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To:
Date:
Subject:

Myron Fliegel
Betty Garrett
01/12/2007 1:30:12 PM
Fwd: NRC request - cover material test results

Betty - please put this in ADAMS. Docket WM-110.

Thanks
Mike

>>> "Donald Metzler" <Donald.Metzler.q io.doe..qov> 12/18/2006 9:43 AM >>>

Attached are the laboratory results for the geotechnical tests on the aggregate and riprap sources. These
tests reports are dated July 13, September 22, and October 24, 2006. Please forward the reports to Ted
Johnson as this was an action item from our site visit on December 5th and 6th.

Thanks,
Don
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Geotechnical
I lEngineering

l roup, Inc.

Esbruary-2, 2006

S.M Stoller Corporation
2597 B % Road
Grand Junction, CO 81503

Attention: Mr. Craig Goodknight
Senior Geologist

Subject: Geotechnical Testing Services
Green River Gravel Pit
GEG Job No. 2,417

Dear Mr. Sellers,

As requested, Geotechnical Engineering Group, Inc. (GEG) has performed
laboratory testing for the subject project. The laboratory tests were performed on
samples obtained by others. Laboratory tests performed include bulk specific gravity
tests presented on Table I, and Schmritt hammer tests presented on Table 11.

Bulk Specific Gravity

Bulk Specific Gravity and Absorption tests were determined for each sample
received. Bulk Specific Gravity and Absorption samples were determined by others.
Tests were performed in accordance with ASTM Test Method C127. The results of the
Bulk Specific Gravity and Absorption determinations are presented on Table 1.

Schmidt Rebound Hammer

Schmidt Rebound hammer results were determined for each sample received.
Schmidt Hammer samples were determined by others. Tests were performed in
accordance with ASTM Test Method C805. The results of the Schmidt Hammer tests
are presented on Table 2.

Geotechnical, Environmental and Materials Testing Consultants
Grand Junction - Montrose - Moab - Crested Butte

(970) 245-4078 a fax (970) 245-7115 ° geotechnicalgroupcom
2308 Interstate Avenue, Grand Junction, Colorado 81505



Cresent Junction
G0G Job No. 2,165
Page 2 of 2

We believe the laboratory study was performed and this letter was prepared in a
manner consistent with that level of care and skill ordinarily used by geotechnical
engineers practicing in this area at this time. No other warranty, either express or
implied, is made. When we may be of further service or answer any questions from a
geotechnical or construction materials point of view, please call.

Sincerely,
GEOTECHNICAL ENGINEERING GROUP, INC.

Corey Cooper
Laboratory Supervisor

CC:rwa
(3 copies sent)

'I



JOB NO. 2417

(;t o te rh u tic a E g in e n

TABLE I

SUMMARY OF LABORATORY TEST.
RESULTS

Sample Description Bulk Specific Gravity
2"-4%Quartz.le 2.56
2"- 4" Quartz/Chert 2.65
2"- 4* Tan Sand Stone 2.39
2"- 4 Red Sand Stone 2.61
4"+ Sand Stone 2.62
4*+ Quartzite 2.62
4'+ Mottled Sand Stone 2.49
4"+ Orthoquartzite 2.51
4"÷ Odhoquartzite Conglamn. 2.51

Absorbtion
-302
.057
.445
.698
.617
.362

1.274
1.201
1.686

-0

Page I of I



Schmidt Rebound Value Worksheet

Table II
Schmidt Rebound Value Worksheet

SampleB Samp10 Sample
4"+ Quartzite I 4"+ Sand Stone [ 4" Mottled Sand Stone

Rebound# Rebound# Rebound #
1 58 1 44 1 33
2 59 2 31 Discard 2 32
3 58 3 44 3 46 Discard
4 60 4 40 4 41
5 61 5 34 5 36
6 59 6 48 6 38
7 60 7 45 7 32
8 56 8 46 6 31 ,_
9 56 9 32 Discard 9 27 Discard
10 52 10 48 10 32

avg 57.9 avg 41.2 avg 34.4

sample SaOmple [ Sample
Orthoquartzite Orthoguartzite Conglamerate

Rebound # Rebound# Rebound#
1 61 Discard 1 581
2 49 2 40 Discard 2
3 56 3 55 3
4 46 4 51 4
5 52 5 54 5
6 58 6 52 T 6
7 49 7 54 7
8 41 Discard 8 54 ..... 8
9 58 9 46 _ 9
10 58 10 53 10

avg 53.3 avg 53.9 avg

Sam Sample [ .j SampJe,.

Rebound # Rebound# Rebound#
1 _ _ _ _ _ 1 15
2 ... 2 2
3 3 3
4 4 45 . ~ _ _ 5 _ _ _ _ _

6 6 6
7 7 7
8 8 8
9 9 _ 9
10 10 10

avg avg avg

Readings differing from the average of 10 readings by more than 6 units are discarded and not used in
determination of the average.

If more than 2 readings differ from the average by 6 units, the entire set of readings is discarded and
a new set of readings is determined at 10 new locations on sample.

.- A..............~.- Mv..,........................
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GeotechnIcall ~Engineering i

I Iup, Inc.

