o0 l8o0 o002 29.00 2ooo 17o00 
sto.o 2•100.0 200o0 boO -.ool 16.00 11.00 
t>OO.O l•oOOoO J~OoO 9o0 -.oo1 24.00 z.oo 
ti20.0 J6u·o o 1tiO.O 14.0 -ooo1 39o00 1ooo 

11UUoU 300.0 1:12.0 22o0 -.001 70.00 boOO 
llUOoO 31:10.0 170.0 51:1.0 .020 21.00 5.00 
llUO • 0 50o0 cb.o 19.0 -o001 1~.oo 1.00 l:loOO 

nu.o -1o0 12.0 -1. 0· .002 21.00 loOO 
4 '(() 0 0 ltJOO.O 230.0 -1o0 -oool -1.00 4.00 
tilOoO 16.0 14o0 leo 0· -.001 14.00 7.00 
HoJO.O 72o0 57 oO 4.() .oo1 48.00 -1.00 4So00 



WATER QUALITY 

FOR 

NPDES DISCHARGE 

February - October 1980 



LOGAN WASH 
WATt:R QUALITY PARAMETERS 

NPOES DISCHARGE 
FOR SAMf'LI:. DATA SHOWN 

TOTAL 
SUSPEND 

AS d CR cu FE SOL[DS MO ZN F 
LOC YH MO OY (MG/LI !MG/L. !HG/LI (MG/Ll (MG/LI ('MI,;/L l (1':·3/Ll !MG/U (HG/LI ------ ------ ------ ------ ____ ; ___ ------ ------ ------

LwM001 80 1:1 1') .070 24.0(•0 .ObO .040 4o100 3 t!l o o·. o 1.700 .400 s.2·o 
111 • 0 10 14.000 oObU .ObO 30.000 2o300o0 2.100 .zoo 7.50 

9 'i .070 16.000 .OBO .o~o 44.000 2t400.o 4.~00 o400 9.70 
23 .ooo 

58.0110 
.ooo • ooo 9 0 0. 0 . 1~J.OO 

10 1 .030 -.020 .o~o 1.200 270.0 .:&G.OOO olOO 14.00 
10 .100 57.000 -.Coco .030 .900 5t100.0 .300 .soo u.oo 

LWM002 BO· 2 b 
.030 .o26 9.aoo 420.6 2~10 4 30 lo 7JO .020 .300 o·OdO 

!::) 21 oOdO 7.100 .060 .020 . 150.000 1s.ooo.o .• 060 .suo 1.10 
1 31 .020 1.)00 -.020 -.020 .090 280.0 .300 -.020 1o40 

NOTE: - INDICATES· LESS THAN 



LOGAN WASH 
wATER QUALITY i>ARAMETERS 

NPDES DISCHARGE. 
FOR SAMPLE DATA SHOWN 

TOT.AL 
OIL ANI) DISSOLVED 

wE.LL 
tWO COl) GREASE PHEN SOLIDS SCN NHJ s 

y~ 1'10 OY ( Mlj/L) CI'IGILl (MulL I CMG/LI (MILl CMGILI cMu/Ll (MG/L) ------ ------ ------- ------ --------- ------.LwMOOl 1!0 b 1'> 31.00 110.0 17.00 .400 ·5200.0 7.40 
1il J5.00 110.0 7.00 .010 4300.0 12.00 

9 9 70.00 190.0 b.OO .020 4500.0 11.00 
23 1l.O 11.00 .006 7900.0 2.50 

10 1 140.00 1bu.o -.oo1 520.0 3.50 
1il 56.00 Juo.o 10.00 .oo7 9500.0 140.00 

L11H002 80 2 15 
14.00 4 JO 60.00 so.o s.oo .010 1400.0 

5 21 100.00 250.0 14.00 .280 960.0 .40 
7 31 40.00 30.0 6.00 .oo5 11 oo.o 1.60 

NOTt::l - INDICATt:S LESS THAN 



'

HYDROLOGY

FOR

NPDES DISCHARGE

October - November 1980

(
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October 

/ 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

s:: 
0 

Daily, Averages ( CFS) 
Flume Dry Gulch 

26 

2.7 

28 

29 

30 

31 

., 

* 

0.13 

0.08 

0.04. 

Mud in flume 

* --Mud in flume 
0~01 

* --Mud in flume, instru. reset 
0.000 
0.08 

* --Mud in flume 
14 0.000 

November 1 

2 

3 

4 

5 

6 

7 

8 

9 15 

16 

17 

18 

19 

20 

21 

22 
23 

24 

25 

* 

* 

0.14. 

0.05 

~1ud in 
flume 

* -Mud in 
flume 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

o· 
z: 

Mud cleaned out. No flow 
recorded. 

* Value below instrument detection for flow. 
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THIOCYANATE DATA 

FOR 

VARIOUS LOCATIONS AT 

LOGAN WASH MINE SITE 

273a 



LOCATION YEAR MONTH DAY THIOCYANATE -------- ---- ----- ·--- ---------~-· LWA022 80 10 22 -.100 
LWA101 80 10 22 -.100 
LWA102 80 9 4 -.5oo 

10 2 -.5oo 
11 6 -·.100 

LWA103 80 10 16 -· • .100 LWA104 80 10 16 ••1oo· 
LWA112 80 18 22 ·-. 00 
LWA115 80 22. ... 100. 
LWAl-21. 80 9 4 •.5oo 
LW0032 80 9 16 -.soo 
LW004e, 80 9 18 -·.500 
LW0047 80 9 18 -.5oo 
LW810~ 80 9 16 -.soo 
LW 108 80 10 22 -.100 
LW0116 80 9 16 -.5oo 
LW0602 80 9 8 ... 500 

10· 15 .soo 
11 13 -.100 

.LW0603 80 9 8 -.soo 
10 15 . -.soo 

LW0604 80 9 8 -.soo 
10 15 -.soo 
11 13 -··1 00 

LW060!:» 80 '9 8 2.400 
10 15 1.200 

30 .aoo · 
11 13 .300 

LW0606 80 10 15 -.soo 
LWD610 80 9 8 -.soo 

. 10 13 -.soo 
1~ -.100 

LWM001 80 9 ~.soo 
23 ·•.500 

10 1 -.500 
10 -.5.00 

LWR001 80 9 18 -.soo 
LWS002 80 9 4 -.soo 

LWS003 
10 2 -.soo 

80 9 4 -.soo 
10 2 •.5oo 
11 6 -.100 

LWS004 80 9 4 -.soo 
10 2 -.5oo 
11 6 -.100 

LWS005 80 10 16 -.100 
LWS006 80 10 16 -.100 
LWS007 80 10 16 -·100 
LWS0~.3 80 9 4 •.5oo 

10. 2 -.soo 
11 6 -.100 

LWS017 80 10 15 -.100 
: 

~. ~ 

'. 

••t' 
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APPENDIX C

VEGETATION DATA AND ANALYSIS FOR SEPTEMBER 1980
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APPENDIX I 

to 

AN ECOLOG!CAL BASELINE STUDY OF FLORA, 

VEGETATION, AND SOILS ON 

THE OCCIDENTAL OIL SHALE., INC. 

LOGAN WASH SITE NEAR DEBEQUE, COLORADO 

VEGETATION .DATA AND ANALYSIS 
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by 

Ned! E. W~st 

and 
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for 
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Grand Junction 
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ABSTRACT 

Twenty one of 54 macroplots, located during 1974 and 1975 were 

resurveyed in July 1980 for plant cover, density, and frequency. Methods 

t.tere consistent with previous data collection. 

Summary tables were.calculated for each of the nine community types 

occurring on Occidental Oil Shale, .Inc. lands. An increase i'n the numb~r 

of new individuals and tobil vegetal. cover was observed ini both the over..:. 

story and understory vegetation. These changes were attributed to two 

consecutive years of high winter precipitation. 

Recommendations include.continued road oiling,.especially the new 

road to the top of the plateau, revegetation of cut-fill slopes, location 

'of toPsoil barrow areas, and. establishment of revegetation test plots. 
( 

J 
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INTRODUCTION 

As part of Occidental's environmental program, a resurvey of vegetation 

on Occidental Oil Sable, Inc., Logan Wash site was conducted during July, 

1980. 

Continual monitoring of the vegetation, based on plots established 

in 1974 and 1975, was done to inform the company of natural fluctuations 

and man-induced perturbations to the vegetation. 

METHODS 

During the 1974-1975 field season 54 macroplots were .located through­

out Occidental Oil Shale, Inc. pruverty and adjacent.Bureau of Land Manage­

ment (BLM) lands (Fig. 1). These macroplots were combined into nine plant 

community types. . Three. mac:r.oplots were chosen from· each community· type 

for t ;;~- 1977-1980 r~survey. The selection of macroplots was based op 

comparative floristic diversity and the rel~tive abundance of vegetal cover 

in the macroplot: one macroplot had the fewest species and lowest apparent 

vegetal cover, une·had a 'nearly average number of species and near average 

vegetal cover, and the third .macroplot had. i:he greatest floristic diversity 

and vegetal. cover available from the set of l~HS macrop'!ots taken in a 

given vegetation type.· In the cases where only two or three macroplots 

existed in a community type, all were surveyed. The same subset· of '1'11acro­

plots were again resurveyed in Jul v except two macroplo.ts (Ill and 1120) ·, 

w.hich could not be located due to the removal of the macroplot marker stake. 

This resulted in 21 macroplots being resurveyed (Table 1). 

RESULTS 

Tables 2 through 10 summarizevegetation characteristics observed in 

each of the nine community types occuq:·ing on Occidental Oil Shale Inc. 

278. 
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land as of July 1980. 

Two con~ecutive years of above normal winter precipitation has yielded 

extremely high soil moisture recha~ge. This is evidenced by above normal 

stream .discharge, moist soil less than 10 ern below the surface, and: 

. increased seepage at. the. sandstone-sh.ale contact zone. 

Increased soil moisture has contributed to increased vegetal cover 

a:nd density.· Community types occurring on the most mesic (moist) si.tes 

showed ~he greatect increases iu.cover and density. 

·In the shac:lscale connnunity type, slight cover increases were found 

·. for Sarcobatus verrniculatus, mostly as new shoot growth. Increases in 

both cover and density were found for the grasses (Brornus tectorurn and 

Oryzopsis hyrnenoides) and the forb, Lepidiurn perfoliaturn. 

Slight cover increases were recorded in the pinyon-juniper community 

type. Notably, the shrubs Artemisia tridentata and Symphoricarpos 

oreophiluc a.nd the grass~::;, Oryzopsis hyrnenoides c;tnd Elyrnus salinas, 

showed slight cover increases. The forbs, Cryptantha bakerii, Hyrnenoxys 

acaulis, Physaria australis, Penstemon o~sterhoutii, and Stanleya p1nnata, 

also showed slight cover and density increases. 

In the closed-brush community type, the shrub Syrnphoricarpos 

oreophil~s showed.a 4 percent increase in cover. Other shrubs showed 

slight increases in cover or remained unchanged. Grass species exhibited 

essentially no change. The forbs Galiurn color~doense, Pensternon ouster­

-houtii, Pachistirna rnyrsinites, and Berberis repens all increased in cover 

and density. 

A slight general increase in both cover and density were observed 

for most species on the open-brush community type. In particular the 

shrub Syrnphoricarpos oreophilus increased 1 percent in cover or approximately 

C.7Y 
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20 em in horizontal diameter per individual• The brown day moth. 

(Pseudohazis egalanteria nuttallii Sth) has reappeared on this shrup; its 

reappearance possibiy triggered by increased shrub growth~ At any rate, 

increased mortality of new growth can be expected as the brown day moth 

numbers increase. The greatest increases in cover and density were 

observed in the grasses and £orbs. Grass-like Carex rossii and £orbs 

Lupinus adimcus, Lathyrus sp., Eriogonum umbellatum, Achillea lanulosa, 

and Erigeron speciosus all incr~ased in coyer and/or density.· 

In the Douglas-fir community type, new individuals of Douglas-fir, 

Pseudotuga mtm.zesii, were observed. A 2 percent cover increase for the 

shrub Symphoricarpus oreoph::i.lus and cover·and/or density increases for the 

£orbs Berberis repens, Galium boreale and Pachistima myrsinites were also 

observed. 

The moist understory environment of the aspen woodla,nd community 

allowed for the establishment of new individuals, and increased vegetal 

cover. New aspen Populus tremuloides.;;prouts were observed and are likely 

to survive and rejuvenate some clones. The most notable cover. increase 

was again the shrub Symphoricarpus oreophilus, with grasses, grass-likes 

and forbs changing only slightly. 

The grassland community type exhibited the least change. Utilization 

of soil moisture by grasses requires less of a substratum moisture 

recharge than deep rooted shrubs since grasses primarily utilize near 

surface soil moisture. 

Similarly the grasses on the scree corranunity type exhibited little 

cha~ge. There was an increas~ in the £orbs Galium colorodoense, 

Leptodactylon-watsonii, and Penstemon cyanocaulis, however. 
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The greatest .cover increases in the alluvial connnunity type were the 

shrubs Artemisi~ t:ridentata (2 percent) and Symphoricarpos.oreophilus 

(3 percent). The forbs Penst·emon. ousterhoutl.i. and Physaria ·australis 

both increased 3. perc'~nt in cover. 

The shrub Symphoricarpos·oreophilus has shown the greatest general 

increase in cover and density with increased soil moisture. ·Important 

increas~s of Douglas...:.fir seedlings, and new sprouts of aspen occurred, 
.. 

helping to maintain these connnunil;:y types~ Forbs have also been growing 

under favorable seed germination conditions, since they have gen~rally · 

increased in density •. Grasses and grass-likes exhibited the least change 

since they are less dependent on the type of.soii moisture recharge that 

·has occurred over the past two years. 

RECOMMENDATIONS 

Revegetation of cut and fill slopes should occur concurrently' with 

new road building activity. Road development from the mine road 'to the 

top of the plateau has produced sizable.'coliuvial slopes from road cuts. 

Some colluvial material.extends from o~~, road level to the next lower 

level. These areas are susceptible to erosion such as occurred on natural 

scree slopes in the spring of 1979. Such movement on steep terrain could 

cause considerable. road damage and destruction of natural vegetation 

downslope. Under typical conditions, erosional movement is minimal, 

but unseasonably high moisture could trigger massive movement. Particular 

attention should be made to reveget~te fill areas where minor road cuts 

occur, i.e., road turns and steep mountain side gullies. Revegetating 

these areas with densely'-rooted grasses would help mitigate .the possibility 

of earth slumping. Little would be gained trying to revegetate the. cut 

. side of ne.w roads as these are ·largely rock. 
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Oiling of the lower road to the mine, as recommended in the past, 

has reduced dust considerably, and little dust was visible on·the 

5 

vegetation. Similar action should be taken to oil the new road leading 

to the top of ·the plateau., thereby reducing the risk of plant mortality 

and accelerating erosion. 

The new smoke stack appears to have little effect on surrounding . . 

vegetation. Any new smoke stacks planned fur future construction 

iihOt.!l n' he of similar type. The design should afford uninterrupted plume 

dispersal. 

Raw oil shale mine.~ailings are becoming sizable with new mining 

activity. Although new min~ wa~t~ h continually b"ing <~nned to the 

tailings pile, and revegetation is unfeasible at this time, revegetation 

test plots should be established on stable sttes.· As with minerf:ll e~p+ora-

tion and development, time is needed to identify and make economical 

selections of plant materials and planting. methods before large ~calc 

revegetation can successfully occur. Macroplot #84 is of special 

interest as it allows the study of natural plant succession on an amalgam 

of shale material in particle sizes nearly ::;l111ulating ahnle mine tr~i.lings. 

It may also be desirable to undertake. q more detailed. soil inventor.y 

than that don~ in connection with our 1975 phyto-edaphic stu4ies. Such 

an inventory would locate sources of gravel and fill for road building 

and topsoil for revegetation. Source areas for ponds, embankments, and 

levees would be located. Natural hazards such as excessively wet preas, 

areas subject to flooding, and areas with low r~v~getation potential 

could be identified. 

Lastly, a continued resurvey of the vegetation is recommended. Long 

term subtle changes can only be observe'd·by continual monitoring of the 
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vegetation. Visual on site inspection also allows time to address 

ienvironmental concerns and reconnnend natural resO\~rce protection.concurrent 

'with mining activities. 

CONCLUSIONS 

Twenty-one ma:croplots were. resurveyed during July, 1980. Comparisons 

were made between present vegetation data and previous years' data. 

In general, floristic diversity has shown little change, but the 

number of indivuals has increased within the particular connnun.ity ~ 

Similarly; vegetal cover has increased in most overstory and understory 

vegetation. Changes of this nature .are most like],y attributable to the 

previous two year~ of above normal winter precipitation. Natural ftuct;:uci­

tion is attributabie to climatic variation. Change induced by man is 

pripcipally associated with surface distribution·caused by mining and road 

building activity. 

-2.03 .. .. 



Table 1. Macroplots .sampled during .the.Jtily, 1980, field se~~on, by 

community type. 

Community type 

Diversity.and Productivity Rating 

Shadscale 

Pinyon-Juniper 

Closed Brushland 

Open .Brushland 

Douglus-F;i.r 

Aspen 

Grassland 

Scree 

.Alluvial 

Macroplot number 

High Average Low 

54 

9 53 45 

25 24 43 

19 32 38 

42 52 

26 22 

so 41 

51 2 

413 



Table 2. Summary· of 1980 vegetation data for the shadscale community 
. type by cover (C) ,• density (D, number of plants per 50 m2), 

and frequency (F) •. 

Species:!_/ 

Trees and Shrubs 

Sarcobatus vermiculatus 
Atriplex confertif.ol'ia 
Artemisia tridentata 
dead Artemisia tridentata 
;Juniperus osteosperma 

Grasses 

Bromus tectorum 
Oryzopsis hymenoides 
Agropyron spicatum 

Forbs 

Lep:idium perfoliatum 
Hymenoxys acaulis 
Astragulus spp. 
Amsonia tomentosa 
Cryptantha bakerii 
Chenopodium album 
Physaria at,~s·tralis 
Salsola kali 
Lappula redowskii. 

c'l:J 

7 
5 
4 
T 
1 

7 
1 
T 

'1 
T 
T 
T 
T 
0 
0 
0 
0 

Macroplot Numbers 

54 Average 

D 

9. 
4 

11 
2 
0 

176 
7 
1 

34 
8 
4 
1 
0 
3 
1 
1· 
1 

10 
40 
50 
20 
0 

50 
30 
10 

I 
30 
10 
30 
10 

0 
10 
10 
10 
10 

c 

7 
5 
4 
T 
1 

D 

9 
4 

-n 
2 
0 

7 176. 
1 7 
T 1 

1 
T 
T 
T 
T 
0 
0 
0 
0 

34 
8 
4 
i 
0 

.3 
1 
1 
1 

l/ For authorities, listing of associated common riames, life forms,. 
longevities, season of growth and origin see Table 3 of 1976.report. 

]j Cover .is line intercept vertical projection of percentage· .of line 
which has vegetation canopy· above· it. 

3/ Frequericy is the percentage of the ten lx5 meter macropl6ts whicl1 
has.at least one individual of a given.species occurring in it. 

F 

70 
40 
50 
'20 
0 

50 
30 
10 

3d 
10 
30 
10 

0 
10 
10 
10 
10 

~·· 



Table 3. Summary of the 1980 vegetation data for the pinyon-juniper 
woodland community typ'e by cover (C), density (b, number of 
plants per 50m2), and frequency (F). 

