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UTRA ECT
NOTICE OF LIMITED DISTRIBUTION

THIS DRAFT DOCUMENT IS PART OF THE ;Z*LIBERATIVE PROCESS OF THE

U.S. DEPARTMENT OF ENERGY (I0QI'*IN ITS DECISION-MAKINIG FUNCTION

UNDER THE URANIUM MILL TAILINGS RADIATION CONTROL ACT OF 1978,

THE NATIONAL ENVIRONMENTAL POLICY ACT. AND OTHER APPLICABLE LAW.

IT IS PROVIDED TO THE RECIPIENT PARTICIPATING FEDERAL OR STATE

AGENCY OR INDIAN TRIBE WITH THE EXPRESS UNDERSTANDIN, THAT IT IS

ONLY TO BE USED FOR THE PURPOSE OF PROVIDISG. THE DOE WITH INPUT

TO SUCH DECISION-MAKING PROCESS. THE RECIPIENT PARTICIPATING

FEDERAL OR STATE AGENCY EXPREiSSLY AGREES TO LIMIT DISTRIBUTION

OF THIS DOCUMENT TO THOSE EMPLOYEES WHO WILL PROVIDE INPUT TO

THE DOE.



Attachment
Letter 91-3050-388
May 9, 1991

PHASE II CONSTRUCTION
GRAND JUNCTION

CALCULATION INDEX

Calculation No. Title

VOLUME I

05-622-01-00

05-626-01-03

05-626-02-04

05-628-01-00

05-631-01-01

05-631-02-01

05-631-03-01

05-633-01-01

05-504-01-02

05-504-02-00

05-504-07-00

05-504-04-00

05-504-05-02

Dewatering

Tailings Excavation - Tailings Pile Limits and Quantities

Tailings Excavation - Off-Pile Excavation Limits and
Quantities

Site Drainage - Hydrology Parameters

Access Road - Culvert at Indian Creek

Access and Haul Roads - Culvert Placement and Protection
at Indian Creek

Access and Haul Roads - Culvert Outlet Revision

VOLUME II

Site Grading - Restoration Quantity for Grand Junction
Processing Site

Erosion Protection - Top and Sideslopes of Tailings
Embankment

Erosion Protection - Time of Concentration, Cheney
Disposal Site Embankment

Permanent Site Drainage - Off-Pile Drainage Swale

Disposal Site Drainage During Construction - Retention
Basin and Emergency Spillway

Riprap Toe Protection
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Attachment

Letter 91-3050-38
May 9, 1991

PHASE II CONSTRUCTION
GRANDJUNCTION

CALCULATION INDEX

Calculation No.

05-505-02-02

05-505-03-02

05-654-01-02

05-654-02-00

05-654-03-00

05-655-01-00

05-666-01-02

05-667-04-02

05-670-01-05

05-670-02-03

05-670-05-03

05-670-06-02

05-670-07-05

05-670-08-01

05-670-09-02

05-670-11-00

05-670-12-00

05-670-13-00

F:\UMTRA\CALINDE

Title

VOLUME I1I

Rock Quality for the Erosion Protection - Cheney Disposal
Site

Availability and Suitability of Materials

Hydrogeology - Dewatering

Slurry Trench at Processing Site - Quantities

Hydrogeology - Slurry Trench Seepage Windows

Surface Water Runoff Accumulation and Discharge

Construction Sequence

Quantity Estimate Summary - Phase II Construction

Radon Barrier Design - Thickness

Radon Barrier Design - Average Ra-226 Concentrations

VOLUME IV

Embankment Design - Material Properties

Embankment Design - Settlement and Cover Cracking

VOLUME• V

Embankment Design - Slope Stability

Embankment Design - Drain Layer/Bedding Layer

Embankment Design- Depth of Frost Penetration

Radon Barrier - Ra-226 Concentrations in DOE Compound

Embankment Design - Paleochannel Remediation

Embankment Design - Infiltration

.X.GRJ - 2 -
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TABLE I

SUMMARY OF LABORATORY TEST RESULTS

ib No. 1 343 87
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•0
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owce" sot oA

UDECAOO TYPE

BH-6-- 2' -0-20 12.5 116.3 16 26 58 32 18 2.67 Sandy lean clay witn

8H- 20-30 11.6" 117.9 31 24 45 32 18 2.68 GlIyey gravel wMLn

91 5-8 14.1 105.0 0 86 14 NP Silty sand
i Pr riv naded sano

21J 5-20 13.3 108.0 0 88 12 NP with sslT

21J- 20-415 13.2 109.2 0 84 16 NP Silty saud

33F-B 0-20 13.2 116.2 15 33 52 28 15 2.71 songygreanvcay
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4.. 0

TABLE 5

One-Dimensional Compression Test Results

4..-a
S

Sample Test Initial Dry % of Initial Initial Initial Water Wetting Total Deform. Consol-
Density Std Proctor Water Void Saturation Application Collapse ation idation
YD,0 Pcf Kax Density Content, Ratiob So% A" 0-17#600 psf Indexq

,.. e . . w e % A" Co .

GJ-2138 1 90.0 82.4 6.0 0.87 0.18 Initial 9.3 '1 19.1 0.12
(sand)

2 99.1 90.8 11.4 .70 0.44 Initial 0.5 "i 6.1 .o0 0.09

GJ-2098 1 57.8 69.0 28.9 1.98 0.40 End 8.7 0' 34.1 0o1,8 0.53
(slimes)

2 69.4. 82.8 28.9 1.48 0.54 End 1.6 70 14.7 •011 0.32

3 81.3 97.0 35.2 1.11 0.81 Initial 1.0 -70 15.7 .3-1 0.17

4 87.3 104.2 35.2 0.97 : 1.00t Initial 7 09 8.4 • 0.10

GJ-17N 1 87,9 82.5 17.2 0.94 0.50 Initial 1.3 3)-- 17.8 0.20
(sand-
sl lines) •

2 95.3 89.5 19.8 0.79 0.69 Initial 0.7 32- 8.6 .015 0.13

3 99.3 93.2 18.8 0.72 0.72 End . 1.3 al- 9.6 •oo9 0.14

Notes:I All samples settled quickly upon load application.
Some creep observed.
Reloaded at 4-10 hour increments after deformatio toabilized.
Samples cured In consolidation ring one hour before initial loading.

V r-I .
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wy61

TABLE 6

4

Boring

Pemeabilities of Saturated Undisturbed Samples

1 WIl 
-Depth %~ -#200 Sieve. Perrnea

itr k,, cm

10.2' 'IS-a. 5.9 1.1 x

6.5' CS. 5 82.0 4.6 x

14.0' 1o.o 23.0 3.6 x

63- 22

G6- 24

GJ-201

GJ-207

GJ-207

GJ-209

GJ-214

GJ-216

GJ-220

GJ-220

G6-220

bility,

/sec

10-2

10-5

4.0'

19.0'

14.0'

14.0'

14.0'14.0'

19.0'

74.1

59.4

9 I.S

7.0

15.2

79.8

4.2

41.4

78.0

12.0

36.7

4.3 x 10.4

1.2 x 10-4

1.3 x 10-S

1.1 x 10-4

4.4 x 10-4

6.3 x 10-5

1.3 x 10"4

2.6 x 10-4

023

-79

17

-70

-• 9o

-7;

-49-
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TABLE 7

Permeabilities of Saturated Remolded Field and Laboratory Mixtures

Sample Dry Density (1) Permeability
, d, pcf k, cm/sec

Field Samples

GJ-2138 1) Fabric A(2) #' 104.8 W7 6.9 x 10-4

2) Fabric B 99.8 q 2- 1.4 x 10-3

3) Fabric C 97.3 1.1 x 10-3

GJ-209B 1) Fabric A 70 74.9 9.3 x 10-5

2) Fabric B 68.6 93 1.9 x 10-4

3) Fabric C 69.1 b• 9.6 x 10"5

GJ-214B 1) Fabric A 7.2- 99.8 1.1 x 10.3

2) Fabric 8 94.2 S(O 2.4 x 10.3

3) Fabric C 93.0 1.8 x 10-3

Laboratory Mixed Samples

GJ-16M 1) Fabric A 1(0 98.6 3 8.5 x 10"5

2) Fabric B 1 87.3 • 2.0 x 10-4

3) Fabric C 88.6 1 5.6 x 10 4

GJ-17M 1) Fabric A 32. 93.6 •I" 4.8 x 10-5

2) Fabric B 81.1 93 3.4 x 10
3) Fabric C 77.4 "7q 4.8 x 10.4

GJ-18m 1) Fabric A 40 89.2 A 3 5.6 x 10"
2) Fabric B 6 79.2 93 1.3 x 10-4
3) Fabric C 84.2 8• 1.7 x 10

Note: 1) Final density after wetting collapse
) SU--'az.ric dscr;iptlln

~) ~ R - ,,o•,,..; C.,'1 7 f, , L.e Wf,:.

f-; • atr. %; 6. ( & .- EV" I.
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TABLE I

SUMMARY OF LABORATORY TEST

rern. = woleo(7

Job No. 1 343 87

aiC16f@,, 01 1

RESULTS
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_ _w _ I __ CPA SIEV ___ T v"06 __o__ __

-" ' :. Sandy lean' clay ME N

8H-6.-29.. 0-20 12.5 116.3 16 26 58 32 18 2.67 _r ___l

8H-6-2! 20-30 11.6 117.9 31 24 45 32 18 2.68 siayey gravel WnLd

911 5-0•'0 14.1 105.0 0 86 14 NP Silty sand

21J 5-20 13.3 108.0 0 88 12 HP _r eit v ahed sand

21J 20-45 13.2 109.2 0 84 16 NP Silty sand

33F-1L 0-20 13.2 116.2 15 33 52 28 15 2.71 w'tn• raveI
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- *iI

- -,-, - - - .- "



a

CA-2-79,

chen and associates, inc.

KKE -Grand JunctiTon

CA&"~~~P SOAA OENNG WL lk"

or% iv r rr r
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DIAMETER OF PARTICLE IN MILLIMETERS

CLAY TO SILT I N SA& RAVEL - C811I FINE MEDIUM .CARSE IFEI COARSIE

GRAVEL 16 SAND 26 % SILT AN CLA 58 %

LQUID LIMIT 32 PLASTICITY INDEX 18
suAmpEoF Sandy lean clay with FROU Hole BH6-79 at depth 0-201

gravel 24-.,

r -YDROMETER ANALYSIS SIEVE ANALYSIS
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I DIAMETERDIUMPARTICLEINNEILLIMETSR
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1 343 87
GRADATION TEST RESULTS Fig. I
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CHEN AND
Consulting Soil and

ASSOCIATES
Foundation Engineers

MKE - Grand Junction 61V
p S 24/

WYL q~&J
. - . - U - - -

rEST NHOMBER

I~mv Hole No. 33F-B BHG-2 BHG-29
LOCATION

Depth-ft. Ž 0-20 26-n3 Z M-?

HEIGHT - INCH 3.928 3.944 3.946

DIAMETER - INCH 1.875 1.874 1.875

VATER CONTENT 2 13.4 11.2 12.S

DRY DENSITY - pcf 104.7 106.4 1l4.5

o01-(7"3- 0.420 o.460 0.420

(0 ksf 1.414 1.4441 1.414

(7 -ksf 0.994 0.994 0.9941
-- -1

- p" -ft &. -

*,.

0K

0.2

_Af

TYPE OF SPECIMEN

SOIL DESCRIPTION

TYPE OF TEST

Remolded
Sandy lean clay with gravel;C Avev grxvpl1 wlth A 'A

•'iSandy lean clay with gravel

Saturated,

Unconsolidated.

Undrained

0 10

Axial

TAN 0

20

Strain ()

0

COHESION - ksf

1.5

U" 1.0

S.
*4

i o.

WI

LL

-k -I I.

0.5 1.0 1.5
Normal Stress - ksf

2.0

1 343 87 Fig. 12TRIAXIAL SHEAR TEST RESULTS



CHEN AND ASSOCIATES
Consulting Soil and Foundation Engineers

Ps

WYIL

~/,-I1-1

TEST NUMBER I 2 3

LOCAION Hole No. BGG-292 HG-29 33F-6

Depth - Feet 0-20 20-30 2-29

MSIGHT - INCH 3.923 3.929 3.926

DIAMETER - INCH 1.880 1.880 1.,875

WATER COaIET a- % 12.8 l1.7 13.2

DRy E"siTy" pcf 110.0 111.6 110.9

0 170 0.83 1.02 0477 -

~jjakit 1.82 2.0 1.76

ka k 0.59 0.995 0.599

3
a
.3
a
aa
S.

0
U

S
C

2

- - ---------------

- -

- - -

- - - - - - a - - -

- - ---------------------------------------- a

- - - --------------

- - - - - - - - - - -

- - - aaaaaaaaaaaaaa

- - -

I
- - - - - - - -

- - - - - - = - - - -

I

TYPE OF SPECIMEN

SOIL DESCRIPTION

TYPE OF TEST

Remolded - 14 material*

Silty clay/Clayey silt

Saturated,

Unconsolidated,

Undrained

*qgt Compaction

0 10 20

Axial Strain (t)

TAN i

C.•ESION - ksf

3

I.3
a

Ja

4al
S4

J:
Yb

2

,, , ,, a. . . ..

- - --1
- -- - -- - - - -

- -- - - - - - - --,,

E E : :: a - -

a... a - - -- aa - - - - - - - - - - -- -

- - - - - - - - -- - - - - - - - - - - - -

I

0 I 2 3
Normail'Stress - kef

a. jECfJVLU- mrT.

JAN 12 1283
U4TRA -S.F-.Fig. _343 87

TRIAXIAL Sw.&IP TEST RESULTS



/ CHEN AND ASSOCIATES
Consulting Soil and Foundation Engineers

y / 2-

WFLzl-t

-EST NUMIER
r w

2 1 3

i
Hole No. BHG-29 H-G-29 33F-B-

LOCATION
Depth- Feet 0-20 20-30 2-29

HEICHT- INCH 3.885 3.912 3.9251
N| 

j

DIAMETER -INCH 1.880 1.880 1.878

VATER CONTENT - 2 12.4 11.6 13.0

DRY DENSITY pcf 116.1 118.1 116.4

1.68 2.30 1.75
071 I ksf. 2.67 3.29 2.74

( 3--. - - -. 99

3

0

S
b

S.
S
S

S
0

1

a -- - - - - I - - -

00,,

0,,

- - - - - - -1-.
-- - - - -- 1- a

- 1--- ;;

TYPE OF SPECIMEN

$SOIL DESCRIPTION

TYPE OF TEST

Remolded - 14 material*

Silty clay/Clayey silt

Saturated,

Unconsol idated,

Undrained

. 100% Compactton

0 10

Axial S

20
;train (t)

TAN U

COHESION - ksf

3

eS "• 2

40

, 0

0

f I

- - - - - - a - -

IStress "ksf

4b

1 343 87
TAAYvAI cur as -tre" sew-tef we
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KKE - Grand Junction

Chen and associates, inc.
/67

WYL ,./.-
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'K MKE DOCUMENT NO. 5025-GP.J-C-09-01186-OQ

f- 2/•'"

Chen & Associates, Inc.

Table I

Sumary of Permeability Test Results Job No. 1 343 87

S.-i-rle
No.

BHG-29

33F-B

Initial Initial Dry Initial Final Final Dry Coefficient of
Depth Moisture Density, Ccpaction, Moisture Density, Permeability,
Feet Content, I PLc . Content, I cziVsec

0-20 9.8 104.1 89.5 21.8 109.2 7.4x10-7

0-20 10.6 104.2 89.7 21.6 109.6 2.0x10-6

.9

RECEIVED. MKE

SEP 8 iW487
UMTRA. S.F.
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Table E.4.2 Summary of classification test results

Location Sample USCS X passing Atterberg limits (percent)
1D depth (ft) classification #200 sieve LL PL PI

614 a

6 1 5a

701-02

701-07

701i-10

702-02

702-04

702-07

702-09

% 702-11

6CH-lb

GCH-2b

6CH-4b

6CH-6b

GBH-2b

0.5-1.5

3.5-5.0
7.0-8.0

3-4

15-16

23-24

3-4

8-9

15-16

20-21

25-26

0.2-2.8
33.0-33.5

0.2-15
8.5-10.0

0.5-2.5
13.0-15.0
43.'0-44.0

0-1.8
23.0-24.0

0-4.2
4.2-7.2

0-7.2

C L

sp-f4T~
CL

CL/C4c

CL

CL

CH

,w s/~

CL

CL

SC. CTC

CL
CL

CL-Nt

CL-K

CL-IlL

CL
Sc
CL

80

iil'

37 17 20

11 --

77 46

54 NA

85 37

59 NA

75 NA

46 NA

44 NA

85 41

14 NA

NA" 78 41
32

.Aw 61 37
22

J)W-1&1 40
22.
34

,9Al 24
23

NA 35
29

21

NA

17

NA

NA

NA

NA

20

NA

22
15

23
14

22
18
18

16
18

19
19

25

NA

20

NA

NA

NA

NA

21

NA

19
17

14
8

18
4

16

8
S

16
10

C. ~

aSampled and reported by TAC.
bReported by NUS, 1983.
NA - Not available.