October 24, 2006

S.M. Stoller Corporation
2597 B % Road
Grand Junction, CO 81503

Attention: Mr. Craig Goodknlght

Subject: Geotechnical Testing Services
Aggregate Sources
Green River and Valley City Gravel Pits
GEG Job No. 2,417

Dear Mr. Goodknlght

As requested, Geotechnical Engineering Group, Inc. (GEG) has performed
laboratory testing services for the subject project. The laboratory tests were performed
on samples obtained by others. Laboratory tests performed include Sodium Sulfate
Soundness test and LA Abrasion test. The samples and tests performed were
determined by SM Stoller Corporation. The Sodium Sulfate Soundness test was
performed in general conformance with ASTM C88-05 and is presented on Figs, 1 and
2. LA Abrasion tests were preformed by Trautner Geotech and are included in
Appendix A.

We believe the laboratory study was performed and this letter was prepared in a
manner consistent with that level of care and skill ordinarily used by geotechnical
engineers practicing in this area at this time. No other warranty, either express or
implied, is made. When we may be of further service or answer any questions from a
geotechnical or construction materials point of view, please call.

Geotechnical, Environmental and Materials Testing Consultants
Grand Junction - Montrose - Moab - Crested Butte

(970) 245-4078 1 fax (970) 245-7115 I geotechnicalgroup.com
2308 Interstate Avenue, Grand Junction, Colorado 81505
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Green Rjver Gravel Pit
GEG Job No. 2,417
Page 2 of 7

Sincerely,
GEOTECHNICAL ENGINEERING GROUP, INC.

Corey Cooper
Engineering Assistant

CC:cb
(3 copies sent)

.4 ,
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G e o te c h n ic a I
E n gin e e r ing

r o u n C

Soundness of Aggregates by Use of Sodium Sulfate ASTM: 88

Green River Gravel Pit

Soundness Test For Cours Aggregate
Qreldlng of Weight of Test Desi nna We ig te

Sieve Size Original Fractions sievaet A er
Sample % Before Test Sieve After 1t.065

4" 50 6176.6 0 0
2" 50 6126.3 4.84 14.97

Totals 100 - 1 14.97

Fig. I
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G e o te c h n ic a I

E n g in e c r in g
r 0 up, Inc.

Soundness of Aggregates by Use of Sodium Sulfate ASTM: 88

Valley City

Soundness Test For Cours Aggregate

Grding0 o %Weighta Te• P % Passing Weighted
Sieve Size Original Fmcdtons Sew Percentge

Sampie % Before Test Test Lose

__ _ __4" 100 7128.4 0 0

Totals 100

Fig. 2
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TRAUTN ER(O:M:!ILIU]]
A DIVISION OF TRIGONMMUR

L.A. ABRASION
ASTM C535

Grading _I

After 100 revolutions percent (RI00) loss

After 200 total revolutions percent (R200) loss

After 1000 total revolutions percent (1000)

Ratio R200/RIO00

- 9.04%

12.35%

*= 24.14%

- 0.51

Sample identification: Green River GIravel Pit

PRO.JEC71 9E G MISOCLLANCOUR TIESTIMM
r-MU31MCRINU TEONNICIAN' 1- RE*CL&

PROJECT NLuP4091KR 50A,44MT
DATE: ormTDomR 1 3. 3006

L-AMORATORY NLIMEZrR: 1 350A

MCCTECHNICAL rNMINKERINf~, mATEKIA&. TEUTIPNO AND~ 9CGN@IN9FRIN4 BECILOU'
2 14 SDoo omwev OURAN00p CC 101 303 970-259-509M. 382-2 51 5 r~
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TRAUTN E R& WI J IL
A DIVISION OF lRIGON6 U]

L.A. ABRASION
ASTM C535

Grading _I

After 100 revolutions percent (R100) loss

After 200 total revolutions percent (R.200) loss

After 1000 total revolutions percent (1000)

Ratio R200/R1000

= 5.03%

- 8.98/a

- 25.06%

0.36

Sample identification: Valley City

PwOdr.CY *ES OEMaiuicIEL._Awenous Te"IrNE
[NmaNI•i:RIcNIm TmramNI|aN- J,,. Rl~lir.lK

PRucaJT"r NUMNEN: 60644MT
\ DATZr OCTr3uPR 1 3, 30O06

LADORATORY NUMMER; 13150

tECIHMIC-AL £•NUINEEI, MAT;R§IAL TES9TINS3 AND *P4SINEERINO Ou•Larl

214 oDana Duzvt DuRANmof IO CC 3031 303970-219-0•- , 389'-91 S •Ax



Geotechlnical
k LEn gi'le er illg

I Group, InI.

September 22, 2006

S.M. Stoller Corporation
2597 B % Road
Grand Junction, CO 81503

Attention: Mr. Craig Goodknight

Subject: Geotechnical Testing Services
Aggregate Sources
Green River Gravel Pit
GEG Job No. 2,417

Dear Mr. Goodknight

As requested, Geotechnical Engineering Group, Inc. (GEG) has performed
laboratory testing services for the subject project. The laboratory tests were performed
on samples obtained by others. Laboratory tests performed include Sodium Sulfate
Soundness test, Schmidt Rebound tests, Specific Gravity and Absorption tests, LA
Abrasion test and Petrographic Examination. The samples and tests performed were
determined by SM Stoller Corporation. The Sodium Sulfate Soundness test was
performed in general conformance with ASTM C88-05 and is presented on Fig. 1.
Schmidt Rebound test results are presented on Fig. 2. Specific Gravity and Absorption
tests were performed in general conformance with ASTM C127 and are presented on
Fig. 3, LA Abrasion tests were preformed by Trautner Geotech and are included in
Appendix A. Petrograhic Examination was performed by DRP Consulting, Inc., and is
included in Appendix B.

