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Section 1.0 

Maps Showing Locations of Well 
Sites Sampled in this Study 
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Section 2.0 

Lithologic Logs of Soil Borings 
Used to Obtain Soil Samples 



Nassau 5R Lfthologic Log 

LOCATION MAP: 

Not To Scale 

Dry 
Pit 

16" 

z Bore Hole 

12' 

J / 4 1/4 . 1/4 1/4 S l 6 _ T 2 7 N R l2W 

Poge 1 of _ L 

SITE in- McHughs 
SITE COORDINATES ( f t ) : 

LOCATION in- Nassau 5R 

GROUND ELEVATION (ft . MSL): 
STATE: N.M. COUNTY: Son Juon 
DRILLING MFTHOH: Hand Auger 
DRILLING CONTR.:. 
DATE STARTED: 3 - 4 - 9 2 DATE COMPLETED: 3 - 4 - 9 2 
FIELD REP.: M. Mohorcich 
COMMENTS: Dry Pit. Moist Soil. » HNU Not Working Properly 

LOCATION DESCRIPTION: NAPI, Off Hammond County Rd. 5510 

DEPTH 

(f t . ) 
LITH. 

RUN 

FROM TO 

SAMPLE 

I.D. TYPE 
uses VISUAL CLASSIFICATION 

10 

15 

20 

25 

30 

1.6' 2.2' HNU=175pprrn 

4.9' 
4.9 ' 

5.2' 
5.6' 

HNU=125ppm* 
9203040915 

0 - 1 . 9 ' Clayey Sond: moderate yellowish 
brown 10 YR 5 / 4 very moist, 
moderately plastic. 

1.9—2.5' Sand: light olive groy 5 Y 5 / 2 , medium 
to coorse groin moist, unconsolidated. 

2.5—5.6' Sand: dusky yellow 5 Y 6 / 4 , primarily 
medium grain, fine to coarse. Semi 
consolidated, slow drilling at 3.5. 3.5— 
5.6' moderate to consolidated, 
cemented. 

5.6' T.D. 5.6' sandstone. 

1 



Bengal B#6 Uthotogte Log 
Poge 1 of 1 

LOCATION MAP: 

Bore Hole Pit 
Dry 

Not To Scole Separator 
790' FSL 790' FEL 

1/4 1/4 1/4 1/4 S 2 _ T 2 6 N R12JV 

SITE ID: Jerome P. McHuqh LOCATION ID: Bengal B#6 
SITE COORDINATES (ft.): 
N E 
GROUND ELEVATION (ft. MSL): 
STATE: N.M. COUNTY: San Juan 
DRILLING MFTHOD: Hand Auger 
DRILLING CONTR.: 
DATE STARTED: 3 - 4 - 9 2 
FIELD REP.: M- Mohorcich 

DATE P.OMPI FTFH: 3 - 4 - 9 2 

COMMENTS: Sampled Gallegos Wash For TPS 

LOCATION DESCRIPTION: NAPI Off Hammond County Rood 5510 

DEPTH 
(ft.) 

UTH. 
RUN 

FROM TO 

SAMPLE 

TYPE 
uses VISUAL CLASSIFICATION 

1.8' 

5 .1 ' 
5.2' 

2.5* 

5.5' 
5.5' 

HNU=27ppm 

HNU=13ppm 
9203041022 

10 

0—1' Sand: dusky yellow 5 Y 6 /4 , very fine 
to fine grain, unconsolidated. 

2 -3 .7 ' Clayey Sand: dark yellowish brown 10 
YR 4 / 2 , semi consolidated, moiBt. 

3.7—4.9' Sandy Clay: pale yellowish brown 10 
Yr 6 /2 . 60-40 fine groin sand with 
laminations, moderately plastic. 

4.9-5.67' Sand: pale yellowish brown 10 YR 6 /2 
saturated at 5.2'. Fine to medium grain 
moderate to well sorted, 
unconsolidated. 

5.67' T.D. 5.67' due to hole slough below 
water table. 

15 

20 

25 

30 



Western Federal #6 
Poga 1 of 1 

LOCATION MAP: 

Not To Scale V 

- I T 
r—11'-' 

Bore Hole 

1 
12' 18.5' 

Separator 

J / 4 1/4 1/4 1/4 S 2 _ T 2 J S N R I 1 W 

SITE m: Duoon LOCATION ID: Western Federal §6 
SITE COORDINATES (f t . ) : . 
N E 
GROUND ELEVATION (ft. MSL): 
STATE: N.M. COUNTY: Son Juan 
DRILLING MFTHOl">: Hand Auger 
DRILLING CONTR.:. 
DATE STARTED: 3 - 4 - 9 2 
FIELD REP.: M. Mohorcich 

DATE COMPLETED: 3 - 4 - 9 2 

COMMENTS: Pit Bottom Is Approx. 2' Below Grade. T.D. 20.1 ' 
No Visible 'Stain Or Odor. Very Small Separator. Little H2Q 
Dischorge, Low Producer Of A Well. * HNU Not Reading 
Property 

LOCATION DESCRIPTION: 

DEPTH 
(ft.) 

UTH. 
RUN 

FROM TO 

SAMPLE 

I.D. TYPE 
uses VISUAL CLASSIFICATION 

mi 

2.1' 

4.9* 

2.7' 

4.8* 
5.2' 

HNU=10ppm* 

HNU=10ppm» 
9203041126 

10 
inn 

9.9' 10.1* HNU=8ppm* 

15 15.1* 15.6* HNU=8ppm* 

20 19.8' 
19.8' 
20.1' 

HNU <4ppm* 
9203041237 

25 

0—2.4' Sand: dark yellowish brown fine to 
medium, moderately sorted, 
unconsolidated. 

2.4— 3.2' Sand: moderate yellowish brown fine 
to medium, unconsolidated, moderate 
sorting. 

3.2—3.8' Silty Sond: moderate yellowish brown 
10 YR 5 /4 , moist, very fine to fine 
grain 70% siit well sorted. 

3.8— 4.9' Sond: moderate yellowish brown 10 
YR 5 / 4 to grayish orange, 10 YR 7 /4 
fine to medium grain well sorted, 
unconsolidated. 

4.9— 6.0' Silty Sand: moderate yellowish brown 
10 YR 5 /4 , very fine and fine sand 
approximately 70% with 30% silt. 
White clay smears from 5 to 
approximately 5.5', unconsolidated. 

6.0—9.5' Sond: moderate yellowish brown to 10 
YR 7 /4 , fine to medium grain, 
unconsolidated. 

9.5— 10.5' Gravel Sand: as above with 
appearance of 1/4" subrounded gravel. 

10.5-11.0' Silty Sand: as from 4 .9 -6 ' with white 
clay smears. 

11.0-21.V Sand: moderote yellowish bm 10 YR 
5 / 4 to grayish orange 10 YR 7/4. Fine 
to medium, moderate to well sorted, 
unconsolidated. 

20 .1 ' T.D. 20.V. 

30 



Claude-Smith #1 Uthologic Log 
Poge 1 of _J_ 

SITE ID: Dugon LOCATION ID: Claude-Smi th fll 
SITE COORDINATES ( f t . ) : . 
N E 
GROUND ELEVATION (f t . MSL): 
STATE: N.M. COUNTY: Son Juan 
DRILLING MFTHOn-. Hand Auger 
DRILLING CONTR.: 
DATE STARTED: 3 - 5 - 9 2 DATE COMPLETED: 3 - 5 - 9 2 
FIELD REP.: M. Mohorcich 
PnyUFNITs" H2Q In Pit. Angle Hole To Get Under Pit 

LOCATION DESCRIPTION: Dirt County Rood 5117, Read Eost Of Salmon Ruins, North Of 64 

DEPTH 

( f t . ) 
LITH. 

R 
E 
C 

S 
A 
M 

RUN SAMPLE 
uses VISUAL CLASSIFICATION DEPTH 

( f t . ) 
LITH. 

R 
E 
C 

S 
A 
M FROM TO I.D. TYPE 

uses VISUAL CLASSIFICATION 

5 

10 

15 

20 

25 

30 

4 .2 ' 
4.8 ' 
5.9' 

2 ' 

4.6 ' 
5 . 1 ' 
6.0' 

HNU=170ppm 

HNU=300ppm 
9203051542 
9203051617 

0—6' Sand: block, strong HC stoin and odor 
f rom start of hole to 3.5' , very moist, 
f ine grain 3.5—5 sand is mott led gray 
ond block clearing, decrease in HC 
stain. 5—6' pale yellowish brown 10 YR 
6 / 2 very fine to fine grain, well sorted, 
semi to moderately consolidated, 
cemented. 

6.0' T.D. at 6.0' auger refusal. 

4 
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Red F«rn #2 UthoJoglc Log 

LOCATION MAP: 

15' 11' 

Not To Scale 

- 15' 
H- 11*-

Bore Hole 

Separator J 
1/4 1/4 1/4 1/4 S l 6 _ T 2 8 N R r L W 

SITE in: Dugan 

Poge 1 of 

LOCATION m: Redfern #2 
SITE COORDINATES (ft.): 
N E 
GROUND ELEVATION (ft. MSL): 
STATE: N.M. COUNTY: San Juan 
DRILLING MFTHOn: Hand Auger 
DRILLING CONTR.: 
DATE STARTED: 3 - 6 - 9 2 DATE COMPLETED: _ i=6 r92_ 
FIELD REP.: M. Mohorcich 
COMMENTS: Pit Muddy 

LOCATION DESCRIPTION: Off County Rd. 5500, 1st Right Eost Of Thriftwcy Refinery 

DEPTH 

(ft-) 
UTH. 

RUN 

FROM TO 

SAMPLE 

I.D. 
uses 

TYPE 
VISUAL CLASSIFICATION 

1.0' 
1.5' 

HNU=1ppm 
9203060810 0-0.8* Mud: 

0.8-1.5' Sand: pale yellowish brown 10 YR 6 /2 
to dusky yellow 5 Y 6 /4 . Consolidated, 
cemented fine to medium grain sand 
with some clay. 

1.5' T.D. at 1.5' auger refusal. 

10 

15 

20 

25 

30 
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Wtedemer #4 Uthofogic Log 

LOCATION MAP; - 21 ' -
— 14' — 

I • 
3.16' 14* 

I t 

I • 
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I t f 

I Bore Hole 
Not To Scale 

1850' FNL 1850' FWL 

4.0 ' 
Deep 

.1 /4 1/4 1/4 1/4 S34_ T 2 7 N R1_0W 

Poge 1 of _ L 

SITE ID: Curtis J. Little LOCATION ID: Wiedemer #4 
SITE COORDINATES ( f t . ) : 
N E 
GROUND ELEVATION ( f t . MSL): 
STATE: N.M. COUNTY: San Juon 
DRILLING METHOD: 
DRILLING CONTR.:. 
DATE STARTED: 
FIELD REP.:. 

DATE COMPLETED:. 

COMMENTS: H20 Standing In Pit, T.D. 3.6' In Possible 
Cement 

LOCATION DESCRIPTION: Angel Peak Area, County Rood 7175 

DEPTH 

(ft.) 
LITH. 

RUN 

FROM TO 

SAMPLE 
uses 

TYPE 

VISUAL CLASSIFICATION 

10 

15 

3.6' 
3.6' 

9203061045 
HNU=0ppm 

0 - 3 . 0 ' 

3 . 0 - 3 . 6 ' 

3.6' 

Silty Sand: muddy, dark yellowish 
brown 10 YR 4 / 2 , very fine groin sond 
and 20—30% silt, unconsol idated. 

Silty Sand: olive gray 5 Y 4 / 1 , very 
fine grain sand and silt, very 
consol idated, possibly cement? 

T.D. hole at 3.6'. 

20 

25 

30 

6 



Wtedemer #3 Lithologic Log 

MAP: - 15' -

1 \ 
14' 8" — 

i i 
B o r e Ho le 

5" Deep, 
Dry 

Not To Scale 
1850' FSL 790' FEL 

1/4 1/4 1/4 1/4 S34_ T27N RlOW 

Page 1 of _ J _ 

LOCATION ID: Wiedemer #3 SITE ID: Curtis J. Little 
SITE COORDINATES (ft.): 
N E 
GROUND ELEVATION (ft. MSI ): 6644 G.L 
STATE: N.M. COUNTY: Son Juan 
DRILLING MFTHOT): Hand Auger 
DRILLING CONTR. 
DATE STARTFn: 3 - 6 - 9 2 
FIELD REP.: M. Mohorcich 

DATE COMPLETED: 3 - 6 - 9 2 

COMMENTS: Dry Pit. P&A With Bentonite. Cuttings. Sand. 

LOCATION DESCRIPTION: Angel Peak Area, County Rd. 7175 

DEPTH 
(ft.) 

LITH. 
RUN 

FROM TO 

SAMPLE 

I.D. 
uses 

TYPE 
VISUAL CLASSIFICATION 

1.6" 2.3' HNU=Oppm 0-8.25' Siltv Sond: moderate brown 5 Yr 3 /4 , 
moist very fine to fine grain sand with 
approximately 20% silt, well sorted, 
unconsolidated. 3.8—8.25 moderate 
brown 5 YR 4 / 4 . 

10 

5.0' 
535" 

9.8' 

5.35' 
5.6' 

10.25 

9203061145 
HNU=0ppm 

HNU=0ppm 

8.25-20.45' Sond: 8.25-9 dark yellowish orange 10 
YR 6 /6 , fine to medium grain, 
unconsolidated, well sorted. At 9.2 rust 
pervasive, 10—19' light olive gray 5 Y 
5 /2 to dusky yellow 5 Y 6 /4 . 

15 
14.7' 14.95 HNU=0ppm 

20 
19.75 
120.25 

20.25 
20.40 

9203061330 
HNU=0ppm 20.25' T.D, 20.25". 

25 

30 

7 



Designated Utter #1 Lithologic Log 

LOCATION MAP: 
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Not To Scale 
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Deep 
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SITE ID: Duqcn 

Page 1 of 1_ 

LOCATION ID: Designated Hitter ^1 
SITE COORDINATES ( f t . ) : . 
N E 
GROUND ELEVATION (f t . MSL): 
STATE: N.M. COUNTY: San Juan 
DRILLING METHOD: Hand Auger 
DRILLING CONTR.:. 
DATE STARTED: 3 - 6 - 9 2 
FIELD REP.: M. Mohorcich 

DATE m M P i n T T V 3 - 6 - 9 2 

COMMENTS: H20 In Pit. Drainage To West Running N /S . 

LOCATION DESCRIPTION: 

DEPTH 

( f t - ) 
LITH. 

RUN 

FROM TO 

SAMPLE 

I.D. 
uses 

TYPE 

VISUAL CLASSIFICATION 

1.6* 2.3' HNU=0ppm 0 - 7 . 5 ' 

7 . 5 - 8 . 0 ' 

4.9' 
5.3' 

5.3' 
5.6' 

9203061447 
HNU=0ppm 

7 7 7 8 . 0 - 1 4 . 9 ' 

10 10' 
10' 

15 

Sand: moderate yellowish brown 10 
YR 5 / 4 , well sorted, fine to medium 
grain sand, unconsolidated moist. 

Clayey Sand: dark yellowish brown 10 
YR 4 / 2 , semi to moderate clay 
consol idated, approximately 70% very 
fine grain sand with moderately plastic 
clay in matr ix . Water saturation below 
8' . 

Sand: moderate yellowish brown 10 
YR 5 / 4 , saturated, very fine grain sands, 
well sorted. 

9203061520 
HNU=0ppm 

14.9' T.D. at 14.9' due to sloughing of 
saturated borehole and very compacted 
clay lens. 

20 

25 

30 
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Redmac #2R Lithologic Log 

LOCATION MAP: 

3.8' 
Deep 

B o r e H o l e 

Underground 
Separator 

2 1 ' 

Not To Scale 
910 ' FNL 

20.8 ' 

9 1 0 ' FEL 

.1 /4 1/4 1/4 1/4 S 3 _ T 2 5 N R 1 2 W 

SITE in: Dugan 

Poge 1 of _ J _ 

LOCATION ID: Red Mac #2R 
SITE COORDINATES ( f t . ) : . 
N 
GROUND ELEVATION (f t . MSL): 
STATE: N.M 
DRILLING MFTHOD: Hond Auger 
DRILLING CONTR.:. 

COUNTY: Son Juan 

DATE STARTFH: 3 - 7 - 9 2 
FIELD REP.: M. Mohorcich 

DATE m u P l FTFfV 3 - 7 - 9 2 

COMMENTS: Dry Pit. 3.8' Deep. P&A With Ben Powder. Cuttings 
Surfoce Runoff To West With Irrigated Field To Eost 

LOCATION DESCRIPTION: 

DEPTH 

( f t . ) 
LITH. 

RUN 

FROM TO 

SAMPLE 

TYPE 
uses VISUAL CLASSIFICATION 

1.9' 2.5' HNU=Oppm 0 - 1 4 . 9 ' Sond: moderate yellowish brown 10 
YR 5 / 4 to moderate brown 5 YR 4 / 4 
very fine groin sand, well sor ted, 
unconsolidated, moist . 

5 . 1 ' 
5.5' 

5.5' 
5.7 ' 

9203071110 
HNU=0ppm 

10 10.0 10.4 HNU=0ppm 

14.9 15.4 
15 

HNU=0ppm 

20 

1 4 . 9 - 1 9 ' 

19.7 
19.9' 

19.9 9203071230 
HNU=.2ppm 

1 9 - 1 9 . 9 ' 

19.9' 

Clavev Sand: pale brown 5 YR 5 / 2 , 
dusky yellow 5 Y 6 / 4 and light olive 
gray 5 Y 5 / 2 , laminated clayey 
approximately (30%) in very fine grain 
sands, moderately plastic, well sorted, 
semi consol idated. 

Clayey Silt: dark yellowish brown 10 
YR 4 / 2 to brownish gray 5 YR 4 / 1 . 
Moderately consolidated, very slightly 
plastic (10%) cloy. 

T.D. at 19.9 ' . 

25 

30 
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LOCATION MAP: 

Not To Scale 

Mandsna #2 Lithologic Log 

20.8* 

1" 

4.5" 
Deep 
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Bore Hole 

Seporator 

21* 

J / 4 1/4 1/4 J / 4 S2§_ 7 ? 5 N R12W 

SITE ID: Giont 

Poge 1 of _ L 

LOCATION ID: Mondono #2 
SITE COORDINATES ( f t ) : 
N E 
GROUND ELEVATION (ft . MSL): 
STATE: N.M. COUNTY: Son Juan 
DRILLING METHOD: Hand Auger 
DRILLING CONTR.:. 
DATE STARTFD: 3 - 7 - 9 2 
FIELD REP.: M. Mohorcich 

DATE HOMPI FTFn- 3 - 7 - 9 2 

COMMENTS: H20 In Pit, Pit Approx. 4 .5 ' Deep, 10' x 10' 
P&A. Ben Powder, Cuttings. Sond 

LOCATION DESCRIPTION: 

DEPTH 

( f t . ) 
LITH. 

RUN 

FROM TO 

SAMPLE 

I.D. 
uses 

TYPE 

VISUAL CLASSIFICATION 

1.7' 

5.0' 
5.7 ' 
7.3' 

2 ' 

5.5' 
6.0" 

HNU=Oppm 

9203071340 
HNU=NA 
9203071415 

0 - 7 . 3 ' 

7.3' 

Sond: moderate yellowish brown 10 
YR 5 / 4 , moist very fine grain at top of 
hole and well sorted, unconsolidated. 
5—7' medium to coarse grain, moderately 
sorted, moderately consolidated. 

T.D. at 7.3' in a gravel zone, ouger 
refusal. 

10 

15 

20 

25 

30 
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Section 3.0 

Chemical Analyses of Soils 
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Western Federal *6 
Poo of 

LOCATION MAP: 

Not To Scale V 

— 17" 
(—11 ' -

Bore Hole 

Seporotor 

12' 16.5' 

J / 4 1/4 1/4 1/4 S 2 _ 7 2£N RV1W 

LOCATION DESCRIPTION: 

SITE in- Duoon 
SRE COORDINATES ( f t . ) : . 
N E 
GROUND ELEVATION (ft. MSL): 
STATE: . H M , COUNTY:. 
DRILLING MFTHnnr Hond Auger 
DRILLING CONTR.: 
DATE CTARTTn? 3 - 4 - 9 2 
FIELD REP.: M. Mohorcich 
COMMENTS: Pit Bottom Is Appro*. 2 

LOCATION in- Western Federal f 6 

Son Juan 

DATE nnupinrn- 3-4-92 

Beiow Grode. T.D. 20,1 
Mo Visible Stain Or Odor. Very Small Seporotor. Little H?Q 
Discharge, Low Producer Of A Well. 
Property 

• HNU Not Reoding 

DEPTH 

(ft.) 
UTH. 

RUN 

FROM TO 

SAMPLE 

I.D. TYPE 
uses VISUAL CLASSIFICATION 

10 

15 

20 

HE 

25 

2.V 

4.6' 

2.7" HNU=10ppm» 

4.6' 
5.2' 

9.9' 

15.V 

10.1 

15.6' 

19.B' 
ig.Bteo.v 

HNU=10ppm» 
9203041126 

HNU-Sppm* 

HNU«*Bppm* 

HNU <4ppm» 
9203041237 

0 -2 .4 ' 

2.4-3.2" 

3.2-3.8" 

3.8-4.9' 

4.9-6.0* 

6.0-9.5' 

9.5-10.5' 

Sond: dork yellowish brown fine to 
medium, moderately sorted, 
unconsolidated. 

