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1- Scope of the Project

Inter-Mountain Labs ‘was asked to review the feasibilty and

:appropnateness of periorming Pozm in saiis Thls siudy fﬂwsed on i;digesting

Elchmstandar dﬂmcedm’e { mnium 210 in sof :

Inter-Mountain Labs validated the procedures using certified solution
standards of Polonium 210, _Inter-Mountain labs also validated the: etmdwitha
‘solid Certifisd Reference Material, UTS-4. Inter-Mountain 1abs 6
‘detection limits with five different concentration levels ’;zfuumthod aamm limit
‘studies using UTS-4.

2-Method Summary

Inter-Mountain Labs performed a wet acid digestion on solid samples. The

‘wet acid digestion consisted of a nitric acid digestion refluxed overnight on a hot
‘plate, see R-DIGSOIL-.1,0 section 6. The samples were then filtered and brought
‘to a volume of 1 liter. A portion of the solution was then prepared for. polonium
210 ‘analysis, R-PL210:1:1. The samples were anaiwad using pracedures

:.»descﬁbec&,i;y Elchrom OTWO1 ‘nevzf« see sections ‘I»and 8. The heaw. metals of




» through the entire methor,

. M
T Poloruim 210 Reooy epygrmdy 7-1556-8




Methoﬁ detéeﬁcn limit siudies were undértakan _performing full method
di ints of UT order to es"'mate'ﬁre lower ﬁmu of?
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olor umﬁzw na mﬁd«mamx. wheragpewnium is expected io beso[uble: n a nitric
. . The study does’ not ‘address sample r@equitgmentsf:such as Barﬁefﬁf

5. UTS-4 Wﬁﬁ»pmﬂémﬁ;
. ‘The reference material
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Attachment: Solids Digestion Procedures, Lab SOP
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ATTACHMENT #1
'STANDARD OPERATING PROCEDURE
METHOD TRAINING RECORD




7- Attachment; Pb210 and Po210, Lab SOP




for Analysis of Lead 210 and Polorium 210
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Decermber 12,2013

Standard Operating Procedure for Lead 210 and Polonium 210

1.0 Scope and Application.

1.1: This method is-applicable to the determination of dissolved lead (Pb-210) and polonium |
in water and wastewater. Suspended solids in water can be evaluated if the solids
‘water matrix by acid digeshom “This digestion process can also be applied to soil ,and
forgan(csamplas topiaae lead andpolonmm into a dissolved state for ana!ysi& -

20 :éwwnamof mam

—»whentheha!ﬂtfeafmepmgeny is much less than the half-life of the:
gle progeny, the total activity reaches a maximum of about twice the initial
displays the characteristic half-life of the parent—usually no- change over
meuti:ftewais } :

d beh em&ttepcaa patentionany cause interference with the
daughter of Pb-210. This method: afﬁaﬁve!y eliminates these







December 12,2013

7.5. Eichrom vacuum box (24 position) with yellow and white tips with plugs

7.6, Torrey Pines Sclentific stiring hot plate with 8 positions, or squivalent
7.7, Fisher Vortex Genie 2 test tube mixer or equivalent

7.8, Muffie furnace or oven capable of maintaining temperatures of 300°C
7.9, Filtration apparatus for 47 mm fiter-

7.10. 0,45 p mixed cellulose ester 47 mm filters

7:41. Whatman GF/C 47 mm glass microfibre filters or equivalent

7:13. 250 mL Erlenmeyer flasks with yellow plastic caps

7.15. 1 fiter; 500 mL, 250 mL. and 100 mL graduated cylinders
7.18. 500 M. plastic squirt bottles
7.18, Stir bars, Teflon coated

fods and rubber policemen

e tubes with caps and trays

7:20, Eichrom Sr Resin™ 2 mL cartridge, 50-100 um particle size
7.21. Eichrom pre-
7.22, 20mL syringe.

7:23, Eppendort repipettor wity Combitips and adaptors for 25:and 50 ml

dendort pipetiors and tips, 0.1-1.0 ML adjustable
Stips 6-10 and 0-14 range;

EE &‘m” .Tf‘v“v; ";‘V(
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7.33. Nickel disc; 1 inch diameter with hanging hole approx. 2 mm from edge

7.34. Stainless steel planchets, 2 in

8.0 Raag@nts
8.1. Reagen!water Nano water® orD&wrﬁzedwate;(Di-mteé),ﬁeedmdmacﬂvenataﬁais
8.2, Ammonium citrate, 0.05M: dassoh«eﬁﬁ&gofammoniwncfkat&%n&%-tcf water.
8.3.-Ammonium hydroxide, 15N: Concentrated Ammonium hydroxide reagent grade.

8.5, /Ascorbicacid, 1M, o‘isseive 176.13g ascorbic acid in 500 mL of water and diluteto 1-L. ‘NOTE:
This solution must be made fresh at least every week:

8.6.1.Dilute 80 mL ethyl alconol, 100%; to 100 mL with Dl-water.
8.6.2Dilute 84.2 mL-ethyl alcohol, 85% to 100 mL with Dl-water.

'8.7. Ethyl aloohol, USP, 100%; Absolute alcohol

88 Ethyfafeahol, USP; 95 %, can be substituted for- ‘smmr alcohol




. 9.0 Calibration and Standardization

8.1. Determination of instrument efﬁclency ~the mstmment undergoes a full calibration ‘once ayear
with alpha and beta sources of similar geometries to those of the method ‘samples. This will
establish efficiencies, plateaus, and a ‘dead band' between the alpha and beta ranges.

949 Efficiency of the systam is-calculated bydividi ma coumg per1 m inute- by the
disintegrations: per minute of a known source (Secﬂan 12.1.) This is calculated
automaﬁcauy by the instrument sonwara, which is graphed prmhed -and archived.

8.2. Determination of method efficiency

9.21. Lead-210: Efficiency is established through a curve with Lead-210 standard of a known
value, and increasing values of lead carrier.. A range of lead carrier recoveries: ‘which will
reflect those possible from sanxp]esmpiaseéon filters and allowed to ingrow for 5 days:
These are then counted and the: stan&ardrecevefynsgrapheéagamst he lead recovery.

922 Polonium-210: Polonium-210 is the isotope that is used for both the annual calibration
and for the daily calibration of the instrument. The efficiency that is determined in the
‘annual calibration will be used as the efﬂciensy for poiomum in: Nl eaicuiahbns.

9.3. Background determination:

9.31: Lead-210: An initial mock up of the planchet, filter, double-sided tape; and aluminum foil
cover will be counted for the standard lead nting time. to demonstrate they do ot

contribute any beta counts to a sample. If this mock up rises above background, the
. individual elements will be-assessed to determine the source of the contamination.
9.3.1.1. Subsequent mock ups can be denaxfma&eﬁats sig 'fﬁcanﬂx*«;hang@?anda
background needs tobe re%bblwhsd‘ OF T+ d.




contains polonium-210 in secular equilibrium both can be recovered witt
separate matrix spikes for each standard.

w % ance the tabomtmymmb otec thectfentsamplss, enough vo ume»@fsamp!emustbe
saved to repeat the analy i}%ereismkemsgh to run-a duplicate-and a ‘matrix spike,
and protect the client: sarm;ie; a‘sample’ m'ingviap water will be used for sither the ’
duplicam erthefmam

‘ MR
R

ontrol sample (LES) shall be within 3 standard
imunn of: ;sp)kerameaes

i
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‘December 12, 2013

sy ! bt
QM&hanacid

¥le f ae 45 um ceﬁu!ose
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‘December 12, 2013

11243, Pipet 13 mL of 0.05M Ammonium citrate into the cartridge assembly; pass-
ﬁ’ I cartr Limin, flow rate, and collect eluent.

1 add 4 Lgf concentrated sulfuric acld tﬂ each iead eluent and

2410, \cia;nﬁtamgparatus an ﬁpefd%wn thh Ki‘m wipa then setup ﬁor nex! sampl&
Contin sonfilters.

N4
11258
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ke {pCif unit) ~ Sample (pCi/unit) .,
‘Concentration(pCifunity

d by adding the 2 matrix spike yields and divide

5-8
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12.5. Calc!.ﬂaﬁenoﬂrﬁﬂalLead—ZWrecovery based on Bismuth-210 ingrowth
S-B

2 22*E*Pby *(1- e = VRS (ewlz{fa-tnu )

iaﬁe tha !abwatmy control Sample (LCS) recomy

e R 'LCS Result (pCi/ unit) i
YRR ‘Nominal LCS Conc. (pCi/unit) %1

12.7. Calculation of error at the 95% confidence level:

EHU(=

Page 13,615




13.0 Precision and Accuracy.

RePL210-1.]