We believe the laboratory study was performed and this letter was prepared in a
manner consistent with that level of care and skill ordinarily used by geotechnical
engineers practicing in this area at this time. No other warranty, either express or
implied, is made. When we may be of further service or answer any questions from a
geotechnical or construction materials point of view, please call.

Geotechnical, Environmental and Materials Testing Consultants
- Grand Junction - Montrose - Moab - Crested Butte
(970) 245-4078 ° fax (970) 245-7115 ' geotechnicalgroup.com

2308 Interstate Avenue, Grand Junction, Colorado 81505



Green River Gravel Pit
GEG Job No. 2,417
Page 2 Of 4

Sincerely,
GEOTECHNICAL ENGINEERING GROUP, INC.

Corey Cooper I
Engineering Assistant

Reviewed by;'

Laboratory Supervisor

CC:MF:cb
(3 copies sent)

. ,. . ~,~y;g', .tt¶rrrr'¶fl.



SGeo te chnicalIbn g:in : c r ing
Groupp, Inc.

Soundness of Aggregates by Use of Sodium Sulfate ASTM: 88

Soundness Test For Cours Aggregate
Grading of Weight of Test % Passing Weighted

Sieve Size Original Fractions Designatd PercentageOrgna rctos Sieve After Pretg

Sample % Before Test Test LossTest

4" 76 7036.2g 0 0
211 24 2170.3g 1.2 4.8

Totals 100 1 1 1 4.8

A

Fig. I
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Schmidt Rebound Value Worksheet

sample SamPle Sample
4"+ Quartzite 4"+ Sand Stone 1 4"+ Mottled Sand Stone

Rebound # Rebound# Rebound .
1 58 1 44 1 33
2 59 2 31 Discard 2 32
3 58 3 44 3 46 Discard
4 60 4 40 4 41
5 61 5 34 5 36
6 59 6 48 6 38
7 60 7 45 7 32
8 56 8 46 8 31
9 56 9 32 Discard 9 27 Discard
10 52 10 48 10 32

avg 57.9 avg 41.2 avg 34.4

Sample Sample ( Sample .........
Orthoquartzite Orthoquartzite Conglamerate

Rebound# Rebound# Rebound #
1 61 Discard 1 58 1
2 49 2 40 Discard 2
3 56 3 55 3
4 46 4 51 4
5 52 5 54 5
6 58 6 52 6
7 49 7 54 7
8 41 Discard 8 54 8
9 58 9 46 9
10 58 10 53 10

avg 53.3 avg 53.9 avg

Sample Sample J_ Sample

Rebound # Rebound # Rebound #
1 1 _ _ _ 1

2 2 2
3 3 3
4 4 4 ..... ...
5 5 5
6 6 6
7 7 7
8 8 8
9 9 L 9

10 10 1 10
avg avg avg

Readings differing from the average of 10 readings by more than 6 units are discarded and not used in
determination of the average.

If more than 2 readings differ from the average by 6 units, the entire set of readings is discarded and
a new set of readings is determined at 10 new locations on sample.

Fig. 2



ILEngine c ring
III,.GCroutph, Inc.

SUMMARY OF LABORATORY TEST
RESULTS

Sample Description
2"- 4" Quartzite
2"- 4' QuartzJChert
2"- 4" Tan Sand Stone
2'- 4" Red Sand Stone
4'+ Sand Stone
4%+ Quartzite
4"+ Mottled Sand Stone
4"+ Orthoquartzite
4"+ Orthoquartzite Conglam.

Bulk Specific Gravity
2.56
2.65
2.39
2.61
2.62
2.62
2.49
2.51
2.51

Absorbtion
.302
.057
.445
.698
.617
.362

1.274
1.201
1.686

Fig. 3
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. TRAUTN F_. 3TtiiJAI
A DIVISION OF TRIGO N 4ý-Ekt

L.A. ABRASION
ASTM C535

*G-ading -._

After 100 revolutions percent (R100) loss
After 200 r&volutions percent (P200) loss

- 3.13%
= 5.88%

After 1000 total revolauions percent (1000) loss 18.47%

Ratio 1R200/R.1000 = ,0.32

SampZe Identification: 'Variety of Cobbles, Delivered by Client

PRzO.,jET; F Eor-0£:TC=-rHNjCAL ENG-INE'•EtING GROUp

PROJEC;T NUMBER: 5Or44MT

OATE,: 7/3 1/06
LAB'RORAT-RY NUMBER: 129"1A

iE(TECHNICAL ENINEEZ1NC"J MATERIAL T--ESTINU AND -N-•IN2-E'RING GE-LO--Y

s C-Ra' -,~v ETUAAN U- 0~ Ei23[2"3 ý r7*,7 -- E-DSE rs'rr 7--rr
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DRP CONSULTING, INC.