Sond: 
to medium, 
•sorting. 

moderate yellowish brown fine 
unconsolidated, moderate 

Silty Sond: moderate yellowish brown 
10 YR 5 /4 , moist, very fine to fine 
groin 707. «ilt well sorted. 

Sond: moderate yellowish brown 10 
YR 5 /4 tc grayish oronge, 10 YR 7 /4 
fine to medium grain well sorted, 
unconsolidated. 

Silty Sand: moderate yellowish brown 
10 YR 5 /4 , very fne ond fine sand 
opproximotely 70X with 305C silt. 
White clay smears from 5 to 
approximately 5.5', unconsolidated. 

Sond: moderate yellowish brown to 10 
YR 7 / 4 , fine to medium grain, 
unconsolidated. 

Grovel Sond: os above with 
appearance ef 1/4" subrounded gravel. 

10.5-11.0 ' Silty Sand: os from 4.9-6" with white 
clay •means. 

1 1 . 0 - 2 1 . V 

20.1" 

Sand: moderate yellowish bm 10 YR 
5 /4 to grayish oronge 10 YR 7/4 . fine 
to medium, moderate to well sorted, 
unconsolidated. 

T.D. 20.1". 

30 
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98 SOIL SURVEY 

TABLE 3-"ACREAGE AND PROPORTIONATE EXTENT OF THE SOILS 

Map ! S o i l name I Acres I Percent 
symbol j j J 

Ap lApishapa c lay l o a m - - - - - — - — — — j 576 ! * 
As lApishapa c l ay — - | 1,045 ! * 
AT i A t r a c - F l o r i t a - T r a v e s s i l l a a s s o c i a t i o n , h i l l y — — j 6,782 ! 0.3 
Av iAva lon sandy loam, 2 t o 5 percent s lopes — — — — - _ _ _ ] 14,267 I 0.7 
Ax IAvalon sandy loam, 5 t o 8 percent s l o p e s - - - - — — - — I 2,016 I 0.1 
Ay IAvalon loam, 0 t o 3 percent s lopes — | 5,550 I 0.3 
AZ | Avalon-Sheppard-Shiprock a s s o c i a t i o n , gen t l y s l o p i n g - - — — - — - - | 19.581 I 0.9 
BA IBadland 1 231,889 ! 10.6 
BB I Badland-Monierco-Rock ou tc rop complex, moderate ly s teep 1 86,629 I 4.0 
BC I Bad land-Rock ou tc rop-Persayo complex, ex t remely steep 1 44,283 ' 2.0 
Be IBeebe loamy sand 1 2,482 I 0.1 
Bf IBeebe V a r i a n t loamy sand 1 1 ,800 I 0.1 
Bk IB lacks ton loam, 0 to 3 percent s l o p e s - - - - - - - - - - - — - I 1,888 I 0.1 
3m IB lacks ton g r a v e l l y loam, 3 t o 8 percent s l o p e s - — — - - — - — 1 1 ,225 I 0.1 
BP I B lacks ton-Farb complex, moderate ly s teep 1 3,106 I 0.1 
BR I B l a n c o t - F r u i t l a n d a s s o c i a t i o n , g e n t l y s l o p i n g ! 17,614 j 0.8 
BT I B l a n c o t - N o t a l a s s o c i a t i o n , gen t l y s l o p i n g ! 214,713 I 9.8 
BU 'Buck le s i l t loam, g e n t l y s l o p i n g 1 6,467 I 0.3 
Da IDoak loam, 0 to 1 percent s l o p e s — — — I 8,538 I 0.4 
Db IDoak loam, 1 t o 3 percent s lopes 1 12,573 I 0.6 
Dc IDoak loam, 3 to 5 percent s lopes 1 1 ,343 ! 0.1 
Dd IDoak c l ay loam, 0 t o 2 percent s lopes 1 3,706 I 0.2 
DS IDoak-Avalon a s s o c i a t i o n , g e n t l y s l o p i n g 1 38,944 | 1.8 
DS IDoak-Sheppard-Shiprock a s s o c i a t i o n , r o l l i n g 1 157,315 I 7.2 
Du IDoak-Uffens complex, 0 to 3 percent s l o p e s - - - - - - - — - - - - — — — — - - 1 18,817 I 0.9 
Dw IDoak-Uf fens complex, 3 t o 8 percent s lopes 1 1,448 I 0.1 
DZ IDune land 1 3,881 I 0.2 
FA IFarb-Persayo-Rock ou tc rop complex, moderate ly s t e e p - - - - - - - - — - — ! 81,390 I 3.7 
FP I F luvaquents , ponded — j 1,607 I 0.1 
Fr I F r u i t l a n d sandy loam, 0 t o 2 percent s l o p e s - — — - - — — - - _ _ — - — _ — - — - - - - - j 2,776 I 0.1 
Fs I F r u i t l a n d sandy loam, 2 to 5 percent s l o p e s - — - I 5,271 I 0.2 
Ft I F r u i t l a n d sandy loam, wet , 0 t o 2 percent s lopes 1 2,072 I 0.1 
Fu I F r u i t l a n d loam, 1 to 3 percent s lopes 1 4,621 I 0.2 
Fw I F r u i t l a n d loam, 5 t o 8 percent s l o p e s - — - — — — I 2,096 I 0.1 
FX I F ru i t l and -Persayo-Sheppard complex, h i l l y 1 171,613 I 7.9 
Fy I F r u i t l a n d - S l i c k s p o t s complex. 0 t o 3 percent s l o p e s - — - - - - _ — - — — - — - J 4,848 I 0.2 
Ga I Garland loam 1 4,017 ! 0.2 
Gr 'Green R iver f i n e sandy l o a m - — — — — - - — — 1 1,190 I 0.1 
GY IGyps io r th ids -Bad land-S tumb le complex, moderate ly s t e e p - j 48,685 I 2.2 
HA I H a p l a r g i d s - B l a c k s t o n - T o r r i o r t h e n t s complex, very s t e e p - — — — — - — - — - — — - - ! 61,763 ' 2.8 
HU IHue r fano -Mu f f -U f fens complex, g e n t l y s l o p i n g 1 43,121 I 2.0 
Ma IMayqueen loamy f i n e s a n d - — — - — — - — - — — - — — — - _ - — - — — — - | 1 ,628 I 0.1 
M0 iMonierco f i n e sandy loam, g e n t l y s l o p i n g - - — — — — — — — — — — — — — | 4,145 I 0.2 
P0 IPen i s t a j a loam, g e n t l y s l o p i n g - — - — 1 1 3,803 I 0.6 
PP ! P e n i s t a j a - B u c k l e a s s o c i a t i o n , gen t l y s l o p i n g — — — — — — - - - — - - — - — - — — _ ; 22,610 I 1.0 
PT i P e n i s t a j a - T r a v e s s i l l a a s s o c i a t i o n , moderate ly s l o p i n g 1 21,932 I 1.0 
PX I P i t s 1 894 I » 

\ T A I R i v e r w a s h - - r 1 29,514 | 1.4 
KO I Rock ou tc rop — i 38.257 I 1.8 
RT 'Rock o u t c r o p - T r a v e s s i l l a - W e s k a complex, ex t remely s t e e p - — — - — — — — - - — - — - - I 187,184 j 8.6 
SB ISheppard-Badland complex, very s t e e p - — — — | 4,979 i 0.2 
SC ISheppard-Huerfanc—Notal complex, g e n t l y s l o p i n g 1 184,339 | 8.4 
Sd ISheppard-Mayqueen-Shiprock complex, 0 t o 8 percent s l o p e s — — — — — — — — - — - — I 98,028 I 4.5 
Sn ISh iprock loamy f i n e sand, 0 t o 2 percen t s lopes — — — — j 5311 | » 
Sk ISh iprock loamy f i n e sand, 2 t o 5 percent s l o p e s — — — — — — — — — — — — — I 720 I * 
Sm IShiprock f i n e sandy loam, 0 t o 2 percen t s l o p e s - - 1 25,830 I 1.2 
So IShiprock f i n e sandy loam, 2 to 5 percent s l o p e s - — — — — — — - - - — — — — — - — - I 42,392 1 1.9 
Sp ISh iprock f i n e sandy loam, 5 to 8 percent s l o p e s - — — — — — — — — j 1 ,940 I 0.1 
Sr ISh iprock V a r i a n t f i n e sandy l o a m — — — - — - — — — — — — — — 1 1,336 I 0.1 
St IStumble loamy sand, 0 t o 3 percen t s l o p e s - — — — — — — — — — — — — — — — — — J 4,299 I 0.2 
Su IStumble loamy sand, 3 t o 8 percent s l o p e s — — — — — — — — — — — — — — — I 3,086 I 0.1 
SV IStumble sandy c l ay l o a n , g e n t l y s l o p i n g - - — — — — — — — — — — — — — — | 969 | * 
SW I S t u m b l e - F r u i t l a n d a s s o c i a t i o n , g e n t l y s l o p i n g 1 22,073 I 1-0 
SX IS tumble -Nota l complex, g e n t l y s l o p i n g 1 1 1,088 I 0.5 
SZ I S t u m b l e - S l i c k s p o t s complex, g e n t l y s l o p i n g — — — — - — _ - — — - - - — — - — — — j 3,603 | 0.2 
TA ITravess i l l a -Weska-Rock ou tc rop complex, moderate ly s t e e p - — — — — — — — - - — - - — — — | 70,024 | 3-2 
Tp 'Tu r l ey c l ay loam, 0 to 1 percent s lopes 1 1,544 | 0.1 
Tr ITu r ley c lay loam, 1 t o 3 percen t s l o p e s - — - — . . — . — — — - 1 4,637 I 0.2 
Ts ITur ley c lay loam, 3 t o 5 percent s l o p e s — — - — — - — - — _ _ — — — — ; n85 | * 
T t ITu r ley c lay loam, wet , 0 t o 2 percen t s lopes 1 3,185 I 0.1 

See foo tno te a t end of t a b l e . 
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TABLE 3.—ACREAGE AND PROPORTIONATE EXTENT OF THE SOILS—Continued 

Map ! S o i l name I Acres 'Pe rcen t 
syaooll I I 

Tv I T u r l e y - S l t c k s p o t s complex, 0 to 3 percent s l o p e s — — — — — — — — — — — ! 1 ,566 ' 0.1 
TW I T w i c k - S i l v e r a s s o c i a t i o n , modera te ly s l op ing — 1 7,853 i 0.4 
Wa iWalrees loam 1 4,112 | 0.2 
Vr IWerlog loam ! 4,515 ! 0 .2 
Aa IWerlog loam, s a l i n e 1 1,984 | 0.1 
fo 'Youngston c l ay 1 oam 1 918 ! * 

! Lakes, r i v e r s , r e s e r v o i r s — - — — — — - j 12,966 I 0.6 

T o t a l - 1 2,182,520 I 100.0 

Less than 0.1 p e r c e n t . 



Section 3.0 

Engineering Tables Showing 
Soil Properties of Selected Dry Gas Well Sites 
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TABLE 13.--ENGINEERING INDEX PROPERTIES 

[The symbol < means less than; > means more than. Absence of an entry indicates that data were not estimated] 

Soil name and 
map symbol 

Depth USDA texture 
Classification Frag­

ments 
Percentage passing 

sieve number--
! U n i f i e d AASHTO > 3 

inches 4 10 40 200 
l i m i t t i c i t . 

index 
Pet Pet 

i CL A-6 0 95-100 95-100 90-100 70-85 30-40 15-25 
iCL, CH A-7 0 95-100 95-100 90-100 75-95 40-6U 20-40 

ICL, CH A-7 0 95-100 95-100 90-100 75-95 40-60 20-40 
ICL, CH A-7 0 95-100 95-100 90-100 75-95 40-60 20-40 

ICL-ML, ML A-4 0 100 100 85-95 60-80 25-35 5-10 
ICL, A-1, A-6 0 100 100 80-100 35-30 20-40 5-20 
I CL-ML 
1 SC, 
1 SM-3C 
1SM-SC, A-2, 0 100 100 50-95 30-75 20-40 NP-15 
1 CL-ML A-4 
1 SM, ML A-6 

ISM A-2, A-4 0 100 100 50-70 30-40 NP 
ISM, SP-•SM A-1 0 100 100 30-4U 0-10 NP 

ISM A-2, A-1 0 100 100 45-65 15-35 — NP 

ISM, SP-SM A-1 0 100 100 30-40 0-10 --- ii P 

1SM-SC A-4 0 100 100 65-75 35-50 20-30 5-10 
1CL-ML, A-4 0 100 100 70-35 35-55 20-30 5-10 
1 SM-SC 

ISM A-4 0 100 90-100 60-80 35-50 15-25 NP-5 
1CL-ML, CL A-4, A-6 0 85-95 80-90 65-85 50-70 20-35 5-15 

ISM, A-2, A-4 0 55-75 50-70 35-50 25-40 15-25 NP-10 
I SM-SC 
1 GM, 
1 GM-GC 

ISM A-4 0 100 90-100 60-80 35-50 15-25 HP-5 
1 CL-ML, CL A-4, A-6 0 85-95 80-90 65-85- 50-70 20-35 5-15 

1CL-ML A-4 0 100 90-100 70-80 50-7U 20-3U 5-10 
1 CL-ML, CL A-4, A-6 0 85-95 30-90 65-85 50-70 20-35 5-15 

ISM A-4 0 100 90-100 60-80 35-50 15-25 NP-5 
1 CL-ML, CL A-4, A-6 0 35-95 30-90 65-85 50-70 20-35 5-15 

ISM A-2 0 100 100 65-35 15-30 15-20 HP-5 
ISM A-2 0 100 100 65-85 15-30 15-20 NP-5 

ISM, SM-SC A-2, A-4 0 100 100 75-90 30-50 20-30 MP-10 
ISM, SM-SC A-2, A-4 0 100 100 75-90 30-50 20-30 NP-10 

Ap 
Apishapa 

As 
Apishapa 

AT*: 
Atrac 

F l o r i t a 

Travessilla 

Av 
Avalon 

AX 

Avalon 

Ay 
Avalon 

AZ»: 
Avalon 

Sheppard 

Shiprock 

BA*. 
Dadland 

In 

0-5 
5-81 

0-6 
6-81 

0-3 
3-44 

44-60 

0-4 
4-12 

12-43 

43-60 

0-2 
2-12 

12 

0-14 
14-53 

53-72 

0-2 
2-dO 

0-18 
18-60 

0-3 
3-60 

0-3 
3-60 

0-3 
3-60 

Clay loam 
Clay, s i l t y 
clay, clay 
loam. 

Clay 
Clay, s i l t y 
clay, clay 
loam. 

Loam 
Sandy clay loam, 
loam, clay 
loam. 

Sandy loam, 
sandy clay 
loam, loam. 

Sandy loam 
Loamy coarse 
sand. 
Sandy loam, 
coarse sandy 
loam. 

Coarse sand 

Sandy loam 
Loam, very fine 
sandy loam, 
fine sandy loam 

Unweathered 
bedrock. 

Sandy loam 
Loam, sandy clay 
loam, clay loam 

Gravelly sandy 
loam, gravelly 
loam, gravelly 
sandy clay loam 

Sandy loam 
Loam, clay loam, 
sandy clay loam 

Loam 
Loam, clay loam. 

Sandy loam 
Loam, clay loam. 

Loamy fine sand 
Loamy fine sand, 
loamy sand, 
fine sand. 

Sandy loam 
Sandy loam, fine 
sandy loam. 

See footnote at end of table. 
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TABLE 13.—ENGINEERi:,: INDEX PROPERTIES—Continued 

S o i l name and 
map symbol 

BB* : 
Badlana. 

Monierco-

Rock outcrop. 

BC*: 

Badland. 

HOCK outcrop. 

Per sayo 

Be 
Beeoe 

Beeoe Variant 

BK 
Blaexston 

Brn 
BlacKston 

BP*: 
Blackston-

! C1 a s s i: i c a t i o n ! Frag-
!Depth ! USDA t e x t u r e Iments 

1 U n i f i e s AASHTO : > 3 
' inches 

; In I Pet 

: 0-2 IFine sandy loam ! SM A-4, A-2 i 0 
: 2-i4 ISandy clay loam, ICL, CL-ML A-4, A-6 : 0 

! clay loa.", 
( loam. 

! 14 !Weatherea 1 : — 
! bedrock. 

; 0-2 CL A-5 0-10 
1 2-12 Clay loam, 3 i l t y CL A-6 0-10 

clay loar.. 
! 12 weathered — 

bedrock. 

! 0-6 SM A-2, A-1 0 
! 6-67 Sand, loa.-y SP-3M, 3M A-2 , 0 

sand. A-3 , 
j _ ^ 

'.i>7-3 1 Very g r a v e l l y SM, A- 1 0 
sand. 3P-3M, 

'J 1'! , 

GP-GM 

i 0-3 Loamy sanz 3M, 3M-5C .-.-2 0 
; 3-67 Sand , coarse SM, SW-S." .-.-3, A-2 0 

sand, loa:".y 
sand . 

167-31 Very g r a v e l l y SM, A- 1 o : 
sand. 3P-3H, 

GP-GM 

: 0-11 ML, CL-KL A-4 0 : 
;11-27 Very g r a v e l l y GM, GM-GC A-1, A-2 25-35 : 

loam, very 
g r a v e l l y clay 
loam. 

127-30 Very g r a v e l l y GP-GM, A-1 25-35 ! 
sand. SP-SM 

i 0-9 Grav e l l y loam . ML, CL-ML: A-4 0 : 
! 9-25, Very g r a v e l l y ! GM, GM-GC1 A-1, A-2I 25-35 I 

loam, very 
g r a v e l l y clay : 
loam. 

25-60! Very g r a v e l l y ! GP-GM, : .1-1 ! 25-35 ! 
sand, very- GM, • 
g r a v e l l y eiay I SP-3M, : 
loam. I SM : 

0-12! Loam ! ML, CL-ML: A-4 ! 0 I 
12-30 I Very g r a v e l l y ! GM, GM-GC: A-1 , A-2 ! 25-35 I 

loam, very ! 1 
g r a v e l l y clay ! 1 

loam. ! 1 
30-60! Very g r a v e l l y I GP-GM, ; A-1 I 25-35 : 

sand, very I GM, ; 
g r a v e l l y sandy I SP-3M, ! 
loam. ! SM : 

Percentage passing 

100 
1 00 

30-100 
30-100 

100 
100 

i 0 - 6 U 

100 
100 

60-70 

75-100 
30-50 

30-60 

30-100 
30-50 

30-60 

75-100 
30-50 

30-60 

10 

100 
1 00 

75-100 
75-100 

100 
30-100 

4G-50 

100 
100 

40-50 

75-100 
20-45 

15-50 

70-100 
20-45 

15-50 

75-100 
20-45 

15-50 

nuiiioer--

40 

60-33 
30-100 

75-95 
75-95 

50-73 
50-/0 

20-43 

50-75 
50-7J 

30-45 

65-83 
20-40 

10-35 

65-85 
20-40 

10-35 

65-35 
20-40 

10-35 

200 

30-50 
50-30 

60-85 
60-35 

15-30 
5-25 

•15 

15-35 
5-25 

3-15 

50-70 
15-30 

5-10 

50-70 
15-30 

-20 

50-
15-

70 
30 

5-20 

L i q u i d 
l i m i t 

Pec 

15-25 

2 5 - 4 0 
2 5 - 4 0 

15-25 

2 0 - 3 0 
2 0 - 3 0 

2 0 - 3 0 
2 0 - 3 0 

2 0 - 3 0 
2 0 - 3 0 

Plas­
t i c i t y 
_inde X 

NP-5 
5 -15 

10-20 
10-20 

NP 
NP 

NP 

NP-5 
NP 

NP 

NP-10 
NP-10 

NP 

NP-10 
NP-10 

NP 

NP-10 3f v 

NP-10 ; T 

NP 

See footnote at end of t a b l e . 
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TABLE 13.—ENGINEERING INDEX PROPERTIES—Continued 

S o i l nane and 
map symbol 

I Septh ! 0SDA t e x t u r e 
! C l a s s i f 

! U n i f i e d 

i c a t i o n 

I AASHTO 

! Frag-
1 men t s 
• > 3 
'• inches 

! Percentage passing 
! sieve number-- I L i q u i d 

I l i m i t 
! Plas-
I t i c i t y 
1 index 

I Septh ! 0SDA t e x t u r e 
! C l a s s i f 

! U n i f i e d 

i c a t i o n 

I AASHTO 

! Frag-
1 men t s 
• > 3 
'• inches ! 4 ! 10 ! 40 i 200 

I L i q u i d 
I l i m i t 

! Plas-
I t i c i t y 
1 index 

! I n ! Pet ! Pet 

: 0-7 I Sandy loam ISM I A-4 ! 0 : 100 ! 100 165-80 135-50 I 20-25 1 NP-5 
I 7-10 ILoamy sand, iSM !A-2, A-4 : 0 I 100 ! 100 !50-30 !15-50 ! 15-25 ! NP-5 

! sandy loam, 
! f i n e sandy 
! loam. 

I 10 !Unweathered I ! ! 1 : — I ! ! 
! oedrock. 