‘December 12, 2013

Table 1

Gmundwataf and monitoring. samplasiciean Water Act
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Eichrom - OTW01




‘Eichrom Fﬁchm}%m o
il Procetims.

" water sam?jes:ﬂ:at}sfﬁfﬁcmf m@reﬂuces mter&reneeswamiysx&




‘Bxchrom Tef:hnolégies, LLC. OTWOl

imayz’s e Page2.

512, lon exckangeco!umm« 1tol5cm dmme%cr 10 ml resin volume
w Background proportional counter- For measurement of 21983 danghter of

idt Seintillation Counter (LSC) — For measurement of *'*Bi daughter of

cdgc l;cfbre pohshmg
Fﬂ Rec:avénes) 25 mm dnametet, poltshed
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Wlmiof ianxcamereraﬁ@prop_\
Note: The use of Pb-carrier or tracer is dependent on Pby
final analytical technique. ‘Examples: for Pb yield by we
»@am?:mua im !ea& mgmemembysc I(:‘ﬁ’ MS where ﬁxe‘%cmexewauiﬁ; wﬂmmnaﬁe







‘Eichrom Technologies, LLC.
A yéml,’?mczdures




'Eichrom Teahnologms, 5 s
‘,Arxalyngai Procedures.
.Itﬂy 23, 2009

7.4.2. Transfer the solution from Step 7.3.4:4 to-a 250 mL beaker:
7 4, 3 Add 3851111. ﬁfo SM HCL fv‘.) a ﬁnal volumﬁ 0f2&0 mL
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‘he Pb : 0 ( dxrecﬂydetﬁmnne "‘me
-Mass conccmratmn via ICP-MS. See reference 7

8. Calculations.

8.1. Polonium Tracer yzekt Pa«@ﬁ%o«ﬁ@é

“via planchet or filter.
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9- Attachment UTS-4 Reference Material Report
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‘Livestock Analytical Data




A I~ . o
- Your Environmental Monitoring Partner
M Inter-Mountain Labs -
MYER-moURTAIN LABS 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945
. | Date: 7/29/2014
CLIENT: Cameco Resources, Crow Butte Operation ‘ CASE NARRATIVE
Project: Marsland Beef Samples

Report ID: 51404031002

L : S1404031
ab Order | (Replaces S1404031001)

Samples Marsland Beef Sample #1, Marsland Beef Sample #2, and Marsland Beef Sample #3 were received on April 1, 2014.

All samples were received and analyzed within the EPA recommended holding times, except those noted below in this case
narrative. Samples were analyzed using the methods outlined in the following references:

"Standard Methods For The Examination of Water and Wastewater", approved method versions
Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW-846, 3rd Edition

40 CFR Parts 136 and 141 '

40 CFR Part 50, Appendlces B, J, L and O

Methods indicated in the Methods Update Rule pubhshed in the Federal Register Friday, May 18, 2012
ASTM approved and recognized standards

All Quality Control parameters met the acceptance criteria defined by EPA and Inter-Mountain Laboratories except as
indicated in this case narrative.

Reviewed by: W%

Wade Nieuwsma, Assistant Laboratory Manager

Page 1 of 1




: Your Environmental Monitoring Partner
m—— |11t€T-Mountain Labs

[*7

{NTER=MOUNTAIN LADS 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945
Sample Analysis Report
.ompany: Cameco Resources, Crow Butte Operation Date Reported 7/29/2014
PO Box 169 ' Report ID S1404031002
Crawford, NE 69339 (Replaces S1404031001)

ProjectName: Marsland Beef Samples WorkOrder: S1404031

Lab ID: S1404031-001 CollectionDate: 3/28/2014

ClientSample ID: Marsland Beef Sample #1 DateReceived: 4/1/2014 10:40:00 AM

CocC: WEB FieldSampler:

Matrix: Animal

Comments

Analyses Result Units Qual RL Method Date Analyzed/Init

Radionuclides - Total
Lead 210 8.8E-6 HCilkg 1.0E-6 OoTwo1 04/28/2014 1117 MB
Lead 210 Precision () 4.0E-6 HCilkg OTWO1 04/28/2014 1117 MB
Polonium 210 ND HCilkg 1.0E-6 OoTWO1 04/28/2014 1434 MB
Polonium 210 Precision (&) NA HCilkg OoTWO1 04/28/2014 1434 MB
Radium 226 1.2E-6 pCitkg 5.0E-8 SM 7500 Ra-B 04/28/2014 1533 MB
Radium 226 Precision (+) . 4.0E-7 HCilkg SM 7500 Ra-B 04/28/2014 1533 MB
Thorium 230 ND HCilkg 2.0E-7 ACW10 05/02/2014 1353 KK
Thorium230 Precision () NA HCilkg ACW10 05/02/2014 1353 KK
Thorium229 Tracer (30-120) 95.6 %" ACW10 05/02/2014 1353 KK
Uranium 9.0E-7 pCilkg 2.0E-7 EPA 200.8 04/23/2014 132 MS

These results apply only to the samples tested. RL - Reporting Limit

Qualifiers: B Analyte detected in the associated Method Blank C  Calculated Value
E  Value above quantitation range H  Holding times for preparation or analysis exceeded
J  Analyte detected below quantitation limits L Analyzed by a contract laboratory
M Value exceeds Monthly Ave or MCL or is less than LCL - ND  Not Detected at the Reporting Limit
O  Outside the Range of Dilutions S  Spike Recovery outside accepted recovery limits
X

Matrix Effect

—
Q/iewed by: M\

Wade Nieuwsma, Assistant Laboratory Manager

Page 1 of 3




/I I: Your Environmental Monitoring Partner
m—— NtCT-Mountain Labs
{NTER-MOUNTAIN LABS 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945
Sample Analysis Report
.ompany: Cameco Resources, Crow Butte Operation _ Date Reported 7/29/2014
PO Box 169 ‘ Report ID S1404031002
Crawford, NE 69339 ’ (Replaces S1404031001)

ProjectName: Marsland Beef Samples , WorkOrder: S1404031

Lab ID: $1404031-002 ' CollectionDate: 3/28/2014

ClientSample ID: Marsland Beef Sample #2 DateReceived: 4/1/2014 10:40:00 AM

coc: WEB ' ' FieldSampler:

Matrix: Animal

Comments

Analyses Result Units Qual RL Method Date Analyzed/Init

Radionuclides - Total :
Lead 210 - 5.0E-6 pCilkg 1.0E-6 OTWO1 04/28/2014 1117 MB
Lead 210 Precision (z) 2.5E-6 HCilkg OTWOo1 04/28/2014 1117 MB
Polonium 210 ND HCilkg 1.0E-6 oTwo1 04/28/2014 1434 MB
Polonium 210 Precision (+) NA pCi/kg OTWO1 04/28/2014 1434 MB
Radium 226 2.0E-7 HCilkg 5.0E-8 SM 7500 Ra-B 04/28/2014 1533 MB
Radium 226 Precision (1) 2.0E-7 HCilkg SM 7500 Ra-B 04/28/2014 1533 MB
Thorium 230 ND uCilkg 2.0E-7, ACW10 05/02/2014 1353 KK
Thorium230 Precision () NA HCilkg ACW10 05/02/2014 1353 KK
Thorium229 Tracer (30-120) 102 % ACW10 .05/02/2014 1353 KK
Uranium 2.0E-7 pCilkg 2.0E-7 EPA 200.8 04/23/2014 204 MS

.These results apply only to the samples tested. RL - Reporting Limit
Qualifiers: B Analyte detected in the associated Method Blank C  Calculated Value
E  Value above quantitation range H  Holding times for preparation or analysis exceeded
J  Analyte detected below quantitation limits L Analyzed by a contract laboratory
M Value exceeds Monthly Ave or MCL or is less than LCL ND Not Detected at the Reporting Limit
O  Outside the Range of Dilutions S  Spike Recovery outside accepted recovery limits
X Matrix Effect

-
%/iewed by: M\

Wade Nieuwsma, Assistant Laboratory-Manager

Page 2 of 3




/I m - ] Your Environmental Monitoring Partner
—— | N1Cr-MounNtain Labs

HI

INTER-MOUNTAIN LA 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945
Sample Analysis Report
.ompany: Cameco Resources, Crow Butte Operation Date Reported  7/29/2014
PO Box 169 Report ID S1404031002
Crawford, NE 69339 (Replaces S1404031001)

ProjectName: Marsland Beef Samples WorkOrder: S1404031

Lab ID: S1404031-003 CollectionDate: 3/28/2014

ClientSample ID: Marsland Beef Sample #3 ' DateReceived: 4/1/2014 10:40:00 AM

CocC: WEB FieldSampler: ' .

