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I. INTRODUCTION 

The progress presented i n  t h i s  r epor t  covers t h e  per iod September 1 through 

November 30, 1979 under the  work scope f o r  Phase I1 of the  ~ O ~ / O c c i d e n t a l  

O i l  Shale, Inc. (OOSI) Cooperative Agreement. 

The major a c t i v i t i e s  a t  OOSI's Logan Wash s i t e  during t h e  q u a r t e r  were: 

d r iv ing  t h e  access d r i f t s  towards the  underground loca t ions  f o r  Retor ts  

7 and 8; manway r a i s e  boring; const ruct ing the  change house; rubbling t h e  

f i r s t  l i f t  of Mini-Retort ( M R ) l ;  preparing t h e  Mini-Retorts f o r  t r a c e r  

t e s t i n g ;  coring of  Retor t  3E; and beginning the  DOE instrumentat ion program. 

11. RETORTS 7 and 8 

1. M I N I N G  

Mining a c t i v i t i e s  t o  access Retor ts  7 and 8 continued during t h e  q u a r t e r  

with progress i n  severa l  a reas  f o r  a q u a r t e r l y  t o t a l  of 720'. See Figures 

1-3. 

The progress consis ted  of mining 389' of t h e  L-910-E d r i f t  and i n c l i n e  t o  

Retort  7, 82' of the  L-1230-E d r i f t  i n  f r o n t  of t h e  r e t o r t s ,  20' of  L-380-N 

between t h e  r e t o r t s ,  116' of t h e  o r e  pass  run around o f f  t h e  L-1230-E d r i f t ,  

t h e  manway d r i f t  from t h e  L-380-N t o  t h e  manway r a i s e  locat ion,  an 18' x 30' 

t ruck turnaround f o r  muck loading operat ions,and 30' of  an 8' x 8 '  heading 

o f f  t h e  U-905-E d r i f t  o f f  the  U - 1  i n c l i n e  towards t h e  upper l e v e l  of Retor ts  

7 and 8. 

I n  t h e  p i l l a r  t e s t  a rea ,  t h e  A-725-E d r i f t  was advanced 213' i n  t h e  upper 

l e v e l  andthe  U-BL8b~was advanced l ' l b '  i n  t h e  lower l eve l .  

In  October, a t rench was mined ac ross  t h e  L 1  i n c l i n e  from t h e  L-970 

cross-cub to L-970-N. An a i r  c u l v e r t  was placed i n  t h e  t rench and then 

covered with shale.  Bulkheads were b u i l t  on t h e  L 1  ends of t h e  970 d r i f t s .  

This nrrangcmcnt was i n s t a l l e d  to improve a i r  v e n t i l a t i o n  and provide f resh  

a i r  t o  t h e  mine workings near Retor ts  7 and 8. Other instrumentat ion,  

v e n t i l a t i o n  and u t i l i t y  support work continued. 

The d r i l l i n g  con t rac to r  moved on s i t e  e a r l y  i n  November and s t a r t e d  r a i s e  

boring operat ions.  The manway r a i s e  p i l o t  hole was d r i l l e d  by mid-November. 

A t  t h e  end of November, 177 'o f  t h e  8 '  diameter manway r a i s e  had been pul led .  



Run Aroun 

Figure 1. Mining progress during the quar ter  (September - November, 1979) 
a t  the  Lower Level shown i n  crosshatched areas. 
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Figure 2. Mining progress during the  quar te r  (September - November, 19'19) 

a t  the  Upper Level shown i n  crosshatched areas.  





2. CONSTRUCTION 

Construction a c t i v i t i e s  progressed on the surface and a t  the lower mine 

level .  

On the surface,  the e l e c t r i c a l  substation fo r  Logan Wash was relocated and 

the  location fo r  the  surface f a c i l i t i e s  was graded. E lec t r ica l  conduit 

t o  the  manway r a i s e  location was in s t a l l ed  i n  October t o  provide.power f o r  

the  d r i l l  r ig .  Also the pole l i n e  from the emergency generator t o  the  

vent i la t ion  fan above the U-500 d r i f t  was relocated. The d r i l l  pad and 

c o l l a r  f o r  the manway r a i s e  was excavated and poured and excavation f o r  

the  off-gas r a i s e  dri l l  pad and co l l a r  was begun i n  October. By the end 

of November the d r i l l  pads and co l l a r s  f o r  the off-gas r a i s e  and the venti- 

l a t i on  r a i s e  had been completed. 

A t  the  lower mine level ,  the  major a c t i v s t i e s  centered around the Mini-Retorts 

(MR) and change house construction. In the Mini-Retort area,  i n s t a l l a t i o n  

of e l e c t r i c a l  power and off-gas piping began i n  October. The pre-blast  piping 

i n  the  bottom of MF!l was completed and the blower t o  be used f o r  t r ace r  t e s t s  

and burner t e s t s  was ins ta l led .  The cribbing a t  the bottom of MR1 was con- 

structed.  The i n s t a l l a t i o n  of off-gas piping i n  the bottom of MR2 began. 

After the b l a s t  of the  f i r s t  l i f t  of MR1, building the bulkhead a t  i t s  lower 

leve l  was s ta r ted .  

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

completed i n  October ' for  the construction subcontractors use. 

The subcontractor fo r  the change house was mobilized i n  l a t e  September. 
\ 

The foundation was poured and the water and sewer services  were t i e d  i n  

by mid-November. The f i r e  water l i n e  w a s  a l so  ins ta l led .  The building 

frame was erected. 

Other progress was: construction of an a i r  cur ta in  on the L1 inc l ine  was 

s t a r t e d  i n  l a t e  November; e l e c t r i c a l  expansion for  Retorts 7 and 8 was 

s ta r ted ;  the  pad for  a 1000 KVA transformer was poured; and t h e  f i r s t  

Smdia Labs computer t r a i l e r  was set up outside the Research Mine por ta l .  



V. ENVIRONMENTAL SUPPORT 

L 

This sect ion .contains da ta  f o r  t he  environmental monitoring period of 

August through November 1979, and includes data  not reported .in previous 

Quarterly Reports. 

~nvironmental  monitoring"has continued on the  Logan Wash mine s i t e  and 

nearby area. The area i s  characterized a s  rugged and mountainous with 

s teep  b lu f f s  and high e levat ion,  and is located i n  western Colorado about 

10 miles northeast  of t he  town of DeBeque. Figure 4 i s  a map of the  area 
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showing elevation contours and the  locat ion of the  e n v i ~ g m e n t a l  monitoring 

s ta t ions .  The e levat ion of t he  area ranges from 7000 t o  9000 f e e t  above 

sea  l e v e l  a s  shown i n  Figure 5 which presents  an e levat ion p r o f i l e  through 

the  pr inc ip le  areas  of ac t i v i t y .  

The environmental monitoring network cons i s t s  of several  s t a t i o n s  f o r  col- 

l e c t i on  of meteorological, hydrological, water qua l i t y ,  b iological ,  and 

photographic data. These s t a t i ons  and the  data col lected a t  each a r e  shown 

i n  Table I. Table I1 presents  the  water qua l i ty  sampling s ta t ions .  Data 

col lected a t  these s t a t i o n s  f o r  t he  months of August through October 1979 

a r e  included i n  Appendix A of t h i s  report .  Hydrologic data  forwarded t o  

Geothermal Surveys, Inc., has not been reported f o r  May through October 

1979. This da ta  w i l l  be reduced by Occidental personnel f o r  the  next 

quar te r ly  report  and w i l l  include the  following; 

~ydrothermograph a t  3 s t a t i o n s  (gate,  mine, tower) 

Evaporation measurements a t  2 s t a t i ons  (gate,  tower) 

Wind gauge data  a t  2 s t a t i ons  (gate, tower) . 

Rain gauge data a t  5 s t a t i ons  (gate, mine,  tower, Smith Gulch, . . 

Logan Wash) 

S t i l l i n g  well  data' a t  2 s t a t i ons  (Smith Gulch, Logan wish) 

Surface water runoff a t  3 s t a t i o n s  (Smith Gulch, Logan Wash, 

Dry Gulch) 

An Ecological baseline study of f l o r a ,  vegetation, and s o i l s  i s  included 

i n  Appendix B of t h i s  report .  The vegetation data and analysis  f o r  September 

I979 a r e  included i n  t h i s  baseline study. A t  the  s i t e ,  th ree  p l o t s  have 

been prepared f o r  mulching a s  p a r t  of the  reclamation program. 
. * 



111. OXY FUNDED ROCK FRAGMENTATION PROGRAM 

The f i r s t  l i f t  of Mini-Retort 1 was shot on Monday November 19, 1979, 

and seisn.ic and a i r  b las t  measurements and motion picture photography of 

the b las t  were taken. During the week following the b las t ,  the sternming 

was cleaned out of the b las t  holes i n  the MRl s i l l  p i l l a r  i n  order t o  gain 

access t o  the rubble fo r  surveying and photography. 

I V .  DOE FUNDED TASKS 

The secrecy agreement between OOSI and Sandia was signed i n  mid-November 

and Sandia submitted a revised instrumentation proposal for  DOE and OOSI 

t o  review and approve. 

The mine s t a b i l i t y  portion of the DOE instrumentation program was s tar ted  

i n  the l a s t  week of November with Sandia personnel and equipment arriving 

a t  the Logan Wash s i t e .  By the end of November, the instrument t r a i l e r  

had been s e t  up outside the Research Mine haulage portal. 

The coring operation phase of the leaching program was begun i n  September 

a t  Retort 3E. Two spent shale cores were taken from the retort .  In a 

joint  e f fo r t  with the DOE and its representatives, the cores w i l l  be 

analyzed t o  determine whether o r  not a f i e l d  leach t e s t ,  using Retort 

3E, w i l l  be desirable. 
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Figure 5. Elevation profile for Logan Wash Mine area. 



TABLE 

STATION LOCATION 

GUARD GATE 

HEATER-TREATER 
(MRI STATION) 

LOWER BENCH 

METEOROLOGICAL TOWER 

MONITORING STATIONS 

AT 

LOGAN WASH SITE 

STATION CODE 

GDGATE 

HETRTR 

LWRNCH 

METOWR 

MEASUREMENT 
ELEVATION LEVEL 
ABOVE GROUND 

Temperature ) 2 METER Re1 a t i  ve Humidity) 
Evaporation 
Preci p i  tat lon 
Wind Speed 

Wind Direct ion) 
Wind Speed ) 1 0 METER 
Temperature ) 
Inversion Height 

Temperature 2 METER 
Re1 a t i  ve Humidity 
Prec ip i ta t ion  

Wind Direct ion ) 
Wind Speed 
Temperature ) 30 METER 1 
Delta Temperature) 
Par t icu l  ates 1 
Relative Humidity ) 2 METER 
Solar Radiation ) 
Evaporation 
Prec ip i ta t ion  



TABLE 11 

WATER TYPE 

A1 1 uv i  a1 We1 1 s 

WATER MONITORING STATIONS AT LOGAN WASH SITE 

Deep We1 1 s 

Streams 

Retorts 

STATION 

LWlOl 
LWlOlA 
LW102 
LW103 
LW104 
LW112 
LW115 
LW121 
LW22 

LW32 
LW33 
LW46 
LW47 
LW 1 08 
LW 106 
LW45 
LW116 
LMBl 
PLRLl 
LILSWl 
LILSE2 
LILN3 
L2 PS 1 
L2 PS2 * UIL600 

.& T~ LR:&? AL-N1 
r,.- I $&g7 .- < 

2Ln $f-T 
Bowdi s h Gul ch 
Logan Wash 
upper Roan Creek 
Lower Roan Creek 
Smith Gulch 
Kel ly  Gulch 
Ri ley Gulch- 
Upper Parachute Creek 
Lower Parachute Creek 
Dry Gulch 

.- , ,. - f '  ,ye .. 4 

'\: - , , %  -, .:, +;,, 3-',?- 
i -,;;!::i$.< 2; 

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

. . 
STATION CODE 

LWAl 01 
LWAl 00 
LWA102 
LWA103 
LWA104 
LWA112 
LWA115 
LWA121 
LWA022 

LWSOOl 
LWS002 
LWS003 
LWS013 
LWSOO4 
LWS005 
LWSOO6 
LWSO07 
LWS017 
LWSO08 

LWROOO 
LWROOl 
LWR002 
LWROO3 
L W ROO4 
LWR005 
LWR006 



LOGAN WASh WATER QUALITY SAMPLING FREQUENCY BY SITE 

Figure 6, Water quality sampling frequency. 



Color s l i d e s  (135 mrn) have been taken a t  twenty-eight photomap s t a t i o n s .  

Photographs were taken during August and September 1979 and t h e  s l i d e s  

f i l e d  a s  a p i c t o r i a l  record. 

Power t o  t h e  Acoustic Radar was temporari ly shutdown during high s c a l i n g  
. . 

opera t ions  a t  t h e  upper mine bench from August 1 through October 24,  1979. 

The ambient temperature probe a t  themeteorologica l  s t a t i o n  malfunctioned 

and is  being repai red .  

Figure 6 shows water q u a l i t y  labora tory  analyses  included through Sep- 

tember 1979. Deep w e l l s ,  UILSWl and UILSE2 were dry during t h i s  r e p o r t  

period.  Appendix C conta ins  water q u a l i t y  analyses  performed by Coors 

Laboratories  f o r  June through September. 

The prevention of S i g n i f i c a n t  ~ e t e r i o r a t i o n  (PSD) permit  a p p l i c a t i o n .  

was approved and went t o  Public  Hearing on October 6, 1979. The permit 

was i s sued  on November 1, 1979. 

V I .  SCHEDULE 

The major a c t i v i t i e s  i n  mining and const ruct ion  a r e  on schedule. , 

V I .  PLANS FOR THE COMING QUARTER 

The major a c t i v i t i e s  planned a re :  

Load with explosive and b l a s t  MR2, MR3 and t h e  second l i f t  of  MR1. 

Perform necessary cons t ruct ion  t o  t r a c e r  test  MR2 and MR3. . Tracer t e s  L M82 and the  f i r s t  l i f t  of  MM. 

Bore t h e  manway, v e n t i l a t i o n  and off-gas r a i s e s .  

Complete 'mining t h e  p i l l a r  and opera t iona l  test  areas.  

Continue access  d r i f t i n g  towards Retor ts  7 and 8 on t h r e e  l eve l s .  

Complete f i r s t  phase of  su r face  s i t e  prepara t ion .  

Continue change house cons t ruct ion .  



APPENDIX A 
ENVIROMMENTAL DATA 

This append: - -  mntains environmental data collected- 
during thc rnol~ ;s of August, September, and October, 
1979 
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DESCRIPTION OF DATA SYMBOLS: 

Symbols used on meteoro log ica l  and a i r  q u a l i t y  data sheets are: 

C A Cal i b r a t i o n  

Mai ntenance (changing paper, tape f i  1  t e r s )  

Flame o u t  (on the  gas chromatographs) 

Inst rument  mal func t ion  

Power f a i  1  ure  (generator  f a i  1  ure, power outages) 

Recording system f a i l u r e  ( c h a r t  jams, runs out ,  tape 
casset te  f a i  1  s, on-s i  t e  computer goes down) 

Local in ter fe rence (ca r  nearby, contaminat ion by generator)  

Off: sca le  ( a t  top o f  c11dr.t datd vdlue yredler .t;lldrl r-dnye 
o f  ins t rument )  

Special  experiment ( inst rument  o f f -1  i ne f o r  bag sample 
ana lys i s  o r  removed f o r  specia.1 measurements i n  area) .  

Var4able wind d i r e c t i o n  

In te r fe rence  (C02 i n t e r f e r e n c e  on s u l f u r  data, SO2 
i n t e r f e r e n c e  i n ox idant  readings)  

Not v i s i b l e  (data n o t  v i s i b l e ,  w i t h i n  range o f  inst rument1 
recorder;  data presumed monitored) 

Operator e r r o r  ( f i e 1  d  tech., leaves swi tch  i n  wrong p o s i t i o n )  

Out f o r  r e p a i r  ( ins t rument  removed from s i t e  w i t h  no replacement) 

Calm (no wind d i r e c t i o n  when wind speed = 0) 

Unl i m i  t e d  Cei 1  i n g  ( repor ted  by NWS S ta t i ons )  

Weather r e l a t e d  ma1 f u n c t i  ons ( f rozen  inst ruments , temperature 
reading be1 ow instrumental  de tec t i on )  



MECHANICAL WEATHER STATION DATA 

10 METER LEVEL 

HEATER-TREATER S I T E  



MRI diurnal tables  f o r  July through October 1979, will not be in 
this Appendix because of a power shutdown due to  Operations conflict  
a t  t h e  upper mine bench, and lag in data reduction. Therefore, 
frequency tables fo r  July through October a lso  will not be reported. 



