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I. INTRODUCTION

The progress presented in this report covers the period September 1 through
November 30, 1979 under the woxrk scope for_Phase II of the DOE/Occidental

0il Shale, Inc. (0OOSI) Cooperative Agreement.

The major activities at O0SI's Logan Wash site dufing the quarter were:
driving the access drifts towards the underground locations for Retorts
7 and 8; manway raise boring; constructing the change house; rubbling the
first 1lift of Mini-Retort (MR)1l; preparing the Mini-Retorts for tracer

testing; coring of Retort 3E; and beginning the DOE instrumentation program.

ITI. RETORTS 7 and 8

1. MINING

Mining activities to access Retorts 7 and 8 continued during the quarter
with progress in several areas for a quarterly total of 720'. See Figures
1-3.

The progress consisted of mining 389' of the L-910-E drift and incline to
Retort 7, 82' of the L-1230-E drift in front of the retorts, 20' of 1L-380-N
between the retorts, 116' of the ore pass run around off the L-1230-E drift,
the manway drift from the L-380-N to the manway raise location, an 18' x 30°'
truck turnaround for muck loading operations,and 30' of an 8' x 8' heading
off the U-905~-E drift off the U-1l incline towards the upper level of Retorts
7 and 8.

In the pillar test area, the A-725-E drift was advanced 213' in the upper
level andthe U-180-N was advanced 17/6' in the lower level.

In October, a trench was mined across the L1 incline from the L-970
cross-cut to L-970-N. An air culvert was placed in the trench and then
covered with shale. Bulkheads were built on the L1 ends of the 970 drifts.
This arrangcment was installed to improve air ventilation and provide fresh
air to the mine workings near Retorts 7 and 8. Other instrumentation,

ventilation and utility support work continued.

The drilling contractor moved on site early in November and started raise
boring operations. 'The manway raise pilot hole was drilled by mid-November.

At the end of November, 177' of the 8' diameter manway raise had been pulled.
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Figure 1. Mining progress during the quarter (September - November, 1979)
at the Lower Level shown in crosshatched areas.
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2. CONSTRUCTION

Construction activities progressed on the surface and at the lower mine

level.

On the surface, the electrical substation for Logan Wash was relocated and
the location for the surface facilities was graded. Electrical conduit

to the manway raise location was installed in October to provide .power for
the drill rig. Also the pole line from the emergency generator to the
ventilation fan above the U-500 drift was relocated. The drill pad and
collar for the manway raise was excavated and poured and excavation for
the off-gas raise drill pad and collar was begun in October. By the end
of November the drill pads and collars for the off-gas raise and the venti-

lation raise had been completed.

At the lower mine level, the major activities centered around the Mini-Retorts
(MR) and change house construction. In the Mini-Retort area, installation

of electrical power and off-gas piping began in October. The pre-blast piping
in the bottom of MRl was completed and the blower to be used for tracer tests
and burner tests was installed. The cribbing at the bottom of MRl was con-
structed. The installation of off-gas piping in the bottom of MR2 began.
After the blast of the first lift of MR1l, building the bulkhead at its lower

level was started.

A warehouse and construction staging area, near the Research Mine, were

completed in October for the construction subcontractors use.

The subcontractor for the change house was mobilized in late September.
The foundation was poured and the water and sewer services were tied in
by mid-November. The fire water line was also installed. The building

frame was erected.

Other progress was: construction of an air curtain on the Ll incline was
started in late November; electrical expansion for Retorts 7 and 8 was
started; the pad for a 1000 KVA transformer was poured; and the first

€andia Labs computer trailer was set up outside the Research Mine portal.



V. ENVIRONMENTAL SUPPORT
This section contains data for the environmental monitoring period of
August through November 1979, and includes data not reported in previous

Quarterly Reports.

Environmental monitoring has continued on the Logan Wash mine site and
nearby area. The area is characterized as rugged and mountainous with
steep bluffs and high elevation, and is located in western Colorado about
10 miles northeast of the town of DeBeque. Figure 4 is a map of the area
showing elevation contours and the location of the envirommental monitoring
staﬁions. The elevation of the area ranges from 7000 to 9000 feet above
sea level as shown in Figure 5 which presents an elevation profile throuéh

the principle areas of activity.

The environmental monitoring network consists of several stations for col-
lection of meteorological, hydrological, water quality, biological, and
photographic data. These stations and the data collected at each are shown
in Table I. Table II presents the water quality sampling stations. Data
collected at these stations for the months of August through October 1979
are included in Appendix A of this report. Hydrologic data forwarded to
Geothermal Surveys, Inc., has not been reported for May through October
1979. This data will be reduced by Occidental personnel for the next

quarterly report and will include the following;

Hydrothermograph at 3 stations (gate, mine, tower)

Evaporation measurements at 2 stations (gate, tower)

Wind gauge data at 2 stations (gate, tower) |

Rain gauge data at 5 stations (gate, mine, tower, Smith Gulch,
Logan Wash) '

Stilling well data‘at 2 stations (Smith Gulch, Logan Wash)

Surface water runoff at 3 stations (Smith Gulch, Logan Wash,

Dry Gulch)

An Ecological baseline study of flora, vegetation, and soils is included
in Appendix B of this report. The vegetation data and analysis for September
1979 are included in this baseline study. At the site, three plots have

been prepared for mulching as part of the reclamation program.



IIT. OXY FUNDED ROCK FRAGMENTATION PROGRAM

The first 1lift of Mini-Retort 1 was shot on Monday November 19, 1979,

and seismic and air blast measurements and motion picture photography of
the blast were taken. During the week following the blast, the stemming
was cleaned out of the blast holes in the MRl sill pillar in order to gain

access to the rubble for surveying and photography.

IV. DOE FUNDED TASKS

The secrecy agreement between OOSI and Sandia was signed in mid-November
and Sandia submitted a revised instrumentation proposal for DOE and OOSI

to review and approve.

The mine stability portion of the DOE instrumentation program was started
in the last week of November with Sandia personnel and equipment arriving
at the Logan Wash site. By the end of November, the instrument trailer

had been set up outside the Research Mine haulage portal.

The coring operation phase of the leaching program was begun in September
at Retort 3E. Two spent shale cores werce taken from the retort. 1In a
joint effort with the DOE and its representatives, the cores will be
analyzed to determine whether or not a field leach test, using Retort

3E, will be desirable.
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STATION LOCATION

GUARD GATE

HEATER-TREATER
(MRI STATION)

LOWER BENCH

METEOROLOGICAL TOWER

TABLE I

MONITORING STATIONS

AT

LOGAN WASH SITE

STATION CODE

GDGATE

HETRTR

LWBNCH

METOWR

10

MEASUREMENT

Temperature )
Relative Humidity)
Evaporation
Precipitation
Wind Speed

Wind Direction)
Wind Speed )
Temperature )
Inversion Height

Temperature
Relative Humidity
Precipitation

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

ELEVATION LEVEL
ABOVE_GROUND

2 METER

10 METER

2 METER

30 METER

2 METER



TABLE II

WATER MONITORING STATIONS AT LOGAN WASH SITE

WATER TYPE
Alluvial Wells

Deep Wells

Streams

Retorts

STATION

LW101
LWI10TA
LW102
LW103
LW104
LW112
LW115
LW121
LW22

LW32
LW33
LW46
LW47
LW108
LW106
LW45
LW116
LMB1
PLRL1
LILSWI
LIESE2
LILN3
L2PS1
L2PS2
UIL600
AL-N1

Bowdish Gulch

Logan Wash

Upper Roan Creek
Lower Roan Creek
Smith Gulch

Kelly Gulch

Riley Gulch

Upper Parachute Creek
Lower Parachute Creek
Dry Gulch

Top Retort 1

Bottom Retort 1
Bottom Retort 2
Bottom Retort 3
Bottom Retort 4
Bottom Retort 5
Bottom Retort 6

1"

STATION CODE

LWA101
LWA100
LWAT02
LWA103
LWA104
LWA112
LWAT15
LWA121
LWA022

LWD032
LWDO33
LWD046
LWD047
LWD108
LWD106
LWD045
LWD116
LMD601
LWD602
LWD603
LWD604
LWD605
LWD606
LWD607
LWD608
LWD609

LWS001
LWS002
LWS003
LWSO013
LWS004
LWS005
LWS006
LWS007
LWS017
LWS008

LWROOO
LWROO1
LWR0OO2
LWR003
LWR004
LWROO5
LWROO6
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LOGAN WASH WATER QUALITY SAMPLING FREQUENCY BY SITE
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Color slides (135 mm) have been taken at twenty-eight photomap stations.
Photographs were taken during August and September 1979 and the slides

filed as a pictorial record.

Power to the Acoustic Radar was temporarily shutdown during high scaling
operations at the upper mine bench from August 1 through October 24, 1979.
The ambient temperature probe at the meteorological station malfunctioned

and is being repaired.

Figure 6 shows water quality laboratory analyses included through Sep-
tember 1979. Deep wells, UILSW1l and UILSE2 were dry during this report
period. Appendix C contains water quality analyses performed by Coors

Laboratories for June through September.

The Prevention of Significant Deterioration (PSD) permit application .
was approved and went to Public Hearing on October 6, 1979. The permit

was issued on November 1, 1979.

VI. SCHEDULE

The major activities in mining and construction are on schedule.

VI. PLANS FOR THE COMING QUARTER

The major activities planned are:

Load with explosive and blast MR2, MR3 and the second lift of MRl.
pPerform necessary construction to tracer test MR2 and MR3.

Tracer leslL MR2 and the first lift of MRI.

Bore the manway, ventilation and off-gas raises.

Complete mining the pillar and operational test areas.

Continue access drifting towards Retorts 7 and 8 on three levels.
Complete first phase of surface site preparation.

Continue change house construction.
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APPENDIX A
ENVIRONMENTAL DATA

This appen~‘-- ‘ontains environmental data collected:
during th¢ mon s of August, September, and October,
1979
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DESCRIPTION OF DATA SYMBOLS: -
Symbols used on meteorological and air quality data sheets are:

CA Calibration

MT Maintenance (chaﬁging paper, tape fiiters)

FO Flame out (on the gas chromatographs)

M Instrument malfunction

PF Power failure (generator failure, power outages)

RF Recording system failure (chart jams, runs out, tape
cassette fails, on-site computer goes down)

LI Local interference (car nearby, contamination by generator)

0S Off scale (at top of chart data value grealer than range
of instrument) . _

SE Special experiment (instrument off-line for bag sample
analysis or removed for special measurements in area).

VA Variable wind direction '

IN Interference (C02 interference on sulfur data, SO2
interference in oxidant readings)

NV Not visible (data not visible, within range of instrument/
recorder; data presumed monitored)

OE Operator error (field tech., leaves switch in wrong position)

OR Out for repair (instrument removed from site with no replacement)

CM Calm (no wind direction when wind speed = Q)

UN Unlimited Ceiling (reported by NWS Stations)

WR Weather related malfunctions (frozen instruments, temperature

reading below instrumental detection)

16:
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MECHANICAL WEATHER STATION DATA
10 METER LEVEL
HEATER-TREATER SITE
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MRI diurnal tables for July through October 1979, will not be in
this Appendix because of a power shutdown due to Operations conflict
at the upper mine bench, and lag in data reduction. Therefore,
frequency tables for July through October also will not be reported.
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METEOROLOGICAL TOWER DATA -
30 METER LEVEL
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METEOROLOGICAL TOWER
WIND FREQUENCY TABLE
30 METER LEVEL
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FREGUENCY TABLE OF WIND SPEED BY UIRECTION

30 METER " LOGAN WASH OIL SHALE PROJECT
STATION LWO2 PERIODC 8/01/79 TO 8/31/79)

WIND DIRECTION
SSE S SSw

. N NNE NE ENE E ESE SE S SwW WS ] WNW KW NKW CALM TITAL
WIND SPEFD .
MAX 7 14 18 10 8 3 g8 1.2 G 9 9 & & & 6 p: 3
METERS/SEC ]
6T 11¢ ¢ 0 2 3 0 0 0 [} 1 0 ) 0 ' 0 ¢ { < v 6
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FREOQUENCY TABLE OF WIND SPEED BY DIRECTION

30 METER LOGAN WASH OIL SHALE PROJECT
STATION 1LWG2 PERIODC 9701779 TO ©/30,79)
WIND DIRECTION
S S

- N NNF Nt ENE CF  ESE SE  SSE SSw SN WSWY N OWNW NV NNW O CaLA - TOTEL-
WIND SPEED . -
MAX ¢ 5 & 6 6 6 5 2 8 8 o 3 6 7 G )
MFTERS/SEC
1 4 11 @ 2 n () 0 0 ] 0 0 0 ] 4] g 0 0 { H I ]
e = 11 @ ] i) 1 b 0 0 0 0 2 é G ‘ ¢ 0 S S
Se ~- 8e ¢ 1 2 1 3 1 2 1 0 é 3 & 3 2 2 u 3 A :
3. - Se 1 1 ) 4 ¢ P4 1 0 = 3 & 3 4 G U } 1o ‘“
L 3, n o ¢ ] ) ¢ 0 1 2 1 ¢ { 0 2 G 3 v o2 &
z LT e ¢ 3 ¢ 9 D] ¢ 0 ] 0 0 U G 3 0 G ] v L
TOTAL H 2 2 5 7 1 4 2 1 19 G V3 -7 12 .2 1] v R A
..0.0.Q0.00IOUOOUIOO.l...'...-l.l.ll.'..ll.'......Q!O'Ol.....'l'...'l...~C.O..0...........oo.o L)
PERCENT 7- Le 10 Se Te Se 3 1e 25 12 I 9 16, 3 e Ny Te T
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FREQUENCY TABLE OF WIND SFEED BY UIRECTICON

30 METER LOGAN WASH OIL SHALE PROJECT

STATIQN Lwae PERIODC18/01/79 TD 13/73%77%)

N NMNE  NF  ENE 3 58 S SSW  SW  WSHW - WNW  NW NMW CALM  TOTAL

M
w2
(a8}
w»

1"

NIND DIRECTION . .
t

VIND SPEED _ ‘
mAX 1« 15 ¢ 5 0 7 b 7 19 13 1z 12 g 1 v o192 9
METERS/SEC
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S
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ACOUSTIC RADAR
INVERSION HEIGHTS
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Inversion Height and Stability Classes 50 meter and
200 meter diurnal tables for August through October
1979,will not be included in this Appendix because of
a power shutdown due to Operations conflict at the
upper mine bench.
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SURFACE WATER QUALITY PARAMETERS
o STREAMS
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(MG/L)

4a0
3.0
1340
9e0
3.0

2840
3.0

2940

[V N
.
(=]

3.0

3.0

L

OGAN WASH

WATER CUALTITY PARAMETERS

STREAMS

FOR SEMPLE DATA SHOWN

S03
(MG/L)
-14000
~1.0u0
=1000

-1+000
-14000C
-1.009
-1000
-14000
'1.0UQ
-1.000

-1,000
-14009

~14000
-14000
-14000
1,000
-1. 0730
1,095
-1,900

-14000
‘100'30
-1.09%0
-1.000
16009
~1. 000
-1e00u

-1¢00U
-1400¢C

~14000
-1 0U0

-1.000

FE
(MG/L)
-+%00
w040
0100

64090
16006
-e500
«100
0200
200
~e500
-e500
-e500
100

-e500
o700
e 70V
o 100

3.400
+200
«160

1.000

600

«100
-e500
~e 500

200

+ 160

«600
203

1900
«040

-e560

MG
(MG/L)

T0C
(MG/L)

3440
5340
6540
3G.0
3640

Yed
64e0

600
4340
3840

6340

ALPHA
(PCI/Y)

3,20
24390
1«30

b0
1000

14400

1820

BETA
(FCI/7T)

0D

34400
27+ 00
1960

L7400

1000
s 00

24400

500

RaCTIUM
26
(FCizsz1)

o 30

170

« 00
200

140

aG
(MG/L)
-0 010
-4 019
~e 010

-e 010
-e 010
« 010
-+ 0190
-¢010
« 000

~e 010
-«010

-+ 010

-0 010

-e¢010

-+010

-« 010



0¢

LoC YR
LusStn? 79
LWS0e13 79
Lws¢17 79

FEZAL

COLIF.
CCLONY
/140 ML

NOTE: - INDICATES LESS THEN

N
KJELD
(MG/7L)

10,0

LOGAN WASH

WATFR QUALITY FAKAMETERS

STREANS

FOR SAMPLFE LATA

SC3
(MS/L)

FE
(MG/L)
143200
2100

200
3.200
-+ 500

0100

« 160

SHOKN

MG
(MG/L)

T0C
(MG/L)

ALPHA
(PCI/M

RETA
(FC1/71)

RADIUM
220
(FCI/ M

AG
(MG/7L)



13

Loc YR
LwsS001 79
Lysonz2 7?79
LuSOn3 79
LwsSens 79
LWS00S 79
LWS006 79
Lusesz? 79

K

w e w Lo B0 [+

VXN

O v b v

OO ~NO N W

- o~ Ob&

O &~

A

25
16

$203
AME/L)

1.00
12.00

14400
1. 00
-1.00

~1.00
600

4400
2400
-1.090

-1.00

6400

5,00

NOTE: = INDICATES LESS THEN

HG
(46/1L)

-+ 020
-s020
-e 020
- 020
~e 020

~e 020
~e 020

~e 020
~e 020
C=e020

~e 020

~e D20

~-s D20

SE
(M6/L)-

-0020
-e020
-e020
o040
«050

-e020
~e020

o060

-e020
« 030

=~020

-¢020

-e0290

*LOGAN WASH

WATER QUALITY PARAMETERS
STREAMS

FOR SAMPLF DATA SHOWUN

S04
(MG/L)

-

530400

29000

190+ 00
1100.C0
757.00
¥66+90
1203.00
1100.00
160000
1400.,00
1500000

550400
440,00
230400
1624020
300,00
$10.00
S50 00

98000
1100.00
923400
$20.00
53009
1300.00
490069

R00.00
750600

460400
610,00

2€0400
106,90
260400

cL

(M6/L)

F
(MG/L)

Y1

060
70
. o6
«50
79
e 60
“70

1020
1410
1.00
1.30
1430
1450
1440

90
«90

«50
040
+80
40
30

NO3.
(MG/L)

386 00
110600

18.00
~¢10

5.00
21,00
-«

SI
(MG/71)

— - -

NA
(MG7L)

K
(MG/L)

AS
CHG/L)



2t

LWS013

LwS017

NOTE S

YR

79

79°

ol B NEV N ]

0

ny

16

§203
(¥G/L)

INDICATES LESS THEN

LIS
(MC/7 L)

SE
(MG+L)

LOGAN .WASH
WATER QUALTITY FARAMETERS

STREAMS

FOR SAMFLE DATA SHOWN

S04
(MG/L)

170400

310400
$20.00
550.00

26000

cL
(MG/L)

. F

(MG/L)
o5C
70
«70
070

e 80

ND3

NA
(MG /L)

K
(M67L)

AS
(MG /L)



€€

LWS001

LWSin2

LWSI03

LWSID4

LWS005
LWSD0o
Lwsnoz

NOTE:

TOT ALK
(MG/L
YR MO - DY caco3y
79 4 17 28040
s 31 55040
6 7 35040
79 3 8 150,90
21 13040
4 13 22040
S 10 33040
18 L9940
20 L40G. 0
[} é 43060
7 17 380490
% g 27060
g 12 L2040
79 1 3 S40ev
2 15 450090
4 17 300.0
5 21 29040
7 4] 300, 0
3 G 37009
9 12 L6060
79 3 21 27040
4& 13 26040
< 11 2506
6 7 28040
7 ¢ 25040
& 7 21040
s 11 22040
79 4 25 26060
S 16 200.0
79 4 25 32040
8 23 290.0
79 1 4 L1060

- INDICATES LESS THEN

HCO3
(ME/L

CACO3)

€03
(MG/L
cacol»

LOGAN WASH

WATEK QUALITY FARAMETERS

STREAMS

FOR SAvFLF DATA SHOWN -

D8
(MG/L)

100040
16004 0
1900, 0
169040
200640
2100.0
23000
260040
270040
290040

140040
1400, 0
1200, 0
600.0
75040
1300.0
130040

1900.0
2100.0
1800.0
160040
1700. 0
220060
1006.0

1600490
1600.0

120040
g830.0

80040

TOTAL
SUSPEND

SOLIBS

(MG/L)

3500060
35500090
200.0
4590060
2500040
89000

© 2320060
V ~140
-1.0

G740

1000
200.0
2500040
T 2040
23040
85040
v2e0

30040
1529040
22060
13040
=1e0
23.0
-1.0

14000
8530040

“7040
-1.0

16040

TUREIDITY
NTU

CHEM 02
DEMAND
(MG/L)

50+ 00

FHEN
(MG/7L)

8095
(MG/L)

4000

70009
6.00
5.00

15400
7+00
5400
1,30

T 3410

17400

10,00
2400
2400
3.00
4400
2ebl

1969

2000
2e00
6400

13400
5¢&0
5480

19.00

4e00
e 80

5600
7+50

900

OIL AND
GREASE
(M6/L)

10400

22.00
19e00

20400
10.00

2000 .