Matrix: Animal

Comments

Analyses Result Units Qual RL Method Date Analyzed/Init

Radionuclides - Total
Lead 210 - 6.1E-6 HCilkg 1.0E-6 OTWO1 04/28/2014 1117 MB
Lead 210 Precision () 6.2E-6 ) HCilkg : OTWOo1 04/28/2014 1117 vMB
Polonium 210 ND pCilkg . 1.0E-6 OoTWO1 04/28/2014 1434 VB
Polonium 210 Precision (z) NA uCilkg - OTWO1 04/28/2014 1434 MB
Radium 226 ‘ ‘ ND pCilkg : 5.0E-8 SM 7500 Ra-B 04/28/2014 1533 MB
Radium 226 Precision () NA HCilkg SM 7500 Ra-B 04/28/2014 1533 MB
Thorium 230 1.0E-6 pCilkg 2.0E-7 ACW10 05/02/2014 1353 KK
Thorium230 Precision () 6.0E-7 pCilkg ACW10 05/02/2014 1353 KK
Thorium229 Tracer (30 120) ' 107 % ACW10 05/02/2014 1353 KK
Uranium ND . " uCilkg 2.0E-7 EPA 200.8 04/23/2014 209 MS

These results apply only to the samples tested. RL - Reporting Limit
Qualifiers: B Analyte detected in the associated Method Blank C  Calculated Value
. E  Value above quantitation range H  Holding times for preparation or analysis exceeded
J  Analyte detected below quantitation limits L Analyzed by a contract laboratory
M Value exceeds Monthly Ave or MCL or is less than LCL ND  Not Detected at the Reporting Limit
O  Outside the Range of Dilutions S  Spike Recovery outside accepted recovery limits
X Matrix Effect

%newed by: 4/%—\

Wade Nieuwsma, Assistant Laboratory Manager

Page 3 of 3




Your Environmental Monitoring Partner

Inter-Mountain Labs

INTER-MOUNTAIN LABS

1673 Terra Avenue, Sheridan, Wyoming 82801

ph: (307) 672-8945

ANALYTICAL QC SUMMARY REPORT

NT: Cameco Resources, Crow Butte Operation Date: 5/15/2014
Wokifrder = 1109051 Report ID: S1404031007
Project: Marsland Beef Samples

Pb210 in Animals

Sample Type MBLK

Units: pCi/Kg

MB14-112 (04/28/14 09:14)

RunNo: 107237

PrepDate: 04/23/14 0:00

BatchID 8140

Analyte Result RL Spike Ref Samp %REC % Rec Limits Qual
Lead 210 ND 1
Pb210 in Animals Sample Type LCS Units: pCi/Kg
LCS14-112 (04/28/14 09:14) RunNo: 107237 PrepDate: 04/23/14 0:00 BatchlD 8140
Analyte Resuilt RL Spike Ref Samp %REC % Rec Limits Qual
Lead 210 14 1 12 116 50 - 150
Pb210 in Animals Sample Type MS Units: pCi/Kg
TAP MS (04/28/14 09:14) RunNo: 107237 PrepDate: 04/23/14 0:00 BatchID 8140
Analyte Result RL Spike Ref Samp %REC % Rec Limits Qual
Lead 210 15 1 12,5 1 113 50 - 150
Pb210 in Animals Sample Type MSD Units: pCi/Kg
TAP MSD (04/28/14 09:14) RunNo: 107237 PrepDate: 04/23/14 0:00 BatchlD 8140
Analyte Result RL Conc  %RPD %REC % RPD Limits Qual
Lead 210 17 1 15 10.3 126 20
P0210 in Animal Sample Type MBLK Units: pCi/Kg
MB14-112 (04/28/14 13:31) RunNo: 107198 PrepDate: 04/23/14 0:00 BatchlD 8140
. Analyte Result RL Spike Ref Samp %REC % Rec Limits Qual
Polonium 210 ND 1
P0210 in Animal Sample Type LCS Units: pCi/Kg
LCS14-112 (04/28/14 13:31) RunNo: 107198 PrepDate: 04/23/14 0:00 BatchlD 8140
Analyte Result RL Spike Ref Samp %REC % Rec Limits Qual
Polonium 210 3 1 3.07 89.2 50 - 150
P0210 in Animal Sample Type MS Units: pCi/Kg
TAP MS (04/28/14 14:34) RunNo: 107198 PrepDate: 04/23/14 0:00 BatchID 8140
Analyte Result RL Spike Ref Samp %REC % Rec Limits Qual
Polonium 210 12 1 12,5 ND 97.9 50 - 150
P0210 in Animal Sample Type MSD Units: pCi/Kg
TAP MSD (04/28/14 14:34) RunNo: 107198 PrepDate: 04/23/14 0:00 BatchID 8140
Analyte Result RL Conc  %RPD %REC % RPD Limits Qual
Polonium 210 13 1 12 4.25 102 20

QI ifiers:

B Analyte detected in the associated Method Blank
H  Holding times for preparation or analysis exceeded
L  Analyzed by a contract laboratory

O  Outside the Range of Dilutions

S  Spike Recovery outside accepted recovery limits

Value above quantitation range
J  Analyte detected below quantitation limits
ND  Not Detected at the Reporting Limit
R RPD outside accepted recovery limits
X Matrix Effect

Page 1 of 3
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INTER-MOUNTAIN LABS

NT:
Work Order:
Project:

Inter-Mountain Labs

Your Environmental Monitoring Partner

1673 Terra Avenue, Sheridan, Wyoming 82801

ph: (307) 672-8945

ANALYTICAL QC SUMMARY REPORT

Radium 226 in Animal

Cameco Resources, Crow Butte Operation
S1404031
Marsland Beef Samples

Sample Type MBLK

Date: 5/15/2014
Report ID: S1404031001

Units: pCi/lKg

MB14-111 (04/28/14 15:33)

RunNo: 107123

PrepDate: 04/22/14 0:00

BatchlD 8140

Analyte Result RL Spike Ref Samp %REC % Rec Limits Qual
Radium 226 ND 0.05
Radium 226 in Animal Sample Type LCS Units: pCi/Kg
LCS14-111 (04/28/14 13:19) RunNo: 107123 PrepDate: 04/22/14 0:00 BatchlD 8140
Analyte Result RL Spike Ref Samp %REC % Rec Limits  Qual
Radium 226 4.9 0.05 5 98.6 87.4-111
Radium 226 in Animal Sample Type MS Units: pCi/lKg
TAP MS (04/28/14 13:19) RunNo: 107123  PrepDate: 04/22/14 0:00 BatchID 8140
Analyte Result RL Spike Ref Samp %REC % Rec Limits Qual
Radium 226 5.0 0.05 5 ND 99.5 70.8 - 130
Radium 226 in Animal Sample Type MSD Units: pCi/Kg
TAP MSD (04/28/14 13:19) RunNo: 107123  PrepDate: 04/22/14 0:00 BatchlD 8140
Analyte Result RL Conc  %RPD %REC % RPD Limits Qual
Radium 226 53 0.05 5.0 6.30 106 20
Thorium 230 in Animal Sample Type MBLK Units: pCi/lKg
MB14-111 (05/02/14 13:53) RunNo: 107266 PrepDate: 04/21/14 0:00 BatchID 8140
. Analyte Result RL Spike Ref Samp %REC % Rec Limits Qual
| Thorium230 00:00 0.2
| Thorium 230 in Animal Sample Type LCS Units: pCi/Kg
i LCS14-111 (05/01/14 09:35) RunNo: 107266 PrepDate: 04/21/14 0:00 BatchlD 8140
| Analyte Result RL Spike Ref Samp %REC % Rec Limits  Qual
\ Thorium230 133 0.2 12.5 106 50 - 150
Thorium 230 in Animal Sample Type LCSD Units: pCi/Kg
LCS14-111 DUP (05/01/14 09:35) RunNo: 107266 PrepDate: 04/21/14 0:00 BatchlD 8140
Analyte Result RL Conc  %RPD %REC % RPD Limits Qual
Thorium230 1.5 0.2 13.3 13.6 91.8 20

Qliﬂers:

Analyte detected in the associated Method Blank
Holding times for preparation or analysis exceeded
Analyzed by a contract laboratory

Outside the Range of Dilutions

Spike Recovery outside accepted recovery limits

Value above quantitation range

J Analyte detected below quantitation limits
ND  Not Detected at the Reporting Limit
R RPD outside accepted recovery limits