METEOROLOGICAL TOWER DATA 

30 METER LEVEL 



METEOROLOGICAL TOWER 

W I N D  FREQUENCY T A B L E  

30 METER L E V E L  
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FREOUEkCY TABLE OF U I N D  SPEEO BY D I R ' F C T I O P I  

3 0  M E T E R  LOGAN WASH O I L  SHALE PROJECT 
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LOGAN WASH O I L  SHALE PROJECT 
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ACOUSTIC RADAR 

INVERSION HEIGHTS 



Inversion Height and S t a b i l i t y  Classes 50 meter and 
200 meter diurnal  t ab les  f o r  August through October 
1979, wi 11 not be included in t h i s  Appendix because of 
a power shutdown due t o  Operations c o n f l i c t  a t  the  
upper mine bench. 



SURFACE WATER QUALITY PARAMETERS 
' I . . 

,. , ... . 'L. .. ... . .* . STREAMS 



L O G L h  U P Z U  
U A T E R  Q u 4 L I T Y  k b . R k ' M E T i R S  

S T F E A R S  
F O R  S a M P C F  D A T b  S H O U h  

b . O T E :  - I N D I C A T E S  L E S S  T H E N  



L O G A N  UASH 
Y A T E R  Q U A L I T Y  F b R 4 M E T t R S  

S T R E A M S  
. FOR S A H P L E  G A T A  S H O U N  

C A  P V CU H O L Y  L  I Z k L L 6 A  S R NH 3 
 ELL Y R  P O  C Y  ( ? E / L )  ( n G / L )  ( H G / L )  C Y G / L )  c K G / L )  ( M G / L )  ( f l E / L )  (t4G;L) ( M G / L )  t H f / L )  ( M G ' / L )  - - - - - -  -- --  - -  ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ 

L ~ S 0 1 3  79 7 C 77.0 el00 -a100 -.a20 -.020 O L O  ' -a020 a 700 -a500 1.9 30 
d 5 05.C a300 -el06 -rOZO e200 el00 -.020 rlOO 500 2 6 a05 
9 12 91 - 3  .ZOO -.I00 -*a20 -.OiO .I00 -.02C -a100 -#SO0 2 9 -.OL 



LOGbti U d S h  
WATFH QUAL ITY  PbRAMETERS 

s T r F a * s  
FOR S L M P L F  DATA SHOb'k 

FECAL TOTAL 
COLIF.  COLIF. N R ~ C I U ~  
COLDNY C O L ~ N Y  U J E L D O  SO3 F E n G TOC P L P H C  &ETA 22  b a G 

LOC YR * 3  Y / 1 3 0  P!L I 1 0 0  f4L (MG/L)  G L  ( Y G / L )  ( f l 6 / L )  (WG/L) ( P C I / l )  ( F C I / l )  ( F C I I I )  ( ? I G / L )  -----  -- -- - -  ------- ------- ------ ------ ------  ----- - ------ ------- ------- ------- ------ 

LUSOOL 7 9  3 2 1  -1.030 1.005 120.0 
L  1 3  -1.0 -1.00 29.0 -1.030 .bi)O 27.0 60.0 0 6 0  1 0 a 0 0  0 0 0  - a 0 1 0  
5 1 1  -1.0 -1 .00  2.0 -1 .030 0 1 0 0  R5.0 43.0 10.00 0 0 0  0 0 0  -.010 
6 7 -1.0 -1.30 2 . 0  -1.000 - 0 5 d 0  100.J 38.0 - e 0 1 0  
7 .l 2  - 1  . O Q O  - 0 5 6 ~  P O  .O 
3 5 - 3 .  o n 5  . 2 0 0  56.0 
4 1 1  - 1 0 0 ? ~  0 1 C 0  66.3 

NOTE: - ?VCICATFZ  LESS T u f k  



F E : A L  T O T A L  
L D L I F .  C U L I F .  N R I S I U H  
C C i 3 N . I  C 2 L 3 N Y  I( JFLD. So3 F E 8 G T O C  A L W A  R i l l  2 2 0  h G 

LOC Y S  U O  G Y  /10J0 YL / I 0 3  " Lt!G/L) ( Y S / L I  ( P G / L )  ( H G / L )  ( M G / L )  (PCIf1) ( F C I / l )  ( F C I / 1 )  (MG/L)  -----  -- -- - -  ------- ------- ------ ------ ------ ------ ------ ------ ------- ------- ------ 
L U S t ' O 7  7 9  b 2 5  -1.0 -1 0 0 0  3 .0  -1.023 1.350 32.3 10.0 3.10 3 . 0 0  . i lb  - *  010 

4: 16 -1.020 ,100 53.0 



, " , LOG6h U A S l f  . .  . 

Y A T F R  O l l A L I T Y  P A R A M E T E R S  ' .  

. . . , ' *  . . , - 
S T R E A M S  

F O R  S A H P L F  D A T A  SHOYN 

SOL 
t M G / L )  ------ 

F90.00 
2550.00 

530.00 
. . 

2 90.00'  
190.00 

1100.GO 
757'rOO 
P96e90 

i 3 0 a e a o  
1100.00 
1600 .00  
1LOOeOO 
1500e 30 

550.00 
140.00 
2 3 0 . ~ 0  
162.:10 
3uo.00 
510 .00  
55.0.00 

9e0. o o  
1100.00 

523.00 
42 0.00 
haO. 0 0  

1300.00 
LSO. G d  

NO3 
t M G / l ' )  ------ 

LO. 00 
1 1  .00 
17.00 

26.00 
100.00 

LO.OO 
93.q0 

183.01) 
81.00 
62.00 
27.0!1 
23.00 

' 3 3 . ~ 0  

7.00 
5.00 

1 8 . 0,0 
37'. 03 

- 0 1 9  
15.00 

- . l o  . . 

24.00 
LO. D O  

b e  O i l  
12 .00 

7.00 
10.QO 
12.0 0 



. . 
L ' O E ~ N  W A S H  

OATFR OUAL1,TY FARAMFTERS 
S T f i E a n S  

F O R  S I M F L F  OPTA SHOYN 

?VOTE:  - I > D l C I T E S  L E S S  THEN 



LOGAN WASH 
U A l E h  QUPLlTV FLRAMETERS 

STRE bMS 
FOR SPWFLF GAT4 S H O V N .  

TOTPL 
T O T  LLt( H C 0 3  C 0 3  S U S  P E. K 3 C H E H  02 O I L  APb 

( N G / L  ( Y G / L  ( H G / L  TDS SOL1 D S  T u R E I O I T V  DEYbKC F H E N  8095 GREASE D O C  
L O C  VR n o  . ? I  CAC03) CAC33, . CAC03) (FIG/L) ( N G l L )  b T U  (MG/L)  ( N G / L )  (MG/L) ( d G / L )  c n G / L )  ----- -- -- - -  ------- ------ ------ ------ ------- ------- ---- . ------- ------ - ----- ------- ------ 

L U S O ~ I  7 9  1 1 7  ? R O O ~  ~ ~ 0 . 0  4 0 0 0  1900.0  700.0 ~ ~ ' C O O  30.;00 0 0 7  :.00 13 .00  8.00 
5  3 1  550.0 500.U 50.0 2660 .0  60. 0  10.0 3S.00 -.O0.1 0 * 0 3  22.00 LL.00 
6  7 5 5 0 0 0  50'0.0 50.0 2700.0  35.0 10.0 LL.0-3 OC3 2.30 7 5 . 0 ~  60.03 

560.0 
390.0  
2hO.O 
263.0 
330.0 
?30.0  
LOO. lJ 

190.0  
2 1 9 . 0  
210.6  
230.0 
210 .0  
170.0 
1 FO 0 0 



T o r  P L I (  
( t ¶ G / L  

L O C  Y S  a c  D Y  C A C G ~ )  ----- -- -- -- ------- 
L U S 0 9 7  7 9  L  2 5  z5c .0  

9 1 6  3 6 3 . 0  

LOGAN U A S H  
UATEW O U b L  1 TY P A R A Y F T E R S  

S T R E  AUS 
FOR S t R P L E  D A T A  SHOUN 

T O T 4  L 
H C 0 3  C 0 3  S U S P E N G  

C % G / L  t M G / L  T D S  SOL I G S  
C A C n . 3 )  C A C 0 3 )  ( X G / L )  C : Y G I L )  - - - - -  - ------ ------ ---- *--  

2 7 0 . 0  LO.0 6 0 0 . 0  3 1 0 . 0  
3 3 0 . 0  50 .0  8 7 0 . 0  1 5  0  

2 b 0 . 0  6C.O 8 0 0 . 0  2 ~ 1 3 0 . 0  
3 3 0 .  C 50.0  8 2 0 . 0  2bO.O 
359.0 L 3 . 0  1 3 0 0 . 0  1 , 3 0 0 . 0  
: !00*0  70.G 1 6 0 5 e 0  1 3 0 . 0  

CHLn C: 
O F 3  PNC 
t f l G / L  I ------- 

6 . C <  
2.Ct1 

20.CO 
13eCC 
7 e . c c t  
2 L . C C ~  

FnEN 
( M G / L )  ------ -. 0 0 1  

eC2O 

-moo1 
-*!I01 

. 0 1 0  
0 0 3  

BODS 
( M S / L )  ------ 

1 . 3 0  
1 . 0 0  

4 .00  
3 .10  
2 .50  

2 1 . 3 0  

O I L  AN0 
G R E A S E  D 9 C  
( 1 6 / L )  t N G / L )  ------- ------ 

N O T E :  - I N O I C A T E S  L E S S  'THEN 



GKOUNUWATEK QUALITY PARAMETERS 

ALLUVIAL  WELLS 



L O i E h r  M A S H  
U A T F R  O U A L I T Y  F A i 3 A M E T E R S  

A L L U V I A L  U L L L S  
F O R  S A M F L F  O A T A  SHOUR 

WELL Y R  no D Y  ------ -- -- - -  
L ~ A 0 2 2  79 1  3 

2 1 4  
6 ' 1 1  
5 1 0  
6 1 6  
7  12 
E. 6 

N O T E :  - I N D I C A T E S  L E S S  T H E W  



L O G I N  UASW 
Y A T E R  O I J A L  I T Y  P L R A R E T E R S  

A L L U V I C L  Y E L L S  
F O R  S A K F L F  D A T A  SHOUN 

. . 
c A e. v cu M O L Y  L I z N AL A s R ti ~ , 3  

l.41 W E L L  V R  rj.0 D Y  t n G / L )  t M G / L )  t U G / L )  ( M G / L )  t M G / L )  ( n G / L )  t M G / L )  t M G / L >  t M G / L )  ( U 6 / L )  C M ~ ' / L )  * ------ -- -- -- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ 
L Y P 1 7 . 1  7 9  5 31 108.0 ,200 ' -el00 -.a20 a050 .I00 am020 -.loo -.SO3 2.8 -a 04 

c o ' 130.0 -600 -.I00 -.OiO -.OZQ a100 a100 1.500 -a500 3.3 .FO 
7 160.0 .500 -.lo0 -.@iO. -.020 el06 - .020 -a100 -a500 & a 7  ' a03 

Y 12 ' 120.0 .roo -.lo0 -.o2o .o30 .loo .OLO -.loo -.so0 3 . a  2.2? 

k 0 T F :  - I N D I C A T E S  L E S S  T H E N  



LOGAY ULSti 
Y A T F R  OllALJ T Y  PrhAt lETEl iS  

A L L U V J I L  YELLS 
FOR SAPiPLF D A l b  SHOUN 

LOC Y R '  R O  C Y  ----- -- -- - -  
L U b 0 ? 2  79  1 3 

2  1 6  
L 1 1  
5 ! O  
6 6 
7 7 2  
6 .3 

FFCbL 
COLIF .  
COL GI. Y 
/ l o o  nL ------- 

-1 .0  
- 1 . 0  
- 1 . 0  

- 1 . 0  
- 1 . 0  
- 1 . 0  

TOTbL 
COLJFe 
COLONY 
/ I 0 0  nL ------- 

RAOIUH 
bLCHL BETA 2 2 b  

( C C l l l )  ( F C l / l )  ( F C l / l )  ------- ------- ------- 

M O T E :  - I N D l C A ~ F S  L F S S  TIIEN 



LOGAh UASH 
U A T F k  Q U A L I T Y  PARANFTERS 

A L L U V I  PL U E L L S  
FOR S A Y F L C  DATA 'SHOUN 

W 
9 FECAL T O T b L  

C O L I F e  C O L I F .  N  
COLONY COLONY KJELDm S O 3  F  E 

LOC Y R  NO D Y  / l o 0  ML ,160 n L  ( H G / L )  ( W G / L )  C !46 /L )  ---- -- _- -- ---__-_ -_---_- ----_- --_--- _----- 
~ ~ 1 1 1 5  79 5 l a  -1.0 -1  ~ 0 0  5 .003  .ZOO 

6 6 -1.0 - 1  e 0 0  3.0 - 1 e 0 0 G  - a 5 0 0  
7 7 2  - *  5 0 0  
E F -1 s o 0 0  e 5 0 0  

R A ~ I  un 
n t  roc ALPHA BETA 226 A G 

( M G / L )  ~ H G / L )  t r c I / 1 )  (FCIII) (FCIII) t Y G / L )  _ _  _-__ -_----- ------- ------- ---.--- 
bL.0 29.0 h ~ i f )  1 2 . 0 0  .3C - a 0 1 0  

2 9 0 - 0  a:. o -.OIO 
133 .3  
1 3 0 . 3  

NOTE: - I N D I C A T E S  L E S S  THEN 



L O G P v  # A S H  
UATFh OUAL I T Y  P A R A M E T E R S  

A L L U V l b L  U E L L S  
Q 

F O k  SbMFLF D A T C  SHGWh 

L O C  Y R  ,?0  D Y  ----- -- -- - -  
LVb022 79  1 3 

2 ? L  
L 1 1  
5  1 0  
6  b 
7 7 2  
t e 

CL F 
( k G / L  ( M G / L )  ------ ------ 

S O *  00 ~ 7 0  
300 0 0  70 

T20 .00  055 
2 5 . 0 0  0 8 0  
26.00 r 70 
46 .00  0 7 0  
650 00 0 7 0  

HC53 
( n c . 1 ~  ) ------ 

t 0 . 3 0  
59.00 

LC0.00 
733.00 

es. oa 
330.00 

55.00 

N O T E :  - I N D l C A T F S  L E S S  THEN 



L= 
J S 2 0 3  HF S E  S 0.4 C L  F N O 3  s 1 N A K A S  

L C C  Y H  *O ?.Y ( n G / L )  ( H C / L )  ( f l G / L )  ( M G / L )  t f l G / L )  ( M G / L )  . t W G / L )  t M G / L )  ( M C . / L )  ( M G / L )  ( Y G / L )  ----- -- -- -- ------ ----- ------ ------ ------ ------ ------ ------ - ----- ------ ------ 
~ v n 1 1 5  7 9  7 7 2  1000 .00  37.0'0 .CO 8.00 19.0 320.0 6 - 3 0  - a 0 2 0  

& S 999.00 14 .90  .dr!  7.00 14.i) 2EO.o 4.60 - 0 0 2 0  

U O T E :  - I N D I C A T F S  L E S S  T H E N  



L0;Abi k A S H  
W A T E R  0 U A " - I T Y  FARAHETERS 

A L L U I I h L  J E L L S  
F O k  S A M P L E  C A T &  SHOYN 

LOC Y R  K O  D Y  ----- -- -- -- 
1 ~ ~ 3 2 2  79  1  

2  1; 
ti 11  
5 1 0  
6 6 
7 12 
3 5 

TOT J L K  
(YG.'L 
CA CO3) ------- 

L59 .0  
503mO 
230 .0  
416m0 
LLb.0 
340 .0  
110 .0  

TOTAL 
SUSPF N D  

SOL I D S  
I H G / L )  ------- -- 

5.50.0 
LLa.0 

30.0 
20.0  
2C.0 

i 2 0 . 0  
36.0 

T U R B I D I T Y  
N TU --------- 

230 .  0  
200.0 
100 .0  

40.0  
SO. 0 
50.0 
80.0  

O I L  AND 
G R E l S E  D O C  
( !4G /L )  ( R G / L )  ------- ------ 

LUA102 7 9  L 1 3  3t1C.0 3 t 0 . 0  -1.0 1700 .0  110 .0  LO. 0  50.00 mil13 ~ * U O  30 .30  00.00 
5  1 1  36G10 560.0  -1.0 1800.0 30.0 60.0 12.00 8 000 2.0 0  5 . 0 0  9.00 
6 7 3ec.o 390.c -1 .0  1 ~ 0 0 . 0  ~ 3 . o  40.0 2  0 0  .aoe 1 . ~ 0  11 .00  ~ 8 . 0 0  
7 1 2  3SG.0 350 .0  -1.0 1700 .0  230.0 e0.0 12.00 .OO? 3.00 5 .60  
6 1 :  350.0  313 .0  40.0 1500.0  27.0 60.0 !6m00 ~ 3 1 0  0.10 9 .20  
Y 1 1  346.0  3L0.0  -1 .0  1800.0  19.0 20.0 2700.3 .Oil5 13.00 & a  0 3  

h O T E r  - I N D I C A T E S  L E S S  T H E k  



LOC Y R  UO D Y  ---- -- -- -- 
L U b l l S  79 5 l b  

b 6 
7 12 
H 9 

1C.T ALK 
( 3 G / L  
C b C 0 3 )  

