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February 29, 1.988

Morrison Knudsen Engineers, Inc.

180 Howard Street

San Francisco, California 94105
PN: M87054GE

Attention: Mr. Grant Cherrington

Subject: UMTRA Project
Subcontract Number RFL-87-OI

Mr. Cherrington:

This letter presents the results of our laboratory study

in accordance with your subcontract number RFL-87-OI. We

received written authorization to proceed with the work on

August 31, 1987.

The laboratory study, as requested by Mr. Atta Yiadom,

consisted of ninety (90) grain size analysis tests without

hydrometer analysis, sixty-one (61) grain size analysis tests

) with hydrometer analysis, fifty-eight (58) Atterberg limits

tests, thirty-two (32) moisture-density relationship tests,

seventy-seven (77._ moisture content tests, thirty-nine (39)
m

specific gravity tests, twelve (12) laboratory triaxial

permeability tests, seven (7) unconsolidated undrained

triaxial compression strength tests, five (5) consolidated

undrained triaxial compression strength tests, five (5) dry
i

density tests, four (4) one dimensional consolidation tests,

and four (4) double hydrometer tests. Laboratory test results
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and description of the test methods are presented in Appendix A. r

We have limited sample material which was not tested. We

will store this material until March 30, 1988 unless otherwise

notified.

Thank you for the opportunity to perform geotechnical

field and laboratory testing for you and your design team.

If you have any questions please contact us.

Respectfully submitted, ..-._/-5_-__f__'__'"" "

LAMBERT AND ASSOCIATES Rev'iew__

_o/rman W./JO'hnston, P.E. __4_nnis D. La,_tb_f_t, P.E.

J'Manager._.-_otechnical Engineering .-_ ,,_ri,nciP_l__ot,'.chnica _ Engineel

E
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NWJ/dkw

.J

CON,_JLTINO GEOTECHNICAL |NGINEE'R$ AN0

MA TE.RIAI. TESTING



• , . , .... ....

_'.S7054GE MKEDOCUMENTNO.5025-RFL-C-09-OI]60-O0

APPENDIX A

The laboratory testing program was determined by Mr. Atta

Yiadom and Mr. Grant Cherrington, of Morrison Knudsen Engineers.

The laboratory study consisted of performing grain size

analysis tests, Atterberg limits tests, moisture-density

relationship tests, moisture content tests, specific gravity

tests, triaxial compression strength tests, laboratory

triaxial permeability tests, one dimensional consolidation

tests, and double hydrometer tests. The results of the

laboratory tests are attached.

TESTING

Grain - Size An__a1_s_is Tests Without Hydrometer Analysis

Grain size analysis tests were conducted on samples

obtained during cur field study. The grain size analysis tests
".%

-_ were conducted in genera.l accordance with ASTM Test Method

C136.

Grain Size Analysis Tests With Hydrometer Ana lv__si__{s

Grain size analysis tests with hydrometer analysis were

conducted on samples obtained during our field study. The

grain size analysis tests with hydrometer analysis were

conducted in general accordance with ASTM Test Method D422.

Double Hydrometer

Double hydrometer tests were conducted on samples

obtained during the field study. The double hydrometer tests
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were conducted in accordance with ASTM Test Method D4221. •

'_ Atterbe.__ Limits Tests

Atterberg limits tests were conducted on samples obtained

during our field study. The Atterberg limits tests were

conducted in general accordance with ASTM Test Method D4318.

Moisture-Densi__ty Relations h_iP Tests

Moisture-density relationship tests were conducted on

bulk samples obtained during our field study. The moisture-

density relationship tests were conducted in general accordance

with ASTM Test Method D698. The tests were conducted using a

five and one half (5.5) pound hammer with a twelve (12) inch

drop.

Moisture Content and Dry Density__ ,

..

Moisture content and dry density were determined of the ¢

/

.... thin walled tube samples obtained. The moisture content was

determined according to ASTM Test Method D2216. The dry

density of the samples was determined by using the weight of

the entire sample.

ic Gravit_;es ts

Specific gravity tests were conducted on samples obtained

during the field study. The specific gravity tests were

conducted in genek-al accordance with ASTM Test Method D854.

A2

j

.ambe anb ociate
CONSUt.TING GiEOTECHNk_AL ENGIN(EI4S ANO

MATERIAL TE STINO



M87054GE

Triaxial Compression Strength Tests

Triaxial compression strength properties of remolded and

undisturbed samples were evaluated in general accordance with

testing procedures defined by ASTM Test Method D2850. An

unconsolidated undrained test or a consolidated undrained

test was performed on each sample tested. During the

• consolidated undrained test the sample was allowed to consoli-

date prior to testing the sample to failure. The tests were

performed using a strain controlled triaxial compression

testing machine. The confining pressures used were as

directed by Mr. Yiadom.

Laborat__ory Triaxial Permeability Tests

Laboratory permeability tests were conducted on remolded

samples obtained during our field study. The permeability

tests were conducted in general accordance with ASTM Test

Method D2434, for constant head permeability.

Consolidation Tests

One dimensional consolidation properties of thin walled

tube samples were evaluated according to the provisions of

ASTM Test Method D2435. Water was added in all cases during

the test. Readings during an increment of load were taken

regularly until the change in sample height was less than

0.D01 inch over a two hour period.
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It should be noted that the graphic presentation of

%

consolidation data is a presentation of volume change with

change in axial load. As a result, both expansion and

consolidation can be illustrated.

A4

_ambert ana __otiate_
CONSUt.TING GEOTECNNK:AL ENGINEERS ANO

MATERIAL TESTING



RIFLE PROCESSINGSITES

5025-RFL-R-O1-00750-01
42561i/0] 251,I













II II I II I m IL IIII I • -- II IIIll iii _ II I I [ I

P(RC[_T RETAIN[D



,., _,

W v

. z
o z

cC

m

ii zt! I-.-
.p w :i:: <:
I) _J -J

II - _ i... _.)

,....-- Li t"

P£RCENT PA_SING
• q l II _ I I I II I J I I __ III III I I I 1

I,'*0_.,,;_if_-_-_-o, I I "'_JI M8705hC,E I GRAiN SiZE DISTRIBUTION CURVESJob N u_ber: ....... ___i "rll IIIl'nlII II I'ImlVlIqIIWl.... .---J----- llnl t JJl .... I II I1! I I I I lBl ....







0 ,
III
a Z

: c; -o
o z pm
u

L,J ;.)

- - I u_

lP P" =E:,P _ 91{

t I-- t.a
w E

II_R CIENT PASSING

I • I I L I II I II e_ II II I I II II1_ II II II L III Ii -- --

I I Iojoc,: P ifle RFL ;7 31 RAIN el_'l:" DICT_!811TI_M CURVES _9'! 1 _ __ JJo_,N,.,,,e,_"Mg705kGE G .--
JJ _ I II - II E I ........... - .....



w _'- ?i
,i[ ew
I[
CD

Iii

0 _

• I._ ¢1[:
I _ ...j

I ' lm t...)
• m iI

| J,,b N,,,,,e_. M8705,4GE RAIN SIZE DISTRIBUTI U "L - - I II ii __ i I i i ililH I I Jt_ ii ii - I l JI



PI[RC[NT R[TAINrD







PERCENT RETAINED

8 _0 0 0 0 0 0 0 _O_ N _ qf' t'1 _ lh. , ID --- _.- .C'

t "/ _ -' N _

IU Q_ m
0 m

09,m

/ -..Ji
_ .... ,, , ,,

- [ =
III, / I,-

/ -
z

f 0 ,_"

v

f
Z °
o / =

U I J >-

__ _ .... I-"

J '- I

u I / u ,• I0 -- I
.j. :_ _ i

" 1
0

ti
c

_ _. .

E

: z
| _ ,...... _ -
c z. l-
i. ,:C

•=J _ .--

---" .=. - :=: iO_ "-
l) _i C) Wl
II ii"- _-" _/I
,l ,: la') ':C
I) cu ...d.... I-- l...)

mm

.j "" 0 _.
IP_RCENT PASSING z ,.*

i 1 !....'
I_I II I II III I -- I I I __ I II I ., ii, • iiii II ii I I '

_oi.c_: P,FL-87-01 -iri:

IJobl_l>.r: ,H8705_GE GRAIN SIZE DISTRIBUTION.... CURVES,,.I i i ii ii L_ ii __ iiiii i - __ ii --



J..N_: _87054GE......... GRAIN SIZE DISTRIBUTIO UR SI i i _ Ill I _ - •



I_oi,(I:RFL-87-01",Rifie,Colorado

ao_N_-w_,-:MBTOSCGE GRAIN SIZE DISTRIBUTION CURVES



PERCENT R[TAIN[D

8 °O O O O O O O O O _ c__ _ _ _ _ _ IN. lD -. _. .

t

- _

J

5
)
lD ,

C

Preject: RFL-87-OI,RifIe,Colorado

,_o_,N,,,,.,,_:MB705_,GE GRAIN SIZE DISTRIBUTION CURVES











' ' P(RCENT RETAIN(D



.....,.,.,..,m

21 kr_
:.(,

VOIDS

tom
SPtClPIC GRAV|T¥

I

o

PROJECT: RFL-87-01

SAMPLE SOURCE: MNB 1 at 30 to 3k Feet

SAMPLE DESCRIPTION:

TEST METHOD : ASTM D698A

MAXIMUM DRY DENSITY : 105 pcr

IMUH MOISTURE CONTENT: 19.0 percent

LABORATORY SAMPLE NUMBER: 2173
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, ' PROJECT: RFL-87-OI

SAMPLE SOURCE: HNB-5 at 18 to 28 Feet j

SAMPLE DESCRIPTION:

I
TEST METHOD : ASTM D698A

I

MAXIMUM DRY DENSITY: 103 pcr i

OPTIMUM MOISTURE CONTENT: 16.5 percent I

LABORATORY SAMPLE NUMBER: 2175

I
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' ' PROJECT" RFL-87-01
!

SAMPLE SOURCE: MNB 6 at 9 to 19 Feet

SAMPLE DESCRIPTION:
! ! I I ;

I I TEST METHOD: ASTH D698A

MAXIMUM DRY DENSITY : 110.0 pcr

OPTIMUM MOISTURE CONTENT; 11.0 percent

LABORATORY SAMPLE NUHBER: 2177

I I
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PROJECT: RFL-87-OI

SAMPLE SOURCE;: MNB 7 at 29 to 39 Feet

SAMPLE DESCRZPTZON:

i I ;
t I

I I TEST METHOD: ASTH D698A
I

PIAXZPIUPI DRY DENSZTY: 9_.5 pcr

Z lH NOZSTURE: CONTENT- 18.5 percent

LAB )RATORY SAHPLE NUIABER: 2182
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TEST HOLE: HNT-I at 2 Feet
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TRIAXIAL PERHEABILITY: 3.96 x IO -7 cm/sec
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INITIAL DRY DENSITY: 106.7 ocf

INITIAL MOISTI,;RE CO:ITENT: 14.5 r_ercent
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TEST RESULT SHEET

PROJECT: RFL-87-OI

TEST HOLE: MNT-4 at 6 Feet

LABORATORY SAI_PLE NUMBER: 2029

SAHPLE DESCRIPTION: Silt,clayey,slightly sandy,(ML)

INITIAL MOISTURE CONTENT: 39.3 percent
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PROJECT: Ri f Ie-RFL-87-01

SAMPLE SOURCE: MNT-5 at 2½ feet

SAMPLE DESCRIPTION: Sand,silty (SM)

TEST METHOD : ASTM D698A

MAXIMUM DRY DENSITY: |0|.0 pcr

OPTIMUM MOISTURE CONTENT: 15.5_

LABORATORY SAMPLE NUI_BER: 2032

• ../



TEST RESULT SHEET

PROJECT: RFL-87-01

TEST HOLE: MNT-5 at 2 1/2 Feet

LABORATORY SAMPLE NUMBER: 2032

TRIAXIAL PERPIEABILITY: 3.8 x 10 "5 cm/sec

CONFINING PRESSURE: 2 psi

INITIAL DRY DENSITY: 90.9 pcf

INITIAL MOISTURE CONTENT: 15.5 percent

SPECIFIC GRAVITY: 2.69

P
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TEST RESULT SHEET

PROJECT: RFL-87-O1

TEST HOLE: MNT-6 at 2 I/2 Feet

LABORATORY SAMPLE NUMBER: 2034

SAMPLE DESCRIPTION: Si It,sandy, (ML)

INITIAL MOISTURE CONTENT: 22.0 percent

, . , , .,. ___ • .... m ....... ..... ,,_ _- ,,. ',. ' _ --:
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TEST RESULT SHEET

PROJECT: RFL-87-OI

TEST HOLE: MNT-8 at 2 I/2 Feet

LABORATORY SAM=LE NUMBER: 2036

INITIAL MOISTURECONTENT: 25.3 percent

SAMPLEDESCRIPTION: Silt,sandy,(ML)

I_t _, M87054GEa o¢|atf_ lo.,.,......_,'.....,,' ,,,







TEST RESULT SHEET

PROJECT: RFL-87-OI

TEST HOLE: M_JT-9 at 3 Feet

LABORATnRY SA,'_PLENUMP,ER: 2039

SAMPLE DESCRIPTION: Gravel ,sandy,(GP)

INITIAL MOISTURE CONTENT: 2.2 percent
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TEST RESULT SHEET

PROJECT: RFL-87-OI

TEST HOLE: MNT-IO at 5 Feet

LABORATORY SMIPLE HUMBER: 2043

SA_!PLE DESCRIPTION: Sand,medium to fine grained,sliqhtly clayey,(SC)

INITIAL MOISTURE CONTENT: 24.2 percent

/

o _C# Noz M O54GE





I l I I i i III I II r li

P[RC[NT R[TAIN[D



........ , i , , i I i i Jl i i ,li i _ .i ._

PERCENT RI_TAIN[D



P[RCENT RE_TAINCO

_J
>--

: g
. __ z

• ?--J
o _.

Z _
|t

tl 't

I NT PA$_ING .c
PER(;[

. IL l! ,m , li I I I • I I

.j,,_ N,,,,_,,,. MB7054GE GRAIN SIZE DISTRIBUTION__CURVES







............... i i i iii i iii i
ii i i i i i i i i ii IL__

TEST RESULT SHEET

PROJECT: RFL-87-OI

TEST HOLE: MNT-14 at 7 Feet

LABORATORYSAMPLENUMBER:2050

SAHPLE DESCRIPTION: Gravel and cobbles,sand matrix,(GP)

INITIAL MOISTURE CONTENT: 16.8 percent



TEST RESULT SHEET

PROJECT: RFL-87-OI

TEST HOLE: MNT-|5 at 2 1/2 Feet

LABORATORY SAHPLE HUHBER: 2051

SAMPLE DESCRIPTION: Gravel and cobbles.sand matrix.(GP)

INITIAL /'I(IlSTURE CONTENT: 2.4 oercent
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TEST RESULT SHEET
\

-_.

PROJECT: RFL-_7-01

TEST HOLE: MNS-8 at I/2 Foot to ] Foot

LABORATORY SA_!=LE NUMBER: 2060

SAMPLE DESCRIPTION:

-8
TRIAXIAL PERMEABILITY: 6.2 x IO cm/sec

CONFINING PRESSURE: 2 osi

INITIAL DRY DENSITY: 95.9 pcf

A

INITIAL MOIST"RE CONTENT: 19.5 percent
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TEST RESULT SHEET

PROJECT: RFL-87-01

TEST HOLE: MOT-18 at I/2 Foot

LABORATORY SAMPLE NUMBER: 2070

TRIAXIAL PERtlEABILITY: 1.6 x 10 -7 cm/sec

CONFINING PRESSURE: 2 psi

INITIAL DRY DENSITY: 99 pcr

.. INITIAL MOISTURE CONTENT: 16.5 percent

_te :............................................
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TEST RESULT SHEET

TEST HOLF: HOT-21 at 1/2 Foot

LABORP.TORYNUMBER:2209

-4
TRIAXIAL PERHEABILITY: 1.4 x 10 cm/sec

INJTIAL DRY DENSITY: IO7.6 pcr

INITIAL MOISTURECONTENT: 11.5 percent

CONFINING PRESSURE:2 psi
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TEST RESULT SHEET

PROJECT: RFL-87-01

TEST HOLE: HOT-28 at 3 Feet

LABORAT_RY SAMPLE NUMB[R: 2076

SAMPLE DESCRIPTION:
,j

0-6TRIAXIAL PERHEABILITY: 1.3 x 1 cm/sec

CONFINING PRESSURE: 2 psi

INITIAL DRY DENSITY: 102.1 ptf

I._ITI/-L P4OISTURE CONTENT: 1/_.5 percent
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TEST RESULT SHEET

PROJECT: RFL-87-01

TEST HOLE: MOS-I at 0 to I Foot

LABORATORY SAMPLE NUHBER: 2078

SAMPLE DESCRIPTION;

-6
TRIAXlAL PERMEABILITY: 1.6 x 10 cm/sec

CONFINING PRESSURE: 2 psi

INITIAL DRY DENSITY: 90.5 pcr

I,_;ITIALMOISTL'RE CONTENT: 19.0 percent

,,_°J
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TEST RESULTS SHEET

PROJECT: RFL-87-OI

..

TEST HOLE: MOS-7B at surface
,..

LABORATORY SAMPLE NUMBER: 2084

INITIAL MOISTURE CONTENT: 1.5 percent

lambert anl__leeocxatce _"
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PROJECT: Rlfle-RFL-87-01

SAMPLE SOURCE-HNT- 1 at 2 feet

SAMPLE DESCRIPTION_ Silt,sandy (HL)

TEST METHOD: ASTM D698A

MAXIMUM DRY DENSITY -" 118.5 pcr

OPTIMUM MOISTURE CONTENT: |4.5_

LAB )RATORY SAMPLE NUMBER: 2023



PROJECT: RIfle-RFL-87-01

. i _i--___._ SAMPLE SOURCE: HNT-6 at S feet!_m _1\
[ _, \ \ SkHPLE DESCRIPTION: Sand, silty (SH)

,,

i _ _ \ TEST METHOD: ASTHD698A
\ \ \

I;5 \ . _ _ M_XIHUM DRY DENSITY: 105.0 Pcr
k \i\
\ _ _ OPTIMUM MOISTURE CONTENT- 15.5_

,,

123 , \ \ _ LABORATORY SAMPLE NUHBER: 2035
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PROJECT.* RI fle-RFL-87-01

SkMPLE SOURCEz MNT-9 at I/2 foot to I foot

SAMPLE DESCRIPTION" Sand, silty (SM)

TEST METHODz ASTM D698A

MAXZMUH DRY DENSITY_ 105.0 pcf

)PTZMUH MOISTURE CONTENTs 16.0_

LABORATORY SAMPLE NUMBER: 2038
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PROa£CT: Rifle-RFL-87-01

SAMPLE SOURCE: MNT-I2 at I/2 foot to I 1/2 feet

SAMPLE DESCRIPTION: Silt, sandy (HL-SM)
a\ \

;33 \ _ \

\ _ _" TEST METHOD: ASTM D698C
i _ \ \

.... _ _ \ 114 5Pcf
1-'2 _ \ _ MAXIMUM DRY DENSITY: •

\ _ _ OPTIMUM MOISTURE CONTENT: 14.0_

1_3 _ \ _ LABORATORYSAMPLE NUMBER' 2044\ _ \
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SPECIFIC 611kVITY

PROJECT" RFL-87-O1

- !\ i\ _ SAMPLe: :_uu_cc: nr, I Lu ac q reel:

- \ \ i\ SAMPL_ D_SCRIP_ION:

- _ I\ \
- I _ i _ _ TEST METHOD : AS'lH D698A

I \ \ \
MAXIMUM DRY DENSITY : 115.5 ptf|-.-.

_! _ _ OPTIMUM MOISTURE CONTENT: 14.5 percent

i:';_ _ \ \ _ LABORATORY SAMPLE NUHBER: 2187
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PROJECT: RFL-87-OI

SAMPLE SOURCE: MNS-_ at I/2 foot to I foot

SAMPLE DESCRIPTION:

TEST METHOD: ASTM D698A

MAXIMUM DRY DENSITY: 112.5 ocf

OPT MOISTURE CONTENT: 16.0 percent

LABORATORY SAMPLE NUHBER: 2058



t ,

' I , !
I I I ;'IJ.,'

I I : : s.v_
V(_!I_.cI I :_

I'lIi

I '' trlClrlC ¢.k_'11¥

I '

t l

PRO3ECT: P.:fle'PFL'87-OI

SAHPLE SOURCE: MNS-8 at i/2 foot to 1 Foot

I li I l\i _, \
I ! i i I _, i\ \ SAMPLE DESCRZPTZON:

- t _ !,,,!;\ Y _k
;3.- i , , I I IX. k I_

iii ! I i _ I\i\

i i 1 I i \1 _ \ TEST HETHOD: _..STM D698A

'I'' , I"i , _\I\_': i t I'i I k I_ HAXI_IUH DRY DEI_SITY:I06.5 ocf

I I I -\i \ i_,OPTZMUH HOZSTUR£ CONTENT: •
- ! ....l ,,I '_ _\

l i I i\ \ I_ LABORATORY SAMPLE NUMBER: 2060
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PROJECT: Ri fle-RFL-87-Ol



PROJECT: RFL-87-0!

SAMPLE SOURCE: IIOT-14C at I/2 foot

SAMPLE DESCRIPTION:

TEST METHOD: ASTH D698A

MAXIMUM DRY DENSITY: II0.0 pcr

OPTIMUM MOISTURE CONTENT: 16.5 percent

LABORATORY SAHPLE NUMBER: 2065
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' l RFL-87-01' PROJECT:

-_ ! !\ I\ \ SAMPLE SOUa_: :,vi-,) u fao, _o , root
! I \! "* J\
! J _. \ _ SAMPLE DESCRIPTION: Clay,sandy,(CL)

;-;" L i J I I j_ k i\

! I _i\ \
i t t ! \t _ \ TEST HETHOD: ASTR 0698A

- ! _ _ I _ _ \

I--L_! I t J _\\ \"'1 I ' _ _. MAXII,tUM DRY DENSIT¥: 105.5 pcf
l _ \ \

_ "_ OPT]:HUM 14OISTUR£ CONTENT: 16.5 percent

_ _ ,_ \ \
L_

1:3 _\ \ _ LABORATORY SAMPLE NUMBER: 2067
- \ _\

_ \i \

i _ \ \

_15 I ',,, iX X ,

_- I i .i I __, \ \
, j i I '\ _, _,

- _ l _ I _ \\

11" • [

• _a j I i I t\]'

I ! I I \ ', • • N

I I I , ! e _ \I\

I I I i ... \ "_IXIO_, i J J t i i i '"/ -_,_ \ % 3,
I j I _ I , I I i / _ \ \I\

,. . _i " "_',i,

I ! I 1 I ; I i I / \ x
I "'! I I : I t i • \ _

I0_ I - t ! t : i i i/] I _\ '_ h
.... i _ : i i _ i \ %1\

i' _ I it _ NIX

I i _ _ i i I_ I _I _
o- 1 i I I I !_ l_J\

"' _ I I I ' I l I_ _K'X,
' 1 , i , 1 I I KI\.\

i ] i I i 1 t I_K _\1\
I I- ! I I I I_ l%1_,

' ' '"I9o i,, r i I I I "K
• I i I _L I_I "_

83 ! I i ! _t I I I I'_

..... ,,,, ,,,
..._ . . ,, ,,,,,

" _" " '_ I I"_.. _ 10 15 20 2r_ I I.I 13_J I l
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PROJECT: RFL-87-OI

SAMPLE SOURCE: MOT-18 at i/2 foot

; _ \ __ SAMPLE DESCRIPTION=

;33 i i _ _ \

I _ _ _ TEST METHOD: ASTM D698A

i i _\ \1"" I I " \ \
,, -| % ____ MAXIMUM DRY DENSITY: I|0.0 pcf

I _ \ \
" ! \ _ i_ OPTIMUM MOISTURE CONTENT: 16.5 percent

123 _ P\ \ •\ SAMPLE NUMBER: 2070__ \ _ LABORATORY

\lA
, I

\ , \

, \
l

] I A_ _\ ", \
l I" \ ' \ •

I i " _ \] '_ \
_051 I I 'z \ X \

I il I \ \I\

I t I I • %i[\
103 I i I , _ _ _\

i I i ' I %J_X_ __ , ,
\,,,

I I \ \ .,,,.
_,mI • ,

-" ......... ! ",_-X_\
..... i \ _\ \
90 \• "_ \

i..°

I I I I I I I I I I I I I I......I I I II......I.....F-i I .!_l_l---IF I I I I I I I
I o,,I I I .SI I I IlO I I I 115 I I I 2o I I I :_=;I I.I IlO I I I I_'

• J II i II --

• I_lg .,..._1__ ,_..._,,, (Tg " " t_eef No., _87.7.._,:-SE_v,_,_@_ __, _._..
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; : 0

PROJECT: RFL-87-O1

,.+'r i " : / :\ \
--' I ; ! !_ i \ _ SAMPLE SOURCE: Test Hole HOT-21 at 1/2 Foo

l i I +\+ ,,. i\
, I + ; _ \ \ SAHPLEDESCXIPTION:

...I i i ; ; ,' I _ _J _
'_"1 i i I i _ k \

! , J 1 _1\ \
I i [ \J _ _ TEST METHOD: ASTH D698C
+ ; I ! _ \ _

,:..5 i I I I i _XI\ _X
I _ k ._ MAXIMUM DRY DENSITY: 119.0 pcr

\1 _ _ OPTIMUM MOISTURE CONTENT: 11.5 percent
__\

I:_ I\ \
+ i:,..k x k LABORATORY SAHPLE NUHBER: 2209

i . + I \ _ \!\
, I j k \i _ N

+:Sr " I \ _ \\
i \ ' \

i 1 l '_ \ kl l.n" i + \ ",. \j ....