Macroplot Number 

Species 9 45 53 Average 

c D F c D F c D F c D F 

Trees and Shrubs 

Juniperus osteosperma 8 3 30 4 o· 0 10 1 10. 7 3 13 
dead juniperus osteosperma 2 0 0 1 0 0 
Cercocarpus montanus 10 6 50 4 14 ·80 4 6 30 6 9 53 
dead Cercocarpus montanus 0 l 10 0 1 3 
A.r temisia tridentata 15 13 50 5 4 i7 
dead Artemisia tridentata 2 3 10 1 l 3 
Symphoricarpos oreophilus 2 15 70 l 5 23 
dead Symphodcarpos oreophilus 0 l 10 0 1 3 
Amelanchier alnifolia 3 14 60 1 5 20 
dead Amelanchier alnifolia T 0 0 T 0 0 
Ephedra vi:r:.id}s 1 0 0 3 11 50 0 1 10 1 '4 20 
dead Ephedra viridis T 0 0 T 0 0 
Pinus edulis 3 0 0 1 0 0 

· xanthocephalum sarothrae T 2 10 T 1 3 
Chrysothamnus visidiflorus 0 1 10 0 1 3 

Grasses 

Elymus salina 6 29 70 14 135 100 T 7 40 7 57 63 
Oryzopsis hymenoides T 1 10 2 15 30 0 1 10 1 6 17 
Rrnmn.c:· t:P.i:tn.rum 1 0 ·0 ·r 0 0 T 0 0 
Poa :pra.tensis T 0 0 T 0 0 
Sitanion hystrix 1 0 0 T 0 0 
Hilaria jamesii 0 2 10 0 ·1 ·3 
Stipa comata 0 1 10 0 1. .3 

Forbs 

Cryptanthus bakerii T 8 20 2 35 70 1 22 60 1 25 50 
Ph!}saria australis T 0 0 1 34 60 T 11 20 
Hymenoxys aca·ulis T 15 10 1 30 50 T 15 20 
Penstemon ousterhootii 0 1 10 T 2 20 T 5. 30 T 3 20 
Stanlyea pinnata 1 1 10 T 8 20 T 3 10 
Arenaria fendlerii T 5 20 T 0 0 T 2 7 
Lcptodactylon watsonii T 6 20 T. 2 7 
Euphorbia robusta T 3 20 T 4 10 T 2 10 
Astraglu.s spp. 1 4 30 T 1 10 
Cheopodium album T 2 20 T 1 7 
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Table 3. continued. 

Macroplot Number 

Species 9 45 53 Average 

c D F c D F c D F c D F 

Forbs (cont.) 

Erigeron eatOJ1i T 2 lQ T 1 3 
Allium cernuum T 2 10 T 1 3 

.Erysimum inconspicuum T 0 0 T 0 0 
Senecio multilobatus T 0 0 T 0 0 
Lepidium perfoliatum T 0 0 t 0 0 
Castellija linearifolia 'T 0 0 T 0 0 
Galium coloradoense T 0 0 T 0 0 

Succulents 

Opuntia rodantha T 1 10 T 1 3. 
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Table 4. Sunimary of the 1980 vegetation data for the closed brushland 
community type by cover (C), density (D, number of plants per 
50 m2), ·and frequency (F). 

Macroplot Number 

Species 24 25 43 Average 

c D F c D F c D F c D F 

Trees and Shrubs 

Amelanchier alnifolia 33 36 80 11 23 60 20 39 80 21 32 73 
dead Amelqnc~ier alnifolia 8 2 20 T 3 30 2 1 10 2 2 20 
Quercus gambeiii 18 32 80 12 46 90 14 86 80. 15 55 83 
dead· QueL'cus gambelii 2 .6 40 1 0 0 1 6 30 1 4 23 
Symphorcarpus 'oreophilus lH 24 80 T 2 20 5 10. 40 0 12 46 
Cercocarpus mont.a.rius 2 0 0 1 1 10 10 3 20 4 1 J.O 
Purshi.a tridentata 8 9 40 3 3 13 
Artem.isia tridentata T 1 10 2 3 20 1 2 10 1 2 13 
EL·iyuJiUill effusum T 2 10 1 ') 20 T 2 10 
Tetradymia cancGacns 1' 1 10· T 1 3 
Ceanothus martinii T 0 0 0 1 10 T 1 3 

. Chrysothamnus visidiflorus T 0 0 '1' 0 0 
· Holodiscus.· dumosus T 0 0 T 0 0 
Pseudotsuga menziesii T 0. 0 
Ribes wolfii l 0 0 T 0 0 

Grasses 

Elymus salinus T 2 10 1 9 30 3 20 40 1 10 27 
Oryzopsis hymenoides 1 2 20 1 9 40 2 6 40 1· 6' 33 
Carex ross:i,i 1 '1. 30 2 9 50 1 5· 27 
Stipa, lettermanii T 0 0 1 5 40 T 2 13 
Hilaria jamesii o· 1 10 0 1 3 

Forbs 

Galium coloradoense T 9 20 2 23 50 4 44 100 2 25 57 
Penstemon ousterhoutii :L 9 20 2 55 70 1 26 90 1 30 60 
Pachystima myrsinites 2 25 70 T 0 0 T· 6 30 1 10 33 

·Berberis repens ·4 29 80 1 10 27· 
Eriogonum umbellata 1 3 10 1 5 30 1 6 13 
Senecio multilobatus 1 '16 40 T 5 13 
Physaria australis T 0 0 0 4 30 1 7 30 T 4 20 
Achillea lanulosa T 7 10 T 2 3 
Cllaenactis dougiasii T 2 20 T 1 7 
Lept~dactylon watsonii 0 3 20 T 1 1 
Circium undulatum T 2 20 T 1 -7 
CastiLleja linearifolia T 2 10 .T 1 3 
Penstemon strictus T ;1. 'ld. T 1 3 
Stephanbmeria tenuifolia T 0 0· T 0 0 
Artemisia biennis T 0 q t 0 0 
.Erigeron inconspicuum T 0· 0 'r 0 0 
Lupinus a.duncys ·T 0 0 T 0 0 

21:58 



Table .5. Summary of the 1980 veget~tion data for the open brush"""grassland 
community type by cover (C), density (D, number of plants per 
50 .m2), and frequency (F). 

Macroplot Numbers 

Species 19 32 38 Average 

c D F c D F c D F c D F 

Trees and Shrub!'l 

Symphoricarpos oreophilus 5 22 70 23 62· 100 7 15 50 12 33 73 
dead Symphoricarpos oreophilus T 6 10 .T 0 0 T 2 3 
Quercus gambelii 1 11 20 16 77 60 16 ·33 70 11 40 50 
dead_Quercus gambelii 0 2 10 2 5 20 1 2 10 
Amelanchier alnifolia 3 17 30 15 44 80 14 21 50 11 27 53 
dead.Amelanchier alnifolia 1 1 10 l -1 j 

Artemisia tridentata 13 28 90 2 9 30 7 22 60 
dead Artemisia tridentata 7 9 50 T 1 10 T 5 40 2 5 33 
Prunus virginiana T 0 0 8 20 30 3 7 10 
Chrysothamnus visidiflorus 4 35 70 1 5 50 2 9 40 2 17 54 
Rosa.nutkana 1 13 60 T 4 20. 
Purshia tridenf;ata T 0 0 2 1 10 1 1 3 
Cercocarpus mbntanus T 0 0 T 0 0 
Tetradymia.canescens 0 1 10 0 1 3 

Grasses and Grass-Likes 

Carex rossii 11 92 100 11 62 70 2 24 100. 8 60 90 
Stipa letermanii 5 42 60 1 6 30 2 16 30 
Poa· pratensis 4 38 80 1 0 0 2 13 27 
Stianion hystrix 5 5 40 T 0 0 2 2 13 
'Elymus ·salina. T 4 10 1 41 70 T 0 0 T 15 27 
Bromus polyanthus T 6 so T 2 17 
Stipa comata: 1 1 10 T 1 io T 1 7 
Hilaria jamesii 1 3 10 T 1 3 
Bromus marginatus 1 0 0 T 0 10 T 1 3 
Oryzopsis hymenoides T 0 10 T 1 3 
Agropyron sm.ithii 0 2 10 0 1 3 
Agropyron spicatum 0 1 10 0 1 3 

Forbs 

Lupinus aduncus 6 so 80 8 40 60 3 34 8.0 6 41 73 
Lathyrus spp. 8 90 90 3 75 100 T. 5 10 4 57 67 
Erig.onum umbellatum 3 76 60 1 23 40 1 29. 60 2 43 53 
Li thosperma. ruder.al.e . T 3 20 6 2 20 T 0 0 2 2 13 
Achillea lanulosa. .2 57• 80 T 23 40 1 23 30 1 34 50 
Agastache urtici"folia · T 3 10 2 so 40 1 18 17 
E.rigeion speciosus 1 8 30 3 25 70 1 11 33 
Ligusticum porterii 3 14 40 1 5 13. 
Gayophytum ramosissimum. T 39 40 T 22 30 T 0 0 T 20 2.3 
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Table 5. Continued. 

Macroplot Numbers 

Species 19 32 28 Average 

c D F c D F c D F c D F 

Forbs (cont.) 

Galium boreale T 0 0 1 33 60. T 11 20 
Viguera multiflora T 20 10 T. 2 20 T 7 10 
Arenaria fendleri 1 16 40 T. 5 13 
Comandra umbellata T 7 20 1 8 10 T 5 10. 
Senecio multilobatus 1 12 50 T 1 10 ·T .4 20 
Pensteinon ousterhoutii 0 1 10 1 11 50 T 4 20 
URlmciwn muotard 0 5 so 0 4 20 T 1 JO 'T' ;\ ·n 
Calochortus gunnisonii T 7 40 0 2 20 T 3 20 
Castellija linaerifolia .T 0 0 0 5 10 T 0 0 T 2 3 
Linum lewsii 0 3 10 T 1 10 T 1 7 
Chrysopsis vi1losa T 3 20 T .1 .7 
Tragopogon dubius T 2 10 T 0 0 T 1 3 
Circium undulatum T 2 10 T 1 3 
Penstemon watsonii T 3 10 T 0 0 T 1 3 
Chaenactis douglasii T 0 0 T 0 0 T 0 0 T 0 0 
Phacelia hastata T 0 0 T 0 0 T 0 0 
Taraxacum la~vigatum T 0 0 T 0 0 T 0 0 
Galium colorodoense 'l' ·0 0 T 0 0 
Pachistima rriyrsinites .T 0 0 T 0 0 

Succulents 

Opuntia rhodantha T 0 0 T 0 0 
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Table 6. Summary of the .1980 vegetation data for the Douglas-fir forest 
comm~nity type by coyer (C)~ density (D, number of plots per 
50 ni·),.and frequency (F). 

Species· 

·. Trees and Shrubs 

Ps~udotsuga menzi~sii 
dead .. Pseudotsuga menziesii 
Quercus gambelii 
dead Que.rcus gambelii 
Amelanchi.e:r alni,folia 
dl?ad AmF>l riruJ.hi.er alnifolia 
Symphoricarpos oreophilu? 
Rosa nutkana· 
Betula . occLd.entali.s. 
Acer glabrum· 
Ribes wolf[£ 
Cercocarpus-montanus 
dead~ Cerc;oca.rznis-. i1Jonta.ptis 
Ceanothus maz;tiilii.· 

Grasses and·Grass...,Likes 

Ccu·ex rossii 
El.ymus salinq 
Stipa columbiana 

Forbs 

. Berber is repens 
Penstemon ousterhoutii 
Pachystima myrsinities 

. Galium borea1e 
Smilacina stellata 
Clematis linguisticafolia 
Smilacina racemosa 
Lathyrus-spp. 
Senecio multilpbatus 
Allium cernuum 
Galium coloradoense 

Macroplot Numbers 

c 

33 
T 
8 
T 

12 
1 

12 
4 
1 

.2 
.T 

T. 
T 

2 

42 

D F 

7 40 
1 10 

37 90 
4 30 

'11 60 
2 20 

21 80 
27 . 90 

6 40 
6 40 
2 20 
2 10 
0 0 

85· 50 

6 104· 100 

1 23 90 
2 23 70 
1 24 30 
2 22 50 
1 10 50 
1 2 10 

T 3 · 10 
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c 

25 

11 
1 
8 
2 
2 

1 
T 

T 

1 
1 
T 

52 

D F 

5 40 

56 100 
2 20. 

10 40 
0 0 
4. 30 

2 20 
1 10 

1 10 

16 70 
41 40 

1 10 

1 12 
2 66 
T 0 

20 
70 

0 

T 50 20 

T 0 0 

Average 

c D 

29 6 
T 1 

10 47 
1' 3 

10- 11 
2 1 
7 13 
2 '14 
1 3 
1 3 
1 2 
t 2 
T 0 
T 1 

F 

40 
5 

95. 
25 
50 
10 
55 
45 
20 
20 
20 

. 10 
0 
5 

2 
i 
T 

50 60 
22 20 
l' 5 

6 58 60 
1 33 35 
1 12 45 
'1 12 35 
1 12· 15 
1 11 25 
1 5 25 
1 1 5 
T 25 10 
T 2 5 
T . 0 0 



Table 7. Surninary of 1980 vegetation for the asp·en woodland· community 
type by cover ·(C), dens~ty (D, number of plants per 50 m2) 
and frequency (:i?) • · 

Macroplot Numbers 

Species 21 22 26 Average 

c D F c D F c D F c D F 

Trees and Shrubs 

Populus tremuloides 62 19 40 30 16 50 40 18 70 44. 18 53 
dead Populus tremuloides 0 5 20 ·o 2 7 
Symphor:Jcarpos oreopbilus 14 31 80 9 55 80 8. 29 70 io 38 77 
J1C:QL' gl a.brum 12 18 60 ]. 23 70 0 1 10 .4 14 47 
Rosa nutkana T . 7 40 1 13 50 1 7 40 1 y 43 
Amelanchier alnifolia 4 0 0 0 1 10 1 1 3 
Artemisia tridentata T 1 10 T 1 10 T 1 7 
Ch.rysothamnus visidiflorus T 1 10 T 1 3 

Grasses an.d Grass-Likes 

Carex rossii .9 120 90 7 75 .go 4 66 . 70 7 87 83 
Poa pratensis 6 49 30 2 15 .10 13 .27 40 7 30 27 
Stipa lettel.'Itlanii 2 27 50 0 2 20 1' 10 23 

· Bromus·marginatus T 16 30 0 2 10 T 13 40 T 10 27 
Stipa comata 0 1 10 0 1 3 

Forbs. 

Galium boreale 21 455 100 4 217 100 2 39 70 9 237 90 
. La thyrus spp. 13 88 90. 5 99 80 9 97 80. ·9 94 83 
Senecio serra. 1 23 40 9.174 80 5 102 100 5 100 73 
Thn1ictrum fendleri 1' .19 50 .5 133 80 4 45 60 3 66 . 63 
Osmorhiza occidentalis 4 145 90 2 83 ' 60 2 76 30 
Ligusticum porterii T 3 30 1 6 40' 4 17 50 2 9 40 
Taraxacum o:fiicinalt! 1 30 30 ·0 67 70 1 73 80 1 57 60 
Gayophyt:um ramos.issimum 1 0 0 1 100 30 1 33 10 
Achillea lanulosa 1 23 70 T 43 40 1. 30 80' '1 32 63 
Chenopodium album 0 33 20 0 2 10 1 53 30 T 29 .30 
Agastache urticifolia r '.8 30 T 12 50 T 2 20 T 7 33 
Smilacina stellata 0 .1 10 T 16 10 T 6 7 
Frageria oval is. 0 7 20 T 8 20 T .5 13 
Valeriana occidentalis· T 0 0 1 13 20 T 4 13 
Geranium fremontii T 0· o· T 4 30 T 0 0 T 4 10 
Clematis hirsutissimus 1 8 50 'I' 3 17 
Aquile9ia caerulea T 3 20 1 7 .20 T 3 13 
Viola canadensis T 10 10 T 3 3 
Streptopus amplexifolius T 4 io 0 1 10 T 2 7 
Phacelia. ser1cea T 3 20 T 1 7 



. Table 7 .• Continued. 

Macrop1ot Numbers 

Species 21 22 26 Average 

c D F c D F c D F c D F 

Fo.rbs (cont.) 

Erigeron speciosus T 4 20 
Potentilla gracilis T 0 0 T 4 20 T 1 7 
Lupinus aduncus T 1 10 T 1 3 
Circium undula.tum T 2 10 T 1 3 
Chenopodium botrys T 0 0 T 0 0 
Unknown mustard 0 3 20 0 1 7 
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Table 8. Summary of the 1980 vegetation data for the grassland community 
type by cover (C), density (D, nul!lber ·of plants per 50 m2), and 
frequency (F). 

Species 

Trees and Shrubs 

Atriplex canescens 
Artemisia frigida 
Erigonum effusum 
Chrysothamnus viscidiflorus 
Ephedra viridus 
AmelaiiChier·alnlfulia 

i Symphoricarpus oreophilus 
; Tetradymia canescens. 
, Chrysotbainnus nauseosus 
~ Az·temisia tr.identa·ta 

Grasses 

' 

I Elymus salina 
Bromus tectorum 

•Oryzopsis hymenoides 
Hilaria jame~ii 
Stipa comata 

Forbs 

Artemisia bie.nnis 
Astragl)lus amphioxys 
Erigeron eatoni 
Hymenoxys a~aulis· 
Rorripa islandica 

. Castellija rhexifolia 
Arenar ia fendler ii 
Trifolium gymnocarpon 

.. Unknown mustard 
Senecio multilobatus 
Crypanthus bakerii 
Galium coloradoense 
Linum lewisii 
llbrosi.a artemisifolia 
Achillea )anulosa 
Tragopogon dubious 
Penstemon ousterhoutii 
Penstemon.c:randellii 

1 Leptodactylon watsonii 
\ Eriogonum .umbellatum 
\ . 

Succulents 

Yucca harrimaniae 

c 
41 

D F 

9 11 60 
4 35 90 
4 11 60 

2 3 20 
2 2 20 
1 4 20 

1 0 0 

7 .27 90 
14 231 100 

6 36 100 

10 11 20 

1 -10 20 

1 5 20. 

T 0 0 
0 6 50 

1 0 0 

1 0 0 
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Macroplot Numbers 

c 

T 
2 

0 

50 

D F 

1 10 
30 90 

3 10 

5. 10 

18 235 100 

3 12 50 
4 52 90 
2 26· 60 

5 38 90 
4 124 100 
3 81 100 

2 60 90 
2 28 60 
1 74 100 
T 20 70 
·1 17 . 70 
T ·9 30 

T 7 .30 

1 5 10 

0 3 10 
0 2 10 

. Average 

c D F 

5 6 -30 
2 18 45 
2 6 35 
1 15 45 
1 2 10 
1 1. 5 
1 2 10 
T 2 :5 
T 0 0' 
0 3 5 

lJ 131 
7 116 
5 52 
2 26 
2 13 

. 95 
50 
75 
45 
~0 

5 0 10 
3 19 45.· 
2 62. .50 
2 41• 50 
2. 4 20 
1 30 45 
1 1iJ 30 
T· 37 .. 50 
T 10 35 
T 9 . 35 
T 5 15 
T. 5 10 
T 4 15 
T. 3 10 
T 3 · 5 
T 0 0 
0 3 25· 
0 2 5 
0 1 5 
T 0 0 

T 0 0 



Table 9. Sunnnary of 1980vegetation data for .the scree slope connnunity 
type by cover (C), density (D, number of plants per 50 m2), · 
and . frequency (F). 

Macroplot Numbers 

Species 2 51 Average 

c D F c D F c D F 

Trees and Shrubs 

Holodiscus dumosus 1 1 10 2 6 30 2 4 20 
Symphoricarpus oreophilus. 1 3 20 1 1 10 
Chrysothamnus visicidiforus T 0 0 1 2 20 1 2 10 
Quercus gambelii ·1 0 0 ·1 0 0 

Grasses 

Agropyron spicatum T 1 10 T 1 5 
Oryzopsis hyinenoides T 1 10 T 1 5 

Forbs 

Galium coloradoense· 2 71 so T 3 30 1 37 55 
Pteryxia hendersonii 1 19 70 1 10 35 
Penstemon cyanocaulis 0 1 10 1 16 60 1 9 35 
Lepte:dactylon watsonii 1 14 80 1 7 40 
Circium undulatum T 7 40 'l' 4 20 
Euphorbia robusta T 3 30. r 2 15 
Mentzelia albicaulis T 3 30 T 2 15 
Astragalus lutosus 'T 3 20 T 0 0 T 2 10 
Physaria australis T 0 0 T 0 0 :.·, 

Stephanomaria tenufolia 0 1 10 0 1 5 



Table 10. Stmunary of the ·1980 vegetation data for the al).uval connnunity 
type by cover . (C)' density (D., number of plants per 50m2), 
and frequency (F) •• 

Macroplot Numbers 

Species 46 48 Average 

c D F c o· F c D f. 