- - . - - - - -  

650.0 
500.0 . 
509.0 
510.0 

LCGAN M A S H  
vATEC G U b L I T Y  PARAnETERS 

A L l  I J V I  AL UELLS 
. F O R  SbKPLF G A T A  SHOYk 

TOTAL 
SUSPF KO 

T D S  SOL 1 9 s  T U R B I D  I T  Y 
( M G / L )  ( n G / L )  N TU ------ ------- ----------- 
2000.0 380.0 200.0 
8200.0 11000 100.0 

.. 22CO.O 390.0 21 0.0 
2000.0 240'aO 20 0.0 

CHEM J2 
S E E  AND 
(? (G/L )  ------- 
92.00 
13.00 

120.00 . 33 

O I L  rlso 
PHEN BODS GREASE OOC 

( H G / L )  t M G / L )  ( M G / L )  t ! lG/L)  ------ ------ ------- ------ 

NOTE: - I N O I C b T E F  LESS THEN 



DEEP WELLS 



LOGP.4 : -  U a s ~  
r A T E f t  O U A . L I 7 Y  FARA?iFTEt?S 

C E f F  U E L L ?  
F O R  Sb.f lF 'LE O G T P  S H O u h  

c b F, v c u M O L Y  L I I ri P L a P s li NH 3' 
U C L L  Y E O  D Y  t n G / L )  ( r C / i )  ( M G I L )  (MGIL )  ( n G / L )  ( # 3 / i )  ( M G I L )  ( K G / L )  ( K G / L )  ( M G / L )  ( Y G I L )  - - - - - -  - -  -- - -  ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ 

L U D 0 3 2  7 5  F 5 L 4 . 0  .LO$ -01G0 - a 0 2 0  -.U20 r O 6 O  . U S 0  -*lGO ' e 5 0 0  5 . 9  9 0  

. o a o  

r ! O T E :  - I N l D l C A T F S  L E S S  T H E k  



LOGAN YASH 
UATFR QUALITY PAhAHETERS 

P E E P  L'ELLS 
F O R  SLnFLF 3 4 1 1  SHOUN 

FECAL TOTAL 
COL IFe  C C L I F e  N RADIUM 
COLOlY COLCNY KJFLDr  S 3 3  F E M G TOC ~ L P H A  B E T A  2 2 6  4 G 

LOC YR MO T Y  / I d 0  ML 1 1 3 0  ML ( R G I L . )  ( U G / L )  (nG' /L)  ( W G / L l  CMG/L) ( F C I / l )  ( F C I / l )  ( F C I / l )  ( ~ G / L )  ----- -- -- - -  ------- ------- ------ ------ ------ ------ ------ ------- ------- - - - C - _ -  ------ 

. 5.000 
-1.000 
-1.OGG 
- l a 0 0 0  

-1.00 10.0 -1.500 
- 1  r OOU 
-1 030  

3.003 
-1 a 3 0  17.0 3 e O U < 8  

- 1 . 0 0 i ~  . O O C  
- -1.000 

-1.002 
- 1  a 0 0  5 - 0  - 1e00U  

-1.00a 
-1.000 

-1 a00  &.a0 -1.000 
-1  a00 B rO  -1.000 

-1 e 0 0 5  - 1 a 0.0 D 
-1 .OOU 
-1 a 0 0 0  
-1.000 
-1 .00c 
-1  eir0~3 
-1. 00.3 

N O T E :  - IQGICATES LESS THEN 



L O G b h  V b S k  . . 
MITER OUALlTY F b R A t l F T E R S  

CCEF U E L L S  . . 
FOR S L n P i F  D A T A  SHOUK 

5 2 0 3  ,i G S  E  S 04 C L  . F  N O 3  SI N b  K b  S  
L O C  YFc no DY (P!;/L) ( H C / L )  < * G / L )  < t l G / L - )  t f l G / L  ) (MGLL-)  ( n G / L )  t M G / L )  C H G / L >  < M G / L )  . < M G / L )  ----- -- -- -- ------ ------ -----_ ------ ------ ------ ------ ------ ------ ------ ------ 

L U O C ~ Z  79 s 120 .  0 0  5 .  co 2 90  - . l o  2 2 . 0  7 e . 9  . T O  - .020  

NOTE: - I h O l C h T F S  L E S S  THEN 



LOGAN WASH 
VATER OUALlTY PARAMETERS 

DEEP WELLS 
F O R  SlMFLE DATA SHOUN 

TOT ALK 
<f lG/L  

LOC Y R  YO DY Cbc03)  ----- -- -- -- ------- 
LUD332 7 9  9  5  260.0 

LbDO33 7 Q  8 6  560.0 

LUDO66 79  9 1 3  250.0 

L u D O L ~ '  70 9  1 3  303.0 

l U D 1 3 6  79 5 23 320.0 

TOTIL 
SUSPEND CHEF 0 2  O I L  AND 

TDS SOLlOS TURPIDITY DEflPNO FHEh 8005 GREISE 
( Y G / L )  ( M G / L )  NTU (MGiL )  (HG/L) ( R G / L )  <MG/L) ------ ------- ----------- ------- ------ ------ ------- 

500.. 0 12.0 3  0  6 Em30 sG2O 7.00 12.00 

DOC 
<M6/L )  ------ 

k O T E :  - IhDICbTFS L F S S  THEN 



GROUNDWATER QUAL ITY PARAMETERS 

RETORTS 1 t h r o u g h  6 



L O G P N  U O S H  
U A T F R  Q U A L I T Y  P A C A M E T E A S  

R F T O R T S  
F O R  S b n F L F  D A T A  S H 3 U N  

15.000 
11.000 
11.000 
12.000 
12.000 
12.000 
5.000 
2.000 -. OLU -. 010 
5.100 
5.900 
6.000 
7.000 
0.200 
9.200 
6. OGO 
h .  100 
2. 900 
6.930 
6.500 
5 .  400 

10.ir00 
6.703 
3. t o  0 

hOTk:  - I N O I C A T F S  L E S S  THEN 



L 0 6 6 k  UdSH 
UATFR Q U A L I T Y  PARAMETERS 

RETORTS 
F O R  SAnPLF DATA SHOUN 

FECAL TOTAL 
COLIF .  CC'LIF. W R A D I U M  
COLONY COLO#Y KJELD.  S 0 3  F E M 5 TOC 2 2 6  4 G dLP!iA B k T A  

LOC YR Y O  DY / I 0 0  ML / i O O  U L  t H G / L )  tME /L )  t P G / L )  ( H G t L )  t f l G / ~ )  ( F C I / l l  ( P C I / l )  ( k C I / 1 )  ( . q G / L )  ----- -- -- -- ------- ------- ------ ------ ------ ----- - ---- -- ------- ------- ------- ------ 
L U R O C I  7 9  1 Z L  1 L 0 . U u 0  1 . 0 0 0  370.0 

4 24 -1 .0  - 1 . 0 0  31.0 2.000 6 . 0 0 0  230 .0  11 .0  m53 1 3 . 0 0  m i ) O  - m 0 1 9  

I C T E :  - I N D I C A T F S  L E S S  THEN 



L O G A N  M A S H  
UATFR OUALITY PARAUE T E R S  

R E T O R T S  
FOR S b M P L F  D a T n  SHOWN 

-. oio 

1 SO. 0 0  



L O G A N  M A S H  
U A T E R  O U A L I T I  P A R A M E T E R S  

R F T O R T S  
FOR S A M F L E  D A T A  St iOUN 

T O T A L  
T O T  ALK H C 0 3  C 0 3  S U S P F K D  O I L  A N 0  

( ~ G I L  ( n G / L  (YGIL 10s soiros P P  N I PHE c D G R E A S E  DOC 
L O C  Y R  R O  O Y  C A C O ~ )  C A C O ~ )  ~ 6 ~ 0 3 )  ( ! 4 6 / L )  t n C / L )  ( H G / L )  ( n G / L )  ( M F / L >  ( n c / L )  ( M G / L )  t M G / L )  ----- -- -- -- ------- -----a ------ ------ ------- ------ ------ ------ ------ -..----- ------ 

LURO91 ' 79 ? 24 240.0  260.0  -1.0 6400.0  1 7 0 r 0  - e 0 2 0  - 0 0 2 0  eZ1C - 0 0 2 0  50.00 
1 2 4  210.0 210.0  -1.0 5500.0 ZOaO - 0 0 2 0  - 0 0 2 0  170 .000  - .a020 20.00 5.0li 

N O T E 8  - I h D l C A T E S  L E S S  T H E N  



GROUNDWATER QUALITY 

RETORT 6 WELLS 



LOGAN U A S H  
WATER P I J h L I T Y  FARAnETEPS 

CF TORT 6 U E L L S  
F O R  S l N P L i .  D A T A  SHOUN 

C A 
WELL YR K O  C Y  ( ! 4 6 / L )  ------ -- -- -- - ---- - 

L U D 6 0 1  79 J ? 2 1 3 0 0  
1 9  1 2 . 0  

3 29 80.0  
L 5 t L . 0  

1 9  5 8 . 0  
5 3 3 9 . 0  

16  7L.O 
3 0  29 .0  

,b 7 3 23.0 
2  7  3 3 . 0  

7 1 9  3 6 . 0  

B 
( H G / L )  ------ 

7. 6 0 9  
L?e[100 
7 . 7 0 0  

1 2 . 0 0 0  
1 1 . 4 0 0  

7 . 5 0 0  
7. a o o  
6 . 9 0 0  
7 . 5 0 0  
9 . 8 0 0  
8 . 0 0 0  

k o T E :  - 1 u G I C A T E S  L E S S  T H E N  



L O G l ? ,  U b S H  
U A T F R  P U A L I T Y  F A i 3 A M E T E R S  

R F T O K T  6 V F L L S  
F O R  S A Y P L F  D I T P  SHOUN 

2 ti 
i P G / L )  ------ 

- a 0 2 0  
- . O 2 0  
- * 0 2 0  
- . 0 2 0  
- . 0 2 0  
- . 0 2 0  
- . 0 2 0  

a 0 2 0  . OLO 

k O T € :  - I N D l C A T F S  L E S S  T H E N  



LOGAP. M A S H  
U A T E R  O U A L l T Y  F A R L u E T E R S  

R E T O R T  6 Y E L L S  
F O R  S P k i P L f  O A T $  SHOUN 

F L C A L  
C G L l F e  
COLONY 
/ I 0 0  R L  ------- 

T G T A L  
C O L I F .  
C O L C N Y  
/ 1 0 1 !  M L  ------- 

R A D I U M  
B E T )  2 2 6  b C 

( F C I / l )  ( F C I / l )  ( Y G / L )  ------- ------- ------ 
T O C  A L P ~  e 

( M G / L )  ( P C I / l )  ------ ------- 

Y 6 T E :  - I N O I C A T ~ S  L F S S  T H E h  



F F C L 
C O L I F .  
COLONY 
/ I 3 0  ?cL ------- 

T C 1  AL 
C J L  I F .  N 
COLONY KJELOe 
11113  v~ (nG/F)  - - - - - - -  ------ 

ALPHA 
, ( F C I / l )  ------- L O C  - - - - -  

L u t r r i s  

J h D d c A T F S  L E S S  THEN 



LOCllk WbSH 
UATFR 0UALITY FACAHETtRS 

RETORT 6 UFLLS 
FOR SA'lFLF DATA SHOUN 

-:.. FECbL TOTAL w 
9 . COLIFe COL I Fe N R 4 U I U f l  

. ,.. COLOKY COLONY K J E L C *  SO3 F E NG TOC ALPHA BETA 2 2  6 
. .. . 

1 G 
. Lor YR 4 3  D Y  / l o [ :  ML I1C.O NL (MG/L)  (MG/L)  (MG/L) ( H 6 / L )  (!lG/L) ( P C I / l )  ( F C I I 1 )  ( P C I / l )  ( f lG/L)  ----- -- -- -_ _--_--_ _____-_ __--_- _-_--- ---_-_ ------ ------ ------- ------- ------- ------ 

L U D S O S  7 9  4 4 -1 .0  - 1 . 3 0  21.11 - 1 . 0 0 0  - . 5 0 0  9 8 . 0  1 5 0 e 0  9 e 0 0  1 .00  e o o  - . O l O  

L O T € :  - I h D I C A T E S  LESS TH'EN 



L O G P I !  U A S H  
U A T E R  O U A L J T Y  F A R A M E T E R S  

R F T O R T  6 U E L L S  
F O R  S A M P L E  D A T :  SHGuN 

L O C  Y R  FO C T  ----- -- -- -- 
L C D C O ~  7 3  1 1 2  

1 3  

3 2'4 
L 5 

l o  
5 3 

16 
7 ,O 

6 1:  
2 7 

7 19  

N O T E :  - I % O l C A T F S  L E S S  THkb  



L O G b t i  U A S H  
L i A T F H  0 l I A L I T Y  F b R W E T E K S  

R E T O R T  6  Y E L L S  
F O R  S I W P L t  O P T A  S H O U N  

L O C  I 8  "0 C Y  ----- - -  -- -- 
L U L f  0 5  7 9  2 8 

2 1 
3 9 
L  5 

2 0 
5 2 
4 1 
7  3 

1 F 
2 b 

8 30  

4 6 0 . 0 0  
L Z O .  0 0  
4 L 0 . 0 0  
6 b 0 . 0 0  
5 0 0 . 0 0  
b 9 0 e  0 0  
4 7 9 . 0 0  
b L 8 e  0 0  
6 6 0 e 0 0  
L 3 0 . 0 0  
L 3 0 . 0 0  
6 3 0 . 0 0  

k O T E :  - I h D I C A T E ~  L E S S  T H E N  



LC,GAN MASH 
UATER C l l A L I T Y  FARA/!ETERS 

P E T 0 9 7  e U E L L S  
FGP S b V F L F  DATA SHOUtd 

L C C  VR 'lo GY ----- -- -- -- 
L Y D t O l  7 9  1 1 2  

1 9  
3  2 9  
4  5  

1  e 
5 3 

1 6  
3  0  

b 1 3  
2 7  

0' 7 1 9  
N 

LUDtO2 7 9  1  1 9  
3  9 
5 3  
6  211 
7 1 0  

i 8 
6 3 3  

TOT ALI( 
('4 G / L  
CA ~ 3 3 )  
--i---- 

1 8 0 e 0  
lSO .0  
133 .0  
520 .0  
4LO.0 
400.0  
4Q0.0  
530 .0  
520.0  
LFO.0 
kPO.0 

l rao.0 
4 9 0 1 3  
k 6 0 . 3  
L9O.O 

-510.0 
L.oC.0 
L10.0 

550.0 
780.0 

1300.0  

N O T E :  - I h O J C A T F S  L E S S  T H E N  

TDS 
<HG/L) ------ 

2 3 0 0 . 0  
2 8 0 9 . 0  
2b01)10 
3300.0  
2  ROO. 0  
?600 .0  
3500 .0  
3505mO 
) 6 0 0 0  0  
3500 .0  
3 3 0 3 0  0  

TOTl lL  
S U S F F N D  

S O L I O S  T U R E I D I T Y  
( H G / L )  Ei l U  ------- ----------- 

30.0 10 .0  
20.0 1 0 0 . 0  
70  0  60 .0  
30 .0  LO. 0  
30.0 60.0 
20.0 20.0 
50.0 50 .0  

2 9 0 ; O  3 0 . 0  
18.0 3 0 .  0  
10.0 10.0 
20 . 0 10 .0  

C H E K  92 
OEF dNO 
t n G / L )  ------- 

60.00 
70.00 
70.00 
90.00 

150.00 
115.00  
112.00 
118.00  
100.00  

a01 
9 7 0 0 

30.00 
20.00 
13.00 
45.00 
18. 00  
3 6 0 0 0  
30.00 

100.00  
8 0 0  00 

180.00 

PHFN 
( H G / L )  ------ 

m o l l  
,010  
.012 . 01 0 
m o l t  
.010 
~ 0 0 7  
a006  

- r o o 1  

-.001 
- 0 2 0  

moo2 -. 001  
.002 
moo2 
m010 

-moo1 
.02O 

- 0 7 8  
.ooe 
.010 

O I L  AND 
GREASE 
( M  G /L  ------- 

20.00  
2O.OO 

4.00 
8 0 0 0  

1 0 . 0 0  
Z L..:oo 
30.00 . 

5.0 0  
32.00 
2 2 . 9 0  
46.00 

30.00 
4  0 0  
4.00 
5 - 0 3  

12 .u0  
25.00 

2 .40  

20.00 
30 .90  

4.00 



T O T  ALK 
t M G / L  
C A C 0 3 )  ------- 

500.0 
750.0 
680.0 
61 0. 0 
670.0 
590.0 
520. 0 

. 470.0 
690.0 
530.0 
470.0 
470.0 
760.0 

. . , . 
. . . LOGAN U A S n  * .  . . , ~ .  . ' > I . " ... i 

M I T E R  O U A L I T Y  P A R A M E T E R S  ' . 
7 .  