" l .... "_. \ k

1 \ x- , \ IX

i l ] , \ kk
I,_5 i I i \ \ \

1 I I 1 ........ \ \X
1 I I ! \ \ _

] , ! t , , •• k;\

oa ... I t t .-. Ni "_ 1X
"  ,lxk

'i XI',N
i N XI _,,

9: J" ] ' IX NX

1 I _ i IN \.\
i I ! _, \i\

t 1 +\ N\

I 1 I k _
I L I I", IX,I'h
I [ I I NIP,,

_i ..... I I I IXI "

83 ! ' I ' I I IX.I . I ' I I l

I . I I I I I
I....I I II

I I I . ! ! I !

I ............ l .....2,_,+.+k.+,,+ _,,_, (] ,_,_ne; _+.e.: .,+,,...
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VO! nS

] ! a ,.o,,

_4o ! I I\I\I\
" z i \!X N .

i i _ \i\

i I I _" \i __ PROJECT: Rif le-RFL-87-01
135 '; i _ • t\l\

-" i I ii\ j M \ S_IPLE SOURCE: HOT'28 at 3 feec

-- i I I\ \ S_HPLE DESCRIPTION: Silt,sandy,clayey (HL)

'I _ I _l\ _,'_'-" t i , I - XI _-L\
J I ' k, \ \

'lt !\ _ _ TEST )IETHOD: ASTM D6SSA

,.. i I , i I __ \X"_ i 1 I i _ _ \ )I_,X:IMUN DRY D£N$ITY: 1'1}.5 pcf
- iii ! _ \ X

I I i \ _ k OPTZMUM_OZSTURECONTEN_: 14.5_
i ! I '_ \1\

_-_ _._._ ! I IX Xi '._ LABORATORY SAMPLE NUHBER: 2076" I I \ kI\.,, ,,,
I ! I I_ \

1,:' I I Ii ! ._, , 1_
-'r I i I I 1 1 _ \]\

I I i I 'II I A' I_ % :\ _

- , I ii i , ,_ I \_ _,IX \, .i,. , ....,, , ,
I J I i Ii. i o t I ,_ ? I _ I, \ \
I I I i I i J i j ili I I % \ 'i,_\
J i I I ! I, t I l./ .I I _ _, X X

i I I i } i I i \ _ KI\
I i I ,1 ! t I i i i I \I\: _
I -,I , _ i i , 'ii i I • iX \

i I i , t , , _ i I I 'X "_ IX_o_' -i I ! , i i , i 'i 1 i X X_,
I ! i ! I t ! I I I _ \I\
ii,,,,, i ,
i I i i i i '. 'JJ I' \ X _,

- i I I i i I I I i ,I " rx.ix
s. i 1 _! t t I I I I _\ _k \
I I I i ! _ I I,,.I I ' _ "_ \
t ] l.t I I I I _'_X:\
i i I I I l i l \ "xhx
_o I _ I I ! J I I " I \._'IxI I I i i "x \ "1,,

I ! ' I. "_ \

I I ! _. \! r '' I' " \
6_ I I I _ '

- I I I ....,. , .

- Iior,i i i-_ i i_o i i i i_5 ii i20 i i i iz_i i.i i3o i j j_
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160 srcctrlc cI_AvITT

1 PROJECT : RFL-87-01

-'--] l, Ii ik ! \, \_ SAHPL_ _UUKfC_: HOT'33 ot 1 Foot
--] i I ! i \ \ __ SAMPLE DESCRIPTION:

Fi i , i s \ _, _

1 I I I ! \ _ IX
I i I ] ! , _ \ -_ TEST METHOD: ASTH D698A

- L _ I I I I I _I_ 105 5ptf1=:, i '" 1 i I _1 h J_ MAXIMU._I DrY DENSITY: •
--i I I I _I\ \

'i " \i _ _,OPTZ_UH MOISTURE CO_TErT: 16.5 percent
I .__\ _

-- - t\ \ I_, LABORATORY SAMPLE NUHBER: 2168

! I , \ x \
• I l _ \ \

I_: iF.-i ] '!,_ \1 i ' ", h
i I l I _ \I_
_. l ! I _..\ "_h

' ; i i I i l Xi- h
; I 't , J ! I j _' .i I \ \i\

- i i i i t I I l _ I I I\ __1%

i , , ,, I , l,i I I i ,Ix'x
i I j _ ', J : I [I-"i _ ",_ _.!\ \ ..

i i I t, 'i t _ _,,,_i-.I \ Xi NIX
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"-i i: ! ! t t i i i I ' . I ".,IX,l\
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)]i! i ii I i i t i I I_l,\!\

__i I I t I I I t I l I ' \I _'r',,
] l

,_o i " " I I I.I i,,,N'_,

'i ] [ i I,,_\ -
I 1 I I I ! IN

I I \i I I I I I
_ I I I I I I I

I I II I I
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PROJECT: RFL-87-OI

SAMPLE SOURCE: _,10S-I at O foot to I foot

SAMPLE DESCRIPTIOI_:

TEST METHOD : ASTH D698A

MAXIMUM DRY DENSITY: 100.5 pcr

OPTIMUM MOISTURE CONTENT: 19.0 percent

LABORATORY SAMPLE NUMBER: 2078

I I

11"";, i I I
l I

I l
I I

i i i
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All,

VOIIJl
_.111

FOb
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w

l

PROJECT: RFL-87-OI

' ' SAMPLE SOURCE" MOS'lO at I/2 foo_

SAMPLE DESCRIPTION:

I I

TEST HETHOD : ASTM D698A

I MAXIMUN DRY DENSITY: 108.0 pcr

OPTIHUN HOISTURE CONTENT: 17.0 percent

LABORATORY SAMPLE NUMBER: 2086

I

II_

I I I

I I
I

, I i i i t
I I _ i

I I i I
i i i I i
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VOI I)F
I'OI_

._rl¢lrlC C,_Av I1 l

('

o

1 J . .I I_ \J \ . PROJECT: RI fle-RFL-87-01
! 2 I i\I _ _,

I_ , I ! I i\i.\
-' I t\ j_ _. SAHPLE SOURCE: MOS-|3 at I foot to 2 feet......

I I\l _ _
I I \ \ SAHHLE DESCR]:HT;ON:

li

• !,,,_li _
,3:' I .I , I \ _, \

! J j \ \
I I ] !_, _ _ TEST HE"HOD: ASTM 0698C

.. i,__t t t I i_ \

• jf _,li,_ • OPT]:HU. u, HOISTURE CONTEt,'T: 12.0%
A A\ \

- .. /I . \_ \ _ LABORATORY SAMPLE NUMBER: 2088
iz_ , ii _, __L\
....... I _ \l\

I.,F.. i ! I \ s I_' [ l II I i ..... '_ I\\

J ' , i ' ,i \ ',,,hj I ! I l LI\J\
_ , i ! II I ,\ x _
I t I I I I I I \I\ X
" I J.... '

, 111 i i , II • '"

_ _ _ _ ,i i i i ! '- j
I j i ' : 1 i _ I - I

I0_-, i , , _ , i l ] "I I I I I IXI\, \', i i !, i ! , i ""i ! I nn!\
I i'l I ! ! !,, _ ,!_ I I ! hi'_ ix
! ! i ! I t I I I _ i I i._ !\ \

i I I I I I I I ! I I I I \ ]K r__0_ i J I i', i' ; ! "i i ' \ \ \
Iii i i i I t t _ 1 ' r',,,l\
I _ _ t i ! ! i I ! I _ \ \k
I i i i i _ t ! ] I i I \l"%.J_,,
_.- '! i ......i i _ _ I i I X r,,,!\

t I' !, i, , , .! iXTx-x
, I i I . i ] b,.l_L't,.'. I ' I /"k I",d %
i

- i

' 1_ _ 1,1, ! I_i
.... I , !.! I !

_ ] _ I ] :J-1 I
rn _ :S lo _,,_, _ 20 ] 2_ 13o :' ! 3 I"_

DOte: ,, ....-- ' ', ,, "
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_r"_ __ _2.,, A,,
1,1

IPQI_
i _ _ _ _,,czrtc GRAviTY

1_rJ** i . _, \ \

" I .... _ \ \
I I _ \ _ PRO,_ECT" _Ifle-RFL-87"01

\ \ SAXPX,_ SOURCE: C-3 Blend
, :. %. h, \

• _ SAI4PLE DESCRIPTION: Blend o_- ,.. _,..
.......... _ \ __, , • .

; 33 % _ _ \ ' ' - , '
1 .... _ \--_
I- _ _ _ TEST METHOD : D698A

I_._ .... _ \ \ _A% _ MAXIMUM DRY DENSITY : 112.0 pcr

1 \ _ !11,,OPTIMUM MOISTURE CONTENT= I_._
._

123 ,.. . _, \ , SAMPLENUMBER: 2239
.,
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,,,
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Chen&Associates ,_so,,,,,zun, c,,_,,

Oenver.Cotorado8C223 C,;TcraCo$Gnr'.GS
Consult,ngGeotechmcalEngineers 303.744.7105 Ft. Collins

G;enwccd S_r,ngs
" Phcen,x

Rock$pr,ngS
.. Sa=tLake C_ty

' San Antonio

'1_..

March 4, 1988

Subject::Latx_ratory Testing, [RTRAP,Rifle,
' Colorado

P.O. No. 3050-511-9602

Job I_o. 1 125 88

Mr. R.E. Cooney
MK-re.,-guson ComFany
P.O. Box 9136
Albuquerque, New Mexico 87119

Dear Mr. Cooney:

As requested,we have performed capillary.-mois'_urerelationshiptests on _'
each of four:een soil samples received January 21, 1988, at our Denver
laboratory. The resul_s are presented on Table I, enclosed. Ali scecLce.-_
were re_.oldedto a_proxLTane!y 90% of t.hestandard_Proctor density at _."_
op'cSn_nmoistureContent, as provided by you.

t-

• 41

If you haveany questions or ne.-dfuru_r asszs_ance, please call.

Sincerely,

CHEN & ASSOCIATES,IN:.

Sally ,1_.'M_ller, A.F..T.
Soils LaborauorySupervisor

SZ@V'djb
Rev. By: l_C
Enclosures: 5025-RFL-C-09-01062-00
cc: Mr. Robert Heneks

MK Engineers,Inc.t

RECEJVED.MKE

' _1_R081S88
UMTRA o _-"O.r'.,=



MK£ DOCU,"I,_?_TNO.5025-RFL-C-O9-01063-00

$

March 4, 1988
UMIRAP, Rifle, Colorado

. Job No. 1 125 88

Page 1 of 2

CHEN AND ASSCX:IATES, INC.

SL,_/_ARYOF CAPLLL_/_Y-M.OISI_E
RI_TIONSHIP T_T RE_TS

°_..

Sample No. MNB-1 MNB-5 H1_18-6 MNS-8 MI'_-10 MNI_6

Dep"c.h 30'-34' 18'-28' 9'-19' 1/2'-1' 1/2'-1' 5'

Average Initial
Moisture Content, % 19.23 17.04 11.60 19.11 16.43 15.63

Average Initial Dry

Der.sity, p=f _94.3 92.3 98.5 95.9 97.7 94.4

Average Initial
CC_..'-_C'.ion, % 89.8 89.6 89.6 90.0 90.0 89.9

Tension, bars Moisture Content, %

0.1 25.28 15.54 13.12 25.47 13.43 11.S0

0.5 19.94 9.76 8.10 20.81 8.67 7.65

1.0 18.47 8.S0 7.03 19.74 7.44 6.64

2.0 15.94 5.70 4.42 18.16 5.64 5.54

4.0 15.58 5.30 3.61 17.98 5.54 4.92

7.0 15.92 5.48 3.87 17.37 6.02 4.54

15.0 15.03 4.56 3.09 17.62 5.24 4.70

"'r

RECEIVED. MK£

• MAR08 1988

U_ATRA. S.F_



/
March 3, 1988
UMTRAP, Rifle, Colorado
Job No. 1 125 88
Page 2 of 2

%

(:HENAND ASSOCIATES, INC.

TABLE I

SL_RY OF CAPILIARY-MOISTb._E
_TICNSHI9 TEST RESULTS

Sample No. HNT-12 MNT-20 MOB-1 MOB-4 MOT-15 HOT-18 MOT-28 MOT-33

Depu_ 1/2'-I 1/2' 4' 2 I/2'-7 1/2' 9-14' 0-1' 1/2' 3' 1/2'

Average Initial
Moisture Content, % 13.96 14.68 16.48 17.23 16.22 16.46 14.84 16.63

Average Initial D_y
Dsnsity, pcr 103.1 103.8 91.4 92.1 95.2 99.1 101.8 94.8

J
f

Average Initial
Ccmpac'.ion,% 90.0 89.9 90.0 89.8 90.2 90.I 89.7 89.9

( _ensi0n, bars Moisture Content, %

0.1 21.04 16.83 11.91 13.44 22.32 20.32 17.84 19.37

0.5 13.90 14.60 6.73 7.44 16.39 14.71 14.06 14.06

1.0 13.06 14.28 6.12 6.70 15.62 13.63 13.53 12.54

2.0 11.53 13.55 4.18 4.62 13.26 10.88 12.48 11.40

4.0 10.87 13.02 3.98 4.24 13.88 10.86 12.12 10.72

7.0 10.84 12.88 4.10 4.46 14.07 11.1_ 11.38 10.42

15.0 11.48 12.90 3.62 3.74 14.26 10.54 11.94 10.08

! .



ATT._C_.r,_T7 TO IXH;,_ITC, CO._ITRAC,T R0. 34-6,0_:-S-S_.0012
iiii -- __ ill-- _ ...... Jr i J___j i -- L- -I IJ_" -- _ illln I Jl lBl _j i _1 ----__ "J - --_ -- -"

REPORT OF RADON DIFFUSIOH COEFFICIEHT MEASUREI,!..N,S

TI._+I2-I_2?_HDENT DIFFUSION TEST MITHOD

II

REPORTDATE 3/_18/88 i m --Z.__

CONTnAO'I' C____: 17 - ]12_ ___ IIL.L_

BY -- _ RYB ./_'/_JJ__

8,_MPLE IDENTIFICATION,, , _Ta,,,i,1!,n0s_-- Rtfle, CO• --- | i j -- . _ III! II I .... __

$U_MITTED BYR°gers .$ Assoclates Engineering) Corporation

MOIS"TURE DENSITY RADON DIFFUSION SATURATIONS COMMENTS
(DRY WT.%} ( glcl'n$l COEFF. (¢m2/01 (M+o/P) POROSITY

.... i.. ± ____ ii i i ....

En, ,, ii iii t I I I -- i • nn • ,,, ...... ,,_ ---_

M!,S-6 (9.. 19') ....... 6. 9 1.57 2.6E-02 0.25 0.44 J

M,,o-_(g-19'1 14.0 1.59 I 8£-02 0 52
L -- IT _, i i , , i iiii ,, i i • , = --.

?_ _ _ |.59 8.8E-05 0.35 0 42

GRAVITY OF 2.77 a/c,=

JI_G,,.&&,.AS-|Ip_I I t, Wa_:ersee_ing out -- exc.eede:;deai_.a;eli,,it.
I

- , - .... ,,: -- _ ..............

_ _ i i

_
- • l I i _ " - i i _ ,mli 'L.............

• .

I JJ II --I_ t i L i i_111 l i I.....

'" i _+ i ..a ...

•

--- --_- . . _ __ i, ii - i • ....... I - -

SAMPLE lD MOI_I'URE DENSITY RADONDIFFUSION SATURATIONI COMMEHTS
(ORY WT.%) (g/trh _) COEFF. (cm2/e) (M,OIP) POROSITY

: ,_ . . . 0.4_ ....'"'"...,:-.,(_8-2B _ 8.7 1 49 1 7E-C2 0 2_........ -- ....

',"iB-S (1_-28') 14.9 1,49 1.2E-02 0.48 0.46_ -- _J..-..
-- i j i i -J,- ii _ i

,_,._-S (18-?g') 22.4 1,4c 6.4E-04 0.73 I. 0.45
--- __L_ __ ii

t
L I J Iv | II II IIII - I I I : .... =-- _ :' : __ -- __

I

J ........ , w , .! .......... _-:-_+:_ __ | II -- * _ . •

fl I_$ED....ON A 5p_Ec:FI_ORAV!TY OF 2 73 g/c.+a.



SAMPLE lD MOISTURE DENSITY RADON DIFFUSION SATURATIONI
(DRY WT.%) I g/cml) COMMENTS

COEFF, (cm_/I) (M/_/P) POROSITY

HOT-33 (_') 8.2 1.53 2.4E-02
, "_ 0.44

'uOT'3_(_) 14.0 |.53 1.1[-02 0.49 ...___0.44
'0T-33(_') 22.2 1.53 7.0E-04 -0 "" -_ I. -- , __-,_ '// 0.44

-,.- L_,.LI __ _ _

- -,,,,, .... ._. .-.. . .....
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_t REPORT OF RADON DIFFUSION COEFFICIENT MEASUREMENTS
TIME-DEPENDENTDIFFUSIONTESTMETHOD

RePOrTO,TE_(ls!88 ___ II

CONTRACT C_,717 .-. 112__ __,

La.MPLE IDENTIFICATION__ Tatltngs_¢l- R_fle,..¢O'- . _-- -- n iii -- . .v._ .......... _- ..... I I [ ...... all/

C rPorat_ n
iiyloglr$ & Associates Engtneer|n._)A_E RECEIVED . _. .......$USM.'TTED =__ _ - ....... . ......

' , ........ I II I I

li,, __ " l "J! II I I I L_ Ill .... t ....

SAMPLE lD MOISTURE DENSITY RADON DIFFUSION _L.TURATION I COMMENTS
(DRY WT.%I (g/¢rn_) COEFF. (C:ml/I) (M,olP) POROSITY

, ..... -_ - , , -_ ....... . ...... -__-.- .- . --. ....... _

_;S- 10 {b-l') 10.4 1.58 1. lE-02 0.39 0.42
i I __ _ I _ I I _Lr Illl II I

_r4s-lo( ! )_ 15.7 1 s7 9 _E-o3 o 59 o 4_
...... _- 1 ii i ii ,,,

.... O.T.. i[' o,,v.T, 2.7o .
JL _ 'L I __ -_ "'- -' - '' I ---- -- - - _ ......... - ---- - -

!
I I """

SAMPi.E lD MOI_URE DENSITY RAISONDIFFUSION r_kTURATIONI COMM=NT$
(DRY WT,%) lo/cre 31 COEFF. 1¢1111/11 (Mo/PI POROSITY

/4;IT-6 (5'1 8.4 1.52 2.2E-02 O.29 0.44, ....... - .... __

MNT-6 (5') 17.2 1.5! 7.4E-03 0.59 0.44II .... i l I....

H:;T-6 (5') 20.7 1.54 1.4E-0S 0.74 C. 43 *
l [ I li IIIII li

. ., ---., . .! : .,
-_ I l Iii .I . --- , _ " : - . ..... _

,di

BA$£_ ON A IPECIFtC GRAV_
aCo-,L-AS-t _,,1_,_ , W_re,"see;in,.j,ut -- exceede_dta_P_oe 1i_it,

i i i I

-- -• -- ,, ,,,, , I

SAMPLE lD MOISTURE DENSITY RADON DIFFUSION SATURATIONtl COMMENTS
(DRY WT.%} ( g/¢rn31 COEFF. 1c1_21I) (M_IP) POROSITY

-- lie J -- - , I I • -- I L _ : , L I

I I I I . I I __ I I -- -- III -- II I II I

_:,_- 1 (30- 34' 5.3 1.52 3. lE-02 0 18 O.44
I -_ , ' .... I I -- l li -- • II I 1 ill! li I

:4@;B-1(30-34' 10.9 1.52 2.4[-02 0.38 0.44
i l • III I II I IIlI I ---- l m • .

t_N_-1 (30-34' 17.1 1.52 .1.5E-02 0.58 O.t.5
-- Iii I .....

,:B-I (30.!14' 1 . 23'_- ! 16!, .. , --2"4E'06. _ 0.94 0.41 °
q&'m,,Jrn _ _ Imcnmc...no,utrr _c 2 73 li/Cn . I
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_EPORTOF RADONDIFFUSION COEFFICIENTMEASUR.=MENT$
TIME-DEPENDENT DIFFUSION TEST METHOD

ReeO_TOATe-3/IB/B8=__.... J___

CONTRACT C_717 - 112

/_ .... _ f (L___,.,_,_ =_1 -- -- - -u,' / :'- c,,,.,,;--; BY _ R¥9
SAMPLE IDENTIFICATION , .T-a-T-T-g,-_J_-- R| fle, COi ii • ii ..... ii ii III _ _ i -- -- f in • -, -

_.,og,., ,oo=u=.,TTe=.,;. t,.Te.e t,veo ...........
__ -- un _ . Illl -- nii u _ __ -- nii ..... --_ ' ....... m, _ -- -- ,i _ _j_

,, i I -- la ---- I II nn '"' "' ..... ' ..... "= nun/

_kMPI.| lD MOISTURE DENSITY RADON DIFFUSION SATURATION t COMMENTS
(DRY WT.%| ( gl crn2| COEFF, ( ¢m21 l) ( Mp/PI POROSITY

I I -- -- 7 i iii ii iii I i i • -- -- i -- ii illll I II L
.... _- -- I ...... _ - • --I I II I

MOT-1B (;;') 6.5 1.60 2.6E-02 0.27 0.39
I _ _1 _ _ i ii mi _ II _ - _ i

MOT-18 (_') 11.8 l. 59 1.8E-02 0.40 0.39

,',:oT-18(_.'_ 17.s . _ =o _. 1./i ,-"" I _ I

_LL

JtI:o,,AL-A$'ll ell Ilt e

__ IlL III __ _ _ _ III - -- -- -- -- I II -- I---- :=
__T I ..... II I I I I __ i-- -- i

I _ iii I i J ..... _- qL. ---
$

I_MPI.E lD MOIb"rURE DENSITY RADON DIFFUSION 6JkTURATIONii COMME,4T3
(DRY WT.%} ( g/cm3l COEFF. (¢m_/l} (M_!P) P_OSIT Y

'" • I -- -_ - i ...... ,.....

i ii / _ ii_ iii li -- _ i ii i iii IlL ii

HBT-!2 (½-1'1'_ 6.0 1.66 2.8E-02 0.26 0.38
• i i1! _ll j i i i i ii - _ I _ -- -- i =_

"'"-12.,,,, (:==Ii=') II.0 I.66 1.5E-02 0.47 0.3@
_ I( ....... _ i i i I • i i L -- 1 __ ' li i i _ -- Iii i

H,_T-12 (_-1_' ] 18.0 1.65 1.0E-03 0.76 0.39
i II i : I ii ii i i

_I I ......_ ' ,
.....

--" -- • t

6AMP_.E lD MOISTURE DENSITY RADON DIFFUSION SATURATION I COMMENTS
(DRY WT.%) (g/cre 31 COEFF. (¢ttt2/l) IMo!Pl POROSITY

....... - I I I] _ II III I --- _ li __ __ I

_ -- III I I I I ..... _ ...... I I-- III I. _ _ I II

t't_S-8 (:.-I') 8.0 1.54 I.5E-02 0.2B 0.,;_
.... - ........ II I I .......... _ ....... - .........

)'i:;S-8 {_-I'1 13.1 1.55 1.7£-02 0.46 0,44
, , __ _ ,....... ii i _ i • ii i_ a _ , ....

"":;.¢-B {_-I') 22.3 1.53 4.4E-04 0.76 0.t.5

...................i::i .........
: --I !_E_ :i ::t i " --:2,6 I.... i ---- _ ............ --,=,=.;o, ., 0°, : _1.................i
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LABORATORYTEST DATA FROM MK-F INVESTIGATION,1987-88

E_TES GULCH DISPOSALSITE

5025-RFL-R-01-00750-01
4256U/O125U_



TEST RESULT SHEET
- i • • _ iii

PROJECT: RFL-87-OI

TEST HOLE: MEB-2 at 2 112 Feet

LABORATORYSAMPLE NUMBER: 1951

SAetPLE DESCRIPTION: Clay,silty,(CL)

ATTERBERG LlttlTS: Liquid Limit - 36

Plastic Limit - 17

Plasticity Index - 19 i
I

I







TEST ,RESUL.T SHEET

PROJECT: RFL-87-OI

TEST HOLE: HEB-2 at 15 feet

LABORATORY SAHPLE NUHBER: 1954

MOISTURE CONTENT: 9.8 percent

i i















P(RC(_T R(TAIN(D



i i i ii i ii i i i, i,_ i

°.-..