17.00
2e00
10400
24400
3.60
254900
3.00

Se00
60400
3000

4e0O0
16.00

3. UO

o0

20000
40.00
11,00
2¢400
15G0
16600

4400

40400
12.00

5e00
-1.00

10400

Doc
(MG/L)

19,00,
25400
31400
22.00
26400

LeOV
14400

31. 00
3000
33.90

4e 00

12400



yg"

L0C YR
LWS0n? 79
LWSN13 709
LWsS017 76

LY

Vol

L~

oy

25
16

TOln ALK
(mG/L
CALCC3)

NOTE: - INDICATES LESS THEN

HCO3
MG/L
CALN3)

co3
(MG/L
CaC03)

LOGAN WASH
WATER QUALITY PARAMETERS
STREAMS
FOR SEMPLE OATA SHOUN

TOTst

SUSFEND
10s SOLIGS TURBIDITY

1N6/7L) (MG2L) NTy

60040 210.0 2700
£E70.0 150 700
80040 2573040 30040
82060 2400 1300
1300.,0 1530040 4300
16400.0 13060 2040
"860G.0 1760 6040

CHEM C2
DEMANC
(MG/L)
€dl
2.0

204C0
12.CC
18 CC
2hoCC

14CC

FHEN
(MG/L)
- 001
« 020

-+ 001
-¢001
«010
« 003

«030

B0OODS
(MG/L)

OIL AND
GREASE
MG/ L)

BoC
(MG/L)



GROUNDWATER QUALITY PARAMETERS
ALLUVIAL WELLS

35



o€

LWAD22

LWa101

SLWATIO2

LWaA103
CLWAT04

LWwa112

LWA11S

NOYE ¢

YR

79

79

79

79

x
o

MmN VN

(=] 0~ R S LR Ve N IF S L ~NOs N W=

W~ o

N VE W -

(o)
DY (K&G/L)
3 15060
14 190.0
11 35040
10 229,9
v 6 16040
12 19060
8 23000
3 20000
14 26040
21 22040
11 19040
16 1594 0
] 13040
13 13040
R 16Ce 0
13 1500
n 15940
7 140, 0
1 160490
10 17040
kR 16060

25 237D
16 - 26040

1 L2
12 730D
8 STDe
[ 120.0
14 750
21 5Se
13 720
18 3740
6 29040
12 15060
12 14060

~ INDICATES LESS THEW

R
(2G/7L)

v
(MG/L)

LOGAN WASH
WATER QUALITY FARAMETERS

ALLUVIAL WNELLS

FOR SAMFLE DATA SHOWN

cu
(MG/7L)

MOLY
(MG/L)

]
.
(-]
~N
(-]

LI
(MG/L)

-————- -

IN
(MC/L)

——-——-

AL
(MG/L)

Ba
(MG/L)

SK
(MG/7L)

5¢6
6e1
7e2

70
4ol
345
3.9
Lo
Le

U
-
o~

Yol

beb
Se2
3.8
%6

Be8
543
542

NH3
(MG/L)

170
«31
oLl

1000
«10

»30
«51
-e04
0
«30
004

e43
-e4&

.20

-e04
2490
2¢50
34400

«38
49
e 16
56
082
07
20
02



L

_LOGAN WASH
VATER QUALITY PARAMETERS
ALLUVIAL WELLS
FOR SAMPLE DATA SHOWN

[ e v cu MOLY LI N AL Ba SR NH3

WELL YR mO0 DY (MG/L) (MG/L) (MG/L)Y. (MG/L) (MG /L) (MG/L) (MG/L) (MG/L) (MG7L) (M6/L) (MG7/L)
LURrIZ1 79 5 31 10240 200 ° -4100 -e020 «050 «100 -e020 -+100 -¢500 2.8 -e 04
[ 6 ° 130.0 6090 ~o 100 - 020 -e020 +100 «100 1.500 -+500 3.3 090
k4 1¢060 +500 -e 100 -¢020. -+ 020 2+ 100 -¢020 -e100 -¢500 6e7 03
9 12 " 12640 %00 -s100 -e020 2030 0100 e 040 -+100 ~e¢500 3.3 2420

NOTE: - INDICATES LESS THEN



twa022

(ST RXE]

LYA102

LWAT02
LVs104

LWATY

Lvat1s

NOTE:

YR’

-

79

70

79

79

79
79

79

"=
WNOWV B WN S o yoWVENe 1O

O W N

5~

[+ ]

P VPR

x N &

A
21
*3

——— -

‘1-0

-1.0
~1e0

-1.0

-1.0
-1.0

-1.0

-1.0
-1-0

=10

- INDICATES LFSS THEN

TOTAL
COLIF.
COLONY
7100 ML

-1400
-1.00
=100

-1.00
-1.00
-1.00

-1+00
-1.,00
-1.08

-1009

'1.00
-1.090

-1.00

N
KJELD .
(ML)

560
4e0
2+ 0

25,0
3.0
240

50

1.0
1.0

240

Le 0
2+0

3140

LOGAN VASH
WATER QUALITY FARAMETERS

ALLUVIAL WELLS

FOR SANPLF DAT2 SHOWN

so3
(MG/L)

-1¢000

-14000
-1.000
24060
1114
~14009
-1000
« 000
-1.006G

-1¢004¢
-1400¢C
-140040

20038
-10C0
-1«000

-1 000
-1.000

-1.040C

~1e00¢0
-1 000

000U
~1606GC

-10006
-1.000
31.000
504000

FE
(“G6/L)

10,000
0200
3400
«300
2600090

0600
«100
-e500
¢500
0700
0100

«200
¢ 100

0200

2400
-e%00
€NY
160,000

YLE
1. 000
14090

«500

L1
(NG/L)

T0C
(AE/L)

85.0
2640
Ste0

8840

2540
710

470
11.0
33640

600

1840
L340

6240

BLFHA
(FC1/71)

1490
3.50

3400

1e606
6e 8O

Le50

060

70

BETA
(rC1/79)

«00
bh,oo

111.00

356400

05000

14400

33400

36400

RADTUM

226
(FCI/1)

000
e %0

20

50
e 8D

o 00

1o 40

1. 10

- 010
-s010
-0 0190

-e010
-e010
-+ 010

-+010

~e010
-o 010

-+ 010"



6%

FECAL
COLIF
COLONY
Loc YR MO DY /7100 ML
LNATIS 79 5 13 -1.0
-] 6 -1,0
7 12
& 7
LWr121 79 5 ~1e 0
6 6
7 "1.0
9 12
NOTE: -~ INDICATES LESS THEN

TOYAL
COLIF.
COLONY
/160 mL

N
KJELD
(MG/L)

-—— -

240

3.0

LOGAN WASH
VATEK DUALITY PARAMETERS
ALLUVIAL WELLS
FOR S&MFLE DATA "SHOWN

$03 FE MG
(MG/L) (M6/7L) (MG/L)
54000 0200 6440
~1.006 -eS00 29040
-e500 130449
-1.000 300 13049
=1¢039 «100 8740
-1400v 6,400 570
~14090 -e509 170.9
-1.000 «300 11040

foc
(MG/L)

RADJUM

ALPHA BETA 226
(FCI171) (FCl1/71) (FCI/ V)
XYl 12400 « 00

AG
(M6/7L)

———————

~s010
~¢010

-e 10

-e010



"o

LWa022

LWATDY

LNRI02

Lwa103

LHAT04

LWA1l2

Lwat11s

NOTE

YR

79

79

79

79

79

9

79

»0

(3 JENI o SRV Y O A

CON OB NN

O~ OV

L oY o

o N> - [5 4]

[« RV N VUL

13
11

12
11

25
16

23
20
12

14
21
13
18&

LOGAN WASH
WATFER QUALITY PAKAMETERS

ALLUVIAL WELLS
FOR SeMFLE DAT# SHOWN

5207 HG SE S04

(MG/L)  (MG/L) (MG /L) (MG/L)
1060000
$60400
-1.0¢ - 020 -.020 2200.00
2.00 -e 020 «040 1260400
~1.00 - 020 2030 910400
1300400
1500, 90
1300.00
1400400
1400400
2. 00 - 020 «050 1500490
1.00 -e020 ~¢020 1213.00
2.00 ~e020 «050 1000400
: C40400
260400
2.00 -+ 020 e030 530400
-1000 ‘0020 ;0020 -581000
-1.,00 ~e020 $ 030 740400
$20400
$20.00
52000
-1400 -e020 «0590 1100.00
1300400
$500440
-1.00 -e 020 -2020 1100400
-1, 00 -0 020 060  SB0.00
‘ 900400

930400
780.00

62000
280400
2.00 - 020 -e020 610400
2.00 - 020 ~4020 . 771400
-1.00 -. 020 080 2202,00

INDICATFS LESS THEN

CcL
(MG /L)

F
(MG/L)

s60
«70
70

1420
1.20
» 90
Te20
1020
1420

«90
90

+50

80
#80
o 70
70

292
+ 90
o 74
W@
90
2+ 60

KEG3
(MG/L)

370490
1?70.00
180.00

34400
22.00
324900
1300
35400
112,060

5700
113400

831,00

153400
26900
32.00
33,00

6000
1508
3Z.00

13C¢«00

Qa0
22400

S}
(MG/L)

NA
(MG/L)

X
(MG/L)

19.00
15400
18400
184060
1700
15400

Le(0
4450

9e¢60

10.90
12450
13.00
1400

4400
3.00
Se00
5600
5S¢ 09
be2?

AS
(MG/L)



LY

LOGAN WASH
WATER QUALITY FARAMETERS
ALLUVIAL WELLS
FOR SAMPLF DATA SHOWN:

5203 HE SE 504 cL F NO3 51 NA K .S
LoC YR MO OY (MG/L)  (ME/L)  (MG/L)  (MG/L)  (MG/L)  (MB/L) . (MG/L)  (MG/L)  (MG/L)  (MG/L>  (MG/L)

L¥a11S 79 T 12 1000.00 37400 50 8,00 1640 32040 6430 -e020
5 5 ’ 9§U.00 1"-00 .60 7-00 19£0 280.0 1‘.60 ‘IOZO

LWa121 79 5 31 2000 -4020  -4020  S19.00 17400 080 39,00 1840 15740 Le00 -e020
o 6 . 550,00  25.00 .60 15450 2240 16040 5,00 - 020

7 4000  -4020 $020 1200.00 2400 .90 50400 170 31040 080 -e020

e 12 720400 8400 14106 81400 1340 19040 2410 -e020

MOTE: - INDICATES LESS THEN



2y

Lwad22

tyAt01

LWa102

LWA1C3

LWA10s

LWatII2

L¥A11S

NOTE !

YR

79

79

79

79

79

79

79

. X
W ~NoOWnEBeN= 10O

o~ > [« ] O &~ X N O oW W =

LV VR

DY

?
-

14
11
10
6
12
5

3
14
21
11
1¢

)
13

&

13
M
4
12
3

11

25
16

23

20
1
12
8

4
14
é1
13

TOT ALK
(MGIL
CaCdl)

L5340
S00e0
23060
410,0
LLBe0
36940
L1040

46040
45040
W70e0
L0
L20e 0
36040
17040
37040

36L.0
36C+ 0
28C.0
535G« 0
35040
34G.0

41049
37040

500.0

L0000
50040
35740
12040

550e0
24080
510.0
750.C

- INDICATES LESS THEN

HCO3
(MC/L
€aC03)

co3.
(MG/L
CACO3)

=1.0

-1.0
30.0
2540
=1¢9

=149
=1.0

1.0
-1.0

LOSAN WASH

WATER QUAL]TY FARAMETERS

ALLU/IAL WELLS

FOR SAMPLE CATA SHOUN

\DR)
(KG/L)

260640
150040
250040
2800.0

280040
290040
310040
210040
260040
220040
210040
230040

170040
130040
1800.0
170040
140040
150040

210040

- 250040

15000.0

240040
2000.0
180040
3000.0

170C40
1100.0
1200.0
1500.0

T0TAL

SUSFEND

soL1DS

TMG/L)
$58%e0
LGGe0
35040
2040
2600
¢2040
3400

110.0
c00,0
21060
10040
5060
3060
53040
2640

11040
3040
4340

23060

27e0.

1960

2040
3640

1:000-0

1000
110.0
150.0
256000

1840
600
1,000.,0
100.0

TURBIDITY
NTU

23000
200+ 0
10000
4060

S0.90

G000

80«0

5040

12040

200090
4000
1000
5060
4040

4060
6060
400
2040
6040
200

3040
5040

15040

E0s 0
4000
14040
100.0

2040
. 700
12040
14060

20600

Crim 02
LEMAND
a6 /L)
10600
Re 00
150000
50400
1700
2100
31,00

$0s00

6000 .
Sde00

0000
52400
50400
61600
70400

30,00
1200

2090
1200
26400
27400

2409
200

7800

58400
60400
52400
220600

170,00
50000

2(000
50400

PrEM BOOS

(ME/LY  (ME/L)
4002 22400
« 006 20400
« 015 50460

«902 500
-+001 3,00
« 050 Q.OO
e 020 2410
0002 ¢e 00
<003 10400
-+ 001 20,00
«023 3000
+0US ot 0
- 001 4400
0020 3.80
0030 XL R
0013 Be Ul
s 004 2400
e 006 E YA
2007 3400
»010 410
2 005 15.00
-» 001 2400
»030 800
» 005 130
-«001 1100
-a QU1 8029
«010 1600

«010 L9400

«021 1000
«0VE 30400
009 100400
«00E 40400

OIL AND
GREASE
(16/L)

- ————

0ocC
(MG/L)

7100
12400
21400

78400
22000
61400

40400
S« 00
28400

66 00

1600
33600

36400



€Y

LCGAN WASH
WATER GUALEITY FARAMETERS

ALLUVIAL MELLS
.FOR SAMPLE LATA SHOWN

TOTAL.

TCT ALK HCo3 co3 . SUSPEND CHEM 92 : . OIL AND
(ME/L (MG/L (MG/L 108 SOLIDS TURBIDITY DEMAND PHEN 80ODS GREASE 0oc
LoC YR M0 DY C2C03) CacC03d) crCO® (MG/L) (MG/L) TV (MG/ L) (MG/7L) (MG/L) (nG/7L) (MG/L)
Lwa11s 79 5 13 650.0 6500 -140 200040 34040 200.0 92400 0006 20.00 4400 5¢00
6 6 S00.0 - 500.0 ~1.0 4200, 0 110.0 10000 13400 . «310 35400 12.00 2100
7 12 50040 S00.40 =1.0 . 22C0.0 316040 21040 120400 010 13400 11400
8 9 51040 51040 =10 200040 24040 200490 890 020 1430 Seb)
LWA121 79 5 11 51040 5100 -1.0 133040 52040 200.0 10400 -¢001 5¢00 S6e 00 31400
6 -] 66040 46040 -140 130340 29060 15000 22400 -« 001 190 23400
7 495040 L9040 -1.0 140040 69040 240V €500 « 006 2480 18400 L4400
g 12 L6040 L6060 =100 170040 16040 5040 11000 « 060 45.00 2000

NOTE: - INDICATES LESS THEN



GROUNDWATER QUALITY PARAMETERS
DEEP WELLS

L4



QY

LwD02?2

LwDNéo

LwpoL?

LNCING
N

LeD108

Lwb110

MOTE $

YR
76
79
79
79
7?6

7y

73

M0

Dy

23

LY I o]

o

ce
(nG/L)

5440

S4e0
53249
5340
t1.0
€00
6100
6940
0.0
600
5540
5240
EDe 0
45,0
4940
4140
5740
€240
570
SGel
6140
6540
6hol)
[JX!)
650
6640
€240

6240

- INDICATFRS LESS THEN

200

31,000
25.000
£74900
264000
£7+4909
264000
23.000
234000
22000
14,000
22,000
17,0490
1640072
174060
74500
64000
6,200
12200
117.000
1. 000
£+200
7.500
Eeé0C
10,000
12,000

1600

v
(MG /L)

-41090

-e100

100
-e100
-¢100
-e100
-+100
-e100
-+100

«100
-¢100
-¢100
-e100
-¢100
-e100
-+100
-+ 100
-¢100
-¢100
-+160
~e16G0
-+160
-s100
-¢109
-+100
-¢120
-«100

~e100

LOGAN- WASH
WATER QUALTITY FARAMFTERS

CESF WELLS
FOR SaMFLE D&sT2 SHOWMN
cv MOLY L1
(MG/L) (MG /L) (M5/7L)

-e020 - 020 0040
-2 G20 -e0c0 «100
—eG20 =020 2100
-e0c0 -ef120 «050
-4 020 20 ¢« 080
-eu20 34060 14000
-e020 14000 « 700
-e G20 0500 «700
-e0290 «E00 e8399
-e 020 200 «800
-¢320 o700 «300
-e020 600 «800
-e020 «700 700
-+ 020 2000 «BUO0
-e020 2.000 + 800
-e¥}20 3.000 « 300
-+ 0280 24000 e 700
- 020 2.000 e 700
-e 029 1.000 «600
-e 020 1,000 ¢ 500
-e020 «600 «700
-e020 ¢500 o700
-4 020 YT 0700
-+020 600 «700
-~eu20 «200 «600

« 030 o600 ¢ 600
-¢0290 400 « %00
~e2¥ «700 « 700
-4 020 +700 «300
-e020 «7G0 « 200
-e029 «030 700
~e 0206 -¢020 Y30

N
(MG/L)

'
-
(=]
~N
(=]

]
.
[~
~n
o

i
-
<
~N
o

"
.
<O
NN
c o

AL
(MG/L)

-+100

-e109
-e100
-+ 1090
100
010
e 200
«L 00
-0100
‘-e¢3100
¢10)
~e¢100
«100
e500
-«100
0209
«100
-e100
-¢100
-«109
-+100
« 6090
-e100
-¢100
« 200
-e100
-e109

-e100

BA
(MG/L)

SR
(MB/L)

10e5

$e 0
Ye 0
G 0
o0
de 0
o
K¢ 0
740
5.0
400
40
L.o
Led
5¢0
7¢90
0sS
tel
7.0
662
6e?
6'L
7¢6
Teb
77
?.A
65

NH3
(MG/L)

30

600
2460
2480
2040
e68
2400
$26
1480
1.70
1,90
2400
2420
1460
1420
1470
1462
109L
1423
1490
1440
5050
2400
2450
4e10
6460
3450

Te00



99

Lupe32
LwD023
LuC046
LWDOL?
LuC106

Lu0108

LwD116

NOTE:

FECAL

CCLIF.,
coLOnY
YR MO [Y /100 ML
79 9 5
79 8 6
79 g 13
79 9 12
79 5 23 ~1e0
79 1 S
12
1¢
Z5
2 1 =140
9
15
z3
3 1 -0
G
re
22
3
[ -1.,0
19
26
s 1 -Te0
1:5 '1-0
6 €2
23
7 3
1%
27
5 2
5
9 S
79 9 )

= INGICATES LESS THEN

TOoTaL

COLIF.
COLONY
/7100 ML

-1.00

-100

-1.00

-1.00

-1.00
-1400

N
KJELD.
(MG/L)

3.0

10.0

170

5¢0

bed
LeD

LOGAN WASH
WATER QUALITY FPAKAMETERS
PEEF WELLS
FOR SuMFLE DATA SHOWN

S03
(MG/L)

-1.000
-14000
~1+ 000
3.000
200
1000
«00C

- =14008
-1.00¢0
-1.300
-10010
-1.000
-1+009
~14001
=100
=1,000
-1000
-1.000
-1.009
-1.000
-1 .00‘3
-1.0109

-14000

FE
(MG/L)

2200
« 089

o500
-¢ 509
-s500
-e500
-eS500
-e500

e700
- 500
-¢ 500
-e500
~+500
-e500
-s500
-s500
eSS40
0400
e 700
«070
-e¢500
-¢500
5800
~e500
-4500
«5C0
=500
0100

«100

MG
(MG/L)

ToC
(MG/L)

1840

39040

€10.0

2.0

21,0
2740

ALPHA
(FCI/D)

20400

9.00

26000

380

0l 0
20+ 00

BETA
(FCI/1)

82400

900

152400

000

18400
82400

RADIUH
226
(FCIZ 1)

——m———-——

« 390

"« 00

o b0

00

000
° 80

-¢010

-s 010

-« 010

-e010

-e 010

~e 0190
-+« 01C



49

LudCY2
LwDN33
Lubns 6
LuCnL?
Lwvp1906
LU0k

LuD116

NOTE: =~ INDICATES LESS THEN

Y&

79

7%
79
79
7
7Y

79

L]

§203
(MS/7L)

-1.00

-1.00

2400

=14 00

-1.00
-1.00

G
(H5/L)

-e 020

~e020

-0 020

~e020

-e 020

-s 020
-e 020

SE
(MG/L)

" =e020
-0020

«030
-e020

-+ 020

~e029
-+ 020

LOGAN WASH

WATER QUALLITY FARAMETERS

CEEF WELLS
FOR SEMPLE DATA SHOWN

S04
(MG/L)

120,00

240,00

170400

200600
29100

21006390
%4000
870400
890000
§70.00
10600
%580000

1000409
$30.900
850400
820,00

1100.00
85000
730,00
670000
73000
711.00
727400

510403
340400
SE000

620400

£30.00
560400
120000
270400

80640

CL
(MG/L)

—m----

6400

260,00
200,00
160,00

160400 .

