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Introduction 
 
This Section 20, Tier 2 soils analysis was conducted on Whitetail Creek, tributary to the 
Little Powder River, tributary to the Powder River in Campbell County, Wyoming.  As 
per Wyoming Department of Environmental Quality (WDEQ) guidelines, an 
investigation and analysis is required in drainages with irrigation uses that receive 
discharge from coal bed natural gas co-produced water.  Irrigation within these drainages 
can be either artificial or natural.  This Section 20, Tier 2 soils analysis satisfies this 
requirement as outlined in Wyoming’s Agricultural Use Protection Policy (Chapter 1, 
Section 20, Water Quality Rules and Regulations). 
 
 

Background 
 
The project area investigated on Whitetail Creek is located in Township 55 North, and 
Ranges 71, 72, and 73 West.  The location map in Appendix A shows the project area, 
land ownership, soil sampling locations, harvested bottomland and wetland areas.  Arial 
photo maps are also included in Appendix A.  
 
Irrigated bottomlands along Whitetail Creek and the focus of this soils investigation are 
located in Section 1, Township 55 North, Range 73 West, and Sections 5, 6, 8, and 9, 
Township 55 North, Range 72 West.  A harvested parcel of land located in Section 5, 
Township 55 North, Range 72 West was not included in this soils investigation due to its 
unlikelihood of being affected by Whitetail Creek.  The soil sampling site names and 
surveyed locations are listed Appendix B. 
 
An enhanced vegetated area was investigated in Sections 16 and 17, Township 55 North, 
Range 71 West.  This area was found to be a naturally occurring wetland with no 
agricultural beneficial use.  Soil samples were not collected.  Photos of this site are 
attached in Appendix D. 
 
There is no USGS data available for Whitetail Creek.  The closest USGS station is 
number 06324950 located on the Little Powder River below Elk Creek near Weston, 
Wyoming.  This sampling station is located approximately four stream miles downstream 
of Whitetail Creek’s confluence with the Little Powder River.  Monthly samples have 
been collected at this location since July 2004.  A summary table and graphical 
presentations of the sampling results are attached in Appendix C. 
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Site Investigation 
 
Soil samples were collected at two harvested bottomland areas along Whitetail Creek.  
The Harris project area, with seven sampling locations in Sections 8 and 9, Township 55 
North, Range 72 West, was sampled on May 18, 2007.  There was also a water sample 
taken from Whitetail Creek on this date.  The Upper Whitetail project area has seven 
sampling locations in Section 1, Township 55 North, Range 72 West.  This area was 
sampled on April 18, 2008.  Sample site location information is attached in Appendix B.  
Appendix C contains laboratory reports and Appendix D contains photos taken during 
field visits.  
 
Observed vegetation species were noted during field visits.  At the Harris project area, the 
vegetation observed included downy brome, smooth brome, basin wildrye, annual 
mustard, alfalfa, timothy crested wheatgrass, dandelions, western wheatgrass, and mush 
thistle.  At the Upper Whitetail project area, vegetation included crested wheatgrass, 
smooth brome, Kentucky bluegrass, alfalfa, and downy brome.  The vegetation observed 
in the hay meadows was at stubble length.  Therefore, the identification was based on 
residual plants from the previous growing season.  Alfalfa ranged from 0-30% at each 
soil sampling site. 
 
Soil was collected and analyzed in twelve inch increments from ground surface (0”) to a 
depth of four to six feet, depending on the depth to groundwater.  Both physical and 
chemical properties of the soil were analyzed.  Physical properties include optimum 
moisture content, percent saturation, and soil texture.   The chemical parameters analyzed 
include pH, specific conductivity (EC), sodium, calcium, magnesium, sodium adsorption 
ratio (SAR), cation exchange capacity (CEC), and exchangeable sodium percentage 
(ESP).     
 
 

Results and Analyses 

Soils 
 
Soil content varied at each location and depth.  Overall, the soils analyzed are primarily 
silty-clays or loams.  In the Upper Whitetail sampling area, the silt content was an 
average of 55%, with an average clay content of 25% and average sand content of 15%.  
In the Harris sampling region, the average silt content was 45%, while clay averaged 
around 25% and sand 35%.    
 
Graphs illustrating the soil chemistry are attached in Appendix B.  Parameters include 
specific conductivity (EC), pH, sodium adsorption ratio (SAR), cation exchange capacity 
(CEC), and exchangeable sodium percentage (ESP).  Soil parameters are graphed using 
bar charts to show the variance in concentration at each soil depth interval.  Also included 
are bar charts illustrating the average concentration of each parameter by site.  Two 
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additional graphs were assembled for EC and SAR results which averages the soil 
parameter of all sites at a specific depth interval.   
 
EC and SAR were evaluated to determine the salinity and sodicity of the soil samples 
collected.  The Salinity Laboratory Classification (1954) guidelines were used to 
determine the soil salinity and sodicity.  Average EC values were calculated for each 
depth interval collected in the Harris and Upper Whitetail sampling areas.  Soils in the 
0”-12” range have an average EC of 2,304 µmhos/cm.  The average EC for soil intervals 
greater than 12” range from 4,220 to 5,793 µmhos/cm.  Soils with EC values greater than 
4,000 µmhos/cm are classified as saline soils.  Average SAR values were also calculated 
at varying depths to determine sodicity.  Average soil SAR values for each depth interval 
range from 2.6 to 5.1.  Soils with SAR values less than 13 are classified as non-sodic.   
 
The parameter of interest for determining Wyoming Pollution Discharge Elimination 
System (WYPDES) permit irrigation protection limits is EC saturated paste (µmhos/cm).  
The calculation table used by the WDEQ to determine EC and SAR limits is attached in 
Appendix B.  This calculation table averages the EC results to determine an “observed 
average”.  The data set collected for the Whitetail Creek project area yields an observed 
average of 4,578 µmhos/cm.  The average deviation for this data set is 3,338 µmhos/cm.  
Using this average deviation and a 95% confidence interval yields a confidence value of 
965 µmhos/cm.  Subtracting this confidence value from the observed average yields an 
adjusted average EC equal to 3,613 µmhos/cm.  Wyoming’s Agricultural Use Protection 
Policy defines the relationship between soil EC and water EC as: 

ECsoil = 1.5 x ECwater 
 

Given this relationship, the average EC value for water used to irrigate the soils sampled 
along Whitetail Creek can be calculated using the following: 

ECwater = ECsoil 
           1.5 
Given the relationship derived above and the adjusted average soil EC (3,613 
µmhos/cm), ECwater equals 2,409 µmhos/cm. 
 
Maximum allowable SAR is determined by the “Hanson etal. (1999) Chart” as stipulated 
in the Agricultural Use Protection Policy.  This chart establishes allowable SAR based 
upon the conductivity (EC) of the water.  The numerical representation of the maximum 
SAR in “no reduction in rate of infiltration” zone is: 

SAR < (0.0071 x EC) – 2.48 
Using this formula, the allowable SAR at the maximum EC value of 2,409 µmhos/cm is 
14.6. 
 

Water 
 
Water data available at the USGS station 06324950 located on the Little Powder River 
below Elk Creek near Weston, Wyoming, was analyzed for seasonal trends and general 
water quality.  Data was collected at this station from July 2004 through April 2008 and 
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is attached in Appendix C.  Also in Appendix C are graphs showing the data plotted over 
time and by monthly average over the period of record.  As expected, during periods of 
peak flow, typically during spring months, specific conductivity (EC) and total dissolved 
solids (TDS) values decrease.  EC ranges from 588 to 4,300 µmhos/cm.  On average, EC 
values are around 3,000 µmhos/cm.  TDS ranges from 404 to 3,860 mg/L with an 
average value of 2,300 mg/L.  The sodium adsorption ratio (SAR) also tends to be 
slightly higher during periods of reduced flow and lower during periods of increased 
flow.  SAR values range from 1.7 to 11 with an average of 6.2.   

 

Summary and Conclusions 
 
This Section 20, Tier 2 soils analysis presents the soil conditions found in the Whitetail 
Creek drainage and assists the WDEQ in developing WYPDES permit water limits for 
coal bed natural gas co-produced water discharges to this same drainage.  This study was 
prepared in accordance with Agricultural Use Protection Policy, Chapter 1, Section 20. 
 