TEST RESULT SHEET

PROJECT" RF'L-87-01

TEST HnLE: HEB-8 at 5 Feet

LABORATORY SAMPLE NUHBER: 1964

SAMPLE DESCRIPTION: Clay,sandy,(CL)

INITIAL DRY DENSITY: 105 pcr

INITIAL MOISTURE CONTENT: 7.1 percent

• i

i i i i i i iii _ j I
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TEST RESLILT SHEET

PROJECT: RFL-87-01

TEST HOLE: HEB-9 at 7 I/2 Feet

LABORATORYSAMPLE NUHBER: 1968

SAMPLE DESCRIPTION: Clay,silty,sandy,some gravel,(CL)

ATTERBERG LIMITS: Liquid Limit - 31

Plastic Limit - 17

Plasticity Index - 14

INITIAL MOISTURE CONTENT: 5.6 _ercent

__ r_ _ . L _ , __ t NO., e187OS/_GE "



Proj,c1: Ri f le-RFL-87-OI

jobN,....,: :_870.;_GE GRAIN SIZE DISTRIBUTION CURVES



_ TEST .RESULTS SHEET
i i,

PROJECT: RFL'87-O I

TEST HOLE: NEB-9 at 20 feet

LABORATORY SAHPLE NUHBER: 1971

INITIAL HOISTURE CONTENT: 4.4 percent

°





TEST RESULT SHEET

PROJECT: RFL-87-01

TEST HOLE: MEB-9 at 34 Feet

LABORATORY SAMPLE NUMBER: 1973

SAMPLE DESCRIPTION: Clay,sandy,gravelly,(CL)

ATTERBERG LIMITS: Liquid Limit - 44

Plastic Limit - 18

Plasticity Index - 25

INITIAL MOISTURE CONTENT: 9.6 percent

.,w
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TEST RESULTS SHEET
- '..... _ -m

PROJECT: RFL-87-OI

TEST HOLE: HEB-II at 20 feet
t

LABORATORY SAHPLE NUHBER: 1978

INITIAL HOISTURE CONTENT: 5.2 percent

t

i

-- ' i ii

• ii i iii

_. J Flouro :
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TEST RESULTS SHEET
......... ii iii

PROJECT: RFL-87-OI

TEST HOLE: MEB-12 at 5 feet
',,_

LABORATORY SAMPLE NUMBER: 1982

INITIAL HOISTURE CONTENT: 9.3 percent

e'.







TEST RESULT SHEET

PROJECT: RFL-87-OI

TEST HOLE: MEB-13 at 5 Feet

LABORATORY SAMPLE NUMBER: 1985

SAHPLE DESCRIPTION: Clay,silty,sandy.some scattered gravels,(CL)

ATTERBERG LIMITS: Liquid Limit - 28

Plastic Limit = 15

Plasticity Index - 13

n I iii i nlm I I I i nln I

_m_WMI_ Mh _ " f J_J., H87C,4GE_1 Ra_l_a_e_eitFae_ .e N_, 8M7C_CE
k ! :C_.m,o



TEST RESULT SHEET

PROJECT:. RFL-87-OI

TEST HOLE MEB-13 at lO Feet to 13 I/2 Feet

LABORATORY SAMPLE NUMBER: 1986

SAMPLE DESCRIPTION: Clay,silty,sandy,some scattered gravels,(CL)

ATTERBERG LIMITS: Liquid Limit • 32

Plastic Limit = 16

Plasticity Index = 16

,I

,_,_,, L_ _ N_a,r ,, J.-,l,urr_ anb _o_ator i_,,,
17 _glJl I I I II







o o o o o _ o o o _ ,_
talmi roll ......





TEST RESULT SHEET

PROJEC1: RFL-_7-OI

TEST HOLE: ME'-! at 5 Feet

LABORATORY SA-=LE NUMBER: 1991

SAMPLE DESCRIPTIO.N: Clay,sandy,silty,(CL)

ATTERBERG LIMITS: Liquid Limit - 45

Plastic Limit - 19

Plasticity Index - 26

o.











TEST RESULT SHEET

PROJECT: RFL-87-OI

TEST HOLE: MET-S at 8 Feet

LABORATORY SAHPLE NUHEER: 1996

SAMPLE DESCRIPTION: Clay,sandy,(CL)

ATTERBERG LIHITS: Liquid Limit = 34

Plastic Limit = 16

Plasticity Index - 18

\
f
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TES.T ...P,.ESU.LT$..SH ELET

PROJECT: RFL-87-OI

TEST HOLE: HET-II at 7 I/2 feet

LABORATORY SAHPLE NUHBER: 2004

INITIAL HOISTURE CONTENT: 12.7 percent

, |

I Feuri, 1
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PRESSURE(POUNDSPER SQUAREFOOT) I
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PRESSURE (POUNDS PER SQUARE FOOT)

IO0 1000 10000 IOOOO0

I0

12

28

8orins/ NO.MEB5 SUMMARY OF" TEST RESULTS
I_Wstum Diameter _all Pr_sure_ I

Initial 6. I 102
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PRESSURE (POUNDS PER SQUARE FOOT)

I00 1,000. I0,000 I00,000

I0

8oring N_MEB 1I SUMMARY OF" TEST RESULTS
Moisture Oiamefer Swell PresmureOepth 27½'

Initial I. 0

LABORATORYS_J_PLE NUMBER: 1980

:: SWELL - CONSOLIDATION TEST I'_jact No. t M87054GE

- ..amocrt
Figure:
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PROOECT" RI fle-RFL-87-01

j I I z\ i\ _ SAMPLE SOUXCE: n_u-;_, i_ teet to 20 feet
I i i !\i \
| i i I _ \ \ SAMPLE DESCRIPTION: Clay,silty,brown (CL)

it ! _1 _ \ ,
;3.', i i , 1 z t\ x \

I I' _ I I ! _!\ \

I I i i } \i\ TEST METHOD: ASTH D698A

_.- i I I I i _ _ \_'_ i I i i ' i \ _ \ MXXiMUMDRYDENSITY:III.0pcf
' I I k %,\

\ % i OPTIMUM MOISTURE CONTENT: 17.0I

I:_ I\ \ _
\ _ \ I.ASORATORY SAMPLE NUMBER: 1957....

-, \ x k
I I _ \ \

- I _ %\
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I

- i ' \ \ PROJECT: Rifle-RFL-87-OI

1,3 + .V 't \

- I , .._.x ,\ \ i
' . . :\i\ \ SAMPLE SOURCE: MEB-5, I0 feet to 15 feet

- ! | i Xi _ _\
-- II '] J | '_ \ \ SAHPLE D[SCIIZPTZON: Clay,silty,sandy, gravelly,
- I i I i _ \ _ light brown (CL) '

- I I _ _ _ TEST METHOD: ASTM06984

t;._ - \ _ X maximum DRY DENSITY- 112.5 ptf
- _ \ \
- + \ _ _ OPTIHUM MOZSTURE CONTENT: 16.5_

._ i \ • _ LABORATORY SAHPLE NUMBER" 1962
i

! L. \ •

-- . , I ...... \ •\,'x
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PXOJECT: Rifle-RFL-87-OI

I

SAMPLE SOURCE: MEB8, 5 feet to I0 feet

SAMPLE DESCRIPTION: Clay,sandy,si Ity,I Ight l:rown
{CL)

! t

TEST METHOD- ASTIq I)698C

MAXIMUM DRY DENSITY : 119.0 ptf

OPTIMUM MOISTURE CONTENT: I1.0_

LABORATORY SAHPLE NUMBER: 196.5



j i 1 I k !3_---..._ ,.,_,_
• 1 VOIDSJ i I\l "_J_'_-'__ . ro.

- ' !_ _i_t bPICIrlC C.nAvI_rv

- i o al '.X,f\

- i I J J\: _ PROJECT: P.iFIe-RFL-87-01 I- , I _ !\l l, 1_,
13_ i - I : ' _ -\i_%.... i i , , j _\i\l _ S_MPLESOURCE: MET-5, II I/2 feet

- ! j L J i \, I, _ I
,, i , ii _.I\_\ sA.Pz.zD_sc,_zs,:zo,:Cl.y,,.n_y,b..,.,¢CL: I

;_:'- I i I i i ' _I X iX I- I . l' ! ' l II J\l
I I f l I I \! _ __'.'.'.'X TEST _ETHOO" AST_D698A

- ; i _ ! , li i _ I% \• \

I I\ i
_.: i ! t K!\

"' i j t J I "li __\ _' HAX%HUH DRY DENSITY : 113.5 pcf
- ! J I \ _ 'i OPTZllUM IIOZSTUlIE CONTENT:IS.5_
- I I l 'i \ \ t

i:_ -- ] J ,] \ \ ,LABORATORY SAMPLE NUHBER: 1998
I
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' I , PROJECT: Ri fle-RFL-87-01,.

- J i.! _L\ \ SAMPLE SOURCE: PICD"II, _ feet co I'_ reel:
t i i X, _ \

| I } J _ \ -\ SAMPLE DESCRIPTION: Clay,sandy,gravel|y,brown (CL)i ;\ \

,i -" _l\_ X

: l _ \ \ TEST METHOD: ASTH 1_698C

i"- - i o _ '_ \"_ I J ! _ % i. MAXIMUM DRY DENSITY : 116.0 pcr
J _ \ \
J \i \ _, OPTIMUM MOISTURE CONTENT: 15.5%
j
; _,_._ _ LABORATORYSAi'APLENUMBER" 1977\ _,1:3
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PROJECT: Ri f le-RFL-87-Ol
I I

t I t SAMPLE SOUP.CE: MET-8B, 2 112 feet

t i SAMPLE DESCRIPTION: Sand,very clayey,silty,
! i sliohtly gravelly,light
' ! brown, (SC-CL)I I I

I I I TEST METHOD : ASTM D698A

I i
i I I 1 MAXIMUM DRY DENSITY : 110.5 pcr

I
OPTIMUM MOISTURE CONTENT: 17.5_

t J 0MY SAHPLE NUMBER: 2001

l I
113

, I

][.ambcrt -_.o,_o.,.87o_,o_'.IIm.,,"' !214/87 ',,
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TEST RESULT SHEET
---- _ ,,,,u __ ,, --- _

PROJECT: RFL'87-OI

TEST HOLE: HEB-2 at 12 1/2 Feet to 17 I/2 Feet

LABORATORYSAMPLE NUMBER: 1953

SAHPLE DESCRIPTION:

TRIAXIAL PERMeABILItY: 4.6 x 10.8 cm/sec

CONFINING PRESSURE: 2 psi

INITIAL DRY DENSITY: IO5.5 pcr

_ INITIAL MOISTURE CONTENT: 15.5 percent

/

-- i iii iii i ii i iiiii [i iu ii _ i i iii i i i



TEST RESULT SHEET

PROJECT: RFL-87-OI

TEST HOLE: MEB-_ at 15 Feet to 20 Feet

LABORATt_RYS_-qPLE NUMBER: 1957

SAMPLE DESCRIPTION:

TRIAXIAL PERHEABILITY: 1.2 x 10-7 cm/sec

CONFINING PRESSURE: 2 psi

INITIAL DRY DENSITY: IO5.5 pcr

INITIAL MOISTURE CONTENT: IR.O percent

DISPERSION: 53 oercent

ATTERBERG LIMITS: Liquid Limit = 37

Plastic Limit - 16

Plasticity Index = 21

SPECIFIC GRAVITY: 2.71

Lr ...... "



TEST RESULT SHEET
,J ,,H j i , •

PROJECT: RFL-87-OI

TEST HOLE HEB-5 at IO Feet to 15 Feet, Bulk Sample

LABORATORYSA,_PLE NUt,BER; 1962

SAMPLE DESCRIPTION:

TRIAXlAL PERHEABILITY: 8.9 x 10-8 cm/sec

• CONFINING PRESSURE: 2 psi

INITIAL DRY DENSITY: 106.9 pcr "_

INITIAL MOISTURE CONTENT: 17.5 percent



TEST RESULT SHEET

PROJECT: RFL-87-O1

TEST HOLE: MEB-8 at 5 Feet to 10 Feet

LABORATORY SAHPLE NUMBER: 1965

TRIAXIAL PERHEABILITY: 4.9 x I0 "7 cm/sec

t

CONFINING PRESSURE: 2 psi

SAHPLE DESCRIPTION:

INITIAL D_Y DENSITY: 113.1 ptf

INITIAL MOISTURE CI')NTENT: 11.0 r_ercent

l o

| ........... ,_ ,_



TEST RESULT SHEET

PROJECT: RFL-87-O!

TEST HOLE: MET S aC !1 1/2 Feet

LABORATORY SAMPLE NUMBER: 1998

SAMPLE DESCRIPTION:

TRIAXIAL PERMEABILITY: 4.7 .x IO-7 cm/sec

CONFINING PRESSURE: 2 psi

INITIAL DRY DENSITY: !07.8 pcr

INITIAL MOISTURE CONTENT: 16.S percent

i

I .............. _,_ .....' ' ' _ .... li'n' _1'_ _ M ......
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Chen &Associates _ _o,.z_, c.=.,

Consult._ Geotechnica!E._/neers 303'744.7105 Ft Colsns
GtenwooOSorings
Phoen;x
RockSprings
Sa;lLakeC;ly
SanAnlon_)

_or£1 1, 1980

Subject: _ra_:ory Testing,[/_.TRAP,Rifle,
Colorado ,

P.O.[No. 3050-511-9602,C.O. No. I

Job No. 1 125 88

/4r. R.B. Cooney '"::*
IL_-E_rgusonCanf_ny
P.O. Box 9136 • "
A]/:)uquerque, New Mexico 87119

Dear Sr. Coone¥:

As requested, ._e have perfomed capillary-moisture relationship tests oa
each oE three so,1 samples received February 22, 1988, aC our Denver
laboratory. _he results are presented on Table I, enclosed. All speciTens
_re r_lded Co at_coximaCely 9St of Cl_ seaward Proc'cor density- ac slL_-_l:ly
ovec _y= oL:_Lmt,mmcisCuce content: (0 Co +31), as .orovided blr ix)u.

If you have any c/uestions or need furC/_r assist, please call. :

Sincerely,

S ASSOCIATES,INC. .

_ly _,ilier, ^.8.T.. . -
SoLls Latx)rat:ory Supervzsor

S_djb
Rev. _: _C
_x:losures
ce: Hr. Robert fleneks

MK l_j ineers, IRA:.

Attachment" 5025-RFL-C-09-01125-O0

RECEIVED.MKE

APR5 1988

-" -",, r_- 0./'..



April I, 1988
_M.."/?,AP,Rifle, Colorado
Job No. 1 125 88

CKEN AND ASSOCIATES, INC.

TABLE.Z

S[,_%RY OF CAPILLARY-MOISTURE
RELATIONSHIP TEST RES'JLTS

z
; !

Sa_le No. MSP8 MET-5 _m-8
_'_" C '° ''-- " " " ",_

DelXh 5'-I0' 11.5' 2.5'
•

Average Initial
Moisture Content, % 14.79 16.76 18.83

Average Initial D_¥
Density, ix:f 107.1 108.1 104.8

Average Znitial
• Compact:ion, % g4.6 95.2 94.8 '

Tension, bars Moisture Con_ent, %

Oo1 18.20 18.09 21.16

0.3 15.90 17.31 19.74
l

0.5 15.30 16.66 19.39

1.0 14.64 15.92 18.40

2.0 13.88 15.12 16.76

4.0 12.43 13.75 15.54
0

7.0 13.42 15.06 16.64

15.0 12.98 14.00 14.50

RECEIVED.MK _

4PR5tss8
ura4 s.&

=





.-,...,_..,• I,-,,I_'-,I._,..I

oooooo

I11qr.......r, ,r



ATT_CHRENT7 TO EXN'BIT C, C0:;TRACT N0. 2'-_7C'-S-_" C032

J_ JACOI_ ENGINEERINGGROUPINC.
/I_JIMQUIIhQUI O_iI P&tWD$11

REPORT OF RADON DIFFUSION COEFFICIENT MEASUREMENTS

TIME-DEPENDENT DIFFUSION TEST METHOD

10-31-89
REPORT DATE- , ,

CONTRACT C37!" - 124

BY ....... . Ys/g[#
SAMPLE IDENTIFICATION ,, Rifle, CO (Estes Gulch) Cover Soils, i ii , i • i ,i , ,

_.Rogers & Associates EngineerinqCorporation
SUBMITTED BT_ DATE RECEIVED

lm.,., m_

!

SAMPLE lD MOISTURE DENSITY RADON DIFFUSION SATURATION I COMMENTS

(DRY WT.%I (g/cre 3) COEFF. (om2/l) (M_olP) POROSITY

HER 6 (5) 7.2 1.74 2.1E-02 0.32 0.39
L'' II

HER 6 (5) g.l 1.75 1.5E-02 0.41 0.39L
mm I I II I

HER .5(5_ 10.3 1.76 . 1.3E-.02 0.47 0.3g i i

:.:ZR_j (5; !2.5 1.76 2 3E-03 0 57 0.'.9i i i i " H " li ,,,"

""_ 6 (5 16.2" 1.7_ !.5E-04 0 75 n _,,_ i " . • _.m,

I• II | I

L I _ll ii li I Iii I WI, .

iii
i i i

| ,i ii ..

m l l ill ,| li l ] ' ,, l

li i i •

i

l 1 " "

a BASED ON A SPECIFIC GRAVITY OF 2.36 ; 'c,-.,".
i _ i i m -- i i i im _ l m mm

JEG-AL-AS-2 (2/071 * Mass weigntecl average.



ATTACHMENT 7 TO EXHIBIT C, C0,_TRACT,NO 2J 5",'_c.e- .-,,,_

J_ JACO6S ENGINEERUNGGROUP INC.
J,ILIIt_Ul INlUl O_llAnoall l

REPORT OF RADON DIFFUSION COEFFICIENT MEASUREMENTS
TIME-DEPENDENT DIFFUSION TEST METHOD

10-31-89
REPORT DATE.

CONTRACT r _- 1_' 124 i

8Y.. . R','8
SAMPLE IDENTIFICATION= Rifle, C0 (Estes Gulch) Cover Soils

Rogers & Associates Engineerin Corp.oration
SUBMITTED BY________ _)ATE RECEIVED __

t

SAMPLE lD MOISTURE DENSITY RADON DIFFUSION SATURATION • COMMENTS

(DRY WT.%) (glcm3) COEFF. (crn2/=) (M_/P) POROSITY

HER 5 (5) 5.9 1.67 I 8E-02 0.26 0 39_-_"_='_ ---,_,,__ _

:'IF.R5 (Si 11.2 1.66 1.2E-02 0 48 0 39_ ---,w,__ _ • •

:,!ZR5 (5) 13.4 1.67 9-2c-03 0 58 0.39

".:-ZR5 (5) 18.6- 1.65 i 7E-C,4 0 78 0 39

•".R5 (-'J !9,2" 1,_ !,'_:'0_ C'Sl "--'---- -- __.___. • _,39



,,_ "_ "= _ l '_,)"4 == '%Q _ i . ,. , i l ,( J

J_ ,JACO_ ENGINEERINGGROUP INC.
&LIUQUIINIUI G_I ILMIOIII L

REPORT OF RADON DIFFUSION COEFFICIENT MEASUREMENTS

TIME-DEPENDENT DIFFUSION TEST METHOD

10-31-89
REPORT DATE_ i. i

CONTRACT C__37_7 .124 i i

Lf, , RYB /_,/(P_/

_,MPLEIDENTIFICATION Rifle, CO (Estes Gulch) Cover Soils

.Roger_ & Associates EngineerinqCorp.oration -"
SUBMITTED BT_._..._.__ __ DATE RECEIVED

SAMPLE lD MOISTURE DENSITY RADON DIFFUSION SATURATION a COMMENTS
(DRY WT,%) I (g/0m3) COEFF. (¢m2/=) (M_/P)

POROSITY

t,_ER4 (!4) 8.3 1.72 i IE-02 0 39 0 37

t.IF.R4 (i4) 10.4 1.72 9 2E-03 0 49" • 0.37

HZR 4 (I_) 12.2 1.72 7 IE-03 0 57--------.m--.__..____ • " 0.37

":_ 4 (i-') 16.0" !.72 3._Z-04 0 75 0.37
•:'R 4 _' "
' _, ) 17.4- 1.72 1._£-04 0 _I 3 37

F--------------
,,,

i
.,

-.-..--...mm=

.=,.....,.....

.,,,

--4---- , ,,.....

BASED ON A SPECIFIC GRAVITY OF 2,72 g/c,'::,."_
i ii. 1 i ....... -- _;'- _ i,ii, *

i i • i li __

-JEG-AL-AS-21211?) *Mass weighted average.



F ' ATTACHHENT7 TO EXhIBiT Co C0'_TRACT_,0. 3-'-6:C:-_-.:T-: .2

_" J_ JACOfS ENGINEERINGGROUPINC.
ALIIgUI I_lgl Q,_l I£11,O_1

REPORT OF RADON DIFFUSION COEFFICIENT MEASUREMENTS

TIME-DEPENDENT DIFFUSION TEST METHOD

REPORT DATE_ 10-31-89

CONTRACT *:"" - 124

BY ., RY_ ....

SAMPLE IDENTIFICATION, Rifle, CO (EStes Gulch) Cover Scilsi . ill

Rogers & Associates Engineerin_ATE RECEIVEDSUBMITTED B'r__ Corporation
i i

I

SAMPLE lD MOISTURE DENSITY RADON DIFFUSION SATURATION II COMMENTS

(DRY WT.%] lo/cre 31 COEFF. (cm2/l) lM,o/P} POROSITY
_ _.ltmmImm.,mmmm

MER 3 (2i) _ _
1.75 1.4E-02 0.18 0.36

• i i i i i p ,li, I i

,v'Zq3 (2i) g.O 1.75 1.4E-02 0.39 0.36
i i i illlli il, i i i ii

'.':R3 (2,;: _.5 1.76 1.1E-02 3.46 0.36
i i i ii i

,.-o,3 (2_, !6.6" 1.74 4.0E-04 C..78 0 37

:"'-_3 ,;t, 27.9* '.74 2.3--,34 "._5 ].37
i li i m i i ,.,, , , , ,,

I II I I II I iii, ii I
I __

I iii Ii i I I L I Ii i iiill I

I
I , ' I I ' ,. ,.

II I , I , I i I i ii ii i ii ii

j i ! i
i BASED ON A SPECIFIC GRAVITY OF 2.75 g/cm_. 1

m'm'.mm..,ml

JEG-AL-kS-2 (21li) * Mass weighted average.



D •

ATTACHMENT7 TO EXHIBIT C. C0hTRA,C,TNO. 2"-;"::-S-_T-'L]33

_ ENGINEERINGGROUP INC.
" ALIIUQUIINIUI O_IIA_I

REPORT OF RADON DIFFUSION COEFFICIENT MEASUREMENTS
TIME-DEPENDENT DIFFUSION TEST METHOD

REPORT DATE __ 10-31-89
i ii i

CONTRACT C_7_7 . 124 i __

.Y_ RY
8AMPLE IDENTIFICATION Rifle CO Estes Gulch C v r S 'l

Rogers & Associates Engineeri,n Corp,orationSUBMITTED BY_ _ATE RECEIVED _._

SAMPLE lD MOISTURE DENSITY RADON DIFFUSION SATURATION• COMMENTS

(DRY WT.%) (g/cre3) COEFF. (cm2/I) (M_/P) POROSITY

HER 2 (8) 6.6 1.67 1.8E-02 0.29 0.39

F_ER2 (8) 9.2 1.67 1.5E-02 0.40 0.39

_,IER2 (8) 11.5 1.67 1.3E-02 0.50 0.39

HER 2 (8) 13.1 1.68 8.3E-03 0.57 0.38

_._ZR2 (_} 17.9- 1.67 3.8E-04 0.77 0.39



ATTACh,U.[NT7 TO EXHIBIT C, CONTRACTNO. 34-67C,_-S-_T.0_.32

_ ENGINEERINGG_2X/P IN(;.
Lt4.111,1QWtlI_Ull gell IIAI1'_III

REPORT OF RADON DIFFUSION COEFFICIENT MEASUREMENTS

TIME-DEPENDENT DIFFUSION TEST METHOD

REPORT DATE ___ 10-31-89 !
CONTRACT ,C7717 - 124 li

BY .... RY8/_ I
8AMPLEIDENTIFICATION_ Rifle, C0 (Estes Gulch) Cover Soils

I IIIII I II II IIII III

SUBMITTED BYR°gers & Associates EngineerinqCorporation - --
- _ .... DATE RECEIVED ..... _ I

SAMPLE lD MOISTURE DENSITY RADON DIFFUSION SATURA_,ON • COMMENTS

(DRY WT.%) lo/ore 3) COEFF. (cm2/s) (MD/P) POROSITY

HER 1 (8) 4.1 1.71 1.9E-02 0.19 0.36

i ! 'HER 1 8) 8.4 1.71 1.3E-02 0.40 0 36

i iii i | i i i i i i i •HER 1 181 10.8 , 1.70 , 1.lE-02 0.51 .... 0.,36 II

IMER1(8} 11.9 1.71 6.7E-03 0.57 0.36

•"![ 1 (8,'. • 17.5" 1.71 1.6E-04 0.E3 0.36

I i ,, i
ii

I i i i i _

I _1 I , II III

I II I
i i i

ii • i i

i I I Iii I iri Ii iii I • j

__IIIL--
I I II •

ii i III ii I I II i....

l ii l i

I I I II

ii i __III

mi I I I __

mi -- III ii , iii

ii _ i iii iii
I i , _

, • ,,
II I I i

_R BASED ON A SPECIFIC GRAVITY OF 2.66 3.lcr'.