R E T O R T  6 Y E L L S  
FOR S b r P L F  D F T A  SdOutd 

T O T A L  
SUSPE k0 

SOL l US 
< ! 4 G / L )  ------- 

70. 0 
1 0  . 0 
20.0 

120.0 
20.0 
20.0 
10.0. 
85.0 
30.0 
12.0 
25.0 

' -1 .0  
3 3  0 

O I L  A N 0  
G R E A S E  D O C  
(!!6/L) ( M G / L >  ------- ------ 

20.00 
10.00 
33.00 

6 00 
30.00, 
20,.,00 16.00 
3 0..:50 
11 .00  .5*00 
10.00 21.00 
16.0:O 

7.60 
1'0.00 

5 .  6 0  

N O T E *  - I N D I C A T E S  L E S S  T H E N  



L 0 6 A N  UASH 
UATER O U b L I T Y  PARAWE.TERS 

RETORT 6 YELLS 
FOR SbPPLE DATA SHOYN 

TOTAL 
T Q r  ALI( H C 0 3  C 0 3  SUSPEND CHEM 02 O I L  AND 

CHG/L CMG/L tMG/L TDS SOL I D S  T U R B I D I T V  DEUAND PHFN BOOS GREASF Dot, 
e LOC V R  UO DY C'hC03) CAC03)  CAC03)  <@!G/L) ( H G / L )  , N T U  (WG/L)  t M G / L )  t U G / L >  t M G / L )  (?46/L) 
e ----- -- -- -- ------- ------ ------ ----- ------- ----------- ------- ------ ------ ------- ------ 

L U D 6 0 8  79 5 O 600.0 500.0 100.0 .2800aO 160.0 -1.0 -1.00 a006 -1.00 10.00 147.00 

VOTE: - I N D I C A T E S  ,LESE THEN 



SUSPENDED PARTICULATES 

ANALYZED BY 

COORS/SPECTRO-CHEMICAL LABORATORY 
- 



&& S PECTRO-CHEMICAL LABORATORY / DIVISION OF COORS PORCELAIN COMPANY 
60LDEN, COLORADO, U.S.A. 

Mailing Address: 
P.O. Box 500 

303-278-4000 Ext. 2302 

Repoll 
Golden, Colorado 80401 

TO: . Occidental o i l  Shale, Inc.  
P. 0. Box 2687 . 

. Grand Junction,  CO 81501 

. Attention: Paul Oliver 

F i l t e r  No. Dat te 

NUMBER 90207 

8-13-79 

CUSTOMER 
ORDERNO. AFE8779-01 

Far t i cu la tes  
( d m 3 )  

Note: A value of zero denotes t h a t  no r e s u l t  was obtainable. 

H i  -Vol F i l t e r s  

W/ SPECTRO-CHEMICAL LABORATORY 



SPECTRO - CHEMICAL LABORATORY / DIVISION OF COORS PORCELAIN COMPANY 
60UIEN, COLORADO, U.SA 

Mailing Address: 
P.O. Box 500 

f f e R +  
303-~78-4000 EX?. 2302 Golden, Colorado 80401 

E ' .  ,- 

Occidental O i l  Shale Inc. 
To: ' 2372 "G" Road 

P. O. BOX 2687 
Grand Junction, CO 81501 

Attention: Paul Oliver 
Hi-Vol F i l t e r s  

NUMBER 90494 

CUSTOMER 
ORDER .NO. AFE 8779-01 

F i l t e r  No. Date p a r t i c u l a t e s  wrn3 
* 
* 

4.3 

3.7 

0.1 

8.9 

*Note: These f i l t e r s  were damaged, r e s u l t i n g  i n  a l o s s  of weight of 
t h e  f i l t e r .  





U l N @  S F E E D  
M E T E R S  / S F C  

L O G A N  uastl 
T R A I L E R  0 2  
AUG 1 9 7 9  
O C C I O C U T A L  0 1 L  S H A L E  I N C e  

H O U R  ( L O C A L  S I A N O A R O  T I M E )  



YlhO . S P E E G  
? I F T F R S  / S F C  

LOGAN UASM 
T R A I L E R  0 2  
StPf 1 9 7 9  
O C C I ~ L N T A L  O I L  SHALE INC.  

9 O U R  ( L O C A L  STANDARD T I M E )  

C A Y  1  2 7 .b 5 6 7 P 9 1 0  1 1  1 2  13 16 1 5  1 6  17  1 5  1 9  ' 2 0  2 1  22  23 2 4  A V E .  FEAd 



UIKO SPEEO 
METEES S r C  

LOL4ta WASH 
7RbILE.R 02 
O C T  1 9 7 9  
O C C l G E N T & L  O I L  SHALE I h C o  

1  7 7 ~ 1 1 1 0 9 P 7 6 b S L l r 5 5 t 6 5 5 5 6 G b ~ O 1 ~  
2 7 t 6 k 6  5  6  7  5  L  5 5  7  5  1 3 1 1  1, 5  5 . L ; 9 1 1  8 7 1 3  

e 1 1 1 :  i 3 1 0  q i o  5 - 7  lr 6 s 9  7  9 1 0 . 8  7  6 s s 3 1 1  
L C 5 5 . L L L L L L L L L S ' S b 6 5 6 5 L L 5 5 6 5 b  
5 7 7 5 7 1 3 8 ~ 6 6 5 5 5 5 L S 5 L L L 6 6 3 5 6 1 0  
~ . 7 7 ~ . c 1 0 Y ? ' Y ' 5 f L 5 b L 5 5 5 6 5 3 G L 5 6 1 0  
7 5 5 5 C 6 6 5 L 5 4 L 5 L 5 5 ' 5 5 S 6 6 ? 5 h . 6 - . 5 7  
i ; 6 6 6 ~ 6 6 7 7 6 5 L L b 5 6 7 0 , 7 7 5 9 9 6 7 . 6 9  

3 r , 1 , ~ ~ ~ 5 ~ 5 5 5 5 ~ b ~ ' o ' 3 ~ 5 5 6 b b L b  = - + 1 0 0 6 f : L 5 6 5 5 6 3 L ' I S 5 5 5 6 0 5 ~ 5 L L ~ 5 6  

l l S j 5 1 5 S S S L 3 L 5 h B L 6 6 5 6 6 5 5 5 L 5 6  
1 2 L L L L 6 5 L L 3 6 L 5 4 L L L G L 6 7 6 5 6 6 5 7  
1 ? 6 5 L 3 L L 4 L 3 4 ' 5 ~ b 5 6 ' ~ 5 0 , 5 O 5 0 8 ~ 5 9  
1 L  9 d Q  7 8 . 7 7 t b 5  b 5 0 7 1 3 5 6 5 5 6 1 3  9 5 7 1 3  
' I S ~ 5 5 L L o 5 5 L G B L i , I b 6 7 b 8 8 3 h b b ~ d  
1 c  .5 c 1 2 l i 1 1 2 ' 5 1 1 1 C  7  8 9 7  5  S 5 L  4 6 . 0  L  3  3  3 L  0 1 2  
1 7 3 3 L L l r L L 5 6 5 b b S L 6 5 6 5 5 5 5 6 9 1 7 5 . 1 1  
1 0  7 1 3 1 0  ? 9 8 7  7  6 5 6 5  5  5 1 1  7 1 0  L 7  8 9 1 > 1 5 1 7  1 7  
I $  1 3  1 ~  15  1 3  l j  15 1 3  15  1 6  1 3  1 3  1 3  1 3  1 6  1 3  1 2  1 3  1 3  1 5  l l r  '13 1 7  1 3  1 6  1 1  18 
? C  1 1  1 3  13 1 6  1 ~ 5  1 6  I F  1 6  1 6  1 7  l i  22 l e  1 8  2 0  1 6  1 6  9 3 11 8 L 7 c l 3 i  23 l L 9  
1 ( 1  I )  1 )  I I  I 8 9 1 0  10 1 1  1 0  9 1 0  9 A 9 7  o E 7 6  h 5 1 1  
2 2 C 5 L L l r L L L L L L L 5 6 5 5 L L G 5 6 l r 5 5 6 6  
2 3 5 L L L L 6 5 6 L L L I r , L L L l r 5 6 6 o 6 i 7 5 7  
7 4 7 6 5 5 5 L L 6 3 & Z 5 6 L L 5 6 6 5 5 0 0 6 b 5 7  
75 7 7 8  7 d 7 8 7 7 P h 7 6 7 F e V 1 2 1 1 1 5 ¶ 1 3  
2 6 1 0 1 0 1 0 1 1  9 d P F 8  6  6  t d 3 9 1 2  9 6 1 0  9 1 0  9 t 9 d l 2  
2 7 d l i ) O ~ V 7 5 6 6 6 ~ t : 5 L L L L L 4 L L L 6 L 6 6 1 0  
Z F . L 5 6 6 5 6 6 3 6 5 5 9 1 C Y 9 9 5 6 5 E 7 5 l r 8 7 1 0  
? C  9 8 9 p 8  a 9 6  9 1 0  3 9 9 1 0  1.4 1 5  1  13  12 1 1  9  l o  8 8 1 0  15  
3 0 5 9 C 1 0 ~ 7 8 6 7 h 7 7 5 h ~ b 5 1 0 1 1 1 0 1 0 Q 8 1 1  
31 ( 1 4 )  ( I N )  c ~ n )  ( i r )  ( I K )  ( I ? )  ( I M )  ( I N )  ( I M )  ( I N )  ( I n )  ( I n )  ( I n )  ( I n )  ( i n )  ( 1 ~ )  ( I N )  t i n )  ( I N )  ern) ( I F )  ( I n )  ( I n )  t r ~ )  ( > ( ) 



LOGAR YASH 
TRAILER 802 
AUG I q 7 5  
O C C l D E N T I L  O I L  SHbLE INC- 

33C 309 310 3 2 0  
102  Y O  '140 90 
- 6 C  60 80  70 
? C t  8 0  130  120  
23.3 . I 20  240  230  
253 .>b0.. 270  260  
213 . .:'SJ 90  150 
213 -  ..I0 240 70 

6 3  LO 50 70 
5 3  LO 6 0  LO 
e l  t30 70 63 

2 0 3 '  210  200 210  
F J  1 3 0  130  1bO 
7 0  75 6 0  65 
t o  r O  1 3 5  150  

(RFS ( R F )  (RF)  ( A F )  
( R F j  ( R F )  ( R F )  ( R F )  
( R F r  (RF)  ( R F )  (RF) 
(RFS ( R F )  ( R F )  (RF)  
(RF:. ( R F )  ( R F )  ( R F )  
(RF3 (RF) ( R F )  (RF)  
( R F I  (RF)  ( R F )  (RF) 
(RF:' ( R F )  (RF)  ( R F )  
(PF:* ( S F )  ( R F )  (RF)  
(KF:  ( R F )  ( R F )  ( R F )  
(RF: (RE)  ( R F )  (RF)  
('RF: (RF)  ( R F )  (RF) 
(RF: (RF)  ( R F )  (RF)  
( 8 F :  ( Q F )  ( R F )  ( R F )  
( R F I  (RF)  ( R F )  ( R F )  
( R F I  (RF)  ( R F )  ( R F )  

SO 6 0  
6 0  9 0  

3 4 0  8 0  
I C O  i i o  

00 3 0  
90  270 

330 270 
90. 70  
6 0  30  
5 0  50 

3 3 0  210.  
210 1 8 0  

3 0  90 
60  SO 

( R F )  ( f iF )  
(RF) (RF)  
( i i F )  (RF) 
( R F )  (HF) 
(RF) (RF) 
( L F )  (RF) 
( R F )  (HF') 
( R i )  (HF) 
( R F )  ( R F )  
(RF) (RF) 
( R F )  (RF)  
t k F )  (RF)  

. (RF) (RF) 
(RF)  (RF) 
.( RF)  ( R F , ~  
( R F )  ( R F )  
( R F )  (RF) 



LOGAN UASH 
T R A I L E R  02  
SFPT 1 9 7 9  
OCCIUENTAL O I L  SHALE I N C O  

HOUR (LOCAL  STANDARD T I M E )  

( R F )  ( R F )  ( R F )  ( R F )  ( R F )  ( C F )  ( R F )  
( R F )  ( R F )  ( R F )  ( R F )  ( R F )  ( k F )  ( K F )  
i E F )  ( R F )  ( O F )  ( R F )  ( N F )  ( C F ) , ~ ( R F )  
( R F )  ( R F )  ( R F )  ( R F )  ( R F )  ( H F )  (HF)  
i R F )  (CF) .  ( K F )  ( R F )  ( R F )  (,RF) ( R F )  
( R F )  (RF)  ( R F )  ( f i F )  ( R F )  ( K F )  ( C F )  
( R F )  ( R F )  ( R F )  (WF)  ( R F )  ( R F )  ( R F )  
( R F )  ( R F )  ( R F )  ( R F )  ( h F )  (.RF) ( C F )  
( R F )  ( k F )  ( R F )  (RF)  ( R F )  (RF)  ( R F )  
( R F )  (RF)  ( R F )  ( R F )  C k F )  ( R F )  ( R F )  
( R F )  ( R F )  ( R F )  ( R F )  ( R F )  ( R F )  ( R F )  

1eo 1so 1 8 0  1 1 0  YO 80 7 0  
1 2 0  1 2 0  1 1 0  90  70  70 9 0  

8 0  5 0  90 7 0  60  50  6 0  
1 5 0  1 8 0  2 1 0  2 7 0  2 7 0  3 0 0  S O  
1 2 0  1 0 0  1 1 0  6 0  1 0  0 0  LO 
1 1 0  90 70 00 6 0  LO 5 0  
2 0 0  1 9 0  2 1 0  2 4 0  2 5 0  2 7 0  2 8 0  
2 2 0  210 210  210  a 0  90  8 0  

$0 6 0  3 6 0  3 0 5  1 0  2 7 0  3 0 0  
8 0  2 7 0  240  2 1 J  2 1 0  2 5 0  2 1 C  

1 5 0  1 7 0  1 7 0  1 8 0  ,230 2 6 0  2 7 0  
2 1 0  2 3 5  230 2 4 0  2LO 2 7 0  2 8 0  
2 1 0  2 1 0  2 4 0  2 0 0  2 7 0  2 8 0  280  
2 1 0  210 2 2 0  2 1 0  230  2 1 0  1 9 0  
120  1 2 0  2 6 0  1 6 0  I t 0  2 1 0  1 9 9  
1 9 0  210 i e o  2 7 0  i a o  2 7 0  3 0  
240  200  2 0 0  2 7 0  3 0 0  3 0 3  2 8 0  
1 8 0  I t 0  1 9 3  1S0 1 9 0  ( k F )  ( R F )  

( a F )  ( S F )  ( R F )  ( R F )  ( R F )  ( P F )  ( C F )  

F R E V  



H O U h  (LDCAL STANDARD T I M E )  

( I n ,  ( I n )  ( I H )  
ern) ( I n )  ( I n )  

80 70 6 0  
200 240 180 
60 60 03 
60 7 0  70 

220. 210 270 
240. 2 7 0  260 

30-  40. LO 
1 6 0  200 210 
270 300 270 
270 30 1 5  
210 1 9 0  210 
200 210 2 1 0  
180 120 ZlU 
40 6 0  6 0  

210. 206 210 
180 130 160 

( R F )  ( R F )  ( R F )  
( R F )  ( i F )  ( R F )  
( R F )  ( R F )  ( R F )  
( K F )  ( R F )  ( R F )  
( ! ? F )  ( 6 F )  ( R F )  

60 t e a  183 
200 1 9 0  220 
'210 190 190  
40 40 70 
180 190  200 
20 20 20 
5 10 70 
5 lo !b 

P R E V  



T E M P E R A T U R F  
DEG. C  

LOGAN M A S H '  
T R A I L E R  02  
AUG 1 V 7 Y  
O C C I D E N T A L  O I L  SHALE I N C .  