1804 00
1546400
1400 00
1304 00

150400

140,00
120400
140,00
110,60
75.00
71,00
61,00

3,00
$57:00
69,00
66+00
54»00
70,00
52,00
64.00
2400
65+ 00

18400

F
MG/L)

e460

15400
13,00
12,00
12400
1200
12.00
1100
1100
11.00

Ge60

Ge30

1«10
- 8e50

7420

€e90.

$e69
S50
Sel0
6030
© 3460
Le20
560
Se50
6410
6e¢%0
Se?0

10

NO3
(MG/L)

-e10

22000
5S¢40
700
64 09
900
6600

10.00
9400
7.00
60 00

42000
8400

1500

26400

14.0)0

1000
Se 00
Lel0
-G
-e19

79.00

16400
-+ 19
-e1d
700
2¢00

13.00

S1
(M6/L)

NA
(MG/L)

141,.0

2@0000
52000
9.0
66040
100060
920.0
85040
9100
72040
70040
650490
50000
6506e0
55040
500.0
57240
5170
5170
9564000
53040

53040

63060
6000
640,40
81660
47060

48e0

K
(MG/L)

«80
50

Yo 00:

°70

30400
SeG0
6000
500
6490
S5¢00
6000
8400
8400
7409
64900
$e00
7400
6400
6e U0
5«00
34400
3400
3640
3010
Le30
320
3450
Le?0
7e%0
YRR

180

AS
(MG /L)



9’

LwD332

LWDO023

LWD0L6

LwpoL?’

Lw0126

LuD10S

LWD116

NOTE

"YR
79
79
79
79
79

79

79

DY

13

13
23

TOT ALK
(MG/L
cacod)

12¢0690
120040
1160.0
112040
110040
1200600
102040
§30.,0
9300.0
G406 0
7€3e0
6800
72040
70040
710490
g3X049
890,40
86049
765000
78040
EEDe0
S6060
23040

34040

- INDICATES LFS3 THEN

HCO3
(MG/L
CaC03)

co3
(MG/L
CACO3)

=10
1540

22040
-1.0
20e0
4340
«1¢0
L0.0
6060
-140
-1¢0
40490
=10
‘1.0
-1¢0
=140
3943
~1.0
-1.0
~1.0
-1e0
~140
=1.,0
=10
-1.0
700
-1e0
7240

3040

LNGAN WASH

VATER QUALITY PARAMETERS

DEEP VELLS

FOR SAMFLE DATA SHOWN

T0S
MesL)

360040
260040
1500.0
1600.0
2000,0
200000
2000.0
2200.0
220040

220040
2200.0
2300.,0
310040
2200.0

5300

TOTAL
SUSPEND

SOLIDS

MG/7L)

17060
291000
30060
25040
5040
L4060
2040
100
2040
5440
100

1690
15¢0
1460
19.0
2540

13.0

TUREBIDITY
NTU

P e R T

CHENM 02
DEMAND
(MG/L)

20200
10709
S42e 00
400600
15200
9200
93400
60N
7200
55400
730D
41400
5209
Lie00
117000
1600
4002090
4300

1290

FHEN
(HG/L)

BOODS
(MG/L)

€s 80

nedd

14400

206400
30600
8000
53,00
20e 00
20400
35400

100,00
8000
30.00

10000

130000

170400
(900
3400
23,00
17.00
12400
11.00
17.00
570
11.00
12.00
11,00
49400
6490

500

OIL AND
GREASE
(MG/L)

16-00

390400

430000

16000

18,00
19.00



GROUNDWATER"QUALITY PARAMETERS
RETORTS 1 through 6
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0§

Lwatnt

Luk0NZ

LWR0OG

Luwk0CS

LWRCCO

NOTE ¢

YR

79

79

79

79

76

2 <]

Dy

24

24 -

24
24

24
26

24
26

[}
(HG/L)

500
740

Se0
3¢0
bdel
660
600
70
S5¢0
1€e0C
740
bed
7e0
7.0
6o
12+0
6ol
Ge0
4740
G2
1140
be?
740
[
be?
6ad
[ TX]

- INDICATES LcSS THEN

B
(MG/L)

154000
146000
14,000
12000
12,000
12,900
S«000
2000
- 040
-e 0490
S«1090
5900
6.000
7.000
9,200
Ge200
64000
6100
2+ 500
60 900
60500
54400
10,000
4L.700
34600

v
(M6/L)

LOGAN WASH
UATFR QUALTITY PARAMETERS

RETOR

T8

FOR SAMFLET DATA SHOWN

v
(MG/L)

MOLY

(MG

L)

L1
(MG/L)

Zh
(MCJL)

———- -

AL
(MG/L)

84
(4G/L)

SR

(MG/sL)

o7
Y

5
o6

2e0

2+ 0.

2e U
240

2.9

NH3
(MG/L)

St0.00
25000

26090
2000400

170000
1¢00.00
1400,00
100400
1400600

750400
1000400
1300000

. 970400

1100400
1650600

13200640

1200.00
1100600
§90,00
760+ G0
860600
77U« G0
10035600
3900600
250000
2500400
L1000
1400400
1200400



31L§?:

LWROCA

LWK0D2

LMRO04

LWROOS

LwRODO

NCTE:

YR

79

79

79

73

7y

- INDICATFS LESS THEN

DY
43
24

24
24

24
26

24
26

1

18

15
21
14
25

FECAL

COLIF,
CoLOnY
/7100 ML

=1.0

~1.9

‘100
~1.0
-1e0
“.0

TOTAL
COLIF.
CULONY
/7700 ML
-1400
-1.00
-1400
=100

~1.00

-1.00

-1.00

~1.00

~1400
-1.00
-1.00

N
KJELD
(MG/L)

6540

82240
92340

105040

21640

9440
A9.0
12500
2190.0
250000
2700.0
74940

1500, 0:

1400,0

LOGAN WASH
WATFR QUALITY PARAMETERS

RETORTS

FOR SAMPLF DATA SHOWN

S03
(ME/L)
1406000

2000

60e060
1004000

1804000
2604000

2504000
32.000

170000
320,000
320,000
242000
3004090
1706000
180000

$06000

404000

504000

50000
1606000

604000
1604000
1204000
1464090
1404000
1904000
1500000
17040060
3004000
3304000
2204000
2604000
1904000

FE
(MG/L)

M5
(MG/L)

1.9
240
2e0
240
Se0
340
34D
8e¢0
20
3.0
2e0
20
20
5¢0
340
249
2e0
242
XY
1.0
206
2e1
209
Le3
1eY

TocC
(MG/ L)

35060

378040

351060

358040

509.0

513,0
L0340
L9060
110,0

ALPHA

(FCI/N

169

7e20

550

L8e0U

2306

26400

Lol

1.0
210
3050

U0

BETA
(PCI/1)

13.00

62400

600
L4400
2900

45400

134400

26400

23.00
27400
13,00

«00

RADIUM
226
(FCI/ 1)

«80 -

« 00

130

«80

¢ 50

1630

«00
« 00
0 U0
]

aG
(MG/L)
-e 010
-+ 010
-e 010
- 010
-¢010

-+ 010

-+010

-¢010

T -el10
- 010
-+ 010
-+ 010



2S

LVR0O

LWR0D2

LW¥ROOSG

LWRNOS

LWR006

NOTE :

YR

79

79

76

79

26

oy

24
24

~N
o &

N Y
N O NNV =V 2

-h

Nt

- INDICATES

$203
(MG /L)

266400
66400
269400

150400

43400

70400

57,00
50400
G7.00
1834 00

1:SS THEN

HG ©SE
(MG/7L)  (MG/L)

- - -———————

-+ 020 -e020
-e 020 <030
-s 020 -.028
-9 020 -+020
- 020 -s02¢
- 020 -402C
-e 020 -.020
~d020 «030
-.020 - 020
-, 020 -.020
e 020 -a020
-4 020 e 040

LOGAN WASH

WATFR QUALITY PARAMETERS
RETORTS

FOR SAMPLF OATA SHOWN

S04
(MG/L)
3900400
2400,00

1500400
1500,00

180.00
440,00

72400
630400

720400
£70.00
730,00
7640400
77000
820,00
970.00
11000
1000.,00
1000.C0
290,00
1100.00
110000
1300490
1600600
1600400
1600.00
1600.00
C40e00
200,00
E£0s00
231000
C16.00
750,00
61000

cL
(MG /L)

40400
100400

110.00
68000
69000
6700

170400

220400

110,00
20+00

14000

640400

810,00

420400

130,00

130.00
62400

120,00
31.00
30.00
85,00

130400

230400
110,00
220000
130,00

78400

(MG/L)

47.00
18400

3¢¢00
36400
35,00
35400
36400
32.00
23,00
26400
$7.00
334900
2600
33,00
32.00
36400
60400
42400

L4600 -
46,00

32400

5060
12400
11400
51400
47,00
1600

NO3
(MG/L)

130400
170400

680400
630400

1400400
170,00

60000
930,00
12006 0U
680400
1520400
320400
660600
220,00
320400
240400
230400
120,00
280,00
41000
53000
260600
58000
440000
550400
710,00
5€80.00
£30.00
300400
330400
2204 G0

S
{MG/L)

NA
(MG/L)

- ———

K
(MG/ L)

600.00
460400

.glOO
20400

410400
350,00

86400
78.00
73400
6800
€700
57400
56400
3.00
48400
6700
Le0O
53.00
47400
€600
6000
54400
S6+00
48,00
32400
820
3100
26400
260600
50600
2100

AS
(MG/L)



£S

LEROOY

LNROO2

TLWRN0L

LUROOS

LWRODO

NOTE ¢

YR

79

79

79

79

79

oY

24
24

4
24
4
26

ra
26

TOT ALK
(MG/L
CACO2)

340040
300040

‘320040
970040

1470040
1300040
10700,0

1060040

960040
E700.0
8000,0
580040
9000.0
€900.0
50040
7900,0
7700,.,90
8500,0
670040
670040
7000.0
6000.0
5390.0
15000.0
© 8500.0
8300,0
440040
4460040
4300,0

- INDICATES LFSS THEN

HCO3
(MG/7L
CACO3)

24040
21040

16040
25040

€500, 0
267060

250040
710040

1300040
108000
860040
8000640
8000.,0
7100, 0
650040
L9604 0
730000
6600,0
700040
520040
5600.0
6100,0
5000.,0
51000
5000.,0
66000
4100690
11000.0
600040
640060
300040

320040

360040

€03
(MG /L
CACO3)

——-——--

705.0
26G0¢0

2L00.0
220040
2100.0
260040
1600340
160040
150040

84040
1700.0
230060
280060
270040
210040
2200.0
1700.0
160040
200040
1400.,0
1200.,0
LL00.0
250040
2000,0
140060
120040
1200.,0

LOGAN MASH
WATER QUALITY PARAMETERS

RETORTS

FOR SAMFLE DATA SHOWN

T0S
'(MGIL)

———--—-

300040
330040

320040
34000

480040
5100.0

1600040
12000, 0
1140040
"11600.,0

11400.0

11002.0
1120040
1100040
11000, 0
1200040
10000.0
S400.0
S580000
1100040
19000.0
$600.0
960040
$40060
£300.0
1200.0
660040
660040
1400.0
500040
“3800.0

ToTaL
SUSPEND
sol108
(MG/L)
17040
2040

2600

(0.0

1530040
£70+0

25000
600

210490
25040

60000

-100e0
24040
12040
178040
20060
27040
12040
14040
310.0
33040
12040

500
18040
20040
37060
21040

¢3e0

33.0
15040

2040

2340
1000

FE
(NG/L)

Nl
(HG/L)

PHEN

(MC/L)
« 210

170000

«31¢0
1604900

1464000
254000

94100
284000

194000
334000
19.000
2L4000
29000
31000
43000
214000
38.000
360000

24099
70900
31,3030
30000
29.000
31.000
186500
25,000
184000
42,000
254000
53,000

6.0800
35.094
1446000

€D
(MG/L)

Olt AND

GREASE

(KG/L)
5000
2000

30400
3000

24400
200-90

50400
30600 -

400600
2000
100000
5000
20400
300400
230400
8000
190400
100490
100400
70400
30.00
6600
40000
60600
33400
60600
11000
8400
400400
37400
180400
330600
230400

00cC
(MG/L)

5000

1‘.66-
113,00
260400

3690000

2910.00

3010400

368.00

491400
212.00
437400
-50400



GROUNDWATER QUALITY
RETORT 6 WELLS

54



Ss

. LOGAN WASH
WATER CUALTITY FARAMETERS
RETORT 6 WELLS
FOR SAMPLE DATA SHOWN

CA B v cu MOLY L1 N AL BA SR NH2

WELL YR KO LY (MG/L) (MG /L) (MG/L) (MG/L) (MG/7L) (MC/L) (MG/L) (MG/L) (MG/L) MG/ L) (MG/L)
LWbp6nt 79 71 1240 7.600 -¢100 ~e520 1.000 ¢500 0040 02090 -¢500 1.0 -e 04
LR 1240 2,600 -+100 -s020 + <00 «500 0040 «400 -e500 1.0 e 16

3 29 8040 7. 700 -¢100 -s (20 2000 ¢ 500 -e020 1000 -2500 3.0 +85

4 5 tlLe 0 12.000 - 100 -¢020 2000 « 700 -e020 «100 -¢500 340 + 83

19 580 12,000 -¢100 -¢020 24000 0600 -4020 14000 -e500 240 110

5 3 3940 7500 -+100 -2 020 +800 » 800 0020 -e100 ~-e500 3.3 1435

16 TLe0 7.800 -¢190 ~e020 1.400 2+ 700 «020 -¢100 -e500 Sel 111

30 290 te 900 -¢100 ~e029 1.000 2700 -¢020 e100 ~e500 206 1423

6 13 28+ 0 74500 -¢100 -2 020 1300 ¢ 600 -¢020 -e100 -¢500 2e2 o 70

27 33,0 3.800 -+100 -e020 14400 «690 -0020 -s100 ~e500 243 -e 04

7 19 3660 AeolD -¢109 -s020 1300 «700 200 -¢100 -e500 2¢4 e03

LvGe02 79 1 19 2040 1.200 -¢100 «040 «100 «200 «300 240070 -e500 5 1.20
3 S Sel 14300 -¢100 -e020 «790 «300 -e 020 -+100 -0 500 2 «80

5 3 Lol e300 -9100 -+s020 «100 . +300 -e020 -¢100 -+¢500 o2 o84

6 ¢8 30 +500 -¢100 -ed20 e 020 200 -e020 -e100 -¢500 3 060

7 19 365 «300 ~e100 ~e020 «2900 2300 ~e029 -e100 -e500 o2 « 80

28 LeB «500 ~-¢100 -e020 «200 v300 020 «100 -¢500 «3 1410

8 30 1440 o600 ~-e100 ~e020 - 320 «300 040 -e100 ~e500 »2 o4

Lwpee3d 79 1 12 3740 3,400 -¢100 -e020 «200 1. 000 0200 24000 «300 2¢0 21,00
17 4060 2000 -¢100 -e020 0200 1000 +100 2,060 1000 240 14,00

8 20 400 144000 ~-s100 -+ 020 «E00 24400 4020 -¢100 -¢500 3e06 3eLQ

LWDeos 79 1 12 6000 77100 -+100 -s 020 s 100 2+ 800 +030 ¢ 800 «500 1640 500
17 ¢De0 64000 -¢100 -+020 «200 « 800 «030 -s16G0C ~-s500 160 4e00

2 8 7440 3,000 -¢100 -s 320 «030 «800 «030 2100 «500 1440 o L0

21 7440 }oLOO -¢100 -+020 ~e020 «800 «020 - 100 -e500 12.0 180

3 7 €50 1,000 -¢100 ~s0290 « 700 + 800 -2020 +200 -+500 5e0 1e40

4 b 5340 2,000 -¢100 -e 20 «500 1-000 ~e020 «300 ~e500 30 2050

20 770 t. 600 -¢100 2220 +300 14000 -+020 «200 ~+509 1347 78

5 2 7340 3,500 -+ 100 -e020 +100 1000 -e020 -+100 -e500 1344 Tehd

6 1 S100 Le000 -¢100 -e020 14500 «300 -e020 -+100 =e500 100 2480

7 3 (9,0 he 600 ~+100 -e020 «500 0600 «020 -e100 -+500 1060 2420

16 5240 7.700 -+ 100 ~s020 «900 « 800 2020 «e100 -e500 130 2¢90

26 Lba0 £.100 -e100 -e0290 e 00 « 800 -e029 -s1G0 -e500 10,0 2670

8 30 L740 7.600 -¢100 -0 020 «500 «900 -+020 -+100 -¢500 120 1200

Lvpens 7o 1 12 1440 24700 -¢100 -s020 300 24000 «030 -¢100 «600 3.0 18,00
17 14.0 24100 ~+100 -e 020 e300 2,000 «300 -+100 " =e500 1.0 21.00

2 2 1840 3.000 -e1N0 -0020 «300 3.000 -e020 2100 e60) Lo D 11.00

21 2640 Le200 -¢100 -+020 «200 3.000 «020 0100 0500 440 10.00

NOTE: - INGICATES LESS THEN
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LOGAN WASH
WATER JUALITY FARAMETERS
RETORT 6 MWELLS
FOR SAMPLF DATA SHOWN

CA R - v Cu MOLY L1 IN AL BA SR NH 3
wELL YR vd3 [y (NG/L) fMG/L) (MG/L) (MG/L) (MG/L) (MG/L) CrG/L) (KG/L) (MG /L) (MG/L) (MG/7L)
LWLEOS 79 3 3 270 5.000 -¢100 - 020 2000 3.000 -e020 ¢200 -e500 360 11600

4 b 28¢0 6000 -e100 -+020 24000 3.000 -¢020 ~e100 -e¢500 400 1000

2 52e0 0,400 ~-e100 ~e0N20 500 24900 -«020 -¢100 -¢500 2el 6050

S 2 S0e0 2800 +200 020G 200 1900 -e020 ~¢100 -e500 6e b 4601

-6 1 23,0 1500 -¢100 e 020 o400 1500 -e020 ~e1006 -e500 3¢3 3,00

7 3 1749 3,600 -e100 -e020 +300 1400 -o 020 -¢100 -~ 500 204 7e60

19 1540 2300 -+100 -4220 e700 1600 -¢020 «100 -¢500 2e2 +90

26 1540 3100 -¢100 -e024 «700 1500 «020 «20C -¢500 2¢2 3.70

8 30 2440 12,000 ~e100 -e020 «300 24300 « 0460 -e109 ~e500 443 159400

LNOALS 79 1 12 5340 «500 -+100 -e020 +100 «200 «030 0200 -2500 3 " 493
: 18 LoD +300 ~-e100 -«020 «100 0200 « 020 ~+100 -500 2 ¢10
2 3 Lol ¢ 200 -s100 -+ 020 «100 «300 «040 ¢100 -¢500 2 060