Trees.and .Shrubs 

Artemisia tridentata 22 35 100 21 30 90 22 33 95 
dead Artemi.sia tridentata 6 LO 70 6 6. 40. 6 8 65 
Symphoricarpos or~ophilus 1 4 20. 25 40 100. i3 2.2 60 
Querc,v.C:· gamhelii 4 0 0 15 90 70 10 45 35 

· dead Quercus gambelll '1' 0 0 T () 0 T U· 0 
Chrysothmanus nauseosus 8 16 50 3 .9 60 6 13 55 
Amelanchier alnifolia 6 2 20 1 0 b 4 1 10 
Rhus trilobata 2 1 10 1 1 5 
Rosa nutkana 1 1 10 1 1 .5' 
Cercocarpus montanus T ·o . 0 T 0 0 
Ephedra viridis T 0 0 T 0 0 

Forbs 

Penstemon ·ousterhoutii 5 6 . 40 4 73 80 5 40 60 
Physaria australis 4 117 100 1 50 30 3 84 65 
Erigeron inconspicuum 1 60 20 1 30 10 
Cryptantha bakerii 1 40 80 0· 3 20 1 22 50 
Stanlyea pinnata 1 5 20 T 1 10. 1 3 io 
Galium colorodoense T 1 10 T 1 5 
Senecio multilobatus T 2 10 T 1 5 
Euphorbia robusta T 0 0 T 0 0 
Penstemon strictus 0 3 10 0 2 5 
Chenopodium album 0 2 10 0 1 5 



FIGURE MAP OF OCCIDENTAL OIL SHALE CORP. PROPERTY 
WITH VEG. SAMPLE LOCATIONS 



I ~
 

.~ 
.~
 

.N
 

~>-
~I 

,
\C

) 
O

J 
•i

-3
 

It
-t

 
~ 

~
 

I
,
 

, .. 
0 

(/
) I ~ \C
) 

(X
) 

0 



VERTEBRATE POPULATIONS AT THE 
OCCIDENTAL OIL SHALE, INC. 

LOGAN WASH SITE 
SUMMER 1980 

Prepared by 

William 0. Wirtz II, Ph.D. 

and 

Joel S. Brown 

for 

OCCIDENTAL OIL SHALE, INC • 
. P.O. Box 2687 

Grand J~nction, Colorado 

November 1980 



····r-

THIS PAGE 

WAS INTEN'riONALLY 
i 
; 

LEFT BLANK 



Legal Notice 

The work reported herein wa,s co-sponsored by .. DOE and Occidental 
Oil Shale, Inc. No person acting on behalf of DOE or Occidental 
Oil Shale, Inc.: 

(1) Makes any warra,nty or representation, expressed 
or implied, with respect to the accuracy, com­
pleteness, or usefulness of the information, 
apparatus, method or process disclosed in this 
report or that the same may not infringe pri-

. vately owned rights, or 

(2) Assumes any liabilities with respect to the use 
of, or for damages resulting from, the use of 
any information, apparatus, method, or process 
disclosed in this report. 

ii 
JO! 



I. 

II. 

III. 

IV. 

v. 

VI. 

TABLE OF CONTENTS 

List of Tables 

List of Figures 

ABSTRACT 

INTRODUCTION 

METHODS AND MATERIALS 
Location of Study Areas 
Study Procedures .••..••••• 

RESULTS 
Mule Deer 
Small Mammals 
Birds ........ . 
Other Vertebrates 

DISCUSSION 
Mule Deer 
Small Manmals 
Birds ....... . 
Other Vertebrates 

....... 

CONCLUSIONS . .................................... . 
Mule Deer 
Small Manmals 
Birrl~ .......••..•• 
Other Vertebrates 

RECOMMENDATIONS 

REFERENCES 

APPENDIX 

....... ' ' ......... . 

Scientific and Common Names of Vertebrates 
Observed at the Logan Wash Site 

iii 
302 

iv 

v 

vi 

1 

2 

2 
7 

9· 

9 
11 
16 
28 

30 

30 
33 
47 

58 

58 
59 
~z 
64 

65 

66 

68 



LIST OF TABLES 

No. 

1 Per cent of Stations per Habitat Type in each . 
Study Area. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 

2 Demographic Data on Deer Population............. 10 

3 Habitat Association of Deer Population •••••.•••• 10 

4 Demographic Data on Small Mammals Live-Trapped 
in Lower Elevation Communities ••••••.•.•..•••••• 12 

5 Demographic Data on Small Mammals Live-Trapped 
in Higher Elevation Communities ••••..•••••••.••• 14 

6 Relative Density of Bird Species in Lower 
Elevation. Communities........................... 18 

7 Habitat Association of Bird Species in Lower 
Elevation Communities........................... 19 

8 Relative Density of Bird Species in Higher 
Elevation Corrmunities........................... 22 

9 Habitat Association of Bird Species in Higher 
Elevation Communiti.es........................... 24 

10 Evidence for Avian Reproduction.................. 27 

11 Distribution of Estimated Deer Population on 
Study P1ots ......................... .............. · 31 

12 Common Bird Species at the Logan Wash Site •••••. 48 

iv 
303 



LIST OF FIGURES 

No. Page 

1 Location of Study Plots •.••••••.•..•••...••••..•.• 3 

2 Mule Deer Demography ..••...•.•.••....••.........•• 32 

3 Rodent. PemOgr.a p hy . • • • . . • . . . • • . . • . • • • . . . . . . • • • • • • • • 35 

4 Biomass of Rodents on Control and Experimental 
Sites at Lower Elevations •.•..................•••• 38 

5 Biomass of Rodents on Control and Experimental 
Sites at Higher Elevations ..•..••...•............• 40 

. . 
6 Biomass of Rodents, Grams per Hectare~ at Higher 

and Lower El~vations, Control and Experimental 
P 1 ots. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43 

7 Brillouin Diversity Indices for Small Mammal 
Populations ....•.•.•...•••........ ~··············· 45 

8 Bird Demography at Lower Elevations •..••.•.•...•.. 50 

9 Bird Demography at Higher Elevations .........•..•• 52 

10 Brillouin Diversity Indices for Avian Populations. 56 

v 
304 



ABSTRACT 

Vertebrate populations at the Occidental Oil Shale, Inc. Logan Wash 

site were studied in May/June and August 1980. Data were collected on ex­

perimental and control plots in pinyon-juniper, mountain shrub, and aspen 

in order to test the null hypothesis that mining activities are not affecting 

small 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; Lower Fall, 1; lower Mine, 10; total, 86. The 

1980 estimated population is 29 per cent lower than the 1978 population, 

probably. due to severe winte~ conditions in 1978-79. The censused popula~ 

tion consisted of 30 per cent bucks, 42 per cent does, and 28 per cent fawns. 

The percentage of bucks decreased and the percentage of·fawns increased, 

from 1978 to 1980. The buck to doe ratio was 1:1.38, considerably higher· 

than a literature average of 1:3.34. Productivity was 66.7 per cent, up 

from 1978, but lower than 1977 and the Colorado average of 90 per cent. 

Fetal rate was 1.35, slightly lower than 1977 and 1978 and a literature 

average of 1.67 for does 2 to 7 years old in Utah. Deer are found in moun­

tain shrub i.n summer, though a greater proportion .was found in aspen in 

1980 than in previous summers. 

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 per cent of bio­

mass on control and 11 to 48 per cent ·on experimental sites. At higher ele­

vations they contribute 40 to 85 per cent on control and 29 to 95 per cent 

on experimental sites. Rock and pinyon mice, which occur only at lower 
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elevations, decreased sharply in abundance from 1978 to 1980. Their contri­

bution to biom~ss has been 6 ~o 34 per .cent on control sftes and 0.5 to 6 

per cent. on experimental. There are no published records of rock mice from 

. this part of Colorado, and the existence of this species at Logan Wash 

should be verified by experts. Chipmunk and golden-mantled ground squirrel 

populations have remained relatively constant during the ~tudy, comprising 

8 to 15 per cent of captures at lower elevations and 5 to 28 per cent of . 

captures at higher elevations. Ground squirrels are rare on high~r eleva­

tion sHes. At lower elevations they contribute 38 to 83 per cent of bio-
( 

mass per hectare on experimental sites and are absent from control sites. 

Chipmunks (least and/or Colorado) contribute 3 to 24 per cent biomass on 

lower elevation contro1 sites and 4 to 17 per cent on experimental S1tes. 

Only least chipmunks are present.on higher elevation sites, contributing 

14 to 60 per cent biomass on control sites and 2 to 33 per cent on·e)(peri ... 

mental· sites. Long-tailed voles, taken only at higher elevations, were 

not ~rapped in ~977. Since then they have contributed 1 to 8 per cent . . - •. ' . ,; 

biomass on control sites and 2 to 13 per cent.on experimental sites. Bushy­

tailed woodrats, captured irregularly only at· lower elevations, contribute 

40 to 58 per cent of biomass on control sites and 9 to 14 per cent on ex­

perimental sites. These data tend to support the null hypothesis that min­

ing activities are not affecting small mammal populations at the Logan Wash 

site~ Curves for higher elevations lend strong support for·the hypothesis, 

suggesting that fluctuations are governed by' sane extri.ns:ic factor such as 

weather. Lower curves on the lower elevation experimental plot may be due 

to reduced habitat variety in this canyon, or to the proximity of mining 

activities. 

Total rodent biomass per hectare on all plots increases during summer 
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due to reproduction and decreases during winter due to mortalitY~ An in­

crease in total bi'qmass on the lower.elevation experimental site is due 

primarily to an .increase in numbers of deer· mice, which may be an eff~ct 

of mining activity. Total rodent biomass per hectare data tend to support 

the null hypothesis. 

Diversity indices provide ~ measure of both number of species and dis­

tribution of ;.nqividuals among species. Diversity is greater on lower 

elevatfon 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 

sit~. An increase in populations of:these two species may also be due to 

intrinsic differences in habitat between lower elevation control and ex-

perimental sites. 

· In:l980, 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 could have bred there. Twenty species are deemed of special 

importance at the site, ihree species (white-throated swift, broad-tailed 

hummingbird, MacGillivray's warbler) conmon at both higher and lower ele­

vations, six (violet-green swallow, scrub jay, blue-gray gnatcatcher, Vir­

ginia's warbler, black-throated gray warble'r, rufous-sided towhee) coirunon 

only at lower elevations, and eleven (American kestrel, conmon flicker, 

dusky flyca~che.r, black-capped chickadee, house wren, robin, mountain blue­

bird, warbling vireo, Audubon's warbler, green-tailed towhee, gray-headed 

junco) conmon only at higher elevations. The nine species common ·at lower 

e-levations contribute 40 to 78 per cent of all sightings on the control, 
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and 61 to 91 per cent on the experimental, plot. The fourteen species 

conunon at higher elevations contribute 47 to 93 per cent of all··sightings 

on control, and 59 to 93 per cent of all sightings on the experimental, 

sites. 

Patterns of abundance for common species are similar for control and 

experimental sites at both higher and lower elevations. ThP.se data suggest 

that abundance is a function of some extrinsic factor such as weather, and 

lend support to the null hypothesis that mining activities are not having 

an adverse effect on avian populations. 

Avian diversity indices are quite similar on both control and experi­

mental sites.at higher elevations. At lower elevations, diversity is lower 

on the experimental site. This may be a reflection of the impact of minihg 

activities, or it may reflect habitat differences between experimental and 

control sites. Diversity indices tend to support the null hypothesis. 

Eastern.fence lizards are present in low densities, and plateau whip­

tail lizards are rare, in pinyon-juniper. Other mammals found occasionally 

at lower elevations are desert cottontail rabbit, rock. squirrel, and porcu­

pine. Those occasionally observed at higher elevations are white-tailed 

jackrabbit, yellow-bellied marmot, porcupine, coyote, short-ta11ed weasel, 

and long-tailed weasel. Miners observed a mountain lion adult with kitten 

in Logan Wash in 1980. Four bull elk were utilizing West Riley in August 

1980. Cattle were abundant at higher elevations in August, and had a signi­

ficant impact on vegetation around water sources in Upper Fall, West Riley, 

and Northwest Riley. 

Comparisons betweenexperimental and control sites, to test the null 

hypothesis that mining activities are not affecting wildlife, tend to sup­

port the null hypothesis after three years· of field work. June and August 
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are deemed the best times to collect these data. Such collection should 

continue for another 3 to 5 years. 
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I. INTRODUCTION 

Ecological surveys of the Occidental Oil Shale~ Inc. Logan Wash site 

wer,begun in the suiTVTier of .1974 and continued through August 1976.· The · 

purpose of these surveys was to detennine the major plant coJTVTlunities 

found on the site, the major vertebrate species found in each community, 

and their relative abundance in these communities •. Data collected during 

June and July 1974 were reported by Wirtz, Redmond and Whaley (1974). 

Wirtz and Whaley (1974) reported on data cullected at the site in November 

1974 on :deer utilization, avian species and numbers, large mammal species 

and numbers, and availability of water for wildlife. Similar infonnation 

is reported for February 1975 by Wirtz and Wirtz (1975a) and for June 

1975 by Wirtz and Wirtz (1975b). A report summarizing all previous 

findings and recoiTVTiendations was prepared byWirtz (1975) in September 

1975. The site was visited again in August 1976, primarily to census 

deer, but also to collect infcinnation on other wildlife (Wit'tz and Orr, 

1976). During early 1977 study plans were formulated for establishing 

experimental and control plots in three major hab1tats at the Logan 

Wash site in order to detennine whether oil shale mining operations 

were having any effects on resident vertebrate populations. Data col­

lected on these plots during June and August 1977 were reported by 

Wirtz et al. (1978). The plots were again studied during June, July, 

and August 1978, and the report for that year (Wirtz et at., 1979) 

compared current findings with those of summer 1977 and summer 1974. 

The plots were not studied in 1979. This report presents findings from 
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field work conducted from 21 May to 3 June, and from 2 to 14 August 

1980, and compares these data with that from earlier work. 

II. METHODS AND PROCEDURES 

Location of Study Areas 

The Logan Wash site is located in parts of Sections 23, 24, 25, and 

26, Township 7 South, Range 97 West of the Red Pinnacle Quadrangle and 

parts of Sections 9, 10, 15, 16, 17, 18, 19, 20, and 30, Township 7 

South, Range 96 West of the Red Pinnacle and Grand Valley quadrangles, 

southern Garfield County, Colorado. Elevations on the site range from 

6400 feet in Logan Wash to 8900 feet on top of the mesa to the north. 

Plant communities on the site are described in detail by West, et al. 

(1976). 

Three plant communities were deemed of special importance in cstub-

-2-

lishing control and experimental plots in 1977: pinyon-juniper, mountain 

shrub, and aspen. Experimental sites were selected in Lower and Upper 

Mine Gulch, within a half mile of the mine site (Figure 1). Control 

plots were established 1.5 to 2 miles from the mine site in 8605 Gulch, 

Upper Fall Gulch, and Northwest Riley Gulch (Figure 1). Each site has 

parallel rows of stations for live-trapping studies of small mammals. 

Detailed information is collected on birds on the trapping plots and 

adjacent areas of the canyon, and deer are carefully censused in the 

canyons where plots are located. 

Plot A. Plot A is located at 6500 feet in 8605 Gulch and serves 

as a lower elevation control site in pinyon-juniper and mountain shrub 

communities. Four rows of 25 stations each, with 50-foot intervals 
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Figure 1: Location of small mammal study plots (A - F), 
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studied on trapping plots and adjacent areas of the 
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between stations, are located 100 feet apart on the lower west side of 

8605. The 100 stations in Plot A include 39 per cent pinyon-juniper, 

-4-

47 per cent mountain shrub, and 14 per cent ecotone (Table 1). The 

pinyon-juniper community contains many Utah juniper, Juniperus osteospePma, 

and a few pinyon pine, Pinus edulis. Sef'Vicebetry, Amelanchiar alnifol.ia~ 

mountain mahogany, Cercocarpus montanus, and Gambel oak, Quercus gambelii, 

are common in mountain shrub on slopes, while big sagebrush, Artemesia 

tridentata, and larger GdlnLH;!l oak are included in the mountr~in shrub on 

the canyon bottom. Elements of the mountain shrub community are found 

in the pinyon-juniper. Bird and deer studies are conducted on the grid, 

in the canyon bottom, and on the east side of 8605 to about 6600 teet 

as well. 

Plot B. Plot B is located at 7200 feet near the mouth of Lower 

Mine Gulch and serves as a lower elevation experimental site in pinyon­

juniper and mountain shrub communities. Four rows of 25 stations each, 

with 50 foot intervals between stations, are located 100 feet apart on 

the lower west side of Lower Mine. The 100 stations in Plot B include 

38 per cent pinyon-juniper, 60 percent mountain shrub, and 2 per cent 

ecotone (!able 1). Plant compositiuu is similar to Plot A except for 

a greater percentage of low, dense Gambel oak in the mountain shrub 

component. Less sagebrush is found in the bottom of Lower Mine (Plot B) 

than in 8605 (Plot A), and the east side of the canyon has been heavily 

covered by talus resulting from mining activities higher on the slope. 

Bird and deer studies are conducted on the grid and in the canyon bottom. 

The east side of the canyon is not suitable at present for vertebrate 

utilization due to mining activities. 

Plot C. Plot C is located at 8600 feet on the west-facing side of 
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F 
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8605 

Lower 
Mine 

Upper 
Mine 

NW 
Riley 

Upper 
Fall 

Table 1. Percent of stations per habitat type in each study area. 

No. 
Elevation Stations 

6500 ft. 100 

7200 ft. 100 

8600 ft. 200 

8600 ft. 100 

8600 ft. 100 

Pinyon 
Juniper 

39 

38 

0 

0 

0 

Shrub 

47 

60 

65.5 

64 

46 

Aspen 

0 

0 

~4.5 

32 

43 

Ecotone 

14 

2 

10 

4 

11 

control 

experimental 

experimental 

control 

control 
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Upper Mine Gulch and serves as a large h~gher elevation experimental 

area. Due to canyon con~iguration, this plot .contains .four rows of 35 

stations each and two of 30 stations, for a total of 200. Stations are 

50 feet apart; rows are 100 feet apart. These stations include 65.5 

per cent mountain shrub, 24.5 per cent aspen, and 10 per·cent ecotone 

(Table 1). Aspen and mountain shrub intermingle in this canyon, and 

-6-

it was not possible to establish separate grids for each ·habitat •. Aspen, 

Populus tremuZoides, groves are fairly open, with snowberry, Symphoriaarpos 

oreophilus, growing bene~th •. Serviceberry, snowberry, Gambel oak, and 

big sagebrush compose most of the mountain shrub community, with the 

fonner· two specie5 more prevalent on cooler, more moist s'iopes and the 

latter two on dryer slopes. Bird studies are conducted on the plot 

and the entire canyon is used for deer studies. 

Plots D and E. Plots D and E are located at 8600 feet in Northwest 

Riley and form one 100-station control area. Plot D is entirely in moun­

tain shrub and E is chiefly aspen and ecotone. Slopes in Northwest Riley 

are south-facing, w.hereas the grid in Upper Mine is west-facing, so con­

trol and experimental plots are not identical. And this canyon is smaller 

than Upper Mine, so the rows here are shorter. Plot D consists of 3 rows 

of 12 stations and one of 14, with 50 feet between stations and 100 feet 

between rows. Plot E includes 2 rows of 17 stations and one of 16 sta­

tions, with 50 feet between stations and 100 feet between rows. Plots 

D and E comprise 65 per cent mountain shrub, 32 per cent aspen, and 4 

IH~r· cent t~coloru~ (T.thlt• 1). The sin~le aspt;'ll ~wove in Not·thwest Riley 

·1 s denser· th.111 lhost~ i 11 Uppe1· Mine. with only u sp.n·se ground cover of 

low herbs and scatteredsilowberry. Mountain shrub.in.Northwest Riley. 

is essentially identical to that of Upper Mine. Bird studies are con-
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ducted on the plots and tne entire canyon is used for deer studies • 

Plot F. Plot F is located at 8600 feet on a west-facing ,slope in 

the east fork of Upper Fall and provides a second'100-station control 

area for Upper Mine. This area was added in August 1977 in order to 

provide a control plot for Upper Mine that·has the proper orientation. 

Four rows· of 25 stations each, pla'ced 50. feet apart with rows 100 feet 

apart, embrace mixed mountain shrub and aspen similar to Upper Mine. 

However, ·this control plot is closer to the mine site than are the other 

two controls, so there is still some ·compromise involved •. The 100 sta­

tions of Plot F includes 46 per cent mountain shrub, 43 per cent aspen, 

and 11 per cent ecotone (Table 1). The composition of both mountain 

shrub and aspen components is very similar to that of Upper Mine. Bird 

studies are conducted on the grid, and the entire canyon is used for 

deer studies. 

Study Procedures 

Deer are censused at dawn and dusk, and records have been kept of 

all deer observed at the site. Spotting scopes a~e used to detenmine 

age and sex of as many animals as possible. Tallies of the same canyon 

by different observers and the same canyon for. different days are care­

fully analyzed to arrive at the maximum number of different individuals 

on a given study plot, whi-ch is considerably lower than the total number 

of sightings over a several day period. 

Large aluminum Sherman traps are _used to sample small mammals. Bait 

is a mixture of hen scratch, sunflower seed, raisins, and oat flakes. 

Mammals are toe-clip~ed for identification, weighed and sexed, and repro­

ductive data are npted for all adults. At least 200 trap-nights are . 