JEG-AL-AS-IIllgT) " Hass Weighted Average
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PERMEABILITY TEST RESULTS

TEST HOLE DEPTH RELATIVE BENTONITE PE._.IEABILI_Yf

NUMB ER (FEET) -- COMPACTION (PERCENT) (C.M/S)

-7
MET-1 7_ 95% 0 4.5 x i0

-7
MET-I 7_. 100% 0 i.5 x l0

-8
MET-I 7_ 95% 7 3.7 x i0

-8
MET-1 7_ 100% 7 3.2 x l0

-8
MEB-2 12_ tO 17_ 95% 0 5.4 x l0

-8
MEB-2 12_ to 17_ 95% 7 2.7 x i0

-8
MEB-2 12_ to 17_ 100% 7 1.9 x I0

MEB-9 15 to 20 95% 0 5.3 x 10 -8

-8
MEB-9 15 to 20 100% 7 5.0 x i0

MET-I 7_ 95% 14 2.6 X l0 -8

-8
MET-1 7_ 100% ' 14 1.5 x i0

-9
MEB-2 12% to 17_ 95% 14 5.2 X I0

/
t

-9
MEB-2 12_ to 17_ 100% 14 5.0 x i0

14
-8

MEB-9 15 to 20 95% 14 i.i x i0

-8
- MEB-9 15 to 20 100% 14 i.i x i0

i
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I ' PROJECT: R£f!e Additional
f t

-- i i ! Jk i \ k SAMPLE SOURCE: HET-I at 7_ Feet
i i i\' l ,k "
[, i ! % \ \ SAMPLE DESCRIPTION: 0% aentonite
i i !\ \ k

;3_ ---,-- i I \ _ I\
i i [ i \i\
I I \!_ _

- I .J %[ i\ I _. TEST METHOD: ASTM D693A

] i \ \
\ P%i MAXIMUM DRY DENSZTY: 106.0 pcr
\ rA

_% \ i OPTZMUM MOISTURE CONTENT: 19.0 percent

1._3 ',% i'\ IIX LABORATORY SAMPLE NUMBER: 2674-A\

-- i \ \ .

I15 \ '_ \

- - Xi • k

• \ \

' \ ,"N
Io5- _, / \x _ 3,

-i / \ \ _k
] i _ \ \

_oo - .. I,,I / \ 'k IX
_j.

..... I_I_\
9. - . . I N. Ikl\

L I I I _ I\I-_
-_ _ I I I IN lx, l_
90 -- I I I I r,,,l -t,,_,,.

_ , I I I I I Ikl'_l._,.
_ _ l , l l , l "I,,.,",d-

I I I i I I....
..... I I I I.I I I I'_I

67 - I I I I I I I I l'k_

.... I I i I I ii" i iI I I I I I
I I I J _ ' ' t '8o - $ v0 v5 20 ."_ I I _ _ i i ', 13'
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PROJECT: Rifle Additional
t I

--I - !_ J '_ _ SAMPLE SOURCE: MET-1 at 7_ Feet
I _ i\i _ \.
I I _ _ \ _ SAMPLE DESCRIPTrON: 7% Bentonite

;\ \ \
_ \L\

t- \ _ \
_ l_ % i_ \ TEST METHOD: ASTM D69OA

,:- w _L\,,\
_: _ \ k MAXIMUM DRY DENSITY: 102.5 pcr

• \ k OPTIMUM MOISTURE CONTENT: 20.0 percent

I".0 k \_ k LABORATORY SAMPLE NUMBER: 2674-B
\

,.. _\A
i \ x _

115 - \ \

_ \ , \

,,o \ \, \ @

\ X \
x x \

-- ,.... _-, \ \L x
k /" \ _ IN

Ioo- _ .," \ \ , rx
,i &

, lk_kl \
9_ - IN. lk I\

,, _ 1 Ikl "k \
I i iklX_ \

• ! I I "_ \l\
I ! 1

.I Ix NIP_90 - ! I I \I "l,,'k
11 I I. hl',,[-"_
l I I I',4r',,
l I I ! I I INI TM83 - , , I l I I I I I",.

I ' I I I I [I I I "... I I I I I

" ,I"' 'If,! ! ! I I I !_
80 - 5 t0 15 20 2_ I !. 1 i ].) i I [ I _

I Oer: , -2,/is/so, i -
| e'l.u_.' 12



PROJECT: Kifle Additional

SAMPLE SOURCE: MEB-2 at 12_ to 17h Feet

SAMPLE DESCRIPTION: 0% Bentonite
I I

TEST METHOD: ASTM D698A

: MAXZMUM DRY DENSITY: I13.5 pcr

OgTZMUM MO_STHBE CONTENT: 16.0 percent

LABORATORY SAMPLE NUMBER: 2674-C

....... Fl_u_'e" 13



TEST METHOD: ASTM D6%3A

rM DRY DENSITY= 110.0 pcf

:Z fM MOZSTURE CONTENT: 17.0 percent

LAJORATORY SAMPLE NUMBER: 2674-D

_Irt_._ _,_, _ _ ect N_# M88113GE

F, we 14
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; PROJECT: Rifle Add£ tional

j_ | _ _ SAMPLE SOURCE: M_-9 at 15 to 20 Feet
i_i _ \.

I _ \ \ SAMPLE DESCRIPTION: 3% Bentonite
. _.iI ;\ \ _,

;_ - i _ _ \

\ % TEST METHOD: ASTM D693A

I_ _ \ \
,_ _. % MAXIMUM DRY DENSITY: 114.0 pcf

% %iea

_ _ OPTIMUM MOISTURE CONTENT= 15.5 percent
'L \ \

I_3 % % _ LA3ORATOR¥ SAMPLE NUM3ER: 2674-E

L %. %,
i •

115 - \ '_ %'
i

/ \_ \ \

110 - j, _ \ _ _ .

I _'\ \

,, ,i\__ _ _
. _ %_

100 _ "_l%,

• • I'_I\
%J"k I_

I% I _i _.
I,_ - , I"% r_l_
=- ,, i .l_J _K_%

I i I%1_
i I l_k "%!\

. ! I ! !"_[ 1%1"%
90 - - ! I I ! _i'I,,,.1_

1. ! i i ' l',,,.i",,L"l_
- ! I_ I i ! "IK I_I -''=

,,,,J _ ! I ! ! I i
8_ _ I I l l 11 ! P_

'i ! l I I 1 I ! _
,,, I i 1 i I 1 I I

! I i, I ! ! i i
l.i I I I ! i I ....

, 8(_ - 5 I_ 15 20 2__.I I. I ! 3,.) I I I. _I_I-¢

_e : 1
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1 t ,o,i loll , ;, I ,_% \1 \
_ I i%i 1 _\

I i-0i !'t i\ \
I ' ' ,r' ,_I\'- ," PROJECT: Rifle Addi tiona _

i t':, I ' _ i%._' _ \

, n % ,.\ \
--' i_ i\ ' SAMPLE SOURCE: M]_-9 at 15 to 20 Feet

I i l li , \.
I _ \ _ SAMPLE DESCRIPTION: 7% Bentonite

! ! ;\ \
i ;_:' i x _ \

\ % k TEST METHOD: ASTM D698A

% \ \
i;.5 [ \ !il _. MAXIMUM DRY DENSITY: 109.5 pcr

r - \ "% i OPTIMUM MOISTURE CONTENT: 16.5 percent

., • "Ml _ Ii LABORATORY SAMPLE NUMBER: 2674-Pl&.

.

i \ \
, i|

115 -

, \, "_ _, ,
", kt\

11'3 "

/ \ ' \ \

I .... / '>\ ', i_ k

L,, / • \ _ \ \

105 I _ \ ' i

I00
+ _. N N
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I
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PROJECT: Rifle A,Iditional

i

SAMPLE SOURCE: MET-I at 7% Feet

SAMPLE DESCRIPTION: 14% 3entonite

TEST METHOD: ASTM D69SA

MAXIMUM DRY DENSITY: 100.5 pcf
,._

OPTIMUM MOISTURE CONTENT: 22.0 percent

LABORATORY SAMPLE NUMDER: 2674-G

!



?ROJECT: Rifle Additional

SAMPLE SOURCE: NEl-2 at 12h to 17_ Feet

SAMPLE DESCRIPTION: 14% Bentonite

TEST METHOD" ASTM D698A

MAXIMUM DRY DENSITY: 106.0 pcr

' OPT MOZSTURE CONTENT: 18% percent

LABORATORY SAMPLE NUM3ER: 2674-I[
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-I'3 I\I '_ _, PROJECT: Rifle Additional! • i\ \
"[, i_ i \ %1 SAMPLE SOURCE: MEB-9 at 15 to 20 Feet

" i] _ r[x X SAMPLE DESCRIPTZON : 14% Bentonite

..... _ \ \

L _ _ _ TEST METHOD: ASTM D693A

\ \ \
|--

.-._ _ \ _ _ MAXIMUM DRY DENSITY: 106.0 pcf

_ % _ OPTIMUM MOISTURE CONTENT: 19.0 percent

1_ _ • _ \ _ LABORATORY SAMPt_ NUMBER: 2674-I
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UMTRA - RIFLE
PERMEABILITY OF RADON BARRIER _IENDED WI_"_ BEh'TONITI

Attached are the completed test results and analyses of laboratory

testing programs to determine the permeability of radon barrier
materials from Estes Gulch when amended with bentonite.

The latest test results are for radon barrier material amended with

10% bentonite and compacted to 100% of Standard Proctor. The

samples of radon barrier material were taken fron test pits MER i,

3, 4 and 5. Previously, tests were performed on samples mixed with

0, 7 and 14 percent bentonite and compacted to both 95 and 100% of
Standard Proctor.

The results of the laboratory testing prograns (shown in the

attachments) indicate that mixing the radon barrier materials with

10% bentonite, and compacting to 100% of Standard Proctor would

: produce a hydraulic conductivity of approximately 0.9xl0 "8 cm/sec.

As noted in the previous report, there is no appreciable deuraase

in permeability when the amount of bentonite is increased beyond
10%.

The groundwater protection strategy requires that a maximum

permeability of 2x10 "8 cm/sec be ensured. Consequently, by

specifying 10% bentonite, and 100% Standard Proctor compaction, a

permeability of 2xl0 "8 cm/sec or less should be achieved. (See

attached graph)

For construction, the 'bentonite will be mixed with the radon

barrier materials in a pugmill before spreading. Thus bentonite

: losses will be minimized. If it is anticipated that some bentonite

may be lost during field placement and compaction, the bentonite
content could be increased to 11%.

Triaxial compression tests on radon barrier material amended wizh

10% bentonite are being performed. The stability of the embankment

will be evaluated after these results have been received. All the

other characterization test results have been received and are

being evaluated.

03313.RFL - 1 - 5025-RFL-R-01-03313-00



\1



' (_.MORRISON-KNUDSEN ENGINEERS, INC. Sheet• ,,,o,,,===,,.u==,.¢.o,_,,., .:'l..i_.. Contract No. _C)2 S_- O_ FiDeNo ..... -
Project _ ¢.a._- ¢...r .. ,
Feature -'_ _" Designed_ _ _f _ Date =t_-, 3-
Ite_ Checked_ _ Date

ja,..

I





¢



MORRISON-KNUDSEN Sheet _
ENGINEERS, INC.

& IIO_N_ON KNUOIIN ¢OlliP&Nf

Protect ., _._,-n_,_ - i_ _" t _ Contrac=No.._c _-%-_ _ File No. _...._
Fea_re "_,..1, _ _- _L=, t--- Designed r-_, Date _z.._
Item LL,.,e_'Q_ I_.¢._____:_,_-.L_,.-J_t_, _.L._ . Checked .............. Date .....

,f_.. _ ..3
0

(

t.,



MORRISON-KNUDSEN ENGINEERS, INC. SheetAI10_.$¢_ KkUOUNL_)II_ICL_ ,_

Pr,._=ct __v_.,a'TW-L_--_', _,--t_-, ContractNo._...=_-_ File No.._._.._
Fe_',Jre __- .........."_,-__ u _ ,";_,_.-t.--_,e¢". Designed. _A-_."f' Date ._- z _'-
Ite_., = _ tL_'_- _,-_c:_,-,c-&-, _J__ _ Checked.......... Date

-- ,J
/

f"

C/



lambttt otiatt
CONSULTING GEOTECMNICAk ENGINEERS ANO MATERiAl. 'rESTING

PERtqEAlll I. I TY TEST

DATE I 2. - , ...f- f',y"._, PROJECT NUiqDER /'_1._1:'.,_, , - _

/Z) TECHNICIAN /,_ _,,'PROJECTW_E _ $I c _ (_(iI r -- ' .............

I I

TEST HOLE _,_'/" -/, ...... DEPTH "7't/_ LABORATORY SNqPLE NO. ,,_ 7_-/-,_f

SA.'qPLELENGTH 2.$" ,;e SAMPLEDIAMETER[._)"l ,'..,. SAMPLEAREA_/._p,? ,'.,=• __ .... _ ...... • __

SAI_LE DESCR:PTIONc.i,,.,, ,e,,,,t,l,/_,J _e 9¢"_J- /o.f":._ ,e_._ _;; _.a _ O/_-

__r_ ............... _U ;_ •

_.'c. _, Tr _l,E .. , A_(so¢). .e.ad(_:? _" , 9 @o ....r----,,,

i.}Ta-_g;O _ ....... io.. __ o .
Cell _, I_F_; ........

lr c_: eo .a7 7_ !.c ,. l. 5"Y'

I lr i I ill i i W i-- • iii

m r

" ;1' __-.-J_... __-_ _. ... .........

......
' ' i ii L II

iii i L I, ,
?

, ii i iii
"_L _ iii i i

..... i i

K ii i

a_ . C/.:,'r'_._.,r) : _/,.s'_zo"_='-/.r //_
t,ii iii ,, ii i ii i i ii . --

RFT.c,.,, r¢_ r r,,c-
__ iii -- i i ii . i li I _ --

T_rC $C ". II. q

r=,_ . d,;,. = ,r.)'_o
P,(. : ,,'Z_.zT.

• 0 BOx_ P0 E_)X004S 44S2TURNER.104A
_ (:_'11_ _aOn_<_F CO$_ DUFUU,_GO.COO_30_



K ii

_ t_r_ , Test m 6_
-- i

Tn,¢ .,.aeT= Ilk. 7

T'_, " " J"l" = "lJ"¥

P C) BOX _ P C) BOX OOdS A6_ TURNE R. _,i A

Ca.m.a,a_JUNCTION C{11_S02 MONI'ROSE. CO e_4o2 OUR_NGO CO e_:)ol



.... n . ..m_,.oi.._m. _ - o--..

• q o__!

lambert an_ __otiatt_
CONSULTINGGEOTECHNICALENGINEERS ANO _aTERlak TESTING

PEli_l[ASI L I TY TEST

PROJECT NU_BER rt_ _a 1 1 3 _.'_ DATE ) 2 - ,/j - ," _ ........

PROJECT N/d4E K.$1_' _'e_t/9_f_ ,, TECHNICIAN D. _'.

TEST HOLE1 b4 _" 7" f DEPTH "7 _'_." LABOILATORTS,klIPkE NO. _ _ "7'-/- t3libl WI " -- II --

* ,,. OmSA,_PLE LENGTH .,_. ,.C" .,.1. _ SAMPLE OIA,IqETER_/..,2 f/ , . SAHPLEAREA t_ :,/._ _,. , L

SSU_PLEDESCRIPTIONti.,_./.-,_,,_t.. r. el,--_/r,.-,/.I,./ _o Cs'_ , _r;,e:2..c"e_ t'.a.,,_ e _ _ ,.,,_

C -' _'_.
Dc_c. "3I, fs'

TIHE (k..Q! /___"(se.¢) Head (]s_ie) _H 9 (_,_l.)

C,n = 13'e,." r_)_'o_ (9 f' ......Ic/.o
I _at._,O 3_s',t ..... _' _ /q', I

i ii ii ii i iii i ii

i ii limp i iii i iii

L_=-_.,_--.,,_]i.:_-__:::_-,;:_,_.

i ii i ii ii ii i iii ii iii ii I

iii ii i ...... lill iii

K D ,

• (_X:r_ _ F_I< "- ,__,. _.._,_).(:__o_X,_X_._._ = _.__c_o" c../: v"

T,_,e _uaer= Jl¢. ?

T.,"e r ,/ ,_ • dr .I

. /"( = ._(,.?N

o

P.O. BOX _ P O BOX 00,45 ,. _ TURNER. 1Od A



• 0 BOx_ lPO BOx0{_$ _ TURwERto=A
GI=.AJ_D JU_CTIO_ Ct') $i502 MO_TROSE. CO 8_aO2 0_JR_,I_PGO CO O'_O1

2_ (30312_t.2_S,4 (303)259-S_5



--- I_ o("

 .ambtrt anO zeociates
CONSUt.TINGGEOTECHN_CALENGsNEERS AN0 MATERIA_.TES'r_NG

P[R_EABI L I TY TEST
i| i i

PROJE:T NUeIB[P,. _tfll 3 E-E . DATE /;" 2;" - ,._J" .....

PROJECT N._qE J_,-_'l" /o.,_,_ ). TECHNICIAII D.A.,'. ......__ i i i i iii --

TEST _OLE /H _ T'. I ............. DEPTH.. "7,_ ' LABO_TOeY5_U_PLENO._ 2 g "7 V :(-

SAJ_P'ELENGTH;.5" " .... SAMPLEOI_ETER_ /. ,2:rl.. _SAMPLEAREA I. ? J'9 ,

SAJ_'.--E DESCRIPTIONC/,..v,,,//v_¢ O,.r ei¢,_" rc-li,l,,/ _-e t'¢¢?e .Y /,o.J'_r.c._ _-a_ _'

...... " C..u ,,.',"' --
- c://:/yp..." TJ._:#.,) _(sec) Heae,_,O _ ? C,-,¢2

, = , i i i w,h,__

'_ =/oo Y,, i3q).'OO 0 t D q _
e- /- _'-.a"9 ..........

j'.iq3 "o_ . 3i, oo .... J E .... "/.o,_-.

i| i , i, l i i1,1 i

i i i i i i | i|
..m

i _" i

' ' ..,_,.-:_ .._ \ • . ;_ -,C..__ _':_ _ _.. _ -
....

iii

,, i

K"



tambttt ociatt
CONSULTING GEOTEGNNICAL. ENGINEERS AND MATEmlAL TESTING

PE_E,_St Lo_ TE5_T
m

PROJECT NUNB[R /_ eel.'/e ){... -_. _DATE I 2 - .'__. gS' .,
II III iii iii

PROJECT l_Id'IE _. _,I, (,,,/_.) TECHNICIAN _ _.//A.'J"
i ii ill

TEST MOLE,,n._ 7"- I DEPTH '7"_,, .4,;7" I..ABOR,ATORYSAIIPLENO.__2_'_''_-----

" ' SAMPLE DIAMETER , _. _'t SN'IPI.E AREA /. 2 i" ? • %"SAMPLE LENGTH ._.._ .., • _ • _ .... "lunnl

S3U",PLE DESCRIPTION,'/'./ ,,/.,y% _.,-r_.--..',.¢' _l_,,/,,.,,.--.,,/J,,,,J r_ eb"_',, oi.. /..,o..p" ,,#,_,.-_._,'_ ,..?2_ _.

Cell

I ......... C e_) ') ¢ 0

g _ _ocZ. Jq l? "'fV ..O .... ! o 13 _ .....

iS',17 : gO ,_.2 _C ....# _ , I_ . I

' ,r.. ...... ... ". "" fm m .".. ._. _'" "
' -- _ _, 7 ' i_ "f '; ' .. "

; _-:_ '.., _-..:'7 '__ -_. - , ,- , , -- i n

Iln,III I li I I n I Iii II llnl

I I IIIJli

I
un, • [ ii

L _mm_

_ i nii nii I n I '' I

K"

PO BOx398JO PO BOxCOdiS 683TURNEP-.lO,lA



t

,

 ambcrtanl  ssoc£at
CONSULTING GEOTECHNICAL ENGINEERS AN0 MATEt:t;JLI,, I'ESTtNG

PERP_EABiLITY TEST_i l

0ATE 1:2 1 /_ ",_" 3" i

PR0,J[:TItAJ'IE _.,_!..- fe,,_,J") .... TECHNICIk,I OA/i i __ iii i i

TEST HOLE ..*'7,e'_ "J DEPTH+_I/._._ - 1.7 7=" _ LABOIUkTORY S_J'_PLENO.,,___I""7" t -C:. _

SA/',P;..J[ LENGTH _i Lr" ;,,.. .... SA.,,IPLE DIAJ"IETER 1._,/.,,., SAMPLE AREA_ ,/, ,_._9 .',,, _

,TdU,,#'--r DESCeIPTt0N Oi,.,.,. e+,--e4d_.,'J Or _"'_.- e u-+" II 7..,(- ,irs 6 //..0 % _('br,_ C.. _
-- • w

..... • C.u _,.D

0¢C. 30,_" TI.E_k'O _:_ (see) He;,d(_,;) _H , , 9 (--£)
13_ I 00 ¥. - ....... "_

_ell, t_r,: Iff_ I :C-<" 0 /0 , O, _
.,L

_r'vf ':_0 :_99.9" _ o

i
nlll i ii i

.........ii

- o .o° • ml

• I • _ .,--.._.,.,_ . . .i " ";. -" ' ,- .""t , -,,

_-_"_' =t,.,'- _.,=..._." ,'
.......... ',__i _ ,_+ ....

' ii i i tiltt I J+II I__ ---,,

i

P 0 B0X 3g_ P 0 BOx 00_S _ TURNER %04A

JUNCTION C£_11'1_2 ktONTIRO_(. CO ll1_O_ DUI:IANOO. CO B_.101 /
,..,,,_,.,_,,,.+..,.,_ 1303)2m9.2_Sa (303)2S_ 5095



I.ambett Iociatt
¢ONSUt.TING GI[OI'EC).*NICAI.. [NGINI[F.laIS ANO MATI[PIIAI. I'I[$TING

P(IN(,_ilJk_1_ 1'EST
i ii

PaOjl[Cr_U_St:Mm_'tt3 C-E oar[ /? -.z9 - _"ii IL i ii E J ii i

_o_tcr _t _._./e .(,,J,_..,'_.., _) ....... T_CHN,C,AN_O_,V.....

$APLoI..I[LENGTI4 2,#'/,. SAMPLI[ DIAJ_ETER 1.2_rl ,, $NtPL[ AREA /,,._9 ,-.,--i i i n -lp

_,a ....... ,. , , , C-_/z ____

iii i i i i iii iii i i i

Illl i i i i i1_ iii iii

ii ii I Hill

,_

, ,, . r"-"-_-':.--"- "_" "" _- ' "' _ i i i iii

,1 ,.,_,-'- i i I

I iii ii i ii illll i ii i i 1

,, ,, ,, ,, ,

_ .

... ""'°"
_ #,r.?',..,. 7,,r._2",,#,,_"_.,

• /"_,,.e D =%0

•_,:. .,t,,_.. ql.

. ,_c =..2_).3 X.



Rambcrt ociatt
CONSUI.TING GEOTECI.*NICAI. I[NGINI[ERS ANO MAI'I[RIAt, I"I[STING

II

P_Oj(C:T .uNs(a /_ f f/! ? (- _ _OAT[ / 2 - / _ - ,_"3"'ml - , I II J I I ilml I II I _

, I I II I I _

T[ST NOk( _ _ 0 "-_._ O(PTH /3)b " ,_?"_' kA8OA.ATOAYS,_PL( NO. ,_7,.¢ - O
I.

SA,_U[ LENGTH .2 )"_"-. ..... _SAMPLE 01ArlETER_ /. 2.t" / .-. SJt_lPk[ AA(A t._[ _:; .'... "

S,Q_k.[ DESCRtPTlONMra. ,_J'X, &...r,..-, j'/,.,r' ,.-_,/.._..,( _ ICRP, "¢ /_v_ !_o =//a 0/,_ f

_/ I li II II III I II ill I I I II I i ii|li | i

_. ,,,.,..
•e 1/ -- /"t'_ " TIX[ (h,,3 _" (see) Xead _'_.'1 _X 9 f" _')I ii ii " i iII IIII l I

._ = I _r._7_ ' _"

0_ ._ I" / _ _.3 'o", _ ......... ,'_ D .....