22 5¢0 w400 -+100 - 020 «200 «300 -s020 «300 -+500 o2 X%

4 [A 3e0 800 -+ 100 -e020 2000 «300 -+ 020 «300 -¢500 o2 o062

19 Se0 + 800 ~e100 -+ 020 +300 «300 -s029 2400 -+509 Y4 «98

S 2 Lel 0200 -4100 -+ 020 0200 «300 ~e020 «100 -e500 3 « 90

20 560 «200 ~¢100 -+ 020 «100 «300 -e020 0600 ~e500 o2 106

6 13 3e6 «500 -¢100 -+ 020 0400 2200 -s020 -+100 ~+500 3 W60

27 2¢5 «300 -0100 -¢020 «030 «200 ~e020 -« 100 -e500 «3 «30

7 17 3e6 0300 -¢100 -+ 020 ec00 e300 =e020 0200 -¢500 2 ) 50

8 30 2¢% «300 -e100 -+ 020 -~ 020 +300 -e020 ~e¢100 -e¢502 Y4 060

LvDé0?7 79 1 10 158 20000 ¢ 100 -+020 «900 0400 0040 «300 -¢500 1.0 Leb)
18 130 1. 600 -s+100 -e020 2700 «300 « 030 -e100 -¢500 140 Le 00

2 8 13,0 20200 -¢100 -e020 0600 2400 «030 2200 «500 140 4620

22 11 ¢ 1.800 ~-¢100 «200 0600 2400 0020 «200 « 5090 9 3430

4 1Y 8D 3,000 -+100 «030 2000 500 -e 029 ©200 ~e¢500 . 9 2.00

S 2 840 1.800 -¢100 ~e 020 1000 «500 -e020 -s1090 -¢500 o7 14640

2 Ged 14500 ~-e100 -e0290 «800 e600 -e020 «2090 -a500 X 3400

6 13 Ge 0 + 900 ~-¢100 -e020 1.000 «300 ~+020 -s100 -e %00 o7 3e40

27 Ee0 1.600 -¢100 -+ 020 «700- »300 ~e020 -»100 -¢500 o7 3.00

7 17 1240 1300 -¢100 -e020° «700 «300 -e029 -s100 -¢500 o6 12.00

8 30 Lo7 1,200 -e100 =20 $200 «300 -e 020 -»100 -e500 3 24690

LvDeos8 79 4 4 L9640 7100 -e100 -e020 24009 s 600 -e020 =100 . 20000 240 4+80

NOTE: - INDICATES LESS THEN



LWB601

ls

LubD&02

LWDEO3

twpels

NOTE ¢

FECAL
CCLIF
COLONY
YR P10 DY /100 ML
79 1 12
19
3 29 -1.0
A 5 -1.0
19
) 3 -1.0
1() ‘1.0
G -1.0
6 13
27
7 19
79 1 19
3 9
S 3 -10
6 28
7 *9
28
8 XD
79 1 12
17
8 30
79 1 12
17
2 8
21
3 7
[A 5 -1¢0
20
5 2 -1,0
6 1 -1.0
4 3
1¢
26
g2 390

INDICATES LFSS THEN

TGTAL
COLIF

COLCNY
/100 ML

-1.00
-1,00

‘1000

-1, 00
-%s 00

-1+ 00

N
KJELD
(MG/L)

540
5.0
5.0

340
1240

3.0

LOGAL MASH
WATER QUALITY FARAMETERS
RETORY 6 WELLS
FOR SAMPLY DAT2 SHOWN

So3 FE MG
(MG/L) (MG/L) (MG/L)
-1,000 o600 8s0
-1.000 - 500 840
~14003 -+500 4G40
-10000 ‘0500 21-0
-1000 - 500 Se0
=163000 0200 2940
-1 000 e2CO 4840
-1.00¢ e 100 250
-1.009 ~+500 2843
-1.000 ~e500 2840
-1.000 -+500 2740
1.000 64000 Se0
-14000 -+500 240
-1.000 «100 140
-1.000 -e500 1490
-1.000 «300 10
-1.000 -¢500 240
-1,000 o040 Te9
24000 5000 1640
-1.000 3.000 1340
-1.0090 «200 3400
60000 20000 6040
1004000 ~e500 8040
904009 -e 500 0G0
40,000 -e500 850
~-1¢ 090 ~e500 €140
-14000 -e 500 760
304000 « 500 8640
10,000 «500 820
-14000 1,100 6600
«000 « 500 6140
50.000 o700 6¢te 0
40,000 -e500 6340
2¢G00° 5¢700 7140

T0C
(MG/L)

9840
1540

2340

2640
5060

1440

2240

2440
600

ALPHA
(PCI/71)

16400
230

e 60
150

50

Y

4480

BET»
(FCI/1)

1100
6400

13%00
13400

15.00

2900

«00

RADIUM
226
CFCIz 1)

« 00
«00

« 30

«00

20

00

«00

(Y4
(MG/L)

-e010
-e01¢

-eU10

-a 010
-+ 010

-« 010

-+ 010

-+010
-¢010



8S

LeUENS

woéne

LwDed?

NOTE ¢

Y& »0 DY
70 LI 4
17

2 ¢

21

3 £

4 5

24

S 2

6 1

? 3

16

26

3 20

75 1 12
13

2 8

22

4 4

19

S 2

30

6 13

27

7 17

8 )

79 1 10
iR

2 &

¥4

4 16

S 2

k1

6 13

27

7 17

¥ 10

FECAL

COLIFo
COoLONY
/7130 u

-1.0

-1.0
-1.3

-1.0

‘1.0
-1e3

—1.0
'1.0
=190
-1.0

- INDICATFS LESS THEN

ToTaL

COLIF.
CoLONY
7100 wi

-1.00

-1.00
-1.00

-1.00

-1.00
=100

~1.00
-1.,00
~1400
-1.00

N
KJELD
(MG/L)

840

5,0
350

3.0

3.0
3.0

Se0
SeQ
10.0
3.0

LOGAN WASH
WATE R QUALITY PARAMETERS

RETORT o WELLS

TORk SAMFLE DATA SHOWN

S03
(MG/L)
-1.000
2040350
15,000
12040
34000
-1.00¢6
=1000
~1.000
~1.009
~14009
-1.000
-1.000
-1.000

~1000
-1.020
-1.000
-1.000
-1.000
~14009
-1, 000
-1.0C0
-1.050C

-1000
-1.,000

~1,00%
~14G00
-1.,000
-140080
=160GC
1. 000
=1.000
~1+000
~1,00%

=1e¢00C0

FE
(M5/L)

-« 500
-atG0
-e 501D
o2fo
200
~e500
-e5C0
-e500
~e500
«100

¢500
~e500
w600
~e5C0
-e500
~e500
«200
0700
;.500
-e500
0200
«100

0600
«SLU
-e800
~-e520
«500
s LG
02060
-eS5CY
-e500
0200
o100

MG
Me/L)

Gel

Lol
Se0
[ XY
YY)
€8
202

C10C
(M5/7E)

13.0

1640
3840

11.0
14.0
37.0
550

RADIUM
ALPHA BETA 226
{FCI/1) (FCI/7Y) (PLI/Y)
150 35400 Te%0
Se10 1400 e 06
1e90 22400 » 00
290 31.00 50
2¢30 200 006
830 31400

10

-¢010

- 01y
-2010

-¢010

-e010
-+ 010

-e010
~e 010
-¢010
-e 010



LWNDEOE

NOTE:

FECAL

COLIF.

COLONY
YR MO DY /108 ML

79 4 4 =140

- INDICATES LESS THEN

T0TaL
COLIF.
CoLONY
71¢0 ML

LOGAN WASH
VATFR QUALITY FARAMETERS
RETORT 6 WELLS
FOR SAMPLFE DATA SHOWN

N

KJELC, S03 FE G T0C ALPHA
(MG/7L)  (MG/L) (MG/L) (MG6/L) (MG/L) (PCI/ 1)
210 -1.000 - 500 9840 15040 9e 00

BETA
(FCI/1)

-————---

RAUTUM
226
(PCizN)

————--

AG
MG6/L)

-————-—



09

1

LwD401

Lubéen2

LwDe03

LWDAO4

LwDeO0S

NDTE:

S$203
YR 0 CY (MG/L)
79 LI
19
3 29 -1.00
[A S -1.00
19
S 3 -1.00
16 3.00
20 -1400
6 1Z
27
7 15
79 1 15
3 El
S 2 =14 30
6 2F
7 s
2%
8 32
76 1 12
17
8 312
79 1 12
17
2 ';
1
3 7
2
S -1¢20
720

~ O
W N =
I EN 4 AN mb I S2 A

79 1

- -
RN Y]

- INDICATES LESS Twin

HG SE
(MG/L) (MG /L)

-+ 020 -e 020
-0 020 -e020
-+020 -+020
-+020 -« 020
- 020 ~¢020
-» 020 ~a020
-+020 -+020
~+020 -« 020
-+020 - 020

LOGAN WASH

WATER NQUALTITY FARAMETERS
RETORT 6 WELLS

FOR SAMPLE DAT# SHOwWN

S04
(MG/L)

1735400
1700.00
1700. 00
1700400

420400
410400
2300060
430.00
630400
410,00
390400

640.00
$00409
100000

510409
580009
£80400
980,09
610.00
£90.00
730.G0

£80.00°

650400
470060
43000
450400
570409

420400
52000

cL
(MG /L)

120.00
130.00

1504 00

210. 00
180,00
182,00
184400
170400
160.00
190,00
150,00

62400
86400
41.00
5400
66400
41400
39,00

140. 00
110.00
150,00

65.00
2€.00
68400
15400
72400
83,00
45400
18,00
37,00
56400
45100
S0 00
5700

42400

36400

F
(MG/L)

NO3
(MG/L)

~e 10
190.00

12400
12400

s1
(MG/7L)

1140
240
1540

2040
3240
2940
3040
299
2840
2840
2849
15¢ 0

250

24490

2340
19.0

NA
(MG /L)

K
(MG/7L)

11.00
G¢00

12-00’

3.00
3400

2400
2+C0
La00
34090
2400
3400
Le30
3,10
34%0
3.09
7060

LeOO
L6400

AS
(MG/L)



LOGAN WASH
WATER QUALITY FARAMETERS
RETORT 6 WELLS
FOR SAMPLE DATA SHOWN

$203 HG SE S04 Ct F NC3 S1 NA K AS

LoC YR 0 LY (MG/L) (MG/L) (MG/L) (MG/L) (MG/L) (MG/7L) (MG/L) (MG/7L? (MG/L) (MG/L) (MG/L)
LWLEGS 79 2 8 220400 60.00 3¢50 5400 1640 67060 4«00 -¢020
21 1000000 46400 3450 . 11,00 1740 74060 400 ~e 020

3 3 1200.00 95400 3420 500 16«90 68040 500 -6020

4 5 -1,00 -e 020 -eG20 1400496 110.C0 3,30 5.00 160 710690 6400 -e020
20 ’ 100,090 75,00 2080 16400 160 81560 SeUD -+ 020.
S 2 -1.00 -« 020 -e020 1200,00 L7400 2430 5000 180 5€9.0 3.00 -+ 020
-] 1 -1. 00 - -e 020 ~e020 780400 69000 3420 1000 1860 " 48040 550 -«020
7 2 730.00 80,00 Le50 Le00 1740 -500.0 Leb0 -e020
16 690400 100,00 500 1700 15,0 57000 L4o0D -¢020

26 640.00 99,00 5660 7¢70 170 55040 3.060 ~«020

8 20 : ' : 970,00 110400 500 200 16+ 0 6£0e0 13.00 o020

S ON LuD406 79 1 JZ 460.,00 20+ 00 1460 2000 6ad 380690 2400 »030
- - 18 L20.00 1700 050 1100 12+ 0 40040 2400 + 020
2 8 L6000 21.00. o43 9400 110 41060 2.00 « 030

22 480400 24000 ot8 1800 110 42060 200 ¢110

4 4 -1.00 ~e020 -as020 500.00 L4a00 85 20600 1040 380.0 2000 «250

19 690400 100,00 76 20600 R8sV 34060 Le 0O ¢ 140

S 2 -1+ 00 - 020 -0020 479400 2Le 00 o770 10,00 Be 0 60209 2400 «200

30 ~1.00 -« 020 -4020 LLB. 00 21400 o708 %00 1040 ﬁﬂ700 2000 «120

6 13 . 460400 10400 070 -+10 Peb 39040 1.90 «050

27 L30.00 26000 «50 200 | 110 35000 1,90 ~-e02U

7 017 . ) 630600 10,00 o490 - 10 8.8 3690.0 1670 -e020

& 30 . 430,00 18,00 o4l ) "2400 Ge3 33040 Ted0 «020

LwDeO?7 79 1 10 - 890.00 190,00 1440 31.00 12,0 70040 G400 «030
' 18 : 800,00 160,00 1430 . 14400 1240 62040 9400 #0030

2 3 %4000 180, 00 1640 21,00 13+0 66060 Ee00 «020

22 . . 360400 180,00 1450 1700 1140 69060 7400 «030

4 19 -1400 -9 020 -0020 950.00 230.00 2410 24400 1040 65000 7400 «030

5. 2 -1.,00 ~¢ 020 ~e 020 930400 220, 00 2«00 10,00 - Ge0 7000 56400 + 050
] -1.00 -« 020 -+020 873,00 195.00 1.60 2400 110 €440 6400 0030

6 13 -1.,00 0030 -e020 810.00 140,00 1440 23.00 Ge3 56040 8,09 « 040

27 : 740400 140,00 1.30 6¢00 1240 51040 7660 - «020

7 17 650400 110,00 1470 -e10 1060 5500 6040 . «030

g 10 630.00 94400 120 500 1040 43040 Le10 «030

LWDA08 7¢ &4 4 -1.00 -0 020 ~e020 1400400 160,00 640 G4e 00 164 0 72040 120400 «050

NOTE: = INDICATES LESS THEN



29

LCGAN WASH
WATER CUALITY FARAMETERS
RETNRT ¢ WELLS
FOR SAMFLE DATA SHOWN

TOTaL
TOT ALK HCN3 €03 SUSFEND CHENM 02 OIL AND
(MG/L (MG/L (MG/L TDS soLI0S TUREIDITY OEMAND FHEN BOUS GREASE Doc

tec YR ™m0 OV cacod) Ck(OS) cacod (MG/L) {(MG7L) NTY (MG/L) (MG/L) (MG/L) (MG/7L) (MG/L)
Lwoect 79 1 12 18040 156040 2040 230040 3000 10,0 60400 «0119 600 2000
19 45040 L0040 5040 2809, 0 2060 100.0 70400 « 010 10.00 20400

3 29 w3040 L3040 -1,0 260040 700 6060 70400 «012 ©ed0 4e 00 7800

[ 5 52040 490, 0 30090 3300.0 3040 400 90400 «010 10.00 8400 9400
19 L4000 . L20.0 2060 280040 300 6040 150400 w01¢ 20400 1000

S 2 69000 S70.0 3049 2600.0 20.0 2040 115400 + 010 " Re00 24400 2200

16 49040 49060 -1.0 3500.0 5060 5000 112400 «007 14400 30400 22400

30 520.0 47040 6040 350000 29040 30«0 118400 « 008 700 Se00 35400
6 13 52040 52040 -1.0 2400,0 18490 3040 100.00 -e004 2e20 32.00
27 45000 49040 ~1e0 3500. 0 10.0 100 «01 -+001 a80 2200
7 19 LR0,0 43040 4040 230040 2040 1060 974900 2020 2490 4600
Lupeo2 79 1 19 80,0 400.0 80.0 130040 74060 3500 30400 «002 20400 30.00
3 G 450,90 50060 90.+9 120060 190.0 2060 20400 ~e 001 6400 4000

S 3 460, 38040 80.0 1800, 0 5040 2040 13400 «002 600 400 1200
6 28 69040 t30.0 709 1200.0 =140 1040 45400 2002 Ge20 502
7 19 51040 L2000 900 130040 2660 100 186400 +010 11.00 124090
¢8 LPC0e0 41040 70.90 1200.0 ~1.0 2040 36400 ~e001 2460 25400
& 39 L1040 3500 €0e 0 120040 2240 10.0 30600 « 020 GeliD 2040
LW¥D603 79 1 12 35060 31040 4040 2000.0 4700 23040 100400 «078 23400 20,00
17 7500 700.0 8040 22009 £00.0 53040 G000 + 008 * 6400 30600
8 2 150060 G70.0 600 230090 -140 10690 180400 «010 1200 LeDO
LWD&OL 79 1 12 21040 3190.0 20,0 2100.9 600 10040 8000 « 006 22000 70600
17 32040 7600 6040 190060 709 18060 16000 «013 Y400 500
2 8 76040 7600 -1.0 1900.0 146060 200 7000 0047 20400 30.00
21 66040 65000 10.0 1600.0 2G0.0 30.0 4000 0024 23,00 2000
3 7 01040 S60e0 500 1609.0 35040 100.0 60+ 09 « 020 4400 40,00

[A 5 60060 54040 600 1640040 100.0 6040 $0.00 -¢ 001 5400 8400 1400
20 70040 700.0 ~1.0 1800, 0 10.0 30,0 97400 -e001 15400 14409

5 2 50040 76040 4040 19000 1100 BOe 0 110400 0 009 16400 900 20400

6 1 62040 75040 4040 2100.0 700 10060 140,00 -e001 %60 18400 56000
7 3 10000 G60e0 509 190C.90 500 200 130,00 -+001 59.00 12400
19 70040 7060 300 210040 5040 1600 420400 « 010 120690 1100
26 1100.0 106060 3040 200040 4140 1500 3¢0400 20 112,00 Setd
8 39 110.0 t0.0 S50e0 . 100000 ~1e0 4060 210600 «003 60400 5¢60

NOTEs - INDICATFS LESS THEN



£9

- - LOGAN WASH . cee C A o 1,
VATER QUALITY PARAMETERS T
RETORT 6 WELLS
FOR SAFPPLE DATA SHOUN

TOTAL
TOT ALK H#CO03 co3 . SUSPEND <« . CHEw 02 OJL AND
(MG/L (NG/L T (MG/L T0S SOLIS TURBIUITY CEMAND PHEN .8005 GREASE pocC
Loc YR MO OY CACO03) (CaCOY) cAaCOd) (MG/L) (MG/L) NTU (M6/7L) (NG/L) (MG/L) (M6/7L) (MG/L)
LUDENS 79 1 12 500.0 £1000 90,0 130C. 0 7040 100 130400 e290 L0600 20400
17 75000 670, 0 B0e0 16090 4040 1040 100.00 0210 20400 1000
2 9 68040 630+0 5060 2100.0 2040 10.0 7000 -+ 001 6+ 00 39400
21 61040 56060 50.0 2300.,0 12040 30.0 060400 -0001 Ge00 4400
3 3 6700 520.0 15040 2600.,0 200 2040 7000 017 13.00 3000
[ 5 €900 5200 650 260040 2040, 2060 500?9; 2009 60 00 20400 1400
20 52040 §6060 60,0 2600.0 1060 1000 70..00. «010. 209, 34090
5 2 . 47040 42060 50.0 2100.0 850 2060 26400 e008 700 11,00 S¢00
6 1 49040 6300 6040 1800.0 30.0 400 38400 -¢ 001 6e30 10400 22+ 00
7 3 53000 43040 90,0 170040 1240 1040 73400 0001 3,00 16400
19 47040 40060 7040 1700.C 2540 2040 105.00 «010 12.00 7460
26 47040 41040 60090 1600.0 T =1e0 2040 64000 +010 14000 10.00
8 30 7600 t60.0 100.,0 2500.0 33,0 1060 140.00 0200 24400 5660
LUDB06 79 1 % 1600 170.0 2040 1700.0 7040 5060 7.00 «008 6000 20400
18 35060 310.0 80.0 1100.,0 30.0 3040 20400 2006 22400 10,00
2 8 390.0 3100 - 80.0 1200.0 200 4040 2¢00 +010 4490 23400
22 L2060 330.0 900 1200.,0 16040 13060 2400 -¢ 001 2.80 60400
[ Y 44000 32060 120.0 1200.0 18040 5060 Be0O0 -s001 6400 S0e 0V 11.00
19 38040 29040 100.0 1200.0 2000 5040 30,00 - 001 7,00 700
5 2 61040 29060 12Q;0 1150, 0 12040 3000 800 0007 6-90 24400 11,00
30 39000 28040 110.0 120040 340.0 100+ 0 29,00 -0 001 Lo 03 39069 24000
6 13 400490 310.0 90.0 1200,0 3060 E040 70400 «003 2450 11.00
27 37040 270.0 100.0 110040 420 1000 21400 «001 11.00 1500
7 17 38040 28040 100,90 11090, 0 3540 2040 660 e040 330 6040
3 30 380.0 29040 Q060 1400.0 3740 1040 7200 «010 570 6669
LYD&07 79 1 10 37060 320.0 5060 2100+ 90 9040 6000 50400 « 011 3400 30.00
18 34000 2R0.0 600 1500, 0 2040 2040 30600 e 002 60600 20000
2 8 37060 3100 600 2000, 0 9¢0 : 2040 10400 «011 3.00 5000
22 36040 30040 6040 2000,0 8040 4060 30400 0047 5.00 40400
& 19 370.0 320,90 50¢0 220640 40e0 2000 7000 « 009 5400 20000 8400
5 2 27060 31060 6060 2100.0 14040 2040 51.00 e 013 4400 13.00 11.00
30 37060 320.0 5040 2040,0 21060 3040 3200 « 004 7000 16400 230090
6 13 3700 300490 7000 1900,0 2340 6040 38400 «003 4e00 2000 L7400
27 370.0 200.0 7040 1700.,0 ;1p0 10.0 29400 «010 11.00 1@.90
717 35040 29000 6060 1509%.0 . =140 : 2000 33400 0002 11.00 6el0 ;

e 30 3R0.0 320.0 6060 2900.,0 ~1.0 1040 45000 N20 730 Sel0

" NOTE: - INDICATES LESS THEN
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VATER QUALITY PARAKETERS
.. RETORT 6 WELLS -

“FOR SAMPLE BATA SHOWN.