.H 7 
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accumulated for each plot for each census period. Comparisons are possible 

between study plots on the basis of number of different individuals per 4ll 
species per 100 trap-nights and total number of different individuals 

handled per species. Mathematical population estimates would require 

. considerably more field time and are not deemed worthwhile for a study 

plan involving only two census periods per year. 

A running tally is.kept of all birds seen on each pass through a 

study plot. Attempts are made to census in early morning, when bird 

activity is greatest, and also during the day and in the evening. Mist­

netting was conducted in 1980 with very low success. Efforts have been 

made to locate.nests on all plots during visits in May, June and July, 

and to determine state of nesting cycle at this time. Comparisons are 

possible between study plots on the basis of individuals per species 

per man-hour of observation. 

Included in the field data are records of all other vertebrates 

seen at the site. 

Joel S. Brown provided field assistance during the summer of 1980, 

and contributed significantly to data analysis. Helen Wirtz provided 

figures, and the text is by the principal investigator. 
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II I. RESULTS 

Mule Deer 

Only 35 deer were seen at the site .in May-June 1980 (hereafter re­

ferred to as May), while 252 were seen in August 1980 (Table 2). These 

figures include repeat sightings. 

No deer were observed in 8605 Gulch in May, while two does and a 

fawn were seen in August. Two different bucks were present in Lower 

Fall Gulch in May, .but only one was seen in August. N·ine does were 

seen in Lower Mine Gulch in May. In August eight does and six fawns 

were observed, and four different bucks were present. Sightings in 

Lower Mine were concentrated around the heater-treater plant or to the 

east at the head of Logan Wash, rather than up canyon in Lowe.r Mine it­

self. Fifteen does were observed in Upper Mi.ne Gulch in May, while 

66 qeer (20 bucks, 30 does, and 16 fawns) were seen there in August. 

Sightings were low in May in Upper Riley, Upper Fall, and on the east 

end of the mesa (listed as Other in Table 2) in May. In August, 79 . 

deer were observed in Upper Ri 1 ey (13 bucks, 46 does, and 20 fawns), . 

43 in Upper Fall (5 bucks, 23 does, and 15 fawns), and 42 on the east 

end of the mesa (one buck, 23 does, and 18 fawns}. 

In May, 80 per cent of all deer sightings were in the mountain 

shrub coiTIIlunity (Table 3). In August 58 per cent were in mountain 

shrub and 42 .per cent were in aspen. There was heavy utilization of 

aspen in Upper Riley, Upper Fall, and on the east end of the mesa in 

August {Table 3) . 

319 
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Table 2: Demographic data on deer population, summer 1980. Per cent 

of all deer sightings by sex and age and total number seen. 

• May-June August 

% % % Total % % % Total 
Male Female 1.9.!_ No. Male Female 1.9.!_ No. 

8605 0 67 33 3 

Lower Fall 100 2 100 1 

Lower Mine 100 9 23 44 33 18 

Upper M1ne 100 15 30 45 25 6.6 

Upper Riley 100 3 17 58 25 79 

Uppet' Fa 11 100 3 11 54 35 43 

Other 100 3 2 55 43 42 

Total Sightings 2 33 0 35 44 132 76 252 

Table 3: Habitat association of censused deer population, summer 1980. 
Per cent of deer sightings by habitat. 

May-June August 

Pinyon- Mountain Pinyon- Mountain 
Juni~er Shrub As~en Jun1~er .Shrub As~en 

8605 100 

Lower Fall 50 50 100 

Lower Mine 100 100 

Upper Mine 80 20 92 8 

Upper Riley 100 42' 58 

Upper Fall 100 37 63 

Other 100 38 62 

Total Sightings 1 28 6 0 148 104 • 
320 
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Small Mammals 

In May-June and August 1980 the survey team captured 282 small 

mammals in 1000 trap-nights in the lower elevation pinyon-juniper/moun­

tain shrub community of 8605 and Lower Mine gulches, for an overall 

trapping success rate of 28 per cent (Table 4). Deer mice* accounted_ 

for 84 per cent of the captures, while rock and pinyon mice comprised 

only 1.8 per cent. Least and Colorado chipmunks and golden-mantled 

ground squirrels accounted for 13 per cent of captures and bush!tailed 

woodrats the remaining 0.7 per cent. 

In May the sex ratio of deer mice was essentially even on both 

lower elevation study sites, but in August it was slightly biased in 

favor of males at both sites (Table 4). Golden-mantled ground squirrels 

were not trapped in 8605 in 1980~ though two were observed on the study 

plot there in August. Twelve squirrels were seen in one day in Lower 

Fall in August, and 21 squirrels were trapped in Lower Mine in 1980 

(see Figure 1 for the relationship of these three canyons). The sex 

ratio of squirrels trapped in Lower Mine was essentially equal (Table 

4). 

Colorado chipmunks were uncommon .in 8605 in May, and none were 

trapped in August. Least chipmunks ·were trapped in Lower Mine in May 

and August, but none were taken in 8605. Rock mice and bushy-tailed 

woodrats were trapped only in Lower Mine, and pinyon mice only in 8~05, 

in 1980. 

Pregnant or lactating deer mice and immatures of this species were 

*The appendix provides a list of common and scientific names for 
all vertebrates treated in this report . 
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Table 4. Demographic data on small mairlnals live-trapped in lower elevation 

pinyon-juniper/mountain shrub conmunity, summer_1980: (1) number 
of i nd i vi d·ua 1 s trapped, ( 2) number trapped per 100 trap nights, • 
(3) per cent catch female, (4) per cent adult female pregnant or 
lactating and (5) per cent inunature. Per cent of captures in: 
(6) pinyon~juniper, (7) mountain shrub, and (8) ecotone. WT 
means mean weight in grams of sexually mature adults. 

S. ZateraZis 
E. minimus 
E. quadrivittatus 
P. maniau.1.atit.s 
P. diffiai.Us 
P. truei 
N. ainerea 

8605 
May-June August 

(1} (2) (3) (4) (5) (1) (2) (3) (4) (5) 

6 2.0 33 
46 . 15.3 48 . 40 33 41 20.5 37 33 20 

3 lrQ lQQ 33 

Total Individuals 55 41 

S. Zatera.Zis 
E. minimus 
E. quadrivittatus 

· P. maniauZatus 
P. diffiaiZis 
P. truei 
N. ainerea 

(6) (7) (8) WT 

56 
26 

43 

33 11 53.1 
55 19 20.3 

57 ·26.3 

May-June 

(6) .(7) (8) WT 

24 59 17 20.0 

Lower Mine 
August 

s. ZatoraZis 
E. minimus 

(1) (2) {3) (4) (5) 
10 3.3 50 20 
-4 1.3 50 . 50 

10 
(1) (2) (3) (4) (5) 
11 5.5 54 

E. quadrivittatus 
P. maniautatus 
P. diffiaiZis 
P. truei 
N. ainerea 

'--
Total Individuals 

S. Zatera Zis 
E. minimus 
E. quad.i>ivi ttatus 
P. maniau l-atus 
P. diffiaiZis 
P. truei 
N. ainerea 

79 26.3 47 54 
1 0.3 100 100 

94 
(6) (7) (8) WT 
19 81 207.2 

100 34.5 

30 69 1 20.5 
50 50 20.0 

20 

7 3.5 86 

71 . 35.5 41 
1 0.5 100 

2 i.O 
92 

(6) (7) (8) 

5 
100 

WT 
lS .82 161.2 
11 78 11 32.2 

38 59 3 18.8 
100 22.0 

50 50. 157.5 

22 

·, 



• taken in May and August on both lower elevation grids (Table 4}. A 

highe.r percentage of breeding females was found in Lower Mine in May 

than in 8605, but the reverse was, true in August. Juveniles constituted 

a similar percentage of the trapped sample on both sites in both months • 

. A single reproductive female pinyon mouse was found in 8605 in May, 

and single reproductive female rock mice were taken in Lower Mine in 

both May and August. No juveniles of either species were trapped in 

1900. R~production was noted in golden-mantled ground squirrels and 

least chipmunk~ ·in Lower Mine in May. 

Golden-mantled ground squirrels and least chipmunks, trapped only 

in Lower Mine in 1980, were taken chiefly in the mountain shrub commun­

ity (Table 4}. Colorado chipmunks, trapped only in 8605 in 1980, ex­

hibited no habitat preference. Deer mice were more frequently trapped 

in mountain shrub on both study areas. 

May to August comparisons of mean weight of sexually mature adults 

are available for only three species in 1980 (Table 4}; all show a slight 

decrease for the interval. 

In May-June and August 1980 the survey team captured 489 small 

mammals in 1600 trap-nights i·n the higher elevation mountain shrub/aspen 

community of Upper Mine, Upper Fall, and Northwest Riley gulches, for 

an overall trapping success rate of 30.6 per cent (Table 5}. Deer mice. 

accounted for 74 per cent of t·he captures, least chipmunks and golden- . 

mantled ground squirrels for 20 per cent, and long-tailed voles for 

the remaining o percent {Table 5}. 

Sex ratjos of deer mice are essentially equal for both periods 

and all three grids, though males were favored on all grids in May 

(Table 5}. Female least chipmunks were taken more frequ~ntly than 
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Table 5: Demographic data on small mammals live-trapped in higher elevation • mountain shrub/aspen community, summer 1980: {1) number of indivi-
duals trapped, (2) number per 100 trap-nights, (3) per cent catch 
female, (4) per cent adult female pregnant or lactating, {5) per 
cent immature. Per cent of captures in: (6) mountain shrub, 
( 7) aspen, (8) ecotone, .WT means mean weight in grams of sexually 
mature adults. 

UPPER MINE 

May-June. August 

(1) (2) (3) (4) (5) (1) ( 2) . (3) (4) (5) 

s. Zater>aUa 1 0.3 1 0.3 
E. minimus 13 4.3 62 18 6.0 50 6 
P. maniaulatus 53 17.7 45 39 2 117 39.0 53 28 26 
M. longiaaudus 8 2.7 62 20 7 2.3 100 . g 

TuLal Individuals 75 143 

(6) (7) (8) WT (6) (7) (8) WT 

s. latera lis 100 156.0 100 150.0 
E. minimus 64 29 7 31.7 68 21 11 31.5 
P. maniaulatus 75 19 6 18.9 62 28 10 18.9 
M. Zongiaaudus 20 80 29.2 50 50 33.9 

NORTHWEST RILEY 

May-June August 

(1) (2) (3) (4) (5) (1) (2) (3) (4) (5) 

s. Zater>a lis 1 0.5 
E. minimus 28 9.3 43 8 12 6.0 25 17 
P. maniaulatus 29 9.7 41 25 57 28.5 47 30 26 
M. Zongiaaudus 1 0.5 

Total Individuals 57 71 

(6) (7) (8) WT (6) (7) (8) WT 

S. latera lis 100 140.0 
E. minimus 63 30 7 34.4 31 46 23 33.0 
P. maniauZatus 77 21 2 20.6 68 29 3 20.9 
M. Zongiaaudus 100 27.5 
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• Table 5:. Cont • 

UPPER FALL 

May-June August 

(1) (2) (3) (4) (5) (1) (2) (3) (4) (5) 

S. latera lis 
E. minimus 19 6.3 68 15 5 2.5 40 20 
P. maniauZatus 42 14.0 43 44 5 63 31.5 51 28 46 
M. Zongiaaudus 6 2.0 67 75 8 4.0 62 12 

Total Individuals 67. 76 

(6) (7) (8) WT (6) (7) (8) WT 

s. Zateralis 
E. minimus 18 71 11 34.2 100 30.4 
P. maniauZatus 67 21 12 19.5 51 39 10 19.1 
M. Zongiaaudus 89 11 28.7 11 67 22 30.6 

• 



males in Upper Fall and Upper Mine in May, but males were more fre­

quently taken in both periods in Northwest Riley. Female voles were 

more frequent on all grids in both periods, but sample size is small. 

Only three golden-mantled ground squirrels were trapped at higher 
I 

elevations in 1980 (Table 5), though they are occasionally observed in 

both Upper Mine and Upper Fall and along roads on top of the mesa (15 

sight records in August). 

Pregnant or lactat1ng d~~r mice were taken on all hiaher ~levation 

grids in both May and August, as were juveniles of this species, with 

the exception that none were taken in Northwest Riley in May (Table 5). 

Pregnant or lactating least chipmunks were trapped in Upper Fall 1n Mdy, 

and juvenile chipmunks were present on all three·grids in August (Table 

5). Reproductively active voles were found in Upper Mine and Upper 

Fall in May and in Upper Mine in August, while juveniles were taken in 

Upper Fall in August (Table 5). 

Least Ch1pmunks were most frequently captured in the mountain 

shrub corm1unity in Upper Mine and Northwest Riley in 1980, but more 

frequently in aspen in Upper Fall (Table ~). Deer mice were most fre­

quently trapped in mountain shrub on all higher elevation grids in 1980, 

while voles were more frequently taken in aspen, especially in Upper 

Fall. 

May to August comparisons of mean weight of sexually mature adults 

are available for three species at higher elevations in 1980 (Table 5); 

there are no significant weight changes. 

Birds 

Thirty-nine species of birds were noted at lower elevation study 
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sites in 1980 (Table 6), and 46 species were observed at higher elevation 

• sites (Table 8). 

In the lower elevation pinyon-juniper/mountain shrub community, 

white-throated swift* (seen only overhead), Virginia's warbler, black­

headed grosbeak, rufous-sided towhee, scrub jay, white-breasted nuthatch, 

and blue-gray gnatcatcher accounted for 59 per cent of all sightings 

in 8605 in May. Virginia's warbler, white-throated swift (seen only 

ov~rhead), black-headed grusbeak, rufous-sided towhee, green-tailed 

towhee. black-throated gray warbler, and MacGillivray's warbler accounted 

for 76.5 per cent of all sightings in lower Mine in May. In August, 

broadtailed hummingbird, scrub jay, blue-gray gnatcatcher, warbling 

vireo, and rufous-sided towhee accounted for 63.2 per cent of. sightings 

in 8605, while broad-tailed hummingbird, scrub jay, rufous-sided towhee, 

and violet-green swallow (seen only overhead) accounted for 60.7 per 

cent of sightings in luwer Mine. 

Of the ten most commonly observed species at lower elevations, six 

(Virginia's warbler, black-headed grosbeak, rufous-sided towhee, green­

tailed towhee, MacGillivray's warbler, broad-tailed hummingbird, and 

warbling vireo) seem to prefer the shrub community (Table 7). Scrub 

jays were more frequently observed in pinyon-juniper in 8605, and more 

frequently in mountain shrub in lower Mine. Both gnatcatcher and black­

throated gray warbler wet·e seen with about equal frequency in either 

,community. The remaining 29 species were distributed as follows: 10 

chiefly in pinyon-juniper, 9 chiefly in mountain shrub, 7 in either, 

and 3 only overhead (Table 7). 

*The appendix provides a list of common and scientific names for 
all vertebrates treated in this report. 
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Table 6. Relative density of bird species in the lower elevation pinyon-juni-
per/mountain shrub community, summer 1980. (1} number per man-hour • of observation, (2} per cent of total sightings in habitat. An 
asterisk (*) indicates that the species was seen only ~verhead. 

8605 Lower Mine 
May August May August 

(1) {2} {1} {2} { 1). {2) {1} {2) 
A. striatus .13 3.6 
A. aoopei>i .06 .8 .15 1.5 
B. jamaiaensis* .15 .7 
AquiZa* .07 .3 .29 3.9 .13 3.6 
F. spCWtJe:M.us .15 .7 .06 .8 
Zenaidura .29 3.9 
Aeronautes* 3.70 16.7 .17 2.3 1.18 11.8 .26 7.1 
SeZasp'horus .07 .3 .97 13.3 .22 2.2 .39 10.7 
Co"Lapttis .44 2.0 .11 1.6 
E. hcumnondii .59 2.7 .29 3.9 .37 3.7 
Contopus .07 .3 
NuttaZZornis .07 .3 
Taahycineta* .07 .3 .06 .8 .15 1.5 .52 . 14.3 
C. steZZeri .07 .7 
ApheZocoma 1.18 5.4 1.20 16.4 .37 3.7 .90 25.0 
P. piaa .06 .8 
C. corax* .15 .7 
P. atriaapiZZus .82 3.7 .29 3.9 • 26 7.1 
P. gambeU .59 2.7 
Psa Ztriparus .82 3.7 .15 1.5 .13 . 3.6 
Sitta aaroZinensis .06 .8 
Sitta canadensis 1.18 5.4 
Turd us .96 4.3 
H. fus(le.soen.s .11 1.6 
SiaZia .52 2'.3 .07 .7 
PoZioptiZa 1.18 5.4 1.14 15.6 .44 4.4 .26 7.1 
v. gilvus .67 3.0 .51 7.0 .07 .7 
V. virginiae 1.85 8.4 .17 2.3 2.15 21.3 
D. coronata .15 .7 
D. nigrescens .30 1.3 .34 4.7 .67 6.6 .26 . 7.1 

' Oporornis .07 .3 .74 7.4 
0 WiZsonia .37 1.7 

Pi rang a .96 4.3 .15 1.5 
· Pheuatiaus 1.33 6.0 1.11 11.0 

P. amoena .30 1.3 
C. pUPpureus .15 .7 
Chlorura .22 1.0 .34 4.7 1.04 10.3 
PipiZo 2.59 11.7 .80 10.9 .82 8.i .39 10.7 
S. passerina .37 1.7 .15 1.5 

Total 
Individuals 299 128 136 28 

Man-hours 13.5 17. 5· 13.5 7.75 

,j~d 
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Table 7. Habitat association of bird species in the lower elevation pinyon-juniper/mountain shrub community, 

su11111er 1980, by per cent individuals of ea,ch species per habitat: (1) -pinyon-juniper, (2) ·sagebrush 
oak, (3) mountain shrub. An asterisk (*} indicates that the species was seen only overhead. 

8605 Lower Mine 

May August May August 

(1) (2) (3) (1) {2) {3) (1) (2:) {3) (1) {2) (3) 

A. atriatua 100 
A. cooperi 100 100 
B. jamaicenaia* 
Aquila* 
F. aparverius 100 100 - Zenaidura 60 40 
Aeronautea* 

w SeZaaporus 100 29 71 100 100 
I'\: CoZaptes 100 100 
-c E. hammondii 100 80 20 100 

Contopus 100 
NuttaZZornis 100 
Tachycineta* 
C. steUeri 100 
Aphe'locoma 62 38 76 24 20 80 29 71 
P. pica 100 
C. corax*. 

- P. atricapiUus 73 27 100 100 
P. gambeU 100 
Psa'ltriparus 100 100 
Sitta caroZinensia 100 '-
Sitta canadensis 100 
Turd us 100 100 
H. fuscescens 100 
SiaZia 100 . 
PoZioptiZa 44 31 25 50 50 50 3-;' 17 100 I ... 
V. giZvus 100 11 22 67 100 ..... 

\0 
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.. • ~ 

v. virginiae 8 72 
D.· aoronata 100 . 
D. nigresaens 50 50 
Opol'ornis 100 
Wilsonia 
Piranga 38 62 
Pheuaticus 22 17 
P. amoena 100 
C. purpureus 
Chlorura 33 
Pipilo 11 26 
S .· passerina 20 40 

Total 
Individuals 299 

• 

20 100 10 

33 67 56 

100 
100 

61 40 

100 
·67 100 7 
63 . 100 9 
40 

128 136 

28 62 

44 
80 20 

33 27 

57 36 
64 27 

100 

100 

100 

28 

• 
I 

N 
0 
I 



In the higher elevation mountain shrub/asp~n habitat ten species. 

~ were commonly observed in summer 1980 {Table 8). Five species {house 

wren, robin, mountain bluebird, warbling vireo, and green-tailed towhee} 

accounted for 71.5 per cent of sightings in Upper Mine in May, while 

four species {blue grouse, broad-tailed hummingbird, house wren, and 

green-tailed towhee) accounted for 60.3 per cent of sightings in August. 

Six species {house wren, robin, warbling vireo, Audubon•s warbler, green-

tailed towhee, and gray-headed junco) a~counted for 61 per cent of 

sightings in Northwest Riley in May, while five species {blue grouse, 

white-throated swift, house wren, green-tailed towhee, and gray-headed 

junco} accounted for 57.2 per cent of sightings in August. In Upper 

Fall, seven species {house wren, robin, mountain bluebird, warbling 

vireo, Audubon•s warbler, green-tailed towhee, and gray-headed junco) 

accounted for 70.0 per cent of sighti~QS in May, and four species {white­

throated swift, broad-tailed hummingbird, house wren, and green-tailed 

towhee) accounted for 50.7 p~r cent of sightings in August. 