PETIROGRAPHIC ANALYSIS & CONSULTATION

3200 CARBON PLACE - SUITE 04A - BOULDER, C0 80301 USA
TEL: 303.938.0166 -FAX; 303,938.0167 - pe4ro@drpcinccom * www.drrpcinc.corn

ANALYSIS OF ROCK SAMPLES FROM GREEN RiVER TERRACE

DEPOSITS NEAR MOAB, UTAH

Prepared for: Mr. Mike Fortner
Geotechnical Engineering Group, Inc.
Grand Junction, Colorado

Prepared by:
Report No.:

David Rothstein, Ph.D., R.G.
DRP06.309

I SEPTEMBER 2006
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Greeon River lTerroce Deposit
Surmmary Report

1eepari No. ORP06,309
I Septernber 2006

1.0 INTRODUCTION

Pursuant to the request of Mr. Mike Fortner of the Geotecbnieal Engieering Group, Inc. (GEG)
located in Grand Junction, Colorado the purpose of the investigation is to assess the engineering
properties of rock samples proposed for use as rip rap. DRP Consulting, Inc. (DRP) received six
(6) rock samples from (GEG) on II July 2006 and was authorized and paid to proceed with the
analysis of the samples on 31 July 2006. The samples are listed below in Table 1. GEG indicated
that the primary interest in conducting the analyses was to assess the occurrence of clay minerals
and the anmount of weathering in the materials represented by the samples.

Table 1. List of Samples,
GE(O Sample ID DRP No.
4" +0 10YV2441
4"+SS 10YD2442

S-•R 1cYD24 ,'K2"÷4 RS 10Y02.4#4~

2"TS 1Y-, 5 ,
2"00 10 Y-DZ448

2.0 ScoI'E oF WORK

The investigation involved
main findings of this investd

ysis of the samples. This report surnnarizes the
A-F give specific information on each sample.

3.0

.Petrographic Analysis "\, rocks were photographed in their as-received condition,
described, and cut into slasý-titb a water-cooled saw. The slabs were lapped on polished using
diamond-embedded wheels and an aqueous lubricant/coolant. Thin sections were prepared at
Spectrum Petrographies in Vancouver Washington. The samples were examined with a
stereomicroscope capable of a 3-1 80x magnification range and a petrographic microscope
capable of 50-500x magnification range. The rocks were examined to obtain a geologic
description, estimate of the modal mineralogy, to assess the presence of.clay minerals and
evaluate the weathering of the rock. The modal mineralogy was estimated visually on the basis
of thin section examination. The weathering was assessed using the classification scheme of the
International Society of Rock Mechanics.

D RP& CONSULTATION
Page I of2
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Green River leraoce Deposit
Surnmory Report

keport No. DRPO6319
1 Soptember 2006

4.0 FIN)UiGS

The following summarizes the findings from this investigation regarding the materials
represented by the samples:

I. The rocks are hard and competent.
2. The rocks generally are fresh, with only slight weathering in two rocks. The weathering

involves staining on one rock and the presence of cracks associated with sericite and
minor clay mineralization.

3. There is no significant clay mineralization in any of the materials represented by' the
samples. Some rocks contain more than trace amounts of clay minerals and physical
testing to assess their resistance to frcezq-thaw cycles is recommended to assess their
durability if they are to be placed iu a freeze-thaw envihonment.

Table 2 provides a brief

Table 2. Summary of Re
GEG No. ORP No.
4"*+0 10Y•02441
4' + $5 10Y02442
r + Q 10YD2443
2'+ R$ 10YD2444
27 TS 10YD2445
2r Oc 10Y02448

summary of the results:

suits " N
Rock NbFi . " >

Very flne-rairied quai# *rpniiqs
Very fine-grained calcar~oueywncloChert / "-\ \ '\\'

Red sandstone\ "-
tmk a n 1 gsVc2.-.est _'__

Clay Minerals Weathering
None Fresh
3% Fresh

None Fresh
None Fresh
5% Slight

Trace Slio

This concludes work e " N Ns project to date.
¾,:',/•tspmett ~e

David Rothstein, Ph.D., P.O.

PETROGRAPHIC ANALYSISDRP& CONSUATION
Page 2 of2
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ArFENOIX A: Green Rrv•er AggCegatc
Sommpi* (0: 4" -- (N0YD2441)

Report No. DRPOd.309
Date: 3.1. AugUt 206

1. RECEIVED CONDITION

ROCK NAME Very fine-grained qua arenitc

DE O-UA Rouded cobble is ovoid in shape. Cobble h-q a very, smooth outer surface. Color of
fresh surface is brown (IOYRi5/3).

GENEAAL COMMENT The ;rample is hard and intact with no macroscopic cracks. Minor sand coating adheres
I to p"-ts of s=xpie.

2. PETROGRAI'HIC OVERVIEW
Quartz:72%
Feldspar: 3%

MINERALOGY/MODE Hematite: 3%
Clay minerals: not observed

Siliceous Cement: 22% /'>
Well sorted, Eint-grained quartiActiitp. Rounded grains of qurzm; tabular feldspar.

TEXTURE Hematite as intergranular caut~Ys. SiRcUe'.s cencxnt with optical cootinu•ty on adjacentgrafs.• . ' . •. .

WEATH-IERING Rock is fesh in ISRM PdDan with no sign of weathcring.
• , N '- .