: 0-5 .CL-ML , A-4 0 100 ! 100 75-95 50-30 ! 25-35 5-10 
. ML, CL 

! 6-60 Clay loam, sandy CL-ML, CL A-4 , A-6 0 ! 100 100 :80-100 .50-80 ! 25-40 5-20 
clay loam, 

: 0-6 SM A-2 , A-4 0 100 , 100 60-76 •30-45 : 15-25 NP-5 
1 3-60 Fine sandy loam, SM A-4, A-2 0 100 100 60-75 30-45 : 15-25 NP-5 

sandy loam. 

! 0-2 T A-4 0 100 100 75-95 50-30 25-35 5-10 ! 0-2 
ML 

0 100 100 75-95 50-30 25-35 5-10 

: 2-60 Clay loam, sandy CL-ML, CL A-4 , A-6 0 100 100 30-100 50-30 25-40 5-20 
clay loam, 
loam. 

' 0-3 S i l t y c l a y loam CL, ML A-5 , A-7 0 100 100 90-100 70-30 35-45 10-20 
i 3-60 S i l t y c l a y , clay CL, CH A-7 0 100 100 90-100 30-9? 40-60 15-30 

i 0-5 CL-ML A-4 0 100 100 35-95 65-36 20-30 5-10 
! 5-44 Clay loam, s i l t y CL A-6 , A-7 0 100 100 90-100 70-35 25-45 10-20 

clay loam, s i l t 
loam. 

:44-66 S i l t loam, c l a y CL, CL-ML A-6 , 0 100 100 85-100 70-90 20-4- 5-20 
ioam, s i l t y A-7 
clay loam. A-4 

: 0-0 Loam - ML A-4 0 1 00 100 80-95 60-75 20-30 NP-5 
1 o-00 Clay loam, s i l t y CL, CL-ML A-6 , A-4 0 100 100 30-100 60-30 25-40 5-20 

clay loam, 
loam. 

: 0-4 ML A-4 0 100 100 80-95 60-75 20-30 NP-5 
I 4-60 Clay loam, s i l t y CL, CL-ML A-6 , A-4 0 100 100 80-100 60-80 25-40 5-20 

clay loam, 
loam. 

: 0-3 ML A-4 0 100 100 80-95 60-75 20-30 NP-5 
; 3-60 Clay loam, s i l t y CL, CL-ML A-6 , A-4 0 100 100 80-100 60-30 25-40 5-20 

clay loam, 
loam. 

: 0-5 CL, CL-ML A-5 , A-4 ! 0 ! 100 ! 100 90-100! 65-30 ! 25-40 ! 5-20 
I 5-60 Clay loam, s i l t y CL, CL-ML A-6, A-4 0 100 100 ! 80-100! 60-80 25-40 ! 5-20 

clay loam, 
loam. 

! 0-5 ! ML ! A-4 0 i 100 ! 100 80-95 : 60-75 ! 20-30 ! NP-5 
: 5-69! Clay loam, s i l t y ! CL, CL-ML! A-6 , A-4 0 ! 100 ! 100 ! 80-100! 60-80 ! 25-4U I 5-20 

clay loam, ! 
loam. ! 

0-14! CL-ML ! A-4 0 ! 100 : 90-100! 70-80 i 50-70 ! 20-30 ! 5-10 
14-60! Loam ! CL-ML ! A-4 0 ! 85-95 ! 80-90 i 65-85 1 50-70 ! 20-30 i 5-10 

Faru-

d t i * : 

hlancot-

F r u i t l a n a 

31*: 
Biancot-

Notai--

)b 
Doax 

c 
Ooax 

ia 

Doax 

>N* : 
Doax--

Avalon 

See footnote at end of t a b l e . 
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TABLE 13.—ENGINEERING INDEX PROPERTIES—Continued 

C l a s s i f i c a t i o n Frag­ Percentage passing 
S o i l name and Depth USDA t e x t u r e ments sieve number- L i q u i d Plas­
map symbol U n i f i e d AASHTO > 3 I n i t t i c i t y 

inches 4 10 40 200 • index 
, In , Pet Pet 

DS»: 
n —3 I nam ML A-4 o 100 100 80-95 60-75 20-30 MP C 
u-J 

ML 100 100 80-95 60-75 
3-60 Clay loam, s i l t y CL, CL-ML A-6, A-4 0 100 100 30-100 60-30 25-40 5-20 

clay loam, 
loam. 

Sheppard 0-3 Loarny f i n e sand SM A-2 0 100 100 55-35 15-30 15-20 NP-5 
3-60 Loamy f i n e sand, SM A-2 0 100 100 65-85 15-30 15-20 NP-5 

loamy sand, 
f i n e sand. 

0-3 Fine sandy loam SM, SM-SC A-2, A-4 0 100 100 75-90 30-50 20-30 NP-10 
3-50 Sandy loam, f i n e SM, SM-SC A-2, A-4 0 100 100 75-90 30-50 20-30 NP-10 

sandy loam. 

Du»: 
0-5 Very f i n e sandy CL-ML A-4 0 100 100 85-95 50-75 20-30 5-10 

loam. 
5-19 Loam, sandy cla y CL, A-4, A-6 0 100 100 30-100 40-80 25-40 5-20 

loam, cla y SM-SC, 
loam. SC, 

CL-ML 
19-60 Loam, sandy clay CL, A-4, A-6 0 100 100 30-100 40-30 25-40 5-20 

loam, clay SM-SC, 
loam. SC, 

CL-ML 

0-6 Fine sandy loam SM, ML, A-4 0 100 100 80-90 45-53 20-30 NP-10 
CL-ML, 
SM-SC 

6-18 Sandy clay loam, CL A-6 0 100 100 35-95 65-35 30-40 10-20 
clay loam, 
s i l t y clay 
loam. 

13-60 Sandy clay loam, CL A-6 0 100 100 35-95 55-75 30-40 10-15 
loam, clay 
loam. 

Dw*: 
Doak 0-3 Very f i n e sandy CL-ML A-4 0 100 100 85-95 50-75 20-30 5-10 

loam. 
3-15 Loam, sandy clay CL , A-4, A-6 0 100 100 80-100 40-80 25-40 5-20 

loam, clay SM-SC , 
loam. SC, 

CL-ML 
15-60 Loam, sandy clay CL, A-4, A-6 0 100 100 80-100 40-30 25-40 5-20 

loam, clay SM-SC, 
loam. SC, 

CL-ML 

Jff e n s 0-4 Fine sandy loam SM, ML, A-4 0 100 100 30-90 45-55 20-30 NP-10 
CL-ML, 
SM-SC 

10-20 4-22 Sandy clay loam,. CL A-6 0 100 100 85-95 65-85 30-4U 10-20 
clay loam, 
s i l t y c l a y 
loam. 

10-15 C 22-60 Sandy clay loam, CL A-6 0 100 100 85-95 55-75 30-40 10-15 C 
loam, c l a y - ' i 

loam. 

DZ*. 
Dune land • T.A 

See footnote at end of table. 
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TABLE 13.—ENGINEERING INDEX PROPESTIES—Continued 

Soil name and 
map symbol 

1 Depth 1 USDA texture 
! Classification ! Frag-

!ments 
1 > 3 
'inches 

! Percentage passing 
! sieve number-- ! Liquid 

! l i m i t 
! Plas-
! t i c i t y 
! index 

Soil name and 
map symbol 

1 Depth 1 USDA texture 
! Unified AASHTO 

! Frag-
!ments 
1 > 3 
'inches 

! Percentage passing 
! sieve number-- ! Liquid 

! l i m i t 
! Plas-
! t i c i t y 
! index 

Soil name and 
map symbol 

1 Depth 1 USDA texture 
! Unified AASHTO 

! Frag-
!ments 
1 > 3 
'inches ! 4 ! 10 : 40 : 200 

! Liquid 
! l i m i t 

! Plas-
! t i c i t y 
! index 

! In ! Pet ' Pet 

FA*: 
Farb-

Persayo-

0-7 
7-10 

10 

0-2 
2-15 

15 

Fine sandy loam 
Loamy sand, 
sandy loam, 
f i n e sandy 
loam. 

Unweathered 
bedrock. 

SM 
SM 

Clay loam 
Clay loam, s i l t y 
c lay loam. 

Weathered 
bedrock. 

CL 
CL 

Rock outcrop 

FP*. 
Fluvaquents 

Fr 
F r u i t l a n d 

Ks 
F r u i t l a n d 

Ft 
F r u i t l a n d 

Fu 
F r u i t l a n a 

Fu 
F r u i t l a n d 

FX*: 
F r u i t l a n d 

Persayo 

Sheppard—---

Fy»: 
F r u i t l a n d 

S l i c k s p o t s . 

0-7 
7-60 

0-6 
6-60 

0-6 
6-60 

0-3 

3-60 

0-3 

3-60 

0-4 
4-60 

0-2 
2-13 

'18 

0-4 
4-60 

0-9 
9-60 

Sandy l o a m — - — 
Fine sandy loam, 
sandy loam. 

Sandy loam 
Fine sandy loam, 
sandy loam. 

Sandy loam 
Fine sandy loam, 
sandy loam. 

Loam—-— 

Fine sandy loam, 
sandy loam. 

Loam 

Fine sandy loam, 
sandy loam. 

Sandy loam 
Fine sandy loam, 
sandy loam. 

Clay loam --
Clay loam, s i l t y 
c l a y loam. 

Weathered 
bedrock. 

Loamy f i n e sand 
Loamy f i n e sand, 
loamy sand, 
f i n e sand. 

SM 
SM 

SM 
SM 

SM 
SM 

Sandy loam 
Fine sandy loam, 
sandy loam. 

SH-SC, 
SC, CL, 
CL-ML 
SM 

SM-SC, 
SC, CL, 
CL-ML 
SM 

SM 
SM 

CL 
CL 

SM 
SM 

SM 
SM 

A-4 
A-2, A-4 

A-6 
A-6 

A-2, A-4 
A-4, A-2 

A-2, A-4 
A-4, A-2 

A-2, A-4 
A-2, A-4 

A-6, A-4 

A-4, A-2 

A-6, A-4 

A-4, A-2 

A-2, A-4 
A-4, A-2 

A-6 
A-6 

A-2 
A-2 

A-2, A-4 
A-4, A-2 

0-10 
0-10 

0-10 
0-10 

100 
100 

100 
100 

65-80 
50-80 

80-100 
30-100 

75-100 
75-100 

75-95 
75-95 

100 
100 

100 
100 

100 
100 

100 

100 

100 

100 

100 
100 

80-100 
80-100 

100 
100 

100 
100 

100 
100 

100 
100 

100 
100 

100 

100 

100 

100 

100 
100 

75-100 
75-100 

100 
100 

100 
100 

60-75 
60-75 

60-75 
60-73 

60-75 
60-75 

80-90 

60-73 

80-90 

60-73 

60-75 
60-75 

75-95 
75-95 

65-85 
65-35 

60-75 
60-75 

35-50 
15-50 

60-85 
50-35 

30-45 
30-4b 

30-45 
30-50 

30-45 
30-50 

40-60 

30-50 

40-60 

30-50 

30-45 
30-50 

60-85 
60-85 

15-30 
15-30 

30-4b 
30-45 

20-25 
15-25 

25-40 
25-40 

15-25 
15-25 

15-25 
15-25 

15-25 
15-25 

20-30 

15-23 

20-30 

15-25 

15-25 
15-25 

25-40 
25-40 

15-20 
15-20 

15-25 
15-25 

See f o o t n o t e a t end o f t a b l e . 
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TABLE 13•—ENGINEERING INDEX PROPERTIES--Continued 

Soil name and 
map symbol 

Depth USDA texture 
I Classification • Frag­

ments 
: > 3 
inches 

! Percentage passing 
sieve number-- Liquid 

! l i m i t 
i Plas-
! t i c i t y 
! index 

Soil name and 
map symbol 

Depth USDA texture 
1 Unified AASHTO 

• Frag­
ments 
: > 3 
inches 

! Percentage passing 
sieve number-- Liquid 

! l i m i t 
i Plas-
! t i c i t y 
! index 

Soil name and 
map symbol 

Depth USDA texture 
1 Unified AASHTO 

• Frag­
ments 
: > 3 
inches 4 ' 10 . 40 ! 200 

Liquid 
! l i m i t 

i Plas-
! t i c i t y 
! index 

< -H ! Pet ! Pet 

Jar Iana 

ur 
Green River 

GY»: 
Gy p s i o r t h i u s . 

Badland. 

Stumble--

ilA»: 
Haplar^ids. 

Biackston-

0-4 
4-24 

24-60 

0-6 
6-60 

Loam 
Clay loam, sandy 
clay loam, loam 

Very g r a v e l l y 
loamy sand, 
very g r a v e l l y 
sand. 

Fine sandy loam 
S t r a t i f i e d sandy 
loam t o loam. 

CL-ML 
CL, CL-ML 

GP, GP-GM 

SM, SM-SC 
SM-SC 

A-4 

A - 6 , A -4 

A-1 

A - 2 , A -4 
A - 2 , A-4 

0 - 3 
8 -60 

0 - 1 1 
1 1-28 

2 8 - 6 0 

T o r r i o r t h e n t s 

HU»: 
Huerfano 

Muff 

Uffens 

0- 1 
1- 15 

15 

0-4 

4-24 

24 

0-9 

9-20 

20-60 

Loamy sand 
Loamy coarse 
sand, loamy 
sand, sand. 

Grav e l l y loam 
Very g r a v e l l y 
sandy loam, 
very g r a v e l l y 
loam, very 
g r a v e l l y clay 
loam. 

Very g r a v e l l y 
sand, very 
g r a v e l l y sandy 
loam. 

Sandy clay loam 
Clay loam, sandy 
clay loam. 

Weathered 
bedrock. 

Very f i n e sandy 
loam. 

Sandy clay loam, 
clay loam. 

Weathered 
bedrock. 

Fine sandy loam 

Sandy clay loam, 
c l a y loam, 
s i l t y clay 
loam. 

Sandy clay loam, 
loam, clay 
loam. 

SM 
SM, SP-SM 

A-2 
A-2, 
A-1 , 
A-3 

SM, SM-SC 
GM, GM-GC 

GP 

A-4, 
A-1 , 

A-1 

A-2 
A-2 

CL, SC 
CL, SC 

ML, CL-ML 

SC, SM-SC 

SM, ML, 
CL-ML, 
SM-SC 

CL 

CL 

A-6 
A-T, A-5 

A-4 

A-6, A-4 

A-4 

A-6 

A-6 

0-10 
0-10 

15-25 

0-5 
35-55 

35-55 

30-100 
80-100 

20-50 

100 
100 

75-100 
75-100 

20-50 

100 
100 

100 
100 

100 
100 

70-90 
20-50 

15-45 

60-80 
15-40 

10-40 

100 
100 

95-100 

90-100 

100 

100 

100 

100 
100 

90-100 

75-100 

100 

100 

100 

65-90 
65-95 

15-23 

60-85 
75-90 

50-75 
40-75 

45-70 
10-30 

5-20 

85-95 
35-93 

35-95 

65-90 

80-90 

85-95 

85-95 

50-75 
50-63 

0-1O 

30-50 
30-50 

15-25 
5-25 

25-50 
5-25 

0-5 

40-70 
45-6U 

50-10 

35-50 

45-55 

65-85 

55-75 

25-30 
25-35 

20-30 
20-30 

15-20 
15-20 

20-30 
20-30 

25-35 
35-43 

20-30 

25-35 

20-30 

30-40 

30-40 

See footnote at end of t a b l e . 
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TABLE 13•—ENGINEERING INDEX PROPERTIES--Continued 

| j ! C l a s s i f i c a t i o n IFrag- ! Percentage passing ! 
S o i l name and ', Depth! USDA t e x t u r e } ! Iments ! sieve number-- !Liq u i d Plas­
map symbol 

', Depth! 
! U n i f i e d I AASHTO ! > 3 ! 

! inches! 4 ! 10 ! 40 ! 200 
! l i m i t t i c i t y 

index 

Ma 
Mayqueen 

MO 
Monierco 

?0 
Pen i s t a j a 

.JP»: 
P e n i s t a j a — 

. Buckle 

?T* : 
P e n i s t a j a — 

T r a v e s s i l l a 

PX». 
P i t s 

RA* . 
Hi verwash 

So*. 
Rock outcrop 

RT*: 
Rock outcrop. 

Travess i H a ­

i t i 

0-4 
4-16 

16-60 

0-5 
5-16 

16 

0-2 
2-67 

0-3 
3-60 

0-13 
1 3-47 

47-66 

0-3 
3-60 

0-2 

2-12 

12 

0- 1 
1- 9 

Loamy f i n e sand 
Fine sandy loam, 
sandy loam. 

Loamy sand, 
loamy f i n e 
sand, f i n e 
sand. 

Fine sandy loam 
Sandy c l a y loam, 
clay loam, 
loam. 

Weathered 
bedrock. 

Loam 
Sandy clay loam, 
clay loam. 

Loam 
Sandy clay loam, 
c l a y loam. 

S i l t loam 
Clay loam, s i l t y 
c l a y loam. 

S i l t loam, c l a y 
loam, s i l t y 
c l a y loam. 

Loam 
Sandy c l a y loam, 
clay loam. 

Very f i n e sandy 
loam. 

Loam, very f i n e 
sandy loam, 
f i n e sandy loam 

Unweathered 
bedrock. 

Sandy l o a m — 
Loam, sandy 
loam, f i n e 
sandy loam. 

Unweathered 
bedrock. 

SM 

SM, SM-SC 

SM 

SM 
CL, CL-ML 

ML 
CL-ML, 
CL, SC, 
SM-SC 

ML 
CL-ML, 
CL, SC, 
SM-SC 

CL-ML 
CL 

CL, CL-ML 

ML 
CL-ML, 
CL, SC, 
SM-SC 

CL-ML 

CL-ML, 
SM-SC 

SM-SC 
CL-ML, 
SM-SC 

A-2 
A-4 

A-2 

A-4, A-2 
A-4, A-6 

A-4 
A-4, A-t 

A-4 
A-4, A-6 

A-4 
A-6, A-7 

A-6 , 
A-7, 
A-4 

A-4 
A-4, A-6 

A-4 

A-4 

A-4 
A-4 

Pet 

100 
100 

100 
100 

0 100 100 50-75 15-35 15-20 NP-5 
0 100 100 65-80 35-50 20-25 NP-10 

0 100 100 55-30 15-35 15-20 NP-5 

0 100 100 60-35 30-50 15-25 NP-5 
0 100 100 80-100 50-80 20-35 5-15 

0 100 100 90-100 50-60 20-25 NP-5 
0 100 100 95-100 45-75 25-35 5-15 

0 100 100 90-100 50-60 20-25 NP-5 
0 100 100 95-100 45-75 25-35 5-15 

0 100 100 85-95 65-35 20-30 5-10 
0 100 100 90-100 70-83 25-4b 10-20 

0 100 100 85-100 70-90 20-43 5-20 

0 100 100 90-100 50-60 20-25 NP-5 
0 100 100 95-100 45-73 25-35 5-15 

0 100 100 85-93 55-63 20-30 5-10 

0 100 100 70-33 35-55 20-30 5-10 

65-73 
70-35 

35-50 
35-55 

Pet 

20-30 
20-30 

See foo t n o t e at end of t a b l e . 
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TABLE 13.--ENGINEERING INDEX PROPERTIES—Continued 

S o i l name and 
map symbol 

! ! ! C l a s s i f i c a t i o n IFrag-
!ments 
! > 3 
i inches 

! Percentage passing 
i sieve number — I L i q u i d 

' l i m i t 
I Plas-
: t i e i t y 
I index 

S o i l name and 
map symbol 

IDepthi USDA t e x t u r e ! 
! 1 ! U n i f i e d AASHTO 

IFrag-
!ments 
! > 3 
i inches 

! Percentage passing 
i sieve number — I L i q u i d 

' l i m i t 
I Plas-
: t i e i t y 
I index 

S o i l name and 
map symbol 

IDepthi USDA t e x t u r e ! 
! 1 ! U n i f i e d AASHTO 

IFrag-
!ments 
! > 3 
i inches ! 4 ! 10 ! 40 ! 200 

I L i q u i d 
' l i m i t 

I Plas-
: t i e i t y 
I index 

! I n ! ! ! Pet : Pet 

RT*: 
Weska-

SB»: 
Sheppard-

Badland. 

SC* : 
Sheppard 

Huerfano 

Notal 

Sd»: 
Sheppard 

Mayqueen 

Shiproek 

Sh 
Shiproek 

Sk 
Shiproek 

Sm 
Shiproek 

So 
Shiproek 

Sp 
Shiproek 

0- 1 
1- 7 

0-2 
2-60 

0-5 
5-60 

0- 1 
1- 15 

15 

0-3 
3-60 

0- 1 
1- 62 

0-3 
3-12 

2-60 

0- 1 
1- 60 

0-10 
10-60 

0-9 
9-60 

0-2 
2-60 

0-4 
4-60 

0-3 
3-60 

S i l t y c l a y loam 
S i l t y c l a y loam, 
clay loam. 

Weathered 
bedrock. 

Loamy f i n e sand 
Loamy f i n e sand, 
loamy sand, 
f i n e sand. 

Loamy f i n e sand 
Loamy f i n e sand, 
f i n e sand. 