Of the ten most commonly observed species at higher elevations, 

t.hree (broad-tailed hummingbird, mountain bluebird, and green-tailed 

towhee) were found chiefly in the mountain shrub community, five {house 

wren, robin, warblipg vireo, Aud~bon!s warbler, and gray-headed junco) 

were found chiefly in aspen, blue grouse fed more frequently in mountain 

shrub but rested in aspen, and wnite-t~roated swifts were seen only 

overhead {Table ~). The re~aining 3~ species were distributed as follows: 

12 chiefly in mountain shrub, 12 chiefly in aspen, 5 using both communi­

ties, and 7 no.rmally seen only overhead (Table 9). 

The spring 1980 survey (21 May-3 June) was purposely conducted 

earlier than those of 1978 (28 June-10 July) and 1977 (7-17 June) in 
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Table 8. Relative density of bird species in the hi~her elevation mountain shrub/aspen camunity, sUITI11er 1980: 
(1) number per man-hour of observation, (2 per cent of total sightings in habitat.. An asterisk (*) 
indicates that the species was seen only overhead. 

Upper Mine Northwest Riley Upper. Fall 

May August May August May August 

(1} (2) (1) (2) (1) (2) [1) {2) {1) {2) {1) (2) 

Cathai'tes* .20 1.3 .03 .3 .17 1.2 .19 1.5 
A. striatus .07 1..0 .10 .8 
A. cooperi* .14 .8 .14 1.3 .07 1.0 
B •. jamaicensia* .07 .4 .20 1.8 .50 6 .. 8 .41 2.7 .10 .8 
Aquila* . .10 .9 .06 .4 
.F. aparveriua .28 2.6 .14 1..9 
Derui.l'agapus .07 .4 1.10 10.3 .17 1.5 .50 6 .. 8 .17 1.2 .19 1.5 '--

Bubo .0'7 .6 .14 1.9 
u.; Pr,a Zaenopti Z.ua .29 3.9 .11 .8 u.; 
N Aeronautes* .20 1.3 .2:1 1.9 .41 3.6 .64 8.7 .~9 1.9 1.24 9.8 

SeZ.aspho!'UB .20 1.3 .97 9.0 .29 3.9 .67 5.3 
CoZ.aptes .34 2.1 .30 2.7 .14 1.9 .63 4.2 .10. .8 
Sphympicus .20 1.3 .07 .6 .07 .6 ~23 1.5 
D. vi Z.Z.oaua .17 1.5 .29 1.9 
D. pubescens .14 1.·3 .14 1.2 ."07 1.0 .06 .4 .19 1.5 
Tyrannua .03. .3 
E. hammondii .34 2.1 .34 3.2 .27 2.4 .14 1.9 .41 2.7 .29 2.3 
E. oberhoZ.sel'i .61 3.8 .14 1.2 .34 2.3 .19 1.5 
E~ wrightii .41 . 2.6 .14 1.2 .29 1.9 
Contopua · .07 .6 .07 . LO .48 3.8 
Nutta Z.Z.ornis .10 .8 
Tachycineta* · .07 .4 .14 1.3 .10 .9 .51 3.5 .38 3.0 
C. corax* .21 1.9 .38 3.0 
Nucifraga .14 1.9 .10 .8 
P. atricapi Uus .34 2.1 .20 1.8 
P. gambel.i .03 .3 .10 .8 
S. canadensis .10 .9 

I 
N 
N 
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TrogLodytes 1.63 10.2 1.72 16.0 
TUX'dus 2.30 14.5 
H. ustu~ata 
H. fusaesaens 
SiaUa 1.83 11.5 
Myadestes .07 .6 
V. giZ.vus 1.90 11.9 .21 1.9 
V. ceZata .07 .4 
v. virginiae 
D. aoronata .27 1.7 
0. tpllrJiei .34 2.1 .21 1.9 
P. amoena 
c. pu..vopureus .07 .4 
S. p1-nus .34 2.1 
ChZoPUra 3.73 23.4 2.69. 25.0 
Chondestes .14 1.3 
J. aaniaeps .27 1.7 
S. passeP?;na 1.10 10.3 
S. breuJeri v.: 

w 
w Total Individuals 235 156 

Man-Hours 14.75 14.5 

.64 5.7 1.00 13.6 
2.00 17.8 

.03 .3 

1.02 9.0 

1.36 12.0 
.03 .3 

.07 1.0 
.24 2.1 

1.05 9.3 1.21 16.5 

.81 7.2 .86 11.6 

332 103 

29.5 14.0 

1.71 11.5 
.86 5.8 

.34 2.3 
1.49 10.0 

1.83 12.3 

.06 .4 
1.14 7.7 

2.51 16.9 

.86 5.8 

.11 .8 

260 

17 .·5. 

• 
1.33 

.10 

.38 

.10 

.38 

.48 

3.14 
.19 
.29 
.19 

1.24 

132 

10.5 

10.6 
.8 

3.0 

.8 
3.0 
3.8 

25.0 
1.5 
2.3 
1.5 
9.8 

I 
N 
w 
I 



-Table 9. Habitat association of bird species in the higher elevation mountain shrub/aspen community, summer 
1980, by per cent individuals of each species per habitat: (.3) mountain shrub, (4) aspen. An 
asterisk (*) indicates that the species was seen only overhead. 

Upper Mine Northwest Riley Upper Fall 

May August May August May August 

(3) (4) (3) (4) (3) (4) (3) . ( 4) (3) (4) (3) (4) 

Catha.rotes * 
A. striatus 100 100 
A. aooperi !GO 100 
B. jamaiaensis* 50 29 71 
Aquila* 
F. spai>verius 100 100 
Den.dragapus 100 100 100 100 100 100 w Bubo 100 50 50 w 

~ Phalaenoptilus 100 100 
Aeronautes* 
SeZasphorus 100 100 100 100 
Colaptes 100 100 50 50 100 100 
Sphyrapiaus 100 100 100 100 
D. viUosus 100 100 
D. pubesaens 100 100 100 100 100 
Tyrannus 100 
E. hammondii 100 100 . 88 12 50 50 . 71 29 100 
E. oberholseri 56 44 100 50 50 100 
E. wrightii 100 100 100 
Contopus 100 100 100 
Nuttallornis 100 
Taahyaineta* 
C. aorax* 
Nuaifraga* 100 
P. atriaapi llus · 100 100 
P. gconbeli 100 100 

I 
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S. canadensis 
Troglodytes 29 71 
Tu:Pdus 18 82 
H. ustulata 
H. fusoesoens 
SiaZia 85- 15 
Myadestes 
V. giZvus 18 82 
V. oeZata 100 
v. virginiae 
D. ooronata 25 75 
o. toZmiei 60 40 
P. amoena 
c. purpureus 100 
s. pinus 100 
ChZ.oru:l'a 89 11 
Chondestes 
J. oanioeps 100 

w S. passerina 
w S. breweri \T; 

Total 
Individuals 235 

100 
100 5 95 43 

2 98 
100 
100 

100 100 
100 100 
100 100 

30 70 
100 1CO 

100 100 9 
100 100 100 
100 

12 88 
100 

156 332 103 

57 100 
27 73 

100 100 
100 

100 

100 
100 

100 
91 

87 13 

100 53 47 
100 

260 

100 

100 
100 

100 
100 

100 
100 

132 

• 
100 

100 

100 

100 

I 
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order to broaden the time period over which data on avian breeding 

phenology were available for the Logan Wash site. Nesting had not yet 

begun in spring 1980 when the site was visited, but many.species had 

begun courtship, and the absence of leaves on aspen and most shrubs 

provided an unsurpassed opportunity for identification. 

Observations On behavior in May, and the presence of immatures in 

August, suggest that 35 species bred at the Logan Wash site in 1980 

{Table 10). Immature Cooper's hawks were Observed hunt1ng at both luwer· 

and higher elevations in August. An active red-tailed hawk nest, with 

either eggs ·or very young chicks, was found in the aspen of Southwest 

Riley in May, and immatures were noted over Riley in August. At least 

two different immature eagles were present in Logan Wash in August; 
. . 

the behavior of one suggested that it was a bird of the year. An 

American kestrel nest with young was found in the pinyon':"juniper of 8605 

in. August. Blue grouse courtship was observed in·Upper Mine in May 

and numerous young were seen at higher elevations in August. A mourn­

ing dove nest with eggs was found in the pinyon-juniper of 8605 in 

August. White-throated swift aerial courtship was observed at the site 

in May. Copulation was observed in hairy woodpeckers in May, while 

immature sapsuckers were present in aspen in August. Courtship and 

nest-building was observed in dusky and gray flycatchers in May, while 

immature Hammond•s and dusky flycatchers were present at higher ele­

vations in August. Copulating violet-green swallows were observed at 

higher elevations in May. House wrens were courting at higher eleva­

tions in May, and .immatures were present there in August. Courtship 

and singing_ were observed in robin, veery, and· mountain bluebird in 

May, and immature veery and bluebird were noted in August. Courtship· 
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and singing were also observed for blue-gray gnatcatcher, warbling vireo, 

and all warblers in May. Inmature Virginia•s and Audubon•s warblers 

were noted in August. Among the sparrows, seven species were singing 

in May. Ininature lazuli bunting, green-tailed towhee, rufous-sided 

towhee, lark sparrow, chipping sparrow, and Brewer•s sparrow were noted 

at the site in August. 

Other Vertebrates 

In addition to the species for which quantitative data are pre­

sented above, three lizard species and nine additional species of 

manunals wer·e noted at the site in 1980 • 

. Eastern fence lizards were observed in the pinyo·n-juniper/moun­

tain shrub habitat of both 8605 and Lower Mine in both May and August 

at an average rate o~ 2.38 lizards per man-hour of observation. Single 

·short-horned lizards were noted in higher elevation mountain shrub, 

·all in August. Hatchlings were seen in· Northwest Riley and Upper Fa 11. 

Adults were seen in Upper Mine and on the mesa north of l{iley Gu1ch. 

A single plateau wtriptail lizard was seen in 8605 in August. 

DesP.rt cottontail rabbits were noted in Logan Wash in both May 

and August. Young were present in May. Ther~ are 12. records of adults 

in 8605 Gulch. Three white-tailed jac\krabbits were observed at h-igher 

elevations; two in mountain shrub of Northwest Riley in May and one in 
I 

mountain· shrub in Upper Fall in August. No rock squtrrels were trapped 

in Logan Wash in 1980, but there are 12 sight records from 8605, and 

one each from Lower Fall and Lower Mine. Rock squirrels were resident 

in 8605 in the rocki outcroppings at both sides of .the mouth of .the 

canyon in August 1980. Yellow-bellied m~ots were present in West 

Riley near' the cattle tank in May, but none were seen elsewhere on the. 
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Table 10. Evidence for avian reproduction at the Logan Wash site, surmner 
1980. 

A. aoopeT'i 
B. jcunaiaensis 
Aquila 
.F. spa:rveT'ius 
Dendragapus 
ZenaidUPa 
Aeronautes· 
Sphyrapiaus 
D. viUosus 
E. hanunondii 
E. oberho ZseT'i 
E •. · wX'ightii 
Contopus 
Taahyaineta 
S. aanadensis 

· TroyZodytes 
Tu:Pdus 
H. fusaesaens 
H. usteZata 
SiaZia 
PoZioptiZa 
v. giZvus 
V. aeZata 
V. v·i1•g·inf;ae 
D. aoronata 
D. nigresaens 
0. toZmiei 
Pheuatiaus 
P. amoena 
C.· ptwpUPeUB 
ChZorUPa 
PipiZo 
Chondestes 
J. aaniaeps 
S. passerina 
S. breweT'i 

May 

nesting 

courtship 

courtship 

copulation 

nesting 
t.:uurtsh1p 
singing 

copulation 
courtship 
courtship 
singing 
singing 

courtship 
courtship 
singing 
singing 
singing 
singing 
singing 
singing 
singing 
singing 
singing 
singing 
singing 

singing 
singing 
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August 
immatures 

inmatures 
nesting, young 

irmnatures 
nesting, eggs 

immatures 

immatures 
irntnatures 

immatures 

inmatures 
immatures 

immatures 
inmatures 

immatures 

inmatures 
immatures 
immatures 

inumitures. 
inmatures 
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• sit~~ and none were se~n at all in August. A porcupine was found in 

Lower Fall in May, and another was found in Upper Fall in August. 

These are the first summer records of this species at the site. 

Coyote vocalizations were heard in Riley Gulch on 6 August and 

tracks were found in West Riley in May, but no animals were observed 

at the site in 1980. Three ermine were trapped at higher elevations 

in August, two in Upper Fall and one in Upper Mine. An ermine was 

observed in the mountain shrub of West Riley, and long-tailed weasels 

were se~n several times in Upper Mine, in August. The principal investi­

gator was informed by mining personnel of mountain lion sightings in 

Logan Wash, including Lower. Mine Gulch, by mining personnel in the 

past year, but was not able to personally verify these records. An 

adult and a kitten are reported from Lower Mine near the base of the 

cliffs. 

Four bull elk were found in West Riley during August. These are 

the first sight records on the site by the survey team in seven summers 

of field work. Elk tracks were found in West Riley i •• May and on the 

road north of Northwest Riley in August. Recent pellet groups and . . . . . . . 

tracks were also present in Northwest Riley in August. 

Domestic cattle were pres~nt on the site in August, especially 

around the water tank in Upper Fall •. A high count of 96 animals in 

Upper Fall was made and lesser numbers were observed in Northwest and 

West Riley. Trampling of vegetation was severe around the water tanks 

in Upper Fa.ll and West Riley, and in the aspen of Northwest Riley. 

At this latter site virtually all the herbaceous vegetation beneath 

the aspen was destroyed by 14 August. 
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IV. DISCUSSION 

Mule Deer 

The 252 deer observed at the site in August 1980 (Table 2) are believed 

to represent 86 different individuals, distributed as indicated in Table 11. 

As not all of the site was censused, this does not represent a population 

estimate for the entire site. The estimated resident population in August 

1980 consisted of 30 per cent adult males, 42 per cent adult females, and 

28 per cent fawns. The buck to doe ratio of this population· was 1:1.38. 

Productivity was 66.7 per cent, and the calculated fetal rate for breeding 

does was 1.35. 

A comparison of census data for 1977, 1978, and 1980 (Figure 2) 

suggests a decrease in the size of the resident herd since 1978 (2a, 2b). 

There has not been a change in the female proportion of the population 

since 1977 (2d), but the male proportion has increased slightly (2c) and 

the fawn proportion has decreased slightly (2e). The buck to doe ratio 

at the site has remained below 1:2 since 1978; this is considerably better 

than the average of 1:3.34 given by Taylor (1956). Productivity at the 

site decreased between 1977 and 1978, but increased between 1978 and 1980 

(2f) in spite of a decrease in population size. Productivity at the site 

has always been lower than the Colorado average of 90 per cent reported 

by Taylor (i956). At least six sets of twins and two sets of triplets 

were noted at the site in 1980, and two more sets of twins were noted 

north of the site. The calculated fetal rate for breeding does at the site. 

in 1980 is slightly lower than the 1.38 determined in 1978.and the 1.42 

determined ~n 1977. These rates are all. lower than the 1.67 'average re­

ported for does 2 to 7 years old in Utah by Taylor (1956). 
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• Table 11. Distribution ·of the estimated deer population on study plots 
at the Logan Wash site in August 1980. 

Male Female .Fawn Total 

.8605 0 1 1 2 

Lower Fall 1 0 0 1 

Lower Mine 4 3 3 10 

Upper Mine 10 7 4 21 

Upper Riley 6 11 5 22 

Upper Fall 4 9 5 18 

Other 1 5 6 12 

Total 26 36 24 86 
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b) 120 
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d) 80 
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40 
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Figure 2: Mule deer demography at the Logan Wash site. 
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The decrease in number of deer observed at the site and number esti-

~ mated to be resident on study areas between 1978 and 1980 is most likely 

attributable to the severe winter that occurred in 1978-79, and not to 

mining activity or other human perturbation. A 74 per cent increase in 

natural deer mortality was noted at the C-b tract, 28 miles north of the 

Logan Wash site, between 1978 and 1979 (1979 C-b Annual Report, Vol. 2, 

Environmental Analysis, April, 1980). The very low number of deer seen 

at the site in late May and early June 1980 is attributed to the fact 

that most deer had not yet moved to higher elevations. Aspen and most 

shrubs were just beginning to leaf out in late May, and thus neither food 

nor shelter was available for mule deer at this time. 

In May 1980, 80 per cent of all deer sightings were in mountain shrub~ 

while in August only 58 per cent of sightings were in this community. 

Data from previous years (Wirtz et al., 1979) have shown a clear pre­

ference by mule deer for the mountain shrub community at higher elevations 

in summer. In August 1980 there was heavy utilization of aspen by deer 

in Upper Riley, Upper Fall, and on the east end of the mesa. There is 

no obvious explanation for this apparent shift, and no special signifi­

cance is attributed to it at this time. Should the shift persist in 

fUture years, studies on diet and forage nutrient levels might be useful 

in th~ search for an explanation. The appare~t ~hift in habitat preference 

in August 1980 might also explain the reduced number of deer noted during 

-censusing, for more may have been hidden from observers by foliage. 

Small Mammals 

The author knows of no published demographic studies of small mam­

mamals in north-western Colorado, so it is not possible to compare data 
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for the Logan Wash site with studies elsewhere in the area. Long-term 

changes between control and experimental plots established in 1977 are 

the most likely avenue for obtaining information as to whether mining 

activities are affecting small mammal populations. 

Trapping success decreased between 1978 and 1980 at both lower and 

higher elevations (Fig. 3a), but did not reach the.lows observed in 1977. 

Fluctuations in trapping success are unlikely to be related to·mining 

activities, b~~ rather to be du.e to changes in available food or some 

other ecological parameter related to the biology of small mammals at 

the site. Composition of the rodent population at both higher and lower 

elevations has fluctuated during the years demographic. data have been 

collected (Fig. 3b). Populations at both higher and lower elevations are 

dominated numerically by the deer mouse. This was particularly true at 

higher elevations in 1978. At lower elevations there appears to be an 

inverse relationship between numbers of d~er mice and the abundance of 

rock and pinyon mice (Fig. 3b). In 1977, when deer m1ce comprised 42 

per cent of captures, rock and pinyon mice constituted 34 per cent of 

the sample, while in 1980 when deer mice comprised 84 per cent of captures 

rock and pinyon m1ce contributed only 1.8 per cent. While these data 

suggest interspecific competition as a mechanism affecting density of 

these species, the work of Douglas (1969) does not support the hypothesis 

for deer and pinyon mice. Douglas notes that, in Mesa Verde National 

Park in southwestern Colorado, pinyon mice are restricted to pinyon-juni­

per woodlands because of dependence on hollow juniper branches for nest 

sites and juniper berries as preferred winter food. Deer mice are found 
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in more open grassy and brushy areas in Mesa Verde, moving into the pin­

yon-juniper woodland only when population densities are high (Douglas, ·1969) . 
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Figure 3: Rodent demography at the Logan Wash site. 
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At lower elevations, populations of chipmunks and golden-mantled ground 

squirrels have remained relatively constant at 8 to 15 per cent of cap­

tures throughout the study {Fig. 3b). At higher elevations an inverse 

relationship is noted between their numbers and density of deer mice. 

Because only a single tr-ap is placed at each station, trap availability 

may be partly responsible for both these fluctuations and that discussed 

above for deer mice versus rock and pinyon mice. That is, at high deer 

mouse densities, traps may be rapidly filled by th1s svec1es each night. 

thereby precluding capture of less abundant species and biasing an esti­

mate of density based on per cent of captures. 

The occurrence of the rock mouse (~e~amyseus diffiaiZis) at the 

Logan Wash site is of particular biological interest. Little is known· 

of the biology of the rock mouse in Colorado (Lechleitner, 1969). Cinq­

Mars and Brown (1969) have studied reproduction and ecological distribu­

tion of the species in Colorado. They found it most abundant in mountain 

mahogany. pinyon-juniper, and yellow pine-juniper communities with numer­

ous rocky outcroppings alortg the eastern flank of the Front Range of th~ 
Rocky Mountains. Within the mountain mahogany zone~ rock mice occurred 

with greater frequency on granite and limestone outcroppings. Cinq-Mars 

and Brown {1969) note the presence of deer mice (Peromysaus maniaulatus) 
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in all sites occupied by rock mice, suggestin9 that the two specie~ coexist 

readily with minimal interspecific competition. Anderson {1961) reports 

the presence of the rock mouse in Mesa Verde National Park, based on a 

single immature specimen, but Armstrong (1972) believes this individual 

to be a brush mouse (Peromysaus boylii), and notes that, in his judgement, 

there are no valid records of rock mice "west of the San Juan Mountains 

in Colorado, despite an abundance of seemingly suitable habitat." The 
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Logan Wash .site is approximately 200 miles north-northwest of the San .Juan 

Mountains. Vegetation at the Logan Wash .site is appropriate for the rock 

mouse, but the geological formation type present would suggest that only 

low populations of the rock mouse would be present, according to the work 

of Cinq-Mars and Brown (1969). Rodents identified as rock mice have been 

captured at the Logan Wash site in July 1974 (4 individuals), June and 

August 1977 (18 individuals), June and August 1978 (14 individuals), and 

May and August 1980 (2 individuals). Most have been taken in 8605 Gulch, 

where the pt'eSt!nce of r.ocky outcroppings and pinyon-juniper habitat would 

suggest suitable habitat. The study area in Lower Mine Gulch lacks rocky 

outcroppings and contains a lower percentage of pinyon-juniper habitat 

than does the study area in 8605. A single immature animal was trapped, 

off the study ~rea, in 8605 in Aug~st 1980, and will be sent ou~ for 

expert identification. Additional SR~cimens should be collected in 1981 

to verify identification of this species. 

