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Specific points addressed by the revision are as follows:

stability to an embanked channel passing over the waste pits.

This report is a revision of our report dated December 18, 1985.

January 30, 1985
84-210B

524 North Sixth Avenue
Tucson, Arizona 85705
(602) 623-7774

80522

Such consolidation will be necessary to provide

permeability

through use of a surch~rge

Assumption of horizontal permeability equal to twice the vertical

Reduction and possible elimination of second(lry consolidation

Discussion of stability of clay pit related to cohesive strength

Discrepancies in consolidation-time theories

Disruption of sand drains by differential movement .

Noel Bormann

Geotechnical Engineering Regort
RIO Canal Station 11+00 to Station 24+00
Phoenix, Arizona

This report discusses the use of vertical drains to accelerate

This report is supplementary to Desert Earth Er.gineering reports on the

2)

3)

4)

5 )

1)

RE:

ATTN:

Introduction

Roosevelt Irrigation District Canal dated October 23, 1984 and November 22,

the flume alignment.

Simons, Li & Associates
P.O. Box 1816
3555 Stanford Road
Ft. Collins, Colorado

1985.

consolidation of the clay-filled waste pit between Stations 21+00 and 24+00 of
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Subsurface soils were sampled using a CME-55 drill rig equipped with

split spoon and ring samplers. Boring logs containing descriptions of the

materials encountered in the subsurface investigation of the site are

presented in Appendix A. Continuous penetrometer testing was used to locate

the bottom of the waste pit. The penetration resistance values are included

on the boring logs.

A soil profile for the project site is presented in Fig. 2. This soil

profile is transverse to the canal alignment and shows the approximate side

slope of the filled waste pit at Station 21+40. All evidence indicates that

this profile is consistent from Station 21+00 to Station 24+00.

Laboratory Test Results

Selected samples taken in the field investigation were tested in the

laboratory for grain size, Atterberg Limits, consolidation, and permeability .

Estimates of shear strength for several samples are tabulated in Appendix B.

These numbers were derived from needle penetrometer testing of undisturbed

ring samples. Shear strength values given by Western Technologies Inc. are

included for comparison.

. The material found in the clay pit was very consistent. The results of

Desert Earth's consolidation testing and those of WTI's consolidation tests

are very similar; therefore only three consoldation tests were performed.

These tests were conducted up to approximately 3 KSF as this was the

I
I
I
I
I
I
I
I
I
I
I
I
.1
I
I
I
I
I
I

Roosevelt Irrigation District Canal

Field Investigation

Number of Test Borings: 5

Location: See Site Plan, Fig. 1

Date Drilled: November 20, 1985
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Consolidation Characteristic of Soil Subjected to Saturation

material from 6-13 at 24-25 feet may be the result of premature removal of the

The unusual upward concave portion of the consolidation test performed on

sample from the test apparatus. Values for C were not calculated from this

Page 3

Surcharge
Boring Depth Pressure Consolidation

No. (ft ) (psf) %

B-13 24-25 2800 19.1

B-17 14-15 3000 13.1

8-18 14-15 1400 9.8

c.

Summary of Laboratory Testing Results (Complete Results are given in Appendix B)

Gradation and Plastic Index Tests

Boring Depth % Passing USCS
No. (ft ) #200 Sieve LL PI Symbo1

-----

B-13 14-15.5 99 77 51 CH

B-13 34-35 99 80 53 CH

height of 15 feet as per our phone conversation with Noel Bormann.

anticipated overburden pressure to be exerted by the final proposed

section of the curve.

configuration. This anticipated configuration consisted of a final embankment

Roosevelt Irrigation District Canal
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Conclusions and Recommendations

-4 -8
Coefficient of Permeability k = 1 x 10 ft/day = 3.5 x 10 em/sec

Sand drain diameter = 1 ft
Sand drain spacing = 5 ft

Our field and laboratory testing shows the waste pit to be filled with a

uniform. very plastic. saturated clay. This clay is unconsolidated and. under

the expected loading. has a settlement potential of up to 20%. This could

lead to total settlements of up to 5 feet for overburden placed above the clay

layer.

Because of the low permeability of the clay. settlement will be

dependent on dissipation of pore-water pressure over time. Laboratory testing

indicates that 90% of primary consolidation will occur 8-12 years after

placement of the overburden.

Consolidation of the clay can be greatly accelerated through the use of

vertical drains. The effectiveness of these drains is a function of both the

drain diameter and the drain spacing. with the drain spacing having the

greater effect. The analyses performed by Desert Earth Engineering is based

upon a drain diameter of 1 foot. A graph of percent consolidation versus time

for three different spacings is presented in Fig. 3.
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Roosevelt Irrigation District Canal

Consolidation Parameters

Compression Index C =.7
c

2
Coefficient of Vertical Consolidation C = 0.043 ft /day

vv
2

Coefficient of Horizontal Consolidation C = .0862 ft/day
vh
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The analysis performed by Desert Earth Engineering was based on radial

drainage theory developed by Barron in 1948 and Richardt in 1957. This

analyses assumed equal vertical strains at the surface of the clay layer.

For this analysis it was also assumed that the coefficient of horizontal

permeability k is twice the vertical coefficient k. This assumption is
h v

slightly conservative as values as high as k = 3 to 5 k are often
h v

encountered. This assumption was made necessary by the difficulty of

retrieving undisturbed samples taken horizontally into the clay layer. Also

assumed in this analysis was a well radius reduction factor of 1/2 to account

for smear as proposed by Leonards (1962). This analysis also assumed a

constant initial pore water pressure throughout the clay mass. A double

drained, homogeneous soil mass was also assumed.

This analysis is limited to consolidation properties of saturated,

cohesive soils and does not include the effects of elastic settlement.

However, any sand layers subject to elastic settlements in this clay deposit

are small and should not affect the settlement or drain performance

significantly.

As per phone conversations between Noel Bormann of Simons, Li &

Associates and Donald Tharp of Desert Earth Engineering, the performance of

sand drains was analysed for I-foot-diameter drains spaced 5 feet on center in

a triangular pattern. Our analysis indicates that the time required to

achieve 95% consolidation is approximately 50 days for this configuration.