HOUE ( I  O C A L  S T A N D A R ~  TIFIE) 

0 1 1  1 2 3 6 5 6 7 8 9 10 1 1  12 13 16 1 5  16 , 1 1 8  1 9  20 2 1  22 23  26 A V E F E A K  



HOUR ( L O C A L  S T A N D A R D  T I E F )  

L O G A N  Y A S H  
T R A T L . 3 4  02  
S E F T  8079 
O C C I O E N T A L  O I L  S H A L E  I N C *  

2 1  21 2 0  19 1 8  1 7  
2 1  20 19 1 9  1 8  1 7  
22 2 3  2 1  2 9  ' I 9  1 8  
2 2  ' 21 2 0  1 9  'i9 1 7  
26 2 3  22 21 20 19 
24 23 22  2 1  L O  i r  
2 1  23 2 2  21 2 0  1 5  
2 6  26 2 3  21 1 0  1 9  
2 4  26 22 2 1  20 19  
i o  2 1  2U l'f e 1 7  
2 0  29 I F  1 5  i 8  1 7  

( R F )  ( R F )  C U T )  ( H F )  ( R F )  ( R F )  
( R F )  ( R F )  ( R F )  ( R F )  ( H F )  ( R F )  
( R F )  ( R F )  ( R - 1  ( R F )  - 6 h F . I  ( R F )  
( R F )  ( R F )  ( R E )  ( R F )  ( R F )  ( H F )  
( R F )  ( R F )  (R') ( R F )  ( R F )  ( R F )  
( R F )  ( R F )  ( H - )  ( R F )  ( R F )  ( R F )  
( R F )  ( R F )  ( ;RE) ( R F )  ( k F )  ( R F )  
( R F )  ( f i F )  ( !RE)  ( R F )  ( k F )  ( R F )  
( R F )  ( R F )  ( R - )  ( R F )  ( R F )  ( R F )  
( R F )  ( R F )  ( R r )  ( R F ) ' ( R F ) .  ( k F )  
( R F )  ( R F )  (R;) ( R F )  ( R F )  ( A F )  
( H F )  ( R F )  ( A ' )  ( R F )  ( R F )  ( R F )  
( R F )  ( R F )  ( , R = )  ( R F )  ( k F )  ( R F )  
( R F )  ( R F )  ( R ' )  ( R F )  ( R F )  ( R F )  

1 L  1 6  Ob 1L 1 3  1 2  
I 6  1 7  1b 1 6  1 6  16  
1 8  1 7  1 7  1 6  15 1 6  
1 9  1 3  98 1 7  1 6  1 5  
1 9  1 9  18  1 7  1 6  1.6 



LOGAN U P S 4  
T R A I L E R  02 
0C.T  197.3 
O C C I D E N T A L  ~ 1 ;  St tALE I b t r  

H.OUR ( L O C A L  S T A N O A R D .  

1. 11, 11, 1.3 1 3  1 3  12  1 2  1 3  1 6  1 6  1 7  17  1 3  1 8  
2 1 5  1 5  1 ~  1 6  1 4  1 6  1 3  1 3  1 3  15 1 6  1 7  1 7  I d  
3 11, 1 4  1f 11, 1 3  1 3  1 2  11 1 0  10  1 2  1 3  13  16  
& 1 0  10  11 11 1 1  - 1 1  11 1 2  1 k  1 5  1 6  1 6  1 7  1 7  
5 1 3  1 3  1: 13  1 2  12  1 2  11 12  11 1 4  1 5  1 7  1 7  
f 1 4  I!, 1 3  13  1 2  12. 12  12  1 4  1 6  1 7  1 7  1 7  1 8  
; 6 1 4  13  1 3  1 3  1 3  13  1 3  1 4  1 6  1 7  1 8  3  1 7  
F 1 5  1 e  1e  i e  1 4  1 L  1 3  13  11 1 5  1 6  1 7  17  1 8  

u c 13 1 2  11 12 11 9  n s l o  l o  1 2  2 1  2 1  21 
4 I(. 1 7  '17 1 7  1 7  1 7  1 7  1 6  1 7  1 6  1 8  1 9  20 2 1  22 

1: 1 9  1 9  1 Q  l q  1 8  1 8  1 8  1 7  1 8  1 9  23 2 1  21 22 
1; 1 4  1 6  1 3  1 3  1 7  1 3  1 8  17 1 7  l a  1 8  2 1  2 1  22 
1 1  I S  l d  1 3  1 5  1 6  1 9  1 9  1 9  2 1  2 1  22 22 2 3  
1~ 1 1 6 '  1 9  1R 1 8  1 5  , 1 7  1 7  1 7  : 1 7  . I 9  1 9  1 8  1 8  
1:. 1 4  1 3  1 5  1 3  1 3  1 3  1 4  16 1 6  "17 l a  1 8  1 9  20 
l t  1 7  l,7 1 7  1 5  1 4  1 3  12  1 2  11 1 2  1 2  1 4  1 6  1 7  
1: 1 6  1 L  1 L  1 4  1 L  1L 1 3  1 3  1 3  1 5  l t :  1 7  1 6  1 8  
l t  1 6  1 5  1 3  1 3  1 2  1 3  1 2  1 2  1 2  1 4  1 5  16  1 7  1 2  
1( 1 0  1 0  1 7  1 0  1 0  1 0  P O  9 9  9  5 c 13 1 1  
Z e  1 0  10 ~ n .  10 13 10 9  9 r 9 9 ro  11 1 1  
2 1  1 1  1 1  11 I n  1 0  1 0  . 9  . Y b 3 6 9  9 

~ 2 2 2 2 1 1 1 0 0 0 C 1 1  
23 G -1 I o o -1 -1 -1 -I . I  3 3  L .  n 
~ i ~ 4 L L e b 4 5 5 5 L 6 F V  
2 c .  2 9 1! a 7 7  7  h 6. 8 1 0  11 1 2  1 2  
2 6  u 5 9 a 9  9  9 11 12 1 3  1 3  1 3  '33 
2 7  3 1  11 11 11 11 10 1 0  10 11 12 1 3  1 3  1 3  1 3  

' 2 ' 6  6  6 , L  0 . 3  3  3  3  6 7  8 8 9 
23 7 7  6 6  6 6  5 6 6 7 9 1 0 1 3  
3 0 4  3 3 2 , 2 2 1  1 . 1  7 1 1  
?l -1 -2 -2 -2 -1 -1 -1 -1 -1 -1 -1 -1 -1  0  

1 8 .  1 9  20 2 1  r 2 2  2 3  26 AVE P E A K  
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DELTA TFHP. 30 -3  1 
O E 6 a  C.130 

HOUR (LOCAL STANOA'RO TlME) 

-28  -111 1 3 9  167  278  336 3 3 6  
0 56 111  167 273 3 8 3  3 8 9  

63 1 3 9  278  3 8 9  500 6b5 389  
111 167  167  278  445 617  3 3 4  

0  0  1 3 9  0  1.11 278  389 
-139  -28  130  222  278 3 8 9  La5 

-83 -111 1 1  5b 273  405 38'3 
0 .  - 2 8  -63 -56  1 6 7  336 3 @ 9  

5 6  1 3 9  167  1 3 9  278 1 1 7  3 8 9  
83 111  ' 0 $ 3 9  417 2 7 6  6 1 7  

-222  278 306 2 7 8  065 617  107 
167  278 27.6 (RF) (RF) (PF) ( R F )  

(RF)  ( 2 F )  (RF)  (RF) (RF) (RF)  (RF) 
( R F i  (RF) ( R F )  (RF) (KC) (RF) ( H F )  
(RF) (RF)  (RF)  ( R F )  (RF) (RF) (RF) 
(KF)  (RF) ( R F )  ( E F )  (RF)  (RF) (RF) 
<RF> (RF) (RF)  (RF)  (RF) (RF) (RF)  
(RF) (RF)  (RF) ( R F )  (RF) (RF)- (RF)  
(RF) .(GF) ( R F )  (RF) (RF) (RF) ( R F )  
(PF) ( R E )  (RF) ( R F )  (RF)  ( R F )  ( 6 F )  
(RF) (RF) (RF)  (RF) (RF) (RF) ( R F )  
(RF) (RF) (RF)  ( R F )  (RF)  ( R F )  (RF) 
(RF) (KF)  (RF)  (RF)  (RF) ( R F )  (RF) 
(RF) (RF) (RF)  ( 3 F )  ( R F )  (RF) ( R F )  
(RF) (RF) ( R F )  (RF) CRF) (RF) ( R F )  
(RF)  (RF) (OF) ( k F )  (RF)  CRF) ( R F )  

0 56 1 1 1  111 278 3 3 9  556 
0 56  111  167 222 3 8 9  3 6 9  

-167  0  27E 111 617 556 6 1 1  
- 2 8  -28  56  167  336 665  556 

0 
0  

e 3  
2 8  
2 8 
56  
5  6 
2  8  

0  
5 6  
5 6  

(RF)  
( l i F )  
( H F )  
(RF)  
(SF) 
( R F )  
(RF)  
( RF ) 
( 3 F )  
( i iF ) 
( f iF )  
(RF 
( R F I  
( k F )  

5 6  
0 

2 8 
111  

d3 

4 V  35 2 9  57 I 7  56  51 3'7 -33  -11 61  146 1 5 6  315 3 9 5  396 281 l b l  97 b2 6 0  35  31 1 4  Zb 1 0 3  
F K  3 8 0 . 2 7 8  27% 3qC 167 278 3 3 4  56 l t i  278  ?0b  3 8 9  500 556  556 465 278  1 3  111  167 191 1 3 9  8 3  139  5 5 6  
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ABSTRACT 

Twenty-one .*croplots t h a t  h a d  been l o c a t e d  dur ing t h e  1974 and ,1975 

f i e l d  season have been c o n s i s t e n t l y  resurveyed i n  J u l y ,  1977 and J u l y ,  1978, 

f o r  cover d e n s i t y  and frequency of va r ious  h igher  p l a n t  s p e c i e s .  These p l o t s  

were aga in  resurveyed i n  l a t e  August-early September, 1979, w i t h  methods 

remaining c o n s i s t e n t  wi th  previous  d a t a  c o l l e c t i o n s .  Observation of g e n e r a l  

cond i t ions  of t h e  vege ta t ion  i n  r e l a t i o n  t o  n a t u r a l  and man-induced changes 

were a l s o  noted. 

Tables summarizing d a t a  f o r  each of n i n e  community types  a r e  presented.  

General comparisons were made wi th  t h e  d a t a  c o l l e c t e a  i n  1978. There were 

only s l i g h t  changes i n  v e g e t a l  cover,  d e n s i t y ,  and frequency. F l u c t u a t i o ~ s  

were mostly a s s o c i a t e d  wi th  unders tory  s p e c i e s ,  e s p e c i a l l y  some annuals  t h a t  

bloom l a t e r  i n  t h e  summer and o t h e r s  t h a t  have matured and decomposed by 

l a t e  summer. Var ia t ion  i n  abundance occurs  n a t u r a l l y  throughout t h e  flower- 

i n g  season. Other s i te condi t ions  were s i m i l a r  t o  t h e  1978 d a t a  set. 



.+ .: . . 
. . : ., INTRODUCTION . !  . . .  

. . I .  . Monitoring o f  vege ta t ion  ;begun i n .  1974 on t h e  Occidenta l  O i l  Shale , ,  

l n c .  Logan Wash s i t e  n i n e  mi les  n o r t h  of DeBeque, Colorado was, repeated 
' 

i n  1979 i n  o r d e r  t o  de.te.rmine n a t u r a l  f l u c t u a t i o n s  and man-induced' changes. 

Th is  process  a l l o w s , f o r  expansion of t h e  e x i s t i n g  d a t a  bank and measures 

t h e  c o n d i t i o n  of t h e  vege ta t ion  dur ing d i f f e r e n t  pe r iods  of t h e  f lowering 

season. Such informat ion is u s e f u l  f o r  f u t u r e  comparisons and monitoring 

change o f  v e g e t a t i o n  due t o  c l imat ic-seasonal  v a r i a t i o n s  and i n d u s t r i a l  

p e r t u r b a t i o n s .  

METHODS 

During t h e  1974-1975 f i e l d  season, 54 macroplots were l o c a t e d  through- 

out  Occidenta l  O i l  Shale ,  '1nc. p roper ty  and ad jacen t  Bureau of Land Manage- 

ment (BLM) l a n d s  (Fig. 1 ) .  These macroplots were combined i n t o  n i n e  p l a n t  

community types.  Three macroplots were chosen from each community type  f o r  

t h e  1977 resur3ey.  The s e l e c t i o n  of macroplots was based on comparative 

f l o r i s t i c  d i v e r s i t y  and t h e  r e l a t i v e  abundance of v e g e t a l  cover i n  t h e  

macroplot:  one macroplot  had t h e  fewest  s p e c i e s  and lowest  apparent  v e g e t a l  

cover ,  one had a n e a r l y  average number of s p e c i e s  a n d n e a r  average v e g e t a l  

cover,  and t h e  t h i r d  macroplot had the. ' g r e a t e s t  f l o r i s t i c  d i v e r s i t y  and vege- 

t a l  cover a v a i l a b l e  from t h e  set of 1975 mactopJ.ots taken i n  a given vegeta- . 

t i o n  type. I n t h e  cases  where on ly  two o r  t h r e e  macroplots e x i s t e d  i n  a 

community type,  a l l  were surveyed. The same s u b s e t  o f  macrop1,ots were again 

resurveyed i n  late  August-early September except two macroplots (/I1 and #20), 

which could n o t  be l o c a t e d  due t o  t h e  removal of t h e  macroplot marker s t a k e .  

This  r e ~ u l t e d  i n  2 1  macroplots being resurveyed (Table 1 ) .  



Figure. I. Flap of Occldentel 0 1  Shale. Ccrp. property uith vegetation snd soof sstunple locations 



Table 1. Ma~ro~lotdsampled during the July, 1978, f ie ld season, by 

community type. 

Comaunity type Macroplot number 

Diversity and Productivity Rating Hlgh Average Low 

S had8 cale 

Pinyon-Juniper 

Closed Brushland 

Open Brushland 

Douglas-Fir 

Aspen 

Grassland 

Scree 

Alluvial 



RESULTS 

Tables  2 through 10 summarize v e g e t a t i o n  d a t a  recorded i n  each of  

n i n e  community types  l o c a t e d  on Occidenta l  O i l  Shale ,  Inc .  proper ty .  

L i t t l e  change i n  t o t a l  cover ,  d e n s i t y ,  and frequency occured between 

1978 and 1979. The most s i g n i f i c a n t  change was a g e n e r a l  decrease '  i n  un- 

d e r s t o r y  annuals  i n  most p l a n t  communities. 

Since  s o i l  mois ture  recharge  i n  1979 was similar t o  1 9 7 8 , . r e l a t i v e l y  

l i t t l e  change i n  o v e r s t o r y  v e g e t a t i o n  occurred.  However, due t o  t h e  eco- 

nomic c i rcumstances ,  resampling of t h e  macroplots d i d  no t  occur u n t i l  l a t e  

August-early September. By t h i s  t i m e ,  a m a j o r i t y  of t h e  annual  vegeta-  

t i o n  had flowered, seeds  had s h a t t e r e d  and s t and ing  dead m a t e r i a l  was i n  

va r ious  s t a t e s  of decomposition. This  l e d  t o  a g e n e r a l  dec rease  i n  annua l  

v e g e t a l  cover. However, s e v e r a l  s p e c i e s  of  annuals ,  e s p e c i a l l y  Gayophytum 

ramosissimum and Viguiera  m u l t i f l o r a  were a t  peak bloom and showed an in -  

c r e a s e  i n  r e l a t i v e  cover.  

I n  t h e  Aspen woodland community numerous new stems (probably r o o t  

suckers )  of Populus tremuloides were found. I n c r e a s e  i j ~  aspen stems is  

probably a response  t o  two good y e a r s  of s o i l  mois ture  recharge .  

Of p a r t i c u l a r  i n t e r e s t  a r e  macroplot numbers 2, .  9 ,  and 54 l o c a t e d  

i n  the  Ke l ly  Wash a rea .  Scree  macroplot 2 a t  t h e  r i d g e  top had 6 i n c h  t o  

1 foo t  deep g u l l i e s  spaced approximately 1 0  f e e t  a p a r t .  These g u l l i e s  

appear due t o  heavy corn ic ing  of snow along t h e  r idgetop.  Removal o f  

v e g e t a t i o n  occur red ,  bu t  h igh mois ture  recharge  over  t h e  l a s t  two y e a r s  

caused h igher  cover and d e n s i t y  f i g u r e s .  Roots were g e n e r a l l y  exposed. 

Macroplot 9 a t . a b o u t  midslope i n  Pinyon-Juniper woodlands showed 

scour ing  by mud and d e b r i s .  Ten t o  30 f e e t  deep g u l l i e s  were c r e a t e d  and 

v e g e t a t i o n  removed and r o o t s  exposed. Macroplot 5.4 a t  t h e  s l o p e  base  was 



Table 2.. Summary of 19.79, vegetat ion d a t a  ' fdr  t he .  shadscale community , 
type by cover (Cj'i Density (D, number of p l an t s  per 5'0 m2), 
and' . frequency . (F) .' 

Macroplot numbers 

11 Species - 5 4 Average 

Trees ,  and Shrubs 

Art&m<sia tridentata 
dead Artemisia tridentata 
Sarcobatus . vermicuZatus . 

A i l  pip LULL' ' c u ~ ~ ~ ' k ~ ~ I ; ~ i f i Z C u  
A t r i p  Zex. nuttaZZii 
Juniperus osteosperma 

Grasses 

Bromus tectomun 
Orizopsis hymenoides 
Agropy ron spicatum 
EZymu.9 saZinn . 