Ecological comparisons between study sites may also be made on the 

basis of the biomass contributed per hectare by each species of rodent. 

Data are presented separately for control and experimental plots at lower 

(Fig. 4) and higher (Fig. 5) elevations. 

Both golden-mantled ground squirrels and bushy-tailed woodrats are 

irregular in occurrence on lower_elevation plots (Fig. 4),·suggesting 

that habitat and/or conditions are marginal for these species in Logan 

Wash. An alternative hypothesis is that densities of these rodents are 

so low that they are only irregularly trapped. Golden-mantled.ground 

squirrels ~ave not been trapped on the control site in 8605 Gulch, though 

they are occasionally observed there. They have been regularly trapped 

on the. experimenta 1 p 1 ot in Lower Mine Gu.l ch, contributing between 38 and 
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83 per cent of the biomass per· hectare (Fig. 4d). Bushy-tailed woodrats 

are taken irregularly on both experimental and control sites. They were 

absent from the contr~l in 1980 and from the experimental in 1978. Their 

contribution .to biomass has varied· from 40 to 58, per cent on the control 

and from 9 to 14 per cent on the experimental site (Fig. ·4c). 
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Chipmunks (least and/or Colorado) are normally present on both experi­

mental and control sites at lower elevations, contributing 3 to 24 per 

. cent biomass-per hectare on the control and 4 to 17 per cent biomass on 

the experimental site (Fig. 4b). Both rock and pinyon mice are also nor­

mally ·present on both sites, contributing 6 to 34 per cent of biomass on 

the control and 0.5 to 6 per cent of biomass on the experimental site 

(Fig. 4a). Deer_mice are the numerically superior species on both sites 

at lower.elevations, contributing 13 to 100 per cent of biomass on the 

control and 11 to 48 per cent on the experimental ~ite (Fig. 4e). 

Biomass data on deer mice, rock and pinyon mice, and chipmunks pro­

vide a useful vehicle for testing our null hypothesis that mining activities 

are not affecting small ·mammal populations at lower elevations. Biomass 

curves are similar for these species on both control and experimental 

plots, and have fluctuated in similar fashion during··the period studied·. 

Lower curves for all three on the experimental plot.may be due to 1) less 

suitable habitat in Lower Mine than in 8605; and 2) the presence of golden­

mantled ground squirrels in Lower Mine, which make a significant contribu­

tion to biomass per hectare. It is concluded that these data tend to 

support the null hypothesis. 

Only three species of rodents are trapped regulariy on·both control 

and experimental plots at higher elevations (Fig~ 5). Long-tailed voles 

were not taken ~tall in 1977. Since then they have contributed 1 to 8 
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per cent of biomass on control sites and 2 to 13 per cent on experimental 

sites (Fig. Sa)~ Least chipmunks have contributed 14 to 60 per cent of 

biomass on control sites and 2 to 33 per cent on experimental sites (Fig. 

5b). Deer mice, which are also numerically superior at higher elevations, 

have contributed 40 to 85 per cent of biomass on control sites and 29 to 

95 per cent on experimental sites (Fig. 5c). 

An inspection of biomass curves for higher elevation sites (Fig. 5) 

lends strong support for the null hypothesis. Though there are minor 

differences between control and experimental sites, the curves for each 

species are very similar in form for both control and experimental sites, 

1 ending strong support not only for the nu 11 hypothesis, but a 1 so for the 

hypothesis that fluctuations in population numbers, and therefore bio~ass, 

are governed by some extrinsic factor, such as weather, rather than by 

proximity to mining activity. 

Pregnant or lactating deer mice, and juveniles, have been taken at 

the Logan Wash site from May through August. The species is known to 

breed in Colorado from April through September (Warren, 1942), with re­

cords as early as January (Reed, 1955) and as late as October (Beidleman, 

1954) in Larimer County. Pregnant or lactating rock and pinyon mice have 

been taken from May through August at the site, and juvenile pinyon mice 

have been captured there .in June and August. Breeding activity in rock 

mice is known to occur from April to August, with peak activity .in May 

and June, in Colorado (Cinq-Mars and Brown, 1969). Pinyon mice reproduce 

from June through September in Mesa Verde, with a few females lactating 

as late as October (Douglas, 1969). Reproductively active female least 

chipmunks have been captured at the Logan Wash site in May and June, and . 

young have been taken in August. Least chipmunks breed in Colorado in 
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late spring and early surrmer, and the young may be as large as the parents 

by the end of the surrmer (Lechleitner, 1969). Wadsworth {1969) reports 

that the related Colorado chipmunk breeds in late February or early March 

in southeaster,Utah, with young born in early April ·and emerging from 

the nest in May. Pregnant or lactating Colorado chipmunk females were 

taken at the site in July 1974, but no evidence ~f reproduction has been 

noted since. 
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Biomass of rodent.$ on $'tYdY plots may be compared by surrming the con­

tributi.on of each species in grams per hectare (Fig. 6). Biomass on all 

plots tends to increase from June to August due to reproduction, and may 

decrease over winter due to morta·l ity. At lower elevations (Fig. 6b), 

biomass on the control site has remained similar throughout ·the study, 

exhibiting spring to fall increases, except in 1980. The decline in August 

1980 is presumed to be due to both a decrease in ·total .catch (Fig. 3a) 

and the absence from the trapped population of larger species, such as 

woodrats, ground squirrels, and chipmunks (Table 4). The large increase 

in biomass on the lower elevation experimental site (Fig. 6b) is- due prin­

cipally to an increase in numbers of deer mice (Fig. 3b). This increase 

may be due to the fact that mining operations are making the area more · 

suited for deer mice and perhaps less suited for other species. Williams 

(1955) found that deer mice appeared in greater numbers.in relatively 

early successional stages after fire, lumbering, or mining in Colorado. 

The increase in biomass per hectare observed on the lower elevation experi­

mental site may also be attributed to the numbers of golden-mantled ground 

squirrels trapp~d there (Fi~. 3b, Fig. 4d), and th~ir appa~ent absence 

·on the lower elevation control site {Table 4). 

Biomass of rodent~ per h~ctare has remained similar for.control and 
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experimental plots at higher elevations duri.ng the study (Fig. 6a); though 

there was a dip in biomass on the experimental plot in spring 1980. These ~ 
data lend support to the null hypothesis that mining activities are not 

affecting rodent populations at the Logan Wash site. 

The Brillouin (1956) information-theoretical measure of mean diver­

sity per indiv1dual was used to examine small mammal diversity at the 

site (Fig. 7). Greater diversity is found at lower elevation sites during 

1977 and 1978, due both to the presence of more·species and to more equit­

able distribution of individuals among species, than at higher elevations. 

Diversity is greater at lower elevations on the control than on the experi­

mental plot in 1977 and 1978 due to the absence of woodrats and rock mice 

on the experimental plots and the irregular occurrence of chipmunks there. 

The situation changes significantly in i980, due to a reduction in the 

number of speci'es on the control plot, Liltimateiy to a single species 

population in August 1980, resulting in a .diversity index of zero (Table 

4. Fi.g. 7b). Diversity indices are simila·r for control and experimental. 

plots at.higher elevations throughout the study (Fig. 7a). Th~ ~ystem 

is simpler at higher elevations, consisting primarily of deer mice ahd 

least chipmunks. with lower numbers of long-tailed voles and golden-man• 

tled ground squirrels (Table 5), but it has remained stable,throughout 

the study to date. These data support the null hypothesis of lio effect 

of mining activities on small mammal populations at higher elevations. 

With three years' data, it is possible to examine several parameters 

of rodent demography for possible affects of mining activity at the Logan 

Wash site. Per cent trap success (Fig. 3a) has been similar at lower and 

higher elevations during these years. Fluctuations from year to year at 

both lower and higher elevations have beE!m similar, suggesting extrinsic 
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factors, such as weather, as the cause of rodent density fluctuations 

rather than mining activities. Data on biomass contribution of rodent 

species at lower elevations (Fig. 4) presents a more confusing picture. 

Rock and pinyon mice make a more substantial contribution to biomass on 

control than on experimental site, probabl¥ due to habitat differences . 

between the sites. Chipmunks have provided a v~riable contribution to 

biomass on experimental and control sites. Woodrat populations have de­

creased On the COntrol area, goldcn-mantlPcf ground. SquirrelS have Only 

been taken Qn the experimental area, and deer mouse contribution to bio­

mass has increased to the exclusion of all other species on the control 

area. These data do not.present information on the affect of mining 

activity. The contribution of three rodent species to biomass at higher 

elevations has remained similar for both control and experimental sites 

(Fig. 5). Seasonal fluct~ations suggest weather as a factor affecting 
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this parameter, rather than proximity to mining activities. Total biomass 

per hectare of rodents reflects seasonal changes on the lower elevation 

control plot (Fig. 6b). Mining activities may be creating habitat more 

favorable to deer mice and golden,..mantled ground squirrels at the experi­

mental site. The noted differences may als~ be due to habitat differences, 

unrelated to mining activities, between the two sites~ Rodent biomass per 

hectare at higher elevations has remained similar between control and ex• 

perimental sites throughout the study (Fig. 6a). No effect of mining 

activities is· perceived in these data. Rodent diversity has remained simi­

lar-between control and experimental plots at higher elevations throughout 

the course of the study (Fig. 7a) •. These data do not suggest _an effect 

of mining activities on rodent diversity. At lower elevations~ diversity 

has decreased on the control site, and exhibited minor fluctuations on the 
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experimental site (Fig.· 7b). A·decreas~ in the presence of rare species cul­

minated in a single species rodent p~pulation on the control site in August 

1980, resulting in a diversity index of zero (Fig. 7b). Small numbers of in­

dividuals of these rare species persist on the lower elevation experimental 

site in 1980, increasing its diversity index over that of the control. 

These data .neither support, nor refute, the null hypothesis. Population 

densities and diversity indices have fluctuated from year to year, wit~in 

year from season to season, and between control and experimental plots, sug-
• gesting that populations are responding to--natural environmental .variation, 

and leading to the conclusion that, at present, there is no eviden ce that 

proximity to mining activities is having a negative impact on small mam­

mal populations. 

Birds 

Analysis of bird data for 1974 arid 1977 suggested that 33 species were 

of particular importance at the Logan Wash site, as they accounted for a 

major percentage of sightings and/or were known to breed at the site (Wirtz 

et aZ., 1978). Only 27 species accounted for a major percentage of.sight­

ings and/or were known to breed at the site in.1978 (Wirtz et aZ., 1979). 

In 1980, only 23 species accounted for a major percentage of sightings 

(Tables 6 and 8), but field data indicate that as many as 35 species could 

have bred there (Table 10). 

Inspection of all bird data for the Logan Wash site indicates that 20 

species are of major importance (Table 12). Three species are found at 

both higher and lower elevation s·ites, 6 are found only at lower elevations, 

and 11 only at,higher elevations. The nine conunon species'at lower eleva­

tions make up.40 to 78 per cent of all sightings on the.control site and 
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Table 12: Common bird species at the Logan Wash site_, per cent of total 

sightings per peri~d. (control/experimental) 

1974 1977 1978 1980 • 
July* June Aug. June _Aug.- May Aug. 

Lower Elevation 

Aeronautes 8/ 13/44 8/0 0/27 0/0 17/12 2/7 
SeZasphorus 13/ 1/0 10/0 6/0 5/0 0/2 13/11 
Taahyaineta 0/ 0/0 3/0 0/9 0/28 0/2 1/14 
ApheZ.oaoma 6/ 4/2 11/31 5/3 23/35 5/4 16/25 
PoUoptiZa_ 19/ 12/0 10/6 16/8 0/21 5/4 16/7 
V. virginiae 12/ 19/28 6/3 12/6 5/0 8/21 uo 
n, m:(J1"P.Rnt:>.n.R 1/ 10/2 6/9 12/3 5/7 1/7 5/7 
Opor.or.>nia 0/ 0/0 0/9 0/16 0/0 1/7 0/0 
PipiZ.o 18/ 19/13 17/3 16/13 2/0 12/8 11/11 
Total Per Cent 
of Sightings 77/ 78/89 71/61 67/85 . 40/91 49/67 66/82 

Higher Elevation 

F. sparverius 3/ 0/0 2/5 0/2 13/4 0/0 2/3 
Aeronautea 10/ 1/21 0/0 0/1 5/1 4/1 9/2 
Se Zaaphorus 2/ 0/1 0/2 uo 10/12 0/1 .4/9 
CoZaptes 4/ 1/4 5/1 5/3 0/2 3/2 2/0 
E. oberhoZ.seri 1/ 3/7 0/0 7/4 0/0 1/4 0/0 
P. atriaapiZ.Z.us 2/ 0/0 12/1 5/0 0/6 . 2/2 0/0 
Tro gZ.odytea 21/ 13/6 3/7 S/17 10/18 6/10 14/16 
'l'ur.d.w~ 4/ 16/2 0/0. 6/3 0/0 18/14 0/0 
SiaZ.ia 1/ 0/4 0/0 6/7 0/0 0/12 0/0 
v .. giZ.vus 4/ 25/13 1/3 10/1 0/0 9/12 0/2 
D. eo1•ona ta 3/ 7/2 0/5 . s;o· 0/0 12/2 0/0 
·aporornis 5/ 12/7 . 2/2 1/10 0/2 1/2 0/2 
ChZ.orura 10/ 13/26 16/31 14/32 15/42 9/23 16/25 
J. aaniaeps 1/ 2/0 6/5 11/0 10/2 7/2 12/0 

~· Total Per Cent 
··\ 

of Sightings 71/ 93/93• 47/62 79/80 63/89 72/87 59/59 

*no experimental plots in 1974. 
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61 to 91 per cent of all sightings on the experimental site. At higher ele­

vations, the 14 conunon species comprise .47 to 98 per cent of all sightings 

on the control site and 59 to 93 per cent of all sightings on the experi­

mental site. 

Per cent of total sightings for five species common at lower eleva­

tions is presented graphically in Figure 8, and for seven species common 

at higher elevations in Figure 9. Data were not plotted for other common 

species because of the number of census periods in which they were not 

seen at all on some sites, thereby preventing a comparison of control and 

experimental plots. Patterns of abundance are very similar for scrub jay 

(Fig. Sa) and Virginia•s warbler (Fig. 8c) on both control and experimental 

sites at lower elevations. They are less similar .for the remaining three 

species (Fig~ 8b, 8d, 8e), but in no instance is there a striking difference 

between control and experimenal site data. At higher elevations, patterns 

are very similar .between control and experimental sites for dusky flycatcher 

. (Fig. 9b), house wren (Fig. 9c), robin {Fig. 9d), and warbling vireo (Fig. 

9e}. The flycatcher, robin, and vireo are strictly seasonal breeding species, 

being essentially gone from the Logan Wash site by August. Common flicker 

patterns are irregular, but the species occurs in very low numbers (Table 

8, Fig. 9a). Green-tailed towhees are much more prevalent on the higher 

elevation experimental site than on controls, though abundance patterns are 

similar (Fig. 9f). This may be due to the presence of a larger expanse of 

'mountain shrub community in Upper Mine, where this site is located. Gray­

headed juncos are less common on the experimental site than on controls at 

higher elevations (Fig. 9g). They seem to prefer the aspen community, · 

which is more prevalent near control sites at higher elevations. 

Patterns of abundance for most of these species are similar between· 
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e~perimental and control sites, suggesting that abundance is a function 

of some extrinsic factor, such as weather. These data tend to support the. 
I 

null hypothesis that mining activities are not having an adverse affect 

on avian populations. 

Brillouin (1956) diversity indices were alsu calculated for avian 

populations at the Logan Wash site, and values for three years are plotted 

in Figure 10. Curves fo~ both experimental and. control sites at higher 

elevations are quite similar in form (F1g. lOa), suggesting that extrinsic 

factors, such as weather, have acted on avian populations at higher eleva­

tions to produce the changes observed. · In 1978 diversity was l9wer on the 

experimental site, but there is essentially no difference in 1980. t;urves · 

for both experimental and control sites at lower elevations are also quite 

similar in shape, but diversity is always less on the experimental site 

(Fig. lOb). This may reflect loss of habitat on the east side of the 

gulch due to mining activities, but it may also reflect rather limited 

habitat diversity in this canyon. 

With three years of data it is possible to examine demographic data 

on common bird species and diversity indices for differences between experi­

mental and control sites. Demographic data on f·ive common species at 

lower elevation· sites (Fig. 8) do not show any striking differences be­

tween control and experimental sites. Per cent contribution of scrub jay 

and Virginia's warbler to total population at lower elevation sites has 

varied in similar fashion on both control and experimental sites. Varia­

tion in contribution of three other common species has been irregular, but 

none of the five species show striking differences between control and ex­

perimental Si·tes. At higher elevation sites (Fig. 9)' migrant populations 
. 1\ . 

of dusky flycatcher, robin, and warbling vireo have varied in similar fashion 
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on both control and experimental si~es. Four other common species show 

somewhat greater variability in per cent contribution to total population 

on both control and experimental sites, but none of the seven species show 

striking differences between control and experimental. Di·versity at higher 

elevations is quite similar on both control and experimental sites, and j 

has exhibited similar fluctuations on both areas, though experimental 

site diversity was lower than control in 1978 (Fig.· lOa}. At lower eleva~ 

tions, diyersity 1s. lower on the experimental ·site (Fig· •. lOb). This rna/ 

be a reflection of the impact of' mining activities on the experimental s1te. 

or it may reflect habitat differences between experimental and control. 

Both experimental and control sites have exhibited s1m1lar flu~tuations 

in diversity. 

These data support the null hypothesis that mih.ing activities are not 

having an affect on avian pop·ulations at the logan Wash site. 

I I 

' I 

f 
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. · V. · CONCLUSIONS 

,. 
Mule Deer 

1. Mule deer popula~ions on study plots in 1980 were: 8605, 2; Lower 

Fall, 1; L?we~ Mine, 1Q; Upper _Mine, 21; Upper Riley, 22; Upper Fall, 18; 

east end of mesa, 12; total, 86. This is not an estimate for the entire 
. . . 

mine site. The 1980 es~imate is 29 per cent lower .than the 1978 estimate 

for the same study plots. The decrease is probably due to severe winter 

conditions in 1978-79, which resulted in a 74_per cent incr~ase in natural 
' ' ' ·, . 

mortality on the·. C-b tract, 28 miles north of the Logan Wash site. 
,• ' ' •r ' ' • • • 

2. The estimated population in August 1980 consisted of 30 per cent 
. . 

adult males, 42 per cent adult females, and 28 per cent fawns. Compared 

with .1978 data, this indicates a slight decrease in the percentage of . . . 

bucks and a slight increase in the parentage _of,.tawns, while the percen­

tage of does remained essentially the same. 

3. The buck to doe ratio of the estimated population was 1:1.38 in 

1980, considerably higher than the average of 1:3.34 given by Taylor (1956), 

and higher .than most previous e.stimates for the site. 

4. Productivity in the estimated population was 66.7 per cent, down 

from the 84.6 per cent reported for 1977 but higher than other previous 

estimates of 46 to 56 per cent. Taylor (1956) reports an average produc­

tivity of 90 per cent for Colorado; this rate has not been reached on the 

Logan Wash site since the inception of present studies in 1974. The cal­

culated fetal rate for adult does was 1.35 in 1980, as compared to 1.42 in 

1977, 1.38 in 1978, and an average of 1.67 for does 2 to 7 years old in 

Utah (Taylor, 1956). 

5. Mule deer prefer the. mountain shrub community at the site in summer 

36~ 
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months, percentage .of sightings in this community ranging from 58 to 94. 