Sandy clay loam 
Clay loam, sandy 
clay loam. 

Weathered 
bedrock. 

CL 
CL 

SH 
SM 

Clay loam 
S i l t y c l a y , clay 

Loamy f i n e sand 
Loamy f i n e sand, 
loamy sand, 
f i n e sand. 

Loamy f i n e sand 
Fine sandy loam, 
sandy loam. 

Loamy sand, 
loamy f i n e 
sand, f i n e 
sand. 

Fine sandy loam 
Sandy loam, f i n e 
sandy loam. 

Loamy f i n e sand 
Sandy loam, f i n e 
sandy loam. 

Loamy f i n e sand 
Sandy loam, f i n e 
sandy loam. 

Fine sandy loam 
Sandy loam, f i n e 
sandy loam. 

Fine sandy loam 
Sandy loam, f i n e 
sandy loam. 

Fine sandy loam 
Sandy loam, f i n e 
sandy loam. 

SM 
SM 

CL, SC 
CL, SC 

CL, ML 
CL, CH 

SM 
SM 

SM 

SM, SM-SC 

SM 

SM, SM-SC 
SM, SM-SC 

SM, SP-SM 
SM, SM-SC 

SM, SP-SM 
SM, SM-SC 

SM, SM-SC 
SM, SM-SC 

SM, SM-SC 
SM, SM-SC 

SM, SM-SC 
SM, SM-SC 

A-6 
A-6 

A-2 
A-2 

A-2 
A-2 

A-6 
A-7, A-6 

A-6 , 
A-7 

A-2 
A-2 

A-2 
A-4 

A-2 

A-7 

A-2, A-4 
A-2, A-4 

A-2, A-3 
A-2, A-4 

A-2, A-3 
A-2, A-4 

A-2, A-4 
A-2, A-4 

A-2, A-4 
A-2, A-4 

A-2, A-4 
A-2, A-4 

100 
100 

100 
100 

100 
100 

100 
1 00 

100 
100 

100 
100 

100 
100 

100 
100 

90-100 
90-100 

65-35 
65-35 

75-90 
75-90 

15-30 
15-30 

35-40 
35-40 

15-2C 
15-20 

100 
100 

100 
100 

100 
100 

1 00 
100 

65-35 
65-33 

35-95 
85-93 

90-100 
90-100 

55-35 
65-8b 

15-30 
15-30 

40-70 
45-60 

70-30 
80-93 

15-30 
15-30 

15-20 
15-20 

25-35 
35-4 3 

35-45 
40-00 

15-20 
15-20 

0 100 100 50-75 15-33 15-20 NP-5 
0 100 100 55-30 35-50 20-25 NP-10 

0 100 100 55-30 15-35 15-20 NP-5 

0 100 100 75-90 30-50 20-30 NP-10 
0 100 100 75-90 30-50 20-30 NP-10 

0 100 100 65-83 5-30 15-25 NP-5 
0 100 100 75-90 30-50 20-30 NP-10 

0 100 100 65-33 5-30 15-25 NP-5 
0 100 100 75-90 : 30-50 20-30 ! NP-10 

0 100 100 ! 75-90 ! 30-50 : 20-30 NP-10 
0 : 100 ! 100 : 75-90 ! 30-50 : 20-30 ! NP-10 

0 100 100 ! 75-90 1 30-50 . 20-30 ! NP-10 
0 s 100 1 100 : 75-90 ! 30-50 ! 20-30 1 NP-10 

0 ; 100 ! 100 ! 75-90 ! 30-50 ; 20-30 ! NP-10 
0 ! 100 ! 100 ! 75-90 i 30-50 ! 20-30 : NP-10 

See fo o t n o t e at end of t a b l e . 
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TABLE 13.—ENGINEERING INDEX PROPERTIES—Continued 

S o i l na:ue ana 
map syniDol 

ShiprocK Variant 

3t 
3 t uiii D 1 e 

SU 

Stumble 

Stumole 

S*»: 
Stumble------

F ruitlana 

SX*: 
Stumble 

Uotal 

SE*: 
Stumble 

Slickspots. 

Depth 

In 

0-8 
8-24 

24-43 

48-63 

0-5 
5-29 

29-49 

49-31 

0-5 
5-61 

0-7 
7-60 

0-6 
6-29 

29-60 

0-7 
7-60 

0-3 
3-60 

0-24 
24-60 

0-4 
4-60 

USDA texture 

Fine sandy loam 
Fine sandy loam, 
sandy clay 
loam, sandy 
loam. 
Loam, sandy clay 
loam, fine 
sandy loam. 
Loamy sand, 
sandy loam, 
fine sandy 
loam. 

Loamy sand 
Loamy coarse 
sand, loamy 
sand, sand. 

Gravelly sand, 
gravelly loamy 
sand. 
Loamy coarse 
sand, loamy 
sand, sand. 

Loamy sand 
Gravelly sand, 
loamy sand, 
sand. 

Sandy clay loam 
Loamy coarse 
sand, loamy 
sand, sand. 

Loamy sand 
Loamy coarse 
sand, loamy 
sand, sand. 

Gravelly sand, 
gravelly loamy 
sand. 

Sandy loam 
Fine sandy loam, 
sandy loam. 

Loamy sand 
Loamy coarse 
sand, loamy 
sand, sand. 

Clay loam 
S i l t y clay, clay 

Loamy sand 
Loamy coarse 
sand, loamy 
sand, sand. 

! C l a s s i f i c a t i o n ! 

! U n i f i e d AASHT0 

ISM, ML A-4 I 
ISM, A-4, I 
I SM-SC, A-6, I 
i SC, ML A-2 

ISM, ML A-4 

ISM A-2, A-4| 

ISM A-2 I 
ISM, SP-SM A-2, I 

A-1 , I 
A-3 I 

ISP, SP-SM A-1, A-2: 

SM, SP-SM A-2, I 
A-1 , 1 
A-3 j 

iSM A-2 : 
:SM, SP-SM A-2, 1 

A-1 , I 
A-3 ; 

iCL, CL-ML A-4, A-6 
ISM, SP-SM A-2, ! 

A-1 , I 
A-3 ! 

!SM A-2 
!SM, SP-SM A-2, I 

A-1 , I 
A-3 ! 

ISP, SP-SM A-1, A-2 

ISM A-2, A-4 
ISM A-4, A-2 

ISM A-2 
ISM, SP-SM A-2, 

A-1 , I 
A-3 

ICL, ML A-6, A-7 
ICL, CH A-7 

ISM A-2 
ISM, SP-SM A-2, I 

A-1 , 
A-3 

Frag­
ments 
> 3 

i nches 
Pet 

0 
0 

I Percentage passing 
' sieve number— L i q u i d Plas­

1 4 10 40 200 
l i m i t t i c i t y 

index 
Pet 

i 100 
I 100 

100 
100 

70-85 
60-90 

40-55 
30-55 

20-30 
20-35 

NP-5 
NP-15 

I 100 100 70-95 35-75 20-35 NP-10 

i 100 100 50-35 15-50 20-25 NP-5 

i 100 
I 100 

100 
100 

50-75 
40-75 

15-25 
5-25 

15-20 
15-20 

NP-5 
NP-5 

165-35 50-63 20-50 0-10 __- NP 

I 100 100 40-75 5-25 15-20 NP-5 

I 100 
175-100 

100 
60-100 

50-75 
30-73 

15-25 
0-15 

15-20 
15-20 

HP-5 
NP-5 

I 100 
1 100 

100 
100 

30-95 
40-75 

50-75 
5-25 

20-30 
15-20 

5-15 
NP-5 

I 100 
I 100 

100 
100 

50-75 
40-75 

15-25 
5-25 

15-20 
15-20 

NP-5 
HP-5 

',65-85 50-65 20-50 0-10 — HP 

I 100 
I 100 

100 
100 

60-73 
60-75 

30-43 
30-45 

15-25 
15-25 

NP-5 
NP-5 

I 100 
I 100 

100 
100 

50-75 
40-75 

15-25 
5-25 

15-20 
15-20 

MP-5 
NP-5 

I 100 
I 100 

100 
100 

90-100 
90-100 

70-80 
80-95 

35-43 
40-60 

10-20 
15-30 

I 100 
1 100 

100 
100 

50-75 
40-75 

15-23 
5-25 

15-20 
15-20 

NP-5 
HP-5 

See footnote at end of table. 
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TABLE 13.--ENGINEERING INDEX PROPERTIES—Continued 

Soil name and 
map symool 

Depth USDA texture 
Classification 

Unified 

Frag­
ments 

Percentage passing 
sieve number— 

! AASHTO 1 > 3 
inches 4 ! 10 40 I 200 

! l i m i t : t i c i t j 
! index 

1 Pet : Pet 

! A-U 0 100 100 65-75 35-5U : 20-30 5-10 
! A-4 0 100 100 70-35 _35-55 20-30 5-10 

I A-6 0 100 100 90-100 75-90 35-40 15-20 
! A-6 . 0 . 100 100 90-100 75-90 • 35-40 15-20 

I A-6 0 100 100 35-100 55-30 30-40 10-20 
IA-6 ' 0 100 100 35-100 65-30 30-40 10-20 

! A-6 0 100 100 85-100 65-30 30-40 10-20 
!A-6 0 100 100 35-100 65-80 30-40 10-20 

1A-6 0 100 100 35-100 65-30 30-40 10-20 
IA-6 0 100 100 85-100 65-8 J 30-40 10-20 

IA-6 0 100 100 9C-100 70-30 30-40 10-20 
! A-6 0 100 100 90-100 60-30 30-40 10-20 

IA-6 0 100 100 35-100 65-30 30-40 10-20 
! A-6 0 100 100 35-100 65-30 30-40 10-20 

! A-6 15-50 95-100 90-100 30-100 70-90 35-40 10-20 

! A-7 0 100 100 95-100 70-95 40-65 20-30 

IA-6, A-7 35-45 100 100 90-100 75-90 35-45 15-20 

I A-7 0 100 100 90-100 75-95 45-55 20-30 

! A-4 0 100 100 35-95 I 60-75 20-30 5-10 
IA-4, A-6 0 100 100 85-100, 50-80 25-40 5-15 

I A-1 20-45 30-40 I 25-40 20-30 5-15 — ! NP 

Plas-

TA»: 
Travessilla-

neska 

Rock outcrop 

Tp 
Turley 

Tr 
Turley 

Ts 
Turley 

Tt 
Turley 

Tv*: 
Turley 

SIiekspots. 

TW*: 
Twick 

Silver 

Wa 
Wairees 

In 

0-2 
2-12 

12 

0- 1 
1- 9 

0-3 
3-80 

0-9 
9-60 

0-4 
4-60 

0-9 
9-60 

0-3 
3-00 

0-4 

4-17 

17 

0-4 

4-60 

0-6 
6-30 

30-31 

Sandy loam 
Loam, sandy 
loam, fine 
sandy loam. 

Unweathered 
bedrock. 

Clay loam 
S i l t y clay loam, 
clay loam. 

Weathered 
bedrock. 

Clay loam 
Clay loam, s i l t y 

clay loam, 
l o a i i i . 

Clay loam 
Clay loam, s i l t y 
clay loam, 
loam. 

Clay loam 
Clay loam, s i l t y 
clay loam, 
loam. 

Clay loam 
Clay loam, s i l t y 
clay loam, loam 

Clay loam 
Clay loam, s i l t y 
clay loam, 
loam. 

Cobbly s i l t y 
clay loam. 

Clay loam, s i l t y 
clay loam, 
clay. 

Weathered 
bedrock. 

Cobbly s i l t y 
clay loam. 

Clay, s i l t y clay 

SM-SC 
CL-ML, 
SM-SC 

CL 
CL 

CL 
CL 

CL 
CL 

CL 
CL 

CL 
CL 

CL 
CL 

Loam---— — 
Very fine sandy 
loam, loam, 
clay loam. 

S t r a t i f i e d sand 
to cobble. 

CL, ML 

MH, CL 

CL 

CL, CH 

CL-ML 
CL-ML, CL 

GP-GM, GM 

See footnote at end of table. 
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TA3LE 13•—ENGINEERING INDEX PROPERTIES—Continued 

Soil name and 
map symool 

Depth USDA texture 
Classif 

Unified 

Lcation 

AASHTO 

Frag­
ments 
> 3 

inches 

Percentage passing 
sieve number— Liquid 

l i m i t 
Plas­
t i c i t y 
index 

Soil name and 
map symool 

Depth USDA texture 
Classif 

Unified 

Lcation 

AASHTO 

Frag­
ments 
> 3 

inches 4 10 40 200 

Liquid 
l i m i t 

Plas­
t i c i t y 
index 

In Pet Pet 

«Vr 
Werlog 

Us 
werlog 

io 
Youngston 

0-6 
6-60 

60-81 

0-5 
5-60 

0-10 
10-66 

Loam 
Loam, clay loam, 
s i l t y clay loam 

Stratified sand, 
gravel and 
cobbles. 

Loam 
Loam, clay loam, 
s i l t y clay 
loam. 

Clay loam 
S i l t loam, loam, 
s i l t y clay 
loam. 

ML 

CL, CL-ML 

GM, GP-GM 

CL-ML, ML 
CL, CL-ML 

CL 
CL, CL-ML 

A-4 

A-4, A-6 

A-1 

A-4 
A-4, A-6 

0 
0 

20-45 

A-6 
A-4, A-6 

100 
100 

30-40 

100 
100 

100 
100 

100 
100 

25-40 

100 
100 

100 
100 

35-95 
85-100 

20-3U 

85-95 
85-100 

90-100 
85-100 

50-75 
60-80 

0-1b 

50-75 
60-30 

75-90 
60-83 

20-25 
20-40 

20-25 
20-40 

35-40 
25-40 

* See description of the map unit for composition and behavior characteristics of the map uni t . 
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TABLE 14.--PHYSICAL AND CHEMICAL PROPERTIES OF SOILS 

[The syraDol < means less than; > means more than. Entries under "Erosion factors--T" apply to the entire 
p r o f i l e . Entries under "Wind e r o d i b i l i t y group" and "Organic matter" apply only to the surface layer. 
Absence of an entry indicates that data were not available or were not estimated] 

S o i l name ana 
map symbol 

IDepth IClay <2mm ! Pe r m e a b i l i t y !Available 
! water 
1 c a p a c i t y 

! S o i l 
! r e a c t i o n 

! S a l i n i t y ! Shrink-
! s w e l l 
1 p o t e n t i a l 

! Erosion 
! f a c t o r s S o i l name ana 

map symbol 
IDepth IClay <2mm ! Pe r m e a b i l i t y !Available 

! water 
1 c a p a c i t y 

! S o i l 
! r e a c t i o n 

! S a l i n i t y ! Shrink-
! s w e l l 
1 p o t e n t i a l ! K ! T 

Wind 
erodi­
b i l i t y 

Organic 
matter 

AZ*: 
Avalon-

Sheppard-

Shiprock-

BA*. 

badland 
BB*: 
Badland. 

Monierco-

Rock outcrop. 

BC*: 

Badland. 

Rock outcrop. 

Persayo 

Be 
Beebe 

Ap 
Apishapa 

As 
Apishapa 

AT*: 
Atrac 

F l o r i t a -

Travessilla-

in ! Pet I In/hr I n / i n £H 1 Mmhos/cm I Pet"" 

0-5 ! 30-40 I 0.2-0.6 iO 14-0.18 17 4-3 4 ! 2-16 I Moderate : 0 17 I 5 : 4 I 1-2 
5-81 I 35-60 ! 0.06-0.2 :o 10-0.14 17 9-9 0 I 4-16 I High : 0 17 

0-6 ! 40-60 ! 0.06-0.2 !0 10-0.14 17 4-8 4 ! 2-16 I High I 0 17 ! 3 : 4 : 1-2 
6-81 I 35-60 ! 0.06-0.2 10 10-0.14 17 9-9 0 I 4-16 IHigh 10 17 

0-3 
3- 44 

44-60 
0-4 
4- 12 

12-43 
43-60 

0-2 
2-12 
12 

18-27 
18-35 
15-30 

15-20 
3-3 

10-18 
3-8 

15-20 
15-27 

0 2-2.0 ! 0 13-0 19 !7 4-7 3 I <2 ! Low :o 32 : 3 1 5 1 — _ _ 
0 5-2.0 0 13-0 19 17 4-9 0 I <2 I Moderate 10 17 
0 6-6.0 0 08-0 17 17 4-9 0 : <2 , Low 10 15 

2 0-6.0 0 08-0 13 7 4-7 3 <2 Low I 0 24 ! 3 j 3 ! —— 
2 0-6.0 0 03-0 05 7 4-7 8 <2 Low :o 10 
2 0-20 0 08-0 13 7 4-7 3 <2 Low 0 17 

>20 0 03-0 05 7 4-7 8 <2 0 10 

2 0-6.0 0 08-0 13 7 4-8 4 <2 Low 0 17 1 3 
2 0-6.0 0 08-0 17 7 4-8 4 <2 Low 0 20 

Av 0-• 14 12--17 2 0--6 0 0 11 -0 13 7 9--3 4 
Avalon 14--53 20- -30 0 6--2 0 0 15--0 17 7 9--8 4 

53- -72 15-•25 2 0--6 0 0 10--0 12 7 9--3 4 

Ax 0--2 12-•17 2 0--6 0 0 11--0 13 7 9--3 4 
Avalon 2--80 20-30 0 6--2 0 0 15--0 17 7 9--3 4 

Ay - 0--18 15-25 0 6--2 0 0 16--0 18 7 9--8 4 
Avalon 18--60 20- •30 0 6--2 0 0 15--0 17 7 9-•3 4 

<2 

2-8 
2-8 
2-3 

2-8 
2-8 

2-8 
2-8 

Low 
Low 
Low 

Low 
Low 

Low 
Low 

0.37 
0 .43 
0.32 

0.37 
0.43 

0.43 
0.43 

o-3 
3-60 

o-3 
3-60 

0-3 
3-60 

12-17 
20-30 

5-15 
5-10 

10-20 
10-18 

0-2 
2-14 
14 

10-15 
18-35 

2.0-6.0 
0.2-0.6 

0.08-0. 13 
0.13-0.19 

7.4-8.4 
7.4-9.0 

<2 
<2 

Low 
Moderate 

0.24 
0.32 

0-2 
2-12 
12 

0-6 
6-67 

67-81 

27-35 
27-35 

5-10 
5-10 
5-10 

0.2-0.5 
0.2-0.6 

6.0-20 
>20 
>20 

0.15-0.19 
0.15-0.19 

0.06-0.08 
0.03-0.08 
0.02-0.04 

7.9-9.0 
7.9-9.0 

7.4-8.4 
7.4-3.4 
7.4-8.4 

<3 
<8 

2-4 
2-4 
2-4 

Moderate 
Moderate 

0.37 
0.37 

Low-
Low-
Low-

0.20 
0.17 
0.15 

4L 

.5-.8 

.5-.8 

.5-.8 

2 0-6.0 0.11-0 13 7 9-8.4 2-8 0 37 i 3 ... 
0 6-2.0 0.15-0 17 7 9-3.4 2-3 Low 0 43 

6 0-20 0.06-0 08 7 9-3.4 <2 Low 0 15 5 2 _ 

6 0-20 0.06-0 03 7 9-3.4 <2 0 15 

2 0-6.0 0.09-0 12 7 4-8.4 <2 Low 0 24 3 3 .5-.6 
2 0-6.0 0.09-0 12 7 4-9.0 <4 Low 0 24 

: jr.;:.. 