4 7. 30. 
T 1 10 
3 5 .SO ., 
2 7 50 
2 2 2 0 ,  
1 ,  i i o  

Forbs 

Lepidim per fo l i a tm  1 10 10 1 10 10  
Ha loge ton g lomeratus 1 7 20 1 7 20 
Hwnenoqs acaulis T 11 20 T 11 20 
Amsonia tomenatosa 1 1 1 0  . 1 1 10 
Chenopodiwn album 0 100 10 0 100 10  

. . . . 

Li For a u t h o r i i i e s ,  l i s t i n g  of asso=i?ted coTon naFes, l i f e  forms, lon- 
gev i t i e s ,  season-of  growth and o r ig in  see Table 3 of 1976 repor t .  

2' Cover is l i n e  i n t e r cep t  v e r t i c a l  p ro jec t ion  of percentage of l i n e  
which has vegetat ion canopy above it.. 

1' Frequency is  the  percentage of the  10 1x5 meter macroplots which has 
a t  l e a s t  one ind iv idua l  of a given spec ies  occurring i n  it .  

T = Trace 



Table 3. Summary of t h e  1979 vege ta t ion  d a t a  f o r  C l i e  Pinyon-Juniper woodland 
community type by cover ( C )  , d e n s i t y  (D: number of p l a n t s  p e r  
50 m2), and frequency (F) .  

-- ~ 

Macroplot number 

Species '  ' 9 45 53 Average 
- 

C D F  C D  F C D F  C D F  

Trees and shrubs  

Juniperus osteospema 8 3 2 0  4 0 0 1 0  1 1 0  7 1 1 3  
dead Juniperus osteosperma 2 0 0  1 0  0 
Cercocarpus montanus 5 6 5 0  6 1 1 6 0  3 7 4 0  5 8 5 0  
dead Cercocarpus mmtanus T l l O  1 0  0 T 1 3  
Artemisia tridentata 1 0  1 8  60 3 6 20 
dead Artemisia tridentata 1 1 1 0  T 1 3  
Amelanchier a ln i fo  %?:a 3 1 5  60 1 5 20 
dead Ame~anchier a Zni fozia 1 0  0 T O O  
Ephedra v i r i d i s  1 2 2 0  2 1 0 4 0  T I 1 0  1 4 2 3  
dead Ephedra v i r i d i s  1 0  0 T O O  
Pinus eduZis 3 0 0  1 0 0  
Symphoricarpos oreophizus 1 15 70 T 5 23 
dead Symphoricarpos oreophi Zus 0 2 20 0 1 7  
Gutierrezia sarothrae 1 7 30 T 2 1 0  
A t r i p  Zex confertifoZia T O  0 T O O  
Chrysothamus v isc idi f lorus  0 1 19 0 1 3  

Grasses and g rass - l ikes  

EZymus saZina 
Oryzopsis hymenoides 
Bzaomus t e c t o m  
Agropyron spicatum' 
S Z t m i o n  hy s t r ix  
HiZnria jamesii 

Forb s 

~ ~ m e n o x ~ s  acau Zis 
Cryptmtha bakerii 
Phy saria austral is  
Euphorbia robusta 
Lepidiwn perfoliatwn 
Laptoducty Z.on wci1.son.i.i 
StanZyea pinnati 
Arenaria fendZerii 
AstraguZus spp. 
Erigeron eatonii  
AZZiwn cernuwn 

4 29 80 14 133 100 0 7 20 9 56 6? 
T 1 1 0  2 1 3  20 T 1 1 0  1 5 1 3  

T 1 2 1 0  T O O  T 4 3  
T l l O  T 1 3  

T 0 0 T O O  
T O O  T O O  

T 15 10 1 25 50 T 1 3  20 
T .2. 20 1 11 40 T 11 50 T 8 37 

T 8 5 0  T 3 1 7  
T 1 10 T 4 1 0  T 2 7  

T 6 2 0  T 2 7 
T 5 20 T 2 7 .  
1 1 1 0  0 1 1 0   TI^ 
T 1 ,  20- T 1 7  

T 1 10 T 1 3 '  
T 2 10 T 1 3 .  
T O O  T O O  



'.,: j:: 
Table 3 (continued). 

-Species 9 45 5 3 Average 

C D F  C D F  C D F  C D F  

Forbs (cont. ) 

Pens temon s t r i c t u s  
E r y s i m  inconspimwn 
Pennoteman ouaterhoutii 

. , 

~ucculen'ts 

T O O  
T 0 0 
6 i i o  

Yucca harrina~tiae 
Opuntia rhodantha 

T O O  
T O O  

T O O  
T O O  
0 1 3  

T 0 0 
T O O  



Table 4. Summary of t h e  1979 vegetat ion d a t a  f o r  the  closed brushland community 
type by cover (C) ,  dens i ty  (D, number of p l an t s  per  50 m2), and 
frequency (F) . 

Macroplot number 

Species 2 4 25 43 Average 

C D F '  C D F  C D  F C D F  

~~ - 

Trees and Shrubs 

AmeZanchier aZni foZia 
dead Ame Zmchier .aZnifoZia 
Quercus gambe tii 
dead Qxercus gambe'tii 
Symphoricarpos oreophizus 
dead Symphoricqos oreophi Zus 
Purshia tridentata 
Cercocarpus montanus 
dead Cercocarpus montanus 
Artemisia tridentata 
dead Artemisia tridentata 
Ch~ysothmzus v i sc id i f tomu 

. Tetradymia canescens 
Cecmothus m r t i n i i  
Pseudotsuga menziesii 
Ribes wo Z fii 

29 36 80 7 16 60 16 39 80 17 50 70 
2 2 2 0  1 3 2 0  1 1 1 0  1 2 2 0  

17 40 90 15 41 90 13 82 80 15 54 86 
2 2 2 0  2 0 0  2 7 4 0  2 3 2 0  

13  22 90 T 1 10 T 7 40 4 10 47 
T O O  T 0 

8 10 50 3 3 17 
1 2 2 0  1 0  0 8 2 10 3- 1 1 0  

T O  0 T O O  
T 1 1 0  2 3 2 0  1 2  10 1 2 1 3  

T O O  T O O  
T 2 1 0  O 1 J . O  T 1 7  

T I 1 0  T I 3  
T O O  T O O  T O O  
T O O  T O O  

1 0  0 T O O  

Grasses and grass- l ikes  

Oryzopis hymenoides 
EZymus salina 
Carex ross i i  
Poa pratensis 
Stipa Zettermanii 
Pestuca ilaoyoZ&, 

Forhs 

Penstemon ousterhoutii 
GaZiwn co Zoradoense 
Pachystima myrsinites 
Rriogmwn wnbe ZZata 
Achi ZZaa ZanuZosn 
Phgsaria austra Zis 
CastiZ Ze ja 2inaerifbZia 
Penstemon s t r ic tus  
Stephmomeria tenuifoZia 
Chenopodiwn a Zbwn 
Eriogonwn e ffuswn 
Leptodacty Zon watsonii 
Tragopogon ds&i.us 

T 2 20 1 13 60 1 7 50 1. 7 43 
T 2 20 2 19 30 1 7 17 

1 30 20 1 30 60 T 20 27 
T 30 10 T 10 10 
T O O  T 0 0 

0 1 3 0  0 0 0  0 1 5  

T 12 20 2 46 70 1 15 60 1 24 50 
T 6 20 1 15 50 3 44 100 1 22 57 
1 1 6 7 0  T 0 0 T 5 30 T 3 2 3  
T 0 0 1 2 2 4 0  T 7 13  
T 12  10 T ;+ 3 
T I 1 0  T 2 1 0  1 6 5 0  T 3 2 3  

T 2 0  T 2 7  
T 2 20 T 1 7  
T l l O  T O O  T 1 3  

T O  0 T O O  
0 1 10 0 1 3  
0 1 10 0 1 3  

0 1 10 



Table 5. Summary of t h e  1979 vege ta t ion  d a t a  f o r  t h e  open brush-grassland com- 
munity type by cover (C),  d e n s i t y  (D, number of p l a n t s  per  50 m2), 
and frequency (F) . . - . .  

. - - .  

. . 
. ~ - .  . .Macroplot  numbers 

Species  . . 19 32 38 Average 

C D F  C D F  C D F  C D F  

Trees  and Shrubs 

Ame Zanchier aZni fo Zia 4 11 20 16 35 70 17 21 50 1 2  22 47 
dead Arne Zanchier a ln i fb  Lia T 1  10 1 6 6 0  2 1 1 0  1 3 2 7  
Symphoricarpos,oreophiZus 4 28 10 20 62 100 8 12 50 11 33 73 
dead Symphoricarpos oreophiZus T 1 10 0 2 2C 0 * 1 10 T 1 1 3  
Quercus gambe Z i i  1 11 21 10 72 60 17 27 80 10 37 53 
dead Quercus gambelii T O  0 1 7 3 0  2 0 0  1 2 1 0  
Artemisia tz*idenlutu 11 3L YO 3 9 30 9 23 70 8 21 60 
dead Artemisia tridentata 3 8 7 0  T I 1 0  3 3 0  1 4 3 7  
Prunus virginiana 10 19 30 3 6 10 
Pwlshia tridentata T o 0 3 1 1 0 ' 1  1 3 
Tetradymia canescens 0 1 10 0 1 3  

Grasses  and Grass- l ikes  

Carex ro s s i i  
Poa pratensis 
Stipa Zettermanii 
S i  tcmion hys tr ix  
Bromus polyanthus 
Bromus inerm<s . 
Oryzopsis hymenoides 
Stipa comata 
Agropyron smithii  
Agropyron spicatwn 
EZymus saZina :. 

Forbs 

Lupinus adoncus 
E~$ogonm wn5e Z Zatwn 

. . 
AchiZZea ZanuZosa 
Guy ophy twn ramosissimwz 

. . Luthyruo Zc?~.t:,-trttlt.!r~ , 
La thyrus pauci f Zoms . . " 

Erigeron speciosus 
Antennaria rosea 
Agastache wltici f o ~ i a  
Sa Ziwn borea Ze. 
Chenopodiwn .a lbwn 
Rosa nutkana 

8 40 100 7 20 70 5 30 57 
4 30 90 T 15 70 - 1 1 5  53 
1 24 50 T 1 10 T 8 20 
1 16 80 T 5 27 
0 2 10 1 3 3 0  T 2 1 3  
T 1 10 T 2 1 0  ' T 1  7 

0 3 1 Q - T  0 . 0 '  T 1 3  
T O  0 T 4 1 0  T 1 3  
T 2 1 0  T O  0 T 1 3  

T 1 10 T 1 3  
T O O  T O O  

(continued) 



Table' 5 (continued) ; 

Species 19 32 38 Average 

Forbs (cont.) 

Viguiera mu l t i f l o r a  
Ligusticwn porteri i  
Pens temon ousterhoutii 
Aster ccmescens 
Comandra wnbe ZZata 
Phace Zia hastata 
Casti ZZe ja Zinaeri foZia 
Lithospema ruderaze 
Hymenoxys acauZis 
C i r c i w n  undutatwn 
Senecio serra 
Ga Ziwn co Zoradoense 
Pachistima w r s i n i t i e s  
Penstemon s t r i c t u s  
SaZsola koZi 
Erigemn eatunii  
Chaenactis dougZasii 
Taraxacwn Zaevigatwn 
Co Z Zomia l inearis  
Gi l i a  aggregata 
Tragopogon dubius 
Chrysopsis viZZosa 
Linwn lewis i i  
Physaria austral is  

Succulents 

Opuntia rhoduntha 

T 3 1 0  1 8 3 0  T C  0 T 4 1 3  
2 12 30 T 4 10 
T 1 1 0  1 3 5 0  T 3 2 0  

T 2 2 0  T 1 1 0  T I 1 0  T 1 1 3  
T 1 1 0  T 1 1 0  T 1  7 
T 1 10 L O  T 1  7 
T O  0 T l V 1 0  0 2 1 0  T 1  7 
T 3 20 T r )  a T I  7 
T 3 10 T 1  3 
T O  0 T 1 1 0  T 1  3 

T l l O  T 1  3 
1 2 1 0  T 1  3 
T l l O  T 1  3 

T 1 10 T 1  3 
T O  0 T O  0 
T O  0 T O  0 
T O  0 T O  0 
T O O  T O O  T O  0 
T O  0 T O  0 

T O  0 T O  0 
T O  0 T O  0 
T O  0 T O  0 

T O O  T O  0 
0 1 1 0  0 1  3 



Table 6. Summary of t h e  1979 v e g e t a t i o n , d a t a  f o r  t h e  Douglas-fir  f o r e s t  
community . type.by cover (C), d e n s i t y ( D . ,  number of p l a n t s  per  

50 m2) , and frequency (F) . 

Macroplot numbers 

Species 42 52 Average 

C D F  C D F  C D F 

Trees  and Shrubs 

Pseudotstlgcr rnuniiosii 
dead Pseudotsuga rnenziesii 
Arne Zanchier aZni foZia - 
dead Arne lanchier a ln5 fo Zia 
Quercus gmbeZii 
dead Quercus gmbe Z i i  
Symphoricarpos oreophitu:; 
BetuZa occidentaZis 
Rosa nutkana 
deer gZabmun 
Ribes woZfii 
Cercocarpus montanus 
Ceanothus martini5 
C h r y s o t h u s  nauseosus 

Grasses  and Grass-l ikes 

Carex ros si.i  
EZyms saZina 
Sitanion hystr ix  

Forbs 

Berberis repens 
Pachys tima myrsini t i e s  
Pestornen ousterhoutii 
Clematis Zin.quisticifoZia 
CaZim boreale 
Lathyrus Zeuccmthus 
Smi Zacina s te  Zbata 
Snri Zacina raccernosa 
AZZiwn cernuwn 
AchiZZea ZcmuZosa 
Aster canescens 
Ca Zium coZoradoense 

20 7 40 25 5 40 .tfi t &n . . 

T 1 10 T .1 5 
20 11 60 7 10 50 14 I1 55 

2 0 0  1 '0 0 
12 27 3 0  10 55 100 11 41 90. 

1 . 3 2 0  1 2 20 1 3 20 
8 20 80 1 7 30 5 14 55 
7 4 30 4 2 15 
5 28 90 3 i 4  45 
3 4 30 2. 2 15 
T 2 20 2 2 20 1 2:20 
1 2 20 T 1' 1 0  T 2 15 

T 1 1 0  T 1 5  
T l l O  . T 1 5  

4 53 65 
2 7 40 
1 37 35 
1 11. 25 
1 9 25 
1 0  0 
T 12 25 
T 10 35 
T 3 20 
T O O  
T O O  
T O O  



Table 7. Summary of t h e  1979 vege t a t i on  f o r  t he  aspen woodland community 
type by cover (C), .densi ty  (D, number of* p lan t s  per  50 m2) and. G!:; 
frequency (F) . 

- .  
Macroplot numbers 

, . Species . . .  21 22 26 Average 

. . C D  F C D  F C D F . C D F .  

Trees and ShruLs 

Populus tremuZoides 60 18 40 30 16  50 39 17 60 43 17 5.0 
,Sy~horicarpos oreophi Z'w 10 30 90 10 56. 80 8 14 40 9 33 70 
dead Symphoricarpos oreophiZw 0 . 2 20 . . u .  0 1 7  
Acer gZabnun .I2 79 70 6 33 60 6 22' 43 
8osa nutkana 9 7 40 1 1 1  50 1 2 2 0  4 7 ' 37  
Arne h c h i e r  a,Zr i fo Za 1 0  0 0 1 1 0  T I 3  
Chrysothamnus v isc idi  f Zorus T 2 10 . , . . . T  1 . 3  
Artemisia t r i h n t a t a  0 1 10 0 2 2 0  . O  1 1 0  

Grass and Grass-likes 

Cares ross i i '  9 20 50 12 40. 90 9 40 50 10  33 63 
Poa pratemis 7 30 20 5 30 10 10  50 20 7 37 17 
Stipa Zettemncnii T 5 10 T . 5  30 T 2 2 0  T 4 2 0  
Stipa comta T 4 30 T O O  T l l O  
EZymus saZina T O O  T 0 0 

Forbs 

Senecio s e m  
CaZiwn boreale 
Osmorhiza occiden t a t i s  
Lathyms 2eucm;thus 
ThaZictnun fendteri 
Luthym pauCi,Zorus 
Taraxam officinaZe 
Ligusticm pnrtzrii 
Achi Z Zea Zanu Zosa 
Chenopodiwn aZ3wn 
Gayophytwn ramosissimum 
Agaatache urt<c?:foZia 
Chenopodiwn b o t ~ j s  
Aqui Zegia caer;.ka 
Smi Zacina s t e  ZZata 
Fragar~icr ouaZC.3 
Aster cmescens 
Cas ti 2 Ze ja Zinaerifo.Zia , 

Poten ti ZZa graci Zis 
Circiwn mduZatwn 
Gemiwn fremontii 

2 17 30 i 3  204 90 7 79 70 7 100 70 
12 378 100 6 181 100 1 15 50 6 191 83 

3 140 90 6 140 80 2 37 30 4 106 67 
3 42 90 3 74 80 2. 33 70 3 50 80 
1 22 70 1 152 90 3 30 50 2 68 70 

' 2  35 70 2' 54 80 '  1 3 0 6 0  2 40 70 
1 27 30 1 42 50 2 51 80 1 37 53 
1 3 2 0  T 6 4 0  3 1 2 6 0  1 7 4 0  
T 19 20 '1 44 40 1 26 70 T 30 60 

0 10 10 T 56 40 T 22 17 
1 65 30 T 22 10 

T 4 30 1 1 7  50 'T 0 0 T 7 2 7  
T 14 30 T 5 10 

0 6 10 T 5 2 0  T 4 1 0  
T 0 0 1 1 2 1 0  T 4 3  

T 6 . 1 0  T 4 2 0  T 3 1 0  
T 8 3 0  T 3 1 0  
1 7 4 0  T 2 1 3  
T 3 2 0  T 1 7  
T 4 2 0  T 1 7  

T 0 0 T 3 2 0  T O O  T 1 7  

(continued) 

95 



Table 7 (cont . )  

- .  ,. - 
Macroplot numbers 

. . 