The differential settlement to be anticipated after achieving 95%

consolidation for the proposed channel configuration without having placed the

surcharge was calculated for three vertical sections. The first section

analyzed was longitudinally along the channel centerline from the eastern to

the western limits of the pit. Our analysis indicates that the total

differential settlement to be anticipated along this section is approximately
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5 1/2 inches. This is composed of an additional primary consolidation of 3

inches to be expected over a period of 5 to 6 months, and an additional

secondary consolidation of 2 1/2 inches to be anticipated over a period of

approximately 10 years.

Similar differential settlements may be anticipated for the second

section analyzed which was taken perpendicular to the canal centerline at the

center of the pit, extending from 20 feet south of the centerline to 150 feet

north of the centerline.

A third section across the center of the pit from 20 feet south to 150

feet north of the centerline was analyzed for a clay depth of 15 feet.

Differential settlements across this section would be approximately 1/2 of

those listed above.

This analysis assumes that no additional settlement will occur in the

sand material which borders the clay pit, preceding the 50 day period required

to achieve 95% consolidation. It also assumes that a uniform rate of

consolidation across the clay pit will occur. This analysis was also based

upon an average clay depth of 35 feet which was obtained from borings which

were drilled to the full depth of the clay. The actual WTI borings drilled

near the center of this stretch at Stations 22+60 and 23+60 stopped before

fully penetrating this layer. Prediction of seconqary consolidation is

difficult at best and some degree of uncertainty is inherent in any analysis.

One of these uncertainties is the degree that secondary consolidation will be

affected by organic content of the soil. Although an organic component was

reported in the soils sampled by Western Technologies, the effect of this

organic component should not significantly change the secondary consolidation

predictions calculated for this project since some secondary consolidation

behavior, due to organic matter, should have been reflected in the results of
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our laboratory testing for primary consolidation.

Because uncertainties exist in the prediction of secondary

consolidations, Desert Earth Engineering recommends that after the sand drains

are installed, a surcharge of 10 feet of additional engineered fill be placed

on the 15 foot high embankment and that this total of 25 feet of fill be

allowed to achieve 95% of primary consolidation before the upper 10 feet is

removed. Our analysis indicates that under this 10 foot surcharge

approximately 72% consolidation would be necessary to eliminate primary

consolidation under the load remaining after the surcharge is removed. This

corresponds to a time of approximately 20 days. To virtually eliminate both

primary and secondary consolidation under the loads imposed by the final

proposed channel configuration, approximately 95% consolidation would be

required under the proposed 10 foot surcharge. This corresponds to a time of

approximately 50 days. Detailed calculations for these values are presented

in Appendix C.

To assure that 95% of primary settlement has occurred in the projected

time period, a monitoring program will be required. This monitoring program

could consist of a series of benchmarks placed on the fill. Settlement versus

time readings may then be recorded in the field and a chart of settlement

versus time readings may be compiled. Achievement of 95% consolidation may

then be verified by comparing the readings obtained in the field with those

obtained from laboratory testing.

All above calculations are based on radial drainage theory using a sand

drain diameter of 12 inches. Consolidation times calculated using this

theory are much lower than when calculated using Hansbro's theoretical formula

for wick drains. The main difference between these two theories is that the

conventional radial drainage theory assumes Darcian flow of pore water while

Hansbro's theory validly assumes non-Darcian flow. Nevertheless, the Hansbro
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equation given by Amerdrain is in part empirical and should not govern design

in this case.

A second factor contributing to the discrepancy between calculated

consolidation times using the two theories is drain diameter. The radial­

drainage theory times are based on a sand-drain diameter of 12 inches, whereas

Amerdain suggests using a fabric wick equivalent-diameter of 50 mm (2 inches).

If the 2-inch diameter is used in the conventional calculations, consolidation

times are slightly longer.

Both of the factors discussed above yield longer, and therefore, more

conservative, consolidation times for given degrees of consolidation. Various

theories for prediction times of consolidation typically give a large range of

results. Prediction of the actual settlement to be expected is much more

accurate. We consider the predicted times given in this report to be

reliable; actual consolidation in the field should be carefully monitored so

that settlement can be plotted against time. This will give the best check of

when enough consolidation has occurred to allow construction of the flume

channel without the threat of settlement-caused damage.

A system of adequate drainage must also be provided to conduct water from

the drains horizontally away from the site. This may be accomplished by the

use of French drains filled with permeable soil or with filter fabric. Once

this system of drainage is installed, placement of the overburden may begin.

Further testing will be required to assess the stability of the

embankment after consolidation is completed. Consolidated undrained triaxial

compression tests should be conducted to provide an assessment of the

stability of the clay material. Such tests should be conducted on samples

consolidated to the level anticipated in the field and then sheared in an

undrained manner to get the shear strength. The consolidation level at which
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these tests should be run can either be predicted or tests can be run on

occurred. A slope stability computer program can then be run using the

We thank you for working with us on this project. If we can be of

Page 9

8.S.C.L

.""
R. L. Sogge, P.E.

Ralph Pattison of Desert Earth Engineering inspected the portion of the

RLSjajt

Copies: (1) Addressee
(1) Simons, Li & Associates

Tucson, Arizona
ATTN: John Lynch

alignment from Station 11+00 to Station 18+00 on December 6, 1985. Comments

material in the field and a determination can then be made of whether or not a

relating to this inspection are given in Appendix D.

further help, please call.

stabilizing berm is required.

actual samples taken in the field after various levels of consolidation have

strength obtained from the shear tests to evaluate the stability of the

Roosevelt Irrigation District Canal
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Soil Boring Logs
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JOB NO. CL.IENT L.OC ATION

DESERT EARTH ENGINEERING 84-210B Simons, Li &Assoc. RID

LOCATION OF BORING BORING NO.
DRIL.L.ING METHOD & EQUIPMENT

CME-55 Drill Ria eauipped B-13

with 6 5/8 11 00 3 1/4 11 10
SHEET

Sta. 21+47 24 ft N of CL hollow-stem continuous 1 OF 2

flight augers ENGINEER

SAMPL.ING METHOD RMP
Split-spoon Penetrometer TIME

and Ring Sampler
DATE

DATUM ELEVATION 1005 CASING DEPTH 20 Nov 85

~
-

SURFACE CONDITIONSlIlu W
a: ~2: c J:~

~~
a::..J

UlUl ~LU
...J[l ~~ ~ BL.OwS/'" [lLlJ

LULU
'~

~>
[l:>- - Ill'" LlJ4. o(LU
~~ / 'i~ SAMPLER Oz ~3 ~..J

111 / ~tj jQjQ
-a:

1/ ... a
- Grrtv rtnri Rrnwn <;ANn Rnrk' ;,nri rnRRI F<;

/ 1-

1/
-

2-

/
..-

3 ......
Some r1rtv

/
-

4 ......