L . ToTaL.

HCO3. - €O3 " SUSPEND CHEN 02

(MG/L . (MG/L TDS SOLIDS "TURBIDITY DEMAND

CACO3>  CACO3)  (MG/L) (HE/L) LUNTU (Me/L)
50060 . 1000 .280040 “100  =1400

. 1600_0'

PHEN -
(MG/L)

—— .-

. 0,(;6

80OOS
(NG/L)

=100

OIt AND
GREASE
(M6/7L)

L0600

000
(MG7L)
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SUSPENDED PARTICULATES
ANALYZED BY

COORS/SPECTRO-CHEMICAL LABORATORY
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€o0is /SPECTRO-CHEMICAL LABORATORY

: DIVISION OF COORS PORCELAIN COMPANY S
e Mailing Address:
T GOLDEN, COLORADD, U.S.A. gl
Al ot Pogort 303-278-4000 Ext. 2302 Golden, Colorado 80401
, / LABORATORY 020‘ ™\
TO: . Occidental 0il Shale, Inc. NUMBER 90207
P. 0. Box 2687 . bATE 8-13-79

. Grand Junction, CO 81501

CUSTOMER .
ORDERNO.  AFE 8779-01

. Attention: Paul Oliver

Hi-Vol Filters

Filter No. Date Particulates
‘ (ug/m>)

1006329 6-12-79 0.1
1006330 6-19-T9 b1
1006331 6-26-79 3.5
1006332 . T-12-79 0
100633k ' 7-18-79 0
1006333 7-24-79 1.4
1006335 7-31-79 2.k

Note: A value of zero denotes that no result was obtainable.

€o0ls / SPECTRO-CHEMICAL LABORATORY

LA

ATORY MANAGER /
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Analylical Report

TO: .

Occidental 0il Shale Inc.
2372 "G" Road
P. 0. Box 2687
Grand Junction, CO 81501

Attention: Paul Oliver

Filter No. ' Date
1006336 8-8-79
1005237

1005238 8-28-79
1005240 9-5-79
1005241 9-12-79
1005242 9-18-79

*Note: These filters were damaged, resulting in a

the filter.

< | Lw-HIRPRRT-/
€o0ots /SPECTRO-CHEMICAL LABORATORY

DIVISION OF COORS PORCELAIN COMPANY
GOLDEN, COLORADO, U.S.A.

303-278-4000 Ext. 2302

Mailing Address:
P.0. Box 500
Golden, Colorado 80401

[P

(LABORATORY
NUMBER qoLkgh
DATE 10-5-79
CUSTOMER
ORDER NO. AFE 8779-01

Hi-Vol Filters

Particulates

(ng/m®)

*
*

h.3
3.7
0.1

8.9

BY

loss of weight of

LABORATORY MANAGER

67
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240
260
190
(KF)

194

(LOCAL STANDARD TIME)

12

(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(KkF)
(RF)
(RF)
(RF)
120
90
80
130
150
90
190

- 2390

310
210
240
240
220
120
120
240
260
210
(RF)

191

13

(RF)
(RF)
(RF)
(RF)>
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
120
90
Gd
12¢
183
90
190
190
180
1€40
230
220
210
210
129
199
240
190
(RF)

172

14

(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
150
90
80
100
119
99
150
130
180
180
210
210
290
220
120
200
210
150
(RF)

167

15

(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
180
120
80
150
120
1190
200
220
90
80
150
210
210
210
120
190
L0
180
(RF)

160

16

(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(KF)
(RF)
(RF)
150
120

50
180
100

90
150
210

50
270
170
239
210
210
120
210
260
180
(i F)

174

17

(RF)
(RF)

CRF)

(RF)
CRF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
180
110
%0
210
110
70
210
210
360
260
170
230
260
220
260
120
200
190
(RF)

192

LOGAN WASH
TRAILER 02
SEPT 1979
OCCILENTAL OIL SHALE INCe

18

(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
C(RF)
(RF)
(RF)
(RF)
(RF)
110
90
70
270
60
80
240
210
300
2190
180
¢4
240
240
150
270
270
150
(RF)

217

19

(RF)
(RF)
(RF)
(RKF)
(RF)
(RF)
(RF)
(KkF)
(RF)
(RF)
(RF)
Yo
70
60
270
40
[
250
é0
10
240
230
240
270
230
1¢&0
130
300
1%0
(RF)

231

20

(RF)
(kF)

(RF)

(RF)
(RF)
(RkF)
(RF)
(RF)
(RF)
(RF)
(RF)

8u

50
300
40
L0
270

270
250
260
270
280
210
210
270
360
(RF)
(RF)

2HG

21

C(RF)
(RF)
(RF)
C(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
70
93
60
59
40
50
280

300
24y
2740
280
280
190
180
30
z80
(RF)
(RF)

352

22

(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
70
80
50
490
50
59
260
360
170
250
260
260
2990
190
70
53
270
(RF)
(FF)

13

23

(RF)
(KF)
(RF)
(RF)
(KF)
C(RF)
(RF)
(RF)
CRF )
(RF)
(RF)

70

£2']

50

50
60
100
260

190
240
240
150
280
200
60
40
280
(RF)
CkF)

87

24

(RF)
(RF)
(KF)
(KF)
(RF)
(RF)
(KF)
(RF)
(RF)
(KF)
(kF)
120
90
60

&0

60
120
210

16¢
240
220
15¢
180
200
90
40
2560
(RF)
(RF)

AR A AN A .

FREV

L R P S R " ]

- -
~N PO~
QO - OO W

167
211

219
228
223
225
204
166
159
267
203

169



7¢ .

‘ray

11
12
13
1A
18
1¢
17
15
1¢

.26
.21

22
23
2L
25
26
27
2t
2%
20
31

FV

AR K SRV, VY, VIR

WINC UDIRECTION
OEGS

9

10

CIM) (IM) (1M) (IH; (IM) CIM) C(IM)Y C(IM) (IM) (IM)
CIM) (CIM) CIM) CIM) (IM) (IH) C(In) (1M)

0
43
280
290
200

240 .

210
100
270
220
60
120
150
2190
1465
189
(RF)
(RF)
(RF)
(CF)
(RF)
200
220
169
20
180
2
20

5 -

22¢

0
70
340
130
180
230
0
350
280
210
60

190

130
270
270
210
(RF)
(RF)
(RF)
C(FF)
(RF)
210
210
210
2s
190
39
20
5

277

359
<0

0

30
2190
230
30
3%
270
270
70
200
150
300
200
239
(RF)
(RF)
(RF)
(RF)
(RF)
19¢
210
220
20
190
2n
29

S

231

29
110
)

L0
230
229
63
390
2an
2&
¢
120
160
20
161
210
(RF)
(RF)
(RF)
(RF)
(RF)
219
213
180
29
1P9
2u
290

s

53

3¢
100
10
&0
240
2710
300
260
260
&0
120
20
180
30
130
150
(RF)
(RF)
(RF)
(FF)
(RF)
210
220
150
20
160
10
4y

S

103

30
1090
4
60
220
220
260
270
27v
cd
49
190
170
39
160
170
(RF)
(RF)
(RF)
(RF)
(RF)
206
229
210
20
190
25
20

5

Tab

30
150
30
60
240
210
270
350
0
1190
120
160
180
20
170
130
(RF)
(RF)
CRF)
(RF)
(RF)
210
220
200
‘20
180
25

5

5

136

60
150
40
60
260
210
30
10
30
270
240
160
190
20
180
160
(RF)
(RF)
(RF)
(RFY
(RF)
180
220
150
30
170
25

0

10

120

M)
S0
120
S0
60
240
230
490
30
20
240
260
1¢0
120
30
210
1390
(RF)
(RF)
(RF)
(RF)
(RF)
30
200
210
20
150
25

5

5

94

1M
890
200
60
80

220,
260
30

160
270
276
210
200
180

40

210

180
(RF)
(RF)
(RF)
(RF)
(RF)

60
200
210
40
180
2q
S

S

180

HOUR

11

(@B
(M)
70
240
60

210
270

40.

200
300
39
190
210
120
80
200
130
(RF)
(ARF)
(RF)
(RF)
(RF)
189
190
190
40
190
20
10
10

136

(LOCAL STANDARD TIME)

12 13 14

(M) (M) (IM)
CIM> 210 200
69 69 60
180 200 260
20 90 120
70 120 190
270 240 240
240 160 210
40 180 130
260 190 190
270 260 210
45 S0 180
210 210 180
210 190 279
216 250 210
60 90 360
210 210 230
180 120 (RF)
(RF) (RF) (RF)
(RF) C(RF) (RF)
(RF) C(RF) (RF)
(RF)Y (RF) (RF)
{RF) C(RF) (KF)
180 229 180
220 210 210
150 210 209
70 180 150
200 210 240
20 20 10
10 12 139
130 10 30

183 185 204

15

(M)
180
50
260
120
170
210
150
180
206
180
170
150
240
210
120
250
(RF)
(KkF)
(RF)
(RF)
(RF)
(RF)
230
210
210
150
200
10

5
120

139

16

CIM)
220
L0
210
130
100
200
210
180
220
160
180
210
210
240
)
2490
(RF)
(RF)
(RF)
(RFT)
CRF)
210
240
220
210
170
210
15

0

50

200

17

M)
220
49
270

Y]
220
é19
12
210
180
&0
230
189
é12
129
212
(RF)
(RFY
(RF)
(RF)
(RFY
22)
25)
22)
24
18)
24-)
13

2

779

212

LOSAN WASH
TRaILER 02
1979
OCCIVENTAL OIL SHALFE INCe

oCT

18

(1)
220
59
2690
2706
220
230
210
00
220
210
G0
240
180
240
G0
260
(RF).
(RF)
(RF)
(RF)
(133
240
240
210
240
240
260
15

50

224

19

(Iv)
250
50
260
60
220
210
240
(1]
230
210
50
270
130
250
60
220
“RF)
“RF)
tRF)
CRF Y
CRF)
220
250
210
270
260
240
15

50

241

20

(IM)
240
50
é70

180
220
260

230

(RF)
(RF)
(RF)
(RF)
(RF)
240
240
210

210
210
15

60

21

C1v)
211
[

260

40
240
220
260
350
270
240

70
219
180
260
270
240

(RF)
(RF)
(RF)
(RF)
(RF)
240
200
220

30
200
270

190

50

22

C1i4)
349
49
250
50
260
250
270
330
239
21
o0
214
21
250
120
220
(RF)
(RF)
(hF)
(RF)
(RF)
230
210
210
30
150
]

1)

J

50

207

23

CIm)
340
70
200

60 -

220
240
210.
300
270
200
50
180
270
249
160
170
(RF)
(RF)

(RF) .

(RF)
(RF)
230
210
200
30
180
30
20
10
50

23N

24

M)
340

270

200
220

350
260
210
70
160
180
210
165
190
(KF)
(KF)
(RF)

(RF), |
(RFDY"

23¢
¢20
210
3o
190
30
2n

60

225

[3

~ oA~

REV
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LOGAN MASH’
. DEGe C TRAILER 02
AUG 197y o ,
OCCIDENTAL OIL SHALE INCo
" HOUR (1 OCAL STANDARD TIME)

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 AVE FEAK
16 15 1" 15 14 14 15 17 19 19 (1) 22 23 23 23 23 22 22 20 19 16 18 .37 13 23
15 18 16 17 16 16 18 19 21 22 23 23 24 24 22 22 21 20 19 19 19 16 <47 19 24
17 16 14 15 14 1@ 17 1% 19 20 21 23 25 26 24 24 23 23 21 19 20 19 19 19 26
19 19 19 19 19 13 18 21 23 24 25 26 27 27 26 26 24 23 22 21 22 21 21 22 27
15 1% 17 18 15 1¢& 19 21 23 2t 26 26 28 27 28 26 23 23 21 21 21 20 19 22 28
19 19 19 17 17 172 1& 20 21 21 22 26 27 26 2t 21 23 22 16 16 14 15 17 20 27
16 15 14 14 14 15 17 - 17 18 16 - 21 23 24 24 26 23 22 22 19 17 16 16 16 18 24
1% 1% 14 13 13 13 14 17 17 17 20 22 23 23 23 21 12 12 11 9 14 12 N 16 23
1 14 11 12 12 13 16 16 1?7 18 19 20 18 20 23 22 272 19 177 1o 13 12 16 23
10 1 10 10 10 112 12 14 17 13 19 18 20 20 19 1y 18 17 10 15 1% 1 1% 20
13 13 13 12 12 12 12 14 17 17 19 21 22 23 23 21 21 20 19 13 17 17 17 17 23
17 15 14 14 14 14 14 17 17 17 17 19 19 20 22 23 21 20 19 18 10 15 13 17 23
12 12 11 11 11 11 12 11 10 10 11 12 14 16 17 16 16 14 14 14 13 13 13 13 17
13 13 13 13 11 12 12 13 11 12 1 12 12 10 10 12 11 10 10 g g -9 v - 1 13

9 ] o 9 9 9 9 10 1 12 12 13 13 11 10 12 12 10 9 9 9 ] 8 10 13

3 2 £ g 7 7 7 8 8 e B 3 10 11 12 1 10 10 9 3 3 8 8 3 12

8 7 7 7 7 7 9 9 10 11 11 12 12 1 12 - 12 12 1 9 9 8 8 3 9 12

8 9 9 8 8 8 g B ] 10 11 11 12 11 [ 8 9 £ 7 6 6 6 [ 3 12

6 6 4 6 6 6 6 8 8 11 10 10 7 11 13 10 6 6 7 6 6 ) 6 7 13

6 6 6 6 [ 6 6 6 10 12 13 10 9 10 12 1M 9 9 8 [ 6 7 6 ] 13

7 ? 7 7 7 710 11 14 15 1¢ 13 17 17 18 17 17 16 13 12 1" n 10 12 13
10 G Y 9 8 & 11 14 17 17 15 1% ‘19 19 17 15 14 18 16 13 13 12 12 14 19
11 11 10 19 10 s 12 14 16 1o 20 22 23 23 23 21 20 18 16 1 14 14 14 15 23
12 11 10 9 9 (< 1 13 16 19 19 22 24 23 22 21 13 17 16 14 14 13 13 1% 24
2. 12 12 10 10 10 10 13 17 17 20 21 21 22 20 19 17 15 13 12 12 12 12 14 22
12 12 11 10 10 10 12 16 15 21 21 22 21 18 17 17 19 16 13 12 12 12 12 15 22°
11 11 19 9 10 10, 1% 16 17 18 19 20 22 21 19 19 19 17 17 1o 15 14 14 16 22
13 13 3 13 13 13 12 13 17 16 19 21 21 20 19 19 19 17 17 15 .16 15 15 16 21
16 14 13 13 13 12 14 16 17 18 19 21 21 21 21 29 19 19 17 17 16 14 1 17 21
14 12 13 13 13 13 13 12 12 10 ) ? 7 8 ) 10 12 12 11 1 10 1 11 11 14
1 12 11 10 10 10 1 12 13 14 17 17 17 18 18 18 17 17 17 15 14 14 13 14 13
12 12 12 12 11 11 12 14 16 16 17 18 19 19 1% - 13 17 16 15 13 13 13 13 14
19 10 16 19 19 18 19 21 23 24 26 26 28 27 28 27 24 23 22 1 22 21 21 23



92

[
™
-

O M~ NN -
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26
27

26
10

LR}
Fx

13
14
14
14
15
17
16
17
17
12
13
12
(KF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
¢RF)
(RF)
(RF)
(RF)

13
14

14
17

TEMPERATURE

DEGe C
2 3
13 1
1w e
1% 1
14 14
15 1S
17 17
17 17
17
17 17
122 12
12 12
10 G
CRF) (RF)
(RF) (RF)
(RF) (RF)
(RF) (RF)
(RF) (RF)
(RF)Y (RF)
(RF) (RF)
(RF) (KF)
(RF) (RF)
(RF) (RF)
(RF) (RF)
(RF) (RF)
(RF) (RF)
(RF) (RF)
9 ¢
12 12
13 13
1%
1w 13
1717

17 -

11
14
14
1t
15
17
17
17
17
12
12
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)>
(RF)
(RF)
(RF)
(RF)
(RF)
10
12
12
14

13
17

1"
13
14

XA
16
17
17
17
12
12

(F5)
(5F)
(FF)
(%)
(RF)
(R7)
CRF)
CRF)
(FF)
CRF)
(RF)
(FF)
(RF)
(FF)

R

12

12

13

13
17

10
13
1%
13
1a
1
10
17
14

13

IRF
{RF >
IRF >
{RF 2
{RF)
IRF]

IRF1
IRF3
L RF)
RF:
IRF .
TRF1
IRF:

2

12
16
16
13
14
14
17
16
17

13

(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)

11

12

13

13

13
17

10

17
17
19
18
19
19
19
16

15 -
11

13
10
(RF)
(RF)

(RF)

(RF)
(KF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
12

o4

15
16

19

HOUR (LOCAL STANDARD TINMF)

1

17
18
20
169
19
21
21
19
21
16
15
12
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
CRF)
(RF)
(RF)
(RF)
(RF)
13
1¢
17
1€

18
21

12

18
19
21
16
20
21
21
16
21
17
19
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)

(RF)

(RF)
(RF)
(RF)
(RF)
(RF)
(RF)

14

16

17

18
21

13

14

20
21
23
22
22
23
24
23
23
19
21
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
16
17
18
18

21
24

15

16

21
29
23

21

é3
23
23
24
24
21

(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(RF)
(KF)
(RF)
(RF)
(RF)
(RF)
(RF}
(RF)

14

17

17

18

19

21
24

1?7

20
14
21
20
2¢
22
22
23

2V
19
(RT)
(RF)
(R7)
(R")
(R7)
(R7)
(R*)
(R=)
(R%)
(R7)
(R7)
(R7)
CR™)
(R%)
tes
he
17
13
18

LOGAN WASH
TRATLIR 02
SEFT 19079

OCCIUENTAL OIL

13 19
14 18
19 18
20 19
19 q

21 20
21 20
21 20
21 20
21 20
1y -
19 5

(RF) (RF) (R
(RF) (KRF) (R
(RF) €KF) (R
(RF) (RF) (R
(RF) (RF) (R
(RF) (RF) (R
(RF) (RF)Y (R
(RF) C(KF) (R
(RKF) (KF) (R
(RF) (RF) (kK
(RF) (RF) (&
(RF) (RF) (R

(RF) (KF) (R
(RF) (RF) (R
14 13
16 16
16 15
17 16
17 16
19 18
21 c0

SHALE INCe
21 22 23
146 1o 14
16 16 . 15
17 17 16
16 16 15
17 17 17
18 17 17
13 18 18
18 18 1&
18 17 13
16 1o 16
16 14 14
(RF) (RF) (RF)
(RF) (RF) (RF)
(RF)Y (RF) (RFY
(RF) (RF) (RF)
(RF)Y (RF) (RF)
(RF) (RF) (RF)
(RF) (RF) (RF)
C(RF)Y (RF) C(KF)
(RF) (RF) (RF)
(RF) (RF) (RF)
(RF) C(RF) (RF)
(RF) (RF) (RF)
(RF) (RF) (RF)
(RF) (RF) (RF)
17 16 16
13 15 13
14 18 14
14 14 14
15 20 20
16 16 16
18 20 20

AAAA A ANNA A A~ A .~

AVE FEAK
16 2
172
18 23
17 22
15 2
18 24
19 24
19 2
19 2
1% 21
16 21

y 12
)y ¢ )
) ¢ )
> ¢ )
> € )
> ¢
> € )
> ¢
) € )
) € )
> ¢ )
) € )
) ¢ )
> ¢ )
y 17
1317
14 18
15 19
16 29
17

~n
&~
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TEMFERATURF - LOGAN WASH
DEGe C . . TRAILER 02
: ocT 1979 )
OCCIDENTAL CIL SHALE INCe