E-115 GR3 Draft RAP
June, 1986
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Table E.4.3 Summary of specific gravity, in-situ moisture content,
and in-situ dry density results

Location Sample USCS Specific In-situ In-situ
ID- depth (ft) classification gravity moisture (X) density (pcf)

6 1 4 a 0.5 - 1.5 CL 2.73 12.2

615a 7.0 - 8.0 CL 14.2

GCH-1b 0.2 - 2.8 CL 10.2 78.3
33.0 - 33.5 CL 10.3

GCH-2b 0.2 - 1.5 CL-NL 14.5 85.3
8.5 - 10.0 C £M/ 1 L 5.3

GCH4_4b 0.5 - 2.5 X& ML/ i/r 9.6 84.9
13.0 - 15.0 C.j-. &M 6.0
43.0 - 44.0 CL 10.4

GCH-6b 0 - 1.8 CL-ML 14.5 85.1
23.0 - 24.0 .L-44C C/-' 5.0

0GBH-2b - 4.2 CL 2.72 9.7
4.2 - 7.2 SC 2.78 9.7

aSampled and
bReported by

reported by TAC.
NUS. 1983.

E-116 GRJ Draft RAP
3une, 1986



Table E.5.3 Summary of molsture-density results
2./J/e t

Saturation
Maximum percent at

USCS In-situ dfy Optimum optimum
Location Sample' classi- moisture density moisture moisture and

10 depth (ft) fication (M) (pcf) (M) maximum density

6 1 4 - 0 0 1a 0.5 - 1.5 CL 12.2 103.4 19.2 80.9

6BH-2b 0 - 4.2 CL 9.7 105 21.5 94.8

6BH-2b 4.2 - 7.2 SC 9.7 111 18.0 88.9

aSampled and reported by TAC.
bReported by NUS. 1983.

E-128 GRJ. Draft RAP
June. 1986
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Table E.1.1 Summary of laboratory results for undisturbed soil samples

from the Cheney Reservoir site

Percent
passing Attetberg

Sample USCS Moisture Wet unit through limits' ()
a depth classi-b content weigh% No. 200

Borehole (feet) Description fication MX) (lb/ft ) sieve LL PL PI

GC"-1 So1 0.2-2.8 Silty clay CL 10.2 86.3 78 41 22 19

GCH-1 33-34 Silty clay CL 10.3 -- -- 32. 15 17

GCH-2 5o2 0.2-1.5 Sandy silt CL-ML 14.5 97.7 61 37 23 14

GCH-2 8.5-10 Sandy silt CL-ML 5.3 -- 22 14 8

GCII-4 So4 0.5-2.5 i I-t-y- eA CL ML-.'1 9.6 93.0 49 40 22 18

riCH-4 13-15 Sandy silt CL-ML 6.0 ..... 22 18 4

GCH-4 43-44 Clay shale CL 10.4 34 18 16

GCH-6 sve 0-1.8 Sandy silt CL-ML 14.5 97.4 67 24 16 8

GCH-6 23-24 Sandy silt CL-ML •5.0 .... 23 18 5

aSee Figure E.1.1 for location.
Class in the Unified Soil Classification System. Key: SM, silty sands, sand-silt mixtures;
of low to medium plasticity, and gravelly, sandy, silty, and lean clays; M., inorganic silts

crock flour, silty or clayey fine sands, or clayey silts with slight plasticity.
Atterberg limits: LL - liquid limit; PL - plastic limit; PI - plastic index.

CL, inorganic clays
and very fine sands,

4
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Table E.5.4 Summary of saturated hydraulic conductivity.for*,radon barrier materials

C

Sample Final Effective Total Hydraulic
Sample depth USCS Dry density Percenta saturation consolidation press. head conductivity
ID (ft) class. (pcf) compaction (%) stress (psi) (ft) (cm/sec)

614-001 '0.5-1.5 CL 98.8 95 100 10 11.6 8.1 x 10-8

614-001 0.5-1.5 CL 101.6 98 100 20 15.4 2.1 x 10-8

aPercent compaction based on standard Proctor maximum dry density, ASTN 0698.

I"d

.e*

C C2

CaI

0%10
-<'I-

f-.
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Table E.7.2 In-situ permeability tests at Cheney Reservoir

Locationa Depth interval (ft) Permeability (cm/sec)

501 12-22 4 x 10-6
21-31 1 x 10-6
31-40 <1 x 10-7
40-50 <1 x 10-7

502 10-14 2 x 10"4
20-31 3 x 10-6
36-46 <1 x 10-7
41-51 <1 x 10-!7

503 8-14 5 x 10-5
14-28 1 x 10-7
30-40 <1 x 10-7
40-50 1 x 10-6

504 10-18 3 x 10-5
22-34 5 x 10-6
35-44 6 x 10-5
44-56 <5 x 10-8

505 8-18 1 x 10-5
18-28 9 x 10-6
23-35 1 x 10-5
38-51 1 x 10-7

506 10-19 6 x 10-5
21-29 1 x 10- 4

29-40 6 x 10-5
to I x 10- 4

40-51 1 x 10- 5

to S x 10-5

aBoring locations are shown In Figure E.7.1.

Ref. NUS. 1983.

(-187 -GRJ Draft RAP
June, 1986
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Table E.5.5 Summary of capillary moisture results

Sample Remolded Remolded
.Location depth moisture dry density Water retention (M)

10- (ft) content (%) (pcf) Bars of pressure Result

614-001 0.5-1.5 21.0 98.7 -0.3 24.47
-0.5 23.74
-1.0 22.38
-3.0 21.02
-5.0 20.19
-7.0 19.55

-10.0 18.24
-15.0 17.59

Table E.5.6 Specific gravity, absorption, sodium sulfate,
and Los Angeles abrasion results

Sodium
sulfate Los Angeles

Sample soundness abrasion
depth Specific -ravity Absorption (percent (percent loss)

Sample ID, (ft) Apparent Bulk (M) loss) Fine Coarse

614-002 2.5-3.5 2.56 2.47 1.4 NA 15.6 20.3

615-001 3.5-5.0 2.73 2.65 1.1 10.1 NA 25.1

NA - Not available.

E-130 GRJ Draft RAP
June, 1986
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MOISTURE CONTENT - %DRY WEIGHT

40

FIGURE E.5.1

SUMMARY OF MOISTURE-DENSITY RELATIONSHIP TESTS
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Table [.5.3 Summary of moisture-density results WNL

117

Saturation
Maximum percent at

USCS In-situ dry Optimum optimum
Location Sample classi- moisture density moisture moisture and

ID depth (ft) ficatlon (M) (pcf) (M) maximum density

6 14 -0 0 1a 0.5 - 1.5 CL 12.2 103.4 19.2 80.9

G8H-2b 0 - 4.2 CL 9.7 105 21.5 94.8

GBH-2b 4.2 - J.2 SC 9.7 111 18.0 88.9

aSaipled and reported by-TAC.
bReported by NUS. 1983.

E-128 GRJ Draft RAP
June, 1986
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0.1 to 10.0

PRESSURE - KIPS PER SQUARE FOOF

LL: 5-;Pi

100.0

LEG3END

SAMPLE GRJ-0D OEPTH INTERVAL CRY DENSITY PCF MOISTURE CONTENT UNIFIED SOIL
G 3LS.CU. FT. "qj CLASSIFICATIONOFT. I .N-A INAL INITIAL . FINAL CA

$14 0.5-1.5 li7.8 109.2 2,11 21.1 CL.

"4 S

c, qqC, weC++) 0..01)l# 1.04••.018

FIGURE E.S.2
SUMMARY OF CONSOLIDATION TESTS
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I ps /4i
WYL Vt-ltof

0

I

I

I

a
.3

0
0
a',
I..
0

wz
0

2

I
I 4 S 12

NORMAL STRESS (ksf I

STAGE DRY DENSITY MOISTURE

NO. IP.C.F. I CONTENT II SOIL DESCRIPTION

1 98.9 20.9 CLAY, SILTY, SANDY

2 100.5 25;5

3 104.9 22.9

LOCATION NO.

GRJ-03 614

0
DEPTH (FT.)

0.5-1.5

SAMPLE TYPE

RE.MOLD C cq/t si~avl..

FIGURE E.5.3

SHEAR STRENGTH OF SOIL IN STAGED TRIAXIAL COMPRESSION

i
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I WYL

2.141g
2-/t-/foo

TEST NUMBER J1j2J3j 4
LOCATION
SAMPLE NO. 1
OEPTH FT. 0.5-1 -

WEIGHT-INCH .995 -. 002" 3.. I
DIAMETER-INCH .92L 1.924 1.92f

WATER CONTENT-% 21.0 21.2 21."

DRY DENSITY-pci 9b.5 98.5 98. .

O1 03 -ktf 2.60 3.69 .14

a3-kuf 1.01 3.02 6.04

a,_-k__ 3.61 6.71 10.2'

1I

au
a

10

5

2iTYPE OF SPECIMEN

SOIL 'DESCRIPTION

TYPE OF TEST

-'Rem'l d

- nisaturatod

Unconso1 id3 tv
Undrained

0 le 20

AXIAL STRAIN 1%)

TAN 0
0

COHESION-k sf

w

0

4

2

0
* 4 6 4 10

NORMAL STRESS-ksf

FIGURE E.5.4
TRIAXIAL SHEAR TEST RESULTS
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Intermediate sized material (12-lch-diameter specimen)
bad angles of Internal friction I to 1-1/A degrees lowerthn
the smallest materiaL

Pertinent data from the brge rockflll tests indudcig
tests reported by 1am! (1%5, 1967a and 1967") ar
compiled in Table 7.4. The table lists values of angle of i,-
terual friction, axial strain at failure and volumetric tain
at failure for those tests conducted at a confining premur
of 350 psi for which Information was available. It may be
o that for the dredger taMng which contain rounded
particles, the values of axial and volumetric stranm at fallura
are 6.5 and 3.5 percent, respectively, while for aDl a the
angular materials these values are pgreter than 13 and 5.5
percent, respectively. The values of the volumetric stain at
failure for all of the angular materials for which data wen
available ranged between 5.5-13 percntL Among thes
materials granitic gneiss and shale showed 'the gretest
volumetric compression at failure. The volumetric coo-
pression at failure for the rest of the angular matials,
however, ranged between ..5-6.5 perat.

Seed and Lee (1966) demonstrated that the critical coo-
fining pressure (the value of confining pressure for which
there Is no volume change at failure) Is a significant charao-
teristic of a soil and that the undrained strength of non-
cavitating samples (where the negative prewure does no
exceed one atmosphere) can be determined with a satiso-
tory degree of accuracy from a knowledge of the crtical
confining pressure of the soil and the angle of friction car-
responding to constant volume conditions. Values of the
critical confining pressure for the rockrldl materials are esti-
mated and listed in Table 7.4. As can be seen the criticl
confining pressure for a rockfril material composed of
rounded pirticle, i.e., dredger tailings, Is substantially
greater than that for the rockfill materials composed of

14 as s.6 of as.

Fig. 727 Angie at inurnal friction vs. void ratio.
and Wiseman. 1965.)

(After Zolkov

TABLE 7.4. STRENGTH AND DEFORMATION CHARACTERISTICS OF LARGE ROCKFILL SPECIMENS.
Confining Pressure - 350 psI.

Ocm or PAM MarWal Gradation Pall" £h0 ? ir e .OMMI! •W 93EbJOS

Oroville Dredger tailings Well radad Rounded 43 I.5 1.5 120 Maruchi at al.. 1960
anfines

Pinzandaran Sand and gr91v WeO-gradod fRounded 30 6 4.7 60 Marsal. 19671
Idryl r-flnes

Son Francisco Basalt Wallraaed Angular 39 is 6 6 Mrulm.67

Son Francisco Basat Well.BAdMA Answlar 36Mra.1967

San Fro, Flow Bsault ary.a Angular 37 20 .5 40 marachl at al-. 19M

malpaso Conglomerste Waigradl d Angaw 37 13 43 20 Moarsl. 196Th
(dry) 8-.an

El Inrfmillo silicirfed canglom- Pootr yadp d Angular 36.5 14 . 30 Moarsl. 1965e
eate (dry) 8-fines

Pyramid Argillit htvg d Angula 35 20 .ss 25 Mrachi at al.. 190

6..r~meEl Infieroillo Diorfte (dry) Poortvgade Angular 35. Is to 25 Marul. 196ft

El Granera Shale* Well.dd Angular 35 14 >)10 10 Morsel. 196

El Granera Shae. oorly-Vaded Angular 33 > 14 > 10 5 Matra. 1967o

Mica Granitic oneis* Well-grad Angulac 32 > 14 a 20 Morsel. 1967a

Mica Granitic gnegi Poorlygd Angular 25 14 10 I Mrsl. 0967a

aTests were not carried to failure.
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GRAvYLL'. L.•AY'ET MKE DOC. 5025-GRJ:-IT-09-03589.UO

SAMPLE #I, Cheney Reservoir, LD '71177J
M.K. FERGUSON. P.O. #3050-511-10002

SAMPLE LOCATION

T.P.a DEPTH
70
71
72
73
114
100
101
102

TOTAL DRY SAMPLE WEIGHT - 18,152 pounds
AVERAGE % MOISTURE..-I'" - 3.47%

SIEVE % EACH 2 DELETERIOUS MAT.
SIZE SIEVE PASSING % of TOTAL

18*" 7.38 92.62

I
4..
3.
2
I*

7.33

1.81
2.6
4.12
4.56
8
11.75

82.29

83.48
80.88
71.76
72.2
64.2
52.45

52.19
49.67
47.52
43.53
38.08
34.51
31.47

24.23
19.51

0.16% Sedim. Rock.-
0.32% Sedim. Rock,
0.71% Sedim. Rock,
1.03% Sedim. Rock,

3/4..
1/2"
3/8"
14
010
320
040
* i00..

2.58% Sulfate and clay lumps in the
1- material, included in the -1" sieve.

SIEVE SPECIFIC GRAVITY ABSORP. SULFATE L.A. ABRASION
SIZE Bulk SSD Appar. % SOUND. % LOSS after

% Loss 100 Rev 500 Rev

1*' -3" 2.559 2.617 2.717 2.28% 3.48f. 5.9% 26.1%

2.597 2.642 2.719 1.72% 2.842 5.1% 21.8%

8"'-18B' 2.568 2.6 2.654 1.26% 1.91% 5.0% 23.9%

Notes:
ASTM C-88 SODIUM SULFATE SOUNDNESS Loss after 5 Cycles
ASTH C-131 LOS ANGELES ABRASION
ASTM C-127 AGGREGATE SPECIFIC GRAVITY L ABSORPTION

[I- ILINCOLN COLOAO: COL.OAO0 SPRINGS
DeVOR E GRANO JUNCTION *. PUEBLO.

I F.ENGINEER$SGEOLOI''S
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SAMPLE t2 Cheney Reservoir Site. L.D. a7ll77J
M.K. FERGUSON, P.O. s3050-S11-10002

I

SAMPLE LOCATION
- ---- --------
T.P.e DEPTH

122 12'-18'
123 10.5'-14*
124 15'-18.5'
125 16-20,

TOTAL DRY SAMPLE WEIGHT - 16298 pounds
AVERAGE % MOISTURE..-I" - 5.94%

SIEVE 2 EACH % DELETERIOUS HAT.
SIZE SIEVE PASSING % of TOTAL

18

8

6 .1

4
3.
2

8.47
3 .eo

1-.2

3.14
6.38
4.59
4.95
4.64

8.24

91.53

90.33 0.01% Sedi. Rocks

87.19
80.81
76.22
71.27
66.63

0.052
0.19%
0.21%
0.35%
0.51%

Sedi.
Sedi.
Sedi.
Sedi.
Sedi.

Rocks
Rocks
Rocks
Rocks
Rocks

I 58.38 0.82% Sedi. Rocks

3/4"
1/2""

3/8
.4
410

.20
v40'
a 11-0
*2C0

55.46
54.18
52.43
48.63
44.49
40.46
36. 9
25.45
19.91

1.95% Sulf-ate and clay lumps in the
.1 material, included in the -1"" Sieve.

SIEVE
SIZE

SPECIFIC GRAVITY
Bulk SSO Appar.

ABSORP. SULFATE
2 SOUND.

% Loss

L.A. ABRASION
% LOSS after
100 Rev 500 Rev

1"-3"" 2.586 2.649 2.759 2.42% 3.082 5.5% 24.5%

I 3..- 5 .*

8"-18"

2.603

2.589

2.654

2.637

2.743 1.96%

2.719 1.86t

2.50%

2.19%

5.42

5.3*f

23.02

22.12

I
I

ASTH C-88 SODIUM SULFATE SOUNDNESS Loss after 5 Cycles
ASTM C-131 LOS ANGELES ABRASION
ASTH C-127 SPECIFIC GPAVITY'L ABSOEPTION

I
LINCOLN COLoRADO: COLORAOO SPRINGS1 DeVORE GRANO JUNTION,. PUELO
ENGINEERSGEOLOGISTS

G
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SAMPLE #3, Cheney Peservoir, LD #711773
M.K. FERGUSON, P.O. #3050-5i1-!0002

SAMPLE LOCATION
------------
T.P.# DEPTH
412: 2.51-7.0'

TOTAL DRY SAMPLE WEIGHT - 19656- po-nis
AVERAGE % MOISTURE..-1 - 4.90t

SIEVE 2 EACH t DELETERIOUS MAT.
SIZE SIEVE -P2S$INS % of TOTAL

122
123
124
125
127
128
133
133

7'-121
6'-10.5'

2'-7-
1.,5-3. 5'
3.5-11'

16

5..