The soils found in the Whitetail Creek project area are silty-clay and loam deposits which 
are moderately saline and non-sodic.  Established statistical analysis was used for 
developing surface water EC and SAR irrigation protection limits.  According to this 
analysis, the proposed WYPDES permit EC limit is 2,409 µmhos/cm, which corresponds 
to a maximum allowable SAR of 14.6.  However, actual SAR limits will be based on EC 
values of the discharged water and the “Hanson Chart” relationship defined above.  
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NOV-27-2007 12:12 FR0M:RRCRDIS 13076845961 T0:GREYSTONE CHEYENNE P:3'17 

ENERGY LABURA?VRdES, INC. 400 West Boxelder Road GGilef ffe, WY WY7M 
307-686-7175 86#8&7175 - 307682-462'5 JGX ..gr7/ett&dli~rgflbb.~orn 

--." .... . - -  -- . . - . . . - 
LABORATORY ANALYTICAL REPORT 

Client: Arcadis US Inc 
~rolsct: Harris POD Whitetail Cr Soil 
Client Sgmple ID: Hanis-1-43 Composite 
Location: 12" to 24" 3 e 6  [>Chad$ 
Semp FRWType: 
Lab fD: G07050683-002 

Report Date: 0610W07 
Colleaion Date: 05/18/07 

DateReceived: 05/18/07 
Matrix: Soil 

Sampled By: Dave Huber 

MClJ 
Anelyses Resun Units Qualifier RL QCL Method Analysis Date I By 

CHEMICAL CHARACTERISTICS 
Sodium. Exlmctable 
Cation Exchefye Capacity 
E ~ c h ~ r y l ~ b l e  Sodium Percentage 

PHYSICAL CHARACTERISTICS 
Sand 
SIlt 
Cl0.y 
~wur~ 

SATURATEDPASTE 
Satuntlon 
WH, oat. pasts 

SO1L:WATER-PASTE EXTRACT 
Condublvlty. sat. paste 
Calclum, sat. paste 
Megnoslum, sat. paste 
Sodium, sat paste 
Sodlurn Adsorpflon Ratio (SAR) 

Ackuca* 2 

MRe Bucfwiz 
k$?cl  Manager 

% 
S.U. 

SW6010B 0 5 ~ 1 0 7  12:22 / elih 
SW6010B 05/31/07 09:16 1 eli-h 
USDA20a 05/29/07 1439 r eli-h 

ASAl5-5 05/29/07 14:19 1 ell-h 
ASA15-5 05/29/07 14:19 / ell-h 
ASAl5-5 05/29/07 14:19/ elih 
ASA15-5 05/29/07 14:lQ / eli-h 

USDA27a 05/29/07 14:19 1 eli-h 
ASAM109.2 05129107 14:19 / eli-h 

ASAM1 0-3 05/29/07 14!19 1 eli-h 
SWBOlOB 08/01/07 0&40 / eli-n 
SWBOlOB OBlOllTJ7 08:m I el;-n 
SWBOlOB 06/01/07 08:QO / eli-k 
Calculallon 05/29/07 1419  1 el ih 

Report RL - Analyte reporting limll. 
l3cfinltions: QCL - Quality control llmlt 

MCL - Maximum contaminant level. 
ND - Not detected at the reporting limit. 



NOV-27-2007 12:12 FR0W:RRCRDIS 13076845961 T0:GREYSTONE CHEYENNE P:4/17 

flYERGYLABORA7ORlEs; / .  6 400 Wesr Boxefdw Road Gi/Iottette WY82778 
9a7-6txi6-1775 866-686-77 307-082-4625 hx *gl/8fl@bw~rg~Ib.cMt 

@==== .- 
LABORATORY ANALYTICAL REPORY 

Client: ArcaOis US Inc 
Project: Harris POD Whitetail Cr Soil 
Client Sample ID: Harris-1 -4-5 Composite 
Location: 24" to 36" 
$amp FRQmype: 
Lab ID: 607050683-003 

Report Date: 06/06/07 
Collection Date: 0511 8/07 

DateReceived: 05/18/07 
Matrix: Sail 

Sampled By: Dave Huber 

MCLl 
Result Units Qualifier RL QCL Method Analysis Date I By 

CHEMICAL CHARACTERISTICS 
Sodium, Extract~ble 
Callon Exchanm Capacity 
Exchangaabk Sodium Percentage 

PHYSICAL CHARACTERISTICS 
Sand 
Sill 
Clay 
Texture 

SAWRATEDPASTE 
s~P,IJmtlMl 
pH. sit. Pests 

S0IL:WATER-PASTE EXTRACT 
Canducllvlly, 91%. p8Ste 
Calclum, sat paste 
Magmfislum, sat. paste 
Sodlurn, sal. paste 
Sodium Adsorptlan Aatio (SAR) 

m k  B W l z  
Project Manager 

% 
S.U. 

mmhoslcrn 
meqL 
meqiL 
rnealL 
unitless 

05129107 12:30 1 eli-h 
05/31/07 0B:lS I eli-h 
05/29/07 14:19 1 eli-h 

05QQl07 14:19 1 eli-h 
05/29/07 74:19 1 eli-h 
05/29/97 143 9 1 eli-I't 
05/29/07 143 9 / eli-h 

05/29/07 I419 / ell-h 
05/29/47 1&lg I eli-h 

05/29/07 1438 / eFh 
06101107 08:43 1 eli-h 
06/01/07 08;43 1 eli-h 
OW01/07 08;43 1 eli-h 
051291M 1479 1 dl-h 

Report RL . Analyre reporting limit 
mnitions: QCL Quality control limit 

MCL - Maximum contaminant level. 
ND - Not detected at the reporting limit. 



NOV-27-2087 12:13 FR0M:RRCRDIS 13076845961 T0:GREYSTONE CHEYENNE P:5/17 

RVERCY LABOUA fORPES, INC. 400 WWest Boxelder Road G i I I . ,  W 8 2 7 7 B  
307-696-7175 - 866-CZB&7775 - 307-682-4625 1Ssx gi/lett&energflab.com 

Client: Arcadis US Inc 
Projccl: Werrls POD Whitetail Cr Soil 
Client Sample ID: Harris-7-43 Composite 
Location: 36' to 48" 
Snmp FRCl/Type: 
Lab ID: G07050683-004 

Report Date: 06/06/07 
Collection Date: 0511 8/07 

DeteRecelved: 05/78/07 
Matrix: Sail 

Sampled By: Dave Huber 

MCU 
Analyses Result Units Qualifier RL QCL M e t w  Analysis Date I By 

CHEMICAL CHARACTERlSTlCS 
Sodium. Einraclable 
Cgtlon Exchanga Capaclfy 
Ewh~ngoable Sodium Percentage 

PHYSICAL CHARACTERISTICS 
Sand 
Sllt 
Clay 
Text~rrtr 

S0IL:WATER-PASTE EXTRACT 
Conduct.lvity. sd. pnste 
Calclum, sat. paste 
Magnoslum, sat. paste 
Sodlum, sat. paste 
Sodium Adsorpdon Ratio (SAR) 

Mchfb Bucholz 
Rojec2 Manager 

SW60108 05/29/D7 1232 1 sli-h 
SW60108 05I31107 09;21 1 eli-h 
US bA20a 05/29/07 14:19 I. elih 

ASAl5-5 OY29/W 14: 19 1 eli-h 
ASA15-5 05/29/07 1499 1 ell-h 
ASAl.5-5 05/29/07 l&79 I eli-h 
ASA15.5 05/29/07 14:19 1 eli-h 

USDM7 a 05/29/07 14: 19 / eli-h 
ASAMlOJ.2 05/29/07 ?4;19 / eli-h 

ASAMI 0-3 OW9107 14:19 1 eli-h 
SW6010B 0f3/01/07 O&QB l ell-h 
SWBOlOB 06/01/07 08:4B I ell-h 
SW801 OB 06101107 OR46 1 elf-h 
Calculation 05/2W7 1419 1 eli-h 

Report. RL - AnalytQ reporring limit. 
Defi niGom: OCL . Qualiv control limit. 

MCL Maximum contaminant level. 
NO - Not datected at the reporting limit. 