HOUR (LOCAL STANDARD. TIME)

2 T 4,5 6 7 .8 9 10 11 12 13 14 15 16 17 18 19 20 21 . 22 23 24 AVE FEAK
14 11 13 15 12 12 13 16 16 17 17 18 18 19 [ 18 17 16 16 16 16 15 15 15 1%
15 14 16 14 16 13 . 13 13 15 1¢ 17 17 18 1y 19 17 13 17 17 e 15 16 15 16 19
14 1¢ 14 13 13 12 11 10 10 122 .13 13 16 14 14 14 14 13 122 12 11 - 1 100 13 14
10 11 11 1M1 -1 11 12 14 15 16 16 17 17 16 16 16 15 14 1M 14 - 1L 137 43 14 17
13 z 13 12 12 12 11 12 14 14 15 1717 18 18 18 17 17 16 15 146 6. 14 14 13
14 13 13 12 12, 12 12 14 16 17 17 17 18 18 19 18- 18 17 16 15 15 16 15 15 19
14 13 13 13 13 13 13 14 16 17 18 13 17 19 19 19 13 17 16 16 16 15 15 16 19
14 14 14 14 14 12 13 14 15 16 17 17 18 19 19 1¢ 16 17 16 14 16 14 14 16 1y
12 19 12 11 9 8 S 10 10 12 21 21 21 21 22 21 21 20 19 16 18 18 18 15 22
17 17 17 1717 16 17 16 18 19 20 21 22 22 22 23 22 21 20 19 20 19 19 19 é3
19 19 18 18 18 18R 17 18 19 20 21 21 22 22 22 23 22 21 21 29 19 19 19 23 23
18 18 18 17 13 18 17 17 13 18 21 21 22 21 22 22 21 20 19 19 19 18 18 19 22
18 18 18 18 15 19 19 19 21 21 22 22 23 23 23 22 21 20 19 1y 19 19 18 20 23
13 18 1R 18 18 17 17 17 17 19 19 18 18 13 17 18 17 17 16 16 14 13 13 17 19
13 13 13 13 13 14 14 16 17 18 18 19 21 20 19 12 17 17 17 17 17 17 1721
17 17 15 1% 13 12 12 11 12 13 14 1% 17 17 17 17 17 16 15 14 1% 15 14 15 17
14 14 14 14 14 13 13 13 15 16 17 1€ 18 17 1R 18 18 18 17 1s 17 17 16 16 13
15 13 13 12 13 12 12 12 14 15 16 17 12 12 1 12 " 11 11 11 19 10 16 13 17
10 1 19 10 10 10 S 9 9 S S 19 11 11 1M 11 11 11 11 11 11 11 11 11 11
10 . 10 19 10 9 9 g 9 e 10 11 11 11 11 11 11 11 11 11 1M 11 1 11 11
1 11 10 10 19 .Y g 9 5 8 ] 9 y 10 ¢ 6 4 3 3 3 3 3 ? 71

2 2 2 2 1 1 1 0 0 0 ¢ 1 1 1 1 1 1 0 ] 3 -1 -1 0 1 2
-1 0 0 | -1 -1 -1 1 3 3 4 4 5 5 6 5 4 4 3 o 4 A 2 6

A 4 4 A A 4 5 5 5 L 6 ) Y 9 9 1) 10 10 Q Y 8 8 # 7 190

8 2 8 7 7 7 6 6, 8 10 11 12 12 12 12 12 12 11 10 1) 10 9 S Q 13

S 9 ¢ ] 9 4 g 11 12 13 13 13 13 14 13 13 13 12 12 12 12 1 1 11 14
11 11 11 1M 10 10 10 11 12 12 13 13 13 13 12 11 10 9 8 5 3 7 6 1M 13

6 6 4 4 ‘3 3 3 3 4 7 8 3 9 10 11 10 9 9 8 8 7 7 7 7 11

7 A I3 6 6 S 6 6 7 9 9 10 19 10 11 11 9 8 7 3 8 7 6 8 1

2 2 2 2 2 2 1 1 1 1 1 ] 1 1 1 9 0 0 J -1 -1 -1 -1 1 4
-2 -2 -2 -1 -1 -1 -1 -1 -1 -1 -1 -1 9 0 n -1 ~1 -1 -2 -2 -2 -2 -3 -1 0
MM 1 11 1 10 10 11 1 12 13 16 14 14 1% 14 13 13 12 12 12 12 11 12
19 1¢ 1 18 18 10 19 1w 21 21 22 22 23 23 22 23 22 21 21 20 29 19 1§ 23
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OaY

Rl EEN N, JEV_ RN VIR SR

10
1
12
12
14
1€
16
17
1f
16
20
21
22
23
24
25
26
27
2¢
29

31

- AV

PK

0
=111
-130

111
-120

23
56

-28

-139

25
-1
0
-23
0
-56
s6

0

-56
-13¢
-111
-1
-111
-129

-83
-167
-139

-33

-56

0

-83

-56

-60
m

DELTA TEMP. 30-2

DEGs C100

2 3 4
-28 -56 0
-139 -111 a
=56 -111 -13¢%
56 56 56
-56 =111 =167
0 -28 -5
-56 -28 -S&
0 83 0
-111 -g3 =222
-25 -83 -=2
-56 -8% -F3
-28 0 0
0 9 -2¢

0 -Se 111
-56  -83  -31
83 5% 28
83  -5¢ 6
-28  _ 2 o
-139 =149 -111
-56 =83 =S
-139  -»3  -5n
=111 -113 -111
-136¢ -167 -195
111 -28  -e3
-167 -167 -130
-111 =111 -111
-111 =111 -27%
-S6  -83 -5¢
0 -28 -S¢
-56 =2& =111
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ABSTRACT

Twenty-one ‘macroplots that hadxbeen located during the 1974 and 1975
field season have been consistently resurveyed in July, 1977 and July, 1978,
for cover density -and frequency of various higher plant speéies. These plots
~were again resurveyed in lagé Augusf—early September, 1979, with methods
remaining consistent with previous data collections. Observation of general
conditions of the vegetation in relation to natural and man-induced changes
were also noted.

-Tébles summarizing data for each of nine community types are presented.
General comparisons were made with the data collected in 1978. There were
only slight changes in vegetal cover, density, and frequency. Fluctuations
were mostly associated with understory species, especially some annuals that
bloom later in the summer and others that have matured and decomposed by
late summer. Variation in abundance occurs naturally throughout the flower-

* - ing season, Other site conditions were similar to the 1978 data set.
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. INTRODUCTION | ' ,
Monitoring of Vegetétion?begun-in‘l974 on the Occidental 0il Shale,i“
,Iné.'Logan Wash site nine miles north of DeBeque, Colorado was.repeated
in 1979 in order to determine nétdral fluctuations ;nd man-induced changes.
This process allows. for expansion of the existing data bank and measures
;he condition of the vegetation during different periods of the flowering
season. Such information is useful for future comparisons and moﬁito;ing.
change of vegetation due to climatic-seasonal variations and iﬁdustria1_

perturbations.

METHODS

During the 1974-1975 field season, 54 macroplots were located through-
out Occidental O0il Shale,iInc. property and adjaéent Bureau of Land Manage-
ment (BLM) lands (Fig. 1), These macroplots were combined into nine plant -
community types. Three macroplots were chosen from each community type for .
the 1977 resurvey. The selection of macroplots was based on comparétive
floristic diversity and the relative abundance of vegetal cover in the
macroplot: one~ma§roplot had the fewest species and lowest apparent vegetai
cover, one had a nearly average number of species and near average vegetal
cover, and the third macr&plot had the*greatesﬁ floristic diversit& and vege-
tal cover available from the éet of 1975 macroplots taken in a given vegeta-
tion type. In the cases where only two or three macroplots existed in a
community type, all were surveyed. The same subset of macroplots were again
resurvéyed in late August-early September except two ﬁacroplots (#1 and #20),
which could not be located due to the removal of the mACroplbt marker stake.

This resulted in 21 macroplots being resurveye&_(Table 1).
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Table 1. Macroplots sampled during the July, 1978, field season, by

community type.

Community type Macroplot number

Diversity and Productivity Rating High  Average Low
Shadscale 54

Pinyon-Juniper 9 53 45
Closed Brushland 25 24 43
Open Brushland 19 32 38
Douglas~Fir 42 52
Aspen 26 22
Grassland 50 41
Scree 51 2
Alluvial 48

86



RESULTS

Tables 2 through 10 summarize vegetation data recorded in each of
nine community types located on Occidental 0il Shale, Inc. property.

Little change in total cover, density, and frequency occured between
1978 and 1979. The most éignificant change was aAgeneral decrease in un-
derstory annuals in most plant communities,

Since soil moisture recharge in 1979 was similar to 1978, relatively
little change in overstory vegetation occurred. However,-due to the eco-
nomic circumstances, resampling of the macroplots did not occur until late
August-early September. By this time, a majority of the annual vegeta-
tion had flowered, seeds had shattered and standing dead material was in
various states of decomposition. This led to a general decrease in annual
vegetal cover. However, several species of annuals, especially Gaxoghztﬁm

ramosissimum and Viguiera multiflora were at peak bloom and showed an in-

crease in relative cover.
In the Aspen woodland community numerous new stems (probably root

suckers) of Populus tremuloides were found. Increase in aspen stems is

probably a response to two good years of soil moisture recharge.

Of particular interest are macroplot numbers 2, 9, and 54 located
in the Kelly Wash area. Scree macroplot 2 at the ridge top had 6 inch to
1 foot deep gullies spaced approximately 10 feet apart. These gullies
appear due to heavy cornicing of snow along the ridgetop. Removal of
vegetation occurred, but high moisture recharge over the last two years
caused higher cover and density figures. Roots were generally exﬁosed.

Macroplot 9 at.about midslope in Pinyon-Juniper woodlands showed
scouring by mud and debris. Ten to 30 feet deep gullies were created and

vegetation removed and roots exposed. Macroplot 54 at the slope base was
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Table 2.. Suﬁmary ofV1979fvggetatidn-daté'fOr'the.shadscale Coﬁmunity
type by cover (C); Density (D, number of plants per 50 m2),
- and" frequency (F).

3

Macroplot numbers

Speciesl/, R . vlSA . ' Average
CEUB' Fgl cC D F

Trees and Shrubs.

Artemisia tridentata 4% 730 4 ..7.30 .
dead Artemisia tridentata T 110 T 110
Sarcobatus vermiculatus 3 550. 3 550
Alriplex vonjertifolia 2. 750 2 150
Atriplex. nuttallii 2 220 2 220
Juniperus osteosperma 1 110 1 110
Grasses ' )
Bromus tectorum’ 220 40 2 20 40
Orizopsis hymenotides T 4 30 T 4 30
Agropyron spicatum T 0 0 T 0O
Elymus salina T 00 T 0 O
Forbs
Lepidium perfoliatum 1 .10 10 1 10 10
Halogeton glomeratus 1 720 1 720
Humenoxys acaulis T 11 20 T 11 20
Amsonia tomenatosa 1 110 . "1 110
0 100 10 0. 100 10

Chenopodium album .

l/ For authofiﬁies, liéting of associated.common names, life forms, lon-
gevities, season-of growth and origin see Table 3 of 1976 report.

2/ Cover is line intercept vertical projection of percentage of line
which has vegetation canopy above it. -

3/

. =" Frequency is the perﬁéntage of the 10 1x5 meter macroplots which has
at least one individual of a given species occurring in {it.

:T.= Irace
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Table 3. Summary of the 1979 vegetation data for the Plnyon—Junlper woodland
communlty type by cover (C), density’ (D number of plants per
50 m ), and frequency (F). .

Macroplot number

Spgcigs' ) ' 9 45 53 Average

CDF Cc D F C D F CDh F

Trees and shrubs’

Juniperus osteosperma 8 320 4 0 0 10 110 7 113
dead Juniperus osteosperma 2 00 100
Cercocarpus montanus 5 650 6 11 60 3 740 5 8 50
dead Cercocarpus montanus T 110 1 O O T 1 3
Artemisia tridentata 10 18 60 3 6 20
dead Artemisia tridentata 1 1 10 T 1 3
Amelanchier ailnifolia 3 15 60 1 520
dead Ameianchier ailnifolia 1 0 O T 0 O
Ephedra viridis 1 220 2 10 40 T 1 10 1 4 23
dead Ephedra viridis 1 0 O T 0 O
Pinus edulis 300 1 00
Symphoricarpos oreophilus ' 1 15 70 T 523
dead Symphoricarpos oreophilus 0 2 20 o1 7
Gutierrezia sarothrae 17.30 T 210
Atriplex confertifolia TOo O T 0 O
Chrysothamus viscidiflorus 0119 0 1 3
Grasses and grass-likes
Elymus salina _ 4 29 80 14 133 100 0 720 9 56 67
Oryzopsis hymenoides T 110 2 13 200 T 110 -1 513
Bromus tectorum ' T 12 10 T 0 0 T 4 3
Agropyron spicatum T 110 T 1 3
Sitanion hystrix T 0 O T 0 O
Hilaria jamesiti ' T 0 0 T U U
Forbs
Hymenoxys acaulis T1510 1 25 50 T 13 20
Cryptantha bakerii T 2220 1 11 40 T 1150 T 8 37
Physaria australis ‘ T 850 T 317
Euphorbia robusta T 110 T 410 T 2 7
Lepidium perfoliatum . T 620 T 2 7
Leptodactylon walsonti T 5 20 _ T 2 7.
. Stanlyea pinnati 1 110 0 110 T 1 7
Arenaria fendlerii _ T 1 20 T 1 7
Astragulus spp. T 110 T 1 3°
Erigeron eatonit T 2 10 T 1 3.°
Alliwm cernuum T 0 O T 0 O
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Table 3 (continued).'zz

Macfoplot numbérs ‘

Species o 9

53

45 Average

'CDF CDE CDF CDF
Forbs (cont.)
Penstemon strictus T 0 0O T 0 0
Erysimwn inconspicuum T 0 0 - T 0 0°
Pennatemon ousterhoutii 0 110 01 3
Succulents
Yuececa harrimaniae T 0 O ‘T 0 O
Opuntia rhodantha T 0 O T 00




" Table 4. Summary of the 1979 vegetation data for the clbsed brushland community
type by cover (C), density (D, number of plants per 50 m?), and
Afrequency (F). '

Macroplot number

Species 24 25 43 Average

CDF CDF CDTF CDF

Trees and Shrubs

Amelanchier alnifolia . 293680 716 60 16 39 80 17 30 70 -
dead Amelanchier alnifolia 2 220 1 320 1 1 10 1 220
Quercus gambelii 17 40 90 15 41 90 13 82 80 15 54 86
dead Quercus gambelit 2 220 2 0 0 2 7 40 2 320
Symphoricarpos oreophilus 132290 T 110 T 7 40 4 10 47
dead Symphoricarpos oreophilus T 0 O T 9 0
Purshia tridentata 8 10 50 3 317
Cercocarpus montanus 1 220 1 0 0O 8 2 10 3 110
dead Cercocarpus montanus T 0 O T O O
Artemisia tridentata T 110 2 320 1 2 10 1 213
dead Artemisia tridentata T 0 0 T 0 O
Chrysothamus viscidiflorus T 210 0 1 10 T 1.7
. Tetradymia canescens : T 1 10 T 1 3
Ceanothus martinii T 0 0 T O O T 0 O
Pseudotsuga menziesit T 0 O T 0 O
Ribes wolfii 1 0 0 T 0 O

Grasses and grass-likes

1360 1 .7 50

Oryzopis hymenoides T 220 1 1 7 43
Elymus salina. ‘ T 220 219 30 1 717
Carex rossii < 13020 1 30 60 T 20 27
Poa pratensis T 30 10 T 10 10
Stipa lettermanii A T 0 O T 0 O
Festuca dasyeldda 0 110 0 0 Q 0 1 5
Forbs

Penstemon ousterhoutii T1220 24670 115 60 1 24 50
Galium coloradoense T 620 11550 344 100 1 22 57
Pachystima myrsinites 11670 T 0 0 T 5 30 T 723
Eriogonum umbellata T 0 O 12240 T 713
Achillea lanulosa T 12 10 T 4 3
Physaria australis T 110 T 210 1 6 50 T 323
Castilleja linaerifolia o T 8% 20 T 2 7
Penstemon strictus T 220 , T 1 7
Stephanomeria tenuifolia T 110 T 0 O T 1 3
Chenopodiwn album T 0O O T 0 O
Eriogonum effusum . ) 0 110 01 3

- Leptodactylon watsonit : 0 110 0 1 3 .

Tragopogon dubius : : 0 1 10
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‘Table 5. Summary of the 1979 Vegetatipn data for the open brush-grassland com-
munity type by cover (€), density (D, number of plants per 50 m2),
and frequency . (E). . . .

R .Macroplot numbers

Species : Co 190 32 38 " Average

c-D F C DF C D F C D F

Trees and Shrubs

11 20 16 35 70 17 21 50

Amelanchier alnifolia 4 12 22 47
dead Amelanchier alnifolia T 1 10 1 660 2 110 1 327
Symphoricarpos oreophilus . 428 10 20 62100 8 12 50 11 33 73
dead Symphoricarpos oreophilus T 1-10 0 2 2¢ 0-1100 T 113
Quercus gambelii . ' 111 21 10 72 60 17 27 80 10 37 53
dead Quercus gambelii T O 0 1 73 .2 0 0 .1 210
Artemista tridentatu 1131 90 3 9 30 92370 82160
dead Artemisia tridentata 3 8 70 T 110 -7 330 .1 437
- Prunus virginiana 10 19 30 _ -3 610
Purshia tridentata ‘ T 0 O 3 110°1 1 3
Tetradymia canescens 0 1 10 0 1 3
Grasses and Grass-likes
Carex rossii 8 40 100 7 20 70 5 30 57
Poa pratensis 430 90 T 15 70 -115 53
Stipa lettermanii 1246 50 T 1 10 T 820°
Sitanion hystriz 116 80 T 5 27
Bromus polyanthus . 0 2 10 1 3 30 T 213
Bromus inermis . T 1 10 T-210 T 1 7
Oryzopsis hymenoides 0 3 10-7T 0.0 'T 1 3.
Stipa comata T 0 0 T 4 10 T 1 3
Agropyron smithit T 2 10 T O O. T 1 3
Agropyron spicatwm T 1 10 T 1 3
Elymus salina * ' ' ' T OO0 T 0O
Forbs
Lupinus adoncus 458 an A 57 70 2 3L90 4 49 83
. Ervogonun umbellatum 28 71 118 30 13280 14460
Achillea lanulosa 160 8 T30 30 1 16 20 - 1 35 43
‘Gayophytum ramosissimn 140 20 116 30 T 0 O 1 8417
Lathyruo Lewcanthus . 232 60 232 /0 T 220 12250
Lathyrus pauciflorus " 115 60 126 80 1 14 47
Erigeron speciosus 0 3.10 219 60 1 723
Antennaria rosea 1 41 60 ' T 14 20
. Agastache urticifolia 236 30 T 12 10
Salium boreale 1 3 50 T 8 17
Chenopodium -album T 41 20 T 6 7
Rosa nutkana 1 0 60 T 4 20
(continued)
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Table 5 (continued).
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Macroplot number

Opuntia rhodwntha

Species 19 32 38 Average
CDF CDF CDF CDTF
Forbs (cont.)
Viguiera multiflora T310 1 830 To¢ O T4 13
Ligusticum porterii 2 12 30 ' T 4 10
Penstemon ousterhoutit T 110 1950 T3 20
Aster canescens T220 T 110 T110 T 113
Comandra umbellata T110 T 1110 - T1 7
Phacelia hastata T110 T110 T1 7
Castilleja linaerifolia TO OO T 1'10 0210 T1 7
Lithosperma ruderale T3 20 TO 0 T1 7
Hymenoxys acaulis T 310 : T1. 3
Circium undulatum TO 0O T 110 ' T1 3
Senecio serra T110 T1 3
Galium coloradoense 1210 T1 3
Pachistima myrsinities "T110 T1 3
Penstemon strictus T 110 ‘T1 3
~ Salsola kali TO O TO O
Erigeron eatoniti TO O TO O
Chaenactis douglasit TO O ‘ TO O
Taraxacum laevigatum TO 0 T 0 O TO O
Collomia lineartis TO O ‘TO O
Gilia aggregata ‘TO 0O TO O
Tragopogon dubius "T0 0O TO O
Chrysopstis villosa TO 0 TO O
Linun lewisit T-0 O TO O
Physaria australis 0110 01 3
Succulents
0 0 TO O TO O
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Table 6. Summary of -the 1979 vegetation data for the Douglas-fir forest
community -type.by cover (C), density (D, number of plants per
50 m2), and frequency (F). :

i

Macropldt numbers

Species 42 52 Average

C D F C D F C DF

Trees and Shrubs

Pseudotsuga menziaeii 20 7 40 23 340 26 %40
dead Pseudotsuga menziesii T 110 : T 1 5
Amelanchier alnifolia - 20 11 60 7 10 50 14 11 55
dead Amelanchier alnifolia 2 00 100
Quercus gambelii 12 27 80 10 55 100 11 41 90
dead Quercus gambelii : 1.320 1 220 1 320
Symphoricarpos oreophilus 8 20 80 1 730 5 14 55
Betula occidentalis 7 4 30 4 215
Rosa nutkana 5 28 90 3 14 45
Acer glabrum 3 4 30 2 215
Ribes wolfii T 2 20 2 22 1 220
Cercocarpus montanus 1 220 T 110 T 215
Ceanothus martinii T 110 T 1 5
Chrysothamus nauseosus T 110 T 1 5
Grasses and Grass-likes
Carex rossii 4 85 50 110 50 3 48 50
Elymus salina 132 30 T 16 15
Sitanion hystrix T 110 T 1 5
Forbs
Berberis repens "7 94 100 T 11 30 4 53 65
Pachystima myrsinities 3 14 80 2 740
" Pestomen ousterhoutii 27370 137 35
Clematis linguisticifolia 2 22 50 111 25
Galium boreale 2 18 50 1 925
Lathyrus leucanthus 2 00 1 00
Smilacina stelbata 124 50 T 12 25
Smilacina raccemosa 1 A70 ‘T 10 35
Allium cernuum T 5 40 T 320
Achillea lanulosa T 0 0 T 0 O
Aster canescens T 0 O T 0 O
T 0 O T 0 0

Galium coloradoense
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Table 7. Summary of the 1979 vegetation for the aspen ‘woodland community
A type by cover (C), -density (D, number of plants per 50 m 2) and
frequency (F).