4".
3
2

4.93
2.. c
6.38

4.08
2.11
3.16
3.34
7.16

8.46

88.69 0.13% Sedi. Rocks

84.61
82.5
79.34
76
68. 04

0.17%
0.08%
0.16%
0.202
0.38%

Sedi.
Sedi.
Sedi.
Sedi.
Sedi.

Rocks
Rocks
Rocks
Rocks
Rocks

I 60.37 0.47% Seli. Rocks

3/4 59.46
1/2 17.59
3/8 55.C6
*4 51.44
010 46.12
s2G 41.66
s4": 3

.200 23

0.41% Sulfate and clay lumps in the
.1 material. includeS in the -1 Sieve

SIEVE SPECIFIC GRAVITY ABSORP. SULFATE L.A. ABRASION
SIZE Bulk SSD Appar. 2 SOUND. % LOSS afte:

2 Loss 100 Rev 50- Rev
----------------------------------------------------------------------

1"36 2.612 2.665 2.757 2.01% 3.47 6.9% 27.1%

2.663 2.711 2.798 1.82% 2.34 5.92 25.0%

8"l-18 2.615 2.66 2.737 1.71% .2.52 5.8% 25.0%

Notes:.. .

ASTM C-88 SODIUM SULFATE SOUNDNESS Loss after 5 Cycles
ASTM C-131 LOS ANGELES ABRASION
ASTM C-127 AGGREGATE SPEC!FIC GRAVITY & ABSORPTION

I
LINCOLN CoLoRAoO: COLORADO SPfI,4S
OeVORE GRAND JUNCTION . PUEBLO
ENGINEERS
GEOLOGISTS
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I

I.
SAMPLE 04. Cheney FPeservoi:. LD 01ll77J
M.K. FERGUSON. P.O. *3050-511-10002

SAMPLE LOCATION
--- ---------
T.P.# DEPTH
126 V-140

127 9'-15'
128 90-16'

TOTAL DRY SAMPLE WEIGHT - 17462 pounis
AVERAGE t MOISTURE..-1 - 4.0%

SIEVE % EACH • DELETERIOUS' MAT.
SIZE SIEVE P$ASZVý; %'of TOTAL

18 2 98

8

6
5..
4.
3.
2

4.65

3.14
3.57
5.36
4.81
10.37

13.68

93.35

90.21
86.64
81.28
76.47
66.1

0.11% Sedi. Rocks
0.17% Sedi. Rocks
0.21% Sedi. Rocks
0.65% Sedi. Rocks

52.42 0.97% Sedi. Rocks

3/4"
1/2..
3/6..

04
110
820
t40"
8100
0200

50.85
48.07
45.76
40.41
35.17
31. 29
21/. •'1'

16.62
12.2"7

1.752 Sulfate and clay lumps in the
+1"" material, incluled in the -1- Sieve

SIEVE SPECIFIC GRAVITY ABSORP. SULFATE L.A. ABRASION
SIZE Bulk SSO Appar. 2 SOUND. 2 LOSS after

% Loss 100 Rev 500 Rev
--------------------------------------------- ---------------------

1-3. 2.57 .2.631 2.738 2. 39% 2.57 6.72 26.62

3--8a. 2.547 2.594 2.674 1.87% 2.27 5.9% 25.02

I
2.561 2.611 2.697 1.97 2.&2 5.5% 23.0%

--------------------------------------------------- -------------
Notes:

ASTH C-88 SODIUM SULFATE SOUNLNESS Loss a.er 5 Cycles
ASTH C-131 LOS ANGELES ABRASION
ASTK C-127 AGGREGATE SPECIFIC GRAVITY & AES'RPTIONI

Lf INCORSLN COLORADO: COLORADO SPRIN4GSIIi!DeVORE GRA0 crlof, UceSLo.

GEOLOGISTS.

,,. ,,L__.- ~o~o~s1



SAMPLE 45. Cheney Reservoir. LD 71177J
M.K. FERGUSON. P.O. 83050-511-10002

131
llmu.mmllemmlllmmm

SAMPLE LOCATION

T.P.1 DEPTH
133 3.50-11'
133 W5'-18'
132 10'-18'
131 11.5'-17'
134 21-5,

134 $$-at

135 219-27&
135 9'-139

TOTAL DRY SAMPLE WEIGHT - 21216 pounds
AVERAGE % MOISTURE..-I - 4.35%

SIEVE % EACH 2 DELETERIOUS MAT.
SIZE SIEVE FASSIN3 % of TOTAL

is- 1.46 98.54

el 5.58 92.96

6
5..
4.
3
2

1.62
1.7
3.64
4.41
6.26

10.53

91.34
89.64
86
El.59
15.33

0.14% Sedi. Rocks
0.24% Sedi. Rocks
0.45% Sedi. Rocks

0.91% Seli. RocksI ' 64.8

3/4
112
318
04
010
e20

4100
4.200

62.86
60.26
57.4i
53.2
47.17
41.99

22.67
16.85

1.17% Sulfate and clay lumps in the
,1 material, included in the -1"" Sieve

SIEVE SPECIFIC GRAVITY ABSORP. SULFATE L.A. ABRASION
SIZE Bulk SSO Appar. 2 SOUND. 2 LOSS after

% Loss 100 Rev 500 Rev

I -3- 2.556 2.628 2.752 2.77% 4026 6.2% 25.9%

2.595 2.64 2.717 1.73% 2.66 5.3% 23.0%

I

8-18 2.679 2.72 2.792 1.51% 2.08 4.5% 20.62

4otes:
ASTM C-88 SODIUM SULFATE SOUNDNESS Loss after 5 Cycles
ASTM C-131 LOS ANGELES ABRASION
ASTM C-127 AGGREGATE SPECIFIC GRAVITY # AE3ORPTION

w

I
LINCOLN COLoRADo: COLORADO SPRINGS

DeVORE GRANO JUNCTION q PUEILO,
ENGINEERSGEOLOGISTS --.---
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AS
MK-FERGUSON COMPANY ',j"9 4q• CI•

HKE DOC. 5025-GRJ-I-02-03796-00

INTER-OFFICE CORRESPONDENCE

OM:

O F. J. Feliz

December 29, 1989

R. E. Cooney

Albuquerque. NM - 3050uOC1O, San Francisco. CA - IES

SU&Ec* Grand Junction, Phase II
Soil Testing (P.O. #10002)

Enclosed are soil testing results by Lincoln-DeVore. These are for
the l-minus material left after the large-scale sieve analysis, per
your IOC to T. C. Myer of October 27. 1989 (#5025-CRJ-I-01-00621-00).

Please advise Tom Jennings if these results are acceptable for the

purpose of authorizing payment to Lincoln-DeVore.

REC:TPJ :kja

Enclosure

cc v/o enc.:

Attachment:

R. E. Cooney
T. P. Jennings
J. G. Pepin
File

MK DOC. 5025-GRJ-R-09-03797-O0

I
I

4t

RECEIVED. .WE

UM4TRA -S.F.a.

4.

3807K



HKE DOC. 5025-GRJ-R-09-03797-O0

PROJECT. henxy R.esrvpIr -X.ran#. JunrrInn . TEST NO. 71177-1

CLIENT MV. E , RECEIVED.MKE DATE I-, -'•9

SAMPLE LOCATION_...,.s._..t .-.z '?I TEST SY..P.P.-E

SOIL TYPE SampleI,-tapoa c•.N4 sLeve..,..
. . SIEVE SiZE % PASSING

TYPE TEST. D-698-A

O MAX. ; Lr.r" " !1'-.,.3. ...... .11/2'.Total sample

OPTIM.M .,: q.15._% -- -

.3/4"
FRAC:,,.'. "":. -:'*_ / "€2t

S3/8" 89.0
150 1 - . f1. 4 81.4

-20 62
"::-: I -

. . .. . '. .- _-1 00 ! •

140 ....... 2 16.0
.-- .. .oo..0200 19.3

- .0•- . 12.2
v • i , v " -'"-"- -. ...

SPECIF:C GRA';;TY--

.....- " 'UNIFIED CLASSIXICAT:CN ' IM

.- *- - L:J!D LIMIT __ _ __

;.LAST." LiMIT_____________

• ._.ASTiCITY INDEX_ _ _ _
120

-4-4 A f•I _ I.___ , L,'-- " Iz

: _--0
Xa -I It._ . .. II I'I

%- 0 DRY WEIGHT
ZCRO,--

AIR VOIDS
I 

I 

[

LINCOLN ICOL0RADO:COLORAOO SPRINGS,7I
oevOR E GRAND .NCTION , PUEILO,
ENGINEERS- GLENWOOD SPRINGS
GEOLOGISTS WYOMING: EVANSTON



I 3S 5

IPROJ1ECT Mengy b pn.1ec~rwLr.- crand. JUflI.L±A~n

CLIENT m-r rpg~c- .n__

SAMPLE LOCATICN-T.!-sS.Dilf.2

TEST NO* 71177-J

DATE 1..2-1-89..

TEST BY-"7..L'

SOIL TYPE S.DE-PlItscal ed cn-.JAscý e .__

SIEVE SiZE % PASSING !

TYPE TEST _ - -..
II

MAX.~( ~? uxs.

OP~TIMUM
-3/4

2I

• u

I I'II

Total Sample

co '1

FR -*Z . *.! -!-.'

ll4-., p. • •
-).'.3 - . :u. ff. I

0 95-

R S 1'.
-S.--- .. .. _- I."_•-

-IC

-2
__40. 5n. 5

I

__.0200
..- . . . - :.005

__,•_ _ ... 4-- - .. -. . ...

.- .... -. S EC:FiC GRAV

UNIFIED CLASS

•.... L L UD LIMIT

."PLASTIC L.M:T

S PLASTICITY IN

1 ±. . ." -. ,, .,

1,4.3

,-y.~.

IcICcAT:ON- _____% ____

15. 3

If
Ig

,i

! . -i

U

0 T)( 2.2

z

IL

..... '-]....' *

J...-L -"-. .. •.'.....

N

5-

P E - % DRY WEIGHT
ZERO,,--

A;R VOIDS

LINCOLN COLORADO: COLORADO SPRINGS ,

DeVORE GRAND JUNCTION, PUEBLO,
ENGINEERS - GLENWOOD SPRINGS
GEOLOGISTS WYOMING :" EVANSTON



(3e

PROJF.•.T Cheney Reservoir- Grand Junction

CLIEN' M- - r .........

-EST NO. 71177-J 9 3
,.-ATE -12-1-89

Qe

t

SA M .- E LCCAT'3N N s Pi .e :'!3. -C'3T EY DPW"

SOIL T -OE Samp-',..scaJp4 on.a4 sLe.v--

TYPE TEST _ASD1.-..6.g

' : ' i ~ -' -- .-- - - ' -

~~.....

°- . . I

.. .

0.%

111..2 . .. -:

-4I
*.0 -----

,033___ . -.It

S;EVE SIZE

*," Total_ Sanl2:.e
_ I" _________ lit})

3/4 - 7 Q f,

-12" 93.7

90.4
_ 4 84.2

. • IO . . . .. 77.2

• 20 -y). 6

-40 63.7

- !00 !t7.6

% PASSING

'inn L"1 7

.0200OO .25.8

.d ._5 _ 16.4

3-'ECFLIC C3RA.
,JN.•FIED CLAC-E'.!icA'r:cN sc

*..............-

* .. , -%.........

' -. N-

• .

• o° . . 1° . I.

LC'U:D L:....T
17.8

7.4

25.2

.1!

...A. - -
6~~~*~'

* -

I. a--,-

-I-

.S...-,

.. ".'. - ,. b Y WE;GHT
ZERO,/'

AIR VOIOS
-I

I MVCSTURE - DENS'TY . .i!

LINCOLN I GC.CRADO:COLORAOO SPRINGS.$ j
DeVORE GIO 6NOoUNCTION, PUEBLO,
ENGINECRS, .l!NWOOO SPRINGS
GEOLOGISTS w-r.utlGm: EVANSTON



I pq0' T - Cheney Reservoir -. ranm! I.cCon.

- ,.lkv Ms. '
S-* P.-_-LOC"*'-_'."N __Ptý.es. l€..'Ue

-K',5 • NO- .,ZZ1 ;

DA."[. 12-1-89

-E.317 EY DP'W

SOiL .r -PE Sm .aPipe.d an. .4 siev ..- _.- - - I
i SIEVE S:ZE % PASSING

14.) .1
Total Sample

I.

-. 4

~1

Ito
5/4" 99*

3/?" 89.5

"-- - - - -.' • .. • . ..

S * , - 4 -.- * .t. o . ...

'2 ... ,-

'4 S
!2C• --- '-....

÷ . . . ..

. 0 3 .3 _ 4 7 7 . 7

- 100 •-71 200... _-_

. ..."' " .0200 ... .. . .. 4.2

.. .- _.005 .
-- A..oo....-.---_

- -- -- ECiF!C~Y __

m UN;FIE'D CLASSIFICAT!CN SC-SM

A 3T; C..r.. Y I_%-Uo LX 6.1
. ... • , -.._______.__._____ ____N.

.p

z
0

0

. -" -. t.

J7 7

• • .-* . . .

S I.

MO"STURE - Dl.%Z:TY r.!-.

r- LINCOLN JOLCADO°: COLORADO SPRINS'

DeVORLE PAND ,UNCTION. PUCILO.
GEOLGINRST GLENWOOD SPRINGSGEOLOGISTsGNIRS - CI~~NG : ErVANSTON . =

I



IPROJEZT Cheney gReseyor.-jiCrand Junction.. -

CLIEN" ' I er. t• t n _ _.._ .

SA.V=c-_- LOCATION__TeI..PIle :.:5

-'c;T NO-. 7177-.J 45

DATE 12-1-89

"£3"; Er 0s

i

SOIL. -'PE Sagnlis o :4 sLee ......
I

I S:EVE S.ZE %o PASSING
TYPE &S- r.#,-

:V, •:X ,:

698-A

A...

!r, ^ : "L-

V- --

33.6.

-4 . ...-. I

* -.--.- _1

__. _. _..

- .. . a... ,.. .. .

. 4-- -- -. . .- *-. -: .. . -. .

-4: --
; . . .

*--- ---------_-- -
r '

12C] .

Total Sa.:le
-- I :.2

__ 3:/41' - !L__.,2
-- ./. 92.8

/e_, 88.9

4____0__ 81.0
__ 0 72.0

-40 - 36.5

_ 200- 29.3

17.6

*~~~~~~1

-_.002. 12.4

IF'ED CLA AS'=ICAT ON -

-'AUID ; .iT - .--- - 9

Na
* .,~- -

P.'sT;c!Tf 1".:0-2x !I

)a.zw,
________-. . - -. r-. --11O

1Oc

4~........
a a

. a'.5 . - . '

f-44

90
0 5 20

"-. "DRY WEIGHT

MOISTURE - DENSITY PEG! r!"
LINCOLN .C..RADO: COLORADO SPRING$,.
DeVORE GP&Nc 0UNcrION, PUEILO.

L) ENGINEERS . GLE"WOO SPRINGS
"- GEOLOGISTS W•CtaING: EVANSTON



i13'
II

/JECT Cheney Reservoir -Crand Junction

/ENTvuj~

.,AMPL'E L0CA'r-N...9.stIe. rile 01

-EST NO. 71177-J #6

DATE 12-1-89

-Es.r eY :?w

SOIL ,''PE SaMvle scalped oRn 3/4." AST-D-•68 5. 3

-- F

I $:EVE SiZE % PASSING !
TYPE T _- _ .-.A51-D'-J-698-C.

PM101. DA ( C FP ' ' ' 12Q.8

OPT.V

FR

I25~
£ -

.

UM "A . 12 .. 52..

7 ~ ~ -3-

-Ic

'-2

*-.--.02

-T:'.•,I Sa.le

'Io

92.4

B, °89.0

--------- 1.4

62.6
59.14

In- 48.e

00.

36.0

19.3

05 12.2

I': -~

U• 120

4-

A.>4

-9

.'CU,3 LIMIT

SP=EZ*--C GR411i TN*---.
CýN'F:EO CLAssIicA'rION

.,, .4s c ITu

'1 ~

P;.AS':C!-#' tNOEX C.. 9
ii

t.
U)
z
wI 110

1. - -6 a I - -HESE. . ..
100

0 5-
• .|

IT"7MOISTURE - DENSITY FE-.:'.*
LINCOLN COLORADO:COLORADO SPRINGS,I v R V E GRAND ,UNCTION , PUEILO,
ENGINEERSGO GLENWOOD SPRINGS

= GEOLOGISTS IWYCMING: EVANSTON



IPROtPECT -Cheney Reservo r -..Srand Junct~ion-

CLIENT ".K. Eergpson -

SOIL TY0 24wie sciave........

P TEST NO- 711~I7 7- I #71

DAT E 1215

TEST BY DP

C/~ PASSINGI tV.•.E SIZE % PASSING liT Y E T E -ASD.'-.D-h89-C

r R,,j . - . Totit! sample

I.. 100
0QFT 4 , IM:'.0 '-C'-z - ý ZIP' •w

c€. .. AA/ . - -

!I

i

3/4"

-- il'z 95 .7

• € °

' '1 ~

St

~7IiI
-- -. * -'---4

-- r.*-~--*t. -.