NOV-27-2007 12:13 FR0M:RRCRDIS 13076845961 T0:GREYSTONE CHEYENNE P : 6 / 1 7  

ENERGY MBORA7WRtSS,/NC, 400 West Boxe/&r Road - Gi//ef@* W82718 ! 

m7-6'86-7175 ~8664986-7775.307-6824%% f gi/ktteOen~/9y~db~mm - ... . . . . . - . . . . - . , . ..- .. - . ....- 
LABORATORY ANALYTICAL RE PORT 

Client: Afcadis US Inc 
Project: Hams POD Whitetail Cf Soil 
client Sample ID: Harris-1-43 Composite 
Location: 48" to 6 0  
Sarnp FRQnype: 
tab Im G07050683-005 

Report Date: 06/06/07 
Callectien Dete: 091 8/07 

DateReceivod: 0511 8/07 
Matrix: 

Sampled By: Dave Huber 

MCV 
ResuR Units Qualifier RL QCL Method Analysis betel By 

CHEMICAL CHARACTERISTICS 
Sodlum, E~mctable 
Cation Exchmge C A P R C ~ ~ ~  
Exch~ngeabls Sodium Percentage 

PHYSICAL CHARACTERISTICS 
Sand 
Silt 
Clay 
TBXIU~B 

SAtURATEDPASTE 
Sebmtlon 
pH. 6ar peete 

SW60108 0UZW07 12:35 1 eli-h 
SW6010B 05/31/07 09:24 / elih 
USDA20a 05/29/07 14:lQ I ell-h 

ASA15-5 0/2Si07 14:19 1 eli-k 
A S A 1 5 5  05/29/07 1439 1 elih 
ASA15-5 05/29/07 141 9 / eli-h 
ASA15-5 05/29/07 14:19 1 ell-h 

USDA27a 05/29/07 14:18 1 eti-h 
ASAMTO-3.2 05/29/07 14:19 / eli-h 

S0IL:WATER-PASTE EXTRACT 
Conmnlvl?y, bet. pfctte 6.33 rnmhos/crn 0.01 ASAM10-3 05/29/07 14:19 1 eli-h 
Cal~lum, sat. paste 242 meqR 0.05 SWBOlOB 06101107 08148 / erih 
Magndlslm, sat. paste 34.9 meqlL - . 0.08 SWBOlOB 06/01/07 08:4€! / eli-h 
Soalum, sat. paste 26.8 m e q n  0.04 SWBOIOB 06/01/D7 08:&8 / eli-h 
Sodlum Adsorption Ratio (SAR) 4.9 unkless 0.01 Calculation 05/2@/0714:18/eli-h 

FtWeIle Bucbolz 
Project Manager 

Repoft RL - Analyta reporting limit. MCL - Maximum mtaminant levsl. 
OeFinitl~ns: QCL - [luality con~rol limit ND - Not detecred at the reporting limn. 



NOU-27-2007 12:13 FR0M:RRCRDIS 13076845961 T0:GREYSTONE CHEYENNE P:7'17 

. ENEROY LABOR4TOREES, /#C. * 4400 West Boxelder Rwd Glllette. W827l8 
307-G86-7775 - 886-688-7175 307-682-4625 fa r gl~em@energy.@b. corn 

.-- - - . - . . . -- -- - - --. -. . . . . . . - . - . - - . - . - - -, --- - - . - . - . . . - - . . . . . - 
LABORATORY ANALYTICAL REPORT 

Client: Arcadis US Inc 
Project: Harris POD Whitetail Cr Soil 
Client Sample ID: Hams-1 -4-5 Composite 
Lacation: 60" to 72 
Samp FRmype: 
Lab ID: G070506B3-006 

Report Date: OW06107 
Collection Date: 05/18/07 

DateReceived: 05/18/07 
Matrix: Soil 

Sampled By: Dave l-bber 

MCU 
nnalysbs Resdt Units Qualifier RL QCL Method Analysis Date I By 

CHEMICAL CHARACTERISTICS 
Sodium, Extractable 2.43 rne@100g 
Catlon Exchmga Capacity 16.3 meqll OOg 
Exenangeabre Sodium Percentage 8.9 % 

PHYSICAL CHARACERlSTtCS 
Sen0 42 % 
Slll 39 36 
Cle y 19 % 
Ter~um L unitfess 

SATURATED PASTE 
Satumtlon 
pH. .sat Q ~ H Q  

0.04 SWeOlOB 05k9/07 12:38 / eli-h 
0.09 SW60108 05/31/07 0927 1 eli-h 
0.1 USDA2Oa 05/29/07 14:19 1.eli-h 

1 ASAl5-5 05/29/07 14:19 1 ell-h 
1 ASA15-5 0!5/29/07 14:19 1 elf-h 
1 ASA1- 05/29/07 16:lg / eli-h 

ASAl5-5 05/29/07 1 &TP 1 e1i-h 

0.1 USOA27a 05/29/07 14:19 1 elih 
0.01 ASAM10-3.2 O5R9/07 14:19 / eli-h 

S0IL:WATER-PA$= EXTWACT 
ConductMty, srrt. paste 5.93 mmhOSlhn 0.01 ASAMIO-3 05/29/07 14:19 1 eli-h 
Calclum, sat paste 23.1 mec& 0.05 SW6010B 06/01/07 08:51/ eri-h 
Mqnoslum. sat. paste 30.4 me$. 0.08 SW60108 06/01/07 08;511 elih 
Sodium. sat, pas10 23.4 me* 0 .M  SWBOIOB OB!O1/07 08:51/ eE-h 
Sodium Adwrp~on Ratio (SAR) 4.5 unitless 0.01 Calculallon 05/28/07 14:19 / e r i  

W l l e  Eucholz 
Project Manager 

--.- 
Report RL - Anslyte repo~ting limit. MCL - Maximum contaminant level. 
DdifiHion*: QCL - Quality control limit. ND . Not detected at the reporting limit, 



T0:GREYSTONE CHEYENNE P:8'17 

ENERGY U(BORAIOR,ES, WC. 0 do0 West BoxeM# Road Giltette. W 82778 
307-8867775 866-686-7775 307-682-4625 fax * g,//ette@enegflab.com 

k4EWmmw - . . . - . -. . - .. . .- .. - ......- .- 
LABORATORY ANALYTICAL REPORT 

Client: Arcadis US Inc 
Project: Harris POD Whietail Cr Soil 
Client Sample ID: Ham's-2 
Location: 0" to 12" 
Samp FRQnLpe: 
Leb ID: G07050683-007 

Report Date: 06/06/07 
Colleation Date: 0511 8/07 

DateReceived: 091 8/07 
Matrix: Soil 

Sampled By: Dave Huber 

MCU 
AnalyaH Result Units Qualifier RL QCL Method Analysis Date I By 

CHEMICAL CHARACTERISTICS 
Sodlum, Exlraaable 
Cation Eahange Capacity 
Exchaflgrsble soulurn Percentage 
Ogsnlc Matter 

PHYSICAL CHARACT EAISTICS 
Sand 
Sill 
Clay 

.26'reXlu= 

SATURATED PASTE 
Smur~xlon 
pH. .sat, pasto 

S0IL:WATER-PASTE EXTRACT 
ConductMty, sat, paste 
Caldum, oat. paste 
Magneslum, set. p6.m 
Sodium. sat. pa& 
Sodium Adsorprlon Ratio (SAR) 

3.52 meqtl oog 
23.4 meqll00g 
8.7 % 

2.46 % 

yam p/mC69/ .~ /7  

7.87 mmhoslcm 
21.3 heqR 
41 .a mealL 
35.5 mecJL 
6.3 unitless 

SWBO1OB 05/29/07 12:40 / eli-h 
SW601OB 05/31/07 09~29 / eli-h 
USDA20a 05/29/07 14:19 1 eli-h 
ASA293 05t28/07 1208 / elbh 

ASAl5-5 05/29/07 1 a:? 9 1 ell4 
ASAl5-5 05/29/07 14~19 / eli-h 
ASA15-5 05/29/07 14;19 / eli-h 
ASAl5-5 05/29/07 14119 1 eli-h 

ASAMIO-3 05/29/07 1418 / eli-h 
SW6010B 06/01/07 08:S 1 eli-h 
SW60106 06/01/07 0 8 : s  / eS-h 
SWB010B 06101107 08;54 /en-h 
Calculation 05/29/07 1439 1 eli-I? 

Report RL - Analyte reporting 6mA MCL - Madmum contaminant level. 
bbfinffbns: QCL - Quality control llrnlt. NO - Not detected at the r m n g  limit. 



NOU-27-2007 12:13 FR0M:QRCRDIS 13076845961 T0:GREYSTONE CHEYENNE P : 9 / 1 7  

E/VERGVLA80~AITpRfESC /MC. AW M s t  Boxelder Road GIlIeff~, WY 62778 
307-686-7775 8G8-686-7175 P 307-6824625 f&x grYbfte@enelgflab.com 

. . -  .. - . 