X Matrix Effect

Page 2 of 3




Your Environmental Monitoring Partner

Inter-Mountain Labs

INTER-MOUNTAIN LABS

1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945

ANALYTICAL QC SUMMARY REPORT

NT: Cameco Resources, Crow Butte Operation Date: 5/15/2014
WorkOrder: 5140300 Report ID: $1404031001
Project: Marsland Beef Samples
Total (3050) Metals by EPA 200.8 Sample Type MBLK Units: pCi/Kg
MBLK (04/22/14 15:02) RunNo: 106807
Analyte Result RL Spike Ref Samp %REC % Rec Limits Qual
Uranium ND 0.2
Total (3050) Metals by EPA 200.8 Sample Type LCS Units: pCi/Kg
LCS (04/22/14 14:57) RunNo: 106807
Analyte Result RL Spike Ref Samp %REC % Rec Limits Qual
Uranium 68.8 0.2 67.7 102 85-115
Total (3050) Metals by EPA 200.8 Sample Type MS Units: pCi/Kg
S1404031-001AS (04/23/14 01:54) RunNo: 106807
Analyte Result RL Spike Ref Samp %REC % Rec Limits Qual
Uranium 574 0.2 602 0.9 95.2 70-130
Total (3050) Metals by EPA 200.8 Sample Type MSD Units: pCi/Kg
S$1404031-001AMSD (04/23/14 01:59) RunNo: 106807
Analyte Result RL Conc  %RPD %REC % RPD Limits Qual
Uranium 578 0.2 574 0.859 96.0 20
Total (3050) Metals by EPA 200.8 Sample Type DUP Units: pCi/Kg
$1404031-001AD (04/23/14 01:49) RunNo: 106807
. Analyte Result RL RefSamp %RPD %REC % RPD Limits Qual
Uranium 0.9 0.2 0.9 2.64 20

Qliﬁers:

Analyte detected in the associated Method Blank
Holding times for preparation or analysis exceeded

B

H

L  Analyzed by a contract laboratory
O  Outside the Range of Dilutions

s

Spike Recovery outside accepted recovery limits

Value above quantitation range

J  Analyte detected below quantitation limits
ND  Not Detected at the Reporting Limit

R RPD outside accepted recovery limits

X Matrix Effect

Page 3 of 3




e

Inter-Mountain Labs
Sheridan, WY and Gillette, WY

-’Am OF CUSTODY RECORD -

Page . of 1

All shaded fields must be completed.

INTER-MOLINTAIN LABS . #WEB
This is a legal document; any misrepresentation may be construed as fraud.
Client Name Project identification Sampler (Signature/Attestation of Authenticity) Telephone #
Cameco Resources, Crow Butte Marsland Beef Samples 308-665-2215x117
Neport Address (Contact Name ANALYSES / PARAMETERS
PO Box 169 Walt Nelson e E
Crawford, Ne 69339 Email Walter_Nelson@cameco.com g
voice Address Phone 308-665-2215x117 s | e
Purchase Order # Quote # o~ ‘;
Same 2|8 REMARKS
- LAB ID DATE TIME SAMPLE # of § 2
Bl (abuseonty) Ipn) SAMPLED IDENTIFICATION Matrix | Containers] = | £
, :
CARDH 037 | 0328114 Marsland Beef Sample #1 SD [1cooler] x | x 13,1 |Kg Detection limits per Reg.
e 7
- / o 2] 03/28/14 Marsland Beef Sample #2 SD |1cooler] x | X 20.1% Ke Guide 4.14 standards for
- o =)
; \! } - AN S| 03/28/14 Marsland Beef Sample #3 SD |1cooler] x | x { [9 preoperational food
: o sampling.
U=2x10-7uci’kg
Th=2x10-Tuci/kg
Ra=5x10-8uci/kg
Po=1x10-6uci/kg
Pb=1x10-8uci’kg
Each sample has been
shipped in a separate
cooler.
AR R dB g P ed DA R B a - d DA
L ; Ve ¢ . g ’ / e s . P ] Al S - -
DAl D Tl /ol B o e S\ 200 | 4t G /3014 | y2'0p
i . A 77 / 71 y
ﬂ'uf/;ﬁ\ &%/\ ¢ // / [ “{” {O q4-0
: H|IG IFO MATRIX CODES TURN AROUND TIMES COMPLIANCE INFORMATION ADDITIONAL REMARKS
Q Water Check desired service Compliance Monitoring ? N IN
O FedEx Soil SL X Standard turnaround Program (SDWA, NPDES,...)
O USPS Solid sD O RUSH - 5 Working Days PWSID / Permit #
O Hand Carried Filter FT 0O URGENT - < 2 Working Days Chlorinated? Y I N
O  Other Other oT Rush & Urgent Surcharges will be applied Sample Disposal: Lab x Client

Inter-Mountain Labs, Inc.

www.intermountainlabs.com

Rev 4.6 Web




Appendix EE

Kozeny-Carmen Calculations



Analysis of K results

Formation Geomean of K (cm/sec) STD Coeff of Variation | # of Samples
Arikaree 1.4E-04 9.3E-04 6.69 10
Brule 8.9E-05 6.1E-05 0.69 13
Upper Chadron 5.1E-05 8.2E-06 0.16 3
Middle Chadron 2.2E-05 8.3E-06 0.37 2
Upper + Middle Chadron 3.7E-05 1.7E-05 0.47 5