In August 1980 there was heavy utilization of aspen by deer at higher ele­

vations, resulting in the low of 58 per cent of sightings in mountain 
' . 

shrub. There is no obvious explanation for this apparent shift, and no 

special significance is attributed to it at this time. Should the shift 

persist in future years, studies on diet and forage nutrient levels might 

be useful in the search for an explanation. 

Sma 11 Mar1111a 1 s 

1. Small mammal abundance, as measured by trapping success, decreased 

at both higher and lower elevations between 1978 and 1980. Tr~pping success 

had increased dramatically at the site between 1977 and 1978, due to a 

nearly four-fold increase in deer mouse numbers at both lower and higher 

elevations and a three-fold increase in pinyon mouse numbers at lower 

elevations. Fluctuations in trapping success are unlikely to be related 

to mining activities, but rather due to changes in available food or some 

other parameter related to the biology of small manunals at the site. 

2. Deer mice are the most abundant rodent at the site, contributing 

13 to 100 per cent of biomass per hectare on lower elevation sites and 

28 to 95 per cent of biomass per hectare on higher elevation sites. The 

species breeds from April to September in Colorado (Lechleitner, 1969), 

and seems to fit this pattern at the Logan Wash site. Deer mice prefer 

the mountain shrub community at the site. 

3. Rock mice show no clear habitat preference at the site, increased 

in numbers from 1974 to 1977, and decreased from 1978 to 1980. Breeding 

of rock mice in Colorado is known to occur from April to.August, with 

peak activity in May and June (Cinq-Mars and Brown, 1969). The species 

fits this pattern at the Logan Wash site. Armstrong (1972) believes that 
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there are no valid records of rock mice in Colorado west of the San Juan 

Mountains. The Logan Wash site is approximately 200 miles north-northwest 

of the San Juan Mountains. Specimens should be collected in 1981 to verify 

identification of the species at the site. 

4. Pinyon mice, found chiefly in pinyon-juniper habitat, and appar­

ently 1 imited to this habitat by nest site and winter food requirements 

(Douglas, 1969), increased in numbers at the site from 1974 to 1977, in­

creased three-fold in abundance in 8605 between August 1977 and August 

1978, and decreased sharply in abundance between 1978 and 1980. The species 

breeds from June through September in southwestern Colorado (Douglas, 1969), 

and appears to follow this pattern at the Logan Wash site. 

5. Chipmunk and golden-mantled ground squirrel populations have re• 

mained relatively constant during the present study, compri.sing 8 to 15 

p_er cent of captures at lower elevations and 5 to 28 per cent of captures 

at higher elevations. Breeding of the least chipmunk at the site fits 

the pattern reported in the literature (Lechleitner, .1969). No evidence 

of reproduction in the Colorado chipmunk has been noted at.the site since 

1974. Golden-mantled ground squirrels produce a single litter in early. 

spring in Colorado (Lechleitner, 1969). Young have been taken at the 

Logan Wash site in May. 

6. Ecological comparisons may be made between study sites on the 

basis of the biomass contributed per hectare by each species of rodent. 

At lower elevations, golden-mantled ground squirrels contribute 38 to 83 

per cent of biomass on the experimental site and are absent from the con-
• • l . 

trol site. Woodrats are taken irregularly on both control and e·xperi­

mental sites at lower elevations. Their contribution to biomass is .40 

to 58 per cent on control and 9 to 14 per cent on experimental. Chipmunks. 

3o7 



-61-

(least and/or Colorado) contribute 3 to 24 per cent biomass on lower ele~ 

vation control, 4 to 17 per cent on experimental. Rock and pinyon mice 

contribute 6 to 34 per cent biomass on lower elevation control and 0.5 

to 6 per cent on exper1mental. Deer mice contribute 13 to· 100 per ·cent., 

biomass on-lower elevation control sites and 11 to 48 per cent on experi· 

mental. At higher elevations, long-tailed voles were not trapped. in. 1977. 

Since then they have contributed 1 to 8 per cent of biomass on control 

sites and 2 to 13 per cent on experimental sites. LeAst chipmunks contri­

bute 14 to 60 per cent biomass on higher elevation control sites, 2 to 33 

per cent on ·expE:!r'imental s;tes. Deer mice contribute 40 to 85 per cent 

of biomass on contra 1 , and 29. to 95 per cent. biomass on experimental ,, ~. 

sites at higher elevations. Data on biomass contribution per hectar~ 1 

tend to support 'the null hypothesis that mining activ1 ties are not affect­

ing small manunal populations at the Logan Wash site .• Curves are sim~la-r 

on both experimental and control plots. Lower curves on the lower eleva~ 

tion experimental plot may be due to reduced habitat variety, the pre_':". 

sence of golden-mantled ground squirrels there and not on the.control, or 

to mining activity. Biomass curves at higher elevations lend strong 

support for the null hypothesis, and a 1 so for the hypothesis that flu'c_; 

tuations in population numbers and therefore biomass, are governed by 
' . 

some extrinsic factor such as weather, rather than by proximityto mining 

activity. 
. .. 

7. Total rodent biomass per hectare on all ·plots t'encis to incr'ease 

from June to August due to reproduction and decrease over winter du~ to 
. '(;' 

mortality. ·An increase in biomass on the lower elevation experimental 

·site is due principally to an increase in numbers of dee·r mice. Mining 
' . . 

activity may be responsible for this increase, as deer mice are known to 
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i'ncrease in early successional stages after disturbance of habitat in 

Colorado (Williams, 1955). Data on total rodent biomass per hectare tend 

to support the null hypothesis that mining activities are not having a 

negative effect on small mammal populations a·t the Logan Wash site. 

· · 8. Diversity indices provide a measure of both number of species 

and distribution of individuals among species. Greater diversity is 

is found at lower elevation sites due both to presence of more species 

and to more equitable distribution of individuals among species. A re­

duction in number of species on the lower elevation control site in 1980, 

ultimately to a·single species, destroys this relationship. Diversity 

indices support the null hypothesis of no effect of mining activity on 

small mammal populations at the Logan Wash site. 

· 9. Mining activities may be creating habitat more "favorable to deer 

~ice and golden-mantled ground squirrels at the lower elevat.ion experi­

mental 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. 

Birds 
,, 

1. In 1980, only 23 species accounted for a major percentage of 

sightings at the Logan Wash site, but field data indicate that as many as 

35 species could have bred there. Data for 1974 and 1977 suggested that 

33 species were of·particular importance at the site, as they accounted 

for a major percentage of sightings and/or were known to breed there~ 

In i978~ only 27 species accounted for a major percentage ·of sightings 

and/or'were known to breed there. 

2. Inspection of all bird data for the Logan Wash site indicates 

Jb9 
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that 20 species are of major importance. Three species '(white-throated 

swift, broad-tailed hunmingbird, MacGillivray's warbler) are camnon at 

both higher and lower elevation sites. Six species are conmon only at 

lower elevations (viol~t-green swallow, scrub j~, blue-gray gnatcatcher, 

Virginia's warbler, black-throated gray warbler, rufous-sided towhee). 

Eleven species are conmon only at higher elevations {American kestrel, 

conmon flicker, dusky flycatcher, black-capped chickadee, house·wren; 

robin, mountain bluebird, warbling vireo, Audubon's warbler, green-tailed 

towhee, gray-headed junco). The nine species conmon at lower elevation 

sites contribute 40to 78 per cent of all sightings on the control, and.· 

61 to 91 per cent of all sightings on the experimental, plot. The. 14 

species conmon at higher elevation sites contribute 47 to 93 per cent 

of all sightings on control, and 59 to·93 per cent of all sightings on 

the experjmental, sites. 

3. Patterns of abundance for corm~on spe~ies are similar for control 

and experimental sites at both higher and. lower elevations. These data 

suggest that abundance is a function of some extrins1c factor such as ·. 

weather, and tend to support the null hypothesis that mining activities'. 

are not having an adverse effect on avian popul~tions. 

4. Avian diversity indices are quite similar on both cQntrol and 

experimental sites at higher elevations. At lower elevatjons, diversity 
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is lower on the experjmental site. This may be a reflection of the impact 

of mining activities, or it may reflect habitat differences between experi-· 

mental and control sites. Data on avian diversity at both higher and lower 

elevations tend to support the null hypothesis that mining activities 

are not having an effect on .avian populatio.ns at the Logan Wash site • 
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Other Vertebrates 

1. Reptiles are not abundant at the Logan Wash site. Eastern fence 

lizards occur in low densities in pinyon-juniper, horned lizards occur 

in very low densities on top of the mesa, and plateau whiptail lizards 

are extremely rare in pinyon-juniper. 

·-64-

2. · Desert cottontail rabbits occur at .low densities at lower eleva­

tions, and white~tailed jackrabbits are rare at higher elevations, Rock 

squ'irrels also·occur at low densities at lower elevations. Yellow-bellied 

marmots are rare in aspen groves at higher elevations. Single por-

· cupines were observed in Lower Fall and Upper Fall in 1980. These are 

the first summer records for the site by this project. Coyotes were very 

rare at the site in 1980; none were seen, and only vocalizations and a 

few tracks provided record of presence. Both short-tailed and long-tailed 

weasels were observed at higher elevations in 1980. Miners reportedly 

observed a female mountain 1 ion and her kitten in Logan Wash in 1980; · 

this report has not been verified by the principal investigator. 

3. •. Four bull elk were utilizing West Riley in August 1980. These 

~re the first sight records by this project for the Logan Wash site, though 

tracks have bee"n found on top of thf:! mesa in other years. 

4. Cattle were more abundant on the site in August 1980 than ever 

.before observed by this project. There was heavy impact on vegetation 

around:water sources in Upper Fall, West Riley, and Northwest Riley. 
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VI. RECOMMENDATIONS 

1. Comparisons between experimental and control sites, to test the null­

hypothesis that mining activities are not affecting wildlife, support 

the null hypothesis after three years of field work. ··collection of 

these data should continue for another·3 to 5 years to verify this 

conclusion. 

2. June is the best time of year to collect data on avian populations~. 

August is the best time to census deer. Small mammals may be .censused 

at both times, and birds may also be t;ensused in August. Dat(l to test 

the null hypothesis should be collected during theseperiods. 
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APPENDIX 

SCIENTIFIC AND COMMON NAMES OF VERTEBRATES 
OBSERVED AT THE LOGAN WASH SITE 

ReptiUa 

Aves 

Iguanidae - 1 i za rds . 
Collared.Lizard 
Eastern Fence Lizard 
Short~horned Lizard 

Teidae - whiptails 
Plateau Whiptail . 

CoZubridae - snakes 
Desert Striped Whipsnake 
Gopher Snake 
Western Garter Snake 

Cathartidae - vultures 
Turkey Vulture 

Accipitr7:dae - hawkst eagles 
Sharp-shinned Hawk 
Cooper's Hawk 
Red-tailed Hawk 
Golden Eagle 

"FaZconidae - falcons 
Prairie Falcon 
Peregrine Falcon 
American Kestrel 

Tetraonidae - grouse 
Blue Grouse 
Sage Grouse 

.Phasianidae- quailt pheasant 
Chukar 

CoZumbidae - pige ons, doves 
Band-tailed Pigeon 
Mourning Dove 

Strigidae - owl s 
Great Horned Owl 

Crotaphytus coZ~is 
See Zoporus undu Zatus 
.Phrynosoma dougZassi 

Cn.P.rrn".dnphoT>I.l.S ve l.ox 

Masticophis taeniatus 
Pituophis meZanoZeucus 
Thqmnophis eZegans 

Cathartes aura 

Accipiter striatus 
Accipiter cooperi 
Buteo jamaicensis 
Aquila chrysaetos 

FaZco me:x:icanus 
FaZco peregrinus 
FaZco sparverius 

Dendragapus obsaUrus 
Centrocercus urophasianus 

AZectoris graeca 

Columba fasciata 
Zenaidura macroura 

Bubo virginianus 
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Caprimulgidae - goatsuckers 
Poor-will Phalaenoptilus nuttallii 
Common Nighthawk Chordeiles minor 

Apodidae - swifts 
White-throated Swift Aeronautes saxatalis 

Troahilidae - hummingbirds 

' Black-chinned Hummingbird Arahiloahus alexandri 
Broad-tailed Hummingbird Be lasphorus p latyaeraus 

Piaidae - woodpeckers 
Common Flicker Colaptes auratus 
Yellow-bellied Sapsucker Sphyrapiaus varius 
Hairy Woodpecker Dendroaopos villosus 
~owny Woodpecker Dendroaopos pubesaens 

Tyrannidae - flycatchers 
W~stern Kingbird Ty~annus vertiaalis 
Cassin's Kingbird Tyitannus voai.ferans 
Ash-throated Flycatcher Myia:c•arcua air~.e2•asoens 
Say's Phoebe Sayornis saya 
Hammond's Flycatcher Errrpidonax hamnondii 
Dusky Flycatcher Errrpidonax oberholseri 
Gray Flycatcher Errrpidonax wrightii 
Western Flycatcher Errrpidonax diffiailis 
Western Wood Pewee Contopus sordidulus 
Olive-sided Flycatcher Nuttallornis borealis 

Hirundinidae - swallows 
Violet-green Swallow Taahyaineta thalassina 
Tree Swa 11 ow Iridoproane bieolor 

co~idae - ravens, jays 
Ste11er's Jay cyanoaitta steUet•i 
Scrub Jay Apheloaoma aoerulesaens 
Black-billed Magpie Piea piaa 
Common Raven Corvus aorax 
Pinyon Jay Gymnorhinus ayanoaephalus 
Clark's Nutcracker Nuaifraga aolumbiana 

Paridae - chickadees 
,I 

Black-capped Chickadee Parus atriaapillus 
Mountain Chickadee Parus gambe U 
Plain Titmouse Pa.rUs inornatus 
Connnon Bushtit Psaltriparus minimus 

Sittidae - nuthatches 
White-breasted Nuthatch Sitta aarolinensis 
Red-breasted Nuthatch Sitta aanadensis 

' Certhiidae - creepers .. 
Brown Creeper Certhia familiaris '· 
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Cinalidae - dipper 
Di_pper 

Troglodytidae - wrens 
House Wren 
Rock Wren 

Turdidae - thrushes, bluebirds 
Robin 
Swainson's Thrush 
Veery 
Mountain Bltiebird 
Townsend's Solitaire 

Sylviidae - gnat~atchers, kinglets 
Blue-gr~y Gnatcatcher 
Ruby-crowned Kinglet 

Vireonidae - vireos 
Solitary Vireo 
Warbling Vireo 

Laniidae - shrikes 
Northern Shrike 

Parulidae - wood warblers 
Orange-crowned Warbler 
Virginia's Warbler 
Audubon's Warbler 
Black-throated Gray ·Warbler 
Townsend's Warbler 
MacGillivray's Warbler 
Wilson's Warbler 

Iateridae - blackbirds, orioles 
Western Meadowlark 
Brewer~s Blackbird 
Brown-headed Cowbird 

Thraupidae - tanagers 
Western Tanager 

Fringillidae - grosbeaks, finches, 
sparrows 

Black-headed Grosbeak 
Lazuli Bunting 
Purple Finch 
Cassin's Finch 
House Finch 
Gray-crowned Rosy Finch 
Black Rosy Finch 
Pine Siskin 
Lesser Goldfinch 
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Cinalus mexiaanus 

Troglodytes aedon 
Salpinates obsoletus 

Turdus tnigratorius 
Hyloaiahla ustulata 
HyZoaiahla fuscesaens 
SiaZia aurrUaoides 
Myadestes tOINnse.ndi 

PoZioptiZa aaeruZea 
Regulus aaZenduZa 

Vireo so Zi tarius 
Vireo_giZvus 

Lanius exaubitor 

Vermivora aelata 1 · 
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Vermivora virginiae 
Dendroiaa aoronata auduboni 
Dendroiaa nigresaens 
Dendroiaa townsendi 
Oporornis toUniei 
Wilsonia pusilZa 

StUrneZZa negleata 
Euphagus ayanoaephaZus 
MoZothrus ater 

Piranga ludoviaiana 

Pheuati aus melanoaephalus 
Passerina amoena 
Carpodaaus puxrpureus 
Carpodaaus aassinii 
Carpodaaus mexiaanus 
Leuaostiate tephroaoti8 
Leuaostiate atrata 
Spinu8 pinus 

. Spinus psa 7, tria 
·' •.. 



Marrunalia 

Green-tailed Towhee 
Rufous-sided Towhee 
Lark Sparrow 
Slate-colored Junco 
Gray-headed Junco 
Chipping Sparrow 
Brewer•s Sparrow 
White-crowned Sparrow 

Leporidae - hares, rabbits 
White-tailed Jackrabbit 
Desert Cottontail 

Saiuridae - squirrels, chipmunks 
Yellow-bellied Marmot 
Rock Squ i rre 1 
Golden-mantled Ground Squirrel 
Least Chipmunk 
Colorado Chipmunk 
Red Squ i rre 1 

Geomyidae - pocket gophers 
Northern Pocket Gopher 

Cricetidae - native mice and rats 
Deer Mouse 
Rock Mouse 
Pinyon Mouse 
Bushy-tailed Woodrat 
Montane Vole 
Longatailed Vole 

Erethizontidae - New World porcupines 
Porcupine 

Canidae - coyote, foxes 
Coyote 

Ursidae - bears 
Black Bear 

MusteLidae - weasels, skunks 
Short-tailed Weasel 
Long-tailed Weasel 
American Badger 
Striped -Skunk 

Felidae - cats 
Mountain Lion 
Bobcat 

J7ti 

ChLorura ahLorura 
PipiZo erythrophthabnus 
Chondestes grarrunaaus 
Junco hyemalis 
Junco aaniaeps · 
SpizeZZa passerina 
SpizeZZa breweri 
Zonotriahia Leuaophrys 

Lepus townsendi 
SyZvi Zagus auduboni 

Marmota ftaviventris 
Spe~ophiZus variegatus 
Sper.mophiZus ZateraZis 
l!..utamias minimus 
EUtamias quadrivittatus 
Tamiasaiurus hudsoniaus 

~.omamys taZpoides 

Peromyaaua maniauZatus 
Peromysaus diffiaiZis 
Peromysaus truei 
Neotoma ainerea 
Microtus montanus 
Microtus Zongiaaudus 

Erethizon dorsatum 

Canis latrans 

Ursus ameriaanus 

Muste Za e~inea 
MusteZa ft'enata 
Ta:x:idea ta:x:us 
Mephitis-mephitis 

Felis aoncolor 
Lynx rufus 
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Ceroidae - deer 
Elk 
Mule Deer 

Bovidae - cattle, sheep 
Cattle · 
Sheep 

Cei'VUB canadensis 
OdocoiZeus hemionus 

Bos taurus 
OVis aries 
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DEFINITIONS OF TERMS 

Bingham Fluid 

Newtonian Fluid 

Rheological 

Rheopect:ic 

Thixotropic 

A fluid that exhibits a shear 
strength at a zero shear rate 

A fluid whose viscosity is not a 
function of shear rate or shear 
time. 

Dealing with.the deformation and 
flow of matter. 

A fluid whose viscosity increases 
with increased shear rate and shear 
time.· 

A fluid whose viscosity decreases 
with increased shear rate and shear 

. time. · 

WBEC-681 ii 
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Section 1 
INTRODUCTION 

As the first step in the shale oil pipeline transportation 
study, literature and industry experience was assembled to 
be used as a data·base for both the laboratory testing 
program and the feasibility study of•transportiilg shale oil 
from the Piceance Basin a,rea to some undefined location. 

Transporting shale oil by pipeline is a relatively new field 
with no operating experience to draw from; however, consider­
able literature is available on waxy CL'd.de oils with high 
pour points and viscosities such as shale oils appear to 
exhibit. 

This report gives a general 
in transporting waxy crudes 
listing of the articles and 

WBEC-8111 

4358A-B 

overview of the state-of-the-art 
by pipelines. Appendix A is a 
papers compiled for this study. 
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Section 2 

RHEOLOGICAL PROPERTIES 

4358 

The rheological properties of shale oil that are of most 
interest are the pour point, viscosity, and gelled yield 
strength. These properties are a function of temperature, 
shear rate, and the past treatment of the specific liquid. 
The assumption that waxy crudes and shale oils exhibit 
similar properties and react to stimulus (temperature and 
shear rate) in the same manner is valid only to about 10°C 
(50°F) or above. According to work by Lovell and Seitzer, 
the behavior of Utah shale oils deviate from that of a waxy 
crude below ·that temperature~J,SS 

In general, the flow character of waxy crudes and shale oils 

is Newtonian at temperatures at least 11°C (20°F) above 
their pour points. With decreasing temperature the waxy 
crudes and shale oils change to Bingham and then to thixotropic­

Bingham fluids. However, below 14°C (57°F), at low flow 
rates, the Utah shale oils become rheopectic (Antithixotropic). 