3I COMMENTS \ V> x
The porosity and induration of this/k /-r~bab' ('aries in a given formation; various engirnering tsts will be
needed to determine the suitability,-bf4be • natcialfiz a givcn application. Ln addition to physical tests such as LA
abrasion, various reactivity tests arŽ'ts6imnrnledl'to detem-ine if the rock would be suitabte for usc as a cotcrete
aggregate. / ". N ' _

77 K>'
NA\ I

X~ /
'-.5

'.5-

PmTROnRAHiC ANALYSIS
DRP 8, CONsUL,^'not

Al

.V. . -. .~ - -. . 5*~.~ -.5" - 'fl
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A.r.N0DIA: Green RVIerAggjlafe
Sample 10: 4" t 0 fOYQ'P4-4.1 I

Report No. ORPO630?
Ocle: 31 August 2006

FIGURES

I

|

Ni

Figure Al. Photographs of sample. (a) As-received condition. (b) Polisbed cross section cut through rock;
scale at bottom in millimeters. (c) Plne-polari•ed transmitted light photomicrograph ofthin section. (d)
Cross-pelarized transmitted light photomicrograph cfthin nction,

D R P P- IC ANALYSISDRP& CONSULI•ATION
A2
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ArPENDC B;
Samrnple ID:

Green River Aaarepate Report No. DRP06,309
Date: 31 Auigust 20064" + SS (IOY024,42)

1. RECEIVED CONDITION

ROCK NAME Very friae-grained calcuaeous grmywacrke

DIMENSIONS & SURFACES Flattuncd cobble with rounded edge* and smooth surface. Maximum dimensiongs 110
mmn (4 3ain,) by 2.5 n (I in). Pale brown color (l OY.6/3),

GENERAL COMMENT Rotk is hard and competent and was Trceived with no fiactuwrs. A fine sand coats pamrs
_____________of sample. .

2. PETROGRAPHIC OVERVIEW
Quartr.3s%
Calcite: 30
Hematite: 7%

MINERAtOGY/MODE Clay minerals! 3%
Chlo'it; feldspar in trace am=onts

Calcarcous Cement: 25% .
Moderately sorted, finc-gra-n*4'4uaA'a-,'les are subangular to subrounded and are
typically elongated. y'/ ."

TEXTURE Hemasite present aS nl•tcm-.rned particles and also as interganular coating on
quartz grains.

______________Calcite ce ficll nKfii] eas. low oraLsi <-t2%)

WEATHERING Rockt 4 W)nýS* 6cpssiflc~aton. with nio sign of weathering.

3. COMMElNTS _ , » -
The porosity and indurati8w"oY4ýe rtplcJ may vary in a given formation; various engineering tests will be- needed to
determine the sitimbility of the. i•.rj for a given application, In addition to physical tests such us LA abrasion,
various reactivity tests are recoxnihcrfded to determine if the rook would be suitable for use =q a concrete aggregate.

R P P-,GRAPNiC ANALYSIS

. A~?.4~'. '.?:.. *'Vt.y. ~.'.r- ~urtrr--vr. - .. 4 .. -.
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APPENDIX B: Green River Aggr ' ,e
Sample PD: 4" + S. (10YD2442 ,

Ropr1po No. DRPD6.309

Date; 31 Augusl 2006

FIGURES

f-I

(C) (d)

Figure RI. Photographs of sample. (a) As-recived condition, (b) Polished cross section cat through rock;
scale at bottom in millimeter. (c) Plane-polarizd trausmitted light photomicrograph of thin section. (d)
Cross-polarized transmitted light photomicrograph ofthin section.

D R P ROGRAPHic ANALYSIS 52DR& CONSULTrMONo
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APPCNttX C:
SamPle ID:

Grfe-n River AqcQIe.QClct Repodr Nc. DRPO6.309
Dole: ~1 AUgusl 20062" 0 (1OYD2.•43

. RECIVED CONDITION
ROCK NAME Chert

1Cobble ha-s flattened side and ovoid/dome shaped. Pýale brown color (IOYRJ6t3).SHAPE & SURFACES ]Mior whif-/buff cal•weus ýcoating on portions of cobble-

GENERAL COMMENT Sample rceiwved with no fractures. Minor sazd coating adberes to parts of samplek

2..PETROGRAPHIC OVERvIEW
Monocrystallinc Quartz: 70%
Polycrystallino quartz 2%
Chalcedonic cement; 27%'

MINERALOGY/MODE Calcite +hemaatite: 1%

Claymineals' none observed ,,/
Well sorted, rounded quartz asith chalcedonic chert cement binding quartz
grains. X/

TEXTURE / >7
Rock shows weak beddf.gpi ) dUffiŽn primarily by aligment of hematite alongLw boundares~o,. a c:"_ ..

WEATHERING )10ok is fresh ill ISR •1-dmaiŽt with no sig of weathering.

.3-. \ V/---,3. OM ET 7I LI "L". ." 7 ."" •I -

Tho porosity and induration ofthis qk'ji6p~robakTh firly consistent in a given formation; but vrious engineering
tests are still needed to detfrlo inh--e tL)itabihity of the naterial for a given application. Cbalcjdonic chori tends to be
highly remative for alkai-s, r ta ,t\t4 rock is not suitable for use as a concretc aggrcaatc tuiless signiicaant
mreasures are taken to tniti'kate'is pot'"tla] r~acdtvit'.

DRP Pa1ROGeAPHIC ANALYZSD & CONSULTATION
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APPENDIXC: Green River`AQ06egate
$amnpla ID: 2" 0 (10VD2442)

Report No. DRPO6.3U9
Dole; 31 August 2006

FIGURES

(b) / /

-C

/
¾

tc, (d)
Figure C1. Pkotographs of sanple. (a) As-received CoUtiDUon. (b) Polished cross section cut through rocki
scale at bottom in millimeters, (c) Plane-polarized tranusmittcd light photomicrograph of'thin section. (d)
Cross-polarized transmitted light photomicrograph of thin section.