Porosity 035
Kozeny-Carman Coeff 4.8 Range 4.510 5.1 - lmringilc - Porowty *
Shape F 6.5 Range6to8.4 Rounded6.1-66 ili G Shape F: ¢ Pt
. - Medium angular 7.4 - 7.5 Ty (“jfm‘(mg-m)‘(" V))
Very Angular 7.7 - 8.4 o , A
Effective Grain Size (cm) 0.006494829 Hydraulic Pomeskiey * Desiy  x Omvity
intrinsic Permeability (cm2) 2.1E-08 Conductivity (§) = v
Rho 103
Viscosity 0016
Gravitational Const (cm/sec2) 980
Hydraulic Conductivity K (cmisec) me-oal Asikaree Arikaree A% Asikaree Arikaree Arikaree Arikaree Arikaree Arikaree
Porosity 0«35| D.35| 0.35 0.35 QSSI 0.35! O‘SSI 0,35' 0,36| (135'
I M-533C Run 1. 1 M-533C Run 1 2 M-1635C Run 1 1 M-1835C Run 1 2 M-1812C Run 1, Sai 1 M-1912C Run 2, Sa 1 M-1956C Run 1 M-1956C Run 3, Sa 1 M-2169C Run 1 1 M-2169C Run 2, Sa 3
.00 0. .00/ 0.00 0.
4. s .00 000 .00 .000, 0.00 0. .00 .000] .00, .000 .00 0.000 0.00] .00 .00 .000; 0.00
3.36359}" 00 .000) .00 .000)] 0.00 0. Qj .000] .00 .000)] .00 0.000, 0.00 .00 .00 | .000] 0.00, X
2.00000}* .00 000 .00 000, .00 .000 .00 .000] .00 1 .00 0.000 0.00 .00 ﬂ 000! 0.00] .
Medium Sand 189215 42 110 00| .000)] .00, .000 .00 000! .82 506 .74, 0457 137 .00, .00 .000] 0.00 .000,
840901 % 47 389, .00 .000] .00/ .000, .00 000} .69 .668 .75 2661 1.79] .00 .00 . 0.00) 000
70711} 42 810 .00 .000. .00, .000 .00 .000 .32 1408, .96 224 31 .01 .00 000, 0.00 .000
594601 .07 137 .00 .000] .00 000, .00 000 .35 .53 1 .89 .350 2.02 0.14 .00 000 .00 .000)
. 50000 .50 6.307) 00| 000, 0.00 000, .00 000 .56 .01 A7) 108 .82 .39/ .00, X .00/ 000,
. 42045 % .55 11892 .00 000, 0.00 000, .00 . 000} il . 381 -:2—3_-[ 851 567 0.46 .00 0.000 .00 000
Fine Sand . e 6.39/ .00} 0.007, 0, ).000] .76 % 0.98] 2.4 B8.24] 0.27, 0. .00 0.000]
20 33.927; .11 0333/ .00, 000 .00 000" 449 13615 1 334/ a 15.19) 18] .00 .008 .00 .000]
0.90 39.258 41 477, .00 005 00 004 A7 22245 E 4216] 1479 .25 gg! 213 .00 003
.80 46.250 .83, 555 .08 .343 .09 .377 " .16 34.937] 2.1 9.126 13.69 58.657] 0.78 .32, 371 .07, .308|
7678 M 9865 49.1 v 24 6.315F 67 413 .88 4.485 .53 48.523) 87 18.714 10.59 53.962/ B 85| 4. 73] .716
% - 785 47.525 75 10.597 q 11.993] .98 17.936 10.31‘ 62.421 .15 37.250, 02! 42492 3.04 60, 96908 .55 15.435
12500 582 42614 241 17.351 A1 24.558 .43 38.122| w1081 75.660)] _q 57974/ 436 31379 .33 2 43 17.499 498
10511 =" 421 36. .35, 17— 5.23 44,785 .03 68.789 ottt 90.00 85591 ” .01 77.152] 269 2301 741 .54 30.310 7.70
#200 . s 94 29918 .59 46.71 43 75648 10.41 105! 75 o .83 89.90° 12 17.500| .32 .07] 5161 s 10.09; 102.761
07433 )% 12, 25652 .84 7067 .08 108.920] " 11.81 142.906)| .87 83.211 73 93.576 1.08] 13. . 87 71 81.221 11.08 134.281
Sit 1141 X 10.’
05256 | 23 21 .82 116. .90] 135202 " .55, 163.5071 95 50514 463 79.238/ 5815 _Q_i s 92! 135531 .29 141.949
.04419]™ .95 19.322 .51 132. .22, 26 570, 18] 145.756, 73, 35.222] 3.46 70.4086| .22 4474 .85 o .37 149 956 .38 129.735/
.03716]¢ .74 17.895 84 141253 487 17.828 21 126,108 A1 26871 274] 66283 18] 4 5_3{ = .51] 157 492 .02 21.373
.03125]% .58 16.677] Q* 146 381 96 13.920 91 112,527} 83 23 3_4] 67.315 15) 4312 41 n_gi 162. 4.11] 18.153
" 060 2091 .57 1 1 421 146 852 .82 33.302] .92 32.1 2.67| 93.133] 17| 5926 .49 .07, 211711 426 48.493
.02005] .43 21.321 4.80] 899 .69 160 642 89| 25. .g_a_l 38.331 44 106. 18] 7.831 4.19] 494] 215, .36 174
.01 47 25.812] .61 253218 96 217 583, .52/ 38.518] .97 53. 137.361 .18 10. 3.80/ 197.762 4 Sj* 250. .06 168 016
.01105}" .56 | 41.039) .64 413.391 .59 409 855 .77 203.177§ .28 93 19 233.885] .23 16852 374 274,158 s 532 3901 .52 257 905
. 007811% 48 49729 27 546 082 31 550 399 .25 233314 1.08 113.043] 285, 295 408 .21 21.752] 2.78 288.097 » 4.59 475721 9‘5] 305 565
0.00500} 0.52 79 319 .26 965.037) 567 865.297 239 364 885 106 161 3.12 476 .135] 0.26 39651 264 402 806 5.01 764 497 3.15 480.387
o T oy o ry "
0.000981* .39 262 4631 434 2921 279 1878. .80 1212.444 .49 330.098] 11 1191737 .32 215311 1.71 1151.118, 3.87 2605.. " 41 1621.546 |
0. s .20 : A48 2004, 43 1924 326 .80 1076.981 .27 363.529 .65 874 681 .13 174819 0.76 1022 507 181 2166.330]  95] 1277 512
0. g 02 451 11 248614 14 316517] .07 162.846 03] 63.337] 05| 119.823 I 0.000 007, 153 705] 014 316486 .08] 176223
| |
(dli*0. 404" 1539687 11617.733 9458 645 5855.019 2335.161] 5632654 1045 993 10657 807 7075.258
Deff (mm) 0.0849 | Deff (mm) 0. 0.0171Deff (mm) 0.0428 | Deff 0.0178|Deff 0.0094 | Deff 0.0141
2.3E-05) 1. I3
K (fVday) 3.77 K (Wday) 0.07 K (day) 0.10 K (Wday) 0.26 K (fiday) 1.64 K (Riday) 0.28 K (/day) 8.18 K (fday) 0.08 K (f/day) 0.18
K (m/day) 1.15 K (miday) 0.02 K (m/day) 0.03 K (m/day) 0.08 K (m/day) 0.50 K 008 K 249 K (m/day) 0.02 K (m/day) 0.05
D10 (mm) 0.0648 D10 (mm) 0.0086 D10 (mm) 0.0106 D10 (mm) 0.0171 D10 (mm) 0.0428 D10 (mm) 0.0178 D10 (mm) 0.0856 D10 (mm) 0.0094 D10 (mm) 0.0141
K Hazen (cm/sec 4.22E-03 K Hazen (cmisec 7.41E-05 K Hazen (cm/sec 1.12E-04 K Hazen (cm/sec 2.92E-04 K Hazen (cmisec 1.B3E-03 K Hazen (cm/sec 3.15E-04 K Hazen (cm/sec 9.14E-03 K Hazen (cm/sec 2.79E-04 K Hazen (cmisec 8.80E-05 K Hazen (cm/sec 2.00E-04
K (fuday) 11.96 K (ftday) 0.21 K (ft/day) 032 K 083 K 520 K 0.89 K (ft/day) 25.91 K (fuday) 0.79 K (R/day) 025 K (fday) 057
K Hazen (cm/sec 2.18E-03 K Hazen (cnvsec 3.82E-05 K Hazen (cmisec 5.77E-05 K Hazen (cm/sec 1. 50E-04 K Hazen (cm/sec 9.46E-04 K Hazen (cm/sec 1.63E-04 K Hazen (cmisec 4.72E-03 K Hazen (cm/sec 1.44E-04 K Hazen (cmisec 4 54E-05 K Hazen (cnvsec 1.03E-04
K (fuday) 6.17 K (fUday) 0.11 K (F/day) 016 K (fday) 043 K (Riday) 268 K (fvday) 0.46 K (f/day) 13.37 K (fuday) 0.41 K (Riday) 0.13 K (fiday) 029
Sand (%) 90.37 2053 2788 3961 8039 56.86 96.33 3336 20.58 21
Silt (%) 822 63.04 60.57 53.90 1760 36.10 275 60.43 65.73 54.28
Clay (%) 141 16.44 11.55 650 201 7.03 082 621 1369 8.51
of K resuits
Formation of K {cmisec| STD # of
Arikaree 1.4E-04 9.3E-04 10