N

Macroplot numbers

Species - 21 22 26 Average

cC b F ¢ D F CDF CODF

Trees and Shruls

Populus tremuloides 60 18 40 30 16 50 39 17 60 4

317 50

Symphoricarpos oreocphilus 10 30 90 10 56 80 8 14 40 93370
dead Symphoricarpos oreophzlus 0.2 20 S 017
Acer glabrum 12 79 70 6 37 60 6 22°43
Rosa nutkana 9 7 40 1 11 50 1 220 4 737
Amelanchier alrifola 1 0 0 0 1 10 T 1 3
Chrysothamus viscidiflorus T 2 10 IR T 1 3
Artemisia tridentata 0 1 10 ~ 0 220 .0 110
Grass and Grass~-likes
Carex rossii’ 9 20 50 12 40 90 9 40 50 10 33 63
Poa pratensis 7 30 20 5 30 10 1050 20 7 37 17
Stipa lettermenii T 5 10 T 5 30 T 220 T & 20
Stipa comata T 4 30 T 00 T 110
Elymus salina T 0 O T 0 O
Forbs
Senecio serra 2 17 30 13204 90 77970 710070
Galiwn boreale 12 378 100 6 181 100 115 50 619183
Osmorhiza oceidentalis 3140 90 6 140 80 2 37 30 410667
Lathyrus leucan.thus 3 42 90 3 74 80 23370 3 50 80
Thalictrun fendleri 1 22 70 1152 90 33050 26870
Lathyrus pauciflorus "2 35 70 2 54 80 13060 240 70
Taraxacwn officinale 1 27 30 1 42 50 25180 13753
Ligusticwn porterii 1 3 20 T 6 4 31260 1 740
Achillea lanulosa T 19 20 1 44 40 1 2670 T 30 60
Chenopodium album 0 10 10 T 56 40 T 22 17
Gayophytun ramosissimun 16530 T 2210
Agastache urticifolia T 4 30 1 17 50 T 0 0 T 7 27
Chenopodium botrys T 14 30 T 510
Aquilegia caervlza 0 6 10 T 520 T 410
Smilacina stellata T 0 0O 1 12 10 T 4 3
Fragaria ovalis T 6.10 T 420 T 310
Aster canescens T 830 T 310
Castilleja linaerifolia 1 740 T 213
Potentilla gracilis T 320 T 1 7
Circium wndulatum T 420 T 1 7
Geraniwn fremontii T 0 O T 3 20 T O O T 1 7

(continued)
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Table 7 (cont.)

Macroplot numbers

Species - 21 22 26 Average

CDF CDF CDF CDF

Forbs (cont.)

Valeriana occidentalis T210 TOO T13
Streptopus amplexifolius T110 T13
Hackelia floribunda ‘ T210 T13
Erigeron speciosus TO O TOO
Phacelia sericea TO O : TOO
Lupinus aduncus . TO O TOO
Penstemon striotus . 0110 013

013

viola canadensis _ 0310
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. Table 8.. Summary of the 1979 vegetation data for the Grassland community
' type by cover (C), density (D number of plants per 50 m 2y, and
frequency (F) '

" Macroplot numbers

Species A 41 . - 50 Average

C D F C D F cC D F

Trees and Shrubs

Artemisia frigida 4 28 90

" . 2 14 45
Amelanchier alnifolia 3 2 10 21 5
Chrysothamus visidiflorus 2 18 80 1 . 9.40
Ephedra viridis -2 3 30
Atriplex canescens : -1 11 50 T 625
Symphoricarpus oreophilus 1 4 20 . T 210
Tetradymia canescens ' T 3 10 T 2 5
Gutierrezia sarothrae : T 2 110 T 15
Artemisia arbuscula : T 0 O T 0 O
Chrysothamus nauseosus 1 0 0 T 0 O
Grasses
Elymus salina 107100 90 18 237 90 14 169 70
Bromus tectorum 11 180 90 s 6 90 45
Oryzopsis hymenoides 5 40 100 3 16 60 4 28 80
Hilaria jamesii : 2 35 50 "1 18 35
Stipa comata T 0 O T 00
Sitanion hystrix T 0 O T 0 0
Forbs
Erigeron eatonit ©5 115 90 3 50 45
Astragulus amphioxys : 3 24 80 2 12 40
Erioginum affusun - 4 12 80 T 0 0 2 640
Rorripa islandica 2 4 40 T 4 30 1 4 35
Castellija rhexifolia 2 ' 1 52 80 T 26 40
Hymenoxys acaulis 1 28 70 T 14 35
Astragulus spp. : -1 16 80 ‘T 8 40
Chenopodium album . - T 7 40 T 420
Achillea lanulosa v ' 1 8 20 T 410
Penstemon ousterhoutii . T S5 30 T 315
- Linun lewistii - T 5 20 T 310
Artemisia biemis T 5 20 : . T 310
Arenaria fendlerii T 3 20 T 210
Galiwn coloradoense - T 3 10 ' ' T 25
Cryptantha bakerii T -1 10 T 1 5
Spearalcea coccinea 1 1 10 T 1 5
Trifolium gymocarpon - T 2 10 T 1 5
Leptodactylon watsonit ' T 0 0 T 0 O
Eriogenum wmbellatum - : 0 1 10 0 115
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Table 9. Summary of the 1979 vegetation data for the scree slope community
. type by cover (C), ‘density (D, number of plants per 50 m2), and
frequency (F). -

Macroplot numbers

Species 2 51 Average

CDF CDF CDF

Trees and Shrubs

Holodiscus dwmosus 1 110 3 320 2 215
Chrysothamus viscidiflorus T 0 O T 110 T 1 5
Symphoricarpos oreophilus 1 110° T 15
Grasses

Agropyron spicatum T 0 O T 110 T 1 5
Festuca dasyclada - T 110 T 1 5
Oryzopsis hymenoides T 110 T 1 5
Forbs

Pteryxia hendersonii 2 20 80 110 40
Leptodactylon watsonii 2 12 80 1 6 40
Cireium wndulatum 1 540 T 0 O 1 320
Galum colorodoense 140 70 T 20 35
Penstemon cyanocaulis 0 110 T 12 50 T 6 30
Euphorbia robusta T 330 T 215
Mentzelia albicaulis T 320 - T 210
Astragalus lutosus T 110 0 110 T 120
Physaria australis T 110 T 1 5
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Table 10. Summary of the 1979 vegetation data for the alluvial .community
type by cover (C), density (D, number of plants. per 50 mz),
and frequency (F).

-

Macroplot numbers

Species 4o 48 Average

C D F C D F CDF

Trees and Shrubs

Artemisia tridentata 20 33 90 19 25 90 20 29 90
dead Artemisia tridentata 7 9 60 4 9 60 6.9 60
Symphoricarpos oreophilus T 320 20 36 100 10 20 60
dead Symphoricarpos oreophilus T 0 O 0 8 3Y T 4 15
Quercus gambelii 4 310 14 85 70 9 44 40
dead Qyercus gambelii T 0 © T 0 O
Chrysothamus nauseosus . 7 850 5 4 30 6 6 40
Amalanchier alnifolia 5 00 , T O 9 300
Rlws txilobata 2 320 ' "1 210
Cercocarpus montanus 1 0O T 1 10 T 1 5
Juniperus osteosperma 1 0 0 T 0 O
Rosa nutkana T 0 O T 0 O
Forbs

Penstemon ousterhoutii 1 110 3 48 8cC 2 25 45
Stanlyea pinnata 2 220 0 1 10 1 215
Erigeron inconspicuum 160 70 T 30 10
Leptdium perfoliatum 141 50 0 10 10 T 29 30
Physaria australis 1 45 90 T 1 10 T 23 50
Cryptantha bakerii 12570 : T 12 35
Chenopodium album T 110 S T 1 5
Aster canescens T 2 10 T 1 5
Galum coloraodoense 0 1 10 01 5
Euphorbia robusta T 0 O T 0 O
Artemisia biennis T 0 O T 0 O
Cireium undulatum T 0 O T 0 o0
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partially destroyed asAmud énq debris overflowe4m15 foot deep gullies and
deposited 1 to 2 feet of mud oyer.half the macroplot. This action re-
moved and buried much végetation. This phenomenon.was also observed on
south-facing side canyons coming into Logan Wash. Considerabie scouring
‘and gullying was noted at mid—slope,,and»mud and debris accumulated at
slope bases.

ﬁegeCation:behind the old exhaust stack has recovered to normal con-
ditions and the new exhaust gtack, although very recent, has agpegred to
have little effect on surrounding vegetation.

By comparing the values preéented in tables of preceding reports and
noting climatic data for ehat‘same period, we can judge that almoéf all
fluctuations detected by the four years 6f sampling fhus far are largely
due to climatic and seasonal variations. Mining activity up to,thé ﬁre—
sent éeems to have had little effect on vegéta;ion and its growth. The
oniy detectable change‘from mining acti&ity has Been surface destructioﬁ

from tailing deposits and road-building activity.

CONCLUSIONS
Tweﬁty-one vegetation macroplots'were resuryeyed in late Augqst—
early September, 1979. Tabular summaries of the data were organiéed for
each community type.

‘Little difference in overstory and shrub cover occurred between 1978
and 1979 due to similar soil moisture conditions. Seedling and root
_sﬁckers have .increased in response to this favorable moisture situation.
Annual plant species varied‘dué to their seasonal cycle aqd time Of.
measurement. This changé occurs naturally as these plants complete their
annual life cycle. |

The data coilected dufing the previous four years should give a

good baseline of averagg values -found prior to major activity on the pro-
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¥

perty. These four years, Bédause they represent néar‘averége (1975), £
drought (1977) and wet (1978'anﬂ 1979) conditions, give a good indication
of the natural fluctuations in the vegetation due to the major climatic
control, i.e. winter predipitation. ‘They also include the effects of

frost, insect outbreaks on major species, erosional influences, etc. This

- data bank provides evidence of the importance of these natural perturba-
tions and allows, when coupled with climatic and other environmental

data, the separation of natural from man-induced changes in vegetation.'

RECOMMENDATIONS

Continual resampling of the vegetations should take place to monitor
long~term changes in veéetation th#t might be related to man's activity
on the property.

Reéommendations made in 1978 should be observed. Plots closer to
the mining activity should be established and compared to the baseline
data that has accumulated. A svmmarization of the vegetation data and its
relation to climatic, livestock and insect herbivory, frost, erosional
influences, etc. migﬁt prove useful after next‘year's readings.

Revegetation studies should occur on raw shale mine tailings to de-
termine'plgnt species suitable for revegetation and methods that woulé .
expedite reestablishment of original plant communities. Such a program
is desirable to prevenﬁ'mudflows similar to the natural situation that
occurred in the Kelly Wash area. This would also decrease the risk of
carrying sediments into water drainages and reduce surface‘le;king of

undesirable elements.
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49

0.2

PECTRO-CHERUICAL LABOGRATORY

RS PORCELAIN CUTAPANY
‘GOLDEN, COLORADO, U.S.A.

Mailing Address:
P.A). Bax 500
Golden, Colorado 80401

T LABORATORY: N
MUMBER 905’!1
bATE 21-19
momer
ORIER No 05- l{()lb

v V\”( Ll l
Loy (v, Lolcmujnp ¢g pS L

b A
A-b92  A-l93  A-Lok
49 61 T2
L1 57 56
<1 <1 <1
<1 <1 <1
<1 <X <1
<1 <1 <1
< 0.01 <0.01 <O0.01L
< 0.02 0.03 < 0.02
< 0.02 < 0.02 <.0:02
0.4 0.5 1.2

“octd / SPICTRO-CHEMICAL LABORATORY




Cooly /

Aalylical Report

C. 13174

10

P. 0, hax

2087

Grand Junection, (0

Occidental 041 Shle, Tne.

21507

‘GOLDEN, COLORADO,).S.A.

3070271 A0 B, vty

Attention:  Carol AL ljewsenbnis

T0C '(mg/i)
DOC (my/1)
5205 (me/1)

Nitrogen-K joldahl

(mg/1)

Fecal Colitorm
{colonics/ )i )

IO T

Total Col e,
(cotomivs /oo mry

Totil Alyic 1

e fiar o

Hilver 4(:::;5/'1 R
Yo (e -""I 3

Foreary o000

Roren (mg/1)

AL SE 2

CHSTOMER

/S PECTRO-CHEANICAL LADORATORY

DIVISION OF CU-IRS PORCELAINL COMMPANY

Mailing Address:
P.0. Box 500
Golden, Colorado 80401

“TUABORATORY

nomper . 90SHL . w

9-21-19

OS—li(GlS

DATE

ORDER NO. .

Water ljmn.p.'l.c:'; .

. 5,‘]”./- W, »‘%’\n. S S 110\7‘1- ) ‘1\\1?1, WS )i
A-495  A-496  A-b9T  A-49B  A-K99  A-500  A-50i -
71 207 43 uT 132 73 61
57 193 34 28 119 52 50
2 31 12 <1 8 -8 2
<1 3 1 <1 <1 7 2
<1 <1 <1 <1 <1 <1 <1
<1 <1 <1 <1 <1 <1 <1
i To be reporte'd..
To be reported.
To be reported.
€0.01 <0.01 <0.01 <0.01 <0.0l <0.01 < 0.0l
< 0.02 < 0.02 0.03 < 0.02 <0.02 <0.02 <0.02
< 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02
0.3 3.1 0.5 0.h 0.5 0.2 1.2
< =”less than




C’oo’w‘/

ﬂna[«/fioal /\’ef)oaf

Cro 1u17.4

SPECTRO - CHERICAL LABGRATOR

© TDIVISION OF CC*RS PORCILAIN COMPANY -
" GOLDEN, COLORADG, ULS.A.

30V- 271 4000 €er Vg

Y

Mailing Address:
P.0. Box 500 4
Gotden, Colorado 80401

“LasoRatoRY TN
. " 7 Qg : HUMBER 905h1 »

T0: Occidental 041 Shade, Tne. JEMBER N

P. 0. hox 20637 : —

Grand Junction, CO 819M lf,l.\ LE.. .~ .9_21_._()

: CUSTOMER 08 l"-61"
Attenlion:  Cavoel A Njn-u».w,:zph-x.i..':.u, u 9”""',""‘ NO. . T {L
ol ey L i B - 10y Wk, Sumples ,
E]k\\‘ﬁ 1) A ‘]((-"\ 1114 I’;Jffg LISel ')/),(,
A-502 . A-503  A-504  A-505  A-506  A-507  A-508" \

TOC (mg/1) b2 bs 42 6L 52 2815 133
nee (mg/1) 37 38 36 61 48 2517 125
00y (/1) 8 <1 <1 <1 <1 215 2
Nitrogen-Kd:ldanl 1 <1 1 1 2 2880 6
(mg/1)
Freal Celitorm <1 <1 <1 <1 <1 <1 <1
(c::,}oni.e::/ [ERISEEY ) ‘
HCI
Fodal e <1 <1 <1 <1 <1 <1 <1
(cole o ) :
Total S1ph e/ To be reported.
Tttt 1ot i) To be reported.
P iiaer o0 1 ifi) To be reported.
Silwer fap/ 10 <0.01 <0.00 <0.01 <0.00 <0.01 <0.01 <0.01
Colerinm (nef1) <0.02 <0.02 <0.02 <0.02 <0.02 0.36 < 0.02
Moreney o) < 0.02 <0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02
Roron (mg/1) 1.5 1.4 0.5 3.4 3.8 0.2 2.7

= less than

107

Cocls/ SPI(TRO-'(H!M)(AI. LABORATORY



Cooty /SPECTRO-CHEMICAL LABORATORY
, © DIVISION OF CUORS PORCELAIN COMPANY
' GOLDEN, COLORADO, UL.S.A.

103270 -|vlﬁ()ﬂ L, 2407

Mailing Address:
e P.0. Bax 500
. - . Golden, Col
/]/ra/;//«aaf /\)a)ao'tf . olden, Colorada 80401

CI-"1317.4

(" UABORATORY

"]'0: © " Oceidental Oil Shade, Tnge.: . ) . L HUMBER 905h1
- P, 0. Box 2687 , . , i ,- .
Grand Junction, CO- 81401 - ' Lo bare - _E:Ll_ 9

¢ GmiomER o
Attention:  Curol AL Niicuwnimis ‘ . DR B NO. " 08-1 1615
LNy 1CE pLet Wt

| b /'3.:, 3 | ,"l/..) o N %\{g %0\\\) \j:..};géﬂ) !'Jum'pl(:};u_ "K\x
A 500 A-510 A-511 A-S12 A=S13 A=TlL A-%1S
"q‘oc (mg/1): 61 86 32 91 L7 63 30
DOC (/1) R 90 46 50 26
5008 (re/2) . <1 8 <1 16 2 4 8
‘ f'liLro,g,(.‘n-F.JqunlL’l 1 2 <1 1 2 T <1
(mg/1) -
I"«:(:AJ Colitorm o <1 <1 <1 PE! <1 ' .< 1 <1
(colonic=/100 wt)
GON
Totat -"""; L) g ve reported. )
Torteoad 4 b \i"i'_i//f')A To be reported.
dreiioe e i ) o pe reported..
511w Lo/ 1 ' <0.01 < 0.01 < 0.01. <o0.0L < 0.01 <,o;oi < 0.01
. 1-"","”; (::.,-,':"i)' < 0.0° 0,03 < 0.02 : < 002 < 0.02 <0.02 € 0.02
fxxl "(.';,1"14'} | < 0.02 < 0.02 < 0.02 | <0.02 <0.02 <0.02 <0.02-°
Teaein (mg/1) 1.5 0.3 | 0.k 1.6 2.4 T 0.5
< =

less than

108 - ("L{OU/SP[(IRQ-(H!MI(M LABORATORY




002\)/ SPECTRO j:."([;IE'\1ﬂ(f\l U\BORMYO’I‘(

UIVISION OF: (o uRS PORCELAIN CORPANY L
Mailing Addiess:

| -, GOLDEN, COLORADO, IS P.0. 0 00
Aualylical Repor! | Jor- 20 L 7 Golden, Colorado 80401
Cio1317.a . ‘\

‘ . o 7 LABORATORY _( ..,..-_-. _.-..____.._._\
TO: Occidental 011 Shale, Tuc. . NUMOER 90511 '
P. 0. Rax 2087 ' o
Grand Junction, CO 31501 el [ ) ..2:“'{9
(lhmMFR
Attention:  Curol A. Hicuwenhnis - - oroen no. . 0S- 17615
Loyt S8V Uptanfran WS RXC vat les
i Q\ gla 4 4 wauwmes
.A-516 - A-51T A-518  A-519  A-520 A-521
T0¢ (me/1) 37 33 3 b1 2035 167
nee (/1) 32 32 35 37 1958 134
£5:0Q4 (nu‘.(/_]-) 1 8 8 2 595 32
Nitrogen-Kjedldehdl ¢ q 2 N 1 2820 18
(mg/1)
Fecal Cotitorm <1 <1 <1 <1 <1 <1
(colond:: /l\)(' mh) :
SO :
Tolal ol irorny < 1 <1 <1 <1 <1 <1

Aevlontenf o wl)
Total Avde o I i/:!' } To be reporte_d.
Toted Lol ((i/1) To be reported.