D RE &RONPHT ANALYSISDRP&CONSULT'ATION C2
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APPEWNDI : Green RiverAggre-goft
-Somple ID: 2" RS lOYD24441

RCporl No. DRPOS.309
Dato: 31 AusQvs 2006

1. RECEIVED CONDITION

ROCK NAME Red sandstone

SHAPE & SURFACES Ovoid-shaped cobble, rounded with smooth surfacM; dark red (2.5YR,3/6) color.

GENERAL COMMENT RoCk is hard and compctent and was received with no macroscopic fractues

2. PETROGRAPHIC OVERVIEW
Quarz: 75%
Feldspar: 15%

M(NERAL.OY /MODE Silica cement: 7%
1EXCLUSIVE OF Fo•osaY) Hematite: 3%

_______________ Clay minerals: none cbsa-rcrd
Well sorted wofl rounded quanrtnwYqjxdrcs-par grains with quartz-hematite cement.
Most of the quartz is= ¾Yttil

moosalie ine polycrystaline and chert fragments arealso present Quartz is nios ~ hut so'ae cloudy grains are present. Minor sericito

altertion in feldspar. Sbtr quawrtz grains show optical continuity with siliceous

TETvE cment. - ".

Hematite prs.nt I 'rl-Žating on quartz and frldspar, some distiuct crystals are
also presodti ar trstjces.

Rock Do y( 9n.In hand sample banding is present tbat is repeated

3COM ENT Z k I,"\,,

3. COMMENTS /..

The porosity and induration of this rock probably varies in a given formation; various engineering tests will be
needed to determine the suitability of the material for a given application. In addition to physical tests such as LA
abrasion, various reactivity tests are recommendcd to determine if the Took would be suitable for use a.- a concrete

arEgt.
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APPENDIX 0: Green RivEar Agcl
SampleI*1: -2,RS_110YO24441

R•'port 1r4, DFP06,3O9

Date; 31 Auvqui 2006

FIGURES

I

," )

KC

(Wc (d)

FIgure DI. Photographs of sample. (a) As-received condition. (b) tolished cross section cut through rock;
scale at bottom in millimcters. (c) Plane-polarlzed transmitted light photomicrngraph of thin section. (d)
Cross-polarized transmitted light photomicrograpk of thin section.

0 R p PsROmcRAPHiC ANALYSISDR& C Oý,U LT.ATION
D2
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APPaNDD E: Grmen R~ver Aýcreqjote
Somple ID:1) 2" RS (fOYD 2445)

Rapope No. ORP0.309
Dart:_ 31 Augusl 2006

1. RECEIVED CONDITION

ROCK NAME Mediwtrn-grainid bioclSdo wackestone.

SHAPE & SURFACES Elon~gated ovoid cobble, flattened on one side, rclativcly smooth surfaco.

GENERAL COMMENT Sple c••e•cyid with no frmacrs. Rock wcat.crs to roveal thin lninations but no
.______ _ partings observed.

2. PETROGRAPHIC OVERVIEW
Calcito cement: 50%
Bioclastic fr-agments: 35%
Quartz: 7%

MINERALOGY/MODE Hematite: 3%
(CXC:LIJ$N r; rOFrtosWY) Feldspar! 20/

Clay minerals: 5%

Moderately sorted wackest6P"wxtb miRo~tcNccnet, Rook is thinly laminated on scale
of 1-2 num thick laminae '-

Coarse gramind b'&od'lstic iýpuMits consist mainly of mollusk fragnents. Quartz and
TeXTURE feldspar present a 'sta " r.tderztcly elongated fragments, Hematite is present as

lntergrnulasxpcuty r bAt/follow lamination swrfaces. Some hetnatite is present as

clay .•ies.a o=•Wa•arlw.ii surfaces and are associated with hematitc.
k'6 K i" i y wcathered in ISRM. claqsification with slight discoloration andWEA'rHERIN'• • Nx )

:3. COMmntrs xJ/'"

nucded to dletermine the suitability of the material for a given x.pplication. fa addition to p~hysical teats such as LA
abrasion, various reactivity tests are i-eeommended to determine if i-he rock -would bho suitable ror use as a concrete
aggregate...

D R P EROGRAPHIc AtALYssDR&C:ONS•ULTAJO N
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Rcporl No. DRP06,3O9
Dote: 31 Aug•sl 20096

UE:Green RNerAggreae

FIGURES

It

t9,

Figure El. Photographs of sample. (a) As-received condition. (b) Polished cross section cut through rock;
scale at bottom in mIllimeters. (c) Plaie-polarfzed transmitted light photomicrograph of thin gection. (d)
Cross-polarized transmitted light photomicrograph of thim section,

D Rr CONSULrAMN
E2
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APPENDiX F: Green RiverAaareoote
Saomple ]D: 2" OC (10YD24461

Repod No. DRP06.309
ODle: 31 August 2006

1. RECEIVED CONDITION
ROCK NAME Alkali granite pegmatite

SHAPE & SURFACES Ovoid cobble, flattened on one side, relatively smooth surface.

GENERAL COMMENT Sample is hard and competent and presents scveral hairline cracks that run tbxough the
I full thicknes of rock.