Species 21 22 . 26 Average 

C D F  C D F  C D  F C D F  

Forbs (cont . ) 
VaZeriana occidentazis 
St~eptopus alp Zexifo l.ilid 

Racke Zia ftoribmda 
Erigemn speciosus 
Phace Zia sericea 
Lupinus adtolcus 
~mastomora stPiotU3 
vioZa canadensis 

T 2 1 0  T O O  T 1 3  
T 1 10 T '1 3 

T . 2  10 T . l  3 
T O  0 T 0. 0 
T O  0 T . 0  0 ' 

T O  0 T O O '  
0' 1 10 0 1 3' 

0 3 1 0 :  0 1 3  
, , 



Table 8,. Summary of t h e  1979 vegetat ion da t a  fo r  t he  Grassland community 
type by cover (C) , dens i ty  (D, number of p l a n t s  per 50 m2), and 
frequency (F) . 

- <- 

Macroplot numbers 

Species 4 1 5 0 Average 

Trees and Shrubs 

~ r t e h i s i a ,  frigida 
AmeZanchier aZnifoZia 
~ h r y  sothamnus v i s i d i  f lo& 
Ephedra v i r i d i s  . 

A t r i p  Zex canesbens 
Symphoricarpus oreophizus 
Tetradgmia, canescens 
Gut.iemezia sarothrae . 
Artemisia arb.hcuZa 
Chry sothamnus naweosus 

Grasses 

EZymus saZina 
Bromus tectamun 
Oryzopsis hymenoides 
H i  Zaria jarnesii 
Stipa comata 
Sitanion hys tr ix  

4 23 90 2 14 45 
3 2 10 2 1 5  

2 18 80 1 9 40 
2 3 30 

1 li 50 T 6 25 
1 4 20 T 2 10 

T 3 10 T 2 5  
T 2 10 T 1 5  

T O O  T 0 0  
1 0 3  T 0 0  

10" 100 90 18 237 90 14 169 70 
11 180 90 6 90 45 
5 40 100 3 1 6  60 4 28 80 

2 35 50 1 18 35 
T O O  T 0 0  
T O O  T 0 0  

Forbs 

Erigeron eatonii  5 115 90 3 50 45 
AstraguZus amphioxys 3 24 80 2 12 40 
Erioginwn cffuswn 4 3.7 RO T IT I) 2 h 40 
Rorripa i s  Zandica 2 4 40 T 4 30 1 4 35 
Caste Z l i  ja rhexifol ia 1 52 80 T 26 40 
Hymenoxys acauZis 1 28 70 T 14 35 
AstraguZus spp. 1 16 80 T 8 40 
Chenopodiwn aZbwn T 7 40 T 4 20 
Achi Z lea Zanu Zosa 1 8 20 T 4 10 
Penstemon ousterhoutii T 5 30 T 3 15 
Linwn Zewisii T 5 20 T 3 10 
Artemisia biermis T 5 20 T 3 10  
A~e?lcrria fendzerii T 3 20 T 2 10 
& Zim co Zoradoense T 3 10 T 2 5  
Cryptantha bakerii T 1 10 T 1 5  
Speara Zcea coccinea 1 1 10 T 1 5  
Trifoziwn gymnocarpon T 2 10 T 1 5  
Leptodacty Zon wntsonii T O O  T 0 0  
Eriogantun tunbe 7.7-atzm 0 1 10 0 1 15 



Table 9. Summary o f  t h e  1979 vegetat ' ion d a t a  f o r  t h e  s c r e e  s l o p e  community 
type  by cover (C) , ' .density (D, number of p l a n t s  p e r  50 m2), and 
frequency (F) . 

Macroplot numbers 

Species  2 5 1 Average 

C D  F C D  F C D  F 

. . 
Trees  and Shrubs 

Ho Zodiscus dmosus 1 1 1 0  3 3 20 2 2 15 
Chrysotharnnus viscidif lorus T 0 0 T' 1 10 T 1 5  
Symphoricqos oreophi Zus 1 1 1 0 '  T 1 5  

Grasses 

Agropyron spicatwn 
Festuca dasyczada 
Oryzopsis hymenoides 

Forbs 

Pteryx-ia hendersonii 
Lsptodaoty Zon wataonii 
Circiwn mdu Zatwn 
GaZwn co Zorodoense 
Penstemon cyanocauZis 
Euphorbia robusta 
Mentze Zia aZbicauZis 
Astraga Zus Zutosus 
Physaria austratis  

T O O  

1 1 0  40 
1 6 40 

T O O  1 3 20 
T 20 35 

T 12 50 T 6 30 
T 2 1 5  
T 2 1 0  

0 1 l o  T 1 20 
T 1 5  



Table .lo. Summary of the 19.79 vegetation data for the alluvial .community 
type by cover (C); density ( D ,  .number of plants. per 50 m2), 
and frequency (F) . 

. . . . 

Macroplot numbers 

Species 40 4 8 Average 

C D F  C D F  C D F  

Trees and Shrubs 

Artemisia tridentata 20 33 90 19 25 90 
dead Artemisia tridentata . 7 9 60 4 9 60 
Symphoricarpos oreophiZus T 3 20 20 36 100 
dead Symphoricarpos oreophizus T 0 .  0 0 8 39 
Quercus gambe Z i i  4 3 10 14 85 70 
dead Qyercus gambeiii T O  0 
Chrysothamus nauseosus . 7 8 50 5 4 30 
ArnaZanchier aZni fo Zia 5 0 0  T O  9 
R:'!us trn: Zobata 2 3 2 0  ' 
Cercocarpus rnontanus 1 0 0  T 1 10 
Juniperus os teospema 1 0 0  
Rosa nutkana T O  0 

Forbs 

Pens ternon ousterhoutii 
Stan Zyea pinnata 
Erigeron inconspicum 
Lepidim perfoliatwn 
Physaria australis  
Cryp tan tha bakerii 
Chenopodiwi albwn 
Aster cmescens 
GaZm co loraodoense 
EuphorbCa robusta 
Artemisia biennis 
Circiwn undulatun 

1 1 10 3 48 8C 
2 2 20 0 1 10 
1 60 70 
1 41 50 0 10 10 
1 45 90 T 1 10 
1 25 70 
T 1 10 

T 2 10 
0 1 10 

T O O  
T O O  

T O  @ 

20 29 90 
6 - 9  60 
10 20 60 
T 4 15 
9 44 40 
T O O  
6 6 40 
3 0 0  
1 2 1 0  
T 1 5  
T O O  
T O O  

2 25 45 
1 ,2 15 
T 30 10 
T 29 30 
T 23 50 
T 12 35 
T 1 5  
T 1 5  
0 1 5  
T O O  
T. 0 0 
T O O  



p a r t i a l l y  des t royed  a s  mud and d e b r i s  ov,erflowed,.,l5 f o o t  deep g u l l i e s  and . . 

depos i t ed  1 t o  2 f e e t  of mud over  h a l f  t h e  macroplot. Th i s  a c t i o n  re-  

moved and b u r i e d  much vege ta t ion .  This  phenomenon was a l s o  observed on 

south-facing s i d e  canyons -- coming i n t o  Logan Wash. Considerable  scour ing  

and g u l l y i n g  was noted a t  mid-slope, , and mud and . d e b r i s  accumulated a t  

s l o p e  bases.  

Vegeta t ion behind t h e  o l d  exhaust  s t a c k . h a s  recovered t o  normal con- . . 

d i t i o n s  and t h e  new exhaust  s t a c k ,  al thoiigh v e r y  r e c e n t ,  has appeared t o  
. .  . 

have l i t t l e  e f f e c t  on surrounding vege ta t ion .  

By comparing the  va lues  presented i n  t a b l e s  of  preceding r e p o r t s  and 

n o t i n g  c l i m a t i c  d a t a  f o r  t h a t ,  same per iod ,  we can judge t h a t  almost  a l l  

f l u c t u a t i o n s  d e t e c t e d  by the  f o u r  y e a r s  :f sampling thus  f a r  a r e  l a r g e l y  

due t o  c l i m a t i c  and s e a s o n a l  v a r i a t i o n s .  Mining a c t i v i t y  up t o ,  t h e  ire- 
. . 

s e n t  seems t o  have had l i t t l e  e f f e c t  on v e g e t a t i o n  and i ts  growth. The 

on ly  d e t e c t a b l e  change £rom mining a c t i v i t y  h a s  been s u r f a c e  d e s t r u c t i o n  
. , 

from t a i l i n g  d e p o s i t s  and road-building a c t i v i t y .  

~ w e n t ~ - o n e  v e g e t a t i o n  macroplots '  were resurveyed i n  l a t e  August- 

e a r l y  September, 1979. Tabular  summaries of  t h e  d a t a  were organized f o r  

each community type. 

L i t t l e  d i f f e r e n c e  i n  o v e r s t o r y  and sh rub  cove,r occurred between 1978 

and 1979 due t o  s i m i l a r  s o i l  mois ture  cond i t ions .  Seedl ing and r o o t  

s u c k e r s  have . inc reased  i n  response  t o  t h i s  favorable mois ture  s i t u a t i o n .  

Annual p l a n t  s p e c i e s  v a r i e d  due t o  t h e i r  seasona l  c y c l e  and t ime of 

measurement. This  change occurs  n a t u r a l l y  a s  t h e s e  p l a n t s  complete t h e i r  

annual '  l i f e  cyc le .  

The , d a t a  c o l l e c t e d  dur ing  t h e  previous  f o u r  y e a r s  should  g ive  a 

go0.d b a s e l i n e  of average va lues  .found p r i o r  t o  major a c t i v i t y  on t h e  pro- 



pet ty .  These four years ,  because they represent  near average (1975), '" 

drought (1977) and wet (1978 and 1979) condi t ions,  give a good indicatioh'  ' 

of the na tu ra l  f l uc tua t ions  i n  t he  vegetat ion due t o  the major c l ima t i c  

cont ro l ,  i . e .  winter  p r ec ip i t a t i on .  They a l s o  include the  e f f e c t s  of 

f r o s t ,  i n sec t  outbreaks on major spec ies ,  e ros iona l  inf luences,  etc. This 

da ta  bank provides evidence of t he  importance of these na tu ra l  perturba- 

t i ons  and allows, when coupled with c l ima t i c  and o ther  environmental 

da ta ,  the  separa t ion  of na tu ra l  from man-induced changes i n  vegetat ion.  

. . REC.OZQfENDATIONS 

C o n t h u a l  resampling of the  vegetat ions shouzd take ' place t o  monitor 

long-term changes i n  vegetat ion t h a t  might be r e l a t e d  t o  man's a c t i v i t y  

on the  property. 

Recommendations made i n  1978 should be observed. P l o t s  c lo se r  t o  

t h e  mining a c t i v i t y  should be es tab l i shed  and compared t o  t he  base l ine  

da ta  t h a t  has accumulated. A svmnarization of the  vegetat ion da ta  and i ts  

r e l a t i o n  t o  c l imat ic ,  l ives tock  and in sec t  herbivory, f r o s t ,  e ros iona l  

inf luences,  e t c .  might prove 3se.ful a f t e r  next  year ' s  readings. 

Revegetation s tud i e s  should occur on raw sha l e  mine t a i l i n g s  t o  de- 

termine p l an t  spec ies  s u i t a b l e  f o r  revegetat ion and methods t h a t  would 

expedi te  reestablishment s f  o r i g i n a l  p l an t  communities. Such a program 

is  des i r ab l e  t o  prevent mudflows s imi l a r  t o  t he  na tu ra l  s i t u a t i o n  t h a t  

occurred i n  t he  Kelly Wash a r ea . '  This would a l s o  decrease the  r i s k  of 

car ry ing  sddiments i n t o  water drainages and reduce sur face  leaking of 

undesirable  elements. 
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P. 0 .  Pox 2687 9-21-79 
Grand , J I I ! I C ~ ~ O I . ~ ,  C O  ! j l  'i01 

At. t .cr~l  i.on: C i 1 - 0 1  ..h . Pi.i I!II;:~.:!I~.III.~S 
()HI,FR NO. . 0S-1'T61s 

'J1(:I.;t:! .? ' i  : i :  . ! . ' i /  ! ) To be repor ted .  

' i ' ; . : . . !  ! ,  ! . .  I ; ,  i I To be repor ted .  

< = less  than 



i Cbolj i $rltcrno - CI!!~:IICAL L A . ~ O ! ! A T ( ? R Y  
/ ' 

!!IYISIOH d~ ( ' . - ' P I  rORCCLAI11 COMPrlN: 

cot-DEN, r-o~.onnno, 11.s.~. Mailing Addless: 
r.0. I I ~ X  500 

J(j7..?1.:. .\~~'llb C. . I ,  ; !::, 

Airalyl;wl /\cpod Golden; C o l o r ~ d o  80401 

TO: 

'1'(:!.i1.'! .: ! ; i:.. - ! ! : i,,!'! .) TO be reported.  

' 1 ,  , ! . 1 , , . i 1 ) To  be reported.  

' . .  . . ,. , : : . ' ,  . . , , I  To be reported.  . . 

B O ~ O ~  (mg/l) 3.2 0.3 0.2 3.5 0.2 1.2 1.8 

< =. l e s s  than 



C I .  I l l 7 . A  

:!()I.. 7 1 ~ .  .loon I: .I. ; Coltlcn. Colorado 80401 

. .. ... . . . . .- -- 
' L A I I O H A I O H Y  

To: . O C C ~ ~ ~ I I ~ , R ~ ~  011 :?11:~1*.: ,, ~ 1 . 1 1 ~ : .  
111 lMnc H g05'11 
. . . .. . - - . ... --- - - -. -. --- 

P . 0 .  ~!OX L'03'( 
[ ) A  r c : Grand ,Tu~id:ion; C : O  !!l li<)l . - . . . . . - . - . . - - - . - - - . . . . 

' J ' ~ : : . ~ I : !  ;.. i i i; ! I  . . : i , / ! )  To be r epor t ed .  

. 1 .  I . 1 , i I ! To be repor ted .  

:, !,,:,!I:::, (!.,;:;,I 1 < 0.02 < 0.02 < 0.02 < 0.02 < ,0 .02  0.03 < 0.02 

s .  ;. 1 . 5  .I.,.! :, ; . , ' I < 0 . 0 2  < 0 . 0 2  < 0 . 0 2  < 0 . 0 2  < 0 . 0 2  < 0 . 0 2  <.,0;02 

Bcl.,>n ( ~ n f ; / l )  0.2 4.3 0.4 0.2 0 . 4  0.5 1.2 

< = l e s s  than 

i " c > z . l ~ /  S P i C T R O - C l i t h \ l C A L  LABORATOPY 



.. . / .  olw~ito~c or cr:;c5 r.onc'[L~irr comrfi?tu 
~CGI~DEIJ,I;fl1.OR1\00;l.l.S.A. Mailing Address: 

. . 
jlJ1. 7 j l  .I!l1;!l - 1 ,  > l a ' ,  

P.0. llor 500 

&kdl//icol flt?pbd Coltlen. Color~do 80401 

To: , O C C ~ ~ ~ ~ : I I ~ , R ]  O i l  ! ! I : . I . ~ C :  . . , 'I 11,:. 
I ) .  0 ,  I~C?X 2ir!3*7 . , 

.' ( ; r n ~ ~ & ' ~ J \ ~ ~ ~ c t i o r ~ ,  (,:(I :!,.I lii).l 

I .  ~ . l I : ~ l o ~ . ! ~  R 
~ 1 1 t . i  (\I>: c::~i.i)j !\ . .  ~ j , ~ l ~ ~ l ~ ~ . ~ , . ~ l ~ l l l  i:; OPI>I R NO. . US-1.161~ 

, 1 . . .  . -  . _, . 

L;-f:$: t..lL5,;-l. .,-7. W:1l;1.,1. :;wrlll.l.Cc i o t .  . .  ,,= 
7 I -7 1 I .  . . S , ~ ~ ~ . I I I L : , ) ! ~  
A-495 , A-49.6 A-497 A-498 ,A-499 A-500 ~ - 5 0 1  . 