/
I-

51-

/
-

6-
- (CH) Brnwn rl AV with tr;,r", onri· c::;,tllr;,t",ri

'''' >"11

/ 7 olastir ~nft

SS % 9/8/8
8

/ 9 ......

/
......

10 ......

i/
......

11 ......

/
......

12 -

1/
-

13 -

/
-

14
(CH) CLAY

SS % 15
18 1/1/1

/ 16 ..-

/
-

17 -

//
-

18 -
-

/ 19

RS ~ 3/3 20



I JOB NO. eL.IENT LOCATION

I
DESERT EARTH ENGINEERING 84-210B Simons, Li &Assoc. RID

LOC ATION OF BORING
BORING NO.

DRIL.L.ING METHOD & EQUIPMENT

CME-55 Drill Ria eauiooed B-13

I with 6 5/8" 00 3 1/4" 10 SHEE T

hollow-stem continuous 2OF 2

I
flight augers ENGIN((~

SAMPL..ING METHOD RMP

Solit-SDoon Penetrometer TIME

I and Ring Sampler
DATE

D4Tuhl EL..EVATlON CASING DEPTH 20 Nov 85

I Z .I. w SURFACE CONDITIONS
"'-"II '!!> , l:~

~~
tt.J

ww ~~ J ~
~w

L41~Jil. IIL.Ow"'" ll.L41
a.~ - I",.., 141'" 'e ~L41

~>- .f '!i~ S"M.-L.t!:,. a~ ~9 ~.J

I '" .' ~~ 011_
/ -a:

/ 20~ (CH) Brown rLAY· <;rlturated verv nlastic soft

I / 21 H
/I

22n

/ 23~ I

// \I 24 17{RS 2/1 25

I /
.....

26 .....

/
-

27 -

I -
/ 28-

/
.....

29

:% 30SS 24 2/2/2

/ 31 .....

/
.....

32 .....

i/
.....

33 -

/
-

34

SS % 35 ( SM) Brown SAND with trace silt; moist, medlum
4/12/16 dense nonolastic

/ 36 - \-
/ 37 - - Bottom of hole at 35.5 ft

//
-

38 -

/
-

39 -

V -
4° .....

I
I
I
I
I
I
I
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JOB NO. CL.IENT L.OC A T ION

DESERT EARTH ENGINEERING 84-210B Simons, Li &Assoc. RID

LOCATION OF BORING

BORING NO.

DRILL.ING METHOD & EQUIPMENT

CME-55 Drill Ria eauipped B-14

with 6 5/8 11 00 3 1/4 11 10
SHEET

Sta. 21+44 12 ft N of CL hollow-stem continuous 1 OF 1

flight augers ENGINEER

SAMPL.ING METHOD RMP

Split-spoon Penetrometer TIME

and Ring Sampler
DATE

D"TUM ELEVATION 1004 CASING DEPTH 20 Nov 85

~
w SUR FACE COND IT IONS

"'ua:: 1jI~ 0
:I:~

~~
a:..J

L;JL;J \il§ ~
~LU LULU

-la. BL.OWS/6" a. LU
.~

~>

0.:.- - "'w LUl4. «LU

~l- I 'i~
SAWPLER Oz ~S ~..J

<Jl 1/ ~~ """"-a;

/ f-Q
I--

Grav and Brown SAND r,RAVEL rind COBBLES

/ 1 -

1/
-

2 e-

/
f-

3 f-

I-

/ 4 f-

f-

/ 5 f-
Bottom of overburden laver 5.0 ft

/
I-

6 f- - r-

f- 5
Bullnose penetration only 6 ft to 14 ft

/ 7 - -

/
- 6

8 --

1/
I- 9

9 I- -

f- 9

/ 10 ~ -
f- 11

/ 11 f- -

/
f- 22

12 f- -
~ 37

1/ 13 f- -
- 44

/ 44 l,

/'
-

15 - l Ijottom of hole at 14.0 ft

/
-

16 f-

/
-

17 -
//

~

18 f-

1/
f-

19 l-

I/
I-

20 I-
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JOB NO. CLIENT LOCATION

DESERT EARTH ENGINEERING 84-210B Simons, Li & Assoc. RID

LOCATION OF SORING

SORING NO.

DRILLING METHOD 6 EQUIPMENT

CME-55 Drill Ria eauipped B-15

with 6 5/8 11 00 3 1/4 11 10
SHEET

Sta. 21+42 2 ft N of CL hollow-stem continuous 10F 1

flight augers ENGINEER

SAMPLING METHOD
RMP

Solit-spoon Penetrometer TIME

and Ring Sampler
DATE

DATUM ELEVATION 1003 CASING DEPTH
20 Nov 85

~
w SURFACE CONDITIONS

lIlu
(t

~? c
]:1-

~~
(t..J

UlW
~15 :J!

I-W lUlU
...Jll. BLO....s/6.. a.. lU 'e 1-:>
ll., - Ill.., lU~ <w
~I- / 'i!o SAMPLER Cz ~~ ~.J

l/l l/ ?t~
....

-a::

V f--.O
(.;rrlV rlnri Rrnwn <:;ANn (.;RAVrl rlnn rnRRI rc;

/
f--.

1f--.