2. PETROGRAPHIC OVERVIEW
Quartr. w5%
Alkali tldspar 40%

MINRALOOYIM D Plagioclas feldspar: 3%
(rCLUSNERAOFMOD Hematite: 1%
(XCLUS1Ef POROSITY) Muscovite: 1%

ClAy minerals:. trace.. . \
Coarse-grained rock with ixxtcrt6v0 t,5~p~rc; showmirg conscrtal relation of quartz and
alkali feldspar. Some cr)yst/c9rsist 6f\§gle-wrained intcrgrowths and complex sub-TE(TURE- ' / --. ..- •, ,
granular boundaries, considerable mitrocracking but no sigpnl•cant
macroscop . cracks.
Rock is slighty e'atlnrod in., Classification with slight seicitic alteration along

WEATHERING Iicrocracks and

13. COMMENTS Lj7 L
The porosity and indurtion of tiW ?t--is-probably fairly consistent but the extent of cracking may vary
considerably. Various engineel.l stls3,ik be neegdd to detmninc the suihability of the mate-ial for a given
application. En additioin tou .bcattasuch-s LA abrasion, various reactivity test ar-e ecomnmlnded to determine
if the rock would be quitalid, ?•zusc as Id concreteaggreýate,..... .... \ \ggr/,

"-.•,,/ /. .

D R P -OPHIC ANALYSISDP& CONSL!LTAT1ON
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APPENI F: -Green River ApgfESatS
Somnplao I; 20 1OE4

Report No. DRPO6.3O9
Date:. 31 August 7006

FIw RES

Figure Fl. Photographs of sample. (a) As-received condition. (b) Polished cross section cut through rock;

scale at bottom in millimeters. (c) rinauc-polarized transmitted light phutnmicrograph offthin sectiom. (d)

Cross-polarized transmitted light photomicrograph of thin section.

PETRO3RAnUic ANALYS 
F2
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DRP CONSULTING, INC.

PETROGRAPHIC ANALYSIS & CONSULTATION

3200 CARBON PLACE * SUITE 104A - BOULDER. CO 80301 USA
TEL: 303.938.0166' FAX: 303,938,0167 ' pe tro@%drpcinc.com * www.drpcinc,.com

ANALYSIS OF ROCK SAMPLES FROM VALLEY CITY AGGREGATE

DEPOSITS NEAR MOAB, UTAH

Prepared for: Mr. Mike Fortner
Geotechnical Engineering Group, Inc.
Grand Junction, Colorado

Prepared by:
Report No.:

David Rothstein, Ph.D., R.G.
DRPOG.310

I SEPTEMBER 2006
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Valley City Aggregole Deposit
Summary Report

Report NO. [IRPO6.31O
I September 2006

1.0 INTRODUCTION

Pursuant to the request of Mr. Mike Fortner of the (+eotcchnical Engineering 0Group, Inc. (GEG)
located in Grand Junction, Colorado the purpose of the investigation is to assess the engineering
properties of rock samples proposed for use as rip rap. DRP Consulting, Inc. (DRY) received two
(2) rock samples froom (GEG) on 11 July 2006 and was authorized and paid to proceed with the
analysis of the samples on 31 July 2006. The samples arc listed below in Table I. GEG indicated
that the primary interest in conducting the analyses was to assess the occurrence of clay minerals
and the amount of weathering in the materials represented by the samples.

Table 1. List of Samples
GEG Sample ID DRP No.
Stoller Orthoqurtzite .-\' 0YD2447

2.0 SCOPE OF WoRK

The investigation involved
main findings of this investi

-6f the samples. This repoxt summarizes the
give specific information on each sample.

3.0 PROCED)URS

Petrographic AnalysizV,, K-\,hv-\&ks were photographed in their as-received condition,
described, and out intt'4is voitA a wvater-cooled saw. The slabs were lapped on polished using
diamond-embedded wheAs"'anfl/an aqueous lubricantlooolant. Thin setions were prepared at
Spectrum Petrographics irv'ýVancouver Washington. Thc samples were examined with a
stereomicroscope capable of a 3-180x magnification range and a petrographic microscope
capable of 50-500x magnification range. The rocks were examined to obtain a geologic
de•dpfion, estimate of the modal mineralogy, to assess the presence of clay minerals antd

\.¢eviiiate the weathering of the rock. The modal mineralogy was estimated visually on the basis
of thin section examination. The weathering was assessed using the classification scheme of the
International Society of Rock Mechanics.

SR P:PETROGRAPHIC ANALYSISDR& CONSULTATION
Page I of 2
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Valley CIty Aggregole Depoosit
Sunmdry Report

keport No. )W0A.31C
I September 2-06

4.0 FiN oGs

The following summarizes the findings from this investigation rcgarding the materials
represented by the samples:

3.
2.
3.

The rocks are hard and competent.
The rocks are fresh.
There is no significant clay mineralization in any of the materials represented by the
samples.

Table 2 provides a brief summary of the results:

Table 2. Summary of Results
GEG No, DRP No. Rock Name
.taller Orthoquarizite 10YD2447 Chert-cemented- .q.rtziteOrthoq uatz.te IOY2448 Chort-cemented qCadrzCOroiqamerate p10Y02448 .ebble congk'e"ate

x.7

This concludes work performed on this ftject t~o'&e.

\ .Da

Clay Weathering

None Fresh

Trace Slight

;vid Rothstein, Ph.D., P.O.