4L 

See footnote at end of table. 
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TABLE 14.—PHYSICAL AND CHEMICAL PROPERTIES OF SOILS--Continued 

Soil name and 
map symbol 

! I n ! Pet 

Bf — 0-3 ! 5-15 
Beebe Variant 1 3-67 ! 5-10 

167-81 ! 5-10 

Bk ! 0-11 ! 15-25 
Blackston :11-27 ! 15-30 

127-80 j 0-5 

Bin o-y ! 15-25 
blackston ! 9-25 i 15-30 

125-60 ! 0-10 

BP*: 
1 0-12 ! 15-25 
12-30 , 15-30 
30-60 0-10 

0-7 15-20 
, 7-10 10-20 

10 

BR*: 
Blancot 0-6 15-26 

6-60 , 20-35 

0-8 5-10 
8-60 5-18 

BT*: 
0-2 15-26 
2-60 20-35 

0-3 28-35 
3-60 40-50 

BU 0-5 18-27 
Buckle 5-44 25-35 

44-o6 20-35 

Oa 0-6 15-27 
Doax 3-60 25-35 

DO 0-4 15-27 
Do ax 4-60 25-35 

Do 0-3 15-27 
Doak 3-60 25-35 

Od 0-5 27-30 
Doak 5-60 25-35 

DN*: 
0-5 15-27 
5-69 25-35 

Avalon 0-14 20-27 
14-60 20-27 

DS»: 
0-3 I 15-27 
3-50! 25-35 

0-3 ! 5-10 
3-60! 5-10 

0-3 ! 10-20 
3-60 ! 10-18 

Depth Clay <2rara Permeability Available 
water 

Soil 
reaction 

S a l i n i t y 

!capac i t y ! p o t e n t i a l ! K ! T ! group 
I n / h r ! I n / i n £H !Mmhos/cm ! Pet 

6.0-20 10.06-0 .12 17 .4-8 .4 ! 2-4 ! Low 10 .20 ! 5 ! 2 .5- 1 
6.0-20 !0.05-0 .08 !7 .4-8 . 4 ! 2-4 10 .20 
6.0-20 10.03-0 .06 17 .4-8 .4 ! 2-4 1 Low 10 .15 

0.6-2.0 10.14-0 .17 !7 .9-3 .4 ! <2 Low !0 .28 3 ! 5 i - 5~ 1 0.6-2.0 10.07-0 .10 17 .9-9 .0 ! 4-8 Low 10 .10 
6.0-20 10.03-0 .06 17 .9-8 .4 1 4-3 | Low 10 .10 

0.6-2.0 10.14-0 .17 17 .9-3 .4 1 <2 0 .28 3 ! 5 ; ' 5 _ 1 
0.6-2.0 10.07-0 .10 17 .9-9 .0 i 4-8 ',0 .10 
6.0-20 I0.03-0 .06 17 .9-3 .4 i 4-8 10 .10 

0.6-2.0 !0.14-0 .17 17 .9-8 . 4 ! <2 \ Low 10 .28 ! 3 ! 5 . 5 - 1 
0.6-2.0 10.07-0 .10 17 .9-9 .0 ! 4-8 !0 .10 
6.0-20 10.03-0 .06 17 .9-8 . 4 ! 4-8 ,0 .10 

2.0-6.0 0.08-0 .13 .'7 .4-8 .4 <2 Low 0 • 32 1 1 3 _ _ _ 
2.0-6.0 0.06-0 .13 7 .4-3 .4 <2 Low 0 .28 

0.2-2.0 0.13-0 19 7 .9-8 .4 <2 0 32 5 6 
0.6-2.0 ,0.13-0 .19 7 .9-9 .0 <4 Moderate 0 .28 

2.0-6.0 0.11-0 .13 7 .4-8 . 4 <4 0 .24 3 3 .6- .3 
2.0-6.0 0.11-0 13 7 .4-8 .4 <4 0 28 

0.2-2.0 0.13-0 19 7 9-8 4 <2 0 32 3 6 
0.6-2.0 0.13-0 19 7 9-9 0 <4 Moderate 0 28 

0.2-0.6 0.15-0 19 7 9-9 0 4-8 Moderate 0 32 5 4L _ _ 
<0.06 0.13-0 19 7 9-9 0 4-3 High 0 43 

0.6-2.0 0.13-0 19 7 4-8 4 <2 0 37 3 6 
0.2-0.6 0.15-0 19 7 9-9 0 <2 Moderate 0 37 
0.6-2.0 0.13-0 19 .7 9-9 0 <2 Moderate 0 37 

0.6-2.0 0.15-0 17 7 4-8 4 <2 0 37 3 5 .5- . 6 
0.2-0.6 0.15-0 18 7 4-9 0 2-4 Moderate 0 37 

0.6-2.0 0.15-0 17 7 4-8 4 <2 Low 0 37 5 5 .5- .6 
0.2-0.6 0.15-0 18 7 4-9 0 2-4 Moderate 0 37 

0.6-2.0 0.15-0 17 7 4-8 4 <2 0 37 3 5 .5- .6 
0.2-0.6 0.15-0 18 7 4-9 0 2-4 Moderate 0.37 

0.2-0.6 0.15-0. 18 7 4-8. 4 <2 Moderate 0. 32 5 6 .5- 6 
0.2-0.6 0.15-0. 18 7 4-9. 0 2-4 Moderate 0. 37 

0.6-2.0 0.15-0. 17 7. 4-3.« <2 0. 37 5 5 .5- 6 
0.2-0.6 0.15-0. 18 7. 4-9. 0 ; 2-4 ! Moderate 0. 37 

0.6-2.0 0.16-0. 18! 7. 9-8. 4 2-8 0. 43! 3 4L — 
0.6-2.0 0.15-0. 17| 7. 9-8. 4 ! 2-8 ! Low ! 0. 43! 

0.6-2.0 ! 0.15-0. 17 7. 4-8. 4 ! <2 0. 37: 3 5 ! .5- 6 
0.2-0.6 ! 0.15-0. 18! 7. 4-9.0 ! 2-4 ! Moderate ! 0. 37! 

6.0-20 ! 0.06-0. 08 7. 9-8. 4 ! <2 ! 0. 15! 5 1 2 ! 
6.0-20 1 0.06-0. 08! 7. 9-8. 4 ! <2 1 0. 15! 

2.0-6.0 ! 0.09-0. 12! 7. 4-8. 4 ! <2 ! 0. 24! 3 ' 3 | .5- 6 
2.0-6.0 ! 0.09-0. 12! 7. 4-9. 0 ! <4 I 0. 24 ! 

Shrink-
swell 

Erosion 
factors 

Wind 
erodi-
b i l i t y 

See footnote at end of table. 



162 SOIL SURVEY 

TABLE 14.—PHYSICAL AMD CHEMICAL PROPERTIES OF SOILS—Continued 

i i i i 
I I I i r 1 Erosion Wind 

S o i l name and IDepthlClay <2mml P e r m e a b i l i t y ! A v a i l a b l e S o i l I S a l i n i t y Shrink- f a c t o r s e r o d i - Organic 
map symbol l l i I water r e a c t i o n 1 s w e l l 1 b i l i t y matter 

I | | [c a p a c i t y 1 p o t e n t i a l K 1 T group 

Du»: 
Ooax--

uffens 

i)w*: 
Doak— 

uffens 

DZ*. 
Dune land 

FA*: 
FarD-

fersayo 

r.ocit outcrop. 

FP*. 
FIuvaquents 

Fr 
F r u i t l a n d 

Fs 
F r u i t l a n a 

Ft 
F r u i t l a n d 

Fu 
F r u i t l a n d 

Fw 
Fr u i t l a n d 

FA*: 
F r u i t l a n d 

Persayo 

Sneppard 

Fy»: 
F r u i t l a n u 

In 

0-5 
5- 19 
19-b0 

0-6 
6- 16 
18-60 

0-3 
3- 15 
15-60 

0-4 
4- 22 

22-60 

0-7 
7-10 
10 

0-2 
2-15 
15 

0-7 
7- 60 

0-6 
o-60 

0-6 
6-60 

0-3 
8- 60 

0-3 
3-60 

0-4 
4-60 

0-2 
2-18 
18 

0-4 
4-60 

0-9 
9-60 

Pet 

18-20 
18-35 
18-35 

10-20 
25-35 
20-30 

18-20 
13-35 
13-35 

10-20 
25-35 
20-30 

15-20 
10-20 

28-35 
23-35 

5-10 
5-13 

10 
13 

10-18 
10-20 

10-25 
5-13 

10-25 
5-13 

10 
18 

28-35 
18-35 

5-10 
5-10 

5-10 
5-13 

S i l c k s p o t s . 

I n / h r I n / i n pH Mmhos/cm Pet 

0.6-2 0 0 13-0. 17 7 4-8.4 <2 0 37 3 3 .5-.6 
0.2-0 6 0 13-0. 19 7 4-9.0 <2 Moderate 0 32 
0.2-0 6 0 13-0. 19 7 9-9.0 2-4 Moderate 0 37 

0.6-6 0 0 08-0. 14 7 4-8.4 4-8 0 .20 1 3 _ _ _ 

0.2-0 6 0 05-0. 10 >7.8 >16 Moderate 0 32 
0.2-0 6 0 05-0. 10 >7.8 >16 Moderate 0 28 

0.6-2 0 0 13-0. 17 7 4-8.4 <2 0 37 5 3 .5-.6 
0.2-0 6 0 13-0 19 7 4-9.0 <2 Moderate 0 32 
0.2-0 6 0 13-0. 19 7 9-9.0 2-4 Moderate 0 37 

0.6-6 0 0 08-0. 14 7 4-8.4 4-8 0 20 1 3 
0.2-0 6 0 05-0. 10 >7.8 >16 Moderate 0 • 32 
0.2-0 6 0 05-0. 10 >7.8 >16 Moderate 0 28 

2.0-6 0 0 08-0. 13 7 4-8.4 <2 0 32 1 3 
2.0-6 0 0 06-0. 13 7 4-8.4 <2 0 28 

0.2-0 6 0 15-0. 19 7 9-9.0 <8 Moderate 0 37 1 4L .5-1 
0.2-0 6 0 15-0. 19 7 9-9.0 <3 Moderate 0 37 

2.0-6 0 0 11-0. 13 7 4-8.4 <4 0 24 0 3 .6-.3 
2.0-6 0 0 11-0. 13 7 4-8.4 <4 Low 0 28 

2.0-6. 0 0 11-0. 13 7 4-8.4 <4 0 24 5 3 .6-.8 
2.0-6. 0 0 11-0. 13 7 4-8.4 <4 Low 0 23 

2.0-6. 0 0 03-0. 13 7 4-8.4 2-4 Low 0 24 3 3 .5-.8 
2.0-6. 0 0 08-0. 13 7 4-8.4 2-4 Low 0 28 

0.6-2. 0 0 15-0. 17 7 4-8.4 <4 0 28 5 5 .6-.8 
2.0-6. 0 0 11-0. 13 7 4-8.4 <4 Low 0 28 

0.6-2. 0 0 15-0. 17 7 4-8.4 <4 0 23 3 5 .6-.8 
2.0-6. 0 0 11-0. 13 7 4-8.4 <4 Low 0 28 

2.0-6. 0 0 11-0. 13 7 4-8.4 <4 0 24 3 3 .6-.ft 
2.0-6. 0 0 11-0. 13 7 4-8.4 <4 Low— 0 28 

0.2-0. 5 0 15-0. 19 7 9-9.0 <8 Moderate 0 37 1 4L .5-1 ~ 
0.2-0. 6 0 15-0. 19 7 9-9.0 <3 Moderate 0 37 

6.0-20 0 06-0. 08 7 9-8.4 <2 0 15 5 2 — J 

6.0-20 0 06-0. 08 7 9-8.4 <2 0 15 

2.0-6 0 0 11-0. 13 7 4-3.4 <4 Low 0 24 5 3 .6-. 8 
2.0-6 0 0 11-0. 13 7 4-8.4 <4 0 28 

See foo t n o t e at end of t a b l e . 
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TABLE 14.—PHYSICAL AND CHEMICAL PROPERTIES OF SOILS—Continued 

S o i l name and IDepthlClay <2mw! P e r m e a b i l i t y I A v a i l a b l e S o i l S a l i n i t y l Shrink-
Erosion 
f a c t o r s 

Wind 
erod i - Organic 

:nap symbol I I I I water 
I I I l o a p a c i t y 

reao t i o n I s w e l l 
I p o t e n t i a l K ! T 

b i l i t y 
group 

matter 

I In 1 Pet 

Ga ! 0-4 ! 13-25 
Garland I 4-24 1 20-30 

124-60 1 5-15 

Gr 0-6 10-18 
Green River I 6-60 1 15-13 

GY*: 
Gy p s i o r t h i d s . 

Baaland. 

0-8 0-10 
3-60 0-10 

HA*: 
Haplargids. 

0-1 1 13-27 
1 1-28 15-30 
28-60 5-15 

T o r r i o r t h e n t s . 

HU»: 
Huerfano 0-1 20-25 

1-15 20-35 
15 

Muff 0-4 10-20 
4-24 25-30 
24 

Uffens 0-9 10-20 
9-20 25-35 

20-60 20-30 

Ma 0-4 5-10 
Mayqueen 4-1b 7-17 

16-60 5-10 

MO 0-5 10-20 
Monierco 5-16 18-35 

16 

PO 0-2 10-20 
P e n i s t a j a 2-67 20-30 

PP*: 
Penista j a -

Buckle 

PT»: 
Peni s t a j a -

T r a v e s s i l l a -

0-3 
3-60 

0-2 
2-12 
12 

PX*. 
P i t s 

10-20 
20-30 

15-20 
15-27 

I n / h r 

0.6-2.0 
0.6-2.0 
>6.0 

2.0-6.0 
0.6-2.0 

6.0-20 
6.0-20 

2.0-6.0 
0.2-0.6 
6.0-20 

0.6-2.0 
0.2-0.6 

0.6-2.0 
0.06-0.2 

0.6-2.0 
0.6-2.0 

I n / i n 

0.16-0.18 
0.19-0.21 
0.03-0.05 

0.08-0.12 
0.09-0.12 

pH 

7.4-3.4 
7.4-9.0 
7.9-8.4 

7.9-8.4 
7.9-8.4 

Mmhos/cm 

2-4 
2-4 
<2 

2-8 
2-8 

Low 
Moderate 
Low 

Low-
Low-

0.32 
0.28 
0.10 

0.24 
0.23 

0.06-0.08 
0.06-0.08 

0.07-0.13 
0.08-0.13 
0.05-0.07 

0.15-0.17 
0.15-0.19 

0.15-0.17 
0.14-0. 16 

7.9-8.4 
7.9-9.0 

7.9-3.4 
8.5-9.0 
7.9-3.4 

7.9-9.0 
>7.8 

7.4-8.4 
>7.8 

<2 
<4 

2-4 
<2 
<2 

>4 
>4 

2-4 
4-3 

Low-
Low-

Low 
Low 
Low 

•loderate 
Moderate 

0.17 
0.15 

0.17 
0.17 
0.15 

0.32 
0.32 

Low 
Moderate 

0.23 
0.24 

0.13-0.15 
0.15-0.18 

6.6-3.4 
6.6-8.4 

<2 
<2 

Low 
Moderate 

0.24 
0.32 

! 0-3 10-20 0.6-2.0 0 13-0 151 6 6-8 4 <2 1 Low 1 0 24 ; 
1 3-60 1 20-30 0.6-2.0 0 15-0 18. 6 6-3 4 1 <2 IModerate 1 0 32 1 

0-131 18-27 0.6-2.0 I 0 13-0 191 7 4-8 4 1 <2 1 Low 0 37! 
113-47 I 27-35 I 0.2-0.6 I 0 15-0 19! 7 9-9 0 1 <2 IModerate ! 0 37! 
47-66 I 20-35 I 0.6-2.0 0 13-0 191 7 9-9 0 1 <2 IModerate 1 0 37! 

0.6-2. 
0.6-2. 

0.6-2. 
2.0-6. 

0.13-0.15 
0.15-0.18 

0.13-0.17 
0.08-0.17 

6.5- 8.4 
6.6- 8.4 

7.4-8.4 
7.4-8.4 

<2 
<2 

<2 
<2 
<2 

Low 
Moderate 

Low-
Low-

0 .24 
0.32 

0.24 
0.20 

Pet 

.5-.8 

.5-.3 

4L 

0 .6-6.0 0 08-0 14 7 4-8.4 4-8 I Low 0.20 1 3 
0 .2-0.6 0 05-0 10 >7.9 >16 !Moderate 0.32 
0 .2-0.6 0 05-0 10 >7.9 >16 I Moderate 0.23 

6 .0-20.0 0 06-0 10 7 9-8.4 <2 0.24 3 2 <. 5 
2 .0-6.0 0 10-0 14 7 9-8.4 <2 0.28 
6 .0-20.0 0 07-0 10 7 9-3.4 <2 0.24 

2 .0-6.0 0 08-0. 13 7 4-8. 4 <2 I Low 0.24 1 3 
0 .2-0.6 0 13-0. 19 7 4-9.0 <2 !Moderate 0.32 

.5-.9 

.5-.9 

.5-.9 

See f o o t n o t e at end of t a b l e . 
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fASLE 14.--PHYSICAL AND CHEMICAL PROPERTIES OF SOILS--Continued 

S o i l name and 
map symbol 

RA« . 
.liverwasn 

Kock outcrop 

H I * : 
nock outcrop. 

T r a v e s s i i l a 

* e s k a 

SB* : 
Sheppara 

Badlana. 

SC»: 
Sneppara 

:;uerf ano 

;.otal-

sc»: 
Sneppara 

•layqueen 

Shiproek 

S h — -
Sniprock 

ShiprocK 

S.u 
Shiproek 

5o 
Sniprocx 

Sp 
Shiproek 

Sr 
Sniprocic 
v a r i a n t 

Deptn 

In 

0- 1 
1- 9 
9 

0- 1 
1- 7 
7 

0-2 
2-60 

0-5 
5-b0 

0- 1 
1- 15 
15 

0-j 
j-60 

0- 1 
1- 62 

0-3 
3- 12 
12-60 

0- 1 
1- 60 

0-10 
10-60 

0-9 
9-60 

0-2 
2- 60 

0-4 
4- 60 

0-3 
3- 60 

0-6 
3-24 

24-48 
43-68 

Clay <2mm 

Pet 

15-20 
15-27 

23-35 
23-35 

5-10 
5-10 

•10 
• 10 

20-25 
20-35 

26-35 
40-50 

5-10 
5-10 

5-10 
7-17 
5-10 

10-20 
10-13 

10-15 
10-13 

10-15 
10-13 

10-20 
10-18 

10-20 
10-18 

10-20 
10-18 

10-18 
18-28 
15-28 
10-13 

P e r m e a b i l i t y 

I n / h r 

0-6. 
0-6. 

2-0 
2-0 

6.0-20 
6.0-20 

.0-20 

.0-20 

.6-2.0 

.2-0.6 

0.2-0.6 
<0.06 

6.0-20 
5.0-20 

6.0-20.0 
2.0-6.0 
6.0-20.0 

2.0-6.0 
2.0-6.0 

6.0-20 
2.0-6.0 

6.0-20 
2.0-6.0 

2.0-6.0 
2.0-6.0 

0-6.0 
0-6.0 

.0-6. 
,0-6. 

,0-6, 
,0-6. 
,6-2. 
0-6. 

A v a i l a b l e 
water 

c a p a c i t y 
I n / i n 

0.08-0.13 
0.08-0.17 

0.19-0.21 
0.19-0.21 

0.06-0.08 
0.06-0.08 

0.06-0.03 
0.06-0.08 

0.15-0.17 
0.15-0.19 

0.15-0.19 
0.13-0. 19 

0.06-0.08 
0.06-0.08 

0.06-0. 10 
0.10-0.14 
0.07-0.10 

0.09-0.12 
0.09-0.12 

0.06-0.09 
0.09-0. 12 

0.06-0.09 
0.09-0.12 

0.09-0.12 
0.09-0.12 

0.09-0.12 
0.09-0.12 

0.09-0.12 
0.09-0.12 

0.08-0.13 
0.12-0.17 
0.08-0.17 
0.06-0.13 

S o i l 
r e a c t i o n 

sh. 

7.4-8.4 
7.4-3.4 

7.9-8.4 
7.9-3.4 

7.9-3.4 
7.9-3.4 

7.9-3.4 
7.9-3.4 

7.9-9.0 
>7.3 

7.9-9.0 
7.9-9.0 

7.9-8.4 
7.9-3.4 

7.9-8.4 
7.9-8.4 
7.9-3.4 

7.4-8.4 
7.4-9.0 

7.4-8.4 
7.4-9.0 

7.4-8.4 
7.4-9.0 

7.4-8.4 
7.4-9.0 

7.4-3.4 
7.4-9.0 

7.4-8.4 
7.4-9.0 

7.9-3.4 
7.9-9.0 
7.9-9.0 
7.9-9.0 

S a l i n i t y 

Mmhos/cm 

<2 
<2 
<2 

<2 
<2 

<2 
<2 

<2 
<2 

>4 
>4 

4-3 
4-8 

<2 
<2 

<2 
<2 
<2 

<2 
<4 

<2 
<4 

<2 
<4 

<2 
<4 

<2 
<4 

<2 
<4 

<2 
<2 
<4 
<4 

Shrink-
s w e l l 

p o t e n t i a l 

Low-
Low-

Moderate 
Moderate 

Low 
Low 

Low 
Low 

Moderate 
Moderate 

Moderate 
High 

Low 
Low 

Low 
Low 
Low 

Low 
Low 

Low 
Low 

Low 
Low 

Low 
Low 

Low 
Low 

Low 
Low 

Low 
Low 
Low 
Low 

t r o s i o n 
f a c t o r s 

0.17 
0.20 

0.32 
0.32 

0.15 
0.15 

0.15 
0.15 

0.32 
0.32 

0.32 
0.43 

0.15 
0.15 

0.24 
0.28 
0.24 

0.24 
0.24 

0.15 
0.24 

0.15 
0 .24 

0.24 
0.24 

0.24 
0.24 

0.24 
0.24 

0.24 
0.28 
0.24 
0.20 

Wind 
e r o d i - ! 
b i l i t y ! 
group 

4L 

4L 

See f o o t n o t e at end of t a b l e . 
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TABLE 14.—PHYSICAL AND CHEMICAL PROPERTIES OF SOILS—Continued 

S o i l name and 
map symbol 

!Depth IClay <2mm ! Pe r m e a b i l i t y A v a i l a b l e 
I water 
[capacity 

! S o i l 
i r e a c t i o n 

! S a l i n i t y Shrink-
! s w e l l 
^ p o t e n t i a l 

! Ero 
! fac 

: K 

sion 
t o r s 

I T 

! Wind 
! e r o d i -
! b i l i t y 
!group 

lOrganic 
I matter 

' in 
! 0-5 
! 5-29 
129-49 
149-81 

I Pc_t 

! 0-10 
: o-io 
1 0-5 
! 0-10 

I I n / h r 1 I n / i n ! p_H 

7.9-8.4 
7.9-9.0 
7.9-9.0 
7.9-9.0 

!Mmhos/cm 

10.17 
!0.15 
10.10 
10.15 

5 ! 2 

! Pet 

! <.5 

' in 
! 0-5 
! 5-29 
129-49 
149-81 

I Pc_t 

! 0-10 
: o-io 
1 0-5 
! 0-10 

6.0-20 
I 6.0-20 
1 6.0-20 

6.0-20 

0.06-0.08 
!0.06-0.08 
10.04-0.06 
0.06-0.06 

! p_H 

7.9-8.4 
7.9-9.0 
7.9-9.0 
7.9-9.0 

<2 
! <4 
1 <4 
: <4 

10.17 
!0.15 
10.10 
10.15 

5 ! 2 

! Pet 

! <.5 
Stumble 

' in 
! 0-5 
! 5-29 
129-49 
149-81 

I Pc_t 

! 0-10 
: o-io 
1 0-5 
! 0-10 

6.0-20 
I 6.0-20 
1 6.0-20 

6.0-20 

0.06-0.08 
!0.06-0.08 
10.04-0.06 
0.06-0.06 

! p_H 

7.9-8.4 
7.9-9.0 
7.9-9.0 
7.9-9.0 

<2 
! <4 
1 <4 
: <4 

10.17 
!0.15 
10.10 
10.15 

5 ! 2 

! Pet 

! <.5 

Su 
Stumble 

SV 
Stumble 

SW*: 
Stumble-

F r u i t l a n d -

SX»: 
Stumule-

Hotal-

SZ»: 
Sturable-

S l i c k s p o t s . 