:/
I-

2-

/
-

3'- Clean Brown SAND with trace qravel; moist,

1/
- medium dense, clasts are rounded

4

SS ,;: 5
4/r:, 17

1/ 6f-

1/
f-

7f--.

1/
'-

8,-

1/
f--.

9

1% 1055 18 12/15/14

1/ 11 f-

1/
f-

n nf hnlp ~t 10 r:, ft
12 f-

1/
f-

13 f-

1/
f-

14 ,-

1/
f-

15 f-

/
f-

16 '-

:/
f-

171-

1//
f-

18 f-

/
f-

19 '-

'/
'-

20 f-
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JOB NO. CL.IENT L.OCATION

DESERT EARTH ENGINEERING 84-210B Simons, Li &Assoc. RID

LOCATION OF BORING BORING NO.
DRIL.L.ING METHOD 8< EQUIPMENT
CME-55 Drill Ria eauiDDed B-16

with 6 5/8" 00 3 1/4" 10
SHEET

Sta. 21+43 15 ft N of CL hollow-stem continuous 1 OF 1

flight augers ENGINEER

SAMPL.ING METHOD RMP

Solit-sDoon Penetrometer
TIME

and Ring Sampler
DATE

D"TUM ELEVATION CASING DEPTH 20 Nov 85

.~
..a SURFACE CONDITIONSUlU

([
~~ c l:~

~~
([.JLUw ~w

...J'1. ~l5 ~ BL.OwS/6" Q.w wW
'e ~:>

11.>- - UlloJ
SAMPL.ER

wll.. o(w
~l- / ':l!~ O:z ~g ~.J

<Jl 1/ ~~ III III
-a:

1/ ~O
GrilV ilnc1 Brnwn <\ANn r,RAllrl ;Inri rnRRI rs

1/
'-

1--

1/
'-

2'-

/
'-

3'-

/
'-

4'-

/
-

5 -

/
-

6 -

/
-

7 -
- (CH) Brown CLAY' <:i'ltIJri'ltprl vprv n1rl<:tir <:nft

/ 8 -
1/

-

1:IRS % - -r-5/6 Bullnosp DPnptri'ltinn nnlv 10 -ft tn 111 ft.

1/
'- 8

11 -- -

/
'- 8

12 '- -

/
'- 6

13 '- -

/
'- 9

14 '- -

/
'- 11

15 '- -

/
'- 16

16 - -

1/
- 17

17 - -

1//
- 24

-18
~

/
-

19 '-
I- I)ottom at nOle at~.U tt

V
'-

20 '-
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JOB NO. CLIENT LOCATION

DESERT EARTH ENGINEERING 84-210B Simons, Li &Assoc. RID

LOCATION OF BORING BORING NO.DRILLING METHOD 8< EQUIPMENT
CME-55 Drill Riq equipped B-17

with 6 5/8 11 00 3 1/4 11 10
SHEET

Sta. 21+21 20 ft N of CL hollow-stem continuous 1 oF2
flight augers ENGINEER

SAMPLING METHOD RMP

Solit-sDoon Penetrometer TIME

and Ring Sampler
DATE

OATUM ELEVATION 1003 CASING DEPTH 20 Nov 85

i4
-- SUA F ACE COHO IT IONS<IIu

..,
a:: ~~ 0

xl-
~~ a:: J

uJw
~~ ~

l-W WW
--Ill. BLOwS"" ll.w

'~
l->ll.> - <II ... wlo. «w

~ ... 'i!> SAMPL.ER ~~1/ ~§
Oz ~..J

III ......
-a:

V f-O
r.:r;l\l ;Inn Rrnwn SANn r.:R llVI=" I ::Inri rnRRI FS

V
~

11-

1/
~

21-

/
~

31-

/
I-

41- Some clav

1/
f-

Sr-

I/
I-

61-

1/
I-

7r-
(CH) Brown CLAY; saturated very plastic, soft

1/
I-

8f-

1/
I-

9

SS 1% 10 i - ,
" ? 1/?/4 (SM) Brown SAND with some silt

1/
'-

111-

i/
~

12 l-

I/
~ -I-

13 I-
(CH) CLAY interlavered with (SM) SAND with some silt·
,nt'lrn-i'p;j c::nft

/
10-

141I~
f-

(CH) CLAY
RS 21:l

15

1/
I-

16 r-

1/
I-

17~

1// I-

18 I-

/
I-

19 Snmp l'lvprs with tri'lrp nroi'lnir,

SS rx }; n. n. 20" A



I Joe NO. CI.IENT I.OCATION

I
DESERT EARTH ENGINEERING 84-210B Simons, Li &Assoc. RID

L.OCATION OF BORING
BORING NO.

ORII.I.ING METHOO & EQUIPMENT

CME-55 Drill Riq equipped B-17

I with 6 5/8" 00 3 1/4" 10 SHEET

hollow-stem continuous 20F 2
flight augers ENGINEEP

I SAMPL.ING METHOD RMP
Split-spoon Penetrometer TIME

I and Ring Sampler
DATE

,
DATUM EI.EVATION CASING OEPTH 20 Nov 85

I Z l 101 SURFACE CONOITIONS
VlUa: '!? '0

l:~

~~
a:.J

""Iol ,£!!i J ~
~Iol Iollol

...J(1. 8 I. 0 lIIsl I" (1.1ol ~>
Cl.~ - IVI ... Iol"- Ie .Iol
~~ " 1!~ S... M.-I.e; .. Q! 29 ,&.J

I III .' ~~ Ill.
V -a:

/ 20~. (CH) CLAY

I / 21 ~
/

I
22n

/ 23~ I

1~/
tj

II RS /'l? 1/3 2~ I
// 25

1/
-

I 26 -
- GRAVELLY

/ 27,....

I .....
;/ 28 ......

/
-

I
29

[GW) Brown SANDY GRAVEL with some clay

S5 ~ 30
9/8/5

I 1/ 31 -

/
.-

32 ~ ..

I /
~

33 ~

/
-

3~ BI (GW) Rrnwn SANDY GRAVEL with trace clay' very dense
55 % 3S anaular to subanqular

33/47

\-1/ -

I :6- - Bottom of hole at 35.0 ft

/
-

J]"'"

I //
I-

38 .....