Porosity 0438 i
Kozeny-Carman 48 Range 451051 Intrinsic Parosity !
Shape Factor 65 Range 6108.4 mu -53«15 Permeability (mwcm x( g}‘i“f.mi'am) x( ,,,,,,_,.,))
Very Angular 7.7 - 8.4 . e
Effective Grain Size (cm) 0.00152912 . plurinsic  x Density x Gravity
ic Permeabilty (cm2) 31600 Coﬁzﬁgwify K)= Sy
i S T o I I i I ' St —
0 sﬁn 0.35 ] 035 035 | 035 Il 035 I X | 035 1 035 I 0 | 035
Run 2, Sample 1 M-1635C Run 2 M-1912C Run 3, M-1912C Run 3, 2 M-1956C Run M-1966C Run 4, 2 M-1956C Run §, 1 M-1986C Run 6, 2 M-2169C Run 3, M-2169C Run 4, 1 M-2169C Run 1
% i Retained (% Retained (% Retained (% Retained Retained (%)
I X & X = g*» & E 00, & X .00 [ .00 el
.00 00! .00 .00 00 000~ .00 000~ .00 000}~ .000{~ .00 000]~ 00 .00 000}~ .00 000
.00 .00 .00 .00 .00] 000" 00 0001~ .00 000" .000{* 00| 000~ .00{ .00 .000]* .00 000/
.00 .00 00 00 00 000}~ .00{ 000]* 00 0001~ 000" 00| .00}~ ,flﬂ .00 000" .00 000
Y 00 Y Y 000" Q{___ 015]~ 00 000}~ = 185]~ 00 .00 000~ . 062
.00 .00 00 .35 00 000~ .30 .290]* .00 000} 1,000 | 96 .929]* 00 05 046|==="""460 741
.00 .00, .00 41 00 = 1_9{ 242~ 00 .000{~ .000|~ 3% 4591~ 00 15 191 = 167 130
gg{ .00 .00 78 00 00|~ 34 S16]~ .00 .000[* = ,ﬂ .758]~ .00 ,z_gl 425 |~ 86 820
.00 .00 00 28 00 000~ 64] 154]~ 00 000 .000[* 75 52|~ 00 .33 505~ ) 588
00 00 00 e .72 544" 0.00 000} 0.000]* 8] 1.908]" 00, 24 s14]= 73 3708
oool ool S E— - - is
.00 .00 00 89 00 ,000]~ 46 394~ .00 00|~ 000 = 32 000}~ .00 .40 Zighe 94 879
.00 .00 .00 77 .01 ,033]~ 47 6941~ .00 000" .006 ] a2 116]~ 00] .69 . 486] k2l 162
.03 .00 .03 ,gg{ 21 901 |~ 97 4157~ .02 .086]~ 283 [~ 86 968" oq 21 184~ 60 855
.23 11 39/ 12 09 558~ 9 9.682|~ 32 630 445 [~ 47 12582[~ 13 91 725 70 650
.75 66 67 20 62 884~ 20 19.388]* 54 329 |~ 933~ 17 19199 79| 69 16,2020~ 19 13265
4 a1 4 .30 AQ 861 [~ 74 34.147]~ .30 768~ (EE7 G 67 26.428]~ q .29 23692[ 70 19.445
30, 24 56 58 673 B 58 56,361 [~ 27 45131 [~ 18.234[== 409 35018[= 90 Q 33221 [== 05 26117
.43 58 91 .00 953 o= sa1] 262[= 51 76,468~ 27,686 | =~ 465 47.339[ = 430[ ; .70 47.848] = 46 35227
.80 73 20 15 1 1 E———Y Y 18791 =" 969 17314~ 48168 == 5 64759 | = 6.04 73119] 572 13 49,996
05256 f = 61 60 70 .62 91 203843] =" 908 155,441 | ===—""10 80 34 108.493]===~""""662 00 52 94.468
04419 === 79 00 40 06 35 190230 7 §5 153,677 | ==~ 50 .40 130219[==—"874 92 73| 11659
03716]= .40 70 .38 .39 59, 150345 [ = 6.03 145 936 [~ 10, 147573 == 10/ 41 41] 130,890
03125 [~ 40 20 .39 08 53 130 435~ 483 138987 |~ 62| 161,657 = 16] 75 83 138944
02503 |====-—""11.00 .00 .85 %0 03 140,701 | == 86 169,574~ .38 222 523 ==~ 75 7 .28 184.171
02005 === 01 66 93 85 87 125.057| .68 160,252~ .50 239 414 == .28 ¥ .34 42 192417
01563 === g{ 67 97 36 36, 129788 = 10 170.379] = 15 282938~ 59 307 146~ 99 274 148] == 14 227,468,
01105 == 32 67 65 31 30, 168.787 |~ 08, 225 888] .57 408 346 )= 432 587 [~ 73 420 076 ] ==~ 75 348258
00781 [~ X 205017~ 16 73] 179 247~ 58 59 164,956~ 15 222918~ .05 419,752 = 4 450,187 | == 462 478 828 == 88 402,165
0005000~ e 296]+ 36 1 o 0941 = 355 541.707] = 4 174]=="""460 TET1 3 7371
0.00098]= 158 1064,178]* 1.08 726,405 1.30 3 103 693 225 082 095 640,221 |~ 122 821670~ 1.41 949 435 ] === 376 2530975 )= 176 1184 898] = 252 1606,748] == 256 1723 487 | = 254 1710.159]
0,00049 |~ 0.70 942280~ 056 752,787 063 8476811~ 055 739,824~ 044 052 700368 |~ 061 821,101 ] 069 926.500| = 1.56 2008.715]~ 087 1170621]~ 094 1264951 |~ 1.00 1345541 |~ 1.00] 1345649
0.00038|* 0.06 140218[* 005 124215]* 006 133.374]* 0.05 119.776]* 004 0,05 117.670]* 006] 131,166~ 0.06 144 704[* 014 316.435[% 008 185360+ 0.08] 171.825|* 0.08 189,891 [+ 0.08 189.906
]
| 6539700 | 4750934 | 415, 4517161 3692.769 | 4174529 4818643 5470632 11119.503| 6706.814] 8264,558 | 8311745 7651720
Defl (mm) 0,0153 [Deff (mm) 10| Deff (mm} Deff (mm) 00221 |Deff (mm) 0.0271 | Deff (mm) 0 Deff (mm) 0 {mm) 00183 [ Deff (mm) 0 (mm) 00149 [Deff {mm) 0.0121 | Deff (mm) 0,0120 Deff (mm) 00131
1. 1.
K (fuday) 021 K (fvday) 0.40 K (Widay) 0.30 K (fuday) 0.4 K (ftiday) 0.66 K (fUday) 051 K (ftiday) 039 K (fvday) 030 K (fUday) 0.07 K (fday) 020 K (ftiday) 0.13 K (f/day) 0.13 K (ftiday) 0.15
K (mvday) 0,08 K (miday) 0.12 K (midav) 0.09 K (midav) 0.43 K (miday) 020 K (miday) 0.16 K (midav) 012 K (miday) 008 K (m/day) 0.02 K (midav) 0.08 K (m/day) 0.04 K (miday) 0.04 K (miday) 0.05
D10 (mm) 00153 D10 (mm) 0.0210 D10 (mm) 00182 D10 (mm) 00221 D10 (mm) 0.0271 D10 (mm) 0.0240 D10 (mm) 0.0208 D10 (mm) 00183 D10 (mm) 0.0090 D10 (mm) 0.0149 D10 (mm) 00121 D10 (mm) 00120 D10 (mm) 00131
K Hazen (cm/sec) 2.34E-04 K Hazen (crsec) 4.43E-04 K Hazen (cm/sec) 3.30E-04 K Hazen (cm/sec) 4.90E-04 K Hazen (cm/sec) 7.33E-04 K Hazen (cm/sec) 574E-04 K Hazen (cm/sec) 4.31E-04 K Hazen (cm/sec) 3.34E-04 K Hazen (cm/sec) 8.09E-05 K Hazen (cm/sec) 2.22E-04 K Hazen (csec) 1.46E-04 K Hazen (cm/sec) 1.45E-04 K Hazen (cmsec) 1.71E-04
K (fuday) 066 K (fday) 1.26 K (fUdav) 094 K (fUday) 139 K (fuday) 208 K (Riday) 163 K (fdav) 122 K (fudav) 095 K (fuday) 023 K (fiday) 063 K (vday) 0,42 K (fidav) 041 K (fvday) 0.48
K Hazen (cmvsec) 121E-04 K Hazen (cmisec) 229E-04 K Hazen (cnvsec) 1.70E-04 K Hazen (cm/sec) 253E-04 K Hazen (cmvsec) 3.7BE-04 K Hazen (cmisec) 296E-04 K Hazen (cmisec) 220€-04 K Hazen (cmvsec) 1.72E-04 K Hazen (cmisec) 417E-05 K Hazen (cmsec) 115E-04 K Hazen (cmisec) 755€-05 K Hazen (cmisec) 7.47E-05 K Hazen (cmisec) BB1E-05
K (fudav) 0.34 K (fuday) 065 K (fiday) 048 K (fday) 072 K (ftiday) 1.07 K (fuday) 084 K (fuday) 063 K (fudav) 049 K (f/dav) 0.12 K (fvdav) 0.33 K (fdav) 021 K(fdav) 021 K(fviday) 025
Sand (%) 1297 2600 1373 2024 4800 3663 3931 2765 1254 R85 1597 %72 3767
Sit (%) 81.45 7023 81.80 67.17 4895 59.98 5630 67.34 7363 60,64 7453 64.33 5286
Clay (%) 557 3 447 359 296 3.40 439 5.00 1384 679 951 995 9.46
}_ of K ]
Formation l_gcomun of K (cm/sec) —*—sm |# ot Samples |
[Brule BOE-05 6.1E-05] 13]




Porosity

Kozeny-Carman Coeff
Shape Factor

Effective Grain Size (cm)
Intrinsic Permeability (cm2)
Rho (g/cm3)

Viscosity (dyne-sec/cm2)

Gravitational Const (cm/sec2)

mmulic Conductivity K (cm/sec)
Porosity

0.438
48

6.5 Range6t0 84 Rounded6.1-6.6

0.001164539
1.8E-09

1.03

0016

980

1.1E-04

Range 4.5t0 5.1

Medium angular 7.4 - 7.5
Very Angular 7.7 - 8.4

Conductivity

Intrinsic

Porosity *

coefficient

Hydraulic (K) = Pclr'r‘:\:,:;‘i?ity

Permeability ( et ¥ (Shape Factor )‘,‘(,_Pmsi,yj)

Effective Grain
Size

X Density x Gravity

Viscosity

Upper Chadron Upper Chadron
0.35 0.35

Upper Chadron
0.35

Sieves Size/Number

Sieve Size (mm)

M-1635C Run 3, Sample 1

M-1624c Run 1

Retained (%)

0.00

0.00

0.00

Medium Sand

.738

403

.989

o]

44.359

ENEIES

94.567

04.100

37.824

352.534

392699

o[ [
N|N|O|O|W

1864.904 |F 269

1811.769 |

575.123

1574.950

1587.771|% 1.08

1453.795|%

1251.016

0.10

226.065 B 0.09

203.540|F

178.539

8587.092 | Sum(fi/(dli*0.404

Deff (mm)

7644.287

7327.286

0.0116 | Deff (mm)

0.0131 | Deff (mm)

0.0136

K (cm/sec)

4.3E-05 [K (cm/sec)
e

Sand (%)
Silt (%)
Clay (%)

K (ft/day)

K (m/day)

D10 (mm)

K Hazen (cm/sec
K (ft/day)

K Hazen (cm/sec
K (f/day)

28.79
61.01
10.20

0.12 K (fU/day)
0.04 K (m/day)
0.0116 D10 (mm)

1.36E-04 K Hazen (cm/sec
0.38 K (ft/day)