TA*: 
T r a v e s s i l l a -

Weska-

Rock outcrop. 

TW* : 
Twick-

S i l v e r -

0-5 
5-31 

0-7 
7-60 

0-10 
0-10 

20-27 
0-10 

6.0-20 
6.0-20 

0.6-2.0 
6.0-20 

0.06-0.08 
0.06-0.08 

0.13-0.17 
0.06-0.08 

7.9-8.4 
7.9-9.0 

7.9-8.4 
7.9-9.0 

<2 
<4 

<2 
<4 

Low-
Low-

Low-
Low-

0.17 
0.15 

0.24 
0.15 

0-6 0-10 6 0-20 0 06-0 08 7 9-3 4 <2 0 17! 
6-29 0-10 6 0-20 0 06-0 08 7 9-9 0 <4 0 151 

29-60 0-5 6 0-20 0 04-0 06 7 9-9 0 <4 Low 0 10 : 

0-7 5-10 2 0-6.0 0 11-0 13 7 4-8 4 <4 0 24! 
7-60 5-13 2 0-6.0 0 11-0 13 7 4-3 4 <4 0 28! 

0-3 
3-60 

0-24 
24-60 

0-4 
4-60 

0-2 
2-12 
12 

0- 1 
1- 9 
9 

0-10 
0-10 

28-35 
40-50 

0-10 
0-10 

15-20 
15-27 

28-35 
23-35 

6.0-20 
6.0-20 

0.2-0.6 
<0.06 

6.0-20 
6.0-20 

2.0-6.0 
2.0-6.0 

0.2-0.6 
0.2-0.6 

0.06-0.08 
0.06-0.08 

0.15-0.19 
0.13-0.19 

0.06-0.08 
0.06-0.08 

0.08-0.13 
0.08-0.17 

0.19-0.21 
0.19-0.21 

7.9-3.4 
7.9-9.0 

7.9-9.0 
7.9-9.0 

7.9-8.4 
7.9-9-0 

7.4-8 
7.4-8 

7.9-3.4 
7.9-3.4 

<2 
<4 

4-3 
4-3 

<2 
<4 

<2 
<2 
<2 

<2 
<2 

Low-
Low-

Moderate 
High 

Low-
Low--

Low-
Low-

0.17 
0.15 

0.32 
0.43 

0.17 
0.15 

0.17 
0.20 

Moderate 
Moderate 

0.32 
0.32 

Tp- — — 0-3 28-35 0.2-0.6 0. 18-0 .20 7 4-9 0 2-4 Moderate 0 .28! 
Turley 3-80 25-35 0.2-0.6 0. 18-0 20 7 4-9 0 2-4 Moderate 0 .28! 

Xr 0-9 23-35 0.2-0.6 0. 18-0 20 7 4-9 0 2-4 Moderate 0 28! 
Turley i/-60 25-35 0.2-0.6 0. 18-0 20 7 4-9 0 2-4 Moderate 0 .28! 

Ts - 0-4 28-35 0.2-0.6 0. 18-0 20 7 4-9 0 2-4 Moderate 0 28 i 
Turley 4-60 25-35 , 0.2-0.6 0. 18-0 20! 7 4-9 0 2-4 Moderate 0 28! 

Tt 0-9 23-35 0.2-0.5 0. 15-0 19, 7 4-3 4 2-4 Moderate 0 28! 
Turley 9-60 25-35 ! 0.2-0.6 0. 15-0 19! 7 4-9 0 2-4 ! Moderate 0 28! 

Tv»: 
Turley 0-3 28-35 0.2-0.6 0. 18-0 20! 7 4-9 0 2-4 Moderate 0 28! 

3-60 25-35 ! 0.2-0.6 0. 18-0 20! 7 4-9 0 2-4 : Moderate 0 28! 

S l i c k s p o t s . 

0-4 
4-17 
17 

0-4 
4-60 

28-35 
35-60 

30-40 
40-50 

0.2-0.6 
0.06-0.2 

0.2-0.6 
0.06-0.2 

0.15-0.19 
0.13-0.17 

0.14-0.16 
0.14-0.17 

7.4-3.4 
7.4-3.4 

7.9-8.4 
7.9-3.4 

2-4 
2-4 

<2 
<2 

Low 
High 

0.20 
0.23 

Moderate 
High 

0.28 
0.28 

2 

4L 

4L 

4L 

4L 

4L 

4L 

See f o o t n o t e at end o f t a b l e . 
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TABLE 14.—PHYSICAL AND CHEMICAL PROPERTIES OF SOILS—Continued 

Soil name and IDepthlClay <2mmi Permeability!Available Soil I S a l i n i t y Shrink-
Erosion 
factors 

Wind 
erod i - Organic 

map symbol I I I ! water 
! ! 1 Icapacity 

reaction! swell 
potential K ! T 

b i l i t y 
group 

matter 

In Pet In/hr I n / in 

0-6 18-27 0.6-2 0 0 13-0.17 
Walrees 6-30 15-35 0.2-0 6 0 13-0.19 

30-61 0-10 >20 0 07-0.13 

0-5 13-27 0.6-2 0 Q 13-0.17 
rterlog 6-60 18-35 0.2-0 6 0 15-0.19 

60-31 0-10 >20 0 03-0.06 

0-5 10-20 0.6-2 0 0 13-0.17 
*erloa 3-60 25-35 0.2-0 6 0 15-0.19 

0-10 28-35 0.2-0 6 0 19-0.21 
Youngston 10-66 18-35 0.2-0. 6 0. 16-0.19 

£9 

7.9-9.0 
7.9-9.0 
7.9-9.0 

7.9-9.0 
7.9-9.0 
7.9-9.0 

7.9-9.0 
7.9-9.0 

7.9-8.4 
7.9-3.4 

Mmhos/cm 

2-8 
2-3 
<2 

2-4 
2-4 
2-4 

4-8 
4-8 

2-4 
2-4 

Low 
Low 
Low 

Low 
Moderate 
Low 

Low-
Low-

Moderate 
Moderate 

0.24 
0.15 

0.37 
0.32 
0.10 

0.37 
0.32 

0.32 
0.32 

4L 

4L 

* See description of the map unit for composition and behavior characteristics of the map u n i t . 
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Groundwater Chemistry of 
Two Dry Gas Well Sites 

Well Name 
Sample 
Number 

Benzene 
ug/kg 

Toluene 
ug/kg 

Ethylbenzene 
Total 

Xylenes 
ug/kg 

Likins B-1 9205070915 ND ND ND ND 

Bengal #6 9205131710 ND 1.4 ND ND 

1 

54101/EXHIBIT8.WQ1 



BASE FROM USGS 7.5 MINUTE BLANCO QUAD SAN JUAN CO. N.M. 



BASE FROM USGS GALLEGOS TRADING POST QUAD SAN JUAN CO. NEW MEXICO 7.5 MINUTE TOPO. 

1 



GCL 
Environmental Scientists 

and Engineers 



FCGPA Exhibit 9 and Exhibit 10 
for the May 21, 1992 Continuation 

of the April 9, 1992, New Mexico Oil 
Conservation Commission Hearing 

on Case Number 10436 

May 21, 1992 

Prepared for: 

The Four Comers Gas Producers Association 

Prepared by: 

H+GCL 

ALBUQUERQUE OFFICE 
505 Marquette Avenue, NW 

Suite 1100 
Albuquerque, New Mexico 87102 

(505) 842-0001 
FAX (505) 842-0595 





4/C Gas Producers Assoc. 
Exhibit No. 9 
NMOCC Case No. 10436-Con't 
5/21/92 
Page 2 of 6 

COMPARISON OF CONDUCTIVITY 
IN FSST/PAY 

WITH 
PERMEABILITY IN PARCYS 

By d e f i n i t i o n : 

Permeability or conductivity = O L 
A AP (1) 

Where Q = Volume rate per time 
A » Area 
L = Distance 
AP - D i f f e r e n t i a l pressure 

For conductivity i n feet/day (at the v i s c o s i t y and density of the 
flowing f l u i d ) : 

Q must be cf/day 
A must be square feet 
AP i s i n hydraulic head, H 
L i s i n units consistent with H 

which gives the following dimensions: 

Hydrologic conductivity, KN ̂  = Ft
3/day * Ft 2 x Ft/Ft = Ft/day 

For permeability in darcys and using oil field units: 

0 u L 
1.127 A A P (2) 

(Reference Craft and Hawkins attached) 

Where K = darcys 
Q = barrels/day 
A = square feet 
L » feet 
AP = ps i 
H = vi s c o s i t y , cp 

In Equation (2), at temperature of 68° (viscosity = l cp) and 
substi t u t i n g : 

JESI 
5.6146 f o r Q & .4328 H for p s i , where H i s f l u i d "head" i n feet 

Then = 2.7328 _Q_ _L_ 
A H (3) 

and r a t i o of Equation (2) to Equation (3): 

*H CON 

Kd.rcy. - 2.7328 (at 68° F) 

For r a t i o at another temperature, T: 

K„ QJ. Viscosity at 68° Density at T 

Kdwcy» " 2.7328 x viscosity at T x Density at 68 0 
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THE VISCOSITY OF WATER 0°C TO 100°C 
Contribution f r a m th* Nrntiomtl Buranu of Standard*, not wbjeot to copyright. 

•c 

0 1.787 
1 1.728 
2 1.671 
3 1.818 
4 1.587 
5 1.519 
6 1.472 
7 1.428 
8 1.388 
g 1.340 
10 1.307 
i l 1.271 
13 1.235 
13 1.202 
14 1.169 
IS 1.139 
IS 1.109 
17 1.081 
IS 1.053 
19 1.027 
20 1.002 
21 0.9779 
23 .9548 
23 .9325 
24 .9111 
25 .8904 

26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 

t(ep> •C 

0.8705 52 
.8513 53 
.8327 54 
.8148 55 
.7975 56 
.7808 57 
.7647 58 
.7491 59 
.7340 60 
.7194 61 
.7052 62 
.8915 63 
.6783 64 
.S6&4 65 
.6529 66 
.6408 67 
.6291 68 
.6178 69 
.6067 70 
.5960 71 
.5856 72 
.5755 73 
.5656 74 
.5581 75 
.5468 76 
.5378 77 

*(«p) 

0.5290 
.5204 
.5121 
.5040 
.4961 
.4884 
.4809 
.4736 
.4665 
.4596 
.4628 
.4482 
.4398 
.4335 
.4373 
.4213 
.4155 
.4098 
.4042 
.3987 
.3934 
.3882 
.3831 
.3781 
.3732 
.3684 

•c 

78 0.3638 
79 .3592 
SO .3547 
81 .3503 
82 .3460 
83 .3418 
84 .3377 
85 .3337 
86 .3297 
87 .3259 
88 .3221 
89 .3184 
90 .3147 
91 .3111 
92 .3076 
93 .3042 
94 .3008 
95 .2975 
96 .2942 
97 .2911 
98 .2879 
99 .2848 
100 .2818 

T h . aboT, ubte v u deulnWd from UM (oUowimt empirical reUtionahip. daind from 
w i t h ^ ^ I . M ^ C ^ i o M atm-phw.). modifi* toure. wuh th.currently a c e * * * « J u . f o r t h . 

1301 _ 3 
0* to 20*C: 1OCM*» - jJSgjM + 8.1855(T-20) + 0.0OS8S(T-20)> 

(B. C Hardy and R. L . Cotttocton, J.RW.NBS 42.573 ( 

w 1.3272f20-T) - 0.001053(T-20)» 
20*tol00*C:lo<v.^ T + 105 

(J. F . Swindell*. NBS, unpublished raulU.) 

in vi#comet«r» calibrated 
af 20* o< 1.002 cp: 

TAKEN FROM CRC HANDBOOK OF CHEMISTRY AND PHYSICS, 

BY ROBERT C. WEAST, 58TH EDITION, 1977-1978, PAGE F-51 
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Specific Gravity and Density of Water at Atmoaptiarte Pressure 
Weights ire in vacuo) 

Temp, 

•c 
Specific 
gravity 

Density, 
Temp, 

1 'C 

Specific 
grtv i ry 

Density. 
Temp, 

•c 
Specific 
gravity Ib/fr" kg/m J 

Temp, 

1 'C 

Specific 
grtv i ry Ib/fr 1 Itg/m' 

0 0.99987 62.4183 999.845 40 0.99224 61.9428 992.228 
i 0.99997 62.4246 999.946 42 0.99147 61.894 991.447 
4 1.00000 62.4266 999.955 44 0.99066 61.344 990.647 
6 0 . W 9 7 62.4246 999.946 46 0.98982 61.791 989.797 
8 0.99988 62.4189 999.854 48 0.98896 61.737 988.931 

10 0.99973 62.4096 999.706 ' 5U U.98807 61.682 988.U50 
12 0.99952 62.3969 999.502 52 0.98715 61.624 987.121 
14 0.99927 62.3811 999.272 54 0.98621 61.566 986.192 
16 0.99897 62.3623 998.948 56 0.98524 61.505 985.2IJ 
18 0.99862 62.3407 998.602 58 0.98425 61.443 984.222 
20 0.99823 62.3164 998.213 60 0.98324 61.380 983.213 
22 0.99780 62.2894 997.780 62 0.98220 61.315 982.172 
24 0.99732 62.2598 997.304 64 0.98113 61.249 981.113 
26 0.99681 62.227R 996.793 66 0.98005 61.181 980.025 
28 0.99626 62. I 9 U 99A.242 68 0.97894 61.112 978.920 

30 0.9956: 62.1568 995.656 7U 0.97781 61.041 977.783 
52 0.99505 62.1179 995.033 -•> 0.97666 60.970 976.645 
34 0.99440 62.0770 994.378 74 0.97548 60.896 975.460 
36 0.99371 62.0341 993.691 76 0.97428 60.821 974.259 
38 0.99299 61.9893 992.973 78 0.97307 60.745 973.041 

TAKEN FROM STANDARD HANDBOOK FOR MECHANICAL ENGINEERS, 

BY BAUMEISTER, AVIL0NE, BAUMEISTER, EIGHTH EDITION, PAGE 6-10. 
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276 FLUID FLOW IN RESERVOIRS CHAP. 6 

necessary. In general, then, steady-state mechanics will suffice where the 
readjustment time is small compared with the time between substantial 
changes in the flow rate, or, in the case of reservoirs, small compared with 
the total producing life (time) of the reservoir. 

5. Linear Flow of Incompressible Fluids, Steady-State. Figure 
6.12 represents linear flow through a body of constant cross section, where 
both ends are entirely open to flow, and where no flow crosses the sides, top 

Fig. 6.12. 

or bottom. If the fluid is incompressible, or essentially so for all engi­
neering purposes, then the velocity is the same at all points, as is the total 
flow rate across any cross section, so that, 

, . . £ - - - 1 . 1 2 7 * ? 
A n dx 

Separating variables and integrating over the length of the porous body, 

% fLdx = -1.127-/ 'dp 

= 1.127 Ufr.-p.) 
iiL 

For example, under a pressure differential of 100 psi for a permeability of 
250 md, a fluid viscosity of 2.5 cp, a length of 450 feet, and a cross-sectional 
area of 45 square feet, the flow rate will be 

1.127 X 0.25 X 45 X 100 
2.5 X 450 

- 1.127 bbl/day 

In this integration q, n, and k have been removed from the integral sign, 
assuming they are invariant with pressure. Actually, for flow above the 
bubble point, the volume, and hence the rate of flow, will vary with the 
pressure as expressed by Eq. (6.6). The viscosity of the oil also varies with 
pressure as explained in Sec. 2. Fatt and Davis* have shown a variation 
in permeability with net overburden pressure for several sandstones. As the 

TAKEN FROM APPLIED PETROLEUM RESERVOIR ENGINEERING, 

B.C. CRAFT AND M.F. HAWKINS, 1959 
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CALCULATION OF 
AVERAGE RADIUS REACHED 

FOR WATER DISPOSED IW A 30' ZONE 
(FUNCTION OF DISPOSAL RATE AND TIKE) 

V - Injected Volume - Rd (1) 

Where: 

R = disposal rate, BWPD 

d » tiae of disposal, days 

Also: 

V - r 2 T (2) 
5.6146 

Where: 

r = average radius reached 

T » aquifer thickness (30 feet) 

«» - porosity (.35) 

5.614 6 - cf/bbl 

Combining (1) and (2): 

V » Rd = ir r 2 T a (3) 
5.6146 

From which: 

r = square root of (5.6146 R d) * (ir T 0) (4) 

(which i s form of equation Y » X"; and w i l l be straight line 
on log-log paper) 



GCL 
Environmental Scientists 

and Engineers 



Material Balance Calculations 
Based on SRIC Simulation Results 

FCGPA Exhibit 11 
for the May 21, 1992 Continuation 

of the April 9, 1992, New Mexico Oil 
Conservation Commission Hearing 

on Case Number 10436 

May 21, 1992 

Prepared for: 

The Four Corners Gas Producers Association 

Prepared by: 

H*GCL 

ALBUQUERQUE OFFICE 
505 Marquette Avenue, NW 

Suite 1100 
Albuquerque, New Mexico 87102 

(505) 842-0001 
FAX (505) 842-0595 



MATERIAL BALANCE CALCULATIONS 
BASED ON SRIC SIMULATION RESULTS 

Contaminate Volume = A*h*j0*ppm* 1 0—6 
5.615 f t 3 Bbl 

1500 ft 

0.15 ppm 

= 471,000-145,000 = 326,000 f y 
Avg p£>m = 0.59 ppm 

= (326,000)*30'*.35*0.59*10_6/5.6' 
Vol = 0.36 Bbls 

A = 145,000 - 13,000 = 132,000 f t ' 
Avg ppm = 5.9 ppm 

Vol = n32,000)*30 ' * .35*5 .9*10- 6 

5.615 1.46 Bbls 

A = 13,000 f t 
Avg ppm = 19.9 ppm 

Vol = 13,000*30'*.35*19.9*10~ 
5T6T5 

Vol 0.48 Bbls 

900 ft 

Total Vol Mapped = 0.36 + 1.46 + 0.48 = 2.30 Bbls 
Source = 2.5 BPD*365day*5yr*30* 10 ~ b - OAA Bbls 



Vol = A * h * & * ppm * 10 
5.615 

Where: 

Vol = contaminant volume within contour lines (Bbls) 

A = planimetered area between contour lines ( f t 2 ) 

h = aquifer thickness ( f t ) 

aquifer porosity ( f r a c t i o n ) 

ppm = average contaminant concentration between contour 
lines based on a logarithimic d i s t r i b u t i o n (ppm) 

5.615 = f t 3 / B b l 

Note: For a f u l l cycle change in ppm, the average ppm is 
calculated as follows: 

Avg ppm = (ppm1 - ppm2) 
Ln(10) 

For the area between the 15 and 1.5 ppm contours: 

Avg ppm = (15 - 1.5) = 5.9 ppm 
Ln(10) 



Produced Water 
Ground Surface 

Fresh Water 

30 

Q = KA dh/dl 

= 250 feet/day x 150 feet x 30 feet x 0.003 

= 3,375 cubic feet/day 

= 601 barrels/day 

In order to maintain a concentrtaion of 30 ppm in the 150 x 150 foot 
node beneath the pit, a discharge of 601 barrels per day of produced 
water (30 ppm) must enter the pit and the underlying aquifer. 
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LOCATION MAP OF THE TENNECO RIDDLE FLS-3A SITE 



LOCATION MAP OF THE TENNECO VALDEZ A-1 SITE 



BASE FflOM USGS HORN CANVON QUAD SAN JUAN CO. NEW MEXICO T.S MINUTE TOPO. 



LOCATION MAP OF THOMAS WELL #1 
SAN JUAN COUNTY, NEW MEXICO. 