/
-

39 -

I /
-

40 -
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JOB NO. CL.IENT L.OC AT ION

DESERT EARTH ENGINEERING 84-210B Simons, Li &Assoc. RID

LOCATION OF BORING
BORING NO.

DRIL.L.1NG METHOD & EQUIPMENT

CME-55 Drill Ria eauipped B-18

with 6 5/8" 00 3 1/4" 10
SHEET

Sta. 23+60 35 ft N of CL hollow-stem continuous 1 OF 3
flight augers ENGINEER

SAMPL.ING METHOD RMP
Split-spoon Penetrometer TIME

and Ring Sampler
DATE

DATUM ELEVATION 1009 CASING DEPTH 20 Nov 85

~
w SURFACE CONDITIONS

tIlu
II ~~ c I:~

~~
a:.J<uw

~21 ~
~w wW

...Jll. BL.owS/6" o.W ~>
0.:.- - Ill",

SAM"LER
w~ 'e c(W

~>- I 'i~ Oz ~s :I;.J

'" 1/ ~8 OQOQ
-g:

1/ OI-
l-

Grav nnrl Brnwn SANn r,RAV~1 rlnri rnRRI ~c:;

/ 1 I-

/
'-

2-

/
-

3-

/
-

4-

/ -51-

/
-

6 -

/
-

7 -
- (CH) CLAY

/ 8 -
I-

/ 91- Some cobbles, 7 ft to 14 ft

/
I-

10 I-

/
I-

111-

/
I-

12 ~

:/ '-
13 '-

/
-

14

I (CH) CLAY
RS % 15

12 ?/4

1/
-

16 -

/
-

17 -

//
-

18 -

/
-

19 I-

/
I-

20 >-



Joe NO. eL.IENT L.OC A T ION

DESERT EARTH ENGINEERING 84-210B Simons, Li &Assoc. RID

L.OC"TION OF BORING
BORING NO.

DRIL.L.ING METHOD 6 EQUIPMENT

CME-55 Drill Ria eauiooed B-18

with 6 5/8" 00 3 1/4" 10
SHEET

hollow-stem continuous 2 OF 3
flight augers [HGIHEEI!

SAMPL.ING METHOD RMP
Solit-sooon Penetrometer TIME

and Ring Sampler
DATE

D"TU,", EL.EVATION CASING DEPTti 20 Nov 85

" l Ool SURFACE CONDITIONS
VlUa:
'!!~ '8 l:~

~~
a:.J

-.J1oJ ~1oJ 1oJ1ol
.Jll. ¥~/~5 IIL.OwS/,.. ll.1o.I

'I: ~>
a..~ 10.1"- ~10.1

~~ " '!!~ S"'M~L.!:" Oz ~3 ~.J

<Il 1/ 'f~ .....
-a:

1/ 20~
V 21

/ 22n

/ 23~ I

// 2~R RIJll nnc:;p IP lP 'nti nn onl v 24 ft to 45 ftI 1
// 2S --

~ 1

/ 26 ~ -
'- 1

/ 27 - -

- 2

/ 28 ~ -
- 2

/ 29 '- -
~ 2

1/ 30 ~ -
~ 2

1/ 31 ..- -
.- 3

/ 32 ~ -

~ 3

/ 33 --
-4

/ 34 - - I

.-5 I/ 3S ~ -
-5 I/ 36 --

/
-6

37 .- -
-7

I // 38 --
/

-7
39 '- -

1/
~8

40 ~ -I

I
I
I
I
,I
I
I
I
I
I
I
I
I
I
I
II

I



II Joe NO. - CL.IENT L.OC A T ION

DESERT EARTH ENGINEERING 84-210B Simons, Li &Assoc. RID

IfcCC"'CN C, BCR<NG DRIL.L.INCi METHOD. EQUIPMENT
SORINCi NO.

CME-55 Drill Riq equiooed B-18

I with 6 5/8" 00 3 1/4" 10
SHEET

~
hollow-stem continuous 3 OF 3
flight augers [NGINEEIl

S"'MPL.INCi MET HOD
RMP

Solit-sooon Penetrometer TIME

I and Ring Sampler
DATE

I
DATUM EL.EVATION CASING DEPTH 20 Nov 85

z I w suRFACE CONDITIONS
VlU

a::
'!~ '5

x~

~~
a::..J

IWlU ~lU lU l4J
Jll. ~~/~5 fJ L.O"S/'" ll.14J ~>
ll.~ lUlo. Ie

.' l! ~ SA"'~L.I!:" ~s
.lU

I
~ ..... , ~u

Oz ~..J

'" i U
OIl.

-'"

1/ 4JL -

I / q8
41 -H10

1/I
42 11-

/ WO43 -
: 11 I

//
\ u

44H-

//
h 32

45

7
-

46 - Bottom of hole at 45.0 ft

/
-

47 -

/ -48 >--

1/
>--

49 I-

/
-

:0-

7 -
51 '-

/
-

52 -

1/
-

53 I-

/
-

54 -

/ -
55 -

/
'-

56 >--

7
I-

57 '-

/7
'-

58 -

/
-

59 -

!/
-

& -

I
I
I
I
I
I
I
I
I
I
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APPENDIX B

Laboratory Results
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UNIFIED %SO IL

lEY HOLE DEPTH LI QU ID PLASTICITY CLASSI- PASSING
SYIlBOL NO LllilT INDEX flCHION #- 200

(f .. l) ( t.) (") SYIlBOL

0 B-13 14-15.5 77 51 CH 99

0 B-13 34-35 80 53 CH 99

ncb V
~" ....'

"Y

cyV

'"
/

/'
OH

CL/

or
llH

CL V OL

---- or
Cl-liL !/"////h'V/// ilL

ilL ./

JOB 84-210B

desert earth eng'ineering

RMP

100

BY

DATE 18 Dec 85

90BO706050

LI QU I0 LIlli T (%)

.0 .