7.00E-05 K Hazen (cm/sec
0.20 K (fvday)

43.11
47.25

Analﬁls of K results

Formation
Upper Chadron

Geomean of K (cm/sec]
5.1E-05

STD
8.2E-06

# of Samples

5.4E-05 |K (cm/sec)

0.15 K (ft/day)
0.05 K (m/day)
0.0131 D10 (mm)
1.71E-04 K Hazen (cm/sec
0.49 K (ft/day)
8.83E-05 K Hazen (cm/sec
0.25 K (ft/day)

36.62
54.65
8.73

5.9E-05
0.17
0.05
0.0136
1.86E-04
0.53
9.61E-05
027




Porosity 0.35
Kozeny-Carman Coeff 48 Range 451051 Intrinsic  _ Porosity *
Shape Factor 6.5 Range 61084 Rounded 6.1 -6.6 Permeability oSy x ((Shape Factor_ (3. o)
Medium angular 7.4 - 7.5 goethcient ~ 1 Etfective Grain )
Very Angular 7.7 - 8.4 o
Effective Grain Size (cm) 0.0007421 Hydraulic Py * Demsity x Gravity
Intrinsic Permeability (cm2) 2.8E-10 Conductivity &) = Viscosity
Rho (g/cm3) 1.03
Viscosity (dyne-secicm2) 0016
Gravitational Const (cm/sec2) 980
M& 1.7E-05] Middle Chadron Middie Chadron
Porosity 0,35| 0.35i
M-1451c Run 2 M-1624c Run 2
Sieves Size/Number Sieve Size (mm) Retained (%) Retained (%)
6.35107| 0.00 0.00
4.75683 0.00 0.000 0.00 0.000
3.36359) 0.00 0.000 0.00 0.000
2.00000 0.00! 0.000§" 0.00 0.000
Medium Sand 18921 0.00 0.000* 2.23 1377
0.84090}* 1.24 1.200, 8.51 8.234
0.70711j= 2.40 3.061 jin 4.07 5.191
0.58460§" 192 2.911 )88 404 6.126§
0.50000}% 1.42 2.560p==x 3.97 7.158
0.42045|" 1.60 3.430° 3.55 7.611
Fine Sand 0.35355} 64 4.180F 254 6.474
0.297301¢ 263 7.970p 3.04 9.214
0.25000}= 246 8.864 2.40 8.643]
0.21022}% 267 11.439 2.3 9.898}
0.17678}% 282 14365 2.24 11.412
0.14865p" 277 16.7771% 2.14 12.963
0.12500§* 249 17.931§)F 1.98 14.260!
0.10511}= 226 19.351 % 1.83 15.671
#200 0.08839F .26 23.008§F 1.79 18.226]
0.07433}% 41 29.172p= 185 22.397
St 0.06250(F 2665] 36.701fF 1 27.781
0.05256 & 2863 45007 2.00 34.230
0.04419}80 2.80 56.972j% 2.13 43.345
0.03716} 3.04 73.546 2.28 55.167
0.03125)=8 3.28 94.3504E 2.43 69.908
0.02503 = 440 153.467{%" 3.22 112.324
0.02005)% 443 1928411 3.24 141.058}
0.01563 461 253.276 3.38 186.273]
0.01105)==" 5.86 429615 4.36 319.687
0.00781 5.69 589.737 435 450.912
0.00500]% 7.07 1078.859 5.63 859.231
N R 101
0.00098| 5.63 379040185 444 2989.622
0.00049 ¢ 2408.567§¢ 1.22 1641.807
0.00038 293.8841 0.08 174.092
13475.274 | Sum(fi/(dli"0.404" 10413.286
Deff (mm) 0.0074 {Deff (mm) 0.0096
1.7E-05 2.9E-05
K (fvday) 0.05 K (fUday) 0.08
K (m/day) 0.02 K (m/day) 0.03
D10 (mm) 0.0074 D10 (mm) 0.0096
K Hazen (cmi/sec) 5.51E-05 K Hazen (cm/sec) 9.22E-05
K (f/day) 0.16 K (ft/day) 0.26
K Hazen (cm/sec) 2.84E-05 K Hazen (cm/sec) 4 76E-05
K (fday) 0.08 K (ft/day) 0.13
Sand (%) 3299 48.50
Silt (%) 46.36 34.96
Clay (%) 2065 16.54
Analysis of K results
Formation |Geomean of K (cm/sec) |STD F of Samples
Middle Chadron | 2.2E-05] 8.29E-06 2




Appendix FF

Quarterly Water Level Data



MARSLAND WATER LEVELS

October 17, 2013
eneral round Level e from Ground To Level Depth ater Level Top Top
ell ID levation ement Point Measurement Point levation Coordinate Coordinate

Monitor 1 4101.5 1.8 3994 3703.9{ 1131520.7 429027.9
Monitor 2 4197.2 23 500.3 3699.21 1126362.4 439439.1
Monitor 3 4260.2 1.2 565.5 3695.9{ 11215187 446287.7
Monitor 4A 4326.3 34 634.3 3695.4] 1121344.1 450083.5
Monitor 5 4337.4 3.4 645.4 3695.4] 11192355 447734.4
Monitor 6 4213.8 2.6 518.2 3698.2{ 1124385.2 442856.5
Monitor 7 4243.2 3.1 548 3698.3] 1120757.2 440358.4
Monitor 8 4352.4 3.5 660.5 3695.4] 1117004.9 450973.8
Monitor 9 4364.6 2.42 669.7 3697.3]  1120642.7 456122.8
Monitor 10 4160.5 3.5 465 3699.0{ 11240179 435031.4
Monitor 11 41242 3.9 427.9 3700.2f  1129466.6 432062.9
CPW-2010-1 4259.8 1.6 565.3 3696.1 1121527.7 446224.8
CPW-2010-1A 4261.1 2.2 567 3696.3| 1121450.2 446202.0
BOW-1 4259.2 0.9 124.9 4135.2] 1121572.0 446250.5
BOW-2 4322.3 2.66 151.4 4173.6] 11213674 450154.1
BOW-3 4349.8 3 139.6 42132 1117056.4 450973.9
BOW-4A 4162.4 0.7 93.7 4069.4| 11245889 434717.3
BOW-5 4125.0 29 74 4053.9] 1129467.0 432093.7
BOW-6 4099.2 1.2 50.3 4050.1 1131536.4 429001.7
BOW-7 4247.6 0.8 155.6 4092.8| 11224492 442906.1
BOW-8 4366.4 2.9 74 4295.3] 1120638.9 456205.1
BOW-9 41449 1 74.6 4071.3] 1128100.5 436375.6
BOW-10 4196.7 1.1 113.8 4084.0f 11267084 440807.5
BOW-11 4091.0 0.9 374 4054.5| 11287089 426957.2
AOW-1 4260.6 1 126.4 41352| 11214843 446205.9
AOW-3 4351.1 0.9 142.2 4209.8{ 1117032.7 450950.3
AOW-4 4161.0 0.9 873 4074.6] 11240444 435036.8
AOW-5 41243 1.1 72 4053.4] 11294447 432092.1
AOW-6 4067.6 1 20 4048.6] 1132761.2 426945.1
AOW-7 42429 1{DRY HOLE N/A 1120713.3 440391.7
AOW-8 4364.2 0.8 71.7 4293.3|  1120636.6 456107.5
AOW-9 4145.3 1.1 74.9 4071.5{ 11279744 436369.7
AOW-10 4197.7 0.9 113.3 4085.3] 1126707.0 440838.5
AOW-11 4090.2 0.8 354 4055.6] 1128712.0 426919.7