I ,  1 Ol,il'! ." 1 i.i:. , I,! : i: l  1 TO be r ~ p o r ! ~ d .  

, % 1 I : ! .  . 1 I I ) To be reported.  ' 

. . 
;:'.I i i ' ,  .. , .  I , a '  i  / I ) TO be repor ted .  

< = l e s s  t h a n  



~noclwn~onu 
M ~ i l i ~ ~ g  Address: 

. '  ' COLDEM, Clll.ORAD0, II.S.'A. P.O. [)a& 500 
3 0 1 - 7 7 ~ .  .coon E .I. 2 I(:/. 

C l , r a C l / / h C  RcPorl 
Coltlen, C o l o r ~ d o  80401 

I .:. ! i . I . : . : i ,I i ! To be. reported.  

I ! . !  i .  1 . 1  I To be reported.  

i:.: ; . I I . ' 1  : a i 1 I To be reported.  

, I .  ,:, ' 1 .;,.'I. ! ; : . ; v ! !  1 1. <0.01 <0.01 <0.01 (0.01 (0.01 (0.01 (0.01 

:,, I , ; I :  i I::!# (I:,: ..! 1 < 0.02 < 0.02 < 0.02 <-0.02 < 0.02 0.36 ~'0.02 

I . i ~ l ~ ; ~ : . I . y , . . ; ' ' l )  ' <0.02 <0.02 <0.02 <0.02 <0.02 <0..0.2' c0.02 . . 

, . 
3.8 &*nn ( m c / l )  1.5 1.4 0.5 3;4 :0.2 2.7 

< = less t h a n  



' l ' c > l , i ~ . !  .'!'I ; i:. . .. ' ' i s ' ' 1  TO be reported.  

a I 9 .'~l.;:! !. I ,I i,':~ ) 
To be reported.  

i.:,! i,~;., ; ,. , " i . , ' i :  1 j To be reported.  

<., = l e s s  than 



M ~ i l i l ~ g  Address: 
P.O. llor 500 

, . . .. .. . .... -- : I ~ n o . ~  IOUY gOZ,ll 
TO: O c c l d e ~ ~ t ~ l  O i l  Sl~:~.lc:, 'I.IIL:. . . . . N~IMLIER . . . - . - - - - - - . - - .- - - - 

P. 0 .  )\cis 26.37 
C r n n d  ,JuncLi on, CO !)I ' ;O ' I  . . . - . I ) A  . - . . I E  . - . - - - - -. - - - - -- 

CII:,IO)AER 

A L L c I I ~ . ~  @I?: C:1rc)1 A .  Pi. i  t ! ~ ~ \ ~ ; t , ! ~ ~ l ~ ~ ~ . i s  I ,  NO. . 05-17615 
Q m p ~  k.~.r,.,, , \ 

31.5 
A-518' A-519 A-520 A-521 

'J1,j: ;,;;..;;. I , '  ' ,. i .. I / . !  ) To be repor ted .  

! .  I ! 1 I i i I ) To be repor ted .  

I I i I :  . ! i i I ! To. be repor ted;  ' 

< = l e s s  t h a n  



- A laooanlonu 
DIVISION O i  C0'.17S P O R C E l A l l l  COMPANY 

$ .  . mail in^ Addrcss: COLDEld, COI.ORAU0, IJ.SA. P.0. BOX 500 
303-271; .I000 E W I .  7 1 0 2  , . 

C1,,4/rml R v d  Golden, Colorado BOO01 
. .  . 

TO: a Occide~~tal Oil S11:1.l.~:, ,,'I.IIL 
. . P, O; FOX 2697 

Grand .Junction, CO !!I 'it'll . . 9-25-79 - . - . . - . . - . -- - . - - 
CIIT, lOMER 

t c  j I :  Cn.rul A .  ~ ' I . ~ . ! * L I ~ ~ ~ . ! I I ~ I I I  i s . . . O R I I E H  . . . -. .. NO. . - .. - . . --- ds-17615 - - .- . . - - 
\OX L~FF* Pbq A - L ~ J W  f b ~  Shq?h!$'\ 4 ~5 I ; ~ ~ f i  4 )  IL O ~ . t + ~  f J 16 Water K&/[Y 9lk 

~-522 A-523 A-5Pk A-5?5 A-526 

TW (~ I~ / I . )  9 4 10 50 

KC (rngjl) 4 3 10 4 4 5 

'j'o!..;~,:! J.'!;:i:. 1.1.  . . ' i /  i j TO B& Reported 

7.. . 1 :. ! !.. ! . $  :+.,:..* i , ' :~  ) To Be Reported 

i f . ,  \ ii:,::: ;.. ,;; ;. i;1 \ 4 .  

,To Be Reported I 

::.j '!,,..r, (.(!(!; 1 . 1  < 0.01 < 0.01 < 0.01 < 0.01 < 0:Ol 



f~oij '~ l . f ( l  R O  - C I I E ~ I I C A L  LADGNE\TORY /-. . ::olvlrIn* or cr:!:r ruucrLry cemrra: 
, .. 

Msilillg Address: 
. ..I.. GOLDEN. COLORADO, U.S.A. F.0. ~ n i ' 5 0 B  

Golden. Colorado 80401 

- .  

TO:. . O ~ c i ~ l . e ~ i t ; ~ ]  Oil ::11.11?.:, '1.111:. 

- P. 0. ~ 0 ~ 2 1 ; a ' j  , . 
' Grand ,Tunct.i on, (:O !]I 41ijl 

lyc.:t.;!:! :\..I ,.;:.. i 1 :  :,ii:i ) TO Be Reported 
. . 

8~...i...: 1.. I .! ;is.'i,'! ) To Be Reported 

i.! ,~ 1 i ,I!:: . I.' ' ; 4 I :I TO Be Reported 

I D A T E  9-25-79 ' 1 

10% b l i j  &w#d water 
8 J 1 4 a p  

A- 529 A-'530 



,..* 1 

LI\DC.I!?,IORY 
DIVIS IOH'~F C O r > ? S  SrORCiLAli l  COMI'AN? 

.. ! blailing Address: COLDEIJ. C(ILORAL)I), IJ.S.Pt. P.0.. Dnx sw 
301-7J1; .Ill00 k *I. 2.I4:1>, . ~ o ~ d e n ,  Colurado 80401 

TO: ,OccSde11t~.7 O i l  ':;11:11t:, I:II(-. 
F. 0. Pox 2693 

. . Grnnd. ,Funct,ion, !:O !).I '10.1 

ACt.c!l~l, i on: 

Toc ("lG/.l ) 

Doc ( l,lk;/l ) 

&03. ( I I ~ ~ / I )  

N i . t l 'O~;C I I - K ; ~ ~  .;\i1;.1 
(~l%/l) 

l p e c ! a l  Ct11 i L ' ~ . ~ I - I I I  
((:t.~:l o11i. ,::,/.!, a !;:.I ) 

~ h r o n  ( rng / l )  

L 2 . 4  L iz PSI 
6-1 .3~  ' ;1 \3~ 

A- 531 A, 532 

- .... . . . - - . . -. .-.- 
LAHORATOWY 

NIWOER 90901. 

CII\lOMER I ORPF I? NO. 0s 17615 

'l'\*l.:l 1 ~o . ! . I  i !., ,l.!;i(:, < 1 .< 1 < 1 < 1 < 1 
( ( ~ ~ : l l ~ ~ l , i ~ ~ : : ~ ~ l ~ ) o  ll!l ) 

'J~~::.;I:! ! .I : . . .  1 1 ~  . . ; i / '> ) To Be Reported 

a I s : n t : :  ! j., I , I  i/ ' ] ) To Be Reported . 

ii:i.Ii\~l;: t "  :,-: (i; isi/, l) TO Be Reported 

S i : L v + r  (f:~[,v,/l"! , < 0.01 < 0.01 

' < = Less L ~ I S L L I  



. '&otj-: I [ ? E s I ' ~ ~ o  - CI,IE!II~A,L LABOWATCRY 
. / .:, .,.DIvIS!ON OF : ( ( ! ! . r?S  PUOCtLAIII.COMPAN7 

' . . b i l i n g  Address: 
. . , - . GOLDEN, COLORAUO, U.S.A. P.0. Box ,500 

3 0 3 - 1 7 8  .Inno E V I .  >:{a2 Golden, Colorado 80401 
4;,alptd Rvad 

. . . . 
TO: O~cIde111,nl.  O i l  .S11:ilt: ,' I.II:.:. 
. .- P. 0. pox' 213' f  

Crnnd Ju :~c t ; i  o n ,  (10 I 'i0.1 

.. - .. ... .- -.--. - 
LA,RORATORY 

NUMDE R 
. , -. . .. .. . f 

CII;lOMER ' 

ORI IER NO. . .- . 

3 3 , Water 

IG? 

F'ccal Col i L ' O I . I I I  < 1 < 1 .< 1 < 1 
,( C:LI:I o t ~ i  !: ::/,,I: I(', !:I.! ) 

Boron (mg/ l )  , 0 ;  5 0 . 5  0 .3  0 .3 '  

.. 'J'ot.ig.1' ?,.I l - l : . t  ( !  , :  i!'l ) To Be. Reported 

I .  . ! i .  I , I  {,,;: i!..] ) To Be Reported .. 
. . 

i { ' i , !  i ,!!: :' ):: ( i s < s  i ) 'TO ~e Reported 

r;j '1.4. 1; 1 > 0 - 01 < 13.03 < n.01. < 0 . 0 1  

. . 

< = Less .than 



s PECTRO-CHEMICAL LABORATORY / .  DIVISION OF COO?s PORCELAIN COMPANY 
GOLDEN, COLORADO, U.S.A. Mailing Address: 

P.O. Box 500 
A W R e p o l l  303-278-4000 Ext :  2302 Golden, Colorado 80401 

C I - ~ J I ' I - A  

To: . Occidental O i l  Shale,  Inc. 
P. 0. Box 2687 
Grand J ~ ~ n c t i o n . ,  CO 81501 

Attention: c a r b l  A. Nieuwenhuis 

LABORATORY 
NUMBER 98813 

8-8-79 
CUSTOMER 
ORDER NO. M E  977901-477901 . 

Logan Wash Samples 

ReanaLy~is 

Sample I.D. T'ot a 1  Coli forms TOC DOC 
( colonies /lo0 m l )  ( m a  /l) (ma/l) 

'&%I/ SPECTRO-CHEMICAL LABORATORY 



LABORATORY 
Mailing Address: 

GOLDEN, COLORADO, U.S.A. P.0. BOX,SO~ 

303-278-4000 Exc. 2302 

A+.h.l Qqm4.t 
Golden,'dolorado 80401 

LAB0 RATORY 

TO: ' . Occidental O i l  Shale, Inc.  
NUMBER 91016 

P. 0. BOX 2687 '10-2-79 . . Grand Junction, CO 81501 
CUSTOMER 
ORDER NO. 

Attention: Carol A. Wieuwenhuis 
0s 176l5 

Water 
Additional Work t o  CSL 90157 

Sample I.D. Total  Alpha 
( p c i l l )  

Tota l  Beta 
( .pci/ l)  

Radium 226 
( p c i l l )  



/ DlVlS ION OF COOP rORCELAIN COMPANY 
GOLDEN, COLOIADO, U.S.A. 

Mailing Address: . + P.O. Box 500 

8-I.ct-lRepMt 
303-278-4000 E x c .  2302 Golden, Colorado 80401 

, * s .  

TO: . occ iden ta l  o i l  Shale,  Inc.  
P:O. BOX 2687 

..Grand Junction,  CO 81501 

. Attention:  ' -Carol A .. Nieuwenhuis . . 

Sample I.D. Tota l  Aipkia 
( p c i / l )  

9101 5 

10-2-79 
CUSTOMER 

. ORD.ER NO. os 17615 

Vator  
Addit ional  Work t o  CSL 90099 

Tota l  Beta ' Radium 226 
(pd i / l )  ( p c i / l )  



S PECTRO-CHEMlCAL LABORATORY 
,.:,- DIVISION OF COORS PORCELAIN COMPANY / Mailing Address: .- GOLDEN, COLORADO, U.S.A. P.O. BOX 500 

u e f l d  
303-278-4000 Ext.  2302 Golden, Colorado 80401 

TO: . Occidental O i l  Shale, Inc. 
P.. 0. Box 2687 

. . Grand Junction, CO 81501 

. Attention: C'arol A. .Nieuwenhuis 

Sample I.D. Total Beta 
(PC ill 1 

A-47'4 r-zM-! b ( 13 20 1.1. 

NUMBER 90 541 

10-31- 79 
CUSTOME R 
ORDER NO. 0s-1.7615 

Water 



-y: 

LABORATORY 
DIVISION OF COO35 PORCELAIN COMPANY 

GOLDEN, COLORADO, U.S.A. Mailing Address: 
P.O. Box 500 

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

C I - 1 3 1 7 - ~  

TO: . Occidental O i l  Shale, Inc. 

Water 

NUMBER 

CUSTOMER 
ORDER NO. OS-17615 

Sample I.D. Total  Alpha Total Beta Radium 226 
(PC i/l) X P C ~ / ~ )  , (PC i/l) 

l\l!+'=f ,\(, 
, ..%..- A-491 c.: 9-  5 13 

LoLcc.y;.- 
A -492 ,:.,i~.,, I IL- 1.5. 6 

I 1 8 . &d6/ SPECTRO-CHEMICAL LABORATORY 



&c& SPECTRO-CHEMICAL LABORATORY / ,<. FQIVISION OF COOR!, PORCELAIN COMPANY Mailing Address: 
* , GOLDEN, COLORADO, U.S.A. P.O. Box 500 

TO: . Occidental O i l  Shale, Inc. 

Sample I.D. Total Alpha . 
( p c i l l )  

1- 5 

6.0 

11 

3- 0 

1 5  

0.0 

0.0 

0.0 

8.1 

9 1 

.12 

79 

1 5  

303-278-4000 E x t .  2302 Golden. Colorado 80401 

NUMBER 90 541 

10- 31-79 
CUSTOMER 
ORDER NO. OS-17615 

Water 

Total Beta Radium 226 . : 
( P C ~ I ~ )  (PC ill 

4 

3 

1 5 1  0.3 

196 ' 2.0 

8 

12 

i i 9 ' &vU/ SPECTRO-CHEMICAL LABORATORY 



- CHEMICAL LABORATORY 
DIVISION OF COO" rORCtlAlN COMPANY 

t: t GOLDEN, COLORADO, U.S.A. 

A+& RepMC 
303-278-4000 E x t .  2302 

TO: . Occidental O i l  Shale, Inc. 
P. 0. Box 2687 

. Grand Junction, C0 81501 

. Attention: Carol A. Wieuwenhuis 

Sample I . D .  To ta l  Alpha 
(PC ill ) 

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

NUMBER 90704 

10-31-79 

CUSTOMER 
O'ROER NO. 0s-17615 

Tota l  Beta R a d i u m  226 
( p c i / l )  (PC i/l) 



SPECTRO - CHEMICAL LABORATORY / ..;:cDIVISION OF COOES PORCELAIN COMPANY Mailing Address: 
1 .  

;: GOLDEN; COLORADO, U.S.A. P.0. BOX 500 
. 303-278-4000 Ext.  2302 

A W R d  
Golden, Colorado 80401 

TO: . Occidental O i l  Shale, Inc. 
P. 0. BOX 2687 

. Grand Junction, CO 81501 

. Attention: Carol A. Nieuwenhuis 

Sample I.D. Total  Alpha 
( P ~ i l l )  

A-531 c t C I . - L  ?(!a 26 

, ~ - 5 j 2  LI  ('5-1 %If,:; 6. o 

A-533 L t c S i  - 2  $'.30 1 .5  

A- 534 -\ $15 0 1 .5  

A-535 LlL-,qY 8\20 3.1 

A- 53.6 
V',zL\ Y I ? : ~  

7.5 '::, 1;: 
A-537 0.0 

Total  Beta 
( P C ~ I ~ ) ~  

NUMBER 90901 

D A T . E .  10-31-79 

CUSTOMER 
ORDER NO.' 

Water 

Radium 226 
(PC i / l )  



SPECTRO-CHEMJCAL 'LABORATORY / DIVISION OF COORS PORCELAIN COMPANY 
GOLDEN, COLORADO, U.S.A. 

Mailing Address: 
P.O. Box 500 

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

C I -  1 3 1 7 - ~  

TO: . Occidenta l  0  il Shale,  Inc .  
P. 0.. Box 2687 

. Grand Junct ion ,  CO 81501 

. Attent ion:  Ca ro l  A .  Nieuwenhuis 

Sample I.D. 

* U.S. GOVERNMENT PRINTING OFFICE: 1980-840-268/237 

T o t a l  Alpha 
(pc i / l )  

LABORATORY 
NUMBER 91117 

11-12-79 
CUSTOMER 
ORDER NO. os 17615 

T o t a l  Beta 
( p c i / l )  

Water 

Radium 226 
( ~ ~ 1 1 1 )  