/'_f_; '_o ,_ '_'fq ), ,/9 - , / .....

ii i i II i I i

,.=-.....
b.- • " " --., ;..., ...."-" , :_, e,- ,,_

"" .... Jl: i

- " ' "_ Jl _ _ .,,.,.

.
iiiii I i

i i iii i I i ii I I

, ,, i

I["

_ - : _ _ , ._x/c_-._
_ _,r f,.:_...,,,',._,.,.o,=.)..v,,,._...__._.v

e

/_g - 22.1



_.ambcrt anb _[_5ociat_
CONSULTING GEOTECHNICAk _NGIN_ERS &N0 MATERIAL TUTING

iii

PROJECT.U,a(i .....p.,,_',,"t, _ & ._ omr( /_. "_ (, . ,,___-t __ t tj Jt t i

PROJECT._'_( /_ :, ,-, (,, J ,'_/) .......... TECNNIClA. O.,,, / _ ? ......

O(:TH /4" - .2_ " U_OO_TO_YS,_'LE .O.,2 _''_.-,/..__.TEST HOLE..#, _'._ - _
.-- . _ _'_" ,..,SAMPLE LENGTH ,_ ,_ s_ SAJ'_PLE OIAHETER ,/.,,_ ; ,.. SAMPLE AREA ,/.• _ __ i i i iii ii illi ii i

SA_rLEOESC_IPTIO,_/-.t_/,,-_, :_."r_o._,.-,!---,_..D, ' _c, _. ,J i_$..,','_ _t_ _-r
,--, tt i till i i __ -

, •

" "t/ " ' _'f'_'" Til'lE ../._,,1 _" (see) Head,'fS,) _ 9 "_.,"

_II_ll i ii i i i

__._, ._'.,> _ _-..#_ // ./

Ill I

i i iiii ii i ii ii

,,, , I i i i iii i iiiiii iii i i

L -i liil i ii

| .°'" ,
iii Ill -- III III

...... _ ... _ IlL
b_' ;¢'_" L _- '" _ " -"iii i ii ii iii i I

ii iii I

g. O/-
_mmmm

,t-,. - - /" :
D.,'.i."£:i.s_Oo._.,".,:'(,,_tq,"r) i,/ e ,o.a il ,k-

ii

'_ _.., _ ..-c..¢

-,-, .- ; _t*"_.- "-
l

e

0 _._.--_ II 0 !_OxC04S _ TURh_ER,_O,lA



• I"( o_

 .ambcrt anb flociates
CONSULTINGGEOTECHNICAL ENGINEERS AND MATEII_AL TESTING

PEItp,IEAllI L I 'IV TEST
till_ IIIII

p_0_.r:T NU,SE_ _rt'!J3e-._ ...... 0ATE.__ .'._-;_a "._O .......

PAOJE:T_g 1, 5/." L,../J2 ........ TECHNiCS*N_O ,U. ,',_/"

TEST 140LE M _" _ -_ .... DEPTH / _J""a 0 LAB01_TORT S._IPLE NO. :._.g "T._ "-£

$,k.q.a'l.J[ LENGTH .,._.1--. ;,.,. SANPLE DIAJ'tETER /.,,2j,_/ ,.,, SN'IPLE AREA /._,e'9 _',_-

S.I_'_L.[ DESCRIPTI01_/_. u.,/pv/*, t,_,._ K._,--/ ee,..¢L],- / f_ /oe'/_. ,._. iL,lo_ /_.CY_ _t

i

........... t,,e #;;.rs. cell (t'_,.2 C..,.;,_._
_,, lr r_ Tw.E(.t,,_0 _'L"(see)..... He.d(_,,) _I_ .9 r,..,.)

]_ ",?.".."o o ,,o .. _3 c

/,¢_:oo "lgG._ (,0 . __; , !0

I
• i i i i i iinii L III I I _ I IIII I i iii in i

I
iii i i j_ i ii i i iii i

..... i i i iii

K"

- i_ _ i i

, ."

0"-,,¢ ._,.,._r" _ 11_1.0

PO B0x:eJm PO BOx00_S a4=T',JnNEg_+¢_A_



ambctt Ioc/att
CONSULTING GEOTECHNICAL ENGINEERS AND MATERIAL TESTING

PEI_EABI L I TY TEST
i i

PR¢..'ECT NUMBER r_/",_ I I ) C--_ . DATE / 2 - ; "J -.P..,, li

PR_,.JECT NAJ_E _. #1.,. (",,,e./,_.) ... TECHNICIAN P.,A/i -- ii i

TEST HOLE __t_ _-f • DEPTH /_I- -_0 " LABORATORY S.N,IPLE NO. =g-;',.//. F ....

SA.,,IPLE LENGTH _ .,_" ,- . SAHPLE DIAJ_ETER /.,.2 J' I ,'-. SAMPLE AREA t..2P9 ,_ a.i

SA,',PLE DESCRIPTIONSj/r. . c],7 w/TY.. 6e,..7__eJ,.,,_/ r,,,.,e/J,,., / f,, f_r-,, _ to_.J"De:___ IL ._.,._. e,"_C.
! i

i,ii , ,, , ii

= J,,oY. ' ...... _ _...0
IOta: oo o I _ _ j

:¢11_" I ] r z ; ..............

: /_of ' _o.. 7,_op . tc . .. • 3.r"

i
i __

i i i i i i i i i ill ....

i i i ii i iii i ii
__

_:_ ._'--_.' I':: , " _. ......
- _ -- ,.... __

_ _;'• .., ,-./::_t.1"".....":, : .._

i u i ii

K Bl i i ......

• --' i

iii

T._,.e I-E _, t.o

-I ,t,'e . _eF • t1"/.9

ff 0 BOx3g_ P 0 BOx0045 440TURNER.104A



_ambert an_ _Issociatc_
CONSULTING G|0TECMNICAI. ENGINEERS AN0 IdAI'[RIAt. TESTING

P[PV,Pq[AIIOL,,0rv 1"[$T

PKO.JECTm,lnBCR,'1,4_? I! _ C-E OATE ,.a. /_..rr" .....

PROd[CT IIA_E , _, _1..,, (-,(_r'_,,,_/) TECHNICIAJ_I_p ,_. .. ,

TEST _LE, k I E f -9 .... OEP'I'H pf.a,," _I.ABO_,TOaY$AnPLEplO. , ,_6 ?,r -P

SA_LE LENGTH 'I• _ ,., SAMPLE DIA,_I[TER_ ]. ;_rr .., S.I_PLE AREA /._ _e/, ,.,-_

SAMPLEDESCRIPTION_./r_fl..._/?_._,._,.; ,. #!,.3" ;,-,1].] f_ .ecT, _._ m., o_ : !_ Y_S_-/_

i i iiiiii li iii I i -- ii.-

-e_: O _s." , _x_t(_,,) ,A_-(see) ,,,.e,d _. .I 9
I0:)¢: :_e 0 /o c_ ,

I

Iii I I II II I I
I

ii ii i

, , _ _ _.-._:x__,_
I _ _'-='--n r: '' *_ "
I ,, ii i ii

I
1
| ii ii I I ii

i i ii I
ii ii

ml I II
II ii li

[-

tTFT.= ," r'_ _ 7

u.,

lc,- s=o_,o'" __.

RECEIVED.jAN1__9MK[] _" _"<
!

qo"v'q_t,.0 _'



•"" 200¢ _%b . _ qp _ ,.., e ,mm,e e qp dn,ma,_m. ,,mP ,eum*me,• ,urn,m-_ InumP ,

• . - ¢:_Iu.&."_Ge,,,.lOVSlC,a.,...t..A_.|_,¢|mS ,BO uAr¢m_ __
b

.. .,tc,:_.,. - R;_:l__ ___ _. _ _- _,_.,,,_c':::e.._B_. _Peos'_'c,.E D^_ s_Pt.r_._

_._':'::N: E'jT'ej _e_Lo_'j.l_p' s_e_ scuncE:.r_8 P,,,....j&,,,r't.a_ s._mLc_o:_9oy-ev

A.".,_'.Z :l_SC]t: PT:OI_: __.,_/,,__ ,.,/,,j,_ !_,_'e..-r£Bl__.g _ :_,_'J_ '_-S'_D .._?. s" - f _ __ BY :.D .A/ i i

...... ' ..... - ' ..... iL _ .... i i
i i

CO|FFICI|NT Of Pt[IMEAIILITY TEST

---.-- RF.MARKS
INIl_k,l. MOI$1'UIt[ CONTENT P||MEAM|T|| NO.- .

-- , -.- ?'ejr 6o.,'._ • hl4A - I

..... -- .%AMI_E DATA :
2. Wt W_ f_il. 1,_., Lt) tJL_'._r--- '.... DIAMETEI_ m_e_

__ 3,. Wt Dr? Soil * T._o (SL). A_ILA = 1, .tlP'9 ir_2
4. wo v_,e, !e:. 4_9(_ , - -
s. _.,..,,,,.;,h, (,_ .e.! _,oL__,-,,,
,,. w, _,, s..t_- esXc , WeTwe_'"L:[L__'_:_'t
? M_._,e_. Cam_*_* f_l 1_-,'_. '_

I Ilr_ _

OLL_ l
T_m,. o, , o,'l;' I _3 ? NAt (_ i

_oe," _'..-. ,,-_ _,.,) _!__,_ ;._._:_ ,_- .. . ...; _.0____o. (c_))
TemDere_r'u, T (*C)(OF') - "'-_. H:Constant Head (in)

........ " --- _-" ,=Sample Length (In)¢_n.o,,, _**d, _ _) 1170,' -'_.¢ •"
ovtfl..=, • Tem (t[) f I _ J, _.;._ .... ". ,SamplelapsedAreaTlme (ln2)(se¢)

I,'7 .; . .1._ w,kp_ (I) .1__ _ " •

.,.aw_,i,,.,a_,,',,.,., _ - "'

_H-k, ieq'u _l"ll_tm_,abili_y, _ ' " _,.".,
k,, n I0" (cml_) d.; " " "_ "_:

FALLING NtAO
-- i i, ml• ,,, ---- -

(;. S_)

T;m,. le- ...,

,llopted T;_, ,,.ta (_cl ) , , a-Aree of Stand plpe (lh 2)

_._,;o_Mo._,i.% (_nl . 'l . A-Area of Sample (In 2
)

k" Length of Sample (In)F;_el t4,od. I.I, (in)
.......... -" TI'T o- Elapsed TI_ (see)

Tempe,omr-.. T (*el(of) Ho'lnil:lal Head (ir_)
Ce, ll;,,,mo oi P,,moob;G- I " "" i "' ' t_i'F'lnal Head (lh)
•_ k_'_¢" fc-/_)) .... '_ .....

Kt "

Checked by: ......



. i.ambr anl CL 5oia:t.s 2 o,c,.
• .

B

_ ! i -- •

CO[FF|CIINT Of _IM[AIILIrT T[S!
.... R Ell_ RKS

INITIAL MOIST_II CONTENT PEIM|JLMET|2 NO.
/,.,=

6UII[TTENO:_

" <3- °/,1. Mg.;_,.e ,",_ _o. tUtITT! AltlA, . in 2 " _.0
i _APM p_lp I D _4_P_ll

......... LENGTH 8 2.5"_1 Lh.

S. TQr_W,;_hv (1_ I .... _- VOLU_E'__,eq-r'xlov gS:3

' ' 99.? % c_,--7,-,7".
•.. ", ,_ d-_ I:/_I._ ' ,

I l I _ _ • 1

Te,_e_m. t (__)(OF') '__;_ _ H-Constan_ Head (in)ii

i _ i

C41mtlPO_t,14_. M (in)!I,___?_ ]._"_',Z. t,_'l¢_ , A-Semplek'SampleAreaLength(lh)(_.2)
.... T=Elapsed Time (sec)

o/ wo,,, 0 _ 0 r_.
l

III III I r I _1_ i 1 iii i

BI I

T:ime.%
-- i _ i ii El

(l_)_,d T;.,_ !_.)_ (_)1 __ a-Area o¢ Stand ¢[l_e (T_
I_itiol H+,L. _ fln) A-Area of Sample (In 2)

.... L- Length of Sampte (ln) lFi_I _4,od._, (in}
...... TI-T o" Eleosed Time (Se_l

i Tem)o,otv,e. I' (*C}(OF) Ho'lnitial Head (in)
Coellitiem el Po,ra_ob,l;._ l ' I HilFinal Held (;n)
t_.k,. ,._0" {,-/_,c) ! _. ; .

KT .

Checked by: /_
t -- _r "---



S.,_',_UL_LallU .=.==ULLd_:.= _'2.- o_" 2.':
e; "

.'_I,L'_. ;lot|O._(..l_ II_..,d_ll_| *mO V.till,'., 11S?_

,c.z'._ ._ - /_ .._/c ._pc:;c-: :n.._s_:_, r_o___ oA_ s_p_: _-/'r. r_..... - __ - - ill _ ii ii L -- - - -- .

_.'_:.._ "-_sc_:-_'.:cN" c/-. -/..-_. a,-r _,...r I.-.,/- O;_,"Z:_: 7-.£-P? "z'Es-r_ l_v: __,Vi n nii I _ -- -- i ii

lil II _ _ I l_ - _ II _

COEFFICIENT Of ptEEM|ASILIT¥ tlfST
.__ ... REMARKS

iNITIAL MOI$1UI| CONt|N" PEEM|AMETIIE| NO. ..... _, 7 _

, lU.TTt NO. 8 -: ---In1I"4] final "
-- ' ' "' 8UEITTI AE|A z,,_n 2 7. ,Tj"

1. Men,lwr9 _,_ No.
' ' " _kI_MPLI DATA :

;. w_ We, _I . To,.o(s) ._&

, , .,...- AILA _ / .2_9 ____2
4. wt w_ter (°2 - _'J)ll} , . ., "_

S. tore Weieht (e) , _.:.. __' I,_NGTH i _.,r2) £n

_- w, o,, r_;l(_. _s_ d- "" vo_u_[ - _ _
7. Me_s)uro Cimtent. (S!,_ 1/7:" _,.: _,\ wet WEIGHT _ _ gin

, UNIT W[IGHT_/' "Z._,-_._ Pcr _ _.f%

tONer,ld,CT _IXO ':

,.. .... ,,= ,, _ z _

I t I In i i I m n mn I I _di, _ _ ,

. .,I ,
_I",_. _ Y - _ ot f2,. J 1'_i ,_, _rlo'_ - _¢_' (6._05
t_,.. ,...__..-, ?. ___,___e_ t_'_t _7- ' __v' ._. .. _

- ' " Jr .... ' HaConst_nt Head (In)
tempo,_r,,o, t ('_) {or_ j . T... " '_ ..... L-Samp I • Lencjth ( ; n)
Ce_stont,.,l.W_d; N (;n) I1.5"._'_ ! ]_"_'2,. IS'._'p A-Sample Area (in2)

Ov_llew . ;e,, i s) * j.z _, ,-¢-/.G , /7, "¢_" "; T-Elapsed Time (see)
le. we_h,t is) I, '7 _'J3.Y _ ,,_o _ .... .",

Addilionol P_eti_e He_d " r_ .:,.,.-, '_' . /.t

_" m n ml n ._iJ

Ca,efficie_, e_ l%rmoab,l;,y.! %... /r_k,, • I0" - (.,,;_.¢) _Z x ..e _' ,¢<_c"2 2. I ._ _:"/ "

FAU,ING mxO
i i i i

...... . . •T;_. ,. 1 i i

t;me. 10 • .... ,,, i

llop_ed 'iime, 0_-,_ lt.c) 1 4-Area Of Stand D;Pe (In 2)
" '; ' _ - A-Area of Sample (in 2)

,h_i, iol Hood. I,_ fin} _ , -- L" Lencjth of Samp|e (In)

f,_! _.od. H, .(.,n) l J .... TI'To" Elapsed Time (see)
1em_o,o_u,e. I (*C)(OIr) _, Ho-lnit;al Head (In)

¢..,,.,o,,, .el a'e,,,,.ob.ii.j ! I Hi ,,FinaI i_ead( in)
.. ! , ; -

K¢ *

Che:ked by : /7/'/"_

,/



ambcrt  t ,sociate ...
CCNSULTING GEOTECHNICAL ENGINEERS ANO MATERIAL TESTING

TEST RESULTS

6

PROJECT Rifle PROJECT NO M8905 _ _ i,• '-,G,., -DATE 5 ___.'_-"

LOCATION _'r,-_7_ 1 SOURCE u_R-1

SAMPLE NO. 2904 SPEC I F I CATI ON:'_

NATURAL MOISTURE CONTENT li

DEPTH

2 ft Sample Number: 2904-01 Moisture (percent) 8.0% ]

5 ft. Sample Number: 2904-02 Moisture (percent) i0.5%

5 ft. Sample Number: 2904-03 Moisture (percent) i0.0% I

8 ft. Sample Number: 2904-04 Moisture (percent) 8.7%

8 ft. Sample '.umber: 2904-05 Moisture (percen-/ "._% j
15 ft. Sample Number : 2904-08 Moisture (percent) i0.0% r

h
i

Before adding bentonite

!

I

Figure Sl



"  .ambcrt anb  ., sociatcs •
_,,,""','NSULTING._ECTEC_,"_;C_L E,"4GIN::NS.._ AND :.I_,"E_IA', TEST'.;,3

T--ST ..',E'.I,LTS..

.=.=,3JECT Rifle PROJECT N0. M89054GB DATE 5/19/39

LOCATION RFL-8701 SOURCE _ Z_.-L

SAM._ LE NO. 2905 SPECIFICATION-':

I NATURAL MOISTURE CONTENT

DEPTH

i 3 ft. Sample Number: 2905-01 Moisture (percent) 7.9%

i 5 ft. Sample Number: 2905-03 Moisture (percent) 7.9%5 ft. Sample Number: 2905-04 Moisture (percent) 8.1%

8 ft. Sample Number: 2905-05 Moisture (percent) 9. i%

I 8 ft. Sample Number: 2905-06 Moisture (percent) 8. 6%

i0 ft. Sample Number: 2905-07 Moisture (percent) 8.8%

I Before adding bentonite

i

Figure B2



=: "JECT p.i':le PROJECT NC. M39054GE ].:-. 5 " ' -)

'.SSATI ON RFL-3-9I SOU:_CE IF'; ". _'

S',U=LE NO. 2906 SPECI FI C,_TIO,"I":

NAUTURAL MOISTURE CONTENT

DEPTH

2 1/2 ft. Sample Number: 2906-01 Moisture (percent) 9. I;_

2 I/2 ft. Sample Number: 2906-02 Moisture (percent) 9.4%

8 ft. Sample Number: 2906-05 Moisture (percent) 9. I=_

•3 ft. S:.-.,__!e :;_a.,::,h,er : 9":3"- :.'.o_- _ "_ ' :" " ". . ,_ 06 _:,=ure (per ._n_......

12 ft. Sample Number : 9206-08 Moisture (percent) 6.-]'_

Before adding bentonite ,

Figure ] 3_



i _ le :-139054(]7. • - .= 3",,,-"'" "" nROjE,'T ,'I" ,3 5 " -_'

• ._'''lC:' £FL-;7;[ SOU_,CE F4L,: _

_.;P=LE NO. 29:3" S?:" I F I CAT ! ON.':

I NATURAL MOISTURE CONTENT

DE P TH

6 1/2 ft. Sample Number: 2907-04 Moisture (percent) _.3%

14 ft. Sample Number: 2907-07 Moisture (percent) -.6%

I 14 ft. Sample Number: 2907-08 Moisture (percent) - .T_

I Be fore adding ben-onite

I
j Q

Fig ure "



, ]Lan bcrt    ociatc5
........ •. =,jG:.,££=S ,_:_r.,, ...

.... D-" .....

°

PROJECT Ri-:1e _R.:jZ:T NO. :.I:'_9')54G2 ..... 3 '..,. :_'-)

LOC,ZTION RFL-._701 SOU_. ;. 01_E._.'-"

NATURAL MOISTURE CONTENT

DEPTH

2 ft. Sample Number: 2908-01 Moisture (percent) 10.7%

2 ft. Sample Number: 2908-02 Moisture (percent) 11.2%

5 ft, Sample Number: 2908-03 Moisture (percent) 11.0%

5 =
_t. Sample Number: 2908-04 Moisture (,percent) ! ? .?%

8 ft. Sample Number : 2908-06 Moisture (percent) I" .i%

12 ft. Sample Number: 2908-08 Moisture (percent) 10.3%

Beforp. ad(iing bentonite

Figure B5



.=" ]JECT Rifle PROJECT NO. M89054GE 9A TE 5/19 '_9

LCCATI 0:I RFL-8701 SOURCE [,'_[_ Ij

SA,_P LE NO. 2909 SPECIFICATION:':

NATURAL MOISTURE CONTENT

DEPTH
,,

2 1/2 ft. Sample Number: 2909-02 Moisture (percent) 9. 7%

5 ft. Sample Number: 2909-03 Moisture (percent) 9.2%

5 ft. Sample Number: 2909-04 Moisture (percent) 8.9%

7 1/2 ft. 3ample !;umber: 2909-05 :P.oisture (percent) _,._%

Before addiD_g bentonite

Figure B6



,  ambcrt g,s, ociatc ,,
CQNSULTING GEOTECHNICAL ENGINEERS AND MATERIAL TESTING

TEST RESULTS

PROJECT Rifle PROJECT NO, ;._89,")54G: DATE "- !?-a9

LOCATION RFL-.9?nl SOURCE :.lEP.-I

SAMPLE NO. 2904 SPECIFICATION :'_

NATURAL MOISTURE CONTENT

DEPTH

2 Ft. Sample Number: 2904-01 Moisture (Percent) 8.9%

5 Ft. Sample Number: 2904-02 Moisture (Percent) 10.5%

5 Ft. Sample Number : 2904-03 Moisture (Percent) I0. 1%

8 Ft. Sample Number: 2904-04 Moisture (Percent) 7. 7%

8 Ft. Sample Number : 2904-05 Moisture (Percent) 8.0%

15 Ft. Sample Number: 2904-08 Moisture (Percent) 10. 1%

i0 percent bentonite added
i'

Figu ---_.=B7

, ,



]Lambert  , :ociate
CONSULTING GEOTECHNICAL ENGINEERS AND MATERIAL TESTING

TEST RESULTS

PROJECT Rifle PROJECT NO. :.I_),_54.';_ DATE -:- ",>- .-',_,

LOCATi ON RFL- 8";'0i SOURCE :4ER- 2

SAMPLE NO. 2-)05 SPECIFICATION _'

ml , , , ,

NATURAL MOISTURE CONTENT

DEPTH

3 FT. Sample Number: 2905-01 Moisture (Percent) 8.6%

5 Ft. Sample Number : 2905-03 Moisture (Percent) 8. 3%

5 Ft. Sample Number: 2905-04 Moisture (Percent) 7.8%

8 Ft. Sample Number: 2905-05 Moisture (Percent) 10.4%

6 Ft Sample Nu-'_er: 29C:-,36 ..oYz'sture (Pe_-e _) £ _

i0 Ft. Sample Number: 2905-07 Moisture (Percent) 8.9%

i0 percent bentonite added

Figure B8



 am6crt  [ ,sociate
CONSULTING GEOTECHNICAL ENGINEERS AND MATERIAL TESTI:,_G

TEST RESULTS

PROJECT Ri=_e PROJECT NO "89354"- DATE " :,-:._." _ ___ • i,'A j_ -- • 4

LOCATION RFL-3701 SOURCE :,_.,SR- 3

SAMPLE NO. 290_ SPEC i FI CATI ON:,_

NATURAL MOISTURE CONTENT

DEPTH

2_ Ft. Sample Number= 2906-01 Moisture (Percent) 7.9%

2h Ft. Sample Number= 2906-02 Moisture (Percent) 9.6%

8 Ft. Sample Nu.-.'-er: 2-336-05 :.moisture (Percent} 5,4%

8 Ft, Sample Number: 2906-06 Moisture (Percent) 8, 7%

12 Ft, Sample Number: 2906-08 Moisture (Percent) 5,8%

i0 percent bentonite added

Fi:_ure -_-9

J



 ambrt
CQNSULTING GEOTECHNICAL ENGINEERS AND MATERIAL TESTI,_4G

_. TEST RESULTS

o.

PROJECT Rifle PROJECT NO. MS9054GE DATE "-!,?-_:. _

LOCATION RFL-8701 SOURCE HER-4

SAMPLE NO. 2907 SPECIFICATION "_

.