V~zZ::L

t3C

H------

.11-

i - 2 IF -

.*. =rE: C. ;AMPCATION ~ ____

* . . ~I.IV IT 22.1t

~1

.5-

~h.

S.-

z
LaJ
C

C

120

110
;N .. II..

9 0

•-T--i•T -- .

.............. ........-.

• --i i £ .....

:;;; r..•.....

) 5

MOISTURE - DENS'ry .
LINCOLN SOLORADO: COLORADO SPRING$ I

I DeVOR E GRAND JJNCTION, PUEILO
ENCo E RST WGLENWOOD- SPRING$l = GEzO,.oGsTs WY.OMING: EVANSTON

I



JPRO3A :7- Cheney...kservoir. - Grand. .1tjIncttoo.-..

"CL sEI M.K. Ferguson

*WlSA= St =A' Test Pile .~ -3-

EST NO._ 71177-J #8

,"TE 12-1-89

"..• ST LY CM1

SOIL -. : Sat~re scalped on. !!4 sit*eve -

i I
-v
-- 1

S,'-* S:ZE7 % PASSING IiTv~ 7E'.flD-6~C P

- 1, .4 Total ermp!e

4

ii
Itii
~1

"OP7 VL *.' *.'-. 1!L.z~.I
i
t

.0

4.," y7-i

I •iC

93.1

15.: '4V

120

7-075.

t-40-

2 C-
_? . 2

70-6

&1 ~7
25.8I

16.4

. It•, .4 " OE - . A S S v:A. 7ON !;I
r -. -; 7

U

IC

- ~. -7

~ -~ - TV-

- *1. I.

:6.4'Ex
/.4
7.4

'0. :

I,-
I ~

z
a .110

Icc
4--

7z -

7-

9:
0 1;; 20

- ~ ~ -.. ~' Y W El G HT
ZERO'

AiR VOIDS

f-LINCOLN C^.ý.ORAOO: COLORADO SPRINGSS

PECLOGISTS WTOMtNG : EVANSTON



I___________________ 142-

I PROJECT r.h, ,-eLJs*.an _.. Crand.Junction.. -

CLIE:;'r %f-r- J..• .tsm"._ .. . . ... . .

SAM7P.E LGCA•T 2GN__LTes. Pile, :

SOIL .'PE .. ampte seaJp4,~pnjS4 sieve...

TEST NO- 71177--. .I9

IDA.TE t- -•

EST BY t-"t

I
i

r

BS+EV" SIZE
I -- - % PASSING

TYPE TE-': .AST.v-D-698.-C

. Y

:-.-?

a.,

123.4

11.4

-ý3/!.

" '"_ Tatal sa.aple
i.~ ~ A% "

r- -

-. 3/I

.'0

w.0

t
IL.
I.-

'In

a,

O:

12C

10

" " -' " "'.--. -. -.. .. . . :- '

A-
-- _ f . . . -: .. . ..

-•.-- .. .. .. ...

_ _ . _...i ,. . .,,'- $ ." .. .. . . _

- . ." - -

-°& ....9

. . . T .. . ....

• ___• -4 . --. .- . ::. ... .. _..

, -

51

. 5_ ... . • .

_ 4.'S !A 7

"l&~ 1
'2.
O0'

'4

1*4.2
1 14.2

9.5 IiI

S~E~X ~PA
l

I'

99.j
." 96. 1

89.5
77-7

; _64.9

.-` FIED C6LASSIcICATION SC-SN
• I ;': .A:T r3.4
Q`jiD LIM;T

m I I

- *5.~~ .9.,. . __________________

.A." ~~ l',C'T¢ t:X LL~

ii
I:

*.
'I

I:

'I

lOO

0

LINCOLN COLORAOO: COLORADO SPRINgS•SI DeVOR E G.rPAND JUNCTION , PUEBLO, Ia.' -L INCeV RS- GLENWOO SPRINGS I
GEOLOGISTS WYCMING : ANSTON

Q • • • IlI I I I



'*3

pRChCT..y R._.eserv__oir .- Grand Jtr.nctlon.

CLIET. ... E qrgso.o..

SAiMPý..E LOCAT.X _ IL.st File z5

E .ST NO-Z71 --1 #n...

DATE 12-1-89

-ES BY C1

Typo -Sample scalpved on ::4 sieve...........

TYPE T'EZ ..ASM~-D-698-C...

M.A X. 0 P2.

* ~ .075

X*-

E;E•,E SIZE % PASSING

!

I
!
i
!
Ii

@I

I _4

-- 40e .

- Io.0.

.-. 20...