LABORATORY ANALYTICAL REPOW 

Client: Arcadis US Inc 
Project Harris POD Whitetail Cf 
Client Ssmplc II): Hawis2 
Locblion: 12" to 24" 
Sarnp FRQRype: 
Lab ID. GO7050683408 

. Soil Reporf Date: 06/06/07 
Collection Date: 0511 8/07 

DateReceived: 05M 8107 
Matrix: 

Sampled By: Dave Huber 

M W  
Anelysas Result Units Qualifier RL QCL Method Analysis Date I By 

CHEMICAL CHARACTERISTICS 
Sodlum, Extractable 
Cation Enchango Capacity 
Exchangeable Sodlum Percentage 

PHYSICAL CHARACTERISTICS 
Sand 
Sin 
Clay 
TeKIuw 

SATURATEDPASTE 
S~tumtlon 
pH, Sat. p81sfa 

S0IL:WAlER-PA$= EXTRACT 
Condudlvlty, sat. paste 
Celclum. sat. paste 
Magnerlum. ser. pasre 
Sod;um, sat. paste 
Sodiilm Adsorption Retlo (SAR) 

.wUe %uc)lolr 
h jec l  Manager 

% 
S.U. 

SW6010B 05129107 12:43 1 eli-h 
SW6OlOB 05/31/07 0932 1 ella 
USDA2Oa 05/29/07 14!19 Ieli-h 

ASAl5-5 05/28/C)7 14:19 1 ell-h 
ASAT55 05EW07 14:lS / elCh 
ASA15-5 05/291(57 14:lQ 1 eli-h 
ASAl5-5 05/29/07 14:lS I @I-h 

USDA27a 05/29/07 14:19 1 eli-h 
ASAM10-3.2 05/29/07 1419 1 ell-h 

ASAM163 05/29/0? 14:19 1 eli-h 
sw60108 OglO1/07 08156 / eli-h 
SW6010B 06/01/07 0856 1 eli-h 
SW60106 06/01/07 0856 / eli-h 
Calculation 05/29/07 143 9 1 cdli-h 

L 

Reporl RL - Analye reporting nmit MCL - Maximum comminant level. 
mfiniti~n*: QCL - Qu~lity conlrol limit. ND - Noi detectad at the reportlg limit. 



NOV-27-2007 12:13 FR0M:QRCRDIS 13076845961 T0:GREYSTONE CHEYENNE P:10/17 

7 EWERGY ILnBORAtDRiES, INC. - 4400 West Boxdder Road Gi/l&, WYM778 
3U7-686r777.5 - 866-686-7775 - 307-~3%-4625 fax @lleite@en~ab.com 

LABORATORY ANALYTICAL REPORT 

Client: Arcadis US Inc 
Project: Hams POD Whitetail Cr Soil 

CIiem Sample ID: Harris-2 
Location: 24" to 36" 
$amp FRQfQpe: 
Lab ID: G07050683-009 

Report Date: 06106m7 
Collection Date 0511 8/07 

DateReceived: 05/18/07 
Matrix Soil 

Sempled By: Dave Huber 

MCU 
Result U n k  Qualifier RL QCL M e t h o d  Analysis Date 1 By 

CHEMICAL CHARACTERISTICS 
Sodium. E#raaable 
Catlon Erchenge Capaclry 
Erchangasbla Sodlum Percentage 

PHYSICAL CHARACTERISTICS 
Sand 
Silt 
Clay 
Texture 

SATURATED PASTE 
SahrraHon 
pH. vat. posm 

S0IL:WATER-PASTE EXTRACT 
Conductivlly. sat. paste 
Calclurn, ciaL paste 
Magnesium, sat, paste 
Sodlum. sat, paste 
Sodillm Adsorption Ratio (SAR) 

W l k  Buchclz 
ProEect Manager 

% 
S.U. 

SW60108 05/29/07 12:46 / elCh 
SW6010B 05/3i/w 09:40 / eh-n 
USDA2Oa O5/2D/07 1 4 7  D / eli-h 

ASA15-5 Q5129107 14:lW 1 elr-h 
ASAl5-5 05/28/0774:191eli-h 
ASA15-5 05RW07 14:19 1 eli-h 
ASAlS-5 0W29/07 1439 / e l i  

USDA27a 65/29/07 1419 1 eli-h 
ASAM10-3.2 05/29/07 16:18 1 eli-h 

ASAMlO-3 05/29/07 14:19 I elih 
SW60108 06/01/07 08:59 1 ali-h 
SW6010B 06/01/07 08;S9 1 eli-h 
SW6010B 06/01/07 08:59 1 eli-h 
Calculation 05/29/07 1439 1 eli-h 

- 
R ~ p a r t  A L  - Analyte mporting Ilmlt 
oefinltlons: QCL - Qualily control limit 

MCL - Maxhnurn contaminant level. 
N D - Not detected at the reporting limit. 



NOV-27-2007 12:13 FROMZRRCRDIS 13076845961 T0:GREYSTONE CHEYENNE P:11/17 

ENmC Y P/rBORATOR/ES, INC. 400 W s t  Soxe/der Road - Gi/ktte,. WY 62778 
307--68s-7175 r 866M-71S * 307-682-4625 fax g///~tt&emy/&.cam 

, .- . . . - . . 
LABORATORY ANALYnCAL REPORT 

client: Arcadls US tnc 
Project: Hams POD Whiletail Cr Soil 

Client Sample ID: Harris-7 
Location: 0" to 12" 
Samp FRQ-: 
Lab ID: 007050603-01 0 

Report Date: 08/06/07 
Collection Date. 05/l8/07 

DateReceived: 0511 8/07 
Matrix: Soil 

Sampled By: Dave Huber 

MCV 
Result Units Qwlifier RL QCL Method  Analysis Dste I By 

CHEMICAL CHARACTERISTICS 
Sodium, EMrectable 0.40 meqll OOg 
Cetlon Exchanp Capacity 24.1 rneqfiOOg 
Exchangeable Sodium Percemge 1.5 % 
Orggnic Matter 2.53 % 

PHYSICAL CHARACTERISTICS 
S ~ n d  35 O h  

silt 42 % 
Clay 23 % 
Tawhrrts L unltless 

SATURATED PASTE 
Saturntion 
pH. sat. paste 

0.04 SW661OB 05/29/07 1 2:48 1 oli-h 
0.09 SW6QlOB 05/31/07 09!43 I eli-h 
0.1 USOA2Da 05129107 14:ls 1.eli-h 
0.02 ASA29-3 05/29/07 12:06 1 eli-h 

1 ASA15-5 05129107 14:19 1 eli-h 
1 ASAIS-5 05/29/67 14:19 1 eli-h 
1 ASAl5-5 05/28/07 1439 1 eli-h 

ASA15-5 05129107 la:l9 I ell-h 

0.1 USDA27a 05/29/07 141 9 I ell-h 
0,Ol ASAM10.3.2 05/29/07 1419 1 eli-h 

SOILWATER-PASTE EXTRACT 
ConducUvlty, o ~ t .  pasto 0.60 mmhodcm 0.01 ASAMl(L.3 05/29/07 1419 / eli-h 
Celclum. sat. pasM 4.08 meq/L 0.05 SWBOlOB 06/01/67 O9!07 I eli-h 
Magnedurn, gal. paste 1.17 meq/L 0.08 SW601OB 06/01/07 0907 1 e1i.h 
Sodbm. sat paste 0.79 meqk 0. W SW601 OB 08/01 107 09;07 1 eli-h 
8odlum Adso~lion Ratlo (SAR) 0.49 unffless 0.01 Caaulation 05129f07 14:19 I e~i-h 

Rapart RL - Analyte reporting limit MCL - Maxlmum contaminant level. 
Dfinf*onS: QCL - Ouallfycbnlrol limit. ND - Not detected at the reporring limh 



T0:GREYSTONE CHEYENNE P:12'17 

ENERGY LCISDRATOR/€S, INC. - 400 wet Boxelder Road Gilletfn. WYM718 1 - m  mmnz5 - H - n z i  0 3or-mp-mz5 d / , e m n m % ~ a b m  
-. - .- - 

LABORATORY ANALYTICAL REPORT 

Client: Arcadis US InC 
Project: Harris POD W hltetail Cr Soil 
Client Sample ID: Hatlts-7 
Location: 12" 10 24" 
Semp FRQnypo: 
Lab ID: G070506BB-011 

Report Date: 06/06/07 
Collection Date: O M  8/07 

DateReceived: 0511 8/07 
Matrix: Soil 

Sampled By. Dave Huber 

MCU 
matyse?, Result Units Qualifier RL QCL Method Analysis D m  I By 

CHEMICAL CHARACTER~STICS 
Sodlum. !%ractable 
Cation Exchange Capacity 
Exchnngeablcl Sodlurn Percentage 

PHYSICAL CHARACTERlSTlCS 
Sand 
Silt 
Clay 
Temrs 

SATURATED PASTE 
Seturetlon 
pH, $81. pA.qlyl 

$OIL:WATER-PASTE EXITACT 
Conductivity, bN, pass 
Cnklum. sat pasts 
Megnflalurn. set, pale 
Sodlurn, sat. past0 
Sodlurn Adsorption Ratio (SARI 

Michelle Buchok 
Rofed Manager 

0.m SW601OB 05/29/07 12:54 I een 
0.09 SWt30lOB 05f31107 09:48 1 eli-h 
0.1 USDA20a 05129107 14:19 1 eli-h 

1 ASAl5-5 0512BlO7 14:19 1 eli-h 
1 A S A l 5 5  05I29107 l4:19 1 ell-h 
1 ASAl5-5 05/29/07 143 9 / eli-I? 

ASAl5-5 05/29/07 14;19 / eli-h 

uSDA27a 05/28/07 1419 / elLh 
ASAMle3.2 05129/07 1438 I eli-h 

ASAMIO-3 05/29/07 14119 I csli-h 
SWBOlOB 06/61/07 0@:12 1 eli-h 
SW601OB DB/Ol/137 0&12 1 eli-h 
SW601OB 06/01/07 09:12 1 elCh 
Calculation 05/29/07 74:19 1 eli-h 

Rnp='!? RL - Analyte reprting limit. 
DQfinlbon~: QCL - Quality control limit. 