PLASTICITY DATA

PLASTICITY CHART

302010o

60

50

~

1lO .0-
""...
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c 20........
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DESCRIPTION OF (C H) Brown CLAYSAMPLE:
BORING: B-13 IDEPTH: 24-25 IELEVATION: 0981
MOST P'WBABLE PRECONSOLIDATION f,XISTING OVERBURDE~! STRESS
STRESS SF) SHOWN THUS: Pc! 'i<.SF) SHOWN THUS: Pn
COMPRESSION INDEX (Cd .676 SWELLING INDEX (Cs )

MOISTURE INITIAL 62.5 VOID INITIAL· eo 1. 56
CONTENT % FINAL 39.8 RATIO FINAL· eF' 1. 08
DRY DENSITY INITIAL . 65.7 DEGREE OF INITIAL SAT

(PCF.) FINAL 81 .2 SATURATION % FINAL SAT

L..Cl
00

u
Q)

Cl
Q,)

.-i I

.-i
0
t-

l.I.J <t:
t- a:::
<t:

ClCl a
>

"'"f\
1\
~

1\
I)·

\
1\

i

1\

1\

\
"'"~

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

>­co

CCl
o
.-i

N
I

<:t"
00

o
z:
co
o......

1. 56

·1 . 08

o1

CONSOLIDATION TEST DATA

PRESSURE - kaf

1 0 100 100.0

a

2

4

6
z
o

8 I-
u
UJ
....J

10 ~
Cl

12

14

16

18

20

desert earth engineering



DESCRIPTION OF
sand (CH)SAMPLE: Brown CLAY with trace

BORING:
B-17 IDEPTH: 14.0-15.0 IELEVATION:

MOST ~W~ABLE PRECONSOLIDATION EJSTING OVERBURDE~! STRESS
STRESS SF) SHOWN THUS: Pc- 1 ~F) SHOWN THUS: Pn
COMPRESSION IN DEX (4:) SWELLING INDEX (Cs)

MOISTURE INITIAL 56.0 VOID INITIAL· eo 1.380
CONTENT % FINAL 62.2 RATIO FINAL· e" . 1. 069
DRY DENSITY INITIAL 69.5 DEGREE OF INITIAL 90 1

(PCF.) FINAL 79.9 SATURATION % FINAL 100.0

desert earth engineering

'2
o

4

6

2

8

10

12

18

16

14

100.0

PRESSURE - kaf

1a 10.0

CONSOLIDATION TEST DATA

0
~

I'---
~

l' \:~ !'or-.
8- D

\
\

0 ~)

\
9 ~ ~

0.1
1. 38

1. 32
1. 30

1. 16

@.06
>

I
I
I
I
I
I
I
I~

"J

\.0

I~
eX:
Cl

I
I~

I~
c::o
o
r-i

I~
o

Ii
I
I
I
I
I



1. 6°I-.........,..+--+---+-+-+-H-+t---+-t-t-+--t-l-++t---j--r-r-H-HTI

DRY DENSITY r-1N:.:.;.IT.:..:.IA;..;.;:L'-- -t-·6::-:4:-.--::9--1 OEGR EE OF r-:IN.:.:..1T.;..:.:IA...:.=L'-- -+--_9;:::-1;;-;:.7;:--1
(PCF.) FINAL 71 . 1 SATURATION % FINAL SA T

MOl STU RE 1-'1N-:IT--,-IA-:L -+--5_4-:._2--i VOlD 1..:.:1N:.:..:...IT.:..:.:IA..:..=L:.-·..:IIeo'-- +-~l~.6:-:0:--i
CONTENT % FINAL 50. 7 RATIO FINAL· e. 1 . 37

desert earth engineering

100.0

0995

10.0

PRESSURE - ksf

1.0

CONSOLIDATION TEST DATA

0.1

DESCRIPTION OF
SAMPLE: (CH) Brown CLAY

MOST PijOBABLE PRECONSOLIDATION IFXISTING OVERBURDEN STRESS
STRESS ~SF) SHOWN THUS: p,.l IJK'SFl SHOWN THUS: Pn I

BORING: B_ 18 IDEPTH: 14 _ 15 IELEVATION:

COMPRESSION INDEX (Cel SWELLING INDEX (Cs )

~

~
C

0:

~ 1".37~

0
i=w ~

I- a:::
<l:

ClCl
(5
>

~
0::

>-
CD

~
ei
z
CD
0--.
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SUMMARY OF SHEAR STRENGTH DETERMINATION

Boring Depth UCS C
Firm (No. ) ( ft) (ps f) (psf)

WTI B-1 5-8 420 210

WTI B-2 14-17 360 180

WTI B-3 5-8 1,200 600

DEE B-13 24-25 250 125

DEE B-17 14-15 920 460

DEE B-17 24-25 840 420

DEE B-18 14-15 1,120 560
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APPENDIX C

Calculations



CALCULATION COVER SHEET

FEATURE I Sand drai n performance

PROJECTI Roosevelt Irrigation District Canal
Station 20+50 to Station 24+00

desert earth engineering

Calculation Byl Donald Tharp and Ralph Pattison

Date I January 8, 1986

REFERENCES I

Foundation Engineering Handbook
by Hans F. Winterkorn and Hsai-Yang Fang Ph.D
Foundation Analysis and Design
by Joseph E. Bowles
Soil Mechanics
By T. William Lambe and Robert V. Whitman

SOURCE OF DATAl

Western Technologies Report Number 2155J020-E
Results of Desert Earth Engineering Laboratory Testing on Materials

ITEMI Time of Consol idation
Differential Settlement
Effect of Overburden Placement! bn Settlement

I
I

II,~ ---------~

I
I Job No. 84-210B No of Sheets 6
~.:...:...:.......::..:..-=-..:===========-------------~~.-.:..-=-=.:...::..-=--==========-~

I
I

I

I
I
I t---'----------------------------------------l

I
I
It--------------l

I
I
I
I
I
I
I
I



! '

I -.

,
I '

T -,

I 1- i
I I

I
I ·
I

i
I t I

I

iii
I : !