Total Sample

I nfl

92.8

8e.9
81.0
72.0
64.2

iof_ S36-7

1PQ -1
17.6

12.4

~1ILI2

~~~1

* . - -.. - - - -i A, F-E CL S~iAIN .V-.

_ 4."*.s L!*.;T 22.9

* . *- r4.7

* . L_ -.-
* .. ... •'''.1

-- . .. -- --

.... .. .. • . '.•. _I

CMOISTURE

o.

- )E4~I: '

1 LINCOLN SOL.RADO: COLORADO SPRIt"S,

* DeVOR E GRN.4 JUNCTION, PUEDLO,
4NCERS- GLENWOOD SPRINGS

I ; OLOSTS WYOMING: EVANSTON



MK-FERGUSON COMPANY I

t,€ KE DOC. 5025-WP.J-I-02-04230-00
INTER-OFFICE CORRESPONDENCE

•: April 1 0
Rob Cooney John P

Albuquerque, NN Grand Junction, Co

CHENEY DISPOSAL SITE
uc GRAVEL STOCKPILE

Enclosed for your use and review are 20 gradation results from the
subject stockpile.

Please have them analyzed for determination of required stockpile
quantity using the most current design.

Should you have any questions, feel free to contact Thom Myer.

cc: w/att.
F. Feliz
T. Myer
GRJ90188

Attachment: WKE DOC. 5025-GRJ-R-02-04233-O0

RECriEv-• NIvKE

UI TR& -S.F.

SUMI
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MKE DOC. 5O25-G-R-J2ý-R~r22.33-00MK-FERGUSON
A MORRISON KNUDSEN COMPANY

SIEVE ANALYSIS

PROJECT:_-__ -_______ DATE: 0.\3 TEST NO.: fVP-gf-o/ (o/4)

SAHPLE LOCATION: - ,.J r-,-,..- .. . ,- .,,

HATERIAL DESCRIPTION: M=Qds , %4-" t t A ,, /•j,"• .

SPECIFICATION: i|, - SCALE ID NO.: ev;:3_ .2e^

SIEVE RETAINED WEIGHT ORIGINAL PERCENT CUKULATIVE REQUIRED
SIZE WT. + TARE TARE RETAINED T.. TARE RETAINED % RET. % PASS.

5 ' '.2,.. L. :•

0 too

TOTAL SAMPLE NET WEICHT 2 L 1 \

REMARKS:
a

TESTED BY: Q~ 9 (2~a.
REVIEWED BY: JIfI&.7 t 7

DATE:

DATE:

'AIu% q

006R8H1S.DOC



MK-FERGUSON
A MORniSON KNUOSEN COMPANY

I• r4,-m .. .,' 5 p 3 Il . q-7r•.,

SIEVE ANALYSIS

FRoJECT: .LAS - D•C-0 DATE: LI\\AQ-\ TEST ,0.: E0>&-07r-Ol. /)

SAMPLE LOCATION: 7_1zo'j SAL90.,. -. -

MATERIAL DESCRIPTION: Mi~"-.'- IL" Co~L V CA(\Cj9 N'C 4

SPECIFICATION: AJ~SCALE ID NO.: /'--f

I

2--
A.4 0

SIEVE RETAINED UF.ICHT ORICI"AL PERCENrT CUHUtATIVE IREQUIRED
SIZE WT. + TARE TARE RETAIIIED WT. - TARE RETAINED " RET. I FASS.

0 t, 0, 1 ,

S ! I" L. /.- ". c-L-b

3~L 1 ~.39 840_ __

_____ '-A tl-M.5i

TOTAL SAMPLE NET WEIGHT ~1~

REMARKS:

TESTED BY: ( z

REVIEWED BY: ( l

14 ZQ6-W-A DATE:

DATE: 14)440

OO6RIIS.DOC



MK-FERGUSON
A MonflISON KNUDSEN COMPANY

Mr.., ,L. A .. G .--ar

Lkf-L

3

SIEVE ANALYSIS

PROJECT: T.' 50?-Qo"A DATE: W., I-,.\RA TEST NO.: •P--o~ C bfrf

SAMPLE LOCATION: / Jro- S 4 D NO.: ",.

MATERIAL DESCRIPTION: CYN 'v4jv '-> It%" t)(bk*. %J&Aodgm~ -01 W ý ; 4 -1. -u \~

SPECIFICATION:M I 1 SCALE ID NO.: 1'-~k !276 & -C

SRETAINED WEICIT ORICINAL PERCENT CUMIULATIVE REQUIRED
SIZE WT. + TARE TARE RETAIIIED WT. TARE RETAINED t RET. q PASS.

C5 LA__ A 0O0 J-

-~~~ )-4 45Vc-L- -L_____

TOTAL SAHPLE NET WEIGHT

REMARKS:

TESTED BY: Qc-&

REVIEWED BY:

DATE:

DATE:

q'

0068.%1tIS.DOC



MK-FERGUSON
A MoRRiSON KNUDSEN COMPANY Cm l-A VJ-L. L. y L-4 -l

SIEVE ANALYSIS

PROJECT: C,&T.2.o3-.. O DATE: L\\ OO TEST NO.:IFp-,-o b IbS)

SAMPLE LOCATION: O¶', (-\e.-&,- ,

MATERIAL DESCRIPTION: NO '4'we. % , --- -s

SPECIFICATION: jliix SCALE ID No.: ;et'M i 7&t
....... Z ..... ... .

a

. ýmw)

SIEVE RETAINED WJEIGIHT ORIGIIIAL PERCENT CURI-ULATIVE REQUIRED
SIZE WT. + TARE TARE RETAINED WT. TARE RETAINED % RET. P PASS.

"__ _ _.__ _ _ _ _ '-k M '•.'. 1.,,.,

-. ,I's -.., L., ( ..o.--1,, //_Z'AA, c,'•"o to

TOTAL SAMPLE tIET WEIGHT 3 2 ?~

REMIARKS:

TESTED DY: iAt • Q
REVIEWED BY: ~ /V~~

DATE:

DATE:

12h,1 ko
Z(- No1~

006R1IS. DOC



MK-FERGUSON
A MOnflisoN KNUDSEN COMPANY

5 0A .5.- t VM 't•••L_ "•-y'Fý .'y ,•

SIEVE ANALYSIS

PROJECT: GfL:S-1o0'G DATE: t41ViA\o TEST NO.: _-D -G,-or (b)s),

SAMPLE LOCATION: '['--SE ID -O."

MATERIAL DESCRI PTION: _______________________________

SPECIFICATION: &Il$w SCALE ID NO. : /"97A4- I -97.. 6o7.-T- r- OZ.

STEVE RETAINED WEIGHT ORIGINAL PERCENT CUHIULATIVE REQUIRED
SIZE WT. + TARE TARE RETAIIIED WT. TARE RETAINED I RET.I PASS.

LeI

1A,
I-zi --o

TOTAL SAMPLE NET WEIGHT , I!O-

REMARKS:

TESTED BY:

~ REVIEWED BY:

DATE:

~4t~ 9Z~c4~DATE:
1-2q lcto

006•HIS.DOC



MK-FERGUSON
A MORRISON KNUOSEN COMPANY

'f M. .'2,4 -ct,. 1•. 1

.S 2:ý.

SIEVE ANALYSIS

PROJECT: C 'oO- ,50- DATE: "5 44..n.c.. . TEST NO.: t -,o6 -<b..

SAMPLE LOCATION: •."O o'i- Pt-c . &o -.' \Akt.

MATERIAL DESCRIPTION:CATIN: ( L S CD 'O . • ,Jo.u9JA .t---

SPECIFICATION: tj I k SCALE ID NO.: ef'7^Arr /,59761 -~r,
= ,iI

O

SIEVE RETAINED WEIGHT ORIGINAL PERCENT r CUJULATIVE REQUIRED
SIZE WT. + TARE TARE RETAIIIED WT. - TARE RETAINED I RET. P VASS.

5 tl0 L-%L lc)/I>° F 0oo

TOTAL SAMPLE HET WEIGHT

REHARKS:

TESTED BY:

SREVIEWED BY: & I

(2e~

Avlmý --
DATE:

DATE: A 1 T (9o

.4

0068t IIS.DOC



Q TA•2A .- -

MK-FERGUSON ~-AIL-y LAy~tL
A mOMi'SON KNUDSEN COMPANY

SIEVE ANALYSIS

PROJECT: DATE: LJ Ij- I Z TEST NO.: 0-& 7 "f, I-S)

SAMPLE LOCATION: ~ ~ r~c-qtr A.

MATERIAL DESCRIPTION: f"v~~-~~~c ~ ~ "-9 W
SPECIFICATION: #jla SCALE ID NO.: folt2774Jý 1'9597 4-,C5-cf&6-C )Z-ý

m mm

SIEVE - RETAINED WEIGHT ORIGINAL PERCENT CUMULATIVE REQUIRED
SIZE WT. + TARE TARE RETAIIIED WT. - TARE RETAINED q RET. P PASS.

.. o c0

*,.oU.-,,*e. O• ,•. _ __._

_ _ _ ___ _ __ __ ____ _ _ _ I1 '8 S2~ _ _ _

/ "Zýj .I0Lf / 1°•,3
I

___'_, _ Li/ _____. _ ___. ______-

TOTAL SAMPLE NET WEIGHT cock- x.

REMARK:

a

TESTED BY: Cp-cr• 2 ý (2egP~Ac5L

REVIEWED BY: 'P I 7A'-E4--

DATE:

DATE:

F |

4- 14,7

006n1i15.DOC



Q F -A- L £ p 2 -p txr r

MK-FERGUSO"Nc " t" •,,• L ,-& -- ,-2
A MORRISON KNUDSEN COMPANY 'rD

153

SIEVE ANALYSIS

PROJECT: (a Q .- DATE: 1-7,\' ,\O TEST NO.: Mo- G^ -08 f(b

SAMPLE LOCATION: t,,JCS'- C .

MIATERIAL DESCRIPTION: ¶VL %,\N c~A. y~~~(A'. aJ\~ S

SPECIFICATION: JI-SCALE ID NO.: gf a.rr * Ief5V-(c7

SIEVE RETAINED WEIGHT ORIGINAL PERCENT CUMULATIVE REQUIRED
SIZE WT. + TARE TARE RETAIIIED WT. - TARE RETAINED % RET. % PASS.

I.__ _ _/ •

-I ~~l~cA 7~ O _ ___

TOTAL SAMPLE NET WEIGHT ?j•fl (e

REMARKS:

TESTED BY:.qo-a. aw-u.A9 .

REVIEWED BY: et•/4SL

Li
DATE:

DATE:

ii •
1

ii

O068,tIS.DOC
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MK-FERGUSON
A MOnflISON KNUOSiN COMPANY

SIEVE ANIALYSIS

PROJECT: CGQ.Z- "OS0o DATE: ' t c-n TEST NO. : •I% (n - 0 q r- ID I S -)

SAMPLE LOCATION: ~b" t~*O

KATEIALDESCRIPTION:. ~~'~ \\k
SPECIFICATION: AlA• SCALE ID NO.: 'Cg.,= I.9F7g,. 4r•----(oz...

SIEVE RETAINED WEICIIT ORICIHAL PERCENT CUULATIVE REQURED
SIZE -WT. + TARE TARE RETAIIIED WT. - TARE RETAINED I RET. , PASS.

4~ 0 0LO

____ _ __ __ ____ L'• C180
S5• .• 7o o,3.o

___v %k___ L-k) ____Pisz

- I z -. " 10

TOTAL SAMPLE uET weiGHc ___ _--

REMARKS:

q "-A. aemr.'o.-TESTED BY: DATE: Li/I no

DATE: z-(dNREVIEWED BY: IO&~A.- ýku2ý
/I ......IIV

.O06RHIS.DOC



MK-FERGUSON ce -ry -
A MofnlsON KNUDSEN COMPANY

15,5 1-ýJ.

SIEVE ANALYSIS

PROJECT:______ ___ _ DATE: ~ TEST NO.: V~Cmi 10(-b, bIS

SAMPLE LOCATION: I~ 'Ok''~~~-z'

MATERIAL DESCRIPTION: -r\ " ^10 CA>V'~y,-0, , AA

SPECIFICATION: tjISCALE ID NO.:C . (~- -qc

SIEVE RETAINIED WEIGHIT ORIGINAL PERCENT CUIUTIVE REQUIIREDSIZE WJT. + TARE TARE RETAINED WT. - TARE RETAINED % RET. % PASS.

Au

____ 1~~ 9 __ _ __ _ __ _

,_._+ _ __ . s.,• , .i ,. _ _ _ _ _

3_.,Vi Pio 5."-- (M0__-_

II U %. O

TOTAL SAMPLE NET WEICIIT3VrII'-

REMARKS:

t/ '+•,-' •.s" •.• <,•.

TESTED BY: Qgý-dL(Ž 29ý
REVIEWED BY: 4LP..6?6t&

DATE:

DATE:

•LA-

4-1 (-(.1 rt

0068.ltS.DOC



MK-FERGUSON
A MORNISON KNUDSEN COMPANY

4'-V=EL.L"y LAyEL 4-

I-3,

SIEVE ANlALYSIS

PROJECT: 6, .-S-'5DS-U DATE: L\ q.,C• TEST NO.:V.O-D--- I• (•)

SAMPLE LOCATION: A - CL D NO. ,

MATERIAL DESCRIPTION: ~~~~ - ~ t

SPECIFICATION: AIIA& SCALE ID NO.: I'~¶.~ .1g 7t *,7-r- (z

SIEVE RETAIIlED WEICIIT ORIGINAL PERCENT CUHULATIVE REQUIRED
SIZE WT. + TARE TARE RETAINIED WT. - TARE RETAINED % RET. I PASS.

/'A'

TOTAL SAMPLE NE WEIrE 3 0 2.. IIoMT-

REMARKS:

TESTED BY: C~O-cý-
REVIEWED BY: AL~ 7~J~

DATE:

DATE:

Lk- I I- c\ý

006XI1S.DOC



MK-FERGUSON
A mOnrISON KNUDSEN COMPANY

SIEVE ANALYSIS

ij51 tv2-

PROJ ECT: "'I)o~ DATE: _______ TEST NO.: ~PG L(bl-,N

SAMPLE LOCATION: "os4 O -,,,, Qo \_.•'e -. '.

MATERIAL DESCRIPTION: %\OV________D__O___________________ _'__"__-%

SPECIFICATION: SCALE ID NO.: 1/L'AJw= I --er -~-o~L..

STEVE RETAINED WEIGHiT ORIGINAL PERCENT CUMULATIVE REQUIRED"
SIZE •T. + TARE TARE RETAIIED UT. - TARE RETAINED R RET. % PASS.

to

____ __ _L/ 0 o _"

/~ /
__ ~..L1/~~(. __

TOTAL SAMPLE NET WEIGHT

REMARKS:

TESTED BY: CV1>ý(L (A- K O-Q£L. DATE: LA -',. ,

REVIEWED BY: RL4 - DATE: 4,4 17 qo

00•HOIS.DOC



UMTiZ-Ar-e~eG:

MK-FERGUSON S?'-5 -
A IMOnRISON KNUDSEN COMPANY ,LA 2•M- A.--_

SIEVE ANALYSIS

156 '3

PROJECT: G 'SO - *

SAMPLE LOCATION:S

MATERIAL DESCRIPTILON:

DATE: L Q t< TEST NO.: E-

(0c-o %u~V km% ,p

('b f- 'N'

SPECIFICATION: SCALE ID NO.: ('r-ags~J~-~)-.t.-C'

SIEVE RETAINED WEIGilT ORIGINAL PERCENT CUitU.ATIVE REQUIRED
SIZE WT. + TARE TARE RETAIEED WT. TARE RETAINED I RET. PASS.

____%-k -air ~ (~Ji </ ,,k. / ,,i: ,

TOTAL SAMPLE NET WEIGHT , Ib,-

REMARKS:

cp& SCQ
TESTED BY:

REVIEWED BY: 1~dC~~
DATE:

DATE:

Lu-A% ,

4r(rqp•o

006ARHIS.DOC



I L

MK-FERGUSON
A MOFrlISON KNUDSEN COMPANY

,4,Te-.- A-, L -e

,t g

SIEVE ANALYSIS

PROJECT: (&%3A-S0S, DATE:' Iq htcD TEST NO.: tF-P -' Cb is)

SAMPLE LOCATION: (Op'cr'~. Q\ jv-. %4-o

,ATERIAL DESCRIPTION: W-, U t wk L4L cQ 4,J

SPECIFICATION: MIA- SCALE ID NO.: 4nrAtJ~iE. I- k -

SIEVE RETAINED WEIGIIT ORIGINAL PERCENT CUI-SULATIVE REQUIRED
SIZE WT. + TARE TARE RETAINED •T. TARE RETAINED I RET. I PASS.

__ _ __ __ /0 0 lo 0

g _ _ _/ / -Z
____1 (g- u ____ M__1_i

- ( tC)Bo L (,•.• U>oO _ __ _ _ _

to

TOTAL SAPLE N-ET WEIGHT _ I ,

REHARKS:

6

( Zo a9e QX9Z4a~ AETESTED BY:

REVIEWED BY:
a -"-
kftll -

DATE:

DATE: 4-I14 4

O0O60ILS.DOC



MK-FERGUSON
A monnsoN KNUDSEN COMPANY

U - (14 t.ý

SIEVE ANALYSIS

PROJECT: 1O15,. DATE: SCAL TEST NO.: Cn-1•.•-•"-)

SAMPLE LOCATION: ~Po

MATERIAL DESCRIPTION: '*IJ' ' ))wL -. eic.9 '\

SPECIFICATION: pjISCALE ID NO. :C ^A.f-= It: -q7&,(z'- -, ea1. mI I m

SIEVE RETAINED WEIGHT ORIHINAL rERCENT CUIIULATIVE IREQU IRED
SIZE WT. + TARE TARE RETAINED WT. -T4Rf RETAINED % RET. % PASS.

____~~~~S. <'.M2l ?-c~ ___

TOTAL SAMPLE NIET WEIGHT 9Q('.

REMARKS:

Q~L~TESTED BY:,

REVIEVED BY: A Atr.' n44dA--

DATE:

DATE: ,41-f Ie(qo

00683,1S.DOC



MK-FERGUSON
A MOnRISON KNUDSEN COMPANY

'3 m7TU$ , i i01 (A

ýW).
SIEVE ANALYSIS

PROJECT: cZ-OQDATE: t -tI~c

SAMPLE LOCATION: F .ro'-' P ro ke.

MATERIAL DESCRIPTION: I ' ." SCAL

SPECIFICATION: K11a%, SCALE

TEST NO.: F0- Cin- Ito 1b5')

Ve&4A ak VJ I C. GA^0L "\ \ý-'T

ID NO.: ",Ngjs- f-, 7r,, - ' eQ I- a.-- fc.-'7.

SIEVE RETAINED WF.ICIIT ORIGINAL PERCENT CUMULATIVE REQUIRED
SIZE WT. + TARE TARE RETAIIED WT. - TARE RETAINED I RET. % PASS.

/ ,____/ V __ __

"3 , _.-____o 3

I _ 7-3, _••:

TOTAL SAMPLE mET ;EiGuT

REMARKS:

TESTED BY: ~

REVIEWED BY:

DATE:

DATE:

LA,•1CU.O

-4 e, NO

0068: I•S, DOC



MK-FERGUSON
A MOnlniSON KNUDSEN COMPANY

M-T V-. a•.7 )(07

SIEVE ANALYSIS

PROJECT: G(.,3-•: 5 " DATE: 0" 0 TEST NO.: . L-n "( lb I n

SA"PLE LOCATION: roslav% Prc.kAet. -\-

U&TERIAL DESCRIPTION: k%3S. txl>o~o kk"~A.. ~ vAJ~.m- u.L~

SPECIFICATION: Jt SCALE I.D No.: rrA..tr- t'-
• Wll|

SIEVE RETAINED WEIGHIT ORIGINAL PERCENT CUMULATIVE REQUIRED
SIZE WT. + TARE TARE RETAINED UT. - TARE RETAINED % RET. t PASS.

IL 0 1a C

8 _ _ _,_ .o.' _ _. _ "_- _ _ _ _ _ __._

S / ~ -s3'__ __

7 - _ _ _6

TOTAL SAMPLE NET WEIGHT b"~'~

REMARKS:

TESTED BY:

REVIEWED BY: A & o4..-L1lc
DATE:

DATE: 41(4-lqo

00•11,•11S. DOC



t1ZArAmLIwe.:r - -MK-FERGUSON
A MORRISON KNUDSEN COMPANY

SIEVE ANALYSIS

PROJECT: D.,,. )Q4o•- DATE: CL& TEST NO.: S)-O -\. -(bJ•

SAME LOCATION: rc, ScAE' ¶I9O. C" .---.

HATERIAL DESCRIPTION: %A" -'eor*t.~ jc~u- j~

SPECIFICATION: SCA LE ID NO.: to" 2ArA- I ~ A-X Cr(o,.

SIEVE RETAINED WEIGHT ORIGINAL PERCENT CUMUATIVE REQUIRED
SIZE WT. + TARE TARE RETAINED WT. TARE RETAINED R RET. P PASS.

t o AA ( o.: ____k

. __ ___ __".o_ _. Io.'• ,• ,

__ _ _ _ _ / Lb.8 .' = 5.YI - 1••. 8'\o.__,;g447 -15.AZ ____

- I / I.J _ _ _. _ __ _ _ _ _

/ /

-~~: ý11 4,i _ _ _

/~k _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

TOTAL SAHPLE- BET WEIGHT

. REHARKS:

TESTED BY:

REVIEWED BY:

Qo-cý (-6 DATE:

A$&a ./~t DATE:

'A-VcO

.4/1(4/70

O06RNIIS .DOC
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S'o0. -k(.IFIATZe , L P-pp.c,

MK-FERGUSON
A MORRiSON KNUDSEN COMPANY

SIEVE ANALYSIS

4 - ,~ - - -~

PROJECT: ., -. DATE: ' \ '.O TEST 110.: !-", - . (' |$.)

SAMPLE LOCATION: I \"- SCALE c D O ",€,,'

MATERIAL DESCRIPTION: C'\~~~c~yL .. ~w\c~ JV,$--\~4

SPECIFICATION: iJit., SCALE ID NO.: rr,7,tr- 1,Sqe7(f -Co
z...-

. w

4

SIEVE RETAINED 'EIGiiT ORIGINAL PERCENT CUMULATIVE REQUIRED
SIZE WJT. + TARE TARE RETAIlED WT. - TARE RETAINED % RET. I PASS.

-_ _ 1 / __. __ _ _ _ _0ea -b

TOTAL SAHPLE NET WEICHT " '3 (*,-

REKARKIS:

&TESTED BY: ý Q

REVIEWED BY: 0,ims&K.

DATE:

DATE:

44 1- / ci6



L69-AA w-ý /

MK-FERGUSON
A monflsON KNUDSEN COMPANY

SIEVE ANALYSIS

PROJ ECT:_____________-- DATE: _______TEST NO.:~i.~Ž (b J)

SAMPLE LOCATION: !,J S -, ",. -,u

MATERIAL DESCRIPTION:TO ,, CALE O

SPECIFICATION: __________SCALE ID No.: e17&i~ I9 7t-, 6 -Io2-m I m

SIEVE RETAINED UEICIT ORICINA!. PERCENT CUI4UIATIVE REQUIRED
SIZE* WT. + TARE TARE RETAINED WT. - TARE RETAINED % RET. P lASS.

3 ,8. ,e.vlý 8(,7c " 0

T O TzL kA"PL E 
I "r L.T I

TOTAL SAHPLE NET VEICUT I

REMARKS:

TESTED BY: 2le(Q
REVIEWED BY: ~ '%' t i

DATE:

DATE:

0-t *A-0-0~

4)1 er I f
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igure 2-18 Normahzed plot to otiain the ratio o( undrained shear strength at some pre-
consolidation pressure to a normally consolidated value tar several OCR. [After Ladd et at. (197n).
Note that above plot is based on direct siMnple shear (DSS) tests.

obtain this curve al had high wx and wL, but with five clays involved a trend
seems to be established so that the curve might be used for c2ays with lesser wE
and wL (less than 50 percent). In order to use this plot it is necessary to obtain an
undisturbed sample for consolidation testing. From the couisolidation test obtain
p. Remo0d a sample and. K, consolidate it to the present in situ p. state. Obtain
s. from this sample. Now with s.. p'. and p, one can compute the OCR. enter
Fig. 2-18. and obtain the ratio BiA. Since A is known, we can compute B and
using B compute s, at the present OCR as

s..oca - B(P')

141 pa-vý
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.1MKE DOCUMENT NO. 5025-GRJ-C-O9-01282-O0 I~z.

WeL

TEST RESULTS

CHENEY RESERVOIR DISPOSAL SITE

Item 4: Atterberg Limits and Natural Moisture Contents
SL

Natural
Moistuere
Content

Test
Pit No.

TP-1

TP-3

TP-9

TP-1 1

Atterberg Limits