MCL - Maximum contarnlnant Iwel. 
ND - Not detected 32 f ie  repoflirg limit. 



NOU-27-2007 12:14 FR0M:RRCRDIS 13076845961 T0:GREYSTONE CHEYENNE P:13/17 

~ E ~ K I Y  UIBORATOR~ES. IMC. - 466 West Boxeldef Road Gi//erfe, WY82718 
307686-1175 ~866-666-7175 e 307-&?..4625 fax -giIIetf&~nergflab.m 

- - , , .- ... . . . .- -- 
LABORATORY ANALYTICAL REPORT 

Client: Amdis US Inc 
Project: Hams POD Whitetail Cr Sol1 
Client Sernple ID: Hams-7 
Location: 24" to 36" 
Samp FRQTType: 
Leb ID: 607050683-01 2 

Report Date: 06/06/07 
Collection Date: 0511 8/07 

DateReceiwd: 05/1 BIOT 
Matri: Soil 

Sampled By: Dave Huber 

-- 

MCLl 
Resull Unit6 Quelifier RL QCL Method Analysis Date I By 

CHEMICAL CHARACTERISTICS 
Sodlum, Eflmct~ble 
Catlon E xcnange Capecity 
Emliengmbls Sodi~lm Percentage 

PHYSICAL CHARACTERISTICS 
Sand 
Sllt 
Cley 
T9Xb~re 

SATURATED PASTE 
Satumtlon 
pH, set. pasta 

SML:WATER-PASTE EXTRACT 
ConductMty. sat paste 
Calcium, sm. paste 
Mapnssium. mt. paste 
Sodlum, set pasre 
Sodlurn Adsorplton Rafio (SAR) 

Yo 
S.U. 

SW8OlOB 05/29/07 13:M / eli-h 
SW6010B 06/31M7 Oft51 I ell-h 
USDA20a 05/28/07 ld:l9 / ell-h 

USDA27a 05I281U7 14;19 1 eS-I7 
ASAMIO-3.2 05/29/07 14;'lQ / eli-h 

ASAM16.3 05/29107 l&l@ I eli-h 
SW6OlOB 06/91/07 Q9:154 ell-h 
SWWlOB 06/01/07 09:15 / eli-h 
SW601OB OW01107 0935 / eli-h 
Caleuamn 05/29107 14:19 / eti-h 

Repon RL - Analym rsponlng limit. MCL - Maximurn contaminant level. 
Definitle-s: QCL - Quallry mnml l i rn l~  ND - Not detected at the reporting Ilmlt. 



NOV-27-2007 12:14 FR0M:RRCRDIS 13076845961 TO: GREYSTONE CHEYENNE P: 14'17 

ENERGY LASORA70R/ES, /NC. r 400 West BoxeIder Road GiIfatto, WY 82718 1-re 307686-7r75 a 8613486-717.5 - 307-M-4625 f2.x - giitette(aen-ab.- 
- 

LABORATORY ANALYTICAL REPORT 

Client: Arcadis US I ~ c  
Project: Haffts POD Whitetail Cr Soil 
Client Sample ID: Harfis-7 
Location: 38" to 48" 
Samp FRQI1Slpe: 
U b  ID: 607050683-01 3 

Repost D a k  06/08/07 
Collection D* 051 8/07 

DWeRemived: 0511 8/07 
Matrix: Soil 

Sampled By: Dave Huber 

M W  
Result Units Qualifier RL QCL Mslhod Analysis 0- I By 

CHEMICAL CHARAmRWTlCS 
Sodium. Exlractable 
Cation Exchange CopacUy 
Excnangmhle Sodium PeEentage 

PHYSICAL CHARACERdTICS 
58M 
sln 
Clay 
TerRure 

SATURATEDPASE 
Satumtlon 
pH. $at paste 

S0IL:WATER-PASTE EXTRACT 
Conouctlvlty, sot. paste 
Celclum. sat. pme 
Magnesium, sat. PC$% 
Sodlum, sat. pestr? 
Sodium Adsorpnon RWiO (SARI 

Mchetb Buchbk 
Profsd Manager 

ASAl5-5 05/29\07 143 9 1 eli-h 
A S A 1 5 5  0512QJO7 ld:19 1 eli-h 
ASA15-5 05/29/07 14;19 1 eli-h 
ASAl5-5 05/29/07 14;19 1 eli-h 

USDA27a 05/29/07 14!19 1 ell-h 
ASAM10-3.2 05/29/07 14:lg / eli-h 

ASAM'I 0-3 05/29/07 1 4 l Q  l eli-h 
SW60106 Wollo7 0V:ls I elin 
SVV6010B 06/01/07 09;18 1 eli-h 
SW60108 06/01/07 OR18 1eli-h 
calculation 05/29/07 14:19 1 eli-h 

RWOR RL - Analye reporling limit. MCL - Mmdrnum wntarninant level. 
Detinitions: WI. - Quality control limit. ND - Not dstected at the reporting limit. 



NOV-27-2007 12:14 FR0M:QRCRDIS 13076845961 T0:GREYSTONE CHEYENNE P:15/17 

ENERGY LAS69dl TOAiES, /#C, * 400 West BOXBMOT Road Gilette, WY82i'IB 
307-686.7~7. * 866-686-7775 r m7-~425  fa^ g~n~) f te&~ /sb ,cdrn  

-. ... 
LABORATORY ANALYTICAL REPORT 

Client: Arcadis US Inc 
Project: Harris POD Whitetail Cr Sail 
Client Sample ID: Harris-7 
Location: 48" to 60" 
$amp FRQRype: 
Lab 10: G07050683-014 

Report Date: 06/06/07 
Collection Date: 0511 8107 

DafeReceiwd: OYI 8/07 
Matrlx: Soil 

Sampled By: Dave Huber 

MCU 
Analyses Result Units Qualifier RL QCL Method Analysis 0-1 By 

CHEMICAL CHARACTERISTICS 
Sodium. Extmclablc 
Catlon Exchango Capacity 
Excl?eny)e~ble Sodium Psrcsntage 

PHYSICAL CHARACTERISTICS 
Sand 
Sllt 
Clay 
Texturn 

SATURATED PASTE 
Saturation 
pH, sat, pasta 

S0IL:WATEWASTE EXTRACT 
Conductlvlty, sat. pasto 
C~lciurn, sat. pasm 
Mapneslum. sot. paste 
Sodium, ad. pest@ 
Sadlum Adsorption Ratio (SAR) 

McbeUa Bucholz 
f%jW Manager 

SW60108 05/29/07 1 3:07 1 sli-h 
SW6010B 05/31/07 0 9 : s  1 elih 
USDAZOa 05/29/07 14: I 4) ke1i.h 

ASAl5-5 05129t07 1419 I ell-h 
A M 1  5-5 05/29/07 14 19 1 eli-h 
ASA15-5 05/29/07 14:19 1 eli-h 
ASA f 5-5 05/29/07 14: 1 9 1 eli-h 

USDA27a 05/29/07 1439 / eli-h 
ASAMlO-3.2 05/29/D7 1439 / eli-h 

ASAMlO-3 05/29/07 14.19 Isli-h 
SW60108 06/01/07 03!20 / eli-h 
SW60100 08/01/07 0B:ZO 1 ell-h 
SW6010B OW01107 09!20 1 eli-h 
Calculation 65/29/07 14:19 1 eti-h 

Report RL - Analyte reporting limit MCL - Maximum contaminant level. 
De~n&fms: QCI. - Quality control Smit. ND - N62 detected a1 the repofing limit. 