I I
! '

j

I i I

: I I

I I

I I-I
,

.- i

I
i

I I
I I

I
I

I i
I

I
I

I
I i

I
I

I
' I
I I

I I I
I ; I
I : I

I i I
, I I

I I I

i I I

I j! i-
I t I I

·1 ,--, I I
I t I I

I t

-: I t

I I

....

I

I I

I
!,

I
I, ,
I

I
I
I

I
I I

i
4

I I
I I
I I

I

I I

'
I I '

i
T

- j

I,
I
I'- '1 -

I

I

I
: II !l- :- -I_

I I I i
.1. I I I' l-

I
I !

I '

.' I I - i ,- II

I !
i I: I I
j

I I iii I

I --,TI-j
i I I I I

I I I i

I
I

I I,

I

: I

r - 'f'

I

I '

I

i 1
:- -- I-

I I

t -- _ ..

i

,
, I

I

!

I
, I L

i
I

1 , ,

I

, ,
,

, , 1--

~t,SO,

(;,0'''' ;
'2.\._ .::

t •

i
. - -- _. L-- t---
I I I I

, I I
I

. ,,

I _ I

! i I
! , I

, I
, . .), 1__ J I

,Ot~ ,·H> 4lP I _0-_ ~._

- l S • lOe) :=.

-
U

r =-
"2

I r/~\ . (r
.' =- T; eO ) - i i or" \

t ~ \< Ie' 1\ lAc,
\Q~ ~~~t-\

I /
cJ ~ < (Yi?; ..('~ '-./ J?",

t .Co ",-,,_It. s

II=',~ i

If&
I
I
I
I
I



=

C.OY) ~o I, J ,J.~
.\ t 't,.~ ,'" ,JI~

~

,lhJef,

R.lY\f'

8~-;;UD b

(1)'10-'')( -:<.,60)

(.OT).., )( • 0<, J-i.{)

-------.

I~P l( 14L\O-.--

,oo~.\\:.- tOo.,

,!;. :: .2. /Cl

• 00 ~2.. ;,(...\-Ie:)
j;¥o.'", .kt ~fP

t-<. v .

P :: ;( , :L l<. ~ F= e
l

:: 1.3(,.
(;)

P, ~ 7.2.. K.5F ~ ~ l. 001-

~~
'If''''-J (.S

e .\Jo...\ ...... es 1+ e ;:;..

/(0

...''1 I .
C\I:' (. col-j8 + ,0038) I?.. -: .00'-13 /;,., .....

I. -1.\
K ~ ·\X IC>

0." .07"-
.030S

Hl/1{;p
IY\¥ :: = ":.

l-t e I .:l.. 3 '"
\ "2.... t.:t ...db ,o:!.o~-~~• co,"!""?> \W'\

I<. "" ':. (
)( . f-t.A

><.

v \"t\':", K"f

c: v -

\<. ::.
"

(!, ....c

"'-' I
(

-- - ------
I, ::, G - I. ""'0

C\
J

o·CQ)C1( II-Ie)) = o,G .........

(:::>. u-0'1 (L.L -(OJ -=

°-7

c..Lc..\ .. l Se t +' cJ~ se

, .-,-
I-r .. r~ .' ~

('

/'.)67

= (~)( 10- '1 ) ( 2, t., )

(. 07 J... ')(. 0 .:;, -:l. 4 )

eo :::::.

I
l-c.. -

I
I
I~
-c

I
I
I
I
I
I
I
I



= I/~ s

c...\ <:. .... 1~+('0 >'l S

DIs ~'\c.1

P<a).ot 3

R"-J..·... l c~s" \ : Je....J. ~ ....
l2.oo~c.velt Ir"'.'r,·,t:.,.,

"6 S- - ;2., 0 r~ 1/;;"/ 81.

RMP

o.SS l.A.W'e Ii" IS, S tt
c I ... '\ J. Cop-rl.-, :- 3\ ~ t

£. T
y

c. v t
H

2o

Ii = 50 Jc<~~

IT y,:= ,b q

l"Ty :: .01

I
TI h

I
I

l\ =- It>

I~"S 4. :;. $ ..... "'" f~ :Q h +Q o..C C " ,-"j .c r- .s "'" e CO<. ("

.... !. P 1"" le,; .... "" r-J ~ (I ~ ~:L ~

't" 100
Jo.(f ~

IT~
:;: 1.38

1" :: ,0 t..

I "

1:..: ISc Jo..'(J':>

I
T" :: )..07

l- :: ,(:) }..7
'oJ

It ~ 30 J .... 'd ~ * :: /0 Jc.../~

IT ::- •.. '-:( II:J- T..., :: • I ~ 'iI
h

lTv ,Oes Ty ";. 4' ():,..I 'L

r : IS Yo-os t~ 5 Jc..1~

Ii h
-=- .;207 T • 0<,")

'"Til • '00\

\ ::- ,003

I
\I

n ::



Rc-.J\~l COYl~<>I.J~·L:'V\

Roo H ... e:-l t 1..("(": all..·h~ ..\'~\,~\~~e lJ.. O.
\... :i:

l(oY\~D\,J"-~t~., el ... ~,,~ ...t~, Vt\"t,,~\ ~ rc....d,,,,1

IJ~~,·" C'- )

Ll .:: \-(l-lAR,)(I-U"i:)I ~~

~J. U. k""", Too-S[e J-t. '1
~

I~"'-.l Ll:z ~a-v"\ To..blc- 1-\,7

t :: 30 J",-\~

IU.~:: .~(~"( '-l2.-z. =- 1-( \ - I '?/S)( 1- .Ob') ~ 'as.S7.
"'-~':. .0<0 S

'(~- - :l( 0 i~

(4.1 C "'- LL t ~ '" ~

D,·~ h.',e ~

fo 3 c f 3

1lLlI- ::

Ll:c ::

I,
"t = 10

I ~~ ~
I LA. OJ- "

• 50 (

.0,-/ S
II
11



::. /D

p~ I () ( I

IS .\.'.0-\ ",";)~ e\NJ)",,\o'\~( me." *'
,\::"":~ ~,,~

(

~c.