LOCATION MAP OF THE TENNECO VALDEZ A1E SITE 

R11W R10W 

( \ -
4 

:-T.&, V '». f y» . " ^ ^~>-VALDEZ SITE ' f ' l K ' J f ~ • ^ . • ^ ^ ' 

v 1 • •» ! . / I t -••vr * 

VALDEZ SITE 'f ' ! t > 
LOCATION 

a:-



Chemical Data of Groundwater at 
Dry Gas Well Water Disposal Pits 

Well Name 
Sample 
Number 

Benzene 
ug/1 

Toluene 
ug/1 

Ethylbenze 
ug/1 

Total 
Xylenes 

ug/1 

R - l 1 88070008 ND 1.2 ND 3.1 
Riddle FLS-3A 

R-2 88070009 ND ND ND ND 
Riddle FLS-3A 

R-3 88070010 2.5 0.5 ND ND 
Riddle FLS-3A 

R-4 8807091 ND 1.1 ND 1.9 

Riddle FLS-3A 
R - l 880831 ND ND ND ND 

Riddle FLS-3A 
R-2 880831 300 0.3 37 0.9 

Riddle FLS-3A 
R-3 880831 1.2 ND ND ND 

Riddle FLS-3A 
R-4 880831 ND 2.1 ND 1.8 



Chemical Data of Groundwater at 
Dry Gas Well Water Disposal Pits 

Well Name 
Sample 
Number 

Benzene 
ug/1 

Toluene 
ug/1 

Ethylbenze 
ug/1 

Total 
Xylenes 

ug/1 
ValdezA-1 

1 1 87040012 ND ND ND ND 
ValdezA-1 

2 87040013 87 ND 62 750 
ValdezA-1 

3 87040014 600 ND 82 1,000 
Valdez A-1 

4 87040015 ND ND ND ND 
Valdez A-1 

5 870402xxx ND ND 110 1,260 
Valdez A-1 

6 870402xxx ND ND ND 570 
Valdez A-1 

7 870505xxx ND ND ND 600 
Valdez A-1 

8 870505xxx 380 1,100 ND 3,400 
Valdez A-1 

9 870505xxx ND ND ND ND 
Valdez A-1 

10 870505xxx ND ND ND ND 
Valdez A-1 

11 871110xxx ND ND ND ND 
Valdez A-1 

12 871110xxx ND 0.58 0.56 ND 
Valdez A-1 

13 871110xxx ND 8.1 ND ND 
Valdez A-1 

14 871110xxx ND 0.61 ND 0.% 



Chemical Data of Groundwater at 
Dry Gas WeU Water Disposal Pits 

Well Name 
Sample 

1 Number 
Benzene 

ug/1 
Toluene 

ug/1 
Ethylbenze 

ug/I 

Total 
Xylenes 

ug/I 
Valdez A-1 

Surface Water 871110xxx 
Valdez A-1 

11 880628xxx ND ND ND ND 
Valdez A-1 

12 880628xxx ND ND ND ND 
Valdez A-1 

13 880628xxx ND ND ND ND 
Valdez A-1 

14 880628xxx ND ND ND ND 
Valdez A-1 

Surface Water 880628xxx 

Valdez A-1 
11 880628xxx ND ND ND ND 

Valdez A-1 
12 880628XXX ND ND ND ND 

Valdez A-1 
13 880628XXX ND 9.8 ND ND 

Valdez A-1 
14 880628xxx ND MD ND 3.5 

| 



GCU 153E Ground Water Results 
March 6,1992 

Well Name 
Sample 
Number 

Benzene 
ug/L 

Toluene 
ug/L 

Ethylbenze 
ug/L 

Total 
Xylenes 

ug/1 

#1 * 9203060950 ND ND ND 0.5 

# 2 ** 9203061210 ND 24.2 ND 37.8 
(1) 

#2d *** 9203061230 1.3 5.9 1.8 6.1 

# 3 ***** 9203061530 3,900 2,230 1,040 4390 

# 4 * 9203061035 ND ND ND 0.5 

# 5 * 9203061115 ND ND ND ND 

# 7 *** 9203061315 ND ND ND ND 

#11 **** 9203061445 23.2 22.3 6.0 39.5 

#12 **** 9203061350 0.2 1.9 0.2 2.6 

B = 0.2 ug/L B = 10.0 ug/L B = 0.2 ug/L 
T = 0.4 ug/L T = 20.0 ug/L T = 0.4 ug/L 
E = 0.2 ug/L E = 10.0 ug/L E = 0.2 ug/L 
PM,X = 0.5 ug/L ] PM,X = 0.6 ug/L 
O.X = 0.2 ug/L O.X = 15.0 ug/L O.X = 0.3 ug/L 

B = 0.2 ug/L 
T = 0.3 ug/L 
E = 0.2 ug/L 
PM.X = 0.5 ug/L 
O.X =0.2 ug/L 

Notes: 
ND = Note detected. 
(1) = Duplicate 

54101/EXHBT12.WQ1 



Chemical Data of Groundwater at 
Dry Gas Well Water Disposal Pits 

Well Name 
Sample 
Number 

Benzene 
ug/1 

Toluene 
ug/1 

Ethylbenze 
ug/I 

Total 
Xylenes 

ug/1 
Thomas #1 

MW-1 9108311600 
Thomas #1 

MW-2 9108311820 
Thomas #1 

MW-3 9108311910 
Thomas #1 

MW-4 9108311455 
Thomas #1 

MW-4 (Dup) 9108311457 
Thomas #1 

MW-5 9108311715 

54101/ATBL.WQ1 



Chemical Data of Groundwater at 
Dry Gas Well Water Disposal Pits 

Well Name 
Sample 
Number 

Benzene 
ug/1 

Toluene 
ug/1 

Ethylbenze 
ug/1 

Total 
Xylenes 

"g/1 
Valdez A-l-fi 

V - l 88070001 ND ND ND ND 
Valdez A- 1-E 

V-2 88070002 ND ND ND ND 
Valdez A- l -E 

V-3 88070003 ND ND ND ND 
Valdez A - l - E 

V-4 88070004 NA NA NA NA 
Valdez A- l -E 

V-5 88070005 ND 0.5 ND 0.3 
Valdez A- l -E 

V-6 88070006 1,500 3,300 550 4,560 

Valdez A- l -E 
V- l 880831 ND ND ND ND 

Valdez A- l -E 
V-2 880831 ND ND ND ND 

Valdez A- l -E 
V-3 880831 ND ND ND ND 

Valdez A - l - E 
V-4 880831 110 730 230 1,560 

Valdez A - l - E i 
V-5 J 880831 ND 0.4 ND ND 

Valdez A - l - E 
V-6 880831 1,700 1,600 340 1300 

Domestic Well 88070007 ND ND ND ND 



Chemical Data of Groundwater at 
Dry Gas Well Water Disposal Pits 

Well Name 
Sample 
Number 

Benzene 
ug/1 

Toluene 
ug/1 

Ethylbenzene 
ug/1 

Total 
Xylenes 

ug/I 

Valdez A - l - E 
1 9203051030 ND ND ND 0.5 

Valdez A- l -E 
2 9203051140 ND ND ND ND 

Valdez A- l -E 
6 9203051250 65 44.1 20.3 82.7 

Valdez A- l -E 
3 9203051340 3.0 6.9 0.3 7.8 

Valdez A- l -E 
4 9203051445 0.4 5.3 0.6 3.1 

Valdez A- l -E 
5 9203051550 ND 0.5 ND 1.0 

Valdez A - l - E 
7 9203051620 1,160 1,110 302 1,972 

Valdez A- l -E 
9203051645 2,160 1,770 830 2,920 

Valdez A - l - E 
9 9203241310 PA PA PA PA 

Valdez A- l -E 
10 9203241616 PA PA PA PA 

Valdez A- l -E 
11 9203271533 PA PA PA PA 

AMOCOSMP.WQ1 













Available Borehole Logs 



BOREHOLE LOG (SOIL) 

Page 1 cf 1 

SITE ID: Riddle LOCATION 10: B-1 

SITE COORDINATES (ft.): 1825 FNL. 1625 FUL 

N E 

GROUNO ELEVATION (ft. MSL): 

STATE: New Mexico COUNTY: San Juan 

DRILLING METHOD: HSA 

DRILLING CONTR.: Western Technologies 
DATE STARTED: 6/29/38 DATE COMPLETED: 6/29/33 

FIELD REP.: U.S. Oubyk. P. Linley 
—L 1/4 1/4 1/4 1/4 S 20 T 28N R _8W 

| LOCATION DESCRIPTION: 

COMMENTS: Cored w/continuous sampler. 

-i 1 r T r 

DEPTH LITH. 

RUN 

! I 
* I FROM I TO 

SAMPLE 

REC. TYPE 
uses VISUAL CLASSIFICATION 

25X 

SM 

10 

J_ 

7.5 

12.5 

7.5 

12.5 

17.5 

20X 

20% 

SOX 

SH 

SC 
15 

20 

I— J 
25 

17.5' 22.5' 75X 

SL 

0'-3' Sand - pale brn 5 YR 5/2 minor org material, ocorly 

srt, v fn to crs, qtz rich, uncons. Damp 5 YR 5/2 

3'-7.5' - Sand. As above, damp. 

7.5'-12.5' Sand - v fn to v crs, qtz rich u/lithic i 
feldspar grains, pale brn 5 YR 5/2 to dk ylsh org 10 rs 6/6 
Minor clay layers, damp. 

12.5'-17.5' Sand - v fn to v crs qtz rich, as above, no clay 

layers but some admixed clay. Uet. 

17.5'-22.5' Sand. Silt and Clay: mixed sample - flowing 

sand. Grain size from mud to small gravel. 

30 

TD 
27.5" 

22.5' 27.5' OX 

SC 

22.S'-27.5' Sand • No sample - sampler stuck in auger. 

Abundant water in sand, flowing. Small amount of sample is 

tight brown gray, 5 YR 6/1, medium to coarse grained quartz-

rich sand. 

i i l i i i i i 



BOREHOLE LOG (SOIL) 

SITE ID: Riddle 

Page 1 of 1 

LOCATION 10: R-2 

SITE COORDINATES ( f t . ) : 1825 FNL. 1625 FWL 

N E 

GROUND ELEVATION ( f t . MSL): 

STATE: New Mexico COUNTY: San Juan 

DRILLING METHOD: HSA 

DRILLING CONTR.: Western Technologies 
DATE STARTED: 6/27/88 OATE COMPLETED: 6/27/88 

FIELD REP.: W.S. Oubylc 
COMMENTS: 

LOCATION DESCRIPTION: 

i 1 1—1 

1 I 1« 
... , 

s i RUN 
1 

SAMPLE 
i 1 

DEPTH | LITH. | E * 1 1 i 1 -j uses | VISUAL CLASSIFICATION | 

1 1 c 
I L —r4 

M | # FROM ( TO REC. | TYPE 
| ! 

SC 

0'-11' Sand - w/minor clay (8') - pale to medium brown 5 YR 

5/2 to 5 YR 3/4 fine to coarse grained, uncemented, no odor 

10 

15 

CH 

SC 

SC 

12'-13' - Clay very fine grained pate brown 5 YR 5/2 

laminated, plastic; no odor. 

13'-18' Sand i Clay - poorly sorted pale brown 5 YR 5/2. 
HjO at -18', odor noted, at -18'. 

18'-28' Sand - as above, flowing, T. 0. at 28'. 

20 

25 

30 

I, , 1 ' ' I L X i I J 



j 1 i — i 

! * 
r — i — 
s | 

.... 
RUN SAMPLE 

r • 11 

i DEPTH | LITH. [ E * 1 1 r — r '• h r" -j uses | VISUAL CLASSIFICATION | 

! ! i c M | * FROM | TO REC. | TYPE 
. . . _ _ „ . ! 

! ! 

BOREHOLE LOG (SOIL) 

SITE ID: Riddle 

Page 1 of 1 

LOCATION 10: R-3 

SITE COORDINATES ( f t . ) : 1825 FNL. 1625 FWL 
N E 

GROUND ELEVATION ( f t . MSL): 

STATE: Hew Mexico COUNTY: San Juan 
DRILLING METHOD: HSA 

DRILLING CONTR.: Western Technoloqies 

1/4 1/4 1/4 1/4 S 20 T28N R_8W 

DATE STARTED: 6/27/88 OATE COMPLETED: 6/27/88 

FIELD REP.: W.S. Oubylc. P. Linley 

COMMENTS: 

LOCATION DESCRIPTION: 

10 

15 

20 

_1 
25 

30 

I 
JL 

SW 0'-12* Recent Dune Sand and alluvium; no odor. 

CH 

SC 

12'-13' - Clay light brown 5 YR 6/4 plastic, no odor. 

13'-22' - Clay t Sand - tight brown, 5 YR 6/4 saturated at 

-14', H20 -17*. No odor. 

SC 

22'-26' Sand - minor clay, poorly sorted, uncemented, fine 
to medium grained, clayey, flowing. T.O. at 28'. No odor. 



BOREHOLE LOG (SOIL) 

SITE ID: Riddle LOCATION 10: 

Page 1 of 1 

R-4 
StTE COORDINATES ( f t . ) : 1825 FNL. 1625 FWL 
N E 

GROUND ELEVATION (ft. MSL): 

STATE: New Mexico COUNTY: San Juan 

DRILLING METHOD: HSA 
DRILLING CONTR.: Western Technologies 

OATE STARTED: 6/29/88 OATE COMPLETEO: 6/29/88 
FIELD REP.: W.S. Dubyk 

1/4 1/4 1/4 1/4 S 20 T 28N R 8W COMMENTS: Cored w/continuous sampler. 

LOCATION DESCRIPTION: 

I I 
1 1 

1 * 
T " 

S | 
1 

RUN | SAMPLE 
r - — i 

| DEPTH | LITH. | E * ! — i ••• 1 1 -j USCS j VISUAL CLASSIFICATION | 

I I 1 c H | * FROM [ TO | REC. | TYPE 

I o l | 1 0' | 2.5'J 90X | | |0'-2.5' Sand - light brown 5 YR 6/4 fine to medium grained, | 

10 

15 

20 

25 

30 

2.5 7.5 

7.5 12.5 

SOX 

90X 

35X 

SW 

SU 

SU 

SC 

12.5' 17.5' 50X 

SC 

SC 

welt sorted, quartz rich, moderate to well rounded, 

concentrated, damp. 

2.5'-7.5' Sand - light brown 5 YR 6/4 to dark yellowish 

orange 10 YR 6/6; fine-medium grained quartz rich, some 

organic material, t piece of gravel, damp. 

7.5'-12.5' Sand • as above, some layers of coarse, angular 

sand. Predominantly quartz, some organic material. Oamp. 

12-5'-17.5* Sand and Silt - very fine to medium grained, 

well sorted light brown gray 5 YR 6/1 to tight brown 5 YR 

6/2. Some admixed clay. Wet. 

17.5'-22.5' Sand and Silt - clayey, very fine to coarse 

grained, light brown gray 5 YR 6/1, very wet, probably 

flowed into barrel. 

22.5'-27.5' - as above, flowing sand. 

17.5' 22.5' OX 

.0. 27.5 

22.S' 27.5' SOX 

JL__I L _ _ i -



APPENDIX B 

WELL COMPLETION DIAGRAMS 



NEAT CEMENT SLURRY VITH 5V. 
BENTONITE 

i L v 9.67' pvc PIPE 

2 1 _ X 2.46' STAINLESS STEEL 

LOCKING CAP 

i l _ X . 3 ' .. CEHENT FILLED 

STEEL GUARD PIPE 

CONCRETE SLAB 

TOP OF SCREEN 

STATIC WATER 

LEVEL 
V _ y 16.21' pvc 

SCREEN ( M L SLOT) 

" / g 0 SAND 

TOTAL DEPTH OF WELL 

TOTAL DEPTH OF BOREHOLE 

TENNECO WELL COMPLETION DIAGRAM 
RIDDLE SITE. WELL R-l 



2.42' 

6.0' ZZ z 

.11,68' 

2" X 4.17' STAINLESS STEEL 

LOCKING CAP 

JkL. X 5 ' CEMENT FILLED 

STEEL GUARD PIPE 

j L _ X _ _ i l _ CONCRETE SLAB 

24.5' 

27 Xf 

NEAT CEMENT SLURRY WITH 5X 

BENTONITE 

2' v 9.66' pvc PIPE 

BENTONITE PLUG CPOVDER) 

TOP OF SCREEN 

STATIC WATER 

LEVEL 

3 L . Y 16.21' pvr. 
SCREEN SLOT) 

10/20 SAND 

-TOTAL DEPTH OF VELL 

TOTAL DEPTH OF BOREHOLE 

TENNECO VELL COMPLETION DIAGRAM 
RIDDLE SITE" VELL R-2 



4.84' 

7.0' 

9.88' 

26.08' 

27.0' 

i l _ X 2.53' STAINLESS STEEL 

LOCKING CAP 

X _ 5 1 _ CEMENT FILLED 

STEEL GUARD PIPE 

2 ' X _ i l _ _ CONCRETE SLAB 

NEAT CEMENT SLURRY WITH 5% 

BENTONITE 

5* y 9-6 6' PVC PIPE 

/ BENTONITE PLUG 

TOP OF SCREEN 

STATIC WATER 

LEVEL 

21 x PVC 

SCREEN (JL2L SLOT) 

t 0 / 2 ° SAND 

•TOTAL DEPTH OF VELL 
TOTAL DEPTH OF BOREHOLE 

TENNECO VELL COMPLETION DIAGRAM 
RIDDLE SITE' VELL R-3 



12.0' 

•4)' 

6.0' ZZ 

26.33' 

2flJJ' 

21_ X 2.33' STAINLESS STEEL 
LOCKING CAP 

£1_ X 5' CEMENT FILLED 
STEEL GUARD PIPE 

I L X 2' CONCRETE SLAB 

/ BENTONITE PLUG 

NEAT CEMENT SLURRY WITH 5% 
BENTONITE 

2* x 9.66' pvc PIPE 

TOP OF SCREEN 

STATIC WATER 

LEVEL 

J L xJ§JL PVC 
SCREEN ' 0 0 g SLOT) 

1 0 / 2 0 SAND 

TOTAL DEPTH OF VELL 

_ TOTAL DEPTH OF BOREHOLE 

TENNECO VELL COMPLETION DIAGRAM 
RIDDLE SITE" VELL R-4 



BOREHOLE LOG (SOIL) 

• • 
• a 1— 1 V-l • • 

NORTH 

WELL°HEAD ^ •/• !• 

1/4 1/4 1/4 1/4 S 24 T 29N R 11W 

SITE ID: Vatdel 

Page 1 of 1 

LOCATION ID: V-1 
SITE COORDINATES ( f t . ) : 2390 FNL. 2500 FEL 
N £ 

GROUND ELEVATION ( f t . USD: 

STATE: New Mexico COUNTY: San Juan 

DRILLING METHOD: HSA 

DRILLING CONTR.: Western Technologies 

DATE STARTED: 7/01/88 OATE COMPLETED: 7/01/88 

FIELD REP.: W.5. Dubylc. P. Linlev 

COMMENTS: 

LOCATION DESCRIPTION: 

1 "T 

1 1 1 R 
r T 
s | RUN SAMPLE 

, 

DEPTH j LITH. j E A 1 1 1 h r—• -1 uses j VISUAL CLASSIFICATION | 

1 1 
1 

1 c M [ # FROM | TO 
i 

REC. | TYPE 
i 1 1 

10 

'5 i 

25 

30 

CH 

MH 

GC 

0'-13' Ctay - moderate brown 5 YR 3/4, plastic, damp, no 

odor. 

13'-17' Sil t - dark yellowish brown, 10 YR 4/2, with clay 

and minor sand grains. 

17'-20.5' Gravel - with clay and sand, poor cutting return. 

Water noted at 17'. 



BOREHOLE LOG (SOIL) 

.1/4 1/4 1/4 1/4 S 24 T 29N R 11W 

SITE 10: Valdez LOCATION ID: 

Page 1 of 1 

v-2 
SITE COORDINATES ( f t . ) : 2390 FNL. 2500 FEL 
N E 

GROUND ELEVATION ( f t . MSL): 

STATE: New Mexico COUNTY: San Juan 

DRILLING METHOD: HSA 

DRILLING CONTR.: Western Technologies 

DATE STARTED: 7/01/88 OATE COMPLETED: 7/0t/88 

FIELD REP.: W.S. Oubyk. P. Lin'ev 

COMMENTS: Cored. 

LOCATION DESCRIPTION: 

T 1 T 

s 
A 

I I « 
DEPTH | LITH. | E 

RUN 

I I 
# I FROM I TO 

SAMPLE 

REC. TYPE 
uses VISUAL CLASSIFICATION 

100X CH 0'-3' day - s i l t y , damp, pale brown 5 YR 5/2 plastic, no 

odor, f i l l material. 

60S 

SC 

10 

13.5 100X 

CH 
15 

13.5 18.5 75X 

20 

25 

a a 

T.D. 21.5 
18.5' 21.5 OX 

CH 

GC 

3'-8' Sand and Silt - clayey, poorly sorted, moderately 

rounded, very fine to coarse, yellowish gray damp, probably 

f i l l . Grayish Orange Pink 5 Y 7/2. 

8'-13.5' Clay - slightly s i l t y , plastic damp, no odor, 

caliche streaks in fracs. Dark yellowish brown 10 rR 4/2. 