T0:GREYSTONE CHEYENNE P:16/17 

E N m a Y  L480RATOR/ES; /NC, 4lW Wesl Boxe/der Road * Gi//etfe. WY6t2778 1-Tm 307-8867775 - 866-686-7175 307-682-825 @x gi/I8IteI8n~fgy/Bb.."m 
. .-- " . 

LABORATORY ANALYTICAL REPORT 

Client: Arcadis US Inc 
Project: Harris POD Whitetail Cr Soil 
Client Sample ID: Hams-7 
Location: 60" to 72" 
96mp FRQmype: 
LBb ID: GO70W683-015 

Report Dete: 06/06/07 
Collection Date: 0511 8/07 

DateReceived: 05fl8/07 
Matrix: Soil 

Sampled By: Dave Huber 

MCU 
Analyses Result Units Qualifier RL QCL Method Analyh's h ? e  I By 

CHE MICA1 CHARACTERISTICS 
Sodium. Wradable 203 rneqlfOOg 
Cation Exchange C8~aclty 21.4 meq/IOOg 
Emhangenbls Sodium Percentage 4.7 % 

PHYSICAL CHARACTERISTtCS 
Send 36 % 
Sill 38 % 
Clay 26 % 
Texlura L unitless 

SATURATED PASTE 
Satumtlon 
pH. Sit. D R W  

0. Oa Sw6OlOB 05M9m7 1310 /ell-h 
0.09 SW60108 08/31/07 09;59 1 eli-h 
0.1 USDA20a 05/29/07 14: 1 0 1 eli-k 

1 ASA15-5 05129/07 14;19 1 ell-h 
1 ASAl5-5 05129107 14:18 / eli-h 
1 ASA15-5 05/29/07 14:19 / elCh 

ASAl5.5 05R9/07 14119 1 oli-h 

0.1 VSDA27a 95/28/07 14:19 1 eli-h 
0.01 . ASAM10-3.2 05/29/07 1439 1 eli-h 

S0h:WATER-PASTE EXTRACT 
Conductivity, aat. pest0 5.47 mmhOSIcm 0.01 ASAM16-3 0%9/0714:?91ali-h 
Calclurn, sat. paste 29.5 me& 0.05 SWS010B 06/07/07 09% / el;-h 
Mspnsslum, eat. paste 37.6 meqk 0.08 SW60108 06/07/07 0993 1 ell-h 
Sodium. set. paste 20.4 mew 0.04 SW6010B D6101107 0923 1 eli-h 
Sodi~jm Adsorption Rdio (GAR) 3 3  unidess 0.01 Calculation 05/29/07 l4:lB I ell-h 

Michelle Bu&h 
PrW Manager 

Report RL - Anslyte reponing limlt. 
DOfinisons: QCL - Quality corRrol limit. 

MCL - Mawmum contaminant level. 
ND - No1 detected at the ropotting limit, 



Na-
NH4OAC

meq/100g

SAR-sat 
paste

unitless

Na-sat 
paste

Mg-sat 
paste

Ca-sat 
paste

EC-sat 
paste

Sample ID

Project: Upper Whitetail Cr
Client: Storm Cat Energy USA Corp

Workorder: G08041123

Report Date: 05/20/08

LABORATORY ANALYTICAL REPORT

Date Received: 04/29/08

OM Sand Silt Clay Texture

Client Sample ID

SAT pH-sat 
paste

Results ResultsResultsResultsResultsResults Results

% % % % % s_u_

Analysis

Units

Results

mmhos/cm

Results

meq/L

Results

meq/L

Results

meq/L

Results ResultsDepth

  ENERGY LABORATORIES, INC. * 400 W Boxelder Rd * Gillette, WY 82718-5315
Toll Free 866.686.7175 * 307.686.7175 * FAX 307.682.4625 * gillette@energylab.com

3.53G08041123-001 12 63 25 SiL 53.5 7.8Upper W.T. #1 1.41 2.8 1.6 10.3 6.9 1.720-12
G08041123-002 6 65 29 SiCL 57.4 7.8Upper W.T. #1 6.34 22.7 22.7 41.5 8.7 3.7112-24
G08041123-003 10 59 31 SiCL 55.1 7.9Upper W.T. #1 8.35 31.3 38.9 55.7 9.4 4.5124-36
G08041123-004 14 57 29 SiCL 51.7 7.9Upper W.T. #1 8.72 32.7 44.0 58.4 9.4 4.2736-48

4.98G08041123-005 9 62 29 SiCL 60.9 7.2Upper W.T. #2 4.36 22.3 17.3 13.9 3.1 1.510-12
G08041123-006 6 65 29 SiCL 57.5 8.0Upper W.T. #2 12.7 30.3 96.3 100 12.6 8.2712-24
G08041123-007 6 61 33 SiCL 56.6 8.1Upper W.T. #2 12.3 30.8 88.3 97.1 12.6 7.5224-36
G08041123-008 4 63 33 SiCL 57.1 8.1Upper W.T. #2 10.7 31.5 66.5 86.2 12.3 6.4536-48

3.10G08041123-009 < 1 51 49 SiC 67.1 7.1Upper W.T. #3 1.32 3.7 3.7 7.3 3.8 1.470-12
G08041123-010 10 51 39 SiCL 54.0 7.5Upper W.T. #3 3.34 10.4 8.1 16.8 5.5 1.9412-24
G08041123-011 8 57 35 SiCL 52.8 7.4Upper W.T. #3 6.32 29.6 18.4 27.0 5.5 2.3224-36
G08041123-012 8 61 31 SiCL 52.9 7.3Upper W.T. #3 9.24 49.7 30.7 39.7 6.3 2.8936-48
G08041123-013 2 61 37 SiCL 57.0 7.7Upper W.T. #3 8.73 32.8 33.5 56.2 9.8 4.9648-60
G08041123-014 4 59 37 SiCL 57.2 8.2Upper W.T. #3 10.1 24.9 61.9 77.2 11.7 5.9760-72

3.24G08041123-015 12 59 29 SiCL 55.2 7.6Upper W.T. #4 0.80 4.6 1.7 2.9 1.6 0.4220-12
G08041123-016 18 57 25 SiL 44.6 7.8Upper W.T. #4 0.78 4.4 2.0 1.8 1.0 0.23412-24
G08041123-017 18 57 25 SiL 43.5 7.9Upper W.T. #4 0.76 4.0 2.6 1.5 0.9 0.17924-36
G08041123-018 20 55 25 SiL 44.9 7.9Upper W.T. #4 0.88 4.5 2.8 1.5 0.8 0.17336-48
G08041123-019 28 47 25 L 43.9 7.1Upper W.T. #4 2.94 31.3 8.2 2.0 0.5 0.15248-60
G08041123-020 24 47 29 CL 46.6 7.6Upper W.T. #4 2.93 31.9 8.6 1.8 0.4 0.12960-72

2.53G08041123-021 28 46 26 L 53.5 7.7Upper W.T. #5 1.41 8.2 5.8 2.0 0.7 0.2140-12
G08041123-022 29 46 25 L 45.6 7.7Upper W.T. #5 2.93 19.1 15.2 5.0 1.2 0.48612-24
G08041123-023 24 49 27 CL 47.4 7.8Upper W.T. #5 3.58 21.7 18.1 10.4 2.3 0.82324-36
G08041123-024 22 51 27 CL 51.3 7.9Upper W.T. #5 1.96 9.4 7.4 6.7 2.3 0.72636-48
G08041123-025 28 43 29 CL 50.3 7.8Upper W.T. #5 1.76 9.2 6.8 5.4 1.9 0.61948-60
G08041123-026 30 44 26 L 47.2 7.7Upper W.T. #5 1.34 6.3 4.8 4.0 1.7 0.47960-72

2.97G08041123-027 < 1 63 37 SiCL 63.5 7.5Upper W.T. #7 0.66 4.6 1.9 0.5 0.3 0.04570-12
G08041123-028 < 1 69 31 SiCL 50.2 7.8Upper W.T. #7 0.56 3.6 1.7 0.4 0.2 0.066412-24
G08041123-029 16 57 27 SiCL 47.9 7.9Upper W.T. #7 0.69 3.6 2.6 0.8 0.5 0.085024-36
G08041123-030 42 37 21 L 38.8 7.9Upper W.T. #7 1.00 3.8 3.8 2.4 1.2 0.28836-48
G08041123-031 13 57 30 SiCL 53.0 8.0Upper W.T. #7 7.83 20.7 88.8 36.4 4.9 3.0148-60
G08041123-032 2 57 41 SiC 64.3 8.0Upper W.T. #7 8.99 24.7 119 46.1 5.4 3.6660-72