Liquid Plasticity
Limit IndexDepth (ft)

19.5 - 21.5

15.5 - 20

18.5 - 20

18.5 - 20

41.6

27.1

42.4

45.8

24.1

9.6

19.8

26.2

8.4%

5.6%

11.9%

11.2Z

RECEIVED- MKE

OCT 12 i18Y7
UNITRA- S.F..
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MKE DOCUMENT F%.,.5025-GRJ-L-09-01576-00 0 3

E RCONSULTING ENGINEERS/ LAND SURVEYORS

j~ AI'E$A~21.50 Hsvv6I.• f,•0. (;,r.wi.I ., . ,'• 5175• •.Y .'J2.'1"r,•.

January 15. 1988 WYL :/'t-/0p

Mr. Partha Sircar
Morrison-Knudsen Engineers, Inc.
180 Howard Street
San Francisco, CA 94105

RE: Subcontract CRJ-87-02, SCN.04 & SCN.06

Gentlemen:

The following tests have been completed under SCN.04 ltem 6 and SCN.06 Item
002:

Sample I.D.

TP 2 @ 18-18.7

Test

Multiple Stage saturated CU triaxial
pressure measurements.

test with pore

TP 4 @ 19-20 Saturated UU triaxial test with pore pressure
measurements.

TP 6 @ 17-17.7 Saturated UU triaxial test with pore pressure
measurements.

TP 2 @ 18-18.5 Saturated, timed swell/consolidation test with rebound.

TP 4 @ 20-20.7 Saturated, timed swell/consolidation test with rebound.

TP 4 @ 0-2.5 Saturated permeability tests.

Large scale Sieve No. I
1" minus fraction with
5% sodium Bentonite: Saturated permeability test.

The following data is enclosed: HKE DOCUMENT NO. 5025-GRJ-C-09-01577-O0

A. Triaxial Tests:
1. Test data sheets
2. Strain/pore pressure curves
3. Strain/deviator stress curves
4. Mohr curves

B. Consolidation Tests:
1. Test data sheets
2. Consolidation/load curves
3. Time - consolidation log plots
4. Time - consolidation square root plots
5. Time rebound log plots
6. Time - rebound square root plots

.gs Ir



Additional test data is as follows:

C

a~l

P 5 2-448f

A. Triaxial Tests

Initial
Moisture

(Z)

Final
Moisture

MZ

Initial
Dry Unit
Weight
(pcf )

Saturated
Pore

Pressure
Factor
(B)

Permeability
(cm/sec)Sample

TP 2 • 18-18.7

TP 4 e 19-20

TP 6 @ 17-17.7

4.8

6.7

18.9

23.3

22.6

101.3

101.7

117.9

0.97

1.00

0.98

I x1-6

2 xJ-7

1.8 x O-87.9

B. Permeability Tests:

Initial
Moisture

(Z)

Final
Moisture

(M)

(1)
Head Dia. Load Load
(Ft.) (in) (pcf) (2)

Initial
Dry Unit
Weight Permeability

(pcf) (cm/sec)Sample

LSS#1/ w/
Bentonite

TP 4 @ 0-2.5

13.2

15.5

17.3 3.5 20 300 0.3 112.3 9.4 X10-7

2.05 x 10-8
- 5.0 8 300 -0.2 105.8

(swell)

Additional notes on the test procedures and results are presented below:

. Triaxial Tests:

1. A pore pressure factor B of 972 or greater was considered adequate to
indicate saturation.

2. The shale samples were too disturbed and crumbly to obtain a triaxial
sample that would give meaningful results.

3. The 2 UU tests were performed with confining pressures of 7 KSF rather
than 5 KSF as originally requested. This was necessary to provide a
higher degree of saturation.

4. It was necessary to maintain a small consolidation pressure of about
300 psf on sample TP 4 @ 19-20 In order to keep the membrane sealed to
the caps.

5. in all but one case. the failure defined by the maximum deviator
stress was practically the sane as that using the maximum principal
stress ratio. The stress strain curves are based on maximum deviatorstress. However, for sample *TP 6 @ 17-17.7, there was a big
difference between these two failure criteria. This difference is
shown on the respective stress/strain curve. RfY.

f



6. The effective stress Mohr circles for the multiple stage test on
sample TP 2 @ 18-18.7 were fairly consistent. However, the total
stress circles were not making it difficult to determine the total
stress envelope. We do not have an explanation for this occurrence.

D. Consolidation Tests:

1. In addition to the load increments requested, we added a seating load
of 100 psf. The sample was seated, loaded to 250 psf and then
saturated. This provided an indication of how the soil responds to
moisture influence. It was seen that both samples swelled a
significant amount when wetted.

2. The sample TP 9 @ 20-20.7 was highly disturbed and crumbly shale. We
do not know how representative the results are of field conditions.

C. Permeability Test:

1. In order to achieve full saturation of permeability samples, the
procedure was as follows:

a. The equipment used was that described in U.S. Bureau of
Reclamation Standards E-13 and £-14. The larger mold (20 inch
dia.) was used for the large scale sieve sample. The constant
head tanks were used in order to maintain a slightly
subatmospheric pressure in the head tank to help keep the water
de-aired. The size of tanks used were so that temperature
variation effects were minimized. In addition to use of de-aired
water, the head tank was heated to keep the water at a slightly
higher temperature than -the soil in the permeameter, as
recommended in ASTM D-2434.

b. In order to assure full saturation, a partial vacuum (about 20
inches of mercury) was applied to the top of the specimen wnile
water was running into the bottom of the sample. This was
maintained until the flow stabilized and at least one full
exchange of pore water had occurred. Saturation time was 2 to 3
weeks.

c. After saturation, a confining load and a hydraulic gradient was

applied to the specimen.

If you have any questions, please call.

Very truly yours,

WESTERN ENGIN..RS, INC.

Bruce D. Marvin, P.E.
Vice President

cc: R.M. Harrison
HK-Ferguson
P.O. Box 9136
Albuquerque, NH 87119
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GRAVEL 4 % SANO 23 , SILT ANO CLAY 73 %

LIOUID LIMIT 41 P ,LpTjCs T ,NOY 24

SAMPLE•OF Lean clay with sand FROM TP 131 at depth 0-1.5,
Sample No. 18

.YOROMETER ANALYSIS SIEVE ANALYSIS
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GRAVEL 2

LIOUIO LIMIT

s•mPE oF Sandy

SANo 32 % SILT ANO CLAY 66

29 % PLASTOcTY INOEX 15 %

lean clay aou TP 131 at depth 17.0-25.0,
Sample No. 19

1126 901 Chln@m.[ In GRADATION TEST RESULTS FV. 6
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LIOUIJ LIMIT 28 PLASTICITY INDX 13 *

SA•M•EOF Sandy lean clay FROm TP 133 at depth 11.0-15.0,

Sample No. 20
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%# ••1+I% wl WIN to #AIII IN 4 WIlN M IdN so+•t) 140 "* "• "I " +* "lJr

01

S ""10
S;, 3 3•i s ai, ,,37 ' r24 4g "1 7 * 1 il 414 132 11 Al I2 200

DIAMETER OF PARTICLE IN M'L.METERI

CLAY os T SI. 'AWO = , , 'AVEL
, - .ý-i I 'EIfKM. ICDD.M~I a ;jf -*:AX3

GRAWVL I

LIOUIOULrIT 38

s~m,,cw Lean clay

SAND 11 % SILTANOCDA 88 %
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FROM TP 136 at depth 10.0-17.0.
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MKE DOC. 5025-GRJ-L-09-3888-O0

RECEIVED. MKE

JAN 2 4 199U
UMTRA-S.F.

MK-FERGUSON Co.
ALBUQUERQUE

Jammnry 17, 1990
p

5. °.a,
JAN 19 1990

- Fergon p RECEIVED
P.O. Bo€ 9136
Alburpequer , Mwi Wexicx 87119

Attention: Mr. Jerry Hymes

Subject: Laboratory Testing, P.O. No. 3050-51-10034

Job No. 1 126 90

Dear Mr. Hynms:

As requested, we have ompleted the triaxial permeability tests on soil sanples
from the LHRA cheney site with the exception of the tests an the Manco shale
sanples. The results are presented in Table M"I. Also enclosed are copies of
all worksheets.

If you have any questions regarin this submittal, please call.

Sincerely,

Sally K. Miller, A.E.T.
Soils Laboratory Supervisor

SM1Vsej
Rev. By: WFL
Enclosures

Attachment: MKE.DOC. 5025-GRJ-R409-03889-00

ANNemN tof 0e W -'rcwdiw•, %n
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May 29, 1990

HK- Ferguson OCzpan
P.O. Bow 9136
Albxpeue, New w 87119 -

Attntion: Mr. Jerry Jyas-

Subject: laboratory Testing, P.O. B:c 3050-5U.-10034, Cange Order No. S

Jdb No. 1 126 90

Dear Mr. gyms

As requested by Ir. Partha Sircar, w have ompleted tw oitiona1 triaxial
permeability tests on soil samples from the M P aweay site. A mininn value
of 0.98 was obtaned for the B-para-eter during saturation before permeability

Weasuants were initiated. Ma results are presented in Table 1. Also
enclosed are copies of all wrlsheets.

If you hav questions regarding this submittal, please call.

sincerely,,

9HM-NOREj~e IW.
Sally K. Maier,, A.E.T.'d .
soils lraboratory Supervisor

IRe. Er. 3w
S1QfseJ

CO: IV. Partha Sircar
HlK - Env~xircnetal

Mr. Momn Nye
HlK - Ferguscr C;man

Attachment: left to document

RECEIVEU. MKI

.,. I C 1990
UMTRA.S.F.

A ",~r tieJgrmaWi =WM
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CIMMIOM" M DOC. 1 ty 29, 1990
Jcb No. 1 126 90

TAMZ I
SI94RV OF wr Iram=I_ __

ntAl Itial B-aramter Final Final Coefficient of
Tet Pit Depth# moisture Dry Initial After IIo1stuu Dry Final Permeability,

No. F,.eet Contt,,% Dmity, r." O:upmti, S Saturation Content, % iLty. pot Saturatiom. C e

328 16 - 25 11.6 110.2 100.9 0.99 26.8 97.0 98.1 2.9 x 10 '

130 10.5-14.5 15.9 111.0 100.4 0.98 20.7 106.7 96/6 1.5 X 10T

r1

toJ
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W . * IESTERN ENGRS. FAX 303-242-1672 PF(E 2

.:1 _z2-- -to -2Z

MKE DOC. 5025-GRJ-L-09-04141-00

P 7,7X, 7-7 CONSUL TING ENGINCEnIS/LAND SURVEYORs

rM fAr J*irs. V. 2150"*wY. 6£ 30. Gm"Nd ucIOn. 00)RIMB*42203arJ170-P.O~ # Age 1.' M,..

Hr. Jose Cercone
MK Environmental Services L41AC ~
180 Howard Street I
Sand Francisco, CA 84105 Li C C $,e .ýj3 5okpete'

LE: Cheney Disposal Site Soil Tests L , I

Jose: ee 1 ,b. batr-i. 6"JeVI.III

Enclosed are the results of Hydrometer Tests and Standard Proctor Curves

for samples submitted on March 13, 1990, for the above project. In addition,
Permeability Tests were performed an samples 4 and 5 at a density of 95Z

Standard Proctor with a confining lnad of 300 pef. Sample 4 exhibited a

permeability of 1.4 x 10-6 c,/uec and sample 5 a permeability of 5.6 x 10-7

cm/sec.

White soluble material was visible In all of these samples. Sample

appeared to contain a significantly hlgher percentage. During the test, the

permeability of sample 4 increased from 9 x 10s`7 cm/eec to 1.4 x 10.6 cm/Rec.

If you have any questions or If ve can be of any further ausistance, please

do not hesitate to call me.

Submitted by:

WESTERN ENG.INUPRSl INC.

Bruce D. Marvin, P.S.

President

[1.0. f 26331

Attachment: Left to document.
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WESTERN ENGRS. kESTE4 E1G~S. FAX 303-242- 1672

SAMPLE NO. , DEPTH ELEVATIONSO IL - . .. ,...

LOCATION CHENEY DLSP
OPTIMUM MOISTURE CONTENT
MAXIMUM DRY DENSITY-
METHOD OF COMPACTION

OSAL SITE
18.5%
108.6 PCF

ASTM D-698. METHOD A

MOISTURE CONTENT IN X OF DRY WEIGHT
050

IOA[

a 10 1I 20
m 25

* ~d 1 1'tVT & I ~II

II

U-w I

130

z_ 2

110

100

I

I

°on
l .,-6.

M.K. FERGUSON
COMPACTION TEST DATA

,.. I-,
PLAYE

4204 A 0 AA L /Es



WESTERN ENGRS. LESFAX 3133-242-164 PAGE S4 Z 3-c)

SAMPLE NO. 2 DEPTH ELEVATION
SOIL
LOCATION CIH.ENEY DISPOSAL SITE
OPTIMUM MOISTURE CONTENT 22.6%

MAXIMUM DRY DENSITY 103.8 PCF

METHOD OF COMPACTION ASTM D-698, METHOD A

MOISTURE CONTENT IN S OF DRY WEIGHT
5 10 • 15 20

1 50 0
25

1401
I

130

10

z
w

110

¶ool

901

M.K, FERGU8
COMPAC11ON TES

ON
T DATA

PLATE

girmAt -



WESTERN EN(3RS. ~ESTE~ N~S. FAX 3a3-242-1672 R0 23SlPPIrm 05 2 -

SAMPLE NO. 3 DEPTH ELEVATION
SOIL
LOCATION CHENEY DISPOSAL 8ITE
OPTIMUM MOISTURE CONTENT_ 17.6%
MAXIMUM DRY DENSITY 108.5 PCF
METHOD OF COMPACTION ASTM D-698. METHOD A_

MOISTURE CONTENT IN X OF DRY WEIGHT
5 10 As 20150o° 25

140.1

130

120

-01:

S110

I

1001

II

9Oo II

M.K. FERGUSON
COMPACTION TEST DATA

PLATE
.o*

3/14/90



WES'rEJN EN3;S FMC 383-242-1672

SAMPLE NO. 4 DEPTH ELEVATION
•rut _

LOCATION CHENEY DIAPOSAL SITE
OPTIMUM MO(STURE CONTENT 18.2%
MAXIMUM DRY DENSITY 106.1 PCF
METHOD OF COMPACTION ASTM 0-608 METHOD A

MOISTURE CONTENT IN x OP DRY
15

EIGHT
20...- o0 5 10 S25

'•130

120

z

110

100!

w •

M.K. FERGUSON
OMAC1ON I1ESTI DATA

PLAit

3114/00.



LESTERN LEST~ B~~S. FAX 3M3-242-1672

SAMPLE NO. 6 DEPTH1, ELEVATION
SOIL
LOCATION , CHENEY DISPOSAL SITE
OPTIMUM MOISTURE CONTENT 17.6%
MAXIMUM DRY DENSITY 109.1 POF
METHOD OF COMPACTION A TM D-691B. METHOD A

MOISTURE CONTENT IN X OF
5 10 15

DRY WEIGHT
20

150o
25

I

140

130

120

zw

110a

I
II

I

.I

1001

g0

M.K. FERGUSON
COMPACTION TEST DATA

PLATE

~i~d 19!,STERN
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HYDROMETER ANALYSIS
7" READINGS I SIEVE
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HYDROMETER ANALYSIS
TIME READINGS I SIEVE ANALYSIS
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HYDROMETER ANALYSIS
TIME READINGS I

SIEVE
U.S. STANDARD SERIES
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ANALYSIS
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HYDROMETER ANALYSIS
lIme READINGS Igo u.S. STANDARD SERIM
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HYDROME1ER ANALYSIS
1IME REAWNGS I SIEVE ANALYSIS
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F'm, 2-1t Normalized plot to oalin the ratio d undrained shear strength at some prM-
Consolidation pressure to a normnaly consolidated value ror several OCR. (After Ladd .er aL (197-h.j
Note that above plot is based on direct sinple shcar (DSS) tats.

obtain this curve all had high wx and wL,, but with five days involved a trend
seems to be established so that the curve might be used rtr days with lesr wx
and %WL (less than 50 percent). In order to use this plot it is necessary to obtain an
undisturbed sumple for consolidation testing. From the 'o 6solidation test obtain
p. Rcmold a sample and K. consolidate it to thei prescint,.in" situ p. state. Obtain
s. from this sample. Now with st. p'. and p, one can compute the OCR. enter
Fig. 2-18. and obtain the ratio B,.4. Since A is know'n, we can .compute€ 8 and
using B compute s. at the present OCR as ...
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Table 2. - Average effective sheer strength parameters of compacted soils

Standard
Proctor Cospactiont

Unified lxmum Optimm As compacted Saturated Friction
classification Soil type dry moisture cohesion cohesion angle

dost •yi content a 0lb/ft-1 % t 2t t/112[ dog

GN Wall-graded cloas gravels, gravel-sand mixture 1119 413.3 *38
GP Poorly graded clean gravels, gravel sand mixture 3ll0 (02.4 )37
GN Silty gravels, poorly graded gravel-sand-silt )114 (14.5 )34
GC Clayey gravels, poorly graded gravel-sand-clay )11S 414.7 )31
SW lell-graded clean sands, gravelly sands 119+S 13.342.3 0.41_0.04 a 3891
SP Poorly graded clean sands, sand-gravel mixture 1!0-2 12.4C1.0 0.247b.06 * 3Y_1
SN Silty sands, poorly graded sand-silt mixture 114•1 14.S0.4 0.537_0.06 0.21.0.07 3471
SN-SC Sand-silt-cldy with slightly plastic fines 119"1 12.8T0.S 0.217b.07 0.1536.06 33T3
SC Clayey sands, poorly graded sand-clay mixture 1IS6 14. AO.4 0.78,0.16 0.12•b.06 3173
HL Inorganic silts and clayed silts 10371 19.6-0.7 0. 70_0. 10 0.of+- 32+2