Fadiae v i 1) To be reported.

Silver Legf < 0.0l <U.uL <001 < 0.0 <0.00 <0.01

Sodeprinn (Lens 1) 0.0k < 0.02 < 0.02 < 0.02 0.38 0.03

Sy L) < 0.02 < 0.02 <0.02 <0.02 <0.02 <0.02

Boron (mg/1) 0.6 0.3 0.4 0.6 0.2 9.0
< = less than

Coctd / SPECTRO-CHEMICAL LABORATORY




Cools /SPECIRO - CHELICAL LABORATORY
‘s ' » DIVISION OF (0075 PORCELAIT COMPANY
GOLDEN, COLORADO, U.SA.

K%nz4ydbaf Repord

Cl-1317-4

TO: . Occidental 0il Shale, lne,
- P, 0. Rox 2037
* Grand Junction, CO H51um

Atteution: Carol A, Micuwentmic

SM\"«\’;»\C\ \Djé\ N
A-522 A-5P%
TOC (mg/1) 9 L
Boe (mz/1) b 3
f2 0y (/1) < 1 <1
Nitrogen-Ejoeldahl 3. 2
(wig/1)
Fecal Colitorm ‘ < 1 < 1
(colonins/toon m)
e
AT 01 o <1 <1
: ((‘Q']:.L.)'Il“’jx":.'-/It ¥ o)
Totin) SwpuA‘gy*i/ia To Be Reported
Tt b g i4,'i|.) To Be Reported
b G ’,",""!,-"] 3 To Be Reported
£ 0yer (B 1) < 0.01 < 0.01
Coolendvn (hﬁ/]) < 0.02 < 0.02
Fooreary o PERER] < 0.02 < 0.02
Boron (mg/1) 0.7 0.5

110

301278 4000 Evt, 2107 o

Geper Porc -
bl:ﬁ\t'c 4 o

A-52
13
10
< 1
2
< 1
< 1
< 0.01
< 0.02
< 0.02
0.2

Mailing Address:
P.0. Box 500
Golden, Colorado 8040}

ORDER NO. .

LABORATORY
NUMBER 9070k )
DATE 9-25-79

USTOMER - .

CHSTOM | 05-17615

Lower Paqe

onute 4l
A=525
10
by
< 1
2
< 1
< 1
< 0.01
< 0.02
< 0.02
0.2

Water
S kelly 1
A.52R
50
b5
16
30
< 1
< 1
< 0.01
< 0.02
< 0.02
0.4

Covls/ $PECTRO-CHERMICAL -LABORATORY




oozo//sr ECIRO-CHEFNCAL LADGRATORY
‘DIVISION OF CC"S TORCELAIN COMPANY

kS - GOLDEN, COLORADO, U.S.A.

JOR. 224 AL Ewrl S0 -

Mailing Address:
P.0. Box'500
Golden, Colorado 80401

ﬂnalf//wal Qe,aod

i rarra
o LARORATORY

TO: . Occidental 0il Shridu, lne. o IUMBER 9070!*

0 g;‘agc.l L;ﬁﬁcffg.i, ¢o 810l _ bATE 9-25-79
Attention: Cueol Al flivemimise . ‘(’l'::"t(')’Msg_;___S)s -17615
s alle Rlegdhnfod 8123 %‘ Water
A-527 A-528 A-529 A-5%0

T (mg/1) 12 6 54 1383

1eC (/1) 8 <1 Ly 1158

£00y (ngg/1) <1 <1 1 231
Nitrogen-Kjuldalil 2 2 20 910

(mg/1) '

Feenl Colitorm <. 1 < 1 < 1 < 1
(cotondes, s )

SCH

ool e e < 1 <1 < 1 <1
{(catoniesfon )y

Potad Adpie fti/0) To Be Reported
S gt vietif ) To Be Reported

Pecbiog v A To Be Reported

Bilver Dy < 0.01 < 0.01 < 0n.m < 0.0

e Vemine (mee1) 0.0k < 0.02 0.07 1 0.07

Moreira (i) < 0.02 < 0.02 < 0.02 < 0.02

Boron (mg/1) 0.k 0.3 0.9 0.6

("oou/ SPECTRO - CHERICAL LABORATORY

111

ce

1]




pes Y

ﬂnaly&oa[ /?e?ou‘

Ct. 1317.4

T0: Occidental 0il Shale, [ne,
"F. 0. Box 2087 _
Grand Junction, CO  H145M

Attention:  Curol A, Nicuwendmis

- 51«1?01' . L& | E'S\ ‘
A-531. A-53P
- TOC (mg/2) 38 52
poc (ny/1) 26 A3
520a. (mg/1) <1 <1
Nit.r.og,cn-l".;j\~flclellL'l' 2 1
(mg/1)
Feeal Colitorm <1 <1
(coloni-n/ioe w)
'Béron (mg/l) -3.'11 0.6
Tolal Colifrore: <1 <1
(coloni-=/100 wt)
Tolul Arvlee Lo/ To Be Reported
Tt botn -\_,,;ti/‘l) To Be Reported
Wodiam (‘,"f'i“,/,l) To Be Reported
Silver (/1Y <0.01 - < 0.01
Cedeninn, (vecf1) : . < 0;02 < 0.02
’;.i.;,..(..,;_,‘_-,:' Gaft) < 0.02 < 0.02
' < = Less Lhan
112

Eite o1 e

DIVISION'OF (0025 PORCELANI COMPANY
COLDEN, COLORADO, U.S.A.

303-278 AU00 Lxr, 72407,

Coots /4!{!(”%0-(!:iE"'.II(.I\l LARGRATORY

Mailing Address:
P.Q..Box 500
Golden, Colorado 80401

LABORATORY )
. Nuwggr 90901
DATE 10-11-79
TarnonerR
| ORPER NO. 0s 17615
LIL s¢-2 LiLsw-lyater LiL=w3
U3 o g3
A-533 A-53M A-535
105 86 60
a3 4o 58
<1 <1 <1
15 11 18
< 1 <1 <1l
<0.1 0.4 < 0.1
<1 <1 <1
< 0.01 < 0.01 < 0.01
< 0.02 < 0.02 < 0.02
< 0.02 < 0.02 < 0.02

Cools / SPECTRO-CHERICAL LABOBATORY




Cools /SPECTRO - CHELUCAL LABGRATCRY
... DIVISION OF 01RS PORCELAII: COMPANY S Mailing Address:
AR GOLDEN, L_OLORI\DQ,. U‘.SAA.l : P.O. Box 500
fqna[y/‘ml /),/Fad 303-275 4000 Ext. 2307 - Golden, Colorado 80401
(G '

Cl.1317-4

"LARORATORY

‘TOI . Occidental 0il :S.'h:ll.h.-,' L, __NUMBER ‘90901
C T P. 0. Rox 2087 ’ L
Grand Junction, O 31507 . _li“ _T_ﬁ____ 10-11-79
‘ , L | cusioMER ’
CAttention:  Carol: A Hicuvenbuis ‘ . _PRORERNO. . 9?.-.17615
. B N O R 5 2 R 32 33 Water
R . AR ' o als e
. . A-536 A-537 A-539 A-5ho
TS (mg/1) . .75 107 18 27
pec (mg/1) , k9 95 Y ¢ 21
S20a (ng/1) <1 <1 g <1
Nitrogen-Ejeldnnl -~ 2 5 1 2
(mg/1) o
Feceal Colitorm <1 <1 <1 <1
(ol On‘iz::t/‘,!_-.l(" )
Boron (mg/1) . 0.5 0.5 . 0.3 - 0.3
Pod 0§ P . <1 <1 = <1 <1
{coloni- =/ 1uin ml) A
Tolad Alplee (10i/1) To Be Reported
Totar b Ln i) To Be Reported -
it G (i /1) 'To Be Reported
Gilve r (e 10 . , 0.01 < 0.0 < 0:0L < 0,01
S leniom (er/1) < 0.02 < 0.02  < 0.02 < 0.02
Ve i) < 0.02 < 0.02 < 0.02 © <0.02

< = Less ‘than

113




€o0is /SPECTRO-CHEMICAL LABORATORY

Analylical Report

Cl-1317-a

TO:

* Occidental 0il Shale, Inc.

P:. 0. Box 2687

* Grand Junction, CO 81501

* Attention: Carol A. Nieuwenhuis

~ DIVISION OF €00"3 PORCELAIN COMPANY

GOLDEN, COLORADD, USA. Hailing Address:

P.0. Box 500

303-278-4000 Ext. 2302 Golden, Colorado 80401

( LABORATORY )
NUMBER 98813
DATE 8-8-79
CUSTOMER
ORDERNO. AFE 977901-477901

Logan Wash Samples

Reanalysis
Sample I.D. Total Coliforms TOC DOC
o (colonies /100 ml) (mg /1) (mg/1)
a3se 08 tlalaq <1
a3so 1 2l lA <1
A-360 2 L 1"‘?'1&1 <1
a-361 tot 2 Eal] <1
a-362 Qoan ! 'S"_j L «1
a-363 joy %] 15174 <1
aosssiieser 2l o
passiind v
A-370 108 LT <1
A-386 Lofvn SILI)'I‘I ' 550 220

CORRECTION COPY

€o0t6/ SPECTRO-CHEMICAL LABORATORY

- ;//Q—f// 2.

LABm{ToRY MANAGER /



€ools /SPECTRO-CHEMICAL LABORATORY

DIVISION OF COORS PORCELAIN COMPANY Mailing Address:

o GOLDEN, COLORADO, U.S.A. v P.0. Box 500
Analylical Report 303-278-4000 Ext. 2302 ~ Golden, Colorado 80401
C'~|3I7-A‘ .

/M UABORATORY N
TO: . Occidental 0il Shale, Inc. NUMBER 91016 .
P. O. Box 2687 A :
- Grand Junction, €O 81501 DATE 10-2-79 .
' cusToMER
. Attention: Carol A. Nieuwenhuis ORDER NO. 7615
Water

Additional Work to CSL 90157

Sample I.D. ATotal Alpha Total Beta Radium 226
‘ (pCi/1) (pCci/1) 4 (pCi/1)
A-Llg £4/t0 b .{/2 3 0.1 2 '
a7y Bosdun 6l 59 52 1.7
A-yre s 6 el 0.3 0
A-brs Lapse €D 7.2 10

115 ’6’0016/ SPECTRO-CHEMICAL LABORATORY

LABORATORY MANAGER % A



’@00% SPECTRO-CHEM'CAL lABORATORY

- DIVISION OF COOP: "ORCELAIN COMPANY : . S
. Mail ddress;
GOLDEN, COLORADD, US.A. b s

’4 ﬁ . | 3?3-278-4000 Ext., 2302 . _\Golden, (Eo!m?de 80401 .
CI-1317-a . -
. : . S , / LABORATORY
TO: . occidental 0il Shale, Inc. : - NUMBER 91015
' P. 0. Box 2687 . S :
..Grand Junction, CO 81501 DATE 10-2-79
' CUSTOMER 6
.‘Attention:  Carol A. Nieuwenhuis _OROERNO. - O 17615
Water
Additicnal Work to CSL 90099
Sample I.D. Total Alpha Total Beta C Radium 226
: (pCi/1) A (pCi/1) : (pCi/1)
A-USOLopAmihisl e, 21 | -6
S AWSlsapg-y ‘_)//30‘ 0.0 ' 17
A-US52 LaPs-2 S/30 9.3 11
A3 eme-) /50 b8 2 4
A-bSh 2ar-f2l & 5-[9/ 20 : 57 . 1.7
A-U55 B 5/37 0.0 : 0 o
“ ek )
}A4-1+56y”;.¢uﬂ¢zuw%/ 7.2 - ‘ 22
A-45T e Romv 577 1.8 0
A-hsgLwseLwh g 9% C 0.2
A-bsgLit-wy el o o0 . 0 |
A-4go W %l 1.k 101 0.
A-hgl WS bl 2.5 . . 1 ‘
A-465 Lyt el 2.6 b2 0.2
A-L66 T L 7.0 17
PR A AL 2.1 26 _
A-LAB Smidh b1 6.0 - 52 0.3
A-bggfor @7 0.9 7 .
A-k70 f2.0 €l7 11 o 72 1.8
116

%ﬂlo (H!MIC}BORA‘IORY
’// z .
= { 7z / ]

LABORATORY MANAGER




Cools /SPECTRO-CHEMICAL LABORATORY

ﬂnc&;&od Report

Ci-1317-A

T0:

4225, DIVISION OF COORS PORCELAIN COMPANY
»  GOLDEN, COLORADO, USA.

303-278-4000 Ext. 2302

Mailing Address:
P.0. Box 500
Golden, Colorado 80401

/ LABORATORY
. Occidental 0il Shale, Inc. NUMBER 905h1
. E;Ar?é ?fiﬁéfﬁﬁ, co 81501 DATE _10-31-73
! < CUSTOMER
. Attention: Carol A. Nieuwenhuis ORDER NO. 05-17615
Water
Sample I.D. * Total Alpha Total Beta Radium 226
" (po1/1) (sC1/1) (c1/1)
A-b7h 2050 610y 20 h
A-U7S ing-l li3 53 35 1.5
a-b7e Mokl wlNY 3.h 14
A-477 I3 sl 6.0 11
A-78L2f3-% 127 b1 15 © 0.k
a-lpg Rl sl 0.0 1
A-4BOLI®S G127 11 .1
A-481 LMmR- ’.'9()..") sk 31 0.1
A-ygp maL- et 1.5 2l
a-lgy v b © ha 23 6.
A-b8 tog el 7.5 2
a-ygs et b ! W 3.8 21
a-bgg Ry 1 21 0
Y 33 0.1
ausan ot 1y 3 16 0.
A-b89 joy T3 17 35 - 3.3
A-bg0 Beaus i | 66 15 0.5
117 €oots / SPECTRO-CHEMICAL LABORATORY

y WY P 12

LABORATORY MANAGER

e



DIVISION OF COORS PORCELAIN COMPANY

LA

Cools /SPECTRO-CHEM!CAL LABORATORY

Mailing Address:

| . , GOLDEN, COLORADO, U.SA. | D0, Eor SO0
A ; Y ,. QW | 303-278-4000 Ext. 2302 |  Golden, Colorado 80401
TO: .Occidental 0il Shale, Inc. | KLASSSQZ‘(:RY 90541 )
| o pATE - 10-31-79
GRoeRNo.  0S-17615
Water
Sample I.D. Total Alpha . Total Beta Radium 226
(pCi/1) (pCi/1) : (pCi/1)
A-bor B W 9.5 .13
A-b92 SO A 1.5 6
A-493 LQ(\-M{‘; 1y 0.0 8
A-hohlres-2 1\ 0.5 1
A-495 L2 0570 1\ 0.8 0
A-Lg LN 1hey k.5 13
A-bg7 . Yhao 17 5
. A-hgBSivid AR 16 2l 0.3
a-kgg o - 6.0 13
A-500 112 T 9.5 9
A-501 NS “!\"f 7.5 © 15 0.2
A-s02 foy W% ks 2
A-503 LiL P23 -":‘{", 15 2
A-soy Lol i 9.5 1h
A-305 L g-1 711 35 13 0.5
A-506 io?v’“"\ ‘ 28 L 15 0.1
A-s07 fet b Wby 105 9 1

A-508 LiLscz Al ol . ]




Analytical Report

Ci-1317-A

TO:

© A 517 Lqu‘&‘

Sample I.D.

A-509 LIL X3 Tl

A-510 1% 1)

A-511 el g
A-s12 1T sl¢
A-513jci 8K
A-s1h 108 Sk

A-51517 %\

A-516 Lolgw g\y
Az an
A‘518 ?"".l\ )\(‘
A-519 1S <14
aoso e & 219

g

A-521 [(% ﬁ\-

SPECTRO-CHEMICAL LABORATORY

+++DIVISION OF COORS PORCELAIN COMPANY
» ; GOLDEN, COLORADO, U.S.A.

303-278-4000 Ext. 2302

- Occidental Oil Shale, Inc.

Total Alpha
(pCi/1)

1.5
6.0

11
3.0

15

12

79

15

Total Beta
(pCi/1)

L
3
151

196

12

Mailing Address:
P.0. Box 500
Golden, Colorado 80401

{ LABORATORY
NUMBER

90541

DATE

10-31-79

CUSTOMER
ORDER NO.

08-17615

Radium

Water

226

(pCi/1)

0.3
T 2.0

0.3

119 4 6’0014/ SPECTRO- (H!MI(AI. LABORATORY

BY

LABORATORY MANAGER
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€oold /SPECTRO-CHEM!CAL LABORATORY

DIVISION OF COO™ ' FORCELAIN COMPANY Mailing Address:

_ w GOLDEN, COLURADD, USA. i
Anadutical P / ~ 303-278-4000 Ext. 2302 Golden, Colorado 80401
Ci-1317-A

@BORATORY 070k )
TO: . Occidental 0il Shale, Inc. NUMBER 9070
P. 0. Box 2637
. Grand Junction, €0 81501 DATE 10-31-79
CQSTOMER 0 61
. Attention: Carol A. Nieuwenhuis ORDER NO. 5-17615
Sample I.D. Total Alpha Total Beta Radium 226
(pCi/1) (pci/1) (pci/1)
A-ge2. St f 12 27 0.5
a-se3 o 3L E 0.0 0
A al v
A-524 t‘}'ll\:.(,-"w‘:\". ‘\\"' 3.0 18
Low 4" .
A-525 farathatr W\ 0.1 0
A-526 \"\{{A\V\?‘ Al 19 5
a-s27 oy L 1 0
A-528 Rl €12y 30 a7 0.2
A-529 foi gl 0.0 12
A-530 obinl 3 11.2 32 0.3
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o ‘DIV|SION OF COOR35 PORCELAIN COMPANY Mailing Address:

o . GOLDEN; COLORADO, U.S.A. PO Bxsl -
4, - .+ 303-278-4000 Ext. 2302 Golden, Colorado 8040}
Analylical Report , o
Ct-1317-A
. / LABORATORY
TO: .oOccidental Oil Shale, Inc. NUMBER 90901
. Grand Junction, CO 81501 DATE 10-21-79
. CUSTOMER 08 6
. Attention: Carol A. Nieuwenhuis __ORDER NO. -17615
Water
. Sample I.D. Total Alpha Total Beta Radium 226
: (pCi/1) (pCi/1)- (pci/1)
A-531 L2 P51 %l 26 39 0.5
A-sz2 LSt KA 6.0 21
A_535 L‘,LSE'Z. \slgf‘ l.s 5
A-53k LLSwd $Bo 1.5 ‘ o7
A-535 LIL-~3 glao 3. 12
a-s36 PLEC) ¥ 7.5 L 0.8
. al¢ '
A-537 10§, a 0.0 9
A-s39 32 als . a1 ~
B ," P
A-5ho >3 2k 3.0 21 -
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 Coots /SPECTRO-CHEM!CAL LABORATORY

DIVISION OF COORS PORCELAIN COMPANY Mailing Address:

GOLDEN, COLORADO, U.S.A. P.0. Box 500
A 303-278-4000 Ext. 2302 Golden, Colorado 80401
ﬂmlql«'cal Report ' '
( LABORATORY
TO: . Occidental 0il Shale, Inc. NUMBER 91117
P. Q. Box 2687
Grand Junction, CO 81501 PATE 11-12-79
CUSTOMER
. Attention: Carol A. Nieuwenhuis ORDER NO. 05 17615
Water.

Sample I.D. Total Alpha Total Beta Radium 226
] (pCi/1) : (pCi/1) (pC1/1)
A-su1 QK16 TIC 6.8 0 ]
A-543 Smwin a 0.8 9 -
A-shy Jor  aly 3.8 76 0.13
A-545 Logam W 5.% 6 ' s
A-shg 121 Al 2.3 0 _
A—S'-J-? u £ r“'.."'-‘""‘ "\\\?.. 5.3 20 _
A-5L8 fowes Beae YHIL 9.8 10 -
A-5kg ik "‘0\‘35 1.5 78 0.04
A-550971P ‘\“-F 6.0 5 -
A-552 1S Lo 1.5 62 0.21
A-553 11 qlve 2.2 3 -
A-s5h jor alwe 15 , %0 0.12
“A-555 ek e 7.5 30 0.17
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