Page 1 of 2



Sample ID

Project: Upper Whitetail Cr
Client: Storm Cat Energy USA Corp

Workorder: G08041123

Report Date: 05/20/08

LABORATORY ANALYTICAL REPORT

Date Received: 04/29/08

CEC ESP

Client Sample ID Results Results

meq/100g %

Analysis

Units

Depth

  ENERGY LABORATORIES, INC. * 400 W Boxelder Rd * Gillette, WY 82718-5315
Toll Free 866.686.7175 * 307.686.7175 * FAX 307.682.4625 * gillette@energylab.com

29.9G08041123-001 3.90Upper W.T. #1 0-12
26.4G08041123-002 5.05Upper W.T. #1 12-24
25.6G08041123-003 5.64Upper W.T. #1 24-36
25.3G08041123-004 4.94Upper W.T. #1 36-48
37.6G08041123-005 1.75Upper W.T. #2 0-12
31.9G08041123-006 7.81Upper W.T. #2 12-24
28.4G08041123-007 7.15Upper W.T. #2 24-36
26.3G08041123-008 5.82Upper W.T. #2 36-48
36.2G08041123-009 2.70Upper W.T. #3 0-12
28.0G08041123-010 3.71Upper W.T. #3 12-24
29.3G08041123-011 3.06Upper W.T. #3 24-36
33.2G08041123-012 2.38Upper W.T. #3 36-48
30.8G08041123-013 5.70Upper W.T. #3 48-60
27.4G08041123-014 5.66Upper W.T. #3 60-72
30.2G08041123-015 0.87Upper W.T. #4 0-12
23.3G08041123-016 0.66Upper W.T. #4 12-24
22.6G08041123-017 0.49Upper W.T. #4 24-36
22.1G08041123-018 0.48Upper W.T. #4 36-48
21.2G08041123-019 0.29Upper W.T. #4 48-60
23.9G08041123-020 0.19Upper W.T. #4 60-72
26.8G08041123-021 0.40Upper W.T. #5 0-12
24.2G08041123-022 1.06Upper W.T. #5 12-24
23.0G08041123-023 1.44Upper W.T. #5 24-36
22.2G08041123-024 1.72Upper W.T. #5 36-48
25.0G08041123-025 1.39Upper W.T. #5 48-60
21.9G08041123-026 1.33Upper W.T. #5 60-72
35.7G08041123-027 0.03Upper W.T. #7 0-12
26.5G08041123-028 0.17Upper W.T. #7 12-24
22.7G08041123-029 0.20Upper W.T. #7 24-36
21.7G08041123-030 0.90Upper W.T. #7 36-48
29.2G08041123-031 3.70Upper W.T. #7 48-60
32.4G08041123-032 2.14Upper W.T. #7 60-72

Page 2 of 2



 
 

 

Whitetail Creek Soil Sampling (Harris)                          
Section 8, T55N-R72W & Section 9, T55N-R72W                  

( 5/18/2007) 

Sample Point UTM N UTM E Sample Depth 

1 4957544 457514 72" 

2 4957429 457486 72" 

3 4957310 457373 72" 

4 4957301 457963 72" 

5 4957151 457971 72" 

6 4957001 457906 72" 

7 4957145 457576 72" 

Water Sample 
(Whitetail Creek 

dutring spring runoff) 
4957010 458069 N/A 

 
 
 
 
 
 
 
 
 



 
 

Whitetail Creek Soil Sampling (Upper W.T.)                      
Section 1, T55N-R73W & Section 6, T55N-R72W                  

( 4/18/2008) 

Sample Point UTM N UTM E Sample Depth 

1 4958424 455234 48" 

2 4958316 454635 44" 

3 4958470 454730 72" 

4 4959064 454340 72" 

5 4958811 454536 72" 

6 4958562 455057 60" 

7 4958296 455684 72" 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

Soil Data:  Whitetail Creek (WDEQ Spreadsheet)                          
  

  Soil Depth (inches)     

Sample Location Upper Lower 
EC 

(dS/m) EC (µmhos/cm) 
0 12     

12 24 2.97 2,970 

24 36 8.04 8,040 

36 48 7.94 7,940 

48 60 6.33 6,330 

Harris 1, 3, 4, 5 & 6 
Composite 

60 72 5.93 5,930 

0 12 7.87 7,870 

12 24 7.93 7,930 

24 36 8.50 8,500 

36 48     

48 60     

Harris 2 

60 72     

0 12 0.60 600 

12 24 0.43 430 

24 36 0.56 560 

36 48 1.15 1,150 

48 60 1.12 1,120 

Harris 7 

60 72 5.47 5,470 

0 12 1.41 1,410 
12 24 6.34 6,340 
24 36 8.35 8,350 
36 48 8.72 8,720 
48 60     

Upper W. T. #1 

60 72     

0 12 4.36 4,360 

12 24 12.70 12,700 

24 36 12.30 12,300 
Upper W. T. #2 

36 48 10.70 10,700 

0 12 1.32 1,320 
12 24 3.34 3,340 
24 36 6.32 6,320 
36 48 9.24 9,240 
48 60 8.73 8,730 

Upper W. T. #3 & #6 

60 72 10.1 10,100 

0 12 0.80 800 

12 24 0.78 780 

24 36 0.76 760 

36 48 0.88 880 

48 60 2.94 2,940 

Upper W. T. #4 

60 72 2.93 2,930 
     



 
 

     
  Soil Depth (inches)     

Sample Location Upper Lower 
EC 

(dS/m) EC (µmhos/cm) 
0 12 1.41 1,410 

12 24 2.93 2,930 

24 36 3.58 3,580 

36 48 1.96 1,960 

48 60 1.76 1,760 

Upper W. T. #5 

60 72 1.34 1,340 

0 12 0.66 660 

12 24 0.56 560 

24 36 0.69 690 

36 48 1.00 1,000 

48 60 7.83 7,830 

Upper W. T. #7 

60 72 8.99 8,990 
     

  
Observed 
Average  4,578 

   AVEDEV 3,338 

 

  

Effluent 
Limit 
Calcs     

0.05 1 - 0.95    
3338 AveDev    

46 Sample Pop (n)   
965 Conf Int    

      
3613 Observed Average minus conf interval 

      
2409 Calculated EC Limit:  (Adjusted average / 1.5) 

      
    14.6 Allowable SAR 

 
 
 
 
 
 
 
 
 
 
 
 



 
 

Specific Conductance by Depth
Soil Sampling Results 

Whitetail Creek Section 20, Tier 2 Soils Analysis
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pH by Depth
Soil Sampling Results 

Whitetail Creek Section 20, Tier 2 Soils Analysis
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Sodium Adsorption Ratio by Depth
Soil Sampling Results 

Whitetail Creek Section 20, Tier 2 Soils Analysis
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Cation Exchange Capacity by Depth
Soil Sampling Results 

Whitetail Creek Section 20, Tier 2 Soils Analysis
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Exchangeable Sodium Percentage by Depth
Soil Sampling Results 

Whitetail Creek Section 20, Tier 2 Soils Analysis
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Average Specific Conductance by Depth
Soil Sampling Results 

Whitetail Creek Section 20, Tier 2 Soils Analysis

0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000 5,500 6,000

So
il 

D
ep

th

EC (µmhos/cm)

0"-12"

12"-24"

24"-36"

36"-48"

48"-60"

60"-72"

 
 



 
 

Average SAR by Depth
Soil Sampling Results 

Whitetail Creek Section 20, Tier 2 Soils Analysis
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Average Specific Conductance
Soil Sampling Results 

Whitetail Creek Section 20, Tier 2 Soils Analysis
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Average pH
Soil Sampling Results 

Whitetail Creek Section 20, Tier 2 Soils Analysis
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Average Sodium Adsorption Ratio
Soil Sampling Results 

Whitetail Creek Section 20, Tier 2 Soils Analysis
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Average Cation Exchange Capacity
Soil Sampling Results 

Whitetail Creek Section 20, Tier 2 Soils Analysis
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Exchangeable Sodium Percentage
Soil Sampling Results 

Whitetail Creek Section 20, Tier 2 Soils Analysis
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Appendix C 
 

Water Data 
 

Water Sample from Whitetail Creek - Lab Report 
 

USGS Water Quality Data and Graphs 
 



T0:GREYSTONE CHEYENNE P:17/17 
.- -- -- . - . - 

RVERGY UBORA70RrE.9, iNC. - 4UO blkt 8oxe/dt?r Raad Gi/Iatte, WY82778 
307-886-7175 a 866-686-7775 * 307-882-4625 fax ~gi/I~rYe@energy/ab. corn 
-. -... -. - - -. - -. 