NL-CL mlxtures of inorganic silts and clays 109I 2 16.8-00.7 0o6C40.1S 0.23w* 324
CL. fnoorante clavn of law to indim plattlcitv 06A' l1.3 0.9.;4O.II 0.1440.02 28d2
OL Organic silts and Silty clays of low plasticity' *P a .
Nil Inorganic clayey silts, elastic silts 82.4 36.3*3.2 0.7640.31 0.21_0.09 2S.3CH• Inorganic clays of high plasticity 94W2 2S.S5;.2 1.O7-..3S 0.127b.06 197

ON Organic clays end silty clays a- 4- T T T

(A

-4A

M

5a.

0

C
0ý

1AJ

I

ta

tU4

* Denotes insufficient data, i, is greater then, -c is less then (I
t Standard Proctor refers to ASYN 0-659 mthod of test.

r;

lblft3 - 16.02 kg/n 3 , I t/ft2 . 9.8 kpa).
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MKE DOCUMENT NO, 5025-GRJ-6-09-01538-O0

LARGE SCALE
SAMPLE NO. I DEPTH-- ELEVATION -
SOIL MINUS Iu FRACTION
LOCATION CHENEY RESERVOIR DISPOSAL SITE
OPTIMUM MOISTURE CONTENT 2.0%(-#41 10 5% IROC
MAXIMUM DRY DENSITYS12Y.2 cf (-44) 15.Of (RO K)
METHOD OF COMPACTION ASTM D698 METHODS A & D

Z56

K)

esf .4/ý
WYL.2f/~

90

RECEIVED.MK&-

COMPACTION TEST DATA JAN 4 1988
UMTRA.S..,

I 

I I III I

PLATE I
F/0 is951PLT



LARGE SCALE
SAMPLE NO. -2 DEPTH ELEVATION___
SOIL AN SJ FRACTION
LOCATION CHENELY RESERVOIR DISPOSAL SITE'
OPTIMUM MOISTURE CO.NTENTI4.0%(-44 12.2%(ROCK)
MAXIMUM DRY DENSITYII7.7cf(-I4) -1205S f (ROCK)
METHOD OF COMPACTION ASTM D698 METHOD A

47zýllj<

F$ a/lq/12
WYL 2/J-/d'Je

COMPACTION TEST DATA

W/o 1851 PLATE 2
I1 I 85I PLATE 2
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HYDROMETER ANALYSIS
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MKE DOCUMENT ., 5025-GRJ-C-09-01593-00

WYL 2-1,6/4p
January 20, 1988
Cheney Reservoir
Disposal Site,
U1!lRA, Grand Junction,
Colorado
Job No. 1 1017 87

CSEN AND ASSOCIATES

TABLE I

SUMMARY OF LABORATORY TEST RESULTS

ZT.7

Sample
NO.

I

Test
Pit

TP-~3

TP-4

7P-6

Feet

0-4.5

0-2.5

0-3

Calcium
Carbonate
Egiv., 1

27.4

24.4

Organic
Content, 1

0.57

Shrinkae
Limit

9.4

Specific
Gravity of

*-#4" Material

2.75

2.722

3

4

5

6

0.54

15.3

14.8

2.78

* TP-10 0-2.5 10.0

13.1#1

#2

#3

0.18

2.73

2.78*

2.83*

2.81*7 0.21 14.0

* These samples contained appreciable amounts of "+#4" material therefore this
specific gravity may not be representative of the total sample.

* J
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SMMItY OF PERHEARULITY' TST RESUILTS

Chenoy Reservoir Site, SCIr.06, Test 002 & SCR.09, It.m 001

ToEt

Initial
Ioistura

(21

Final
(Saturated)
Mo0sture

121

Initial
Dry

Density
(Dcft

Final
Dry

Density
(pcf)

Sample
Diameter

I in)

Consoiidation
Load tinder Load
(pat) ()

Head Permeabiltty
(ft) (culsec)anmelt

San to

I TY-4. 0-25

2 LSS: No& I
minus Im

3 LSS No. I
minus I" V52.
Bentonite

4 ISS No.
atoms I"

5 USS Ill. I
minus I"

(la-teat)

6 LSS Ii.. 3
aloue In

I TP 16.3 0
0 -4.5 ft.

15.5

t0.$

13.2

10.0

13.3

30.0

20.5

39.'+

17.1

23.7

22.5

20.8

20.0

15.1

16.0

26.5

24.2

25.0

952 of
by Che

106.7*
(852).

112.3

*
108.1
(85.52)

119.2

120,2

100.7

101.6

107.0

112.6

108.2

119.7

120.2

101.8

103.8

106.9

105.0 a 300

26 300

20 300

20 300

20 300

-0.2
(swe ll)

0.3

0.)

0.3

0.4

0.1

2.1

5.0

2L0

3.5

3.0

3.0

4.0

1.0

1.0

2*.05:30-

3. 65:IC
I. )

20 300

2 .6?X10-5

-7
in

L'V

C.'17 1I

P-6
tIS

09

IT A

TP P.6 @
0 - 4.5 ft.

T? 11o.10 0
0 - 2.5 ft.

2.5

2.5

300

300

300 3.0103.5

omplies vere not Coumpacted to
due go a mlstaken computation

maxfium dry density.
lab technician.

a a.... ~.fl..
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Table E.7.2 In-situ permeability tests at Cheney Reservoir

Locationa Depth interval (ft) Permeability (cm/sec)

B

501

502

503

12-22
21-31
31-40
40-50

10-14
20-31
36-46
41-51

8-14
14-28
30-40
40-50

10-18
22-34
35-44
44-56

8-18
18-28
23-35
38-51

10-1921-29

.29-40

40-51

4
1

<c1
<1

2
3<1

<1

35

6
<5

504

x
x
x
x

10_6 L I.,je's 4 f S10-6 Vk;,&, :,.t..! SL.Q,
10-7 14I•LN ,w•• tL.
10-7 W44taq, SL&,It

x 10:6 Lo7 1. 3/M
x 10-7 1.. . " "

x 10-6 , 5

x 10-7 , ,x10-7 ..
x 10-6 ,•"

x 10-s Lke
x 10-6 L,.-. - Jx 10-5 L o- y
x 1 0 4 8 H , , , , . • , .

x 10"-L5
x 10-6
x .10- 5 u', 5'
x 10-7 ~•,

x 10-4 L+. /tq
x 10-5 Vv., we.---,1 S".
x 10-4 ,. ,,o..", ,.-,.
x 10-5 •1
x 10-5

505 1
9

506 6
1
6

to 1
I

to 5

aBoring locations are shown

Ref. WU$. 1983.

I.'evvA Ds;-.I

in Figure E.7.1.

Ls 7'" I

E-187

7.0)( '401•I•

I .7
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1<
SAMPLE NO. TP-3 DEPTH .Q. ELEVATION -

SOIL SILTY CLAY. A LITTLE ROCK
LOCATION CHENEY RESERVOIR DISPOSAL SITE
OPTIMUM MOISTURE CONTENT- 20.5 %
MAXIMUM DRY DENSITY., 106.0 pcf
METHOD OF COMPACTION ASTM 0698 METHOD C

3-07

PS .14 / ff

MOISTURE CONTENT IN %. OF DRY WEIGHT

'C

COMPACTION TEST DATA

W/o IsII PLATE 4
W/O 1851 PLATE 4



SAMPLE NO. TP-4 DEPTHO-.5'ELEVATION -

SOIL SILTY CLAY? A LITTLE ROCK
LOCATION- CHENEY RESERVOIR DISPOSAL SITE
OPTIMUM MOISTURE CONTENT 15.5 %
MAXIMUM DRY DENSITY 111.4 pcf
METHOD OF'COMPACTION ASTM D698 METHOD A

2k'?

es 21/,/ ff
MOISTURE CONTENT IN % Of DRY WEIGKT Wy L 72-fr-//t

2

COMPACTIOYN TEST DATA

W/o 1851 PLATE 5
W/O 1851 PLATE 5



SAMPLE NO. TP-6 DEPTHO-3.0Q ELEVATION -

SOIL SILTY CLAY, A LITTLE ROCK
LOCATION CHENEY RESERVOIR DISPOSAL SITE
OPTIMUM MOISTURE CONTENT 19t4%
MAXIMUM DRY DENSITY 106,9 pef
METHOD OF COMPACTION ASTM D698 METHOD A

eyl 2.t/JI

5

COMPACTION TEST DATA

wý/o ies,5 PLAtE 6





SAMPLE NO. TP-IO DEPTHO-2.5' ELEVATION -

SOIL SILTY CLAY, A LITTLE ROCK
LOCATION CHENEY RESERVOIR DISPOSAL SITE
OPTIMUM MOISTURE CONTENT 17.1%
MAXIMUM DRY DENSITY 109.0 pef
METHOD OF COMPACTION ASTM D698 METHOD A

Pý 2-/I/&S'
w Y Lý

MOISTURE CONTENT IN % OF DRY WEIGHT

I

COMPACTION TEST DATA

w/O 1851
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HYDROMETER ANALYSIS

TIME READINGS
00 1i. to miff. 4 otI. _Uwin. I10

SIEVE
15 NO, 4 5 Ut. ?R*, F3 OIN. 0100

U.S. STANDARD SERIES
%O OP4043O __4"s

,uu I

to

IA

so
2

at40
Wi
IL

ANALYSISI
O4 I.'

4.76 0.32

I8

CLEAR SOUARE OPENINGSV" ,-V2" r

an
ahi
2

U-
hi

I-
2
hi
U

hi
a.

s"€" *U-yi-i 0O

IU

an

ir lw

log

fffl
on

0' m

.0 .boo .009 .071

ae~qq.~

.674 J49

of I OAtI ~I
.10? .690 lie

go I so
tý0I

2.30
.,o
Ft.

a I:-:~:; I13.6 7S.t tUTU!
S. -

DIAMETER OF PARTICLE IN MILLIMETERS

ICLAY (PLiASTIL} TO SILT, (NOll-PASTIC) FrNee i7- MEDIUM iCOARSE1 FINE I "COARSE [-

NOTES' Vivuid l•tt: .

p~qsh1KInetyt.

30t"

ISM

flLjLbr4I ,noisivmv cjwjc'Tk6: IO. I/7, GRADATION TEST
PLATE

r r E'I

I-

DESIGNATION _ _ EXCAVTION NO. DEPTH (FT.) 0- '
L



C C n
do

HYDROMETER ANALYSI1
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TABLE 7A. STRENGTH AND DEFORMATION CHARACTERISTICS OF LARGE ROCKFILL SPECIMENS.
Confining Pressure w 350 psi.

if
it

Dam or plac. Mmteria Gedsreon

oroville Oredner tailngs Welifgaded6" fines
Pinzandsma Send and grave "elgu1 e(dry) aI ms
Son Francisco 8as"t Weligraded

Son Francisco Basalt weg-rd

San Francisco Baalt Poo.dvgraded
6e-fines

MalpAso Conglomerate Well-graded
Wdry) 8".fina

El Infemnillo Silicified conglom- Poorlfygradmd
era. (dry) 8 .fkne

Pyramid Argillit Poorly-grded

El lnfierniilo Diorit (dryl Poo•vy-graded
S-lfines

El Granaro Shale* Well-.graded

El Grantro Shale* Pooriy-graided

Mica Granitic gneis* Well-graded
If-tines

Mica Granitic ginein Pooriv-yrdeda P-1 13

par icle 4pe *

Rounded 43

Rounded 39

Angular 39

Angular 38

Angular 37

Angular 37

Angular 36.5

Angular 36.5

Angular 25

Angular 35

Angular 33

Angular' 32

Angular 25

Percent pe6ent cri, PS Referenew

6.5 1.5 120 Marachi et aL.. 19t

6 4.7 60 Martel. 196Th

15 6 60 Martel. 1967a

Martel. 1967T

20 6.5 40 Marachi et d.. 1969

13 4.5 20 Martel. 1967b

14 5.5 30 Marsal, 1965.

20 6.5 25 Marachi atel.. 1969

15 10 25 Masa".1967b

> 14 > 10 10 Marsal. 196T7

* 14 >10 5 Marsa. 1967b

* 14 6 20 Martel. 1967a

14 10 5 Me.al. 1967a

TABLE 7.5. STRENGTH AND DEFORMATION CHARACTERISTICS OF INTERMEDIATE-SIZE
ROCKFILL SPECIMENS.

mPar rick Eut9f.
ca rP/ew UAW& Gaation ap 03. p * permnt peent a~ •tis. p, Refernmce

Fumes ODm. Quartzite Well-graded 510 42 7 2 80 COMagrnde. 1965
Trans'n. lv,4insi•

Orwille DOwdge tailings Wellgraded Rounded 500 40 8 1.5 110 Marachia ai.t
"2"rmes 1969

El Infiemillo Silicified conglom. Weliadsd Anguar 350 40.8 14.5 5.6 60 Martel. 1965.
erm Wdry) J'.••

Mica Sandy gravel Well-graded 3" Rounded 450 39.5 7 2 140 Casagrands. 1965
(Dfr 87 rcend fine sand

Fumes Dam. Quilzits W9I1 raded 510 39 7 2 80 Casgrando 1965
Trantef. 3A4ines

Furns Hard quaruit Well-raded 510 39 12 3 40 Casagrandc. 1965

Mica Granitic gne Weul.raded Angular 350 39.3 14.5 5.3 20 Moatal. 196ft

San Francisco Sasalt VoolIIaI Angular 500 311 10 a 30 Malachiaet at..
11969

Pyramid Arliilite Pcoryladed Angular 600 3i 19 a 25 Marachi at aL.
2"--ins 1969

Mica Sandy gravel Welli-raded Rounded 450 37 18 5 25 Caugrunde. 1965
Wr - 00 Peusans 3$"im,

Furs Hard Quartfin Uwiformlyadd- Angular 610 34 >20 13 25 Caegrande. 1965
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LOCAMN:

MK-FERGUSON COUMPW'• • SA .. :k.
AUomsoNKM"oUiM T MKE DOC. 5025-GRJ-I-02-04071-00

INTER-OFFICE CORRESPONDENCE

O*LE

March 6, 1990

F. J. Feliz R.E. .ooney

San Francisco, CA - MKES Albuquerque, NM - 3050

Grand Junction, Phase II
TriaxLal Compression Tests, P.O. 3050-511-10034,

C.O. #3

Enclosed is a letter from Chen-Northern, dated February 27, 1990.
providing the trLaxial compression results per your IOC dated
January 17, 1990 (#03852-00). Please advise Tom Jennings whether
these results are acceptable for payment purposes.

If you have any questions, please advise.

REC :TPJ: kj a

Enclosure

cc v/o enc.: R. E. Cooney
T. P* Jennings
J. G. Pepin
File

Attachment: MKE DOC. 5025-GRJ-L-09-04072-00

&

RFE.CjVED. MKE

tp.R~. kx .91

4030K
STAWI



Chen@Northem.inc , ¢n C,• •
MICE DOC. 5025.;ZJ- 1-09- 72-00L

%ee :::,a= 60223~~3G3 7J-'.".

303

MK-FE.RGUSCN CO.
Feruary 27, 1990 ALBU';C' 1LUs

MK - Ferguson OEIpany
P.O. Box 9136 RECEIVED
Alkbpre e, New Mexioo 87119

Attention: Mr. Jerry Hymes

Subject: laoratory Testin, P.O. No. 3050-511-10034, Change Order No. 3

Job No. 1 126 90

ear Mr. Hymes:

As requeste, w have conpleted the triaxial shear tests an the Hancos shale
samples fro the tR.l.AP Chney site. 7he results are presented on Figs. 1
throuh 6. Also enclose are copies of all worksheets.

If you have any questiora regarding this submittal, please call.

Sincerely,

CHEN-3 , INC.

SallK e.r, A.E.T.
Soils Laboratory Supervisor

SlQ~sej
Rev. By: JB
r.losures

Attachment: Left to document.

REC vjýED. W
1

o1

IL mem ttffiet3Jgowdcicmvw



Chen.No errm.Inc
Consulting Soil and

oun0AdNCti S Eniner
Foundation Engineers

TEST NU•EIE . 2 3
I I I

LOCATION
3,- ,-8, 1,-8,

HEIMIT - INCH 3.953 3.953 3.953 -

VIAMIMAI - INCH 1.882 1.882 1.882

WATIR CONTENT t 17.6 16.4 17.7

DAY ISENSITY - pcf 98.5 105.1 109.5

a ksf 0.09 0.30 0.61

ksf 0.99 0.99 0.99

01-- kf 11.08 1.29 1.60
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(SCIIPTION
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0
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5 10
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a - a a a a a
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0 0O
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w__ v
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1 126 90 TRIAXIAL SNMEAR1 TEST RESULTS Fla. 2



502-1s - 14. -3

ChenO onhemfficM14.NC-DS SHA1Lm A

Consulting Soil and Foundation Engineers

TEST NUMAER 1 2 3

2A
LOCATION

-- -

HEIGHT- INCH 3.953
DIAMElTER - INC 1.882

WAT9tl4l €CONTENTr" 17.6 i i

DRlY KUII~TY -pef 105.2-

C)ý -03 ksf 0.33

C• - sf 0.99
7a1
07 kf I.3

0A I~ I 1 5 at I Ir I 1 - 1 1- .-f I I

N
S

I
I.

0
U

a;a

TYPI OF SPECIMEN

SOIL DESCRIPTION

.TYPE OF TEST

Remo tded
Remarried
manr~n ShAle'

Saturated,

UnconntI idated-

Undrained

Compaction a 95.6%

TAN 9

0-

COHESION

Axial Strain (2)

N/A

N/A

ksf N/A

"U

S
I.
0

I.
S
S

£

1.0/

II
0-i5 v I h L-I- -- i - - - - a - - - - - - -

* u a a ~~~- a a - a - a - a - - - - -

- - - - - - - - - - a

5 a a - - - a - - - a a a a - a a a - a ai

ld. 0.5 1.0 1.5

Nou1I Stress - kof

2.0

1 126 90 TRIAKlAXAL SI4[Al TEST RESULTS Fi14. .



Consulting Soil and Foundation nginEor$
"LrA4 C..2 ~4A LvZ

TEST UK ES .1 2 3

28
LOCATION 13-18'

HEIGHT o INCN 3.961

DIAMETIER* - IMC, 1.882

VATI[R €ONTCT * S 18.4

CRY KSITY pef 103.0

- ksf 0.35

3-kef o.k - a.-

j-kaf 1.34

TYPE

SOIL

oSPECIMN

KScaIP`TlOU

TYPE OF TEST

Remolded

Mancos Shale

Saturated.

Unconsolidated,

.Undrained

/Compaction - 95.2?

5 10

Axlal Streal (2)

TAN 0

COMISION * ksf

N/A

N/A

N/A

Ub

L

S.

JS

- - - - - - am - a - - -- -- -

a - - - - - - - - - - - - - a - a -a a a a

- a a - - -- - ain/- - a

-.a5a - a - - - - - - - -

0. ~- a a - a a - a - - a a a a- - a a -

IU 1.0

ftaI Ste"$ * kif

Z.0

1 126 90 TRIAXIAL SHEAR TEST RESULTS Fig.' 4



Chen@Nor.her. Inc
Consulting

V.tAMM IL A L.. ?2-oiE'VP9F cow"~ E'qmwsmsm

Foundation EngineersSoil and

TEST NWIIER I 3

LOCATION 
3A

_______________18-23'

"EIGNu - INCH 3.953

DIAMT[R * icu 1.882

VATI[ COSIITE* 18.

DRY SENSITY - p.f 102.1.

- ksf 0.37 0
aQj- ksf 0.99

)71 ksUf 1.36-

TYPE Of SPICININ

SOIL KSCSIPTION

TYPE Of TEST

1.0

0

0.

Remolded
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Saturated,
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Undrained

Compaction - 95.6%

5 10

Axial Strals (1)

TANM

CO€iSION - ksf

N/A

N/A

N/A

NwlStress - e

I 126 90 TRIAXIAL SHEAR TEST RESULTS Fig.



ChenCNorlheinSoincd
Consulting Sail and Foundation Engineers

1% 11- -. -v ,- '-V- - - -V-

-e -,TEST WtIER1 2 3
36

LOCATION
23 2

HEIGHT - INCH 3.955
OIA- -R - INCH 1.882

VAwEt coutNa - | 17.6
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TRIAXIAL SHEAR TEST RESULTS1 126 90 Fig. 6



MKE DOC. No. 50)25-GRJ-L-O9-03986-00Chen@Northem.lnc

-1-4'_ •,•._ . •.. 1.:

February 2, 1990

MK F ERG US Cw'!I CO.
A -.- C.ZU'r

MK - Fe--uson C• any -, --
P.O. Box 9136
Alburquerque, New Mexico 87119

Attention: Mr. Jerry Hy.,mes RECE."VED
Subject: Laboratory Testing, P.O. No. 3050-511-10034, Change Order No. 1

Job No. 1 126 90

Dear Mr. Hymes:

k• As requested, we have cozmleted the triaxial permeability tests cn the Marcos
shale sanples from the UMTRAP Cheney site. The results are presented in Table IV
and Figs. 1 through 5. Also enclosed are copies of all worksheets.

If you have any questions regarding this submittal, please call.

Sincerely,

EN-NORI , 0C.

Sally K, Miller, A.E.T.
Soils Laboiatory Supervisor

S••sej
Pev. By: JB
Enclosures

- n'eiv~cf a r~e~gWrOc% ccora-eY~'s



C C
Fs:'ary 2, 1990
Jdb No. 1 126 90

SLWAR OF IPOEAML1XY TEST REM=1I

1

1*"

1

2A

2B

5-8

5-S

5-8

8 - 13

13 - 18