NATURAL MOISTURE CONTENT

DEPTH

6% Ft. Sample Number= 2907-04 Moisture (Percent) 8.6%

14 Ft. Sample Number: 2907-07 Moisture (Percent) 7.5%

14 Ft. Sample Number: 2907-08 Moisture (Percent) 7.6%

i0 percent bentonite added

Figure BIO



 ambert
CONSULTING GEOTECHNICAL ENGINEERS AND MATERIAL TESTING

TEST RESULTS

PROJECT Rifle PROJECT NO. :.18D054GE DATE Z-" "-5_

LOCATION RFL-8?Ol SOURCE ME P.- 5i iii ,, =., ,, i

SAMPLE NO. 29,39 SPECIFICATION_
JL__ I

II I I I I

"ATt,RAL .ozs_uRsCONTENT

DEPTH ]

2 Ft. Sample Number: 2908-01 Moisture (Percent) 11.4%

2 Ft. Sample Number: 2908-02 Moisture (Percent) i0.6% I
5 Ft. Sample Numbe_-: 2908-03 Moisture (Percent) 9.8%

5 Ft. Sample :;umber: 2908-04 ::oisture (Percent) 17.2%

8 Ft. Sample :_umber: 2908-06 Moisture (Percent) 10.5% ]

12 Ft. Sample Number: 2908-08 Moisture (Percent) 10.2%

I
].0 p=rc-nt bentc.n:- = te added

I

Figure BI1



 ambert flociate
CONSULTING GEOTECHNICAL ENGINEERS ANO MATERIAL TESTING

TEST RESULTS

PROJECT Rifle PROJECT NO. H89054GE DATE "-I';,-8_

LOCATI ON RFL-8701 SOURCE HER-6

SAMPLE NO. 2909 SPECIFICATION'_

NATURAL MOISTURE CONTENT
DEPTH

2h Ft. Sample Number: 2909-02 Moisture (Percent) i0.1%

5 Ft. Sample Number= 2909-03 Moisture (Percent) 8.9%

5 Ft. Sample Number: 2909-04 Moisture (Percent) 9.3%

7_ Ft. Sample Nut.ber : 29u9-05 :4oisnure (Percent) 8. 8%

i0 percent bentonite added

.,

Figure B1 2
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._ROJECT: Rifle-Additiona' res LI.-.:

135 SA'tPLE SOURCE: MER-I at 5 feet

SAMPLE DESCRIPTION: Cla,/,wl th 13;

130 , • . , ben toni te b 'end

TEST METHO0: ASTM {:)698A
125

MAXIMUM DRY DENSITY: 102.5 pcf

OPTIMUM MOISTURE CrlNTENT ". 19 •5"-.
120

_" LABORATORY NUMBER: 2904-02
¢,3
O.

> 115
I--
,ii,

z

I05

I00

! ,

90 '

2.6
2.7 Zero Air Voids For

85 t _ ..... , , . , Speci fic G"3vitv
2.8

8O

0 5 I0 15 2.0 25 30 35

MOl _TL;RE CO:ITENT (:')



TEST METHOD: ASTM D698A
125

HAXIHUM DRY DENSITY: IO6.5 pcr

OCTIMUM MOISTURE CONTENT: 17.5_
120

_' LABORATORY NUMBER: 2904-0h
¢1.

115
I--

o

105

I00

95

90 '

2.6
2.7 Zero Air Voids for

_J5 " 2.3 Specific ,Sravit:,,,

8o

o 5 _] i5 zo z5 3o 35

HS;STURE CONTENT (:')

[
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_ROJECT: Rifle-Addi_.ioP. al "_est -_

l]S SA'IPLE SOURCE: _EP-2 at _ fee"

SA,_PLE DESCRIPTI,qN:CIav :viEh ]" "
' , benr.oni ".e _ 'en _.130

TEST METHO0: ASTM D698A
125

MAXIHUM DRY DENSITY: 104.0 pcf

OPTIMUM MOISTURE C_NTENT: 19.0_
120

LABORATORY NUMBER: 2905-05
Ct.

115
p.

Z

II0

10S

90 '

2.6
2.7 Zero _,ir Voids for

_5 ........ 2 3 Specific _:avicv

MOISTURE CO,LITENT (7')

lamb anb ............. '
I i i __ ii , _ ".... iiiii i i



..... lm i II iiii I III II I -- I II II III III II I III I I I I II ---

TEST METHO0: ASTM D698A
125

HAXI,hIUM DRY OENSITY: 109.0 pc(

OI_TIMUM MOISTURE C¢)NTENT: 17.0_
! 20

_" LABORATORY NUMBER: 2906-01
¢J
O.

115
I,-

z

I10

>.

0

105

8o

0 5 lO 15 20 Z5 ]0 35

MOI _TURE CO:ITE,4T (:')

i ii i i i _ i ii ii i _ iii __ i ii • -

i i ii i iii _

---- l .......... - I FI_ _ll_ _ l: _ _ '!-- I I.I I i i i i
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35 ' , , Speciflc r,"avic,/
2.8

80

0 5 I0 15 Z.') 25 30 35
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I iiiiii I I_

...... ,, ,_ _,"b



TEST METHOO: ASTM D698A
125

MAXIMUM DRY DENSITY:, IO7.O pcr

OPTIMUM MOISTURE CONTENT: 16.0_12O

LABORATORY NUMBER: 2907-07
ca
Q.

115

Z

105

IOO

95

8O

0 5 _0 15 20 25 ]0 35

,MOI5TURE CO:ITENT (_.)
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I_O _'
1

PROJECT: Rifle-Additional test:-:

135 '' ' SA'APLE SOURCE: _ER-5 at c Feet, + .

' , + + SAMPL_. DESCRIPTION: Cia./vlith ' " _
130 bentonite _.end

TEST METHOD: ASTM D698A
125

MAXIMUM DRY DENSITY: 103.0 pcr

OPTIMUM MOISTURE CONTENT: 18.5_,
12O

LABORATORY NUMBER: 2908-03
' t._
i O.

} 115,
I--

Z

_ 110

i05

100

95

90

2.6
2.7 Zero Air 'lolds for'

85 : , , , t , Specific _ravitv
,,: 2.8

80

0 5 lO 15 20 Z5 30 35

MOISTURE COPITENT (,",)

t i ' ' +, B2_ii i ...... iiiii i . i i ii i .



l_S - - ,1 _,'_,

TEST METHO0: ASTM D698A
125

MAXIMUM DRY DENSITY: 109.0 pcr

OPTIMUM NOISTURE CONTENT: 16.5_
!20

_' LABORATORY NUMBER: 2909-03
¢J
Q.

>. 115
I-,-
,iii

u't

]100

>.
e_

105

100

95

90

2.6
2.7 Zero _ir Voids for

85 , , , , Speciflc r_ravity
, ., 2.8



Lambert
CCNSULTIING GEOTECHNICAL ENGINEERS AND MATERIAL TESTING

TEST RESULTS

PROJECT F.i:le PROJECT NO. M:_,9")" '3E DATE " !) .:',._

LOCATION RFL-a701 SOURCE :'!ER-L ,a ] ;eQ_.

SAKPLE NO. 2_?'4-0! SPECIFICATIONs':

v

i

ATTERBW-RG LIMITS RESULTS

Liquid Limit: 55

Plastic Limit: 14

Plasticity Index: 41

_k

Figure B27
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lambert anb ociate
CONSULTING GEOTECHNICAL ENGINEERS AND MATERIAL TESTING

December 22, 1987

M.K. Ferguson
180 Howard Street

San Francisco, CA 94105
PN : M87054GE

Attention: Mr. Grant Cherrington

Subject: Laboratory Test Results for Potential

' Rip Rap Sources, Rifle UMTRA Project,
Rifle, Colorado

Mr. Cherrington:

This report presents the results of our laborabory

testing program for the proposed Rip Rap sources for the

Rifle UMTRA project. Hand specimen petrology, microscopici

thin section petrology, X-ray diffraction analysis, sizing

and laboratory crushing, Los Angeles Abrasion tests, sodium

sulfate soundness tests and specific gravity tests were all

performed on each of the proposed source samples.

The hand specimen and thin section petrology consisted

of descriptive as well as qualitative studies of the various

rock types. The petrologic assessment was performed in

general accordance with ASTM C295. Igneous rock classifications

were based on the International Union of Geological Sciences

classification system.

The X-ray diffraction analysis utilized a Phillips

model XRG-2600 X-ray diffraction equipment. The purpose

of the analysis was to determine the presence of smectite.

RECEIVED-MKE

Attachment: 5025-RFL-C-09-O0908-O0 JAN1 11988

U..U,TP,

P.O.BOX3986 P.O.BOX0045 463TURNER,104A
" GRANDJUNCTION,CO81502 MONTROSE,CO81402 DURANGO,CO81301

(303)245-6506 (303)249.2154 (3)3)259-5095
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P_aage Two

Additional information is also provided on the graphs of

the test results.

The samples were sized and crushed in the laboratory

to appropriate proportions to conduct Los Angeles Abrasion,

sodium sulfate soundness, and specific gravity and absorption.

The Los Angeles Abrasion tests were performed in

general accordance with ASTM C131 as requested. Grading A,

which is the coarsest grading outlined in the test method,

was used for all of the samples. The amount of loss of
{/

material was determined after I00 and 500 revolutions of

the Los Angeles Abrasion machine. A Forney Model LA-850

Los Angeles Abrasion machine was used in performing the

tests.

The specific gravity and absorption of the materials

tested was performed in general accordance with ASTM C127.

The test portions consisted of washed material which was

all retained on a #4 screen. The measurements consisted

of dry weight in air, saturated surface dry weight in air

and submerged weight. The results presented in this report

represent the average test results of a minimum of three (3)

test trials.

The sodium sulfate soundness testing was conducted in

general accordance with ASTM C88. The prepared samples were

soaked in a solution of sodium sulfate for sixteen (16)

to eLghteen (18} hours prior to oven drying. This process

iambert anl3  eodatee
CONSUtTING G|OT|CHNICAI. I[NGIN|I[RS AND

MATERIAL TI[STING
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was repeated five (5) times. After the _inal CT=le the

samples were washed _ree of the solution, dr;.ed, sieved,

and weighed to determine the amount of loss.

If you have any questions, or if we may provide additional

services, please contact us.

___LAMBERT AND ASSOCIATES _/ "_!//_//_____

Geologist

j W on, P.E
.,-/'Manager _otechnical Engineering

/

DLT/nr
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° PETROGRAPHIC ANALYSIS AND ASSOCIATES

TESTING FOR POTENTIAL RIP-RAP SOURCES

' Project: Rifle UMTRA Project Number: H87054GE

Sample Designation: Casey No. 1 Date: 11/10/87

SampLe Recovery Method= Bulk sample, hand picked, H.K. Ferguson

DZSCUSSION

The Casey No. 1 potential source for Rip-Rap consisted

of nine (9) boulders, representing six (6) different rock ,
,!

types. Each of the different rock types were classified

based on hand specimen observations. The percent by weight
/J

of each rock type was determined and is presented on the

hand specimen data presentation sheets, Figures I through 6.

Selection of rock types for microscopic thin section obser-

vations and X-ray diffraction analysis was based on the
,.

abundance and character of each rock type and a telephone

conversation with Mr. Bob Hennicks, M.K. Ferguson. Micro-

scopic observations of the thin sections are presented on

Figures 7 and 8. X-ray diffraction data is presented on

Figure 9.

After selection of the rock type for petrographic

studies each cobble was measured and weighed. The size and

weight distribution of the cobbles, with notes of associated

rock types are presented on Figure I0. The entire sample

was then crushed for additional laboratory testing. The

final crushed sample consisted of approximately the same

proportions of each rock type. A tabulation of the rock

RECEIVED'MKEalllBeCtanl ;l=sotiate=
IA1,1.988v/tj 11 j.j. CONIUI.TII_ GEOT|GHNtCAL IING|NRiRS *NO

MATERIAL TESTING

UMTRA.S.F,
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".'.'peand general shape o_ crushed 9£eces is presented on

Figure ii. The laboratory test resulns for Los Angeles

Abrasion, sodium soundness and speciEic gravity and

absorption tests are presented on Figure _2.
l

_' tambert an_ __otiatt_ .
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PETROl3 RAPH _C ANALYSI3

HAND SPECIMEN DATA PRESENTATION SHEET

Project: Rifle- UMTRA Project Number: M87054GE

Sample Deslnation. Casey No. I-A Date: 11/10/87

Sample Type- Boulders

Percentage of Total, this classification: 119.79 Ibs, 39.4%

General Size and Shape of Sample Portions: Sample consists

of three (3) somewhat flattened disk-like cobbles,

approximately twelve (12) to fifteen (15) inches in
maximum dimension and five (5) inches minimum dimension.

MIN ROLOGY/PmTROLOGY

Crystal or grain sizes. Phaneritic fine grained (less than 2 mm)

Crystal or grain relationships (fabric) : Isotropic, equant grains

Degree of crystal face development: Anhedral

Rock Texture/morphology: Granular/xenomorphic

Alteration or weathering products: Some secondary deposits,
hematite stain

Unique Properties: Very slight foliation evident in one specimen

ESSENTIAL MINERALS ESTIMATED

(FOR CLASSIFICATION) PERCENTAGE

QuArtz 90

Groundmass 5

Plagioclase 2

ESTIMATED

ACCESSORY MINERALS PERCENTAGE

Alteration/secondary deposits 3 _

Rock Classification: Quartzite

Note: The classification presented here is based on hand

specimen observations only.

_icrosccpic petrology (thin secti._n) performed also

Figure 1

lambert anOzotiate
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PETROGRAPHIC ANALYSIS

._ANDSPEC,Z.._ND^TA PRE,SE.,.TATIO_NSH.E_T

Project. Rif Ie-UMTRA Project Number: H87054GE

Sample Designation: Casey No. I-B Date: 11/10/87

Sample Type: Boulders
+

Percentage of Total, this classifiuation. 89.13 ibs, 29.3%

General size and shape of sample portions. Sample consisted

of one (I) elongated boulder approximately sixteen (16)

inches by five (5) inches and one (i) flattened spherQidal

boulder approximately twelve (12) inches by seven (7) inches

HINEROLOGY/PETROLOGY

Crystal or grain sizes: Aphanitic, too small to distinguish
with hand lens

Crystal or grain relationships (fabric): N/A

Degree of crystal face development. N/A

Rock Texture/morphology: N/A

Alteration or weathering products: Some alteration on surface
of cobble.

Unique Propertles- Massive, difficult to fracture boulders

ESSENTIAL MINERALS ESTIMATED

(FOR CLASS]:pi, CATION) PERgENTAGE

Could not determine mineralogy in hand specimen due to

particle size
ESTIMATED

ACCESORY MINERALS PERCENTAGE
,, - . . _ ,,

N/A

Rock Classification: Very fine grained sandstone

Note: The classification presented here is based on hand

specimen observations only.

Microscopic petrology and x-ray diffraction tests performed also

Figure 2

l

lambert anb odate
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PETROGRAPHIC ANALYSIS

HAND SPECIMEN DATA PRESENTATION SHEET

' Project: Rifle-UMTRA Project Number: M87054GE

Sample Desingation: Casey No. l-C Date: II/I0/87

Sample Type: Boulders

Percentage of total, this classification: 44.74 lbs, 14.7%

General size and shape of sample portions: Sample consisted
of one (I) flattened spheroidal boulder approximately

twelve (12) inches by seven (7) inches.

M INE ROLOGY /PET RO LOGY

Crystal or grain sizes: Phaneritic medium grained, (approximately
5 mm)

Crystal or grain relationships (fabric) : Isotropic fabric,
inequant grains

Degree of crystal face development: Subhedral to euhedral

Rock Texture/morphology: Seriate texture, hypidiomorphic

Alteration or weathering products: Some chloritization evident

Unique properties: Isolated phenocrysts of hornblende

ESSENTIAL MINERALS ESTIMATED _

(FOR CLASSIFICATION) PERCENTAGE

Quartz 45

Plagioclase 35

orthoclase I0 _

ESTIMATED

ACCESSORY MINERALS PERCENTAGE

Hornblende 5

and other

alteration 5

Rock Classification: Granidiorite _

Note: The classification presented here is based on hand

specimen observations only.

Figure 3

' t[.ambe anu lociate
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PETROGRAPHIC ANALYSIS

HAND SPECIMEN DATA PRESENTATION SHEET

Project: Ri fIe-UMTRA Project Number: M87054GE

Sample Pesingation: Casey No. l-D Date : 11/10/87

SAmple Type= Boulder

Percentage of total, this classification: 20 ibs, 6.6%

General size and shape of sample portions: Sample consists of

one (i) flattened cobble approximately eleven {ii) by

four (4) inches.

MINEROLOGY/PETROLOGY

Crystal of grain sizes: Phaneritic fine grained (less than 2 mm)

Crystal or grain relationships (fabric) : Isotropic fabric,
equant grained

Degree of crystal face development: Subhedral

Rock Texture/morphology : Slight secondary stains, could
not determine type in hand specimen

Unique properties: Recognition of muscovite dependent on angle
of fracture with regard to crystal orientation.

ESSENTIAL MINERALS ESTIMATED

(.FOR CLASSIFICATION) PERCENTAGE

Quartz 60*

Orthoclase 20

Plagioclase 10

EST IMATED

ACCESSORY MINERALS PERCENTAGE

Mi c a 15

Alteration 5

Rock Classification: Quartzite

Note: The classification presented here is based on hand

specimen observations only.

*Percentages were difficult to estimate due to fine grained
nature of the hand specimen.

Figure 4
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PETROGRAPHIC ANALYSIS

HAND SPECIMEN DATA PRESE,'ITATION SHEET
6

Project: Rifle-UMTRA Project Number: M87054GE

Sample Designation: Casey No.I-E Date: 11/10/87

Sample Type: Boulder

Percentage of total, this classification: 17.72 ibs, 5.8%

General size and shape of sample portions: Sample consists of

irregular shaped boulder approximately ten (10) by four
(4) inches

L

MINEROLOGY/PETROLOGY

Crystal or grain sizes: Phaneritic fine to medium grained
(2-5 mm)

Crystal or grain relationships (fabric) : Isotropic equant

Degree of crystal face development: Subhedral

Rock Texure/morphology: Somewhat felty texture, hypidiomorphic

Alteration or weathering productS: Chloritization of biotite evident

Unique properties:

ESSENTIAL MINERALS ESTIMATED

(FOR CLASSIFICATION) PERCENTAGE I_

Quartz 40 -

Plagioclase 35

ESTIMATED

ACCESSORY MINERALS PERCENTAGE
,,, i -- -

Biotite 15

Chlorite 10

Rock Classification: Trondhjemite

Note: The classification presented here is based on hand

specimen observations only.

Figure 5
.

.arnbtrt anO;l so:iate
CONSULTONG GEOTECHNIC£L ENGINEERS £ND

MATERIAL TESTING



-, ... , . ° , . .

, !

PETROGRAPHIC ANALYSIS

HAND SPECIMEN DATA PRESENTATION SHEET

\

Project: Ri fle-UMTRA Project Number: M87054GE

, SampLe Designation: Casey No. I-F Date: 11/10/87

Sample Type: Cobble

Percentage of total, this classification: 12.75 1hs, 4.2%

General size and shape of sample portions: Sample consist of

one (I) spheroidal cobble approximately nine (9) by
four (4) inches.

MINEROLOGY/PETROLOGY

Crystal or grain sizes: Phaneritic fine grained (less than 2 mm)

Crystal or grain relationships (fabric): Equant isotropic

Degree of crystal face development: Subhedral to anhedral

Rock Texture/morphology: Apilitic hypidiomorphic to xenomorphic

Alteration or weauhering products: Some chloritization

Unique properties: Some natural fractures have secondary hematite

deposits.,

ESSENTIAL MINERALS ESTIMATED

(FOR CLASSIFICATION) PERCENTAGE

Quartz 15

Plagioclase 20

Potassium feldspars (orthoclase
and sanidine) 20

ESTIMATED

ACCESSORY MINERALS PERCENTAGE

Chlorite 3

Hematite 2

groundmass 4

Rock Classification: Quartz monzonite

Note: The classification presented here is based on hand

specimen observations only.

Figure 6

l.ambert anb otiate
CONSULTING G|OTECHNICAi. EN(-IINEERS ANO

MATERIAL TESTING



• , ° . . °

d

PETROGRAPHIC ANALYSIS

Project: Rif Ie-UMTRA Project Number: M87054GE

Sample Designation: Casey No. I-A Date: 12/1/87

THIN SECTION/MICROSCOPIC OBSERVATIONS

Petrographic Scope: Olympus 207680 (40-400X)

Thin Section Orientation: Perpendicular to slight foliation

Serrated boundaries of equant grains were common. Quartz _

grains were all approximately the same dimension with smaller

particles of lithic fragments and plagioclase sparse. The

slight foliation which could be observed in the hand specimen

could not be readily observed in the hand specimen. Some

thin bands of slightly larger quartz grains were observed

which may have caused a foliated appearance in the hand

specimen.

DATA_

MEASURED ESTIMATED

CONSTITUENT DIMENSIONS PERCENTAGE

Quartz l-2mm 93

Lithic Fragments 0.5-1.0mm 5

Pagioclase 0.3-0.8mm 1

Secondary stain N/A 1

Classification: Quartzite (Or orthoquarzite)

Figure 7
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PETROGRAPHIC ANALYSIS
l

Project: Ri fle-UMTRA Project Number: M87054GE

Sample Designation: Casey NO. I-B Date: 12/1/87

, THIN SECTION/MICROSCOPIC OBSERVATIONS

Petrographic Scope: Olympus 207680 (40-400X)

t

Thin Section Orientation: No particular orientation

Microaphanitic grains dominated the thin section. Some

small lithic fragments and quartz were recognized, however

the particle sizes were so small that actual mineral and

petrographic identification was not possible. Secondary

hematite deposits was the only recognizeable alteration

or constituent. A very slight band was noticed in the

thin section which could not be identified in the hand

specimen.

DATA

Constituent size and percent could not reliably be

estimated due to particle size. Maximum measureable grains

were approximately 0.I mm or less. A reddish groundmass,

possibly of hematite stain was dominant.

Classification: Very fine grained sandstone.

%

Figure 8
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; SIZE DISTRIBUTION OF COBBLES IN SAMPLE

DIMENS IONS

NL._ER OF GE_NERAL MAXIMUM MINIMUM PERCENT OF ROCK TYPE

COB'=LES SHAPE (INCHES) (INCHES) TOTALS SAMPLE I.D.

' l Elongated 16 5 12.3 Siltstone

Casey No. I-B

2 F fattened Quartzite

Spheroidal 15 6 30.9 Casey No. I-A

.. 3 Flattened

Spheroidal 12 7 31.7 Si Itstone

Casey No. 1-B
Granidiorite

Casey No. l-C

1 Spheroidal

disk shape 12 5 8.5 Quartzite

Casey No. I-A

1 Flattened S

Spheroidal 11 4 6.6 Quartzite

Casey No. I-D

' I Irregular

Spheroidal I0 4 5.8 Trondhj emite

Casey No. I-E
?

1 Spheroidal 9 4 4.2 Quartz-Monzonite

Casey No. I-F

Figure i0
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NOTES AND OBSERVATIONS OF

ROCK SHAPES AFTER CRUSHING_ _

Rock Type and

Sample I.D. Discuss ion

Quartzite The general shapes caused by crushing

Casey No. I-A was blocks and wedges. Fractures ter-

minated with moderated rounded angles.

Very fine grained Relatively flat, angular shapes were

sandstone caused by crushing. Fracture terminations

Casey No. 1-B were very sharp and angular.

Granidiorite Small blocks were the dominant shape

Casey No. I-C caused by crushing. Smaller pieces

appeared more angular. Fractures ter-

minated in moderate to sharp angles.

Quartzite

Casey No. I-D Angular wedges with sharp edges particularly
on smaller fragments were common. Frac-

tures terminated in sharp angles.

Trondhjemite A wide variety of shapes were produced,

Casey No. 1-E wedges and small angular pieces were
common. Fractures terminated in moderate

angles.

Quartz-Monzonite Flat, somewhat tabular pieces were common.

Casey No. I-F Small fractures terminated in very sharp

edges while others had moderated angles

and rounded edges.

None of the various rock types represented in this sample

appeared to fracture in a fashion which was dependent on the rock

structure or _xture.

It should be noted that a variety of shapes were produced by

=rushing in all of the rock types. The discussion above is intended

to give the reader a general description only. Different crushers

and crushing techniques could change shape characteristics

drastically.

Figure ii r
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TEST RESULTS
, ,. ,,,1 ,

PROJECT RiEle-UMTRA PROJECT NO. MBTO54GE DATE 11/t6/_7-- = III . ,

LOCATION Ca@ev No. 1 . . SOURCE .......

SAMPLE NO. 9110 ...... SPECIFICATION;_ Gradin_ A

ii |ii i - i i |i i ii i i ii ,|

I "

i LOS ANGELES ABRASION RESULTS

i00 Revolutions: 5.9% Loss

500 Revolutions: 24.2% Loss

i SULFATE SOUNDNESS RESULTS ..