DRP :PErROGRAPHIC ANALY&SD & CoNSUL'rnON
I'ge 2 of2
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APPENDIXA: Volley Ci! Aggreoatle
Scmriie ID: Sle4Ier Odhoauor~fei t10Y02g447

Report No. DRPO6.3¶O
fntse• I q~t'rmtnhar '7flflA

1. RECEIVED CONDriTIoN

ROCK NAME Cbet-cwmeted quar=ite

SHAPE &SURFACES Block-like cobble, rough surfioes. Two surfa&es p.jrent significant dark brown to
blark stainrig.

GENERAL COMMENT Sample is bard and compe•tat and Presonts severl hairline cracks.

2. PETROGRAPHIC OVERVIEW
Monocrysr.line qvartz: 55%
Siliceous volcanic rock: 10%
Silitified limestone: 6%

MINERALOGY/MODE Polycrystalline quart: 4%(cxcwivs 1 or Po~es Feldspar; 2%(eXCtU1Vf OF eoROs'). Hemratite: 1%/
C l w don:ion C m ent 2.2.% / ^ .

Clay Mincrals: none obscre-'
Mostly fine-grained quAý/W", some• iemeitm-graincd pebbles. Manocrysta!linc

quartz grain are mostly 4tibAi~hd with some sub-angular fragments mid an: rlatively
..... v~~olearic rogk arsd'Qý!ýedLix. e~tn. .. ..

Rock is sligh4t w atý r Stri-gRM classification, based on prcsence of staining on
WEAThERINGraccsot ock The stinin does not erist into the fa.bric of the roc,

[3. COMMENTSK
The por-sity and indurat•dui 6f td-dsxr'hkis/robably fairly consistent but the extent of microcrncking may vary
greatly, Various engineeriijg.,xs ws b}W needed to detr-minc the suitability of the mnatcritd for a given alplication.
This rock L rich in chalcedoiti5 ehprt,,'hica trnds to be hiighly reactive for alkati-silica reaction, so this rock is not
suitable for usc as a• aggregate Fn~cu.•crete .nless significant measures r tak-n to so itigate its potential reactivity._

DRE EPtROGRAPHic ANpALYsts& CONSULTATION
A]
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APPFUNDIXA: VoIIEyCtY AgSrego!a
Sample ID: Ston~erC OflhoquorlzI~e I QYt)2447

Report No, ORP06.310
Date: I Sapernbemr2O0s

Fiou tES

(a) (b) 9t\

/ 1~'

(C) (d)

Figure Al. Photographs of saimple. (a) As-received con dition. (b) Polished cross section cut through rock;

-. _ale at bottom in millimeters. (c) Plane-polarized transmitted light photazmierograph of thin scction. (d)

C ross-polarized trausmittcd light photomciragrapdt of thin section.

PETROGRAPHIC ANALYSIS& CONSULTATION

A2
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APP•ENDIX B: Valey city A.grpae
Sarnpls 30: -_ Orhooucrt~zfteConglonierate f'10Y12_4481

Report No. ORP06,310
Date: 1 SeDtember200d

1. RECEIVED CONDITION

ROCK NAME Chert-ceme•nted quartz pebble conglomcrate

SHAPE & SURFACES Block-like cobble, rough surfhces. Clay deposits on some faces.

GENEPAL COMMENT Rock is hard and intact and prescnts several hairline cracks.

2. PETROGRAPHIC OVERVIEW
Monocxystalline quartz: 40%
Siliceous volcanic rock: 25%

MNERALOGY/MODE Silicified limestone: 10% ,

(EXCUSIV QP ORQ~n Eletatitc: 1%(excw.rn F PoroRorr aaChaleodonic cement- 24%

Cl!ay minerals: none obsarved /I
Medium- to coarse-grakin d,,'Icbb~y \coonglorncrate consisýting of particles of
monocrystatline quartz, ' litb"0Us volea'Ai• rocks, granitic igneous rocks, and silicified

TEMxuRE limestone. Rocks awe r • ' u•rbaagul the fbric is massive and Bhows weak
bedding. C rcks n t= V h .4ock W two otthogomaL directions with tmnor clay
mineralization alouikswne sgbit of cracks.

WEATHERING Rock is slightly .classifiation.

3 Co.....r.S..

The porosity and induratior.i f-th' isk'tic probably fairly consistent but the extent of mnicrocracking may vary
greatly. Various engineerjg s 31 •e$ed to detamine the suitability of the material for a given application,
'This rock is rich in cbaledgg <t chrt whie6 tends to be highly reactive for alkali-silica reaction, so this roxk is not
suitable for use as an aggregate, o..Co2 c1 tc unless significant ameasures are taken to micigate its potentitd reactivity.

SPETROGRAPic ANALYSISDRP& CONSULTATION
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APPENDIX B: Valley City Aggreq ate
Somrole ID: Orthoguoarlzte Conglomerate [10YD24A8)

Report No. ORP06.320
Date: I September 2006

FIGURES

(a)

Figure B1. Photographs of sample. (a) As-received condition. (b) Polished cross section cut through rock;

scale at bottom In millimeters. (c) Plan,-polarized trisanittcd light photomicrograph of thin section. (d)

Cross-polarized transmittcd light photonaicrograph of thin section.

PETROGRAPHIC ANALYSIS

DR & CONSPA&ON