At flow rates in the turbulent range (shear rate of 150 
sec71 ) the shale oil and waxy crudes revert back to Bingham 
plastic fluids. 

Caution should be exercised in using these general flow 
characteristics. Two Utah shales that were tested, Union 

"B" and Paraho DH, had different pour points and the transition 
to rheopectic occurred at different temperatures~3 , 57 

The pour point in waxy crude oils and shale oil is greatly 
affected by their wax crystalline structure. At temperatures· 
near the pour point the wax crystals start to grow? As the 
temperature continues to decrease the wax crystalline structure 

WBEC-OD1 
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. . . '1 th '1 1 76 1ncreases 1n s1ze unt1 e 01 ge s. Factors that affect 
the wax structure are the rate at which the oil.was cooled, 
the shear rate at any given time, and the chemical content 
of the crude~1 

At constant temperature and steady flow rate the viscosity 
of waxy crudes decreases with time to some constant value. 
This· is because of a physical breaking o.f the wax structure 
in the crude. If the shear rate is taken to zero (flow 
stopped) the wax crystalline structure rebuilds and when . 
flow resumes, the pumping viscosity reverts to the initial 
value~8 when a waxy crude is allowed to gel in a pipeline, a 
large shear stress is required to overcome the wax structure 
in the crude. This stress. is called the yield stress of the 
oil. When the wax structure starts to break down and.flow 
begins in a waxy crude, the viscosity starts to decrease to 
a constant value, as defined by the temperature and shear 
rate~8 The time required for·viscosity breakdown is the 
least repeatable rheological measurement. In many cases,. it 
is virtually impossible to obtain repeatable rates of break­
down even wi.th the same test apparatus~4 These factors must 
all be considered when designing and operating pipelines for 
waxy crudes and shale oils. 

4358A-C 



WIWAMS BROTHERS ENGINEERING COMPANY-------------­-· A Resource Sciences Company 

Section 3 
RELATIONSHIPS BETWEEN OIL PROPERTIES NEAR THEIR 

POUR POINTS AND PIPELINE DESIGN 

4358 

Before a·pipeline·can be designed, the rheological proper­
ties of the crude oil must be determined in the laboratory. 
The testing should be done over the whole range of pipeline 
conditions expected due to 'the high degree of sensitivity to 
temperature and shear.~ate. Because rotational viscometers 
do not simulate the flow characteristics of non-Newtonian 
waxy crude oils, pipeline viscomet~rs are recommended? An 

energy balance is used to generate the temperature of the 
pipeline at an¥ given point. This balance will account for 
the loss of internal energy of the oil and the heat flux 
through the wall of the pipe. The soil conductivity, assurn~ 

ing a buried system, must be determined as well as the .soil 

temperature profile. If the pipe is insulated, the soil 
conductivity becomes less important because·of a smaller 
therrnal.driving force atthe insulation..:soil interface~1 

Temperature profiles should be made for both operating and 
standby conditions. The maximum standby time would be based 
on the allowable gel yield strength of the oil~3 The pressure 
required to break down the gel cannot exceed the rating of 
the system. As the oil' cools and gels, contraction in line 
fill volume takes place. To ~estart a gelled line the oil 
must be compressed in order for the pressure wave to propagate 
down the line and overcome the gel yield strength. ·Flow in 
the line can begin only after the high pressure gradient has 

h d th 1 t f h . 1' 93 reac e e out e o t e pl.pe.J.ne. 

Once· the gel structure starts to break·· down and flow begins, 

the shale oil exhibits some unusual properties. The Union "B" 

WBEC-$01 
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shale oil, produced by in-situ retorting, appears to be 
rheopectic at low temperatures and shear rates, i.e., the 
viscosity increases with shear rate and time. According to 
Seitzer and Love11~3 ,SS this was observed at a shear rate'of 
23.4 sec~1 and increased in effect as the temperature dec~ease~ 
below l4°C (57°F). Between l4°C (57°F) a~d 28°C (82°F) the 
shale oil behaved as a thixotropic .Binqham~fluid, i.e., the 
viscosity decreased with time and shear rate. Above 28°C 
(82°F) the shale oil became New~onian. The characteristics 
of shale oils at their gel points can be of great· importa~ce 
because of difficulties in restarting flow after extended 
standby time. 

The use of pipeline insulation would reduce the heat loss 
during operating and standby conditions; thereby decreasing 
pumping viscosities and pumping horsepower requirements. 
Insulation will increase the allowable standby time and 
effectively extend the permissible distance between heatin9 
locations along the pipeline. The accompanying reduction in 
viscosity and horsepower also extends the distance between 
pump stations. 

WBEC-6&1 
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Section 4 
PIPELINE INSTALLATIONS 

As stated in the Introduction, there are no shale oil pipe­
lines in operation; however, there are numerous waxy crude 
pipelines. These pipelines were designed with varying 
philosophies depending on environmental and performance 
criteria. 

Methods which have been used to handle waxy crudes with 
ambient temperatures below the crude's pour point aref8 , 45 , 87 

WBEC-0111 

o Mixing the crude with water to form a stable 
oil-in-water emulsion 

o Cutting the crude with a hydrocarbon diluent to 
improve viscosity and lower the pour point 

o Preheating the crude oil and heat tracing the 
pipeline to maintain the elevated temperature 

o Subjecting the crude oil to a special heating and 
cooling cycle to change the wax crystaline struc­
ture, reducing the pour point and effective pumping 
viscosity 

o Injecting water to lubricate the pipe wall/crude 
interface, thus reducing the frictional drag 

o Preheating the crude and pumping through a buried 
insulated pipeline 

4358A-E · 
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o Injecting of flow modifiers to change thevwax 
structure of the crude·to reduce viscosity and gel 
strength. 

There are advantages and disadvantages to each of the methods 
listed abov~. some of the methods for transporting a waxy 
crude can be eliminated due to operating environment. of the 
pipeline. The length and throughput requirements of system 
will eliminate other methods. The method finally selected 
for any given system should be the most economical. 

A. TRANSPORT AS A STABLE OIL~IN~WATER EMULSION 

One of the most publicized systems of this nature is the 
238-km 1 20-inch line which runs from the Tandjung field to 
Balik Papan on the Island of Sumatra~12 The crude is. highly· 
paraffinic (33 wt.% wax) with a pour point of 41°C (105°F). 
·The line, placed in operation in 1962 by P.T. Shell Indonesia, 
transports 40,000 b/d of crude oil. The average ground 
temperature at burial depths along the route is 28° to 29°C. 

Before the.oil-in-water method was selected, various methods 
for viscosity reduction were. studied. A heated pipeline 
sy&tem was r.onsidered. As long as the temperature could be 
maintained over 40°C ·this method would be satisfactory. In 
case of flow stoppage, resulting in the oil cooling to 
ambient soil temperatures, the yield stress generated would 
require a pressure drop of about lS,OOO.psi/mile. This was 
excessive so this method was eliminated. Other methods 
considered were: 

1. 

WBEC-OIU 
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Pour point depressors - none found to be sufficiently 
effective 
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2. Diluents - would require large amounts because of 
the high wax content and would require a return 
line 

3. Visbreaking·- found feasible, but for various 
reasons was not-generally attractive for the 
project. 

Finally, mixing with water was attempted and the results in 
laboratory and.pilot tests proved promising. A 30% water -
70% oil by volume was found to be stable and dehydration 
could be accomplished by standard heat and ch~mical treatme~ts. 
The oil-water suspension produces a substantial velocity 
gradient in the external water layer (slip) which results in 
a great decrease in effective viscosity compared with the 
crude at temperatures below the pour point. 

Crude and water are kept separate at the mal.n pump station, 
and are mixed at high pressure on the discharge side of the 
station through. a simple mixing device to form the oil·-in-water 
suspension. In a one mile loop of 18 11 pipe it was determined 
that the suspension pipeline could be shut down as long as 
five days and restarted with reasonable pressure drop. The 
pipeline has one initial pump station and two intermediate 
booster stations with dehydration facilities at the inter­
mediate stations to remove water from enough crude to use it 
as fuel for the engine driven pumps. 

B. ADDITION OF A HYDROCARBON DILUENT 

The rheological properties of a waxy crude can be improved 
by blending with another crude oil or a light distillate 
having a lower pour point .. The ratio of blending can be as 
high as 1:1 to achieve an effective reduction in the waxy 

WBEC-1111 
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crude viscosity and gel yield strength~1 This presents two 
major problems: first, the net throughput capacity of the 
waxy crude is greatly reduced; and second, large amounts of 
diluent are required. 

This has been an effective method for transporting waxy 
crudes in existing pipelines in Europe. No modification to 
the pipeline has been required and it simply becomes a 
scheduling problem of the pipeline dispatcher. 

C. HEAT TRACING AND INSULATION 

At Continental Oil Companyis Dickson Heath Sand Ufii~ located 
near Dickson, North Dakota, a gathering system was installed 
to service 37 wells with 70°F to gooF pour point crude?6 

Several methods of piping the crude to the gathering center 
were investigated and a heat traced, insulated system was 
selected as the most feasible and cost effective. However~ 

nothing was stated in the article as to how the oil was 
handled after it left the gathering center. 

The line sizes in the system are 3 inch and 6 inch diameter 
insulated with 1-1/2 inch of 2.7 lb/ft3 density urethane 
foam .. This maintains the temperature in the pipeline at 
between 80°F and 110°F. The total cost for 26,400 feet of 
6 inch pipeline, including heat tracing and insulation, was 
$16.63 per foot (1g7s dollars). With 30,000 feet or more 
the cost would reduce by about 20%. 

D. SPECIAL HEAT TREATMENT OF THE OIL14 , 81 

The Nahorkatiya and Moran oil fields in India produce waxy 
crude oil with a pour point of 85°F to gooF. The design 
ambient pipeline conditions were 65°F. Three methods of 

WI!SEC-11~1 
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solving the problem of pumping the crude below its pour 
point were investigated. 

1. Mixing a low pour point crude with the high pour 
point crude during the cooler months to improve 

·the viscosity. 

2. Heating the crude and maintaining the flowing 
temperature above the pour point. 

3. Pretreating the crude thermally before pumping to 
change the wax structure and reduce the pumping 
viscosity. 

The first method did not prove feasible because of insufficient 
quantities of low pour point·crudes to affect the viscosities 
during the months when the ambient temperature is below 
85°F. Heating the crude oil to 175°F at 40 mile interval~ 
to maintain the flowing temperature above the pour point was 
considered too costly. 

In the special heat treating process, the oil is heated to 
200°F and rapidly cooled to 150°F. From 150°F to 65°F the 
rate of cooling is controlled at one degree per minute with 
a cool water bath. When the oil temperature reaches 65°F it 
is held there for five minutes before pumping begins. This 
is a batch process that requires multiple cooling tanks in 
parallel to allow for continuous operation. 

The reduction.in viscosity is attributed to modification of 
the w~x·crystal structure by absorption of small amounts of 
asp~altenes and resins on the surface of the growing crystals~1 

WBEC-081 
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E. WATER JACKET INJECTION 

4358 

This method involves injecting water, with a special nozzle, 
into a pipeline to form a core of crude oil with an annulus 
of water at the pipe wall. This greatly reduces the fric• 
tional drag because of the low viscosity of the water in 
contact with the pipe wall. 

There are two major problems with this system. Once tile 

water-oil cross section has been established, it cannot flow 
through a pump. Flow cannot drop below 3 feet per second or 
the water annulus wi~l break. 

Shell Oil Company has a 24-mile, 6-inch pipeline operating 
using this system~10 The pipeline is located in California 
and transports heavy crude, 11° API, from its Midway-Sunset 
production area to its Ten Section dehydration plant. The 
pipeline has a capacity of 27,000 b/d of which 70 percent is 
oil and 30 percent is water. After the oil leaves the 
dehydration plant it is blended with other crudes and piped 
in a normal manner. 

F. PREHEATING OIL AND INSULATED PIPELINE 

Heating the crude oii and pumping it through-insulated, 
buried pipelines is an effective method of transporting waxy 
crudes when the operating ambient temperature is below the 
pour point~ .If the flowing temperature of the waxy crude 
is maintained about 20°F· above its pour point, the oil 
behaves as a Newtonian fluid and the pipeline design is 
straightforward~· 87 However, if the flow through the line 
is stopped and the oil cools, restarting the 1ine can be a 
problem. Once a line is shut down, then.the time element 
becomes important. The maximum shutdown time will be a 
function of15 

WBEC-OU,l 
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.o Pipe surface area per foot of length 
o Insulation type-and thickness 

o Soil conductivity andheat capacity 

o ·Heater spacing and size 
o Pipeline operating temperature 

-o Number and size of pump stations 

o Storage capacity for pipeline fill 

4358 

o Pipeline pressure rating for restart of gelled oil 

Optimization of the independent-factors will determine 
whether this method will be feasible. 

G. WAX MODIFIERS 

Waxy crude additives.have been developed that modify the 
crystalline growth behavior, size, and crystal-to-crystal 

adhesion. The concentrations of these additives can range 
from 0.0002 to 0.5 percent and give reductions in viscosity 
of 10 to 20 times·that of the untreated waxy crude. 

In the PIPELINE DE L'ILE DE FRANCE, a test was performed 

using a wax modifier at 0.12 percent concentration in a high 
pour point African crude~ 1 This reduced the po~r point from 

24°C (75°F) to approximately 0°C (32°F) and imparted Newtonian 
characteristics to a tyPically non-Newtonian-fluid. After a 
25-day storage period, the treated crude's improved flow 
properties were unchanged~1 

Tests on British Petroleum's Finnart.to Grarigemouth 12-inch 
pipeline indicates the same kind of results~1 

R. c. Price reports that the yield strength of a treated 
crude is greatly reduced and exhibits a rapid reduction in 

viscosity after yielding?6 

WBEC-6D1 
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Wax modifiers also reduce the residual wax buildup in a 
pipeline? This would mean less restriction to flow and less 
frequent pigging of the pipeline. 

WBEC-11111 4-8 
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Section 5 

OPERATING AND SHUTDOWN PROBLEMS 

4358 

The transporting of waxy crudes by pipelines presents a 
number of problems which have already been discussed. The 
difficult problem to solve is that of restarting a line 
after the line fill has gelled. After a line has gelled, 
the yield strength of the crude must be overcome to initiate 
flow through the line again. This means high pressure and 
low flow rates?4 ·care should also be taken that the maximum 
oil temperature is not exceeded during startup. Due to poor 
pumping efficiency at low flow rates, the oil through the 
pumps will be heated and the maximum allowable temperature 
could be exceeded. This can be overcome by looping at the 
pump station. To maintain the high pressure requiring to 
break down the gel and also provide sufficient flow through 
th . t t . . h b . ld 93 e pump o preven excess1ve eat u1 up. 

If the gel strength is so large that the pumps and/or pressure 
rating capacity of the pipe are exceeded, then intermediate, 
temporary pumps may be required to supply the yield stress 
to start flow. 

Three important factors in evaluating design of restart 
93 after an extended shutdown are: 

1. Yielding of the gelled crude 
2. Breakdown from initial to equilibrium viscosity 
3. Cleaning of the line to restore design capacity. 

The use of insulation on the line pipe can increase the 
allowable time before the line temperature becomes critical. 
If the line is allowed to flow at a low rate while cooling, 
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the yield strength of the gel will be reduced and thus the 
pressure required to restart the line would be reduced. 
However, during an emergency situation this procedure may 
not be possible. A maximum critical time for shutdown 
should be calculated for the system with an appropriate 

.I 

safety margin to account for variable factors that may be 
hard to define. Initial oil temperature, t~ickness and 
conductivity of insulation on the pipe, heat content of the 
line fill, soil conductivity, depth of pipe burial and 
ambient temperature are all factors that determine the rate 
of cooling of the system~7 

In the shale oils mentioned-earlier, the behavior around the 
gel point differed from that of a waxy crude. They were. 
rheopectic and the viscosity increased with shear rate and 
time until the oil temperature reached l4°C. (57°F). Because 
this property may be peculiar to all shale oils, and no 
operating experience is reported in the literature, this 
will be an area that will require special attention in the 
design of a shale oil pipeline. 
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As shown in the literature search, there are several methods 
that could be utilized in the proposed shale oil pipeline 

from the Piceance Basin area to a distant location. Con­

sideration for the cold temperatures and rough, sometimes 
inaccessible, terrain in the area of the proposed pipeline 
will be a large factor in selection of the method to be 
used. 

The oil-water emuision system provides excellent pumping 
characteristics. The requirement for heaters and insulation 

is minimized and the·size and number of pump stations are 
reduced. Facilities for mixing at the inlet and separation 

of the oil-water mixture at the terminus are required. 
Also, the pipeline size has to be increased to accommodate 

the same amount of shale oil throughput because a portion of 
the line capacity is used to transport water. An adequate 
water supply is required for this system and this could be a 
problem in the Piceance Basin Area. 

Cutting the shale oil with a hydrocarbon diluent, such as a 
low pour point crude or a light distillate, can render the 

combined linefill flow properties Newtonian. This reduces 

the number of pump stations, minimizes the need for heaters 

and pipeline insulation, and solves the problem of restarting 

the line after an extended shutdown. Sufficient hydrocarbon 
diluent must be available to produce the desired rheological 
properties to make.this scheme feasible. Line size is larger 
thaJ1, a heated and insulated system because the capacity left .. 

for the shale oil is reduced. 

Insulating and heat tracing the pipeline has the advantages 

of maintaining the shale oil temperature well .above its pour 
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Insulating and heat tracing the pipeline has the advantages 
of maintaining the shale oil temperature well above its pour 
point, in the range where the crude acts like a Newtonian 
fluid and has low viscosities. This reduces the pumping 
requirements and solves the problems of extended shutdown 
times because the elevated oil temperature is maintained 
with the heat tracing. Gelling of the shale oil does not 
occur. The size of the pipeline can be optimized because 
nothing other than shale oil is beinq pumped tlu:ough the 
line. 

This system has ~he additional cavital costs of the ~cat 
tracing system and greater operating costs due to electrical 
power requirements to heat the pipeline. This could be a 
problem due to limited ~vailability of electrical service 
along portions of the proposed pipeline corridor. 

Preconditioning by special heating and cooling of the shale 
oil before it is introduced into the pipeline reduces the 
pour point and viscosity .. This reduces the pumping require­
ment~ and extends the allowed standby time if flow in ~e 
pipeline is stopped. However, large capital co~t~ are 
required for the preconditioning facilities and the operating 
and maintenance costs are also high. 

A water injection system to lubricate pipe wall/crude i~te~face 
is a method to decrease frictional drag and thus reduce the 
pumping horsepower required to operate the pipeline. This 
system has the same disadvantages as the oil-water emulsion 
scheme. An adequate water source is necessary and injection 
and separation facilitie~ are required. Pip~line capacity 
is reduced, but not to the same extent as with the emulsion 
systems. 
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Preheating the shale oil and pumping it through an insulated 
buried pipeline is a method that should be considered. This 
method allows for optimization of pipeline size and minimizes 
the number of pump stations. By maintaining the shale oil 
temperature in the range where it acts as a Newtonian fluid, 
viscosity is decreased and thus a reduction in pumping 
horsepower is obtained. 

Preheating facilities may be required if the delivery 
temperature is not high enough. Intermediate. heating 
facilities may not be required if a sufficient amount of 
pipeline insulation is used. The trade-off of extra insula­
tion vs. additional cost of fuel for heating and shale oil 
is an increase in operating expense. Standby time to gelling 
and emergency measures to insure the line can be restarted 
should be established. The costs of such emergency measures, 
if the maximum shutin time is exceeded, should be evaluated 
and included in ·the total economic investigation. 

The use of flow modifiers or pour point depressants to 
change the wax crystalline structure of the shale oil may be · 
the simplest solution to the problem of transporting a waxy 
crude 9r shale oil by pipeline. This scheme reduces viscosity 
and gel yield strength, but does not reduce pipeline capacity. 
The use of additives does not require special separation 
facilities at the terrilinus and no special heating facilities 
or insulation are required. This system would have the 
lowest capital cost. The additional operating cost of the 
pipeline could be significant due to the quantity and cost 
of the additive. 

A general economic analysis should be performed on each of 
the methods discussed. Then a more detailed economic investi­
gation should be given to the cases that look. most promising. 

·Points covered in such an investigation should.include: 
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1. Any reduction in pipeline.flow capacity due to the 
use of the particular method 

2. The procurement and subsequent separation of 
materials added to improve flow (emulsions and 
water injection) 

3. Equipment needed for heating, injection, or other 
treatment ... , 

4. Operating costs 

5. Capital costs. 

. r 

.... 

·
1
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