WEIGHTED

WT. OF WT. OF PERCENTAGE PERCENTAGE LOSSSIEVE TEST SAMPLE TEST SAMPLE LOSS BASED ON SAMPLE BASED ON

IZE BEFORE TEST AFTER TEST DESIGNATED SIEVE GRADING (%) SAMPLE GRADING
_ i , __ ........ ,

3/8"- _4 300 .1 296.7 1 .1 4.0 0.04
I/2"- 3/8" 332.5

3/4"-i/2" 675.8 998.4 1.0 13.4 0.13

I"-3/4" 506.1

lh"- 1% 1016 .9 1511.2 0.8 20.2 0.16

]2"-lh" 1840.0

_"=2" 2869.8 • 4691.4 0.4 62.5 0.25

I TOTAL WEIGHTED PERCENT LOSS 0.6

I SPECIFIC GRAVITY AND ABSORPTION RESULTS

Bulk Specific Gravity (average): 2.618

i Bulk Specific Gravity (SSD) average: 2. 637

Apparent Specific Gravity: 2.668 RECE}VED._II<E

[ Absorption (average): 0.71% J_iJ ! _ ,0')3j,._.,

U.r,.,]T6'.A.S.E.

Figure 12

I



PETROGRAPHIC A._ALYSIS AND ASSOCIATED

TESTING FOR POTENTIAL RIP-RAP SOURCES

Project: Ri fle-UMTRA Project Number: M87054GE

SAmple Designation: Corn No. 1 Date: 11/18/87

l

Sample Recovery Method: Bulk, hand sampled

DISCUSSION
lm

_he Corn Construction potential source for Rip-Rap

consisted of ten (10) boulders, representing six (6) different

rock types. Each of the different rock types were classified

based on hand specimen observations. The percent by weight

of each rock type was determined and is presented on the 4

hand specimen data presentation sheets, Figures 1 through 6.

Selection of rock types for microscopic thin section ob-

servations and X-ray diffraction analysis was based on the

abundance and character of each rock type and a telephone

conversation with Mr. Bob Hennicks, M.K. Ferguson. Micro-

scopic observations of the thin sections are presented on

Figure 7. X-ray diffraction data is presented on Figure 8. C

After selection of the rock type for petrographic studies

each cobble was measured and weighed. The size and weight

distribution of the cobbles, with notes of associated rock

types are presented on Figure 9. The entire sample was then

crushed for additional laboratory testing. The final crushed

sample consisted of approximately the same proportions of each

l

tambert anb
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rock type. A tabulation of the rock type and general shape

of the crushed pieces is presented on Figure I0. The

laboratory test results for the Los Angeles Abrasion, sodium

soundness and specific gravity and absorption are presented

on Figure II.
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PETROGRAPHIC ANALYSIS

HAND SPECIMEN DATA PRESENTATION SHEET

Project: Ri fIe-UMTRA Project Number: M87054GE

Sample Designation: Corn No. 1-A DAte: 11/18/87
l

Sample Type: Boulders

Percentage of total, this classification: 101.0 Ibs, 26%

General size and shape of sample portions: The sample consisted

of two (2) spheroidal boulders approximately ten (10)

inches by six (6) inches. '

MINEROLOGY/PETROLOGY

Crystal or grain sizes: Phaneritic medium to coarse, approximately
(2 mm and larger)

Crystal or grain relationships (fabric) : Anisotropic, megacrystic

Degree of crystal face development: Subhedral

Rock Texture/morphology: Gneissose and schistose structure,
hypidiomorphic

Alteration or weathering products: Chlorite, isolated

Unique properties: Gneiss with bards of amphibolite, gives both
gneissose and schistose structure

ESSENTIAL MINERALS ESTIMATED

(FOR CLASSIFICATION) PERCENTATE _'

Amphibole 80

Plagioclase I0

Orthoclase 5

ESTIMATED

ACCESS ORY MINERALS PERCENTAGE

Chlorite 3

Quartz 2

Rock Classification: Amphibolite Gneiss

Note: The classification presented here is based on hand

specimen observations only.

Figure 1
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PETROGRAPHIC ANALYSIS

HA:_D SPECIMEN DATA PRESENTATION SHEET

Project: Rifle-UMTRA Project Number: M87054GE

Sample Designation: Corn No. l-S Date: 11/18/87

Sample type: Boulders

Percentage of total, this classification: 97.33 Ibs, 25.1%

General size and shape of sample portions: The sample consisted

of two (2) flattened spheroidal boulders approximately

fifteen (15) by six (6) inches.

MINEROLOGY/PETROLOGY

Crystal or grain sizes: Phanerite medium (2-5 mm)

Crystal or grain relationships (fabric) : Isotropic, inequant grains

Degree of crystal face development: Subhedral to anhedral

Rock Texture/morphology: Seriate texture, hypidiomorphic

Alteration or weathering products: Some chloritization

Unique properties: Isolated phenocrysts of hornblende

L ESSENTIAL MINERALS ESTIMATED

(FOR CLASSIFICATION) PERCENTAGE

Quartz 45

plagioclase 35

Orthoclase i0

ESTIMATED

ACCESSORY MINERALS PERCENTAGE

Hornblende 5

Chlorite 5

Rock Classification: Granidiorite

Note: The classification presented here is based on hand

specimen observations only.

This specimen and Casey No. l-C are from the same source material.

Figure 2
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PETROGRAPHIC ANALYSIS

HAND SPECIMEN DATA PRESENTATION SHEET

Project: Rif Ie-UMTRA Project Number: M87054GE

Sample Designation: Corn No. I-C Date: ii/18/87
6

Sample Type: Boulders

Percentage of total, this classification: 51.5 Ibs, 13.3%

General size and shape of sample portions: The sample consisted

of one (1) elongated boulder approximately thirteen (13)

by six (6) inches.

MINE ROLOGY / PETROLOGY

Crystal or grain sizes: Phaneritic medium (2-5mm)

Crystal or grain relationships (fabric): Isotropic equant grains

Degree of crystal face development: Subhedral

Rock Texture/morphology: Hypidiomorphic

Alteration or weathering products: Chloritization of mafic ground
mass and biotite common

Unique properties:

ESSENTIAL MINERALS ESTIMATED

(FOR CLASSIFICAtiON)_ PERCENTAGE_ ii

Plagioclase 33

Potassium fieldspar 32

Quartz 15

ESTIMATED

ACCESSORY MINERALS PERCENTAGE,,

Mafic groundmass i0

Biotite 5

Chlorite 5

Rock Classification: Quartz monzonite

Note: The classification presented here is based on hand

specimen observations only.

Figure 3
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PETROGRAPHIC ANALYSIS

HAND SPECIMEN DATA PRESENTATION SHEET

Project: Rif Ie-UMTRA Project Number: M87054GE

Sample Designation: Corn No.l-P Date: 11/18/87

Sample type: Boulders

Percentage of total, this classification: 46.0 ibR, 11.8%

General size and shape of sample portions: The sample was a

flattened boulder approximately fifteen (15) inches by

eight (8) inches.

MI NE ROLOGY / PETROLOGY

Crystal or grain sizes: Phaneritic fine grained (less than 2mm)

Crystal or grain relationships (fabric) : Isotropic, equant grains

Degree of crystal face development: anhedral

Rock texture/morphology: Granular/xenomorphic

Alteration or weathering products: Some secondary deposits

Unique Properties:

ESSENTIAL MINERALS ESTIMATED

(FOR CLASSIFICATION) PERCENTAGE

Quartz 90

Groundmass 5

Plagioclase 2

ESTIMATED

ACCESSORY MINERALS PERCENTAG E

Alteration products 3

Rock Classification: Quartzite

Note: The classification presented here is based on hand

specimen observations only.

This sample and Casey No. I-A are from the same source.

Figure 4
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PETROGRAPHIC ANALYSIS

HAND SPECIMEN DATA PRESENTATION SHEET

Project: Ri fIe-UMTRA Project Number: M87054GE

Sample Designation: Corn No. foe Date: ii/18/87

Sample Type: Boulder

Percentage of total, this classification: 48.5 ibs, 12.5%

General size and shape of sample portions: The sample consisted
of one (i) flattened boulder approximately forteen (14)

inches by seven (7) inches.

MI NE ROLOGY /PET ROLOGY,

Crystal or grain sizes: Phaneritic fine to medium (2-5mm)

Crystal or grain relationships (fabric) : Isotropic equant

Degree of crystal face development: Subhedral

Rock Texture/morphology: Somewhat felty texture, hypidiomorphic

Alteration or weathering products: Chloritization of biotite

Unique properties:

ESSENTIAL MINERALS ESTIMATED

(FOR CLASSIFICATION) PERCENTAGE

Quartz 40 L

Plagioclase 35

ESTIMATED

ACCESSORY MINERALS PERCENTAGE

Biotite 15

Chlorite 10

Rock Classification : Trondhj emite

Note: The classification presented here is based on hand

specimen observations only.

This sample and Casey No. 1-E are from the same source material.

Figure 5
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PETROGRAPHIC ANALYSIS

HAND SPECIMEN DATA PRESENTATION SHEET

Project: Rif Ie-UMTRA Project Number: M87054GE

Sample Designation: Corn No. I-F Date: ii/18/_7

' Sample Type: Boulder

Percentage of total, this classification: 44 Ibs, 11.3%

General size and shape of sample portions: Sample consisted of

one (I) elongated boulder approximately twenty three (23)

inches by four (4) inches.

MI NEROLOG¥/PETROLOGY

Crystal or grain sizes: Aphanitic

Crystal or grain relationships (fabric) : N/A

Degree of crystal face development: N/A

Rock texture;morphology: N/A

Alteration or weathering products: Some surface alteration product

Unique properties:

ESSENTIAL MINERALS ESTIMATED

,[FOR CLASSIFICATION) LPr RCENTAG E
!

Could not determine minerology

in hand specimen due to particle
size

Rock Classification: Very fine grained sandstone

Note: The classification presented here is based on hand

specimen observations only.

.,

Figure 6
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PETROGRAPHIC ANALYSIS
j,

Project: Rifle-UMTRA Project Number: M87054GE

Sample Designation: Corn No. I-A

THIN SECTION/M,.ICROSCOPIC OBSERVATION_S

Petrographic Scope: Olympus 207680

Thin Section Orientation: Perpendicular to schistose structure

Microcline, quartz and sodic plagioclase crystals were

easily recognized in a fine grained groundmass of hornblende,

biotite, which showed considerable alteration to chlorite and

opaque hematite were observed in minor amounts. Gridiron

structure, or cross twinning was observed in the microcline

crystals and albite twinning was observed in the sodic plagioclase.

No microstructures were observed in the thin section, however

the hand specimen showed both gneissose and schistose structures.

DATA

MEASURED ESTIMATED

CONSTITUENT DIRENSIONS PERCENTAGE

Hornblende less than 2mm 50

quartz l-3mm 15

Na-Plagioclase l-3mm I0
Microcline 2-4mm 15

Biotite and chlorite 0.5-1.5mm 5

Hematite l-2mm 5

Classification: Amphibolite Gneiss or schistose amphibolite

Figure 7
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SIZE DISTRIBUTION OF COBBLES IN SAMPL _

DIMENS IONS
NUMBER OF GENERAL MAXIMUM MINIMUM PERCENT OF ROCK TYPE

COBBLES SHAPE (INCHES) (INCHES) TOTAL SAMPLE I.D.

l Spheroidal i0 6 26.0 Amphibol ite
Corn No. I-A

2 Elongated

irregular Granidiorite

spheroidal 15 6 25.1 Corn No. I-B

1 Elongated Quartz, Monzonite

spheroidal 13 7 13.3 Corn No. I-C

1 Ffattened Quartzite

spheroidal 15 8 12.5 Corn No. 1-D

1 Flattened Tronhj emite

spheroidal 14 7 11.8 Corn No. 1-E

1 Elongated 23 4 II. 3 Very fine grained
sandstone

Corn No. I-F

Figure 9
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NOTES AND OBSERVATIONS OF

ROCK SHAPES AFTER CRUSHING

Rock Type and

Sample I.D. Discussion

Amphibolite Gneiss Blocks and wedges with fractures paralleling

Corn _io. l-A the internal rock texture and crystal

boundries were the dominant shapes

Granidiorite Small blocks and angular pieces were common

Corn No. l-B with sharper angles belonging to the smaller

pieces.

= Quartz-Monzonite Somewhat elongated and flattened pieces,

Corn No. 1-C some with sharp" angles were common. Some

fractures terminated in flattened edges.

Quartzite Angular pieces with small fracture angles

Corn No. I-D terminating in sharp edges were common.

Trondhjemite Several shapes were observed with smaller

Corn No. I-E wedges having sharp angles.

Fine grained Flat angular wedges with very sharp fracture
sandstone t_rminations were dominant.

Corn No. I-F

Corn No. I-A was the only sample which fractured in a pattern

which seemed to be influenced by the rocks internal structures.

The other samples showed no preferred orientation of fracturing

during the crushing.

It should be noted that a variety of shapes were produced by

crushing in all of the rock types. The discussion above is

intended to give the reader a general descripiton only. Different

crushers and crushing techniques could change shape characteristics

z

drastically.

Figure i0
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TEST R'SULTS
, i , ,,

PR3JECT R_'-'Le-3H'."?.\ PROJECT NO M,3,"054C_ DATE 11/16/87

LOCATI0,'I Corn No. 1 SOURCE
IIl I I rl li I I __ III __ l l

SA_;=LE NO. 9.109 , S_ECIFICATION'._ Gcadina A i

i i iii i i ii i i iiii i

, i

Lois A_,zpE,.ESAaRASIONRESULTS

100 Revolu_.ions: 7.04% Loss

500 Revolut'.ions: 23.7% Loss

SULFATE SOUNDNESS RESULTS

_' WEIGHTED

WT. OF WT. OF PERCENTAGE PERCENTAGE LOSS

SIEVE TEST SAMPLE TEST SAMPLE LOSS BASED ON SAMPLE BASED ON

_ZZ__E B_ORE TEST AFTER TEST DESIGNATED SIE"]E GRADING (%) SAMPLE GRADING--- _ i -

./8"-#4 300.4 290.0 3.5 4.0 0.14

1/2"-3/8" 333.7

3/4--1/2- 660.8 981.5 1.3 13.1 0.17
1"-.V4" soo.s .
1_"-1" 1010.0 1500.4 0.7 19.9 0.:].4

2"-1_" 1960.0

2_ "-2 " 2834 •4 " 4778.3 0.3 63 .1 0. I0

TOTAL WEIGHTED PERCENT LOSS 0.6

SPECIFIC G_AVITY AND ABSORPTION RESULTS

Bulk Specific Gravity (average) : 2.633

Bulk Specific Gravity (SSD) average: 2.651

Apparen_ Specific Gravit? (average : 2. 683

Absorption (average) : O.7

Figure 11

,i i,i,
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PETROGRAPHIC ANALYSIS AND ASSOCIATED

TESTING FOR POTENTIAL RIP-RAP SOURCES

Project: Ri fle-UMTRA Project Number: M87054_E

Sample Designation: Glenwood Springs, No. i Date: 11/30/87

Sample Recovery Method: Bulk ledge rock sample

DISCUSSION

The Glenwood Springs potential source for Rip-Rap

consisted of ledge rock pieces, representing one (1) rock

type. A description of the hand specimens is presented on

Figure i. Microscopic observations of the thin section isI

presented on Figure 2. X-ray diffraction data is presented

on Figure 3.

A representative portion of the sample was crushed for

additional laboratory testing. The laboratory test results

for the Los Angeles abrasion, sodium soundness and specific

gravity and absorption are presented on Figure 4.

lambert ociate
CONSULTING GIOTECHNICAL ENGINEERS AN0
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PETROGRAPHIC ANALYSIS

: Project: Rif Ie-UMTRA Project Number: M87054GE

_ample Pesingation: Glenwood Springs, No. 1 Date: 11/30/87

Sample type: Ledge rock sample, bulk

General size and shape of sample portions: Most of the large

rock samples were approximately ten (10) to twelve (12)

inch pieces. Most of the samples were relatively blocky

in appearance.

,AND .sP czME./MIcRoscoPIcOSS.ERVATIO,S

The material consists of massive aphanitic grained

limestone. Fracture and joint patterns are common. Fractures

are highlighted by secondary calcite deposits. Some surface

weathering was observed on the surface of some of the samples.

Some localized areas were porous in appearance, possibly from

secondary calcite formation. No distinct directional fracture

pattern was observed, however most fractures were at angles

greater than about thirty (30) degrees and less than about

sixty (60) degrees to each other. Some fractures intersected

bedding planes, which were not distinct, at angles close to

ninety (90) degrees.

No mineralogic or other petrologic data could be

determined in the hand specimen due to the fine grained

nature of the specimen.

Figure i

ambert anl [ eociatee
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PETROGRAPHIC ANALYSIS

Project: Rif Ie-UMTRA Project Number: M87054GE

Sample Designation: Glenwood Springs, No. 1 Date: 12/1/87

THIN SECTION/MICROSCOPIC OBSERVATIONS, , ,,,, --

Petrograhic Scope: Olympus 207 680

Thin Section Orientation: No particular orientation

Shell fragments were observed in a groundmass of micrite.

No lithic fragments, minerals, or sparry calcite were observed.

No microstructure or fracture patterns were observed in the

thin section.

DATA
,

MEASURED ESTIMATED

CONSTITUENT DIMENSIONS PERCENTAGE

Micrite N/A 70

Pelecypods 2-3mm 10

Unidentifiable

shell fragments N/A i0

Fussilinids 1-2mm 5

Brachipods 1-2mm 5

Classification : Biomicrite Limestone

Figure 2
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If montmorillonite qroup clay minerals (smectite) were

I i presoat, peaks would be observed in the ranqe.

t 5.9

5
_: X-._av Diffraction Test _esults tor Glenwood Sorinqs
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TEST RESULTS

PROJ-_:T Ri-eLe-UMTRA PROJECT NO. _4_,705 _,3.Z O,%TE 11/20/87

LOC_TION Glenwood Springs No. 1 SOURCE
l II I li I I

SAMPLE NO._ 9108 5SPEC I F I CATI 0N'- G,:adinqi

.f,

| i

LOS ANGELES ABRASION RESULTSu

I00 Revolutions: 6.9% Loss

500 Revolutions: 29.8% Loss

SULFATE SOUNDNESS RESULTS
JI I I • I , lll,l II

WEIGHTED

wr.OF ._.OF p__ PERC.n_GELOSS
_znrE =ST S,_ _ZSTS_-_ _ss S_ oN s_,_ BASEDoN

=__ ph,oRETEST _n'ZR _ST pESIG_A_DSI-W_ GR_!_G (_) S;_'_P_ZG_,_I:_G
,/8"-#4 300.I 287.7 4.1 3.8 0.2
/2"-3/8" 330.0

_/4"-I/2" 670.1 968.1 3.2 12.8 0.4

"-3/4" 507.9 . "

_"-i" 1022.9 1492.6 2.5 19.6 0.5

""-I_" 2037.0

_"-2" 2958.3 " 4917.1 1.6 63.8 1.0

TOTAL WEIGHTED PERCENT LOSS

SPECIFIC GRAVITY AND ABSORPTION RESULTS

Bulk Specific Gravity (average): 2.683

Bulk Specific Gravity (SSD) average: 2.688

Apparent Specific Gravity (average_ : 2.697

Absorption (average) : 0.2%



MKE DOCUMENT NO. 5025-RFL-L-09-01064-00

lambert anb le,eociat e : ,
CONSULTING GEOTECHNICAL ENGINEERS AND MATERIAL TESTING

March 3, 1988

M.K. l:ngineers

180 Howard Street

SAn Francisco, CA 94105

PN: M87054GE

Attention:: Grant Cherrington

Mr. Cherrington:

This letter presents the results of the additional

testing program for the rip rap materials for the Rifle

UMTRA project.

The sieve analysis tests were performed in general

accordance with ASTM Test Method C136. The sodium sulfate

soundness tests were performed in general accordance with

ASTM Test Method C88. The Los Angeles Abrasion tests were

performed in general accordance with ASTM Test Method C131.

The specific gravity and absorption tests were performed

in accordance with ASTM Test Method C127.

The petrographic analysis of the materials are in

progress at this time. The petrographic analysis information

will be submitted as soon as it becomes available.

If you have any questions please contact us.

Repsectfully submitted,

LAMBERT AND ASSOCIATES Reviewed by:

Ic.:..f,,---
Dave Trautner /_.._rman W. J_hnston, P.E.

Manager Durango Office /_anager_technical Engineer
/ ,'

attachments: 5025-RFL-C-09-01065-00

DL T/n r RECEIVED-MKE
MItD I%o It100
mMw%u _ h._OQ

P.O.BOX3986 P.O.BOX0045 463TURNER,104A
GRANDJUNCTION,CO81502 MONTROSE.COa,,02 UMTRA-S.F__. DURANGO.CO81301

(303)245.6506 (303)249.2154 (303)259-5095



MKEDOCUMENTNO.5025-RI-L-C-09-01065-O0

iLa1 ibct'r
C..'';=UL:::_C GZC'Z ",-'. -;-. E',O;;.CEr'= ,_'.3 _.:A'EPI,_L :E_.;,:.C

TES T REtULT5
li

PR:JE:T Rifle- RFL-87-OI PROJrCT NO. MB7054GE DATE 2 ' 13./3.3iI f

LOCATI ON SOURCEiii iii i ,111 i i

SAMPLE NO. 9162 SPECIFI(:ATION* i iiii

i i i i ii | Ul i

I
SULE_TE SOUNDNESS

•

I
WT. OF WT. OF PERCENTAGE ORIGINAL WEIGHTED

, szEv= T_ s_z _ST S_LE _SS B_ED ON s_4P_ PERCENT
I .SIZE BEO_ TEST _Z_,, TEST D.ESIGNA_EDszzT_ G_DI_ ....LOSS.

2_"-2" 2942.8 4909.5 0.4 64 0.2

I2"-i_" 1984.9
l_"- i" 1008 •5 1492.0 1•1 19 0.2

1"-3/4" 499.7
I

3/4"-1/2" 668.1 988.9 0.9 13 0.1

1/2"-3/8"

I3/8"-#4 300.6 293.5 2.4 4 0.1

I TOTAL WEIGHTED PERCE_Ff LOSS 0.6
Glenwood Springs light limetone

I LOS ANGELES AB R_ASION RESULTS
i00 Revolutions : 5.8% Loss

I 500 Revolutions : 29.0% Loss Ratio : 0.20

I SPECIFIC GRAVITY AND ABSQRPTEON RESULTS

Bulk Specific Gravity (average): 2.682

I Bulk Specific Gravity (SSD) average: 693
2.

Apparent Specific Gravity (average): 2.712

Absorption (average) : 0.4% e

RECEIVED-MKE

, MAR081988

i ...... UMTRA-S.E. I



! TE_T _E:'JLT5

;'RCJE:.T RiELe-RFL-87-01 PROJECT NO. M87054GE i iii i .1 DATE e%//' 1-'_"'81_111i

LOCAT I ='J SOURCE ....ii ii i ii

SAMPLE NO. 9163 $P[CIFICATION:;i ii i i i

i i i i ii i ii i

SL_F ATE SOUNDNESS
i

_r. or wr. oF eEeCZSCAGE O_ZGI,_AL WEIGWrZD
SERVE. r'_S¢s;_;r,z T_¢ s_ u_ss s_-D ON saae_z peece_r
szz_ sZ_!ORE¢=s¢ _,-rz_ ¢_¢ ozSZG,A¢_sieve m_z,G j, oss

2_"-2" 2864.3 4901.5 0.3 64 0.2

2"- l_" 2050.0

i_"- I" 1011 •6 1495 .7 0 .8 19 0.2

1"-3/4" 496.1

/4"-1/2" 675.0 990.9 0.9 13 0.1

1/2"-3/8" 325.3

3/8"-#4 300.0 294.8 1.7 4 0.1

TOTAL WEIGHTED PERCENT LOSS 0.6

Glenwood Springs dark limestone

LOS ANGELES ABRASION RESULTS, I :-- - __ __

100 Revolutions : 6.3 % Loss

500 Revolutions : 30.3% Loss Ratio : 0. 208

SPECZFIC GRAVITYAN%ABS_OReT_0_RESO'-TS

Bulk Specific Gravity (average): 2.683

Bulk Specific Gravity (SSD) average: 2.696

Apparent Specific Gravity (average) : 2. 718

Absorption (average: 0.5



7 r _.," R[ r. UL ,"5

P._Z.'EZ" Rifle-RFL-87-01 PROJ[CT NQ. M87054GZ DATE 2'[3 3S
i ,,, i,,,I, i ,,i ,,i, , u --

LOCg, T I C;,I SOURCEPii ii iii ii i

SAMPLE NO. 9164 SPECIF'ICATION _'_
lm I N I I I I q ii i

ii i i i1n i ii, __

SULF _TE SOUNDNESS

WT. CF WT. OF PERCENTAGE ORIGINAL WEIGHTED

SIEVE TEST SAMPLE TEST SAMPLE LOSS BASED ON SAMPLE PERCENT

STZE BEFORE TEST A-_TER TEST DESIGNATED SIEVE GRADING LOSS,ll i . --

2%"-2 " 2978.9 494 i.5 0•4 64 0.3

12"-I_" 1983.5
i

I_"-i" 1050.1 1529 •4 0.3 20 0.1

i"-3/4" 484.4

,/4"-1/2" 671.0 992.1 0.9 13 0.1

1/2"-3/8" 330.6

3/8"-#4 300.8 276.4 8.1 4 0.3

TOTAL WEIGHTED PERCENT LOSS O.8

,Glenwood Springs Combined light and dark

.L.OS ,AH.G_ELES A_BRASION RESULTS-

" i00 Revolutions : 6.1% Loss

I 500 Revolutions : 28.5% Loss Ratio : 0.21

I

i SPECIFZC GRAVITY AND ABSORPTION RESULTS
_ ............. ., ,. -- _

Bulk Specific Gravity (average): 2.683

Bulk Specific Gravity (SSD) average: 2.693

, Apparent Specific Gravity (average): 2.710 .