Collected by TJ, LE




MARSLAND WATER LEVELS

January 21, 2014

General round Level nce from Ground To ater Level Depth Level Top Top

(Well ID levation ent Point Measurement Point st Coordinate Coordinate
Monitor 1 4101.5 1.8 402.3 3701.0) 11315207 429027.9
Monitor 2 4197.2 23 502.1 3697.4] 1126362.4 439439.1
Monitor 3 4260.2 1.2 566.6  3694.8] 1121518.7 446287.7
Monitor 4A 43263 34 636.6 3693.1 1121344.1 450083.5
Monitor 5 4337.4 34 647.4 3693.4] 1119235.5 4477344
Monitor 6 4213.8 2.6 520.2 3696.2] 11243852 442856.5
Monitor 7 4243.2 3.1 549.9 3696.4] 1120757.2 440358.4
Monitor 8 4352.4 3.5 663.6 369231  1117004.9 450973.8
Monitor 9 4364.6 2.42 674 3693.0f 1120642.7 456122.8
Monitor 10 4160.5 3.5 466.8 3697.2] 11240179 435031.4
Monitor 11 4124.2 25 4283 3698.4]  1129466.6 432062.9
CPW-2010-1 4259.8 1.6 567.3 3694.1 1121527.7 446224 8
CPW-2010-1A 4261.1 22 569 3694.3] 11214502 446202.0
BOW-1 42592 0.9 125 4135.1 1121572.0 446250.5
BOW-2 43223 1.4 150.1 4173.6] 11213674 450154.1
BOW-3 4349.8 0.7 137.2 42133] 1117056.4 450973.9
BOW-4A 4162.4 0.7 93.4 4069.7|  1124588.9 4347173
BOW-5 4125.0 29 74.9 4053.0{ 1129467.0 432093.7
BOW-6 4099.2 1.2 49.9 4050.5| 1131536.4 429001.7
BOW-7 4247.6 0.8 155.5 4092.9] 1122449.2 442906.1
BOW-8 4366.4 0.5 71.6 4295.3] 1120638.9 456205.1
BOW-9 41449 1 74.5 4071.4]  1128100.5 436375.6
BOW-10 4196.7 1.1 113.2 4084.6| 1126708.4 440807.5
BOW-11 4091.0 0.9 37.1 4054.8] 1128708.9 426957.2
AOW-1 4260.6 1 126.3 41353] 11214843 4462059
AOW-3 4351.1 0.9 142.4 4209.6) 1117032.7 450950.3
AOW-4 4161.0 0.9 87.1 4074.8] 1124044.4 435036.8
AOW-5 4124.3 L1 72.6 4052.8] 1129444.7 432092.1
AOW-6 4067.6 1 19.7 4048.9] 1132761.2 426945.1
AOW-7 42429 1{DRY HOLE N/A 1120713.3 440391.7
AOW-8 4364.2 0.85 71.8 4293.3| 1120636.6 456107.5
AOW-9 41453 L 73.7 407271 11279744 436369.7
AOW-10 4197.7 0.9 114.1 4084.5] 1126707.0 440838.5
AOW-11 4090.2 0.8 352 4055.8| 1128712.0 426919.7

* Water Level Measured using Level-trol instrumentation
Collected by TJ, LE




MARSLAND WATER LEVELS

April 22, 2014
General round Level from Ground To ater Level Depth [;v.t- Level Top Top Notes
well ID ti Point Measurement Point levation Coordinate Coordinate
Monitor 1 4101.5 1.8 404.1 3699.2 1131520.7 429027.9
Monitor 2 4197.2 2.3 503.9 3695.6 1126362.4 439439.1
Monitor 3 4260.2 12 568.6 3692.8 1121518.7 446287.7
Monitor 4A 4326.3 34 638.7 3691.0 1121344.1 450083.5
Monitor § 4337.4 34 649.3 3691.5 1119235.5 447734.4
Monitor 6 42138 2.6 522.1 3694.3 1124385.2 442856.5
Monitor 7 4243.2 3.1 551.8 3694.5 1120757.2 440358.4
Monitor 8 4352.4 3.5 665.7 3690.2] 1117004.9 450973.8
Monitor 9 4364.6 2.42 678.8 3688.2] 1120642.7 456122.8
Monitor 10 4160.5 3.5 467.8 3696.2 1124017.9 435031.4
Monitor 11 41242 2.5 430.1 3696.6 1129466.6 432062.9
CPW-2010-1 4259.8 1.6 569.3 3692.1 1121527.7 446224 8
CPW-2010-1A 4261.1 22 571 3692.3 1121450.2 446202.0
BOW-1 4259.2 0.9 124.8 41353 1121572.0 446250.5
BOW-2 43223 1.4 149.9 4173.8 1121367.4 450154.1
BOW-3 4349.8 0.7 137.1 4213.4 1117056.4 450973.9
BOW-4A 4162.4 0.7 91.3 4071.8 1124588.9 434717.3|*
BOW-5 4125.0 29 73.8 4054.1 1129467.0 432093.7{*
BOW-6 4099.2 1.2 49.4 4051.0 1131536.4 429001.7
BOW-7 4247.6 0.8 155.1 4093.3 1122449.2 442906.1
BOW-8 4366.4 0.5 71.4 4295.5 1120638.9 456205.1
BOW-9 4144.9 1 73.8 4072.1 1128100.5 436375.6|*
BOW-10 4196.7 1.1 112.8 4085.0 1126708.4 440807.5|*
BOW-11 4091.0 0.9 36.5 4055.4 1128708.9 426957.2
AOW-1 4260.6 1 126 4135.6 1121484.3 446205.9
AOW-3 4351.1 0.9 141.9 4210.1 1117032.7 450950.3
AOW-4 4161.0 0.9 86.6 4075.3 1124044 4 435036.8(*
AOW-5 41243 1.1 71.9 4053.5 11294447 432092.1{*
AOW-6 4067.6 1 19.7 4048.9 1132761.2 426945.1
AOW-7 42429 1{Dry Hole N/A 1120713.3 440391.7
AOW-8 4364.2 0.85 71.6 4293.5 1120636.6 456107.5
AOW-9 4145.3 1.1 75.5 4070.9 1127974.4 436369.7|*
AOW-10 4197.7 0.9 113.7 4084.9 1126707.0 440838.5|*
AOW-11 4090.2 0.8 34.6 4056.4 1128712.0 426919.7

* Water Level Measured using Level-trol instrumentation

Collected by TJ, LE, WB




MARSLAND WATER LEVELS

July 14,2014

General Ground Level Distance from Ground To Water Level Depth Water Level Surveyed Top  JSurveyed Top Notes
Well ID Elevation Measurement Point At Measurement Point Elevation East Coordinate |North Coordinate
Monitor 1 4101.5 1.8 405.6 3697.7| 1131520.7 429027.9
Monitor 2 4197.2 23 505.5 3694.0) 11263624 439439.1
Monitor 3 4260.2 1.2 570.0 3691.4] 1121518.7 446287.7
Monitor 4A 4326.3 34 640.1 3689.6] 1121344.1 450083.5
Monitor 5 4337.4 3.4 650.7 3690.1 1119235.5 447734.4
Monitor 6 4213.8 2.6 523.3 3693.1 1124385.2 442856.5
Monitor 7 4243.2 3.1 5533 3693.0] 1120757.2 440358.4
Monitor 8 4352.4 3.5 667.1 3688.8] 1117004.9 450973.8
Monitor 9 4364.6 24 680.1 3686.9] 1120642.7 456122.8
Monitor 10 4160.5 3.5 469.3 3694.7|  1124017.9 435031.4
Monitor 11 41242 2.5 431.7 3695.01  1129466.6 432062.9
CPW-2010-1 4259.8 1.6 570.8 3690.6] 1121527.7 446224.8
CPW-2010-1A 4261.1 22 572.4 3690.9] 1121450.2 446202.0
BOW-2010-1 4259.2 0.9 124.9 4135.2] 1121572.0 446250.5
BOW-2010-2 43223 1.4 150.0 4173.7] 11213674 450154.1
BOW-2010-3 4349.8 0.7 137.2 4213.3]  1117056.4 450973.9
BOW-2010-4A 4162.4 0.7 90.4 4072.7|  1124588.9 434717.3|*
BOW-2010-5 4125.0 2.9 73.0 4054.9]  1129467.0 432093.7]*
BOW-2010-6 4099.2 1.2 49.6 4050.8] 1131536.4 429001.7
BOW-2010-7 4247.6 0.8 155.2 4093.2| 11224492 442906.1
BOW-2010-8 4366.4 0.5 71.3 4295.6] 1120638.9 456205.1
BOW-9 4144.9 1.0 74.6 4071.3| 1128100.5 436375.6/*
BOW-10 4196.7 1.1 112.7 4085.1 1126708.4 440807.5(*
BOW-11 4091.0 0.9 36.9 4055.0f  1128708.9 426957.2
AOW-1 4260.6 1.0 126.3 41353] 11214843 446205.9
AOW-3 4351.1 0.9 142.2 4209.8] 1117032.7 450950.3
AOW-4 4161.0 0.9 86.5 4075.4] 11240444 435036.8|*
AOW-5 41243 1.1 71.8 4053.6] 11294447 432092.1]*
AOW-6 4067.6 1.0 194 4049.2| 11327612 426945.1
AOW-7 4242.9 1.0|DRY HOLE N/A 1120713.3 440391.7
AOW-8 4364.2 0.9 71.5 4293.6] 1120636.6 456107.5
AOW-9 4145.3 1.1 76.0 4070.4] 11279744 436369.7
AOW-10 4197.7 0.9 113.5 4085.1 1126707.0 440838.5|*
AOW-11 4090.2 0.8 34.8 4056.2]  1128712.0 426919.7

* Water Level Measured using Level-trol instrumentation

Collected by LE, WB