: ,00S8

..
t... ....\~ ~ ~~\J.'- ... I ~ .. ,,(

t ,,.:.,<. 'err fr'",,",,\ w-:; .. \

l2.oos"".,.lf rn""o'-+l~ D:5~:' t
Ov~~ .......... J.e-\o'\ S+r<:.!;.!>. C,,-\CS

~J.j -)..ID 13

p ~
o

c~ ~...,."".,)
,

a. '5 ~ "" """ <... : .: 0./ wTr 1.3 - ~ c..~14·17

CQl
r., -:::. .00'-( \ 4r~ OEE \~-n ~- H-'-:'

-k"",.
I

et) l:' '.Sf;. .., wTI P.,-~@ ll./-I"J

!

i
II

~
il

'I

I
II

II
II,

p\l.u.l" I

·3211

w', l \ .;; \'\",,~'\ \0'\ ''-L..
r;,~,,-I /e<.J ..

I "'t' \ @ ~s /0 wY•• ,,,( ~ 3D et.a.1~

"-L 10 I <,,,~L"'I".Jc ''- IY'''-l l" r"""",,,~ J-

110 ,~c:I.J :~,',.. "J S ... iil",,,,,,w.• ,t: WI/! oc:.c.l<...l

1r~'15
........, cl .c ,-

I I
I r" ~L.~,'~,.L. :5C'c'J"~('<l-"\

l
i(t; :.

I
I

I Cl "", = 'ts-?

I



Ro"~e-Jd{ .rrf";'rJI~"'" Dl~iv-'\J
D, .\'(t.r€-",-\,c.. \ 'Se.tt leWteV\{ Cc....l C $

Se.<:...\.,'o,", I \...0"'1It .....Jl\~cJ <l ~t-C\.. ..l.lH-o"t:l()~)u
'B'S--.;LIO~ 1/6/8s-' f~ I o.f. I

o.f c..r..-.l.. \ ~c-O'or~~

B· II @ Il.j - IS- H

\

i..;l.::: 10 Cf~

*=, ': 'i 00 0 "" .........-I.~
" -. O\'J..8

.., .oOLiI

(/0 )(:H$")( 4'1 )(100)

- ,00'-\ \ LO) I-\ocro

IAH = (Hilt-eo ;(Ae)

IA \-t = (3S ll. ?-07 )(. 0 I~ ~) = • ;l.();l. 'd ·n

I Ll f 0 (>e)(',,) + "/, ('0, - .,.") 0 36"' l'+

I t. ~ A f :. 3 0 (,;, 'll ~ / '-I i l) W T 1: 13 - l Gi> (I ~ - I 7 )

I



0
~

<
J

'v
00'

<
J

•

I
0

~
<>

rrl
II)

I'.
..

....
r(

g
QQ

1
'\

n

I
"

0

~
~

,
Q

I
Q

Q
>

~
'-

~
.
)-

<
l

()
l
'

I
!::

V
l

"'-

'2er
Q

c£
a

-
'"

'<
l

0
-....

'-
.....

C
(

'2
~

U
J

<l
1'1

v
'-

I
,...

~
uJ

4
-

2:
V

I
0

0
<:r

:)'-
~

.....
a

l-
V

I

I
to

0
c:!..

0
a

l.ll
Q

,.2
ll..

r0
l-

N
)

....
lJ1

'2

I
l!J

0
<J

(.)
r<

~
"'-

-
'2

}
-<
)

I
Q

0u..
()

.::>
-

~
I-

lJt
<

["

.a
2

I
Q

~
""

<
)

0
\I)

-...
J

Y
V

I
a:.

0
0

'2

I
~

0
'-

J
'2

0
-

(7-
et

l!J
(
}
~

~
<

J
Q

~
,.,

-
0

I
a
l

<v
I-

V
l

:>
'2ec\S

)
(>

<
:)

W
r-

,...

I
~

cL.a
1

-
Il..

"v

I
0

0
"'l

"
l

I
(>

0
~

:r

I
0

0
P

I
...,

I
()

0
r
(

N

I
~

~

I
0

D
~

j
'0

0
<J

~
....

;4
:;

"-
<

l)
0

8
<T"

(
"
~

/
N
O
I
.
.
.
L
.
.
t
i
Q
\
I
O
$
(
U
O
~



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

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

APPENDIX D

Comments on Station 11+00

To Station 18+00
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APPENDIX D

COMMENTS ON STATION 11+00 TO STATION 18+00

Further problems at the site have been encountered in the area of the

water-filled waste pond between Stations 11+00 and 18+00. These problems were

discussed in an informal meeting between Ralph Pattison of Desert Earth

Engineering and Kent Hamm of Western Technologies Incorporated on December 6,

1985.

Construction problems in the area of the water-filled waste pit seem to

be primarily related to the inability to provide an adequate dewatering system

for the pond. Furthermore, a soft clay or silt layer at the bottom of the

pond, 2-9 feet thick, aggravates the difficulty of bringing construction

equipment onto the site. The depth of this layer was determined by WTI

personnel by pushing a probe down from a boat in the pond. These probes

indicate that, at its maximum depth about 110 feet north of the alignment

centerline, this layer starts about 4 feet below the water surface (Elevation

1001.5) and is about 9 feet thick.

According to Mr. Hamm it has been the experience of contractors that,

during placement of backfill in the waste pond, this extremely soft layer

forms a mud wave which impinges on the property of the gravel yard and poses a

danger to their pumps. This is one of the factors that makes the construction

of a dike necessary for dewatering the pond difficult.

As an alternative to dewatering we propose that fill be pushed out slowly

from the south end of the pond, so that construction equipment may be

supported. If necessary, clay pushed out ahead of this fill may then be

removed with equipment supported on the fill. When the entire canal right-of­

way has been so covered several random test borings should be made to assess
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the condition of waste material below the pad. If no problems are exposed by

these borings, treatment of the site may continue as planned and specified in

our report of October 23, 1984. If a problem is encountered, the worst case

will be the presence of clay. If necessary this can be meliorated through the

use of vertical drains as planned for the clay pit between Stations 21+00 and

24+00.