13.5'-18.5' Clay - as above. Gravel at 18.4', to 2" 

diameter, slightly rounded, in clay and sand matrix. No 

coring after 18.5'. 

18.5'-21.5' Gravel - no recovery, very slow d r i l l i n g . 

30 



BOREHOLE LOG (SOIL) 

• • 
S 
• • 

WELL HEAD 

NORTH 

| 1/4 1/4 1/4 S 24 T 29H R 1 TW 

SITE IO: Valdez 

SITE COORD I MATES ( f t . ) : 

N 

LOCATION ID: 

Page _1_ of 1 

V-3 
2390 FWL. 2500 FEL 

GROUND ELEVATION ( f t . MSL): 

STATE: New Mexico COUNTY: 

DRILLING METHOD: HSA 

San Juan 

DRILLING CONTR.: Western Technologies 

DATE STARTED: 6/30/38 DATE COMPLETED: 6/30/88 

FIELD REP.: W.S. Dubyk, P. Linley 

COMMENTS: 

LOCATION DESCRIPTION: 

DEPTH | LITH. | E 
RUN 

FROM TO 

SAMPLE 

REC. TYPE 
uses VISUAL CLASSIFICATION 

10 

15 

20 

25 

30 

ML 0'-8' F i l l - very fine grained s i l t y clay, no odor, light 

brown 5 YR 6/4. 

CH 8'-18' Clay - s i l t y , minor rounded quartz grains; plastic, 
cohesive, carbonate, damp, no odor caliche in fracs. Water 
at 18' medium brown, 5 YR 4/4. 

GC 18'-23' Gravel • no sample return d i f f i c u l t d r i l l i n g . 



BOREHOLE LOG (SOIL) 

SITE ID: Valdez LOCATION ID: 

Page 1 of 1 

V-4 

SITE COORDINATES ( f t . ) : 23°0 FNL. 2500 FEL 

N E 

GROUNO ELEVATION ( f t . MSL): 

STATE: New Mexico COUNTY: San Juan 

DRILLING METHOD: HSA 

DRILLING CONTR.: Western Technologies 

1/4 1/4 1/4 1/4 S 24 T 29N R 11W 

DATE STARTED: 7/1/88 OATE COMPLETED: 7/1/88 

FIELD REP.: W.S. Oubyk. P. Linley 

COMMENTS: Cored with continuous sampler 

LOCATION DESCRIPTION: 

DEPTH | LITH. | E 

I I c 

i i r 
S RUN 

1 1 
# I FROM I TO 

SAMPLE 

REC. TYPE 
uses VISUAL CLASSIFICATION 

10 

15 

20 

25 

30 

T.D. 23' 

12' 

14' 

12' 

14' 

18' 

100X 

100X 

SOX 

10OX 

CH 

CH 

GC 

GC 

0'-7' F i l l • Clayey sand, no odor. 

7'-13' Clay - Dusky, yellowish brown 10 YR 2/2, laminated, 

damp, plastic. Hydrocarbon string at 11', odor noted. 

13'-17.5' Clay - as above, grades downward into sandy clay, 

medium yellowish brown, 10 YR 5/4. 

17.5'-18' Sand • with minor gravel moderately yellowish 

brown 10 YR 5/4 moderately sorted, fine to coarse grained. 

Core to 18'. 

18' Gravel * no sample, d i f f i c u l t d r i l l i n g . 



BOREHOLE LOG (SOIL) 

Page 1 of 1 

SITE 10: Valdez LOCATION ID: V-5 

SITE COORDINATES ( f t . ) : 2390 FNL. 2500 FEL 

N E 

GROUND ELEVATION ( f t . MSL): 

STATE: New Mexico COUNTY: San Juan 

DRILLING METHOD: HSA 

DRILLING CONTR.: Western Technologies 

1/4 1/4 1/4 1/4 S 24 T 29N R 1 TW 

OATE STARTEO: 6/30/88 DATE COMPLETED: 6/30/88 

FIELD REP.: W.S. Oubvk. P. Linley 

COMMENTS: 

LOCATION DESCRIPTION: 

I 1 r 
S 

A 

M 

i r 

uses DEPTH 

RUN SAMPLE 

* I FROM I TO REC. TYPE 

VISUAL CLASSIFICATION 

CH 

10 

15 

MH 

GC 

0'-8' F i l l - Silty clay, tight brown 5 YR 5/6, no odor. 

9'-13' Clay - Silty, laminated, dusky brown 5 YR 2/2 

plastic, damp, no odor. 

13'-17.5' Silt - with clay and -20X medium to coarse sand 

grains. Laminated, dusky brown 5 YR 2/2 damp, no odor, 

plastic. 

17'-23' Gravel - no sample return. H?0 at 17' noted at top 

of hole. Oifficult d r i l l i n g at 18'. 

20 

.0. 23' 

25 

30 



r 
BOREHOLE LOG (SOIL) 

Page 1 of 1 

SITE TO: Valdez LOCATION 10: V-6 

SITE COORDINATES ( f t . ) : 2390 fNL. 2500 PEL 

H E 

GROUNO ELEVATION ( f t . MSL): 

STATE: New Mexico COUNTT: San Juan 

DRILLING METHOD: HSA 

DRILLING CONTR.: Western Technologies 

!/4 1/4 1/4 1/4 S 24 T 29N R11W 

OATE STARTED: 6/29/86 DATE COMPLETED: 6/30/88 

FIELD REP.: W.S. Oubyfc. P. Linley 

COMMENTS: 

LOCATION DESCRIPTION: 

1 1 r 

DEPTH [ LITH. | E 
RUN 

1 1 
* I FROM I TO 

SAMPLE 

REC. TYPE 
uses VISUAL CLASSIFICATION 

CH 

10 

15 

GC 

CH 

GC 

20 

0'-9' F i l l - Silty clay, pale brown 5 YR 5/2, very fine 

grained. 

9'-17' Clay - Silty, carbonate, lined fraes. medium brown 

5 YR 4/4, odor at 12'. 

17'-18' Gravel - cobbles, d i f f i c u l t d r i l l i n g . 

18'-20' Clay - grayish brown 5 YR 3/2; odor noted; plastic, 

wet. 

20'-20.5' Cobbles - gravel, no sample return. Very 

d i f f i c u l t d r i l l i n g (refusal). 

25 

30 



2' X 3.17' STAINLESS STEEL 

LOCKING CAP 

6' X 3 ' CEHENT FILLED 

STEEL GUARD PIPE 

2' y 2' CONCRETE SLAB 

10.16' 

2.0' 

6.0' 

9.S4' 

/ BENTONITE PLUG 

20.17' 

NEAT CEMENT SLURRY VITH 55C 

BENTONITE 

g L v 9 83' PVC PIPE 

TOP OF SCREEN 

STATIC WATER 

LEVEL 
2* Y 10.71' p v c 

SCREEN f ° - 0 2 SLOT) 

10/20 SAND 

•TOTAL DEPTH OF VELL 

.TOTAL DEPTH OF BOREHOLE 

TENNECO WELL COMPLETION DIAGRAM 
VALDEZ SITEi WELL V - l 



NEAT CEMENT SLURRY WITH 5X 
BENTONITE 

PVC PIPE 

2*. X STAINLESS STEEL 

LOCKING CAP 

s ' X 3 ' CEMENT FILLED 

STEEL GUARD PIPE 

W— X _ J 1 _ CONCRETE SLAB 
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MW-1 Utftog 
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LOCATION MAP: • MW-1 

o Storage 
Tank 

Not To Scale 

ffi Thomas #1 
Wellhead 

NW1/4 SEj/4 NW.1/4 SW.1/4 s 30. T 2SH RlW 

LOCATION ID: MW-1 SITE ID: Thomas #1 
SITE COORDINATES (ft.): 
N 1215.49 
GROUND ELEVATION (ft. MSI ): 5375.66 
STATE: N.M. COUNTY: San Juan 
ORILUNG MFTHnn: Drive Point 

E 1069.32 

DRILLING CONTR.: _H±GCL_ 
DATE STARTED: 3 - 2 9 - 9 1 DATE COMPLETED: _8^3f>^91_ 
FIELD REP.: M. Mohorcich. P. Eberlv 
COMMENTS: 

LOCATION DESCRIPTION: S' East And 215' North Of Thomas #1 Wellhead 

DEPTH 
(ft.) 

LfTH. 
RUN 

FROM TO 

SAMPLE 

TYPE 
uses VISUAL CLASSIFICATION 

10 

15 

0-1.5 ' Sandy Sift: With Roots And Some Caliche. 
Moderatly Consolidated. 

1.5-2.5* Silty Sand: Fine To Medium Sand. 

2.5-4 ' Silty Clay: Moderatly Consolidated. 

+-6" Clayey Sand: Water Detected At 4'. 

Note: Drove tn Well From 6' 

10.66* T.D. Well = 10.66' 



MW-2 Uthiog 
Page 1 of 

LOCATION MAP: 

O Storage 
Tank 

• MW-2 

Not To Scale 

a Thomas #1 
Wellhead 

NW.t/4 S£_t/4 NWj/4 iW_(/4 S X L T 22N Ri±W 

LOCATION ID: MW-2 SITE in? Thomas #1 
SITE COORDINATES ( f t ) : 
M 1057.96 _ _ 
GROUND ELEVATION (ft. u^i )• 5375.71 
STATE: N.M. COUNTY: Son Juan 

E 1027.11 

Drive Point DRILLING METHOO 
DRILLING CONTR.: JbLtGCk 
OATE STARTED: 3 - 2 9 - 9 1 
FIELD REP.: M. Mohorcich. P. Eberiy 
COMMENTS: 

OATE COMPLETED: _ 8 j O 0 r i l 

LOCATION DESCRIPTION: 36' West And 58* North Of Thomas #1 Wellhead. 

DEPTH 
(ft.) urn 

RUN 

FROM TO 

SAMPLE 

i.0. TYPE 
uses VISUAL CLASSIFICATION 

10 

15 

0 -2 .5 ' 

2.5-3.0' 

3.0-3.5" 

3.5-4.0' 

4.0-5.5* 

Sand: 10YR 5 /4 , Fine To Medium Grained, 
Unconsolidated. 

Clayey Sand: 10YR 4 / 2 . Moderately 
Consolidated. 
Sand Loss In Clay With Black Stain And 
Hydrocarbon (HC) Odor At 3.3*. 
Clayey Sand: 3lack, Fine Grained Sand, 
HC Odor And Stained. 
Sond: Slack, Fine Grained From 4 .0 ' -5 .0 \ 
H20 At 4-.5', Medium To Coarse Grained 
From 5.0 ' -5.5 ' 

Note: Drove In Well From 5.5'. 

10.79' T.D. Well - 10.79' 
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LOCATION MAP: 

O Storage 
Tank 

• MW-3 

Not To Scale 

m Thomas #1 
Wellhead 

NW.t/4 S E J / 4 NW_1/4 SJI1/4 $ 2£L 1 29H R i lW 

LOCATION in- MW-3 

E 896,19 

SITE in; Thomas 01 
SITE COORDINATES (ft.): 
M 1063.88 
GROUND ELEVATION (ft. u<;i )• 5374.28 
STATE: N.M. COUNTY: Son Juan 
DRILLING UETHOn: Drive Point 
DRILLING CONTR.: J±±GCL . 
DATE STARTED: _5=2S=9J DATE COMPLETED: 3 - 3 0 - 9 1 
FIELD REP.: M. Mohorcich. P. Eberty 
COMMENTS: 

LOCATION DESCRIPTION: 1ST West And 64' North Of Thomas #1 Wellhead. 

DEPTH 
(ft.) 

LfTH. 
RUN 

FROM TO 

SAMPLE 

TYPE 
uses VISUAL CLASSIFICATION 

10 

0-1.5* 

1.5-2.0' 

2.0-4.0 ' 

Silty Sand: 10YR, Roots, Moderately 
Consolidated. 

Clayey Sand 10YR. Well Sorted, 
Unconsolidated. 
Sand: 5Y 6 /4 , Medium To Coarse Grained, 
Clay Poor, Unconsolidated Grades To Black 
Highly Organic, Staining And Odor At 2.5— 
4.0'. H20 At 4'. 

15 

Note: Drove In Well From 4*. 

10.80' T.D. Well 10.80* 



MW-4 Utttog 
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LOCATION MAP: 

o Storage 
Tank 

Not To Scale 

m Thomas j 
Wellhead 

• MW-4 

M l / 4 M . I / 4 SSLl/4 S i f i _ T29N Rt_LW 

SITE 10: Thomas #1 LOCATION ID: MW-4 
SITE COORDINATES (ft.): 
M 972.75 p 946.58 
GROUNO ELEVATION (ft. MSI): 5374.31 
STATE: N.M. COUNTY: San Juan 
DRILLING METHOD: Drive Point 
DRILLING CONTR.: J t tGCL . 
DATE STARTED: 8 - 2 9 - 9 1 OATE COMPLETED: 8 -30 -91 
FIELD REP.: M. Mohorcich. P. Eberlv 
COMMENTS: 

LOCATION DESCRIPTION: 116' West And 27* South Of Thomas §\ Wellhead. 

UTH. 
RUN 

FROM TO 

SAMPLE 

I.D. TYPE 
uses VISUAL CLASSIFICATION 

10 

0-1 .5 ' 

1.5-2.3' 

Sandy Silt: Very Fine Grained Sand in 
Silt. 

Cobbles Se Gravel: Up To 5* In Diameter, 
Unconsolidated. 

Note: Unable To Auger Past 2.3' Due To 
Cobbles. Drove Well From 2.3'. 

10.82' T.D. Well 10.82' 

15 



MW-6 LMHog 

LOCATION MAP: 
ft Thomas #1 

Wellhead 

I Trailer 
Not To Scale # M W _ 5 

NW.1/4 5 £ j / 4 NW.1/4 SW.1/4 Si f l_ T2SM RilW 

SITE mr Thomas #1 
SITE COORDINATES (ft): 
N 351-28 

Page_ 

LOCATION m- MW-5 

of 

** 728.94 
GROUND ELEVATION (ft usi )• 5375.07 
STATE: N.M. COUNTY: San Juan 
DRILLING nFTHfin. Drive Point 
DRILLING CONTR.: _M±GCL_ 
DATE STAffTF-n- 8-29-91 DATE COMPLETED: 3-3Q-91 
FIELD B F P • M. Mohorcich. P. Ebertv 
COMMENTS: 

LOCATION DESCRIPTION: 334* West And 149' South Of Thomas #1 Wellhead. 

DEPTH 
(ft) am 

RUN 

FROM TO 

SAMPLE 

I.D. TYPE 
uses VISUAL CLASSIFICATION 

0-2.Q* Sandy Silt: Organic, Very Moist From 
irrigating. 

10 

15 

Note: Drove In Well From 2'. 

10.79* T.D. Well - 10.79' 



Monitor Well MW-1 Completion Diagram 

2" x 5' Galvanized Screen 
(.020 Slot) 

Static Water Level 

2" r 5' Galvanized Drive 
Point (.020 Slot) 

10.86* T.D. 



Monitor Well MW—2 Completion Diagram 

2" x 5' Galvanized Screen 
(.020 Slot) 

Static Water Level 

2" x 5' Galvanized Drive 
Point (.020 Slot) 

V 
10.79* TJ). 



Monitor Well MW-3 Completion Diagram 

2* x 5* Galvanized Screen 
(.020 Slot) 

Static Water Level 

2" x 5' Galvanized Drive 
Point (.020 Slot) 

10.30' T.D. 



Monitor Well MW-4 Completion Diagram 

2* x 2' x 4" Concrete Pad 

8" x 1* Bolt Doirn 
Manhole 

2" Locking Cap 

1.16' BGL 
1.58' BGL 

2" x 5* Galvanized Screen 
(.020 Slot) 

Static Water Level 

2" x 5' Galvanized Drive 
Point (.020 Slot) 

V 
10.82* T.D. 



Monitor Well MW—5 Completion Diagram 

2' x 2* x 4" Concrete Pad 

Bentonite Plug 

8" x 1* Bolt Down 
Manhole 

4.28' 

1.0* BGL 
1.42' BGL 

2" x 5* Galvanised Screen 
(.020 Slot) 

Static Water Level 

2" r 5' Galvanized Drive 
Point (.020 Slot) 

10.79' TJ). 
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7) Oil-based mud liquids should generally be returned to vendors 
or reclaimed at permitted facilities. 

8) Oil-based mud solids should be taken to offsite disposal 
facilities capable of handling oily wastes or mixed with soil to 
less than one percent oil and grease content by weight during 
burial or landspreading onsite. I t may be possible to reduce 
the oil content of some muds by washing mud solids to reach 
this criteria. Burial of solids with oil and grease content in 
excess of one percent may be feasible when approved 
solidification techniques are used. When drilling wells where 
both freshwater and oil-based muds are used, consideration 
should be given to segregating the oil-based system to min­
imize total volume of oily waste. 

9) Pit sites should be compacted, contoured, and vegetated where 
necessary to provide ground support stability and prevent 
erosion of the well location. Records should be kept of pit 
locations. 

10) Operators should keep records of type, volume, analytical data, 
destination, and hauler used for waste fluids and solids trans­
ported to offsite facilities. 

5.5.2 Production Pits 

ConstrucSbn, operation, and closure of onsite pits should generally follow 
the same guidelines as those for reserve pits described in Sections 5.5.1.1, 
5.5.1.2, and 5.5.1.3. Unlined onsite pits used for disposal of waste should be 
restricted to areas where soil conditions, hydrological factors and rainfall 
prevent significant soil or groundwater contamination. The following 
guidelines should be used for various onsite production pits. 

5.5J2.1 Blowdown and Emergency Pits 

Blowdown and emergency pits (flare pits, pressure vessel relief pits, and 
fluid overflow pits) should not be used for storage or disposal. Fluids 
diverted to emergency pits should be removed as quickly as practical and in 
accordance with local, state, and federal land regulations. Siting and con­
struction should minimise surface or groundwater contamination. 
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5.5.2.2 Workover Pits 

Workover pits used to contain workover fluids should be open only for the 
duration of the workover. Siting of these pits should consider the presence 
of usable groundwater and surface waters. If site-specific considerations 
indicate that these waters could be endangered, pits should be lined or 
tanks used if workover or drilling fluids will contain TDS in excess of 3000 
ppm (approximately 4 mmhos/cm conductivity), or hydrocarbons or 
potentially toxic additives or compounds. 

5.5J2.3 Basic Sediment Pits 

Basic sediment pits have been used for temporary storage of oily wastes 
such as paraffin and vessel bottoms. Their contents are periodically 
cleaned out or burned. Basic sediment pits should be lined or replaced with 
tankage. 

5.5J2.4 Percolation Pits 

Percolation pits allow liquid contents to drain or seep through the bottom 
and sides of the pit into surrounding soils. Percolation pits should be used 
only for disposal of produced waters where permitted by regulatory agen­
cies and USDWs are not present or endangered. 

5.5J2.5 Unlined Skimming/Settling Pits 

Unlined skirnming/settling pits are used in association with discharges to 
provide additional retention time for the settling of solids allowing more 
complete residual oil separation. Unlined slrimming/sett.Iirtg pits should be 
used only in conjunction with permitted state/NPDES discharges. P't walls 
should be constructed to prevent seepage and should provide two feet of free 
board above normal operating levels. 

5.5-2.6* Produced Water Pits 

Produced water pits have been used in lieu of tankage. Produced water pits 
should be lined and only be operated as a substitute for process vessels with 
NPDES or injection well regulated disposal of the produced water. 

56 
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5.5J2.7 Evaporation Pits 

In areas where small volumes of waste waters are generated, evaporation 
pits have been used. Disposal of waste water by evaporation results in the 
concentration of salts and residual hydrocarbons. Surface evaporation pits 
should be lined where ground-water or usable soils may be endangered. 

5.6 Annular Injection of Reserve Pit Fluids 

Annular injection is a disposal method where pumpable reserve pit fluids 
are injected down the surface casing/protective casing annulus (or other 
casing/casing annulus) of a drilling well into formations not containing 
usable sources of drinking water. As a general rule, the maximum 
surface injection pressure should be limited to 0.5 psi per foot of protective 
casing annulus depth or one-half the burst strength of the protective casing 
annulus, whichever is less. In addition, underground sources of chinking 
water must be protected by sufficient casing and cement to prevent 
contamination due to injected drilling fluids. 

5.7 Underground Injection Wells 

The production process produces fluids from and injects fluids into 
underground reservoirs, an activity which is permitted by state and federal 
agencies. The injection of fluids brought to the surface during oil and gas 
production, for disposal or enhanced oil recovery are subject to state and 
federal underground injection control regulations. Underground injection 
wells associated with exploration and production activities are classified by 
EPA as Class IE wells. However, a few states have required that some gas 
plant wastes be disposed in EPA classified Class I industrial disposal wells. 
EPA classified Class V wells should not be used for disposal of E&P wastes 
without specific regulatory agency approval. 

Injection wells must be designed to prevent endangerment of usable 
sources of drinking water. Operators must demonstrate mechanical 
integrity by ensuring that there is no leak in the tubing, casing, or packer, 
and that an injected fluid is confined within the injection zone through 
proper cementing. Underground injection wells represent a safe environ­
mental practice for disposal of produced water, facility waste fluids and 
hydrocarbon containing wastes. Class H wells should be used whenever 
practical to dispose of nonhazardous and exempt exploration and pro­
duction waste fluids. 
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