Absorption (average) : 0.3 o

i

i

I



C:';'..:.'LT::JG G[C'[S-'. ";.. F.',,_,"r.[[=". -''.T.t.'A'EPlZ.L, TE_:sr.C.

' TEST RESULT5
, i

PRCJZ:T RiEle-RFL-87-Ol PROJECT NO. ._87054GE DATE 2,'17'c}8
i i1. i iii iii ii i ii i i

Lor.A T I 0tj SOURCE
LI I III I I I I I I II IIII -- II II II I

SAMPLE NO.,, qlr, a SP[C I FICATI ON;': "i i i

wr. or _. OF PERCm,,'rAG,' ORXGI.',U_ WEIG.TZO
S:E','Z. TZS':S_'_PL= TESTS_aP_ LOSS_SEOO, S_Pr..= Pt:E:EWr
s_z___L-_ _.-'o__ST A."TER;z,_, OESI_ATZOS:m,'= G_'U:):_ LOSS

i

2_"-2" 3017.6 4921.8 17 64 I. 1

2'-I_" 1987.1

l_"-l" 996.5 1493.5 0.3 19 0.1

1"-3/4" 501.7

3/4"-1/2" 669.1 991.5 0.8 :13 0.1

i/2"-3/8" 330.7

3/8"-#4 300.2 298.0 0.7 4 0.0

TOTAL WEIGHTED PERCE,_ LOSS i. 3

Rifle Gap Quarry

LOS ANGELES ABRASION RESULTS

100 Revolutions : 16.5% Loss

500 Revolutions : 38.7% Loss Ration : 0.427

SPECIFIC GRAVITY AND ABSORPTION RESULTS
-- • _' ..... _ _ -- J ,,m

Bulk Specific Gravity (average): 2.690

Bulk Specific Gravity (SSD) average: 2.700

Al_parent Specific Gravity (average) : 2.718

Absorption (average) : 0.4
0



. ,. ....... ,,_-E_I& L TEe°.°°,...''..,.:. " S "_. -i ..' ._, E'._.:,C r=" '-'.,...,I, 4,_ , _. w w

TE'.: _E:JL"'_
,,, ,ii

_:JE:" Rifle-P2L-87-01 ' PROJECT NO. M87054GE DATE 2,i._/38
i iii,i i i ii

LOCAT I _:; SOURC E
i ,i [ ii i ........ ii

SAMPLE NO. 9166 SPECIFICATI ON"_
I _ i| ,i i iiii i i

i i li iii i imll

SULFATE SOUNDNESS

_. or wT.oF pE_:m,n'_z O_GI_ WZIG.TED
szz_z _ST S_C-: _ST S_ LOSSSASEDoN s_p_ PE_:Z_
_zz__L SE_ORE_.S,T A._'ZR;z_ _sZo_ szzvz 9_DI_ LOSS
-2" 2992.5 4999.5 O.3 64 0.2

l_" 2019.7

-I" 988.6 1489.5 0.4 19 0.7

--3/4" 496.2

-1/2" 671.0 997.2 0.4 13 0.5

2"-3/8" 330.0

"-#4 300.0 288.3 3.9 4 0.2

TOTAL WEIGHTED PERCENT LOSS 1.6

i Pit

LOS ANGELES ABRASION RESULTS....

100 Revolutions: 5.4% Loss

500 Revolutions: 25.1% Loss Ratio: 0.215

SPECIFIC GRAVITY AND ABSORPTION RESULTS, ,,l ,

Bulk Specific Gravity (averate) : 2.773

Bulk Specific Gravity (SSD) average: 2.790

Apparent Specific Gravity (average): 2.822

Absorption (average) : 0.6% .....

ii,



_':_:: Rzfle-RFL-87-OI ' P_3J{CT N:. ._187054_E ::TE 2.15 '3a
__Hl, ll I I I I _ Hl Hli.i .m , HIIII _ . i,,.,i

CO=a T I C:_ $ ¢_; P,C E
iii iiii ii i iiiii ii |1 i __ i ii ii ii i ill

SAMPLE N=. 91G7 & 916a SP[CIFICATION.'_
ii i| i iii i

i i i i ii i ii i ii ii iii i i l iii. i ,

SL_--_ATE SOUNDNESS

_. or wr. or PE_Cm_rAGE ORZGI_ WEIG_r_D
SZ."V_ .'.'.'.'.'.'.'.'.':'..SOs_,,_.z Tr.STS_._ _SS _SEDON s,_p_ PE_Z_

: SZZE Z_'O_ ZEST _-"rZ__r..?_ _szm_TrmsIm,_ GZUmI_ Z.0SS
2_"-2" 3006.9 4993.6 O. 2 64 O. 1

2"-I_" 1995.7

; "-l" 19 ., lb 999.8 1494.4 0.0 0 0

l"- 3/4" 494.6

"-i/2" 672.0 996 .8 0.3 13 0.0

i/2 "-3/8" 327.9

3/8"-#4 299.6 292.0 2.5 4 O. 1

TOTAL WEIGHTED PERCENTLOSS 0.2

Casey combined I & 2

LOS ANGELES ABRASION RESULTS-- -- .... i

I00 Revolutions: 4.8% Loss

500 Revolutions : 21.2% Loss Ratio : 0.227

SPECIFIC GRAVITY AND ABSORPTION RESULTS
- i ,,, -- , _ ............ ,

Bulk Specific Gravity (average): 2.684

Bulk Specific Gravity (SSD) average: 2.699

Apparent Specific Gravity (average): 2.724

Absorption (average) : 0.6%

iiiiin,, i i ,i , HII,



.ambcrt qs.sociatcs
CCNSULTING GEOTECHNICAL ENGINEEFIS AND MATERIAL ,"ESTING

. TEST RESULTS,

PROJECT Rifle--RFL-87-O1 PROJECT NO. .'487054GE: OAI"E 2/15/a8

LOCATION SOURCE Frei Piti1,,, ii i. _ -- i

SAMPLE NO. 9166 SPECIFICATION_'_ ASTM Dll40, D422
,,,,, i i , ,, ,,, r---

iii ,
i

SIEVE ANALYSIS

U. S. STD. CUMULATIVE

SIEVE SI_E PERCENT PASSING

7" i00

6" 91

5" 84

4" 43

3" 3

2% " 0

Rock s

*It is our understanding that the noted specification is the project specification.

L



Lambert anO  ssociatcs
( CONSULTING GEOTECHNICAL ENGINEERS AND MATERIAL "ESTI:,G

. TEST RESULTS
i , ii li

PROJECT Ri t_].e- RFL- ay-o ]. PROJECT NO. MaYO54GE DATE 2/t5/88i i ii i . . i i,i , , .., . i , ii -- i

LOCATION SOURCE Case7 #1ii |, la iiii ii,ii, ii, ii

SAMPLE NO. 9167 SPECIFICATION_" ASTM D422, D].140i,=,. |, - i i .,. .,

s,z,,_v,_,A_,Ar,vSZS

u. s. STD. CO.OLATZVe
szzvE szzE P_._C_:_TP._SSZSG,,. iiii , .,, i .

• 8" 100

5" 65

4 " 61

3" 35

2h" 26

2" 16

lh" 13
i" I0

3/4 " 9

I/2" 7

3/8" 6

No. 4 6

No. 8 5

No. I0 5

No. 16 5

No. 30 4

No. 50 3

No. 100 2

No. 200 I .4

Pit run, gray

MOISTURE CONTENT
, ,

Moisture Content: 0.6%

*It is our understanding that the noted specification is the project specification.

u ,ill, i i i



tambttt anb  l.B,otiatt
CCNSULT!_G GEOTECHNICAL ENGINEERS AND MATERIAL TESTING

. TEST RESULTS

PROJECT Rifle-RFL-87-01_=_ PROJECT NO. M87054GE DATE 2/15/88
- , i , ,,,nrel,i

LOCATION ...... SOURCE ,,C.asey PLt #2

SAMPLE NO. 9168 SPECIFICATION_'= ASTM D422, Dl140
, =|,

SIEVE ANALYSIS

U. S. STD. CUMULATIVE

SIEVE SIZE PERCENT PASSINGl , l, i ii i

3" i00

2_,, 88

2 " 65

l&J'' 44

1 " 16

3/4" 2

1/2" 0

3 inch minus

Q

*It is our understanding that the noted specification is the project specification.



MKE DOCUMENTNO.5OZb-RFL-,L;-UW-UZUIb-UU
,

PETROGRAPHIC ANALYSIS

Project: Rifle-UMTRA Project Number: M87054GE

Sample Designation: Glenwood Springs Dark Date: 3/14/88

THIN SECTION/MICROSCOPIC OBSERVATIONSi

Petrographic Scope: Bausch & Lomb 7483 LD

Thin Section Orientation: No orientation

A microaphanitic groundmass (micrite) was dominant in the

thin section. Secondary microspar and sparry calcite growths

were often observed filling voids near fossils, small vein-like

structures were observed which consisted of microspar.

No microstructures or petrographic features were observed

which indicate poor physical character of the material.

DATA

MEASURED ESTIMATED

CONST ITUENT DI MENS IONS PE RCENTAGE
. i i iml In in ........ __l nn n

Micrite N/A 60

Fossils 1.0-1.Smm 20

Sparry Calcite

(Secondary) N/A ..... i0

-ooliths O.S-l. Omm I0

Classification: Oomicrltic Limestone or Biomicrite Limestone

RECEIVED- MKE '

MAY6 1988
UMTRA-S.F..

tarnbcrt anb  eeociatte
GONSUI, TING GEOYECHNICAL |NGIN|ERI &NO

MATERIAl. TESTING



PETROGRAPHIC ANALYSIS

HA ND SPECIMEN DATA PRESENTATION SHEET_ iii i

Project: Rifle-UMTRA Project Number: M87054GE

Sample Designation: Glenwood Springs Dark Date: 3/14/88

Sample Type: Ledge rock

Percentage of Total, this classification: 100t

General size and shape of sample portions: Approximately
eight (8) to ten (10) inch blocky angular rocks made

up the sample.

M_INE RAL OGY/P ETRO LOGY

Crystal or grain sizes: Aphanitic, too fine grained for
specimen data

Crystal or grain relationships (fabric): N/A

Degree of crystal face development: N/A

Rock Texture/Morphology: N/A

Alteration or weathering products: Surface alteration, white

Unique properties: Cut surfaces show white vein like structures

ESSENTIAL MINERALS ESTIMATED

(FOR CLASSIFICATION} PERCENTAGE
ii sll ii

Probably 100t calcite

_ . . °_ .

Rock Classification: Limestone

Note: The classification presented here is based on hand

specimen observations only.

 ambtrt   eociatt
_fAJt.TING GEOTECI4NICAL ENGINEERS AN0

M&TERtAL. TESTING



t ! Degree (2e) Distance Betweeni of 0iffvaction Crystal Lattice (_) Mineral

'1 40 2.285 Calcite

35 2.493 , Calclte
it

I
t

i
. _I 2.840 CaI c i t •

i!1;I;1ii
•3.035 Calcite

1
1
I 25

l .
I

, 2.847 CaI c i te

it
: II

t• i!i• .. 20
; I

J ;l
, !l

l li ".. . | •

' :ii' '' 15

I0

If bontmor|)lonite gr_oup,clay. mlnerals. (smectl re)
were present, peaks would occur here5

IlJtiTl G,.s_ooo,'sp,_.,,Gs0A_K. .
_. .. ' __ . , .. "l_t No.,,_o_G_ "--

• ]l.ambtrt anb S_,eoczat_



PETROGRAPHIC ANALYSIS
•i i iiiii i ,li

Project= Rifle-UMTRA Project Number: M87054GE

Sample Designation: Glenwood Springs Light Date: 3/14/88

THIN SECTION/MICROSCOPIC OBSERVATIONS
ii i| ,| iii, ii

Petrographic Scoge: Bausch & Lomb 7483 LD

Thin Section Orientation: None

Nitrite with sparry calcite as a secondary mineral was

common in the thin section. Ooliths with micrite boundaries

and sparry calcite centers were observed throughout the sample.

Vein-like structures which consist of micEospar were observed

in the thin.section.

No microstructures or petrographic features were observed

which indicate poor physical character of the material.

DATA
i

.EASURED ESTIMATED
CONSTITUENT DI_ E,._ q_S _q_ .T AGE

Nicrite N/A 50

Fossils 1.0-1.5mm 25

O01iths ...... 0.5-1.0mm 15

Sparry Calcite -.

(secondary} N/A i0

* One Brachiopod shell fragment measured approximately 5 to 7

millime_ers. Areas of the 1edge rock with a hiqh percentage

of fossils this large may have poorer physical characteristics.

Classification: Oomicrite Limestone or Biomicrite Limestone

l.arnScrt anb flociatt
M&rERIAL TESTING
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PETROGRAPHIC ANALYSIS

HAND SPECIMEN DATA PRESENTATION SHEET
i i ii ,lli i n

• Project: Rifle-UNTRA Project Number: N87054GE

Sample Designation: Glenwood Springs Liqht Date: 3/14/88

Sample Type: Ledge rock

Percentage of total, this classification: 100%

General size ana shape of sample portions: Approximately

eight (8) to ten (10) inch blocky cobbles made up the sample.

.IS.ERALOGY/P TROLOUY

Crystal or grain sizes- Aphanitic, too fine grained for hand

specimen mlneralogic data.

Crystal or grain Eelationships(fabric): N/A

Degree of crystal face development: N/A

Rock Texture/morphology: N/A

Alteration or weathering products: Surface alteration, white

Unique properties: Cut surfaces show white vein like structures

ESSENTIAL MINERALS ESTI.'.IATED
lm

{FOR CLASS IFZ CA TZ_ON) PERCE_.. AGEl -- -

Probably 100% calcite

_ . .
.• . . .

Rock Classification: Limestone

o

Note: The classification presented here is based on hand

specimen observations only.

]Lambertanl) lo¢iate
MAlr|l_lAI, TESTflIKI-





PETROGRAPHIC ANALYSIS__ i ii

Project= Rifle-UMTRA Project Number: N87054GE

Sample Designation= Rifle Gap Date: 3/14/88

THIN SECTIONMICROSCOPIC OBSERVATIONS

Petrographic Scope: Bausch & Lomb _483LD

Thin Section Orientation: None

Small ooliths and fossils in a mlcritlc calcite groundmass

was the dominant character of the thin section. The fossils,

consisted mostly of brachniopods and pelcypods. Most of the

oollths nuclei consisted of microspar with finer grained micrite

at the boundaries. Small vein-llke structures were observed

which consisted of microspar, or possibly aragonite.

No mlcrostructures or petrographic features were observed

which indicate poor physical character of the material.

DATA
i

MEASURED ESTIMATED

CONSTITUENT DIMENSIONS PERCENTAGE
||i i i ii i i i t __

Nitrite N/A 50

Sparry Calcite

{.secondary) - N/A 20

Fossils I. 0-I. 3mm 20

Ooliths 0.5-1.0mm I0

Classification: Oomicritic Limestone or Biomicrite Limestone

Kambtrt zociatt
ODNSUt, TiNG G|OTIECJ, INIC,AL |NG_£1ER$ ANO

MATERU_ TESTING



PETROGRAPHIC ANALYSIS

HAND SPECIMEN DATA PRESENTATION SHEET
i i , i ii ii i ,| i,

Project: Ri fle-UMTRA Project Number= M87054GE

Sample Designation: Rifle Gap Date: 3/14/88

Sample Type= Ledge Rock

Percentage of total, this classification: 100%.

General size and shape of sample portions: Six (6) to eight (8)

inch blocky and angular rocks comprised the sample.

xIN_ZR_.LOGY/,,PZ,TRO-:OGY

Crystal or grain sizes: Aphanitic, too fine grained for

detailed hand specimen minerologic data

Crystal or grain relationships{fabric)- N/A

Degree of crystal face development= N/A

Rock texture/mo_phology: H/A

Alteration or weathering products: Surface alteration

Unique properties: Some fossils were recognized on cut

surface, although they were obscure.

ESSENTZAL MIHERALS ESTIMATED

(FOR CLASSIFICATION) PERCEHTAGE
,

Probably 100% calcite

Rock Classification: Limestone

Note: The classification presented here is based on hand

specimen observations only.

• Lambcrt
GONSULTING GEOTECNNIGAL. ENGINEtliUi AN0

MATEAIAi. TESTING





PETROGRAPHIC ANALYSIS
l m -

Project: Rifle-UMTRA Project Number: M87054GE

Sample Designation: Casey Date: 3/14/88

SECTZO./.Z..CROSCOPICOSSE VATIO.S

Petrographic Scope: Bausch & Lomb

Thin Section Orientation- None

Serlci_e or possibly Kaolinite, was commonly observed as

an alteration product of tha feldspars in the thin section.

The sericite or:cured in small shreds and fine aggregates as

. part of the feldspar cyrstals. This feature did not permit the

determination of the optical properties of the feldspars, therefore

no actual feldspar classlfications could be assigned. Chloritization

of the host minerals (probably Kornblende or biotite} was com-

plete, no parent minernls were observed.

With time further alteration of the mineral will occur. No

actual time constraints can be placed on the additional potential

alteration, however considering that approximately 20 to 30 percent
t

of the alteration has occurred since the rock was formed it would

be a safe-assumption that several thousands of years would be

required ,to allow a significant amount of additional.alteration.

DATA

MEASURED ESTIMATED

CONSTITUENT DI MENS IONS PERCENTAGE

*Feldspars 0.8-1.2mm 65

Quartz 0.2-0.7mm 15

Chlorite 0.2-0.5mm 15

Sericite N/A **

Hematite 0. I-0.3mm 5

*Feldspar types could not be determined due to alteration

*tSericite percentage is included in the fedsFnr percent

Classification: ._.uartz Monzonite ambcrt ,. ociatc,
¢ONSUt.TING G[OTECFtNICAL [NGINEEIq$ ANO

_A[E_A_ T£STI_G



PETROGRAPHIC ANALYSIS

HAND SPECZME_] DATA PRESENTATION SHEET
i i ii ii si al i ii i | i ill ii

, PEoJ ect x Rifle-UHTRA Project Number- N87054GE

Sample Designationx Casey Pit Date: 3/14/88

Sample Type: Gravel sample

Percentage of total, this classification: Estimate 10%

General Size and shape of sample portions: Rounded cobbles and

qravels comprised the sample.

.INERALOG_/PETROLOGY

Crystal or grain sizes: Phaneritic, medium grained (2-SRm)

Crystal or grain relatlonships(fabric): Equigranular

Degree of crystal face development z Subhedral

• Rock texture/morphology- Hypldiomorphic, granular

Alteration or weathering products- Some chloritization
observed on fractured faces.

Unique properties: None

ESSENTIAL MINERALS ESTIMATED
(tor CLA.SSI FI.CATI_ON) P_.RC_.NTAC,E

Plagioclase 30-35

Orthoclase 30-35

_.uartz ........... 10-15-- .............

E_T I!4.ATED

ACCESSORY MINERALS PERCENTAGE

Biotite 5-10

Chlorite 5-10

Rock Classification: Quartz Monzonite

Note: The classification presented here is based on hand

specimen observations only.

gamSrrt lociatc
CON84,_l.Tle,_M;GEOT|C_._I. |_llllllll aNO

MATEFHALT|ST_



ii i ii I I I III II IIIII I I I i i_

Angle (20) Distance Between
II _I1!11; Of Diffraction Crystal Lattice (_) Mineral

40 . "

I._ )5 2.460 _uartz,Orthocl as& OI igoclase
li,
I1'

ii 30 2.938 Orthoclase &
Chlorl te

e

3. 195 Hornb lend,,
Ol i goc _ase

' 3. 348 Quartz, Or thoc I ase
Chlorite

25 3. 545 Kaol Inite (Serlcl t
3.662)

I 0,,,oo,.°Orthocl ase

4.020 Orthoclase &
OI igoclase

20 4.247 Quartz 8
Orthocl ase

I

I1+

I'5
o 6.41 ! Orthoc I ase r.

t OI lgoclase7.075 Kaol ini te(Serici t
I



PETROGRAPHIC ANALYS IS

Project: Rifle-UMTEA Project Number: M87054GE

Sample Designatlon: Frel Pit Date- 3/14/88

SECTX,O,./.IC, °SCOIc 08S , VATIO.S

Petrographic Scope: Bausch & Lomb 7483LD

Thin Section Orientation: None

Alteration of the feldspar minerals in the thin section

was extensive. Actual distinction of the type of feldspars

could not be done due to the alteration. Serlcite was the

chief product of the alteEatlon. Some Kaolinite may also

exist, however distinguishing it from sericite in the thin

section is not always possible, lt should be noted that

Kaollnite is a clay mineral, though it is not part of the

smectite group. Under their cuErent condition the materials

have good physical characteistics.

DATA

MEASURED ESTIMATED

C0"ST TUE.T DI.E.SIO.S PERCE,..Aq

" *Feldspars 1.0-1.5mm " 50

Quartz 0.5-1.Omm 20

Sericite N/A **

Biotite 1.0-1.5mm 15

Opaque Minerals
(Hematite?} 0.2-0.Smm 5

Tourmaline 0.3-0.6mm 5

Chlorite N/A 5

*Feldspar types could not be determined due to alteration

**Sericite percentage is included in the feldspar percent

Page I of 2

.arnbcrt
I:ONSULTING GEOTECI4NICAL |NGIN|ER$ ANO

MATERIAL TESTING



Classiflcatlonz Granite

With time further alteration of the mineral will occur. No

actual time constrains can be placed on the additional potential
e

alteration, however considering that approximately 20 _Z_ 30 percent
J

of the alteration has occurred since the rock was formed it would

be a safe assumption that several thousands of years would be

required to allow a significant amount of additional alteration.

Page 2 of 2

l.atnbrrt  l .oriate
CONSULTING GEOTECHNIC&L ENGINEERS ANO

MATEIIt&t, TESTING



PETROGRAPHIC ANALYSIS

.A.D SPECIME_D%TAPRES,ENTATZO,,SHEET

i Pro_ectz Rifle-UMTRA Project Numbers M87054GE

Sample Designationz Frel Pit Dates 3/14/88

Sample Typez Cobbles & Gravels

Percentage of total, this classlficatlonz Estimate 10%

General Jlze and shape of sample portlonsz The sample is

comprised of rounded cobbles and gravel.

MIN_RALOGY/P,_TROL.OGY

Crys'tal or grain sizes: Phaneritic, medium (2-5mm)

Crystal or grain relationships(fabric)z Equigranular

.. Degree of crystal face development8 Subhedral to Euhedral

Rock testure/morphologyz Hypidiomorphic, 8erlate texture

Alteration or weathering products z Winnowing of mica mineral

obser.ved on rock surfaces.

Unique properties: None

ESSENTIAL MINERALS ESTINATED

(FOR CLASSIFICATION) PERCENTAGE

Quartz 25-30

Plagioclase _'_ 25-30/'

Orthoclase (?) . 25-30
-

ESTZMATED

ACCESSORY NINERALS:I PERCENTAGE
,,a i ii tat

Hornblende (?) 5-10

Biotite 5-10

Chlorite less than 5

Note: The classification presented here is based on hand

" specimen observations only.

0

 .ambert anO Ro¢iatt
a0_lIJL_ G|OT|CMN_,AL. |NGeN|IER$ £NO

MAT|RIAL TI_TI_



I
i

I
3S 2.527 011gocI ase

• Orthoc 1ase
Biotite

;i 2.657 .to, Ire
li

l0

++! 30
I_ !

' OI igoclase,
:3.173 Orthoclase & BIoti t(!li

" ' 3.206 011goc I ase:

" " I 34S '_
,',:l;;,O o.tllil|l 30 UartZ

•+ BiotI te
", 25 3.468 01 i gocI ase
! o

,;!
_;i; 3.645 OI igoc lase
' :_: 3.767 Orthoclase

i+ii, 4.0,9 o,,q=,,,,
;I +

'1"Ii: 20 4.247 Quartz
isi

Li
..... +_.. a .... + -.....

' 15
tj*
g o;

,II
I

!l 6o458 OI lgoclase
+ii

ii
I I0 8.418 Chlorite('?)i

If Rontmorlllonlte group clay minerals (Sect:lte) were
present, peaks would occur In the range

FItEI PIT

xamue uusonatcs , ..... ,
• ." " Flgure 2 ,,....,, . .,
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