Initial

17.8

16.8

16.2

17.6

17.8

IA...

Initial

Dry
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110.7

105.6

103.7

Initial
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96.6

101.5

96.0

95.8

Final
Moisture
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31.6

30.2

27.9
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Final

Dry

90.9
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96.4
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94.2

Fina

99.7
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100+

100+

99.8

Qoofficient or
Peluaebility,

6.5 x I0"

1.4 x 10"

4.6 x 164

4.3 x 10"r

9.6 x 10.
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SOIL DESCRIPTION: hancos Shale ChenNorthern, Inc.
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MOISTURE CONTENT - PERCENT OF DRY WEIGHT

LOCATION: MOISTURE-DENSITY

HOLE NM DEPTH: 8 '-13' SAMPLE NO: 0 2A RELATIONSHIPS

SOIL.DESCRIPTION: Mancos Shale Chen-Northern, Inc.
MAX. DRY DENSfIY: .10.0.0 PCF OPT MOIST CONTENT:18.2 % PROCEDUREASTM D698-78, Meth. "All

SUOUID UMIT. PLASTICITY INDEX JOB NO-- 126 90 FG NO.

GRAVEL:-___% SANDO .% SILT AND CLAY (-200) %.. IAT.j December 7, 1989 2
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MOISTURE CONTENT - PERCENT OF DRY WEIGHT

LOCATION. MOISTURE-DENSITY
HOLE NO: DEPTH: 13'-18' SAMPLENO. 2B RELATIONSHIPS

SOIL DESCRIPTION: Mancos Shale Chen.Northernm, Inc.
MAX. DRY DENSIWY: 108.2 PCF OPT MOIST CONTENT:... % PROCEDUREASTM 0698-78, Meth. "All

UOUID UMIT: PLASTICITY INDEXD JOBNO_ 1 126 90 FIG. NO.

GRAVEL_-" % SAND: % SILT AND CLAY (-200): DATE. December 7. 1989 3
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MOISTURE CONTENT - PERCENT OF DRY WEIGHT

LCCATION : j MOISTURE-DENSITY

NOLE NO. : 3EPTH:I8'-23' SAMPLE NO.: 3A RELATIONSHIPS

SOIL DESCRIPTION" Mancos Sha I e Chen-Northern, Inc.
MAX. CRY DENSITY • 106.8 PCF OPT. UIST. CONTENT: 19.I % PROCEDURE :ASTM 0698-78, Meth. "A'

LIQUID LIMIT: PLASTICITY INDEX: JOB NO.I. 1 126 go FI NO.

GRAVEL: % SAND: % SILT AND CLAY (-200): DAT: January 11, 1990 4,
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MOISTURE CONTENT - PERCENT OF DRY WEIGHT

LOCATION: MOISTURE-DENSITY

HOLE NO.: DEPTH: 23'-28' SAMPLE rNO.: 3B RELATIONSHIPS

SOL DESCRIPTION: mancos Shale Chen-Northern, Inc.
MAX. DRY DENSITV 1 10. PCF OPT. MOWT. CONTENT: 18.0 % PROCEDURE: ASTM D698-78, Meth. "A"

LI=UID LIMIT: PLASTICITY INDEX :JO NO.. 1 126 90 FIG. NO.

GRAVEL:__ SAND: % SILT AND CLAY (-200): % DATE:January I1, 1990 5 ,
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UMTRA DOCUMENT REVIEW FORM

SECTION I

Site: Grand Junction Date: Al December 1990

Document: Calculations - Final Design

Commentor: Greg Smith

Comment: Calculation No. 05-670-06-01, Settlement and Cover Cracking

The note presented in the latest calculation set states that the extra 6 feet
additional excavated depth of the Cheney disposal cell will not affect cover
cracking should be backed up with some numbers. The additional excavation was
made to accommodate an increased volume of VP materials. Calculate the predicted
settlement of the section at maximum depth with the same tailings depth used in
the original calc, but add 6 more feet of VP material. Compare the new
prediction with the original settlement to show that cover cracking will not be
affected.

SECTION 2

Responses: Page 3 By: H. Lubis Date: 01-10-91

Agreed. Based on the revised calculation (Rev. 2), the cover cracking will not
be affected by the additional 6 feet of excavation.

Plans for Implementation:

SECTION 3

Confirmation of Implementation:

Checked by:

Approved by:

Date:

Date:

F:UMTRA\GRJ\SLOPSTAB.GUN -3 - 3885-GRJ-R-01-04780-00
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3. Lee and Shen, "Horizontal Movements Related to Subsidence", Journal Of
Soil Mechanics And Foundations Division, Proceedings Of ASCE, Jan. 1969
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EDESIGN - SETTLEMENT AND COVER CRACKING

I. Purpose

The purpose of this calculation is to evaluate the settlement in the radon
barrier. The settlement may be caused by tailings and foundation soils that
underlie the radon barrier as well as placement of cover material. Excassive
settliment can cause cracking of the radon barrier and ponding in localized
areas.

In the previous calculation (See Appendix A), the assessments indicate
that all settlements due to placement of the main-pile tailings, off-pile
tailings and raaon barrier will have taken place by the time the radon
barrier construction is completed. Therefore, the primary concern in this
calculation is the settlement due to the placement of the erosion protection
material.

II. Analysis

/

The excavation and final grading plans are shown on Sheet 3 and 4.
The idealized section for settlement analysis is shown on Sheet 5. This
section is chosen because it has the highest elevation difference between
the top and side slopes. The material properties used are presented on
Sheet 6. The settlement is evaluated in the following conditions:

1. Settlement due to the placement of the main-pile tailings,
the off-pile tailings, and the radon barrier (See Appendix A).

2. Settlement due to the placement of the riprap (The settlement
that occured subsequent to the placement of the radon barrier. See
Appendix B),

In addition, the radon barrier cracking potential is also evaluated here.
It will be caused primarily by the differential settlement after the placement
of riprap. The swell (shrinkage) potential will not be evaluated here
since there is a 4-foot thick of soil and rock cover installed on the
side slopes.
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III. Radon Barrier Cracking Potential

The primary cause of radon barrier cracking is differential settlement.
In this calculation, cracking duo to differential set-l.m4ant -sill be
evaluated based on the Lee and Shen Method (Ref. 3). The calculations are
presented in Appendix B.
Based on the computation results in Appendix B, the radon barrier cracking
potential is minimal.

IV. Conclusions

The tailings embankment cover is judged safe from settlement and cracking.
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LOCATION - I - 32 FEET FROM TOE

A P - 2 * 125- 250 PSF

AH - ((H'C)/(•+eo))*LOG (Po *AP)/Po

C C

LAYER

RADON BARRIER

GRAVELLY LAYER

CLAYEY LAYER

NANCOS SHALE

THICKNESS

(FEET)

3.5

17.0

8.0

r SAT.

(PCF) |

13S.2 I

142.0

130.0

P. (**) I

(PSF)

3407.2

Po+AP I

(PSF)

3657.2

Pp Cc OR Cr I LOG (Po+AP)/Po

(PSF) () I

6000 0.O15 0.030751
0.560

TOTAL

AM H REMARKS

(FEET)

ASSUMED: R. BARRIER

INCOMPRESSIBLE

0.002353

--------- ASSUMED: MANCOS SHALE

0.002353 INCOMPRESSIBLE

0.028236 INCHES
NOTES:

() - OFF-PILE TAILINGS: Cc - 0.23. Cr - 0.007 (FROM REF. 1. SM. 3)

- MAIN-PILE TAILINGS: Cc -0.2. Cr - 0.02 (FROM REF. 1. SN. 3)

USE Cc IF Po+#P : Pp

Cr IF Po +AP c Pp

(*) - Po CALCULATED AT THE CENTER OF LAYER

:7 D 0

00Li
0-n

(z(



LOCATION - 2 -146 FEET FROM TOE

&P . 2 * 125 - 250 PSF

&H - ((H*C)/(I*eo))*LOG (Po *AP)/Po

C C 
-4.

LAYER THICKNESS I X SAT. I Po (*0) 1 P..AP I Pp Cc OR Cr I LOG (Po*bP)/Po 1 *o 1 4H I REMARKS

RADON BARRIER

OFF-PILE TAILINGS

MAIN-PILE TAILINGS

NANCOS SHALE

(FEET)

3.5

5.0

5.0

5.0

5.0

10.0

10.0

10.0

(PCF) I

135.2 I

132.1

132.1

132.1

132.1

117.2

117.2

117.2

(PSF)

236.6

803.45

1463.95

2124.45

2704.95

4361.7

5533.7 I

6705.7 t

(PSF)

1053.45

1713.95

2374.45

3034.95

4611.7

5783.7

6955.7

(PSF)

2200

2200

2200

2200

1000

1000

1000

( I

0.007

0.007

0.23

0.23

0.2

0.2

0.2

0.117655

0.068471

0.048316

0.037334

0.024205

0.019190

0.015896

0.437

0.437

0.437

0.437

0.97

0.97

0.97

SIamem

(FEET)

0.002865

0.001667

0.0386666

0.029877

0.024573

0.019482

0.016138

-Imoo~

ASSUMEOs R. BARRIER

INCOMPRESSIBLE

ASSUMEO: MANCOS SHALE

03 

03 =

TOTAL I 0.133272 1 INCOMPRESSIBLE

1.599273 INCHES

NOTES:

() OFF-PILE TAILINGSs Cc - 0.23. Cr - 0.007 (FROM REF. 1. SH. 3)

- MAIN-PILE TAILINGS: Cc - 0.2. Cr - 0.02 (FROM REF. 1. SH. 3)

USE Cc IF P.*&P '. Pp

Cr IF Pa *ioP 4 Pp

(**) - Po CALCULATED AT THE CENTER OF LAYER

C.



C C C
" %

LOCATION - 3 -- 189 FEET FROM TOE
4pa 1.5*125 " 187.5 PSF
AN0o- ((MSC)I(1m•))-tW (pe .aP)lP.o

LAYER ThICJ I SS 3AT
(FEET) F)

RADON 3.5 135.2
BARRIER

OFF-PILE
TAILINGS

MAiN-PILE
TAILINGS

NANCOS
SHALE

5.0
5.0
5.0
5.0
5.0

10.0
10.0
10.0
10.0
8.0

132.1
132.1
132.1
132.1
132.1

117.2
117.2
117.2
117.2
117.2

236.60

803.45
1463.95
2124.45
2784.95
3445.45

4361.70
5533.70
6705.70
7877.70
8932.5

990.95
1651.45
2311.95
2972.45
3632.95

4549.2
5721.2
6893.2
8065.2
9120.0

(PS)

2200
2200
2200
2200
1000
1000
1000

10001000

Cc OR Cr
(N)

0.007
0.007
0.230
0.230
0.230

0.200
0.200
0.200
0.200
0.200

LOG (po+Ap)/pol

0.091093
0.052339
0.036732
0.028297
0.023013

0.018279
0.014472
0.011976
0.010216
0.009022

eo

0.437
0.437
0.437
0.437
0.437

0.970
0.970
0.970
0.970
0.970

0.002219
0.001275
0.029396
0.022645
0.018557

0.018557
0.0 4692
0.012158
0.010372
0.007328

smmomnmumnmwm

0.137059

1.644708"

REMARKS

ASSUMED: R. BARRIER
INCOMPRESSIBLE

ASSUMED: MANCOS SHALE
INCOMPRESSIBLE

NOTES:
--- FR--aSl

(') -OFF-PILE TAILINGS: Cc a-0.23. Cr - 0.007( (FROM REF.1.S.3
-MAIN-PILE TAILINGS: Cc 0.26. Cr - 0.02 (FROM REF. 1.s. S. 3
USE Cc IF poup ) Pp

Cr IF potap < Pp

(*) - po CALCULATED AT THE CENTER OF LAYER
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that shown In Fig. I, and, therefore, It was felt that the average movements

from the two tests were sufficiently accurate for comparison with predicted

values. The measured values of horizontal movements are compared with the

movements predicted from Eq. I for the case oLf.)! F shown by the dashed

line In Fig. 4. TJIls cane corresponds h lt.n,,alppage.A'd~Jber-Pefre a-neutral

sxis jt tIebotovm_pof theheam, which #night logically be expected to apply for

these tests because of friction between the soil and the wooden bottom of the

box. However, It Is clear that Eq. 1 with h - It predicts excessively large

horizontal movements, even compared to the case with moving sides where

arching would lead to excessively large horlz6ntal surface movements.

The average of these test data Is reproduced in Fig. 5 along with thie average

horizontal strains determinedfrom this data. The nature of the measured data

Is similar to that shown In Fig. 1,which represents the form of movements
observed from many field cases.

An attempt wan made to fit Eq. 2'with the average values of observed hor-

izontal movement. As shown In Fig. 5 It was found that the observed move-

ments were very closely represented by Eq. 2 using a value of/t = 2/3, i.e.,

S................ 3

conform to the Imposed subsidence profile o! the test; (2) all points on each
b end were prevented front any horizontal movements, hut were free to move

vertically; and (3) all points on the surface and In the Interior were given no
restrictions. No external loads or body forcev were applied. The only source
of deformations was the Induced subsidence at the bottom of the beam.

For most of the analyses the beam was divided Into 248 elements each 3 fit. x
3 In. square.lHowever, analyses performed using twice as many elements gave
results which were the name, Indicating that the computed values of stress,
strain, anddisplacement were not Influenced by the finite-element representa-
lion chosen for the analyses.
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THEORETIC.

The finite-el
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mechanics. Clou
for use with higt
for soil mechanl

The values of
mined by a seriai
compacted to Pt
was compacted
from 5 psi to 2
tangent to the a
pressure by

.)(FEM)

_. I imethod of
-- .S ~ms in soil

ormulation
a of Its use" - --)dward (4).

~ ~ ere deter-
*ite soil was

~ ~ L 1.~ -to which It
ire ranging
S'the Initial

- '1•."- e confining
50 900 0 t0

Distance Fron FHead End
40 60 80 tOO

E = 2000, 1 ...... (4)

in which E - it = the value
of the confining I:. lip in Him-
liar to those determined for othe; granular soils and It was assumed that a
relallonshipof thin same form could also be used to represent the modulus of
the styrofoam. The analytical results Indicated that the computed horizontal
movements were not parlicularly sensilive to rlnduhtis. Therefore, Eq. 4 was
used to calculate the modulus for various depths below the surface of the model
beam. For these calculations the confining pressure was taken as one-half
of the verlical overburden pressure. Thus, the value of E used in the analysis
Increased Indirect proportion to the square root of the depth. For most of the
studies the value of Polsson's ratio was assumed equal to 0.3, which agrees
with measured values h'ill other granular soils.•

The boundary conditions used In the FEM studies were as follows: (I) All
Im)ln95 fn lithe Ionttim surface moved vertically down a prescribed ainount to

FIG. 6.-MEASURIEID AND COMPUTED SURFACE IIORIZONTAl, MOVEMENTS

The horizontal surface movements and horizontal strains computed by the
FEM for a maximum 1-in. vertical deflection are shown In Fig. 5. It may be
noted that these movements are remarkably aimilar to the measured neove-& , tp(
ments.andtothose computed by Eq. 3. Similar comparisons for the data from 0r j
the tests for 2-in. and 3-In. maximum deflections are shown in Fig. 6. Again " .
there Is good agreement between the measuredvaluesandthe two methods of

,computation. of •l1 !

EFFECT OF DIFFERENT ELASTIC PROPERTIES .

The good agreement between the FEM and the experimental data suggegted), T
that the FEM would be useful In Investigating other more complicated sIlua-•'

-, 0::
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Calculation Of Strains

HORIZONTAL NOVEMENT AT LOCATION 1 - 32 FEET FROM TOE

ALPHA - (0.0282-0.0)/(32*12) a 0.000073

* (2*H*l2*ALPHA)/(3) a (2*3.5*12*0.000073)/(3) - 0.0020"

HORIZONTAL MOVENENT AT LOCATION 2 - 146 FEET FROM TOE

ALPHA - (i.5993-0.0282)/((146-32)*12) -0.0011

m = (2*H*12*ALPHA)/(3) a (2"3.5*12*0.0011)/(3) - 0.0308"

HORIZONTAL MOVEMENT AT LOCATION 3 - 189 FEET FRON TOE

ALPHA - (1.6447-1.5993)/((189-146)-12) , 0.000088

m a (2*H*12"ALPHA)/(3) - (2*3.5*12*0.000088)I(3) - 0.0025"

HORIZONTAL STRAIN FROM LOCATION 1 - LOCATION 2
*uS=t=saaammaamiaai==saaaaamaamamaaa.=mamS=tSS

HORIZONTAL STRAIN - (O.0308-O.0O20)/(114*I2) - 0.000021 ---------0.0021%

HORIZONTAL STRAIN FROM LOCATION 2 - LOCATION 3

HORIZONTAL STRAIN * (0.0308-0.0025)/(43*12) 0.0000S -------- 0.005%

THE LARGEST STRAIN - 0.005 -------- THIS IS LESS THAN 0.10791 (SHEET B5)

* RADON POTENTIAL CRACKING WILL NOT OCCUR