LABORATORY ANALYTICAL REPORT 

Client: Arcadis US Inc 
Project: Harris POD Whitetail Cr Soil Fieport Date: 06/06/07 
Client Sample ID: Whitetail Cr 1 of I Colbch'on Date: 0511 8/07 
,,,: 5 4  ,& 5.9 iss-  DateReeeived: 0511 8/07 
Banp F ~ o ~ ~ : ~  w ~ R -  &AM FF i# w w b d ~  CWX. Matrix: Aclueous 
Lab ID: G07050683-016 Sampled By: Dave Huber 

Analnos I ?~SU~  Unlts ResuR Unite Qualifier RneUlod Analvsis Date I Bv 

MAJOR IONS. DISSOLVED 
Blcarbormts BS HC03 
Chlorld~ 
Fluorkfe 
sdfare 
Calclum 
Magneslurn 
Potssslum 
Sodlurn 

NON.METALS 
Albnnlly. Total as CaC03 
Conductfvlty a 25 C 
Sodlum Ad3orpllon Ratio (SAR) 

DATA QUALITY 
AIC Be.lencw 
Anion3 
Cation6 

A2320 0 
E30O.O 
E300.0 
E300.0 
E200.7 
E200.7 
Ez90.7 
E200.7 

A2320 B 
A2510 6 
Calculation 

A1 030 E 
A1 030 E 
A1030 E 

05121107 12:Oa 1 rnli 
OY2iYU7 2050 1 rnli 
05/22/07 2050 1 rnli 
05/2Y07 2e50 I.mll 
0 5 ~ 0 7  14: 15 1 et i i  
05/24/07 14:15 1 eli-b 
05/26/07 01:58 1 eli-b 
05@4/07 1115 / Nib 

Mile Bucholz 
hjx4 Manager 

Repart RL - Analyte reporting limit. MCL - Maximum contaminant Isvel. 
Def+nltrarcs: QCL - ~ ~ s t i i  comrol limit ND Not detected at the reporting limit i 



 
 

 
USGS 06324950 LITTLE POWDER RIVER BELOW ELK CREEK, NR WESTON, WY 

Campbell County, Wyoming 

Hydrologic Unit Code 10090208 

Latitude  44°48'33.1", Longitude 105°21'58.5" NAD83 

Date 
Flow 
(cfs) 

EC, field 
(µmhos/cm) 

pH, 
field 
(s.u.) 

Hardness 
as 

CaCO3 
(mg/L) 

Calcium 
(mg/L) 

Magnesium 
(mg/L) 

Sodium 
(mg/L) 

SAR 
TDS 

(mg/L) 

7/9/2004 3.9 3500 8.1 580 106 76.2 621 11 2510 

8/25/2004 0.06 2550 8 1000 225 110 236 3.2 2090 

9/9/2004 0.11 3070 7.7 1100 234 128 308 4 2710 

10/25/2004 6.8 2380 8.4 420 83.2 52.5 388 8.2 1720 

11/17/2004 0.9 1910 8.1 540 116 60.6 230 4.3 1410 

12/16/2004 0.88 3590 8.2 920 188 109 592 8.5 2930 

1/26/2005 2.9 1050 8 210 44.8 23.4 141 4.2 722 

2/24/2005 1.3 2960 8.3 720 149 84.4 442 7.2 2200 

3/28/2005 44 1470 8 310 64.7 37 217 5.3 1040 

4/11/2005 1.6 2410 8.4 630 130 73.8 352 6.1 1810 

5/26/2005 7.2 2610 8.4 810 132 117 372 5.7 2070 

6/14/2005 3.5 3050 8.3 860 162 111 447 6.6 2300 

7/8/2005 1.5 2510 8.1 550 111 65.8 396 7.4 1840 

8/11/2005 0.27 1410 8.1 430 96.4 46.3 166 3.5 1030 

9/28/2005 0.03 3100 8.3 1100 221 131 309 4.1 2710 

10/25/2005 0.73 1630 8.1 460 96.8 52.7 189 3.8 1200 

11/16/2005 0.9 2830 8.3 750 156 86.6 429 6.8 2270 

12/13/2005 1.1 3920 8.2 930 191 110 534 7.6 3070 

1/25/2006 1.2 3390 8.1 850 179 97.1 490 7.3 2510 

2/22/2006 1.2 4060 7.9 970 200 114 571 8 3180 

3/28/2006 1.5 3130 8.2 690 138 83.7 455 7.6 2460 

4/26/2006 3.5 3030 8.3 630 124 78.2 466 8.1 2330 

5/24/2006 117 760 7.8 130 26.2 15 118 4.5 578 

6/28/2006 2.2 3340 8.3 750 137 97.9 526 8.4 2640 

7/26/2006 0.01 4080 8.2 950 153 138 539 7.6 3360 

8/30/2006 2.1 2150 8.2 520 114 57.5 276 5.3 1760 

9/26/2006 10 620 7.7 100 23.4 10.8 72.8 3.1 404 

10/24/2006 3.9 3220 8.4 660 138 77.9 516 8.7 2550 

11/29/2006 0.22 3040 8 710 152 78.8 434 7.1 2390 

12/18/2006 1.4 3920 8.1 950 197 111 604 8.5 3190 

1/23/2007 0.77 4050 7.8 1200 248 133 593 7.5 3430 

2/28/2007 72 588 7.8 170 35 19.1 49.6 1.7 446 

3/15/2007 18 1400 8.3 400 82.2 47 161 3.5 1040 

4/16/2007 6.9 2620 8.4 820 159 102 286 4.4 2260 

5/16/2007 39 3000 8.2 910 155 126 355 5.1 2430 

6/14/2007 70 2160 8 660 118 90.1 249 4.2 1720 

7/17/2007 4.8 4060 8 1100 200 136 606 8.1 3310 

8/16/2007 2.6 4300 7.8 960 175 126 672 9.5 3530 

9/11/2007 2.4 4100 8.2 880 164 115 589 8.6 3370 

10/18/2007 2.5 3960 8.3 850 154 114 655 9.8 3180 

11/15/2007 5.3 3510 8.2 1100 236 134 438 5.6 3080 



 
 

USGS 06324950 LITTLE POWDER RIVER BELOW ELK CREEK, NR WESTON, WY 
Campbell County, Wyoming 

Hydrologic Unit Code 10090208 

Latitude  44°48'33.1", Longitude 105°21'58.5" NAD83 

Date 
Flow 
(cfs) 

EC, field 
(µmhos/cm) 

pH, 
field 
(s.u.) 

Hardness 
as 

CaCO3 
(mg/L) 

Calcium 
(mg/L) 

Magnesium 
(mg/L) 

Sodium 
(mg/L) 

SAR 
TDS 

(mg/L) 

12/18/2007 2.3 4250 8.1 1500 313 167 541 6.1 3860 

1/17/2008 2.6 3460 8.1 1200 252 127 436 5.6 2970 

2/12/2008 2.6 2860 8 820 178 91.2 375 5.7 2290 

3/12/2008 14 2060 8.2 640 120 82.3 219 3.8 1620 

4/15/2008 20 2870 8.3 830 136 118 366 5.5 2320 

 
 
 
 
 

USGS 06324950 
Little Powder River Below Elk Creek, Near Weston, Wyoming

Period of Record - July 2004 to April 2008
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Monthly Averages 
USGS 06324950 

Little Powder River Below Elk Creek, Near Weston, Wyoming
Period of Record - July 2004 to April 2008
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Appendix D 
 

Photographs 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 
Harris - Sampling point #1, view north. 

 

 
Harris – Sample area, view northwest. 



 
 

 
Harris – Sample area, view west from county road. 

 

 
Upper W.T. - General view sample area NWSE Sec 6, Twn 55N, Rng 72W. 



 
 

 

 
Upper W.T. - General view sample area NESE Sec 6, Twn 55N, Rng 72W. 

 

 
Wetlands – SENE Sec 17, Twn 55N, Rng 71W, close-up vegetation. 



 
 

 

 
Wetlands – SENE Sec 17, Twn 55N, Rng 71W, view south. 

 

 
Wetlands – SENE Sec 17, Twn 55N, Rng 71W, view west. 



 
 

 

 
Wetlands – Close-up wetlands vegetation. 

 

 
Wetlands – W.T.C. NWNE Sec 17, Twn 55N, Rng 71W. 



 
 

 

 
Wetlands – W.T.C. NWNE Sec 17, Twn 55N, Rng 71W, view west. 
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